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

Recently Council approved a revised version of the Society’s Policy on 
the Use of Animals in Neuroscience Research and adopted a new policy 
on the use of human subjects in neuroscience research. The revised 
version of the animal policy, drafted by the Committee on Animals in 
Research, in conjunction with the editor-in-chief of The Journal of 
Neuroscience and the chair of the Publications Committee, is printed 
below. The amendment is contained in the “Recommended References” 
section. The Policy on the Use of Human Subjects in Neuroscience 
Research is printed after the animal policy.

P o l i c y  o n  t h e  U se  o f  A n im a l s  in  
N e u r o s c ie n c e  R e s e a r c h

The Policy on the Use of Animals in Neuroscience Research affects a 
number of the Society’s functions that involve making decisions about 
animal research conducted by individual members. These include the 
scheduling of scientific presentations at the Annual Meeting, the review 
and publication of original research papers in The Journal o f 
Neuroscience, and the defense of members whose ethical use of animals 
in research is questioned by antivivisectionists. The responsibility for 
implementing the policy in each of these areas will rest with the relevant 
administrative body (Program Committee, Publications Committee, 
Editorial Board, and Committee on Animals in Research, respectively), 
in consultation with Council.

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

Several functions of the Society are related to the use of animals in 
research. A number of these involve decisions about research conducted 
by individual members of the Society, including the scheduling of 
scientific presentations at the Annual Meeting, the review and 
publication of original research papers in The Journal o f Neuroscience, 
and the defense of members whose ethical use of animals in research is 
questioned by antivivisectionists. Each of these functions, by 
establishing explicit support of the Society for the research of individual 
members, defines a relationship between the Society and its members. 
The purpose of this document is to outline the policy that guides that 
relationship. Compliance with the following policy will be an important

factor in determining the suitability of research for presentation at the 
Annual Meeting or for publication in The Journal o f Neuroscience, and 
in situations where the Society is asked to provide public and active 
support for a member whose use of animals in research has been 
questioned.

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

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

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

Other Laws, Regulations, and Policies
In addition to complying with the policy described above, Regular 
Members (i.e., North American residents) of the Society must also 
adhere to all relevant national, state, or local laws and/or regulations that 
govern their use of animals in neuroscience research. Thus, U.S. 
members must observe the U.S. Animal Welfare Act (as amended in 
1985) and its implementing regulations from the U.S. Department of 
Agriculture. Canadian members must abide by the Guide to the Care 
and Use o f Experimental Animals, and members in Mexico must comply 
with the Reglamento de la Ley General de Salud en Materia de 
Investigacion para la Salud o f the Secretaria de Salud (published on Jan. 
6, 1987). Similarly, in addition to complying with the laws and 
regulations of their home countries, Foreign Members of the Society 
should adhere to the official Society Policy outlined here.

Recommended References
“Anesthesia and paralysis in experimental animals.” Visual 
Neuroscience, 1:421—426. 1984.

The Biomedical Investigator’s Handbook for Researchers Using Animal 
Models. 1987. Foundation for Biomedical Research, 818 Connecticut 
Ave., N.W., Suite 303, Washington, D.C. 20006.

Guide for the Care and Use o f Laboratory Animals. NIH Publication No. 
85-23 (revised 1985). NIH, Bldg. 14A, Rm. 100, 9000 Rockville Pike, 
Bethesda, MD 20892.

Guide to the Care and Use o f Experimental Animals. Vol. 1, 2nd edition, 
1993. Canadian Council on Animal Care, 350 Albert St., Suite 315, 
Ottawa, Ontario, Canada KIR 1B1.

Handbook for the Use o f Animals in Neuroscience Research. 1991. 
Society for Neuroscience, 11 Dupont Circle, N.W., Suite 500, 
Washington, D.C. 20036.

OPRR Public Health Service Policy on Humane Care and Use o f 
Laboratory Animals (revised Sept. 1986). Office for Protection from 
Research Risks, NIH, 6100 Executive Blvd., Suite 3B01-MSC 7509, 
Rockville, MD 20892-7509.

Preparation and Maintenance o f Higher Mammals During 
Neuroscience Experiments. Report of a National Institutes of Health 
Workshop. NIH Publication No. 91-3207, March 1991. National Eye 
Institute, Bldg. 31, Rm. 6A47, Bethesda, MD 20892.

The following principles, based largely on the PHS Policy on Humane 
Care and Use o f Laboratory Animals, can be a useful guide in the design

and implementation of experimental procedures involving laboratory 
animals.

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

Proper use of animals, including the avoidance or minimization of 
discomfort, distress, and pain, when consistent with sound scientific 
practices, is imperative.

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

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

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

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

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

P o l i c y  o n  t h e  U se  o f  H u m a n  
S u b je c t s  in  N e u r o s c ie n c e  R e s e a r c h

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

Recommended References
Declaration of Helsinki. (Adopted in 1964 by the 18th World Medical 
Assembly in Helsinki, Finland, and revised by the 29th World Medical 
Assembly in Tokyo in 1975.) In: The Main Issue in Bioethics Revised 
Edition. Andrew C. Varga, ed. New York: Paulist Press, 1984.

Federal Policy for the Protection of Human Subjects; Notices and Rules. 
Federal Register. Vol. 56. No. 117 (June 18, 1991), pp. 28002-28007.

VI



Policy on Ethics
It is expected that authors submitting papers or abstracts will have conducted their work in strict accordance with the following statement on ethics 
approved by the Society for Neuroscience in November 1989 and amended in November 1993.

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

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

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

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

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

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

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

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

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

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



C hronological List of Sessions
(See page xix for Thematic List of Sessions)

Session
Number & Title________________________________________ Page

Saturday, Nov. 11
Panel— 3:00 p.m.

1. Panel on Responsible Conduct in Science...............No Abstract

Decade of the Brain Lecture— 8:00 p.m.
2. Illusions of Body Image in Neurological Disease: What They 

Reveal about Human Nature
Chaired by: VS. RAMACHANDRAN...................No Abstract

Sunday, Nov. 12

Symposia— 8:00 a.m.
3. Molecular Biological Studies of the Newly Cloned Opioid

Receptors
Chaired by: H. AKIL ............................................................... 1

4. Cellular and Molecular Mechanisms of Integration 
in Mammalian Retina
Chaired by: G.L. FAIN............................................................. 1

Special Lecture— 10:00 a.m.
5. The Basal Ganglia and Parkinson’s Disease: Lessons from the 

Laboratory and the Operating Room
M.R. DELONG .......................................................No Abstract

Warner-Lambert Lecture— 11:15 a.m.
6. Embryonic Chimeras to Study the Development of the Nervous

System
N.N.M. LE DOUARIN............................................ No Abstract

Slides Sessions— 8:00 a.m.
7. Neuronal death I ........................................................................ 1
8. Neuroglia and myelin I ............................................................. 3
9. Beta-amyloid: ApoE I ............................................................... 5

10. Ingestive behavior—peptides.....................................................7
11. Acetylcholine receptor: nicotinic I ............................................9
12. Subcortical visual pathways I ................................................. 11
13. Process outgrowth, growth cones, and sprouting I ..................13
14. Cardiovascular regulation: central modulation........................15
15. Visual cortex: extrastriate—ventral stream I .......................... 18
16. Genetic models of human neuropsychiatric

disorders I ................................................................................ 20
17. Visual cortex: striate I ............................................................. 21
18. Presynaptic mechanisms I ....................................................... 23
19. GABA receptors: regulation and recombinant

expression................................................................................ 25
20. Neural plasticity ......................................................................27

Poster Sessions— 8:00 a.m.
21. Cell differentiation and migration I ........................................29
22. Neurotrophic factors: expression and regulation I .................. 32
23. Neurotrophic factors: expression and regulation I I .................. 35

Session
Number & Title Page

24. Hormones and development I ................................................ 37
25. Glia and other non-neuronal cells I ........................................41
26. Cerebral cortex and limbic system I ......................................44
27. Cytoskeleton transport and membrane targeting:

cytoskeletal proteins ............................................................... 47
28. Cytoskeleton transport and membrane targeting: organelles

and proteins ............................................................................49
29. Gene structure and function I .................................................51
30. Ligand-gated ion channels I ...................................................54
31. Calcium channels: modulation by

intracellular messengers .........................................................57
32. Ion channels: cell function I ...................................................60
33. Ion channels: cell function I I ...................................................63
34. Acetylcholine ..........................................................................66
35. Acetylcholine: distribution .....................................................68
36. Acetylcholine receptor: nicotinic—structure/function ...........70
37. Excitatory amino acids: excitotoxicity I ..................................72
38. Excitatory amino acids: excitotoxicity I I ................................75
39. Excitatory amino acid receptors I .......................................... 77
40. Excitatory amino acid receptors I I .......................................... 80
41. Excitatory amino acid receptors I I I ........................................ 83
42. Peptides: physiological effects I .............................................. 87
43. Catecholamines: gene structure and regulation ..................... 90
44. Receptor modulation, up- and down-regulation I ................... 94
45. Neural-immune interactions: cytokines I ................................97
46. Hypothalamic-pituitary-gonadal regulation I ........................100
47. Subcortical somatosensory pathways I .................................. 103
48. Subcortical somatosensory pathways I I ................................ 106
49. Subcortical somatosensory pathways III .............................. 109
50. Somatosensory cortex and thalamocortical

relationships I ........................................................................ 111
51. Somatosensory cortex and thalamocortical

relationships II ...................................................................... 115
52. Somatosensory cortex and thalamocortical

relationships I I I ...................................................................... 117
53. Somatosensory cortex and thalamocortical relationships:

barrels I ...................................................................................119
54. Somatosensory cortex and thalamocortical relationships:

barrels I I ................................................................................ 122
55. Visual psychophysics and behavior I .................................... 124
56. Auditory systems: central physiology I ................................ 127
57. Olfactory senses: olfactory receptor cells ............................130
58. Olfactory senses: invertebrates .............................................133
59. Vestibular system: vestibuloocular reflex—

human studies.....................................   135
60. Vestibular system: vestibuloocular reflex—physiology

and behavior.......................................................................... 137
61. Oculomotor system: smooth movements.............................. 140
62. Spinal cord and brainstem: pattern generation......................142
63. Spinal cord and brainstem: cellular neurophysiology........... 144
64. Circuitry and pattern generation:

models and methods ..............................................................146
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Session
Number & Title________________________________________ Page

65. Circuitry and pattern generation: simple systems.................149
66. Circuitry and pattern generation: modulation of CPG ........ 152
67. Comparative neuroanatomy: forebrain I ............................... 154
68. Brain metabolism and blood flow: pharmacology ...............156
69. Learning and memory: pharmacology I ................................ 158
70. Learning and memory: pharmacology II .............................. 161
71. Learning and memory: pharmacology III ............................ 164
72. Neural plasticity: synaptic properties....................................168
73. Neural plasticity: lesions and recovery..................................170
74. Neural plasticity: molecules and pharmacology...................173
75. Motivation and emotion: self-stimulation............................. 176
76. Biological rhythms and sleep: anatom y............................... 178
77. Biological rhythms and sleep: neurotransmitters and

hormones I ............................................................................ 179
78. Biological rhythms and sleep: melatonin and pineal ........... 182
79. Neuroethology: electroreception ...........................................184
80. Hormonal control of reproductive behavior: receptors,

chemistry, and anatomy......................................................... 188
81. Monoamines and behavior: mental disorders, models,

and treatments........................................................................ 191
82. Aging: animal m odels............................................................196
83. Genetic models of human neuropsychiatric

disorders II ............................................................................ 199
84. Epilepsy: anticonvulsant drugs I .......................................... 201
85. Beta-amyloid: gene expression ............................................ 205
86. Beta-amyloid: protein interactions........................................ 207
87. Ischemia: enzymes ............................................................... 209
88. Ischemia: glia and edema .....................................................211
89. Ischemia: glucose, pH and temperature................................213
90. Ischemia: ionic mechanisms .................................................216
91. Ischemia: inflammation and coagulation..............................219
92. Ischemia: imaging..................................................................221
93. Ischemia: models ..................................................................225
94. Ischemia: trophic factors, peptides and hormones ............... 228
95. Trauma: spinal cord............................................................... 231
96. Infectious diseases: HIV—pathogenesis ..............................233
97. Infectious diseases: HIV—diagnosis and treatment.............. 236
98. Mental illness—schizophrenia I .......................................... 237
99. Neurotoxins I ........................................................................240

(History and Teaching Posters will be posted the entire week.)

100. History of neuroscience....................................................... 244
101. Teaching of neuroscience: curriculum development . . .  .247
102. Teaching of neuroscience: computer programs

and internet.......................................................................... 251
103. Teaching of neuroscience: laboratory courses

and exercises ........................................................................253

Symposia— 1:00 p.m.
104. Patterns of Activity Shaped by Local Circuitry in

Mammalian Visual Cortex
Chaired by: J.S. LUND........................................................ 254

105. From Fos to Proteolysis: Molecular Events in 
Brain Ischemia
Chaired by: F.R. SHARP .................................................... 254

Special Lecture— 1:00 p.m.
106. Molecular Mechanisms in Synaptic Vesicle Endocytosis

Session
Number & Title Page

and Recycling
P. DE CAMILLI......................................................No Abstract

Special Lecture— 4:15 p.m.
107. Dynamic Modulation of Neurons and Networks

E.E. MARDER........................................................No Abstract

Slide Sessions— 1:00 p.m.
108. Alzheimer’s disease: neurofibrillary degeneration ...............255
109. Beta-amyloid: animal models I ............................................ 257
110. Mental illness I ..................................................................... 259
111. Long-term potentiation: pharmacology I ..............................261
112. Hypothalamic-pituitary-gonadal regulation II ..................... 263
113. Serotonin receptors I ............................................................. 266
114. Control of posture and movement: motor control I ............268
115. Cerebellum............................................................................270
116. Cognition I ............................................................................272
117. Learning and memory: systems and functions I .................. 274
118. Pattern formation, compartments and boundaries I .............276
119. Neurotrophic factors: biologic effects I ................................278
120. Visual cortex: extrastriate—dorsal stream I ......................... 280
121. Potassium channel structure, function and

expression I ............................................................................282

Poster Sessions— 1:00 p.m.
122. Genesis of neurons and glia I .............................................. 284
123. Axon guidance mechanisms and pathways I ........................288
124. Axon guidance mechanisms and pathways I I ....................... 291
125. Neurotrophic factors: expression and regulation I I I .............294
126. Neurotrophic factors: expression and regulation I V .............297
127. Neuronal death II ................................................................. 300
128. Glia and other non-neuronal cells II ....................................303
129. Cerebral cortex and limbic system I I ....................................306
130. Optic nerve regeneration.......................................................308
131. Regeneration of nervous systems.......................................... 311
132. Assisted axonal regeneration................................................ 312
133. Transplantation: Parkinson’s disease—related ..................... 315
134. Neuroglia and myelin I I .........................................................318
135. Neuroglia and myelin I I I .......................................................322
136. Presynaptic mechanisms II .................................................. 325
137. Presynaptic mechanisms I I I .................................................. 328
138. Presynaptic mechanisms IV .................................................. 331
139. Presynaptic mechanisms V .................................................. 334
140. Calcium channels: modulation by peptide toxins................. 338
141. Calcium channels: modulation by non-peptide

neurotransmitters................................................................... 340
142. Acetylcholine receptor: nicotinic—biophysics..................... 343
143. Acetylcholine receptor: nicotinic—acetylcholine-

regulation, distribution, and physiology................................344
144. Excitatory amino acids: anatomy and physiology—

regional localization ............................................................. 346
145. Excitatory amino acids: pharmacology—drugs ................... 349
146. GABA receptors I ................................................................. 354
147. Neuropeptide localization: endocrine peptides..................... 357

IX
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Session
Number & Title________________________________________ Page

148. Opioids; anatomy, physiology and behavior I ....................... 360
149. Catecholamine receptors: antisense and knock o u ts .............363
150. Catecholamine receptors: distribution ..................................365
151. Other neurotransmitters: adenosine...................................... 366
152. Interactions between neurotransmitters I ..............................368
153. Interactions between neurotransmitters II ............................371
154. Uptake and transporters: catecholamines I ............................373
155. Sensory systems: spinal cord I ...............................................377
156. Sensory systems: spinal cord I I ............................................ 379
157. Sensory systems: spinal cord III .......................................... 381
158. Pain modulation: anatomy and physiology—

spinal cord I ..........................................................................383
159. Pain modulation: anatomy and physiology—

periacqueductal g ra y ............................................................. 386
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603. Pattern formation, compartments and

boundaries I V ......................................................................1529
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Hippocampus: Insights Into Peptidergic Regulation of
Synaptic Plasticity
Chaired by: C.R. BRAMHAM ...........................................1987
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21. Cell differentiation and migration I ........................................ . . Poster Sun AM
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601. Cell differentiation and migration V I ...................................... . . Poster Wed AM
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687. Formation and specificity of synapses I ............................... Slide Wed PM
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122. Genesis of neurons and glia I ................................................ . . Poster Sun PM
317. Genesis of neurons and glia I I ................................................ . . Poster Mon PM
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600. Genesis of neurons and glia V ................................................ . Poster
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25. Glia and other non-neuronal cells I ........................................ Poster Sun AM
128. Glia and other non-neuronal cells II ...................................... . . Poster Sun PM
231. Glia and other non-neuronal cells I I I ...................................... . . Poster Mon AM
327. Glia and other non-neuronal cells IV ...................................... Poster Mon PM
425. Glia and other non-neuronal cells V ...................................... . . Poster Tue AM

24. Hormones and development I ................................................ Poster Sun AM
423. Hormones and development II .............................................. . . Poster Tue AM
791. Hormones and development I I I .............................................. . . Poster Thu AM
426. Molecular changes after lesions ............................................ . . Poster Tue AM
705. Motor systems ....................................................................... . . Poster Wed PM
203. Neural Progenitor Cells and CNS Lineage

Development.......................................................................... Mon AM
7. Neuronal death I ..................................................................... Slide Sun AM

127. Neuronal death II ................................................................... . . Poster Sun PM
230. Neuronal death I I I ................................................................... . . Poster Mon AM
326. Neuronal death IV ................................................................... . . Poster Mon PM
424. Neuronal death V ................................................................... . . Poster Tue AM
516. Neuronal death V I ................................................................... . . Poster Tue PM
610. Neuronal death V I I ................................................................. . . Poster Wed AM
704. Neuronal death VIII ............................................................... . . Poster Wed PM
793. Neuronal death IX ................................................................... . . Poster Thu AM
223. Neurotransmitter systems and channels I ............................... . . Poster Mon AM
514. Neurotransmitter systems and channels I I ............................. . . Poster Tue PM
702. Neurotransmitter systems and channels III ........................... . . Poster Wed PM
119. Neurotrophic factors: biologic effects I ................................. Slide Sun PM
224. Neurotrophic factors: biologic effects II ............................... . . Poster Mon AM
225. Neurotrophic factors: biologic effects I I I ............................... . . Poster Mon AM
226. Neurotrophic factors: biologic effects IV ............................... . . Poster Mon AM
227. Neurotrophic factors: biologic effects V ............................... . . Poster Mon AM
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130. Optic nerve regeneration......................................................... . . Poster Sun PM
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229. Other factors and trophic agents II .................................. . . . .  Poster Mon AM
118. Pattern formation, compartments and boundaries I ........ Slide Sun PM
416. Pattern formation, compartments and boundaries III . . . . . . . .  Poster Tue AM
603. Pattern formation, compartments and boundaries IV . . . . . . . .  Poster Wed AM

13. Process outgrowth, growth cones, and sprouting I .......... Slide Sun AM
221. Process outgrowth, growth cones, and sprouting II ........ . . . .  Poster Mon AM
321. Process outgrowth, growth cones, and sprouting II I ........ . . . .  Poster Mon PM
512. Process outgrowth, growth cones, and sprouting IV . . . . . . . .  Poster Tue PM
698. Process outgrowth, growth cones, and sprouting V ........ . . . .  Poster Wed PM
699. Process outgrowth, growth cones, and sprouting V I........ . . . .  Poster Wed PM
789. Process outgrowth, growth cones, and sprouting VII . . . . . . . .  Poster Thu AM
131. Regeneration of nervous systems .................................... ........ Poster Sun PM
611. Retinal development......................................................... ........ Poster Wed AM
233. Sensory systems: activity-dependent mechanisms

of development................................................................. ........ Poster Mon AM
232. Sensory systems: central and peripheral responses

to nerve injury ................................................................. ........ Poster Mon AM
235. Sensory systems: olfactory, gustatory, and

acoustico-vestibular development.................................... ........ Poster Mon AM
234. Sensory systems: somatosensory development ............... . . . .  Poster Mon AM
329. Transplant-assisted axonal regeneration........................... ........ Poster Mon PM
330. Transplantation I ............................................................... ........ Poster Mon PM
691. Transplantation II ............................................................. Slide Wed PM
796. Transplantation: dissociated cells .................................... ........ Poster Thu AM
518. Transplantation: evidence of function............................. ........ Poster Tue PM
613. Transplantation: growth factors........................................ ........ Poster Wed AM
133. Transplantation: Parkinson’s disease—related ................. ........ Poster Sun PM
706. Visual cortical development I .......................................... ........ Poster Wed PM
795. Visual cortical development I I .......................................... ........ Poster Thu AM

T heme B: C ell B io l o g y

331. Blood-brain barrier: function............................................ ........ Poster Mon PM
688. Blood-brain barrier: o th e r................................................ Slide Wed PM
429. Blood-brain barrier: pathology and disease..................... ........ Poster Tue AM

27. Cytoskeleton transport and membrane targeting:
cytoskeletal proteins......................................................... ........ Poster Sun AM

28. Cytoskeleton transport and membrane targeting:
organelles and proteins..................................................... ........ Poster Sun AM

29. Gene structure and function I .......................................... ........ Poster Sun AM
332. Gene structure and function I I .......................................... ........ Poster Mon PM
497. Gene structure and function I I I ........................................ Slide Tue PM
521. Gene structure and function I V ........................................ ........ Poster Tue PM
710. Gene structure and function V .......................................... ........ Poster Wed PM
519. Membrane composition and cell-surface

macromolecules I ............................................................. ........ Poster Tue PM
520. Membrane composition and cell-surface

macromolecules II ........................................................... ........ Poster Tue PM
8. Neuroglia and myelin I ..................................................... Slide Sun AM

134. Neuroglia and myelin II .................................................. ........ Poster Sun PM
135. Neuroglia and myelin I I I .................................................. ........ Poster Sun PM
239. Neuroglia and myelin I V .................................................. ........ Poster Mon AM
428. Neuroglia and myelin V .................................................. ........ Poster Tue AM
238. Staining, tracing, and imaging techniques I ..................... ........ Poster Mon AM
427. Staining, tracing, and imaging techniques II ................... ........ Poster Tue AM
708. Staining, tracing, and imaging techniques I I I ................... ........ Poster Wed PM
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709. Staining, tracing, and imaging techniques IV ..................... .. Poster Wed PM

T heme C : Excitable M em branes a n d

Sy n a ptic  T r a n sm issio n
 

508. Calcium channel structure, function and expression I ........ Slide Tue PM
617. Calcium channel structure, function and expression I I ........ .. Poster Wed AM
618. Calcium channel structure, function and expression III . . . . .. Poster Wed AM
620. Calcium channels: characterization and electrophysiology . . . . Poster Wed AM
799. Calcium channels: miscellaneous blockers ......................... . . Poster Thu AM

31. Calcium channels: modulation by intracellular messengers . . . Poster Sun AM
141. Calcium channels: modulation by

non-peptide neurotransmitters.............................................. . . Poster Sun PM
140. Calcium channels: modulation by peptide toxins................. ..  Poster Sun PM
619. Calcium channels: modulation by peptides and hormones . . .. Poster Wed AM
214. Calcium channels: physiology, pharmacology

and modulation I ................................................................. .Slide Mon AM
690. Calcium channels: physiology, pharmacology

and modulation I I ................................................................. Slide Wed PM
798. Chloride and other channels ................................................ . . Poster Thu AM

32. Ion channels: cell function I ................................................ .. Poster Sun AM
33. Ion channels: cell function I I ................................................ . . Poster Sun AM

783. Ion channels: cell function I I I .............................................. Slide Thu AM
30. Ligand-gated ion channels I ................................................ .. Poster Sun AM

498. Ligand-gated ion channels I I ................................................ Slide Tue PM
713. Ligand-gated ion channels III ................................................ .. Poster Wed PM
111. Long-term potentiation: pharmacology I ............................... Slide Sun PM
522. Long-term potentiation: pharmacology II ............................. .. Poster Tue PM
523. Long-term potentiation: pharmacology I I I ............................. . .  Poster Tue PM
245. Long-term potentiation: physiology I .................................... .. Poster Mon AM
246. Long-term potentiation: physiology I I .................................... . . Poster Mon AM
433. Long-term potentiation: physiology III ................................. . . Poster Tue AM
434. Long-term potentiation: physiology I V ................................. . . Poster Tue AM
711. Long-term potentiation: physiology V .................................... .. Poster Wed PM
712. Long-term potentiation: physiology VI ................................. .. Poster Wed PM
788. Long-term potentiation: physiology VII ............................... Slide Thu AM
680. Molecular Organization of the Postsynaptic

M em brane.............................................................................. Wed PM
777. Opioidergic Modulation of Long-term Potentiation

in the Hippocampus: Insights Peptidergic
Regulation of Synaptic P lasticity ........................................ Thu AM

333. Pharmacology of synaptic transmission I ............................. . . Poster Mon PM
615. Pharmacology of synaptic transmission I I ............................. . . Poster Wed AM
616. Pharmacology of synaptic transmission III ........................... .. . Poster Wed AM
240. Postsynaptic mechanisms I .................................................... . . .  Poster Mon AM
241. Postsynaptic mechanisms II .................................................. . . .  Poster Mon AM
242. Postsynaptic mechanisms I I I .................................................. . . . Poster Mon AM
243. Postsynaptic mechanisms I V .................................................. . . .  Poster Mon AM
244. Postsynaptic mechanisms V .................................................. . . .  Poster Mon AM
684. Postsynaptic mechanisms V I .................................................. Slide Wed PM
209. Potassium channel physiology, pharmacology

and modulation I ................................................................... Slide Mon AM
718. Potassium channel physiology, pharmacology

and modulation I I ................................................................. . . . Poster Wed PM
719. Potassium channel physiology, pharmacology   

and modulation III ................................................................. . Poster Wed PM
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Potassium channel physiology, pharmacology
and modulation IV ...........................................................
Potassium channel structure, function and expression I . . 
Potassium channel structure, function and expression II . 
Potassium channel structure, function and expression III . 
Potassium channel structure, function and expression IV .
Presynaptic mechanisms I ................................................
Presynaptic mechanisms II ..............................................
Presynaptic mechanisms I I I ..............................................
Presynaptic mechanisms IV ............................................
Presynaptic mechanisms V ............................................
Presynaptic mechanisms V I ..............................................
Presynaptic mechanisms V I I ............................................
Presynaptic mechanisms VIII ........................................
Presynaptic mechanisms IX ..........................................
Sodium channels I .........................................................
Sodium channels I I .........................................................
Sodium channels III .......................................................
Sodium channels IV .......................................................

T heme D : N eu r o tra n sm itters , M o d u l a t o r s , 
T r a n spo rters , a n d  Receptors

34. Acetylcholine.....................................................................
801. Acetylcholine receptor muscarinic: agonist/antagonist

for receptors........................................................................
800. Acetylcholine receptor muscarinic: muscarinic

receptors—molecular biology and electrophysiology
802. Acetylcholine receptor muscarinic: receptors—expression

11. Acetylcholine receptor: nicotinic I ....................................
621. Acetylcholine receptor: nicotinic I I ....................................
528. Acetylcholine receptor: nicotinic expression.....................
527. Acetylcholine receptor: nicotinic expression

and treatment effects...........................................................
526. Acetylcholine receptor: nicotinic—acetylcholine-

effects of nicotine on specific brain regions .....................
334. Acetylcholine receptor: nicotinic—acetylcholine-

genetics: molecular.............................................................
247. Acetylcholine receptor: nicotinic—acetylcholine-

pharmacology and behavior ..............................................
143. Acetylcholine receptor: nicotinic—acetylcholine-

regulation, distribution, and physiology ...........................
142. Acetylcholine receptor: nicotinic—biophysics...................
721. Acetylcholine receptor: nicotinic—pharmacology............

36. Acetylcholine receptor: nicotinic—structure/function
35. Acetylcholine: distribution ................................................

839. Acetylcholine: modulators ................................................
544. Behavioral pharmacology I ................................................
637. Behavioral pharmacology II ..............................................
305. Behavioral pharmacology: psychostimulants.....................
445. Behavioral pharmacology: serotonin and dopamine..........
632. Catecholamine receptors: alpha adrenergic .......................
149. Catecholamine receptors: antisense and knock ou ts..........
633. Catecholamine receptors: beta adrenergic.......................
441. Catecholamine receptors: D1 and D5 pharmacology..........
252. Catecholamine receptors: D2, D3, D4 pharmacology..........

Wed PM

Wed AM 
Wed PM 
Wed PM 
Wed PM 
Wed PM

Wed AM

Wed PM

Wed AM

Wed AM 

Wed AM

Thu.

Thu AM

Thu AM 
Thu AM

Thu AM
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150. Catecholamine receptors: distribution.................................. . . . Poster Sun PM
807. Catecholamine receptors: genetics........................................ . . . Poster Thu AM
340. Catecholamine receptors: in vivo drug effects I ................... . . . Poster Mon PM
341. Catecholamine receptors: in vivo drug effects II ................. . . . Poster Mon PM
253. Catecholamine receptors: structure and function................. . . . Poster Mon AM
596. Catecholamines..................................................................... Slide Wed AM
446. Catecholamines: biosynthetic enzym es............................... . . . Poster Tue AM
448. Catecholamines: electrophysiological studies ..................... . . . Poster Tue AM

43. Catecholamines: gene structure and regulation ................... . . . Poster Sun AM
447. Catecholamines: microdialysis/voltammetric studies.......... . . . Poster Tue AM
257. Catecholamines: noradrenergic systems ............................. . . . Poster Mon AM

39. Excitatory amino acid receptors I ........................................ . . .  Poster Sun AM
40. Excitatory amino acid receptors I I ........................................ . . . Poster Sun AM
41. Excitatory amino acid receptors I I I ...................................... . . . Poster Sun AM

308. Excitatory amino acid receptors I V ...................................... Slide Mon PM
335. Excitatory amino acid receptors V ........................................ . . . Poster Mon PM
336. Excitatory amino acid receptors V I ...................................... . . . Poster Mon PM
337. Excitatory amino acid receptors VII .................................... . . . Poster Mon PM
338. Excitatory amino acid receptors V III.................................... . . . Poster Mon PM
437. Excitatory amino acid receptors I X ...................................... . . . Poster Tue AM
438. Excitatory amino acid receptors X ...................................... . . . Poster Tue AM
439. Excitatory amino acid receptors X I ...................................... . . . Poster Tue AM
623. Excitatory amino acid receptors XII .................................... . . . Poster Wed AM
781. Excitatory amino acid receptors X III.................................... Slide Thu AM
722. Excitatory amino acid receptors: receptor localization........ . . . Poster Wed PM
249. Excitatory amino acids: anatomy and physiology I ............. . . . Poster    Mon AM
250. Excitatory amino acids: anatomy and physiology I I ............. . . . Poster Mon AM
144. Excitatory amino acids: anatomy and

physiology—regional localization........................................ . . . Poster Sun PM
37. Excitatory amino acids: excitotoxicity I ............................. . . . Poster Sun AM
38. Excitatory amino acids: excitotoxicity I I ............................. . . . Poster Sun AM

217. Excitatory amino acids: excitotoxicity III ........................... Slide Mon AM
248. Excitatory amino acids: excitotoxicity I V ........................... . . . Poster Mon AM
409. Excitatory amino acids: excitotoxicity V ............................. Slide Tue AM
529. Excitatory amino acids: excitotoxicity VI ........................... . . . Poster Tue PM
530. Excitatory amino acids: excitotoxicity V II........................... . . . Poster    Tue PM
622. Excitatory amino acids: excitotoxicity V III ......................... . . . Poster Wed AM
803. Excitatory amino acids: excitotoxicity IX ........................... . . . Poster Thu AM
145. Excitatory amino acids: pharmacology—d ru g s................... . . . Poster Sun PM
251. Excitatory amino acids: pharmacology—mGluRs............... . . . Poster Mon AM
436. Excitatory amino acids: pharmacology—NMDA ............... . .. Poster Tue AM
499. Excitatory amino acids: pharmacology—NMDA/AMPA

receptors ................................................................................ Slide Tue PM
435. Excitatory amino acids: pharmacology—secondary

messenger.............................................................................. . . . Poster Tue AM
146. GABA receptors I ................................................................. . . . Poster Sun PM
339. GABA receptors II ............................................................... . . . Poster Mon PM
531. GABA receptors I I I ............................................................... . . . Poster Tue PM
624. GABA receptors IV ............................................................. . . . Poster Wed AM
723. GABA receptors V ............................................................... . . . Poster Wed PM
804. GABA receptors V I ............................................................... . . . Poster Thu AM
408. GABA receptors: neuromodulators...................................... Slide Tue AM

19. GABA receptors: regulation and recombinant
expression ............................................................................ Slide Sun AM

299. Gap Junctions in the Normal and Pathologic   

Nervous System ................................................................. Symp Mon PM
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152. Interactions between neurotransmitters I ........................... . . . .  Poster Sun PM
153. Interactions between neurotransmitters II ......................... . . . .  Poster Sun PM
541. Interactions between neurotransmitters I I I ......................... . . . .  Poster Tue PM
542. Interactions between neurotransmitters IV ......................... . . . .  Poster Tue PM
584. Ligand-Gated Ion Channel Superfamily Feud ............. ___  Symp Wed AM

3. Molecular Biological Studies of the Newly Cloned
Opioid Receptors ............................................................. Sun AM

805. Neuropeptide localization: CNS regulation....................... . . . .  Poster Thu AM
147. Neuropeptide localization: endocrine peptides................... . . . .  Poster Sun PM
440. Neuropeptide localization: sensory peptides ..................... . . . .  Poster Tue AM
306. Neurotransmitter characterization and degradation .......... Slide Mon PM
725. Neurotransmitter processing.............................................. . . . .  Poster Wed PM
626. Neurotransmitter release..................................................... . . . .  Poster Wed AM
219. Opioid receptors I ............................................................... Slide Mon AM
784. Opioid receptors II ............................................................. Slide Thu AM
533. Opioid receptors: cell biology and physiology................... . . . .  Poster Tue PM
534. Opioid receptors: development and regulation................. . . . .  Poster Tue PM
535. Opioid receptors: localization............................................ . . . .  Poster Tue PM
629. Opioid receptors: molecular biology............................... . . . .  Poster Wed AM
630. Opioid receptors: pharmacology...................................... . . . .  Poster Wed AM
631. Opioid receptors: sigma receptors...................................... . . . .  Poster Wed AM
148. Opioids: anatomy, physiology and behavior I ................. . . . .  Poster Sun PM
536. Opioids: anatomy, physiology and behavior I I ................. . . . .  Poster Tue PM
726. Opioids: anatomy, physiology and behavior III ............... . . . .  Poster Wed PM
151. Other neurotransmitters: adenosine.................................. . . . .  Poster Sun PM
634. Other neurotransmitters: GABA, glycine, purine............... . . . .  Poster Wed AM
729. Other neurotransmitters: histamine .................................... . . . .  Poster Wed PM
810. Other neurotransmitters: miscellaneous............................. ........Poster Thu AM
254. Other neurotransmitters: nitric oxide..........................................Poster Mon AM
402. Peptide receptor structure and function I ........................... Slide Tue AM
532. Peptide receptor structure and function II ......................... ........Poster Tue PM
625. Peptide receptor structure and function I I I ......................... ........Poster Wed AM
724. Peptide receptor structure and function IV ....................... ........Poster Wed PM
42. Peptides: physiological effects I ................................................Poster Sun AM

627. Peptides: physiological effects I I ................................................ Poster Wed AM
628. Peptides: physiological effects III .............................................. Poster Wed AM
806. Peptides: physiological effects IV .............................................. Poster Thu AM
210. Peptides: physiology and anatomy...................................... Slide Mon AM
44. Receptor modulation, up- and down-regulation I .............. ........ Poster Sun AM

449. Receptor modulation, up- and down-regulation II ............ ........ Poster Tue AM
635. Regional localization of receptors and transmitters I ........ ........ Poster Wed AM
636. Regional localization of receptors and transmitters II . . . ........ Poster Wed AM
313. Second messengers I ......................................................... Slide Mon PM
345. Second messengers II ....................................................... ........ Poster Mon PM
346. Second messengers III ..................................................... ........ Poster Mon PM
732. Second messengers IV ..................................................... ........ Poster Wed PM
813. Second messengers V ....................................................... ........ Poster Thu AM
444. Second messengers: calcium............................................ ........ Poster Tue AM
731. Second messengers: G-proteins........................................ ........ Poster Wed PM
812. Second messengers: kinases ............................................ ........ Poster Thu AM
809. Serotonin .......................................................................... ........ Poster Thu AM
113. Serotonin receptors I ......................................................... Slide Sun PM
312. Serotonin receptors II ....................................................... Slide Mon PM
727. Serotonin receptors: 5-HT1 .............................................. ........ Poster Wed PM
443. Serotonin receptors: 5-HT2 .............................................. ........ Poster Tue AM
808. Serotonin receptors: 5-HT3 .............................................. ........ Poster Thu AM
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728.
539. 
538. 
537. 
442.
343. 
342.
540.
255.
256. 
154. 
543. 
730. 
811. 
316.
344.

Serotonin receptors: 5-HT4, 5-HT5, 5-HT6, 5-HT7 ........................Poster
Serotonin receptors: autoreceptors..............................................
Serotonin receptors: behavior ....................................................... Poster
Serotonin receptors: effectors ...................................................... Poster
Serotonin receptors: structure and structure/function.................
Serotonin: development............... ..............................................
Serotonin: regulation......................................................................Poster
Serotonin: uptake, function........................................................... Poster
Transmitters in invertebrates: neuropeptides ................................Poster.
Transmitters in invertebrates: NO, amines, etc............................... Poster
Uptake and transporters: catecholamines I .......................Posted
Uptake and transporters: catecholamines I I .....................Poster
Uptake and transporters: glutamate....................................... Poster,
Uptake and transporters: miscellaneous................................. Poster
Uptake and transporters: monoamines..............................
Uptake and transporters: serotonin ...................................

T heme E: En d o c r in e  a n d  A u t o n o m ic  R eg u la tio n

14.
549.

354.
550.
551. 
403.
258.
259. 
353.

640.
641.

218.
546. 
347.

545.
638. 

46.
112.

405.
742.
743.
744.
745. 
45.

352.
548.
452.
814.

590.
451.
547.
639.

Cardiovascular regulation: central modulation...........................
Cardiovascular regulation: determinants of sympathetic

Poster

nerve response
Cardiovascular regulation: medullary reticular formation ........ Poster
Cardiovascular regulation: organization and pathology .............Poster
Cardiovascular regulation: pharmacology ..................................Poster
Cardiovascular regulation: spinalmedullary mechanisms...........   Slide
Cardiovascular regulation: supramedullary mechanisms ..........
Cardiovascular regulation: vagal organization........................... Poster
Cardiovascular regulation: vagal pharmacology and
physiology ..................................................................................Poster
Gastrointestinal regulation: gastroesophageal control ...............Poster
Gastrointestinal regulation: intestinal hepatic and
pancreatic control.......................................................................
Hypothalamic-pituitary-adrenal regulation .............................  • 
Hypothalamic-pituitary-adrenal regulation: C R F .....................
Hypothalamic-pituitary-adrenal regulation:
glucocorticoids............................................................................Poster
Hypothalamic-pituitary-adrenal regulation: other I ..................Poster 
Hypothalamic-pituitary-adrenal regulation: other I I ..................Poster
Hypothalamic-pituitary-gonadal regulation I ............................. Poster
Hypothalamic-pituitary-gonadal regulation II ...........................   Slide
Hypothalamic-pituitary-gonadal regulation I I I ...........................  Slide
Hypothalamic-pituitary-gonadal regulation IV ......................... Poster 
Hypothalamic-pituitary-gonadal regulation V ........................... Poster  
Hypothalamic-pituitary-gonadal regulation V I ...........................
Hypothalamic-pituitary-gonadal regulation V I I ........................... Poster
Neural-immune interactions: cytokines I 
Neural-immune interactions: cytokines II 
Neural-immune interactions: depression and stress 
Neural-immune interactions: inflammation 
Neural-immune interactions: neurotransmitters and 
neuromodulators
Neural-immune interactions: other 
Neural-immune interactions: pathology
Neuroendocrine regulation: hypothalamic peptides...................Poster 
Neuroendocrine regulation: other I ............................................Poster  t
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782.
351.
450.
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738.
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741.

739. 

492.

350.
734.
735.

Neuroendocrine regulation: other I I ...........................
Neuroendocrine regulation: other I I I .........................
Neuroendocrine regulation: thyroid and gonadal axes 
Neuroendocrine regulation: vasopressin and oxytocin 
Osmoregulation: magnocellular endocrine neurons . .
Osmoregulation: mechanisms....................................
Respiratory regulation: amino acid transmitters........
Respiratory regulation: brainstem and spinal cord . . .
Respiratory regulation: central chemoreception........
Respiratory regulation: developmental mechanisms . . 
Respiratory regulation: reflex mechanisms and
pathways.....................................................................
Respiratory regulation: signal transduction
in the carotid body .....................................................
Sensory Circumventricular Organs (CVOs): 
Body-Brain Coupling and Mechanisms of
Afferent Signaling.....................................................
Thermoregulation and fever ......................................
Urogenital regulation: bladder and micturition ........
Urogenital regulation: sexual function.......................

T heme F: Sensory  Systems

166. Auditory systems: central anatomy I .....................................
271. Auditory systems: central anatomy II ...................................
361. Auditory systems: central anatomy I I I ...................................
56. Auditory systems: central physiology I .................................

165. Auditory systems: central physiology II ...............................
269. Auditory systems: central physiology I I I ...............................
270. Auditory systems: central physiology IV ...............................
461. Auditory systems: central physiology V ...............................
462. Auditory systems: central physiology V I ...............................
164. Auditory, vestibular, and lateral line: periphery.....................

4. Cellular and Molecular Mechanisms of Integration
in Mammalian Retina.........................................................

686. Chemical senses...................................................................
647. Damaged retinas.....................................................................
651. Gustatory senses.....................................................................
505. Invertebrate sensory and m otor............................................
167. Invertebrate sensory systems I ................................................
168. Invertebrate sensory systems I I ..............................................
463. Olfactory senses: accessory olfactory system .......................

58. Olfactory senses: invertebrates ............................................
464. Olfactory senses: olfactory bulb ............................................
465. Olfactory senses: olfactory cortex..........................................

57. Olfactory senses: olfactory receptor cells .............................
160. Pain modulation: anatomy and physiology—behavior..........
644. Pain modulation: anatomy and physiology—brainstem........
261. Pain modulation: anatomy and physiology—higher centers . ...
643. Pain modulation: anatomy and physiology—human studies . .
356. Pain modulation: anatomy and physiology—neuropathic
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159. Pain modulation: anatomy and physiology—periacqueductal 
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262. Pain modulation: anatomy and physiology—receptor
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158. Pain modulation: anatomy and physiology—spinal cord I . . . . . Poster Sun PM
552. Pain modulation: anatomy and physiology—spinal cord II . . . . Poster Tue PM
459. Pain modulation: pharmacology—allodynia ......................... . . Poster Tue AM
263. Pain modulation: pharmacology—amino acids,

adenosine, cannabinoids......................................................... .. Poster Mon AM
553. Pain modulation: pharmacology—anesthetics....................... . . Poster Tue PM
357. Pain modulation: pharmacology—inflammation

and prostaglandins ................................................................. . . Poster Mon PM
554. Pain modulation: pharmacology—neuropeptides................... . . Poster Tue PM
645. Pain modulation: pharmacology—NMDA and N O ............... . . Poster Wed AM
457. Pain modulation: pharmacology—opioids I ........................... . . Poster Tue AM
458. Pain modulation: pharmacology—opioids I I ......................... . . Poster Tue AM
555. Pain modulation: pharmacology—serotonin, histamine,

catecholamines....................................................................... . . Poster Tue PM
355. Pain pathways: gene expression.............................................. . . Poster Mon PM
642. Pain pathways: human studies................................................ . . Poster Wed AM
260. Pain pathways: peripheral nerves and spinal cord ................. . . Poster Mon AM
456. Pain pathways: supraspinal centers ........................................ . . Poster Tue AM
694. Pain: pathways and modulation.............................................. Slide Wed PM
104. Patterns of Activity Shaped by Local Circuitry in

Mammalian Visual C ortex ................................................... Symp Sun PM
460. Photoreceptors and R P E ......................................................... . . Poster Tue AM
211. Retina I .................................................................................... Slide Mon AM
413. Retina I I .................................................................................. Slide Tue AM
556. Retina III ................................................................................ . . Poster Tue PM
646. Retinal function ..................................................................... . . Poster Wed AM
161. Retinal subcellular mechanisms I .......................................... . . Poster Sun PM
358. Retinal subcellular mechanisms I I .......................................... . . Poster Mon PM
155. Sensory systems: spinal cord I .............................................. . . Poster Sun PM
156. Sensory systems: spinal cord I I .............................................. . . Poster Sun PM
157. Sensory systems: spinal cord III ............................................ . . Poster Sun PM
455. Somatic and visceral afferents: mechanoreceptors................. . . Poster Tue AM
454. Somatic and visceral afferents: nociceptors........................... . . Poster Tue AM
453. Somatic and visceral afferents: visceral afferents................... . . Poster Tue AM

50. Somatosensory cortex and thalamocortical relationships I . . . . . Poster Sun AM
51. Somatosensory cortex and thalamocortical relationships II . . . . Poster Sun AM
52. Somatosensory cortex and thalamocortical

relationships III ..................................................................... . . Poster Sun AM
404. Somatosensory cortex and thalamocortical

relationships IV ..................................................................... Slide Tue AM
692. Somatosensory cortex and thalamocortical

relationships V ....................................................................... Slide Wed PM
53. Somatosensory cortex and thalamocortical

relationships: barrels I ........................................................... .. Poster Sun AM
54. Somatosensory cortex and thalamocortical

relationships: barrels I I ........................................................... . . Poster Sun AM
47. Subcortical somatosensory pathways I .................................. . . Poster Sun AM
48. Subcortical somatosensory pathways I I .................................. . . Poster Sun AM
49. Subcortical somatosensory pathways III ............................... . . Poster Sun AM
12. Subcortical visual pathways I ................................................ Slide Sun AM

264. Subcortical visual pathways I I ................................................ .. Poster Mon AM
265. Subcortical visual pathways I I I .............................................. . .  Poster Mon AM
266. Subcortical visual pathways I V .............................................. . . Poster Mon AM
693. Visual cortex: extrastriate—attention...................................... Slide Wed PM
120. Visual cortex: extrastriate—dorsal stream I ........................... Slide Sun PM
268. Visual cortex: extrastriate—dorsal stream II ......................... . . Poster Mon AM
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359. Visual cortex: extrastriate—functional organization 1 . . . . . . . . Poster Mon PM
360. Visual cortex: extrastriate—functional organization II . . .  . . . . . Poster Mon PM
504. Visual cortex: extrastriate—functional organization III . . . Slide Tue PM

15. Visual cortex: extrastriate—ventral stream I ..................... Slide Sun AM
267. Visual cortex: extrastriate—ventral stream I I ..................... . . . . Poster Mon AM

17. Visual cortex: striate I ......................................................... Slide Sun AM
162. Visual cortex: striate II ....................................................... . . . . Poster Sun PM
163. Visual cortex: striate III ..................................................... . . . . Poster Sun PM
311. Visual cortex: striate IV ..................................................... Slide Mon PM
592. Visual cortex: striate V ....................................................... Slide Wed AM
648. Visual cortex: striate VI ..................................................... . . . . Poster Wed AM
649. Visual cortex: striate V II ..................................................... . . . . Poster Wed AM
650. Visual cortex: striate VIII .................................................. . . . . Poster Wed AM
689. Visual cortex: striate IX .................................................... Slide Wed PM

55. Visual psychophysics and behavior I .................................. . . . . Poster Sun AM
212. Visual psychophysics and behavior II ................................ Slide Mon AM

T heme G : M o t o r  Systems a n d

Se n s o r im o t o r  In teg r a tio n

750. Basal ganglia: anatomy....................................................... . . . . Poster Wed PM
817. Basal ganglia: behavior....................................................... . . . . Poster Thu AM
749. Basal ganglia: drugs of abuse ............................................ . . . . Poster Wed PM
560. Basal ganglia: movement disorders and

experimental models........................................................... . . . . Poster Tue PM
170. Basal ganglia: neuron activity during behavior ................. . . . . Poster Sun PM
653. Basal ganglia: nigra and related systems........................... . . . . Poster Wed AM
362. Basal ganglia: physiology.................................................. . . . . Poster Mon PM
272. Basal ganglia: primate anatomy.......................................... . . . . Poster Mon AM
559. Basal ganglia: striatal anatomy .......................................... . . . . Poster Tue PM
748. Basal ganglia: striatal systems............................................ . . . . Poster Wed PM
466. Basal ganglia: thalamus ..................................................... . . . . Poster Tue AM
652. Basal ganglia: ventral striatal/ventral pallidal systems . . . . . . . . Poster Wed AM
115. Cerebellum.......................................................................... Slide Sun PM
467. Cerebellum: anatomy and pharmacology........................... . . . . Poster Tue AM
363. Cerebellum: behavior, development, m odels..................... . . . . Poster Mon PM
364. Cerebellum: clinical studies .............................................. . . . . Poster Mon PM
818. Cerebellum: genetic models .............................................. . . . . Poster Thu AM
751. Cerebellum: physiology ..................................................... . . . . Poster Wed PM
696. Circuitry and pattern generation ........................................ Slide Wed PM
64. Circuitry and pattern generation: models and methods . . . . .. . Poster Sun AM
66. Circuitry and pattern generation: modulation of CPG . . . . . . .  . Poster Sun AM
65. Circuitry and pattern generation: simple systems ............. . . . . Poster Sun AM

277. Circuitry and pattern generation: spinal cord ..................... . . . . Poster Mon AM
819. Control of posture and movement: human locomotion . . . . . . . . Poster Thu AM
172. Control of posture and movement: injury and disease . . . . . . . . Poster Sun PM
173. Control of posture and movement: locomotion ................. . . . . Poster Sun PM
274. Control of posture and movement: modelling ................... . . . . Poster Mon AM
114. Control of posture and movement: motor control I .......... Slide Sun PM
276. Control of posture and movement: motor control I I .......... . . . . Poster Mon AM
562. Control of posture and movement: motor units

and reflexes ........................................................................ . . . . Poster Tue PM
275. Control of posture and movement: posture I ..................... . .. . Poster Mon AM
472. Control of posture and movement: posture I I ..................... . . .  . Poster Tue AM
755. Control of posture and movement: prehension................... . .. . Poster Wed PM
174. Control of posture and movement: reaching I ................... . . . . Poster Sun PM
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756. Control of posture and movement: reaching I I ..................... . . Poster Wed PM
175. Invertebrate motor functions................................................ . . Poster Sun PM
169. Motor cortex: anatomy ......................................................... . . Poster Sun PM
815. Motor cortex: behavioral physiology, models I ................... . . Poster Thu AM
816. Motor cortex: behavioral physiology, models I I ................... . . Poster Thu AM
746. Motor cortex: functional organization and plasticity I ........ .. Poster Wed PM
747. Motor cortex: functional organization and plasticity II . . . . . . Poster Wed PM
557. Motor cortex: human studies I .............................................. .. Poster Tue PM
558. Motor cortex: human studies I I ............................................ . .  Poster Tue PM
215. Motor systems: cortex........................................................... Slide Mon AM
563. Muscle: biomechanics........................................................... .. Poster Tue PM
654. Muscle: cellular and molecular physiology......................... . . Poster Wed AM
300. New Vistas in the Control of Arm Movement

Trajectories............................................................................ Symp Mon PM
753. Oculomotor system: brainstem and pretectum....................... . . Poster Wed PM
367. Oculomotor system: clinical studies .................................... . . Poster Mon PM
470. Oculomotor system: head movements and Listing’s Law . . . . . . Poster Tue AM
754. Oculomotor system: near response, blink, and muscle.......... . . Poster Wed PM
502. Oculomotor system: saccades................................................ Slide Tue PM
366. Oculomotor system: saccades—behavior and imaging ........ . . Poster Mon PM
469. Oculomotor system: saccades—cortex ................................. . . Poster Tue AM
468. Oculomotor system: saccades—superior colliculus............... . . Poster Tue AM

61. Oculomotor system: smooth movements............................... . . Poster Sun AM
216. Oculomotor system: smooth pursuit and

vestibuloocular reflex ............................................................. Slide Mon AM
561. Reflex function: animal studies.............................................. . . Poster Tue PM
273. Reflex function: human studies.............................................. . . Poster Mon AM
369. Spinal cord and brainstem: anatomy ...................................... .. Poster Mon PM

63. Spinal cord and brainstem: cellular neurophysiology............. .. Poster Sun AM
471. Spinal cord and brainstem: functional neurophysiology........ . . Poster Tue AM

62. Spinal cord and brainstem: pattern generation....................... .. Poster Sun AM
368. Spinal cord and brainstem: pharmacology and

transmitters.............................................................................. .. Poster Mon PM
171. Spinal cord and brainstem: spinal reflexes............................. . . Poster Sun PM
365. Vestibular system: nerve and nuclei ...................................... . . Poster Mon PM
752. Vestibular system: vestibular nuclei........................................ . .  Poster Wed PM

59. Vestibular system: vestibuloocular reflex—human studies . . . . . Poster Sun AM
60. Vestibular system: vestibuloocular reflex—physiology

and behavior............................................................................ . . Poster Sun AM

T heme H : O ther  Systems o f  the  CNS

371. Association cortex and thalamocortical relations: anatomy . . . . Poster Mon PM
372. Association cortex and thalamocortical relations:

physiology .............................................................................. .. Poster Mon PM
474. Brain metabolism and blood flow: methods........................... . . Poster Tue AM
178. Brain metabolism and blood flow: nitric oxide ..................... ..  Poster Sun PM
68. Brain metabolism and blood flow: pharmacology ................. ..  Poster Sun AM

656. Brain metabolism and blood flow: physiology and
biochemistry............................................................................ . .  Poster Wed AM

67. Comparative neuroanatomy: forebrain I ............................... .. Poster Sun AM
177. Comparative neuroanatomy: forebrain I I ............................... . .  Poster Sun PM
278. Comparative neuroanatomy: non-forebrain ........................... .. Poster Mon AM
655. Limbic system and hypothalamus: amygdala and

hypothalamus.......................................................................... .. Poster Wed AM
370. Limbic system and hypothalamus: anatomy ......................... .. Poster Mon PM
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176. Limbic system and hypothalamus: chemical anatom y........ . . .  Poster Sun PM
473. Limbic system and hypothalamus: function I ..................... . . . Poster

 
Tue AM

564. Limbic system and hypothalamus: function I I ..................... . . . Poster Tue PM

T heme I : N eural Basis o f  B ehavior

82. Aging: animal models........................................................... . . . Poster Sun AM
192. Aging: cell biology............................................................... . . .  Poster Sun PM
668. Aging: primates including humans ...................................... . .. Poster  Wed AM
587. Biological rhythms and sleep .............................................. Slide Wed AM
483. Biological rhythms and sleep: aging .................................... . .. Poster Tue AM

76. Biological rhythms and sleep: anatomy............................... . .. Poster Sun AM
484. Biological rhythms and sleep: disorders and

clinical studies ..................................................................... . . .  Poster Tue AM
78. Biological rhythms and sleep: melatonin and pineal .......... . . . Poster Sun AM

658. Biological rhythms and sleep: molecular and
cellular biology..................................................................... .. . Poster Wed AM

77. Biological rhythms and sleep: neurotransmitters
and hormones I ..................................................................... . .. Poster Sun AM

184. Biological rhythms and sleep: neurotransmitters
and hormones I I ...................................................................

 

.. . Poster Sun PM
185. Biological rhythms and sleep: neurotransmitters

and hormones III ................................................................. . . . Poster Sun PM
379. Biological rhythms and sleep: physiology I ......................... . .. Poster Mon PM
380. Biological rhythms and sleep: physiology II ....................... . .. Poster Mon PM
116. Cognition I ............................................................................ Slide Sun PM
179. Cognition II .......................................................................... .. . Poster Sun PM
180. Cognition I I I .......................................................................... . . . Poster Sun PM
279. Cognition IV .......................................................................... . . .  Poster    Mon AM
373. Cognition V .......................................................................... .. . Poster Mon PM
374. Cognition V I .......................................................................... .. . Poster Mon PM
475. Cognition VII ........................................................................ . . . Poster Tue AM
476. Cognition VIII ..................................................................... . .. Poster Tue AM
588. Cognition IX .......................................................................... Slide Wed AM
695. Cognition X .......................................................................... Slide Wed PM
757. Cognition X I .......................................................................... . . . Poster Wed PM
779. Cognition X I I ....................................................................... Slide Thu AM
820. Cognition XIII ..................................................................... . . .  Poster Thu AM
206. Drugs of abuse: alcohol I ..................................................... Slide Mon AM
485. Drugs of abuse: alcohol I I ..................................................... .. . Poster Tue AM
486. Drugs of abuse: alcohol I I I .................................................. . . .  Poster Tue AM
665. Drugs of abuse: alcohol I V .................................................. . . .  Poster Wed AM
666. Drugs of abuse: alcohol V .................................................... . . .  Poster Wed AM
825. Drugs of abuse: alcohol V I .................................................. . . .  Poster Thu AM
824. Drugs of abuse: alcohol and benzodiazepines.....................___Poster Thu AM
384. Drugs of abuse: amphetamines and other stimulants I ........ . . .  Poster Mon PM
385. Drugs of abuse: amphetamines and other stimulants II . . . . . . .  Poster Mon PM
573. Drugs of abuse: amphetamines and other stimulants III . . .  . . . .  Poster Tue PM
574. Drugs of abuse: amphetamines and other stimulants IV . . .. .. . Poster Tue PM
826. Drugs of abuse: amphetamines and other stimulants V . . . .. .. Poster Thu AM
285. Drugs of abuse: cocaine I .................................................... . . . .  Poster Mon AM
286. Drugs of abuse: cocaine II .................................................. . .. . Poster Mon AM
287. Drugs of abuse: cocaine I I I ................................................ ___Poster Mon AM
288. Drugs of abuse: cocaine I V ................................................ . . .  . Poster Mon AM
765. Drugs of abuse: cocaine V ................................................ . . .. Poster ' Wed PM
766. Drugs of abuse: cocaine V I ................................................ ___Poster Wed PM

X X X I
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767. Drugs of abuse: cocaine VII .............................................. . . . .  Poster Wed PM
283. Drugs of abuse: cocaine—development I ......................... . . . .  Poster Mon AM
284. Drugs of abuse: cocaine—development I I ......................... . . . .  Poster Mon AM
289. Drugs of abuse: opioids and others I .................................. . . . . Poster Mon AM
292. Drugs of abuse: opioids and others II ............................... Mon AM
290. Drugs of abuse: opioids and others—heroin and

cannabinoids....................................................................... . . . .  Poster Mon AM
291. Drugs of abuse: opioids and others—morphine................. . . . .  Poster Mon AM
572. Hormonal control of reproductive behavior: behavioral

measures.............................................................................. . . . .  Poster Tue PM
282. Hormonal control of reproductive behavior: functional

anatomy .............................................................................. . . . .  Poster Mon AM
190. Hormonal control of reproductive behavior: parenting

and sex differences............................................................. . . . .  Poster Sun PM
80. Hormonal control of reproductive behavior: receptors,

chemistry, and anatomy .................................................... . . . . Poster Sun AM
188. Ingestive behavior I ............................................................. Sun PM
280. Ingestive behavior I I ........................................................... . . . .  Poster Mon AM
383. Ingestive behavior III ......................................................... . . . .  Poster Mon PM
410. Ingestive behavior IV ......................................................... Slide Tue AM
571. Ingestive behavior V ........................................................... . . . .  Poster Tue PM
660. Ingestive behavior VI ......................................................... ___Poster Wed AM

10. Ingestive behavior—peptides ............................................ Slide Sun AM
407. Invertebrate learning and behavior I .................................. Slide Tue AM
500. Invertebrate learning and behavior I I ................................. Tue PM
569. Invertebrate learning and behavior I I I ............................... . . . .  Poster Tue PM
570. Invertebrate learning and behavior I V ............................... . . . .  Poster Tue PM
659. Invertebrate learning and behavior V ................................. Wed AM

69. Learning and memory: pharmacology I ............................. -----Poster Sun AM
70. Learning and memory: pharmacology I I ........................... . . . . Poster Sun AM
71. Learning and memory: pharmacology III ......................... Poster Sun AM

377. Learning and memory: pharmacology IV ......................... Poster Mon PM
481. Learning and memory: pharmacology V ........................... . . . .  Poster Tue AM
482. Learning and memory: pharmacology VI ......................... Tue AM
375. Learning and memory: physiology I .................................. . . . .  Poster Mon PM
376. Learning and memory: physiology II ............................... . . . .  Poster Mon PM
758. Learning and memory: physiology I I I ............................... . . . . Poster Wed PM
759. Learning and memory: physiology I V ............................... . . . .  Poster Wed PM
117. Learning and memory: systems and functions I ................. Slide Sun PM
303. Learning and memory: systems and functions I I ............... . . . . Slide Mon PM
477. Learning and memory: systems and functions III ............ . . . . Poster Tue AM
478. Learning and memory: systems and functions IV ............. . . . .  Poster Tue AM
479. Learning and memory: systems and functions V ............... . . . . Poster Tue AM
480. Learning and memory: systems and functions VI ............. . . . .  Poster Tue AM
565. Learning and memory: systems and functions V II ............. ___Poster Tue PM
566. Learning and memory: systems and functions V II I .......... . . . .  Poster Tue PM
567. Learning and memory: systems and functions IX ............. . . . .  Poster Tue PM
586. Learning and memory: systems and functions X ............... Slide Wed AM
760. Learning and memory: systems and functions XI ............. . . . .  Poster Wed PM
761. Learning and memory: systems and functions X II............. . . . .  Poster Wed PM
762. Learning and memory: systems and functions X III .......... ___Poster Wed PM
763. Learning and memory: systems and functions X IV .......... . . .  . Poster Wed PM
662. Monoamines and behavior: dopamine I ............................. . . . .  Poster Wed AM
821. Monoamines and behavior: dopamine I I ........................... ___Poster

81. Monoamines and behavior: mental disorders, models,
and treatments ................................................................... . . . .  Poster  Sun AM
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822. Monoamines and behavior: norepinephrine....................... . . . Poster Thu AM
663. Monoamines and behavior: serotonin ............................... . . . Poster Wed AM
183. Motivation and emotion: animal m odels........................... . . . Poster Sun PM
657. Motivation and emotion: biochemistry and

pharmacology..................................................................... .. . Poster Wed AM
378. Motivation and emotion: primates including humans........ . .. Poster Mon PM

75. Motivation and emotion: self-stimulation ......................... . .. Poster Sun AM
778. Neural Control of Breathing............................................ Thu AM

20. Neural plasticity............................................................... Slide Sun AM
73. Neural plasticity: lesions and recovery ........................... . . . Poster Sun AM

181. Neural plasticity: L T P ....................................................... . . . Poster Sun PM
74. Neural plasticity: molecules and pharmacology............... . . . Poster Sun AM

182. Neural plasticity: structural correlates............................. . . . Poster Sun PM
72. Neural plasticity: synaptic properties................................ . . . Poster Sun AM
79. Neuroethology: electroreception...................................... . . . Poster Sun AM

568. Neuroethology: fish ......................................................... . . . Poster Tue PM
187. Neuroethology: invertebrates............................................ . . . Poster Sun PM
186. Neuroethology: other tax a ................................................ . . . Poster Sun PM
381. Neuroethology: songbirds I .............................................. . . . Poster Mon PM
382. Neuroethology: songbirds II ............................................ . . . Poster Mon PM
304. Neuropeptides and behavior I .......................................... Slide Mon PM
664. Neuropeptides and behavior II ........................................ . . . Poster Wed AM
823. Neuropeptides and behavior I I I ........................................ . . . Poster Thu AM
309. Psychotherapeutic d ru g s .................................................. Slide Mon PM
386. Psychotherapeutic drugs: antidepressants ....................... .. . Poster Mon PM
191. Psychotherapeutic drugs: antipsychotics I ......................... . . . . Poster Sun PM
667. Psychotherapeutic drugs: antipsychotics II ........................ . .  . Poster Wed AM
827. Psychotherapeutic drugs: o th e r ........................................ .. .. Poster . Thu AM
281. Stress: behavior................................................................. . . . . Poster Mon AM
207. Stress: HPA a x is ............................................................... Slide Mon AM
764. Stress: neurochemistry ..................................................... . . . . Poster Wed PM
189. Stress: neurotransmitter system s......................................... . . . Poster Sun PM
661. Stress: preclinical and clinical studies............................. . . . . Poster Wed AM
583. What Is the Specific Role of the Cerebellum

in Cognition? ................................................................. Wed AM

T heme J: D iso r d er s  o f  the  N erv o u s  System

580. Alzheimer’s disease: ApoE .............................................. . . . .  Poster Tue PM
400. Alzheimer’s disease: ApoE and genetics ......................... Slide Tue AM
295. Alzheimer’s disease: chemical neuroanatomy ................. .. .. Poster Mon AM
773. Alzheimer’s disease: cholinergic neuropharmacology . . . . . . . Poster Wed PM
581. Alzheimer’s disease: genetics and clinical stud ies.......... . . . . Poster Tue PM
673. Alzheimer’s disease: mechanisms of degeneration I ........ . . . . Poster Wed AM
787. Alzheimer’s disease: mechanisms of degeneration II . . . . Slide Thu AM
108. Alzheimer’s disease: neurofibrillary degeneration.......... Slide Sun PM
674. Alzheimer’s disease: neuronal injury and death ............... . .  . . Poster Wed AM
774. Alzheimer’s disease: neuropharmacology ....................... ........ Poster Wed PM
296. Alzheimer’s disease: tau and neurofibrillary

degeneration..................................................................... ........ Poster Mon AM
507. Beta-amyloid: aggregation .............................................. Slide Tue PM
109. Beta-amyloid: animal models I ........................................ Slide Sun PM
579. Beta-amyloid: animal models II ...................................... ........ Poster Tue PM

9. Beta-amyloid: ApoE I ....................................................... Slide Sun AM
670. Beta-amyloid: ApoE II ..................................................... ........ Poster Wed AM
671. Beta-amyloid: cellular effects I ........................................ ........ Poster Wed AM
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672. Beta-amyloid: cellular effects II ... . .............. . .. . . . 
85. Beta-amyloid: gene expression ..... . ..... .. ........... . 

578. Beta-amyloid: localization ............................ . 
194. Beta-amyloid: neuromodulation ........ . .............. . 
577. Beta-amyloid: neuropathology I ....................... . 
589. Beta-amyloid: neuropathology II .................... . . . . 
40 I . Beta-amyloid: neurotoxicity ......... ... ........ . . . ... . 
193. Beta-amyloid: neurotoxicity and aggregation ..... ......... . 
294. Beta-amyloid: processing I ........................... . 
310. Beta-amyloid: processing II ......... . .. .. ......... . .. . 

86. Beta-amyloid: protein interactions ....... . ..... . . ....... . 
208. Beta-amyloid: secretion I ........... ... ........ . ..... . 
390. Beta-amyloid: secretion II ........... .. .. . ......... . .. . 
195. Degenerative disease: Alzheimer's----cognitive function ...... . 
685. Degenerative disease: other ............ .. ......... . ... . 
199. Degenerative disease: other- ALS and dementias .......... . 
196. Degenerative disease: other- genetics and mechanisms ..... . 
198. Degenerative disease: other- Huntington's ............... . 
197. Degenerative disease: other- metabolic and 

inflammatory ...................... ... ......... . .. . 
503. Degenerative disease: Parkinson's ...... . . ...... . ..... . . . 
488. Degenerative disease: Parkinson's----clinical .............. . 
489. Degenerative disease: Parkinson's-mechanisms ........... . 
491. Degenerative disease: Parkinson's-MPTP models ..... . ... . 
487. Degenerative disease: Parkinson's--other models ...... . ... . 
490. Degenerative disease: Parkinson's-pharmacology ..... . ... . 
775. Degenerative disease: Parkinson's-transplantation, 

pallidotomy and imaging .......... .. ............ . . . . . 
293. Developmental disorders I ............................ . 
669. Developmental disorders II ........ . .. . .. .......... . .. . 
829. Developmental disorders III ....................... . . . . 
575. Epilepsy: animal models I ......... . .. . . ... . ...... . .. . . 
597. Epilepsy: animal models II ........................... . 
768. Epilepsy: animal models III ........ . .............. . .. . 

84. Epilepsy: anticonvulsant drugs I ........ . ........... . .. . 
831. Epilepsy: anticonvulsant drugs II .... . . . . .............. . 
314. Epilepsy: basic mechanisms I . . ........ . ......... . .... . 
388. Epilepsy: basic mechanisms II ...... . .. . .............. . 
389. Epilepsy: basic mechanisms III .......... ... ........... . 
576. Epilepsy: basic mechanisms IV ........................ . 
771. Epilepsy: basic mechanisms V .......... . ............. . 
772. Epilepsy: basic mechanisms VI ..... . .................. . 
770. Epilepsy: genetic models . ... .. ... ....... ........ . .... . 
830. Epilepsy: kindling ................................ .. . 
769. Epilepsy: primate studies ............................ . 
105. From Fos to Proteolysis: Molecular Events in 

Brain lschemia ................................... . 
16. Genetic models of human neuropsychiatric disorders I ...... . 
83. Genetic models of human neuropsychiatric 

disorders II ............ ... ........................ . 
387. Genetic models of human neuropsychiatric 

disorders III ............. ... ... .. ............ ... . . . 
828. Genetic models of human neuropsychiatric 

disorders IV ................................... . .. . 
97. Infectious diseases: HIV--diagnosis and treatment ......... . 
96. Infectious diseases: HIV- pathogenesis ................. . 
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834. Infectious diseases: other ....................................................... . Poster Thu AM
391. Ischemia: apoptosis and gene expression............................... . Poster Mon PM

87. Ischemia: enzymes ................................................................. . Poster Sun AM
88. Ischemia: glia and edema ....................................................... . . Poster Sun AM
89. Ischemia: glucose, pH and temperature.................................. . . Poster Sun AM

392. Ischemia: glutamate ............................................................... . . Poster Mon PM
92. Ischemia: imaging................................................................... . . Poster Sun AM
91. Ischemia: inflammation and coagulation................................ .. Poster Sun AM
90. Ischemia: ionic mechanisms ................................................... . . Poster Sun AM

213. Ischemia: ischemic tolerance.................................................. Slide Mon AM
675. Ischemia: ischemic tolerance and stress proteins................... . . Poster Wed AM
93. Ischemia: models ................................................................... . . Poster Sun AM

501. Ischemia: molecular mechanisms .......................................... Slide Tue PM
411. Ischemia: neuroprotection and trophic factors....................... Slide Tue AM
393. Ischemia: nitric oxide and other transmitters......................... . . Poster Mon PM
394. Ischemia: oxidative injury....................................................... . . Poster Mon PM
94. Ischemia: trophic factors, peptides and hormones................. . . Poster Sun AM

110. Mental illness I ........................................................................ Slide Sun PM
677. Mental illness II ...................................................................... . . Poster Wed AM
678. Mental illness—depression..................................................... . . Poster     Wed AM
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SYMPOSIUM. MOLECULAR BIOLOGICAL STUDIES OF THE NEWLY 
CLONED OPIOID RECEPTORS. H. Akil, Univ. of Michigan (Chairperson); C.
Evans. UCLA; H. Akil*, Univ. of Michigan; T. Reisine, Univ. of Pennsylvania; 
S.J. Watson. Univ. of Michigan.

The aim of this symposium is to describe new advances in opioid research with 
particular emphasis on the opioid receptors. While opiate binding sites were the first 
neurotransmitter sites to be labeled in brain, the cloning of the receptors took place 
relatively recently. The initial overview by H. Akil will briefly describe the opioid 
system and provide a glimpse of the history of the field, up to the cloning of the 3 
main types of opioid receptors, mu, delta and kappa, all members of the G-protein 
coupled family of receptors. The first speaker, C. Evans, whose laboratory along 
with that of B. Kieffer, first cloned the delta opioid receptor, will report on recent 
work on the cloning of the 3 human genes encoding these receptors, their 
chromosomal assignments, their intron/exon boundaries, and their regional 
expression. The second speaker, H. Akil, will describe structure/function studies 
relying on chimeric constructs, site-directed mutagenesis and computer modeling to 
delineate the ligand binding pockets in these receptors emphasizing differences in the 
recognition of peptides vs alkaloids; in addition, she will describe the structural basis 
of selectivity which allows these highly homologous receptors to respond 
differentially to the multiple ligands. The third speaker, T. Reisine, will focus on the 
intracellular signaling of the cloned opioid receptors. He will describe which G 
proteins are associated with the delta receptor, and will define the regions of this 
receptor responsible for G protein coupling. He will also discuss the distinctive 
mechanisms of desensitization across the 3 opioid receptors. The last speaker, S.
Watson, will provide a general overview of the circuitry involving opioid receptors 
and their ligands, and will emphasize recent studies detailing the co-expression of 
opioid molecules with other key actors in the context o f one circuit- the 
dopaminergic/opioid interface in the basal ganglia and mesolimbic pathway- areas of 
relevance to motor behavior and drug abuse. Overall, this series of talks updates a 
number of novel ideas on the biology, structure and function o f this class of 
peptidergic receptors.

4

S Y M P O S IU M . C E L L U L A R  A N D  M O L E C U L A R  M E C H A N IS M S  
O F  IN T E G R A T IO N  IN  M A M M A L IA N  R E T IN A . G .L . F a in . U C L A  
(C h a irp e rs o n ); J .E . D o w lin g . H a rv a rd ;  H . W ӓ s s l e ,  M a x -P la n c k -  
In s t itu te  fo r  B ra in  R e s e a rc h ; R .H . M a s la n d . H o w a r d  H u g h s --
M a s s  G e n . H o s p ita l;  a n d  M .  M e is t e r . H a r v a r d .

T h e  a n a to m y  o f  th e  m a m m a lia n  re tin a  h a s  b e e n  d e s c rib e d  in 
g re a te r  d e ta il th a n  fo r  a n y  o th e r  p a r t  o f  th e  c e n tra l n e rvo u s  
s y s te m . T h ro u g h  th e  c o m b in e d  w o r k  o f  m a n y  la b o ra to r ie s , 
7 0 - 8 0  d is t in c t  c e ll ty p e s  h a v e  b e e n  id e n tif ie d ,  a n d  fo r  s ev era l 
c e ll ty p e s  w e  n o w  k n o w  w h a t  t r a n s m it te r s  th e s e  c e lls  use, th e  
lo c a tio n  o f  b o th  in p u t a n d  o u tp u t  s y n a p s e s  o n  th e  d e n d ritic  
tr e e ,  a n d  e v e n  th e  n u m b e r  a n d  lo c a t io n  o f  d if fe r e n t  s y n a p s e  

ty p e s . T h is  p ro v id e s  a n  e x t ra o r d in a r y  o p p o r tu n ity  to  c o rre la te  
s tru c tu re  w ith  fu n c t io n , a n d  s e v e ra l a p p ro a c h e s  h a v e  m a d e  
p o s s ib le  th e  d e ta ile d  s tu d y  o f  in te g ra t io n  in th is  t is s u e . Th is  

s y m p o s iu m  w ill h ig h lig h t th e s e  a d v a n c e s  a n d  th e  n e w  insigh ts  
in to  re tin a l fu n c tio n  w h ic h  th e y  h a v e  p ro v id e d , fo c u s in g  on  th e  
m a m m a lia n  in n e r p le x ifo rm  la y e r . D o w lin g  w ill  p re s e n t an  
in tro d u c tio n , The retina: an approachable part o f the brain. 
H e  w ill  be  fo llo w e d  b y  F a in  ( W hat does the inner plexiform  
layer do and how  does it do it?), W ӓ ss le  (Molecular 
components o f the rod pathw ay in the inner plexiform layer), 
M a s la n d  (Coarse coding in the retina?), a n d  M e is te r  (Concerted 
signals from retinal ganglion cells).

NEURONAL DEATH I

7 .1

REGULATION BY INTERLEUKIN-1 TYPE 1 RECEPTOR OF NEURAL CELL 
SURVIVAL FOLLOWING PRENATAL BRAIN TRAUMA IN THE MOUSE. 
C.F. Ide* and J.L. Scripter. Neuroscience Training Program, Department of Cell 
and Molecular Biology, and Center for Bioenvironmental Research, Tulane 
University, New Orleans, LA 70118.

Interleukin-1ß (IL-1ß) and IL-1 type 1 receptor are expressed during normal 
cortical development. At postnatal day zero (P0), IL-1ß immunoreactivity was 
colocalized with GFAP immunoreactivity in radial cellular columns that 
stretched from the ependyma through the cortical plate. These columns had the 
same periodicity and location as radial apoptosis columns in the temporal cortex 
observed in sections processed for apoptosis using the Apoptag Kit (Oncor). 
These correlated patterns suggested that IL-Iß expressed by astrocytes may play 
a role in regulating cell survival during cortical development.

To test the idea that IL-1B regulates cell survival, fetal mice were lesioned in 
utero in the temporal cortex at embryonic day 18 and injected with 1 μ1 of IL-1 
type 1 receptor antagonist (IL-lra, 1 μg/ml), 1 μl of human recombinant IL-1B (1 
ng/ml) or 1 μl of IL-lra + IL-1ß in sterile PBS pH 7.4 containing trypan blue as a 
tracking dye. Sections from P0 animals were processed using the Apoptag Kit 
and analyzed using computer-assisted image analysis. The area of cell death per 
total area of lesioned hemisphere was normalized to the area of cell death per 
total area of unlesioned hemisphere for each section.

Whereas lesioned vehicle-injected animals showed a 1.5-fold increase in 
apoptotic area, IL-lra-injected animals showed a 4-fold increase over vehicle- 
injected animals. Addition of IL-Iß to IL-lra solution reduced the area of 
apoptosis to levels measured in vehicle-injected animals. Thus, increased 
apoptotic area induced by lesion was exacerbated by antagonism of the IL-Iß 
type 1 receptor. This is consistent with the idea that IL-Iß and IL-1 type 1 
receptor play a role in regulating apoptosis in the mouse brain during 
development, and that IL-Iß may act as a survival factor.
Supported by the U.S. DOE, ERWM Grant No. DE FG01-93 EW 53023.

7 .3

MAST CELL ACTIVATION BY AN IMMUNOGENIC STIMULUS OR MYELIN 
BASIC PROTEIN PRODUCES NEURODEGENERATION IN MIXED 
HIPPOCAMPAL CELL CULTURES; INVOLVEMENT OF ASTROCYTES AND 
THE NITRIDERGIC PATHWAY. S.D. Skaper*, L. Facci, S. Romanello and A. 
Leon. Researchlife S.c.p.A., 31033 Castelfranco Veneto, Italy.

Mast cells are pleiotropic bone marrow-derived cells found in mucosal and 
connective tissues and in close apposition to neurons, where they play important 
roles in tissue inflammation and in neuroimmune interactions. Connective tissue 
mast cells, with which intracranial mast cells share many characteristics, produce 
cytokines able to cause inflammation. Here we report that myelin basic protein 
(MBP), a major suspected immunogen in multiple sclerosis, as well as the 
crosslinking of high-affinity IgE receptors, provoke mast cells to trigger a delayed 
cytotoxicity for neurons in mixed neuron-glia cultures from mouse hippocampus. 
Neurotoxicity required a prolonged (12 h) period of exposure to stimulated mast 
cells, and appeared to depend largely on elaboration of nitric oxide by astrocytes. 
Activation of astrocytes was mediated, in part, by mast cell-secreted tumor necrosis 
factor-α . Moreover, 17p-estradiol and MBP had a synergistic action on the 
induction of mast cell-associated neuronal injury in the mixed cultures. The cognate 
mast cell line RBL-2H3, when subjected to an antigenic stimulus released tumor 
necrosis factor-a that, together with exogenous IL-1 β (or IFN-γ), induced astrocytes 
to produce neurotoxic quantities of nitric oxide. A small, albeit significant portion of 
mast cell-derived neurotoxicity occurred independently of glial nitric oxide synthase 
induction. In the absence of mast cells, combinations of TNF-α  and IL-1β  or IFN-γ 
caused neuronal cell death in a nitric oxide- and astrocyte-dependent fashion The 
results support the notion that brain mast cells could participate in the 
pathophysiology of chronic neurodegenerative and inflammatory diseases of the 
nervous system.

7 .2

INTERFERON GAMMA-INDUCED APOPTOSIS IN CEREBELLAR

GRANULAR CELLS. K.Kr istensson*, A. Diana and P. Nicotera. Depts. 
of Neuroscience and Toxicology, Karolinska Institute,  S -171 77 
Stockholm, Sweden.

Interferon gamma (IFN-γ), a cytokine produced by activated T 
lymphocytes and Natural Killer (NK) cells, exerts key immunoregulatory 
functions besides its antiviral activities, thus, playing a central role in host 
responses to infections. In viral infections of the CNS, significant amounts 
of IFN-γ have been found in cerebrospinal fluid and recently a molecule that 
immunologically cross-reacts with IFN-γ has been detected in the nervous 
system. Recent observations suggest that apoptosis, the natural active cell 
death is responsible for neuronal loss in neurodegenerative diseases. Here 
we investigated whether IFN-γ -induced neurotoxicity displays apoptotic 
features. We used cerebellar granular cells (CGG) as a postmitotic pure 
neuronal cell culture. CGC were treated with 100 U/ml of recombinant 
IFN-γ . Morphological analysis revealed a massive formation of apoptotic 
bodies after 48 h (80% of the total cell number). Apoptotic body formation 
began after 24 h and at 36 h, 50% of the neurones displayed apoptotic 
features. Agarose gel electrophoresis showed typical DNA laddering at 36 
and 48 h DNA oligonucleosomal degradation was further confirmed by a 
modified nick-end translation assay (TUNEL technique), which allowed us 
to identify cells with DNA damage and apoptotic morphology in situ. Since 
IFN-γ is known to induce nitric synthase activity, we measured the nitrite 
production. Formation and release in the medium of nitrates dramatically 
increased with time in exposed neurones. The role of nitric oxide production 
for the development of apoptosis in this system is investigated.

7 .4

HISTAMINE RELEASED FROM ACTIVATED MAST CELLS AGGRAVATES 
HIPPOCAMPAL NEURON INJURY CAUSED BY EXCESSIVE EXCITATORY 
SYNAPTIC TRANSMISSION. A. Leon1, L. Facci1 ,* ,S . Romanello1, A.R.
Cananzi2 and S.D. Skaper1, 1Researchlife S.c.p.A., 31033 Castelfranco Veneto, 
Italy and 2Dept. of Neurology, San Bortolo Hospital, 36100 Vicenza, Italy.

Mast cells are multifunctional cells of immune lineage found in mucosal and 
connective tissues, and in the nervous system. Mast cells play important roles in 
inflammation and in neuroimmune interactions. Their activation results in the 
release of many potent inflammatory mediators, including histamine, serotonin, 
proteases, and cytokines. Histamine has been shown to amplify currents generated 
by NMDA receptors (Bekkers, 1993; Vorobjev et al., 1993). Further, enhanced 
excitatory synaptic transmission can damage cultured hippocampal neurons via 
activation of NMDA receptors. Here, we sought to explore the possibility that 
histamine, including that released from activated mast cells, might worsen 
hippocampal neuron injury provoked by conditions of hyperexcitability. Mature (13- 
14 days in vitro) cultures of mouse hippocampal cells, placed in a Mg2+-free 
glycine-containing solution for 30 min (25°C) degenerated over the next 24 hr (30- 
35% neuron loss). Supplementation with histamine during this 30-min incubation 
produced a concentration (EC50 ≈ 10 μM)- and time-dependent potentiation of 
neuronal death (60-70% maximal cell loss), which was blocked by tetrodotoxin and 
NMDA antagonists. Rat peritoneal mast cells were then introduced into the 
hippocampal cultures, using inserts with permeable membranes to avoid physical 
contact between the two cell populations. Stimulation of mast cells with myelin 
basic protein (100 μM), under conditions conducive to neuronal injury, produced a 
percent of neuronal death equivalent to that obtained by the addition of 30-100 μM 
histamine. This mast cell effect was eliminated by adding histaminase to the 
medium, where histamine concentrations reached 30 pM. Mast cells could 
conceivably participate in the pathophysiology of disorders where central neuronal 
hyperexcitability has a role, including some encephalopathies and migraine.

So c ie t y  for  N e u ro sc ie n c e , V o lu m e  21, 1995
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7 .5

D EO X Y N U CLEO SID E IN DU CES N EU RO N A L A PO PTO SIS 
INDEPENDENT OF NEUROTROPHIC FACTORS. D.A. Przywara*, K.C. 
Palmer, J.S. Kulkami, T.D. Wakade & A.R. Wakade. Departments of 
Pharmacology & Pathology, Wayne State University, Detroit, MI 48201.

Postmitotic sympathetic neurons are known to undergo apoptotic cell death 
when they are deprived of nerve growth factor (NGF). Here we report a 
different mechanism for the induction of neuronal death by an endogenous 
nucleoside. 2’-deoxyadenosine (dAdo) induced apoptosis (bisbenzimide and 
TUNEL analysis) in chick embryonic sympathetic neurons supported in culture 
by NGF, excess K+, phorbol 12,13-dibutyrate or forskolin. A dramatic 
increase in dATP levels of neurons exposed to dAdo implicated inhibition of 
ribonucleotide reductase and/or depletion of ATP pools in the lethality. 
Nucleoside kinase inhibition by nanomolar concentrations of 5’-iodotubercidin 
completely and dose-dependently inhibited formation of dATP and also 
protected against toxicity of submilimolar concentrations of dAdo. Although 
some actions of dAdo were similar to those reported for human lymphoid 
cells, several were uniquely different. [3H]dAdo did not enter neurons by the 
classic nucleoside transporter, and inhibition of the transporter (dilazep, 
nitrobenzylthioinosine) did not prevent dAdo toxicity. Precursors of 
pyrimidine (2’-deoxycytidine, uridine) or NAD+ (nicotinamide) synthesis were 
ineffective in protecting against dAdo toxicity. Finally, inhibition of adenosine 
deaminase by deoxycoformycin or erythro-9-(2-hydroxy-3-nonyl) adenine did 
not potentiate toxic effects of dAdo. Our results show that neurons are as 
susceptible to nucleoside lethality as are human lymphocytes, and suggest that 
the deoxynucleoside salvage pathway may play a role in apoptotic control of 
neuronal populations.

7 .7

DISTINCTPATHWAYS FOR INDUCTION OF APOPTOSIS IN PC 12 CELLS 
C. M. Waters* and G. Waikinshaw School of Biological Sciences, 1.124. Slopford 
Building. University of Manchester, Manchester, M13 9PT, UK.

Addition of neuroloxins (6-hydroxydopaminc (6-OHDA) and L-DOPA) or growth 
factor deprivation both induce death of catecholamincrgie PC12 cells via a 
mechanism which exhibits morphological and biochemical features of apoptosis1,2. 
Using this model we have investigated the involvement of a program of gene 
induction preceding neuronal cell death, by examining expression of immediate 
early genes (lEG’s), including c-fos, c-jun and cgr-1. Addition of 50μM 6-OHDA or 
50/A1 L-DOPA induced apoptosis of PC12 cells which was preceded by induction 
of lEG’s. Induction was rapid, being maximal at 30min (RNA) and 90min 
(protein), with low but continuous expression maintained in the neurotoxin-treated 
cultures for the subsequent 24 hours, whilst apoptosis was occurring. However, 
induction of apoptosis of PC 12 cells by withdrawal of trophic factors was not 
preceded or accompanied by any wave of expression of the lEG’s. 
lmmunocylochcmieal studies revealed that only a small proportion of the toxin- 
Ucatcd cells showed expression of IEG’s. We were interested to determine whether 
expression was restricted to surviving or dying cells. Northern blot analysis showed 
that only doses of neurotoxins which induced apoptosis, activated IEG expression. 
Doses too low to kill cells or sufficiently high to cause necrotic cell death did not 
induce IEG’s. Furthermore, agents which reduced toxin-induced apoptosis, either by 
preventing uptake of 6-OHDA (desipramine) or by preventing free radical damage 
mediated by the toxins (anti-oxidants), also reduced the magnitude of the IEG 
response. The observation that apoptosis in PC12 cells following serum 
withdrawal, was not accompanied by expression of c-fos or egr-l raises the 
possibility that activation of a death program in neuronal cells involves multiple 
pathways depending on the stimulus for death.
1 Walkinshaw G & Waters CM (1994) Neuroscience 63 975-987 
2Walkinshaw G & Waters CM (1995) J Clin Inv estigation (in press, June 1995)

7 .9

REACTIVE OXYGEN SPECIES IN DOPAMINE NEURON DEATH
E.M. Grasbon-Frodl. N. Nakao, H. Widner. C.J. Epstein# and P. Brundin*. Section 
for Neuronal Survival, Dept. Medical Cell Research, Biskopsgatan 5, S-223 62 
Lund, Sweden.# Dept. Pediatrics, UCSF, California 94143, USA

Dopamine (DA) neurons are believed to be particularly sensitive to reactive 
oxygen species. Vitamin E deficient rats exhibit critical loss of DA neurons; 
survival of transplanted DA neurons is enhanced by overexpression of CuZn 
superoxide dismutase (CuZn-SOD) and treatment with inhibitors of lipid 
peroxidation, lazaroids; and the survival of cultured DA neurons is markedly 
increased when serum-free medium is supplemented with lazaroids. In order to better 
understand the mechanisms involved in the generation and/or clearance of free 
radicals, we specifically addressed three major (anti-)oxidant systems: (i) CuZn 
superoxide dismutase (CuZn-SOD); (ii) the glutathione system; (iii) nitric oxide- 
related pathways. Several models were studied: (i) mesencephalic DA' neurons from 
control versus CuZn-SOD overexpressing transgenic mice were challenged by serum 
withdrawal; (ii) rat DA neurons were subjected to glutathione depletion by adding 
buthionine sulfoximine (BSO) to the culture medium; (iii) sodium nitroprusside 
(SNP) was used to generate NO°/NO+ in the presence or absence of ascorbic acid, 
respectively. Furthermore, effects of the lazaroid U-83836E on the respective insults 
were assessed.

Preliminary data show increased survival of DA neurons dissected from CuZn- 
SOD transgenic mice. Reliable, dose-dependent neurotoxic BSO- and stable SNP- 
insults were established in cultures of rat DA neurons. Lazaroids appear to be potent 
neuroprotective agents in these situations of glutathione depletion and NO°/NO+ 
production.

Our results confirm that DA neurons are vulnerable to oxidative stress. This 
observation combined with previous post-mortem studies of parkinsonian brains 
suggest that free radicals play a role in the pathogenesis of Parkinson’s disease. The 
present data may help to elucidate which free radical pathways are most crucial in 
mediating DA neuron death. E.G.-F. is supported by Boehringer Ingelheim.

7 .6

SIMILARITIES AND DIFFERENCES BETWEEN OKADAIC ACID-INDUCED 
AND STAUROSPORINE-INDUCED NEURONAL APOPTOSIS. C.M. Cagnoli*, 
E. Kharlamov. C. Atabay and H. Maney. ASRI, Medical College of Pennsylvania 
and Hahnemann University, Allegheny Campus, Pittsburgh, PA 15212

A wide variety of neurodegenerative diseases display a gradual loss of neurons that 
can be due to apoptotic or programmed cell death. The molecular mechanism of neu
ronal apoptosis has not been determined, although it is possible that it may involve the 
system of protein phosphorylation, which is often altered in neurodegenerative dis
eases. In primary culture of cerebellar granule neurons, we detected genomic DNA 
fragmentation (a m aker of apoptosis) in agarose gel electrophoresis and with the in- 
situ TUNEL technique when we either blocked phosphatases 1 and 2A with okadaic 
acid (OKA) or selectively inhibited Ca-phospholipid dependent kinase with stau- 
rosporine. Apoptotic neuronal death (assayed also with trypan blue staining) in this 
culture was prevented by cyclic nucleotide-dependent kinase inhibitors (117, H 8 ,119). 
Both OKA- and staurosporine-induced neuronal deaths were prevented by treatment 
with the macromolecular synthesis inhibitor actinomycin D, suggesting that apoptoi- 
ic neuronal death depends on de novo gene expression and protein synthesis (charac
teristic of programmed cell death). However, we also found significant differences 
between OKA and staurosporine neurotoxicity. Thus, another macromolecular syn
thesis inhibitor, cycloheximide, produced a different effect on OKA and staurosporine 
toxicity. It blocked the toxic action of OKA but potentiated the toxicity of stau- 
rosporine. Mitochondrial activity assay (MTT assay) showed that staurosporine 
reduced mitochondrial activity shortly alter it was added to the culture medium, while 
OKA did not impair mitochondrial functionality until it also caused cell death. 
Moreover, DNA fragmentation appemed to play a different role in the apoptosis trig
gered by OKA and that triggered by staurosporine: the endonuclease inhibitor aurin- 
triearboxilic acid protected from neuronal death caused by OKA but not from that 
caused by staurosporine. Our results suggest that an increase in H7, H8, and 119-sen
sitive phosphorylation can be triggered by both OKA and staurosporine, and that it 
may lead to neuronal apoptosis. In addition, staurosporine appears to affect mito
chondrial activity in a different way than does OKA and thus puts cells at additional 
risk. An understanding of the role protein phosphorylation plays in apoptosis may help 
in the design of novel neuroprotective strategies.

7 .8

RAPID AND DELAYED NEUROPROTECTIVE SIGNALING 
EVENTS INITIATED BY CA2+ AND RADICALS. M. P. M attson* , 
K . Furukaw a. S. W . Barger and A. J. Bruce. Sanders-Brown Ctr. on 
Aging and Dept. of Anatomy & Neurobiology, Univ. of Kentucky, Lexington, KY 
40536.
Although transient elevations of [Ca2+]i and reactive oxygen species (ROS) serve 

important signaling functions, prolonged accumulation of Ca2+ and ROS can result 
in neuronal damage and death. We are testing the hypothesis that an initial elevation 
of [Ca2+]i or ROS activates signaling pathways designed to suppress further Ca2+ 
influx and accumulation of ROS. Here we describe two novel neuroprotective 
signaling pathways, one is activated by Ca2+ and mediates rapid suppression of 
Ca2+ influx, while the other responds to ROS by inducing delayed expression of 
antioxidant enzymes. [Ca2+]i responses to glutamate were suppressed in cultured 
hippocampal neurons (CHNs) pretreated with the actin filament-disrupting agent 
cytochalasin D, and potentiated in neurons pretreated with the actin-stabilizing agent 
jasplakinolide. Cytochalasins protected CHNs against excitotoxicity and amyloid β- 
peptide toxicity, and protected hippocampal neurons against kainate toxicity in vivo. 
Ca2+ influx induced by glutamate resulted in depolymerization of actin filaments. 
Based on these and additional data we propose that depolymerization of actin in 
response to elevation of [Ca2+]i serves as a rapid neuroprotective 
feedback mechanism that limits further Ca2+ influx. The transcription 
factor NFkB is activated by ROS. In CHNs NFқB was activated by (TNF) and 
secreted forms of β-amyloid precursor protein (sAPPs). TNF and sAPPs induced the 
expression of antioxidant enzymes including Cu/Zn-SOD and catalase during 12-24 
hr exposure periods, and protected neurons against oxidative insults. IқB antisense 
oligonucleotides, which activated NFқB, also conferred protection against subsequent 
oxidative insults. NFқB may activate delayed neuroprotective genetic 
programs which require hours to days to be fully implemented. Studies of neuro
protective signaling will likely lead to treatments for neurodegenerative disorders.

7 .1 0
THE EXPRESSION OF NADPH-DIAPHORASE IN THE RAT RETINA AFTER 
AXOTOMY. K.R. Huxlin* and M.R. Bennett. Department of Physiology, 
Anderson Stuart Building F13, The University of Sydney, N.S.W. 2006, Australia.

In the adult rat, most refinal ganglion cells (RGCs) degenerate within two weeks 
following an intraorbital section of the optic nerve. Possible reasons why adult 
mammalian RGCs degenerate post-axotomy include the loss of retrogradely 
transported trophic factors, hypersensitivity to normal levels of excitatory amino 
acids in their environment and the release of toxic substances by activated glial 
cells. Our purpose was to determine if nitric oxide might be one of the toxic factors 
implicated in the death of adult rat RGCs post-axotomy. Firstly, we assessed 
changes in the retinal expression of NADPH-diaphorase 3 and 14 days following 
intraorbital section of the optic nerve in adult rats. Secondly, if nitric oxide was 
indeed implicated in the death of ganglion cells, then trophic factors which rescue 
these neurons might do so by decreasing the expression of nitric oxide 
synthase/NADPH-diaphorase. Recently, we found that a 480 kDa chondroitin  
sulfate proteoglycan purified from the superior colliculus rescued a large proportion 
of adult RGCs from axotomy-induced cell death. We injected this proteoglycan 
intraocularly after section of the optic nerve and examined its effect on the 
expression of NADPH-diaphorase in the retina. Thirdly, an inhibitor of nitric oxide 
synthase (L-NAME) was repeatedly injected into the eye following section of the 
optic nerve in order to determine if such a treatment might improve the survival of 
RGCs. Section of the optic nerve did not alter the overall levels of NADPH- 
diaphorase within the adult rat retina. Intraocular injections of the collicular 
proteoglycan which were previously demonstrated to rescue a large number of 
RGCs actually increased the number of neurons expressing NADPH-diaphorase in 
the ganglion cell layer. Finally, inhibition of nitric oxide synthase following 
axotomy resulted in a greater loss of RGCs over a two week period when compared 
with controls. Our findings indicate that rather than being toxic, small amounts of 
nitric oxide may be important for the survival of a proportion of injured RGCs.
KRH was sponsored by the Medical Foundation, University of Sydney.
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Basic fibroblast growth factor (bFGF)-transfected quail (QT6) cells protect 
neurons in the lateral geniculate nucleus (LGN) from axotomy-induced death and 
atrophy. S. Agarwala*, R.E. Kalil, J.L. Luehring, and C.R. Brandi. Center for 
Neurosci. and Dept. of Ophthal. & Vis. Sci., Univ. of WI, Madison, Wi 53706.

A single administration of bFGF protein following a lesion of visual cortex 
prevents the death, but not atrophy, of axotomized neurons in the adult rat LGN. We 
have extended our previous work on the neuroprotective effect of bFGF, by 
examining LGN neuronal death and atrophy when bFGF is delivered via cells 
transfected with the bFGF gene.

The bovine bFGF gene, driven by the cytomegalovirus promoter was transfected 
into QT-6 cells, and bFGF-positive cells (QT6-bFGF) were obtained by neomycin 
selection. QT-6 cells transfected with the lacZ gene that were injected into rat 
neocortex stained positively for X-gal, suggesting that these cells survived and 
expressed ß-galactosidase for at least 4 days. Four groups of rats were studied in 
which LGN neurons had been axotomized by the removal of visual cortex. In each 
group, a pledget of gelfoam that had been impregnated with: (a) 4.0-8.0 x 106 QT6- 
bFGF cells (n=3); (b) bFGF (0.26 mg/ml, n=3); (c) QT-6 cells (n=2); or (d) 0.9% 
saline (controls, n=3), was placed in the lesion cavity. The number and mean cross- 
sectional area of LGN neurons surviving in each group at 1 week post-lesion, were 
compared with LGN neurons in 8 normal rats.

At 1 week, LGN cell numbers in QT6-bFGF rats are 80% of normal, comparable 
to that of rats treated with bFGF. Cell numbers in rats treated with QT6 cells are 
44% of normal, not different from saline treated controls (33% of normal). Mean 
neuronal area in QT6-bFGF rats is 80% of normal, compared to approximately 68% 
of normal seen with all other treatments: an 18% improvement (p<0.05). Thus, 
transfected QT6 cells may be a useful means for providing trophic factors to 
axotomized neurons. With appropriate concentrations or longer exposures to growth 
factors, further improvements in the protection of injured neurons may be realized.

7 .1 2

IN VITRO STUDIES OF BCL-X DEFICIENT TELENCEPHALIC CELLS. 
K.A. Roth*. N. Motoyama. and D.Y. Loh. Washington University School of 
Medicine; St. Louis, MO; 63110.

bcl-x is a member of the bcl-2 gene family which is expressed at high levels 
in embryonic and adult brain. We previously reported that the targeted gene 
disruption of bcl-x in mice results in embryonic lethality at about gestational day 
13. These mice exhibited extensive cell death in postmitotic immature neurons 
of the developing brain, spinal cord, and dorsal root ganglia. To further define 
the function of bcl-x in neuronal development, we studied primary telencephalic 
cell cultures from embryonic day 12.5 (El2.5) wild-type (bcl-x+/+), 
heterozygous (bcl-x+/-), and homozygous mutant (bcl-x-/-) mice. The E12.5 
telencephalon consists predominantly of mitotically active immature 
neuroepithelial cells and shows only occasional apoptotic cells in homozygous 
mutant mice.

After 48 hours in low fetal calf serum (FCS) containing medium (either 0.5 
or 2.0% FCS), primary dissociated E l2.5 bcl-x-/- telencephalic cell cultures 
contained three times as many abnormally bisbenzamide-labeled nuclei and less 
than one-third the number of neurons, defined by microtubule associated protein 
2 immunoreactivity, as heterozygote and wild-type cultures. TUNEL labeling 
confirmed a marked increase in apoptotic cell death in homozygous mutant 
cultures, bcl-x-/- telencephalic cells cultured in 5.0% FCS, or in a high insulin 
containing serum-free medium (ITS), were identical to heterozygote and wild- 
type cultures indicating that factors in serum, or insulin, may promote neuronal 
survival through a non-Bcl-x dependent pathway. The effect of low FCS on 
neuronal apoptosis in homozygous mutant cultures was not inhibited by 
cyclohexamide. These studies indicate that bcl-x expression is important for the 
survival of immature telencephalic neurons but that other factors may influence 
this process.

NEUROGLIA AND MYELIN I

8.1
NETWORK MODELS OF ASTROCYTIC SYNCYTIUM - A NEW 

APPROACH TO POTASSIUM BUFFERING. J. M. Kowalski. 
G.W.Gross*and B.K.Rhoades. Dept. of Physics, Univ. of North Texas, 
Denton, TX 76203
Astrocytic syncytium is modelled as a network composed of intrinsically 

non-excitable cells coupled by ohmic gap junctions with modifiable 
conductivities. Each astrocyte cell is represented by a lumped collection of its 
ionic channels (with at least two types of potassium channels), governed by 
usual channel dynamics equations with parameters adjusted to the values 
observed for glia. The astrocytic network is immersed in the extracellular 
medium with randomly distributed point-like neurons,where each neuron is 
considered as a time-dependent potassium diffusion source/sink. The 
kinetics of spatial potassium buffering is studied, leading to estimates of the 
spatial and temporal potassium decay rates depending on the astrocyte 
network average interconnectivity and/or coupling strength. The possibility 
of percolative transitions in such networks with randomly blocked gap 
junctions is discussed. Random astrocyte networks below and above 
percolation transition have sharply different potassium transport 
characteristics which may explain some experimental data obtained for 
astrocytic syncytia in vitro and in vivo for varying network topology (glial 
proliferation) and interaction strength ( gap-junction modulators and 
blockers).

8 .3

HUMAN FETAL OLIGODENDROCYTE SURVIVAL AND MYELIN 
MAINTENANCE IN THE PRESENCE OF TNF-α AND IL-lβ.
W.E. Grever*. K.M. Kerkovich, K.M. Weidenheim and W.D, Lyman.
Dept. of Pathology, Albert Einstein College of Medicine, Bronx, New York, 10461.

Myelinopathy is a common neuropathological change in inflammatory diseases of 
the central nervous system (CNS) such as HIV leukoencephalopathy and multiple 
sclerosis. The mechanisms by which this pathological change occurs are not 
completely defined. Cytokines produced as part of an immune reaction to infection or 
to autoantigens are believed to have both direct and indirect effects on oligodendrocytes 
and myelin. TNF-α and IL-lβ are two cytokines that may contribute to myelin 
pathology. We tested the hypothesis that TNF-α and IL-1β are toxic for
oligodendrocytes and can cause the disruption of myelin in the developing human 
CNS. Dissociated cell and slice cultures of spinal cord tissue derived from late 
midtrimester normal human fetuses were grown in chemically defined, serum-free 
medium and incubated with 5,000U/mL of TNF-α, 2000U/mL IL-Iβ, separately or in 
combination. Results from light microscopic studies showed no differences between 
cytokine-treated and control cultures with respect to oligodendrocyte morphology or 
survival. Ultrastructural analysis confirmed the light microscopic observations. 
Nuclei and cytoplasm of oligodendrocytes contained normal appearing chromatin and 
cytoplasmic organelles in both cytokine-treated and untreated control slice cultures. 
Compact myelin in the cytokine treated cultures appeared unaffected and 
indistinguishable from that of control slice cultures. These results suggest that 
neither TNF-α nor IL-lβ , alone or in combination, are sufficient to damage 
oligodendrocytes and myelin in the developing human CNS. Therefore, myelinopathy 
associated with pediatric AIDS may be the result of interactions between additional 
cytokines or other soluble factors. All protocols were approved by the AECOM 
Committee on Clinical Investigation.

(Supported by USPHS grants MH47667. MH46815 and NIH 5T32CA09060)

8.2
REGIONAL DIFFERENCES IN ASTROCYTE ION CHANNEL EXPRESSION 
F.. Guatteo†. L.C. Timpe*. and D. Janigro†, VAMC, San Francisco, CA 94121 
and †Univ. of Washington, Seattle, WA 98104.

Astrocytes actively participate in the maintenance of brain homeostasis 
by removi ,  excess extracellular potassium ions from the extracellular space. 
Inwardly rectifying potassium channels play a pivotal role in the [K]0 buffering 
process. We recorded whole cell inward potassium currents evoked by membrane 
hyperpolarizations (from -40 mV to -50/-160 mV) in cultured rat spinal cord 
(SCA) and cortical astrocytes (CA). SCA were characterized by currents 
displaying pronounced voltage- and time-dependent inactivation. Inactivation 
was due to the blocking action of [Na]0 at hyperpolarized potentials. Micromolar 
concentrations of Cs+ blocked the K+ current in SCA. SCA currents were not 
sensitive to G protein activation (by pipette GTP-γ-S, 0.2 mM). In contrast, 
hyperpolarizing voltage steps evoked in CA an inward potassium current 
displaying little or no time-dependent inactivation. The CA potassium current 
was greatly reduced by pipette GTP-γ-S. In CA, but not in SCA the inward 
potassium current overlapped with a mixed Na+/K+ current, Ihe (Circ. Res. 
75:528-538, 1994). Our results show that SCA express an inactivating, Cs+- 
sensitive, G protein-insensitive inwardly rectifying channel similar to a cloned 
mouse channel, IRK1. In contrast, the main hyperpolarization-activated 
potassium channel in CA resembles the rat channel GIRK1 in its kinetics. In fact, 
RNAse protection assays on total CA RNA demonstrated that the GIRK1 mRNA 
is present in these cells. Supported by NS 51614.

8 .4
TUMOR NECROSIS FACTOR-α INDUCES THE TRANSCRIPTION OF THE H- 
CHAIN FERRITIN GENE IN CULTURED OLIGODENDROCYTES. B. Sanyal 
and S. Szuchet.* Dept. of Neurology, The Univ. of Chicago, Chicago, IL 60637.

Postmyelination oligodendrocytes (OLGs) are driven to regeneration/ differentia
tion by their adhesion to a substratum. We have begun characterizing the genes 
that are induced by OLG-substratum adhesion. Using the differential display tech
nique, we have shown that the H-chain ferritin gene is transcribed upon OLG dif
ferentiation. Northern blot analysis revealed a 3-fold increase in mRNA in 24h- 
adhered OLGs relative to the non-adhered OLGs. We have cloned and sequenced 
the full length cDNA encoding OLG H-chain ferritin. The cDNA is 776 bp long; 
56 bp at the 5’-end and 172 bp at the 3’-end, respectively, are non-coding. The 
coding sequence yields a protein of 181 amino acids --the human protein has 183 
amino acids. There is 93% identity with the human H-chain ferritin. It has been 
reported that murine H-chain ferritin is a TNF-α inducible gene. We examined 
whether TNF-α : 1) has an effect on OLG H-chain ferritin; and 2) action is over- 
lapping, additive or synergistic with adhesion. Non-adhered OLGs maintained for 
3 days where divided into 4 sets of aliquots. One set was kept non-adhered 
(control). To the other, l0ng/ml of rhTNF-α were added and also left non-adhered. 
The other two sets were plated for adhesion-one set as control and the other con
taining l0ng/ml of rhTNF-α . After 24h, total RNA was extracted and the amount 
of H-chain ferritin mRNA was quantified by Northern blotting. Our data indicate 
that rhTNF-α influences the transcription of H-chain gene in non-adhered OLGs to 
the same extent as adhesion. No changes were seen in adhered OLGs above those 
produced by adhesion itself. It is conceivable that extending the time of exposure 
to rhTNF-α may induce further changes. Results to date suggest that rhTNF-α and 
adhesion may activate the same pathways. Supported by Grant 10863-01-01 from 
the Natl. MS Soc. BS is a fellow in the Neuroimmunology training program.
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8 .5

CILIA RY  N EU ROTROPH IC FA CTO R PRO TECTS HUM AN 
OLIG OD EN D ROCY TES FROM  TU M O R  N ECRO SIS FACTOR 
M ED IATED  APOPTOSIS. S.D. D ’S ouza, K.A. A linauskas and J.P 
Antel*. M ontreal Neurological Institute, M ontreal, QC H 3A  2B4.

We have previously defined two distinct mechanisms of cell death in human 
adult CNS-derived oligodendrocytes (OLs) in vitro: apoptosis via a tumor necrosis 
factor (TNF) dependent mechanism, and lysis by mitogen activated CD4+ T cells 
via a TNF-independent mechanism. In the present study, we determined whether 
OLs could be protected from the above immune effector mechanisms by selected 
neurotrophic factors (CNTF, BDNF, NGF, NT-3, NT-4/5) or cytokines (|3-IFN, 
IL10 and TGF-β). Nuclear injury, membrane injury and cell viability were 
assessed using the TUNEL, LDH and MTT assays respectively. Only CNTF 
significantly protected the OLs from TNF mediated nuclear injury. CNTF also 
protected the OLs from serum-deprivation induced apoptosis. CNTF however, did 
not protect the OLs from primary membrane injury induced by mitogen activated 
CD4+ T cells. CNTF also did not protect the U251 human glioma cell line from 
TNF induced DNA fragmentation, brought about by reducing serum concentration 
in the culture media, nor did it protect human fetal cortical neurons from TNF 
induced DNA fragmentation. Our results indicate that therapeutic strategies aimed 
at protecting CNS cells from immune mediated will have to take into 
consideration the selectively of neurotrophic factors or cytokines for both cell type 
involved and mechanism of immune injury. In this regard, we propose that CNTF 
is the protective factor selective for nuclear directed injury of OLs.

8.7

TYROSINE PHOSPHORYLATION IN OLIGODENDROCYTE 
DIFFERENTIATION M. Ranjan and L.D. Hudson*. Laboratory of 
Developmental Neurogenetics, NINDS, National Institutes of Health,
Bethesda, MD 20892.

The rapid conduction of nerve impulses in vertebrates depends on successful 
myelination of nerve tracts during development. In the central nervous system, 
myelination is accomplished by oligodendrocytes that differentiate from non-
myelinating, bi-polar precursor cells to myelin-producing mature oligodendrocytes. 
From various in vitro studies it has been thought that tyrosine kinases (namely 
the bFGF and PDGF receptors) mediate the proliferation and maintenance of the 
precursor cell state, and that removal of the corresponding growth factors is 
sufficient to cause differentiation. In examining the total tyrosine phosphorylation 
levels in cultured oligodendrocytes and in the cultured rat CG4 progenitor cell line 
during differentiation, we have observed a marked increase in the levels of tyrosine 
phosphorylation as the cells differentiate. The increase in phosphorylation as well 
as the appearance of differentiation-specific markers and changes in cell 
morphology can be inhibited by the tyrosine phosphatase blocker orthovanadate, 
indicating that at some point early in the differentiation process tyrosine 
phosphatases are important. Using a PCR based approach we have identified 
phosphatases that are present in oligodendrocytes and have determined their 
expression levels as the cells go from a proliferating to a differentiated state. The 
four major phosphatases present in both progenitors and in oligodendrocytes are 
PTPα , PTPζ, PTP-PS and PTPγ. Six other phosphatases have been identified 
that are present at much lower levels. One of these that is expressed in a 
differentiation-specific manner, PTPε, has been cloned, and we are currently 
assessing whether altering its level of expression has consequences for 
oligodendrocytes differentiation.

8 .9

Premature Schwann Cell Differentiation and Hypermyelination in Mice 

Expressing a Targeted Antagonist of the POU Transcription Factor SCIP. 

David E. Weinstein*. Patrick G. Burrola. and Greg Lemke. Molecular 

Neurobiology Laboratory, The Salk Institute, La Jolla, California 92037  

The transcription factor SCIP is expressed by immature neurons 

and Schwann cells of the developing central and peripheral nervous 

systems, but this expression is largely extinguished when these cells fully 

differentiate. In immature Schwann cells in vitro, SCIP acts as a repressor 

of the myelin-specific genes that mark full differentiation. W e have 

generated transgenic mice that express a dominant-negative antagonist 

of SCIP, specifically targeted to developing Schwann cells. This 

antagonist - designated ∆ SCIP - is transcriptionally inactive, but retains full 

DNA-binding activity. Mice that express ∆ SCIP exhibit a debilitating 

peripheral neuropathy that results from developmentally advanced 

Schwann cell differentiation, over-expression of myelin-specific gene 

products, and hypermyelination. These results suggest that SCIP  

functions as a transcriptional sensor of differentiation cues, and thereby 

regulates the time and place at which Schwann cells differentiate.

8.6

OLIGODENDROCYTE PRECURSORS REQUIRE FGF SIGNALLING 
FOR MIGRATION IN VIVO D.J. Osterhout* and R.D. McKinnon. 
Neurosurgery, UMDNJ-Robert Wood Johnson Medical School, 
Piscataway, N .J.08854

The differentiation of oligodendrocyte precursor (0-2A) cells is 
modulated by polypeptide growth factors including FGF and PDGF. In 
vitro analysis has demonstrated that FGF-2 stimulates 0-2A proliferation 
and increases their sensitivity to PDGF, while PDGF regulates mitosis and 
chemotaxis. These growth factors signal through transmembrane receptor 
tyrosine kinases. In order to study signal transduction pathways involved 
in oligodendrocyte development, we have introduced dominant-negative 
versions of these receptors into O-2A cells in vitro, and examined the fate 
of mutant cells after transplantation.

Primary cultures of 0-2A cells were transfected with an eukaryotic 
expression vector containing either wild type or mutant cDNA versions of 
receptors for FGF (FGFR1) and PDGF (PDGF-Rα). Mutant cDNAs 
encoded a truncated receptor which inactivated endogenous receptors in 
transfected cells. In vitro analysis of clonal 0-2A cells expressing the 
FGFR1 dominant negative construct demonstrated that these cells failed to 
respond to FGF-2, while their responses to other growth factors were not 
altered. When transplanted into neonatal rat brain, control cells migrated 
from the injection site into axonal tracts from 24 to 72 hrs post transplant. 
In contrast, 0-2A cells with inactive FGF receptors failed to migrate into 
the brain parenchyma and remained within the ventricles. These results 
suggest that FGF signalling is required to ensure the migration of 
transplanted 0-2A cells in vivo. Supported by the Nat' l . Mult. Sclerosis 
Soc. (RG2565-A2).

8.8

G L U T A M A T E  R E C E P T O R  A C T IV A T IO N  IN H IB IT S  
O LIGODENDROCYTE PROG EN ITO R PROLIFERATION AND 
PREVENTS LINEAGE PROGRESSION. V. G allo . J.M. Zh o u , P.
W . W rig h t  a n d  R . C . A rm s tro n g .* . L ab. C ell. M ol.
N eu rop h y sio lo g y , NICHD, NIH, B ethesda , MD 20 8 9 2  a n d  Dept. 
A nat. Cell Biol., USUHS, B ethesda, MD 20814 .

O lig o d e n d ro c y te  p ro g e n i to r s  (0 -2 A ) e x p re s s  g lu ta m a te  
(G lu ) r e c e p to r s .  T h u s  G lu  c o u ld  p o te n t ia l ly  r e g u la te  
o lig o d e n d ro c y te  d e v e lo p m e n t. P ro life ra tio n  o f ra t  0 -2A  cells 
c u l tu re d  in  d e f in e d  m e d iu m  + /-  m ito g en s  (PDGF a n d /o r  bFGF) 
w as in h ib ite d  60-80%  by  a 24  h r  ex p o su re  to  Glu agon ists  (Glu, 
AMPA, k a in a te ) .  GABA a n d  c a rb a c h o l  w e re  in e f fe c tiv e . 
1 0 0 μ M k a in a te  o r  AMPA p r o d u c e d  m a x im a l e f fe c ts  
(IC 50= 30 μ M), a n d  k a in a te  w as m o re  e fficac io u s  th a n  AMPA. 
A bove 2 0 0 μ M, a p o p to s is  w as n o t e v id e n t w ith  AMPA, b u t 
in v o lv ed  12% o f  ce lls t r e a te d  w ith  k a in a te . K aina te  a n d  AMPA 
effec ts  w e re  e v id e n t a f te r  12 h rs  a n d  re v e rs e d  by  sh iftin g  to  
a g o n is t- f ree  m e d iu m  w ith in  24  h rs . T h e  Glu a n ta g o n is t DNQX 
( 3 0 μ M) s t im u la t e d  p r o l i f e r a t i o n ,  p o s s ib ly  b y  b lo c k in g  
in h ib itio n  from  en d o g e n o u s  Glu in  th e  m e d iu m . In m ig ra tio n  
assays, Glu agon ists  o r  DNQX d id  n o t ac t as c h e m o a ttra c ta n ts  or 
a l te r  m ig ra tio n  o f O-2A cells to  PDGF, a c o n tro l a t tr a c ta n t. O- 
2A d if f e re n t ia t io n  w as a n a ly z e d  b y  d e v e lo p m e n ta l  s tage - 
s p e c i f i c  i m m u n o l a b e l i n g .  G lu  a g o n i s t s  i n h i b i t e d  
p ro l i f e r a t io n  o f  G D 3 + /n e s t in +  0 -2 A  p ro g e n i to r s ,  w ith o u t 
c h a n g in g  th e  % o f GD3 + o r  n e s t in + ce lls . T he % o f  m ore  
m a tu re  O4+ ce lls  w as re d u c e d  b y  AMPA a n d  in c re a s e d  w ith 
DNQX, using  cells grow n in  d e fin ed  m e d iu m  + /-  PDGF o r  bFGF.

8.10

ALTERED PMP22 EXPRESSION DOES NOT IMPAIR MYELINATION 
IN VITRO. D. D'Urso, C. Schmalenbach, G. Zoidl, H. Kӧller* and H.W. 
Muller. Molecular Neurobiology Lab., Dept. of Neurology, University of 
Düsseldorf, D-40225 Düsseldorf, Germany.

Recent molecular genetic studies have established that the 22 kDa peripheral 
myelin protein (PMP22) is a key gene in demyelinating hereditary peripheral 
neuropathies and appears to be essential for the formation and maintenance of 
myelin in the PNS. PMP22 is synthesized largely by Schwann cells, localized 
in compact myelin and homologous to the murine growth arrest specific gene 
gas3. The PMP22 gene is differentially regulated during development, nerve 
injury and nerve regeneration. It has been put forward as a candidate gene for 
inherited peripheral neuropathies in mice (Trembler and TremblerJ) and 
humans (CMT1A, HNPP, DS), where mutations in PMP22 or overexpression, 
respectively, can cause the disease phenotype. We have employed an in vitro 
system to study whether altered PMP22 expression can influence myelination. 
Rat Schwann cell cultures were stably infected with recombinant retrovirus 
vectors harboring the rat PMP22 cDNA in sense or antisense orientation. 
Schwann cells over- or underexpressing PMP22 were cocultured with purified 
DRG neurons under conditions that promote myelination. We analyzed the 
expression of PMP22 along with other myelin genes (MAG, Po, MBP) during 
myelination by RT-PCR and by immunostaining and confocal microscopy. 
Myelin ultrastructure was examined by electron microscopy. The results 
obtained so far show that in our in vitro system altered expression of PMP22 
does not impair myelin formation and compaction, and does not interfere with 
the expression of other myelin genes. (Supported by DFG, F. Thyssen 
Foundation and A. von Humboldt Foundation).
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8.11

F O C A L  H Y P E R M Y E L IN A T IO N  A N D  D E M Y E L IN A T IN G  
PER IPH E R A L N EU R O PA TH Y  IN PM P22-D EFICFEN T M ICE. K . 
A dlkofer1, R. M artini2 , A. A guzzi3 , J. Z ielasek4, K. V. T o v k a - and 
U . Suter1 *  1D epartm ents o f Cell B iology and 2 N eurobiology, Swiss 
Federal Institute o f  Technology, ETH -H ӧnggerberg, CH-8093 Zurich, 
Sw itzerland; 3 Institu te  o f  N europathology, U niversity  H ospital o f 
Zurich, CH-8091 Zurich, Sw itzerland; 4D epartm ent o f  N eurology, 
Julius-M axim ilians-U niversity , Josef-Schneider-S trasse l l ,D -9 7 0 8 0  
W urzburg, Germany.

Peripheral m yelin protein PM P22 has been suggested to play a role 
in the form ation and m aintenance o f m yelin in the peripheral nervous 
system  (PNS) and  in the con tro l o f  ce ll pro liferation . M utations 
affecting the PM P22 gene are associated w ith the com m on hereditary 
hum an peripheral neuropath ies C harco t-M arie-T oo th  d isease and 
hereditary neuropathy with liability  to  pressure palsies (HNPP). W e 
have inac tiva ted  the pm p 22 gene in  tran sgen ic  m ice by gene 
disruption. M ice carry ing  only one functional copy o f  the pm p22 
gene showed sausage-like m yelin structures (tom acula) in peripheral 
nerves com parable to the classical m orphological features found in 
HN PP. T his finding  proves tha t PM P22 is  crucia l in H N PP and 
provides an anim al m odel for the exam ination o f disease m echanism s 
and evaluation  o f treatm en t strategies. M ice tha t are  com pletely 
devo id  o f  P M P 22 ar e re tarded  in  the o nset o f  m yelination  and 
deve lop  abundan t tom acu la  at young  age fo llow ed  by severe 
dem yelination and axonal loss. Thus, PM P22 appears to be required 
for the norm al developm ent o f  the PNS w hile its suggested function 
ou tside the nervous system  m igh t be com pensated  by the m utant 
organism .

8.12
MUTATION OF THE POU DOMAIN TRANSCRIPTION FACTOR TST- 
1/OCT6/SCIP IN MICE PRODUCES NEURONAL AND MYELINATING 
SCHWANN CELL DEFECTS. J. R. B erm ingham . J r .1,S.O 'C o n n ell1, E. 
A r r o y o 2 , F. P o w e ll3 , K. K a l l a 1, R. M c E v illv 1, S.S. S c h e re r2 *, an d  
M .G .R o sen fe ld 1  D ep artm en t of M edicine and  H ow ard  H ughes M edical 
Institiu te , U niversity  of C alifornia, San Diego 9500 G ilm an Drive, La Jolla 
CA 92093-0648; 2De p a rtm e n t of N euro logy , U niversity  of Pennsy lvan ia , 
P hiladelphia , PA 19104; 3De p artm en t of M edicine U niversity  of California, 
San Diego 9500 G ilm an Drive, La Jolla CA 92093-0623.

The Tst-1 /O c t6/S C IP  gene en co d es  a m em b er of the  POU class of 
tran scrip tio n  factors. The gene is expressed  in Schw ann cells, in cortical 
n eurons w ith in  layers 2 /3  and  5, in som e retinal am acrine cells, and in CA1 
hippocam pal neurons. It is also expressed  in em bryonic stem  cells, in testes, 
an d  skin. To u n d e rs ta n d  b e tte r  the role that T s t-1 /O c t6/S C IP  p lays in 
d ev e lo p m en t of the cells and  tissues in w hich  it is expressed , we have 
g en e ra ted  m ice in w hich  the gene has been rep laced  in fram e by a β - 
galactosidase m arker gene, β-galactosidase expression in heterozygous mice 
co n firm s kn o w n  p a tte rn s  of T s t-1 /O c t6/S C IP  ex pression , and  rev ea ls  
p rev iously  unap p rec iated  locations of T st-1 /O c t6/SCIP expression as well. 
H om ozygous mice that lack a norm al Tst-1 /O c t6/SC IP  gene die at b irth  or 
soon a fterw ards, and  d isp lay  several m u tan t phenotypes. First, m ost mice 
ap p ear anoxic, and  a p p e ar to have trouble  in itia ting  a n d /o r  m ain tain ing  
b rea th ing . Second, β-g alac tosidase  sta in in g  of brains from  h om ozygous 
m u tan t and  he terozygous litterm ates reveals differences in sta in ing  of cells 
of the lateral olfactory nucleus. Third, a few m u tan t mice live long enough to 
reveal th at p erip h era l m yelination  is d isru p ted . The phen o ty p es  of Tst- 
l /O c t6/S C IP  m utant mice dem onstra te  that the gene is required  for p ro p er 
dev e lo p m en t of m yelinating  S chw ann  cells, and  for at least som e of the 
neurons in which it is expressed.
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9 .1
ALZHEIMER'S DISEASE SUBJECTS AND CONTROLS DISPLAYING THE 
APOLIPOPROTEIN E ε4 ALLELE ARE LESS LIKELY TO EXHIBIT APOE 
IMMUNOREACTIVITY WITHIN TEMPORAL CORTEX PYRAMIDAL 
NEURONS. W.C. Benzing* and E.J. Mufson. Dept. of Neurol. Sci., Rush Presb St. 
Luke Med. Ctr., Chicago, IL 60612.

The present study examined whether the presence or absence of 
apolipoprotein E (ApoE) immunoreactivity within temporal cortical neurons 
was related to 1) ApoE genotype or 2) Alzheimer's disease (AD). ApoE 
genotype was determined using polymerase chain reaction. The temporal cortex 
of 19 patients with AD, 13 age matched normals (AMC), and 14 age matched 
nondemented cases with numerous senile plaques (INT, n=5) was examined for 
ApoE immunopositive cortical neurons. ApoE immunocytochemistry revealed 
numerous "healthy appearing" neurons in most AMC. The number of ApoE 
immunostained "healthy" neurons differed between each of the examined case 
groups and varied according to ApoE genotype. Most AMC (70%) exhibited 
ApoE immunostaining of virtually all pryamidal neurons within layers III-V of 
the superior, middle and inferior temporal cortices. In contrast, this pattern of 
immunostaining was observed in only 15% of the INT and none of the AD 
cases. Nissl counter staining of ApoE immunoreactive sections revealed the 
presence of many pyramidal neurons in the ENT and AD cases which were 
ApoE immunonegative. ApoE immunoreactivity in cortical neurons also was 
related to ApoE genotype. Individuals exhibiting an ϵ 4 allele were less likely 
(9%) than those with the E3/3 (52%) or E2/3 (75%) phenotype to exhibit the 
extensive ApoE neuronal immunostaining. These findings suggest either 1) AD 
leads to a defect in the uptake or utilization of ApoE by pyramidal neurons or 
2) in AD and the intermediate cases, that temporal cortical neurons innately 
exhibit less ApoE which may be insufficient to detect immunohistochemically.

9 .3

AGED APO E DEFICIENT MICE: ABNORMAL LEARNING & GLIAL 
MARKERS BUT NO OBVIOUS NEUROPATHOLOGY. S. G a n d y 1, C. 
S t a f s t r o m 2 , B. T u r n e r 1 , D. S w e e n e y 1 , J. B res lo w 3 , P. 
G re e n g a rd 3 , J. S m ith3 , C. O u im e t2* 1 D ept. N eu ro l. & N eurosci., 
C ornell Univ. M ed. Coll., New Y ork NY; 2D ept. P sychol., Fla. St. 
Univ., T a llahassee  FL; 3R o c k e fe lle r  U niv., New Y ork NY.

A poE p o ly m o rp h is m  d e t e r m in e s  g e n e t ic  r is k  fo r  
A lz h e im e r  d is e a s e  b u t  th e  u n d e r ly in g  n e u ro b io lo g y  is 
in c o m p le te ly  u n d e rs to o d . In  o r d e r  to  id e n tify  k ey  apoE- 
d e p e n d e n t  e v e n ts  in  b r a in ,  w e s tu d ie d  a p o E -d e f ic ie n t 
("k n o ck o u t") m ice  o f  v a r io u s  ages  u s in g  le a rn in g  p a rad ig m s, 
q u a n t i ta t iv e  im m u n o b lo t tin g  (QJB), a n d  s t r u c tu r a l  an a ly s is  
by  ligh t o r  e lec tro n  m icro sco p y  (EM).

Y oung (~6 m o) ap o E -d e fic ien t m ice  (fro m  a  2 °  co lony  
a t  Fla. S ta te  U niv . b r e d  f ro m  a  s t r a in  d e v e lo p e d  a t  RU) 
e x h ib ite d  a b n o rm a li t ie s  in  th e  M o rris  w a te r  m a ze . N e ith e r 
y o u n g  (Fla. S ta te  2 ° ) n o r  a g e d  (> 2 0  m o., fro m  RU 1°) apoE- 
d e f i c ie n t  m ic e  d e m o n s t r a t e d  a b n o r m a l i t i e s  o f  b r a in  
n e u ro n a l  e le m e n ts  as a s s e s s e d  b y  l ig h t  m ic ro s c o p y  a n d  
m o rp h o m e try  o r  by  EM. QJB o f  m u ltip le  b ra in  reg io n s  fa iled  
to  d isc lo se  a n y  apoE  k n o c k o u t-a s so c ia te d  a l te ra t io n  in  levels 
o f  tw o  s y n a p tic  m a rk e rs  ( s y n a p to p h y s in ,  s y n a p s in )  o r  in  
levels  o f  MAP-2 o r  β -APP. M odest, s ta t is t ic a l ly  s ig n if ic a n t 
c h a n g e s  in  GFAP a n d  F 4 /8 0  le v e ls  w e re  c o n s is te n t ly  
o b s e rv e d  in  ag e d  apoE  k n o ck o u ts . A poE d e f ic ie n t m ice  m ay 
d e v e lo p  c h a n g e s  in  b r a in  f u n c t io n  in  th e  a b s e n c e  o f 
c o n s is te n t s tru c tu ra l a b n o rm a litie s .

9 .2

PARTICLE SIZE DISTRIBUTION OF NATIVE APOLIPOPROTEIN E 
IN THE PRESENCE OF ß-AMYLOID PEPTIDE. M J. LaDu*, J.R. 
Lukens, T .M. Pederson. C.A. Reardon. G.S. G etz, an d  M.T. F alduto . 
D ep t. of Pathology, U niversity  of Chicago, Chicago, IL 60637 and 
N euroscience D iscovery, A bbott Laboratories, A bbott Park, IL 60064.

We have p reviously  dem onstra ted  by non-reducing  SDS-PAGE 
that native p repara tions of apo lipopro te in  E3 (apoE3), b u t no t apoE4, 
avidly b ind  to ß -am yloid (AG). H ow ever, the s tructu ral natu re of the 
a p o e /A ß com plex is no t know n. This study  w as undertaken  to 
determ ine the size d istribu tion  profile of AG and  apoE from  hum an  
serum  and  from conditioned m edia of HEK cells stably transfected 
w ith  hum an  apoE cDNA. Fractions e lu ted  from gel filtration 
colum ns designed to separate p lasm a lipoproteins w ere collected 
and  analyzed un d er non-denatu ring  conditions by  im m unoblotting 
w ith  apoE and  AG antibodies. In serum , endogenous AG m igrated 
predom inan tly  w ith  the sm all h igh  density  lipoprotein  (HDL) 
particles, w hile apoE m igrated  p rim arily  w ith  the large very low 
density  lipoprotein  (VLDL) particles. W e also used  this system  to 
characterize the elu tion  patterns of apoE in conditioned m edia. In 
this prepara tion , apoE m igrated  prim arily  in particles w ith a size 
sim ilar to HDL. W ith the add ition  of synthetic AG (250 pM), apoE 
elu ted  as larger particles, as w ell as in HDL-like particles. AG also 
m igrated  in these larger particles and  as free pep tide. These results 
suggest tha t in the presence of AG, apoE  undergoes structural 
rem odeling to form large particles. In addition , this process can be 
m onito red  by gel filtration chrom atography , a process tha t does not 
require reducing  or dena tu ring  of p ro te in  aggregates.

9 .4

TEMPORAL SEQUENCE OF DEPOSITION OF HETEROGENEOUS Aß 
PEPTIDES AND APO E IN DOWN SYNDROME (DS):IMPLICATIONS FOR AB 
PRODUCTION. C.Lemere1,2J .K.Blusztain2.H.Yamaguchi3.T.Wisniewski4.O.Lu1*.
T.Saido5, D.Selkoe1. 1 Harvard Med Sch,2Boston U Sch Med, Boston,MA; 3Gunma
U. GunmaJapan; 4NYU Med Ctr, NYNY; 5Tokyo Met Inst Med Sci, Tokyo, Japan.

Plaque and vascular AB and ApoE deposition was characterized in formalin-fixed,
paraffin brain sections of 29 DS patients ranging front 3 to 73 yr of age [young: 3-30yr 
(n=16), middle; 31-50yr (n=5), old: 51-73yr (n=8)]. In addition to silver and thioflavin 
S staining, antibodies specific for AB peptides ending at residue 40 (BC40) or 42 
(BC42) of the AB C-terminus, and antibodies specific for AB beginning at Asp 1 
(AßN1) or at Pyroglutamate 3 [ABN3(pE)] were used on all tissues. Apo E 
immunoreactivity (IR) was also examined. Plaque number and % cortical area were 
quantified by computerized image analysis. AB ending at residue 42 (BC42) was the 
earliest form of AB detected in DS brain and was observed in 7 of the 16 young DS 
brains. The earliest plaque staining was detected at 12 yrs of age. Such deposition 
preceded neuritic changes. At all ages, BC42 plaque IR was more abundant than IR for 
BC40 and the other AB antibodies. Few blood vessels showed BC42 IR. AB ending at 
residue 40 was detected in small amounts in some compacted and neuritic plaques and in 
blood vessels in middle-aged and older DS brains. AB starting at Asp 1 was detected in 
small amounts in some compacted and neuritic plaques and in blood vessels in middle- 
aged and older DS brains. AB starting at Pyroglutamate 3 was detected in moderate 
amounts in plaques and blood vessels in middle-aged and older DS brains. Apo E IR 
was detected in the earliest Aß-positive DS cases and increased with age. Apo E IR was 
most closely associated with BC42 IR, although Apo E IR was less abundant than that 
of BC42 in young DS brain. Our data suggest that the earliest AB plaques in DS brain 
consist of a species ending at residue 42, the N-terminus of which is unknown. It 
appears that this early AB species does not begin at Asp 1 or Pyroglutamate 3. The 
majority of vascular AB starts at Aspl or Pyroglutamate 3 and ends at residue 40. 
Vascular AB appears to be generated via a somewhat different proteolytic mechanism 
than plaque AB. Data from these rare cases of very young DS provide a way to study 
the temporal sequence of AD pathology, including Aß N- and C-terminal heterogeneity.

So c ie t y  for  N eu ro sc ie n c e , V o lu m e  21, 1995



6 BETA-AMYLOID: ApoE I SUNDAY AM

9 .5

APOE DOES NOT INFLUENCE THE LEVELS OF ßAPP META
BOLITES IN INTACT LIVING CELLS. A.L. Biere*, B.L. Ostaszewski, H .
Zhao‡, S.G. Younkin†. and D.J. Selkoe. Ctr. Neurologic Diseases, Harvard 
Medical School, ‡Dept. Biostatistics, Harvard Sch. Public Health, Boston, 
MA, and †Case Western Reserve University, Cleveland, OH.

The inheritance of one or two ApoE4 alleles has been shown to be the 
most common genetic factor underlying the development of Alzheimer’s 
disease (AD). The neuropathological characteristic distinguishing AD 
subjects who carry an ApoE4 allele from those who do not is the density of 
ß-amyloid deposits in the brain. We have established neural and non- 
neural cell culture systems that allow studies o f possible interactions 
between ApoE and BAPP/AB under concentrations and conditions relevant 
to those that occur in the brain. CHO and HS683 human glioma cells 
stably transfected with both ßAPP695 and ApoE were used to study the 
influence o f each of the three ApoE alleles on ßAPP processing and AB 
levels. In these cells the concentrations of ApoE range from 4-17 μ g/ml, 
those of AB from 6-10 ng/ml, so that both are in the ranges found in 
human CSF. Two independent methods, immunoprecipitation/ phosphor-
imaging and ELISA, were used to detect and quantitate BAPP and its 
metabolites. To determine the significance of differences, the results were 
analyzed statistically. In the HS683 cultures, we could not detect a 
statistically significant ApoE allele specific difference in ßAPP processing. 
In the CHO transfectants, we obtained conflicting results regarding AB 
levels, again suggesting that there is no consistent ApoE allele-specific 
effect on amyloidogenic vs. non-amyloidogenic ßAPP processing. Pulse 
chase experiments using ApoE conditioned media on ßAPP overexpressing 
SK-N-SH cells also revealed no differences in ßAPP processing. Using 
ELISA and radiosequencing, studies o f the C- and N-terminal micro-
heterogeneity of AB secreted in the presence of different ApoE alleles are 
underway. In addition, we will search for ApoE-mediated uptake and 
clearance of AB from extracellular fluid.

9 .7

CELLULAR UPTAKE OF APO LIPO PRO TEIN J AND ALZHEIM ER’S 
AMYLOID ß  COMPLEXED TO  APO LIPO PRO TEIN  J AT THE BLOOD- 
BRAIN BARRIER AND IN THE CHO RO ID PLEXUS. B.V. Zlokovic, C L. 
Martel. E. Matsubara. B. Frangione and J. Ghiso*. Dept. Neurosurg. and 
Divn. Neurosurg. CHLA, USC Sch. Med., Los Angeles, CA 90033, and 
Dept. Pathol., New York Univ. Med. Cntr., New York, NY 10016

W e have recently demonstrated brain uptake of circulating 
apolipoprotein J (apoJ), as well as of soluble amyloid ß , sAß1-401 complexed to 
apoJ. The interaction of sAB with apoJ occurs in vivo, as demonstrated by the 
ability of anti-apoJ to co-precipitate sAB from normal cerebrospinal fluid (CSF). 
In plasma, sAB is preferentially transported as a complex with apoJ 
incorporated into lipoprotein particles HDL3 and VHDL. W e also demonstrated 
that A ß 1-40 immobilized on affinity matrices was able to retrieve apoJ from 
plasma and CSF. In this study, we examined uptake of apoJ and apoJ-Aß 1-l0 
complexes at the blood-brain barrier (BBB) and choroid plexus (CP) using the 
brain perfusion model in guinea-pigs. The formation 1:1 of apoJ : A ß
complexes was demonstrated by HPLC, non-SDS-PAGE and amino acid 
sequence analysis. The BBB permeability, capillary sequestration and CP 
uptake of both apoJ and apoJ-Aß 1-40 were significant due to the presence of 
specific transport mechanisms. These BBB and CP mechanisms could be 
inhibited by anti-glycoprotein 330 (gp330) antibodies. It has been previously 
shown that gp330, a member of endocytosing receptors related to the LDL. 
receptors, can mediate apoJ uptake in cultured cell lines that express gp330. 
Present data suggest that capillary sequestration, BBB and blood-CSF 
transport of apoJ and sAB complexed to apoJ could be mediated by gp330 
receptors at the BBB and CP epithelium.
Supported by AG08051 and AG10953.

9 .9

MICROGLIAL SEQ UESTRATION OR CLEARANCE O F β -AMYLOID. ROLE 
O F LIPOPROTEINS. M.D. Ard1*, F. Yano2. W . Beech2. H. Wang2, S.A. 
Frautschv2. and G.M. Cole2. 1Dept. Anat" U. Miss. Med.. Jackson. MS 39216, 
and 2VAMC, G RECC 11E, Sepulveda, CA 91343 and 2Dept. Med., UCLA.

W e previously demonstrated that cultured rat microglia in serum-free 
medium take up β-amyloid protein (A0) in vitro, accumulating A042 in 24 hrs. 
Serum inhibited the accumulation in the absence of leupeptin. W e now report 
that high density lipoprotein (HDL) results in dramatically increased A0 
clearance, which leupeptin inhibits. Immunoblotting of microglial cell lysates 
shows the ratio of 14-21 kD multimer A042 to 4  kD A0 is approximately 1.3 
with and 0.15 without microglia, indicating a role for microglia in aggregation 
of A0. Addition of recombinant ApoE in liposomes increases the ratio to 
about 3. With liposomes with ApoJ and ApoE, the ratio is about 6, returning 
to 1.3 with inhibitors of LRP receptor uptake. Oxidation of apolipoprotein 
increases the cell-associated A0. ApoE4 promotes cell sequestered A0 
multimer and reduces A0 in the media.

Both ApoE and A0 coat the microglia cell surface at the light and 
ultrastructural level  Surface labeling in rings and foamy structures resembled 
AD plaques. Small amounts of A0 appear in lysosomes and increase if 
leupeptin is added. Around microglia, A0 is removed from the substrate. 
Trypsin released most cell-associated Aβ  consistent with sequestration to 
surface connected compartments (SCC). From these and in vivo data, we 
hypothesize that microglia sequester A0 multimers and other aggregates in 
SCC and cluster to deposit compact amyloid, or effectively intem alize and 
degrade A0 in lysosomes. The balance of SCC sequestration and 
compaction to plaques vs. effective A0 clearance is govem ed by the 
lipoprotein environment. Supported by Alzheimer's Association (MDA) and 
Calif. State Dept. of Health and AG9009 and AG 11125 (GMC).

9 .6

APOLIPOPROTEIN E UPTAKE IS INCREASED IN THE PRESENCE 
OF BETA AMYLOID PEPTIDES AND REDUCED BY BLOCKADE OF 
THE LOW DENSITY LIPOPROTEIN RECEPTOR.
U. Beffert*. N. Aumont. D. Dea. J. Dayignon and J. Poirier. Molecular 
Neurobiology Lab., Douglas Hospital Research Centre, Dept. of Neurology 
and Neurosurgery, McGill University, Montré al, Qué bec, Canada

Apolipoprotein E (apoE) is a known risk factor for late-onset sporadic and 
familial Alzheimer’s Disease (AD). ApoE also binds to beta amyloid (AB) 
protein, a peptide isolated from extracellular AD neuritic plaques. To further 
characterize apoE and AB interactions in the CNS, we investigated the uptake 
of the three major apoE isoforms in two different rat cell culture models: 
primary hippocampal neurons and cortical astrocytes. ApoE2, apoE3 and 
apoE4 liposomes were prepared using purified human apoE from pre- 
genotyped individuals. The apoE liposomes were preincubated in the 
presence and absence of AB peptides for 2 hours at 37°C. Cultures were then 
exposed to apoE and/or AB for 24 hours. Cell homogenates (representing 
uptake) and media were then collected for analysis by Western blot for apoE 
and AB. In both neurons and astrocytes, apoE Westerns demonstrated that 
apoE2 protein uptake increased significantly in the presence of AB peptides. 
The effect of AB was less pronounced for apoE3 and apoE4. Similarly, 
Westerns for AB demonstrated increased AB clearance from the media in the 
presence of apoE, especially the E2 isoform. A significant reduction of apoE 
uptake was obtained in neurons by saturation of low density lipoprotein (LDL) 
receptors with anti-LDL receptor antibody for 2 hours prior to apoE and AB 
incubations. These data indicate that apoE2 may provide protection against 
AD by facilitating AB clearance from the extracellular space via an LDL 
receptor pathway. (Supported by the Alzheimer Society of Montréal).

9 .8

M EC H A N ISM  OF PREV EN TIO N  OF A M Y LO ID  BETA  
PRO TEIN  A G G R EG A TIO N  BY  TR A N STH Y R ETIN  A ND  
A PO LIPO PRO TEIN  E. A .L . Schw arzm an1, M .P. Vitek2, M . 
T s ip e r1, H. W ente1 , A. W ang1, A. Francis1* and D. Goldgabe 
1D ep t. o f  Psychiatry and Behavioral Science, Sch. o f  M ed., State 
Univ. o f  N ew  York at Stony Brook, Stony Brook, N Y  11794; 
2The P icow er Inst. for M edical Research, M anhasset, N Y  11030.

W e previously found that purified proteins o f  human cerebral 
spinal fluid (CSF), transthyretin  (TTR) and tw o isoform s o f 
apolipoprotein E (apo E3 and apo E4) inhibit A ß aggregation in 
vitro. The detailed analysis o f  the inhibition process in 
physiological buffers revealed that these proteins decrease levels 
o f  AB multim ers and prevent AB am yloid form ation by inhibiting 
o f  AB nuclei formation. However, in CSF sam ples increased 
concentrations o f  TTR inhibited form ation o f  AB m ultim ers while 
increased concentration o f  apo E did not change am ount o f  AB 
multimers. U sing im munoprecipitation w e detected complexes o f 
AB with TTR in human CSF. Complexes o f  AB w ith apo E in 
CSF were not found. A nalysis o f  CSF fractionated by 
ultracentrifugation in K Br gradient dem onstrated that AB interacts 
w ith lipid free AB binding proteins, but not w ith lipoprotein 
particles w here m ost o f  circulating apolipoproteins are found.

9 .1 0

ENHANCEMENT OF AMYLOID β  PEPTIDE AGGREGATION BY ACUTE PHASE 
PROTEINS. I. Rogers* and S. Webster. Sun Health Research Institute, Sun City, 
AZ 85372.

The conversion of the amyloid β  peptide (Aβ) into the fibrillar, cross β -pleated 
configuration is now generally viewed as a critical event in the progress of 
Alzheimer's disease (AD). A diverse group of proteins has been found in 
association with the senile plaque by immunohistochemistry, and levels of many 
of these proteins have been shown to differ between AD and ND in brain 
homogenates, CSF or sera. These aptly named Aβ  associated proteins (AAP's) 
(Selkoe, 1991, Neuron 6:487-498), have been widely investigated regarding their 
potential effects on the fibrillar aggregation of Aβ . Currently some contusion 
exists regarding the effects of several of the AAP's on the formation of Aβ  fibrils. 
This is in large part due to an inability to directly compare data among the AAP's 
as a group due to variations in the technical and physicochemical parameters 
employed in individual studies.

Therefore, in the present work we have undertaken a coherent analysis of the 
effects of a group of AAP's on Aβ  aggregation using fluorimetric analysis of 
Thioflavine-stained experimental solutions. This technique is eminently suited 
for the study of amyloidogenesis, as it allows quantitative evaluation of the 
critical cross β -pleated structure found within Aβ  solutions. Among the AAP's 
examined, the complement protein C1q, serum amyloid P and α1- 
antichymotrypsin were found to significantly enhance the formation of 
precipitable, cross β -pleated aggregates in solutions of 800 nM Aβ 1-42 at AAP 
concentrations in the range of 16-160 nM. This is in contrast to the effects of 
apolipoprotein E (Apo E). Both isoforms E3 and E4 significantly inhibited the 
aggregative process under the same experimental conditions (neither of the 
isoforms were found to inhibit Aβ  aggregation to a significantly greater degree 
than the other). These results are interpreted as suggesting that 1) the induction 
of acute phase proteins as part of the AD pathogenic sequence enhances 
neuropathological changes by accelerating the deposition of fibrillar Aβ , and 2) 
the well established link between the Apo E4 isoform and AD likely operates 
through a means other than direct augmentation of Aβ  aggregation.

So c ie t y  for  N eu ro sc ien c e , V o lu m e  21, 1995
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C1Q POTENTIATES AMYLOID BETA PEPTIDE AGGREGATION BY A 
SPECIFIC, MULTIMERIC INTERACTION. S. Webster* and J. Rogers. 
Sun Health Research Institute, Sun City, AZ 85372.

The formation of fibrillar, cross ß-pleated deposits of the amyloid ß peptide 
(Aß) is generally held to be a critical event in the neuropathogenesis of 
Alzheimer's disease. We have previously shown that the first component of 
the classical complement cascade, Clq, interacts with soluble AB in a fashion 
that dramatically enhances the formation of fibrillar aggregates. It has been 
suggested that AB aggregation is a  type of nucleation dependent 
polymerization. In this work we show that the kinetics of the Aß/C lq 
interaction are consistent with a nucleating event, and demonstrate that the 
intact, multimeric structure of C lq  is required.

Analysis of AB solutions by Thioflavine T fluorimetry revealed a delay in 
the formation of detectable levels of precipitable, ß-pleated aggregate. Such 
delays in the onset of fibril growth have been shown to be a characteristic 
feature of nucleation-dependent phenomena. The inclusion of C lq 
completely eliminated this lag phase, suggesting that C lq promotes fibril 
nucleation. Dose response experiments showed a marked enhancement of 
aggregation corresponding to the transition from AB alone to AB plus the 
lowest C lq  concentration, whereas further increases in C lq yielded more 
moderate changes. A synthetic peptide corresponding to the AB binding site 
in C lq  identified by Jiang et al. (J Immunol 152:5050-5059, 1994) had no 
effect on AB aggregation, but was able to block the potentiating effect of 
Clq. This suggests that the intact, multimeric structure of C lq  is a  strict 
requirement for the promotion of Aß aggregation. These findings are 
incorporated into a  model of the Clq/AB interaction which is based on the 
binding of adjacent subunits within C lq  to adjacent AB peptides within an 
oligomer of AB.

INGESTIVE BEHAVIOR—PEPTIDES

10.1
SUPPRESSIO N O F FOOD INTAKE BY FOURTH VENTRICULAR BOMBESIN  
INJECTION IS REVERSED BY A SELECTIVE NEURO M EDIN B RECEPTOR
a n t a g o n i s t . E.E. Ladenheim*, J.E. Taylor. D.H.Coy, T.S.Carrigan and
T .H . M o ra n . Dept. Psych ia try , Johns Hopkins Univ. S ch. M ed., 
Baltim ore, M D 2 1 2 0 5 , B iom easure , Inc,. M ilford, M A 0 1 7 5 7  and 
Peptide Res. Lab., Tulane Univ. Med. Ctr. New  Orleans, LA 70112.

Bom besin (B N ) in jected into the fourth cerebra l ventric le  (4V ) 
suppresses food intake in rats. The nucleus of the solitary tract (N TS) 
is a caudal hindbrain structure accessib le  to 4 V  BN adm inistration  
w hich has been  im plicated  in m ediating  this e ffect. W e have  
previously dem onstrated  that the rat C N S  contains two distinct 
subtypes of BN receptors with the preponderance of those located in 
N TS  to be of the NM B-preferring subtype. To investigate a role for 
this receptor subtype in the suppression of food intake by 4V  BN  
adm inistration, w e exam ined the ability of a specific NM B-preferring  
re c e p to r  a n ta g o n is t , D -N a l-C y s -T y r -D -T r p -O r n -V a l-C y s -D -N a l 
N H 2 (B IM -2 31 27 ), to block the suppression of glucose intake elicited 
by 10 pmol of BN. Our results showed that co-adm inistration of BIM- 
2 3 1 2 7  dose-dependently  reversed the suppression of glucose intake 
produced by 4V  BN injection. Administration of BN alone produced a 
7 6%  reduction in 30  min glucose consum ption com pared with intake  
following 4V  injection of isotonic saline. W hen given in combination  
with BN, dosages of 100 and 3 20  pmol of B IM -23 12 7  attenuated BN- 
induced suppression of glucose intake to 4 3 %  and 2 4% , respectively. 
T he  results of this study support a role for the N M B -preferring  
receptor subtype in suppression of glucose intake following 4V  BN 
a dm in is tra tion .

10.2
INTRAVENOUS INFUSIONS OF GRP1-27 AND NEUROMEDIN B-10 ALTER 
SPONTANEOUS FEEDING IN RATS. P. A. Rushing*. J. Gibbs. andN. Geary.
The E. W. Bourne Behavioral Research Laboratory, New York Hospital-Cornell 
Medical Center, White Plains, NY 10605.

We have previously shown that brief, meal-contingent infusions of the amphibian 
tetradecapeptide bombesin (BN) reduce meal size in spontaneously feeding rats.
Using the same paradigm, this study explored the effects of two mammalian 
homologues of BN, gastrin-releasing peptide 1-27 (GRP) and neuromedin B-10 
(NMB). Undisturbed, ad libitum-fed male rats (n = 12) with chronic vena cava 
catheters were infused with saline, 5.0 nmol/kg GRP, 5.0 nmol/kg NMB, and both 
together (GRP+NMB) in counterbalanced order with intervening non-infusion days. 
Infusions were remotely activated within 30-60 s after the onset of the first nocturnal 
meal and continued for 3 min (34 μl/min), delivery being completed within the first 2 
min of infusion. Feeding was measured via electronic balances linked to a computer.

Saline GRP NMB GRP+NMB
Meal Size (g) 3.1± 0.3 1.8± 0.4* 2.1± 0.3 1.8± 0.3*
Meal Duration (min) 16.5±± 1.6 8.8+ 2.2* 8.4± 1.7* 9.2± 2.3
Intermeal Interval (min) 76.9±12.3 52.3± 7.4 82.7±15.4 62.2± 5.4
* Significantly different from saline, Tukey’s HSD (p < .05).

Significant and comparable decreases in the size of the first nocturnal meal were 
observed with GRP and GRP+NMB. Meal size (MS) also tended to be smaller with 
NMB alone. Additionally, GRP and NMB significantly reduced meal duration (MD). 
The peptides had no significant effects on the first intermeal interval or on subsequent 
meals. In summary, intravenous infusion of GRP significantly decreased both MS 
and MD in spontaneously feeding rats, while NMB significantly reduced MD only. In 
contrast to our finding with IP injections in mildly deprived rats (Stratford et al., 
1994), co-infusion of the peptides failed to increase the inhibitory action. Further 
studies are required to determine the conditions necessary for a synergistic effect. 
Supported by USPHS grants MH18390 (PAR), DK33248 (JG), MH51135 (NG)

1 0 .3

GASTRIC DISTENTION AND CCK COMBINE TO REDUCE 
FOOD INTAKE IN HUMANS J.C. Carretta, H.R. Kissileff*, X Pi- 
Sunver. L. Oberman, & A. Geliebter St. Luke's/Roosevelt Hospital, 
Columbia University, New York, NY 10025.

To examine the effects on food intake following a non-nutritive increase 
in gastric volume after administration o f CCK-8 or saline, 6 men and 2 
women, during four sessions, were given a meal after either CCK-8 or 
saline infusion, crossed over (2x2) with either 300 ml gastric balloon 
distention or no distention. Test meal intake was significantly less 
following CCK and distention 
combined (a = 706.76 g) than after 
saline and no distention ( r = 912.01 
g). Neither CCK ( x = 831.10 g) 
alone, nor distention ( x = 857.39 g) 
alone reduced intake. Moreover, 
subjects ate for a shorter period o f 
time following CCK and distention 
( r = 8.72 min) than they did after 
saline alone ( r = 10.54 min). The 
results indicate that at these levels,
CCK and gastric distention combine 
to reduce food and meal duration in 
humans. (NIH DK36507; DK26687).

1 0 .4

cF O S  A C T IV A T IO N  O F  C A T E C H O L A M IN E R G IC  N E U R O N S  IN T H E  
D O R S A L V A G A L C O M P L E X  A F T E R  G A S T R IC  D IS T E N S IO N  O R  C C K  
A D M IN IS T R A T IO N  IN RA TS. J .G . V erbalis*. E .A . Baker. L. R inam an ,
E .M . Stricker, and G .E . Hoffm an. Departm ents of M edicine, Neuroscience  
and Neurobiology, University of Pittsburgh, Pittsburgh, PA 15260.

Expression of the im m ediate early gene product cFos in 
catecholam inergic neurons w as eva luated  in the dorsal m edulla  of rats 
using double im m unocytochem ical labeling for cFos and tyrosine 
hydroxylase (TH ). After a  large gastric distension ach ieved  by rapid 
ingestion of liquid diet (stom ach contents =  2 5 .8  g), 3 9 %  of TH-positive  
cells in the nucleus of the solitary tract (N T S ) w ere  activated as  reflected  
by expression of cFos. O f the double-labeled cells, 2 3 %  w ere  located in 
the rostral N T S , 3 5 %  in the m edial N T S , and 4 3 %  in the caudal N T S . A 
sm all num ber (7% ) of TH-positive neurons w ere  located in the dorsal 
m otor nucleus of the vagus (D M N ), but none of these  w ere  double- 
labe led  with cFos. After adm inistration of cholecystokinin octapeptide  
(CCK; 10 μ g/kg i.p.), 3 7%  of TH-positive cells in the N T S  w ere  activated  
as reflected by expression of cFos. O f the double-labeled cells, 2 5%  w ere  
located in the rostral N TS , 18%  in the m edial N TS , and 5 7 %  in the caudal 
N T S . Sim ilar to gastric distension, none of the TH -positive  cells in the  
D M N  w ere  double-labeled for cFos. T h e se  da ta  dem onstrate relatively 
sim ilar phenotypic and anatom ical profiles of cells in the dorsal vagal 
com plex that are activated to express cFos by gastric distension and C C K  
administration. O ur results therefore suggest that C C K  administration may  
m im ic the effects of a  large gastric distension by activating a  com m on  
subset of catecholam inergic neurons in the N TS .

So c ie t y  fo r  N eu ro sc ie n c e , V o lu m e  21, 1995
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COMMON NEURAL PATHWAY FOR MULTIPLE SATIETY FACTORS IN 
RATS? Rowland , N.E*& B.-H. Li. Dept of Psychology, Univ of Florida, 
Gainesville, FL 32611.

By detecting Fos-like immunoreactivity (FLI), a marker of neuronal activation, 
we examined the brain regions activated by several neuroactive agents known to 
inhibit feeding behavior. It was found that cholecystokinin (CCK), bombesin 
(BBS), satietin and 5-hydroxytrypamine (5-HT) or the 5-HT agonist 
dexfenfluramine (DFEN) induced FLI in similar brain regions, including the 
nucleus of the solitary tract (NTS), the lateral parabrachial nucleus (LPB), central 
amygdala (CeA), bed nucleus of the stria terminalis (BST), and the hypothalamic 
paraventricular nucleus (PVN). These commonly activated regions might be the 
neural basis for the common effects of these agents. Lesions in the LPB reversed 
DFEN-induced anorexia and FLI in the CeA and BST, suggesting the involvement 
of these regions in satiety. However, a marked subregional difference was found 
in the distribution of DFEN- and CCK-induced FLI. Either subdiaphragmatic 
vagotomy or the administration of the CCK-A antagonist devazepide abolished the 
FLI induced by CCK, but not by DFEN. These findings suggest that these brain 
regions may not be activated through a common peripheral pathway. Double 
staining of FLI and CCK-LI revealed that most DFEN-activated neurons in the 
superior division of the LPB were CCK-ergic, and those in the external division 
of the LPB overlapped with extremely intensively stained CCK Fibers, suggesting 
the participation of CCK element in the 5-HT pathway, and 5-HT element in CCK 
pathway. It thus appears that different satiety factors may activate different 
populations of neurons even within the same brain regions, possibly via the 
interaction of several distinct transmitters in these nuclei to produce an integrated 
satiety signal.

1 0 .7

EFFECT OF SUPERIOR MESENTERIC CCK-8 INFUSIONS ON SUCROSE 
INTAKE. J.E. Cox* and S.M. McCown. Dept. Psychology, 
Univ. Alabama at Birmingham, Birmingham, AL 35294.

The potency of cholecystokinin octapeptide (CCK-8) 
for reducing sucrose intake is enhanced by near-celiac 
administration. (Calingasan et al.,Am.J.Physiol. 
263:R572-R577; Cox et al.,Am.J.Phvsiol.268:R150-R155). 
Because such infusions should deliver higher-than- 
control CCK-8 concentrations to both the celiac and 
superior mesenteric arteries, we have investigated 
effects of CCK-8 infusion directly into these vessels. 
Previously, we found that celiac artery infusions of 
CCK-8, in doses as low as 50 ng, suppressed sucrose 
intake though infusions into the jugular vein were 
ineffective. For the current experiment, rats with 
polyurethane catheters in the superior mesenteric artery 
(N=5) or jugular vein (N=4) received 22 min infusions of 
50, 125, and 312 ng CCK-8 or saline. In both groups, 
only the largest dose significantly reduced sucrose 
intake (P< .05), by 35% and 15%, respectively. The 16% 
reduction produced by 125 ng CCK-8 in the superior 
mesenteric group was marginally significant (.05<P<.10) . 
Analysis of variance revealed that, pooling across all 
doses, CCK-8 suppressed intake to a greater extent when 
infused into the superior mesenteric artery than into 
the jugular vein (P<.05). Thus, these results are 
consistent with the hypothesis that this artery perfuses 
tissue containing satiety-relevant CCK-8 receptors. 
However, the apparently even greater potency of 
intraceliac infusions suggests that some part of the 
celiac arterial bed, such as the stomach and/or proximal 
duodenum, may be a more important site of action in 
cholecystokinin satiety.

10.6
QUANTIFICATION AND ANATOMICAL CHARACTERIZATION O F ACTIVATED 
NEURONS IN THE NUCLEUS O F THE SOLITARY TRACT (NTS) AND AREA  
P O S TR E M A  (AP) FO LLO W ING  IN TR A PE R ITO N E A L (IP) INJEC TIO N OF  
C C K -8 . RD  H o fb au e r, P L F a r is * , and  BK H a rtm a n . Div. of 
Neuroscience Research in Psychiatry, Univ. of M innesota, Mpls, MN  
5 5 4 5 5

The present study was designed to determ ine if a relatively high dose 
of C CK (100  μg/kg), reported to induce m alaise, activates a discrete 
population of N T S /A P  neurons a n ato m ica lly  d istinct from  the  
pupulation of N TS /A P  neurons activated by lower, satiety-producing  
doses. Rats (n=3-5/group) w ere  injected IP with e ither 0, 1, 3, 6, 
10 or 100  μ g/kg of C C K -8 -S . O ne  hour later, anim als w ere  
a n e s th e tiz e d  and  ne u ra l tis su e  w as  fix ed  for su b se q u e n t 
im m unohistochem ical visualization of the proto-oncogene C -fos using 
a com m ercially ava ilab le  antibody (C am bridge ). Sections at four 
levels of the N T S /A P  w ere  digitally m apped to both num erically  
quantify and anatomically localize the populations of neurons activated 
by each dose. The resultant dose-response curve for cell number is 
presented below.
Dose μg/kg NTS Cells AP Cells
0 9 7 + /-1 6 1 2+ /- 3
1 177 +/- 14 31 +/- 17
3 481 +/- 26 125 +/- 30
6 496 +/-32 142+/- 35
10 519 +/- 54 150 +/- 46
100 602 +/- 46 224 +/- 55
Currently, this data is being further analyzed for statistical 
differences in the locations of these cells as a function of dose of CCK. 
Supported by: M H 47 18 9  (PLF)

10.8
INSULIN DOES NOT INCREASE GLUCAGON’S POTENCY TO REDUCE MEAL 
SIZE IN SPONTANEOUSLY FEEDING RATS. Nori Geary* , Lori Asarian, and 
Wolfgang Langhans. Bourne Behavioral Research Laboratory, New York 
Hospital-Cornell Medical Center, White Plains, NY 10605.

Glucagon [GL] appears to be part of the physiological control of meal size 
[MS], but the physiological mechanism(s) of its satiating action is unknown. 
Because GL potently stimulates insulin [IN] secretion, Weick and Ritter 
(Physiol. Behav. 38:531, 1986) hypothesized that IN may mediate GL satiety. 
To test this hypothesis we determined whether IN co-infusion increases GL’s 
satiating potency. Ad libitum-fed male rats with chronic hepatic portal 
cannulae were infused (34μ l/m in) via remote control with control solution, GL, 
IN, or both GL + IN during the first spontaneous meal of the dark phase, 
either simultaneously [SIM, 2 min] or sequentially [SEQ, 2 min GL then 3 min 
IN]. Spontaneous feeding was measured by a computerized system. IN 
alone did not reliably affect feeding, and IN did not increase the satiating 
potency of near-threshold (1.3 μ g) or suprathreshold (13 μ g) GL doses (Table). 
Neither GL nor IN affected feeding after the first meal (not shown).

Control G I G + I
g 13-ll.3 SIM 2.4 ±  0.2 1.7 ±  0.3* 2.5 ± 0.4 1.7 ± 0.3*
0 13-l2.7 SEQ 2.2 ±  0.3 1.6 ±  0 .2* 1.9 ± 0.3 2.4 ± 0.4
G1.3-l1,3 SIM 1.9 ± 0.2 2.0 ± 0.2 1.6 ± 0.2 2.1 ± 0.2
G 1,3-l2.7 SEQ 2.4 ± 0.2 2.4 ± 0.4 3.3 ± 0.8 2.1 ± 0.3

Data are MS (g, m ±  sem); subscripts are doses: GL, μ g/meal;
IN, mU/meal. *Less than control, p < 0.05.

IN’s failure to increase GL’s satiating action indicates (a) that IN and GL do 
not act synergistically to control MS and (b) that IN does not mediate GL’s 
satiating effect. Support: NIH MH51135 (NG); ETH Zurich (WL).

1 0 .9 10.10
Central GLP-1 7-36NH2 in the control of temperature and food 
INTAKE. D.B.O’Shea*, K. Meeran. I. Gunn. M .Turton, X. Chen2, J.Herbert2
and S.R.Bloom. Division of Endocrinology, Hammersmith Hospital, London 
W12 OHS. U.K and 2Department of Anatomy, Cambridge University, 
Cambridge UK.

Glucagon-like peptide-1 7-36NH2 (GLP-1) is localised to areas of the brain 
involved in the control of feeding and temperature regulation such as the 
hypothalamus. It supresses feeding in a dose dependant fashion after 
intracerebroventricular (ICV) injection and activates a distinct population of 
neurons within the paraventricular nucleus of the hypothalamus (PVN) and 
central nucleus of the amygdala. Using a GLP-1 peptide antagonist, exendin 
9-39, isolated from the venom of the Gila monster, we have shown a 
physiological role for endogenous GLP-1 in the control of food intake. Using 
immunohistochemistry for c-fos protein we have determined the pattern of 
neuronal activation in response to exendin alone and co-administration of 
exendin and GLP-1 ICV. Administration of exendin (100μg) to satieted 
animals significantly increases food intake over 2 hours (p <  .01) but does not 
induce expression of c-fos. Prior administration of exendin (100μg) blocks the 
expression of c-fos seen in response to ICV GLP-1 (3μg). Co-administration 
of exendin (100μg) and neuropeptide-Y (3μg) increased food intake from 2.6 
± 0  3 grams in the NPY alone group to 3.4 ±  0.4grams in the group given 
NPY and exendin(p< .01). This supports an interaction between these two 
peptide systems in the control of feeding. In response to ICV GLP-l(10μg), 
a decrease in temperature from baseline of 38.1 ±  0.1 to 37.3 ±  0.1 degrees 
over the two hours following ICV injection to freely moving animals 
(p<0.05). This data would support a role for GLP-1 central control of food 
intake and temperature regulation.

P ATTERNS OF BASELINE M A C R O N U TR IE N T  SELE C TIO N  ARE 
UNCHANG ED A FTE R  G ALANIN, NPY, O R  O V E R N IG H T  FAST. 
B.K. Smith*, H.-R. Berthoud. D.A. York and G.A. Bray. Pennington Biomedical 
Research Center, Louisiana State University, Baton Rouge, LA 70808-4124.
The concept of separate neural mechanisms controlling macronutrient (MN) 

selection relies mainly on behavioral evidence that hypothalamic injections of 
the neuropeptides galanin and NPY predominantly stimulate fat and 
carbohydrate (carb) intake, respectively. Since rats display distinct and stable 
preferences when allowed to self-select among pure macronutrient diets, we 
investigated whether individual preferences could be modified by these two 
peptides or by fasting. Male SD rats were grouped by preference based on the 
ratio of average baseline fat:carb intake and implanted with guide cannulas 
aimed at the PVN. Each rat received saline, galanin (300 pmol) or NPY (78 
pmol) in counterbalanced order and 60 min. food intake was measured. At the 
end of testing, the effect of an overnight fast on MN selection was assessed. 
Proportions of MN’s (% energy) selected after fasting were not different from

Baseline Fasting Saline Galanin NPY
Carb-preferring C 6 3 ± 7 62 + 17 8 5 ± 8 92 + 5 94 + 3

(n=3) F 2 2 ± 7 3 6 ± 1 7 1 0 ± 1 0 8 + 5 6 + 3
P 1 5 ± 3 2 ±  1 5 + 4 0 0

Fat-preferring C 21 ± 3 27 + 5 2 8 ± 8 5 0 ± 14 4 7 ± 12
(n=8) F 63 + 4 6 9 ± 6 65±  10 4 8 ± 13 5 0 ± 11

P 16 ±  2 4 ±  2 7 ±  4 2 ± 1 3 ± 1
sumed as fat or carbohydrate was unchanged from saline control by either 
galanin or NPY. These data suggest a dominant influence of individual 
preference on the component of hypothalamic control of macronutrient 
selection attributed to galanin and NPY. (Supported by NIH-DK32089).

Society for Neuroscience, Volume 21, 1995



SUNDAY AM INGESTIVE BEHAVIOR—PEPTIDES 9

10.11
E S T R A D IO L  IN H IB IT S  T H E  IN C R E A S E  O F  H Y P O T H A L A M IC  
N E U R O P E P T ID E  Y  m R N A  E X P R E S S IO N  IN D U C E D  B Y  W E IG H T  
L O S S  IN O V A R IE C T O M IZ E D  R A T S . D .G . B a s k in * , B .J. N orw ood . 
M .W . S chw artz  and  D .J. K o e rke r. V . A. M edica l C en ter, S eattle , W A  
9 8 1 0 8 , and Depts . M edicine , B iological S tructure , and Physiology & 
Biophysics, Univ. W ashington School of M edicine, S eattle , W A  9 81 95  

A norex ia  and w eigh t loss produced by estradio l (E 2 ) m ay involve  
altered expression of neuropeptide Y  (N P Y ) in the hypothalam us. W e  
tested this hypothesis in ovariectom ized  (O V X ) rats by replacing E2 at 
proestrous levels for 3  days and m easuring  N P Y  m R N A  in the arcuate  
nucleus (A R C ) by in situ hybrid ization . E 2 -d e fic ien t ad  lib fed rats  
(N = 1 0 ) increased  body w eigh t (p < -0 2 ) and  food intake (p < .0 5 ), and  
show ed low er A R C  N P Y  m R N A  (p < .0 1 ), com pared  to E 2-rep laced  ad 
lib fed rats (N = 1 2 ). S in ce  w e ig h t loss increases  A R C  N P Y  m R N A  
levels, the contribution of w eigh t loss to A R C  N P Y  m R N A  expression  
w a s  e q u a lize d  by pa ir feed ing  E 2 -d e fic ien t rats (N = 1 0 ) to the  E 2- 
rep laced  ad lib fed group, resulting in equ iva len t w eigh t loss in both 
groups com pared to the E2-defic ient ad lib fed rats (p < .05 ). W hile  A R C  
N P Y  m R N A  levels  w ere  e le v a ted  in both E 2-rep la ce d  ad  lib fed rats  
and E 2-defic ient pair fed rats (which both lost w eight) com pared  to free  
feed ing  E 2 -d e fic ien t rats  (w hich g a in ed  w eig h t), this increase  w as  
attenuated  by 3 2 %  in rats that rece ived  E2 (p < .0 5 ). E 2  rep lacem ent 
also a ttenuated  by 5 0 %  (p < .0 1 ) the  e levation  of A R C  N P Y  m R N A  
levels  associa ted  w ith w eigh t loss produced by a  2 -d a y  fast (N = 1 2 ), 
com pared  to E 2  defic iency (N = 1 5 ). Th u s  E 2  re p la c em e n t indirectly  
e levates  A R C  N P Y  m R N A  levels in O V X  rats as a  result of w eight loss. 
H ow ever, the com pensatory  increase  in leve ls  of A R C  N P Y  m R N A  
during w eigh t loss is a lso a ttenuated  by E 2 . T h e re fo re , w hen  E 2 is 
adm inistered to O V X  rats, reduced N P Y  m R N A  expression in the A R C  
is unlikely to be a  prim ary cause of w eight loss, a lthough it m ay con
tribute to the m aintenance of reduced food intake and body weight.

10 .1 3

N EU R O PEPTID E Y, N E U R O T E N S IN  A N D  F O O D  IN TA K E IN  
M SG -TREATED  RATS. B. Beck*, A. S tric k e r-K ro n g ra d , A. B urle t,
an d  C. Burlet. INSERM U.308 - 38, m e  L ionnois - F-54000 N AN CY  .

N eu ro p ep tid e  Y (NPY) s tim u la tes  a n d  n eu ro ten s in  (NT) inhib its  
food in tak e  w h en  in jec ted  in  d iffe re n t b ra in  nuc le i. T hey a re  
fo u n d  in several b ra in  area s  a n d  m ore  p a rticu la rly  in the  arcua te  
n u c le u s  (A R C ). N e u ro n s  in  th e  c i r c u m v e n tr ic u la r  o rg a n s  
in c lu d in g  ARC are  severe ly  d am ag ed  by  m o n o so d iu m  g lu tam a te  
(M SG) in jected  in n ew b o rn  ra ts. H o w ev er, feed in g  b eh a v io r of 
th e se  ra ts  is o n ly  s lig h t ly  m o d if ie d  re la tiv e  to  th e  la rg e  
neuro tox ic ity  of MSG. The a im  of th is s tu d y  w as to  de te rm in e  the 
co n tr ib u tio n s  of N PY  a n d  N T in the  feed in g  b eh a v io r  of ra ts  
in jected  w ith  MSG (4 m g /k g  BW) 3, 5 a n d  7 d ays  after b irth . Food 
in take  (FI) an d  p ep tid e s  w ere  m e asu red  in  y o u n g  an d  a d u lt rats. 
Y oung contro l (C) an d  M SG -treated  ra ts  ingested  s im ilar quan tities 
(abou t 11 g /d a y  ; N.S.). A d u lt C ra ts  a te  s ign ifican tly  m o re  than  
the ir MSG co u n te rp a rts  (+11.4%; p<0.01). N PY  in  y o u n g  a n d  ad u lt 
M SG -rats w as significantly  low er than  in  C ra ts  in  the ARC an d  in 
the  p a ra v e n tr ic u la r  n u c leu s  (40 to 50% ; p<0.001). N T  w as also 
la rgely  lo w er in MSG ra ts  than  in C ra ts  in  th e  ARC (60 to  75%; 
p<0.001). It w as also decreased  in the v en tra l tegm en ta l a rea (-44%; 
p<0.05) w h ere  it is b io logica lly  active. T he s im u ltan e o u s  decrease 
of s tim u la to ry  an d  inh ib ito ry  n e u ro p ep tid e s  w as associa ted  w ith  a 
qu ite  no rm al food in take. This suggests  the es tab lishm en t of a new  
balance be tw een  these p ep tid e s  to  m a in ta in  a su fficien t in take  for 
su rv ival and  g row th . S up p o rted  by In s titu t B. D elessert (Paris).

10.12
NPY's OREXIGENIC EFFECT IS ACCOMPANIED BY DECREASED 
NEED-INDUCED SODIUM INTAKE AND INCREASED PICA. L.J.
Madden. R.J. Seeley. and S.C. Woods*. Depts. of Behavioral Neuroscience 
and Psychology, University of Washington, Seattle, WA. 98195.

Although, NPY increases food intake, it also produces conditioned taste 
aversions. We therefore determined NPY's effects on two other measures 
sensitive to malaise in the rat, pica and sodium intake. In experiment 1, 
Long-Evans were trained to consume Ensure for 30 min. at the same time 
each day and ad lib access to chow at all other times. Animals had 
continuous access to water and kaolin pellets. Animals received 9.5 μg/2μl of 
NPY or saline (2μl) into the 3rd ventricle on alternate days just before access 
to the Ensure. There was a significant increase in both 30 min. meal size and 
kaolin consumption after NPY administration relative to saline. In a second 
experiment, rats were given IM injections of either saline or furosemide, and 
then given sodium deficient chow for 24 h. to produce sodium depletion. 
Sodium deplete and sodium replete animals were then assigned to one of two 
conditions receiving saline or NPY (9.5μg/2μl) into the 3rd ventricle. All 
animals were then given 2 hr. access to NaCl solution (0.5M). Following the 
sodium intake test, animals were given sodium deficient chow and intakes 
were measured after 1 hr. There was a significant increase in meal size and a 
significant decrease in sodium intake in sodium deplete animals given NPY 
compared to saline. These results support the hypothesis that NPY produces 
malaise in addition to stimulating food intake.

Support by DK 17844 (SCW) AA-07455
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EFFECTS O F O PIOID A NTAG O NISTS O N  NEU ROPEPTID E Y- 
IN DU CED  FEED IN G  AND D ISCRIM IN A TIV E STIM ULUS 
EFFECTS IN PIG EO N S. D .C. Jew ett*, and J.H . W oods. D epartm ent 
o f Pharm acology; U niversity o f M ichigan, A nn A rbor, M I 48109-0632.

Opioid antagonists reduce N PY -induced feeding in a variety o f species. 
The effects o f receptor selective opioid antagonists were studied in 
pigeons following intraventricular (i.e.v.) adm inistration o f  10 μ g NPY. 
CTAP, a highly selective m u receptor antagonist delivered i.e.v., 
elim inated the effects o f N PY  on food intake w hen 100 ng was 
adm inistered 15 min before NPY  adm inistration. Sm aller doses (10-32 
ng) had intermediate effects. Naltrindole also elim inated N PY-induced 
feeding, but only at doses that also antagonize mu-opioid-receptor 
mediated behavioral effects. Pretreatm ent w ith nor-binaltorphimine (NBI; 
1 mg/kg, i.m .), a kappa selective opioid antagonist in pigeons, did not 
decrease NPY -induced feeding up to 16 days after adm inistration; the 
tim e when NBI's effects on kappa-opioid-receptor-m ediated effects in 
pigeons is maximal. O ther pigeons w ere trained to discrim inate NPY (10 
μ g, i.e.v.) from  saline in a tw o-key operant procedure. The Y l receptor 
agonist, [Leu31, Pro34] NPY , and Peptide YY w ere equipotent to NPY, 
whereas the Y2 agonist NPY 13-36 did not engender NPY-appropriate 
behavior. The opioid antagonist naltrexone (1-18 m g/kg, i.m .) did not 
alter the potency of NPY in producing its discrim inative stim ulus effect. 
These findings suggest N PY 's discrim inative stim ulus effects are 
mediated through the Yl receptor type. Opioids m odulate NPY-induced 
feeding through the mu receptor, but opioid receptor function may not 
m odulate NPY's discrim inative stim ulus effects in pigeons. Supported by 
U SPHS G rants D A  05622, DA 00254, and D A  07268.

ACETYLCHOLINE RECEPTOR: NICOTINIC I

11.1

PH E N C Y C L ID IN E  B IN DIN G  S IT E  O N  T H E  A C ETY LC H O LIN E 
R E C E P T O R . V .A. Eterovic . A .E. Eakin1. P .A . Ferchm in and R. Lu '. 
Ctr Mol Behav Neurosci and Dept. Biochem., U.C. del Caribe, 
Bayamon, PR 00960; 1Dept. Biochem., U. Puerto Rico MSC.

Phencyclidine (PCP) inhibits the nicotinic acetylcholine receptor 
(AChR) from  Torpedo electric organ with sixty fold higher potency 
than the receptor from mouse muscle. W e hypothesized that PCP binds 
to the position 6 ’ o f transm em brane segm ents M2 and that the affinity 
difference between receptors is due to tw o am ino acid substitutions on 
the ß and γ  subunits, respectively. To test this hypothesis, six hybrid 
Torpedo/ mouse receptors w ere expressed in X. laevis oocytes and 
studied w ith voltage-clam p. PC P potency was higher on hybrids 
containing Torpedo ß and γ  subunits than on hybrids containing mouse 
ß and γ  subunits, irrespective o f the α  and δ subunits origin. A mouse 
receptor containing γARg6*SER mutation, was inhibited by PCP with seven 
fold higher potency than the native m uscle AChR. A hybrid containing 
the m utant mouse 7 -subunit and Torpedo α , ß , and δ subunits, 
exhibited an IC30% for PCP sim ilar to that obtained w ith native Torpedo 
receptor. Therefore, as far as the affinity for PCP is concerned, muscle 
7 arg6-ser subunit behaves as the electric organ 7 -subunit. These results 
strongly support the hypothesis that PCP establishes a polar bond with 
the am ino acid at the position 6 ’ o f the 7  M2 segm ent. Supported by 
N SF-EPSCoR, N IH -RCM I and MBRS.

11.2
LEU CIN E M U T A T IO N S  A T TH E 9' A N D  16' PO SIT IO N S  O F  
M 2 IN  nA C hR  C H A N G E  C H A N N E L  G A T IN G . H. Zhang*, C. 
L abarca, P. D esh p an d e  a n d  H . A. Lester. D ivision of B iology 156- 
29, C altech, P asadena, C A  91125.

M utation  of a  leucine re s id u e  a t app ro x im ate ly  the m id p o in t of 
the M 2 d o m a in  (9') of the  nA C hR  to severa l o the r re s id u e s  
p ro d u ces  a le ftw ard  sh ift in the do se-resp o n se  relation  for A C h. 
W e expressed  m ouse  nA C hR  w ith  v ary ing  n u m b ers  of L eu 9 'S er 
m u ta te d  su b u n its  in  Xenopus oocytes. The d o se -re sp o n se  
relation  sh ifted  to  the  left by  ab o u t ten -fo ld  for each m u ta tion . In 
single- channel reco rd in g s  from  o u ts id e -o u t pa tches in  
sym m etrical KC1 a n d  in the  p resence  of A Ch, m u ta te d  re c e p to rs  
h ad  longer open  tim es a n d  sh o rte r  c losed  tim es than  the  w ild  
type. T hese effects inc reased  w ith  the  n u m b e r of m u ta te d  
subun its . In ad d itio n , the re  w ere  m o re  sp o n tan eo u s  o p e n in g s  
than  for w ild  type  recep to rs. These changes in  m ic ro sc o p ic  
gating  la rgely  acco u n ted  for the  observed  changes in  
m acroscop ic EC50 values.

A m ino ac ids a t po s itio n  16' of M 2 a re  also  conserved  (Leu in  
m uscle a ,  (5, 5 an d  n eu ro n a l subu n its ; P he  in  m uscle γ  su b u n its ) . 
L e u l6'Ser m u ta tio n s  in  the  m o u se  m usc le  rece p to r sh ifted  th e  
dose-response  cu rve  to the  left. In  con tras t to  the 9' m u ta tions, th e  
effect on the  EC50 values w as n o t m u ltip lica tiv e  w hen  m ore  th an  
one su b u n it w as m u ta te d ; the  va lu es  in  these cases w ere  a lw ays 
in term ed ia te . The P h e l6'Ser m u ta tio n  in  the  7 su b u n it d id  n o t 
decrease the EC50 a n d  m ark ed ly  accele ra ted  desensitiza tion . T h e  
role of position  16' in  ga ting  is im p o rta n t b u t d iffe ren t from  th a t 
of position  9'. S uppo rt: N IN D S, CA TRDRP.

So c ie t y  for  N eu ro sc ie n c e , V o lu m e  21, 1995
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1 1 .3
STRUCTURAL DETERMINANTS OF SELECTIVITY FOR α -CONOTOXINS AT 
FISH AND MAMMALIAN nAChR. W.R.Gray 1*, S.J.Palmieri1, D.J.Christensen2, 
D.R.Groebe3 & S.N.-NAhramson3  1Dept Biology, Univ. Utah, Salt Lake City, UT 
84112; 2Dept Chemistry, Texas A&M Univ., College Station, TX 77843; 3Dept 
Pharmacology, Univ. Pittsburgh, Pittsburgh, PA 15261.

α -Conotoxins from fish-hunting snails block the nAChR with high affinity. They 
vary with regard both to their phylogenetic selectivity (fish vs mice), and to the. 
magnitude of their selectivity for the α /δ vs α /γ acetylcholine binding sites on a 
single receptor. A critical region of the molecule includes residues 9 & 10 (GI 
numbering), natural variants of which include SI (Pro.Lys) and GI (Arg.His), and MI 
(Lys.Asn).

Synthetic variants with substitutions at these positions have been evaluated for their 
ability to (i) paralyze skeletal muscle in fish and mice, and (ii) compete with 125I-α - 
bungarotoxin for binding to the α /δ and a/y  sites of mouse receptors expressed in 
BC3H-1 cells.

The single substitution of Lys for Pro in SI [P9K] results in an approximately 450- 
fold increase in affinity for the a/b  (high affinity) site in mouse nAChR, while 
having relatively little effect at the low affinity α /γ site (less than two-fold increase). 
This change is reflected directly in the in vivo bioactivity. In mice SI [P9K] is highly 
toxic, comparable to GI and MI, whereas SI itself is several hundred-fold less potent.

Change at residue 10 of SI has less dramatic effects. Substitution of the positively 
charged Lys with either His or Asn (K10H) or K10N) causes a relatively small 
decrease in affinity for both the α/δ and α /δ sites, and a corresponding slight decrease 
in potency in the mouse bioassay. No effect was observed upon i.p. injection of 200 
nmol of SI[K10N], whereas 250 pmol of SI[P9K] was lethal. Activity in fish is 
almost unaffected by any of the above changes.

Solution structures of several of these variants are being investigated by 2D NMR. 
Excellent spectra have been obtained at 500 MHz; it is anticipated that detailed 
conformations will provide further insight into the relationship between structure and 
selectivity.

1 1 .5

D ISTIN CT C a 2 +  PERM EABILITY O F  T H E  AD ULT AND FETAL 
ACETYLCHOLINE RECEPTO R FROM  RAT M USCLE 
A. V illarroel* a n d  B . S a k m a n n . M ax P la n ck  In s t i tu t  fü r m ed iz in isc h e  
F o r s c h u n g ,  A b te i lu n g  Z e llp h y s io lo g ie , J a h n s t r .  2 9  D -6 9 1 2 0
H eide lberg

T h e  c a lc iu m  p e rm e a b ility  o f m u sc le  a c e ty lch o lin e  re c e p to rs  
(AChR), m e a s u r e d  in  in ta c t  fro g  m u sc le ,  in  c o n t r a s t  to  t h a t  o f 
n e u ro n a l  rec e p to rs , is  k n o w n  to  b e  low. By u s in g  th e  liquid-fl la m e n t 
f a s t  a p p lic a tio n  te c h n iq u e  th e  C a 2+ p e rm e a b il ity  o f th e  fe ta l (αβγδ) 
a n d  a d u l t  fo rm  (αβεδ) o f r e c o m b in a n t  r a t  m u s c le  A C h R s w a s  
d e te rm in e d .  R e v e rsa l p o te n t ia l s  w e re  m e a s u r e d  in  o u ts id e -o u t  
p a tc h e s  iso la te d  fro m  oo cy tes , w h ic h  e x p re s s  e ith e r  th e  a d u l t  o r  th e  
fe ta l A C hR  form , a n d  from  m y o b alls . T h e  p ip e tte  so lu t io n  c o n ta in e d  
100 m M  C sC l a n d  10 mM  BAPTA. T h e  tw o  e x tr a c e l lu la r  s o lu t io n s  
c o n ta in e d  e ith e r  100 m M  C sC l a n d  1 m M  C aC l2 , o r  100  mM  C aC l2 
a lo n e . T h e  b u ffe r  w a s  10 mM  H e p e s -C a  o r  H e p e s-C s , pH  7 .2 . T h e  
s h if t  in  th e  rev e rsa l p o te n tia l  u p o n  e x c h an g e  from  th e  C s + to  C a 2+ 
so lu t io n s  w a s  -2 4 .9  ± 2 .0  m V (n=14) for th e  fe ta l re c e p to r  a n d  -7 .6  ±
0 .9  m V (n=13) fo r th e  a d u l t  re c e p to r.  C o n s is te n t  w ith  th e i r  h ig h e r  
C a2+ p e rm e a b il i ty  th e  a d u l t  ty p e  r e c e p to r  a ls o  h a d  a  l a rg e r  
c o n d u c ta n c e  in  100 m M  C a, s u g g e s t in g  t h a t  i t  c a n  s u s ta in  a  la rg e r  
f ra c tio n a l  C a 2+ flow. A s im ila r  r e v e rs a l  p o te n t ia l  fo r  C a 2+ w a s  
m e a s u re d  in  n a tiv e  fe ta l ty p e  A C hR  from  m y o b a lls  (-2 2 .6 ± 1 .3  n = 8). 
T h e s e  r e s u l ts  s u g g e s t  t h a t  th e  a m o u n t  o f  C a 2+ t h a t  e n te r s  th e  
m u sc le  th ro u g h  e n d p la te  A C hR s is  la rg e r  in  th e  a d u l t  t h a n  in  th e  
fe ta l m u sc le .

1 1 .7

THE NEURONAL NICOTINIC ACETYLCHOLINE RECEPTOR α 3 
SUBUNIT PROMOTER REGION DIRECTS NEURON-SPECIFIC 
EXPRESSION IN TRANSGENIC MICE
Xiangdong Yang*. Fei Yang. Dmitry Fyodorov. Karl Herru p and Evan Deneris. Depts. 
Neuroscience and Neurology, Case Western Reserve University, Cleveland, OH 44106.

Three neuronal nicotinic acetylcholine receptor subunit genes are clustered in 
the order β4, α3, α5 within the avian and mammalian genomes. A 2.8kb 
fragment (-2770/+47) containing the α3 promoter region and a small portion of 
the β4 3'UTR, has strong activity in PCI 2 cells but is significantly weaker in 
several non-neural cell lines. Preliminary deletion analyses suggest that in 
addition to the a3 promoter, a positive element positioned within the β4 
3'UTR contributes to the activity of the fragment. To investigate the cell- 
type specific activity of -2770/+47 in vivo, we have generated transgenic 
mouse lines carrying a lacZ gene downstream of these sequences. In three 
mouse lines examined, the lacZ transgene is expressed in neurons of the central 
and peripheral nervous systems. Outside the nervous system, lacZ expression 
is detected only in the epididymis. Weak to moderate expression is detected 
in many but not all of the neuronal cell types that express the endogenous α3 
gene. These include neurons of the superior cervical ganglion, locus coeruleus, 
trigeminal motor nucleus, thalamus, and ganglion cell layer of the retina. 
Weak expression of lacZ is detected in the dorsal portion of the medialie 
habenula, which expresses the endogenous β4 gene. In any one nucleus, 
transgene expression is heterogeneous. Glial cells are negative and, of the 
neurons, only a subset is positive. Our results suggest that neuron-specific 
elements are positioned between the α3 and β4 protein-codińg regions and 
that these sequences are important for establishing part of the restricted 
pattern of o3 gene transcription in the nervous system.

1 1 .4
FOLDING OF THE ACETYLCHOLINE RECEPTOR a  SUBUNIT IN VITRO. 
S.S.S h tro m  and, Z .W .Hall*#. Department of Biochemistry and Biophysics, 
University of California. San Francisco. CA 94143 and # Office of the Director. 
NINDS. Bethesda, MD 20892

The muscle acetylcholine receptor is the best characterized member of the ligand-
gated ion channel superfamily. The mature channel is a pentamer. composed of four 
homologous subunits in a stoichiometry of α2βγδ. The a  subunit is essential for 
ligand-binding and receptor assembly. The ordered assembly pathway begins with 
the folding of the a  subunit into a mature conformation and is followed by αδ and 
αγ heterodimer formation. These heterodimers associate with the β subunit to form 
trimers from which the mature channel is assembled.

Because of the pivotal role of the a  subunit in the assembly of the acetylcholine 
receptor, we have attempted to define the requirements for the maturation process of 
this polypeptide. Data from in vivo studies suggest that the processing of the a  
subunit takes place in the ER and includes translocation into the membrane, signal 
sequence cleavage. core glycosylation. and intramolecular folding into the native 
conformation competent for assembly. We have utilized a cell-free expression 
system consisting of the rabbit reticulocyte lysate and ER-derived microsomes from 
the dog pancreas to study the processing of the α  subunit in detail. We assess the 
folded stale of the a  subunit by its ability to bind α -bungarotoxin (BTX). In this 
cell-free system. the folding efficiency is approximately 15%. As has been reported 
in the in vivo studies. we observe a lag in time between the synthesis of the a 
nascent polypeptide and the formation of the folded protein. Furthermore, we 
demonstrate that acquisition of BTX-binding is highly dependent on the redox 
potential of the environment. suggesting that disulfide bond formation may be a 
critical step in the maturation pathway. Consistent with this notion, a mutated form 
of the a  subunit in which two of the four cysteine residues in the extracellular region 
of the protein have been changed to serines is folded more efficiently than the 
wildtype a  subunit. We further show that the BTX-binding form of the a  subunit 
has sedimentation properties consistent with it being a monomer. Finally. we 
provide evidence that folding of the a  protein requires core glycosylation, but is not 
dependent on oligosaccharide trimming. We are currently investigating the ability of 
the folded α  and δ subunits to form hetcrodimcrs.

11.6
IDENTIFICATION OF DNA SEQUENCES W ITHIN TH E NICOTINIC 
A C ETY LC H O LIN E R E C E PT O R  5-SUBUNIT PR O M O TE R  THAT 
C O N FE R  M U S C L E -S P E C IF IC  AND A C T IV IT Y -D E P E N D E N T  
EXPRESSION ON A HETEROLOGOUS PROM OTER. D W. Walke*. G.Z. 
Xiao. and D. Goldman. Dept. of Biological Chemistry, Mental Health Research 
Inst., University of Michigan, Ann Arbor, MI 48109.

The muscle nicotinic acetylcholine receptor (nAChR) genes are specifically 
expressed in muscle tissue and regulated by muscle depolarization. For the 
nAChR 5-subunit gene, this tissue-specific and activity-dependent expression is 
mediated by elements residing within a 102 bp region just upstream of the 
transcriptional start site. This region of DNA contains a myogenic factor binding 
site (E-box), which has been identified as necessary for activity-dependent and 
muscle-specific expression (J. Tang, et al., Development 120:1799-1804, 1994; 
A.M. Simon and S.J. Burden, Mol. Cell. Biol. 13(9):5133-5140). However, 
many muscle-specific genes contain functional E-boxes but are not regulated by 
muscle activity. In addition, there are genes that contain E-boxes in their 
promoters yet are not expressed in muscle. Therefore, it is likely that other DNA 
sequences, in addition to the E-box, are required to impart muscle-specific and 
activity-dependent regulation on the 5-promoter.

We have begun to identify these additional elements by using sequences from 
the 5-promoter to confer muscle-specific and activity-dependent regulation on the 
minimal enkephalin promoter, which is not normally expressed in muscle or 
regulated by muscle activity. Using this strategy we were able to identify a 50 bp 
DNA sequence in the 5-promoter that is necessary and sufficient for conferring 
muscle-specific and activity-dependent regulation on the minimal enkephalin 
promoter. DNA footprinting and mutagenesis studies have further defined 
important residues within the 5-promoter DNA sequence necessary for imparting 
this tissue-specific and activity-dependent pattern of gene expression.
(This work was supported by grants from the NIH and MDA).

11.8
RADIOLABELED EPIBATIDINE: PROMISING LIGAND FOR IN  VIVO 
IMAGING OF CENTRAL NICOTINIC ACETYLCHOLINE RECEPTORS.
A.S. Kimes1*. U. Scheffel2, K.J. Kellar3, and E .D. London1,2, 1Div. Intramural 
Research, National Institute on Drug Abuse, and 2Johns Hopkins Medical 
Institutions, Baltimore, MD, 3Georgetown Univ. Sch. Med., Washington, D.C.

In vivo imaging the nicotinic acetylcholine receptor (nAChR) in brain has been 
hampered by the lack of a suitable radioligand. The availability of an agent to 
image these receptors would allow monitoring the progression of changes in this 
receptor in a variety of neuropathological states, such as Alzheimer’s Disease, in 
which this receptor is known to change. Recent in vitro studies have identified 
epibatidine, an extract of frog skin that produces antinociception, as an extremely 
potent and selective ligand for nAChRs (B. Badio & J.W. Daly, Mol. Pharmacol 
45:563, 1994). [3H]Epibatidine (EB) binds to 2 sites in rat forbrain with Kd values 
of approximately 12 and 200 pM (Houghtling et al., Med Chem. Res. 4:538, 1994).

In studies designed to assess the feasibility of using radiolabeled epibatidine or an 
analogue of this ligand to image nAChRs, mice received injections of 1 μCi EB, 
(specific activity 56.5 Ci/mmol) by tail vein. The peak uptake of radioactivity, 
which was 11.5% injected dose/g (% ID/g) brain, occurred at 30 min and declined to
4.2 % ID/g at 4 h. The regional distribution of the uptake paralleled the densities of 
nAChRs determined by in vitro assays. At all time points assayed, uptake was 
greatest in thalamus and superior colliculus, intermediate in hippocampal and 
cortical areas and least in cerebellum. The uptake of EB in the thalamus was 
reduced from 26.2 to 7.4 % ID/g by pretreatment with 5 pg/kg unlabeled 
epibatidine. Similar reductions in EB uptake were observed after pretreatment with 
5 mg/kg /-nicotine (6.0 % ID) and 4.5 mg/kg cytisine (6.5 % ID/g). Lobeline and d- 
nicotine reduced EB uptake to 12.9 and 12.7 % ID/g, respectively.

These data suggest that radiolabeled analogues of epibatidine are very promising 
candidates as in vivo labels for nAChr.

So c ie ty  for  N e u ro sc ie n c e , V o lu m e  21, 1995
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NICOTINIC ACETYLCHOLINE RECEPTOR AUTORADIOGRAPHY AND IN 
SITU HYBRIDIZATION OF mRNA FOR a 4  AND a 7  SUBUNITS; EXPRESSION  
DURING POSTNATAL DEVELOPMENT OF RAT BRAIN. H.K. Happe. D. R. 
Cerutis*, L.C. Murrin and B.J. Morley. Neurochemistry, Boys Town National 
Research Hospital, Omaha, NE 68131.

Both types of pharmacologically defined nicotinic acetylcholine receptors, 
high-affinity agonist binding sites (HAAnAChR) and α -bungarotoxin binding sites 
(BTXnAChR), are expressed in prenatal rat brain and may play a significant role 
in regulation of development. To explore a role for these receptors in late stages 
of development we examined postnatal expression of receptors in a number of 
brain regions by autoradiography using the agonist [3H]cytisine and [125l]-a- 
bungarotoxin as ligands. W e also used in situ hybridization with [35S]-riboprobes 
for α 4 subunits (associated with HAAnAChRs) and a 7  subunits (associated with 
BTXnAChRs). Both receptor types show region specific temporal development. 
Early in postnatal development BTXnAChRs and α 7 mRNA have an adult pattern 
of distribution, except in neocortex where an early band of expression in layer IV 
later expands to include layers V  and VI in adults. Expression of a 7  mRNA 
above adult levels peaks at about day 10 for most brain regions. BTXnAChR 
loss after day 10 is less pronounced. The HAAnAChR and a 4  mRNA have adult 
distribution and slightly higher levels early in postnatal development. Both 
receptor and subunit mRNA levels show only small changes during late stages 
of postnatal development. Our results demonstrate a7  mRNA and BTXnAChRs 
undergo similar developmental changes, as does a 4  mRNA and HAAnAChRs. 
Peak expression of a 7  mRNA at about day 10 indicates BTXnAChRs undergo 
significant regulatory changes during the primary period of synaptogenesis, while 
a4  subunits and HAAnAChRs are in place prior to the final stages of postnatal 
development.

11.10
SIB-1765F, A NOVEL NICOTINIC AGONIST: PROFILE IN MODELS OF 
EXTRAPYRAMIDAL MOTOR DYSFUNCTION. G.K. Lloyd*, T.S. Rao. 
A. Sacaan, R.T. Reid, L.D. Correa, K. Whelan. V. Risbrough and F.M. Menzaghi. 
SIBIA , La Jolla, CA 92037.

Neuronal nicotinic acetylcholine receptor (NAChR) agonists release dopamine 
and norepinephrine, have activity in several cognitive models (particularly those 
reflecting cortico-striatal function) and exhibit varied effects on motor activity. This 
profile suggests that NAChR agonists may have therapeutic potential in Parkinson’s 
disease and other disorders of extrapyramidal function. SIB-1765F is an NAChR 
agonist with preference for subtypes involved in dopamine release in rat brain (Rao 
et al., this meeting ) and displays marked motor stimulant properties (Menzaghi et 
al., this meeting). When studied in several models of motor dysfunction in the 
Sprague-Dawley rat, SIB-1765F (20 mg/kg, s.c.) showed greater efficacy than 
nicotine in attenuating haloperidol-induced hypokinesia and reserpine-induced 
hypoactivity and sedation. In the latter model the effects of SIB-1765F and L-DOPA 
(+benserazide) appeared to be synergistic. In rats with unilateral 6-OH dopamine 
lesions of the nigrostriatal tract, SIB-1765F (5-20 mg/kg, s.c.) induced ipsilateral 
rotations, consistent with a release of dopamine from the intact striatal terminals. 
These behavioral effects were blocked by mecamylamine, an antagonist of neuronal 
NAChRs.

11.11
GENDER DIFFERENCES IN NEURONAL NICOTINIC RECEPTORS AND THE 
EFFECTS OF CHRONIC NICOTINE ADMINISTRATION AND NICOTINE 
WITHDRAWAL IN RATS. S.Pӧgün, E. Koylu. S.Dcmirgӧren*, E. D. London. 
Center for Brain Researcli and Dept of Physiology. Egc Univ. Sch. of Med.. 
Bornova 35100 Izmir. Turkey. Intramural Research Program. NIDA Baltimore 
MD 21224

The psychoactivc effects of nicotine. the active ingredient of tobacco that 
causes addiction. are attributed to interactions al central nicotinic acetylcholine 
receptors (nAChRs). As available evidence suggests gender differences in addictive 
behavior and in cholinergic neurotransnussion. this study addressed whether gender 
influences the effects of chronic nicotine treatment and withdrawal on parameters of 
binding to nAChRs in brain. We previously observed that male rats. subjected to 
treatment with 3 mg/kg/day nicotine for 15 days. showed an increase in Bmax for 
[H-3]cytisine. a nicotinic receptor agonist that binds with high affinity, low rate of 
dissociation and low nonspecific binding in brain Furthermore, the apparent 
upregulation of nAChR persisted during a withdrawal period of 20 days. The 
present study was an extension of this earlier work. with a reduction in the dose of 
nicotine and a comparison of the effects in male and female rats.

Three-month-old Sprague Dawley rats received 0 6 mg/kg nicotine or saline 
s.c. once daily for 15 days Rats were sacrificed for assay of brain nAChR binding at 
1 day. 20 days and 50 days after termination of chronic treatment. Saturation 
studies of [H-3]cy tisine binding were performed in samples of whole brain minus 
cerebellum taken from animals in these chronic treatment groups as well as from 
naive rats that received no injections.

In naive animals as well as those that received chronic nicotine and saline 
treatments. the densities of neuronal nAChRs were higher in the brains of females 
than males. Furthermore. whereas chronic nicotine upregulated nAChRs in the 
male rats. this effect was not seen in females Receptor upregulation produced in the 
brains of male rats by chronic administration of 0.6 mg/kg nicotine per day was 
transient and no longer apparent 20 days alter cessation of nicotine administration.

These findings underscore the importance of gender differences in 
pharmacological responses. and they have implications for the design of treatments 
for smoking cessation

SUBCORTICAL VISUAL PATHWAYS I

l2.l
PROPERTIES OF GABAergic INHIBITION IN THE FERRET LGNd 
CONTRIBUTING TO THE GENERATION OF SYNCHRONIZED 
OSCILLATIONS M.V. Sánchez-Vives*, T. Bal and D.A. McCormick.
Sect. of Neurobiology, Yale University School of Medicine, 333 Cedar St.
New Haven, CT 06510.

Spontaneous spindle waves are generated in the ferret LGNd maintained in vitro 
and are transformed into a slow, “absence seizure-like” oscillation upon block of 
GABAa receptors with bicuculline (von Krosigk et al., Science 261: 361). Both 
spindle waves and the bicuculline-induced slow oscillation are generated by the 
activation of IPSPs in relay neurons, the occurrence of rebound bursts of action 
potentials, and the subsequent excitation of PGN cells, thus resulting in inhibition 
of relay neurons once again. Spindle waves rely upon the activation of GABAa 
receptors and the bicuculline-induced oscillations rely upon the activation of 
GABAb receptors for their generation. Here we investigated characteristics of 
inhibition between PGN and LGNd relay cells relevant to the generation of these 
two forms of network oscillation. Inhibition from PGN neurons onto relay neurons 
was studied: 1) during spontaneous spindling; 2) after electrical stimuli in the PGN 
and/or the optic radiation; and 3) after glutamate application in the PGN. Local 
application of bicuculline to relay cells blocked IPSPs occurring during spindling, 
indicating that these are mediated by GABAa receptors. Strong activation of PGN 
cells with glutamate or with electrical stimulation resulted in both a bicuculline- 
sensitive fast IPSP and a bicuculline-insensitive slow IPSP. When bicuculline was 
locally applied in the PGN, these evoked and spindle-wave associated IPSPs 
increased their amplitude and duration in association with increases in the intensity 
of burst discharges in PGN neurons.

Blockade of GABAa receptors results in disinhibition of PGN neurons from one- 
and-another, increases in intensity of PGN burst firing and enables activation of 
GABAb receptors on thalamic relay neurons. We suggest that this is a fundamental 
process contributing to the transformation of normal spindle waves into “absence 
seizure-like” oscillations.

12.2
A MECHANISM FOR THE WANING OF THALAMIC SPINDLE AND 

“ABSENCE SEIZURE-LIKE" OSCILLATIONS IN VITRO. T. Bal* and 
D.A. McCormick Section of Neurobiology, Yale Univ. Sch. Med., New 
Haven, CT 06510.

Spindle waves and bicuculline-induced slow oscillations, which resemble 
absence seizures, are generated in the ferret LGNd as an interaction 
between the GABAergic neurons of the perigeniculate and reticularis nuclei 
(PGN/nRt) and thalamocortical relay neurons (Bal et al. J. Physiol. 483.3; 
641-685). These synchronized oscillations “wax" (become stronger) and 
“wane” (gradually diminish) and are followed by a refractory period of 
several seconds. The refractory period in thalamic relay cells is associated 
with a long-lasting afterdepolarization (ADP) and decreased ability to 
generate rebound bursts following monosynaptic inhibition from PGN  
neurons and/or current pulse injection. Rhythmic injection of 
hyperpolarizing current pulses, that mimic the frequency and time course of 
the IPSPs during spindle (8 Hz) or slowed oscillations (4 Hz), also 
generated an ADP. This slow afterdepolarization was reversibly blocked by 
extracellular local application of cesium, a specific blocker of the 
hyperpolarization-activated cation current lh- Interestingly, bath application 
of Cesium (0.5-1 mM) suppressed the refractory period and transformed 
both spindle and bicuculline-induced slow activity into continuous network 
oscillations.

W e propose that the ADP is generated through an increased activation 
of lh resulting from rhythmic barrages of IPSPs and the generation of 
rebound Ca2+ spikes and that the generation of this ADP in relay neurons 
plays a crucial role in the cessation of thalamic synchronized oscillations 
and the generation of a refractory period.
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MECHANISMS OF SYNCHRONIZATION AND PROPAGATION OF SPINDLE 
OSCILLATIONS IN FERRET LGNd SLICES MAINTAINED in vitro. U. Kim*, T. 
Bal, and D.A. McCormick Section of Neurobiology, Yale Univ. Sch. Med., New 
Haven. CT 06510.

Spindle waves are synchronized 6-14 Hz. oscillations in the EEG that are generated 
in the thalamus during slow wave sleep and are generated in slices of the ferret LGNd 
maintained in vitro. Through the simultaneous recording from eight sites, we found 
that spindle waves propagate at a speed of 0.5-1.5 mm/sec along the dorsal-ventral 
axis of both the PGN and LGNd. The cellular mechanisms of generation, 
synchronization, and organization of these spindle waves were addressed.

Intracellular recordings from PGN neurons revealed that single cells can initiate 
spindle waves that then propagate both dorsally and ventrally. Spindle waves that were 
initiated in different parts of the slice propagated towards each other, synchronized 
upon collision, and did not pass one and another. Simultaneous recordings revealed 
that spindle waves arrive synchronously along the line of projection between the PGN 
and LGNd. The generation of spindle waves was associated with the occurrence of a 
refractory period in which local stimulation immediately following a spindle wave did 
not generate an additional propagating spindle wave. These findings suggest that 
spindle waves are generated as a local interaction between the PGN and LGNd and 
that these oscillations propagate and synchronize through the spread and overlap of 
axonal connections. Indeed, intracellular labeling of single PGN neurons revealed 
dense axonal innervations of the A and C-laminae of the LGNd and labeling of single 
LGNd relay neurons revealed a reciprocal innervation of the PGN. We propose that 
the generation of refractory periods that vary in their duration between different parts 
of the slice may be responsible for the organization of spindle waves in dorsal-ventral 
propagating oscillations, that the spread of axonal connections between the PGN and 
LGNd is responsible for the propagation of these oscillations, and that the overlap of 
connections between neighboring PGN and LGNd neurons underlies the 
synchronization of these network oscillations.

1 2 .5

AN INTRINSIC OSCILLATION IN THALAMIC LOCAL 
INTERNEURONS. J. Zhu*. D.J. Uhlrich and W.W. Lvtton.
Neuroscience Training Program and Departments of Anatomy and 
Neurology, University of Wisconsin Medical School and the Wm. S. 
Middleton VA Hospital, Madison, WI 53706.

The thalamus is involved in normal and abnormal oscillations. The 
functional role of intrinsic interneurons in these oscillations is little studied. 
Recent studies suggests that interneurons have the membrane mechanisms 
to sustain oscillations. We have used whole-cell patch recording in adult 
rat lateral geniculate nucleus slice to investigate this possibility. Geniculate 
interneurons exhibited fundamental physiological and morphological 
properties previously reported. In addition, the whole-cell recording 
(Rinput = 650±226 MΩ; n = 29) revealed critical oscillation-related 
conductances, specifically channels similar to classical It, Ih, Ican and IAHp, 
as well as intrinsic oscillations. From a slightly hyperpolarized membrane 
potential, positive current injections induced bursting oscillations. Each 
burst contained 2-7 sodium spikes riding on a low-threshold calcium spike. 
The frequency of the oscillation was voltage-dependent, increasing with 
depolarization up to 12 Hz. A realistic computer model was developed to 
further explore the underlying 
mechanisms of this oscillation.
Our data suggest that local 
thalamic interneurons may play 
a functional role in thalamic 
oscillations.

SUPPORTED BY NEI, 25mV
NINDS, and the VA. ,------ --------------------------------- — J 25opa

1 2 .7

ANG IO TENSIN INCREASES THE SPONTANEOUS ACTIVITY OF 
DORSAL LATERAL GENICULATE NEURONS IN URETHANE  
ANESTHETIZED RATS. D. Albrecht*. Institute of Physiology, Charité , 
Berlin, D-10117, Germany.

Angiotensin II (A II), a naturally occurring octapeptide hormone, is 
suggested to be a potent neuromodulator in the mammalian CNS. It has 
been demonstrated that the dorsal lateral geniculate nucleus (dLGN) 
receives a moderately dense innervation by angiotensin-immunoreactive 
fibers and terminals. In addition, different angiotensin receptors, mainly AT2 
and AT4 receptors, have been shown to be present in the dLGN. The 
functional significance of the AT2 and of the AT4 receptors is largely 
unknown. The major purpose of the present study was to compare the 
response characteristics of individual rat thalamic neurons to 
iontophoretically applied A II and AIV in adult, normotensive Sprague- 
Dawley rats anesthetized with urethane. lontophoretic studies using 
angiotensins showed that most of the dLGN cells were excited by A II and/or 
A IV. A II excited 14/40 cells (35%), whereas A IV activated 9/25 cells 
(36%). Inhibitory effects induced by A II or A IV were only obtained in three 
and one cells, respectively. Six out of 25 neurons (24%) responded to both 
angiotensins with an increase of the discharge rate. The onset of responses 
and the occurrence of maximal responses were delayed in some neurons. In 
nearly all recordings a marked receptor desensitization was obtained. Light- 
evoked responses tested in some neurons were also modulated by 
angiotensin. The A II antagonist CGP 42112A, which has been shown to 
block angiotensin receptor subtype AT21 as well as saralasin were tested 
iontophoretically on the excitatory action of All. In the majority of neurons 
the excitatory action of A II was blocked in a reversible manner. The results 
show that angiotensin is a further neuromodulator of visual processing at the 
thalamic level.

1 2 .4
MODULATION OF Ih AND ITS ROLE IN ASCENDING CONTROL OF 
SPINDLE OSCILLATIONS IN THE FERRET LGNd IN VITRO. K. Lee*, T. Bal, 
D.A. McCormick. Section of Neurobiology, Yale Univ. Sch. Med. New Haven, CT 
06510.

The transition from sleep to waking is associated with the abolition of spindle 
waves and the appearance of tonic activity in thalamic relay neurons and nucleus 
reticularis/perigeniculate GABAergic neurons. We tested the possibility that these 
changes may arise through modulation of the hyperpolarization-activated cation 
current, Ih, by examining the effects of agents known to modulate this current on 
spindle wave generation in the ferret LGNd maintained in vitro. Local application 
of serotonin (500 p.M), norepinephrine (500 μM), the adenylate cyclase activator, 
forskolin (500 μM), or the β-adrenergic agonist, isoproterenol (50 μM), to 
spontaneously spindling LGNd relay neurons resulted in a small (1-5 mV) 
depolarization of the membrane potential and abolition of spindle wave generation. 
However, when these agents were locally applied to the perigeniculate GABAergic 
neurons, only serotonin and norepinephrine resulted in the abolition of spindle 
oscillations, presumably through a reduction of IK1, while isoproterenol and 
forskolin were without effect. These results suggest that modulation of Ih is 
important for the control of activity in thalamic relay neurons but do not yet support 
a role for modulation of Ih in the perigeniculate neurons.

Bath infusion of the Ih channel blocker, CsCI (1-5 mM), to spontaneously 
spindling slices during intracellular recording from a thalamic relay neuron revealed 
a shortening of the interval between spindle waves such that, eventually with further 
infusion of CsCI, the spindle oscillations occurred continuously. With complete 
infusion of CsCI, the resting membrane potential was hyperpolarized by 5-15 mV 
and all activity was abolished. These results suggest that, in addition to being 
important for control of the resting membrane potential, Ih serves to control the 
periodicity and the waning of spindle waves. Supported by NIH and the 
Klingenstein Fund.

12.6
PROPAGATION OF SPINDLE WAVES IN A THALAMIC SLICE MODEL 
WITH LOCAL RECIPROCAL CONNECTIVITY J. Rinzel* , X. -  J. Wang2, 
and D. Golomb1,3. 1MRB, NIDDK, NIH, 9190 Wisconsin Ave., Bethesda, MD 

20814; 2Departm ent of M athem atics, University of P ittsburgh, Pittsburgh, PA 
15260; 3EE Departm ent, Technion, Haifa 32000, Israel.

Recent in vitro experiments have revealed propagation of spindle waves in 
thalam ic slices, composed of reciprocally coupled excitatory thalamocortical 
(TC) cells and inhibitory reticular thalam ic cells (RE). Ahead of the wavefront, 
neurons are quiescent; neurons behind it oscillate. In an “in tact” slice, or when 
GABAb inhibition is blocked, the population frequency is 5-9 Hz; RE cells burst 
almost every cycle while TC cells burst only every few cycles. When GABAa 
inhibition is blocked, the population frequency reduces to 2-4 Hz, and both 
RE and TC cells burst almost every cycle. We explore this behavior using a 
com putational biophysically-based model with a one-dimensional architecture 
and localized synaptic connections. We have replicated the above experimental 
results but only when our model GABAb conductances operate far from sat
uration, and when the slow IPSPs increase considerably with the pre-synaptic 
bu rst’s duration. Exciting a few cells in a resting network initiates a wavefront 
which then propagates in a lurching m anner. At each cycle, a distinct group of 
TC  cells, and then a distinct group of RE cells, are recruited to begin oscillat
ing. The wavefront velocity increases only gradually with the synaptic strength. 
As a consequence of both the slow experimentally-measured wavefront velocity 
(1 m m /sec) and our model, we find th a t both the RE-to-TC and TC-to-RE pro-
jections should be spatially localized, on the order of 100 μ m. Transient phase 
shifts between neurons are exhibited. In the case of GABAa blocked they can 
be positive or negative depending on the m odel’s param eters.

12.8
PHENOTYPICALLY DISTINCT SUBCORTICAL TERMINATIONS FROM 
PRIMATE CORTICAL VISUAL AREAS. K.S. Rockland.* Dept. of 
Neurology, Univ. of Iowa, Iowa City, IA 52242.

Layer 5 in primates is the source of projections to several subcortical targets. 
Projection neurons in this layer have been differentiated on the basis of dendritic 
and local axon arborizations. Given this heterogeneity, one further question is 
whether their extrinsic subcortical terminations are also phenotypically distinct? 
A related question is whether other subcortical nuclei have the same duality of 
cortical terminations recently reported for several corticothalamic systems. For 
example, this laboratory has reported two types of corticopulvinar axons. The 
majority have divergent, elongated arbors with numerous (>  1000) small, stalked 
or "spinous" endings (type 1); but there are some that have delimited, spherical 
arbors with a few ( < 200) very large, beaded endings (type 2).

Twelve macaque brains (with PHA-L injections in several occipito-temporal 
areas) were analyzed for projections to the caudate, superior colliculus (SC), 
pons, and LGN (these latter terminations originate from layer 6). These systems 
show variants of type 1 endings, and there is so far no indication of giant, beaded 
endings. Terminations in the caudate and SC are both a mix of small beaded and 
stalked endings (boutons en passant and terminaux), and resemble typical 
corticocortical endings. Corticogeniculate terminations from area VI are similar; 
those from V2 are sparser and resemble the profusely spinous corticopulvinar type 
1 axons. Terminations in the pons consist of beaded endings, of uniformly 
medium size (like parvo LGN to cortex). There is some suggestion that arbor size 
and shape varies in each nucleus.

These results may provide additional evidence of pyramidal cell heterogeneity 
(alternately, the local microenvironment may influence arbors and terminations). 
These results also suggest that different cortical connectional systems may have 
distinct spatiotemporal and functional features. (Supported by NS 19632).
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ASYMMETRIES OF VISUAL REPRESENTATION IN THE ROTUNDUS 
OF THE PIGEON. O. Güntürkün. C. Goebel. U. Hahmann. H. Prior. S.
Schmitt and A. Elepfandt*. AE Biopsychologie, Fakultät für Psychologie, 
Ruhr-Universität Bochum, 44780 Bochum, FRG 

Pigeons are visually lateralized with a dominance of the left hemisphere 
leading to superior performances with the right eye seeing. This behavioral 
lateralization is accompanied by neuroanatomical asymmetries in the tecto- 
rotundal projections. The tectum of each brainhalf projects bilaterally to the 
nuclei rotundi of each hemisphere. While about equal quantities of neurons 
participate in each brainhalf in the ipsilateral projections, the rotundus of the 
left side is reached by about twice as many contralateral tectal fibers as the 
right-sided rotundus. Due to this asymmetric interhemispheric crosstalk the 
rotundus of the dominant left side represents both (left and right) visual fields, 
while the right-sided subdominant rotundus mainly represents the contralateral 
left visual hemispace. To test whether these asymmetries of visual 
representation lead to lateralized deficits after unilateral rotundus lesions, 
pigeons learned a visual acuity task with sine-wave-gratings of increasing 
frequency. After the individual thresholds were determined for left-, right-, 
and binocular viewing conditions, unilateral (left or right) or bilateral rotundus 
lesions of the rotundus were placed. Left-sided lesions resulted in a dramatic 
reduction of contralateral and ipsilateral optic resolution, which were both 
significantly related to left rotundal lesion volume. In contrast, right sided 
ablations had only minor impact on acuity and no significant relations between 
right sided lesion volumes and acuity impairments of the left or the right eye 
were found. These data clearly demonstrate that visual information is 
represented asymmetrically in the nuclei rotundi of pigeons.

12.10
AN EXPERIMENTAL TEST OF EFFICIENT CODING OF NATURAL SCENES 
IN THE LGN. Y. Dan1*, J.J. Atick2, R.C Reid1 Laboratory of Neurobiology1, 
Laboratory of Computational Neuroscience-2, The Rockefeller University, New 
York, N.Y. 10021, USA

It was recently proposed that processing in the retina and lateral 
geniculate nucleus (LGN) serves to recode information into an efficient form 
(Atick, J.J and Redlich, A.N., 1990, Neural Comp. 2: 308-320; Dong, D. and 
Atick, J.J., 1995, Network 6: 1-20). The representation of visual information at the 
level of the photoreceptors is inefficient, primarily due to the high degree of spatial 
and temporal correlation in natural scenes. In order to improve efficiency, the 
retina and the LGN must recode this signal into a decorrelated form, or 
equivalently, into a signal with a "white" spatial and temporal power spectrum.

In this experimental investigation, we have tested directly the hypothesis 
that visual processing at the level of the LGN temporally whitens the natural visual 
input. We recorded the response of individual neurons in the LGN of the cat to 
natural, time-varying images (movies of natural scenes) and to white noise visual 
input. While the temporal power spectrum of the natural input is l/ω2 (Dong, D. 
and Atick, J.J., 1995, Network 6: 1-20), we found that the power spectrum of the 
LGN response is essentially white, supporting the hypothesis that the signal at the 
level of the LGN is temporally decorrelated. This whitening is seen in the majority 
of the cells we have recorded from. This is to be contrasted with the power 
spectrum of the response evoked by white-noise stimuli, which is far from white. 
Furthermore, the LGN response to natural input can be well predicted from the 
response to white-noise input. We therefore conclude that the whitening of natural 
input can be largely explained by the linear filtering property of the LGN neurons. 
Our results suggest that the early visual pathway is well adapted for efficient 
coding of temporal information in the natural visual environment, in agreement 
with the prediction of the theory of efficient coding. (Supported by NIH EY05253, 
EY10115 and The Klingenstein Fund)
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PRODUCTION AND AXONAL TRANSPORT OF TUBULIN IN RAT 
SYMPATHETIC NEURONS REGENERATING IN COMPARTMENTED CULTURES. 
Bobert B. Campenot* and Donna L  Senger, Dept. of Anatomy and Cell Biology, 
Faculty of Medicine, Univ. of Alberta, Edmonton, Alta., Canada T6G 2H7.

In order to investigate tubulin production and transport into axons, 
rat sympathetic neurons from newborn rats were plated into the center 
compartments of three-compartment cultures supplied with 10 ng 2.5S 
NGF/ml, and their distal axons grew into left and right side 
compartments supplied with 200 ng NGF/ml. NGF was withdrawn from 
cell bodies and proximal axons after 6 days, and after 2 or more weeks 
the cultures were metabolically labeled with 250 μCi 3 5 S - 
methionine/ml supplied to the center compartments. Radioactivity 
incorporated into tubulin was immunoprecipitated with monoclonal 
antibodies against a and p tubulin followed by SDS PAGE and visualized 

by phospho-imaging and/or fluorography. 3 5 S-tubulin was detected in 
distal axons as early as 6 hr after labeling began. Within 24 hrs about 
half of the labeled tubulin had already been transported into distal axons. 
Pulse-chase experiments were performed in which the tubulin was 
labeled during the 24 hrs immediately preceding or following in vitro 
axotomy of distal axons. Preliminary results suggest that neurons 
produced about 40% more tubulin immediately after than immediately 
preceding axotomy. After 5 days of regeneration distal axons contained 
substantial amounts of tubulin made both before and after axotomy. 
Thus, the regenerating axons were constructed of both preexisting as 
well as newly synthesized tubulin. Supported by the AHFMR, MRC, and 
Canadian NeuroScience Network.

1 3 .3

β-ACTIN mRNA GRANULES VISUALIZED BY HIGH RESOLUTION 
IN SITU HYBRIDIZATION WITHIN NEURONAL PROCESSES AND 
GROWTH CONES. G.J. BasselLJR.H,-.£inger, A.F. Femino, K.L.Taneja,
J.E Hesketh ,D.C. Anthony*, and K.S. Kosik, Ctr. Neurologic Disease,
Brigham and Women's Hosp. and Harvard Med. Sch., Boston, MA 02115.

Neuronal growth cones, localized to the termini of developing processes, 
are specialized structures which respond to extracellular signals and control 
neurite outgrowth. The presence of protein synthetic machinery within 
growth cones may contribute to growth cone dynamics and the regulation 
of process outgrowth. The specific mRNAs present within growth cones 
have not been identified. Polymerization of actin within growth cones may 
require a localized source of newly synthesized actin monomers. High 
resolution in situ hybridization was used to determine whether β-actin 
mRNAs could be detected in developing neurites and growth cones of 
cortical neurons in culture. While most of the hybridization signal was 
confined to the cell body, a punctate hybridization signal extended into 
developing dendritic and axonal processes and their growth cones. Actin 
mRNA persisted in axons, axonal branches, and growth cones after 
neurites had attained their distinct m orphological characteristics. 
Ribosomal proteins and elongation factor l a  were also detected in 
neuronal processes and growth cones in a punctate distribution. To 
visualize the localization of actin mRNA and translational components at a 
higher resolution, digital imaging microscopy was used. Actin mRNA was 
visualized in spatially distinct granules that colocalized with elongation 
factor l a  and ribosomal proteins. Granules were associated with 
microtubules, and exposure of neurons to colchicine resulted in a 
delocalization of actin mRNA from processes and growth cones. The 
transport of mRNA granules into growth cones and the local synthesis of 
β -actin may contribute to process outgrow th and assembly of 
cytoarchitecture.

1 3 .2

GROWTH CONE FILOPODIA DETECT NAVIGATIONAL CUES WHILE 
MICROTUBULES EXECUTE DIRECTIONAL CHANGES. J. F. Challacombe*, 
D. M. Snow and P. C. Letoumeau. The University of Minnesota, Dept. of Cell 
Biology and Neuroanatomy, Minneapolis, MN 55455.

During neuronal pathfinding, growth cone behaviors involve the two major 
cytoskeletal components, actin filaments (AFs) and microtubules (MTs). The 
composition of the substrata on which neurites elongate is a critical factor in directing 
neurite outgrowth. Chondroitin sulfate proteoglycan (CSPG) is one substratum 
component shown to induce turning behaviors in growth cones elongating on 
fibronectin (FN) or laminin (LN) (Snow et al., 1990, Exp. Neurol. 109:111-130). 
Turning is likely to involve the reorganization of cytoskeletal components. However, 
the precise roles of AFs and their interactions with stable and dynamic MTs in turning 
behaviors is currently unclear.

To examine AFs, dynamic MTs, and stable MTs in the turning of growth cones, 
embryonic (E9-11) chick sensory neurons were monitored by phase contrast-video 
microscopy as they approached, contacted, and turned at CSPG borders. Following 
fixation, AFs and MTs were immunofluorescently labeled and viewed with a confocal 
laser scanning microscope. Growth cones approaching a CSPG border, whether on LN 
or FN, consist of dynamic MTs that extend into the central region and overlap with 
AFs at the bases of filopodia, while stable MTs are confined to the central regions. 
However, in growth cones that have contacted CSPG, the labeling for stable MTs is 
often coincident with labeling for dynamic MTs. Importantly, dynamic MTs do not 
extend onto CSPG, while AFs often temporarily reach into this territory and beyond. 
Growth cones that have turned contain tightly bundled MTs extending well into the 
body of the growth cone and often into actin dense regions at the growth cone tip.

We hypothesize that filopodia serve to detect navigational cues, while turning 
behaviors are executed by the alignment of MTs. Supported by NSF grant DIR- 
9113444 (JFC), and NIH grants HD19950 (PCL), and EY10545 (DMS).

1 3 .4

IDENTIFICATION AND DIFFERENTIAL EXPRESSION OF MULTIPLE 
mRNAs IN CULTURED DENDRITIC GROWTH CONES. JH Eberwine*, MA 
Dichter, PBCrino Department of Pharmacology, University of Pennsylvania 
School of Medicine, Philadelphia, PA 19104

The localization of mRNA in neuronal processes suggests that translation and 
protein synthesis could occur in subcellular domains such as dendrites. We 
investigated whether mRNA was present in dendritic growth cones of rodent 
cultured hippocampal neurons and thus if local protein synthesis could contribute 
to growth cone extension or collapse. Single growth cones were severed from the 
processes of cultured rat hippocampal neurons plated at E18 using a recording 
microelectrode at 6,24,48, and 72 hours in culture and then aspirated into the 
microelectrode. Poly(A) mRNA present in growth cones was converted to cDNA 
using Avian myeloblastosis reverse transcriptase and an oligo-dT probe which 
contains a T7RNA polymerase promoter. Amplified P32 Radiolabeled mRNA 
was generated with T7RNA polymerase and then used to create expression 
profiles of individual growth cones via reverse Northern blotting with known 
cDNA. Clones were selected in part according to the relevance of their 
corresponding proteins to growth cone extension and collapse. At 6 hours, only a 
few mRNA were identified in growth cones including glutamic acid 
decarboxylase (GAD), the alpha subunit of CaM kinase, the alpha 3 subunit of the 
GABA A receptor, and trkA. At 24-72 hours in culture, other mRNA species 
encoding cytoskeletal elements, ion channels and trophic factors were detected. 
Differential display using 10 distinct 3' -primers was performed on template 
cDNA isolated from individual growth cones and revealed multiple bands for 
each primer suggesting that more mRNA species are likely present in growth 
cones than those identified in our expression profiles. The identification and 
differential expression of multiple mRNA in dendritic growth cones suggests that 
local protein synthesis within growth cones could occur during dendritic 
arborization.
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1 3 .5

DENOVO ACQUISITION OF POLARITY IN NEURONAL DERIVATIVES 
OF AN EC CELL LINE. S. Reinhardt C. Berger, M. Rentrop. M. Bachmann. T. 
Weiscr. M. Wienrich. A. Maclicke*. Lab. of Mol. Neurobiology, J.-Gutenberg 
University, D-55099 Mainz, Germany.

We have studied the de novo acquisition of polarity in retinoic acid induced 
neuronal derivatives of PCC7-Mzl EC cells. Acquisition o f polarity is a late step 
in the sequence of stereotypic developmental events that begins with the 
outgrowth of extensions from neuronal precursor cells. Their neurites, and those 
of immature neurons, are indistinguishable in terms of their morphology and 
growth characteristics and their expression o f marker proteins such as synaptic 
vesicle proteins (svp) and the microtubule-associated protein MAP2. Beginning 
at day 6 of RA-induced differentiation, however, the expression of these markers 
becomes increasingly compartmentalized, and the typical morphology of axons 
and dendrites develops. At day 12, all neuronal derivatives show selective 
expression of svps in one neurite (axon) and of MAP2 in the others (dendrites). 
As the final steps in the acquisition of polarity, the dendrites gain within a further 
few days, the ability to transport mRNA, and the cells begin to conduct action 
potentials. Our studies show that, in this in vitro model of neuronal 
differentiation, neurites become specified as either axons or dendrites only after 
they have passed through a common phase of dendritic differentiation.

1 3 .7

N O V E L  E X P R E S S IO N  O F  L1 IN  P R IM A R Y  A S T R O C Y T E S  V IA  A 

D E F E C T IV E  H E R P E S  S IM P L E X  V IR U S  V E C T O R .
T. Yazaki*, R. L. Martuza and S. D. Rabkin. Molecular Neurosurgery Lab. and 
Dept. of Neurosurgery. Georgetown University Medical Center, Washington, 
D. C. 20007.

Defective herpes simplex virus (HSV) vectors are an efficient means for 
introducing an amplified gene of interest into post-mitotic cells in culture and 
into the adult brain in vivo. Cell adhesion molecule L1, a member of the 
immunoglobulin superfamily, is expressed in neurons but not adult astrocytes 
in the CNS. W e hypothesized that the lack of L1 expression in adult 
astrocytes could be partially responsible for the lack of regenerative capacity in 
the adult CNS and that novel expression of L1 in astrocytes could promote 
neuronal regeneration. Primary rat cortical astrocytes (passage 5) infected 
with defective HSV vectors containing rat or human L1 cDNA expressed full 
length L1. The morphology of many L1-expressing astrocytes became  
elongated and process-bearing when com pared to β-galactosidase- 
expressing astrocytes. This alteration was reversed at later times post-
infection when L1 expression decreased. Rat cerebellar neurons co-cultured 
on a feeder layer of L1-expressing astrocytes demonstrated increased 
migration and neurite extension compared with neurons on β-galactosidase- 
expressing astrocytes. Both human and rat L1 behaved similarly. In addition 
to adhesion, the L1 homophilic interaction is thought to function by activating 
signal transduction pathways. Reagents inhibiting second messenger 
pathways; a tyrosine kinase inhibitor (erbstatin analog, 10 μg/ml), a 
diacylglycerol lipase inhibitor (RHC-80267, 5 0 μM), or N- and L-type calcium 
channel antagonists (diltiazem, 10 μM) and ω -conotoxin, 0 .25  pM) were 
examined. Each reagent inhibited L1 mediated neurite elongation and cell 
migration, confirming a role for signal transduction.

1 3 .9

GAP-43 AND CAP-23 INDUCE NERVE SPROUTING IN THE 
ADULT N ERVO U S SYSTEM  OF TR A N S G E N IC  MICE. 
P. Caroni*. L.Aigner. S. Arber. F. Botteri. J. Kapfhammer. and 
H.-R. Brenner. Friedrich Miescher Institute, Basel, Switzerland.

Regulation of neurite outgrowth and structural plasticity may 
involve the expression of intrinsic determinants controlling 
growth competence. We have tested this concept by targeting 
constitutive expression of the growth-associated proteins GAP- 
43 and CAP-23 to the neurons of adult transgenic mice. The 
expression of GAP-43 correlates with neurite outgrowth and 
synapse formation, and it is involved in growth cone guidance 
and activity in vivo and in vitro. CAP-23 is related to GAP-43 
structurally; it has biochemical properties similar to those of 
G A P -43, and its regulation and localization in the 
neuromuscular system is undistinguishable from that of GAP- 
43. Transgenic mice overexpressing GAP-43 showed striking 
spontaneous nerve sprouting at the neuromuscular junction 
and in the hippocampus. Lesion-induced nerve sprouting and 
terminal arborization during reinnervation were greatly 
potentiated. C A P-23 had a sprout-prom oting activity 
comparable to that of GAP-43. GAP-43 was restricted to axons, 
whereas CAP-23 was found in axons and dendrites. The results 
establish GAP-43 and CAP-23 as intrinsic determinants for 
neurite outgrowth and plasticity.

1 3 .6
DIFFERENTIAL EFFECTS OF GTPASE RAC1 ACTIVITY ON PURKINJE 
CELL AXON, DENDRITE AND SPINE FORMATION L. Luo*, T K.
Hensch#, S. Barbel. L. Y. Jan and Y. N. Jan Howard Hughes Medical Institute, 
Departments of Physiology# and Biochemistry, University of California, San 
Francisco, CA94143.

Within a neuron, there are specialized substructures which serve different 
functions. Axons are used to send signals and dendrites receive signals. Many 
neurons have elaborate dendritic trees decorated with spines. The molecular 
mechanisms which generate these different structures are largely unknown.

Small GTPases of the Rho/Rac/CDC42 subfamily are implicated in 
regulating various aspects of actin polymerization [reviewed in Hall (1994) Ann. 
Rev. Cell. Biol., 10: 31]. We have previously shown that perturbations of the 
activity of GTPase Dracl affects the outgrowth of axons but not dendrites in 
developing Drosophila nervous system [Luo et al. (1994) Genes & Dev. 8: 1787].
To test whether this is also true in a mammalian neuron, we created transgenic mice 
expressing constitutively active Racl under the control of a Purkinje cell specific 
promoter L7. Purkinje cell specific expression of the transgene was verified by in- 
situ hybridization. Mice from all the transgenic lines were ataxic. Histology using 
Purkinje cell specific antibodies revealed no gross cerebellar defects and no obvious 
loss of Purkinje cells. However, the number of Purkinje cell synaptic terminals in 
the deep cerebellar nuclei was greatly reduced. Unusual swellings of Purkinje cell 
axons in the granular layer were common among older animals. In order to examine 
fine structures at the single cell level, we filled individual Purkinje cells with 
biocytin. We found that while the dendritic trees retained a large degree of 
branching complexity, dendritic spines were absent in the transgenic mice.

These results suggest that different substructures of Purkinje cells (axon, 
dendrite, spine) are differentially affected by perturbation of Racl GTPase activitity. 
Since the spineless dendrites in the transgenic mice are contacted by synaptophysin- 
positive structures, and therefore likely to bear synapses, these mice provide an 
opportunity to study synaptic transmission in the absence of dendritic spines.

1 3 .8

DISSO CIATION  OF GAP-43 EX PRESSIO N  FROM  N EURITE 
OUTGROW TH: DIFFERENTIAL EFFECTS O F CONDITIONED 
M EDIA FROM  G LIA L LIN ES. J.R. M adsen,* N. Irw in, O. 
W eisfeiler, and L.I. B enow itz. Dept. N eurosurgery, Children’s Hosp. 
and Prog. N euroscience, H arvard M edical School, Boston, M A 02115.

Developmental programs of neuronal gene expression are influenced 
by interactions between neurons and the glial cells they encounter. To 
investigate some of these mechanism s, we cultured prim ary neurons 
from postnatal day 3 rat cerebellum with conditioned media (CM) from 
transform ed cell lines that display glial properties. N euronal survival 
and process outgrowth were quantified; expression o f the neuronal 
grow th-associated protein, G AP-43, was assessed by western blotting, 
im m unohistochem istry, and northern blots. Com pared with neurons 
grown with control (unconditioned) media, cells grown with CM  from 
C27 cells expressed considerably higher levels o f GAP-43 and showed a 
significant increase in neurite length (M adsen et al, N eurosci Abstr, 
1994). Neurons grown with CM  from a second, closely-related cell line 
(C l7), likewise showed enhanced neurite outgrowth com pared to control 
conditions, but had significandy low er levels o f GAP-43 mRNA and 
protein than neurons grown with control media. Neurons grown with 
C17 CM  showed dim inished levels o f GAP-43 per neuron, especially in 
the normally GAP-43-rich zones o f m em brane ruffling near the cell body 
and growth cone. These results are consistent with recent studies using 
knock-out and antisense oligonucleotide approaches showing that neurite 
outgrowth per se can procede in the absence o f GAP-43, but that the 
protein influences certain aspects o f growth cone functioning. Thus, dif
ferent aspects o f neurite outgrowth can be regulated independently by the 
glial environm ent. Support: NIH NS01471(JRM) and EY05690 (LIB).

13 .1 0

REGULATION OF NEURITE FO RMATION IN A DOPAMINERGIC  
NEURONAL CELL LINE BY MEMBERS O F THE BCL-2 GENE FAMILY. A.

Anatomy and Neurobiology, Psychiatry', Washington Univ. Sch. of Med., St. 
Louis, MO 63110; 2Dept. of Biol., Yonsei Univ., Seoul 120-749, Korea.

To investigate the role of members of the Bcl-2 gene family in the 
development of the CNS, we established stable transfectants of the CNS- 
derived dopaminergic cell line MN9D, expressing human Bcl-2, Bcl-XL, Bcl-Xs, 
Bax and the neomycin vector. Overexpression of Bcl-2 in MN9D cells led to 
robust neurite formation. Primary neuritic length and total neurite extent of 
isolated MN9D/Bcl-2 cells were 93.8 ± 6.4 and 137 ± 9.0 μm, respectively 
(n=85) versus 13.2 ± 2.3 and 22.5 ± 4.1 for the neomycin controls (n=90). 
Despite the appearance of a differentiated phenotype, these cells continued to 
divide with a doubling time similar to controls. Many hallmarks of neuronal 
and/or dopaminergic maturation appeared unchanged, however the 
synaptosomal associated protein, SNAP-25, was increased at least 3-fold. As 
with Bcl-2, overexpression of Bcl-XL also stimulated neurite formation in MN9D 
cells. Bcl-Xs expression resulted in more modest neurite outgrowth while Bax- 
expressing cells were indistinguishable from MN9D cells transfected with 
vector alone. These results suggest that members of the Bcl-2 gene family 
can play a role in the developing nervous system as well as being involved in 
cell death processes.
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1 3 .11

GROWTH CONE RETRACTION BY REGIONAL PERTURBATION OF THE 
INTRACELLULAR DOMAIN OF N-CAM 180. T.A. Chan, K. Takei. F.-S. 
Wang. and D.G. Jay*. Dept. of Molecular and Cellular Biology, Harvard 
University, Cambridge, MA 02138.

In neurons, directed growth cone motility determines the directionality of neurite 
extension, but the molecular details of this process are largely unknown. N-CAM 
has been implicated in regulating axon growth and guidance. It is abundant in the 
nervous system and is enriched in neurites and growth cones. However, little is 
known about the intracellular actions of N-CAM in the growth cone. The largest 
isoform of N-CAM, N-CAM 180, binds brain spectrin in vitro via its cytoplasmic 
domain. We have shown that chromophore-assisted laser inactivation (CALI) of the 
intracellular domain of N-CAM 180 perturbs its capacity to bind brain spectrin in 
vitro. Using immunocytochemistry, we demonstrated that N-CAM 180 associates 
with brain spectrin in growth cones. The function of the cytosolic domain of N- 
CAM 180 in growth cones was examined by micro-CALI. To determine whether 
N-CAM 180/brain spectrin complexes can function in growth cones in a manner 
independent of N-CAM receptor activation, micro-CALI was performed in growth 
cones of neurons cultured on substrates that do not interact with the N-CAM 
extracellular domain. Malachite green (MG)-labeled antibodies against the 
cytoplasmic domain of N-CAM 180 were loaded into chick dorsal root ganglion 
neurons, and inactivation of N-CAM 180 in regions of the growth cone was 
achieved with a laser microbeam. Micro-CALI of the intracellular domain of N- 
CAM 180 caused filopodia and lamellipodia in the targeted region to retract and 
altered the direction of neurite extension. Micro-CALI with MG-labeled antibodies 
against the extracellular domain of N-CAM and with non-specific antibodies had no 
effect on growth cone behavior. Collectively, our results suggest that N-CAM 180 
acts locally in the growth cone to direct neurite extension and that its association 
with brain spectrin may underlie one mechanism by which it regulates growth cone 
motility.

1 3 .12

SPECTRIN IS INVOLVED IN THE GROWTH CONE MOTILITY 
AND NEURITE EXTENSION IN NB2a/dl NEUROBLASTOMA 
CELLS. R.K. Sihag, T.B. Shea1, G. Hauser* and F-S Wang, Dept. of 
Psychiatry, Harvard Medical School and McLean Hospital, Belmont, 
MA 02178 and 1Dept. o f Biol Sciences, Univ. o f Massachusetts, Lowell, 
MA

Spectrin, an αß heterodimer, is an actin-binding membrane 
skeleton protein involved in the maintenance o f cell shape and generation 
of distinct membrane protein domains. The generation of distinct 
membrane domains is required for the establishment of polarity. To 
examine the role of spectrin-actin interaction in neuronal polarity , we 
sought to disrupt the spectrin-actin interaction in differentiating NB 2a 
neuroblastoma cells. We prepared an anti-ß-spectrin antibody against a 
synthetic peptide corresponding to the actin-binding N-terminal domain 
I region o f ß-spectrin. This immunoprecipitating antibody inhibited 
spectrin-actin interaction in vitro. We found that the microinjection of 
affinity-purified N-terminal domain specific anti-ß-spectrin inhibited the 
extension o f the neurites in NB 2a/dl neuroblastoma cells. The 
microinjected cells remained flat, put out many filopodia like processes 
but these processes failed to extend when the cells are induced to 
differentiate in the presence of dbc AMP or in serum-free medium. By 
contrast, the microinjection of anti-α -spectrin antibody did not inhibit 
neurite extension. We conclude from these results that the ß-spectrin- 
actin interaction may be required for the motility o f the growth cone and 
neurite extension. Supported by NSF.

13 .1 3

p31,THE MOUSE HOMOLOGUE OF HUMAN CD24, AND A NOVEL 
GPI-ANCHORED GLYCOPROTEIN OF THE DEVELOPING NERVOUS 
SYSTEM, INHIBITS NEURITE-OUTGROWTH IN VITRO. D. Shewan*, 
V. Calora, H. Moreau. J . Cohen and G. Rougon. Div. of Anatomy and Cell 
Biology, UMDS-Guy's Hospital, London, UK, and IBDM:Inst.du Development 
du Marseille, CNRS UMR 9943, Marseille, France.

We have investigated the function in the mammalian nervous system of a 
small, GPI-anchored glycoprotein, p31, homologous to the murine heat-stable 
antigen and human CD24, expressed by hematopoietic cells. The genes are 
identical and encode a 30 amino acid core protein, which is glycosylated on N- 
and O-sites to varying extents in a tissue specific manner. In the immune 
system, p 3 1 influences pre-B cell adhesion to bone marrow stroma cells and 
can modulate cell responses to activation signals. Its role in the nervous system 
is unknown. The molecule is expressed in the developing CNS over a time 
course encompassing the period of extensive axon-outgrowth. To test its 
possible function, we isolated C6 astroglial cell clones permanently transfected 
with p31 cDNA, and grew them as monolayers for culturing primary neurons. 
We found that neonatal mouse and rat retinal ganglion cells, and neonatal and 
adult dorsal root ganglion neurons, are substantially inhibited from extending 
neurites on C6 cells expressing p31, but grow extensively on untransfected C6 
cells. However, neurite-outgrowth by early embryonic neurons appears not to 
be blocked on the p31-expressing cells. Our observations suggest that more 
mature neurons express receptor(s) for p31, which may, therefore, be involved 
in consolidation of neural pathways and in the inhibition of axon regeneration 
in the injured CNS. Supported by a EC-concerted action and the MRC.
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1 4 .1
EFFECTS OF ESTROGEN ON THE RESPONSE OF SUBFORNICAL ORGAN 
NEURONS TO ANGIOTENSIN II IN THE OVARIECTOMIZED FEMALE RAT.
M.P. Rosas-Arellano*, S. Roder, L.P. Solano-Flores and J. Ciriello. 
Department of Physiology, University of Western Ontario, London, Canada. 
N6A 5 C 1 .

Circulating angiotensin II (A II) acts at the subfornical organ (SFO) to elicit 
increases in arterial pressure, vasopressin release and drinking. 
Intracerebroventricular injections of estrogen (E2) have been shown to 
attenuate the A II induced pressor responses. SFO neurons have been 
shown to have both A II and E2 receptors. Therefore, the possibility exists 
that E2 may alter the response of SFO neurons to A II. Experiments were 
done in ovariectomized urethane anesthetized female rats that were either 
implanted or not implanted with a silastic capsule containing E2 (estradiol 
17-β) to produce a stable circulating level of approximately 30  pg/ml of E2 
The SFO region was explored for spontaneously active single units that 
increased their discharge rate to intracarotid infusions of A II (0 .12 5  μ g in 
0.1 ml) in both E2 treated and non-E2-treated rats . These units were then 
tested for their response to intracarotid infusions of E2 ( 4  μg in 0.1 ml) and 
the combination of A II and E2. The basal discharge rate of SFO neurons in 
non-E2 treated animals was greater (5 .7  ± 0 .4  spikes/s; n =  50) compared to 
E2 treated animals ( 2 .9 ± 0 .3  spikes/s; n =  67). In addition, the response of 
SFO single units to infusions of A II was greater in the non-E2 treated 
(4 .2  ± 0 .4  spikes/s) compared to the E2 treated (1 .7  ± 0 .2  spikes/s) animals. 
Furthermore, E2 infusions attenuated the spontaneous discharge rate of 
these A II responsive units. Finally, in both groups of animals, the response 
of SFO units to A II was abolished when A II was infused with E2 (n = 22). 
These data demonstrate that E2 alters the response of SFO neurons to 
circulating A II and suggest that E2 may play a role in lowering A II induced 
hypertension in females by exerting an effect on central neuronal 
mechanisms normally activated by A II. (Supported by Heart and Stroke 
Foundation of Ontario).

1 4 .2

Renal Nerve Activity, Urine Flow Rate and Urine Sodium Concentration 
are Unchanged by Angiotensin II Microinjections into Subfornical 
Organ G M. Toney* and S.W . Mifflin. Department of Pharmacology, 
University of Texas HSC, San Antonio, TX 78284.

Full expression of drinking, salt appetite and cardiovascular responses to 
angiotensin II (ANG II) require an intact subfornical organ (SFO). To 
determine the role of SFO in producing cardiovascular and renal excretory 
effects mediated through the renal sympathetic nerves, ANG II (500ng in 50 
nl) was microinjected into SFO and changes in mean arterial pressure (MAP), 
renal sympathetic nerve activity (RSNA), urine flow rate and urine sodium 
concentration (U[Na]) were determined in sinoaortic denervated, vagotomized 
(SAD+VAGX)(n=3) and buffer nerve intact (n=4) Sprague-Dawley rats (385- 
410gm). Rats were anesthetized (Inactin, 125 mg/kg i.p.) and artificially 
ventilated. In intact and SAD+VAGX rats, SFO  ANG II increased MAP 
(p<0.05) by 18.3 ± 7.4 and 26.6 ± 3.8 mmHg, respectively. Pressor 
responses were abolished by prior microinjection of Losartan (500 ng in 50 
nl). In contrast, blockade of V1 and V2 vasopressin receptors 
(Adamantaneacetyl-vasopressin, 100 nM/kg i.v.) reduced pressor responses 
by ~45%  in SAD+VAGX rats (n=3), but was without effect in intact rats (n=3). 
Pressor responses in intact animals were accompanied by a significant 
reduction in RSNA of 49.1 ± 5.6 % (p<0.05), reduced urine flow rate (9.84 ±
2.3 to 7.0 ± 1.0 μ l/min) and increased U [Na] (105.2 ± 21.8 to 151.0 ± 34.2 
mmol/l). After blockade of vasopressin receptors (n=2), SFO  ANG II reduced 
urine flow (134.2 ± 19.1 to 91.7 ± 12.0 μ l/min), but did not alter U[Na], 
SAD+VAGX eliminated all observed SFO  ANG II effects on RSNA, urine flow 
and U[Na] in vasopressin blocked and non-blocked rats (n=3). These data 
indicate that SFO ANG II is without apparent acute effect on renal Na+ and 
volume excretion mediated through the renal nerves. Moreover, inhibition of 
RSNA following SFO  ANG II appears solely due to reflex mechanisms. 
(Supported by HL 36080)
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1 4 .3

INCREASED N O REPIN EPH RIN E (NE) RELEA SE IN THE 
DIAG O NA L BAND OF BROCA (DBB) DURIN G  PRESSOR 
RESPON SES IN CO N SCIO U S RA TS. S. L. Bealer.*Dept. 
Physiology, Univ. Tennessee, M em phis, TN  38163.

Depletion o f catecholamines in the DBB attenuates baroreflex- 
induced inhibition o f vasopressin neuron activity in the supraoptic 
nucleus (Cunningham  et al. A JP 263: R 3 6 3 -R 3 6 7 ,1992). These 
data suggest that NE release in the DBB during increased blood 
pressure is critical for norm al baroreflex-induced responses. 
However, changes in extracellular NE during pressor responses 
have not been directly measured. Therefore, the purpose o f the 
present study was to determine if extracellular NE concentration in 
the DBB is increased during baroreceptor stimulation. Animals were 
prepared with microdialysis probes in the DBB, and catheters in the 
femoral artery and vein. The following day, dialysate was collected 
before (CO NT), during (EXP), and follow ing (REC) a continuous 
(90 min) pressor response (20-30 m m Hg) induced by iv infusion of 
phenylephrine. D ialysate NE was subsequently m easured using 
radioenzymatic assay. D ialysate NE collected during the EXP perioc 
(103 ±  34 pg/m l) was significantly higher than dialysate NE 
collected during the CO N T (21± 11 pg/m l) or REC (50 ±  34 pg/ml) 
periods. These data dem onstrate that increased blood pressure is 
associated with NE release in the DBB and are consistent with the 
proposal that adrenergic neurons in the DBB contribute to 
baroreflex-induced com pensatory responses during increased blood 
pressure. (Supported by U SPHS G rant H L-25877)

1 4 .5

CIRCULATING ESTROGEN ALTERS THE BED NUCLEUS OF THE STRIA 
TERMINALS DEPRESSOR RESPONSE IN THE FEMALE RAT. L. Gibbons and 
J. C iriello*, Department of Physiology, University of Western Ontario, 
London, Canada, N 6A  5C1.

L-glutamate (Glu) activation of bed nucleus of the stria terminalis 
(BST) has been shown to elicit decreases in mean arterial pressure (MAP) 
and heart rate (HR). Estrogen (E2) has been reported to up-regulate central 
glutamate receptors. As a high density of E2 receptors has been shown in 
the cardiovascular region of BST, the possiblity exists that the depressor 
responses evoked by Glu stimulation of BST may be altered by circulating 
E2 levels. Experiments were done in Inactin anaesthetized, paralyzed and 
artificially ventilated, ovariectomized female wistar rats implanted 3-5 days 
earlier with a silastic capsule containing E2 (17-beta estradiol) to produce 
circulating E2 levels of approximately 3 0  pg/ml or with an empty capsule. 
Injections of Glu (20  nl; 1M) were made systematically throughout the 
region of BST in E2 treated and non-treated rats. In non-treated rats the 
percentage of sites found to elicit decreases in MAP were greater in the 
anterior medial division of BST (BSTM) (50% ) compared to E2 treated rats 
(33% ). The number of cardiovascular responsive sites found within the 
posterior medial division of BST in E2 treated rats (67% ) was greater than 
that of non-treated rats (4 0 % ). The magnitude of the MAP response was 
found to be neither different across subdivisions of BST nor groups of 
animals. In contrast, the percentage of sites found to elicit decreases in HR 
and the magnitude of the bradycardia were greater in BST in E2 treated 
animals. Increases in HR were also observed from sites in BSTM in non- 
treated rats. Taken together these data suggest that E2 alters the sensitivity 
of cardiovascular responsive neurons in BST. (Supported by Heart and 
Stroke Foundation of Ontario).

1 4 .7

ELECTROPHYSIOLOGICAL AND M ORPHOLOGICAL STUDIES OF 
DOG PARAVENTRICULAR NUCLEUS NEURONS. L. Sha, S. M. M iller 
and J. H. Szurszew ski*. D epartm ent. o f  Physiology and Biophysics, 
M ayo Clinic and M ayo Foundation, Rochester, M N  55905.

T he paraventricular nucleus (PVN ) o f  the hypothalam us o f  the dog 
plays an im portant role in regulating gut m otility  in conscious animals. 
To date, there have been no intracellular, electrophysiological studies o f 
canine PV N  neurons. T he aims o f  this study w ere to: (1) adapt brain 
slice methods developed for studies o f  rodent CNS tissue to canine CNS 
tissue; and (2) study the electrophysiology and m orphology o f  single 
neurons o f  the canine paraventricular nucleus (PVN). Transverse 
hypothalamic slice preparations (400 μm  thick) w ere used. Tw o groups 
o f  PVN  neurons w ere classified. G roup I neurons (n=23) exhibited 
continuous ongoing action potentials (A Ps). G roup II neurons either 
generated bursts o f  A Ps (n=15) or they had spontaneous F-EPSPs with 
few  APs (n=5). In  contrast to G roup I neurons, 13 o f  20 group II 
neurons responded to depolarizing current w ith a C a2+ dependent low 
threshold potential. Twelve PVN  neurons studied electrophysiologically 
were filled with biocytin. G roup I neurons (n= 6) had oval-shaped soma 
with 2 or 3 sparsely branched dendrites. Group II neurons had triangular 
(n=4) or spindle-shaped (n=2) som a w ith 3 to 6 branched dendrites. In 
summary, the brain slice technique can be used to study the m orphology 
and electrophysiology o f  single neurons o f  the canine brain. The 
p relim inary  data suggest the existence o f  at least tw o groups o f  PVN 
neurons. Supported by  N IH  G rant D K 17238.

1 4 .4
NORADRENERGIC AND G ABA ER G IC EFFECTS ON THE 
CARDIOVASCULAR RESPONSES TO STIMULATION OF CENTRAL 
NUCLEUS OF THE AMYGDALA. S. Roder*and J. Ciriello. Department of 
Physiology, University of Western Ontario, London, Canada, N6A 5C1.

The central nucleus of the amygdala (ACe) contains numerous 
GABAergic interneurons and receives noradrenergic inputs from 
brainstem structures involved in cardiovascular regulation. However, the 
contribution of these noradrenergic or GABAergic inputs to the arterial 
pressure (AP) and heart rate (HR) responses elicited by L-glutamate (Glu) 
stimulation of ACe is not known. Experiments were done in chloralose 
anaesthetized, paralysed and artificially ventilated male Wistar rats to 
investigate the effects of microinjections into ACe of tyramine (Tyr), 
noradrenaline (NE), GABA, the GABAa receptor antagonist bicucculine, 
or the GABAb receptor antagonist phaclofen, on the AP and HR 
responses elicited during Glu stimulation of ACe. Glu microinjections (1 
M; 2 0 -4 0  nl) into ACe elicited decreases in mean AP (-15 .5  ±  1 .2  mmHg) 
and HR ( -6 .3 ± 0 .7  bpm). Microinjections of Tyr or NE into ACe 
attenuated (7 0 -92 % ) the decreases in AP and HR to Glu microinjection. 
Microinjection of either the α -adrenergic receptor blocker phentolamine 
or the β -adrenergic receptor blocker propanolol into ACe did not alter the 
noradrenergic effects on the AP and HR responses. Similarly, the 
cardiovascular responses were not affected by prior microinjections of 
GABA or phaclofen into ACe. However, these responses were attenuated 
(60% ) after microinjection of bicucculine into ACe. These data suggest 
that noradrenergic and GABAergic inputs alter the excitability of ACe 
neurons that are involved in evoking systemic changes in AP and HR. 
(Supported by Heart and Stroke Foundation of Ontario).

1 4 .6

BRAIN NATRIURETIC PEPTIDE MODULATES THE 
N E U R O C H E M I C A L  P O O L  OF  T H E  
PARAVENTRICULAR NUCLEUS AND ALTERS THE 
ARTERIAL BLOOD PRESSURE. B. R. Dev* and L. 
P h ilip . D ept. of Physiology, Faculty  of Medicine, 
Kuwait University, P.O. Box 24923, Safat, Kuwait 
13110.

The effects of brain natriuretic peptide (BNP) on the 
p a rav e n tric u la r  n u c le u s  an d  its  role on the 
cardiovascular changes were stud ied  in u re th an e  
anesthetized Sprague-Dawley rats. Local injection of 
BNP into the  p a rav e n tric u la r  n u c le u s  of the  
hypothalam us at the doses of 2, 4, 20 and 40 pmol in 
100 nanoliter volume led to a dose-related increase in 
blood pressure. The heart rate fell with all the doses 
tested. No significant a lte ra tions in e ither blood 
pressure or heart rate were noticed with the vehicle 
(phosphate buffered saline) alone. Local perfusion 
of BNP at a concentration of 400 μ mol through the in 
vivo microdialysis probe resulted  in an  increase in 
blood pressure with a reflex reduction in heart rate. 
The analysis of the perfusate showed an increase in 
the extracellu lar norepinephrine (NE) level and a 
reduction in 5-hydroxyindole acetic acid (5-HIAA) 
level suggesting the neurom odulatory role of BNP in 
the cardiovascular regulation.

1 4 .8
SUBNUCLEAR LOCALIZATION OF ELECTROPHYSIOLOGICALLY 
DISTINCT NEURONS IN THE LATERAL PARABRACHIAL NUCLEUS 
(LPBN). L.F.Hayward*-.,and R.B. Felder. Dept. of Internal Med., 
University of Iowa College of Medicine, Iowa City, IA 52242

The LPBN contains seven subnuclei distinguished by cell morphology, 
immunohistochemistry and spatial clustering. In the present study we 
examined whether LPBN subnuclei can also be distinguished by the 
electrophysiological properties of their neurons. 400 micron transverse 
slices of the dorsal pons were placed in a recording chamber continuously 
subfused with a warmed (35-37°C) oxygenated Ringer's solution. 
Intracellular recordings from 34 LPBN neurons suggest the presence of at 
least three types of neurons. Type I neurons (n=12) were characterized by 
a wide action potential (AP, 1.3±0.1 ms, half height), a high threshold for 
AP generation (-42+2 mV), marked spike frequency adaptation during 
depolarizing current pulses (0.1-0.5 nA, 2 seconds) and the presence of 
delayed excitation (DE). Type I neurons were primarily found in the 
external lateral subnucleus. Type II neurons (n=14) were characterized by 
a narrower AP (0.94±0.1 ms*; * significantly different from Type I, 
p<0.03), a lower threshold for AP generation (-50±2 mV*), and moderate 
spike frequency adaptation. Only half of the Type II neurons had DE. 
Type II neurons were localized in the central lateral subnucleus. Type III 
neurons (n=8) were characterized by a narrow AP (0.9±1 ms*), a low 
threshold for AP generation (-48+2 mV*), and no spike frequency 
adaptation. None o f the Type III neurons had DE. Type III neurons were 
found in the dorsal lateral subnucleus. The results suggest a correlation 
between the intrinsic properties o f neurons and their location within 
different subnuclei of the LPBN. This differential distribution of neuronal 
types may play an important role in the integration and transfer of inputs 
from the LPBN to other central nuclei. Supported by IA-AHA (LH) and 
HL14388 (RBF).
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14.9
CARDIOVASCULAR EFFECTS OF SODIUM  CHLORIDE INJECTIONS INTO  
THE NUCLEUS TRACTUS SOLITARIUS OF THE HYPERTENSIVE DAHL- 
SALT SENSITIVE RAT. S.L. H ochstenbach and J. C ir ie llo . Departm ent o f 
Physio logy, U n ivers ity  o f W estern O ntario , London, Canada, N 6A  5C1.

We have prev ious ly  show n  th a t in jections o f hype rton ic  NaCI so lu tions 
into nucleus trac tus  so lita rius (NTS) e lic its  decreases in mean arterial 
pressure (MAP) and heart rate (HR) in the norm otensive  W ista r rat. In th is 
study, NTS was sys tem atica lly  explored in the ch loralose anesthetized, 
paralyzed and a rtific ia lly  ventila ted  male Dahl- salt sensitive  (SS) rat fo r 
ca rd iovascu lar responsive s ites to  m ic ro in jections o f a hype rton ic  
phosphate buffered NaCI (PBS) so lu tion  (20 nl, 2 54  m M ). W ith in  a 
restric ted  region o f caudal medial NTS NaCI in jections e lic ited depressor 
(-28 .8  ± 1 .8  mmHg) and b radycard ic  ( - 1 3 .0 ± 0 .8  bpm) responses. 
V en tro la te ra l to  th is  depressor area a region was found tha t e lic ited 
increases in MAP (2 9 .5  ± 1 .6  mm Hg) and HR (1 0 .0 ± 0 .0  bpm ). 
Adm in is tra tio n  o f a trop ine m ethy l brom ide (i.v.) s ig n ifican tly  a ttenua ted  
the depressor and b radycard ic  responses by approx im ate ly  5 0% . 
H ow ever, the  pressor and tachyca rd ic  responses were not altered 
fo llow ing  adm in is tra tion  o f a trop ine. Nadolol in jections (i.v.) abolished the 
tachycard ia  response and reduced the p ressor response by approx im ate ly  
4 0% . The subsequent in fus ion  o f hexam ethonium  brom ide abolished the 
rem aining pressor and depressor responses. These data suggest th a t 
w ith in  the  dorsal m edulla o f the hypertens ive  Dahl-SS rat there exis ts  tw o  
opposing sodium  sensitive  m echanism s. A c tiva tio n  o f depressor sites 
e lic its ca rd iovascu lar responses as a resu lt o f e ither vagal exc ita tion  or 
s ym pa tho inh ib ition , whereas a c tiva tion  o f pressor sites e lic its  
ca rd iovascu lar changes as a resu lt of sym pa thoexc ita tion . (Supported by 
the Heart and S troke Foundation o f O ntario).

14.11
ENCODING OF ARTERIAL PRESSURE AND dP/dt BY NTS CAROTID SINUS 
BAROSENSITIVE NEURONS IS NON-LINEAR. R. F. Rogers*. W. C. Rose. and 
J. S. Schwaber. Institute of Neurological Sciences, Univ. of Pennsylvania, 
Philadelphia, PA 19104-6074 and Neural Computation Group, DuPont Central 
Research, Wilmington, DE 19880-0328.

The central representation of arterial pressure variables. encoded via arterial 
baroreceptors, by second-order neurons in the nucleus of the solitary tract (NTS) has 
never been quantitatively described. We have recorded the activity of NTS neurons 
that receive direct inputs from the carotid sinus (CS) baroreceptors in anesthetized, 
paralyzed, artificially ventilated rabbits, using a vascularly-isolated CS preparation 
for baroreceptor stimulation independent of the arterial circulation. The CS pressure 
was changed piecewise-linearly at one of eight equally-spaced possible rates 
between 4 equal pressure bands. Each of the thirty-two combinations of pressure 
and dP/dt were presented at least twice in random order avoiding discontinuous 
changes in pressure. Our results of neurons (n=3) analyzed to date show a non-linear 
encoding of CS pressure and dP/dt. A typical example is shown below. These results 
suggest that NTS neurons use a strategy of population encoding of CS pressure and 
dP/dt, expressed as transient responses to CS pressure changes. and unlike barore- 
ceptors. demonstrate on-off activity patterns during pressure increases.

14.13

LESIONS OF COMMISSURAL NUCLEUS TRACTUS SOLITARII (NTS) 
ABOLISH ARTERIAL CH EM ORECEPTOR REFLEXES AND PRESSOR 
RESPONSES TO GLUTAM ATE INJECTED INTO TH E M EDIAL NTS OF 
CONSCIOUS RATS. W.T. Talman*, J.V. Menani, and E . Colombari. Dept. of 
Neurol., Univ. of Iowa & VAMC, Iowa City, LA 52242.

Microinjection of glutamate (GLU) into the medial NTS elicits depressor 
responses in anesthetized rats and pressor responses in conscious rats. In the 
present study we tested the hypothesis that pressor responses to GLU injected 
into the medial NTS of conscious rats depend on intact arterial chemoreceptor 
reflex pathways. We investigated the effect of an electrolytic lesion of the com
missural region of the NTS on pressor and bradycardiac responses induced either 
by activation of the arterial chemoreceptor reflex by i.v. potassium cyanide (KCN, 
2Qμg) or by microinjection of GLU into the medial NTS. Rats demonstrated 
significant pressor ( + 33±3 mmHg) and bradycardiac (-74±8 bpm) responses to 
KCN when studied 7 days after sham lesion (n = 7), but pressor (+ 2 ±3 mmHg) 
and bradycardiac (-1±5 bpm) responses were abolished in rats with lesions in 
commissural NTS (n = l l ) .  GLU (1 nmol in 100 nl) microinjected into the medial 
NTS in sham rats (n = 6) also induced pressor ( + 29±2 mmHg) and bradycardiac 
responses (-90±8 bpm). In rats with lesions of commissural NTS (n = 7), a similar 
microinjection elicited depressor (-14±6 mmHg), not pressor, responses. 
Bradycardia (-59± 16 bpm) was similar to that seen in control rats. These results 
suggest that commissural NTS is a central integrative site for the arterial 
chemoreceptor reflex. The integrity of the commissural NTS is essential for 
pressor responses induced by GLU injected into medial NTS of conscious rats. 
Pressor responses may be mediated by activation of neurons located in or 
projecting through the commissural NTS. Supported in part by: E.C.-CNPq; 
J.V.M.-FAPESP; W.T.T.-VA Merit review and career award, AH A Grant in Aid, 
and NIH HL32205 and HL14388.

14.10
NETW ORKS AND NEURONS FOR BA ROREFLEX  CONTROL. 
W. C. Rose*, I. A. Rybak. J. S. Schw aber. Neural Com putation 
Group, D uPont Central Research, W ilmington, D E 19880-0328.

A com putational m odel of the vagal limb o f baroreceptor control of 
heart rate has been constructed which incorporates physiologically 
plausible representations of the peripheral cardiovascular system, 
including ventricular-vascular coupling, and neuronal m echanism s, 
including NTS neurons and cardiac vagal m otoneurons w hich incor
porate several ionic currents. Baroreceptors couple the cardiovascular 
and neural systems on the afferent side; vagal m otoneuron control of 
the SA node couples neural and cardiovascular systems-on the effer
ent side. W hen the reflex loop is closed (arterial pressure = carotid 
sinus pressure) the system is essentially stable but shows small, 
apparently chaotic beat to beat variability in rate and pressure which 
disappear if the reflex is interrupted. We have found that the patterns 
o f second-order cell responses to pressure reported by Rogers et al. 
(Am. J. Physiol. 265 R 1355-68, 1993) can be reproduced by certain 
choices o f network connectivity (involving inhibition) am ongst sec
ond order neurons and/or by using second-order cell models w ith 
m ultiple com partm ents.

14.12
NEURO NS OF TH E CA UD AL NUCLEUS OF TH E SO LITARY TRACT. 
CA RO TID CH EM ORECEPTIO N AND AXONAL PROJECTIONS TO THE 
R O STR A L V E N T R O L A T E R A L  M ED U LLA . N. K oshiya* and P .G .
G u v e n e t .  D e p a r tm e n t o f  P h a rm a c o lo g y ,  U n iv e rs i ty  o f
V irg in ia , C h a r lo tte sv ille , VA 22908 .

C a ro tid  c h e m o re c e p to r  (C C ) a ffe re n ts  te rm in a te  in the 
cau d al p a rt o f  the  n u c leu s  o f  the  so lita ry  tra c t (cN T S ) from  
w h e re  m an y  n e u ro n s  p ro je c t  to  th e  ro s t r a l  v e n tro la te ra l  
m edu lla  (R V L M ). T he study  was desig n ed  to ex am in e  if cN TS 
neu ro n s w ith  CC inp u t h ave  axonal p ro je c tio n s  to RV LM . In 
u r e t h a n e - a n e s th e t i z e d ,  p a r a l y z e d ,  a r t i f i c i a l l y  v e n t i l a t e d  
(1 0 0 %  O 2), v a g o to m iz e d , a o r t ic  d e a f f e re n te d  ra ts ,  n e u ra l 
a c tiv ity  in  cN T S  w as re c o rd e d  a lo n g  w ith  p h re n ic  n e rv e
d is c h a rg e  (P N D ) and  e n d - t id a l  C O 2. CC s tim u la tio n  w as
p e rfo rm e d  w ith  in h a la tio n  o f  N 2 (6 -12  s). A xonal p ro jec tio n  
w as d e te rm in e d  by a n tid ro m ic  a c tiv a tio n  from  RV LM . In 18 
ra ts , on ly  5 o f  23 cN T S n e u ro n s th a t had  p ro je c tio n  to the 
R V L M  w ere  c h e m o re c e p tiv e . T h ree  o f  them  w ere  to n ic a lly  
a c tiv a ted  by C C  s tim u la tio n  w ith  the  sam e tim e co u rse  as the 
a c tiv a tio n  o f PN D . Tw o o f th ese  th ree  had axonal b ran ch in g  
in the  n u c leu s  am b ig u u s reg io n  (sh o w n  by la tency  ju m p  w ith 
c h a n g e  in  s tim u la tio n  a m p li tu d e ) .  T h e  o th e r  tw o  cN T S  
n eu ro n s  w ith  R V LM  p ro je c tio n  sh ow ed  d e lay ed  ex c ita tio n  w ith 
CC  s tim u la tio n . T h e se  re s u lts  s u g g e st th a t i) so m e  cN TS
neu ro n s re lay  CC ex c ita tio n  to the reg ion  o f R V LM , ii) these 
n eu ro n s  m ay not be u n d e r c o n tro l o f  the  c en tra l re sp ira to ry  
rh y th m  g e n e ra tin g  n e tw o rk , and iii)  m ost cN TS n eu ro n s  w ith 
R V LM  p ro jec tio n  do not carry  CC in fo rm ation .

S upported  by NIH (H L 3 9 8 4 I) .

14.14
M ICRO IN JECTION OF SEROTONIN3 RECEPTO R AGONIST INTO THE 
NUCLEUS TRACTUS SOLITARIUS (NTS) OF CONSCIOUS RATS 
INHIBITS TH E CARDIOVAGAL COM PONENT OF TH E BARO- AND 
CHEM O- REFLEXES. B.H Machado*. J.C. Callera, C. Sévoz1. R. Laguzzi1. 
Dept. Physiology, FMRP-USP, Ribeirão Preto, Brazil; 1  INSERM U288, C.H.U. 
Pitié-Salpêtrière, Paris, France.

It has been demonstrated in anesthetized rats that stimulation of 5-HT2 
receptors in the NTS by microinjection of low doses of 5-HT (pmol) elicited 
hypotension and bradycardia, while stimulation of 5-HT3 receptors with higher doses 
of 5-HT (nmol) produces increase in blood pressure (BP) and inhibits the cardiovagal 
component of the baroreflex. In the present study we analysed the cardiovascular 
effects of microinjections of 5-HT (picomolar doses) and a 5-HT3 receptor agonist, 2- 
methyl-5-HT (2Me-5-HT), into the NTS of conscious rats. Bilateral microinjections 
of 5-HT and 2Me-5-HT were performed into the NTS through guide cannulas 
previously implanted. The baroreflex [phenylephrine (PHE), 2.0 μg/kg, i.v.) and the 
chemoreflex [potassium cyanide (KCN), 40 pg/rat, i.v.] were activated in different 
groups of rats before and after microinjection of 5-HT or 2Me-5-HT into the NTS. 
Intra-NTS 5-HT (0.5-1.0 pmol/50 nl, n=4) produced a dose-dependent decrease in BP 
and HR but no effects on baro- and chemo- reflexes responses. Microinjections of 
2Me-5-HT (5 nmol/50 nl) into the NTS produced a significant increase in BP (101±3 
vs 125±8 mmHg, n=8), no changes in the basal HR and a significant reduction in the 
bradycardia triggered by baro- (-98±18 vs -40±17 bpm; n=8) and chemo- (-155±20 vs 
-41 ±14 bpm; n=4) reflexes activation. These data show that: a) in conscious rats 
microinjection of picomolar doses of 5-HT into the NTS produces bradycardia and 
hypotension but no effect on baro- and chemo- reflexes; b) stimulation of 5-HT3 
receptors in the NTS produces a significant increase in the basal BP and reduces the 
cardiovagal component of the baro- and chemo- reflexes. Supported by FAPESP, 
CNPq, INSERM and USP/COFECUB.

So c ie ty  for  N eu ro sc ie n c e , V o lu m e  21, 1995
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N E U R O N S  O F  A R E A  V 2 O F  V IS U A L  C O R T E X  D E T E C T  
E D G E S  IN R A N D O M -D O T  S T E R E O G R A M S .
Rudiger von der Heydt, Hong Zhou, Howard Friedman and Gian F. Poggio*. 
Krieger Mind/Brain Institute and Dept. of Neuroscience, Johns Hopkins 
University, School of Medicine, Baltimore, MD 21205

Julesz' random-dot stereograms demonstrate perception of depth and form 
that is based solely on comparison of information from the two eyes ("cyclopean 
perception"). Disparity selectivity with random-dot stereograms has been 
demonstrated in cells of monkey visual cortex. but the basis of the exquisite form 
perception has remained unclear. We have studied cells in area V2 in awake, 
behaving monkeys, with 4 x4 square figures, either cyclopean (static random- 
dot stereograms) or solid (luminance/color contrast), at various positions and 
orientations relative to the receptive field (1-4° from fovea).

Most of the disparity selective cells responded to cyclopean figures (19/24). 
The majority of these (14/19) signaled the edges, responding maximally if the 
edge of the figure was centered on the receptive field, and weakly, or not at all, 
when the figure covered the receptive field. Usually they preferred "near" 
disparities. These cells signaled the orientation of the cyclopean edge as 
accurately as that of a light-dark edge. Often (9/14) the cells responded only to 
one of the two optimally oriented edges of the square, thus making explicit the 
direction of figure and ground.

These findings support the conclusion drawn from experiments with 
iHusory-contour figures, that area V2 is concerned with processing of occluding 
contours and figure/ground discrimination.

(Supported by Human Frontier Science Program RG-31/93 and NIH 
EY02966) (S u p p o rted  by W h itak er F o u n d a tio n )

1 5 .3

USE OF THE DOUBLE-LABEL DEOXYGLUCOSE APPROACH TO MAP 
THE ORIENTATION COLUMNAR SYSTEM BEYOND AREA V1 AND V2 IN 
THE MACAQUE, AND ITS PLASTICITY. A.A Schoups*. R.B.H. Tootell, 
W. Vanduffel and G.A. Orban. Lab. Neuro- en Psychofysiologie, K.U.Leuven, 
Medical School, Campus Gasthuisberg, B-3000 Leuven, Belgium; MGH NMR 
Center, Mass. Gen. Hospital, Charlestown, MA 02129.

A sequential double-label deoxyglucose (DG) labelling method was used to 
demonstrate orientation columns in visual cortex from an awake behaving 
monkey (macaca mulatta). 3H-2-DG was used to label the first experimental 
condition, in which the stimulus was a square wave grating with left oblique 
orientation (spat. freq. 1 cycle/degree), counterphasing at a variable temporal 
frequency of 1-8 Hz. 14C-2-DG was used to label activity in the second condition, 
in which the stimulus only differed from the first one by its orientation (right 
oblique). Either stimulus spanned a surface of 40deg x 32deg, while the monkey 
fixated the center of the screen (for 86% of the time).

Clear interdigitated columns are seen not only in areas V1 and V2, but also in 
V3 and VP. Patchy labelling is still obtained in V4, but it is not orientation 
specific: both 3H and 14C label the same patches rather than interdigitating ones. 
Relatively little and diffuse DG uptake was produced in MT, underlining the 
importance of a truly orientation-specific stimulus, not confounded with direction 
of motion as when using drifting gratings.

In conclusion, these data demonstrate clear orientation columns for the first 
time (1) in an awake behaving monkey, (2) beyond V1; in V2, V3 and VP, and 
(3) using a stimulus where motion is not part of the stimulus. Moreover, using 
this technique we are presently investigating the effect of perceptual learning on 
the columnar organisation, particularly in V1 and V2. After practising orientation 
discrimination at various positions in the visual field, neuronal correlates such as 
column width are investigated.

1 5 .5

CO LO R O PPO NENT PROCESSIN G  IN H UM A N  V ISU A L 
CORTEX M EA SU RED  W ITH  FU N CTIO N A L M RI S.A. Engel*. 
G.M. Boynton, and B.A. Wandell Dept. of Psychology, Stanford 
University, Stanford, CA 94305

Primate visual cortex contains opponent-color neurons that are excited 
by some wavelengths of light and inhibited by others (e.g. blue vs. yellow, 
or red vs. green). When sensitivity to a mixture of two opponent-colors 
(e.g. red+green = yellow) is lower than sensitivity to one of the colors 
alone (e.g. red or green), we have strong evidence for color opponency. To 
measure color sensitivity in human cortex, we acquired contrast response 
functions using functional magnetic resonance imaging (fMRI; T2*- 
weighted gradient echo, TR = 75ms, TE = 40ms, Flip = 23 deg, spiral read
out). Subjects viewed contrast-reversing (4 Hz) checkerboard patterns that 
alternated at a slow rate (1/30 Hz) with a uniform mean field. Activation 
was measured by correlating the fMRI signal with the time-course of the 
stimulus alternation between uniform field and checkerboard. Subjects 
viewed stimuli of a variety of colors (red, green, cyan) and mixtures of 
these colors (yellow, grey). We measured activation for each color and 
mixture at several stimulus contrast levels, and computed color sensitivity 
as the slope of the resulting fMRI contrast response function. Results 
showed strong evidence of opponent color processing at many locations in 
primary and extrastriate visual cortex. In these regions sensitivity to certain 
mixtures (e.g. red + green) was significantly lower than sensitivity to the 
colors shown alone (e.g. red or green alone). This pattern of cortical 
activity resembles the responses of color-opponent cells in monkey cortex 
(e.g. R+/G-) and is also qualitatively consistent with Hering's opponent 
process theory of color appearance.

1 5 .2

HUMAN VISUAL PROCESSES INVOLVED IN STEREO AND ILLUSORY 
CONTOUR-DEFINED IMAGES ARE PREDOMINANTLY LOCATED IN 
RIGHT OCCIPITAL CORTEX USING FUNCTIONAL MAGNETIC 
RESONANCE IMAGING (fMRI). J. Hirsch1,3, R. DeLaPaz2,3-3, N. Relkin3, J. 
Victor3. T. Li*1. K. Kim1,3, P. Borden1, K. M. Lee1,3, N. Rubin4 and R. Shaoley5. 
Dept of Neurology1 and Radiology2, MSKCC; Depts of Neurology and 
Neuroscience, Cornell U. Medical College3, NY, NY 10021; Dept of Psychology, 
Harvard U.4, Cambridge, MA; Center for Neural Science, NYU,5 NY, NY 10012.

Using fMRI to study intermediate levels of human visual representation, we 
previously discovered that cortical responses to illusory contours were primarily 
found in right occipital cortex. Our current goal is to determine the relationship 
between these illusory contour areas and areas that respond to stereo-defined 
contours. Images were acquired on a GE Signa 1.5T scanner equipped for 
echoplanar imaging with inplane resolution of 1.5x1.5mm2. Sixteen contiguous 
axial slices were acquired during baseline, visual stimulation, and post-stimulation 
periods. Signal intensities for each pixel were compared using a multistage 
statistical process to identify active regions. Four stimulation conditions were 
compared: 1) four "pacmen" at the corners of a Kanizsa square (illusory contours); 
2) four non-aligned "pacmen" in the same locations (no illusory contours); 3) red- 
green random spot anaglyphs that produced a stereo-defined square; and 4) a 
random spot pattern with no stereo. Activity elicited by illusory-contour-unique 
and stereo-contour-unique stimuli were identified by comparison of conditions 1 & 
2 and 3 & 4 respectively. The activity elicited by stereo-contours was observed 
primarily in right occipital cortex for all subjects and in discrete locations adjacent 
to illusory contour activity. Thus we find a cluster of adjacent areas in the right 
hemisphere activated by visual segmentation in at least two modalities.
Supported by MSKCC (JH, RD), C.V. Starr Foundation (NR), EY7977 (JV), 
Morris Foundation (KK), and EY1472 (RS).

1 5 .4

ORIENTATION AND COLOR SEGREGATION IN PRIMATE V4 G.M. 
Ghose*, D.Y. Ts’o. Div. of Neuroscience, Baylor College of Medicine, 
Houston, TX 77030

Although several lines of anatomical and physiological evidence suggest the 
presence of functional organization in V4, there have been no conclusive 
studies of how cells with particular properties are organized and anatomically 
connected. To investigate these questions, we have combined in vivo optical 
imaging, electrophysiology, and anatomical injections to study functional 
organization in the pre-lunate gyrus portion of parafoveal V4. Stimulus sets 
included spot arrays, non-Cartesian gratings, achromatic oriented gratings, 
and gratings modulated along different axes in color space. The anatomical 
correlates of functional organization were studied by injecting tracers such as 
biocytin at sites targeted according to the maps generated by optical imaging. 
Functional organization was observed with respect to both orientation and 
color. Vertical electrode penetrations in orientation regions revealed sharply 
oriented cells which are chromatically broad-band while penetrations in color 
regions revealed unoriented color cells. The size of these functional modules 
within V4 is about 3 times the size encountered in V2 and about 6 times the 
size seen in V 1. Preliminary experiments suggest that tracers injected into 
these domains remain largely confined to domains of similar functional 
specificity. However regions containing strong orientation tuning, and classic 
unoriented color cells are rather restricted, with large intervening regions that 
contain more complex receptive field types. Electrophysiology and imaging 
revealed that cells within these large regions preferentially respond to 
specific center-surround combinations or to spatially limited stimuli that 
contain both color and luminance signals. Unlike regions of strong color and 
orientation preference, vertical electrode penetrations in these intervening 
regions encounter cells with a diversity of receptive field properties and no 
apparent columnar organization. (EY06568, EY08240, ONR N00014-91-J- 
1865, McKnight Foundation)

1 5 .6

CORTICAL FIELDS FOR FACE AND COLOR PERCEPTION REVEALED 
WITH FUNCTIONAL MRI V.P. Clark*. R. Parasuraman. K. Keil, J.Ma.Maisog. 
S.M. Courtney, L.G. Ungerleider, and J.V. Haxby National Institute of Mental 
Health, NIH, Bethesda, MD, 20892.

In order to investigate the functional specialization of the object vision pathway 
in extrastriate cortex, we studied the effects of selective attention to color and face 
identity using functional magnetic resonance imaging (fMRI). Gradient echo, 
echo-planar images were obtained from 4 normal volunteers using a modified 1.5 
Tesla GE Signa MRI. All stimulus conditions consisted of one sample stimulus 
(1.5 sec duration) positioned centrally, immediately replaced by two test stimuli 
(2.5 sec duration) positioned laterally. Five task conditions were employed; 
matching face identity using gray-scale or color-washed faces, matching color 
similarity using color-washed intact or scrambled faces, and a sensorimotor control 
task using gray-scale scrambled faces. The color and face tasks using color-
washed intact faces employed identical stimuli, requiring selective attention to 
either color similarity or face identity, with both tasks matched for difficulty in 
terms of reaction time and hit rate.

During the color task, but not the face task, significant increases in signal 
intensity were found in the collateral sulcus, the lingual gyrus, and dorsolateral 
occipital cortex. For both of the face matching tasks, a large focus of activity was 
found which extended rostrally from ventrolateral occipital cortex in the inferior 
occipital sulcus to ventral occipitotemporal cortex in the fusiform gyrus. In 
contrast, the passive presentation of faces (observed by the comparison of the 
response to color matching of color-washed intact faces to that of color-washed 
scrambled faces) generated a significant response in ventrolateral occipital cortex 
but not in anterior fusiform cortex, suggesting that the face matching task evoked 
additional activity in the fusiform area relative to passive face perception. These 
results demonstrate functional specialization in the ventral, object vision pathway 
with distinct regions that 1) respond passively to faces, 2) respond only with 
attention to faces, and 3) respond with attention to color.

So c ie t y  for  N eu ro sc ien c e , V o lu m e  21, 1995



SUNDAY AM VISUAL CORTEX: EXTRASTRIATE—VENTRAL STREAM I 19

1 5 .7
N EU RO N A L RESPO N SES IN  IN FERIO R TEM PO RA L CORTEX 
AND FIG U RE-G RO U N D  SEG M EN TA TIO N  M. Missal(2), 
R. V ogels*(1) and G.A. Orban(1). (1)Lab. Neuro- en Psychofysiologie, 
KULeuven, B-3000 Leuven, Belgium., (2)Lab. de Neurophysiologie, UCL, 
B-1200 Brussels, Belgium.

Neurons in the inferior temporal cortex (IT) have been found to respond 
selectively to shapes. However, shapes are usually not isolated but appear on 
a structured background containing other shapes, implying that discrimination 
o f a shape requires its perceptual segmentation from the background. We 
determined whether the responses and selectivity of IT neurons to 
(foreground) shapes were affected by the presence of other (background) 
shapes. The foreground partially overlapped the background shapes, and the 
two shapes differed in color or texture. Psychophysical experiments 
established that rhesus monkeys are able to segment a shape from its 
background under these stimulus conditions. In the recordings, stimuli were 
presented foveally during fixation. The response o f shape selective units 
(n=47) was measured to several shapes with the background shape present or 
absent. Only non optimal shapes were used as background shapes. 
Presentation o f the foreground and the background shapes together usually 
reduced the response o f the selective cells (compared to the response to 
foreground shapes alone), and this despite differences in color (72% 
reduction) or texture (69% reduction) between the shapes. The strength of the 
reduction depended on the color, shape and size o f the background and was 
even present when outlines were used instead of filled shapes. Concomitant 
with this reduction in response, shape selectivity was reduced and in some 
instances even altered. These results demonstrate a strong (suppressive) effect 
of background shapes on the selectivity of IT neurons, and indicate that their 
shape selective response is strongly dependent on stimulus context.

1 5 .9
NEURONAL RESPONSES IN MACAQUE INFERIOR TEMPORAL 
CORTEX DURING LEARNING OF VISUAL DISCRIMINATIONS
B. Jagadeesh*, L. Chelazzi, R. Desimone. M._MLshkm, Lab. of Neuropsy
chology, NIMH, Bethesda, MD 20892.

Objects can acquire salience through learned associations with reward and 
response. To examine learning dependent changes in the representations of 
objects in cortex, we recorded from neurons in inferior temporal cortex while 
monkeys learned visual discriminations. Pairs of stimuli were presented at 
random locations extrafoveally, and the monkey was rewarded for making an 
eye movement to one stimulus of each pair. Pairs were chosen so that one 
stimulus would elicit strong responses when presented alone (good stimulus) 
and the other would not (poor stimulus). During a single recording session, 
the monkey learned which stimulus was associated with reward through trial 
and error. After the monkey had learned to saccade reliably to the rewarded 
stimulus (target), we switched reward contingencies and recorded neuronal 
responses during reversal learning. In some trials, “no-go” stimuli were 
shown, to which the monkey withheld a response. Saccade latencies were 
about 200 ms.

Cells responded well to the array when the rewarded stimulus in the pair was 
the good stimulus for the cell and responded poorly when the same stimulus 
later became the unrewarded one during reversal learning. The difference in 
neuronal response under these two conditions occurred as early as 120 ms 
after stimulus onset, or 80 ms before the saccade. In the initial trials of each 
session, when some correct saccades were guesses, the difference in response 
to good and poor target arrays was smaller. In other experiments, in which 
monkeys learned to do identical discrim inations under less dem anding 
conditions (saccade latencies, 150 ms), responses to good and poor target 
arrays did not differ until the time of the eye m ovement (Neurosci. Abstr. 
20:1054). In the present study, however, neuronal response differences 
occurred early enough to potentially m ediate target selection. Thus, the 
relevance of the activity of IT neurons in visual discrimination behavior may 
vary with the demands of the task.

1 5 .1 1

CELL ACTIVITY IN THE EARLY VISUAL CORTEX OF BEHAVING MON
KEYS DURING BINOCULAR RIVALRY. D. A. Leopold* and N. K. Logothe- 
tis . Division of Neuroscience, Baylor College of Medicine, Houston, TX 77030.

The phenomenon of binocular rivalry (BR) describes the alternating visual 
percepts experienced during periods of conflicting binocular input. In an at
tempt to better understand the origins of these perceptual changes, recordings 
were made in the early visual cortex of two rhesus macaque monkeys as they 
continuously reported the stimulus they were perceiving during periods of BR.

Monkeys were trained to respond to complete visibility of either of two alter
native stimuli during BR by pressing one of two levers. Single unit recordings 
were made in both the foveal representation of V1/V2, as well as the foveal 
areas on the anterior bank of the lunate sulcus. Rivalrous stimuli generally 
consisted of either a grating in the cell’s preferred orientation rivalled by an 
orthogonal grating, or the cell’s preferred stimulus rivalled by a static random 
dot pattern. As the monkey indicated the perceptual dominance of either the 
preferred or rivalling stimulus, the cell’s firing was often correlated with the 
monkey’s report.

Cell activity was analyzed during the periods before and after the monkey 
reported a perceptual change. In order to exclude possible artifacts caused 
by eye movements, analysis was restricted to times in which the stimulus was 
perfectly in the receptive field. Of the 154 cells recorded, approximately 40% 
showed significant differences between the instances the monkey reported seeing 
the preferred and nonpreferred stimuli. In most, but not all, of these cases the 
cell responded most strongly when the preferred stimulus was perceived.

The neuronal modulation reported here reflects a perceptual change that 
is not accompanied by a change in the visual stimulus. These results argue 
against a purely sensory role for cells in the early visual cortex.
Supported by NIH grant 5RO1EY10089.

1 5 .8
INVARIANCES IN OBJECT REPRESENTATION IN MONKEY INFERIOR 
TEMPORAL (IT) CORTEX ((J. M. Pauls* and N. K. Logothetis))
Division of Neuroscience, Baylor College of Medicine, Houston, TX

P urpose . Neurons in IT responding selectively to views of novel objects that 
monkeys had learned to recognize were investigated with respect to several im
age transformations, changes in color and spot-light illumination, and partial 
occlusion of the object. M ethods. Three monkeys (macaca mulatta) were 
trained to recognize novel objects presented from any arbitrary viewpoint, ir- 
respective of size and position. After learning to recognize an arbitrarly-chosen 
zero view of the target object, they were tested on their ability to recognize 
novel views of the target in the context of a generalized match-to-sample task. 
If a neuron was found to be selective for an object, the response of the cell was 
further tested with respect to partial-occlusion of the object as well as changes 
in size, position, color, illumination, and picture-plane rotation. Five sizes and 
five positions were tested for both targets and distractors. Test images appeared 
at eccentricities of 1 to 8 degrees and ranged in size from 1.0 to 6.25 degrees. 
Picture-plane rotations were tested over 360 degrees using the object’s default 
size. R esults. The majority of neurons responded best for foveal presentations 
of the preferred object over the full range of sizes. Translation led to a decrease 
in response magnitude without effecting response selectivity. Only a very small 
minority of the cells showed invariance to picture-plane rotation, however, a 
broader neuronal tuning width was consistently observed for picture-plane ro
tation versus rotation in depth. Conclusions. The responses of neurons in 
IT were found to be invariant for changes in size. Response invariance was 
not observed for rotation in the picture-plane or changes in position outside 
the foveal region, however, selectivity for the preferred object was maintained. 
The effects of changes in color, illumination, and partial occlusion are currently 
being assessed.

Supported by an ONR grant (N00014-93-1-0290) to N. K. Logothetis.
None

1 5 .1 0
OBJECT AND PLACE MEMORY IN THE MONKEY ENTORHINAL 
CORTEX. W.A. Suzuki*, E.K. Miller, and R. Desimone. Laboratory of 
Neuropsychology, NIMH, Bethesda MD, 20892.

Neuropsychological findings in humans and monkeys suggest that the entorhinal 
cortex contributes to both object and place memory. To examine the neural 
mechanisms of object and place memory, we recorded from entorhinal cells in two 
rhesus monkeys performing either a visual version of a delayed match to sample task 
with intervening stimuli (object task) or a delayed match to place task with 
intervening stimuli (place task). The object task began with the presentation of a 
sample picture followed by a variable sequence of test pictures, ending in a repetition 
of the sample picture (i.e., a match). The place task began with the presentation of a 
background "scene" made up of three geometrical elements. A cue was presented at 
a variable sequence of spatial locations, ending with a repetition of one of the 
locations (i.e., a match). In both tasks, the animal was rewarded for responding to 
the match. We found approximately 14% of the cells in the entorhinal cortex were 
either object or place selective. Moreover, 17% and 11% of the entorhinal cells 
responded differentially depending on whether the stimulus was a match or a 
nonmatch on the object or place task, respectively. In the object task, most such cells 
exhibited a response suppression to matching stimuli. For the place task, some cells 
exhibited an enhanced response to matching places while others exhibited a response 
suppression. For a subset of the cells that did not initially exhibit place or 
match/nonmatch selectivity on the place task, we examined the effects of removing 
the background scene on the neural responses. Surprisingly, many (8 of 15) of these 
cells became significantly more place or match/nonmatch selective when the 
background scene was removed. This suggests that some entorhinal cells may be 
more place selective when the locations are not defined by a background scene. In 
conclusion, we have found evidence for both object and place memory mechanisms 
in the monkey entorhinal cortex.

15 .1 2
EFFECTS OF BINOCULAR RIVALRY ON FACE CELL ACTIVITY IN MONKEY 
TEMPORAL CORTEX. D. L. Sheinberg*, D. A. Leopold, and N. K. Logothetis. Div. 
Neuroscience, Baylor College of Medicine, Houston, TX 77030.

In an effort to further understand the role that cells in extrastriate cortex may play 
in visual perception, we investigated how the activity of face selective cells was mod
ulated during binocular rivalry. Neurons in the upper and lower banks of the superior 
temporal sulcus (STS) of an alert monkey were isolated while he performed a passive 
fixation task. Those units which responded selectively for faces were further explored 
in a binocular rivalry task. During rivalry, a face stimulus for which the cell was se
lective was presented to one eye and a random dot pattern, which did not modulate the 
cell’s response, was presented to the other eye. Under these conditions, perceptual al
ternations naturally occur, such that one of the two stimuli dominates visual perception. 
The monkey’s task was to report when he experienced transitions between perceiving 
the face stimulus and the random dot pattern by pressing one of two levers. During 10- 
15 second rivalrous periods, we recorded the monkey’s behavioral responses and the 
activity of the face sensitive cell. Results showed that for many of the more selective 
cells, there was significant modulation of cell activity as the monkey’s percept altern
ated between seeing the face stimulus and seeing the random dots. In addition, we de
veloped a protocol by which we could reliably control the monkey’s perceptual exper
ience by randomly presenting a short duration luminance flash to one of the eyes. The 
presence of the flash stimulus on its own did not change the cell’s activity. However, 
during rivalry, the flash did effectively alter the monkey’s reported percept. As a res
ult, the activity of the cell increased or decreased in a manner consistent with the flash- 
induced perceptual change. These results are consistent with data obtained from earlier 
visual areas (V2, V4, and MT) and show that the perceptual alternations experienced 
during object rivalry are reflected in the activity of single cells in temporal cortex.

Supported by NIH grants 5R01EY10089 to NKL and 1F32EY06624 to DLS.
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BIOCHEMICAL ANALYSIS OF A MOUSE MODEL OF LESCH-NYHAN 
SYNDROME AND THE POTENTIAL FOR TREATM ENT OF CNS 
MANIFESTATIONS BY GENE TRANSFER. T .J .  Plumb. A. Bosch. B.J.
Roessler, J.E. Brian*, D.S. Shewach, and B.L. Davidson. Department of Internal 
Medicine, College of Medicine, University of Iowa, Iowa City, Iowa, 52242.

Hypoxanthine-guanine phosphoribosyltransferase (HPRT) is a purine salvage 
enzyme which, using 5-phosphorylribose 1-pyrophosphate (PRPP) as a co- 
suhslrate catalyzes the conversion of hypoxanthine and guanine to inosine 
monophosphate (IMP), and guanosine monophosphate (GMP). Complete 
deficiency in humans causes the Lesch-Nyhan Syndrome (LNS), which is 
characterized by hyperuricemia, mental retardation, choreathetosis, and a 
compulsion to self-mutilate. Using a partial HPRT deficient mouse model 
developed by Kuehn, we have shown that HPRT activity can be augmented in vivo 
using an adenovirus to deliver a rat HPRT transgene. Replication deficient, 
recombinant adenovirus (serotype 5) containing the Rous Sarcoma Virus promoter 
and the Simian Virus 40 polyadenylation signal flanking the cDNA for rat HPRT 
was injected into the right corpus striatum. Five days post injection left and right 
striata were analyzed for (1) presence of transgene via cell lysate DNA PCR, (2) 
transgene expression via mRNA in situ hybridization, and (3) enzyme activity 
based on the ability of freshly harvested brain tissue to incorporate 14C- 
hypoxanthine into nucleotide pools.

Additional studies are targeted at evaluating the biochemistry of the Kuehn model 
as it relates to the HPRT deficient state. The CNS manifestations found in LNS 
are absent in current mouse models. This is because rodents can use adenine 
phosphoribosyltransferase (APRT), another purine salvage enzyme, to make IMP 
and ultimately guanine nucleotides. Nonetheless, the injurious behavior can be 
induced by inhibiting APRT in the HPRT deficient mouse. Our current studies are 
focused at comparing brain catecholamine and nucleotide pool levels in the Kuehn 
mouse in untreated, APRT inhibitor treated, and mice of both groups which have 
been previously transduced with the adenoviral vector described. These studies will 
provide important insights into the molecular pathology of LNS, and test the 
ability of adenovirus to correct the underlying defect.

1 6 .2

MOUSE MODELS OF GM2 GANGLOSIDOSES: DISRUPTION OF THE 
HEXB GENE, BUT NOT THE HEXA GENE RESULTS IN SEVERE 
NEUROLOGIC DYSFUNCTION. K. Sango*1, S. Y am anaka1, Y.
Q k u d a 1, A. G rinberg2, H. W estphal2, M. M cD onald3. J. N. 
C raw ley3, K. Suzuki4 and R. L. Proia1. 1GBB, NIDDK; 2L M G D , 
NICHD; 3ETB, NIMH; NIH, Bethesda, MD 20892 and 4Dept. of 
Pathol.; Univ. of North Carolina, Chapel Hill, NC 27599-7525.

The GM2 gangliosidoses are inherited  neurodegenerative 
disorders, and are characterized by im paired GM2 ganglio- 
side degradation. M utations in the H E X A  and H E X B  genes 
(encoding α - and β -subunits o f β -hex A) cause Tay-Sachs 
disease and Sandhoff disease, respectively . Through gene 
ta rgeting  in em bryonic stem  ce lls , we have established  
m utant m ice corresponding to the hum an GM2 g ang lio 
sidoses. Mice homozygous for either the disrupted Hexa or 
Hexb gene were deficient in p-hex A, accum ulated GM2 in 
th e i r  b r a in s  an d  d e m o n s t r a te d  n e u ro p a th o lo g y  
characte ristic  o f GM2 gang liosidosis  pa tien ts. However, 
unlike Tay-Sachs and Sandhoff d isease patien ts who are 
clin ically  very sim ilar, the H e x a  and Hexb  "knock-out" 
m ice d isp layed very d iffe ren t pheno types. The H e x a  
knock-out mice had a normal life span (~ 2  years) and 
showed no neurologic abnorm alities. In contrast, the H e x b  
knock-out mice had a shortened life  span (~5 m onths). 
B eginning  at about 3.5 m onths these anim als showed 
p ro g re ss iv e  g a it a b n o rm a li tie s , m usc le  w astin g  and 
s p a s tic ity .

1 6 .3 1 6 .4

MICE WITH AMPA RECEPTORS ENGINEERED FOR INCREASED C a2+ 
PERMEABILITY R.

, ZMBH1, University of Heidelberg and MPI
Medizinische Forschung2, 69120 Heidelberg, Germany

AMPA receptors are assembled from four subunits (GluR-A to -D) and 
mediate the fast component of excitatory postsynaptic currents. Principal 
neurons have AMPA receptors with low Ca2+ permeability while intemeurons 
express highly Ca2+ permeable AMPA receptors. This functional difference is 
due to the high expression of the GluR-B gene in principal neurons and the 
fact that GluR-B carries an arginine residue in the Q/R site of its channel 
forming region M2. The arginine results from site-selective RNA editing of 
GluR-B pre-mRNA, a nuclear process for which an intronic sequence termed 
ECS site is critical. We constructed mice with highly Ca2+ permeable AMPA 
receptors in principal neurons by two strategies. First, transgenic mouse lines 
were produced by pronucleus injection of a GluR-B promoter-driven cDNA 
for GluR-B having an asparagine in the Q/R site of M2. Transgene expression 
was specific as shown by in situ hybridization and Ca2+ permeability of GluR- 
B containing AMPA receptors in Purkinje cells of mutant cerebellar slices 
increased significantly as measured by reversal potentials under biionic 
conditions. Second, chimeric mice were constructed by blastocyst injection of 
embryonic stem cells in which the endogenous GluR-B gene was targeted for 
the replacement of the intronic ECS site by a neo/TK cassette flanked by lox 
sites and removed by CRE recombinase after stem cell selection. Progeny 
from chimaeras heterozygous for the ECS site-deleted GluR-B gene express 
30-50% Q/R site unedited GluR-B and show the expected change in AMPA 
receptor properties. Genetically engineered mice showed growth retardation, 
reduced fertility and shorter life spans. This indicates the importance of proper 
Ca2+ permeability and RNA editing for AMPA receptor channels in the 
mammalian CNS.

TRISOMY 21 AND ALZHEIM ER’S DISEASE. L.N. Geller* and H.
Potter. Dept. Neurobiol., Harvard Medical School, Boston, MA 02115.

A connection between Alzheimer’s disease (AD) and Down syndrome 
(trisomy 21) is indicated by the fact that Down syndrome individuals 
develop AD neuropathology by the third or fourth decade of life. This 
and other evidence have led us to propose that some cases of AD 
occurring in otherwise normal individuals are caused by the presence of 
a small number of trisomy 21 cells (Potter, Am. J. Hum. Genet. 48:1192, 
1991). At least two predictions can be made from this hypothesis. One is 
that patients with AD should share physical variations with Down 
syndrome individuals. We and our colleagues have shown this to be true 
for the sensitivity of pupil dilation to tropicam ide, a cholinergic 
antogonist. Both Down sydrome and AD patients are more sensitive to 
tropicamide than are unaffected individuals (Scinto et al., Science  
266:1051, 1994). A second prediction of the hypothesis is that if AD is 
caused by mosaic trisomy 21, there should be elevated levels of trisomy 
21 in cells from AD patients compared to unaffected individuals. Using 
fluorescence in situ hybridization (FISH) we have shown that there are a 
significantly larger (p=0.005) number of trisomy 21 in cells of fibroblast 
cultures obtained from AD individuals compared to unaffected controls. 
In order to expand the study o f trisomy 21 mosaicism to a larger 
population of AD patients in which we can also correlate trisomy data 
with other measured clinical parameters, we have developed a technique 
for FISH on buccal cells. These cells, which have the advantage of being 
more easily obtained and not exposed to culturing, have been examined 
for their frequencies o f trisomy 21. Because mitosis is the cellular 
mechanism causing trisomy, we have also begun to examine various 
aspects of this process. Specifically, we have examined cells for defects in 
the spindle checkpoint of mitosis.

1 6 .5

WIDESPREAD ENGRAFTM ENT BY M ULTIPOTENT NEURAL 
PROGENITORS AS A POSSIBLE CELLULAR THERAPY FOR THE 
SHIVERER (SHI) MOUSE BRAIN. B.D. Yandava* & E.Y. Snvder. Depts. of 
Neurology & Pediatrics, Harvard Med. Sch., Children's Hospital, Boston, MA 02115.

Shi is an autosomal recessive mouse mutation known to impair development of 
CNS myelin due to a deletion of 5 of 7 exons of the myelin basic protein (MBP) gene 
& loss of functional MBP. The Shi phenotype can be rescued genetically by 
introducing the wild type MBP gene into the germline of Shi mice or by cellular 
methods by grafting primary oligodendrocytes derived from normal mice. However, 
in the transplantation experiments, oligodendrocytes had to be isolated from a primary 
source & the correction was local whereas Shi affects the entire CNS. Previously, we 
showed that the multipotent C l7-2 clonal neural progenitor cell line could integrate & 
differentiate into various neuronal & glial cell types (including oligodendrocytes) in 
normal mice after transplantation into multiple CNS regions throughout the neuraxis 
& at multiple developmental stages [Cell 68:33,’92; Soc Neurosci. Abstr. 19:613,’93; 
Nature 374:367,’95]. In these regions, they could express exogenous, normal & often 
therapeutic gene products. Shi pups were injected at birth with C l7-2 cells into the 
cerebral ventricles as described elsewhere [ibid). At various ages, recipient animals 
were analyzed by: (1) Xgal histochemistry to detect engrafted, donor-derived lacZ- 
expressing cells; (2) Western blots to detect diffuse repletion of MBP by engrafted 
cells; (3) Electron microscopy to ascertain the cell type identity of donor-derived cells 
& to assess the myelination capacity of those that differentiated into oligodendrocytes. 
Donor-derived cells were observed throughout the shi neuraxis, including within 
white tracts as early as 2 wks of age. Significant amounts of normal MBP were 
detected throughout the brain; untransplanted Shi controls showed none. Accordingly, 
donor-derived oligodendrocytes myelinated neuronal processes & appeared to lay 
down healthier, better compacted myelin. These results suggest the feasibility of using 
multipotent neural progenitor or “stem-like” cells for the widespread reversal of some 
shi neuropathology & perhaps that of other diffuse dysmyelinating/hypomyelinating 
conditions. This study may also serve as a paradigm for the treatment of other CNS 
diseases which might require widespread neural cell replacement.

1 6 .6

A HUM A N  M OD EL FOR ANALYSIS OF L1CAM  FUN CTIO N .
J. MacFarlane, J-S. Du. M. Jouet, P. Doherty, F. Walsh* and S. Kenwrick, Univ. 
Cambridge Dept. Med., Cambridge CB2 2QQ, U.K. and Dept. Exp. Path., UMDS, 
Guy’s Hospital, London SE1 9RT, U.K.

We have demonstrated that mutations in neural cell adhesion molecule L 1 in man 
give rise to the clinically-related syndromes X-linked hydrocephalus, MASA 
syndrome and spastic paraplegia type I that include mental retardation and spasticity 
indicative of pyramidal tract damage. Variable features include congenital 
hydrocephalus, adducted thumbs and a variety of brain malformations. Determination 
of mutations underlying these disorders highlights regions of L 1 that are critical for 
correct function in the nervous system and examination of the resultant clinical 
phenotype provides valuable insight into the role of L 1 in development. To date we 
have reported 18 L 1 mutations associated with disease and here we describe a further 
12. Mutations are distributed across the whole L 1 gene affecting almost every 
structural domain and no clustering is seen. Whole gene deletions have not been 
found although 7 mutations would eliminate expression of L 1 at the cell surface. 
There is no evidence for genetic heterogeneity of X-linked disease as all familial 
cases (25/25) have an L 1 mutation. However, as only 5/18 sporadic cases harbour a 
mutation, autosomal recessive phenocopies are likely. Neuropathological 
examination of affected cases indicates that L 1 is indeed important for correct 
development of the corticospinal tract although general cerebro-cortical and 
cerebellar architecture as well as myelination appear unaffected by L 1 disruption.

Thirteen missense mutations have been defined. As these are distributed from the 
most distal to the most membrane proximal domain, they are likely to affect several 
of the homophilic and heterophilic interactions so far determined for L 1. In order to 
investigate this we have engineered each mutation into wild type L 1 in mammalian 
expression vectors. Expression of mutated L 1 on the surface of suspension cells 
(myeloma) and as a soluble chimeric protein with the Fc portion of immunoglobulins 
will allow us to examine the effect of each mutation on ligand recognition, thus 
providing valuable insight into the functional domains of L 1.
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CREATION OF MITOCHONDRIAL DNA DEFICIENT NEUROBLASTOMA
CELL LINES: RESCUE OF AEROBIC PHENOTYPE BY HUMAN MITOCHONDRIAL
TRANSFER. S. W. Miller1*. C. Herrnstadt1, W. D. Parker
Jr.2 and R. E. Davis1 1Applied Genetics, Inc., San Diego, CA 92121 and
Departments of Neurology. 2Pediatrics, University of Virginia School of Medicine,
Charlottesville, VA 22904.

We have created respiratory deficient SH-SY5Y neuroblastoma cell lines by 
selectively depleting mitochondrial DNA. These cells retain the capacity to differen
tiate into cells with neuron-like phenotypes (p°33/5 or p°64/5). p°64/5 cell lines 
contain enlarged mitochondria as estimated by uptake of nonyl acridine orange, and 
exhibit pyruvate but not uridine auxotrophy. Oxygen consumption is abolished in 
p°64/5 cells. Activities of ETC enzyme complexes containing subunits encoded by the 
mitochondrial genome also are eliminated in p°33/5 and p°64/5 (Complex I and IV).
In contrast, activity of an ETC enzyme complex containing subunits encoded entirely 
by the nuclear genome was less affected by EtBr treatment in these cell lines (Complex 
II). The activity of citrate synthase, another nuclear encoded mitochondrial enzyme, 
was depressed but still measurable in p°64/5 cells. p°64/5 cells generate less reactive 
oxygen species and are less sensitive to mitochondrial toxins than parental SH-SY5Y 
cells. Unlike other p°cells, p°64/5 cells retain the ability to differentiate into cells 
with neuron-like phenotypes following treatment with phorbol esters. Normal 
respiratory function can be recovered by repopulation of p°64/5 cells with exogenous 
human platelet mitochondria (cybrid). These cybrid cells have nuclear DNA with 
origins in the parental SH-SY5Y cells and mitochondrial DNA with its origin in human 
donor platelets. This was confirmed by following homoplasmic polymorphic mtDNA 
mutations that were present in the donor but not present in the parental cell line and 
appeared in the cybrid cell line after mitochondrial transfer. These cybrid cells 
maintain a stable aerobic phenotype in culture and regain sensitivity to mitochondrial 
specific ETC toxins. These p°64/5 cells will be useful as recipient cells for dissecting 
the role of the mitochondrial genome on neuronal function in disease.

VISUAL CORTEX: STRIATE I

1 7 .1

ANALYSIS OF SIMPLE AND COMPLEX SYNAPTIC INPUT IN 
CAT AREA 17 WITH IN- VIVO WHOLE-CELL PATCH RECORD
INGS L. Borg-Graham*, C. Monier, V. Bringuier, Y. Frégnac,
L. Glaeser Institut Alfred Fessard, 91198 Gif-sur-Yvette, France

To understand the synaptic interactions that underly simple and 
complex receptive field (RF) properties in cat (adult and kitten) area 
17, we used in-vivo blind patch recordings to specifically extract the 
synaptic conductance inputs. Current and voltage clamp record
ings (5M Ω electrodes, 2-8GΩ  seals, Rin =100-400M Ω, Erest =  —75- 
— 50mV) were from the major physiological classes of cortical cells 
and correlated with histology, including regular spiking (e.g. spiny 
stellate), fast spiking (e.g. smooth stellate), and bursting (e.g. pyra
midal) neurons. Synaptic input in response to flashing dark and light 
bars in several positions of the RF was studied with a combination 
of the following methods: (a) estimation of the synaptic conduc
tance input wavefrom Gsyn(t) from two voltage clamp current records 
( I1(t ) and I2(t)), taken at two holding potentials, (V1 and V2), using 
Gsyn(t) ≈  I1(t)-I2(t)/V1-V2 ~ Grest (Borg-Graham, 1991); (b) pharmacologi
cal protocols where recordings with standard (K + —Gluconate) con
trol solutions were compared to recordings from the same cell after 
the patch pipette was flushed with a second solution containing N a+ 
channel blockers, inhibitory synaptic blockers, and biocytin. Results 
include evidence that simple subregions receive complex subthresh
old excitatory input, consistent with the “Simplex” model proposed 
by Frégnac et. al. (1989).

L.B-G. was supported by the CNRS(ATIPE, Cognisciences), Fon- 
dation Fyssen and Fondation Phillipe. This work was funded by 
grants to Y.F. from CNRS(Cognisciences) and HFSP.

1 7 .3

TWO DIMENSIONAL SPATIAL MAPS OF EXCITATION AND INHIBITION IN 
THE SIMPLE RECEPTIVE FIELD. Judith A. Hirsch*. Jose-Manuel Alonso. and 
R. Clay Reid. Laboratory of Neurobiology, The Rockefeller University, New 
York, NY 10021.

Stimuli of opposite polarity have a “push-pull” effect on simple cells (Ferster, 
1988, J. Neurosci. 8:1172): light stimuli falling within an on subregion are 
excitatory whereas dark ones are suppressive. With whole-cell recording in vivo 
we have been able to map directly the spatial distribution of both excitation and 
inhibition in the simple receptive field. Recordings were obtained from layers 3, 
4, and 6 of cat area 17; the stimuli used were briefly flashed light and dark 
squares presented in random order (Jones and Palmer, 1987. J. Neurophys. 
58:1187).

For a given subregion, the maximum excitatory (push) and inhibitory (pull) 
responses were usually evoked from the same place. The ratio of push to pull 
was not constant, however; it varied among subregions and with distance from 
the center of the receptive field.

Excitation and inhibition within the receptive field were regulated by 
independent inputs. Two separate measures showed that the evoked inhibition 
reflected synaptic input, not simply withdrawal of excitation. First, the inhibition 
could be reversed by hyperpolarizing the membrane with direct current. Second, 
inhibitory synaptic potentials appeared to increase the membrane conductance; 
they reached peak amplitude more rapidly than hyperpolarizations produced by 
injected current pulses.

As a rule, local synaptic excitation and inhibition summed additively. For 
some cells, though, stimuli that overlapped the border between subregions 
revealed the presence of a weak veto mechanism. (Supported by NIH grants 
EY09593, EY10115, and EY05253, The   Fund and The C.H. 
Revson Foundation)

1 7 .2

THE INTERACTIONS BETWEEN MULTIPLE GENICULATE INPUTS TO SIMPLE 
CELLS IN CAT VISUAL CORTEX.
W. Martin Usrey*, Jose-Manuel Alonso and R. Clay Reid. Laboratory of 
Neurobiology, The Rockefeller University, New York, NY 10021.

Simple cells in layer 4 of visual cortex have elongated receptive fields with 
separate on and off subregions. Previous work in our laboratory has shown that 
individual afferents from the lateral geniculate nucleus (LGN) make monosynaptic 
connections with simple cells only if their receptive-field centers overlap with simple 
subfields of the same sign (on or off). We have also found that neighboring 
geniculate cells are often very strongly correlated with each other on the millisecond 
timescale. This raises the question: what are the combination rules for the influence 
of two geniculate cells on a cortical neuron? Specifically, does the coactivation of 
two geniculate cells show a facilitatory influence compared to the sum of the 
influence of each spike in isolation?

To address this question, we have recorded simultaneously the responses of 
several geniculate cells and single simple cells whose receptive fields overlapped in 
visual space. Recordings in the LGN were made with a multi-electrode array which 
allowed us to isolate the responses of up to 10 neurons. Geniculate and cortical 
receptive fields were mapped with white-noise visual stimuli. Connectivity between 
geniculate and cortical cells was determined with cross-correlation analysis of the 
spike trains.

We have recorded from simple cells which received convergent input from 
several simultaneously recorded overlapping X cells, as well as simple cells which 
received input from both X and Y cells. Many of the geniculate cells were 
overlapping with each other and, as expected, these cells were often well correlated. 
Ongoing studies are examining the potential interactions between these multiple 
inputs to simple cells. (Supported by EY06604, C. H. Revson Foundation, the 
Klingenstein Fund, EY10115 and EY05253).

1 7 .4

THE INTRACELLULAR RESPONSES PRODUCED BY MOVING AND STATIC 
STIMULI ARE WELL MATCHED IN SIMPLE CELLS
Jose-Manuel Alonso*, Judith A. Hirsch and R. Clay Reid. Laboratory of 
Neurobiology, The Rockefeller University, New York, NY 10021.

If simple cells sum their visual inputs linearly, the responses to moving 
bars should be predicted from the receptive field mapped with static stimuli. 
Extracellular records do not provide enough information to make this prediction 
accurately since inhibition cannot be measured directly. By making whole-cell 
recordings in vivo, we were able to measure and compare the intracellular 
responses o f simple cells to both static and moving stimuli. Two dimensional 
receptive field maps were obtained by presenting small dark and light spots 
flashed briefly in a random order. These maps were used to predict the responses 
to moving light and dark bars at different orientations and velocities. Slight 
differences between the responses evoked with dark and light stimuli were usually 
observed. These differences were consistent for static spots and moving bars.

Considering the responses to light and dark stimuli separately, both the 
orientation and direction selectivity in several simple cells could be predicted 
based on the static map. For instance, it was possible to infer the preferred 
direction of a cell based on timing differences in the excitatory and inhibitory 
responses at different positions in the receptive field (McLean and Palmer, 1989 
Vision Res. 29: 675; cf. Reid et al., 1991, J. Neurophys. 66:505, Jagadeesh et al., 
1993, Science 262:1901).

In summary, the intracellular responses to moving light and dark bars can 
be predicted from a static map of the receptive field when the time course of 
excitation and inhibition are considered. (Supported by The C.H. Revson 
Foundation, NIH EY05253, EY09593 and EY10115, and The Klingenstein Fund).
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OVERLAP OF SUBUNITS OF COMPLEX CELL RECEPTIVE FIELDS
I. Qhzawa*. G. C. DeAngelis. and R. D. Freeman. Group in Vision Science, 
School of Optometry, University of California, Berkeley, CA 94720-2020.

It has been shown that receptive fields (RFs) of complex cells in the visual 
cortex are constructed from multiple linear subunits (Movshon et al., 1978; 
Gaska et al., 1994). However, the degree of overlap of the subunits has not been 
established. Specifically, we wish to know if the spatial extent of each of these 
subunits is large enough to cover the entire RF area, or if many subunits must 
be staggered spatially to cover the RF. This is important to determine because 
it bears directly on models for the construction of complex cell RFs.

Responses of single isolated complex cells were measured extracellularly 
from the striate cortex of anesthetized, paralyzed cats. A reverse correlation 
technique was used to map RF profiles using both bright and dark bars of the 
optimal orientation. A Gaussian function is fitted to each RF profile to obtain 
a quantitative estimate of the RF width. The width of RF subunits is estimated 
from responses to drifting sinusoidal grating stimuli. A Gaussian function is 
fitted to the spatial frequency tuning curve to determine the bandwidth. Under 
an assumption of linearity, the inverse Fourier transform provides an estimate 
of the spatial extent of the subunits (Movshon et al, 1978).

For the majority of complex cells, the estimated width of RF subunits is 
similar to the overall width of the RF. However, for about one third of the cells, 
the overall complex cell RF was substantially larger than the linear subunits. A 
similar analysis for simple cells shows a close match between the measured RF 
size and the estimate from the spatial frequency tuning curve.

These results suggest that the majority of complex cells combine the outputs 
of RF subunits that have approximately the same spatial extent as the overall RF. 
This finding is largely consistent with "energy models" (Adelson and Bergen, 
1985; Ohzawa et al. 1990) in which the complex cell RF is constructed from 
simple-like RFs having a common spatial envelope, but differing in spatial 
phase. (EY01175)

1 7 .6
CONTRAST ADAPTATION AND MASKING IN MACAQUE VI.
A. B. Poirson, L. P. O'Keefe*, M. Carandini, J. A. Movshon.
Howard Hughes Medical Institute and Center for Neural Science, New York 
University, New York 10003.

Human psychophysical studies show that visual perception depends on 
both the observers' recent viewing history (adaptation) and on the test 
stimulus's viewing context (masking). V 1 is the earliest stage of visual 
processing at which neuronal responses show both masking and adaptation. 
We compared these effects in single V 1 neurons, recorded in anesthetized, 
paralyzed macaque monkeys.

We measured neuronal responses to drifting achromatic gratings. We 
adapted or masked with a "privileged" stimulus chosen to be effective but not 
necessarily optimal for the neuron under study. In the adaptation condition, 
the privileged stimulus immediately preceded each test stimulus 
measurement. In the masking condition, the privileged stimulus and the test 
stimulus were presented simultaneously. Test stimuli were either of a single 
high contrast at many spatial frequencies and orientations, or of a range of 
contrasts at a few chosen spatial frequencies and orientations.

Adaptation typically reduced responses to all test stimuli in rough 
proportion to their preadaptation responses. Masking modified responses to 
the test stimuli in a manner predictable from the responses elicited by the test 
and masking stimuli presented alone. Analysis of contrast-response data 
suggests that adaptation affected both response strength and contrast gain, 
while masking can be understood in terms of the combined effectiveness of 
the masking and test stimuli.

Supported by NIH (EY02017 and EY06371) and HHMI.

1 7 .7

A B S E N C E  O F  S P IK E  F R E Q U E N C Y  A D A P T A T IO N  
D U R IN G  B IN O C U L A R  R IV A L R Y .

Allan C. Dobbins* R ichard  Jeo  John  M. A llm an 
D ivision of Biology, C altech , 216-76, P asadena, CA , 91125 

P ercep tual b istab ility  has frequently  been a t tr ib u te d  to  ac tiv ity- 
dependen t ad ap ta tio n  in a  w inner-take-all netw ork. W hen there is 
equal evidence for tw o different percep ts , the  dynam ics chooses a 
w inner, w hich pers is ts  until th e re  is sufficient ad a p ta tio n  for the 
a lternative  percep t to  dom inate . To te s t th is  idea m acaques were 
tra in ed  to  rep o rt g ra ting  o rien ta tion  or d irection  of m otion  in a  b in 
ocu lar riva lry  task . We have previously rep o rted  th a t m any neurons 
in visual cortical areas V 1, V2, and  V4 exh ib it: (i) suppression , and  
(ii) a  b u rs ty  m ode of firing during  b inocu lar riva lry  com pared  to  
viewing nonrivalrous p a tte rn s  (D obbins et al. (1994) Soc. Neur- 
osci. Abstr.). To te s t the ad ap tin g  w inner-take-all netw ork  m odel, 
we have looked for evidence of spike frequency ad a p ta tio n  in those 
neurons th a t bu rs t during  rivalry. W e have found th a t neurons 
show bu rsts  w ith increasing, decreasing , and  no change in spike 
frequency. A single neuron m ay exh ib it each  of these p a tte rn s  in 
different bu rs ts , suggesting a  stochastic  com ponen t of bursting . F u r
therm ore, i f  these neurons rep resen t a neural corre la te  of binocular 
rivalry, th e  absence of consisten t spike frequency ad a p ta tio n  argues 
against an  adap tin g  w inner-take-all netw ork as the  basis of percep
tu a l b istab ility .

1 7 .8

Reliability of Neural Responses in Monkey V 1 Cortex 
F. Mechler*, R. Shapley and M. J. Hawken. C en ter for N eural Sci
ence, New York U niversity, New York, NY 10003.

We have investigated  the  reliab ility  of single visual cortical neu
rons signalling percep tually  significant featu res such as contours in 
th e  visual scene. R eliability  of a  neuronal signal was m easured  as 
th e  inverse of its  coefficient of varia tion  (CV ): s ta n d a rd  dev iation  over 
m ean of the  response. I t is known from  previous w ork th a t  th e  average 
spike ra te  is an unreliab le  signal because its  variance is approx im ately  
p ropo rtional to  the  m ean. We used an o th er m easure of neuronal re
sponse th a t  allowed an  im proved reliab ility  for signalling  significant 
differences betw een visual stim uli: th e  roo t-m ean -square  of th e  signif
ican t harm onics’ am plitudes identified by power sp ec tra l analysis.

We have com pared  responses to  sinusoidally  m odu la ted  or d rif t
ing g ra tin g  s tim uli w ith  responses to  d rifting  lum inance edges or to  
’’illusory” contours. T he ac tiv ity  of single neurons was ex tracellu larly  
recorded in the p rim ary  visual cortex  of anaesthe tized  m acaque m on
key. T he m ain  results from the  analysis of th e  C V ’s dependence on 
the  m ean were: 1 ) T he CV of our m easure reached lower values th an  
the  CV of the  m ean ra te  for th e  sam e responses 2) T he CV  decreased 
m ore rap id ly  w ith  increasing m ean response for con tour stim uli th an  
for gratings. 3) B o th  sim ple and  com plex cells were m ore reliable in 
th e ir  responses to  contours th a n  to  gratings.

1 7 .9

A C O M P A R IS O N  O F  D IS C H A R G E  V A R IA B L IL T Y  IN  VITRO  
A N D  IN  VIVO  IN  C A T  V IS U A L  C O R T IC A L  N E U R O N S .
Gary R. Holt*, William R. Softky, Christof Koch, and Rodney J. Douglas, 
Computation and Neural Systems, Caltech, Pasadena, CA 91125; MRB, 
NIDDK, NIH, Bethesda, MD 20814; MRC ANU, Oxford O Xl 3TH, 
England.
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In neocortical slices, the m ajority of neurons 
fire quite regularly in response to constant cur
rent injections. But neurons in the intact animal 
fire irregularly in response to constant current 
injection as well as to visual stimuli (Ahmed et 
al., 1995). To quantify this observation, we de
veloped a new measure of variability, C v 2, which 
compares only adjacent interspike intervals and is therefore less sensit
ive to rate variations than existing measures such as the coefficient of 
variation (Cv ) of interspike intervals. Results are shown to the right.* 
We find that the variability of firing is much higher in cells of primary 
visual cortex in the anesthetized cat than in slice. The response to cur
rent injected from an intracellular electrode in vivo is also variable, but 
slightly more regular and less bursty than in response to visual stimuli. 
We prove tha t this behavior is consistent with a simple integrate-and-fire 
model receiving a large am ount of synaptic background activity, but not 
with a noisy spiking mechanism.

17 .1 0

COLOR AND SPATIAL TUNING CHARACTERISTICS OF CENTRAL AND 
PERIPHERAL CELLS IN MONKEY STRIATE CORTEX. S. D. Elfar*, N P 
Cottaris. and R.L. De Valois. Departments of Psychology and Vision Science, 
University of California, Berkeley, CA 94720.
Color appearance in the periphery (up to 20 degrees) is very much the same as in 

the fovea for appropriately scaled stimuli (Abramov, Gordon, and Chan, 1991, 
JOSA, 8, 404-414); however, peripheral color characteristics have not been 
examined with striate cortex unit recording. In this study, we compared the 
responses of single units recorded from central (0-5°) and peripheral (about 20°) 
areas of monkey striate cortex to luminance and isoluminant color stimuli. 
Recordings were from anesthetized and paralyzed macaque monkeys. For each cell, 
chromatic tuning functions and spatial frequency and orientation tuning functions 
to luminance and color sinewave gratings were obtained. Peaks and bandwidths 
were calculated. For some cells, the receptive fields were mapped with isoluminant 
and cone-isolating stimuli using the reverse correlation technique.

The color axis of peak response was distributed uniformly across the spectrum 
for central cells, but peripheral cells’ peak tuning was clustered at Derrington, 
Krauskopf, and Lennic (1984, J. Physiology, 357, 241-265) axes between 120°- 
140°. Chromatic bandwidths for both groups of cells were not significantly 
different. The spatial frequency tuning of central cells was similar to luminance and 
color stimuli. Peripheral cells, in general, were tuned to lower spatial frequencies 
than central cells. For peripheral cells, peak spatial frequencies to color stimuli 
were lower than to luminance stimuli, although color bandwidlhs were slightly 
narrower than luminance bandwidths. Central cells exhibited somewhat broader 
orientation tuning to color stimuli than to luminance stimuli; peripheral cells were 
significantly more broadly tuned in orientation to color stimuli than to luminance 
stimuli. The chromatic tuning results may be explained by rod intrusion in the 
periphery, and the spatial tuning differences between central and peripheral cells can 
be accounted for with appropriate spatial scaling.

Supported by NIH EY00014.
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A  ROLE OF FR O N T A L  LOBE IN H U M A N  V IS U A L  PER CEPTIO N.
V .E . A m a s s ia n * ,  N. H a ss a n , J .B . C ra c c o, P .J . M a c c a b e e , R .Q . 
C racco  and K. H e n ry . D ep ts . of P hysio logy and N euro logy, S U N Y  
H ealth  Sci. C tr. a t Brooklyn, B rooklyn, N Y  1 1 2 0 3  

Single transcran ial m a g n etic  coil (M C ) stim uli to  th e  hum an  parietal 
lobe do not e lic it p ro jected  sensa tions, w h ic h  require repetitive  
stim uli. H o w e v e r, single M C  stim uli to  th e  fron ta l lobe elic it a sense 
of d ig it m o v e m e n t in an isch em ica lly  paralyzed  a rm  and, in som e  
sub jec ts , paresthesias. W e  re la ted  th e s e  p ro jected  sensations to  the  
k n o w n , he av y  fron ta l p ro jections to  th e  in tra lam inar tha lam ic  N 
(Brain, 1 9 9 1 ,  1 1 4 :2 5 0 5 -2 5 2 0 ) .  A n  analogous e ffe c t  on visual 
perception  w a s  sought by s tim u la ting  over ca lcarine  c o rte x  w ith  an 
M C  no larger th a n  9 .8  cm  (o .d .), fo llo w ed  op tim a lly  2 -7 5  m s later by 
a stim ulus  anterior to  m otor c o rte x  w ith  a foca l M C . Th e  reports of 
4  out o f 5 of us included: a bundle of lines, s a w to o th  or bar 
phosphenes, w h ich  w e re  a ch ro m a tic  or y e llo w  or g reen . (A  larger 
M C  over the  occ ipu t a lone read ily  e lic its  phosphenes, possibly  
because o f e xc ita tio n  de ep e r, or m ore  rostrally  by its upper 
w ind ings). S ep a ra te  calcarine  foci m u s t be re p e tit iv e ly  s tim ulated  to  
elic it a linear phosphene (B rindley and L e w in , 1 9 6 8 ,  1 9 6 :4 7 9 -4 9 3 ) ,  
im plying th a t a single occip ita l M C  pulse can  e xc ite  m any foci 
w ith o u t e ntry  in to  consc iousness, unless a ctiv a tio n  also occurs  
e ls e w h e re . W e  propose th a t re p e titiv e  s tim u la tion  of a prim ary  
receiving a rea , or single s tim u la tio n  com bin ed  w ith  frontal lobe 
o u tp u t, e lic it conscious percep tion  by opening an input or output 
th a lam ic  in tra lam inar N g a te .

1 7 .1 2

N E U R O N A L  A C T IV IT Y  IN  P R IM A R Y  V IS U A L  C O R T E X  
D O E S  N O T  C O N T R IB U T E  D IR E C T L Y  T O  V IS U A L  A W A R E 
N E S S  C. Koch* & F. Crick, Com putation and Neural Systems Pro
gram , Caltech 216-76, Pasadena, CA 91125 and The Salk Institute, 
10010 North Torrey Pines Road, La Jolla, CA 92037.

W hat is the relationship between visual awareness and neuronal ac
tivity in the nervous system? We are addressing this issue on the basis 
of two assumptions: (i) for an animal or human to be aware of some 
aspect of a visual object, there has to be a group of similar neurons 
located in the cortical system whose firing is correlated in an explicit 
manner with th a t feature in the visual scene. (ii) Such neurons must 
project directly to  some part of the frontal cortex. This is because we 
believe th a t the function of awareness must be to produce the best cur
rent interpretation of the visual scene and to  make it available to the 
parts of the brain tha t contemplate, plan and execute voluntary motor 
outputs. In the macaque monkey, prim ary visual cortex (V 1) has no 
direct connection to either the frontal cortex nor to the basal ganglia. 
Thus, while neuronal activity in V 1 is clearly im portant for the pro
cesses tha t lead up to visual awareness, the activity of neurons in V 1
do not directly enter awareness. Our hypothesis implies th a t physiolog
ical properties th a t are unique to cells in V 1 should not be expressed 
in visual awareness. Psychophysical experiments directly support the 
idea th a t neuronal activity th a t primarily activates neurons in V 1 but 
not higher visual areas can influence behavior but does not give rise to  
visual awareness.

1 7 .1 3

B L IN D S IG H T  IN  N O R M A L  O B S E R V E R S  Jochen B raun* &
F. Christopher Kolb, Caltech 139-74, Pasadena, CA 91125.

Blindsight has been established unequivocally in patients with lesions 
in area V 1, but remains controversial for normal observers ( “subliminal 
perception” ). We describe two visual displays tha t induce blindsight in 
normal observers, using an objective measure to distinguish conscious and 
unconscious performance. Both displays are designed to  stim ulate area V 1 
strongly and ex trastria te  areas poorly. In each display, one quadrant differs 
from the other three, and this “odd” quadrant is consciously perceived in 
one form of the display (C-form) but not another (NC-form) (100-200ms 
presentation time). The first display consists of paired dots moving on 
orthogonal trajectories (different directions in odd and other quadrants), 
either within 0.2° of each pair (NC-form) or separated by several deg (C- 
form), so th a t the two forms differentially stim ulate units in area MT but 
not area V 1 ( Qian et al. (1994) J  Neurosc 14: 7357-7366). The second 
display dichoptically presents arrays of oriented Gabor-elements (differ
ent orientations in odd and other quadrants), producing either binocular 
rivalry (NC-form) or fusion (C-form), so the two forms differentially stim 
ulate binocular but not monocular units. To objectively dem onstrate un
conscious performance, we randomly interleave two forms of each display 
in a block of trials. Observers perform a forced-choice task (locating the 
odd quadrant), and rate their confidence in the choice of quadrant (scale 
of 1 to  10). Performance is comparable (and far above chance) for C- and 
NC-forms, but performance and confidence are correlated only for C-forms 
and essentially uncorrelated for NC-forms, confirming th a t performance in 
NC-forms is not accompanied by visual awareness. We surmise th a t perfor
mance may be based on stim ulation of area V 1 while conscious experience 
may result from stim ulation of ex trastria te  areas (see Koch&Crick, preced
ing abstract). (Sloan Fellowship to FCK, NSF IBN-9312224 to  JB , NSF 
National Young Investigator to  P. Perona, and NSF Engineering Research 
Center to  Caltech)

PRBSYNAPTIC MECHANISMS I
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SPONTANEOUS AND EVOKED TRANSMITTER RELEASE REQUIRE 
THE PRESYNAPTIC PROTEIN SYNAPTOBREVIN IN THE RAT 

HIPPOCAMPUS: EFFECTS OF BOTULINUM NEUROTOXIN TYPE F.
M. Capogna *, B. H. Gahwiler, and S. M. Thompson.

Brain Research Institute, University of Zurich, CH-8029 Zurich Switzerland.
Evidence for a functional role of specific presynaptic proteins in the release of 

glutamate in the hippocampus is rapidly increasing. No data exist, however, for 
the involvement of the synaptic vesicle-associated membrane protein 
synaptobrevin in the mammalian CNS. Rat hippocampal slice cultures were 
therefore incubated with botulinum neurotoxin (BoNT) serotype F (200 ng/ml 
for 24 h or 40 ng/ml for 48-72 h), which cleaves both isoforms of 
synaptobrevin. Spontaneous excitatory postsynaptic currents (sEPSCs), 
miniature EPSCs (mEPSCs) (in the presence of TTX and bicuculline) and 
EPSCs evoked with stimulation in the dentate gyrus were recorded from whole-
cell voltage-clamped CA3 pyramidal cells. In BoNT/F treated cultures, the 
frequency, but not the amplitude, of spontaneous EPSCs and mEPSCs was 
strongly reduced (sEPSCs: 0.5 ± 0.3 Hz, n=5, vs. 2.5 ± 0.6 Hz in control 
cultures, n=6; mEPSCs: 0.2 ± 0.06 Hz, n=14, vs. 0.8 ±0.1 Hz in control 
cultures, n=26). The amplitude of maximal evoked EPSCs was also markedly 
reduced (51.9 ± 28.3 pA, n=4, vs. 916 ± 184 pA in control cultures, n=10). 
Application of two secretogogues, α-latrotoxin (<0.5 nM) or ionomycin (2 μM) 
to BoNT/F-treated cultures failed to produce the increase in mEPSC frequency 
observed in control cultures (0.2 ± 0.1 Hz, n=9 before and after application of 
α-latrotoxin or ionomycin, vs. 11.2 ± 1.7 Hz after α-latrotoxin in control 
cultures, n=26, and 7.1 ± 2.1 Hz, after ionomycin in control cultures, n=14). We 
conclude that the presynaptic protein synaptobrevin is essential for both 
spontaneous and evoked transmitter release in the hippocampus, as well as for 
α-latrotoxin- and ionomycin-induced transmitter release.

1 8 .2

ICA512, A NOVEL RECEPTOR-TYPE TYROSINE PHOSPHATASE 
LIKE PROTEIN, IS ENRICHED ON LARGE DENSE-CORE 
VESICLES. R. Dirkx, D. U. Rabin†, J.-M. Hermel, S. Pleasic- 
Williams†, J. A. Shapiro†, M. Solimena*, Dept. of Internal Medicine, 
Yale Univ. Sch. of Med., New Haven, CT 06520, and † Metabolic 
Disorders Research, Bayer Research Center, West Haven, CT 06516. 
ICA 512 is a member of the receptor-type tyrosine phosphatase family 
which is expressed in pancreatic islets and brain and is the target of 
autoantibodies in ~48% of newly diagnosed insulin-dependent 
diabetes mellitus patients (Rabin et al., J. Immunol. 152:3183, 1994). 
Immunocytochemistry on rat brain sections indicated that the protein 
is enriched in amygdala, hypothalamus and the dorsal horn of the 
spinal cord. The posterior pituitary (PP) contained the highest levels 
of the protein. Immunoreactivity was undetectable in other brain 
regions, including cerebral cortex, hippocampus, striatum, thalamus, 
cerebellum and brainstem. Glial cells were unlabeled. In ICA512- 
positive neurons, immunoreactivity was concentrated in the Golgi 
complex region, axons, and nerve terminals, whereas dendrites were 
unlabeled. Western blots of subcellular fractions from bovine PP 
indicated that ICA512 is recovered in high speed pellet fraction only. 
Fractionation of bovine PP homogenates on sucrose density gradients 
revealed that ICA512-immunoreactivity peaked in fractions enriched 
with secretogranin II containing large-dense core vesicles (LDCV) 
while a smaller peak partially overlapped with the synaptic vesicle 
marker synaptophysin. Our data demonstrates that ICA512 is an 
intrinsic membrane protein concentrated at presynaptic terminals and 
strongly suggests its enrichment on LDCV membranes.
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1 8 .3

ASSOCIATION O F SYNTAXIN AND VAMP/SYNAPTOBREVIN 
W ITH N -TY PE CALCIUM  CHANNELS: CO-LOCALIZATION AT 
NEUROTRANSM ITTER RELEASE SITES. M. S eagar* , N . 
Charvin. O . E l F ar, J.A. B oudicr, J.L. Boudicr, M. Takahashi§, 
INSERM  U374, Inst. Jean Roche, Fac.M ed.N ord, 13916 Marseille 
Cedex 20, France; §M itsubishi Kasei Institute of Life Science, Tokyo 
194, Japan.

A panel of antibodies directed against proteins implicated in 
neurotransm ittcr release was used to study multim olecular complexes 
in detergenl-solubili/.ed synaptosomes from rat brain.
Immunoprecipitation with anti-syntaxin or anti-VAM P antibodies and 
immunoblotting revealed a  syntaxin-SNAP25-VAM P-synaptotagmin 
complex. A similar fraction (about 70%) of N-type calcium channels 
(1251-om ega conotoxin GVIA receptors), but <8% of L-type calcium 
channels (3H -PN 200-110 receptors), was immunoprecipitated by 
either anti-syntaxin or anti-VAM P antibodies. The distribution of 
SNARE complex components and calcium channels was examined at 
the frog neurom uscular junction using im m unolluorescent staining and 
laser confocal scanning microscopy. Syntaxin, SNAP-25 and voltage 
dependent calcium channels were localized almost exclusively at release 
sites directly facing the postsynaptic folds which contain a high density 
of acetylcholine (rhodam ine-alpha bungarotoxin) receptors. VAM P 
was distributed both at release sites and in the cytoplasm of the nerve 
terminal, presumably corresponding to microvesicles that accumulate 
facing each active zone. O ur findings are consistent with a model in 
which calcium  channels, syntaxin, SNA P25, and VAMP interact to 
form a synaptic vesicle prefusion com plex at transmitter release sites.

1 8 .4

REFILLING RATE OF DEPLETED VESICLE POOLS IN RETINAL 
BIPOLAR-CELL SYNAPTIC TERMINALS. H. von Gersdorff* and G. 
Matthews. Dept. of Neurobiology, SUNY, Stony Brook, NY 11794.

Time-resolved capacitance measurements were performed on single 
synaptic terminals of goldfish retinal bipolar neurons. Two depolarizing 
pulses of 250 msec (a pulse duration that completely depletes the pool of 
readily-releasable vesicles) from -60  mV to 0 mV were given with variable 
interpulse duration. For interpulse intervals less then about 20 sec the 
capacitance ju m p  of the second pulse was depressed with respect to the 
first pulse. The figure shows the capacitance response (jump) of the 2nd 
pulse, expressed as a percentage of the response to the 1st pulse, plotted 
against the interpulse interval. Data points are from different cells, except 
for 0.75 sec, which is an average of 27 cells. The calcium current was 
identical for both pulses, except for the 0.75 and 4 sec points, which had 
80% and 92% smaller currents, respectively, due to calcium-dependent 
inactivation. The solid line is a best-fit single exponential with time

constant τ = 9 sec. Similar 
experiments on synaptic 
terminals ( 1,2) and chromaffin 
cells (3) have reported time 
constants of 4-8 and 60 sec, 
respectively, for recovery from 
depression. 1. Swandulla, D. el al. 
Neuron 7 915(91 );2. Stevens, C.
& Tsujimoto, T., PNAS 92

10 20 30 40 50 60 70 8 4 6 (9 4 );3 . von Ruden, L. &
Interpulse interval (sec) N e h e r , E., Science 2 6 2  1061 (9 3 ).

1 8 .5

THE SINGLE DOM AIN/BOUND CALCIUM HYPOTHESIS OF TRANS
M ITTER RELEASE AND FACILITATION. E. F. Stanley*, R. Bertram†

and A. Sherm an†. Synaptic Mechanisms Section, NINDS, and † Mathematical 
Research Branch, NIDDK, NIH, Bethesda, MD 20892.

The finding th at transm itter release can be gated during the opening of 
individual C a2+ channels suggests that the release site can be activated by 
the Ca2+ dom ain under a single channel (Stanley, Neuron, 11:1007). We have 
used this observation as the basis of a model of transm itter release in which 
secretion is dom inated by single domains. Synaptic dynamics are governed by 
the kinetics of Ca2+ binding and unbinding from release sites, not Ca2+ diffu
sion. We assume four independent binding sites, each of which must be bound 
for release to occur. Kinetics are graded from slow unbinding, high affinity to 
fast unbinding, low affinity, with values derived from steps in the frequency- 
dependence of fast facilitation (Stanley, J. Neurosci., 6:782). This model can 
account for key features of release, including fourth power cooperativity with 
respect to external C a2+, a release time course which is virtually independent of 
an increase in quantal content, fast facilitation, an inverse relation between ex
ternal Ca2+ and the degree of facilitation, and the above frequency-dependent 
steps. Facilitation occurs when an action potential invades a term inal with 
one or more ions remaining bound to the release sites. Residual free Ca2+ is 
not necessary for this mechanism, but, if present, would enhance facilitation 
by binding to high-affinity sites between pulses. The published Ca2+ binding 
properties of synaptotagm in could account for the two low affinity sites but 
our model suggests th at some other protein, with a much higher Ca2+ affinity, 
must also be involved in gating transm itter release.

1 8 .7

AN UNUSUAL SYNAPTIC CONNECTION REVEALS SOURCES OF 
VARIANCE IN MINI AMPLITUDE. M. Frerking, S. Borges and M. 
Wilson*. Section of Neurobiology, Physiology, and Behavior, University 
of California, Davis, CA 95616.

Amacrine cell pairs from embryonic chick retinae form GABAAergic 
synapses and autapses in culture. In the presence of TTX, TEA, and internal 
Cs+ slight depolarization of the presynaptic cell in a cell pair elicits minis in 
both pre- and post-synaptic cells. Up to 20% of minis, far more than 
attributable to random coincidence, are simultaneous in pre- and post-
synaptic cells that are not electrically coupled . The simplest explanation for 
these coincidences is that, as in hippocampal neurons (Vautrin et al., 1994, 
J.Physiol. 479, 53-63), some release sites have both pre- and post-synaptic 
receptors. We refer to these unusual synaptic connections as dinapses.

Simultaneous pre- and post-dinaptic minis are correlated in amplitude, 
with over half of the variance in mini amplitude accounted for by the 
correlation. This correlation in amplitude is probably generated by quantum 
to quantum variations in transmitter concentration. Consistent with this idea 
we calculate that cable properties cannot generate significant variance in mini 
amplitude and, using a pharmacological method, we show that quanta do not 
saturate receptor binding. One implication of this model is that the correlation 
between the two mini amplitudes underestimates the correlation between 
transmitter concentration and mini amplitude at either site. We calculate that 
>70% of variance in mini amplitude is attributable to variance in transmitter 
concentration. Supported by EY04112 (MW) and an NSF predoctoral 
fellowship (MF).

1 8 .6
DIFFERENCES IN DYNAMICS AND Ca-CHANNEL REGULATION OF 
VESICULAR RELEASE BETWEEN FAST AND SLOW NEUROTRANSMITTERS 
W.E.J.M . Ghijsen, M. Leenders. M.P.Witter*, V.M.Wiegant and F.L. Lopes da Silva. 
Graduate School for the Neurosciences. Institute of Neurobiology, Faculty of Biology. 
University of Amsterdam. Kruislaan 3 2 0 ,1098-SM Amsterdam. The Netherlands.

Previous studies suggested differences in Ca2+ -sensitivity and subcellular 
localization with respect to the cxocytotic release of fast aminoacid transmiuers and 
slow neuropeptide transmitters from purified nerve terminals (Verhage et al, Neuron 6, 
517 (1991)). In the present study we investigated kinetics and Ca-channel regulation of 
fast endogenous release of these different transmitter types approaching a physiological 
time-scale (>50msec). Rapid depolarization (40 mM KC1) of rat cortex synaptosomes 
revealed a fast phase of vesicular release of glutamate and GABA (τ1/2<50msec), 
whereas cholccystokinin (CCK) release appeared much slower (τ1/2=secs). Ca- 
dependent glutamate and GABA release was rapidly (100-500 msec) cleared by their 
respective uptake carriers. Electronmicroscopical analysis indicated that the 
synaptosomal fraction showing large dense-cored vesicles did not change during 100 
msec depolarization, but was halved after 1 sec depolarization, which would be in 
agreement with the CCK release data. Rapid (500 msec) release of both aminoacid 
transmitters and CCK was regulated dominantly by ω -agatoxinIVA-sensitive Ca- 
channels, showing complete blockade at 200 nM of this toxin. In addition, glutamate 
and GABA, but not CCK, release was regulated by the ω -conotoxin GVIA- and 
MVIIC- sensitive channels to a different (GVIA) or similar (MVIIC) extent. After 
preincubation with submaximal ω -agatoxinIVA dose, no additional inhibition of 
aminoacid release by ω -conotoxin GVIA occured, indicating overlap of P- and N- 
channel regulation of release. Fast glutamate, but not GABA, release was inhibited 
partially by the L-channel blockers nimodipine and nifidcpine. These experiments give 
additional support to the conclusion that the vesicular release of fast and slow 
transmitters in CNS is differentially regulated. Vesicular aminoacid release occurs much 
faster than neuropeptide release, and is presumably regulated by multiple (P- and/or Q, 
N- and L- type) Ca-channels, whereas the release of the neuropeptide CCK is 
specifically regulated by P-type channels.

1 8 .8

SIM ULTAN EO US PRE- AND PO STSYNAPTIC  R ECO RDING S AND  
CALCIUM MEASUREMENTS AT A FAST GLUTAMATERGIC SYNAPSE. 
J.G.G. Borst, F. Helmchen, T.D. Parsons* and B. Sakmann. Max-Planck- 
Institut fur medizinische Forschung, JahnstraBe 29, 69120 Heidelberg, 
Germany.

The medial nucleus of the trapezoid body (MNTB) participates in the 
localization of sound. Each principal cell of this nucleus is excited by a 
large synaptic terminal, called the calyx of Held. Transversal brainstem 
slices of the rat MNTB were used to study synaptic transmission at this 
synapse. Cells were visualized with infrared differential interference 
contrast video microscopy for whole-cell patch-clamp recordings. 
Stimulation of the trapezoid body evoked large, excitatory postsynaptic 
currents (EPSC s) in voltage-clam ped M NTB neurons. Synaptic 
transmission depended on calcium, as Cd2+ or low extracellular Ca2+ 
reduced the amplitudes of the EPSCs. Presynaptic C a2+ transients 
evoked by a single action potential were imaged with a fast CCD camera 
following dialysis of the terminal with the fluorescent C a2+-sensitive dye 
Calcium Green-5N. Calcium transients were much larger in the calyx than 
in the preterminal axon, suggesting that calcium channels are 
preferentially located at synaptic sites.

The results of simultaneous recordings from terminals and postsynaptic 
cells suggested that the endogenous mobile calcium buffer capacity in 
the calyces is low. After dialysis of the synaptic terminal with a solution 
containing 50 μ M of the calcium buffer BAPTA, the amplitudes of the 
orthodromically evoked EPSCs did not change. In contrast, the EPSCs 
were reduced to one third after dialysis with 1 mM BAPTA. The MNTB  
provides a rare opportunity in the mammalian CNS to make simultaneous 
recordings from both a nerve terminal and its postsynaptic partner, and 
thus, promises to be an excellent preparation for the study of presynaptic 
mechanisms of neurotransmitter release.

So c ie ty  for  N eu ro sc ie n c e , V o lu m e  21, 1995
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S IN G L E  SY N A PSE R E C O R D IN G S  IN  H IP P O C A M P A L  
N EU R O N S L.Forti* , A .Bergam aschi and A .M algaroli. Dibit. Scient. 
Inst. S. Raffaele, M ilano, Italy.
W e studied properties o f  excitatory m iniature synaptic currents 

(minis) by patching individual cultured hippocam pal synapses. FM 1- 
43 labelled boutons were enclosed inside large recording electrodes 
and loose seals were form ed on postsynaptic m em branes. Pipettes 
(held at bath potential) were Filled with a saline solution w ith low  
M g++ and 2-5 mM  Ca++. In m ost cases, te trodotoxin (0.5 μ M), 
picrotoxin (0.1 mM ) and APV (25-100 μ M ) w ere present in bath 
and pipette solutions. In this configuration, synaptic currents 
appeared as random  outw ard signals and w ere detected in 14/122 
patches. At spontaneously active term inals, m inis had a variable 
am plitude (single-synapse coefficient o f  variation 0.3-0.4) and 
displayed fast rise (0.2-0.3ms, t20-80%) and decay (0 .7 -1.2ms, t 1/2). The 
mean am plitude ranged from  40 to 55 pA am ong different synapses. 
In some cases mini occurrence largely varied over time, with silent 
periods alternating with high frequency bursts that lasted up to a few 
tens o f seconds (maxim al intra-burst frequency 4 Hz). In other cases 
mini frequency was fairly constant for the entire length o f  the 
recording, being either relatively sustained (>1 Hz) or very low  (a 
few  minis in several m inutes). This large variability in quantal 
frequency, and the inability to detect synaptic currents in ~ 90% o f  
the patches, could partially reflect a strong intrinsic reluctancy o f  the 
m ajority o f these synapses in our experim ental conditions.

18 .11

"SYNAPTO G EN ETICS": G E N E T IC , B E HAVIO RAL A N D  M O LE C U LA R  
ANA LYSIS  O F  S YN A P TIC  T R A N S M IS S IO N  IN C. ELEGANS. K. G. 
Miller, K. G rundahl, M. Nguyen, and  J. B. R and*. Program  in 
M olecular and Cell Biology, O klahom a M edica l Research  
Foundation, O klahom a City, O K  7 31 04  

At least 29  C. elegans genes are now  know n in w hich m utations  
can confer recessive resistance to a ld icarb (a  cholinesterase  
inhibitor); m ost of these  genes a p p ea r to  en co d e  functions involved  
in synaptic  neurotransm ission. The m ajor resource for these  
studies has been  a set of 4 50  spontaneous a ld icarb-resistant 
m utants. At least 25  of the  29  know n genes are represented  in this 
collection. Assays of acetylcholine level and levam isole sensitivity  
indicate that m any of the genes function presynaptically; the  genes  
have been classified as acetylcholine-specific  or m ultitransm itter 
based on a G ABA function assay. 16 of the  g en es  have now  been  
cloned in several laboratories, and m any of them  en co d e  known  
synaptic proteins such as synaptotagm in, synaptobrevin , syntaxin, 
and ChAT. Som e, but not all, of the genes  en co d e  essential 
functions, i.e., knockouts are lethal. Six of the  genes  w ere  novel 
w hen cloned; 2  of the 6 now  have m am m alian  hom ologs (unc-17 = 
VAChT, unc-18 = m unc18). W e  expect that this panel of genes, 
m utants and (ultim ately) antibodies will provide a  powerful 
approach to  the analysis of know n synaptic  proteins and  to  the  
identification of new  synaptic com ponents.

S upported by grants from  N IH  and O C A S T.

18 .1 0

NEUROPEPTIDE TRANSMISSION REGULATED BY INTRATERMINAL 
Ca2+ RELEASE THROUGH RYANODINE CHANNELS. Y.-Y. Peng*. Dept. of 
Pharmac. & Physiol. Sci., Univ. of Chicago, 947 E. 58th St., Chicago, IL. 60637.

Synaptic transmission has been believed to be triggered solely by Ca2+ influx 
through the plasma membrane channels. W hether or not Ca2+ released 
intraterminally also regulates neuropeptide transmission was tested in intact bullfrog 
sympathetic ganglia where the presynaptic nerves release Luteinizing-Hormone 
Releasing-Hormone (LHRH). Intraterminal Ca2+ transients (∆[Ca2+]i) were evoked 
by electrical shocks to the presynaptic nerves at a frequency favorable for LHRH 
release (Peng & Horn, J. Neurosci. vol. 11, 85-95, 1991), and monitored by fura-2 
fluorimetry. Ryanodine, a blocker for Ca2+ release channels on smooth endoplasmic 
reticulum, decreased the peak amplitude of A[Ca2+]i by 44% and changed its rate of 
decay such that without the blockade Ca2+ released through these channels should 
have increased the duration of A[Ca2+]i. Because the time integral of A[Ca2+]i above 
a threshold level is linearly related to LHRH release (Peng & Zucker„Soc. Neurosci. 
Abstr. vol. 18, 576, 1992; Neuron, vol. 10, 465-473, 1993), therefore, 
intraterminal Ca2+ release during nerve firing played an important role in regulating 
peptide release. Moreover, in half of the terminals, A[Ca2+]i in ryanodine plateaued 
near the threshold level for LHRH release. For these terminals, intraterminal Ca2+ 
release governed peptide transmission quantitatively while Ca2+ influx through the 
plasma membrane channels only increased the intraterminal Ca2+ release. The close 
time constants of these Ca2+ release channels were 2.7 and 1.9 s. Caffeine not only 
facilitated this Ca2+ release channel but also reduced ryanodine inhibited A[Ca2+]i 
via its action on a different process. The functional ryanodine-sensitive store could 
be as high as 1.4 μM , that was discharged at 70 nM/s and recharged within 100s 
after discharge 50% of its content. Oscillation of [Ca2+]i evoked by 20 Hz nerve 
firing occurred in normal saline, in ryanodine and in caffeine with periodicities ~ 10s. 
The work was supported by the Alfred P. Sloan Foundation and the NIH.

18 .1 2

M OLECULAR ANALYSIS OF UNC-11, A C. ELEGANS GENE 
INVOLVED IN N EU ROTRAN SM ISSION . A. A lfonso*, A .
M cCarron. and C. E. H ollenback. D epartm ent o f Biological 
Sciences. University o f Iowa, Iow a City, IA 52242

O ur long term goal is to understand the m olecular and genetic 
bases o f regulated neurotransm itter vesicular release. To pursue 
this goal we are characterizing the structure and function of the 
gene unc-11. Collaborative studies o f several laboratories, 
including ours, have indicated that unc-11 m utants are defective in 
the release of two neurotransm itters, acetylcholine and gam ma 
amino butyric acid. These studies strongly im plicate a function in 
synaptic neurotransm itter vesicular release.

W e have identified the genom ic region com prising the gene 
unc-11 by the technique o f D NA -m ediated transform ation rescue. 
W e have subcloned the genom ic sequences com prising most of the 
gene and used them to screen a cD N A  library. W e have 
characterized four cDNAs by restriction m apping and DNA 
sequencing, all are shorter than the RN A  detected in Northern blot 
analysis, and all four share sequences at the 3 ’end but differ at their 
5 ’ ends. The differences at the 5 ’end appear to result from 
alternative splicing. W e will present our findings and the deduced 
protein sequence.
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DNA SEQUENCE REQUIREMENTS FOR THE TISSUE SPECIFIC 
ACTIVATION OF THE HUMAN β1 SUBUNIT PROMOTER OF THE 
GABAa  RECEPTOR S. I. Russek* and D. H. Farb. Laboratory of Molecular 
Neurobiology, Department of Pharmacology, Boston University School of 
Medicine, Boston, MA, 02118.

Little is known about the sequence requirements for neural specifc gene 
expression. The GABAa  receptor contains the binding site for the major 
inhibitory neurotransmitter in the central nervous system. A number of the 
mRNAs coding for GABAa  receptor subunits are highly expressed in only 
one region of the brain, while expression in other brain regions is barely 
detectable. In particular, the highest expression of the β1 subunit gene is 
seen in the hippocampus, making it a prime candidate for the study of 
neuron specific gene regulation. Using genomic walking techniques we 
previously isolated a 5' flanking region of the human β1 gene that promotes 
tissue specific expression of the luciferase and β-galactosidase reporter genes 
in primary cultures of transfected rat hippocampus. We now report that 
functional analyses of transfected neurons, containing 5' and 3' deletion 
constructs of the β 1 gene, has uncovered the existence of a 296 bp core 
promoter and two sets of active transcriptional initiation sites. In addition, 
electrophoretic mobility shift assays have led to the identification of a 26 bp 
sequence within the core promoter that is critical for activation and a protein 
binding site that may be responsible for the expression of the β1 subunit in 
the central nervous system.

1 9 .2

ACCELERATED DEGRADATION IS THE N O T THE M ECHANISM  
O F A GO NIST-INDUCED D OW N-REGU LA TIO N  O F THE GABAa 
RECEPTOR α l  SUBU N IT m R N A . H . Lyons* a n d  D. H . Farb. 
L abo ra to ry  of M olecu lar N eu ro b io lo g y , D ep t. o f P harm aco logy , 
Boston U niversity  School of M edicine, Boston, M A 02118.

The type A γ-am inobutyric  acid recep to r (GABAa receptor) is a 
lig an d  g ated  ch lo rid e  ion  ch an n e l th a t m e d ia tes  fast in h ib ito ry  
transm ission  in the central nervous system . This pentam eric receptor 
is assem bled  from  a varie ty  of a, β, a n d  γ  su b u n its , resu lting  in  a 
n u m b e r of rece p to r iso fo rm s. C h ro n ic  tre a tm e n t of cu ltu re d  
em bryon ic  b ra in  ce lls w ith  GABA (48 h o u rs )  p ro d u c e s  d o w n - 
reg u la tio n  of to ta l recep to r n u m b e r a n d  d o w n -reg u la tio n  of the 
m RN A  tha t encodes the α1 su b u n it isoform . R N ase p ro tection  w as 
u sed  to  q u an tita te  changes in  a l m R N A  levels fo llow ing chronic 
treatm ent. O u r results show  tha t GABA induces a  43% decline in a l  
su b u n it m RN A  w ith  a h a lf tim e of 8.7 h. The m a g n itu d e  of this 
decrease  is s im ilar to  th a t for recep to r do w n -reg u la tio n , (~ 40%), 
how ever, m RN A  d ow n-regu la tion  occurs 3 tim es faster than  d o w n- 
regu la tion  of recep to r n u m b e r (half tim e = 25 hou rs) (Roca et al. 
(1990) Mol. P harm . 37:37-43) O u r resu lts  a re  consis ten t w ith  the 
h y p o th e sis  th a t rece p to r d o w n -re g u la t io n  is  a con seq u en ce  of 
decreased  recep to r syn thesis . To test th e  possib ility  th a t G ABA a 
recep to r ac tiva tion  s tim u la tes  a l su b u n it m R N A  d eg rad a tio n , the 
effect of chronic GABA trea tm en t on  actinom ycin  D  induced  decay of 
the a l subun it m RN A  w as m onitored . The resu lts  show  tha t chronic 
exposure of neurons to GABA does  no t s tim u la te  the deg rada tion  of 
α1 subun it mRN A s. It seem s likely th a t G A BA a  recep to r activation 
alters the α1 subun it m RN A  levels by regu lating  transcription.

So c ie ty  for  N eu ro sc ie n c e , V o lu m e  21, 1995
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ABSENCE (IMIDAZENIL) OR PRESENCE (DIAZEPAM) OF TOLERANCE 
LIABILITY CORRELATES WITH CHANGES IN SPECIFIC GABAa 
RECEPTOR SUBUNIT mRNAs. F.Impagnatiello. P.Longone, C.Pesold, 
H.J.Caruncho. A.Guidotti and E.Costa*. Center for Neuropharmacology; N. S. 
Kline Institute for Psychiatric Res., Orangeburg, NY, 10962 and Dept of 
Psychiatry, NYU.

Only long-term treatment with diazepam (14 days, doses increasing from 17.6 
to 70.4μ mol/kg, three times daily, orally), but not an equipotent treatment with 
imidazenil elicits anticonvulsant tolerance in rats (JPET, 270: 1262, 1994). Using 
primers and internal standards designed for competitive PCR detection of different 
GABAa receptor (GABAaR) subunit reverse-transcribed cDNAs (J. Neurochem. 
59: 62, 1992), we measured the absolute amount of α1, α2, α3, α5, α6, ß2, γ1, γ2S, 
γ2L and δ subunit mRNAs expressed in the dorsomedial (DM) and in the lateral 
(L) area of the frontal cortex (FC) of rats exposed to long-term treatment with 
vehicle, diazepam or imidazenil. RNA was isolated from 1.5mm discs of 2mm 
brain slices (2.7 to 0.7mm anterior to Bregma). In vehicle-treated rats the amount 
(attomol/μg RNA*) of specific mRNA encoding for the various GABAAR subunits, 
were:

FC a. α α3 a , a * 7, 7,S 7,L 6

DM 950 365 380 200 50 225 120 200 140 180
L 915 340 360 170 38 210 130 200 130 160

In diazepam tolerant rats, α1, γ2S and γ2L mRNAs decreased to 425, 100 and 95 
attomol/μg RNA in DM, respectively, but not in L FC, whereas α5 increased in 
DM to 250 attomol/μg RNA. Long-term treatment with imidazenil in doses 
equipotent to diazepam failed to change the mRNA level of any GABAa receptor 
subunits measured in both areas. Supported by Grant MH49486-03.

1 9 .4

ABSENCE (IMIDAZENIL) OR PRESENCE (DIAZEPAM) OF TOLERANCE 
LIABILITY CORRELATES WITH CHANGES IN SPECIFIC GABAa 
RECEPTOR SUBUNIT PROTEINS. C. Pesold*, H.J. Caruncho, F.
Impagnatiello, A. Guidotti and E. Costa. Center for Neuropharmacology, Nathan 
S. Kline Institute for Psychiatric Research, Orangeburg, NY, 10962 and 
Department of Psychiatry, NYU.

Chronic treatment with diazepam (DZ), a selective positive allosteric 
modulator (SAM) of the GABAa receptor (GABAaR) produces tolerance to its 
anticonvulsant effects, whereas treatment with equipotent doses of imidazenil 
(IM), a partial allosteric modulator fails to elicit such tolerance. The development 
of tolerance to SAMs may be the result of changes in the subunit composition of 
the GABAaR. Recently we found changes in frontal cortex (FC) mRNAs for 
several GABAAR subunits following tolerance to the anticonvulsant effects of DZ. 
The goal of the present immunocytochemical study was to examine the expression 
of several GABAAR subunits in the dorsomedial (DM) and lateral (LAT) regions 
of the FC, following chronic treatment with DZ or IM (3 times daily for 14 days, 
doses increasing from 17.6 to 70.4 μmol/kg and from 2.85 to 11.4 pmol/kg, 
respectively). Quantitative estimation using gold-labelled subunit-specific 
polyclonal antibodies revealed that longterm treatment with DZ resulted in an 
increase in the expression of α3 (21% DM and 35% LAT), α5 (150% DM and 
221 % LAT) and γ2 subunits (19% DM only), a 46% reduction in the expression 
of a, in the DM FC, and no changes in the expression of α2. Conversely, chronic 
treatment with IM, which did not show tolerance to its anticonvulsant effects, had 
virtually no effect on the expression of GABAAR subunits with the exception of 
a marginal decrease in α2. These results suggest that tolerance to the 
anticonvulsant effects of DZ may be the result of putative specific changes in the 
subunit composition of the GABAAR in discrete FC and perhaps other brain 
regions. [Supported by NSERC PDF to C.P. and MH 49486-03 to A.G.].

1 9 .5

DIAZEPAM-INDUCED LEARNING DEFICIT IS ABOLISHED IN 
DIAZEPAM TOLERANT RATS: ASSOCIATION WITH CHANGES IN 
GABAa RECEPTOR SUBUNIT mRNAs IN HIPPOCAMPUS AND CORTEX.
Longone P., Impagniatiello F ., Puia G.1,* Guidotti A. and Costa E. Center for 
Neuropharmacology, N.S. Kline Institute for Psychiatric Res., Orangeburg, NY, 
10962, Dept of Psychiatry, NYU, and 1Dept. of Pharmacology, Modena Italy.

Diazepam, a positive allosteric modulator of GABAa receptors, impairs 
learning and memory processes in humans and rodents. Naive rats receiving 
diazepam (35 μmol/Kg os, 30 min), subjected to water maze acquisition trial 
(JPET 272: 300, 1995) loose the ability to learn a task as documented by their 
failure to reach the exit platform in five successive training trials. The same dose 
of diazepam administered to rats that received a long-term diazepam treatment (14 
days, doses increasing from 17.6 to 70.4 μ mol/kg, three time daily, orally) and 
tolerant to the anticonvulsant effect of this drug, failed to induce learning deficit 
in the water maze test.

In the same animals we measured by competitive PCR analysis 
(Impagnatiello, Neurosci. Abs. 1995) the amount of mRNAs encoding for α1, α2, 
γ1, γ2S and γ2L GABAa receptor subunits. Rats tolerant to diazepam show a 
significant decrease in the a, GABAa receptor subunit mRNAs in cortex (from 
949 attomol//μg RNA to 500 attomol/μg RNA) and hippocampus (from 425 to 308 
attomol/μg RNA). Nevertheless, in these animals the number and affinity of 3H- 
flumazenil binding in different brain areas, including cortex and hippocampus, 
failed to change.

These data suggest that the long-term treatment with diazepam induces 
tolerance to the amnesic and anticonvulsant actions of this drug. This tolerance 
may be associated with a change in α l GABAa receptor subunit mRNA 
expression in hippocampus and cortex.
Supported by Grant MH49486-03.

1 9 .6
CHRONIC DIZOCILPINK (MK801) REVERSIBLY DELAYS GABAA
RECEPTOR MATURATION IN CEREBELLAR GRANULE NEURONS IN 
v it r o . D.R. Grayson*. Z.H. Wang. WJ,. Zhu1. S. Ikonomovic,  W. Paljug, and 
S. Vicini1 1Georgetown University, Washington D C .; Medical College of 
Pennsylvania and Hahnemann University, Pittsburgh. PA.

We and others have shown a temporal maturation of GABAA receptors in cerebel
lar granule neurons related to changes in specific subunit gene expression when these 
cells are grown in depolarizing concentrations of KCl. These changes are believed 
to be caused by glutamate released by the depolarizing conditions. In fact, we have 
shown that NMDA receptor activation per se alters the GAB AA receptor pharmaco
logical profile by selectively regulating the GABAA receptor subunit composition. 
Therefore, we investigated if an antagonist of NMDA receptors, MK 801 (1 μ M), 
selectively blocked these changes when included in the culture medium at different 
times. When the antagonist was present from day 1 in vitro (DIV1), the EC50 of 
GABA dose-responses evaluated at DIV7 by means of the patch-clamp technique in 
the whole-cell recording configuration was significantly increased as compared with 
time matched controls. This event coincided with a decrease in mRNA encoding the 
a l  receptor subunit. If MK 801 was added at DIV7 and the EC50 of GABA dose- 
responses was evaluated on DIV14, again a significant decrease from time matched 
controls was observed however, the EC50 value in this condition was not signifi
cantly different from that at DIV7. The a l  subunit mRNA content was comparable 
to control values on D1V7. Lastly, when MK 801 was added at DIV1 and washed at 
DIV7 the HC50 of GABA dose-responses evaluated on DIV 14, did not show a sig
nificant decrease from time matched controls. Similarly, the a l  subunit mRNA con- 
tent increased closer to the control levels. Our results suggest that MK 801 reversibly 
inhibits GABAa  receptor maturation by modulating the levels of selected receptor 
subunit mRNAs. Supported by NINDS grants R01 NS30537 and K04 NS01647 to
D.R.G. and K04 NS01680 to S.V.
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DISTINCT PROPERTIES OF α5 SUBUNIT-CONTAINING RECOMBINANT GABAa 
RECEPTORS PRODUCED BY COMBINATIONS WITH DIFFERENT β SUBUNITS.
E .C . Burgard*1 and R. L. Macdonald1,2. Departments of Neurology1 and 
Physiology2, University of Michigan, Ann Arbor, MI 48104-1687.

Evidence from immunocytochemical and immunoprecipitation studies suggests 
that the GABAa receptor (GABAR) a5 subunit is expressed in high abundance in 
the hippocampus. GABAergic inhibition in the hippocampus may therefore be 
largely mediated by a5-containing GABARs. We have studied the 
pharmacological and biophysical properties of recombinant a5-containing 
GABARs in mammalian fibroblast (L929) cells. cDNAs encoding rat α5, βx 
(x=1,2,3), and γ2L subunits were individually subcloned into pCMVNeo and cells 
were transfected with various combinations (1:1:1) of each. Whole-cell patch 
clamp recordings (Ec 1=0mV) were obtained from positively transfected cells. 
Currents (100-3000pA) from α5βxγ2L GABARs were diazepam (EC5O=40nM), 
but not zolpidem-sensitive, whereas α5βx currents were rare, small (20-25 pA), 
and diazepam-insensitive, indicating assembly of functional α5βxγ2L receptors. 
α5βxγ2L receptors containing either the β2 or β3 subunit had a higher affinity for 
GABA (EC50=5μM) than those containing β1 (EC50=25μM). At low GABA 
concentrations, current-voltage relationships from p3-containing GABARs 
displayed outwardly rectifying responses, whereas β1 and β2 responses were 
relatively linear. At high GABA concentrations, the p2 subunit produced 
responses that desensitized to a greater extent and with a faster time constant at 
depolarized versus hyperpolarized membrane potentials. In contrast, the p3 
subunit produced responses that desensitized significantly less at depolarized 
potentials, similar to responses observed in hippocampal neurons. These data 
suggest thattx5β3γ2L can be distinguished from β1- or β2-containing GABARs 
based on both GABA affinity and voltage-sensitivity of responses. R01-NS33300 
(RLM), T32-NS07222, F32-NS09791 (ECB).

1 9 .8

DIFFERENCES IN THE MOLECULAR EVENTS UNDERLYING THE 
ACTION OF ANESTHETICS AND RELATED ANTICONVULSANT 
DERIVATIVES ON GABAa RECEPTOR FUNCTION E. Sanna *, A. 
Murgia, A. Casula, G. Tuligi, E. Maciocco, P.J. Whiting and G. Biggio. Dept. 
of Experimental Biology, Univ. of Cagliari, Italy, and Merck, Sharp & 
Dohme Research Labs, Harlow, Essex, U.K.

General anesthetics enhance GABAa receptor function and directly 
activate the GABA-dependent Cl- channel. However, the importance of 
these actions in anesthesia is not known. The objective of this study was to 
compare the efficacies of the anesthetics pentobarbital (PB) and etomidate 
(ETM) with those of their chemically related non-anesthetic anticonvulsant 
derivatives phenobarbital (PhB) and loreclezole (LRZ) to promote Cl-
channel opening and to modulate GABA responses in Xenopus oocytes 
expressing human GABAa receptors. In oocytes transfected with cDNAs 
encoding α l β2γ2S receptors, PB (5-250 pM) or ETM (1-100 μM) induced Cl- 
currents with amplitudes, at 100 pM, of 198 ± 27% and 263 ±42% of a 
control response to 5 pM GABA, respectively. PhB (5-250 pM) or LRZ (1-
100 pM) produced much weaker responses with current amplitudes, at 100 
pM, of 39 ± 5% and 26 ± 12% of control, respectively. β 1 homomeric 
receptors and receptors composed of α l β lγ2S were sensitive, albeit in a 
weaker manner, to PB, ETM, PhB, but not to LRZ. In addition, GABA- 
evoked currents in oocytes expressing α1β2γ2S receptors were markedly 
enhanced by PB (50 pM) and ETM (50 pM) by 336 ±61% and 385 ± 55%, 
respectively. In contrast, potentiation by PhB (50 pM) and LRZ (50 pM) was 
68 ± 16% and 168 ± 30%, respectively. The general anesthetic effect appears 
to be related to a strong direct activation of Cl- channels, whereas the 
anticonvulsant effect may he produced by a weak potentiation of GABAa 
receptor function. Finally, the lack of hypnotic effect by PhB and LRZ may 
be due to subunit selectivity.

So c ie ty  for  N eu ro sc ie n c e , V o lu m e  21, 1995
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1 9 .9
GABAa recepto r  su b u n it  co m po sitio n  a ffec ts  a n tag o n ist
SENSITIVITY. V.E. Wolfing* and K.-W. Yoon. Department of 
Pharmacological and Physiological Science and Division of Neurosurgery, Saint 
Louis University Health Sciences Center, St. Louis, MO 63104.

It has been shown that subunit composition can alter the sensitivity of the 
nicotinic acetylcholine receptor to various antagonists (Cachelin and Rust, 
Pflugers Arch, 429:449-451). Since certain nicotinic antagonists can inhibit 
GABA induced currents (Wotring and Yoon, Neuroscience, in press), we 
investigated the effect of the nicotinic antagonists d-tubocurarine and 
trimethaphan on particular combinations of GABAa receptor subunits.

Human embryonic kidney cells (HEK 293) were transiently transfected to 
express α1, α2, α3, β1, β2 and γ2L subunits in various combinations using 
Lipofectamine. Measurements of currents evoked by 30μM GABA were made 
using the whole cell patch clamp technique; drug applications were made with 
a U-tube.

In cells transfected with DNA encoding for the α1, β2 and γ2L subunits, 
application of the nicotinic antagonist d-tubocurarine at a concentration of 100 
μM reduced control GABA currents by 58 ± 3% (p<0.05, n=5). 100 μM 
trimethaphan camsylate diminished GABA currents by 35 ± 13% (p<0.05, 
n=3). Replacing the α1 subunit with α2 (α2β2γ2L)  resulted in a similar reduction 
in control GABA current by d-tubocurarine (66 ±  5% block, p< 0.05, n=3). 
However, these cells were not significantly blocked by trimethaphan (n=4). 
This preliminary result suggests that the alpha subunit may play a role in the 
efficacy of nicotinic antagonists at the GABAa receptor.

19 .1 1
EFFECTS OF THE DIVALENT CATIONS, ZINC AND CADMIUM, ON 
RECOMBINANT GABAa RECEPTOR ISOFORMS. N.C. Saxena*, T.R. Neelands,
E.C. Burgard, L.J. Greenfield and R.L. Macdonald. Dept. of Neurology, Univ. of 
Michigan Medical School, Ann Arbor, MI 48104.
The effects of the divalent cations zinc and cadmium on three different putative 
cerebellar GABAa receptor (GABAR) isoforms, α1β3γ2L, a6β3γ2L and α6β3δ , 
were determined by transient expression of combinations of α l, α6, β3, γ2L and δ
subunit cDNAs in L929 fibroblasts. Whole-cell recording was used to determine the 
concentration response (CR) curves for zinc (0.1 μM to 3 mM) for the three isoforms 
at submaximal concentrations of GABA. The half-maximal inhibitory concentration 
of zinc (IC50) was estimated by fitting the CR curves for zinc to the logistic equation. 
The IC50s for zinc were 245, 47 and 4.7 μM for the α lβ 3γ2L, a6p3y2L and a6P3δ
isoforms, respectively. Competition of fixed concentrations of zinc with increasing 
concentrations of GABA indicated that the block of GABA current by zinc was non-
competitive for all three isoforms. Concentration response curves for cadmium (0.1 
pM to 1 mM) were also determined. The estimated IC50s for cadmium were 125,
242 and 39 pM for the α1β3 γ2L, a6p3γ2L and α6β3δ GABAR isoforms. Block of 
GABA current by cadmium was non-competitive and blocking action of neither 
cation showed any voltage-dependence. These results suggest that (1) γ-containing 
GABAR isoforms show differential sensitivity to block by zinc depending on the 
subtype of a  subunit present, (2) in GABARs containing the same a  subunit 
subtype, presence of the γ subunit reduces the extent of block by zinc, and (3) the δ
subunit does not confer insensitivity to block by zinc like the γ subunit. Results 
obtained with cadmium suggest that (1) GABARs containing the γ subunit show 
similar extent of block by cadmium regardless of the subtype of a  subunit present 
and (2) the presence of the 8 subunit instead of the γ subunit increases the extent of 
block by cadmium in GABARs containing the same a  subunit subtype. Supported 
by NS 33300 (RLM) and T32DA07268-03 (NCS).

1 9 .1 0
CHANGES IN SINGLE-CHANNEL PROPERTIES OF RECOMBINANT  
α1β1γ2L GABAa RECEPTOR CURRENTS EXPRESSED IN L929 CELLS 
BY PROTEIN KINASE A PHOSPHORYLATION. Y.-F. Lin* and R.L. 
Macdonald. Dept. of Neurology, Univ. of Michigan, Ann Arbor, Ml 48104.

The β 1 GABAa receptor (GABAR) subunit contains a consensus 
phosphorylation sequence for cAMP-dependent protein kinase (PKA)- 
mediated phosphorylation in the major intracellular domain. The effect of 
PKA phosphorylation of GABARs is unclear with recent reports of PKA- 
mediated enhancement and reduction of GABAR current. We have recently 
shown that direct application of catalytic subunits of PKA intracellularly 
increased recombinant GABAR whole-cell currents in L929 cells (Hinkle et 
al., submitted). In the present study, we examined the mechanism of this 
PKA-mediated regulation by performing inside-out patch-clamp recording on 
excised membrane patches obtained from L929 cells transiently expressing 
recombinant α 1 β 1 γ2L GABARs. Single-channel currents were evoked with 1 
pM GABA included in the intrapipette solution and PKA catalytic subunit (50 
μg/ml) was applied to the cytoplasmic surfaces of patches by pressure 
ejection from micropipettes. PKA treatment reversibly enhanced GABAR 
single-channel currents without affecting single-channel conductance level. 
Corrected mean open duration was 2.16 msec in control and was increased 
to 21.66 msec when PKA was applied (5 patches). The frequency 
distribution of GABAR single-channel open durations was shifted from 
shorter to longer durations by PKA and the opening frequency was slightly 
enhanced. These data suggest that PKA phosphorylation modifies α β 1γ2L 
GABAR single-channel open properties and thus enhances receptor function.

19 .12
Benzodiazepine pharmacology revisited: GABA A receptor subtype diversity and 
its impact on benzodiazepine agonists C.A.E. Hauser, R. Rupprecht, B. Berning,
C.H.R. Wetzel, W. Zieglgänsberger and Florian Holsboer* Max-Planck Institute of 
Psychiatry, Clinical Institute, 80804 Munich

Recombinant gene technology has helped to develop pharmacological concepts for 
GABA A receptors depending on distinct receptor subtype combinations. Along with a 
profound knowledge on regional receptor distribution this is an important result for 
therapeutical as well as basic research applications. In the case of benzodiazepine (BZ) 
pharmacology it seemed so far to be undoubted that for a specific receptor subtype the 
pharmacological differences are determined through the variation of the a  subunit 
holding β and γ subunits constant. This affects efficacy as well as affinity of BZ 
ligands. Hitherto, GABA A receptors have been classified to be BZ type I or BZ type 
II receptors or none of both. Site directed mutagenesis has pinpointed BZ agonistic 
behavior to a single amino acid residue responsible for agonist binding. Histidine at 
position 101 was proposed to be the crucial residue which determines α l-containing 
receptors to be the prototypes of BZ agonist binding, whereas a 6 receptors with 
arginine at 100 should present the BZ insensitive subtype. We have studied several 
clinical important BZs, likewise the stupor-dissolving drug lorazepam, on their affinity 
for a variety of diverse GABA A receptors. Interestingly, we find in all binding studies 
using 3H-flunitrazepam as agonist almost the same affinity for BZ insensitive 
receptors than for BZ sensitive receptors. This finding differs to the above discussed 
proposition. Comparing our binding studies with studies on receptor mutants we can 
only rule out that histidine is the only crucial site affecting BZ agonistic behavior. 
Electro-physiological recordings with a 6-containing receptors showed no effect of 
flunitrazepam on GABA-evoked currents. This would give evidence for an 
antagonistic behavior of flunitrazepam on a 6-containing receptors. From the results of 
our study it seems to be important to describe BZ pharmacology in a new light.

NEURAL PLASTICITY

20.1
PERFORANT PATH STIMULATION OF THE DENTATE GYRUS 
MODULATES TYROSINE PHOSPHORYLATION OF SYNAPTIC PROTEINS 
THAT ARE ALSO MODULATED BY GUSTATORY EXPERIENCE IN THE 
INSULAR CORTEX. Kobi Rosenblum1, Yadin Dudai1 and Gal Richter-Levin2* 
Weizmann Institute of Science1 and Haifa University2, Israel.
We have reported that gustatory experience alters tyrosine phosphorylation of a set 
of proteins in the rat insular cortex, including synaptic proteins of MW 115 and 
180 kD (PNAS 92: 1157-1161). We have now set out to test the ability of 
controlled electrical stimulation in vivo to modulate the same proteins. Rats were 
prepared for acute stimulation of the perforant path and for recording of field 
potentials in the dentate gyrus under chloral hydrate anesthesia using standard 
procedures. Long-term potentiation (LTP) was induced unilaterally (10x10 pulses 
at 400 Hz, ITI 5 sec). Rats were sacrificed at various times following the induction 
of LTP and the effect on tyrosine phosphorylation was quantified by 
immunoblotting the dentate gyrus tissue with anti-phosphotyrosine antibodies and 
determining the ratio of the stimulated over the non-stimulated side. Tetanic 
stimulation resulted in a significant increase in the tyrosine phosphorylation of 
both the 115 and 180 kD proteins at 20 min (1.97+/-0.26 and 1.6+/-0.15, 
respectively, n=5 each). Low frequency stimulation (0.1 Hz with stimulus 
intensity that induced a test response as in potentiated rats) increased the tyrosine 
phosphorylation of the 115 kD protein (1.76+/-0.30, n=6) but had only a non
significant effect on the 180kD protein (1.36+/-0.29, n=6). The effect of the tetanic 
stimulation on the 180 kD protein was not detected at 5 min (1.04+/-0.07, n=3), 
was still marked at 5 hr (2.00+/-0.13, n=2), but diminished at 24 hr (1.30+/-0.26, 
n=4). Insertion of the electrode with no stimulation had no effect (1.13+/-0.19, 
n=3). We conclude that electrical stimulation of the perforant path increases the 
tyrosine phosphorylation of proteins in the dentate gyrus that are either similar or 
identical to those modulated in vivo in the cortex by gustatory experience. The 
modulation of the 180kD protein, abundant in the postsynaptic density, appears to 
be specifically affected by stimulation protocols that induce LTP. (Supported by 
the US-Israel Binational Science Foundation, Jerusalem.)

20.2
INVOLVEMENT OF IMMEDIATE-EARLY GENES IN RAT BRAIN IN 
CONDITIONED TASTE AVERSION. Rafi Lamprecht and Yadin Dudai*. 
Department of Neurobiology, Weizmann Institute of Science, Rehovot, Israel.

We investigate the role of gene expression in rat brain in conditioned taste 
aversion (CTA). The in situ hybridization technique is used to monitor the level 
and brain topology of the immediate-early genes (IEG’s) c-fos,fos-B, CREM and 
zifl268 mRNA in response to the novel taste stimulus (saccharin, conditioned 
stimulus, CS) and the malaise-inducing agent (LiCl i.p., unconditioned stimulus, 
UCS, administered 50 min after the CS) in CTA training. We have detected 
differential modulation of IEG’s expression in response to the UCS in brain areas 
previously implicated in CTA. Thus, LiCl i.p. led, 40 min later, to increased 
expression of c-fos in the the nucleus of the solitary tract (NTS), parabrachial 
nucleus (PBN), hypothalamic paraventricular nucleus (PVN) and central 
amygdaloid nucleus (CeA) (14,15,10 and 9 fold increase, respectively, n=4 each). 
Similarly, an increase was detected in CREM in the PBN and CeA (8 and 9 fold, 
respectively, n=2 each), and in Zif/268 in the NTS, PBN, PVN and CeA (15, 8, 9 
and 9 fold, respectively, n=4 each). In contrast, no significant change was detected 
in the level of fos-B mRNA. To further investigate the functional significance of 
the modulation of IEG's in brain in CTA training, we have locally microinjected 
into the brain anisomycin, a protein synthesis inhibitor previously shown to block 
CTA in the insular cortex. The administration of anisomycin was performed twice, 
30 min before and 30 min after LiCl. Microinjection of anisomycin into the PBN 
led to full blown seizures that prevented meaningful analysis of the role of 
anisomycin-induced protein synthesis inhibition in PBN in CTA. Micorinjection 
of anisomycin bilaterally into the CeA led to impairment of CTA without 
apparently affecting the sensory and motor faculties required for the task. Thus, the 
aversive index was 0.68+/-0.08 in the anismoycin injected rats, as opposed to 
0.95+/-0.02 in rats microinjected with artificial CSF as a control (n=6 each). Our 
results suggest that protein synthesis and expression of IEG's in the amygdala 
might play a role in the representation of the UCS in CTA memory. (Supported 
by the US-Israel Binational Science Foundation, Jerusalem).
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2 0 .3

REM O VA L OF POLYSIA LIC ACID IM PAIRS SPA TIA L 
LEARNING AND H IPPO CA M PA L LO N G-TERM  
POTENTIATION. Catherina G. Becker*. A lain Artoliu Rita G erardy - 
Schahn#,Thomas Becker. Hans W elzl+ , M elitta Schachner 
Neurobiology, Swiss Federal Institute o f Technology, Hönggerberg, 
CH-8093 Zurich; #M edizinische M ikrobiologie, M HH, D-30625 
Hannover; +Behavioural B iology, Swiss Federal Institute of 
Technology Zurich, CH -8603 Schw erzenbach.

The alpha-2,8-linked polysialic acid (PSA) m odification o f the 
neural cell adhesion molecule N CAM  modulates m orphogenetic cell 
interactions. PSA  is highly expressed during neural developm ent and 
promotes neurite outgrow th. In the adult, it rem ains prom inent in 
distinct areas of the brain, e.g. the hippocam pus. Since modifications 
in synaptic cell interactions are thought to underlie spatial learning and 
long term potentiation (LTP) in the adult hippocam pus, we assayed for 
the functional role(s) o f PSA  in synaptic plasticity in two experimental 
paradigms:

(1) A fter specific rem oval of PSA  with endoneuram inidase NE, 
spatial learning of rats in the M orris w ater m aze w as significantly 
impaired. (2) In enzym e-treated hippocam pal slices, tetanic 
stim ulation of the Schaffer collaterals failed to elicit LTP, w hereas 
basal synaptic activity and short term  potentiation w ere not affected.

Our findings suggests that both learning and long-term  potentiation 
involve, at least in part, cell adhesion m olecule-associated 
morphogenetic m odifications.

2 0 .5

PAIRED PULSE FACILITATION AT THE LARYNGEAL NEURO
MUSCULAR SYNAPSE. T.D. Ruel M.L. Tobias*, an d  D.B. Kelley. 
D ept of Biological Sciences, Colum bia U niv., N.Y., N.Y. 10027 

Sex differences in the vocal behavior of Xenopus laevis frogs are 
subserved by sex differences in laryngeal m uscles an d  synapses. 
Q uanta l content is h igher at fem ale than m ale laryngeal synapses 
because m ore transm itter is released from  fem ale m otor terminals. 
U nder physiological conditions, m ale laryngeal neurom uscular 
synapses are  w eak and  m uscle contractions cannot occur w ithou t 
repetitive nerve activity  w hich facilitates the m uscle excitatory post- 
synaptic potentia l to threshold. U nder physiological conditions, 
fem ale laryngeal neurom uscu lar synapses a re  suprathreshold . To 
determ ine w hether the sexes also d iffer in  facilitation, w e used  the 
p aired  pu lse facilitation paradigm . Larynges w ere isolated from  
adults and  bathed  in low  ca lc ium /h igh  m agnesium  saline to reduce 
transm itter release below  threshold. The attached laryngeal nerves 
w ere stim ulated  an d  quan ta l content, m, w as calculated  as 
ln (to ta l/fa ilu res) for the first an d  second pulse; a facilitation index 
w as then calculated as In add ition , som e larynges w ere
bathed  in physiological saline containing cu rare and  facilitation 
determ ined  u sing  the ratio  of m ean post-synaptic potential 
am plitudes. N either experim ental parad igm  revealed  a sex difference 
in facilitation no r w ere facilitation indices correlated  w ith  quantal 
contents. W e conclude tha t sex differences in laryngeal m uscle 
responses to nerve stim ulation observed u n d e r physiological 
conditions are  d u e  to sex differences in synaptic  streng th  ra ther than  
to sex differences in facilitation.
S upported  by  NS 23684

2 0 .7

PLASTICITY OF MOTOR CORTEX ACTION POTENTIALS 
DURING TASK LEARNING IN MONKEYS. P .R .Kennedy*~ & 
R.A.E.Bakay^. Depts ~Neurol & ^Neurosurg, Emory 
Univ. & ~Neurosci Lab, Georgia Tech, Atlanta, GA.

The motor cortex is traditionally considered 
hardwired and inflexible with respect to the 
relationship between neural activity and 
movements. There are reports, however, of 
plasticity in monkeys (Merzenich et al, J. Comp. 
Neurol.,1984;224:591-605; Wall et al, J. 
Neurosci., 1986;6(1):218-233), and humans (Kami 
et al, Soc. Neurosci. Abstr., 1994;20(2):1291).

Long-term neurotrophic electrodes wepe 
implanted in the hand/arm area of motor cortex in 
behaving monkeys (Kennedy et al, NeuroReport, 
1992;3:605-608). Ingrowing neurites become 
myelinated within 1-2 months when stable action 
potentials are recorded. In one monkey, however, 
only background activity was recorded at month 3. 
At subsequent daily recording sessions over the 
next two months, this monkey was trained to make 
reach and grasp movements for food reward while 
neural activity was fed back visually and 
auditorily. Two action potentials began firing 
randomly. Over three weeks this firing became 
reliably related to hand/digit flexion and 
extension movements. This suggests plasticity in 
the relationship between neural activities and 
movements.

2 0 .4

STIMULUS-DEPENDENT RECIPROCAL UP- AND DOWN-REGULATION OF 
GLUTAMIC ACID DECARBOXYLASE AND CAM KINASE II GENE 
EXPRESSION IN RAT CEREBRAL CORTEX. F. Liang*1, P.J. Isackson2 and E.G. 
Jones1. 1Dept. of Anatomy and Neurobiology, Univ. of California, Irvine, CA 92717 
and 2Dept. of Biochem. and Molec. Biol., Mayo Clinic, Jacksonville, FL 32224 

Tetanic stimulation of cerebral cortex results in long-term potentiation in cortical 
neurons, while short trains of electrical stimuli do not (Sakamoto et al., Brain Res. 
413:360-364, 1987). The effects of both stimulation modes on gene expression were 
investigated using in situ hybridization histochemistry and immunocytochemistry. 
Adult Wistar rats were implanted with a metal cannula over the rostral forelimb 
motor area under ketamine anesthesia. Three to 7 days later, the animals were 
reanesthetized by halothane and a microelectrode was inserted through the implanted 
cannula. After recovery from anesthesia, the animals were stimulated intracortically 
for 4 hours, while freely-moving in the cage, using either standard trains (30 ms X 
300 pulses/sec, pulse width 0.2 ms, train rate 0.2/sec, current intensity 20-400 μA) 
or long-train tetanizations (5 sec X 200 pulses/sec, pulse width 0.2 ms, current 
intensity 20-400 μA, repeated every 30-60 min). Both forms of stimulation induced 
expression of the immediate early gene c-fos in ipsilateral sensorimotor cortex. Only 
tetanic stimulation modulated gene expression for 67-kDa glutamic acid 
decarboxylase (GAD) and the a  subunit of type II Ca2+/calmodulin-dependentprotein 
kinase (CaMKIIα ). GAD mRNA was increased from 5 hours after tetanization to the 
longest time investigated (18 hours). CaMKIIα mRNA was decreased 5 hours after 
tetanization and then rapidly returned to prestimulus levels. Gene expression for the 
β subunit of the kinase was not affected by either stimulation mode. These effects 
imply that mechanisms underlying cerebral cortical plasticity are stimulus-dependent. 
They also involve reciprocal changes in molecules that affect the balance of 
excitation and inhibition. Supported by NIH grant NS21377.

20.6
EFFECTS OF DORSAL COLUMN SECTION ON THE EVOKED 
NEURAL ACTIVITY IN AREAS 3b AND 1 OF SOMATOSENSORY 
CORTEX OF MONKEYS. N. Ja in* , K. C. Catania and J . H. K aas. 
Dept. Psychology, Vanderbilt U niversity, Nashville, TN 37240.

The dorsal columns are presumed to be the major spinal pathways for 
fine tactile discrimination and proprioception in prim ates. Yet, 
behavioral deficits following dorsal column section are largely 
transitory and minimal. In order to help understand mechanisms 
underlying these observations, we determined the effects of unilateral 
dorsal column section a t upper cervical levels on the responsiveness of 
neurons in areas 3b and 1 of somatosensory cortex in owl (Aotus 
trivirgatus) and macaque monkeys (Macaca m ula tta). Boundaries of 
topographic representations and neuron response properties of the two 
cortical areas were first established by standard  m ulti-unit mapping 
techniques. Subsequently, the dorsal columns were sectioned 
unilaterally a t the C4-C5 level using a pair of sharp fine forceps. 
Immediately, the somatosensory cortex was remapped. No responses to 
peripheral stim ulation were observed in the hand representation in 
either area 3b or 1. Increased levels of background activity were 
observed in the hand representation, while responses in the cortex 
representing normally innervated face rem ained intact. However, 
recordings made after one month of recovery in one owl monkey 
revealed th a t much of the deprived cortex had become responsive to 
tactile stimuli, although the response characteristics were abnormal 
and receptive fields were large. The results suggest th a t potentiated 
in tact inputs mediate behavioral recovery after dorsal column section.

20.8

RESTORATION OF THE SPO NTANEOUS ACTIVITY IN THE IPSILATERAL 
VESTIBULAR NUCLEUS AFTER HEM ILABYRINTHECTOMY IN THE  
ALERT GUINEA PIG. L.Ris. C. De Waele. M. Serafin, P.P. Vidal and E. 
Godaux*. Lab. of Neurosciences, Univ. of Mons-Hainaut, 7000 Mons, 
Belgium and Lab. de la Physiologie de la Perception et de I'Action, CNRS, 
Paris, France.

Neuronal activity was investigated in the alert guinea pig in the left superior 
vestibular nucleus (SVN), lateral vestibular nucleus (LVN) and rostral part of 
the medial vestibular nucleus (MVN) after a unilateral (left) labyrinthectomy 
performed under halothane anesthesia. The vestibular neurons were 
recorded in intact animals (control group, n = 6), in lesioned animals during 
the hours following labyrinthectomy (just post-op group, n = 6) and in 
lesioned animals one week after the injury (one week post-op group, n = 6).

Animals were prepared for single unit activity by extracellular recording. 
In order to be able to stimulate the left vestibular nerve, bipolar silver ball 
electrodes were chronically implanted either at the contact of the bony 
labyrinth in the control group or close to the stump of the vestibular nerve 
after labyrinthectomy. The criterion used to select vestibular neurons to be 
analysed was their recruitment by an electric shock on the vestibular nerve.

A total of 424 units, defined as second order vestibular neurons, were 
recruited at monosynaptic latencies (0.85 - 1.15 ms). The mean (± SD) 
resting discharge of these cells (from both the SVN, MVN and LVN) 
amounted to 41.0 ± 24.7 spikes.s'1 in the control state, slumped to 7.2 ±
13.9 spikes.s-1 just after labyrinthectomy and completely recovered to normal 
values one week after the lesion (42.5 ± 21.6 spikes.s1).

We conclude that, at least in the guinea pig, the restoration of the 
spontaneous activity of the deafferented neurons is complete one week after 
a unilateral labyrinthectomy.

So c ie ty  for  N eu ro sc ie n c e , V o lu m e  21, 1995
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H E M ISPH ER IC  CO N TR IB U TIO N  TO  R E CO V ERY  O F N EG LEC T 
A FTER R IG H T  S U B C O R T IC A L  H E M IS P H E R IC  D A M AG E: A 
H 2 15O PET ACTIVA TIO N STUDY.
S. F. Cappa*. D. Pcrani. E. Paulesu, M . Demartin, 0 ,  Yallar, L .
Pizzamiglio.
F.Fazio
INB-CNR, Scientific Institute H S Raffaele , Universities of Milan. Brescia and 
Rome,
Scientific Institute S Lucia, Rome, ITALY

Spontaneous recovery from unilateral neglect (UN) associated with cortical 
and subcortical lesions parallels the reduction of hypoperfusion/hypometabolism in 
the undamaged areas of both hemispheres. Specific rehabilitation training can 
improve recovery from UN. No data are available in man, on the role of distinctive 
neural systems in behavioural recovery. Aim of the study was to investigate the 
neural correlates of recovery in a rehabilitated patient using H2 15O PET activation 
before and after training.

The patient had stable unilateral neglect due to an ischemic lesion of the 
subcortical parieto-occipital white matter, in the right hemisphere. We measured 
rCBF changes while the patient was engaged in a visuo-spatial exploration task at 
the beginning and after 3 months of rehabilitation therapy, when the patient has 
recovered. Data were analyzed by means of Statistical Parametric Mapping 
according to a factorial design (tasks: baseline and activation; exames: pre and post 
training).

A significant interaction was present for several regions of the right 
hemisphere, which were activated only after rehabilitation: anterior cingulum, 
premotor and prefrontal cortex, superior parietal lobule, and precuneus. These 
findings provide further support for the role of undamaged regions in the right 
hemisphere in the recovery of UN after subcortical lesions.

CELL DIFFERENTIATION AND MIGRATION I

21.1
GAP JUNCTIONS IN THE DEVELOPING RAT CEREBRAL CORTEX 
B. Nadarajah and J.G. Parnavelas (SPON: Brain Research Association). Dept. of 
Anatomy, University College London, London WC1E 6BT, U.K.

The mammalian cerebral cortex is made up of neurons and glia which arise from 
the neuroepithelial cells surrounding the lateral ventricles. These epithelial cells are 
linked by different types of specialized junctional complexes. Dye coupling studies in 
rats have demonstrated that neurons in the developing cerebral cortex are extensively 
coupled through gap junctions. Here, we examined the frequency and distribution of 
gap junctions (patch-like membrane appositions with a gap of 2nm) and the 
differential expression of gap junction proteins (connexins; cx) during pre- and 
postnatal development of rat cerebral cortex. Brains of rats, ranging in age from E12 
to P35, were fixed with a mixture of aldehydes and processed for conventional and 
freeze-fracture electron microscopy. Connexins were visualized using 
immunohistochemical techniques in cryostat-cut sections with antisera directed 
against cx26, 32 and 43. Examination of coronally-cut ultrathin sections showed that 
early in development (E l2-E l7), gap junctions were restricted in the layer of 
epithelial cells bordering the ventricle; the number of junctions in this zone was 
greater in the early stages of corticogenesis. In the perinatal period, a band of gap 
junctions appeared between the intermediate zone and deep part of the cortical plate 
including the subplate, and by the end of first postnatal week gap junctions were 
observed throughout the cortical thickness. Their frequency showed a continuous 
increase until P35. Freeze-fracture analysis confirmed these findings. 
Immunoreactivity for cx26 and 43 was observed as early as E12, when it was 
restricted in a narrow band adjacent to the lateral ventricle, while cx32 labelling was 
seen from P21. These findings show that gap junctions are present in significant 
numbers at all stages of development and may provide a means of communication 
between proliferating, migrating and differentiating cells in the cerebral cortex.

2 1 .3

CHARACTERIZATION OF SYNAPTIC VESICLES IN NGF- 
TREATED PC12 CELLS. V. Tanner, A. Dosemeci* and J.-H. 
Tao-Cheng Lab. of Neurobiology, NINDS, NIH, Bethesda, MD 
20892-4062.

PC12 cells, a rat pheochromocytoma derived cell line, 
differentiate into neuron-like cells after NGF treatment. When 
grown on Matrigel, these cells develop many clusters of small (50 
nm) clear vesicles in the varicosities of neurites following 12-17 
days of NGF treatment. These vesicle clusters form a clearly 
demarcated subcellular domain in the cytoplasm, and they 
distinctly stain for three synaptic vesicle (SV) associated proteins: 
synaptophysin, synapsin I and SV2 by pre-embedding EM 
immunocytochemistry with a small gold probe. The synaptic 
nature of these vesicles is further characterized here by two 
additional pieces of evidence - (1) the clusters of vesicles are 
consistently depleted after 2-5 minutes of 75 mM potassium 
stimulation, indicating that they behave like SV's. (2) the SV 
clusters specifically stain for an antibody against a vesicular 
acetylcholine transporter (VAChT, a gift from Dr. Lee Eiden, 
NIMH), indicating that these vesicles contain acetylcholine as the 
transmitter. This is the first demonstration of such readily 
identifiable SV clusters in a cell line. These properties make the 
system especially useful for studies on the regulation of release 
from SV's and the distribution of SV-related antigens.

21.2
ONCOGENE EXPRESSION BY WILD TYPE PC12 AND BY 
SPONTANEOUSLY OCCURRING AND Wnrl-INDUCED FLAT 
CELL VARIANTS OF PC12. T. P. Palos*, J. R. Haiah, S. Zheng, 
B. Ramachandran, and B. D. Howard. Dept. Biol. Chem.,
UCLA Medical School, Los Angeles, CA 90095

PC12 flat cell variants occur spontaneously, and they can 
also be induced by the Wnt-1 oncogene, which functions in 
brain development. These variants exhibit few wild type 
neuronal properties (eg., catecholamine synthesis and 
transport), and we proposed they represent a reversion to a 
neural crest progenitor form. They have also lost some 
characteristics of tumor cells in culture, (eg., anchorage- 
independent growth). We have compared the expression of 
certain genes including oncogenes involved in neural crest 
differentiation and/or hereditary human pheochromocytomas. 
Both wild type and variant cells contain significant amounts of 
mRNAs for p53, VHL (3 kb), NF1 (≈11 kb) and  ret (4.5, 6 kb) .
No ret gene mutations were detected, but there were markedly 
increased levels of ret mRNA in variants expressing Wnt-1.
The variants also contained increased levels of neu. All the 
variants express a glial form of the plasma membrane 
glutamate transporter, but none expressed other glial markers 
examined. Supported by USPHS grant MH38633.

2 1 .4

Ca2+/Phospholipid- (PKC) and cAMP- (PKA) Dependent Protein 
Kinases Regulate the Differentiation of Immortalized Raphe 
Neurons. H.B. Rind∙1, J.T. Neary3, and S.R. Whittemore1,2. Neuroscience 
Program1, The Miami Project1, Depts. Physiology and Biophysics2, and 
Neurological Surgery2, Univ. Miami and V.A. Medical Center3, Miami, FL 
33136

These studies utilized the glutamatergic RN33B cell line which was 
generated by infection of disocciated E13 rat medullary raphe with a retrovirus 
encoding the temperature-sensitive mutant of SV40 large T-antigen. To test 
the hypothesis that PKC and PKA regulate RN33B cell differentiation, each 
enzyme was separately pharmacologically inhibited or potentiated and resultant 
changes in neuronal differentiation assessed. Initial studies demonstrated no 
differentiation-specific changes in the steady-state soluble or membrane bound 
activities of either PKC or PKA. However, potentiation of PKC during 
RN33B cell differentiation markedly inhibited the expression of low and 
medium Mr neurofilament, neuron-specific enolase, and glutamate. The 
inhibited expression of some neuronal antigens by PKC activation coupled 
with an apparent increase in both the number of cells and mitotic profiles 
suggests that PKC activation blocks neuronal differentiation by inducing 
proliferation. Abolition of PKC activity, however, had no effect upon the 
expression of the neuronal antigens examined in these studies, indicating that 
PKC activity is not essential for RN33B cell differentiation. Preliminary data 
suggest that activating PKA during RN33B cell differentiation results in a 
marked potentiation of the glutamatergic phenotype of this cell line. 
Collectively, these results suggest that while PKC and PKA regulate the extent 
of differentiation, other parallel or independent pathways exist that also 
modulate the terminal neuronal phenotype of RN33B cells. Supported by The 
Miami Project to Cure Paralysis, General Reinsurance, and NS26887.
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2 1 .5
STAUROSPORIN PROMOTES NEURONAL DIFFERENTIATION OF P19 
EMBRYONAL CARCINOMA CELLS. T. Yoshizawa*, N. Nakanishi. Dept. 
of Neurobiology, Harvard Med. Sch., Boston, MA 021 15.

P19 embryonal carcinoma cells can be induced to differentiate into cells 
similar to neuroectodermal-derived cells by retinoic acid treatment. Because 
this process mimics neuronal differentiation during development, P19 cells 
have been considered a good tool for elucidating the mechanisms of neuronal 
differentiation. In the present study, we examined the effects of protein kinase 
(PK) inhibitors on undifferentiated P I9 cells to assess the involvement of PK 
in neuronal differentiation. We have found that staurosporin, a relatively broad 
inhibitor for Ser/Thr kinases, promotes neuronal differentiation.

Undifferentiated P 19 cell cultures were grown in alpha-MEM supplemented 
with 2.5% fetal calf serum and 7.5% calf serum under 5% C02 conditions and 
were treated with PK inhibitors, after which morphological changes and the 
expression of neuron-specific markers (e.g., MAP-2) were examined.

Staurosporin (5~25nM) initiated three distinct events; (1) increase of the 
proportion of cells which bear processes of at least 1 cell diameter (2.8% in 
non-treated vs. 26.5% in 25 nM), (2) induction of neuron specific markers 
such as MAP-2 (2.8% in non-treated vs. 7.9% in 25 nM), (3) promotion ot 
neurite outgrowth in MAP-2 positive cells. HA 1004 (50μ M), which inhibits 
PKA and PKG more specifcally than PKC, had the same three effects, but a 
PKC-specific inhibitor, calphostin C ( l μ M) did not. A PKA-specific 
inhibitor, KT5720 (2μ M) only promoted the outgrowth of MAP-2 positive 
neurites.

Taken together, inhibition of PKs promotes neuronal differentiation of P19 
cells. The suppression of PKA activity might specifically contribute to the 
outgrowth of neurites. These findings may shed light on the mechanism of 
neuronal differentiation in development.

2 1 .7

ELEVATED EXPRESSION OF THE APC TUM OR SUPPRESSOR GENE  
DURING NEURONAL DIFFERENTIATION. J.S. Fosnauah*R .V. Bhat, J. 
M. B a ra b a n . Johns Hopkins Univ. Sch. of M ed., D e p t. of 
Neuroscience, Baltimore, MD 21205.

In previous studies, we have found that the APC tumor 
suppressor gene, which is linked to familial and sporadic forms of 
colon cancer, displays high levels of expression in the developing 
brain that diminish as the brain matures (Bhat et al., J. Neurosci. 
1 4 :3 0 5 9 -7 1 ,1 9 9 4 ). This pattern of expression suggests that 
APC, which binds to B-catenin, a com ponent of the intracellular 
cadherin-associated com plex, could play an im portant role in 
coordinating changes in cell-cell adhesion that occur during 
nervous system development. In the present study, we have used 
the neuroblast-like PC 12 cell line to investigate the role of APC  
in an in vitro model of neuronal differentiation. W e have found 
that APC expression increases after induction of the neuronal 
phenotype, with APC levels peaking after approxim ately 2 days of 
NG F treatment, and returning toward baseline by one week. Initial 
immunoprecipitation studies indicate that APC is assoiciated with 
ß -catenin in these cells as found elsewhere. Accordingly, APC  
m ay contribute to the dram atic m orphological a lterations that 
occur during neuronal differentiation. Current studies are aim ed  
at defining the localization of APC in PC12 cells and the effect of 
blocking APC function or expression on differentiation and/or 
adhesion.

2 1 .9

D IFFER E N T IA L TR O P O M Y O S IN  m RN A  LO C A LIZA TIO N  IS 
A SSO C IA TED  W IT H  TH E D E V E L O P M E N T  O F N EU R O N A L 
POLARITY. A.J. H annan. R.P. W einberger. P. G unning and P.L. 
J e f f re y .* D evelopm enta l N eu rob io logy  & Cell B io logy U nits, 
Children's M edical Research Institute, W estm ead, 2145, A ustralia.

N euronal d iffe ren tia tion  requ ires spatio tem porally  regulated  
rearrangem ent and ex tension  o f the cy toske le ton  to achieve a 
functional neuronal shape. T ropom yosins (Tm s) are cytoskeletal 
proteins w hich bind to actin  m icrofilam ents. In non-m uscle cells 
Tm s m ay regulate m icro filam ent stability . W e are investigating  
w hether d iffe ren tia l exp ress ion  o f Tm s in the nervous system  
correlates w ith the developm ent o f specific neuronal structures. In 
situ hybridization was used to show  Tm -5 m RN A  localized to the 
axon h illock  and at least the p rox im al portion  o f  the axon o f 
differentiating neurons in 12.5 day rat em bryos. In these em bryos, 
the Tm -5 protein w as found specifically  in grow ing axons from  a 
range o f nervous system  structu res. In contrast, the m RN A  of 
another Tm  isoform , Tm Br-2, w as found to be evenly distributed in. 
the cell body th roughout neuronal polarization . T he subcellula? 
localization o f Tm m RN A  was further exam ined in a m ouse cortical 
neuron culture system . By 2 days in vitro the Tm -5 m RN A  was 
found to be localized to one pole, corresponding to neurite outgrowth 
in the differentiating neurons. A t 7 days in vitro, the Tm -5 mRNA 
was found at highest levels in the cell body and the axon, consistent 
with protein distribution. These results indicate that the localization 
o f  Tm -5 protein to grow ing axons is achieved using a polarized 
m RN A  transport m echanism  w hich  is developm entally  regulated, 
suggesting a role for Tm -5 in the developm ent o f neuronal polarity.

21.6
v-src EXPRESSION ALTERS THE PROLIFERATION AND MIGRATION OF 
NEUROBLASTS IN THE DEVELOPING CHICKEN BRAIN 
J.C. Morgan*, J.E. Majors, and D.S. Galileo. Dept of Cellular Biology 
and Anatomy, Medical College of Georgia, Augusta, GA 30912.

Retroviral marking experiments with a lacZ reporter gene previously 
showed that descendants of a single infected neuroepithelial stem cell 
migrate in an organized and predictable pattern in the chicken optic tectum 
(OT)- Many cell surface proteins are probably involved in the migration and 
guidance of cells to their proper positions. v-src is a transforming tyrosine 
kinase which inactivates cadherin-dependent cell adhesion in vitro. We  
hypothesized that v-src expression in vivo would cause abnormal 
proliferation and/or migration of progeny neuroblasts. W e used a replication- 
deficient retrovirus (LZIS) containing both lacZ and v-src to infect stem cells 
in the OT early in development (E3). A preliminary analysis indicates that v- 
src expression affects proliferation, migration, and differentiation of tectal 
cells. At E6 there are more cells per clone with LZIS (26 ± 2) than with a 
lacZ-only control vector (LZ14) (15 ± 1; p<1x10-5). There are also more LZIS 
clones with tangentially-oriented cells near the pia (77%) than with LZ14 
clones (28%; p<1x10-4) And out of those clones with tangential migrants at 
E6, there were more tangentially-oriented cells per LZIS clone (3.2 ± 0.4) 
than per LZ14 clone (1.5 ± 0.8; p<6x10-4). This may be an early migration of 
these cells, which is what we hypothesize would happen if v-src is 
deactivating N-cadherin. While many cells appeared to be neurons 
morphologically, we did not observe staining for NF-M using antibodies 
against either phosphorylated or unphosphorylated NF-M on E12 
cryosections. W e will determine the phenotype of these infected cells using a 
variety of antibodies. Supported by NINDS.

21.8
CORTICAL DEVELOPMENT IN THE TRISOMY 16 MOUSE: ABNORMAL 
STRATIFICATION AND CELLULAR DIFFERENTIATION. T.F. Haydar*, 
B.K. Krueger, and P.J. Yarowsky*. Depts. of Physiology, and #Pharm. and Exp. 
Therap.,University of Maryland Sch. of Med., Baltimore MD 21201.

Trisomy 16 mouse (Tsl6) fetuses exhibit anatomical and physiological 
abnormalities similar to human DS fetuses and have therefore been studied as a 
model for Down syndrome (DS). Here we report that, as in DS, cerebral cortical 
development is abnormal in the Tsl6 mouse. Trisomic brains were matched with 
euploid littermate brains at embryonic days 13,14, and 16 (E13, E14, and E16). 4μm 
paraffin sections from the future somatosensory cortex were then stained with crcsyl 
violet and analyzed for thickness of cortical layers and for overall thickness of the 
pallium. Tsl6 brains were not significantly different from euploid in preplate or 
paliial thickness at E13. By E14, however, the pallium, cortical plate (CP), and 
intermediate zone (IZ) were reduced by 21%, 36%, and 74%, respectively, in Tsl6. 
Moreover, at E16, Tsl6 pallium, CP, and IZ were 9%, 35%, and 17% smaller than 
controls. These results parallel findings in DS demonstrating that deveiopment of 
certain cortical layers becomes abnormal by midgestation and that cortical size is 
reduced. To discover whether abnormal neuronal differentiation was associated with 
this defect in stratification, sections were immunostained for the neuron-specific 
isoform of β-tubulin (TuJl), a marker for early postmitotic neurons, and to 
microtubule-associated protein 2 (MAP2), a marker for more mature neurons. 
TuJl labelling profiles were identical for Tsl6 and euploid cortices at E13 and E14. 
By E16, however, 60% fewer cells expressed TuJl in the Tsl6 intermediate zone. 
MAP2 staining was not different between Tsl6 and euploid brains at any age. The 
absence of TuJl staining at E16 in the Tsl6 IZ provides evidence for an abnormality 
in early differentiation which further characterizes this abnormal cortical 
development. (Supported by NIH, Alzheimer's Assoc., and Sigma Kappa 
Foundation)

21.10

THE TIMING OF DIFFERENTIATION AND CELLULAR COMPETENCE IN 
XENOPUS RETINA IS CELL AUTONOMOUS. David H. Rapaport1*, Sherry L.
Patheal2 and William A. Harris2 Div. Anatomy1 and Dept. Biology2, Univ. of California 
San Diego, La Jolla, CA 92093

The nervous system develops according to defined schedules of cell genesis, 
migration and differentiation. In this experiment we set out to determine whether retinal 
precursor cells maintain their own schedules of development when they grow in an 
environment of surrounding cells which are at a more advanced stage of development.

Xenopus embryos were injected with fluorescent labeled dextran at the 2-cell stage. 
Injected and uninjected embryos were grown to different stages. For the culture 
experiments, optic vesicles of one young and one old embryo were removed, dissociated 
and grown in vitro for 24 hours. After fixation the cultures were processed with antibodies 
to photoreceptor antigens (XAP 1 and 2) which begin to be expressed at different 
developmental stages (33/34 and 35/36, respectively). While not all cultured cells express 
XAP-1 and -2 antigens the proportion which did was unchanged regardless of whether 
cells were grown isochronically or heterochronically. In all cases the proportion of XAP-1 
and -2 positive cells was significantly higher in older cells of mixed-age cultures and the 
difference narrowed as the age difference between the heterochronicmix decreased.

A similar experiment was performed in vivo by excising small grafts of fluorescent 
dextran labeled optic vesicles from Stg 21-22 embryos and transplanting it into older, Stg 
25-27 host embryos. When the embryos were killed at the stage of initial XAP-1 or -2 
expression in the host immunoreactivity failed to extend into the graft (identified by 
fluorescent dextran label). However, the graft did go on to express both antigens at a later 
stage.

Thus, the differentiation of cells in vitro and in vivo proceeds according to their own 
endogenous schedule and appears not to be effected by the presence of neighboring cells 
on different schedules.
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21.11
CHARACTERIZATION OF DEVELOPING MOUSE RETINAE LACKING 
S-LAMININ/LAMININ β2 R.T. Libby* 1. D.D. Hunter2, J.P. Merlie3. J R. 
Sanes4 and W.J. Bntnken1. 1Department of Biology, Boston College, 
Chestnut Hill, MA; 2Neuroscience Program. Tufts Univ. Boston. MA; 
3Department of Mol Biol & Pharnt & 4Department of Anatomy & Neurobio, 
Washington Univ., St Louis, MO.

The extracellular matrix molecule s-laminin (laminin β2) has been shown to 
be important in the differentiation of rat rod photoreceptors in vitro; its 
temporal and spatial distribution, in vivo, additionally supports a role in retinal 
development Recently, mutant mice lacking s-laminin were generated 
(Noakcs et al., Nature 374:258-262. 1995; Nature Genetics, in press). We have 
examined retinae from these mutants to assess the role of s-laminin in 
development, focusing specifically on determination. differentiation and 
morphogenesis of photoreceptors.

Mice mutant for s-laminin contain near normal number of photoreceptors. as 
reflected by the size of the outer nuclear layer. However. comparison of the 
outer segment (OS) morphology between mutant and wild type mice revealed a 
clear perturbation of photoreceptor morphogenesis. Postnatal days 10, 11. 13, 
16 and 25 have been examined; in all cases the OS of both rod and cone 
photoreceptors are stunted As judged by immunostaining for a marker of 
photoreceptor synapses there also appears to be a significant disruption of the 
outer plexiform layer. We are currently examining these mutants for changes 
in other cell types, particularly bipolar cells. The data obtained thus far support 
the hypothesis that s-laminin regulates some aspect of retinal development. 
Supported by Boston College Research Expense Grant (WJB) and NIH (DDH, 
JPM, JRS and WJB). DDH is a Sloan Foundation Research Fellow.

21 .1 3

LONG TERM SURVIVAL AND DIFFERENTIATION OF PROGENITOR 
CELLS ISOLATED FROM THE STRIATA PRIMORDIA TRANSPLANTED 
INTO THE EMBRYONIC RAT BRAIN.
L. Magrassi*1, M. Ehrlich2, S. Pezzotta1, G. Butti1, S. Govoni3 and E. Cattaneo4 
lDept. of Neurosurgery, Univ. of Pavia, IRCCS Policlinico S. Matteo,Italy; 2New 
York Univ. Medical Center, Dept. of Psychiatry, New York, U.S.A.; 3lnst. of 
Pharmacol., Univ. of Pavia; 4Inst. of Phannacol.Sciences. Univ. of Milano. Italy.

We previously reported a short term analysis of the behaviour of 
conditionally immortalized neuronal progenitors and primary neuroepithelial cells 
isolated from the E14 striatum and implanted into the fetal rat brain (Cattaneo et 
al., Dev. Brain Res.,1994). We demonstrated that in both cases the BrdU labeled 
donor cells were found aggregated into clusters located either in the ventricles or 
in the parenchyma. In addition, by following the temporal evolution of nestin and 
PCNA immunoreactivity within the clusters of transplanted cells, as well as 
Large-T-Antigen (for the conditionally immortalized cells), we found that the 
number of cells expressing these proteins was significantly reduced within five 
days from the transplant indicating that transplanted cells were proceeding toward 
differentiation. We are presently investigating the behaviour of the transplanted 
cells after 2 and 12 weeks following transplantation. The analysis of the DiI and 
BrdU labelled donor cells has revealed that in both ST14A cell line and primary 
cells transplants, the majority of the cells were still organized into clusters even 3 
months postnatally. Light and electron microscopy studies confirmed the viability 
of the cells found in the clusters. Neurites and synaptic contacts were visible 
inside well organized clusters.. Myelinated fibers were also present in clusters of 
primary cells located within the parenchyma. To define the identity assumed by 
the transplanted prim ary cells organized in clusters we performed 
immunocytochemical analysis with anti-DARPP-32 antibody. We found that 
clusters of donor cells located outside the basal ganglia were DARPP-32 
iinmunoreactive. These data show that cells present in the clusters can undergo 
differentiation along a specific neuronal lineage.

21 .1 5

REDUCED ADH ESIO N  O F STABLY TRANSFECTED N EUROBLAS
TO M A  CELLS W ITH DECREASED CHOLINESTERASE LEVELS.
C. K oen igsbereer* , S. Chiappa. R. Urrutia. and S. B rim ijo in . D epts. 
o f  Pharm acol. and G.I. Research, M ayo Clinic Rochester M N, 55905 
D uring neural developm ent, a transient increase in acteylcholinesterase 
(AChE) activity coincides with neurite outgrowth and axonal elongation. 
To investigate a role for A ChE in neuronal differentiation, we studied 
cell adhesion and proliferation in N IE . 115 neuroblastom a cells stably 
transfected with sense and antisense A ChE constructs. The vector, pH β 
A P r-l-n e o , con ta in s  a β -ac tin  p ro m o ter tha t d irec ts  high level 
accum ulation o f m RN A  transcripts. Full length m ouse A ChE cD N A  
(2148 bp) w as cloned by blunt ended ligation in to  pH β A P r-l-n eo . 
N 1E .115 cells w ere transfected in the presence o f  lipofectin w ith 20 μ g 
o f plasm id D N A . Transfectants were selected by G eneticin resistance, 
and clonal populations w ere generated by lim iting d ilutions. M ean 
A ChE activity (arbitrary units) of the 3 clones selected for proliferation 
and adhesion  assays w as 1.70 (sense), 0 .64  (con tro l) and  1.02 
(antisense). Sense constructs consistently  yielded the low est levels o f 
viable but non-adherent cells when cultured for up to 96 hours. Cells 
with the antisense construct exhibited the low est proliferation rates, on 
average, and the h ighest proportion o f cell debris. Control cultures, 
w ith the low est A C hE levels, had the m ost non-adherent but viable 
cells, the low est am ount o f cellular debris and the highest proliferation 
rate. A t p resent we are unable to explain  w hy ce lls w ith putative 
antisense constructs yielded  h igher ce llu lar A ChE activities than did 
vector alone. N onetheless, the data suggest that alterations in A ChE 
expression may affect replication rates or adhesive properties in cultured 
neuroblastom a cells.

21.12

RETINAL GANGLION CELL DIFFERENTIATION IN OCULAR 
RETARDATION MICE. M.-Y. Lianp* and M.H. Hankin. Dept. Anat. 
& Neurobiol., Medical College of Ohio, Toledo, OH 43614.

Ocular retardation results from a null allele in the Chx10 homeobox 
gene (Science, submitted), and is characterized by abnormal retinal 
development with reduced neuroblast proliferation, an absence of rod 
bipolar cell differentiation, and optic nerve associated with a failure of 
retinal ganglion cell (RGC) axons to exit the globe. Using neuron- 
specific β -tubulin (TuJ1) and L1 antibodies, we examine RGC 
differentiation in mutants containing the orJ allele (orJ/orJ).

Immunoreactivity for TuJ1 and L1 was seen by E11 in wild-type 
(+/+) retina, whereas staining was not apparent until E13 or 14 in the 
orJ/orJ retina. Initially, TuJ1 stained cells in central portion of the +/+ 
retina: at the ventricular margin (soma and a leading process); in the 
middle of the retina (usually with leading and trailing processes); and 
at the vitreal (inner) margin (usually with only an axonal process). By 
E14, TuJ1+ cells in +/+ retinae were present in central as well as 
peripheral retina. In mutants, however, TuJ1+ cells were mostly 
restricted to the central retina (soma and axonal processes); relatively 
few TuJ1+ cells were seen near the ventricular margin. Unlike the +/+ 
retina, mutant RGCs did not form a continuous GCL, but were found in 
distinct clusters. Initially, many orJ/orJ retinae formed an optic fiber 
layer (OFL) and optic disc (OD) in appropriate locations, but later 
many RGC axon bundles were seen throughout the thickness of the 
retina. In addition, many RGC axons in the adult orJ/orJ retina 
appeared to form small, intraretinal neuromas.

Although mutant retinae contain RGCs which express characteristic 
cell markers, their appearance is delayed compared to normal. 
Furthermore, the cues which direct RGC axons to form and maintain an 
OFL appear to be present, but may not be effective at later stages. 
Supported by NIH (NS26777) and The Ohio Lions Eye Research Fund.

21 .1 4
D evelopm entally  R eg u la ted  E x p ress io n  of A C hE in N eurona lly  
D ifferentiating M ouse P19 Cells. B. A. Coleman* and P. Tavlor. Depl. of 
Pharmacology, University of California San Diego, La Jolla, California USA 
92093-0636.

Mouse P19 embryonic carcinoma cells are uncommitted, pluripotent cells 
which can be induced to terminally differentiate along the neuroectodermal lineage. 
Neurons, glia and astrocytes develop after free-floating aggregates, termed embryoid 
bodies, are cultured in the presence of retinoic acid (RA), then plated onto tissue 
culture dishes. Neuronal cultures up to 90% purity can be obtained by selecting for 
postmitotic neurons using mitotic inhibitors. We have used this cell line to 
examine the developmentally regulated expression of acetylcholinesterase (AChE). 
AChE is not expressed in untreated cells, but appears 4-6 days after RA treatment 
is initiated. Cells maintained as embryoid bodies do not accumulate the enzyme 
but secrete large amounts of tetrameric AChE into the culture medium. When 
plated and allowed to morphologically differentiate into neurons, 50% of the 
enzyme activity is retained by the cells. Neuronally associated AChE is almost 
entirely of the globular tetrameric form suggesting that extension of neuronal 
processes and expression of neuronal morphology relate to enhanced membrane 
association of AChE tetramers. Message protection experiments and Northern 
blots confirm that splicing of AChE message in neuronally-derivcd P19 ceils is 
consistent with that normally observed in mouse brain. The AChE gene appears to 
be actively transcribed at a similar rate during all stages of differentiation. 
Transcription inhibition experiments support the idea that the enzyme’s activity is 
regulated through stability of the mRNA. AChE has often been suggested to play 
a role in neuronal development. Initial results in our laboratory suggest that 
expression of AChE during early P19 neuronal differentiation may affect 
subsequent development of neuronal characteristics. P19 cells have provided a 
useful in vitro system for examining numerous aspects of neuronal differentiation 
and may further provide a means for ascertaining whether AChE expression plays a 
specific role in neuronal development. (Supported by USP1IS GM 18360, 24437 
and American Heart Association Postdoctoral Fellowship No. 93-58).

2 1 .1 6

CENTRAL CATECHOLAMINERGIC CELL LINEAGE STUDIES USING 
TRANSGENIC MICE AND PRIMARY NEURONAL CULTURE.
J.H.Son*, N.Min, J.H.Lee, S.J.Kim, S.H.Cho, C.Peng and T .H . Joh. Laboratory 
of Molecular Neurobiology, Cornell University Medical College at the W.M. Burke 
Medical Research Institute, White Plains, N.Y. 10605, U.S.A.

Distinct cell lineages, destined respectively to comprise the PNS and CNS, 
originate early in embryonic development. Peripheral nervous system (PNS) 
lineages originate in the neural crest as the neural ectoderm elongates and folds to 
form the neural tube. Cells destined to form the central nervous system (CNS) arise 
from precursor cells near the inner surface of the neural tube. Thereafter, many 
distinct neuronal cell lineages are established via mechanisms that remain largely 
unknown. Among the mechanisms that remain to be elucidated, determination of 
specific neurotransmitter phenotypes is an important aspect of neuronal and 
neuroendocrine cell development.

As the first and rate limiting enzyme in the biosynthetic pathway for 
catecholamine (CA) neurotransmitters, tyrosine hydroxylase (TH) is a specific 
phenotypic marker for CA cells in the central and peripheral nervous systems of 
adult animals. During embryogenesis, TH expression appears permanently within 
cells destined to be CA-secreting during adult life, and transiently in several cell 
types that will not express TH in adulthood. We examined the ontogeny of TH 
expression in CNS of transgenic mice by following the expression of a lacZ 
reporter, driven by 9 kb of the proximal 5+ promoter of the rat TH gene, during 
embryonic development. Between E9.5 and E l0.5 β -Gal expression occurred and 
extended to the ventrolateral neural tube, the ventral prosencephalon, the ventral and 
dorsolateral mesencephalon and the caudal and rostral rhombencephalon. Further 
characterization of the phenotype of these β-Gal positive cells have been done using 
immunohistochemistryofboth whole mount embryos and primary neuronal cultures. 
(Supported by NIH grant, MH24285)
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21 .17

NEU RITO GENESIS IN A BA SA L FO REBRAIN  CELL LINE IS 
M E D IA T E D  BY C A T E C H O L A M IN E S  A N D  B A S IC  
FIBROBLAST G ROW TH FACTOR. J.K w on*1. M. D ownen1, E. 
E v e s2 and B .H . W a in er1. Dept. 1P ath ., A lbert E instein  M ed. 
C ollege, Bronx, NY 10461; 2Ben M ay Inst., The U niversity  o f 
Chicago, Chicago, IL 60637.

The signals that direct neurite outgrow th in developing neurons 
and their mechanism s of action have not been elucidated. W e have 
previously described the immortalization of em bryonic day 14-15 rat 
basal forebrain neuronal p rogenitor ce lls (Soc N eurosci. Abs. 
17:37, 1991). N euritogenesis in the cell line can be induced by 
ca techo lam ines  and basic fib rob las t g row th  fac to r (bFG F). 
H owever, the m echanism s by w hich these agents induce process 
outgrow th are different. Catecholam ines typically induce a stellate 
m orphology w ith a single dom inan t process. T his p rocess 
outgrow th is accom panied by the form ation o f grow th cone-like 
structures and is independent o f new transcription and translation. 
bFGF induces a bipolar morphology that is generated in the absence 
o f growth cone-like structures and requires new transcription and 
translation. In addition, the initial neurite extension in response to 
ca techolam ines is evident w ithin 30 m inutes w hile the neurite 
extension in response to bFGF is not evident until 36 hours. The 
redistribution o f F-actin and microtubules in response to bFGF and 
catecholamines differs as well. Neurite outgrowth in the developing 
basal forebrain is dependent upon a variety o f signals, including 
catecholam ines and bFGF. (Supported by NS 25787 and AECOM  
BRSG .)

2 1 .1 9

THE EFFICACY OF bcl-2 and bcl-xL ANTI-APOPTOTIC 
FUNCTIONS DEPENDS ON THE STATE OF DIFFERENTIATION 
AND THE INTRACELLULAR ENVIRONMENT. E. M. Eves*, C. B. 
Thompson. N. Hay, and M. R. Rosner. The University of Chicago, 
Chicago, IL 60637.

Cells of the conditionally-immortalized hippocampal neuronal line 
H19-7 morphologically differentiate and die apoptotically following 
the addition of bFGF to N2 medium at 39°C. The bcl-2 and bcl-XL 
gene products have both been found to have anti-apoptotic effects 
in neurons and in differentiated H19-7 cells. In contrast, expression 
of Bcl-2 or Bcl-xl did not alter the rate of cell death in 
undifferentiated H19-7 cells. Unlike prolymphocytic cells, 
differentiated H19-7 cells expressing Bcl-2 or Bcl-XL have similar 
survival levels (approximately 50% survival at 6d. of differentiation). 
Furthermore, adding bcl-2 to cells already expressing BcI-xl did not 
significantly increase the level of survival, suggesting the existence 
of another cell death mechanism unaffected by these two proteins. 
Bcl-xs has been shown to completely abrogate the effect of Bcl-2 in 
differentiated H19-7 cells. However, the addition of bcl-xs to H19-7 
cells expressing BcI-xl appears to decrease the proportion of cells 
capable of differentiation. This results in higher cell viability relative 
to cells expressing Bcl-2 with Bcl-xs. Thus, the native intracellular 
environment of differentiating H19-7 cells is equally susceptible to 
rescue by Bcl-2 or BcI-xl. However, the interaction of Bcl-2 or Bcl-XL 
with proteins such as Bcl-xs can lead to differential modifications in 
their functions.

21 .1 8

N O RA D REN ERG IC RECEPTOR A CTIV A TIO N  INFLUENCES 
D IF F E R E N T IA T IO N  IN  T H E  D E V E L O P IN G  B A SA L  
FO R E B R A IN . M. D ow nen*, J. K w on, L. R oback and B. H. 
W ainer. D ept. o f Pathology, A lbert Einstein C oll. o f M ed., Bronx, 
NY 10461.

The m onoam inergic neurotransm itters are know n to provide 
important cues directing cellular differentiation and maturation in the 
heart, in cranio-facial form ation and in the developing  nervous 
system. W e hypothesize that the ascending noradrenergic fibers that 
arise in the locus coeruleus may play a role in basal forebrain 
developm ent. To test our hypothesis we exam ined the effects o f 
n o rad rene rg ic  rece p to r agon ists  on p rocess  o u tg row th  and 
neurochem ical differentiation in basal forebrain neurons in primary 
culture. Briefly, em bryonic basal forebrain was dissected and plated 
on glass coverslips in a bilam inar culture system  (D ownen et al., 
1993, Dev. Brain Res. 74: 1- 13). Treatm ent with the non-selective 
6-agonist, isoproterenol, or the 62-agonist, m etaproterenol, was 
initiated at 1 day in vitro. An increase in the number of growth cones 
labeled with rhodam ine-phalloidin was observed at 1 hr following 
treatment in cultures established from em bryonic day (E) 15 (83%) or 
16 (74% ), but not in cultures established from E l 7. Choline acetyl 
transferase activity was increased follow ing 7 days treatm ent with 
isoproterenol (82%) or metaproterenol (103%) in E15 cultures. These 
data suggest that the ascending noradrenergic input, which arrives 
very early in basal forebrain developm ent, may influence process 
formation and neurochemical differentiation through the activation of 
6-adrenergic receptors. (Supported  by N S25787 and A ECOM  
BRSG)

NEUROTROPHIC FACTORS: EXPRESSION AND REGULATION I

22.1

ELECTROCHEMILUMINESENCE IMMUNOASSAYS (E C L IA ) FOR
NEUROTROPHINS J. E. Johnson*, M. H aak-Frendscho •  , R.
Sugasawara∆ and N. Karasanqi∆ . *Department of Neurobiology and 
Anatomy, Bowman Gray School of Medicine, Winston-Salem, N.C., 
2 71 57 -1 0 10 ; • Promega Corp., Madison, Wl 5 3 7 1 1 -5 3 9 9  and ∆ IGEN, 
Inc., Gathersburg, MD, 20877

Both in vivo and in vitro experiments have indicated that many 
neurons are dependent upon one or more members of the closely 
related factors in the neurotrophin family. The production of factors 
appears to vary both temporally and regionally during development as 
well as with changes in physiological activity. However, actual 
protein concentrations are subject to  the relative rates of mRNA 
synthesis, processing, translation and degradation. In addition, the 
selective removal of neurotrophins by axonal transport can influence 
the regional distribution of factors.

We report the development of sensitive immunoassays to measure 
NT-3 and NT-4. Polyclonal antibodies (chicken IgY, Promega) were 
used to  develop sandwich ECLIA methods. Antibodies were either 
biotinylated to capture factors using streptavidin-coated magnetic 
beads (Dynal, M 280) or labeled with ORIGEN TAG (IGEN) for ECL signal 
detection with an ORIGEN Analyzer (IGEN). ECLIA methods were 
sensitive (≈ ≤ 10-12 M) and no antibody cross reactivity was observed 
to other neurotrophins at high concentrations ( ≈ ≤ 10-9 M). We 
conclude that these immunoassays, as well as others under 
development for BDNF and NGF, will be useful in measuring the 
production and distribution of endogenous factors.

22.2

QUANTITATION OF LOW ABUNDANCE NERVE GROWTH FACTOR 
mRNA EXPRESSION IN HUMAN NERVOUS TISSUE USING 
COMPETITIVE REVERSE TRANSCRIPTION POLYMERASE CHAIN 
REACTION. M. Fahnestock*, D. St. Amand, and C. Pottage. Dept of 
Biomedical Sciences, McMaster Univ., Hamilton, ON, Canada L8N 3Z5.

Nerve growth factor is a major target for scientific and clinical 
investigation, yet its low level of synthesis in human tissue has made it 
difficult to measure. We report here the development of a quantitative assay 
for human NGF mRNA using competitive reverse transcription polymerase 
chain reaction (cRT-PCR), in which mouse submandibular gland mRNA is 
used as an internal quantitation standard and glyceraldehyde-3-phosphate 
dehydrogenase is used as an interassay control for mRNA concentration and 
integrity. Exhibiting high homology to the human transcript, mouse NGF 
mRNA is co-amplified with human NGF mRNA through both the reverse 
transcription and PCR steps using identical primers and conditions. Products 
are distinguished by a unique, naturally-occurring restriction site in the mouse 
transcript. Generation of a standard curve from a dilution series of mouse 
mRNA of a known concentration allows the amount of human NGF mRNA 
transcripts to be determined. Phosphorimage detection and quantitation of 
radiolabeled product provides superior sensitivity to conventional methods. 
We demonstrate the amplification and quantitation of human NGF mRNA 
from as little as 175 ng of poly (A) + mRNA from both normal and 
Alzheimer’s disease frontal and parietal cortex. This technique circumvents 
the need for a synthetically constructed standard and is ideal for the detection 
of low abundance NGF mRNA from limited amounts of tissue. (Supported by 
MRC Canada).

So c ie ty  for N eu ro sc ie n c e , V o lum e  21, 1995



SUNDAY AM NEUROTROPHIC FACTORS: EXPRESSION AND REGULATION I 33

2 2 .3

AN ANALYSIS OF THE TYRO 3 SUB-FAMILY OF RECEPTOR PROTEIN- 
TYROSINE KINASES AND THEIR ACTIVATING LIGANDS.
Martin Gore1, 2 ,. Trevor Stitt3 , Greg Conn3 , Franca Casaqranda4 , Janet 
Weber5 , Sharon Tracy5 , Rudiger Klein4 , Cary Lai5 , David Glass3 , George 

Yancopoulos*3 , and Greg Lemke1.
1 Molecular Neurobiology Laboratory, The Salk Institute, La Jolla, CA, 
USA., 2 Neurosciences Graduate Program, University of California at San 
Diego, La Jolla CA, USA., 3 Regeneron Pharmaceuticals, Inc., NY, USA,. 
4 Differentiation Programme, European Molecular Biology Laboratory, 
Heidelberg, Germany., 5Department of Neuropharmacology, The Scripps 
Research Institute, La Jolla, CA, USA.

The activation of receptor protein tyrosine kinases (RPTKs) is the 
initiating event in a wide range of developmental processes. The Tyro 3 
sub-family of RPTKs consists of Tyro 3 (also known as Rse, Brt, Sky, Tif, 
and Dtk), Axl (also known as Ark, UFO, and Tyro 7), and c-Mer (also known 
as Eyk and Tyro 12). These RPTKs have similarly organized extracellular 
domains consisting of two immunoglobulin-like domains distal to the 
transmembrane regions, and two fibronectin-type III domains proximal 
suggesting they RPTKs might bind to, and be activated by, structurally 
related ligands. Indeed, we have recently identified the anti-coagulation 
factor Protein S and the related protein GAS6 as ligands for Tyro 3 and Axl 
respectively.

Here we present data describing (1) the expression of Tyro 3, 
Protein S, Axl, and GAS6 at the cellular level within the mouse brain, (2) an 
investigation of the signaling pathways activated by Tyro 3, and (3) a 
preliminary analysis of mice in which the Tyro 3 gene has been inactivated 
by homologous recombination in embryonic stem cells.

2 2 .5

ID EN TIFIC A TIO N  AND LO C A LIZA TIO N  O F 73kDa NGF 
PROHORMONE IN OVINE SKIN. AG Moore. K Isaacs. GPM Moore. S 
Soinila, K Huff* and J Lakshmanan. CSIRO, Blacktown, Australia; University 
of Western Sydney, Nepean, Australia; University of Helsinki, Helsinki, 
Finland and Harbor-UCLA Medical Center, Torrance, CA, USA 

Although skin tissue has been reported to express the NGF transcript, little 
information is available on the molecular nature of its primary translated 
products. In the present study, we examined ovine skin for NGF by 
Westernblot analysis with antisera to mouse 2.5S NGF and two domain- 
specific NGF prohormone peptides corresponding to the two predicted NGF 
precursors for mouse and human species. The same antisera were also used for 
immunohistochemical investigations in tissue sections fixed with Zamboni’s 
fixative. The 2.5S antiserum as well as one of the two NGF prohormone 
peptide antisera identified a 73 kDa NGF prohormone in extracts of ovine 
flank skin. The mature NGF (13 kDa) was conspicuously absent. In histo
logical sections strong immunoreactivity with both antisera was found in the 
outer root sheath (ORS) cells of the follicles, specifically localized to the upper 
bulb region, adjacent to the zone of keratinization. Antisera staining was also 
associated with the surface epithelium of the apocrine sweat glands and in the 
pilary canals of the follicles near epidermis. In summary in the present study 
we report for the first time the presence of 73 kDa NGF prohormone but not 
the mature NGF in skin. The finding of the 73 kDa NGF prohormone in ovine 
implies that the structure of NGF prohormone in this species is highly 
homologous to that of mouse, rat and human and appears to undergo a similar 
post-translation modification.

2 2 .7

G L IA L  C EL L L IN E -D E R IV E D  N E U R O T R O P H IC  F A C T O R  
(GDNF) -LIKE IM M U N OREACTIVITY  IN ADULT RAT DORSAL 
ROOT GANGLION NEURONS IN VIVO AND IN CULTURE.
K. F ried* , H. H am m arberg , F. P ieh l, J. F je ll, T. Hökfelt and S. 
C u llheim , D ept N euroscience , K aro linska In s titu te t, S - 171 77 
Stockholm Sweden

Glial cell line-derived neurotrophic factor (GDNF), has been reported 
to exhibit selective neurotrophic properties on d iffe ren t types of 
neurons, e.g. spinal m otoneurons and m esencephalic dopam inergic 
neurons. In the present study, we used im m unocytochem istry  to 
study the expression o f GDN F in adult rat dorsal root ganglia (DRG) 
in vivo and in vitro. Im m unocytochem istry w ith a polyclonal antibody 
against a peptide corresponding to am ino acids 186-205 m apping 
w ithin the carboxy term inal dom ain o f hum an G D N F dem onstrated 
G D N F-like im m unoreactivity  (LI) in a subpopulation o f L5 DRG 
neurons, w hich appeared to be small or m edium  sized. One day after 
sciatic nerve ligation and transection, strong G DN F-LI was detected in 
neurom a nerve fibers proxim al to  the constriction , suggesting  an 
accum ulation o f anterogradely transported GDNF. One-3 weeks after 
injury G D N F-LI gradually  declined, but G D N F -positive neurom a 
nerve fibers rem ained at survival tim es up to 5 m onths. In adult 
d issociated DRG neurons in culture, G D N F-LI w as m arked in cell 
soma and neurites o f neurons o f all sizes. Further studies using in situ 
hybridization are in progress to verify these im m unocytochem ical 
findings.

2 2 .4

T H R E E  P R O M O T E R S  D IR E C T  T H E  E X P R E S S IO N  O F 
T H E  R A T  N G F  G E N E . Tõ nis T im m usk , K aia Palm  and Madis 
M etsis* . L a b o ra to ry  o f  M o lec u la r  N eu ro b io lo g y , M BB, 
K arolinska Institute, S-171 77 Stockholm , Sweden.

The structures o f  genes for neurotrophins have been shown to 
be sim ilar in m any respects. N GF, B D N F and also the NT-3 gene 
contain m ultiple short 5 ' exons and one 3' exon which is coding 
the m ature protein. The upstream  exons o f BD N F and NT-3 are 
linked to separate prom oters that are d ifferentia lly  regulated in 
several experim en tal paradigm s. F or the N G F gene only one 
p rom oter has been described  so far. U sing  the RA C E (rapid 
am plification o f cD N A  ends) m ethod we cloned seven 5 ' exons 
o f the rat N G F gene. Five o f these upstream  exons are novel, and 
have not been described  in the m ouse, chicken and human NGF 
gene. A ltogether at least six d iffe ren t m R N A s are transcribed 
from  the rat N GF gene. These N GF transcripts have differential 
expression  patterns in the brain and peripheral tissues and are 
differentially regulated in the brain follow ing neuronal activation. 
G enom ic libraries w ere screened w ith the N G F exon-specific 
probes to establish the com plete structure o f the rat NGF gene. 
Taken together, ou r data  show  that a lternative usage o f three 
prom oters and differential splicing control the expression of the 
rat N GF gene.

22.6

E X P R E S S IO N  O F  T R K C  IN  C U T A N E O U S  N E R V E S  
D U R IN G  E M B R Y O G E N E S IS  P. J. P louffe, R. A. O akley, F. 
B. Lefcort. D. Q. Clary. L.F.Reichardt and E. Frank*, Dept. of
Neurobiology, Univ. of Pittsburgh, Pittsburgh, PA 15261 ; Dept. of Biology, 
Montana State Univ., Bozeman, MT 59717; Sugen Inc., Redwood City, CA and 
Neurosci. Unit, HHMI, UCSF, San Francisco, CA 94143.

TrkC message is expressed in many muscle sensory neurons but 
only a few cutaneous afferents in late-stage (st36) chick embryos, 
after naturally occurring cell death is nearly com plete (Oakley et al, 
Development in press). D o trkC+ afferents project specifically to 
muscle but not skin from the outset, o r are these afferents selectively 
lost from cutaneous nerves? To answ er these questions we examined 
developmental changes in trkC im munoreactivity o f cutaneous nerves 
from the outset o f  skin innervation through the period o f  cell death.

W hen sensory axons first invade skin, m ost fibers are trkC+. At 
later stages, near the end of naturally occurring cell death, cutaneous 
nerves contain few er trkC+ axons. This result suggests either that 
trkC+ cutaneous neurons die o r that axonal trkC  expression is down- 
regulated in these nerves during the period o f  cell death. Retrograde 
labeling o f cutaneous neuronal somata in com bination with trkC 
immunostaining will perm it a more quantitative assessment o f these 
changes in trkC expression. Supported by NIH and the MDA.

22.8

DISTRIBUTION OF BRAIN-DERIVED NEUROTROPHIC FACTOR AND 
ITS RECEPTOR mRNA IN THE VESTIBULAR SENSORY EPITHELIA OF 
THE BULLFROG D.M.Don, P Popper. P.E Micevych, and A N Newman* 
Victor Goodhill Ear Research Center, Depts. of Head and Neck Surgery and 
Neurobiology, Univ. of Calif., Los Angeles, CA 90024 

Post-embryonic hair cell production occurs throughout life in amphibians 
Recent studies demonstrate that these animals are also capable of producing new 
hair cells in response to injury and destruction In order to control hair cell 
regeneration, identification of the mitogenic factors which regulate the 
proliferation and differentiation of these sensory cells is essential BDNF has 
been suggested to play a crucial role in the development and maintenance of the 
inner ear. We investigated the distribution of mRNAs of BDNF and its high- 
affimty receptor, trkB, in the vestibular sensory epithelia of the adult bullfrog 
Whole mount in situ hybridization was used to localize mRNAs to specific cell 
types within the sensory epithelia of ampullary cristae Ampullae were 
microdissected from the vestibular labyrinth and their cristae were exposed by 
trimming the surrounding membranes. In situ hybridization was performed 
using fluorescein-labeled antisense and sense riboprobes transcribed from 
Xenopus BDNF and trkB cDNA clones The cRNA-mRNA hybrids were 
detected with an alkaline phosphatase coupled anti-fluorescein antibody and 
visualized with the 5-bromo-4-chloro-3-indolyl phosphate mtroblue tetrazolium 
alkaline phosphate color reaction. The cristae were then embedded in JB4 resin 
and cut at 3. 5 μm. BDNF mRNAs were detected in the vestibular hair cells and 
in an associated study were also found to be expressed in Scarpa's ganglia In 
contrast, trkB hybridization was localized predominantly in the cytoplasm of 
supporting cells These findings indicate that a cooperative relationship exists 
between hair cells and supporting cells In addition, BDNF produced by 
vestibular neurons and hair cells may be important for trophic support of 
vestibular sensory epithelia and possibly for hair cell regeneration (Supported 
by the Oberkotter Foundation and DC01404)
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2 2 .9
FETUIN AND ITS mRNA IN THE TRIGEMINAL AND DORSAL ROOT 
GANGLIA OF PERINATAL RATS.
P.D. Kitchener, K. M. Dziegielewska. P.J. Snow*1, P.M.E.Waile2 and N R. 
Saunders.
Dept. Physiology. Uni. Tasmania. Hobarl, P.O.Box 252C. TAS 7001, Australia 
1Dept. Anatomical Sciences. Uni. Queensland, Brisbane. QLD4072. Australia 
2Dept. Anatomy, Uni. New South Wales. Sydney, NSW 2033, Australia.

Fetuin. a fetal plasma glycoprotein, has been shown to be transiently expressed 
in sub-populations of neurons in the developing central and peripheral nervous 
system (1). To address the possibility of a functional role of fetuin in neuronal 
development we have characterized the spatial and temporal appearance of fetuin, 
and its mRNA, in the rat trigeminal and dorsal root ganglia (DRG). Fetuin mRNA 
was detected in a small pro|x>rtion (<5%) of trigeminal ganglion neurons of E15 
embryos; by E17 approximately 50% of neurons expressed detectable fetuin 
mRNA. The proportion of neurons exhibiting fetuin mRNA decreased to negligible 
levels over the next 3 days. In the lumbar DRG, the same pattern of fetuin mRNA 
expression was seen but was delayed by about two days relative to the trigeminal 
pattern. In the trigeminal ganglia and the DRG, the presence of fetuin protein in 
neurons followed the presence of the mRNA with a latency of about 1 day. The 
temporal pattern of the proportion of fetuin immunoreactive trigeminal ganglion 
neurons appeared to peak around E18. and around E19 in the DRG, but the pattern 
in both ganglia appeared to be biphasic, with very few labeled neurons at E21 and 
P0 , and a second peak number of immunoreactive neurons between P3 and P5. 
These results indicate that fetuin is first synthesized at around the time that 
trigeminal and DRG neuron processes reach their central targets: which is well 
before peripheral targets are acquired. The second phase of fetuin imrnunoreactivity 
may correspond to the acquisition of peripheral targets by the DRG neurons, 
suggesting that fetuin may have a role in synapse formation and neuronal death.
(1) Dziegielewska, K.M. & Brown. W.M. Fetuin. Landes Co. Austin Texas, 1995. 

Supported by the NH&MRC and the Australian Research Council.

22.11
THE NEUROTROPHIC COMPETENCE OF GUSTATORY AND LINGUAL 
EPITHELIUM. C.A. Nosrat*, E. Lindqvist, S. Lindskog, L. Olson. Dept. of Neuro
science, Karolinska Institute, S -171 77. Stockholm, Sweden.

In a prior study, we described the prenatal expression pattern of BDNF mRNA in 
the developing taste bud-bearing tongue papillae in rats. Using in situ histochemistry, 
we have now studied the expression of NT3 and BDNF mRNA in tongue papillae and 
in tongue proper, in prenatal (E15, 16, 17, 19, 21), postnatal (P1, 3, 7, 9, 14) and 
adult (P30,90) Sprague-Dawley rats.

In E21 and all postnatal and adult animals, BDNF mRNA was confined to the taste 
buds of all types of taste bud-bearing papillae. At El 5 through E17, NT3 mRNA was 
expressed in a subepithelial band in the mesenchym of the developing tongue. At E19 
there was a shift in the expression of NT3 mRNA. It was then expressed in both the 
surface epithelium of the developing tongue and, in higher concentration, in basal 
parts of epithelium of fungiform and circumvallate papillae. In postnatal stages, NT3 
mRNA was expressed in a cap form in the apical epithelial covering of the fungiform 
papillae, with a distinct disruption in the top surface where the taste buds were 
located. A slight overlap between NT3 mRNA and BDNF mRNA might occur. NT3 
mRNA was also expressed in high concentration in the basal epithelium of the top 
surface of the circumvallate papillae and with a somewhat lower concentration in the 
epithelium of the inner and outer walls of the papilla. NT3 mRNA was also expressed 
in the foliate papillae in the basal parts of the surface and lateral epithelium. Cells 
containing NT3 mRNA were also observed in the epithelium of the filiform papillae, 
midway between base and apex. Although the expression of NT3 mRNA decreased 
somewhat in adult stages, it was nevertheless present through all the examined stages.

Expression of NT3 and BDNF mRNA suggests that these two neurotrophins are 
important not only during the development of the innervation of the tongue proper 
and taste bud-bearing longue papillae and presumably taste buds, but also as mainte
nance factors for the innervation of these areas. Their location also suggests that NT3 
is needed predominantly for the sensory and BDNF mainly for the gustatory 
innervation.

22.10
53 kD-NERVE GROWTH FACTOR IN THE SALIVARY 
GLANDS AND PITUITARY. S. Soinila* and J. Lakshmanan. Inst 
Biomedicine, Univ Helsinki, Finland

Using Western blot analysis, we have previously reported evi
dence for the presence of 53 and 73 kD NGF prohormones in rat 
tissues. In the present study, we have examined the distribution of 
53 kD-NGF in the rat submaxillary gland (SMG) and pituitary 
intermediate lobe (1L) by immunohistochemical technique. Absorp
tion studies indicated that the polyclonal antiserum used (Pro- 
Hormone Science, CA) does not cross-react with either ß-NGF or 
73 kD-NGF. The granular convoluted tubules of SMG as well as 
the acinar cells of the mucous-type lobes showed reactivity for 53 
kD-NGF. In the rat pituitary, IL cells were intensely reactive. 
Likewise, several reactive cells were found in the human pituitary. 
Transection of the pituitary stalk in the rats resulted in marked 
reduction of IL reactivity, indicating that 53 kD-NGF is under 
neural regulation by the CNS. Serum of aggressive mice showed 
elevated levels of 53 kD-NGF, an effect largely abolished after 
bilateral sialectomy. These results suggest that 53 kD-NGF is 
involved in stress-responses and may be released by both the 
salivary gland and the pituitary into the circulation.

Supported by University of Helsinki and Ester Uotila Foundation.

22.12
NEU RO TRO PH IN -3 IM M U N O REA CTIV E NERVE FIBERS 
INNERVATE INTESTINAL VILLI AND BLOOD VESSELS IN 
RODENT SM ALL INTESTIN E
C. Wetmore*, L. Vulchanova and L. Qlson#. Dept. of Cell Biology &
Neuroanatomy, University of Minnesota, Minneapolis, MN 55455; and +Dept of 
Neuroscience, Karolinska Institute, 17177 Stockholm. Sweden.

The enteric nervous system is an intricate network comprised of neural-crest derived 
neurons that control the movement, flux of ions and water as well as blood flow of the 
digestive tract. Enteric neuroblasts migrate along the vagus nerve during development 
and are believed to arrive at the gastrointestinal tract in a pluripotent state - able to 
differentiate into neurons or glia. Recent work (Chalazonitis et al., J. Neurosci. 
14:6571-6584,1994) suggests that, of the ncurotrophins (NGF, BDNF, NT4), neuro- 
trophin-3 (NT3) is unique in its apparent ability to influence the differentiation of these 
precursor cells of the enteric nerous system and to promote fiber outgrowth.

Using antisera generated in rabbits against two unique peptide sequences (NT356-66, 
NT391-98) within the NT3 protein for immunohistochemical localization using in
direct immunofluorescence, we identified a population of NT3 immunoreactive nerve 
fibers that appear to innervate blood vessels within villi as well as the vessels in the 
plane of the sub-mucous plexus in the adult rat. Both peri- and paravascular networks 
of nerve fibers were noted using these NT3 antibodies. Villous subepithelial, peri
glandular and subglandular regions of the mucosal plexus contained brightly labelled 
varicose nerve fibers that were not clearly associated with blood vessels as well as 
scattered neurons. Specificity of both antisera has been ascertained by the absence of 
staining using prciinmune serum, the absence of imrnunoreactivity following pre- 
absorption with cognate peptide and recognition of recombinant NT3. Data regarding 
localization of NT3 were obtained and confirmed using antisera against two different, 
non-overlapping sequences within the NT3 protein. These data suggest that neurons of 
the enteric nervous system contain NT3 that has either been endogenously synthesized 
or internalized from target areas, and that NT3 may play a critical role in the 
maintenance of the enteric nervous system in the adult.

22 .1 3

LIVER-DERIVED NEURONAL ACT IVATOR (L.DNA) IS 
DIFFERENT FROM KNOWN NEUROTROPHIC: FACTORS.
H. H orie* 1, T.Kudosa3, Y .ln ag ak i1, M .Takano2, Y.A k ah o ri1, 1. 

Sakai1. Dept. P hysio l.1 and O phthalm ol.3, Yokoham a City Univ., 
Sch. of Med., Yokoham a 230 and P h arm aeeu t.,lab ., K irin  
B rew ery Co.1, M aebashi 371, JAPAN.

llepatocy te-conditioned m edia from  3-m onth-old  rats 
e n h an ced  re g e n e ra lio n an d  su rv iv a l o fn e u rile s  from  n e rv e -  
transec ted  te rm in a ls  of rat adult dorsal root g a n g lia  (DRG) 
w ith  n e rv e  f ib e rs . fu r th e rm o re , th e  m edia prom oted n e u rite  
re g e n era tio n  from  adult ra t re t in a  explants. S eparations by 
a u ltra lil ira tio n  m em brane  and gel f iltra tio n  revealed  that 
th e  activ ity  of l iv e r  derived  n e u ro n a l a c tivato r (l.DNA) was 
betw een 10 kD and 20 kD. We in tro d u ce  five d iffe ren t c u ltu re  
system s of adult ra t DRG in  co llagen  gel to c la rify  the  
m echan ism  of l.DNA in  com parison  w ith  o th e r  know n 
n e u ro tro p h ic  facto rs  (NGf, BDNI ,NT-3, IGF-I&II, in te r le u k in  
1-8, aFGF, b FGF). T he sp ec ifie c h a ra c te rs  o f L.DNA w ere as 
follows, 1) en h an c e m e n t of n e u rite  reg e n e ra tio n  from  
tra n sec te d -n e rv e  te rm in a ls  of adult DRG w ith  n e rv e  fibers, 
not from  any  o th e r  c u ltu re  system s, 2) support of su rv iv a l 
of re g e n e ra t in g  n eu rite s , 3) these  e ffects  w ere  seen  in  an 
aged DRG. However, any  know n n e u ro tro p h ic factors show n 
above did not express these  th re e  ch a rac te rs . T hese resu lts  
suggest tha t l.DNA are  d iffe ren t from  th e  know n 
n eu ro tro p h ic  facto rs  and may be novel. (Supported by 
JMLSD of Japan  and K ihara  MF o f Y okoham a)
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2 3 .1
NERVE GROWTH FACTOR mRNA CONTAINS AN INSTABILITY DETERMINANT 
WHICH IS A SITE OF PHARMACOLOGICAL REGULATION IN ASTROCYTES. 
B.C. Wise* and R. Tang Department of Pharmacology, Georgetown University Medical 
Center, Washington, DC 20007.

We have previously shown that okadaic acid (OA) and interleukin-1 stimulate 
NGF production in primary cultures of rat cortical astrocytes, in part, by increasing 
NGF mRNA half-life (t1/2). The 3'-untranslated region (3'-UTR) of the NGF mRNA 
contains an AU nucleotide rich region which, similar to other short-lived mRNAs, might 
modulate its rate of degradation (NGF mRNA t1/2=30 min in astrocytes) Transfecting 
Hek293 cells with expression vectors containing full-length NGF cDNA or NGF cDNA 
lacking the AU-rich 3'-UTR indicated that NGF mRNA without the 3'-UTR had a much 
longer half-life (t1/2=8.8 ± 0.5 hrs) than full-length NGF mRNA (t1/2=2.9 ± 0.3 hrs). 
Transfection of NIH3T3 cells with these NGF expression vectors yielded qualitatively 
similar results That the NGF mRNA contains an instability determinant within the 3'-UTR 
was also demonstrated using a cell-free polysome-based RNA decay system. In this 
assay, full-length NGF mRNA decayed with a t1/2 of 18 ± 3 min, whereas NGF mRNA 
lacking the AU-rich 3'-UTR had a t1/2 of 87 ± 17 min. Previous studies using Northwestern 
blotting demonstrated that the stabilization of NGF mRNA in astrocytes by OA closely 
correlated with the induction of a protein which bound to the 3'-UTR instability region in 
the NGF mRNA, but not to RNA containing four AUUUA reiterations or to other 
nonspecific RNA sequences Addition of cytosolic proteins from OA treated astrocytes to 
the cell-free RNA decay reaction increased by 5-fold the NGF mRNA half-life compared 
to control cellular protein. These results provide functional evidence for the presence of 
an OA-inducible protein in astrocytes that stabilizes the NGF mRNA. Moreover, a sense 
RNA transcript corresponding to the 3'-UTR instability determinant specifically increased 
(5-fold) NGF mRNA half-life in the cell-free system, perhaps acting by sequestering 
polysome-associated factors which degrade the mRNA. Studies are underway to assess 
whether oligonucleotides can modulate NGF mRNA stability in cultured cells.

2 3 .3
LOCALISATION AND CHANGES IN THE LEVELS OF NGF PROHORMONES 
DURING THE TIMECOURSE OF COLITIS IN THE RAT COLON. M. Reinshagen,
I.Geerling. J. Lakshmanan*, S. Soinila. M. P. Lutz. V.E. Eysselein, G. Adler Dep. of 
Med. I, Univ. of Ulm, 89081 Ulm, Germany,Harbor UCLA Medical Center, Div. of 
Gastroenterology, Torrance, CA 90502, Dep. of Anatomy, Univ. of Helsinki, Finland

Recently we could show that neutralisation of NGF worsened the trinitrobenzene- 
sulfonic acid (TNB) induced colitis in the rat suggesting an important role for NGF in 
colonic inflammation (Gastroenterology 106,A558, 1994). The aim of this study was 
to demonstrate the presence and changes in the levels of NGF in colon, dorsal root 
ganglia (DRG) and spinal cord (SP) during the timecourse of colitis. The extracts of 
normal and inflamed tissues (Control, Id, 3d, 7d, 14 days after induction of colitis) 
were examined for NGF by immunoblotting with antibodies to mouse betaNGF (LR1,
J.Neurochem. 46.882,1986), mouse 2,5S NGF (Sigma, St. Louis), mouse 2,5S NGF 
(Boehringer), human NGF (Promega) and two domain specific prohormone peptide 
antisera (Prohormone Science, CA) corresponding to the two predicted NGF 
precursors. The immunoreactive bands were identified with chemiluminescence using 
the ECL-reagent (Amersham). All NGF antibodies identified 53 kDa and 73 kDa NGF 
in normal and inflamed colon extracts previously reported to be present in rat tissues 
(Soc. Neurosci. Abstr. 20,537.5,1994). Both the 53 and 73 kDa NGF bands were also 
found in the DRG and SP extracts. None of the above antisera identified the mature 13 
kDa NGF band in any of the tissues. The 73 kDa NGF band reacted with both domain 
specific antisera suggesting it is the unprocessed NGF prohormone corresponding to 
the predicted translated product of the larger transcript. During the timecourse of 
colitis there was a steady increase in the intensity of the 53 kDa NGF band in colon 
extracts while no similar change was observed in the intensity of the 73 kDa 
prohormone band. In summary, our findings suggest that 53 and 73 kDa NGF 
prohormones are present in detectable concentration in colon, DRG and spinal cord. 
The specific increase in 53 kDa NGF prohormone levels in the colon implies that this 
prohormone isoform has an important role in the pathophysiolgy of inflammation.

2 3 .5

F A IL U R E  O F  B D N F  m R N A  E X P R E S S IO N  IN  T H E  
C E R E B E L L U M  O F  STARGAZER, A M UTANT M OUSE W IT H  
ATAXIA X. Qiao*, B. Knusel, F. Hefti and J.L. Noebels. Andrus 
Gerontology Center, University of Southern California, Los Angeles, CA 
90089; Department of Neurology, Baylor College o f Medicine, Houston, TX 
77030.

Neurotrophic factors play important roles in the regulation o f neuronal 
development and adult nervous system plasticity. In searching for the possible 
involvement of neurotrophic factors in inherited neurological disease, we 
examined BDNF, NGF and NT-3 mRNA expression patterns in a 
spontaneous ataxic and epileptic mutant mouse stargazer (stg). Using in situ 
hybridization we found an almost complete and selective lack o f BDNF 
mRNA in the cerebellum of the adult stg mutant, mainly in the granular cell 
layer. Northern blot analysis confirmed a 70% reduction o f the total BDNF 
mRNA level of the cerebellum. BDNF mRNA in other brain regions was 
expressed at levels similar to control mice. Absence o f cerebellar BDNF 
mRNA was observed at postnatal age (P 15), the onset o f ataxia, and at later 
developmental stages (P20, P30). This striking reduction in neurotrophin 
expression is specific for BDNF, since NGF and NT-3 mRNA levels in the 
stg cerebellum were not altered. Despite this pronounced reduction o f 
cerebellar BDNF, in situ hybridization patterns for probes constructed for 
both the full length and the truncated BDNF receptor mRNA (Trk B) were 
normal in all brain areas. Our observation of abnormal BDNF expression in 
the stg cerebellum may be related to the behavioral ataxia and mild cerebella 
atrophy (-14% wet weight) o f this mutant.

2 3 .2

DISTRIBUTION OF SYMPATHETIC AXONS IN THE BRAINS OF 
TRANSGENIC MICE OVEREXPRESSING NERVE GROWTH 
FACTOR. M.D. Kawaja*, Department of Anatomy and Cell Biology, 
Queen’s University, Kingston, Ontario, CANADA, K7L 3N6.

The consequences of elevated levels of nerve growth factor (NGF) 
in the mammalian brain were assessed in transgenic mice that 
ectopically express this neurotrophin in cells producing glial fibrillary 
acidic protein. Transgenic mice carrying multiple copies of the 
transgene appear normal at birth and into adulthood. New sympathetic 
axons immunostained for tyrosine hydroxylase and the low-affinity 
neurotrophin receptor are found both surrounding and within several 
distinct regions of the brain of transgenic animals, but not of age- 
matched controls. Dense plexuses of sympathetic axons are seen on 
the surfaces of the diencephalon, mesencephalon, and hindbrain of 
adult transgenic mice, as well as along the walls of the third ventricle 
and the floor of the fourth ventricle. Sympathetic axons are seen 
closely associated with the large blood vessels of the hippocampal 
fissure and within the hilar region of the dentate gyrus. A robust 
ingrowth of sympathetic fibers is evident in the cerebellar while matter 
and the inferior cerebellar peduncle; a small number of axons extends 
into the granular layer. These sympathetic axons within the cerebellum 
are observed as early as seven days after birth, and dramatically 
increase in number with age. A few neurons in the trigeminal ganglia 
exhibit perineuronal plexuses of sympathetic fibers in the adult 
transgenic animals only. This investigation provides new evidence of 
growth of sympathetic axons in response to elevated levels of 
endogenous NGF in the intact mammalian brain. (Supported by MRC)

2 3 .4

POSTNATAL EXPRESSION OF INTERLEUKIN-6 (IL-6) AND IL-6 RECEPTOR 
TRANSCRIPTS IN THE PERIPHERAL NERVOUS SYSTEM. U.H.Ottcn* and 
R.A.Gadient. Dept. of Physiology, Univ. Basel, CH - 4051 Basel. Switzerland

Interleukin-6 (IL-6) is a neurotrophic cytokine which has specific biological 
activities in the central nervous system (CNS). It promotes the survival of 
cholinergic neurons of the septum and of catecholaminergic neurons of the 
mesencephalon. In addition, it attenuates the neurotoxic effects of excitotoxins on 
cholinergic neurons of the striatum and on hippocampal neurons. These effects are 
mediated by a specific receptor system, comprised of the IL-6 binding subunit (IL- 
6R) and a signal transducing subunit, gp 130. The gpl30 molecule forms part of the 
receptor for other neurotrophic cytokines, e.g. ciliary neurotrophic factor or leukemia 
inhibitory factor. Recently we demonstrated that IL-6 and IL-6R transcripts were 
expressed in the rat brain in a regionally-specific manner and are developmentally 
controlled. In addition, we could demonstrate that IL-6 is predominantly expressed in 
neurons of the CNS. Here, we present data showing similar findings in the 
peripheral nervous system (PNS). Using reverse transcription followed by 
polymerase chain reaction and a non-radioactive in situ-hybridization technique, we 
found both IL-6 and its receptor mRNA expressed at high levels in the dorsal root 
ganglia (DRG) and the adrenal medulla of rats. In both tissues IL-6 and IL-6R 
transcripts were upregulated during postnatal development. In the superior cervical 
ganglia (SCG) levels were much lower and upregulation less pronounced. In situ- 
hybridization analysis revealed that IL-6 and IL-6R are predominantly expressed by 
neuronal cells of the DRG and SCG. In addition, IL-6 mRNA was also detected 
outside of the sensory ganglia in cells located along the axon, presumably Schwann 
cells. The same cells were negative for IL-6 mRNA. In the adrenals prominent 
labeling for both transcripts was found in the adrenal medulla. It is very likely that 
chromaffin cells are both source and target for IL-6. These findings support the idea 
of IL-6 as neurotrophic factor for neurons of both CNS and PNS, with 
auto/paracrine functions in postnatal adrenal medulla.

2 3 .6

DEFICITS IN SHORT-TERM PLASTICITY AND LTP IN HIPPOCAMPAL SLICES 
FROM BDNF KNOCKOUT MICE. S. L. P attersoM *, T. Abel, P. Ernfors2, 
R. Jaenisch3, and E. R. Kandel1. 1Ctr. Neurobiol. & Behav., Colum bia  
Univ., HHMI, NY, NY 10032; 2Dept. Medical Biochemistry and Biophysics, 
Karolinska Institute, Stockholm, Sweden; 3w h ite h ea d  Institute  and 
Dept. Biology, MIT, Cambridge, Massachusetts 02142.

The neurotrophins nerve grow th  fac to r (NGF), b ra in  derived  
neurotrophic factor (BDNF), and neurotrophin 3 (NT-3) are expressed at 
high levels in hippocam pal neurons and th e ir  expression can be 
modulated by neural activity. However, relatively little  is known about 
the functional roles played by the neurotrophins in the hippocampus. 
W e are examining basal synaptic transmission and various measures of 
synaptic plasticity at the Schaffer collateral-CA1 synapse in hippocampal 
slices from mice w ith  a targeted disruption of the gene for BDNF. Basal 
synaptic transmission, as reflected by input-output curves, is reduced in 
the knockout mice, and this reduction reflects gene dosage, w ith  
homozygotes (35 ± 1% of w ild-type) being more severely compromised 
than heterozygotes (59 ± 1% of wild-type). Long-term po ten tia tion  
(LTP) (at 1 hr, % of baseline: w t = 147 ± 3% , het = 100 ± 6% , homo = 
104 ± 6% ) and tw o forms of short-term synaptic plasticity, paired-pulse 
fac ilita tion  (50 ms delay, % in itia l response: w t = 192 ± 12% , 
knockouts = 160 ± 6% ) and short-term potentiation (STP) (at 10 min, % 
of baseline: w t = 200 ± 18%, het = 179 ± 14%,homo = 156 ± 7% ), 
also appear to be reduced in slices from the BDNF knockouts. These 
results suggest that BDNF is im portant for normal synaptic transmission 
as well as for synaptic plasticity in the hippocampus. Experiments are 
currently in progress to determine if these alterations can be rescued by 
acute application of exogenous neurotrophins.

So c ie ty  Fo r  N eu ro sc ie n c e , V o lu m e  21, 1995
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INDUCTION OF BASIC FIBROBLAST GROW TH FACTOR (FG F-2) 
IN LEARNING. F. G o m ez -P in illa* , I.P. K esslak , 1. C h o i, V. So, 
a n d  C .W . C o tm a n . D ep t. N e u ro lo g y , a n d  In s t. B ra in  A g in g  
a n d  D e m e n tia , U n iv . o f C a lifo rn ia , Irv in e , C A  92717.

A  g o a l-d ire c te d  a c tiv ity , s u c h  as  le a rn in g , is a s so c ia te d  w ith  
m o le c u la r  a n d  s t r u c tu r a l  c h a n g e s  in  th e  b ra in . E m e rg in g  
e v id e n c e  in d ic a te s  th a t  F G F -2  is u p - r e g u la te d  b y  n e u ra l  
a c t iv i ty ,  s u g g e s t in g  a ro le  in  a c t i v i ty - d e p e n d e n t  e v e n ts  
u n d e r ly in g  b e h a v io ra l  p la s t ic i ty . S tu d ie s  w e re  c e n te re d  to  
e v a lu a te  a  p o s s ib le  a s s o c ia tio n  b e tw e e n  F G F -2  a n d  s p a tia l  
m e m o ry ,  a s s e s s e d  b y  u s in g  th e  M o r r is  w a te r  m a z e  ta sk . 
P o ss ib le  c h a n g e s  in  le v e ls  o f  F G F -2  m R N A  w e re  a s s a y e d  
u s in g  a n u c le a s e  p ro te c t io n  a s s a y  a n d  in situ h y b r id iz a t io n .  
T h e  tim e  c o u rs e  o f  th e  e x p re s s io n  o f F G F -2 a n d  its  re c e p to r  
a f te r  g o a l -d i r e c te d  a c t iv i ty  w e re  e x a m in e d  in  r e la t io n  to  
n o n - d i r e c t e d  a c t iv i ty  (y o k e d )  a n d  s e d e n t a r y  c o n tro ls .  
R e su lts  d e m o n s tr a te d  th a t  th e  h ip p o c a m p u s  a n d  ce re b e llu m  
s h o w e d  a s ig n if ic a n t  in c re a s e  (P< 0 .05 , A N O V A ) in  FG F-2 
m R N A  fo llo w in g  1 d a y  o f e x te n s iv e  t r a in in g  a n d  6 d a y s  of 
g r a d u a l  t r a in in g  o f  w a te r  m a z e  ta sk , r e la tiv e  to  y o k e d  a n d  
s e d e n ta r y  c o n t ro l  r a t s .  R e s u lts  in d i c a t e  th a t  F G F -2  is 
a s s o c ia te d  w ith  l e a r n in g / m e m o r y  p ro c e s s e s , a n d  s u g g e s ts  
th a t  p a r t ic u l a r  ty p e s  o f  b e h a v io r s  m a y  a l te r  n e u ro t ro p h ic  
fac to r  e x p re s s io n  a n d  p e rh a p s  e n h a n c e  n e u ro n a l  h e a lth .

2 3 .9

ACIDIC FGF DETERMINES THE ZONE DIFFERENTIATING INTO THE 
NEURAL RETINA IN THE BIPOTENTIAL OPTIC VESICLE OF CHICKEN 
EMBRYO. T. Mima* 1, 2 and T. Mikawa 1 1) Dept. of Cell Biology and Anatomy, 
Cornell Univ. Med. Col., New York, NY 10021; 2) Dept. of Neurosurgery, Kochi 
Med. Sch., Nankoku City, Kochi 783, Japan

Two retinal lineages of the eye, neural retina (NR) and pigmented epithelium 
(PE), are derived from the optic vesicle, a pseudostratified neuroepithelium 

evaginating from the anterolateral wall of the neural tube. Fate determination of the 
bipotential optic vesicle cells into the NR-lineage is spatially defined through an 
interaction with the surface ectoderm, lens placode (LP). It has been shown that 
acidic FGF (aFGF) is highly expressed in the LP but not in the optic vesicle (De 
Iongh and McAvoy, J. Develop. Dyn. 198: 190-202, 1993). We examined the effect 
of aFGF on the optic vesicle cell fate in chicken embryo. A replication-defective 
retrovirus was engineered to express a recombinant aFGF cDNA fused in frame with 
the secretion signal from FGF4. Cells in various regions of the optic vesicle and 
surrounding mesenchyme were infected with the aFGF-producing virus on embryonic 
day 1.5-2 (E1.5-2). On E7, aFGF-dependent NR induction was examined by probing 
Hu-expression (Marusich et al., J. Neurobiol. 25: 143-155, 1993), which identifies 
neurogenic cells, including ganglion cells and inner fibers of NR. In response to 
paracrine-secreted aFGF, optic vesicle cells even in the prospective PE region 
invariably generated a series of daughter cells that migrated radially suppressing 
pigmentation. Within the depigmented and thickened layer, a subset of daughter cells 
differentiated into Hu-positive cells as observed in the juxtaposing authentic NR. 
These results indicate that like the endogeneous LP, exogenous aFGF appears to 
function as a signal for delimiting the domain of NR-lineage induction of the 
bipotential optic vesicle cells.

23 .11

ENSHEATHING CELLS EXPRESS FGF-1 IN VITRO AND SURVIVE 
AFTER INJECTION INTO THE CNS. M.E. Lee* 1 ,2 ,J .N . Kott1 ,J.R , 
Doucette3. R.S. Morrison1, and L.E. Westrum1,2. Dept. of Neurosurg.1 and Bio. 
Structure2, U of Washington, Seattle, WA 98195; Dept. of Anatomy3, U of S, 
Saskatoon, SK S7N 5E5.

We are examining the potential for the use of cultured ensheathing cells (ECs) 
and astrocytes in protocols of neural transplantation. We are screening in vitro 
ECs and astrocytes using several antibodies and find that acidic-fibroblast 
growth factor (FGF-1) discriminates between the two cell types. FGF-1 is 
known to stimulate mitogencsis in some non-neuronal populations and promote 
survival of various central and peripheral neuronal populations. EC's were 
immunoreactive for FGF-1 in vitro while astrocytes are not.

Primary cultures of both cell types were transfected with a plasmid containing 
a β -galactosidase reporter gene under the control of the RSV promoter. 
Approxmately thirty-thousand cells in a suspension of media were injected in 
the olfactory bulb of an adult rat. After 48 hours, animals are perfused and the 
brains are serially sectioned. Transfected cells were visualized using an X-GAL 
histochemical assay. Preliminary results from in vitro assay showed that ECs 
and astrocytes can be transfected successfully. In addition, both cell types 
injected into the CNS were easily visualized, although in locations several 
micrometers away from the injection site. Often, they were seen adjacent to 
blood vessels. These results showed that primary cell cultures survived in the 
CNS after transfection and migrate through the CNS, probably along blood 
vessels. In addition, immunohistochemical analysis showed that E C s are unique 
from astrocytes in their expression of FGF-1. These results demonstrated, on the 
basis of the ability to survive in the CNS and their known ability to ensheath 
axons, that these growth-factor-rich cells are excellent candidates for co- 
transplantation and may enhance growth of axons into/out of a CNS transplant. 
Anti-FGF-1 kindly provided by Dr. F.P. Eckenstein. Supported by NIH 
NS09678, DC02370 and T32NS-07144. LEW is an affiliate of CDMRC.

2 3 .8

Increased expression of NGF and BDNF mRNA associated with 
learning. J.P. Kesslak*, F. Gomez-Pinilla, V. So. J. Choi. C.W. 
Cotman. Department of Neurology, Institute for Brain Aging 
and Dementia, University of California, Irvine, 92717.

A cascade of physiological events occurs in response to 
a behavior, such as learning, that can ultimately result in 
structural and functional alterations. Modifications of the neural 
circuits include increased synaptic density, enhanced neural 
excitation or inhibition, may be mediated by an array of 
biochemical substrates (i.e., neurotrophic factors) Rats were 
tested for 8 trials a day for 6 consecutive days on a water maze 
task to locate a submerged platform. Physical activity, a 
common component of learning, can stimulate expression of 
neurotrophic factors. Therefore, a yoked group that swam 
without the submerged platform was included to control for 
activity. At the com pletion of testing levels of the 
neurotrophins nerve growth factor (NGF) and brain derived 
neurotrophic factor (BDNF) were assayed using a nuclease 
protection assay. Analysis of variance for comparisons between 
the learning, yoked and sedentary control groups indicated 
significant between group differences for both NGF and BDNF 
mRNA in hippocampus and visual cortex (p< .05), with the 
learning group having higher levels than yoked or sedentary 
controls. Thus, performance of a goal directed activity, such as 
learning, can induce molecular changes that can facilitate long-
term structural and functional changes.

2 3 .1 0
H E M A T O P O IE T IC  STEM  CE LL FA C TO R  AS A M OD ULA TOR 
OF M ICRO GLIA ACTIVITY Su-Chun Zhang* and Sergey Fedoroff, Dept 
of Anatomy, Univ of Saskatchewan, Saskatoon, SK, S7N 5E5, Canada

We have reported that cortical neurons, on culturing, express high level of stem 
cell factor (SCF), whereas isolated glial cells, especially microglia express its 
receptor, c-kit, and low level of SCF (Soc Neurosci Abstr 20:1307, 1994), 
suggesting that SCF may be involved in neuron-microglia interaction. Now we 
report that SCF can modulate the production by microglia of neurotrophins and 
cytokines. The addition of rSCF (Immunex Corp) to microglia in cultures does 
not affect their morphology or proliferation (3H-thymidine uptake). It down- 
regulates 6.5 kb and 4.5 kb SCF mRNA but upregulates NGF, BDNF, CNTF, 
IL -1β, TNFα  and IL-6 mRNAs, as determined by Northern blot analysis. 
Stimulation of microglia with IFN-γ upregulates the expression of 6.5 kb and 4.5 
kb SCF mRNA and stimulation by CSF-1 up-regulates the expression of 4.5 kb 
and 3.5 kb SCF mRNA. Recombinant SCF inhibits IFN-γ induction of IL-1β  
and TNFα gene expression but slightly upregulates CSF-1-stimulated TNFα 
mRNA. LPS-primed up-regulation of IL -1β  and TNFα mRNA is not affected by 
rSCF but LPS up-regulated IL-6 and NGF mRNAs are slightly potentiated by 
rSCF. However, rSCF acts. synergistically with IL -1β in potentiation of the 
expression of TNFα mRNA.

These observations indicate that the addition of rSCF to microglia in cultures 
affects the production of a number of neurotrophins and cytokines and that IFNγ 
and CSF-1 can modulate the production of SCF in microglia. SCF is produced 
constitutively by neurons; it is therefore reasonable to assume that under norma! 
conditions SCF is released by neurons and that its release is probably up-regulated 
in case of injury. Assuming that the effects of SCF in situ are similar to those in 
culture, SCF should modulate the release from microglia of neurotrophins and 
cytokines, which play a role in the survival, function and regeneration of neurons.

Supported by MRC of Canada grant No. MT-4235.

23 .1 2

GENETIC MODIFICATION OF SV40 IMMORTALIZED ENSHEATHING CELL LINES 
BY AN ADENOVIRUS VECTOR CONTAINING NEUROTROPHIN-3 cDNA. H.
Vickland1 *, G.M. Smith2, and J. Silver1. 1Dept. of Neurosciences, Case Western 
Reserve University, Cleveland, Ohio 44106. 2Dept. of Anesthesiology, University 
of Texas Southwestern Medical Center, Dallas, Texas 75235.

Ensheathing cells are Schwann-like cells of the olfactory nerve While they have 
many attributes in common with Schwann cells, they are derived from a placode 
rather than the neural crest. The unique regenerative capacity of the olfactory 
nerve in adult mammals may derive from the participation of ensheathing cells in 
the growth of olfactory axons toward their targets. In vitro studies (Goodman et al., 
1993 Brain Research) have shown that clonal populations of SV40 immortalized 
ensheathing cells promote axon outgrowth to a greater extent than similarly 
immortalized astrocytes The capacity of ensheathing cells to encourage axon 
growth may be due in part to the fact that they express neurotrophins, as 
determined by antibody staining. However, when these cells were transplanted into 
the CNS, the expression of neurotrophins and of the neurotrophin receptor p75 
appeared to be suppressed (Vickland et al., submitted) Because of the 
established importance of neurotrophin-3 (NT-3) in regeneration, especially in the 
spinal cord (Schnell et al., 1994, Nature), we have genetically modified a 
transplantable ensheathing cell line to overexpress NT-3. This was accomplished 
by using a replication-deficient recombinant adenovirus vector that contains NT-3 
cDNA, a construct engineered by one of us (G.M.S.). The cells produced NT-3 for 
periods of time in excess of 4 weeks, and microscopic examination revealed that 
they contained large secretory granules showing strong labeling with NT-3 
antibody. Further cellular and biochemical analyses of these cells are currently in 
progress. We plan to use these NT-3 expressing cell lines as living migratory “mini- 
pumps" in experimental models of sensory regeneration into the spinal cord 
Supported by NS25713 (JS); NS33776 (GMS); the Int'l Spinal Res. Trust (JS and 
HV) and the Daniel Heumann Fund (HV).

So c ie t y  for N eu ro sc ie n c e , V o lu m e  21, 1995



SUNDAY AM NEUROTROPHIC FACTORS: EXPRESSION AND REGULATION II 37

23 .1 3

ADENO-ASSOCIATED VIRUS (AAV) - MEDIATED NGF GENE-TRANSFER 
INTO PC12 CELLS AND RAT BRAIN. S. W ang1, W. J. Millard*2 , E. M.
Meyer*, 1Dcpt. of Pharmacology, 2Dept. of Pharmacodynamics, University of 
Florida Colleges of Medicine and Pharmacy, Gainesville, F1 32610 

An early pathological feature of Alzheimer's Disease is the loss of basal 
forebrain cholinergic neurons. Exogenous nerve growth factor (NGF) delivered 
intracerebroventricularly can promote the survival of these neurons in vivo, but 
administered peripherally does not cross the blood brain barrier. Another 
approach to increase NGF levels in the CNS involves gene transfer; in this 
approach, a single injection may be sufficient to effect responses for indefinite 
periods of time. AAV-derived plasmids have been used in this laboratory to drive 
expression of neuropeptide Y mRNA and peptide in primary and neuronal cell 
lines, and to induce feeding behavior when injected into the hypothalamus. To 
test whether this system would permit expression of trophic factors, several NGF- 
containing plasmids were constructed: 1) NGF regulated by a CMV promoter 
with AAV-terminal repeats (pTRngf), 2) NGF regulated by the endogenous AAV 
p40 promoter with AAV-terminal repeats (dlkngf), and 3) NGF regulated by the 
CMV promoter, with no AAV-terminal repeals (pcngf). PC12 cells transfected 
with each construct ceased to divide and began to extend neurite-like processes 
within 24 hours of transfection. Expression appeared to be transient with apparent 
loss of neurites 7 days post-transfection. Unilateral injection of pTRngf 
encapsulated by reconstituted Sendai viral envelopes into rat septum, followed one 
week later by ipsilateral electrolytic fimbrial lesions resulted in choline 
acctyltransferase levels that were 162% and 119% of unlesioned control value in 
septum and hippocampus, though neither value reached statistical significance 
(n=3-4). Additional studies pertaining to relative promoter activity, duration of 
mRNA and peptide expression, and cell survival will be described. (SW is 
supported by training grant NS-07333)

2 3 .1 4

P R E SENCE O F BDNF P RO TEIN  IN BRAIN AND S ER U M  D E TE R M IN E D  
W ITH A SENSITIVE AND SPECIFIC ENZYME-LINKED IMMUNOASSAY.
C. A. A ltar*, M. Fritsche, P. A. Holst and S. F . R adka Regeneron  
Pharm aceuticals, Tarrytown, NY 10591.

W e describe here the developm ent and use of an enzym e-linked  
immunoassay (E IA) for mature BD N F protein. BDN F was detected at 
10 pg/m l-2 .5  ng/ml, w hereas the EIA did not recognize N T-3, NT- 
4 /5 , or N G F at up to 100 ng/m l. B D N F  protein sequences are  
identical among humans, mice, and rats. BDN F was detected in human 
(> 2 .5  ng/m l) and rat (~ 1 ng/ml) serum , w hereas far lower BDN F  
levels w ere present in citrated hum an or rat plasm a. The  BDN F  
signal (6 6 -14 1  pg/m l) in 2 0%  hum an p lasm a w as com plete ly  
blocked by pre-exposure of plasm a to a Mab specific to BDN F but not 
by exposure to a 5-fold greater concentration of an irrelevant MAb of 
the sam e isotype (IgG  1 ). There  w as a strong correlation (r = + 
0 .86) between plasm a levels of BDN F and serotonin, an indoleamine  
specifically re leased from activated p latelets . Th e se  results are  
consistent with the view that the B D N F in human and rat plasm a is 
derived from platelet degranulation, and that circulating levels of 
B DN F are negligible. In contrast to hum an or rat, m ouse serum  
contained no detectable BDNF. However, B DN F protein in the 10 0 - 
2 56  ng/g range w ere  readily  de te ctab le  in the h ippocam pus, 
neocortex, and striatum of mice and rats, and B DN F protein appeared  
in the serum of transgenic mice that overexpress the BDN F gene. The  
presence of BDNF in blood and brain regions at quantities which far 
exceed those for N G F confirm  the abundant distribution of this 
broadly-acting neurotrophic factor and indicate that species-specific  
differences exist in serum BDN F levels.

23 .1 5

IMPROVED EXTRACTION ALLOWS DETECTION OF DECREASED NGF 
LEVELS IN PERIPHERAL TISSUES FOLLOWING DENERVATION.
R.A. Rush*, D.C.McL. Bridges, D.T. Liu, M.T. Reid and 
C. Zettler
Department of Physiology, Flinders University of South 
Australia, Adelaide, Australia.

Nerve Growth Factor (NGF) is a protein essential for 
the survival and normal function of sympathetic neurons.
We have combined detergent, high salt and pH shock to 
achieve improved extraction of NGF from peripheral 
tissues and found that previous methods extract as little 
as 10% of the NGF present. In mesenteric blood vessels 
of adult WKY rats, NGF concentrations were 13.3±1.1 in 
the mesenteric artery and 32.0±1.8ng/g in the coeliac- 
superior mesenteric ganglion. When assayed separately the 
adventitia, with accompanying nerve fibres, contained 90% 
of the total NGF present (20.3±3.1 ng/g) and the smooth 
muscle media only 2.2 ±.0.3 ng/g. Surgical denervation 
significantly reduced the NGF levels in the ganglia (9.4 
±  0.6 ng/g; p<0.01 vs sham operated rats) and adventitia 
(4.2 ±  1.5 ng/g; p<0.01) but not in the media (2.3 ± 1.3 
ng/g). Thus, the large decrease in NGF concentration seen 
after denervation is associated with the loss of nerve 
fibres within the adventitia. Our results are in marked 
contrast to previous studies reporting elevated levels 
following denervation; a discrepancy which results from 
the ability of the new extraction procedure to isolate 
both bound and free NGF from interfering binding proteins.

HORMONES AND DEVELOPMENT I
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SEX DIFFERENCES IN MINERALOCORTICOID AND 
GLUCOCORTICOID RECEPTOR LEVELS IN THE RAT BRAIN: 
RELATIONSHIP TO PREVIOUS STRESS EXPOSURE. G. Erb*, J. 
Elliott. H. Yuan and N.J. MacLusky Div. of Reproductive Science, the 
Toronto Hospital; and Depts. of Physiology, and Obstetrics and 
Gynaecology, Univ. of Toronto M5G 2C4, CANADA 

Several previous studies have raised the possibility of sex differences in the 
distribution of corticosteroid receptors in the brain. The direction and 
magnitude of these differences have, however, remained controversial. In the 
present study, we have re-examined the concentrations of mineralocorticoid 
(MR) and glucocorticoid (GR) receptors in the brains of male and female rats 
at varying times (1 to 10 days) after combined gonadectomy (GDX) and 
adrenalectomy (ADX), performed under ether anaesthesia. Cytosol binding 
assays confirmed the presence of higher MR levels in short-term GDX/ADX 
males. This difference disappeared between 3 and 6 days after surgery, as 
receptor levels in females rose to be equivalent to those in males. In a second 
study using in vitro autoradiography, the distribution of MR and GR was 
studied 3 days after GDX/ADX under ether. The distribution of MR and GR 
in these rats was similar in the two sexes. MR binding in the male, however, 
was significantly greater than that in the female in the dentate gyrus as well 
as in the principal cell fields of Ammon’s horn. Measurements of circulating 
corticosterone levels at the time of GDX/ADX suggest that this sex 
difference may reflect the much higher stress-induced rise in corticosterone 
secretion occurring at the time of surgery in females, which results in greater 
down-regulation of hippocampal MR in females than in males. Consistent 
with this hypothesis, the sex difference in MR binding was eliminated in 
animals ADX under ketamine/xylazine anaesthesia, which results in a much 
less pronounced activation of the adrenal than is the case with volatile 
anesthetics such as ether (Supported by MRC Canada).

2 4 .2

UNBIASED STEREOLOGICAL STUDY OF THE HIPPOCAMPAL NEURONS 
FOLLOWING GLUCOCORTICOID IMBALANCES IN THE RAT. N. Sousa, 
M.M. Paula-Barbosa* and M.D. Madeira. Dept. of Anatomy, 
Porto Medical School, Portugal.

Glucocorticoid (GC) imbalances are known to induce 
neuronal death in the regions where neurons possess 
receptors for these hormones. The hippocampal formation 
(HF) is one of such regions and numerous studies indicate 
that both the increase and the decrease of GC plasma levels 
led to neuronal death. Yet, the magnitude of the losses was 
not determined. We applied the fractionator to unbiasedly 
estimate the total number of neurons of each HF subdivision 
from GC treated and ADX rats. The former were subcutaneous
ly injected with corticosterone either during the first 30 
days after birth or starting at 60 days till 180 day old. 
The ADX were sacrificed at 180 days of age after periods of 
15, 30 and 120 days after surgery. The GC treated animals 
displayed a 20% neuronal reduction in CA3. In ADX neuronal 
death was confined to granule cells and reached 15% follow
ing 15 and 30 days after surgery and 50% following 120 
days. Granule cell loss was more evident in the lateral 
blade of the layer, but the interindividual variation was 
marked. A positive correlation exists between cell loss and 
Na excretion. No neuronal losses were detected in the hilus 
and CA1. We concluded that neurons from the HF display a 
selective vulnerability for GC imbalances and, thus, the 
repercussions of these effects must be considered during 
its manipulation. Supported by JNICT - PBIC/C/SAU/1569/92.
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EFFECT OF DEVELOPMENTAL EXPOSURE TO PROPYLTHIOURICIL (PTU) 
ON SPATIAL DISCRIMINATION, REVERSAL . AND DELAYED ALTERNA
TION LEARNING IN WEANLING RATS. M..E. Stanton*. C.S. Carter and C.
Law Ncurotoxicology Division, U.S. EPA. RTP. NC; Dept. of Psychology, UNC- 
Chapcl Hill, Chapel Hill, NC.

Long-Evans rat pups were exposed via maternal drinking water to 5. 15. or 25 
ppm of the thyroid hormone inhibitor, propylthiouricil (PTU) or tap-water vehicle. 
from gestational day 18 (GD18) through postnatal day 21 (PND21) They were 
then tested for either spatial delayed alternation or acquisition and reversal of a 
position discrimination in a T-ma/.c on PND34 (sec procedures of Freeman & 
Stanton, Behavioral Neuroscience, 1991, 105, .386-395). Briefly, rats were accli
mated to the T-mazc and then received 2 sessions of training beginning at 6 hr 
intervals in a single day. For spatial discrimination and reversal, rats were re
warded for consistently choosing one of the two arms in the first session (48 trials) 
and the opposite arm in the second session (48 trials) For delayed alternation. tri- 
als consisted of a pair of runs: a forced run. in which rats were rew arded for enter
ing a single available arm, followed by a choice run, in which both arms were 
av ailable and reward was contingent on entering the alternate arm to that entered 
on the choice run. The direction of forced runs was determined by an irregular.
counterbalanced sequence across trials (24 in the first and 36 in the second training 
session). PTU suppressed thyroid hormones T3 and T4 and impaired growth in a 
dose-related manner. The 25 ppm PTU treatment impaired performance on all 
tasks. Following 15 ppm PTU, acquisition of the position discrimination was 
normal but reversal learning and delayed alternation were markedly impaired . No 
effects were observed at the 5 ppm dose. These findings indicate a selective behav -
ioral impairment of 15 ppm PTU and suggest that these T-ma/.c tasks may be 
useful for studying developmental impairments of cognitiv e processes produced by 
hypothyroidism or thyroid-active chemical agents in rodents.

2 4 .5

CRYPTORCHIDISM (undescended testes) IS ASSOCIATED WITH 
ATYPICAL COGNITION AND BEHAVIOR: IS THIS LINKED TO INTRA
UTERINE HYPERESTROGENIZATION? Liederman, J.*, Flannery, K., & 
Curley, J., Psych. Dept, Boston Univ., Boston, MA 02215

Since 1950, there has been a tremendous increase in the use of organic 
compounds (many of which are estrogenic) and an increase in genitourinary 
disturbances such as lowered sperm counts and cryptorchidism. The latter 
disorder, cryptorchidism, is a cryptic disorder. Little is known about its 
etiology or whether it is associated with CNS abnormalities. From a sample 
of 22,698 Caucasian mothers, 84 offspring with cryptorchidism at age one 
year were identified (after excluding children with chromosomal abnormalities, 
sensory or motor handicaps, and mental retardation) and compared to three 
other groups: 180 boys with inguinal hernias, 41 boys with hypospadias, and 
7262 boys without any congenital malformations. We tested a) whether crypt- 
orchid boys had mothers with markers of high endogenous estrogen levels or 
whether they were more likely to have received exogenous estrogen treat
ments and b) whether these boys manifest atypical cognitive and behavioral 
profiles at age 7 yrs. Compared to mothers of non-cryptorchid boys, mothers 
of cryptorchid boys were significantly more likely to have received exogenous 
estrogen treatment. Compared to non-cryptorchid boys, cryptorchid boys 
were 1) significantly less intelligent with the performance subtest of the WISC 
showing the greatest effect size; 2) showed lower performance on the 
Bender Gestalt, the Draw a Person, and the WRAT tests; and 3) were 
evaluated as less assertive, communicative and attentive. This study shows 
that cryptorchidism may be associated with maternal estrogenization and that 
these boys differed from non-cryptorchid boys in both cognitive and 
behavioral profiles. To what extent these effects are directly coupled to 
hyperestrogenization during gestation requires further investigation.

24 .7

THE ROLE OF PERIPUBERTAL GONADAL STEROIDS IN THE 
PRODUCTION OF CGRPir IN SNB MOTONEURONS OF MONGOLIAN 
GERBILS. G.S. Fraley* and C. Ulibarri. D ept. of Veterinary and Comparative 
Anatomy, Pharm. and Phys., Washington State Univ. Pullman WA 99164-652 0.

The SNB of Mongolian gerbils is a sexually dimorphic m otor pool that refitects 
a sex difference in muscle innervation. In males the SNB contains about 100 
motoneurons and innervates three perineal muscles-the bulbocavernosus (BC), 
levator ani (LA) and anal sphincter (AS). In females, which lack the BC and LA, 
the SNB contains about 60 motoneurons and innervates the AS. In adult intact 
males about 50% of SNB motoneurons contain CGRP-like immunoreactivity 
(CGRPir). After adult castration only 25% of SNB motoneurons contain CGRPir.

In prepubertal gerbils the BC is virtually undetectable, and preliminary studies 
suggest that few, if any, SNB motoneurons contain CGRPir. The purpose of this 
research was to determine if gonadal steroids are involved with a pubertal 
activation of SNB motoneurons resulting in the production of CGRPir. To 
accomplish this, male gerbils were castrated prepubertally and implanted with 
Silastic capsules containing either testosterone propionate (TP), estradiol benzoate 
(EB), dihydroT (DHT), TP and EB, or no hormone. Control males were given 
sham surgeries and implanted with empty capsules. Capsules were replaced after 
30 days. On postnatal day 100 gerbils were deeply anesthetized and aldehyde 
perfused. Spinal cords were removed, postfixed, and cryoprotected. Alternate 
coronal sections through the SNB were immunoreacted for CGRPir or stained for 
NissI substance. Control males allowed to undergo puberty normally had about 
50% of SNB motoneurons positive for CGRPir. TP- and DHT-treatment 
significantly increased the percentage of CGRPir motoneurons over either EB- or 
empty-capsule treatment. However, neither TP- nor DHT-treatm ent increased the 
percentage of CGRPir motoneurons to that of control males. There were no 
significant differences in total number of SNB motoneurons.

2 4 .4

E X P R E S S IO N  O F  G O N A D A L S T E R O ID  R E C E P T O R S  IN T H E  
D E V E L O P IN G  H U M A N  B R A IN : U P -R E G U L A T IO N  O F
A N D R O G EN  R E C E P T O R  E X P R E S S IO N  IN C H IL D H O O D  
E PIL E P S Y . N.J. M acLuskv, T. J. Brown*. L. Becker, A. G leisner and L.A.
Puy . Div. o f  Reproductive Science, Toronto Hospital and D ept. o f  
Pathology, Hospital for Sick Children, University o f  Toronto, Toronto, O N I 
M5G 2C4

Estrogen and androgen receptors (ER, AR) have been characterized in the 
adult brain o f  rodents and prim ates as well as during early brain 
developm ent. Gonadal steroids have been postulated to play a role in the 
etiology o f  childhood neurological disorders, m any o f  which are more 
com m on in boys. In the present study, we investigated ER and AR 
expression in fem ale and male hum an brains during early em bryonic 
developm ent, as well as in tem poral lobe sam ples rem oved from male and 
fem ale children for treatm ent o f  severe intractable epilepsy. For the 
em bryonic samples, in situ hybridization for ER m RNA was performed with 
a cRNA probe corresponding to steroid binding dom ain o f  the human ER. 
ER and AR proteins were detected im m unocytochem ically using H222 for 
ER and PAR-I (raised in this laboratory) for AR. Em bryos from 5 to 7 weeks 
showed a strong signal for ER mRNA in the neural tube, but no 
im m unoreactive cells for ER and AR were detected. At 11 - 12 weeks, ER 
and AR were highly expressed in the telencephalon and diencephalon. In 
childhood tem poral lobe epilepsy samples, much higher staining intensity for 
AR was observed in cells o f  the seizure area than in surrounding normal 
cortex. This difference was m ore pronounced in m ale children near puberty. 
These results dem onstrate that ER and AR are expressed in the human brain 
early in gestation, suggesting that gonadal steroids may have a physiological 
role in early human brain developm ent. The up-regulation o f  AR in epilepsy 
suggests a possible role o f  androgens in epileptogenesis or/and in the repair 
process o f  neuronal damage (Supported by MRC Canada).

2 4 .6

EFFECTS OF EXOGENOUS TESTOSTERONE ON ANDROGEN RECEPTOR-LIKE 
IMMUNOREACTIVITY IN THE DEVELOPING BRAZILIAN OPOSSUM BRAIN 
J. Iqbal, G. S. Prins1, I. Sonea, and C. D. Jacobson*. Department of Veterinary 
Anatomy and Neuroscience Program, Iowa State University, Ames, IA 50011, and 
1University of Illinois, Chicago, IL 60616.

Our laboratory has been studying the ontogeny of neuropeptides and steroid 
receptor systems in the brain of the Brazilian opossum, Monodelphis domestica. 
Monodelphis, is a small pouchless marsupial whose young are bom in an immature 
state before neurogenesis and sexual differentiation are completed, and can not be 
identified grossly as male or female before postnatal day 10. Previously we have 
reported the ontogeny of cells containing androgen receptor-like immunoreactivity (AR- 
IR) in the opossum brain and concluded that the expression of cells containing androgen 
receptors might be sexually dimorphic in the opossum brain (Soc. Neurosci. Abst. 
24:462, 1994). Presently we are investigating the effects of exogenous testosterone 
administration on AR-IR in the developing opossum brain using the androgen receptor 
antibody, PG-21. Developing opossum pups of postnatal day 1 (PN 1), PN 3, PN 5, 
or PN 15 were injected with testosterone (1 μg/gm body weight; dissolved in sesame 
oil) or sesame oil (as control) subcutaneously 2 hour before decapitation. No cells 
containing AR-IR were detected in the brain or anterior pituitary gland at PN 1 or 3. 
Cells containing AR-IR were first detected in the anterior pituitary gland at PN 5. 
There was no difference in immunostaining in any region of the brain and pituitary of 
the pups which received testosterone or oil at PN 1, 3, or 5. In PN 15 males, AR-IR 
was seen in the arcuate nucleus, periarcuate region, and ventral premammillary nucleus, 
whereas PN 15 females had moderately stained cells only in the ventral premammillary 
nucleus. After testosterone injection at PN 15, AR-IR was detected in both sexes in 
more forebrain areas than in the control animals. Based on our findings we believe that 
androgen receptors are present in the opossum brain by PN 15 and may be involved in 
steroid dependent sexual differentiation of the opossum brain, which can be 
immunohistochemically detected after exogenous testosterone administration.

24.8
PRENATAL FLUTAMIDE OR ATD TREATMENT ELIMINATES THE MALE 
RAT’S DEPENDENCY ON VASOPRESSIN WHEN FORMING SOCIAL- 
OLFACTORY MEMORIES. J.F. Axelson*, M.T. Smith and M. Duarte 
Psychology Department, Holy Cross College, Worcester, MA 01610.

Arginine vasopressin (AVP) cells in the bed nucleus of the stria terminalis 
(BST) and medial amygdala (MA) project to the lateral septum (LS) where 
significantly more AVP-immunoreactive (AVP-ir) fibers are found in males than 
females. Neonatal castration alters sex differences in the amount of. AVP-ir within 
the BST and LS and testosterone (T) injections during both the first and third week 
of life maintain the male pattern of AVP within these structures (DeVries et al.; 
1983). Social recognition memory, a behavior which is influenced by AVP within 
the BST and LS, is measured by the amount of time adult animals spend 
investigating juvenile males who are introduced into the adult’s home cage for 5 
min periods. Juveniles are removed and later returned for a second 5 min test. 
Decreased time spent in olfactory investigation of the juvenile during the second 
exposure represents recognition memory. Males differ from females in that: 1) 
Males retain memories for shorter periods of time; 2) Males show more interest in 
intruders; 3) AVP antagonists disrupt the male’s ability to form social olfactory 
memories whereas they have no effect in females. The present study treated 
pregnant rats with the androgen antagonist flutamide (10 mg), ATD (5 mg) which 
prevents conversion of T to estrogen, ATD & Flutamide, or vehicle control during 
the last 10 days of pregnancy. Male offspring were castrated on day 35, provided T 
implants, and tested for social olfactory memories following treatment with the 
AVP-antagonist (30 μg/kg deamino-Pen l,O-MeTyr2,Arg8). Prenatal exposure to 
either ATD or flutamide eliminated the memory blocking effects of the AVP- 
antagonist in males, suggesting that male dependency upon AVP to process social 
olfactory memories requires both androgen and estrogen during prenatal 
development. This work was supported by NSF grant IBN-9319755.
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ANDROGEN-SENSITIVE, BRAINSTEM VOCAL PACEMAKER. M. A.
Marchaterre , B. J. Horvath, D. Bodnar*and A. H. Bass. Section of 
Neurobiology & Behavior, Cornell University, Ithaca, N.Y. 14853.

Among midshipman fish, Porichthys notatus, only nest-building 
"Type I" males can generate long duration (> 1 hr) mate calls to attract 
females to their nest; " Type II" sneak-spawning males, like females, 
infrequently generate short duration (50-150 ms) agonistic calls. The 
fundamental frequency (Fo) of Type I male calls is also 20% greater than 
those of females or Type II males. Transneuronal biocytin transport 
previously identified a vocal motor network in the brainstem of 
midshipman (Bass et al., J. Neurosci., 14: 4025, 1994). Vocal muscles are 
attached to the swimbladder and innervated ipsilaterally by 
motoneurons positioned in the caudal brainstem. Pacemaker neurons are 
ventrolateral to motoneurons, innervate them bilaterally, and establish 
their fundamental discharge frequency (FF) which, in turn, sets the Fo of 
vocalizations. A nearby ventral medullary nucleus extensively links the 
pacemaker circuit bilaterally. Androgens induced significant (p<0.05) 
increases (10-40%) among juvenile males in the cross-sectional area of 
somata of neurons within the vocal network. Neurophysiological 
methods identified significant increases in the pacemaker circuit's FF 
and its fatigue resistance, defined as the ability of a midbrain stimulus 
to successively evoke a rhythmic brainstem response at the FF (see Bass 
& Baker, J. Neurobiol., 21:1155, 1990). Together, the results suggest that 
the juvenile pacemaker circuit is transformed into the Type I adult 
circuit by androgens. This androgen induced transformation thus enables 
the generation of long duration mate calls. Research support from NSF.

2 4 .11

T H Y R O X IN E -IN D U C E D  C E L L  D E A T H  IN  A D U L T  ZE B R A  
F IN C H  N E O S T R IA T U M  P. Tekum alla*, M. Tontonoz & J.R. Kirn. 
Biology Dept., W esleyan U niversity, M iddletow n CT 06459.

The regulation o f adult neurogenesis and cell death by trophic 
factors in birds is poorly understood. N euronal turnover may be 
analogous to feather molt. If so, sim ilar endocrine m echanism s may 
regulate these two processes. W e hypothesized that thyroxine, w hich 
can induce plum age molt (e.g. Boulakoud & Goldsm ith, Gen. & Comp. 
Endo., 82:78-85, 1991), may similarly prom ote neuron loss and 
addition —  a "brain molt." Adult (>100 days old) zebra finch males 
were injected intramuscularly with thyroxine (T4; 100 μ g in 50 μ1 of 
0 .0 0 1M NaOH in 0.9% NaCl) every other day for one week. One day 
later, birds were overdosed with anesthetic, perfused w ith 0.9% NaCl 
followed by 4% paraform aldehyde in PBS and their brains processed 
for light microscopy. W e have used Nissl- stain to detect pyknotic, 
dying cells. The density of degenerating cells was dram atically 
increased in the caudal neostriatum  o f thyroxine-treated birds (n=3) 
com pared to controls (n=3). Feather molt was not induced by the 
dosage and/or duration o f T4 exposure em ployed, raising the possibility 
that telencephalic cell loss and plum age molt differ in their sensitivity 
to T4 injections. These data indicate that thyroxine can have direct or 
indirect effects on cell survival in adult birds. 3H -thym idine birth-
dating studies are being done to determ ine w hether augm ented 
neuronal replacem ent accom panies thyroxine-induced cell death.

Supported by NIH Grant #N S29843 to JRK.

2 4 .1 3

A SEX D IFFE R E N C E  IN G L IO G E N E S IS  P R E C E D E S  SEXUA LLY  
DIMORPHIC NEURON SURVIVAL IN AN AVIAN SONG NUCLEUS. E.J. 
Nordeen*, S. Malik. B. Harris. and K.W. Nordeen. Neurosci. Program and 
Dept. of Psych., U. of Rochester, Rochester, NY 14627 

In zebra finches only males sing, and several song nuclei contain more 
neurons in adult males than in females. In one region, the robust nucleus of 
the archistriatum (RA), neuron survival during sexual differentiation is greater 
in males than in females. The events triggering this sex difference in neuron 
survival are not known, but during the period of neuron death the 
proliferation and/or survival of RA cells exhibiting glial morphology is greater 
in males than in females. To determine when this sex difference in RA glia 
develops relative to sexually dimorphic RA neuron survival, we injected male 
and female zebra finches twice daily with 3[H]-thymidine (thy) for two days 
beginning either on d15 or d27. Birds were killed two days after this 
treatment (d18 or d30) and sections through the RA were processed for 
autoradiography. The numbers of RA neurons and thy-labeled cells were 
measured. Sex differences in RA neuron number were not evident at d18, 
but emerged by d30. At both ages however, the density and number of thy- 
labeled RA cells was significantly greater in males than in females. No such 
dimorphism in the density of thy-labeled cells was evident in the archistriatum 
lateral to the RA. Although these thy-labeled cells have not been identified 
definitively, we are confident they are glia given their morphology, their in- 
situ proliferation, and the fact that they do not stain immunocytochemically for 
a neuron-specific antigen. These data indicate that sexually dimorphic 
gliogenesis is an early event in the sexual differentiation of RA, preceding 
sex differences in RA neuron survival. This suggests that glia (or glia-derived 
substances) may contribute to the neurotrophic effects of masculinization 
within the RA. (supported by NSF # IBN9410758).

2 4 .1 0
CHANGES IN NEUROFILAMENT PROTEIN 
IMMUNOREACTIVITY DURING DEVELOPMENT OF THE 
SONG CONTROL CIRCUIT IN ZEBRA FINCHES. S.M. Siepka* 
and D.F. Clayton. Beckman Institute, Univ. of Illinois, Urbana 
61801

Song production in the male zebra finch is dependent on the 
establishment of a series of connections between a set of 
anatomically distinct brain nuclei known collectively as the song 
circuit. Between 25 and 35 days of age, projections from song 
nucleus HVC begin to synapse onto nucleus RA to complete the 
motor pathway for song production in the male bird. Here, we 
describe initial studies investigating the role of neurofilament 
protein in the development of this connection. We show that an 
antibody directed against the medium subunit of neurofilaments 
(NF-M) reacts strongly with fibers entering and existing nucleus 
RA, and with RA itself, in the adult male zebra finch. The 
staining intensity is much higher in RA than in surrounding 
telencephalon, and presents a fibrous pattern when examined by 
confocal microscopy. This level and pattern of immunoreactivity 
is not observed in adult females or in juvenile (20d) males. This 
pattern of expression suggests that NF-M accumulation is 
associated with maturation of the motor pathway controlling song 
production in males. To test this association further, we are now 
analyzing NF-M immunoreactivity in juvenile males at different 
stages in the development of the projection of HVC to RA. 
Supported by NIH Grant NS25742.

24 .1 2
DNA FRAGMENTATION CHARACTERIZES SEXUALLY DIMORPHIC CELL 
DEATH IN THE AVIAN SONG SYSTEM. M.J. Burek*, K.W. Nordeen. and 
E.J. Nordeen. Neurosci. Program and Dept. of Psych., U. of Rochester, 
Rochester, NY 14627

Several nuclei controlling song in zebra finches contain more 
neurons in adult males (who sing) than in females. In two of these regions, 
the robust nucleus of the archistriatum (RA) and the High Vocal Center (HVC) 
sexual differentiation may regulate neuron number by influencing cell death, 
but the molecular events characterizing this sexually dimorphic cell death are 
unknown. We used a version of TUNEL immunocytochemistry (Apoptag.
Oncor) to identify RA and HVC cells undergoing DNA fragmentation in males 
and females during sexual differentiation. Endo-nuclease-mediated DNA 
fragmentation is a hallmark of apoptosis, a form of programmed cell death 
triggered by the induction of a lethal molecular cascade. Male and female 
zebra finches were killed at 30 days of age and sections through the RA and 
HVC either were processed for Apoptag immunocytochemistry or thionin- 
stained. Measurements of neuron number, apoptag-labeled cells', and 
pyknotic cells were obtained. In both song nuclei, neuron number was 
greater in males than in females. In RA, both the incidence and total number 
of apotag-labeled and pyknotic cells were less in males than in females. 
Thus, in this region masculinization may actually suppress genes or gene 
products that actively promote apoptotic cell death. In contrast. the 
hypothesis that sex differences in apoptotic cell death within the HVC  
underly the sexual differentiation of this region was not supported by our 
findings. Only the incidence (not total number) of Apoptag-labeled and 
pyknotic cells within the HVC was less in males than in females. We speculate 
that sexual differentiation acts on HVC neurons before they incorporate into 
this nucleus, perhaps by influencing their specification or early survival. 
(Supported by NSF #IBN9410758)

2 4 .1 4

EARLY ADMINISTRATION OF 17β-ESTRADIOL INCREASES THE VOLUME 
OF THE VOCAL CONTROL NUCLEI, HVC AND AREA X, IN MALE BUT 
NOT FEMALE EUROPEAN STARLINGS
J. M. Casto* and G.F. Ball. Behavioral Neuroendocrinology Group, Department of 
Psychology, Johns Hopkins University, Baltimore, MD 21218 

Regions in the vocal control system of most songbirds are larger in males than females. 
The endogenous factors mediating the sexual differentiation of this system in songbirds are 
not well understood. Experiments conducted on zebra finches (Taenbpygia guttata) 
suggest that 17β-estradiol (E2) is important. Early E2 exposure masculinizes some aspects 
of the female song system but does not hypermasculinize males. Attempts to block 
masculinization of the song system in male zebra finches by administering antiestrogens or 
aromatase inhibitors during the period when exogenous E2 is effective in females have 
failed. Investigations of additional species are needed to determine if these results represent a 
common pattern in songbirds or are particular to zebra finches. Capitalizing on our recent 
description of the ontogeny of sex differences in the vocal control system of another 
songbird species, the European starling (Stumus vulgaris), we investigated the action of 
E2 in relation to sexual differentiation in this species. Nestlings were the progeny of free- 
living birds breeding in nest boxes. On day 3 after hatching, nestlings were implanted with 
Silastic ropes containing 500 μ g of E2. Controls received either blank implants or no 
implants. Birds were implantea while still in nest boxes and then brought into the 
laboratory at day 11 and nand-reared until independence. Birds were killed at 210 days of 
age, prior to the onset of measurable gonadal development and marked increases in plasma 
levels of sex steroid hormones. Volumetric re-construction of 5 song control nuclei, the 
High Vocal Center (HVC), area X, the robust nucleus of the archistriatum (RA), the lateral 
and medial parts of the magnocellular nucleus of the anterior neostriatum (1MAN and 
mMAN) revealed significant sex differences in all nuclei. Treatment with E2 significantly 
increased the volume of HVC and area X (29% and 27% respectively) compared to 
controls, in males but not in females. These data indicate that males exhibit sensitivity to 
estrogenic influences on the song system during early development; however, E2 exposure 
alone, during a similar period, is insufficient to masculinize song nuclei in female starlings.

So c ie ty  for  N eu ro sc ie n c e , V o lu m e  21, 1995
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24.15
5α -REDUCTASE INHIBITOR DEMASCULINIZES THE NUMBER 
OF RA NEURONS IN ZEBRA FINCH SONG SYSTEM W. Grisham*. 
A. Tam. C.M. Greco, B.A. Schlinger, & A.P. Arnold. Dept. of Physiological 
Science & Brain Research Institute, UCLA, Los Angeles, CA 90095-1527.

One model of sexual differentiation of the zebra finch song system holds that the 
major metabolites of testosterone, estradiol (E2), and 5α-dihydrotestosterone (5a- 
DHT), act together to masculinize the developing song system. According to the 
model, 5a-DHT acts primarily to masculinize neural number. We tested this model 
by treating hatchling zebra finches with MK-434, an inhibitor of 5a-reductase 
activity, which should reduce 5a-DHT synthesis.

To test the efficacy of MK-434 in zebra finches, chicks 1-3 days old were implanted 
under the skin with a pellet of Silastic matrix containing 155μg of MK-434 (n=6) or 
with a blank (no MK-434, n=6). After 4 days, telencephalic homogenates were 
incubated with androstenedione, and 5a-reductase, 5β-reductase, and aromatase 
activities were measured. 5a-reductase activity was significantly inhibited by MK- 
434 (p < .02); 5β-reductase and aromatase activities were diminished but not 
significantly.

Chicks were also implanted with a pellet of MK-434 (males n=7, females n=5) or 
blanks (males n=5, females n=8) on the day of hatching. Brains were removed at 57- 
72 days of age, sectioned at 30 or 40μm, and stained with thionin. A blind observer 
measured volumes of Area X, HVC, and RA; measured soma sizes in MAN, HVC, 
and RA; and counted RA neurons. The number and density of RA neurons was 
significantly reduced in MK-434-treated males. No other measure showed any effect. 
These data suggest that 5a-DHT may regulate the number of RA neurons during 
development Supported by USPHS DC00217 to A.P.A. & IBN 9120776 to B.A.S.

24.17
ESTROGENIC INFLUENCE AND POSSIBLE SITE OF ACTION IN DEVELOPMENT OF 
MOTONEURON MORPHOLOGY IN A SEXUALLY DIMORPHIC RAT SPINAL 
NUCLEUS. S.R. Taylor, M.R. Widows. and D.R. Senaelaub*. Program in 
Neural Science, Indiana University, Bloomington, IN 47405.

Dendritic development of motoneurons in the spinal nucleus of the 
bulbocavernosus (SNB) in male rats is steroid-dependent. Treatment 
of castrates with dihydrotestosterone (D HT) or estrogen (E) support 
dendritic growth through postnatal day (P) 28, but not to the level of 
testosterone (T )-treated or intact males. To determ ine if masculine 
dendritic growth normally involves E acting in concert with DHT, 
intact males were given daily injections of the anti-estrogen tamoxifen 
(TX; 100 μ g). SNB m otoneurons w ere retrogradely labeled with 
cholera tox in -H R P  at P 28  (w hen dendritic  length is norm ally  
maximal) and reconstructed in three dimensions (Eutectic NTS). TX- 
treated males had dendritic lengths (4344 .6  pm ) below those of intact 
(7 9 82 .6  pm ) or T-treated  castrates (68 18 .4  pm ), but w ere similar 
to those of DHT-treated castrates (5121 .5  pm).

To explore potential sites of estrogenic action, we used steroid 
autoradiography to examine the ability of developing spinal neurons to 
accum ulate E. Male rats (7, 14, 21, 28, 35, 42  and 49 days old) 
w ere castrated 48 hrs prior to injection with tritiated E (s.c.; 3.0  
pC/g body weight) and killed 1.5 hrs later. No accumulation was seen 
in SNB motoneurons at any age; however, the average number of 
interneurons in the area of the SNB which accum ulate E increases 
dram atically  during the period in which E effective ly  supports 
dendritic growth (P 7=2 .7 ; P 2 8 = 2 5 6 .3 ). Together, these  results 
suggest that estrogen may normally be involved in the development of 
masculine SNB dendritic morphology, and that spinal interneurons may 
be a site of action for estrogen’s effects.

24.19

NEURAL AND HORM ONAL BASES O F SPATIAL M E M O R Y  IN RATS. 
Is go r 1, L.L. W a ld ro u p 1, D .R . S e n a e la u b 1,2, w. T im b e rla k e 1, D .M .  
Schroeder*2. 1 Departm ent of Psychology, 2Program in Neural Science, 
Indiana University, Bloomington, IN 4 7405 .
S ex d ifferences in spatial m em ory have been  reported in both 

behavior and hippocampal morphology in rats. These effects seem  to 
be androgen dependent and can be reversed by androgen treatment. 
Reliable behavioral indices of spatial memory need to be established 
that are sensitive to sex d ifferences. Furtherm ore , androgen- 
sensitive areas in the hippocam pus as well as cellu lar effects of 
androgen treatm ent should be specified. The p resent research  
investigates effects of neonatal androgen m anipu lations on adult 
spatial memory and hippocampal morphology in Sprague-D aw ley rats. 
Eight fem ale rats were injected with testosterone propionate (TP) on 

postnatal (P ) days 3 and 5 (total 1m l.). Eight m ale rats were  
castrated on P2. Sham-injection or -castration rats were included as 
controls. Adult spatial m em ory was m easured  using a 17-arm  
radial-m aze and a water-m aze. No sex or androgen effects were found 
in spatial-w orking m em ory, but significant androgen effects were  
found in spatial-reference memory. Both sex and androgen effects 
w ere observed in w ater-m aze  learning. A fter behavioral testing, 
anim als w ere killed and brains were prepared for light microscopy. 
No significant d ifferences in the dentate  gyrus-granule cell layer 
were found. However, both sex and androgen effects were detected in 
C A3 volume (m ale>fem ale; TP  fem ale>fem ale; m ale>castrates), and 
appeared to be due to increases in both pyramidal cell size and density. 
Hence, neonatal androgens establish the sex difference in adult spatial 
learning perhaps through their effects on CA3 pyramidal cells.

24.16
CHARACTERIZATION OF THE SEXUALLY DIM ORPHIC PIG 
CREMASTER NUCLEUS: PARTIAL ANDROGEN INSENSITIVITY AS 
REVEALED BY FLUTAMIDE TREATMENT. B. W. N ew ton*, J. Spencer 
B arthold , H. R. M ahler and T. J. Sziszak. Depts. of Anatom y, Urology and 
Pediatrics, Univ. of Arkansas for M edical Sciences, Little Rock, AR 72205 

Androgens and the crem aster nucleus (CN) act to control testicular descent 
(TD). A lthough rats are used to m odel TD; the rat CN is insensitive to 
androgens. Thus, androgens may not be acting via the CN to control rat TD. 
Since pigs provide a better m odel of hum an  TD than  rats, it is im portan t to 
determ ine if androgen control of pig TD is m ediated via the CN. Domestic 
pigs were used for im m unohistochem istrv a n d /o r  cell counts, or retrograde-
filling of CN m otoneurons w ith Fluorogold. Some litters were exposed, via 
the sow, to the androgen receptor blocking agent, flutam ide (1 .5g/day), from 
gestational days (G)65 -113. Intracardiac perfusions w ere carried out on 
G70, 100, 113 (term = G114), or postnatal day (P)14 or 120. Fluorogold-filled 
CN m otoneurons are located in the upper lum bar segm ents and form a narrow 
colum n which merges, anteriorly, w ith the lateral m otoneuron column. 
Fluorogold-filled CN m otoneurons reveal that, like the rat, the pig CN is 
sexually dim orphic w ith males having 3.5 - 4x m ore CN m otoneurons than 
fem ales (ca. 675 vs. 180/CN). Unlike the rat, all fetal or puberta l m ale pig 
CN m otoneurons are not surrounded by large num bers of SP-, ENK-, CGRP-, 
or 5HT-containing afferents which dem arcate the site of all m ale rat CN 
m otoneurons. How ever, SP does serve to dem arcate a subset of male and 
female CN m otoneurons. Like the rat CN, flutam ide-treatm ent failed to 
completely feminize the SP-dem arcated subset of m ale pig CN m otoneurons 
(male = 183/CN , female = 58 /C N , flu tam ide-treated  male = 144/CN ). This 
suggests that, like the rat, the site of action of androgens on pig TD may not 
be m ediated via the CN. Supported  by NSF G rant IBN-9211368 to BWN.

24.18
DEVELO PM ENT O F M O TO NEURO N M O RPHO LO G Y IN THE SPINAL 
NUCLEUS OF THE BULBOCAVERNOSUS AFTER SPINAL TRANSECTION. 
K.A. Burke* and D.R. Sengelaub. Program in Neural Science, Indiana 
University, Bloomington, IN 47405.

Dendritic developm ent of motoneurons in the steroid-sensitive  
spinal nucleus of the bulbocavernosus (S N B ) in m ale rats is 
biphasic-S N B  dendrites grow exuberantly through four weeks of age 
and then retract to mature lengths by seven weeks of age. In several 
neural systems, afferents have been implicated in the development and 
modulation of dendritic morphology. To determ ine if supraspinal 
afferents are involved in the developm ent of m asculine SNB  
motoneuron morphology, we m anipulated afferent availability using 
spinal transection.

Dendritic and somal development was examined in intact males and 
in males who received mid-thoracic spinal transactions on postnatal 
(P) days 7 or 28. SNB motoneurons were retrogradely labeled with 
cholera tox in -H R P  at P28, when dendritic length is normally  
maximal, or at P49, when dendritic lengths are mature. Soma size 
developed normally after transection (P 28 m ean=684.36  sq pm vs.
7 67 .09  sq pm for intact males; P49 m ean = 10 83 .19  sq pm vs. 
1100.25 sq pm). Spinally transected males also showed the typical 
pattern of early exuberant dendritic outgrowth followed by retraction. 
However, preliminary results show that by P49, dendritic lengths in 
transected m ales (2 070 .58  pm; n=3) were shorter than those of 
intact males (3357 .72  pm; n=3), although this difference was not 
statistically significant. These results suggest that supraspinal 
afferents to the SNB may not play a significant role in the development 
of masculine motoneuron morphology.

24.20
DEVELOPMENT OF A SEXUALLY DIMORPHIC PROJECTION FROM  
THE PRINCIPAL NUCLEUS OF THE BED NUCLEI OF THE STRIA  
TERM INA LS TO THE ANTEROVENTRAL PERIVENTRICULAR  
NUCLEUS (AVPV). L.A. Hutton* and R.B. Simerly. Div. of Neuroscience, 
Oregon Regional Primate Research Center, Beaverton, OR 97006.

In addition to modulating the activity of neural circuits in the limbic system 
and hypothalamus, sex steroid hormones also influence the development of 
sexually dimorphic pathways in the mammalian forebrain. The principal 
nucleus of the bed nuclei of the stria terminalis (BSTp) contains more neurons 
in male rats, relative to those found in the BSTp of female rats. Moreover, it 
provides a massive projection to the anteroventral periventricular nucleus of 
the hypothalamus (AVPV), which in contrast to most sexually dimorphic nuclei 
contains more neurons in female rats. Although the sexual differentiation of 
the BSTp and AVPV has been shown to be dependent on levels of sex steroid 
hormones present during the neonatal period , little is known about the 
development of the sexually dimorphic pathway between these nuclei. As a 
first step towards clarifying the cellular mechanisms underlying the 
development of sexually dimorphic pathways we used the fluorescent tracer Dil 
to study the ontogeny of the projection from the BSTp to the AVPV in male and 
female rats. Rat fetuses were delivered by cesarean section on the 18th and 
20th embryonic days (E18, E20), or sacrificed on postnatal days 0-10 (P0- 
P10). Each animal was perfused and the fixed brains sectioned to expose the 
BSTp without disturbing the AVPV. Crystals of Dil were implanted unilaterally 
into the BSTp and the tracer allowed to diffuse for 14-30 days at 37°C. Labeled 
fibers projecting from the BSTp to the region of the AVPV were analyzed by 
confocal microscopy and results obtained in male and female animals 
compared. Preliminary results suggest that this pathway undergoes its major 
expansion during the postnatal period in both male and female rats. Work in 
progress will determine whether this pathway becomes more pronounced in 
male rats as the BSTp sexually differentiates.

So c ie ty  for  N e u ro scien c e , V olum e  21, 1995
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2 5 .1

FLO OR PLA TE STIM ULATES OLIGODENDROCYTE 
D IFFER EN T IA TIO N  IN  CU LTU RES OF TH E C H ICK  
DORSAL N EURAL TUBE. F. T ro u sse , C. P o n ce t, M.-C. Giess,C. 
Soula. S. G handour* . A.M. P u p ra t  a n d  P. Coch a rd . C en tre  de 
Biologie du  D eveloppem ent, CN RS UM R 9925, U niv. P a u l 
S ab a tie r , 31062 T oulouse Cedex, F rance .

W e h ave recen tly  show n th a t  in  th e  chick em bryonic sp in a l cord, 
th e  p o te n tia l for g en e ra tin g  o ligodendrocytes is in itia lly  re s tr ic ted  
to th e  v e n tra l  sp in a l cord an d  th a t  th e  notochord  can  induce th e  
oligodendrocyte pheno type in  c u ltu re s  of do rsa l sp in a l cord tissu e  
(C ochard e t al., 1993, Soc. N eurosci. A bst., 360-18). T h is  m ay 
signify th a t  oligodendrocyte d iffe ren tia tio n  is contro lled  by 
v en tra lly -de rived  signals. To fu r th e r  ana lyze  th is  hypo thesis, E4 
chick d o rsa l sp in a l cord m icroexp lan ts  w ere cocu ltivated  w ith  floor 
p la te  tissu e . O ligodendrocyte d iffe ren tia tio n  w as m onito red  2 
w eeks la te r  u s in g  specific an tibod ies.

N um erous (500 to 1000) o ligodendrocytes w ere observed in  m ost 
(87%, n  = 46) d o rsa l e x p lan ts  associa ted  w ith  floor p la te  tissue , b u t 
no t in  d o rsa l sp in a l cord or floor p la te  ex p lan ts  cu ltiv a ted  alone. In  
con tras t, o th e r ax ia l m esoderm al deriv a tiv es  (whole som ite, 
derm om yotom e) w ere w ith o u t effect on oligodendrocyte 
d iffe ren tia tion .

O u r re su lts  suggest th a t  th e  no tochordal a n d  floor p la te  
inductive s ig n a ls  w hich contro l n e u ra l tu b e  d o rso -ven tra l po la rity  
m ay  also reg u la te  th e  processes of d e te rm in a tio n  an d  
d iffe ren tia tion  of o ligodendrocytes in  th e  n e u ra l tube . N otochord 
g ra fts  in  ectopic, do rsa l position  a re  in  p rogress to te s t  w h e th e r 
induction  of th e  oligodendrocyte pheno type can  also occur in vivo.

2 5 .3

CONDITIONALLY IMMORTALIZED JIMPY OLIGODENDROCYTES 
EXHIBIT TEMPERATURE SENSITIVE REGULATION OVER THE 
EXPRESSION OF THE PLP GENE
E.R. Bongarzone; S. Byravan. L.M.Foster; T. Kashima* and A T. Campagnoni. 
UCLA, Mental Retardation Research Center, Neuropsychiatric Institute, 760 
Westwood Plaza, Los Angeles, CA, 90024, USA.

Conditionally immortalized j im p y  oligodendrocyte cell lines can be useful as 
in vitro models to study the effect of the j i m p y  mutation on the differentiation of 
oligodendrocytes. We have conditionally immortalized j impy  oligodendrocytes 
by infection with pZIPVtsA58 retrovirus. Several cell lines have been cloned 
that seem to be at different stages of oligodendrocyte differentiation. Two of 
these clones, JpK 5 4 and JpK 5 7, exhibit a strong cellular division under the 
control of the Tag protein at the permissive temperature of 34C. Both lines, 
when shifted to the non-permissive temperature of 39C, produce extensive 
myelin like-membranes. Immunocytochemical analysis showed that 
galactocerebroside is expressed at both temperatures in JpK 5.4 and JpK 5.7. We 
examined the expression of a number of glial-specific genes in the two cell lines 
at the two temperatures by in situ hybridization Both j im p y  cell lines expressed 
the MBP, CNP and Golli-mbp genes at the two temperatures. While JpK 5 4 
expressed GFAP mRNA at both temperatures, the JpK 5.7 cell line did not 
express GFAP mRNA at 39C. Interestingly, both cell lines expressed the PLP 
mRNA at 34C, but the gene was turned off when the cells were shifted to 39C 
Both cell lines grew well at the "differentiation" temperature of 39C. These 
results suggest that expression of the mutant PLP gene is not inherently 
deleterious to the jimpy cell. It also suggests that as j impy  oligodendrocytes 
mature, they may downregulate the expression of the PLP gene. (Supported by 
NIH grants NS23022, NS33091 and NMSS RG2233-A-1)

2 5 .5

O L IG O D E N D R O C Y T E  D E A T H  IN D U C E D  BY C Y ST IN E  
DEPRIVATION OCCURS VIA APOPTOSIS. S.A. Back. M. Yonezawa. 
X. Gan, P.A. Rosenberg and J.J. Volpe*. Dept. of Neurology, Children’s 
Hospital, Harvard Medical School, Boston, MA 02115.

Using a model of perinatal white matter injury [Yonezawa et al., Soc. 
Neurosci. Abstr. (19941 20 :883], we examined whether oligodendrocyte 
(OL) death induced by cystine deprivation occurs by apoptosis in mixed 
(day 3 in vitro) primary glial cultures. Cells remained viable for 9-12h in 
cystine-depleted medium, after which they died over the next 12h. 
M orphologically, death was preceded by fragm entation o f processes 
without obvious swelling o f somata. Using transm ission electron 
microscopy, cells deprived of cystine for 12h were found to display several 
features characteristic of cells undergoing apoptosis including dense 
aggregation and margination of chromatin and blebbing of the cytoplasm. 
Cycloheximide and actinomycin D protected against OL death from 
cystine deprivation with an EC50 of 120 ± 60 ng/ml (n=3) and an EC50 of
10.5±  3.5 ng/ml (n=2), respectively. Using a modification of the TUNEL 
method of Gavrielli et al. (J. Cell Biol, 119:493-501) to visualize DNA 
fragmentation in situ, an increase in labeled nuclei was observed over time 
that correlated with the decrease in cell survival. Staurosporine was also 
toxic to OLs with an EC50 of 0.88 μM + 0.02 (n=2) and caused cells to die 
with an appearance indistinguishable from that due to cystine-depleted 
medium. Staurosporine caused an increase in nuclei labeled for DNA 
fragmentation which correlated with decreased cell viability. Our prior 
work indicates that OL death from cystine deprivation occurs via depletion 
o f intracellular glutathione and oxidative stress. The present study 
indicates that cystine deprivation triggers a mechanism of OL death with 
several features consistent with apoptosis.

Supported by NIH N S-32570 and a grant from the United 
Cerebral Palsy Foundation.

2 5 .2

DEVELOPMENTAL EXPRESSION AND CHARACTERIZATION OF 
THE MYELIN-ASSOCIATED O LIGODENDROCYTIC BASIC PROTEIN  
(MOBP) GENE. A. Holz* and M. E. Schwab. Brain Research Institute, 
August-Forel-Str.1, CH-8029 Zurich, Switzerland.

A new CNS- and oligodendrocyte-specific gene (named MOBP) has 
recently been identified. By in situ hybridization we have demonstrated 
that the MOBP gene is abundantly expressed in densely myelinated 
CNS regions. Double in situ hybridization unequivocally showed 
expression specific to oligodendrocytes. Genomic Southern analysis 
revealed a single MOBP gene which generates by alternative splicing 
several different transcripts. The derived MOBP proteins are about 10 
kDa in size and highly basic. A peptide antiserum directed against the 
amino terminus of MOBP confirms the presence of MOBP in CNS  
myelin. Interestingly, the number of basic amino acids at the carboxy 
terminus differ in several MOBP isoforms. The corresponding mRNAs 
are differentially sublocalized in the cell. The transcript of the most 
abundant developmentally expressed MOBP mRNA is targeted into 
myelin. Thereby, its distribution resembles that of MBP transcripts 
which are actively transported into the processes of oligodendrocytes

In situ hybridizations on early postnatal rat spinal cord, optic nerve 
and cerebellum showed that expression of MOBP occurred significantly 
later than MBP or PLP. In the optic nerve, gene expression of MOBP 
coincides tightly with the beginning of detectable myelin compaction. 
This temporal correlation suggests that the late, but abundantly 
expressed myelin gene, MOBP, may be involved in the final 
compaction of the myelin sheath or exert specific functions related to 
myelin maintenance.

2 5 .4

R(-)-DEPREN YL INCREASES SURVIVAL AND PROCESS COM PLEXITY 
OF OLIG ODENDROCYTES IN VITRO. 
S.L. Shankar,W.G. Tatton and N .A .Tatton*. D epts.of Physiology/Biophysics 
and Anatom y/Neurobioiogy, Dalhousie University, Halifax, Canada B3H 4H7.

Trophic w ithdrawal causes oligodendrocytes to die by apoptosis. R(-)- 
deprenyl increases neuronal survival in a variety o f  in vivo and in vitro models 
o f  apoptosis including rat facial m otoneurons and PC 12 cells after trophic 
withdrawal. It also increases neurite length o f spinal m otoneurons in vitro and 
process length o f reactive astrocytes in vivo and in vitro (Ju et al., Exp. Neurol. 
126, 233, 1994; Seniuk et al., J. Neurosc. Res. 37, 278, 1994).

In this study, oligodendrocytes, purified from postnatal day 2 cortex ( > 97% 
myelin basic protein (M BP) im m unopositive) were grown in insulin (5μg/ml) 
and IGF-I (2.5 ng/ml) supplem ented base medium (IM ) for 6 days. A fter 
washing in BM, cells were replaced in IM or placed in base m edia (BM ) with 
or w ithout 1 0 -5or 10-9 M R(-)-deprenyl. Trophic w ithdraw al decreased cell 

num bers to 59.8+/- 9.4 % ( m ean+/-SD) at 24 hours. 10-5 and 10-9 M R(-) - 
deprenyl increased cell num bers above those in BM ( 91.8+/-16%  and 124.0+/- 
16% respectively, p ’s < .05 com pared to BM ) and at sim ilar levels to IM 
(100.0+/-7.8% ). Cells in BM showed cytoplasm ic and nuclear stigm ata typical 

o f  apoptosis which were blocked by the addition o f 10-9 M R(-)-deprenyl. 
Furthermore, R(-)-deprenyl in BM m arkedly increased the com plexity o f 
oligodendrocyte branching com pared to that found in IM.

These findings suggest that R(-)-deprenyl m ay alter protein synthesis in 
oligodendrocytes in a sim ilar m anner to that found for partially-differentiated 
PC12 cells (Tatton et al., J. Neurochem . 63(4): 1572, 1994).

2 5 .6

QUANTITATION OF OLIGODENDROCYTE DEATH INDUCED BY CYSTINE 
DEPRIVATION USING MEASUREMENT OF DNA RELEASED INTO 
EXTRACELLULAR MEDIUM. M. Yonezawa*, X. Gan, P. A. Rosenberg and J. 
J. Volpe. Department of Neurology, Children’s Hospital and Harvard Medical 
School, Boston, MA 02115

Oligodendrocytes (OL) in culture are killed by cystine deprivation [Soc. 
Neurosci. Abst. (1994) 20:883], and typically lyse within 24 hours of exposure to 
medium depleted of cystine. Because of evidence that the mechanism of cystine 
deprivation induced OL death is similar to apoptosis and involves DNA 
fragmentation, we thought that oligonucleotides might be released into the 
extracellular medium and be measurable there as DNA, taking advantage of a new 
sensitive DNA binding dye, Pico Green (Molecular Probes, Inc.). In cystine dose- 
response experiments, we compared quantitation of cell survival by cell counting 
with quantitation by measuring DNA released into the medium. The EC50 obtained 
by cell counting was 9 ± 7 μM (n=3), and that obtained by measuring DNA was 7 
± 5 (iM (n=3). There was no significant difference between these numbers.

We compared the amount of DNA/cell released into the medium by cystine 
deprivation with the amount of DNA/cell extractable from coverslips subjected to 
control conditions. The released DNA/cell was 113 ± 39 pg (n=3) and extracted 
DNA/cell was 85 ±11 pg (n=4). Cell numbers were assessed with propidium
iodide staining. With the diphenylamine assay as an alternative method of 
measuring DNA, we obtained a similar DNA mass/cell of 90 ± 3 pg/cell (n=4). 
The discrepancy between this value and a theoretically calculated mass for genomic 
DNA of one cell, 6.4 pg/cell (MW per base pair x number of base pairs in rat 
diploid genome) was noted. Possibilities to account for the excess DNA include 
single stranded DNA, single stranded RNA, ribosomal RNA or circular double 
stranded DNA (e.g. mitochondrial DNA).

Supported by grants from NINDS (NS 32570) and from the United Cerebral 
Palsy Foundation.

So c ie ty  for  N eu ro sc ie n c e , V o lu m e  21, 1995



42 GLIA AND OTHER NON-NEURONAL CELLS I SUNDAY AM

2 5 .7

FOCAL DEMYELINATION OF THE DORSAL COLUM NS BY 
PHOTOABLATION OF OLIGODENDRO CYTES IN TRANSG ENIC MICE. 
J.L. Vandertuit*, A. Peterson**, W . Tetzlaff
Dept. of Physiology, University of Ottawa, Ottawa, Canada; **McGill 
University, Montreal. Canada

We are currently using photoablation techniques to target the destruction 
of oligodendrocytes in transgenic mice which express β-galactosidase from 
the myelin basic protein (MBP) promotor. A laminectomy is performed at 
the level of T9-10 and a fluorescein-linked β-gal substrate (fluorescein di-β-
galactopyranoside, FDG) is applied topically to the exposed dorsal columns. 
The fluorescein molecule is activated by light illumination and produces 
toxic oxygen radicals. The toxicity is enhanced with the co-application of 3- 
ammo-9-ethyl carbozole (AEC). Spinal cords are processed for β-gal 
staining, ultrastructural analysis and immunohistochemistry 12 days 
following photoablation. β -gal staining reveais a 1-2 mm diameter non- 
stained region corresponding to the treated area. Ultrastructural 
examination of this region by light and transmission electron microscopy 
demonstrates demyelination with only moderate axonal damage. The 
photoablation procedure causes demyelination of axons in the dorsal 
columns to a depth of about 1 mm. Immunohistochemistry of the treated 
region supports the presence of intact axons with neurofilament (NFM-H) 
immunoreactivity similar to control (non-treated) dorsal columns. A reactive 
astrocyte response is evident by an increase in glial fibrillary acidic protein 
(GFAP) immunoreactivity, in addition, a superficial macrophage invasion 
can be seen with antibody staining to the F4/80 antigen. W e anticipate that 
it will be possible to extend the size of the targetted demyelinated region for 
future CNS regeneration studies.

Supported by the Neuroscience Network and Medical Research Council of 
Canada.

2 5 .9

MORPHOLOGY OF OLIGODENDROCYTES IN THE GOLDFISH OPTIC 
TRACT AND THEIR FATE AFTER OPTIC NERVE TRANSECTION
R. Ankcrhold, R.J. Kaethner*, and C.A.O .Stuermer University of Konstanz. 78434 
Konstanz, Germany.

In contrast to mammals goldfish are capable of regenerating retinal ganglion cell 
axons upon optic nerve transection (ONS). Goldfish optic nerve myelin is growth 
permissive (Bastmeyer et al., J Neurosci 11. 1991) and in vitro, goldfish 
oligodendrocytes support axon growth along their surface, but their morphology 
suggests that they fail to fully differentiate under culture conditions. Therefore, we 
analyzed oligodendrocytes during phases of axonal degeneration and regeneration to 
reveal their in vivo morphology and fate after ONS.

Single cells were visualized by Lucifer Yellow (Sigma) injections. Subsequently , 
the tissue was treated with peroxidase conjugated antibodies against LY (Mol. 
Probes) followed by a DAB reaction protocol. Oligodendrocytes in normal fish 
display the same unique morphological features as those of mammals. From the cell 
body fine branches extend radially and connect to 23 ± 1 (SEM, n=23) longitudinal 
processes per cell with a mean length of 122 ± 6 μm, specifying the intemodal 
length These myelinating segments are arranged in a cylindrical space with a 
diameter of 2.3 ± 3 pm centered around the cell body However, when retinal axons 
arc severed oligodendrocytes undergo drastic morphological changes within the first 
2 days. The number of longitudinal processes declines, they are randomly oriented 
and shorter. 3 to 20 d after ONS only cells with a simple morphology of 1-2 short 
processes or without any processes were found. This is the period when injured 
retinal axons degenerate and new axons migrate through the optic tract. From 20 d 
after ONS onwards, cells were labeled which reacquire the morphological features of 
myelinating oligodendrocytes. Thus, the regenerating retinal axons become 
remyelinated one month after ONS Whether remyelinating oligodendrocytes arise 
from resident progenitors de novo or represent redifferentiating ’’old” cells is 
currently under investigation. RA is fellow of the Boehringer ingelheim Fonds. This 
work is supported by the DFG, SFB 156 to CAOS.

2 5 .1 1

EVIDENCE FOR A ROLE FOR C A L B IN D IN -D 28k IN CELL  
SU RVIVAL. S. L e e , R . W e rn y j and S. C h ris ta k o s *. U M D -N e w  
Jersey  M e d ica l School and G rad u a te  School o f B iom ed ica l 
Sciences, N e w a rk , NJ 071 03 .

R e c e n tly  we re p o rte d  th a t tu m o r necrosis fa c to rs  (T N F s)  
can resu lt in a 6 -8  fo ld  induction  in c a lb in d in -D 2 8 k  expression  
in ra t h ippocam pal cells  in c u ltu re . Since th e  TN Fs  can p ro te c t  
hippocam pal neurons against c a lc iu m  m e d ia te d  to x ic ity , it was 
suggested th a t the  induction  o f  c a lb ind in  m ay be re la te d  to  
the  p ro te c tiv e  a c t iv ity  o f  th e  T N F s  (C heng e t a l. Neuron 12, 
1 -2 0 , 1994). A lthou gh  c a lb in d in -D 2 8 k  is n o rm a lly  on ly  present 
in neurons, in response to  t re a tm e n t w ith  T N F α or T N F β fo r  
4 days c a lb ind in  was also found to  be induced in g lia  and it was 
suggested th a t the  e f fe c t  o f  T N F  on g lia  m ay be invo lved  in 
p ro te c tin g  g lia l cells  fro m  in ju ry . In o rd e r to  address d ire c t ly  
a p ro te c tiv e  ro le  fo r  calb in d in , using the  e u k a ry o tic  expression  
v e c to r  p R E P 4 , ra t  c a lb in d in -D 2 8 k  was s ta b ly  tra n s fe c te d  and 
expressed in ra t C6 g lio m a c e lls . T h re e  po s itive  clones w ere  
found to  express c a Ib in d in -D 28k p ro te in  and ca lb ind in - D 28k 
m R N A  as d e te rm in e d  by W estern  and N o rth ern  b lo t analyses  
re s p e c tiv e ly . E xp e rim en ts  w ere  done using th e  3 po s itive  clones  
com pared  to  cells  tra n s fe c te d  w ith  v e c to r  a lone (w hich  do not 
express c a lb in d in ). Expression o f  c a lb ind in  led to  a 4 to  6 fo ld  
increase in th e  num ber o f  live  ce lls  in th e  presence o f serum  
d e p riv a tio n  as w ell as s ig n ific a n t decrease in D N A  fra g m e n ta t io n  
and c e ll shrinkage (h a llm a rk s  o f  c e ll d e g e n e ra tio n ). These resu lts  
provid e  d ire c t ev idence  th a t calb ind in  can increase c e ll su rvival 
and suggest a p ro te c tiv e  ro le  fo r  c a lb ind in  in the  c e n tra l nervous  
svstem .

2 5 .8

AMPA RECEPTORS SHAPE CA2+ RESPONSES IN CORTICAL 
OLIGODENDROCYTE PROGENITORS AND CG-4 CELLS Lynne.A. 
Holtzclaw, V. Ga11o*and J . T. Russell LCMN, NICHD.

In tracellu lar ca lcium  signals evoked 
by g lu ta m a te  rece p to r ac tiv a tio n  w ere s tu d ie d  in co rtica l 
oligodendrocyte lineage cells (0-2A) in tissue  cu ltu re  and  in the 
oligodendrocyte cell line CG-4. G lu tam ate . kainate  and AMPA (30- 
300  μM) increased  [C a2+ ]i in bo th  types of cells a t the stage of 
oligodendrocyte progenitors (0-2A; GD3+) or pre-oligodendrocytes 
(04+). The am plitude of the C a2+ s ignals  evoked by g lu tam ate 
receptor agonists w as significantly larger in cortical cells com pared 
with CG-4 cells. In CG-4 and  in cortical cells, m ore th an  90% of 
b ipolar GD3+ or m ultipolar 04+  cells responded to kainate  and in 
all the cells analyzed, kainate  w as more efficacious th an  AMPA and 
g lu tam ate . While 50% of the  b ipo lar CG-4 cells responded  to 
g lu tam a te , 80% of the  GD3+ co rtica l ce lls  w ere responsive. 
Similarly, 35% of the m ultipolar CG-4 cells responded to g lutam ate 
while 95% of the 04+  cortical cells were responsive to th is  agonist. 
20% of the cortical 0-2A  progenitors showed typical m etabotorpic 
g lu tam ate receptor responses while none of the CG-4 cells showed 
su ch  responses . The AMPA-selective an ta g o n is t GYKI 52466 
abolished  the k a inate-induced  C a2+ resp o n ses  In cortical 0-2A  
cells. The selective AMPA receptor m odulato r cyclothiazide (30 μM) 
greatly  potentia ted  the effects of AMPA (30-100 μM) on [Ca2+]i in 
cortical an d  CG-4 cells. O u r findings ind ica te  th a t g lu tam ate  
receptor evoked Ca2+ signals in cells of the oligodendrocyte lineage 
are primarily shaped by functional AMPA receptors.

2 5 .1 0

GABA PRODUCTION BY NONNEURONAL CELLS S.S. Lin*. F.Jow, J .
Cantone, and H.K. Lim. Departments of CNS Disorders and Drug Metabolism, 
Wyeth-Ayerst Research. Princeton, NJ 08543.

Gamma amino butyric acid (GABA) is the major inhibitory ncurotransmitier in 
the brain. It is thought to be produced primarily by inhibitory neurons which 
uses the enzyme glutamate decarboxylase (GAD) to synthesize GABA. However, 
Barres et al have reported that 02A glial progenitor cells in culture can synthesize 
GABA from putresceinc. instead of glutamate (J. Neurosci. 11(12) 3685-3694). 
We have found that cultured glial cells from the rat hippocampus can also make 
GABA. The amounts of GABA produced by these glia cells in culture is 
signif icant. up to hundreds of micromolar. and may contribute to basal levels of 
GABA in the brain.

We initially conditioned cultured medium containing 10% serum over glial cells 
to remove glutamate before feeding neuronal cultures. While recording electrical 
activity from neurons, we noticed that the conditioned medium contained a factor 
that hyper-polarizes the neuron by increasing both chloride and potassium 
conductances. The hyperpolarization is blocked by bicuculline, a GABA receptor 
blocker, suggesting that the conditioned medium contains GABA. This was 
confirmed by GPLC/mass spectrophotometry and an enzymatic assay using 
GABAse (Bochringer Mannheim) to measure GABA. Up to 5(X) mM of GABA 
is present in the medium after one week of conditioning.

GABA is present only in medium that has previously been conditioned by glial 
cells. It is not present in unconditioned medium, DME, or serum. Since the 
cultures are devoid of neurons. glia must be the source of GABA in the 
conditioned medium. However, they do not show any staining with antibodies 
raised against either GABA or GAD. This suggests 1) that glial cells make 
GABA via another pathway other than GAD, and 2) as soon as the GABA is 
made, it is released into the extracellular solution. We are currently trying to 
determine how glial cells make GABA, and how it is released.

2 5 .1 2

TIME COURSE OF REGENERATION IN THE ADULT PIG BRAIN 
FOLLOW ING LYSOLECITHIN-INDUCED DEMYELINATION. J.W . Unger*1, 
Y. Schmidt1, W. Lanae1 and I. Bartke2. 1Department of Anatomy, University 
of Munich, Pettenkoferstrasse 11, D-80336 Munich; and 2Boehringer 
Mannheim Corporation, Nonnenwald 2, D-82372 Penzberg, Germany 

Previous experiments have indicated that differences in the regenerative 
potential of oligodendrocytes occur among various mammalian species. 
Since in vitro data have demonstrated a significant proliferative capacity of 
oligodendrocytes from adult pig, we have examined the time course of 
spontaneous remyelination in the subcortical white matter in adult, female 
Gdttingen-minipigs after chemically induced demyelination. The animals 
received stereotaxic infusion of 5 μl of L-α -phosphatidylcholine (lyso- 
lecithin). The brains were examined by histology (H.E., Luxol Fast Blue, 
myelin-basic protein) and electronmicroscopy after survival times of 1, 2, 3 
and 4 weeks. 1 week after lysolecithin-infusion a significant demyelination 
in the diffusion area of the detergent could be observed, accompanied by 
local inflammation and edema with macrophages containing eosinophilic 
droplets and perivascular lymphocyte infiltrations. Semi- and ultrathin 
sections confirmed these data, showing myelin debris, demyelinated axons 
and inflammatory infiltration, whereas axons remained intact. In animals 
sacrificed after 2 weeks, similar observations could be made, but the 
degree of demyelination and inflammation was less severe, most likely due 
to spontaneously occurring remyelination processes. 3 and 4 weeks after 
lysolecithin-injection, only minor signs of demyelination and inflammation 
could be found. Light-microscopic and ultrastructural observations did not 
differ significantly from control animals and from control hemispheres of the 
same animals. Our in vivo data demonstrate that porcine oligodendrocytes 
are capable to induce rapid and complete remyelination within a relatively 
short period of time. Thus, the adult pig brain is a useful model for the 
morphological examination of remyelination processes.
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25 .1 3

COMPARISON OF THE EFFECTS OF PERIPHERAL AND CENTRAL 
AXOTOMY OF THE TROCHLEAR NERVE ON REACTIVE GLIOSIS 
IN THE TROCHLEAR NUCLEUS. X .-J. Yu*, A.A. Book, P .G.
lannuzzelli, and E.H. M urphy. Dept. of Anatomy and Neurobiology, 
M edical College of Pennsylvania and Hahnem ann U niversity, 
Philadelphia, PA 19129.

Successful regenerative responses of neurons axotomized in the PNS 
(e.g., hypoglossal/ facial neurons) are well documented. In contrast, 
axotomy in the CNS (e.g., rubrospinal neurons) is associated with a 
failure of regeneration. It has been suggested that a PNS lesion elicits a 
more robust reactive astroglial response than a CNS lesion, and that this 
may contribute to successful regeneration. However, lesions of 
rubrospinal vs facial or hypoglossal systems differ not only in the CNS vs 
PNS environment at the lesion site, but also in the afferents, efferents and 
intrinsic properties of the injured neurons and in the distance between the 
iesion site and the soma. We used adult cats to study the reactive astroglial 
response to axotomy in the trochlear nucleus. Axotomy of trochlear 
motoneurons was performed either within the CNS (in the anterior 
medullary velum) or at an immediately adjacent site within the PNS (IVth 
cranial nerve). Following post-operative survivals of 3 days to 4 weeks, 
reactive astrocytes were detected using an antibody against glial fibrillary 
acidic protein (GFAP). GFAP immunoreactivity was greatly enhanced in 
the trochlear nuclear, at all survival periods, following both PNS and CNS 
lesions. Thus, factors associated with the lesion site environment cannot be 
the sole determinant of the astroglial response following a CNS vs PNS 
lesion. Counts from Nissl stained material do, however, indicate a 
dramatic difference in the microglial response following a CNS vs PNS 
lesion. Supported by a grant from ASRI.

2 5 .1 5

COMPLEMENT AND CLUSTERIN IN SPINAL CORD AND BRAIN STEM 
FOLLOWING INJURY TO PERIPHERAL NERVE FIBERS. L.Liu,
E.Tomqvist, P.Mattsson, N.P.Eriksson, J.K.E.Persson, B.P.Morgan, 
M.Svensson* and H.Aldskogius. Dept. of Neuroscience, Division of 
Neuroanatomy and Plasticity, Karolinska Institutet, 171 77 Stockholm, Sweden.

Expression of endogenous immunoglobulin G (IgG) and activation of 
complement were observed in the dorsal horn of the spinal cord and in the gracile 
nucleus following sciatic nerve transection in the rat, but not after lumbar dorsal 
rhizotomy. Complement activation paralleled a prominent immunoreactivity for 
complement receptor 3 (CR3). Double labelling showed a strong association 
between IgG and complement factors on the one hand and reactive microglia on 
the other. A marked expression of C3 mRNA was observed, indicating local 
synthesis of C3 protein. In parallel with activation of complement increased 
immunoreactivity for the putative complement inhibitor clusterin and its mRNA 
were found. Clusterin colocalized with the astrocytic marker, glial fibrillary 
acidic protein (GFAP). Following dorsal rhizotomy, clusterin expression was 
markedly upregulated in the dorsal funiculus in profiles expressing the 
oligodendrocyte marker transferrin. These profiles were considered to be in an 
early stage of degeneration, perhaps undergoing apoptosis. An extensive 
proliferation of microglia and a gradual increase in immunoreactivity for the 
phagocytic cell marker ED 1 occurred in the dorsal funiculus after dorsal 
rhizotomy. The results indicate i) that microglial activation is not necessarily 
associated with complement expression, and that this expression requires 
continuity between the axotomized dorsal root ganglion cells and their central 
processes.

25 .1 7

REDUCTION IN GLIOSIS AND BRAIN INFLAMMATION IN RESPONSE 
TO NEURAL TRAUMA IN MICE DEVOID OF γ -INTERFERON 
RECEPTOR (IFN-γ R). X.- R. Zhou. S. Pestka, R. S. Roginski*. and H . M. 
Geller , Dept. of Pharmacology, UMDNJ-Robert Wood Johnson Medical 
School, Piscataway, NJ 08854.

These experiments were designed to investigate the role of γ -interferon 
in the brain inflammatory response. We utilized a stab wound model of neural 
trauma in transgenic mice deficient in the IFN-γ R (Huang, et al., Science 259 
(1742) 1993). Mice received a penetrating stab wound injury to the striatum 
through the cerebral cortex using a 26 ga. hypodermic needle. Animals were 
euthanized by intracardiac perfusion of 4% paraformaldehyde (for 
immunocytochemistry) or cold saline (for Western blotting) at 1, 3 and 7 days 
following injury. Some animals received injections of bromodeoxyuridine 
(BrdU) immediately before euthanasia. Brains were removed, sectioned and 
immunoreacted with antibodies to BrdU, GFAP, or inducible nitric oxide 
synthase (iNOS). IFN-γ R knock out mice showed an obvious reduction in cell 
proliferation (number of BrdU positive cells) following injury as compared to 
wild-type mice at all time points, while GFAP immunoreactivity was not very 
different. We also specifically evaluated astrocyte proliferation using double-
labelling with GFAP and BrdU; no double-labelled cells were detected. Based 
on morphology, proliferative cells appear to be macrophages and microglia. 
Levels of iNOS, as measured by Western blot analysis, were increased in wild- 
type but not mutant animals. These results demonstrate that IFN-γ  is one of 
the cellular signalling molecules that participate in the inflammatory response 
following neural trauma as reflected by the reduced cell proliferation and iNOS 
in IFN-γ R knock out mice.

2 5 .1 4
GLIAL CELL REACTIONS IN THE SPINAL CORD AFTER ELECTR I
CAL NERVE STIMULATION ARE ASSOCIATED W ITH AXONAL 
INJURY RATHER THAN AFFERENT BARRAGE. J. Hongpaisan, H.
Aldskogius*, M. Svensson & C. Molander. Dept. of Neuroscience, Karolinska 
Institutet, S-171 77 Stockholm, Sweden.

Astroglial and microglial reactions in the dorsal and ventral horns of 
the adult rat spinal cord were studied after graded (10μA, l 00μA, 1mA, 10mA) 
electrical stimulation of the rat sciatic nerve. Antibodies to glial fibrillary acidic 
protein (GFAP) and complement receptor 3 (OX-42) were used as markers for 
astroglia and microglia, respectively. The results showed that nerve stimulation 
resulted in increased immunoreactivity for GFAP and OX-42 in the dorsal and 
ventral horn sciatic territories only at stimulation strengths (1mA, 10mA) which 
were associated with nerve fiber degeneration in the stimulated nerve. An 
increased astro- and microglia response was found also after 10mA stimulation 
of xylocain blocked nerves. These findings indicate that the afferent barrage 
resulting from peripheral nerve stimulation is insufficient to induce astroglial 
and microglial responses in the spinal cord. The signal(s) mediating these 
responses, regularly seen after nerve injury, are therefore not likely to be related 
to the injury barrage.

2 5 .1 6
INFLAMMATION IS ESSENTIAL FOR SURVIVAL OF AXOTOMIZED
ADULT RAT SUBSTANTIA NIGRA NEURONS X. Lu*, T. Hagg

Dept. Anatomy & Neurobiology, Dalhousie Univ., Halifax, B3H 4H7, Canada
Microglial functions and roles in normal and injured CNS are not well 

understood. This study was aimed at understanding the influence of 
microglial cell activation on neuronal cell survival in an adult rat substantia 
nigra axotomy model. All dopam inergic nigrostriatal neurons were 
retrogradely labeled from the striatum with the fluorescent tracer Dil 2 weeks 
before nigrostriatal transection. Seven days after axotomy 30%  and after 14 
days 70% of the substantia nigra compacta neurons had died as reported 
before (Hagg, PNAS 90:6315). Over the same time period, microglial cells 
around the compacta neuronal cell bodies (away from the lesion) became 
activated, recognizable by their increased expression of CR3 (0 X 4 2  Ab; 
Serotec Inc.) and morphological changes. Some also newly expressed CD4 
(W 3/25  Ab; Serotec Inc.). Injury-induced microglial activation and 
proliferation can be blocked by administration of macrophage inhibiting factor 
(M IF; tuftsin 1-3, Thr-Lys-Pro; Thanos J Neurosci 13:455) or cytosine- 
arabinoside (ARA-C; Svensson, Glia 7:286). Here, a 7 day continuous 
infusion with Alzet pumps of a mixture of M IF (0.2 μg/d; Sigma) and ARA-C 
(0.1 μg/d; Sigma) between the lesion and the rostral pole of the substantia 
nigra prevented microglial activation and resulted in the death of 30%  more 
neurons than with control infusions.

Thus, microglial activation and/or inflammation appears to be essential for 
the survival of injured dopaminergic substantia nigra neurons whose 
degeneration in humans is characteristic for Parkinson’s disease.

Supported by a grant to TH and a fellowship to XL from the Parkinson 
Foundation Canada.

25 .1 8

HIPPOCAMPAL ORGANOTYPIC CULTURE CAN BE USED TO STUDY 
MECHANISMS THAT TRIGGER REACTIVE GLIOSIS. P.F. Kunkler* & R. P.
Kraig. Dept. of Neurology, The University of Chicago, Chicago, IL 60637.

Reactive glial cells may modulate the ultimate severity of brain injury and perhaps 
participate in the remodeling of brain associated with learning. Mechanisms responsi
ble for this transformation remain unknown but may be best studied in vitro, where 
improved access and visualization need for the application of modern cellular and 
molecular techniques can be achieved. Hence. we sought to determine if the 
hippocampal organotypic culture (HOTC), where potential cell-to-cell interactions can 
be preserved, could be used to study gliosis.

HOTC were prepared from 6 day old Wistar rats using the static method. Slices 
were sectioned using a tissue chopper, plated on Millicell-CM filters and maintained 
up to 5 weeks in vitro. Cultures were characterized (14, 21, 28 & 35 days in vitro) 
using histological, immunohistochemical and electrophysiological criteria. Nissl 
staining showed neuronal cytoarchitecture similar to in vivo conditions at all time 
points. Astrocytes became progressively negative for vimentin but diffusely positive 
for glial fibrillary acidic protein. Similarly, oligodendrocytes (galatocerebroside 
positive cells) were increasingly evident with age. Microglia were mostly ramified 
and positive for OX-42 as opposed to ameboid and positive for OX-18 or OX-6. 
Dentate bipolar electrical stimulation produced field potentials analogous to those 
seen in vivo in CA1 and CA3 regions. Repeated dentate stimulation resulted in 
electrographic seizures. Finally, exposure to glutamate produced propagating 
intercellular calcium waves (measured using FLUO-3) that were occasionally 
associated with large DC negative shifts suggestive of spreading depression.

These studies indicate that HOTC illustrate anatomical and physiological charac
teristics consistent with those found within the intact hippocampus. Furthermore. glia 
within the HOTC seem to mature more and achieve a more quiescent level than 
similar cells in primary culture. Thus, HOTC may be an ideal in vitro preparation 
with which to study the cellular and molecular mechanisms that trigger gliosis.
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EFFECT OF C-JUN OVER-EXPRESSION IN SCHWANN CELLS 
AND NEURONAL REGENERATION E. Vaudano*,1 ,2 ,C .De Felipe2.
A.R. Lieberman1 and S.P. Hunt2 1Dept. of Anatomy, University College 
London, London WC1E 6BT, and 2Div. of Neurobiology, MRC LMB, Cambridge 
CB2 2QH, UK.

Regeneration in the adult mammalian PNS depends upon the presence of 
activated Schwann cells (SCs) and SCs implanted into the CNS can promote 
limited axonal regeneration. The pattern of gene expression in activated SCs varies 
considerably from that of quiescent SCs particularly in the massive expression of 
the transcription factor c-jun and NGF, p75, receptor. We have previously shown 
that the expression of c-jun, but not p75, in SCs is down regulated following their 
transplantation into the adult CNS. This may have attenuated the ability of SCs to 
potentiate regeneration. Using retroviral infection, we therefore generated stable SC 
lines overexpressing c-jun and transplanted these into the 60HDA lesioned 
striatum of the adult rat. Using specific immunocytochemical markers we then 
compared the phenotype of c-jun overexpressing SCs (JunSCs), both in vitro and 
in vivo, as well as their ability to promote regeneration of lesioned dopaminergic 
axons, with that of normal SCs. In vitro, infected cells were found to differ from 
normal SCs in their reduced expression of p75, GFAP, S100 and MAG. At one 
week postoperation (po) transplants of JunSCs appeared lightly c-jun positive and 
negative for NGF p75. while transplants of normal SCs were c-jun negative and 
p75 positive. By five weeks po the JunSCs transplants appeared as an 
undifferentiated mass containing only very few c-jun positive transplanted cells, 
which were immunonegative for p75, GAP43, or GFAP, suggesting massive cell 
death of infected SCs. Moreover in contrast to normal SCs, transplanted JunSCs 
did not migrate within striatal tissue or potentiate the regrowth of lesioned tyrosine 
hydroxylase positive axons within the striatum. We conclude that the 
overexpression of c-jun in SCs leads to the deregulation of gene expression and 
does not appear to enhance the growth promoting activity of SCs transplanted into 
the adult CNS.

25.20
REGULATION BY INTERLEUKIN-IB OF NEW GLIA LIMITANS FORMATION 
FOLLOWING PRENATAL BRAIN TRAUMA IN THE MOUSE. J.L. Scripter* and C. F. Ide. 
Neuroscience Training Program, Department of Cell and Molecular Biology, and Center 
for Bioenvironmental Research, Tulane University, New Orleans, LA 70118.

To study the regulation of glia limitans (GL) reformation by IL-1B following neural 
trauma in the prenatal mouse, fetal mice were lesioned in the cerebral cortex in utero at 
embryonic day 18 and examined at postnatal days zero (PO) and six (P6). Adjacent 
sections were analyzed by immunocytochemistry and computer-assisted image analysis 
for presence and distribution of interleukin-IB (IL-1B) immunoreactivity (ir) and 
astrocytes.
• Rounded and bipolar astrocytes stained with anti-glial fibrillary acidic protein (GFAP) 
formed a line of delimiting astroctyes (LDA) internal to lesion debris that demarcated a 
forming GL at PO. At P6, a new and complete GL was continuous with that of adjacent 
undamaged tissue. Double-label studies showed astrocytes comprising the new GL were 
stained for both GFAP and IL-1B ir. A significant increase in the optical density (OD) of 
IL-1B ir was observed in perilesional cells associated with the forming LDA in lesioned 
animals at PO when compared to the contralateral intact GL in the same section (OD 
ratio). The OD ratio of IL-1B ir had returned to a baseline of 1 by P6, coincident with 
restoration of an intact GL. In addition, IL-lß ir OD ratios were also increased in neural 
parenchyma internal to the lesion edge at PO and restored to baseline by P6.

The IL-1 receptor antagonist (IL-lra), a competitive inhibitor of the IL-1 receptor, or 
human recombinant IL-1B was administered in conjunction with the lesion. IL-1B OD 
ratios were significantly decreased in neural parenchyma near the lesion and the area of 
the forming LDA in animals treated with IL-lra as compared to vehicle-injected or 
nontreated animals at PO. Moreover, although GFAP-stained cells appeared at the site of 
the lesion, a new LDA was not clearly evident at PO in IL-lra-treated animals. Both IL-1B 
and IL-lra + IL-1ß combination injections resulted in ratios that were significantly 
higher than those in the IL-lra injection in the LDA and the perilesional tissue. IL-1ß 
and combination injections also resulted in the formation of robust LDA at the lesion 
site, reminiscent of complete GL formation at P6.

These data suggest that upregulation of IL-1B as well as interaction of IL-1B with its 
receptor is important for reconstruction of the GL following prenatal lesion in the mouse 
brain. Supported by Department of Defense Grant DNA-2.
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FACS ANALYSIS OF CELL CYCLE PARAMETERS IN VITRO OF 
MONKEY CORTICAL PRECURSORS.
P. Savatier*0, C. Dehay, A.M. Dumas00, V. Cortay and H. Kennedy, INSERM 
Unit6 371, 18 Avenue Doyen Lépine, 69675 Bron Cedex (France), °Laboratoire 
de Biologie Moléculaire et Cellulaire, Ecole Normale Supérieure, 46 A11ée 
d'ltalie, 69364 Lyon Cedex 07, (France), °°Centre Hospitalier Lyon-Sud, 69485 
Pierre Bénite Cedex, (France).

The proliferative activity of dissociated culture of E78 and E80 monkey 
occipital cortical neuroblatsts was studied by means of fluorescent activated cell 
sorter (FACS) analysis. The study was done on presumptive area 17 dissected out 
from the posterior pole of the occipital cortex and presumptive area 18 from the 
posterior bank of the lunate sulcus. Cells were grown in BHK21 medium 
supplemented with 10% of fetal calf serum and cells in S phase were labelled in 
vitro by BrdU incorporation. Pulses of BrdU were given to the cultures and 
fixation was done at regular intervals after the pulse (7h, 16h, 26h, 32h, 36h, 48h, 
60h). BrdU positive cells were revealed by immunofluorescence and all cells 
were stained with Propidium Iodide. FACS analysis was performed on a 
FACScan (Becton Dickinson) equipped with an Argon ion laser (excitation 
wavelength: 488nm). Cell QUEST software was used for gating cell populations 
and calculation of the cell cycle distribution. Progression through the cell cycle of 
BrdU labelled cells was followed. The results show that for both presumptive 
area 17 and area 18, the duration of S+G2+M is 32 hours and the duration of S 
phase is approximatively 25 hours. This indicates that the difference in cell cycle 
kinetics that we have observed in vivo (Dehay et al., 1993) and in vitro (see 
abstract Kennedy et al.) is likely to be due to a changes in G1 duration. 
Bibliography: Dehay C. et al. Nature (1993)366:464-466.

26.3

DEVELOPMENT OF LOCAL CIRCUIT CONNECTIONS IN MOUSE 
BARREL CORTEX. C. Reistad. B. Miller. T. Woolsey. A. Pestronk*,
Dept. of Neurology and Neurological Surgery.Washington University 
School of Med., St. Louie, MO 63110.

A barrel receives most of its sensory input from a single whisker. Each 
barrel has a characteristic, asymmetrical pattern of local circuit 
connections with neighboring barrels; barrels in the same row are strongly 
connected, but there are also connections with barrels in adjacent rows 
where fibers project more strongly to anterior barrels. We investigated the 
development of this pattern of connections in early postnatal mice. Mice 
from P6  to P12 were injected with 10% biotinylated dextnan amine (BDA) 
into posteromedial barrel subfield. After two days the animals were 
perfused, the cortices flattened, cut tangential at 40μm and processed 
with the ABC procedure (Vector Labs, Inc.) using DAB. Labeled cell 
bodies were plotted relative to the barrel map, and fibers were viewed 
with darkfield. Significant changes were seen in the development of 
interbarrel connections. Cells in the supragranular layer project to 
adjacent barrels of the same row at P8 , but have very few projections to 
neighboring rows. By P14 connections with adjacent rows are common. 
Local projections in the infragranular layer are widespread at P9 but are 
selectively oriented similar to adults by P14. Thus the pattern of local 
axon connections in barrel cortex changes during the second postnatal 
week to a pattern more similar to that of adults. Cells in supragranular 
layer are extending axons to targets, and axons in the infragranular layer 
are shaping their projection pattern to specific targets.
Supported by NIH grant NS 17763, the McDonnell Center for Studie s  of Hlgher Brain 
Function, and the Spastic Paratysia Foundation of the Illinois Eastem-lowa District of the 
Kiwanis International.

2 6 .2
IN VITRO PROLIFERATION OF MOUSE CORTICAL PRECURSORS. A. Guibert*, C. 
Dehay. P. Savatier°, V. Cortay and H. Kennedy. INSERM U371, 18 Av. Doyen Lépine, 
69675 Bron Cedex and °Lab. Biologie Cell. & Moléculaire , ENS, 46 A116e d'ltalie, 69364 
Lyon Cedex 07 (France)

Dissociated cultures of embryonic cortical precursors were prepared from mouse 
embryos from embryonic day 13 (E13) to E17. The presumptive neocortex was 
isolated from the telencephalic wall and care was taken to remove non neocortical 
structures: olfactory lobe, limbic cortex and striatum. Dissociated cells were plated 
at density of 400 000 cells per 14 mm 0  polylysine-laminine coated coverslips. 
Cultureds were maintained for up to 7 days (7DIV) either in SATO medium or in 
BHK21 medium supplemented with 10% fetal calf serum. In BHK21 medium, the 
highest proliferative activity was observed for E l3 and E14 cultures where cell 
density was doubled by 3DIV and tripled by 5DIV. In E l5, E16 and E l7 primary 
cultures, cell density never doubled. PCNA (proliferating cell nuclear antigen) 
immunostaining allowed us to estimate the pool of precursors which at 1DIV 
represented 75% of the total population at E13, 65% at E14, 45% at E15, 40% at 
El 6 and 20% at E17. These variations of the precursor pool (or growth fraction) in 
the cultures reflect the in vivo situation where at E l3 the telencephalic wall is 
mostly composed of precursors and contains only a minute fraction of postmitotic 
neurons. The proportion of precursors diminishes progressively with the thickening 
of the cortical plate at later stages of corticogenesis. In vitro, for a given embryonic 
stage, the proportion of cycling cells identified by PCNA immunostaining remains 
fairly stable during the first 4DIV so that the culture conditions with BHK21 
medium seem to provide a good reflection of the in vivo situation. Moreover, by 
labelling cells in S phase with BrdU incorporation, we have been able to measure 
the Labelling Index (LI) which is the proportion of cells in S phase with respect to 
the total cycling population. This possibility of identifying the cycling population 
provides an accurate means of studying cell-cycle parameters of neocortical 
precursors in this in vitro preparation.

26.4
THE EFFECT OF GLUTAMATE RECEPTOR BLOCK ON 
DEVELOPMENT OF INTRACORTICAL CONNECTIONS IN RAT 
BARREL CORTEX. E. Dagnew*. K. Latchamsetty. J. Eriniari. K.Fox±. T. 
Wooisey. Dept. of Neurol. & Neurol. Surg., Wash. U. Sch. Med, St. Louis 
MO 63110 and †Dept. of Physiol., U. Minnesota, Minneapolis MN 55455.

Blockade of glutamate receptors with D-AP5 during the first postnatal 
week causes decreased responsiveness of neurons in cortical layers ll/lll 
to stimulation of principal and surround vibrissas that outlasts the 
presence of AP5 by several weeks. We sought anatomical changes to 
explain this observation. AP5 loaded etvax (slow release polymer) was 
implanted on P0 ; all layers were injected with biotinylated dextran amine 
(BDA) on P14-16 to label anterograde and retrograde connections. A 
mirror injection in the untreated hemisphere of each animal was made as 
a control. Elvax without drug was implanted in some animals as an 
additional control. Location of injection sites and labeled cells were 
identified relative to layer and position in the barrel field from Nisei stained 
tangential sections. For layer ll/lll celle, the distance at which cells were 
labeled was similar for control and AP5 treated cases. But, the number 
of neurons labeled was significantly lees in the AP5 treated hemispheres 
(control 182±99, AP5 62±21; p<0.02). Asymmetry of connections is less 
pronounced in the AP5 treated cortex than normal. The results suggest 
that cortical activity is necessary for correct development of pattern and 
density of intracortical connections in layers ll/lll of barrel cortex. The 
failure of connections to develop in AP5 treated cortex may partly explain 
the lack of responsiveness of layer ll/lll to sensory stimuli.

Supported by NIH Grants NS 17763 (TW) and NS27759 (KF). the Spastic Paralysis 
Foundation of the Ihinois Eastem-lowa District of the Kiwanis International (TW) and The 
McDonnail Canter for Studtes of Higher Brain Function (TW). E.D. Is a Howard Hughes 
Med ical Student Fellow.
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2 6 .5
EXPERIENCE-DEPENDENT PLASTICITY IN BARREL CORTEX OF ADULT 
AND ADOLESCENT MICE DEFICIENT FOR αCAMKII Glazewski, S*. Silva. 
A and Fox. K. Dept. Physiol., University of Minnesota, MN 55455 and Cold 
Spring Harbor Laboratory NY 11724

Previous studies in visual and barrel cortex have shown that αCAMKII deficient 
mice exhibit normal experience-dependent synaptic plasticity (EDSP) during 
adolescence (Fox et al. Soc Neurosci. Abstr. 20:876; Gordon et al. ibid. 465). LTP 
is also present but reduced in cortex at similar ages (Kirkwood et al, ibid. 1471). 
However, LTP is completely abolished in adult cortex of homozygous mutants. We 
therefore tested to see whether EDSP was abolished in adult barrel cortex of 
homozygotes (age 0.5 to 1.5 years). To induce plasticity, all vibrissae except D1 
were removed for 18 days then allowed to regrow for 8. Neurons were recorded from 
layers II, III and IV from barrels immediately surrounding D1 and responses to a 
standard electro-mechanical stimulus measured using post-stimulus time histogram 
analysis. Experimenters were blind to the animals' genotype. A total of 251 cells 
were recorded from layers II/III of 14 adult animals (layer IV cells showed no 
plasticity). In wild-types, responses to the deprived principal vibrissa did not change 
in adults (control 1.4 ± 0.3, deprived 1.7 ± 0.2 spikes/stimulus) but decreased in 
adolescents (1.5 ±0.2 to 0.8 ± 0.3 sp/st). However, responses to the spared vibrissa 
increased both in adolescents (0.4 ± 0.2 to 0.95 ± 0.3 sp/st) and adults (0.3 ±0.1 to
1.3 ±0.5 sp/st). These results imply that a critical period exists for depression of 
deprived inputs but not for potentiation of spared inputs. For heterozygotes and 
homozygotes, depression of deprived vibrissae responses occurred in adolescent 
animals but not in adults, just as with wild-types, implying that some factor other 
than αCAMKII limits this process with age. Potentiation of the spared input also 
occurs in adolescent homozygotes (increase to 1.6 ± 0.6 sp/st) implying that it is 
not necessary for potentiation at this age. But preliminary evidence suggest that 
αCAMKII may be required for potentiation of spared vibrissa input in adults. In 3/3 
adult homozygotes recorded so far, we have found no evidence for potentiation of the 
spared vibrissa input (0.3 ±0.1 sp/st). Supported by NS27759 (KF).

2 6 .7

SENSORIMOTOR CORTICAL LESIONS IN NEONATAL RATS INDUCE VISUAL CORTEX 
REORGANIZATION IN THE UNABLATED HEMISPHERE.
E.S. Papathanasiou1, N.S. Peachey2, Y. Goto2, E J. Neafsey1, T.P. Hogan2 A.J. Castro1 and

G.L. Tillotson1,2*. Dept. of Cell Biol., Neurobiol. and Anatomy, Loyola University School of 
Medicine1 and Dept. of Neurology, Hines VA/Loyola2, 2160 South First Avenue, Maywood, IL 
60153, USA.

The effects of unilateral sensorimotor cortical lesions in the newborn on visual cortical 
organization at maturity were examined. Using hypothermic anesthesia, two-day old Long- 
Evans, black-hooded rats received unilateral aspiration lesions of the sensorimotor cortex. 
Additional neonatal animals sustained unilateral visual cortex aspiration lesions. At 3-6 
months of age and under ketamine hydrochloride/xylazine anesthesia, an almost complete 
craniotomy was performed to expose the visual and sensorimotor cortices of both 
hemispheres. Visual evoked potentials elicited by monocular flashing light stimuli were used 
to map the visual cortex. Also, using intracortical microstimulation, the spared motor cortex 
(i.e., in the unablated hemisphere) was mapped in animals that had sustained sensorimotor 
cortical lesions. Subsequently the animals were overdosed with sodium pentobarbital, 
perfused, and their brains examined histologically. Animals sustaining sensorimotor cortical 
lesions as neonates (n = 7) showed in the unablated hemisphere a reorganization of the 
visual cortex characterized by a shift of the visual map 3.0 mm anteriorly. A similar 3.0 mm 
anterior shift in the motor cortex was also seen in the same hemisphere. In animals receiving 
unilateral visual cortex lesions (n=6), the visual map in the unablated hemisphere shifted 
anteriorly only 0.5-1.0 mm anteriorly. These results indicate that the effects of sensorimotor 
cortical lesions in the neonate are not confined to the lesioned hemisphere alone but may 
influence cortical organization in the unablated hemisphere. Moreover, the anterior shift of 
the motor and visual cortices in response to sensorimotor cortical lesions demonstrate an 
intramodal and crossmodal reorganization response. (Supported by VA merit award and 
Banes Charitable Trust Fund)

2 6 .9

INCREASED SUBCORTICAL AND INTRACORTICAL PROJECTIONS 
AFTER EARLY THALAMIC ABLATION IN THE HAMSTER. M. A. 
Kingsbury*. B. Miller, and B. L. Finlay. Developmental Neuroscience Group, 
Cornell University, Ithaca, New York, 14853

Thalamic afferents arrive at the cortex prior to the emergence of distinct cortical 
areas. These axons may provide instruction to the developing cortex. It has been 
shown that the projection pattern of callosal cells is reorganized in visual cortex 
that has been deprived of thalamic input while remaining thalamocortical 
projections are unaltered. Here, the organization of subcortical and intracortical 
connections of denervated cortex is studied. Hamster pups were given unilateral 
electrolytic ablations of the visual thalamic nuclei on the day of birth.

To trace subcortical projections, animals that were three weeks old received an 
injection of Dil or biotinylated dextran amine (BDA) into the visual cortex 
ipsilateral to the ablation. Initially, layer V cells from visual cortex have axons 
projecting down into the spinal cord. In normal three week old hamsters, these 
axons have retracted to the pontine nuclei. In experimental animals, however, 
these projections from visual cortex are maintained within the anterior spinal cord. 
To visualize intracortical connections, thirty days old hamsters were given an 
injection of HRP into the visual cortex ipsilateral to the damaged thalamus. The 
distribution of retrogradely labeled intracortical cells was plotted. Experimental 
animals were compared to normal animals matched for size and location of 
injection site. A substantial increase in the number of labeled intracortical cells, as 
well as a wider tangential origin of these cells, was observed in the experimental 
animals relative to the controls. Compared to the callosal projection system, the 
intracortical connections were characterized by a greater increase in the number of 
labeled cells after thalamic ablation.

The removal of thalamic input profoundly alters all cortical efferent projections 
studied so far. Thus, the development of normal cortical connectivity depends on 
the presence of thalamic afferents, which may provide genetically specified 
instruction or organizing activity to cortical areas.
Supported by NIH R01 NS 19245.

2 6 .6
COMPONENTS OF DISCHARGES OF BURSTING NEURONS DEVELOP 

INDEPENDENTLY IN SOMATOSENSORY CORTEX AFTER PERIPHERAL 
DEAFFERENTATION. A.A. Myasnikov. H.H. Webster* and R .W. Dykes. Depts. 
Physiol. & Psychiat., Faculty of Med., Univ. of Montreal, Montreal (Que) H3C 3J7

To investigate neuronal properties underlying activity in reorganizing cortex we 
recorded 74 (N) bursting neurons in the forepaw cortex of 8 adult awake cats before 
(Nb=37) and after (Na=37) transection of peripheral pathways innervating the fore-
paw. Bursting cells exhibited higher-than-chance spiking with very high frequency 
(modes ranged between 1.4 and 6.2 ms). Bursts were subdivided into 5 categories: 
I) those with more than 7 interspike intervals (ISI) of equal duration, range 1.49 to 
4.52 ms (Nb=7 and Na=3); II) 4 to 6 ISI of equal duration, range 1.64 to 5.68 ms 
(Nb=10, Na=9); IIa) 1 to 3 ISI, range 1.82 to 6.18 ms (Nb=4, Na=5); III) bursts of 
progressively decreasing ISI, range 1.46 to 5.61 ms, mean of the maximum 
intervals (MMaxI) 4.52 ms and mean of the minimum intervals (MMinI) 2.24 ms, 
having 3 to 6 ISI (Nb=10, Na=7); and IV) of progressively increasing ISI, range 
1.27 to 6.90 ms, MMinI 2.01 ms and MMaxI 4.02 ms having 3 to 6 ISI (Nb=6, 
Na=13). Autocorellograms were used to identify the mode of the low frequency (13 
- 400 ms periodicity) discharges for the cells having bimodal ISI histograms 
Population mean discharge frequency: 9.32 before and 12.83 imp./s after section 
(p>0.05); the low-frequency mode was 100.5 and 86.3 ms (p>0.50) respectively and 
the high-frequency mode shifted from 2.42 to 2.90 ms (p<0.05*, U-tests or t-tests). 
Since cither mean frequency or low-frequency modes characterize extrinsic 
neuronal properties such as thalamocortical and longer cortico-cortical circuitries, 
whereas the high-frequency modes probably correspond to membrane properties 
and/or shorter circuitries, we conclude that the dynamics of these two properties 
are different. The increased ISIs of high-frquency discharges suggests that 
following deaflferentation the firing pattern of neurons is less structured. (Funded 
by the MRC of Canada)

2 6 .8
H O M O TO PIC  AND HE TE R O TO PIC  E15 CO RTICAL TRANSPLANTS  
P LA C E D  IN N E O N A TA L RAT R O S TR A L C O R T E X  S PA RE  
SEN SO RIM O TO R BEHAVIORS. S. Barbay and B. B. Stanfield*. Lab. of 
Neurophysiology, NIMH, NIH Animal Center, Poolesviile, MD 20837.

A recent study has shown that while homotopic transplants of rat 
E17 fetal rostral cortex placed in the rostral cortex of newborn hosts spare 
sensorimotor behaviors, heterotopic transplants from E17 fetal occipital 
cortex do not. This was unanticipated in view of earlier work 
demonstrating that E17 transplants from both cortical regions extend and 
maintain axonal projections that are similar and appropriate to the 
transplant's location within the host cortex. In the present study we 
exam ined the capacity of earlier, E15 fetal transplants to spare 
sensorimotor behaviors.

Homotopic or heterotopic (occipital) E15 fetal tissue was 
transplanted into a lesion cavity in the rostral cortex of twenty-six newborn 
rats. Similar lesions were placed in an additional nineteen animals that 
received no transplant. Twelve nonlesioned (normal) rats were also 
included in the analysis (two factor repeated measures ANOVA). Both 
homotopic and heterotopic transplants spared contralateral forelimb 
tactile placing responses and significantly ameliorated an ipsilateral 
somatosensory asymmetry. These behaviors were maintained from P41 
to P90. Neither transplant group was significantly different from the 
normal control group, but both were significantly different from the lesion 
control group which showed chronic deficits from P41 to P90. These 
results differ from those using E17 transplants in that no differences in 
the capacity of the two types of transplant to provide functional sparing 
w ere found. Taken together with earlier work, these results are 
consistent with the idea of a progressive restriction of area specific 
cortical features, with the restriction of functional capacity preceding the 
restriction of the targets for cortical axonal projections.

2 6 .1 0

U nilateral neonatal hippocam pal lesions induce en to rh in a l 
nerve grow th fac to r (NGF) and enhanced sep ta l 
innervation  of the en to rh ina l cortex (E C ) .  1H.van P raag*,
J.A lberch2, E .Perez-Navarro2, P .M .O u1, H .W u1, I.B. B lack1 and 
C .F .D rey fu s1 1Dept. Neurosci. UM DNJ. P iscataw ay . NJ 08854. 
2Dept. Biol Cel. Anat. Patol., Univ de Barcelona, Spain.

Early brain damage is considered to produce less behavioral 
impairment than injury in adulthood. H owever, developmental 
plasticity may exacerbate deficits. For example, our previous studies 
showed that after unilateral neonatal hippocampal lesion, spatial 
memory is impaired, w hereas a similar lesion in the adult does not 
affect memory. To determine whether the memory deficit is correlated 
with anatomical changes, the anterograde tracer Phaeseolus vulgaris 
leucoagglutinin (PhA-L) was injected into the medial septum 2 months 
after neonatal lesion. W e found that the septal afferents sprouted into 
the EC. To determine the identity o f the sprouting septal neurons, 
choline-acetyltransferase (ChAT) and glutamic acid decarboxylase 
(GAD) were measured in the EC 2 months postlesion. ChAT, but not 
GAD was increased, suggesting that the neurons were mainly 
cholinergic. To determine whether N GF may play a role in target 
innervation, the level o f N GF in the EC was studied. N GF protein 
increased transiently 5 and 12 days postlesion in the ipsilateral EC, 
suggesting that the septal sprouting was associated with increased 
trophic support during fiber growth into the EC. Although increased 
N GF may be beneficial for the function of septal neurons, the elevated 
trophism may also elicit anomalous connections, which may derange 
normal development of behavior. (Supported by NIH HD23315)
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TH E  EARLY D E V E L O P M E N T  O F C A L LO S A L, C O R T IC O S P IN A L  
AND C O R T IC O T H A L A M IC  N E U R O N S  IN R E E LER  M U T A N T  
M IC E  . R. IC H IK A W A * and Y. IN O U E  D e p a rtm en t of Anatom y, 
H o k k aid o  University , Schoo l of M e d ic in e , S apporo , 0 6 0 , Jap a n  

The o rien tatio n  of a p ic a l dendrites  of projection neurons in the  
adult reeler m ice are in flu e n ce d  not only by the radial position in 
neocortex  but a lso by the p ro jec tiona l ta rg e t (Ic h ik a w a  and Inoue  
1994, S oc N eurosci Abstr 20:985). To exam ine  the d e v e lo p m e n t of 
the a p ica l dendrites  of callosa l (CC), co rticosp ina l (C S)and  
cortico tha lam ic  (CT) neurons in the ree le r m ice, we p laced  
crystals of Oil into one hem isphere  of cortex  or co rticosp ina l 
decussation  or th a lam u s  for a series of re e le r brains tha t had been  
a ldehyde fixed a t success ive  postnata l ages(from  P2 to  P 1 1). After 
the brains had been  stored for several m onths, coronal sec tions  
w ere cut and op tim ized  by con focal laser scann ing  m icroscopy. 
From age P2, in g e n era l, C C n eurons  ,CSneurons and C Tneurons  
in the upper layer of ree le r n e o co rtex  tended to  extend the ap ic a l 
dendrites tow ard the w hite  m a tte r and these  neurons in lower 
layer tended to  extend  the a p ic a l dendrites  tow ard the p iam ater. 
How ever each  p ro jec tiona l neuron class had a particular 
relationship b e tw e e n  the radial position of neurons and the  
orientation  of the a p ic a l dendrites. The re lationship in each  class  
did not differ from the re lationsh ip  in adult. In the present reele r  
study, the d irection  of a p ic a l dendrites  growth of pro jec tiona l 
neurons w as de term ined  by the cortica l environm ent and  
pro jectional target.
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A NOVEL RAT WITH A DOUBLE CORTEX: 2. CONNECTIVITY 
F. Schottler*, D. Couture, A. Rao and K.S. Lee. Dept. of Neurological Surgery, 
Univ. of Virginia, Charlottesville. VA 22908.

Anatomical connections were examined in a newly discovered rat (“Tish” rat) 
which appears to have a second cortex located below its neocortical mantle. Ionto- 
phorctic injections of anterograde or retrograde tracers were made into the portion 
of the Tish region located immediately below somatosensory cortex (SSCtx) or into 
the vcntrobasal complex of the thalamus (VB). Following survival times of 10-21 
days, brains were processed for histochemistry.

Injections of tracers into the Tish region revealed a general pattern of connectivity 
similar to that reported for SSCtx. Anterograde transport of biotinylated dextran- 
amine (BDA) labeled a variety of ipsilateral structures including the reticular nu
cleus of the thalamus, VB, and multiple pontine nuclei. Descending axons crossed 
the midline in the pyramidal decussation and traveled in the contralateral dorsal 
corticospinal tract. Projections through the corpus callosum to the homotopic por
tion of the contralateral Tish region were also found. Retrograde cell labeling after 
injection of Fluorogold (FG) into the Tish region was observed contralatcrally in 
the homotopic Tish region and ipsilaterally in the VB.

Tracer injections into the VB corroborate these patterns of connectivity. Antero
grade transport from the VB resulted in a normal pattern of terminal labeling in 
layer IV of SSCtx, and patchy or vertically-oriented labeling in the Tish region. 
Retrograde labeling after VB injections was prominent in layer VI of SSCtx. In the 
Tish region, rcterogradely labeled cells were restricted to areas near SSCtx but the 
laminar distribution of these cells was less strict than in SSCtx.
The results of these experiments indicate that the Tish region establishes afferent 

and efferent connections with cortical and subcortical sites. In addition, the find
ings are consistent with the idea that the Tish region represents a second cortical 
structure in which neocortical connections may establish a dual representation.

26 .1 5

EFFECTS OF METHYLAZOXY METHANOL (MAM) TREATMENT ON 
DEVELOPMENT OF SOMATOSENSORY CORTEX. S.C. Noctor,* S. Palmer. 
S.L. Juliano. Anatomy and Neuroscience, USUHS, Bethesda, MD.

Since ferrets are born with immature nervous systems, over recent years this 
animal has been identified as a useful and interesting model for study of 
neocortical development. Taking advantage of this early cortical immaturity, we 
designed experiments to further understand: (i) the contribution of established 
layers in producing a normal pattern of cortical development and (ii) the 
development of intrinsic connectivity within the somatosensory cortex. To 
address these issues a series of animals were treated with MAM, a drug that 
prevents cell division during a specific period of time. This treatment when 
appropriately timed can result in deletion of a specific layer of neocortex. Our 
studies on normal animals demonstrate that in neonatal brains (P1-7) injections 
of dextran labels thin radial columns of cells including radial glial fibers and 
neurons that extend from the ventricular zone into the cortical plate. Almost no 
processes extend from the labeled cells into the surrounding immature cortex. As 
the brain matures, dextrans label neurons that extend processes laterally into the 
cortex and eventually form patchy connections in the upper layers. Two groups of 
animals were treated prenatally with timed injections of MAM into the pregnant 
jill: (i) to affect subplate or early generated layers and (ii) to affect layer 4. 
Dextran injections into both acute slice and organotypic slice preparations from 
MAM-treated animals with deleted deep layers or subplate résulted in highly 
abnormal distribution of label in young animals (Pl-6). The radial character of 
the label was highly distorted, suggesting that these layers may be important for 
early guidance. When layer 4 was deleted the early pattern of dextran label was 
relatively normal, but later distributions (P14-28) were not typical in that the 
lateral distribution of fibers was nearly absent and normal patchy connections in 
the upper layers did not form.

2 6 .1 2
A NOVEL RAT WITH A DOUBLE CORTEX: 1. GENERAL FEATURES 
K.S. Lee, G. Lanzino, F. Schottler, J. Collins, N. Kassell, K. Hiramatsu, Y. Goto, 
S. Hong, S. Berr, H. Caner, H. Yamamoto, R. Omary, D. Okonkwo and J. Jane*. 
Dept. of Neurological Surgery, Univ. of Virginia, Charlottesville, VA 22908

A rat has been discovered which exhibits a unique bilateral structure below the 
cortical mantle; this region appears to be a telencephalic internal structural 
heterotopia (“Tish”). The Tish region is present in frontal, parietal and occipital 
areas but is not prominent in medial and temporal areas. A mild-to-moderate 
ventriculomegaly is observed commonly, and seizure activity is sometimes present 
in adult Tish animals. Otherwise, the external phenotype and behavior of Tish rats 
appear normal. The animals arc viable reproductively and a small breeding colony 
has been established. Progeny segregate into Tish and unaffected phenotypes; 
evidence to date is consistent with an autosomal recessive pattern of inheritance.

The Tish region exhibits certain features which are characteristic of neocortex. 
Analyses of Golgi-stained material demonstrate the presence of neocortical-like 
pyramidal cells in the Tish region. However, the cells are not all oriented in a 
vertical manner and their placements suggest that a strict laminar pattern is not 
present. In contrast, the overlying neocortex does retain a general laminar 
organization and vertical orientation of its pyramidal cells. Regional connectivity 
and neurogenesis of the Tish region also share many features with the ncocortex 
(see following abstracts). These findings raise the possibility that the Tish region 
develops from the inappropriate migration of cells destined for the ncocortex.

The general features of the. Tish rat are virtually identical to those observed in 
the human syndrome o f ‘double cortex’. Human double cortex is categorized as a 
neuronal migration disorder; this syndrome is characterized by epilepsy and in 
some cases mental retardation. The Tish rat may serve as a useful animal model for 
characterizing this human syndrome and is likely to provide a unique resource for 
understanding neocortical development. (Supported by the NSF SGER Program)
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A NOVEL RAT WITH A DOUBLE CORTEX: 3. NEUROGENESIS 
J. Collins, G. Lanzino and K.S. Lee*. Dept. of Neurological Surgery,
Univ. of Virginia, Charlottesville, VA 22908.

The newly-discovered “Tish” rat appears to have a second cortex located below 
the neocortical mantle. This study examined whether neocortical-like gradients of 
neurogencsis are present in the adult Tish region and/or retained in the overlying 
ncocortex. Cells in S-phase were labeled between embryonic days 13 and 20 by 
injecting Tish dams intrapcritoneally with bromodeoxyuridine (BrDU). Offspring 
were sacrificed between postnatal days 30 and 33 in order to identify the adult 
placement of cells generated on specific embryonic days.

Preliminary findings indicate that the overlying neocortex exhibits a typical 
inside-out laminar gradient of neurogenesis. The Tish region also exhibits a rough 
inside-out gradient; however, the adult distribution of cells generated on a given 
embryonic day appears much less precise. Cells generated on E15 and E16 are 
found primarily in the deeper layers of the overlying ncocortex. Although the 
majority of E15/E16 cells arc located in the deeper aspects of the Tish region, 
labeled cells are also found in the superficial and edge regions of the novel 
structure. Cells generated on E18 are located primarily in layers Il-IV of the 
overlying adult ncocortex. E18 cells were widespread in the Tish region but were 
most concentrated in the central three-fourths of the region.

These findings indicate that the period of neurogencsis of cells destined for the 
Tish region overlaps with the period of neocortical neurogencsis. In addition, cells 
in the Tish region exhibit a laminar neurogenetic gradient which is similar to, but 
less strict than, the ncocortex.
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INTRINSIC CONNECTIONS AND DEVELOPMENT IN ORGANOTYPIC 
CULTURES OF FERRET SOMATOSENSORY CORTEX. S.A. Palmer,* S.
Noctor, S.L. Juliano. Anatomy & Cell Biology, and Neuroscience, USUHS, 
Bethesda, MD.

To more precisely evaluate factors contributing to normal development of 
neocortex we began to study organotypic cultures of ferret somatosensory cortex. 
Slices were obtained at the day of birth and grown as static interface cultures; they 
were maintained from 2 to 16 days. We compared the cultures to otherwise 
normal acute slices for development of cortical layers, intrinsic connections, and 
immunoreactivity (IR) for antibodies directed against GFAP, MAP lb, and MAP 
2. The development of cortical layers appeared relatively normal until 6 days in 
culture, although the layers were slightly less distinct in cultures than in acute 
slices. After 14 days in culture, although individual layers could be observed, 
layers 2-4 were difficult to distinguish; in acute slices they were easily identified. 
IR for GFAP was relatively normal in cultured slices assessed at 6 and 16 days. A 
predominantly radial pattern of staining was observed after 6 days in culture, 
while after 16 days the radial pattern was much less evident and scattered GFAP- 
positive cells (probably astrocytes) were observed throughout the slice. After 2-6 
days in culture, IR for MAP 2 or MAP lb also displayed a distinctly radial pattern 
extending from the ventricular zone toward the cortical plate. By 14-16 days in 
culture many cells positively labeled for MAP 2 or MAP lb were organized 
within the cortical plate. The intrinsic connectivity was relatively normal after all 
times in culture. Therefore, after 2-6 days, injections of fluorescent dextrans into 
the white matter or ventricular zone result in distinct radial columns of label that 
extend from the ventricular zone to the cortical plate. Injections into the cortical 
plate produced more restricted radial columns of cells. The radial patterns in the 
cultured slices were somewhat less precise than those observed in acute slices and 
the overall maturation of the cultures was delayed.
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CORRESPONDING INCREASES IN MICROTUBULE ASSOCIATED 
PROTEIN 2 AND APICAL DENDRITIC LENGTH IN THE CORTEX 
RESULTS FROM PRENATAL COCAINE EXPOSURE. L. Jones1,1. 
Fischer1, E. H. Murphy1 J. Pintar*2 and P. Levitt2. 1Dept of Anatomy , Med 
Col PA. Phila, PA 19129. 2Dept Neurosci and Cell Bio, Robert Wood 
Johnson Med Sch, Piscataway, NJ 08854.

The reported neurobehavioral changes that occur in cocaine-exposed 
infants suggest that the cortex may be a brain region that is particularly 
vulnerable to prenatal cocaine exposure. Previously we have shown that 
the apical dendrites in the anterior cingulate cortex of pups exposed 
prenatally to cocaine do not traverse the cortex in a typical pattern. The 
visual cortex, however, was normal. We used two methods to analyze the 
specific dendritic abnormalities. First, an immunochemical assay was 
used to measure levels of microtubule-associated protein 2 (MAP2), in 
anterior cingulate and visual cortices.. Our results show that at the three 
ages examined, postnatal day (P) P1, P10, and adolescent, the cocaine 
exposed pups show a marked increase in MAP2 levels in the anterior 
cingulate cortex with no significant difference in the visual cortex. 
Secondly. we injected a lipophylic dye, l , 1'-dioctadecyl-3,3,3’,3’- 
tetramethylindocarbocyanine percholate (Dil) subcortically into the 
white matter to backfill the soma and apical dendrites of developing 
projection neurons. Length measurements of layers III and V pyramidal 
cells revealed specific changes in dendrites in the anterior cingulate 
cortex, with no difference in the visual cortex. At P3 the apical dendrites 
of the cocaine exposed pups were 37% longer in layer III and 41% 
longer in layer V, while at P10 the dendrites were 28% longer in layer III 
and remain 41% longer in layer V. The results support our hypothesis 
that exposure to cocaine prenatally is sufficient to differentially and 
permanently modify dendritic form in the anterior cingulate cortex while 
sparing other cortical regions. Supported by DA06871-01.
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EFFECT OF POSTNATAL HANDLING ON BIOCHEMICAL FEATURES OF 
THE ß-ADRENOCEPTOR IN RAT CEREBRAL CORTEX M. Dierssen*, C. 
Baamonde, S. Garcia-Calatavud. I.F. Vallina, J. Flórez. Dept Physiol Pharmacol, Div 
Pharmacol, Univ Cantabria, Santander, Spain.

The effects of postnatal handling (H) on ß-adrenoceptor binding and isoprenaline 
(ISO)-stimulated cyclic AMP (cAMP) accumulation were analyzed in cerebral cortex 
of 1 and 3 month-old male Wistar rats. The pups were handled over the course of the 
21 days postpartum, removing them from the mother for 10 min. Binding assay was 
performed with 3H-CGP-12177 and unspecific binding was defined with propranolol (1 
μM). In saturation assays, binding of 3H-CGP-12177 was not significantly modified 
with age (Bmax =43.3 ±2.4 v.s 34.1 ±0.4 fmol/mg protein in 1 and 3 month-old controls 
(C), respectively). However. Bmax was significantly reduced by H in 1 month-old 
(p<0.05) and not in 3 month-old. Affinity was not modified with age either in C or in
H. cAMP was determined by an isotopic displacement method, after α-adrenoceptor 
blockade with phenoxybenzamine (ImM). Basal levels of cAMP increased significantly 
with age in C but not in H. ISO significantly stimulated cAMP production, more 
intensively in 3 month-old, both inC (p < 0.001, F=23.0) and H (p< 0.001, F = 13.2). 
H did not modify basal levels of cAMP compared to C; but after incubation with 
IBMX, the increase in cAMP accumulation was higher in H (53.7%, P<0.05) than in 
C group (17.9%) at 3 months. The concentration-dependent increase induced by ISO 
was higher in H than in C group at 1 (p<0.001, F=27.9) and 3 months (p<0.001, 
F=9.1), without significant changes in Emax. Neonatal H appears to influence both the 
number of ß-adrenoceptor binding sites and ß-adrenoceptor dependent cAMP 
accumulation at early ages in the rat cereral cortex. (Supported by Ramón Areces and 
Marcelino Botín Foundations).
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M R I IM AG E A N A LYS IS  OF TH E  H IP P O C A M P U S  IN JU V EN ILE  
MACAQUES TREATED WITH PRENATAL DEXAMETHASONE. H. Uno : S. 
Shelton. E. Baker, and J. Holden. Wis. Reg. Primate Res. Ctr. and 
Psychiatric Res. Inst., Depts. of Pathology and Lab. Med., and Medical 
Physics, Sch. of Med., Univ. of Wisconsin, Madison, Wl 53715.

Our previous studies revealed that the prenatal administration of 
dexamethasone to pregnant rhesus monkeys at 132 gestation days induced 
dose-dependent degeneration and depletion of the hippocampal neurons (CA
3 and dentate gyrus) in the brains of 135 gestation day fetuses, and these 
changes were retained in the brains of fetuses at near term (165 gestation 
days). To study the postnatal sequelae of prenatal brain damage, eight 
pregnant rhesus monkeys were treated with either DEX (1.25 mg/kg x 4), 5 
animals or vehicle, 3 animals, at 132 to 133 gestation days. After natural 
birth, all infants lived with their mothers for one year. At 9 months of age, we 
found that DEX-treated animals had significantly high plasma cortisol at both 
base and post-stress (isolation from mother for 30 min.) levels compared to 
age-matched vehicle-treated animals. Magnetic resonance images (MRI) of 
the brain, T-1 weighted, 60 serial coronal images, 1.3 mm thick, using a 
Signa scanner (1.5 tesla magnetic field), pulse sequence-3D SPGR with TR 
33 and TE 15 msec, showed an approximately 30%  reduction in segmental 
volumes of the hippocampus, calibrated by whole brain volume, in DEX- 
treated compared to vehicle-treated animals at 20 months of age. Whole 
brain volume appeared smaller in females than in males, but there were no 
significant differences betw een DEX and vehicle groups. Prenatal 
administration of a potent glucocorticoid (DEX) induced an irreversible 
deficiency of the hippocampal neurons in association with basal and post-
stress hypercortisolemia. The hippocampus appears to mediate negative 
feedback of cortisol release; a lack or deficiency of the hippocampal neurons 
attenuates this feedback resulting in hypercortisolemia
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DUAL ACTIVITY THR/TYR PHOSPHATASE CL100 IN THE RAT BRAIN 
IS INDUC ED DUR IN G  P OSTNA TAL D E V ELO P M E N T AND AFTER  
KAINATE-INDUCED NEURO TO XIC DAMAGE. U. Boschert. R. Dickinson 
M. Tessari, C. Chiamulera, S. Arkinstall , M. Muda, E. Merlo Pich*. Glaxo 
Institute for Molecular Biology, CH1228 Geneva, Switzerland, and Glaxo 
Ricerche, Verona, Italy.

Phosphorylation and activation of MAP-kinase is an important event in 
the signalling pathways regulated by a range of cell surface receptor 
system, and which lead to cell differentiation and proliferation. Recent 
experiments indicate that a family of dual activity Thr/Tyr phosphatases is 
responsible for selective inactivation of MAP-Kinase family members. 
CL100 is a member of this family. Since CL100 transcription is rapidly 
induced by growth factors and oxidative stress in fibroblasts, we tested 
whether the CL100 gene is induced in the brain during postnatal 
development or after neurotoxic damage produced by kainate. Male Wistar 
rat pups were sacrificed every 2 days between P1 and P21. Brains were 
frozen, cut in a cryostat, and the slices were processed for in-situ 
hybridization using radioactive oligodeoxynucleotide probes for CL100. In a 
second experiment a group of adult rats was administered ip with 10 mg/kg 
kainate or 40 mg/kg metrazol, and sacrificed at various time points (1-72 h) 
after the injection. A marked increase of CL100 expression was observed 
in the thalamus, cerebral cortex and hippocampus of rat pups between P12 
and P15. In the adult rat brain a transient early effect was observed after 
metrazol and kainate, being maximal at 3 h and disappearing after 24 h, 
indicating CL100 as an immediate-early gene. Interestingly, 48 h after 
kainate an increase of CL100 expression was observed in the dentate 
gyrus, a dam age-resistant hippocampal structure known to react to 
hippocampal insult by sprouting. At that time point the expression of other 
late onset genes putatively implicated in reactive sprouting (i.e., GAP-43  
and SNAP-25) was also increased, suggesting a possible involvement of 
CL100 in neural plasticity.

CYTOSKELETON TRANSPORT AND MEMBRANB TARGETING: CYTOSKELETAL PROTEINS
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MANIPULATION OF NEUROFILAMENT PHOSPHORYLATION IN 
TRANSGENIC MICE AND CULTURED CELLS. C.C.J. Miller*, B. Gibb. 
S. Guidato and J-P. Brion. Departments of Neuroscience and Neurology, The 
Institute of Psychiatry, London SE5 8AF and Universite Libre de Bruxelles, 
B1070, Bruxelles.

Neurofilaments are phosphoproteins. NF-H side-arms are particularly 
heavily phosphorylated in axons and NF-L head domain is differentially 
phosphorylated with Ser55 phosphorylated in perikarya but not axons. In 
order to study the role(s) of neurofilament phosphorylation, we have 
attempted to identify kinases which phosphorylate NF-H side-arms and have 
studied the effects of mutating phosphorylation sites in NF-L head domains. 
The phosphorylation status of NF-H was studied in COS cells transfected with 
NF-H and the proline-directed kinases GSK-3a, GSK-3β and cdk-5. All three 
kinases phosphorylated NF-H side-arms as detected by Western blotting with 
phosphorylation-dependent antibodies but the different kinases produced 
different labelling patterns with only cdk-5 reducing the electrophoretic 
mobility of the transfected NF-H to that of NF-H from brain. In order to 
study the role of Ser55 phosphorylation, mutant NF-L genes (Ser55 to Ala55
-designed to mimic non-phosphorylated Ser55, and Ser55 to Asp55 -designed 
to mimic permanent phosphorylation of Ser55) were introduced into cultured 
cells and transgenic mice. Wild type and Ala55 NF-L produced similar 
immunofluorescent labelling patterns in SW13 cells containing, or not 
containing intermediate filaments. However, the Asp55 mutant produced a 
different pattern of labelling. Transgenic mice expressing the Asp55 mutant 
NF-L display neuropathological changes.

This work was funded by grants from the Wellcome Trust and MRC to 
CCJM
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REGULATION OF PHOSPHORYLATION OF THE NEURONAL 
CYTOSKELETON BY MEMBRANE DEPOLARIZATION.
Honegger, 2 D .J. Fink* and 2M. Mata. 1 Department of Physiology, 
University of Lausanne, Switzerland, and 2 Department of Neurology, 
University of Pittsburgh, Pittsburgh, PA 15260.

The regulation of phosphorylation of the carboxy terminal domain of 
neurofilament (NF) proteins and the microtubule associated protein 
tau was studied in brain aggregating cultures. Fetal rat forebrain 
neurons were grown in defined medium for 5 weeks until myelination 
had occurred. The phosphorylation state of the carboxy-tail of NF-H, 
NF-M and of tau after pharmacologic manipulation of the cultures was 
determined by Western blot analysis using antibodies specific for the 
phosphorylated and dephosphorylated forms of these proteins.

Neuronal membrane depolarization in brain aggregates was 
Induced by opening the voltage dependent sodium channel with 
veratridine (20microM). This treatment caused a decrease in the 
phosphorylation of the carboxy-tail domain of NF-H and NF-M, with no 
change in total NF content. The same treatment caused the 
emergence of multiple bands of tau with more rapid electrophoretic 
mobility consistent with dephosphorylation of tau. The effect of 
veratridine treatment could be blocked by tetrodotoxin.

Using specific inhibitors for phosphatases PP1, PP2A and PP2B 
we found that veratridine triggered dephosphorylation of NFs and tau 
was blocked by cyclosporine A, suggesting that the 
dephosphorylation is mediated by PP2B (calcineurin). These results 
imply that membrane depolarization regulates the phosphorylation 
state of cytoskeletal proteins by a Ca++ mediated mechanism.

So c ie ty  for  N e u ro scien c e , V o lu m e  21, 1995
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CHARACTERIZATIO N OF NEU R O FILA M EN T-A S S O C IA TED  PROTEIN  
PHOSPHATASES. S. Strack*+, F.F. Ebner+ and B.E. Wadzinski$ + Institute 
for Developmental Neuroscience and $Dept. of Pharmacology, Vanderbilt 
University, Nashville, TN 37203.

Neurofilament (NF) phosphorylation plays an important role in the control 
of cytoskeletal integrity, axonal transport and axon diameter. Abnormal NF 
phosphorylation has been demonstrated in several neurodegenerative 
disorders, suggesting a defective regulation of protein kinases and/or 
phosphatases (PPs). The kinases that phosphorylate NF proteins have 
been studied extensively, but little is known about PPs in this system. We 
have characterized NF-bound PPs that are able to dephosphorylate NFs. 
Bovine spinal cord white matter proteins were separated by gel filtration into 
a highly enriched NF fraction and a soluble fraction. Approximately 15% of 
total PP activity was recovered in the NF fraction. The catalytic subunits of 
PP1, PP2A, PP2B, and PP2C, as well as the A and Ba regulatory subunits 
of PP2A were detected in the soluble fraction by immunoblotting with 
specific antibodies. In contrast, only PP1 (catalytic) and PP2A (catalytic and 
regulatory subunits) were detected in the NF fraction. PP1 and PP2A could 
be dissociated from NFs by high salt but not by PP inhibitors, indicating that 
the binding is electrostatic and does not involve the catalytic site. In both NF 
and soluble fractions, 75%  of PP activity towards exogenous phosphorylase 
a could be inhibited by okadaic acid concentrations that selectively inhibit 
PP2A. Dephosphorylation of the remaining 25%  was sensitive to inhibition 
by the specific PP1 inhibitors 1 and 2. No PP2B or PP2C-like activity was 
detected. In order to study PP activity towards the three NF subunits, NF 
proteins were in vitro phosphorylated by endogenous kinases followed by 
dephosphorylation by associated PPs. PP activity towards the NF triplet 
could be inhibited almost completely by low nanomolar okadaic acid, 
whereas inhibitor-1 and 2 had little effect. Our results point to PP2A as the 
major PP involved in the controi of the NF phosphorylation state. 
(Supported by NS13031 to F.F.E. and GM 51366 to B.E.W.)
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SE L E C T IV E  E X P R E S S IO N  A N D  PH O S P H O R Y L A T IO N  OF 
HUM A N  TAU PROTEIN IN ID EN TIFIED  N EU RON S IN SITU IN 
TH E LA M PREY  CNS G.F. H all* J. Yao and G . Lee Departm ent 
o f N eurology*, School o f M edicine, U niversity  o f Pennsylvania, 
P h iladelph ia , PA  19104, and C en ter fo r N eurologic D isease, 
Brigham and W om ens H ospital, Boston MA 02115.

The m icrotubule associated protein tau is norm ally found in axons 
and is im portant in the developm ent o f axonal identity in cultured 
m am m alian neurons. W e show that a plasm id (pR c/C M V nl23c) in 
which tau expression is driven by the cytom egalovirus prom oter can 
overexpress tau w hen m icroin jected  in to  identified  giant neurons 
(ABCs) in the lam prey CNS in situ.. S trong expression o f human 
tau is seen in 20-50%  o f the cells by 4 days post injection, w here it 
appears to bind to cytoskeletal elem ents. We also report that much o f 
the human tau expressed in lam prey ABCs is phosphorylated at the 
sites recognized by the m A bs Tau-1 and PHF-1 (serines 202 and 396 
respectively). Phosphorylated tau is excluded from the axon, while tau 
that is not phosphorylated at these sites is axonally transported up to 
2m m  dow n the axon. This is consistent with studies showing that 
phosphorylation  at ser 396 im pairs the binding  o f  tau to axonal 
microtubules. The lamprey is thus an advantageous preparation for the 
study o f cytoskeletal polarity in vertebrate central neurons in situ. It 
may also be a useful m odel for the m echanism s underly ing  the 
disruption o f tau distribution  and phosphorylation  seen with CNS 
traum a and in A lzheim er's D isease. Supported by NIH grant R29- 
29281 to GFH.
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DYSTROPHIN AND SPECTRIN IMMUNOLOCALIZATION IN A MOUSE 
SYMPATHETIC GANGLION. M.E. De Stefano1*, M.L. Zaccaria1, R.
Medori2, P. Paggi1, and T. Petrucci3. 1Dip. Biol. Cell., Univ. "La Sapienza", 
00185-Roma, Italy, 2Lilly Deutschland, 61350-Bad Homburg, Germany, and 
3Isi. Sup. Sanita, 00161-Roma, Italy.

Cortical cytoskeletal proteins are involved in the molecular organization 
of the neuronal membrane and its specialized areas, such as the synapses. We 
studied immunocytochemically, at both light and electron microscope, the 
expression and subcellular distribution of dystrophin (Dys) and spectrin in 
the mouse sym pathetic superior cervical ganglion (SCG). At the light 
microscope, Dys and spectrin immunoreactivity was localized along the 
neuronal perimeter and fibers. The cell bodies appeared faintly stained. At 
the electron microscope, both proteins were abundantly distributed in the 
satellite cell processes that surround the neuronal perikarya and their axons. 
In the neuronal cell bodies, the rough endoplasmic reticulum was labeled. 
Furthermore, Dys immunoreactivity appeared as small discrete clumps 
beneath the neuronal plasma membrane corresponding to sate llite  ceil 
processes and in association with postsynaptic densities. Spectrin 
immunoreactivity was more widely distributed than Dys and was also 
localized to the active zones of the preganglionic terminals, along the axonal 
cytoskeleton and its plasma membrane. Our results demonstrate the presence 
of proteins of the dystrophin family and spectrin in the neurons and satellite 
cells of the SCG. The pattern of distribution suggests that also in the SCG 
Dys may contribute, along with spectrin, to the maintenance of specialized 
membrane domains (including synapses and adherens junctions). Alterations 
in these regions induced by pre- and post-ganglionic axotomy might give an 
insight into the specific role played by these cytoskeletal proteins. Supported 
by Telethon funds to R.M. and Fondazione Cenci Bolognetti to M.E.D.S.
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INTERACTION BETWEEN ACTIN AND NEUROFILAMENTS . R.
Hao, R. G. MacDonald, M. Ebadi, J. C. Schmit and R. F. Pfeiffer*. Depts. 
of Neurology, Univ. of Tennessee Col. of Med. Memphis, TN 38163, of 
Biochemistry and Molecular Biology, and Pharmacology, Univ. of 
Nebraska Col. of Med., Omaha, NE 68198. and of Med. Biochemistry, 
Southern Illinois University Carbondale, IL 62901.

We provide evidence for a stable interaction between neurofilament 
proteins (NFs) and actin. This interaction was determined by 1) a 
chemical cross-linking reaction 2) NF binding to a G-actin affinity 
column and 3) immumx'ytochemistry of NFs in dopaminergic neurons in 
culture after the addition of cytochalasin B, a cytoskeleton disrupting 
agent. NFs and actin was covalently coupled by disuccinimidyl suberate 
(DSS), a cross-linking agent. DSS cross-linked both G-actin and F-actin 
to NFs, but the cross-linking was more extensive with G-actin. Of the 
three NF subunits, the light subunit (NF-L) was more extensively cross- 
linked to G-actin than the medium (NF-M) or the heavy (NF-H) 
subunits. NFs bound to G-actin affinity columns and were eluted w ith 
increasing salt concentrations. The NF-H and NF-M eluted at lower salt 
concentrations than the NF-L, suggesting that the NF-L. had the highest 
affinity forG-actin. NFs showed little or no binding to F-actin affinity 
columns.Cytochalasin B, a cytoskeleton disrupting agent that interrupts 
actin-based microfilaments, caused aggregation of NFs in mesencephalic 
neuronsin culture. Phosphorylation of NFs by protein kinase C produced 
a marked reduction of cross-linking to G-actin. The interaction between 
NFs and actin, which is regulated by neurofilament phosphorylation, 
may play a role in maintaining neuronal structure and function.

2 7 .6

BRAIN SPECTRIN BINDS THE GROWTH-ASSOCIATED PROTEIN Fl
B.M. Riederer*, and A. Routtenberg, Institut d'Anatomie*, Université de 
Lausanne, Rue du Bugnon 9, 1005 Lausanne, Sw itzerland, and 
Northwestern University, Cresap Neurosci. Lab, 2021 Sheridan Rd. 
Evanston, IL 60208.

It is speculated that function of Fl (= GAP-43, pp46, P57, neuromodulin 
and B-50) involves the neuronal cytoskeleton. We demonstrate here by 
different assays, that immobilized brain spectrin (fodrin) has the 
ability to bind Fl. Cytoskeletal proteins were separated by SDS-PAGE 
and transferred to nitrocellulose. In a blot overlay, purified and 
biotinylated Fl bound to both subunits of brain spectrin (fodrin). In a 
sedim entation assay purified brain spectrin was bound to CNBr- 
Sepharose and used to pellet biotinylated Fl to confirm the association 
of Fl and spectrin. The purified Fl contained traces of synapsin I (less 
than 5%), which in the assays may contribute to the Fl-brain spectrin 
binding. Immunohistochemical observations suggest that some co-
localization of brain spectrin and Fl may exist in situ. Brain spectrin is 
part of a proteinaceous meshwork underlying the cytoplasmic surface of 
the plasma membrane and may link Fl to the membrane-associated 
cytoskeleton, and mediate an actin- interaction with membranes. Such 
binding may be especially important in growth cones and adult synapses. 
Given the presynaptic locus for Fl /GAP-43, the present results suggest 
that the axonal spectrin form, SpIIΣl, may be involved in presynaptic 
mechanisms. Supported by Swiss NSF grant 31-33447.92 and USPHS 
grant MH25281-21.

2 7 .8

S E R U M  IgM  A U T O A N T IB O D IE S  T O  N E R V E -S P E C IF IC  β - 
T U B U L IN  IN A P A T IE N T  W IT H  S E N S O R IM O T O R  P O L Y 
N E U R O P A T H Y . E.B. S tubbs, J r., M.A. Fisher, and G .J. S iegel*. 
Molecular and Cellular Neuroscience L,ab., Hines VA Hospital and 
Loyola University Chicago, Maywood, IL 60153.

Inflammatory painful neuropathy may be considered an autoimmune 
disorder. Although inflammatory neuropathies with mostly motor 
dysfunction (CIDP) recently have been associated with anti β-tubulin 
antibodies, no neural-specific antigen has been identified as a single 
immune target in sensorimotor neuropathies. A 57 y/o male with a 
history of chronic painful feet and distal loss of predominantly sensory 
nerve function in his lower limbs is described. A suial nerve biopsy 
demonstrated demyelination with perivascular and endoneurial 
lymphocytic infiltration. Western immunoblot analysis of the patient's 
serum revealed the presence of IgM antibodies which react selectively 
with a single band of proteins of ~55 kDa mass in homogenates of rat 
brain, sciatic nerve, and human cerebral gray and white matter. The 
patient’s serum did not react with proteins in homogenates of non-neural 
tissue. Control sera from three healthy volunteers did not react with 
proteins in any of the tissue homogenates. The patient's serum reacts 
with soluble and membrane-associated 55 kDa proteins in rat brain, 
among which β-tubulin is identified as a quantitatively major component. 
A monoclonal antibody to nerve-specific class (III) β-tubulin precisely 
duplicated the immunoreactive profile of the patient’s serum while an 
antibody to class (I + II) β-tubulins reacts also with antigens in non- 
neural tissue. This case study indicates that IgM autoantibodies reactive 
with class (III) β-tubulin may be associated with chronic inflammatory 
painful sensorimotor polyneuropathy.
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NEURONAL LOCALIZATION OF THE CYCLOPHILIN A PROTEIN IN 
THE ADULT RAT BRAIN. Finn M. G öldner and Jam es W. Patrick*. Divi
sion of Neuroscience, Baylor College of M edicine, H ouston, TX 77030.

Cyclophilin A is a small, soluble protein which b inds the im m unosup
pressive drug, cyclosporin A. Cyclophilin A is a peptidyl-pro ly l isom erase 
and is widely expressed in a m ultitude of tissues b u t present in highest con
centration in brain. A role for this protein in the m aturation  and  folding of 
neuron-specific m em brane proteins has been hypothesized. Im m unohis- 
tochemical staining for cyclophilin A w ith an affinity purified antibody was 
used to ask w hether cyclophilin A is present in neurons and w hether there 
is variation in the level of expression w ith respect to brain  regions and cell 
types. The specificity of the antibody used  was dem onstrated  by w estern 
blot analysis and cyclosporin affinity purification. Im m unohistochem ical 
staining of sections of adult rat brain  show ed labelled neurons throughout 
the neuraxis. The intensity of the im m unostaining observed w as roughly 
equivalent to neuronal cell density and was restricted to grey matter. On a 
cellular level, staining was present in cytosol and  nuclei and  extended into 
neuronal processes. Fluorescent double labelling experim ents on hippoc
am pal cell cultures revealed that all cells that w ere labelled w ith  the cyclo
philin A antibody also show ed staining for the neuron  specific m arker 
MAP-2 and could therefore be identified as neurons. Im m unoreativity  in 
these neurons is present in punctate, spine-like structures along dendrites. 
Cyclophilin A im m unoreactivity was undetectable in GFAP-positive cells. 
The pattern of cyclophilin A expression is consistent w ith  a role of cyclo
philin A in neuronal protein m aturation  and folding in vivo.

2 8 .3

DISRUPTION OF MEMBRANE TRAFFICKING IN PC12 CELLS BY 
WORTMANNIN. AN INHIBITOR OF PHOSPHOINOSITIDE 3-KINASES. L 
Bladcr1. A. Theibert*1, E. Ph illip s1. L. Hammonds-Odie1, and T. Jackson2 
1Neurobiology Research Ctr. & Dept. Cell Biology, Univ. of Alabama at 
Birmingham, Birmingham AL 35294, and 2Babraham Institute Lab. of Molecular 
Signalling, Department of Zoology, Cambridge CB2 3EJ. UK.

NGF stimulation of PC12 cells drives alterations in biochemical and gene 
regulatory events which lead to the progressive acquisition of a sympathetic neuron 
like phenotype. A striking aspect of the NGF response is a morphological 
differentiation in which cells extend long processes, termed neurites. Extension of 
neurites requires the regulated insertion of new lipid and protein components into 
the plasma membrane. Numerous signalling molecules, including ras, src, raf and 
MAP-kinase, have been implicated in the control of differentiation by NGF. We 
have previously shown that inhibition of a phosphoinositide 3-kinase by 
wortmannin addition or overexpression of a dominant negative mutant regulatory 
subunit of P1 3-kinase prevents neurite outgrowth in response to NGF. We report 
here that treatment of PC12 cells with l 00nM wortmannin leads to a rapid 
accumulation of large (several micrometers in diameter) membrane bounded 
vacuoles. Vacuole accumulation is stimulated by NGF, suggesting that these 
structures are derived from receptor regulated membrane trafficking processes. 
Though reminiscent of macro-pinocytotic vesicles observed in growth factor 
stimulated fibroblasts, wortmannin pretreated PC12 cells do not accumulate lucifer 
yellow, a fluid phase pinocytosis marker, into these vacuoles. Indeed. confocal 
fluorescence microscopy of lucifer yellow uptake in PC12 cells indicates that 
wortmannin treatment abolishes endocytosis. However, fluid phase endocytosis 
markers applied prior to wortmannin treatment accumulate in these vacuoles, as do 
markers of endosomal vesicle trafficking. Our results suggest that a product of a 
wortmannin sensitive phosphoinositide 3-kinase is necessary for cycling of 
membrane components between posl-endosomal sorting compartments and the 
plasma membrane. Moreover. stimulation of this process may be an essential event 
in NGF-stimulated neurite outgrowth.

2 8 .5

THE CAT-307 PROTEIN FRACTIONATES WITH CELL COMPONENTS 
INVOLVED IN PROTEIN TRAFFICKING IN THE DEVELOPING VISUAL 
CORTEX. PC . Kind*, H. Fryer, and S. Hockfield. Sect. Neurobiol., Yale Univ. Sch. 
of Med., New Haven, CT 06510.

Monoclonal antibody Cat-307 identifies a 165kd protein present in the cat and ferret 
visual cortex during the first 5 weeks of life but not present in the adult (Cerebral 
Cortex 4:361). EM immunohistochemistry shows that the Cat-307 protein localizes to 
a previously undescribed neuronal organelle (Spot) that is located between the Golgi 
apparatus and endoplasmic reticulum (ER). The Spot organelle is comprised of small 
vesicular profiles, suggesting a role in protein transport between the ER and Golgi 
during the major period of cortical remodeling. To further understand the function of the 
Cat-307 protein, we compared the Cat-307 protein to a group of proteins (the 
coatomer, or COP proteins) that coat transport vesicles between the ER and Golgi.

The Cat-307 protein co-fractionates with COP proteins, however three properties of 
the protein indicate that it is not identical to previously reported COP proteins. First, 
the Cat-307 protein is immunologically distinct from several of the known COP 
proteins, including Sec 31 p, Sec 23p, beta-COP, and alpha-COP. Second, unlike the 
Cat-307 protein, the COP proteins are not regulated differentially between 5 weeks and 
adulthood in the visual cortex. And third, the Cat-307 protein has only been detected in 
brain; the COP proteins are enriched in brain, but are expressed in all tissue types.

To determine whether Cat-307 has an association with microsomal membranes 
similar to that described for the COP proteins, we used differential centrifugation 
followed by floatation on a step sucrose gradient to purify microsomes and associated 
proteins. The Cat-307 protein fractionates with microsomes, in a manner identical to 
the COP proteins. Pretreatment of the microsomes with Triton X -100 to disrupt 
membranes prevents the Cat-307 and COP proteins from floating in the sucrose 
gradient, indicating that the Cat-307 protein is associated with membranes.

Together these data indicate that the Cat-307 protein is similar, but not identical, to 
the COP proteins. They further support our hypothesis that the Cat-307 protein and 
the Spot organelle are involved in protein trafficking in developing cortical neurons. 
Supported by EY06511(SH) and EY06606(PK).

2 8 .2

MECHANISMS OF MAINTAINING DIFFERENTIAL MEMBRANE 
TOPOGRAPHY IN HIPPOCAMPAL NEURONS IN CULTURE 
B. Winckler* and M.-m. Poo. Dept. Biol. Sciences, Columbia University, New 
York, NY 10027

The maintenance of distinct axonal and somatodendritic compartments that 
differ in protein composition ensures the correct structural and functional polarity 
of the neuron. Cultured hippocampal pyramidal neurons were used as a model 
system to study the mechanisms for maintaining the differential topography of 
membrane proteins. Kabayashi et al. (Nature 359:647, 1992) proposed that a lipid 
diffusion barrier exists at the axon hillock, analogous to the tight junction in 
epithelial cells. This barrier might serve to maintain differential protein 
topography. Using a local perfusion method, we labeled a short segment of the 
axon or of a dendrite with the fluorescent lipid DiI(C)12 and followed the lipid 
diffusion over time using fluorescence imaging techniques. The fluorescent lipid 
was found to readily diffuse across the axon hillock from axon to soma and vice 
versa in neurons cultured for up to two weeks, suggesting no barrier for lipid 
diffusion. Immunocytochemical staining of MAP2 confirmed that these dil-labeled 
neurons had maintained distinct axonal and somatodendritic compartments. 
Fluorescence polarization measurements also confirmed that the fluorescent lipid 
had incorporated into the plasma membrane in a proper orientation and resided 
within the plasmalemma over the duration of these experiments. The differential 
axonal vs. somatodendritic protein distribution may result from (1) a barrier of 
diffusion for only proteins at the axon hillock, (2) immobilization of proteins after 
selective local insertion of the protein, and (3) a steady-state distribution of mobile 
proteins by selective insertion and removal at axonal vs somatodendritic regions. 
These possibilities are examined by measuring membrane protein mobility and 
redistribution, using in situ electrophoresis and photobleaching of fluorescently- 
tagged membrane proteins.

2 8 .4

POTASSIUM  ION CHANNELS ON THE MOVE: A CHARACTERIZATIO N  
O F SQ U ID  AXO PLA SM IC VESICLES W HICH CO NTAIN ION CHANNELS
A M. Kuzirian. V. Kowtha.*and J.R. Clay. Marine Biology Lab, Woods Hole, 
MA 02543; Naval Research Lab, Washington, DC 20375; and NINDS, NIH, 
Bethesda, MD 20892.

Previous work has demonstrated that squid axoplasm contains potassium 
(lK) and sodium (lNa) ion channels, probably in axoplasmic organelles, and 

that these channels are very much like lK and lNa in the axonal membrane 

itself, based on recordings in lipid bilayers (Wonderlin and French, PNAS. 88: 
4341, 1991). W e have attempted to determine channel origin by fractionating 
squid axoplasmic organelles with a control pore size glass bead column 
(300 nm pores). This approach was motivated by the observations by Miller 
and Lasek fJ. Cell Biol.. 101:2185,1985) of a size difference between 
anterograde and retrograde organelles. Standard SDS-PAGE analysis 
(Coomassie blue) of the resulting fractions does suggest two populations of 
objects having distinct differences in protein content. Most of the protein 
corresponds to smaller organelles (later fractions from the column), which are 
~ 50 to 120 nm in diameter based on electron microscopy (thin sections) of 
pellets obtained from the various fractions. The (earlier) fractions with 
relatively litte protein contained a smaller number of larger organelles (~250  
nm). An immunoblot of this preparation with the kinesin H2 antibody (Brady, 
Bloom, and Pfizer, PNAS. 87:1061, 1990) exhibited a 116 kD band in the 
fractions containing the smaller organelles. Incorporation of the smaller 
organelles in lipid bilayers revealed a delayed rectifier K+ channel very much 
like the axonal K+ channel. Surprisingly,an immunoblot with a K+ channel 
antibody (Trimmer, PNAS. 88:10764, 1991) exhibited a 65 kD band in the 
fractions containing the larger organelles but not with the fractions which 
expressed a K+ channel in bilayer recordings. These results suggest 
differences in K+ channel content from axoplasmic organelles of differing size

2 8 .6

CY TO PLASM IC D YN EIN  IS TRA N SPO RTED  PRIM A RILY  W ITH 
SLOW  CO M PO NENT b IN  RA T RETINA L G A N G LIO N  CELLS. J.
F. D illman. L. P. D abncy and K. K. Pfister*. D ept of Cell Biology, 
School of M edicine, U niversity of Virginia, Charlottesville, VA 22908.

The microtubule-based mechanochemical enzym e cytoplasmic dynein 
has been im plicated in the retrograde m ovem ent o f m embranous 
organelles during axonal transport. Previous im munocytochemical data 
suggested that cytoplasmic dynein is m oved via the fast com ponent (FC) 
of anterograde axonal transport to the synapse, w here it can then 
function as the m otor for retrograde tran spo rt U sing the rat optic nerve 
axonal transport system, we analyzed the axonal transport of cytoplasmic 
dynein in more detail by determ ining the rate com ponents with which it 
associates during anterograde transport. A pproxim ately 15% of the 
anterogradely moving dynein is associated with FC. Nearly 80% of the 
dynein is associated w ith slow com ponent b (SCb). The rem ainder 
( ≤5%) is m ost likely the trailing edge of the SCb wave, though it may 
also be associated with slow com ponent a (SCa). FC is com posed of 
membranous organelles and their associated proteins. SCb is thought to 
be prim arily proteins which com prise microfilaments and the cytomatrix. 
These results indicate that the bulk of cytoplasmic dynein traveling with 
anterograde transport is not m em brane bound, but rather associated with 
the cytomatrix. The biochem ical properties o f the two pools of dynein 
traveling along the axon w ith anterograde axonal transport is under 
investigation. (Supported by a grant from  NIND S to KKP)
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KINESIN MOTORS IN NEURAL DEVELOPMENT OF C. ELEGANS.
S. S. Siddiqui* & Z. K. Siddlqui. Laboratory of Molecular 
Biology, Dept. of Ecological Engineering, Toyohashi Univ. 
of Technology, Toyohashi 441, Japan

Kinesin motor proteins function as microtubule based 
ATPase and mediate vesicular transport in eukaryotic cells. 
Here we report interactions of three genes (osm-3, unc-104 
and unc-116) encoding different members of the kinesin 
protein family in the nematode Caenorhabditis elegans.The 
osm-3 gene is a homologue of mouse KIF3, and expresses in 
a set of 26 chemosensory neurons that are open to the out
side environment (Shakir et al. 1993a, Tabish et al., 1995) 
Mutants in osm-3 are defective in osmotic avoidance, chemo 
taxis, dauer formation behaviors, and have truncated cilia 
in the amphid sensilla (Perkins et al., 1986). The unc-104 
encodes a novel KLP (Otsuka et al., 1991) mediates axonal 
transport in motor neurons (Hall & Hedgecock, 1991). The 
unc-116 gene encodes kinesin heavy chain, mediating both 
embryonic and post-embryonic development of £. elegans 
(Patel et al., 1993; our unpublished data). We have made 
double mutants from various alleles of these three genes 
and examined cellular and behavioral defects in the mani
pulated animals. Our data show that the three kinesin genes 
have both distinct and overlapping functions in the develo
pment and function of chemosensory, motor and touch neurons 
in C. elegans. Supported by Ministry of Education, Science 
& Culture, Okawa Instt. Of Informatio & Telecommunication, 
and NEC Corpn. of Japan.
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DENDRITIC ORGANELLE TRAFFIC IN CULTURED HIPPOCAMPAL 
NEURONS. M. Martinic1* , C.H. Martenson2, G.A. Banker1, and 
M .P.Sheetz2. 1Dept. Neuroscience, Univ. Virginia School of Med., 
Charlottesville, VA 2 2 9 08 ; 2Dept. Cell Biol., Duke Univ. Med. Center, 
Durham, NC 2 7 7 1 0 .

Axonal transport occurs by movement along microtubules, mediated by 
the molecular motors kinesin and dynein. It has been suggested that 
organelle transport in dendrites may differ from axonal transport due to the 
presence of bidirectionally oriented microtubules. Using high resolution DIC 
microscopy, we have attempted to visualize organelle transport in dendrites 
of 7 day-old hippocampal neurons in culture. Mean anterograde transport 
rates in dendrites and axons were similar, at 3 .3 7 ± 2 .1 5  μm/sec 
(mean± SD) and 4 .5 0 ± 2 .8 3  pm/sec, respectively. Retrograde movement 
was also similar, with dendritic rates of 3 .4 2 ± 2.10 μ m/sec, and axonal 
rates of 3 .3 9  ±-1.94 μ m/sec. Organelles in both types of processes varied 
with respect to size, ranging from approximately 80  to > 2 0 0 n m  in 
diameter; the large organelles typically moved more slowly. Transport 
frequencies were calculated for both types of processes. The ratio of 
retrograde /  anterograde frequency in dendrites was determined to be
1 .01 ± 0 .2 2 , while the ratio in axons was 1 .0 0 ± 0 .2 7 . Transport was 
microtubule-based in both axons and dendrites, as treatment with 
nocodazole significantly reduced frequencies in both directions, while 
remaining unaffected by treatm ent w ith cytochalasin D. Finally, we 
examined the effects of vanadate, which selectively inhibits the minus-end 
directed motor cytoplasmic dynein, on dendritic and axonal traffic. 
Vanadate significantly reduced the ratio of retrograde / anterograde 
transport in axons to 0 .3 3 ± 0 .1 1 (P < 0 .0 0 1 ), while the ratio in dendrites 
was reduced to only 0 .7 4  ±  0 .2 3 . By contrast, vanadate treatment of 2 
day-old neurons in which the orientation of dendritic microtubules is still 
unidirectional reduced the ratio of dendritic transport frequencies to 
0 .4 4 ± 0 .0 7 . The differences in the effects of vanadate treatment suggest 
that the mixed polarity of microtubules in mature dendrites allows for both 
plus-end and minus-end directed motors to mediate organelle transport in 
both directions. Supported by N/H grants NS17112, T32HD07323, 
IF32NS09342, and RR08098.
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THE PRESYN A PTIC PROTEIN SAP97 IS RECRU ITED  TO CELL-
CELL CO N TA CT SITES IN EPITH ELIA L CELLS. S .R euver*, W.
J.C hung. S .K uhlendah l, and C .C .G arner. N eurobio logy Research 
C en ter/D epartm en t o f Cell B io logy, U niversity  o f A labam a at 
Birmingham, Birmingham, Alabama 35294.

Synapses are highly specialized sites of cell-cell contact involved in 
signal transfer. The synapse associated protein. SAP97, is a member of 
the M AG U K  fam ily  o f m em brane associa ted  guany late  kinase 
hom ologous proteins, including SAP90, the le th a l(l)  d iscs-la rg e-1 
(dlgA) tum or suppressor gene product, the zonula occludens proteins 
ZO-1 and Z O -2, and the ery th ro cy te  p ro te in  p55. In the rat 
hippocam pus, SAP97 is localized to the presynaptic nerve termini of 
excitatory synapses. In o ther brain regions, it is found in and along 
bundles o f unm yelinated axons. SAP97 is also present at the lateral 
membranes between epithelial cells.

U tilizing a m onoclonal antibody to SAP97, we have exam ined its 
recruitm ent to the m em brane in PC12 cells and epithelial cells (caco2). 
In these cells, SAP97 is restricted to the cytoplasm ic surface o f the 
plasm a m em brane between adjacent cells. SAP97 is part of the actin 
cortical cytoskeleton at cell-cell contact sites and not restricted to tight 
junctions. A lthough its staining pattern is sim ilar to that of the C a2+ 
dependent adhesion m olecule E-Cadherin, application of EGTA and 
Ca2+ switch experiments did not significantly affect SAP97 distribution. 
These results suggest that the recru itm ent o f SAP97 to the cortical 
membrane cytoskeleton is not regulated by Ca2+.

2 8 .8

CO-LOCALIZATION OF ROTAVIRUS WITH ENDOPLASMIC RETICULUM 
AND GOLGI ASSOCIATED PROTEINS IN CULTURED NEURONS 

Katarzyna Weclewicz1, Lennart Svensson2, Patna Fagerstedt*3, Krister Kristensson1
Division for Neurodegenerative Disease Research, 3Nobel Institute for Neuro

physiology, Department of Neuroscience, 2Department of Virology, Swedish 
Institute for Infectious Disease Control, Karolinska Institute, Stockholm, Sweden.

Polarized distribution of different endoplasmic reticulum (ER) and Golgi 
associated proteins in somato-dendritic and axonal domains in primary cultures of 
dorsal root ganglion (DRG) and hippocampal neurons was studied by 
immunofluorescence in con focal microscopy. The endogenous ER-retained proteins, 
BiP (glucose regulated protein 78) and PDI (protein disulfide isomerase), appeared 
in cell soma and in dendrites to their first division, but not in axons. The ER- 
retaining amino acid sequence, KDEL, of these proteins showed a similar 
distribution. Preliminary observations pointed out that inter-compartment (ER -cis- 
Golgi) proteins ERGIC 53 and p63 extend beyond the first division in dendrites and 
the two Golgi markers, mannosidase-II and 1,4β-galactosidase show different 
localizations in cytoplasm. In addition, the small rab2 (ras2) GTP-protein (retro 
Golgi- ER) appeared clearly in cell bodies and dendrites, often beyond their first 
division, in hippocampal neurons while in DRG neurons the protein unexpectedly 
extended distinctly into axons. In non-neuronal cells there was rather weak immuno- 
reaction for ER proteins (chaperons and compartment ones) except for the KDEL 
sequence alone which appeared clearly in those cells.

The distribution of these proteins was compared with the appearance of the ER- 
associated rotavirus proteins vp7 and ns28 which in neurons may by-pass the Golgi 
apparatus extending also into axons and be retained in the soma, respectively.The 
observation suggests a heterogenicity in retention signals for ER-retained proteins 
in neurons and that consequently the contents of proteins in the so-called agranular 
axonal endoplasmic reticulum can differ from that in the perikaryon.

2 8 .1 0

mRNA IS LOCALIZED NEAR POST-SYNAPTIC SITES IN 
HIPPOCAMPAL DENDRITES. M. E. Martone*. Y. Zhang and M. H.
Ellisman. Dept. of Neurosciences and San Diego Microscopy and Imaging Resource, Univ. 
California San Diego, CA 92093-0608.

Increasing evidence suggests that certain mRNAs are selectively targeted to 
dendrites where they may participate in local protein synthesis at sites far removed 
from the cell soma. However, information on the subcellular localization of mRNA 
within dendrites has been difficult to obtain due to the lack of sensitive high resolution 
in situ hybridization methods. Using a pre-embedding in situ hybridization technique 
employing a sensitive multistep detection method (McQuaid and Allan, J. Histochem, 
Cytochem. 4: 569, 1992), we localized poly(A)-containing mRNA within the rat 
hippocampus at the light and electron microscopic level. Vibratome sections of 
hippocampus were incubated with a biotinylated 50mer poly dT oligo probe. The 3- 
step detection procedure involved application of an anti-biotin primary antibody 
followed by a biotinylated anti-mouse secondary antibody and finally streptavidin 
complexed to either FITC, eosin or peroxidase. Eosin-labeled sections were used for 
photoconversion as described previously (Deerinck et al., J. Cell Biol.. 126: 901, 
1994). The photoconvcrted and peroxidase-labeled material were prepared for either 
conventional or intermediate high voltage electron microscopy. Light microscopic 
examination of FITC-labeled sections revealed that mRNA was present in the nucleus, 
soma and apical dendrites of CA1 pyramidal neurons. Little labeling was seen in no 
probe and sense controls or in RNAse treated sections. At the EM level, label was 
closely associated with the rough endoplasmic reticulum in the cell soma and proximal 
dendrites but was not seen within the Golgi apparatus. Due to the excellent structural 
preservation, numerous small labeled profiles within the stratum radiatum/lacunosum 
could also be identified. Some of these profiles appeared to be glial processes while 
others were clearly post-synaptic, including several examples of labeled dendritic 
spines. No labeling was seen within pre-synaptic boutons. These results suggest that 
mRNA molecules are present in the vicinity of synaptic sites and provide further 
evidence that local control of protein synthesis could provide a means of regulating 
synaptic plasticity.

28 .1 2

IN VIVO TURNOVER OF SYNAPTIC AND CYTOSKELETAL PROTEINS RAPIDLY 
TRANSPORTED TO ADULT CNS NERVE TERMINALS. A.W. Lvckman*1, A.M.
Confa lon i2. G. Thinakaran3 , S.S. Sisodia3 , L .  DiG igamberardino4 and K .L .
M ova5.INSERM U334 & CNRS URA1285, SHFJ-CEA, 4 place du Gené ral 
Leclerc, 91401 Orsay, France; 1st. Sup. San., Roma, Italia; Johns Hopkins Univ. 
Sch. Med., Neuropath. Lab., Baltimore, MD 21205.

We analyzed the metabolic turnover of proteins newly synthesized in retina 
and rapidly transported to retinal ganglion cell axon terminals in the superior 
colliculus (SC) of adult hamster. 4-72h after intraoccular injection of 35s- 
met/cys, contralateral SCs were dissected out. Proteins from individual animals 
were separated by 2D-gel electrophoresis. 35s-|abeled proteins were quantified 
by phosphor-imaging and identified by 2D western transfers.

We found four general kinetic patterns for 35s-|abeled proteins: 1. Rapid 
accumulation and turnover - proteins, e.g , the 110kD/120kD amyloid precursor 
proteins (APPs) and the 100kD/140kD amyloid precursor-like proteins (APLP2s), 
peak at <4h and are removed with a half-life of 4h 2. Stable - proteins, e.g., 
NCAM, show no changes over 4-72h 3. Delayed accumulation, slower
turnover - proteins, e.g., SNAP-25 and polypeptides of 23, 55, & 67kD, peak at 
12h, and are removed with a half-life of 12h 4. Delayed accumulation -
proteins, e g., actin, tubulin, a calmodulin-like protein and a 35kD-polypeptide, 
peak at 24h or later and show no net removal before 72h.

These turnover patterns have salient functional implications for these axonal 
and/or synaptic proteins in the maintenance of a mature synaptic circuit in vivo. 
The extremely rapid turnover of the APPs and APLP2s suggests that the cellular 
processes they are involved in may be critically sensitive to perturbation of their 
synthesis, transport and/or metabolism. The delayed accumulation of the 35kD- 
polypeptide may result from the rapid turnover of another protein. The 
appearance of actin and tubulin before 72h, well ahead of slow axonal transport 
in this system, suggests that some actin and tubulin arrives at rates traditionally 
associated with fast axonal transport.

Support CEA (1), CEE (2), NIH & Adler Foundation (3), INSERM (4) and 
CNRS (5). Many thanks to Dr. Thomas Zemb and Fré dé ric Né  (DRECAM/SCM- 
CEA) for use of the Phosphorlmager.
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SNAP-25 AND SYNTAXIN 1; AXONAL T R A N SPO R T AND 
M EM BRANE ASSOCIATIONS IN RAT PNS. Jia-Yi, Li*, Reinhard 
Jahn§ and Annica B. Dahlström Dept. of Anat & Cell Biol. Göteborg 
University, S-413 90 Göteborg, Sweden,. § Dept. of Pharm., Yale Univ. 
Sch. of Med., New Haven, CT 06536, USA
Regulated Ca2+-dcpentent release of transmitters from synaptic vesicles 
is an important characteristic of chemical neurotransmission. SNAP-25, 
syntaxin 1 and synaptobrevins have been proposed to be the key 
players during the release processes. We have investigated the distribu
tion and axonal transport o f these proteins in rat PNS using a stop-flow 
(crush) technique. In crushed sciatic nerves, distinct SNAP-25 and syn
taxin 1 immunorcactivities were detected as early as 1 h after operation. 
The accumulated amounts increased on the proximal side with time 
after crushing. Distal accum ulations o f SNAP-25, representing 
recycling to the cell body, was <10 % of the proximal accumulations, 
but 40% for syntaxin-1, 50% for synaptobrevin II and 70% for synap- 
tophysin. Immuno-EM demonstrated that SNAP-25 and syntaxin 1 
were present over vesicle membrane profiles in axons proximal to the 
crush. Distal to the crush only a few gold particles, labelling syntaxin-1, 
could be found, but no SNAP-25. Both proteins were concentrated 
around small synaptic vesicles in nerve terminals of the spinal cord. 
However, surprisingly, only very few gold particles could be observed 
near the presynaptic membrane or the active zones. The results indicte 
that SNAP-25 and syntaxin 1 are trans-ported with fast axonal trans
port, and that SNAP-25 was poorly recycled as compared with the 
trans-membrane vesicle proteins and syntaxin 1. The association of 
SNAP-25 and syntaxin 1 with membrane profiles in axons and with 
synaptic vesicles in nerve terminals, indicate that the two proteins were 
not only present in the presynaptic membrane, as shown earlier, but 
also retrieved back to cycling synaptic vesicles.

2 8 .1 4

DIFFERENT ISOFORMS OF SYNAPTOTAGMIN-I EXIST IN BOVINE 
ADRENAL CHROMAFFIN CELLS J.X Tao. M L. Howell. R.Y.K. Pun*, 
D.F Cutler# and G.E. Dean College of Medicine, Univ. of Cincinnati, 
Cincinnati, OH, # M.R.C. Institute for Cell Biology, London, U K.

Synaptotagmin I (P65) is a vesicular protein that is believed to serve a vital 
role in the process of stimulus-secretion coupling. This hypothesis is supported 
by recent transgenic animal studies demonstrating that deletion of P65 results 
in a reduction in the evoked release of neurotransmitters. By screening a bovine 
adrenal medulla cDNA library, we have established that synaptotagmin I is 
present both in long (P65-1A) and short (P65-IB) forms These isoforms are 
predicted to have the same structure in the lumenal (or extracellular) and trans-
membrane domains, but differ in their cytosolic C-terminal regions. Subcellular 
fractions of adrenal medulla blotted with isoform-specific antisera show that 
P65-IA co-localizes with the chromaffin granule marker chromograninA, 
whereas P65-IB co-localizes with the synaptic vesicle marker synaptophvsin. 
Our findings indicate that these two proteins are directed to two very different 
regulated secretory organelles.

We have developed an algorithm that uses the current components of a 
sinusoidal wave to calculate the membrane resistance and the membrane 
capacitance of a cell. This method permits us to study agonist-induced 
capacitance changes without the complications associated with the phase-
tracking technique. Carbachol-induced capacitance increase was significantly 
reduced by microinjection of an antibody that recognizes both isoforms. To 
determine whether the two isoforms have similar physiological functions, we 
are examining the effects on. exocytotic release of affinity-purified antibodies 
directed against the C-termini of the two different isoforms.

GENE STRUCTURE AND FUNCTION I
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BASAL EXPRESSIO N  OF 35 kDa FOS-RELATED 
ANTIGEN IN OLFACTORY BULB. K.R. Pennvnacker*, 
D. E. Lennard, P. M. H udson. J. S. H ong, and M. K . 
McMillian. Univ. of S. Florida D ept. of Pharmacology 
Tampa, FL 33543 and LEN/NIEHS RTP, NC 27709.

Recently, there have been a number of reports showing a 
long-term increased expression of fos-related antigens 
(fra), molecular weight of 35 kDa, after brain injury or 
chronic treatment o f rats with various drugs. We report 
elevated basal levels of this transcription factor in the 
olfactory bulb relative to other brain regions. The 
expression of this protein is further enhanced in the 
olfactory bulb as long as 3 months after a single injection 
of kainate. an effect similar to that we previously observed 
in the hippocampus. The AP-1 DNA binding activity in 
olfactory bulb from kainate-treated rats contains fra and jun 
immunoreactivity suggesting that the 35 kDa fra dimerizes 
with jun protein, probably junD , to bind to AP-1 sites. 
Elevated basal levels of this transcription factor in the 
olfactory bulb appear to be related to the constant 
reinnervation and synaptogenesis w hich occurs in this 
brain region. The 35 kDa fra may be involved in long-
term genomic program changes required to adapt to an 
altered biochemical environment.

2 9 .3

Mo l e c u l a r  C h a r a c t e r i z a t i o n  o f  G e n e s  D e r i v e d  
f r o m  M o n k e y  l g n  c D N A  L i b r a r y
L. K aczm arek* , B. K am inska, S. Larocquc , and A. Chaudhuri 
Departm ent o f Psychology, M cGill University, M ontreal, Canada

To gain further insight into patterns of gene expression that may guide 
the selective operation of different neural substrates that are involved in 
visual processing, it has become necessary to initiate strategies to identify 
messages that may be differentially expressed. Recently, Chaudhuri et al. 
(Neurosci. Abstr., 1993) have reported on the construction of a cDNA library 
that was obtained through subtractive cloning of mRNAs expressed in the 
magnocellular compartment of the lateral geniculate nucleus (LGN) in the 
vervet monkey. W e have isolated 3 individual clones from this library and 
characterized them with respect to nucleotide sequence and distribution 
profile. Using in situ hybridization histochemistry, we have examined both 
the constitutive and activity-driven patterns of expression in the LGN and 
primary visual cortex. Clone M54 (600 bp) hybridized to a 1.6 kb mRNA and 
was found to code for mitochondrial cytochrome B (cytB). W e have 
observed significant expression of this gene in all layers of the LGN and in 
layers 2/3, 4, and 6 of striate cortex. Monocular visual deprivation had a 
striking effect upon the expression of cytB. After three days of monocular 
exposure, a discernible pattern of ocular dominance columns became 
evident in striate cortex as a result of down-regulation of cytB in those 
columns that represented the deprived eye. Clone M51 (1100 bp; 4 .5 kb 
mRNA) was also found to be expressed in primary visual cortex and LGN. 
Sequence analysis showed no homology with any currently known gene or 
protein sequences. Clone M 40 (1100  bp) hybridized to several mRNA  
bands of various lengths. Its sequence contained several Alu-like repeats 
and regions that are homologous to the human FMR-1 locus implicated in 
fragile X syndrome. Supported by grants from MRC (MA-12685) and NSERC 
(OGPOLSS482) to AC and HFSP (SF-280/93) to LK.

2 9 .2

THE AM INO ACID SEQUENCES OF H U M A N  RETINA A N D  LIVER 
M ON OA M INE OXIDASE (MAO) A ARE IDENTICAL. K. Chen* and J.
C .S h ih . D ep t. of M ol. Pharm . and  Tox., Sch. of Pharm acy, Univ. of 
Southern California, 1985 Zonal Ave., Los Angeles, CA 90033 

It has been show n that dopam ine  was im p o rtan t in the v isual system. 
H ow ever, the m etabolism  of dopam ine in hum an  retina w as unclear. This 
s tudy described the cloning of M AO in hu m an  retina. T hrough RT-PCR, 
the coding  region of M AO A w as am plified  by u sing  poly A + mRNA, 
ob tained  from  clontech. The fo rw ard  p rim er, a tggagaatcaagagaaggcg, 
and reverse prim er, tcaagaccgtggattagc, contained  ATG and TGA codons 
respectively . The PCR p ro d u cts  w ere  c loned  an d  verified  by both  
restriction m app ing  and sequencing. The sequence data was identical to 
the hum an liver M AO A except in one out of seven clones w here there was 
an A to G base change in the Bam HI site. This change did not alter the 
am ino acid sequence, th u s  y ield ing  iden tica l hu m an  retina  and  liver 
M AO A. W hen th is  clone w as tra n s fo rm ed  in  yeast, dop am in e , 
phenylethylam ine, and 5-HT w ere show n to be substrates. The clorgyline 
inhibitory effects were m uch m ore sensitive than  depreny l w hen used on 
these three substra tes, w hich  w ere typically  observed  in M AO A This 
resu lt dem onstra ted  th at M AO A in h u m an  retina oxidized dopam ine 
(su p p o rted  by N IM H  g ran ts  R37 M H 39085 (MERIT A w ard), K 05  
M H00796 (R esearch  S c ien tist A w ard ), R01 M H37020 an d  W elin 
Professorsh ip)

2 9 .4

IDENTIFICATION OF A CANDIDATE GENE FOR FAT INGESTION 
AND BODY WEIGHT GAIN IN RATS BY mRNA DIFFERENTIAL 
DISPLAY. C. Tang* and S.F. Leibowitz. Rockefeller Univ., N.Y., 10021.

Animals as well as humans exhibit marked individual differences in their 
natural patterns of eating behavior and body weight gain. Studies in 
Sprague-Dawley rats, allowed to select from 3 macronutrient diets, have 
distinguished groups of animals that spontaneously consume high (>40%) 
versus low (<20%) amounts of fat. In addition to eating more fat, the 
“high-fat” eaters show significantly greater body fat and weight gain than 
their "low-fat" counterparts. A recently developed method, mRNA 
differential display, was used to screen the rat brain for candidate genes 
involved in eating behavior, particularly fat ingestion, and body fat 
deposition. Two sets of rats, high-fat (n = 52) and low-fat (n = 56) eaters, 
were examined. Their medial hypothalami were dissected, frozen in liquid 
nitrogen, and the RNAs isolated by RNAzol. cDNAs were made by reverse 
transcriptase using T10XYs. Twenty upstream 10-mers and 4 downstream 
oligo d(T)10)XYs were paired to amplify the cDNAs using 35S-dATP. The 
PCR products from high-fat and low-fat animals were displayed side-by-side 
on a 6% sequencing gel. Approximately 20 distinct bands were cut out, 
cloned and screened by solution hybridization/RNase protection assay. One 
partial cDNA, showing a 5-fold overexpression in the hypothalamus of a rat 
that preferred fat, was isolated, cloned into a TA vector and confirmed with 
RNase protection assay. This overexpressed sequence tag was used to screen 
a rat hypothalamus cDNA library. Through multiple screenings, a brain 
cDNA of 1.2 kb was identified and sequenced. It is being further analyzed 
for possible association with overeating of fat and higher body weight gain.

Society for Neuroscience, Volume 21, 1995
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THE HUMAN TRYPTOPHANE HYDROXYLASE GENE. S. 
Boularand, M C. Darmon, P. Ravassard, N. Faucon Biguel*, and J. Mallet, 
LGN UMR C9923, CNRS, E-91198-Gif-sur-Yvette, France.
Tryptophan hydroxylase (TPH) is the rate limiting enzyme in the synthesis 
of serotonin. The expression of TPH is restricted to the brainstem raphe 
nuclei and the pineal gland in the central nervous system and to the 
intestinal entero-chromaffin cells at the periphery. The cloning and 
analysis of human TPH cDNA as well as of its corresponding gene have 
revealed the existence of a peculiar diversity of TPH mRNAs which is 
restricted to the 5' untranslated region (5’-UTR). The multiple TPH 
mRNA species are transcribed from a single promoter which expression is 
regulated by a cAMP dependent factor. The TPH mRNA diversity 
resulted from the conservation of one or more intron-like regions in the 5’ 
leader sequence of the TPH mRNA and from the differential splicing of 3 
exons in the spliced TPH mRNA 5'-UTR. Two populations of TPH 
mRNAs have been also identified, the first one is abundant and possesses 
a long 5’ leader sequence whereas the second one is much rarer and is 
characterized by a spliced 5’-UTR. This diversity of the human TPH 
mRNA 5’-UTR may play a physiological role in the production of TPH 
enzyme by increasing the possibility of modulation of TPH gene expression 
at post-transcriptional and translational levels. The analysis of the 
functional consequences of this diversity in the 5’ leader sequence of TPH 
mRNA is in progress.

2 9 .7

MAP2a IS AN ALTERNATIVE SPLICED FORM OF MAP2H: 
SPATIAL AND TEMPORAL DISTRIBUTION IN DEVELOPING RAT 
BRAIN. W. J. Chung* and C. C. Gainer. Neurobiology Research 
Center, U niversity of Alabama at Birm ingham , Birm ingham , 
A1 35294.

MAP2 is a dendritic-ally localized microtubule associated 
protein that exists as several isoform s. A pparent m olecular 
sizes of high m olecular w eight isolorm s MAP2a and MAP2b 
are 288kD and 28!>kD respectively upon SDS-PAGE, and 70 kD 
for low m olecular weight isoform MAP2e. While MAP2c has 
been shown to arise via a single alternative splicing event. a 
m olecular explanation of whether MAP2a is also created by 
alternative splicing events or some other post translational 
m odification is not known.

In this study, we have used epitope mapping to demonstrate 
that sequences specific to M AP2a are situated in the N- 
tcrminal end of MAP2b. We have also isolated a cDNA clone 
from adult rat brain containing an additional 246 nucleotides 
situated in the N-terminal end of MAP2b. Antibody generated 
against the encoded peptide sequence recognizes only MAP2a 
of superna tan t in deve lop ing  rat brain . We have also 
examined the spatial and temporal expression of MAP2a in 
developing rat brain and show that it appears in dendrites of 
d ifferentiated  neurons after P10.

2 9 .9

S TR U C TU R E OF TH E RA T G LU TA M A TE RECEPTOR 
SU B U N IT  G EN E G R I K 5  A N D  T R A N S C R IP T IO N A L  
ANALYSIS OF ITS PRO M O TER REG IO N. M. M o ln c 1*, F. 
H u an g , S. S ch e re r a n d  V. G allo. la b .  C ell. Mol. N eu rophysio l., 
NICHD, NIH, B ethesda, MD 20892 .

GR1K5 e n c o d e s  th e  k a in a te -p re fe r r in g  g lu ta m a te  re c e p to r  
s u b u n it  KA2. We h av e  p re v io u s ly  sh o w n  th a t GRIK5 m aps to  
ra t ch ro m o so m e  1 a n d  h u m a n  c h ro m o so m e  1 9 q l3 .2  (S zp ire r 
e t ah , PNAS, 1994 , 9 1 :1 1 8 4 9 ) . Six in d e p e n d e n t ,  o v e rla p p in g  
c lo n e s  e n c o d in g  th e  c o m p le te  GRIK5 g e n e  w ere  iso la te d . 
P r e l im in a ry  r e s t r i c t i o n  a n a ly s is  r e v e a le d  th a t  th e  g en e  
s p a n s  5 0 -6 0  kb  o f  g en o m ic  DNA. P rev io u s  a n a ly s is  o f th e  
GRIK5 S' flan k in g  reg io n  d e m o n s tra te d  th a t  2 kb  o f u p s tre a m  
s e q u e n c e  w as n ec e ssa ry  a n d  su ff ic ien t fo r h ig h  level, tissue- 
sp ec ific  e x p re s s io n  o f CAT r e p o r t e r  g en e  c h im e ra s  in vitro 
(M olne a n d  G allo, Soc N eurosci. A bstr. 1994, 21 4 .2 ). We have 
e x te n d e d  th e se  s tu d ie s  by  d e m o n s tra tin g  tra n sc r ip tio n  o f th is 
c o n s tru c t  in  tr a n s f e c te d  p r im a ry  n e u ra l  t u b e /n e u r a l  c re s t 
cells u s ing  RT-PCR. A nalysis  o f s e q u en ce s  lo c a ted  58 to  600  bp  
u p s tre a m  o f th e  ATG rev ea ls  tw o in d e p e n d e n t reg io n s  cap ab le  
o f  m a in ta in in g  t i s s u e - s p e c i f ic i ty ,  w h ic h  c o in c id e  w ith  
c o n s e n s u s  INR s e q u e n c e s  a n d  tw o tr a n s c r ip t io n  in i t ia tio n  
s ite s , as  d e te rm in e d  by  p r im e r  e x te n s io n . T he s e q u e n c e s  
lo ca ted  be tw een  -6 0 0  a n d  -2 0 0 0  u p re g u la te  ex p ress io n  4-5 fold 
in th e  o lig o d e n d ro c y te  cell lin e  CG-4. T h ese  re s u lts  re p re s e n t 
th e  f ir s t  r e p o r t  o f  th e  c lo n in g  a n d  c h a ra c te r iz a t io n  o f 
g e n o m ic  s e q u e n c e s  e n c o d in g  a  m a m m a lia n  k a in a te -  
p re fe rr in g  g lu tam a te  re c e p to r  su b u n it.

2 9 .6

MOLECULAR CLONING AND EXPRESSION OF 
ZEBRAFISH GLUTAMIC ACID DECARBOXYLASE

1Dept. of Anatom y and N eurobiology, 2Section o f B iom olecular 
M edicine, Boston U niversity School o f M edicine, Boston, MA 
02118.

W e prev iously  exam ined  the d ev e lo p m en t of G A BA  
im munoreactivity in the retina of the zebrafish (Danio rerio). We 
found transient GABA im m unoreactivity in retinal ganglion cells 
and their axons during a period when intraretinal and retinotectal 
connections are being established. To extend these studies, we 
used a homology based approach to isolate zebrafish cD N As for 
glutamic acid decarboxylase (GAD), the enzym e that catalyzes the 
synthesis o f G A BA . W e used degenera te  o ligonucleo tide  
sequences based on the am ino acid sequences o f Drosophila GAD 
and m am m alian G AD 65 and G A D  67. O ne o f the am plified 
zebrafish GAD genes has 76% nucleotide identity to hum an GAD 
67 and 68% nucleotide identity to hum an G A D  65. A t the amino 
acid level, this am plified zebrafish G AD  gene has 92% similarity 
(83% identity) to hum an G A D  67, and 87% sim ilarity  (69% 
identity) to human GAD 65, suggesting that the gene that we have 
cloned is the zebrafish hom ologue o f m am m alian G A D  67. In 
subsequent experim ents the expression o f zebrafish GAD  genes 
will be investigated by w hole m ount in situ hybrid ization , to 
com pare the tem poral and spatial pattern  o f G A D  expression 
relative to GABA im munoreactivity during neuronal development. 
Supported by EY09081 (J.H.S.) and N S22422 (G .H.).

2 9 .8

HUMAN MICROTUBULE ASSOCIATED PROTEIN 1A (MAP1 A): GENOMIC 
ORGANIZATION, cDNA SEQUENCE, TISSUE SPECIFIC EXPRESSION, AND 
DINUCLEOTIDE POLYMORPHISM J.K.Fink,* S.M. Jones. C. Esposito.1L. 
Mever2 Univ. Michigan, Dept. of Neurology and Human Genome Center,1 Ann 
Arbor, Mi, and Genome Systems Inc.,2 St. Louis, Mo. Through their regulation of 
microtubule stability, microtubule associated proteins (MAPs) play critical roles in 
neuronal development and the balance between neuronal rigidity and plasticity.
MAPla is thought to stabilize microtubules in postnatal axons. We report human 
MAPla's genomic organization, cDNA sequence, and tissue specific expression and 
identification of a flanking dinucleotide repeat polymorphism. We used PCR 
primers designed from human expressed sequences EST 00368, EST 01683, and 
EST 01974 (shown to have 80%, 87%, and 95% (respectively) amino acid 
homology with rat MAPla) to screen a human genomic bacteriophage P1 library.
An ≈85KB P1 clone (Dupont Merck Pharmaceutical Co. -HHF#1-374F3) containing 
these ESTs was identified and subcloned into KS- Bluescript. An ≈ 12K subclone 
clone was isolated, sequenced, and shown to contain ESTs 00368, 01683, and 
01974. Additional P1 subclones were isolated containing the remaining portions of 
MAPla coding sequence and ~ 3.5 kb of 5' and ~2.0 kb of 3' flanking sequence.
PCR screening ana DNA sequencing of additional P1 subcloness identified a clone 
containing a dinucleotide repeat ([CA]19). Analysis of this polymorphism in 92 
unrelated Caucasians revealed 6 alleles with heterozygosity = 0.60. Southern blot 
analysis showed that human MAPla is a single copy gene. Northern blot analysis 
showed that MAPla mRNA expression is confined almost entirely to adult CNS 
with no evidence of alternative mRNA processing. We determined intron-exon 
boundaries by comparing genomic MAPla DNA and cDNA sequences and 
identified 5 exons thus far. Conserved TATA boxes are present between 40 and 25 
bp upstream of exon 1. Translation initiation begins in exon 3 at nucleotide 375. 
Strong inter-species conservation between human and rat MAPla genomic 
organization, cDNA sequence, and predicted amino acid sequences indicate 
important relationships between MAPla’s function and its genomic organization and 
primary amino acid sequence. Knowlege of MAPla's genomic and cDNA sequence 
will permit analysis of mechanisms responsible for tissue specific and developmental 
regulation of MAPla transcription. The dinucleotide polymorphism flanking 
MAPla will help define the location of the MAPla gene on proximal chr,15q and 
facilitate analysis of MAPla as a candidate gene for inherited neurologic disorders.

2 9 .1 0

TWO DROSOPHILA NERVOUS SYSTEM ANTIGENS, NERVANA 1 AND 
2, ARE HOMOLOGOUS TO THE β SUBUNIT OF NA+, K+-ATPASE. B. Sun. 
R. McCaman* and P. M. Salvaterra, Division of Neurosciences, Beckman 
Research Institute of the City of Hope, 1450 E. Duarte Rd., Duarte, CA 91010

We have purified and characterized a nervous system specific glycoprotein 
antigen from adult Drosophila heads, designated Nervana (NRV), on the basis of 
immunoreactivity of its carbohydrate epitope(s) with anti-horseradish peroxidase 
(HRP) antibodies. Anti-HRP antibodies specifically stain Drosophila neurons. 
Three cDNA clones (designated Nrvl, Nrv2.1 and Nrv2.2) were isolated using a 
mixture of anti-NRV protein monoclonal antibodies. DNA sequencing and 
Southern blot analyses established that the cDNA clones are derived from 2 
different genes. Nrvl and Nrv2 map to the third chromosome near 92C-D.
Nrvl and Nrv2.1/2.2 have open reading frames of 309 and 322/323 amino acids 
respectively and they are 43.4% identical at the amino acid level. The NRV 
proteins deduced from these clones exhibit significant homology in both primary 
sequence and predicted topology to the β-subunit of Na+,K+-ATPase. 
Immunoaffinily-purified NRV is also associated with a protein (Mr=100,000) 
recognized on Western blots by an anti-ATPase α-subunit monoclonal antibody. 
Our results suggest that the Drosophila nervous system specific antigens NRV1 
and NRV2 are neuronal forms of the (3-subunit of Na+, K+-ATPase. We are now 
expressing Drosophila Na+, K+-ATPase α-subunit, along with NRV 1 and/or 
NRV2 in baculovirus-infected insect Sf9 cells in order to further characterize the 
enzymatic or other properties conferred by the different Drosophila (3-subunit 
isoform. (supported by the NIH-NINDS)

So c ie ty  Fo r  N eu ro sc ie n c e , V o lu m e  21, 1995
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CLONING, EXPRESSION AND CHARACTERIZATION OF 

PHOSPHATIDYLINOSITOL (PI) 4-KINASE OF TYPE III IN THE RAT 
BRAIN. T.Nakagawa, K.Goto & H.Rondo* Dept.of Anatomy, 
Tohoku Univ. Sch. of Med., Sendai 980, Japan

Molecular cloning of rat PI 4-kinase attempted through 
PCR-mediated DNA amplification by using as primers 
portions of the amino acid sequences conserved between two 
known yeast PI 4-kinase (PIKl and STT4) and subsequent 
screening of a rat brain cDNA library. The isolated cDNA 
encoded a protein of 2041 amino acids with a calculated 
molecular weight of 231,317. The deduced amino acid 
sequences shared the identity of 52.3% and 34.4% in the 
presumed catalytic domain with yeast STT4 and PIKl, 
respectively. The present cDNA contained sequences 
encoding the ankyrin repeat domain, lipid kinase unique 
domain, Plekstrin homology domain and presumed lipid 
kinase homology domain, proline-rich region and SH3-like 
domain. PI kinase activity in transfected COS-7 cells was 
partly associated with the cytoskeleton, and the PIP was 
identified as PI(4)P, but not PI(3)P. This PI 4-kinase 
activity was markedly enhanced in the presence of Triton 
X-100, but not affected by adenosine. These enzymatic 
profiles, together with the caluculated molecular weight 
(230kDa), define this encoded protein as PI 4-kinase of 
type III. By in situ hybridization analysis of adult rat 
brain, the mRNA for PI 4K-III was evident throughout the 
gray matters of entire brain, but not the withe matter. 
These data imply that the PI 4K-III is involved in some 
physiological processes essential to neurons such as the 
reorganization of the neuronal cytoskeleton leading to the 
synaptic plasticity or memory.

2 9 .1 3

C LO N IN G  A N D  E X P R E S S IO N  O F A C. EL E G A N S G EN E(S) 
H O M O LO G U E O F TH E M A M M A L IA N  BR A IN  SPECIFIC  NA+- 
D EPEN D E N T P H O SPH A TE C O T R A N SPO R T E R . X. W u*, B. N i,

 D u. P. R osteck, Jr. and S. M. Paul. L illy  R esearch Laboratories, 
Eli Lilly and Com pany, Indianapolis, IN  46285.

Inorganic phosphate (Pi), a charged anion, is essential for cellular 
b ioenergetics and is a m ajor constituen t o f cell m em branes. The 
m echanism s responsib le , how ever, for P i im port into m ost cells, 
including neurons, are poorly understood. Recently we have cloned a 
rat and hum an brain and neuron-specific N a+ -dependent phosphate 
(Pi) co transporter w hich is specifically  expressed  in pyram idal and 
granule neurons o f the cerebral cortex and hippocam pus and granule 
neurons of the cerebellum  (Ni e t al., Proc. Natl. Acad. Sci. 91:5607- 
5611, 1994). W e now report that this brain specific Pi cotransporter is 
sim ilar in nucleotide sequence to several unknow n C. elegans genes 
identified via random  sequencing o f the C. elegans genom e (Silston et 
al., N ature 356:37-41, 1992). To confirm  the function o f these genes, 
we cloned and characterized the cD N A  of C. elegans gene (C38C10.2) 
(designated CE1). T he deduced am ino acid  sequence o f  the CE1 
cD N A  revea ls  a p ro te in  o f 493 am ino ac ids w ith  12 pu ta tive 
transm em brane spanning segm ents. This protein shares a high degree 
of hom ology w ith o ther N a+-dependent Pi cotransporters found in the 
hum an and rat brain and k idney, as w ell as three o ther unknow n C. 
elegans genes. CE1 cD N A  w as expressed using the expression vector 
PCD N A 3 in CO S-1 ce lls, resu lting  in N a+-dependen t 32Pi uptake. 
T hese find ings suggest tha t these  C. e legans genes rep resen t a 
superfam ily o f Pi transporters. T argeted  d isruption  o f these genes 
should help delineate their biological function(s).

29 .1 5

H74: A NOVEL SH3 DOMAIN CONTAINING PROTEIN EXPRESSED 
PREDOMINANTLY IN MOUSE CNS NEURONS.
M. Ptomann. R .  Lange. G. Yopper. K. Raiewsky and D. Barthels* Inst f. 
Genetics, Univ. of Cologne, Zülpicher Str. 47, D-50674 Cologne, 
Germany

H74 is a novel murine gene that is regulated in an age- and tissue- 
specific manner. Except for testis it is expressed exclusively in neural 
tissue where H74 gene products were predominantly localized in 
differentiated CNS neurons. H74 mRNA can already be detected in 
embryonic tissue, however, maximal expression is seen in the brain of 
adult animals. Elucidating the genomic structure yielded that H74 
represents a single copy gene of >25 kb which contains 10 exons. An ORF 
extending from exon 2 to 10 encodes an acidic polypeptide of 50 kD (441 
am ino acids). Lack of a putative transm embrane domain suggests 
cytoplasmic localisation. The H74-protein contains 10 potential 
phosphorylation sites and a C-terminal SH3 domain, suggesting a 
potential involvement in protein-protein mediated signal transduction 
processes.

Sequence comparisons identified H74 to be a novel gene with 
similarities to as yet uncharacterized human cDNA fragments and 
echinococcal antigens that are expressed in microtrichae. Evidence will be 
presented which implies the existence of a novel gene family (e.g. low 
stringency hybridization analyses, Western blot experiments).

Functional analysis of the H74 by gene targeting using the Cre-loxP 
system is currently in progress.
Supported by DFG: SFB 243 & SPP Wi 563/4-2 
M.P. is recipient of a Boehringer Ingelheim Fonds fellowship.

29 .1 2
IDENTIFICATION OF NOVEL PROTEIN PHOSPHATASE REGULATORY 
SUBUNITS IN THE BRAIN. J . Zauchas, S. Strack+, S.-M. Lu*+ . and B.E, 
WacizinskiSSDent. of Pharmacology and +Institute for Developmental Neuroscience. 
Vanderbilt University. Nashville, TN 37232.

Protein phosphatases (PP) play an important role in the regulation of normal 
brain physiology, including synaptic transmission and cytoskeletal dynamics. as well 
as in pathophysiological changes. such as neuritic tangles and paired helical 
filaments. We are interested in the regulation, function, and localization of these 
protein phosphatases, specifically protein phosphatase 2A (PP2A) and the highly 
homologous PPX. PP2A is a heterotrimcric enzyme consisting of a catalytic (C) 
subunit and two regulatory subunits (A and B). While A and C subunits are 
ubiquituously expressed. different members of the B or variable subunit family are 
expressed in a tissue and developmentally specific fashion. PPX also appears to be 
multimeric, although only the catalytic subunit has been cloned. It is thought that 
the variable subunits determine the substrate specificity and localization of these 
enzymes. We have therefore examined the temporal and spatial expression patterns of 
different PP subunits in the brain by immunoblotting and immunocytochemistry 
with specific antibodies. The A and C subunits of PP2A show a widespread neuronal 
expression without apparent developmental changes, whereas the various B subunits 
show restricted expression pattern and some may be developmentally regulated. For 
example, Bα  is highly expressed in inhibitory interneurons of the cortex and 
hippocampus. The Bβ antibody recognizes two proteins, a 55 kD protein with 
predominantly axonal localization and a 150 kD nuclear protein. The antibody 
against the catalytic subunit of PPX shows a very similar nuclear expression pattern. 
We have also screened a rat brain library for alternatively spliced Bβ gene products 
and other novel B subunits. In addition, we performed RT-PCR on rat brain RNA 
using degenerate oligonucleotides to the homologous regions between Bα , Bβ, and 
Bγ. We will present evidence for several novel PP regulatory subunits that may 
fulfill specialized functions in the brain. (Supported by GM51366 to B.E.W )

29 .1 4

C L O N IN G  O F G EN ES E X P R E S S E D  IN  T H E  C E N T R A L  
CO M PLE X  O F DROSOPHILA B R A IN . M .Y .Y ang  and K. 
K aiser* D ept of G enetics, U niversity of G lasgow , Church street, 
G lasgow  G l l  5JS, UK.

The C entral Com plex of the Drosophila brain has been 
shown to act as a higher centre for locom otor activity  and other 
behaviours. To identify genes relevant to central com plex function, 
seven P[GA L4] enhancer-trap lines with staining patterns specific 
to the central com plex were selected from  1400 lines screened in 
total. G enom ic D N A s flanking each insertion site w ere cloned by 
p lasm id  rescue. By reverse N orthern blot analysis, the rescued  
plasm ids for tw o lines (c507 & c61) were identified as containing 
transcribed sequences. Corresponding cD N A  clones w ere isolated 
for both lines. P [G A L4] insertions w ere localised  by in situ 
hybridisation to polytene chrom osom es.

In the case o f line c507, G AL4 staining is restricted to the 
ellipsoid  body and to the lateral triangles. Tw o closely  linked 
genes lie to one side of the site of insertion. Both genes have head- 
elevated  expression  as judged  by N orthern  blot analysis. The 
sequencing of a 1.8kb cD N A  clone corresponding to the nearest 
gene reveals  a p ro te in  w ith sign ifican t hom ology to alkaline 
phosphatase, w hich hydrolyzes various m onophosphate esters at 
high pH. There are two corresponding transcripts of approxim ately 
2.0 and 3.7kb.

2 9 .1 6

CLONING OF A NOVEL cDNA FOR A PROTEIN THAT IS HIGHLY 
EXPRESSED IN CEREBELLUM. M. Michaelis*, J . Huschenhett, K. 
Kumar, R. Pal, and G. Hadwiger. Dept. of Pharmacology/Toxicology, and 
CNIR, Univ. of Kansas, Lawrence KS 66045.

A novel cDNA clone, SI, was obtained by screening a rat cerebellum 
cDNA library (XZAP) with a degenerate oligo (28mer) based on the sequence 
of a canine cardiac Na+/C.a2+ exchanger (Science 250:562, 1990) and Ab’s 
raised against a 36 kDa synaptic membrane protein associated with exchanger 
activity (J. Neurochem. 58:147, 1992). Analysis of the 1.1 kb S1 clone 
indicated a possible open reading frame corresponding to 210 amino acids 
with an estimated Mr ~ 24 kDa and a polyadenylation signal. Searches of 
both nucleotide and protein databases indicated the S1 sequence was unique. 
Screening of a hippocampal library with the S1 insert to identify 5’ over
lapping cDNA clones yielded S1-2A-1, a clone with a 2.3 kb insert. This 
clone contains the entire S1 sequence, except for the 3’ untranslated region, 
and a 5’ extension of ~ 1.3 kb. Sequencing of this clone is still in progress. 
In situ hybridization analysis of rat brain sections with the in vitro 
transcribed, 35S-iabelled antisense strand revealed very intense labelling of the 
olfactory bulb and granule cells of the cerebellum, much lighter labelling of 
the hippocampal CA 1-3 pyramidal neurons and granule cells of the dentate 
gyrus, and relatively faint labelling of other brain regions. Although the S1
clone was originally identified by hybridization with probes associated with 
Na+/Ca2+ exchanger activity, the sequence does not share homology with 
known exchangers. Thus the function of the protein is not known at the 
present time. (Supported by AA04732 & Alz. Assoc. grant #94-128).
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29 .17
ISOLATION OF A NOVEL CELL-SPECIFIC cDNA PROBE FROM 
HUM AN BRAIN USING ARBITRARILY PRIMED RT-PCR. A.R. 
Rinehart, R.A. Reid, and J.J. H em perly* D ept. o f M olecular Biology. 
Becton Dickinson Research Center, 21 Davis Dr., P.O. Box 12016, 
Research Triangle Park, NC 27709 USA.

W e have used arbitrarily primed RT-PCR am plification o f poly 
A+ RNA to identify a nucleic acid probe specific for human brain. 
The probe detects a 7 kb mRNA by Northern analysis in all brain 
regions tested and in fetal and adult tissues. The mRNA is not found 
in liver, lung, kidney, skeletal muscle, or heart samples. The initial 
am plification product was used to screen two independent human 
brain cDNA libraries to obtain 7 additional clones spanning over 5 kb 
of contiguous sequence. A poly A-rich region is found at the end of 
what is presumably the 3 ' end o f the cDNA and is preceded by a 
consensus polyadenylation site. No sequence sim ilarities have been 
found by searches of nucleic acid and protein databases, suggesting 
that we have identified a unique DNA sequence. In situ hybridization 
experiments using a centrally located cRNA probe shows the mRNA 
to be enriched in specific cell types in human cerebellum, most pro
nouncedly in the granular cell layer. O ther cells are clearly not 
stained, suggesting a cell type as well as tissue specificity for the 
molecule.

29 .1 8
MOLECULAR CLONING, IMMUNOHISTOCHEMICAL LOCALIZA
TION AND FUNCTIONAL CHARACTERIZATION OF SYNAPSE- 
ASSOCIATED PROTEINS FROM RAT BRAIN K. Langna.se1, U. Thomas1, 
B. Phaonayflng1, H. Wex1,C. Seidentecher1, K. Richter1 ,  C.C. Gamer2 and E.D. 
Gundelfinger1* , Federal Institute for Neurobiology P.O.Box 1860, D-39008 
Magdeburg, Germany, 2Neurobiology Res. Center, University of Alabama, South 
Birmingham, AL 35294-0021, U.S.A.

Antisera against a rat synaptic protein preparation 
were used to screen a rat brain expression library. About 300 cDNA clones 
encoding potential synapse-associated proteins (SAPs) were analyzed. More than 
50 cDNAs encode previously unknown proteins. The SAP7f cDNA and the cDNAs 
of the SAP90/PSD95, SAP97, SAP102 protein family (Kistner et al, 1993, JBC 
268, 4580-4583; Muller et al., 1995, J. Neurosci., in press) have been charaterized 
in more detail. A Northern analysis for SAP 7f revealed a brain-specific transcript 
of 11.5kb. The SAP7f protein has no correlates in public databases. SAP7f 
immunoreactivity is detectable in synaptic neuropil regions of the rat brain. Studies 
at the electron microscopic level have demonstrated a presynaptic localization of 
the SAP7f protein, e. g. in mossy fiber terminals of the CA3 and CA4 regions of the 
hippocampus, as well as parallel fiber terminals of the molecular layer and mossy 
fiber terminals in the stratum granulare of cerebellum. All these synapses are 
known to be glutamatergic. The proteins encoded by the SAP90 protein family 
exhibit striking sequence similarity to the DlgA product of the lethal(I) discs largc- 
1 (dlg-1) tumor suppressor gene of Drosophila. DlgA is located at septate junctions 
in epithelial cells and is required for the proper formation of neuromuscular 
synapses. To address the question of functional diversification among the rat 
homologs of DlgA, we have started to test them for their capability to rescue the 
dlg-1 mutant phenotype. When expressed under the control of the daughter-less 
promoter in the fly both SAP97 and SAP102 can functionally complement DlgA to 
different extents. Supported by BMBF/GSF.

29 .1 9

EVIDENCE FOR A DISTINCT BRAIN PHENOL 
SULFOTRANSFERASE CLONED FROM HUMAN HIPPOCAMPUS
S R. Hwang* and V .Y .H . H ook. D ep t. of Medicine, Univ. of Calif., San  
Diego, CA. 92103-8227.

Phenol sulfotransferases (PST) are classified as 'P' and 'M ‘ forms that 
show preference for sulfation of phenols (P) and m onoam ines (M ), 
respectively. Recently, m olecular cloning revealed a unique human  
hippocam pus phenol sulfotransferase (H -P S T ) (H w ang et al., 1995) 
that possesses 98%  and 99%  homology in prim ary sequence to the 
hum an liver P -PST-1 (Wilborn et al., 1993) and HAST1 (Zhu et al., 
1993) forms of 'P ' P S T  (P -P S T ), respectively. In this study, to 
com pare the biochemical properties of H -P S T  with other forms of P- 
PST, high level expression of the H -P S T  cDNA in E. coli and DEAE- 
Sepharose yielded milligram quantities of purified H -P S T . Although, 
the 34 kDa H -P S T  resem bles P -P S T  enzym es in m olecular size, 
substrate preference, and sensitivity to D C N P, H -P S T  differs in Vm ax 
and therm ostab ility . H -P S T  p refers  p -n itro p h en o l c o m p ared  to 
dopam ine or neuropeptide substrates, with K m (app) and V m ax  for p- 
nitrophenol of 3 μ M and 160 nm ol/m in/m g, respectively. K m (app) and 
V m ax for the co-factor PAPS (3'-phosphoadenosine 5'-phosphosulfate) 
were 1.2 μM and 31 nm ol/m in/m g, respectively. Therm olabile  H -P S T  
was inactivated by 3 7 °  C heat treatm ent, whereas P -P S T  enzym es are 
known to be thermostable. Heat inactivation of H -P S T  was prevented by 
preincubation with the co-factor PAPS, suggesting that PAPS in v iv o  
stabilizes activity. R T -P C R  indicated H -P S T  m R N A  in hippocam pus, 
thalamus, and cerebellar cortex.These results show human hippocampus 
H-PST as a distinct member of the family of P -PST enzymes.

29 .2 0
PROTEINS THAT ARE SYNTHESIZED AT POSTSYNAPTIC SITES: A 
TW O-DIM ENSIONAL GEL ELECTROPHORESIS ANALYSIS OF 
PROTEINS SYNTHESIZED WITHIN SYNAPTODENDROSOMES 
L esk i, M.L. and Stew ard. O ,* D epartm ent o f N euroscience, 
University of V irginia, Charlottesville, VA 22908

This study utilized tw o-dim ensional gel electrophoresis to 
further characterize the p ro te ins that are synthesized  within 
synap todendrosom es, a special p repara tion  o f synaptosom es 
tha t co n ta in  p in c h ed -o ff  ne rve  te rm in a ls  w ith  attached  
d end ritic  fragm ents. S ynap todend rosom es w ere incubated  
with 35-S-methionine in buffer containing 25 mM KC1 to label 
n e w ly -s y n th e s iz e d  p ro te in s .  S y n a p to d e n d ro so m e s  w ere 
subfractionated  to prepare synaptic plasm a m em brane (SPM) 
and synaptic junction complex (SJC) fractions. The proteins of 
these fractions w ere resolved  using 1EF-PAGE. Labeled 
p ro te in s  w ere v isu a lized  and ana lyzed  q u an tita tiv e ly  by 
Phosphorim ager analysis. About 20 labeled spots were evident 
in the phosphorimages of gels from SPM and SJC fractions. The 
heavily labeled spots did not correspond to the most abundant 
proteins of either fraction as judged by Coom assic staining. 
H owever some of the lightly labeled spots did correspond to 
Coomassie-stained spots. The 2D gel coordinates for some of the 
lightly labeled spots corresponded to the expected coordinates 
for actin, tubulin , and the alpha-subunit of Cam II kinase. 
These results indicate that m ost p ro te ins that are locally 
syn thesized  in synap todendrosom es and assem bled  into the 
SPM and SJC are less-abundant com ponents o f these fractions. 
Supported by NS 12333. MLL was the recipient of a postdoctoral 
fellow ship from NS07199.

LIGAND-GATKD ION CHANNELS I

3 0 .1

17β-ESTRADIOL POTENTIATION OF INWARD KAINATE-INDUCED 
CURRENTS IN ACUTELY DISSOCIATED HIPPOCAMPAL NEURONS. Qin 
Gu. M.C. Aguila*, and Robert L. Moss. Department of Physiology, University of 
Texas Southwestern Medical Center, Dallas, TX 75235 

The ovarian steroid, estrogen, has been shown to exert very rapid effects in the 
CNS which cannot be attributed to genomic mechanisms. The non-genomic 
actions of estrogen have been shown to influence electrical excitability , synaptic 
functioning, and moiphological features of neurons. For example, using current- 
clamp, estrogen was shown to potentiate the depolarization induced by 
glutamatergic, non-NMDA agonists but the mechanism of estrogen’s action has 
remained ill defined (Wong and Moss, J. Neurosci., 1992). Using whole-cell 
patch recordings under voltage-clamp conditions, we have observed kainate (100 
μM) induced inward transient currents with peak values of 634 ± 412 pA (n=43) 
in dissociated hipppocampal neurons of young rats. In 14 of 43 neurons, the 
amplitude of the kainate-induced inward current increased (more negative) in the 
presence of 17β-estradiol (44.6 ± 12.5%) but not in the presence of the inactive 
isomer, 17α-estradiol. Estradiol-induced potentiation occurred within 2-3 
minutes of application and reversed within 2 minutes. The estrogen potentiation 
could be mimicked with IBMX, an inhibitor of phosphodiesterase, and with 8- 
Bromo-cAMP while 8-Bromo-cGMP had no observable effect. Kainate 
( l00μM), 170-estradiol ( l00nM), 17a-estradiol ( l00nM), 8-Bromo-cAMP 
(500μM), 8-Bromo-cGMP (500μM) and IBMX (50μM) were puffed onto the 
dendrite of CA1 hippocampal neurons via a multibarrel led puffer pipette (1.0-1.5 
psi, 20 msec). The present preliminary findings along with our previous results 
suggest that estrogen may be exerting its action on hippocampal neurons via 
cAMP. Supported by NIH grant MH47418.

3 0 .2

SPECIES-SPECIFIC PHEROMONES DECREASE MEMBRANE 
CONDUCTANCE IN VOMERONASAL RECEPTOR NEURONS. Robert L. 
Moss, Robert E. Flynn, and Roger Rosenberg *, Departments of Physiology and 
Neurology, University of Texas Southwestern Medical Center, Dallas, TX 75235 

Experiments were conducted on dissociated rodent bipolar neurons from the 
vomeronasal (VN) organ under whole-cell voltage clamp and current-clamp 
recording conditions. The puffer electrode contained dehydro-ero-brevicomin and 
a bath solution. The chemical agents were puffed (2.0-5.0 psi) onto dendrites of 
bipolar neurons while varying the holding potential. Previously, we observed that 
general odors induced an inward current, while each pheromone induced outward 
current. To address the question of whether pheromone-induced outward current 
involves a decrease or increase in conductance, the effect of pheromone (dehydro- 
exo-brevicomin at 6.5 μM) or bath application to a single bipolar VN neuron was 
compared. Under voltage-clamp, the bath current was linear and behaved in the 
expected passive manner. Under current-clamp, the spontaneous firing of action 
potentials was observed and the application of pheromone suppressed the frequency 
of action potential firing. Pheromone-induced current was outward at negative 
potentials under voltage-clamp conditions. Current differences were obtained by 
subtracting the voltage-induced currents in the presence of bath from the currents 
in the presence of the pheromone, while change in conductance was obtained by 
dividing the current difference by the membrane potential minus the reversal 
potential. The associated conductance change in bipolar neurons in the presence o 
pheromone is decreased. Coupled with previous findings from our lab, the present 
results suggest that pheromones decrease the conductance of a non-specific cation 
channel leading to a decrease in the spontaneous firing of action potentials. These 
findings suggest that the pheromone signal evokes an outward current secondary to 
a decrease in conductance in bipolar VN neurons. Supported by NIH grant 
DC02120.
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3 0 .3
CONDUCTANCE PROPERTIES OF SYNAPTIC AND EXTRASYNAPTIC  
GABAa RECEPTORS IN CEREBELLAR GRANULE CELLS 
Mark Farrant*, Stephen G. Brickley and Stuart G. Cull-Candy 
Dept. Pharmacology, University College London, London W C1E 6BT, UK.

Granule cells in the cerebellum express a variety of GABAs, receptor subunits 
(Laurie et al. J Neurosci 12:1063, 1992). A differential subcellular distribution 
of these subunits (Perez Velazquez and Angelides Nature 361:457, 1993) 
could result in the expression of functionally distinct receptors in different 
regions of the neuronal membrane. To investigate this possibility we have 
determined the single-channel conductance of GABAA receptors in synaptic 
and extrasynaptic membrane of granule cells. Spontaneous inhibitory currents 
(IPSCs) were recorded from cells in thin parasagittal slices of the cerebellum 
prepared from 7-day-old rats In low-noise recordings, channel closures could 
be resolved directly during the decay of the IPSC. Analysis of these events 
indicated a single-channel conductance of 24pS, with no apparent sublevels. A 
similar estimate was obtained by non-stationary variance analysis. In outside- 
out patches 50μM GABA induced a rapidly desensitizing inward current 
followed by infrequent clusters of channel openings separated by long silent 
periods. Such openings are thought to result from the activation of a single 
receptor as it escapes from desensitization. In each patch up to 3 distinct 
channel amplitudes were observed (28, 17 or 12pS) but within an individual 
cluster the openings were predominantly to a single level. These data 
suggest the presence of three distinct GABAA receptor types in the somatic 
membrane, rather than a single receptor type with multiple conductance states. 
This heterogeneity contrasts with the apparently homogeneous channel 
conductance of GABA* receptors at the synapse.

3 0 .5
FUNCTIONAL CHARACTERISATION OF A HUMAN RECOMBINANT 5- 
HT3 RECEPTOR SUBUNIT. A. M. Brown1*, A. G. Hope1. D. Belelli1, J. A. 
Peters1, J. J. Lambert1, J. M. Balcarek & T. P. Blackburn* 1Dept. of 
Pharmacology & Clinical Pharmacology, University of Dundee, Ninewells 
Hospital, Dundee, U.K., 2Department of Molecular Genetics - Genome Research, 
SmithKlineBeecham, P.O. Box 1510, King of Prussia, PA 19406, U.S.A., 
3SmithKlineBeecham Pharmaceuticals, Harlow, Essex, U.K.

A 5-HT3 receptor subunit cloned from human amygdala was expressed both 
stably in HEK 293 cells and transiently in Xenopus oocytes. In 
electrophysiological experiments, 5-HT evoked an inward current mediated by the 
recombinant 5-HT3 receptor expressed in both systems (EC50 = 3.6 μM for HEK 
293 cells and 3.1 μM for Xenopus oocytes). This response was mimicked by 2- 
methyl-5-HT, phenylbiguanide and m-chlorophenylbiguanide. The reversal 
potential (E5-HT) of the 5-HT elicited current in HEK 293 cells was determined to 
be -1 mV using the whole cell patch clamp technique. Substitution of Na+ and Cs+
in the extra- and intracellular solutions caused depolarising (E5-MT = +35 mV) and 
hyperpolarising shifts (E5-HT = -62 mV) in E5-HT indicating that the channel is 
permeable to certain monovalent cations. The antagonist selectivity to the 5-HT- 
induced current expressed in HEK 293 cells and Xenopus oocytes respectively was 
ondansetron (IC50 of 103 pM: 300 pM) > metoclopramide.(IC50 = 69 nM: 177 
nM) > cocaine (1C50 = 459 nM: 756 nM) > (+)-tubocurarine (IC50 = 2.8 pM: 2.6 
pM). Parallel radioligand binding assays revealed a similar rank order of 
antagonist potency for the displacement of [3H]granisetron from cell homogenates 
prepared from the stably transfected HEK 293 cells. i.e. granisetron (1C50 = 2.5 
nM) > ondansetron (IC50 = 9.0 nM) > metoclopramide (IC50 = 650 nM) > cocaine 
(1C50 = 7.2 μM) > (+)-tubocurarine (IC50 = 28 μM). In all systems ketanserin (1 
pM) and methysergide (1 μM) were inactive.
1Supported by the Wellcome Trust

3 0 .7

P O T E N T IA T IO N  O F  5 - H T 3 R E C E P T O R -M E D IA T E D  
R E S P O N S E S  BY A C T IV A T IO N  O F  P K C . Li Zhang*. 
Murat Oz and Forrest F. W eight. Lab. M olecular & Cellular 
Neurobiology, NIAAA, NIH, Bethesda, MD 20892-8205.

Although protein kinase C (PKC) has been reported to modulate 
the function of several ligand-gated ion channels, whether or not it 
affects 5-H T3 receptor-mediated responses has not been reported. In 
the present study, we tested the effect o f agents that stimulate or 
inhibit PKC activity on the function o f recombinant 5-H T3 receptor 
cRN A  (Science 254:432, 1991) expressed in Xenopus oocytes. The 
PKC activator, phorbol 12-myristate 13-acetate (PM A), induced a 
long-lasting increase in the amplitude of 5-HT-activated ion current. 
The potentiation was maximal at 20 min and had a duration of ~60 
min. The inactive phorbol ester, 4α -PM A, had no effect on 5-H T3 
receptor-mediated current. The PMA-induced potentiation was 
concentration-dependent over the concentration range 0.1 to 300 
nM. The percentage potentiation by PM A was maximal at low 5-HT 
concentrations and decreased with increasing concentrations of 5- 
HT. For current activated by 0.1 μM 5-H T, maximal potentiation 
(Emax) was 667%  of control, the EC50 was 15 nM  and the apparent 
Hill coefficient was 0.99. The PKC inhibitor, staurosporin, anta
gonized the PMA potentiation; w hereas, inhibitors of protein kinase 
A (PKA) or tyrosine kinase had no effect on this potentiation. 
These observations show that PMA can potentiate 5-H T3 receptor- 
mediated responses and suggest that this potentiation is mediated by 
activation of PKC.

3 0 .4
DIFFERENTIAL DISTRIBUTION OF ATP-GATED ION CHANNELS (P2X 
RECEPTORS) AS DETERMINED BY IMMUNOHISTOCHEMISTRY

R. Eldc, Dcpt. of Cell Biology and Neuroanatomy, Univ. of Minnesota, Minneapolis, 
MN 55455, USA and #Glaxo Institute for Molecular Biology, Plan-les-Ouates, 1228 
Geneva, Switzerland

Two forms of the ATP-gated ion channels were recently cloned - one from a vas 
deferens cDNA library, P2X(vas)> and one from an NGF-differentiated PC12 cDNA 
library, P2x (PC12). Peptides corresponding to the C-terminal portions of the predicted 
receptor proteins ( P 2X(vas) 391-399 and P2x(PC12) 460-472 ) were used to generate 
antisera in rabbits. The specificity of the antisera was determined by staining of 
HEK293 cells stably transfected with P2X(vas) and P2X(PC12), respectively, and by 
absorption controls with the cognate peptide. The observed p 2X(vas) and P2X(PC12) 
immunorcactivity (-ir) generally corresponded to the distribution of the ATP-gated ion 
channels described in pharmacological and physiological studies as well as to the more 
recent data from in situ hybridization and Northern blot analyses. Thus P2X(vas)-ir 
was found in the vas deferens, bladder, vascular smooth muscle, adrenal gland, spleen, 
and intercalated disks of the heart. P2X(vas)'ir was also localized in the dorsal horn of 
the spinal cord and in cells of autonomic ganglia that appeared to be intemeurons. The 
distribution of P2X(PC12)-ir, on the other hand, was limited in the periphery to die 
adrenal gland, the enteric nervous system, and some ganglia. In the CNS, p 2 X ( P C l 2 ) -  

ir was observed in the spinal cord and in some areas of the brain such as the nucleus of 
the solitary tract and the paraventricular nucleus of the hypothalamus. These 
immunohistochcmical data suggest that the two P 2X receptors are differentially 
distributed, p2X(vas) being more abundant in the periphery and P2X(PC12) being 
more abundant in the CNS. However, the localization of both receptors in adrenal 
medullary cells and in ganglia suggests the possibile existence of hetcromcric 
channels. Finally, the location of these receptors in proximity to nerve terminals 
known to contain and release ATP strengthens the evidence for puiinergic 
ncuroiransmission.

3 0 .6
EVIDENCE FOR THE INVOLVEMENT OF TRYPTOPHAN IN THE BINDING 
OF CURARE TO 5HT-3 RECEPTORS M.K. Schulte*, K E. Bloom, and M.M. 
White. Department of Physiology, Medical College of Pennsylvania and Hahneman 
University, Philadelphia, PA 19129.

The acetylcholine receptor (AChR) and the serotonin type 3 receptor (5HT3R) 
share a high degree of sequence homology. It is reasonable to assume that they 
also share a high degree of structural and functional homology. Like the AChR, 
the 5HT3 receptor is inhibited by curare. Two tryptophan residues have been 
identified in the AChR which are affinity-labeled by curare and mutagenesis data 
from our lab are consistent with the notion that these residues contribute to the 
high and low-affinity curare binding sites respectively. Comparison of the cDNA 
sequences in this region of other members of the ligand-gated ion channel family 
of receptors reveals that a tryptophan (W66 for the 5HT3R) is found only in those 
subunits implicated as being involved in curare binding (AChR γ and δ subunits, 
and the homomeric 5HT3R). This suggests that this tryptophan residue may be 
important for curare binding. We have mutated this tryptophan residue to alanine 
and phenylalanine and used a radioligand binding assay to determine the 
consequences of the mutation. We were unable to detect binding of 3H-graniselron 
to the alanine substituted mutant, however, a 4 fold decrease in affinity of 
granisetron to the phenylalanine mutant was observed (wt Kd=2.0 nM, W66F 
Kd=7.8 nM). The inhibition of granisetron binding by serotonin and the 5HT3 
antagonist MDL-72222 were also slightly decreased in the phenylalanine mutant. 
The largest change in potency was observed for curare. Affinities for curare 
decreased by over 10 fold as determined by inhibition binding. (wt Ki=45 nM, 
W66F Ki=632 nM). Mutation of an adjacent residue (Y67) to alanine had little 
effect on the binding of serotonin agonists and antagonists suggesting that the shift 
observed for the tryptophan mutant was not due to perturbations in protein 
structure. These data support the hypothesis that as in the AChR, tryptophan 66 
of the 5HT3 receptor is involved in the binding of curare. (Supported by NIH NS 
23885 and NRSA NS 09681)

3 0 .8

PROTEIN KINASE A IS INVOLED IN M ERCU RY  
POTENTIATION OF G A BA -A CTIV ATED  CH LO RID E 
CURRENTS IN RAT D ORSAL RO OT G ANGLION 
NEURONS. C. S. Huang* and T. N arahashi. D ept. o f  Mol. 
Pharm acol. and Biol. Chem ., N orthw estern Univ. M ed. Sch., 
Chicago, IL 60611.

M odulation o f  the GABA A receptor by protein kinases in rat 
dorsal root ganglion neurons was studied by w hole-cell patch 
clamp techniques. K T-5720(0.56 pM ), a specific protein kinase A 
inhibitor, and calphostin C(0.5 μM ), a specific protein kinase C 
inhibitor, both shifted the dose-response curve for GABA- 
induced currents to higher concentrations o f  GABA. The 
maxim al current was increased by alm ost 2 folds. On the 
contrary, forskolin(20 pM ) reduced the m axim al current and 
shifted the dose-response curve to low er concentrations. M ercuric 
chloride(10 μ M) shifted the dose-response curve for GABA- 
induced currents in the direction o f  low er concentrations, and the 
effect was greater in the presence o f  K T-5720 than calphostin C. 
The potentiation o f  G A BA -activated currents by mercuric 
chloride(0.5 μM) was blocked by forskolin(20 μM ). Thus , both 
protein kinase A and C were involved in the regulation o f  
GABA A receptor in rat dorsal root ganglion neurons. Protein 
kinase A is specifically involved in the potentiation o f  GABA- 
activated currents by mercuric chloride.
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3 0 .9

EFFECTS OF THE N OO TRO PIC D RU G ,N EFIRA CETA M , ON  
G ABA a RECEPTOR CH LO RIDE CH AN N EL CO M PLEX  IN 
RAT DORSAL ROOT GAN G LIO N  N EU RON S T. N arahashi*,

C. S. H uang and J. Y. Ma. D ept. o f  Mol. P harm acol. and Biol. 
Chem., Northw estern Univ Med. Sch., Chicago, IL 60611.

Effects o f  nefiracetam (D M -9384), a nootropic drug, on the 
CjABAa receptor were studied in rat dorsal root ganglion neurons 
using the w hole-cell patch clamp technique. The dose-response 
curve for G ABA -induced currents was shifted by 16 μM  to 
lower concentrations by 10 μM nefiracetam  w hile the maximal 
response was reduced by 24.54 %. The desensitization o f  the 
GABAa receptor at a high concentration o f  GABA  was 
accelerated by nefiracetam. At a low concentration o f  GABA(10 
pM), the chloride currents were potentiated by nefiracetam  in a 
dose-dependent manner. W ith 10 μM nefiracetam , the 
potentiation occurred slowly and lasted for 4-5 min after 
washout o f  nefiracetam. K T-5720(0.56 μM), a specific protein 
kinase A inhibitor, blocked the potentiation o f  G ABA -activated 
currents by nefiracetam, but not its effect on the acceleration o f 
desensitization. Thus, protein kinase A is involved in the effect 
o f nefiracetam in potentiating G ABA -induced currents. The 
acceleration o f  desensitization is exerted by another mechanism.

3 0 .11

P ARTIAL A G O N IS T  F U N C TIO N  O F AM IN O  A C ID S  AT TH E  
INHIBITORY GLYCINE RECEPTOR
V. Schmieden. J. Kuhse, B. Laube* , H. Betz. Max-Planck-lnstitut fur 
Hirnforschung Deutschordenstr. 46, 60528 Frankfurt/Main, Germany 

In order to identify determinants of ligand binding to the inhibitory 
glycine receptor (GlyR), a pharmacological study of different amino-acid 
derivatives with the recombinant human a1 GlyR was done. Agonistic 
binding of α -amino acids to the GlyR exhibited a marked stereo
selectivity and was reduced by large substitutions at the C α -atom. In 
contrast, antagonistic binding of α -amino acids was not dependent on 
chiralisity and displayed little sensitivity to the size of C α -atom 
substitution. Taurine, ß -am inobutyric acid (B -ABA), and ß - 
aminoisobutyric acid (ß -AIBA) behave as partial agonists at the GlyR with 
maximal currents of 7-30%  as compared to that obtained for glycine. In 
addition, these ß -amino acids also antagonized glycine responses with 
affinities 2 to 20 fold higher than those determined for agonist action.
The dual agonistic and antagonistic action of ß -am ino-acid action 
suggests that these ligands can bound in different m olecular 
conformations. A trans orientation of ß -amino-acids is mimicked by 
nipecotic acid, which behave as a competitive antagonist.'O ur data 
support a model of "self-inhibition" by ß -amino acids which restricts the 
agonistic potency of these compounds. To validate this hypothesis, we 
mimicked the dualistic action of taurine and ß -ABA by coapplying glycine 
as the agonistic, and nipecotic acid as the antagonistic conformer. The 
results of the dose-response curves of these agonist/antagonist mixtures 
showed maximal current responses and Hill coefficients comparable to 
those seen upon ß -amino acid superfusion. Point mutations at the a1 
subunit indentified several amino acids which are crucial for the 
respective agonistic or antagonistic binding of ß -amino acids to the GlyR.

30 .1 3
GLYCINE RECEPTOR IS EXPRESSED AT THE SURFACE OF SPINAL 
CORD ASTROCYTES IN VITRO. S. Lévi. C. Béchade* and A. Triller. 
Biol. Cell. Syn., CJF 9410, ENS, 46 rue d'Ulm, 75005 Paris, France.

Glial cells express a large variety of channels, ionotropic receptors 
(ref in Berger et al., 1995, Persp. Dev. Neurobiol. 2:347) and transporters 
(ref in Adams et al., 1995, J. Neurosc. 15:2524). Since glycine transporters 
are expressed by glial cells, we have checked the presence of glycine 
receptors (GlyR) in these cells in vitro. GlyR is composed of a  and (3 
transmembrane subunits and a peripheral membrane protein, gephyrin. In 
the spinal cord, neonatal a l  isoform is replaced by the adult α l isoform 
during development. The α l gene possesses an alternative splice site 
located in the intracellular loop between transmembrane segments M3 and 
M4 (ref in Béchade et al., 1994, BioEssays 16:735).

Glial cells were prepared from rat spinal cord dissociated at birth, 
subcultured 3 times and maintained for 3 weeks. As controlled with MAP2 
immunofluorescence, these cultures were devoid of neurons. The mRNAs 
were amplified by RT-PCR using specific oligonucleotides of i) α l, α2 and 
β subunits designed from divergent intracellular region between M3 and 
M4 domains and ii) localized in the C2 cassette common to all gephyrin 
variants. We found that glial cell cultures express the two a l  variants, 
the β subunit and gephyrin but not α2 subunit transcripts. Gephyrin and α1
proteins were detected w ith mAb 7a and 2b respectively and the 
astrocytes were identified w ith a polyclonal anti-GFAP. Double 
labelling experiments revealed that astrocytes express α l subunit and 
gephyrin as a thin dust at their surface. These GlyR aggregates are 
smaller than those observed at the surface of neurons (Béchade et al., 
1994, BioEssays 16:735) thus suggesting that additional molecules are 
involved to determine the size of postsynaptic clusters.
Work supported by AFM and IRME.

3 0 .1 0

IN FLUENCE OF THE γ-SUBU N IT EX TRA CELLU LA R DOM AIN 
ON ACETY LCH O LIN E RECEPTOR GATING. F. Eusebi*. S. 
Fucile, B. B arabini, A. M. M ileo. and S. A lem a'. Laboratorio di 
Biofisica, Centro Ricerca Sperim entale, IRE, V ia delle Messi d 'Oro 
156,100158 Roma,Italy

A large body of structural and functional studies have 
provided direct insight into how muscle nicotinic acetylcholine 
receptors (nAChRs) work. Recentely, we detected a novel form of 
m ouse m uscle γ-subunit lacking 52 am ino acids at the extracellular 
N H 2-terminus neighbouring the hydrophobic segm ent M l, in 
correspondence o f exon five o f the γ  subunit gene. To identify 
structural elem ents contributing to the functional diversity of 
nAChRs, we used this novel shorter γ  subunit (γ s subunit) as a tool to 
investigate the influence of extracellular dom ains on the nAChR- 
channel gating. W e coexpressed the γ s subunit with a ,  (3 and δ
subunits in transiently transfected Bose 23 cells and exam ined the 
resulting AChR channels using the patch clam p. We show that 
channel openings were much prolonged when α β γsδ -nAChRs were 
expressed as com pared with wild-type α β γδ -nAChRs. Findings here 
reported indicate that γ s confers a long duration also to 5-minus 
nAChR channel openings. This work has been supported by a CNR 
grant (PF A CRO to F.E.).

30 .1 2

EX TRA CELLU LA R M g2+ BLOCKS TH E GLY CINE-RECEPTO R 
M ED IATED  C l- CHANNELS. Y. Gu* and L.-Y.M . Huang. Marine 
Biomedical Institute, Departm ent o f  Physiology and Biophysics, The 
University o f  Texas M edical Branch, Galveston, Texas 77555-1069.

G lycine-receptor mediated C l- channels are involved in the inhibitory 
synaptic transmission in the brain stem and spinal cord. Although 
divalent cation M g2+ w as found to  regulate the activities o f  NMDA- 
receptor mediated responses, the m odulatory role o f  M g2+ in glycine 
responses is unclear. W e studied the effects o f  extracellular M g2+ on 
glycine-activated C l- currents in acutely dissociated trigeminal neurons. 
The currents w ere recorded using the w hole-cell patch clamp technique. 
W e found that glycine-activated C l- currents decreased with increasing 
extracellular M g2+. The peak glycine responses decreased by 17% in 5 
mM M g2+ and decreased by 22%  in 10 mM M g2+. The extent o f  Mg2+ 
block w as similar at both negative and positive holding potentials. The 
inhibitory effect o f  M g2+ w as not diminished in saturated concentration 
o f  7-chlorokynurenic acid, suggesting that the glycine binding site on 
N M D A  receptor w as not involved. The dose response curves for glycine 
w ere examined in different external M g2+ concentrations. The apparent 
dissociation constants for glycine did not change. These results suggest 
that M gs inhibits the glycine responses by acting directly on glycine- 
receptor C l- channels. (Supported by NIH  grants NS11255, NS30045 
and N S23061)

3 0 .1 4

CALCIUM-PERMEABLE AM PA RECEPTOR CHANNELS PARTICIPATE IN 
GLUTAMATERGIC SYNAPTIC TRANSM ISSION BETWEEN RETINAL 
GANGLION CELLS AND OTHER RETINAL NEURONS IN VITRO.
H. Taschenberqer, H. Hollander* and R. Grantyn. Dev. Neurobiol. Group, 
Physiol. Inst. Humboldt Univ., D -10 11 7  Berlin, Germany and Dept. 
Neurophysiol., MPI for Psychiatry, D -8 2 1 5 2  Martinsried, Germany.
Most of what is known about glutamate receptors (GluRs) has been derived 
from pharmacological investigation of whole-cell currents or channel protein 
expression studies, whereas the characteristics of synaptic GluRs are much 
less established. This study was aimed at characterizing GluRs in synapses 
formed by postnatal rat retinal ganglion cells (RGCs) in vitro (Taschenberger 
and Grantyn, J. Neurosci., 15: 1 1 7 3 -1 1 8 6 , 1995). These synapses were 
found to be solely AM PA receptor-operated despite the fact that 
postsynaptic neurons could generate large currents upon direct application 
of exogenous NM DA. The kinetics of spontaneous and evoked EPSCs was 
exceptionally fast w ith a mean time constant of decay of 1 .2 0  ms and 1.96  
ms, respectively (2 2 °C ) (Taschenberger and Grantyn, J. Neurophysiol., in 
press, 1995). Since both kinetic properties and permeability to divalent 
cations of GluRs of the AM PA family are dominated by a single GluR 
subunit, namely the GluR-2, we now investigated the Ca2 + -permeability of 
postsynaptic AM PA receptor channels by analyzing sEPSCs in extracellular 
solution with N a + substituted by various organic cations. It was found that 
spontaneous EPSCs could be recorded when extracellular N a + was 
replaced by choline or tetramethylammonium ((Ca2 + )o = 5 m M). Exposure 
to Na + -free solution reduced mean amplitudes of spontaneous EPSCs to 
about the same extent as whole-cell responses to exogenous kainate. Our 
results indicate that Ca2 + -permeable AM PA GluR mediate EPSCs in 
synapses formed by RGCs in vitro.
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30 .15

ACTIONS OF CORTICOTROPIN RELEASING FACTOR (CRF) ON 
FU RA -2-LO A D ED  C U LTU R ES O F A N T E R IO R  PITUITA RY 
CORTICOTROPE CELLS (AlT-20/D16v). T.J. H eppner* ,J.F. Fickers and
D.J.G. Griffiths, Dept. Anatomy & Neurobiology., Univ. Vermont College 
of M edicine, Burlington, VT 05405.

CRF is the physiological activator of pituitary corticotropes; however, 
many mechanistn(s) initiated by CRF activation are not well characterized. 
W e examined the effects of CRF on changes in {Ca2+} and 
electrophysiological responses using whole-cell perforated patch clamp 
recordings from cultures of anterior pituitary (A tT-20/D16v) cells. {Ca2+}, 
was m onitored in single cells by dual excitation m icrospectrofiuorom etry 
using fura-2. Most cells had resting potentials ranging from -50mV to -60mV 
with spontaneous spikes. Both short and long duration spikes were present 
corresponding to sodium and calcium spikes, respectively. CRF (2-200 nM) 
produced a slow, sustained depolarization in some cells with a slow increase 
in {Ca2+},. The response latency was inversely related to the concentration 
of CRF. In all cells, CRF produced a reversible increase in the frequency of 
both short and long duration spikes, independent of the slow depolarizing 
response. The calcium spikes were further prolonged by CRF, lasting in 
some cells for up to 12 seconds. Brief (1-2 second) applications of 200 nM 
CRF induced a rapid spike of {Ca2+}, followed by a series of {Ca2+}, 
oscillations with a progressive decrease in amplitude. These results suggest 
that CRF promotes exocytosis in single corticotropes by effectively 
increasing {Ca2+}, by several different m echanism s which include: (1) 
increasing spike frequency (2) increasing the duration of calcium  spikes and 
(3) producing a slowly developing and sustained depolarization.

30 .1 6

EPIDERMAL GROWTH FACTOR MODULATES 
GLUTAMATE-INDUCED CALCIUM ACCUMULATION IN 
RAT ASTROCYTES. E-H. Joe*, S. Chung, M.C. Lee, I. Jou, J.S. 
Kim D ept. o f  Pharmacology, A-Jou Univ.; Asan Instit. for Life 
Sciences and Neurology Dept., U lsan Univ.

The activation o f astroglial glutam ate receptors increases intracellular 
calcium which influences astroglial function. Particularly, in brain injury, 
increased extracellular glutam ate causes activation o f  astrocytes. In this 
study, we attem pted to elucidate what factors can m odulate astroglial 
glutam ate receptors. Growth factors are the m ost plausible candidate because 
m any studies revealed that neuronal NM DA receptors and delayed rectifier 
K channels are regulated by tyrosine kinase and protein kinase G via which 
growth factors function(W ang and Salter, 1994; Chen and Huang, 1992; 
Huang et al., 1993). Using a calcium -sensitive dye fura-2, the intracellular 
calcium change was m easured in cultured astrocytes. The addition o f 
500mM  glutam ate induced two phases o f  calcium  increase: rapid, large, and 
short calcium increase due to m etabotropic ACPD receptors and relatively 
slow, small and long-lasting one due to ionotropic AM PA /K A receptors. 
W hen cells are pretreated with EGF ( l 0ng/ml), both o f  two phases o f 
calcium  increase were not detected or significantly reduced. The effect 
occurred within five minutes. Similar results were obtained with subtype- 
specific agonists, ACPD and AM PA. N either bFGF nor NGF did not 
produce such effects. These results suggest that EGF m odulates both ACPD 
and AM PA/KA receptors either directly or via second m essengers because 
five minutes is too short to induce any protein synthesis.

30 .17

MODULATION OF GLUTAMATE RECEPTOR MEDIATED 
CALCIUM INFLUX BY TYROSINE KINASE IN RAT ASTROCYTES.
S. Chung*, E-H. Joe and J.S. Kim Asan Inst. for Life Sci.; Pharm acology 
dept., A-Jou Univ.; Neurology dept., Ulsan Univ. Seoul, KOREA

The activated astrocytes are known to produce various substances 
including EGF, which in turn m ight m odulate the surrounding astrocytes or 
influence the survival o f  the neurons. Using calcium  binding fluorescent dye 
to m easure the intracellular calcium  changes in cultured astrocytes, we 
already have shown that calcium  influx through glutam ate receptor was 
alm ost com pletely blocked by pretreatm ent (less than 5 m in) with 10 ng/ml 
o f  EGF. In the present study, intracellular calcium  was increased either by 
treating astrocytes with 100 μM ATP or 80 mM potassium  ions. These 
would activate purinergic receptors and depolarize the cell, respectively, to 
induce transient and rapid intracellular calcium  increases. Pretreatm ent o f  
cells with EGF did not block the calcium  increases both by ATP and high 
potassium. These results indicate that the EGF inhibits only glutam ate 
receptors to prevent the calcium increases into the cells. EGF receptors have 
tyrosine kinase activities. To ask whether the EGF inhibition o f  glutam ate 
receptors requires the tyrosine kinase activities, we pretreated the cell with 
Lavendustin A, a m em brane perm eant tyrosine kinase inhibitor, prior to the 
EGF treatm ent. W hile the inhibitor itse lf did not change the basal level o f  
calcium in the cells, the inhibitor pretreated cells showed calcium  influx in 
response to glutam ate even in the presence o f  EGF indicating that the 
inhibitor blocked the EGF effect. Therefore, the EGF inhibition o f  glutam ate 
receptor is via tyrosine kinase activities.

CALCIUM CHANNELS: MODULATION BY INTRACELLULAR MESSENGERS

3 1 .1

CO-EXPRESSION OF THE ß3 SUBUNIT ABOLISHES G PROTEIN-MEDIATED 
INHIBITION OF α 1A AND α 1B Ca2+ CHANNELS IN XENOPUS OOCYTES. 
J.P.Roche*,V.Anantharam, and S.N.Treistman. Dept. of Pharmacology and 
Program in Neuroscience, Univ. of Mass. Med. Cntr., Worcester, MA 01655 

We studied three different classes of a , Ca24 channels (α IA, α1B, α1c) to determine 
if a differential ability to undergo G protein-mediated inhibition exists, and 
additionally, whether co-expression of auxiliary subunits modulates the ability of the 
a, to be inhibited. Under control conditions, two classes of Ca2+ channel α1 subunits 
were inhibited in Xenopus oocytes by tonically active G proteins. α1A and α1B 
Ca2+channels, when expressed without auxiliary subunits. show an approximate 2- 
fold increase in peak current amplitude after treatment with guanosine-5’-o-(2- 
thiodiphosphate)(GDPBS). No increase in current amplitude was seen in α1c 
channels after GDPBS injection. n-Ethylmaleimide(NEM) caused a similar increase 
in current amplitude in both α1A and α 1BCa2+ channels. NEM had no effect on α 1A 
or α1B currents which were previously treated with GDPBS. When the ß3 subunit 
was co-expressed with either the α 1A or the α 1B Ca2+ channels, the increase in current 
amplitude seen after treatment with NEM or GDPBS was lost. When α1A and α 1B 
channels were expressed without auxiliary subunits, a depolarizing prepulse (known 
to temporarily relieve G protein inhibition in neurons) caused a facilitationof current 
amplitude. No facilitationof current was seen after treatment with GDPBS or NEM 
using the same voltage protocol. Additionally, no facilitationof current was seen 
when the ß3 subunit was co-expressed with either α1A or α1B. We conclude from this 
data that α1A and α 1B, when expressed alone in Xenopus oocytes are sufficient for 
inhibition by G proteins. α1c, in contrast, is not inhibited by tonically active G 
proteins. Additionally, the ß3 subunit abolishes the ability of tonically active G 
proteins to inhibit α IA and α1B Ca2+ channels.

3 1 .2
THE ROLE OF CALCIUM CHANNEL β SUBUNITS IN SIGNAL 
TRANSDUCTION BETWEEN GABAb RECEPTORS AND CALCIUM 
CHANNELS. A C. Dolphin*. N Berrow. I. Tedder, V. Campbell. K Page, 
K. Brickley, R. Wade. Department of Pharmacology, Royal Free Hospital School 
of Medicine, London, UK.

We have investigated the role of calcium channel (3 subunits in coupling the 
GABAb receptor to voltage-dependent calcium channels (VDCCs). Depletion of β 
subunit from cultured dorsal root ganglion neurones by microinjection of β-specific 
antisense oligonucleotide markedly depleted β-subunits (Berrow et al., J.Physiol 
482:481-491. 1995) and increased the ability of the GABAb agonist (-)-baclofen to 
inhibit calcium channel currents (IBa) from 26 9±5 3% (n=l2) to 44. l ±5.0% (n= 12) 
for 50 μM (-)-baclofen and from 23.1±4.5% (n=5) to 49.7±3.9% (n= 11) for 
100 μM (-)-baclofen β  antisense compared to nonsense or scrambled antisense 
sequence) However the maximal effect of (-)-baclofcn in the presence of GTPγS 
was not affected, indicating that Gαo„.GTP competes with VDCC β subunit for a 
binding site on the VDCC α1 subunit, and that a high level of Gαo GTPγS is able to 
overcome this competition. Since Gα o.GTP-γS is irreversibly activated, this 
suggests a possible role for the GTPase activity of Gα 0 in limiting inhibition. We 
have therefore investigated the GTPase activity of Gαo. We have previously shown 
that the dihydropyridine (DHP) agonist (-)-BayK8644 stimulates the GTPase 
activity of Gα 0 but not Gα1 (Sweeney and Dolphin. FEBS Lett. 310:66-70, 1992) in 
rat cortical membranes, and have interpreted this as indicating an interaction 
between G„ and VDCCs. We have now observed that the agonist isomer 
(-)-BayK8644 ( I0mM) but not (+)-BayK8644 stimulates GTPase activity by 
18±1.7% (n=20), and this stimulation is completely blocked by an anti-VDCC β 
subunit antibody. This antibody recognises skeletal muscle β1, and cloned β1b, β3 
and β4 expressed in cos cells. The antibody causes a 27±8.0% (n=8) reduction in 
DHP binding, but this cannot account for the complete inhibition of DHP-agonist 
stimulated GTPase. There was no effect on (-)-baclofen stimulated GTPase which 
is due to GDP-GTP exchange and does not require coupling to effector Taken 
together these results suggest that the calcium channel α1-β combination may act as 
a GTPase activating protein or GAP.
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3 1 .3
G-PROTEIN-DEPENDENT MODULATION AND PREPULSE RELIEF OF Ca2+ 
INFLUX EVOKED BY ACTION POTENTIAL-LIKE VOLTAGE TRANSITIONS 
APPLIED TO A CLONED HUMAN N-TYPE Ca2+ CHANNEL D.Bleakmqn* and A . 
Randall§, Lilly Research Centre Ltd., Windlesham, Surrey and §Ncurobiology 
Division, MRC Laboratory of Molecular Biology, Cambridge, UK.

The N-type Ca2+ channel is partly responsible for activity-dependent Ca2+ entry 
into presynaptic terminals in many mammalian neuronal pathways. Modulation of 
the N-type Ca2+ channel by various G-protein-coupled receptors is thought, under 
some circumstances, to modulate ncurotransmilter output. Physiological activation 
of the N-type Ca2+ channel is due to the presynaptic action potential. We have 
studied how a pure population of N-typc Ca2+ channels expressed in HEK293 cells 
(α1B-1α2bδβ1-3 subunits, Johnson el al., 1993, Soc Neurosci. Abs. 19, 1329) are 
gated by voltage transitions that mimic action potentials of various shapes 
(APVPs, sec Randall, 1995, Proc. Phys. Soc., Oxford meeting). Using whole cell 
voltage-clamp elcctrophysiology, we have analysed how these responses arc 
changed by activation of G-protcins by intracellular perfusion with GTP-γ-S.

The shortest APVP tested (1/2 width 1.3 ms) consistently evoked an U-shaped 
Ca2+ current of duration ~2 ms. Broadening the APVP by insertion of a "shoulder" 
in the voltage range +20 to -10 mV caused a large increase in the Ca2+ current 
peak amplitude and total charge transferred. The magnitude of this increase with 
respect to APVP width was similar to that observed for the N-.Q- and R-type 
channels in cerebellar granule cells, but smaller than that of T-typc channels 
(Randall. 1995). Slowing the upstroke of the APVP also potentiated the size of the 
current response. In voltage step experiments, inclusion of GTP-γ-S (300 μM) in 
the patch electrode slowed activation and depressed the peak current observed. 
Both effects were relieved by 15ms depolarizing prcpulses to potentials >+20 mV, 
relief being maximal al potentials >+ 90m V. Ca2+currcnts evoked by APVPs were 
also depressed by intracellular application of GTP-γ-S. This depression was 
readily reversed by a 10 ms prepulse to +90 mV. Analysis of the relationship 
between prcpulse length and current recovery obtained suggested that a typical 
action potential was too brief to induce significant relief of G-prolcin-mcdiatcd 
inhibition. This was confirmed experimentally when the currents generated by two 
consecutively applied APVPs were analysed.

3 1 .5

MODULATION OF CALCIUM CURRENTS BY G-PROTEIN ACTIVATION IN 
CHOLINERGIC NEURONES OF NUCLEUS BASALIS. S. Williams*. M. Serafin, M.
Miihlethaler and L. Bemheim. Dept. of Physiology, CMU, Geneva, Switzerland.

Nucleus basalis (NB) cholinergic neurones provide the major cholinergic input to 
the cerebral cortex and discharge in rhythmic bursts due to powerful Ca2+ currents. 
The effects of G-protein activation on Ca2+ currents were examined in dissociated NB 
magnocellular complex neurones with the whole-cell voltage-clamp technique. Two 
population of neurones could be discerned using choline acetvltransferase (ChAT) 
immunocytochemistry: i) large neurones (25 to 35 μm, n= 97), 82 % of which were 
positively stained for ChAT, and ii) small (15 to 25 μm; n=83) unstained neurones 
(53%). Since all neurones recorded were > than 25 pm (mean 29 pm), they were most 
likely cholinergic. High-voltage-activated (HVA; activated by a test pulse to 0 mV 
from Vh -90 mV) and low-voltage-activated (LVA; elicited with a voltage step to -40 
mV from Vh -90 mV) Ca2+ currents were isolated with TTX ( l μM), TEA (20 mM) 
and 4-AP (4 mM). and recorded with patch pipettes containing (in mM), 130 CsAc, 
20 CsCl, 5 HEPES, 5 MgCl2, 0.1 BAPTA, 3 Na2ATP, and 0.1 GTP. GTP was 
sometimes replaced with 0.2 mM GTPγS or 1 mM GDPβS. Control neurones (n=14) 
recorded with GTP or GDPβS exhibited an LVA current that increased slightly in size 
by 27 % (from 193 to 245 pA, p<0.01) over time (5 min). In comparison, the LVA 
current recorded with GTPyS (n=9) was potentiated by 40 % (from 387 to 543 pA, 
p<0.01). The increase of the LVA recorded with GTPyS corresponded to a 122 % 
potentiation (from 245 to 543 pA, p< 0.01) when compared to control (GTP-GDPβS). 
This increase may be partly due to a shift in the activation threshold (from -55 to -65 
mV). In contrast, GTPγS inhibited the HVA current by 42% (n=10). A portion of the 
inhibited HVA current could be disinhibited (facilitated) by 33 % (n=10) using a 
prepulse step (to 100 mV for 100 ms) 15 ms before the test pulse The facilitation was 
reduced from 25 to 6 % (n=3) in ω -conotoxin GVIA (100 nM), suggesting that most 
of the facilitation occurred through disinhibition of the N current. These results 
suggest that LVA and HVA currents of NB cholinergic neurones can be modulated 
through neurotransmitter-activated G-proteins. (Swiss NSF and Canadian MRC)

3 1 .7

RESIDUAL CALCIUM CHANNEL CURRENT MODULATION BY 
MEGESTROL ACETATE VIA THE Gαs-PROTEIN SUBUNIT IN RAT 
VENTROMEDIAL HYPOTHALAMIC NEURONS. A-M.N. Costa K.T Spence 
C.R. Plata-SalamfcL and J.M.H ffrench-Mullen* Dept. Pharmacology, Zeneca 
Pharmaceuticals, Wilmington, DE 19850-5437 and * School of Life & Health Sciences, 
Umv of Delaware, Newark, DE 19716.

The orally active progesterone derivative, megestrol acetate (MA) is used clinically to 
increase appetite in cachectic patients. We examined MA on voltage-gated Ca2+ channel 
currents in freshly dissociated rat ventromedial hypothalamic neurons (VMN) using the 
whole-cell patch elamp technique with 10 mM Ba2+ as the charge carrier. Steady-state 
inhibition of the peak high threshold Ca2+ current, evoked by depolarizing steps from 
-80 to -10 mV, by MA increased in a concentration-dependent (1 pM to 10 μM; n=12) 
manner with an IC30 of 2 nM and an nH = 0 5 MA inhibited a fraction of the Ca2+ chan
nel current in a voltage-dependent manner with a maximal inhibition of 2± 3% of the 
total current at 10 μM. MA had no effect on the T-type Ca2+ channel current (evoked 
from -100 to -30 mV; n=5) Intracellular dialysis with MA had no effect on the Ca2+
current. Progesterone had no effect on the Ca2+ channel current (7% at 10 μM; n=5).
MA had no effect on the voltage-dependence of activation (n=3), but slowed (P<0.04)
the deactivation (n=3) of the tail currents (measured at -80 mV following a 50 ms step 
to various depolarizing potentials). MA had no effect on the N-(n=6), L-(n=8) or P-type 
(n=6) Ca2+ channel currents. MA partially (25±4%; n=6) inhibited the residual current. 
Intracellular dialysis with GTP-β-S (500 pM; n=13) significantly (P<0.005) diminished 
the MA inhibition. Neurons were dissociated from animals treated by chronic intracere- 
broventncular infusion of toxins, antisense and sense phosphothio-oligonucleotides; 
these had no effect on the characteristics of the Ca2+ channel currents. Pertussis toxin 
(1000ng/24 h/48-h, n=10) had no effect; cholera toxin (100ng/24h/48h, n=8) significan
tly (P0 .015) diminished the MA inhibition. Gαs-antisense (15μg/24h/48h; n=9) also 
significantly diminished (P< 0.004) the MA inhibition; Gαs-sense (n=6) and Gα11- 
antisense (n=3) (15μg/24h/48h) had no effect.

3 1 .4
PERTUSSIS TOXIN (PTX)-SENSITIVE AND PTX-INSENSITIVE INHIBITORY 
G PROTEINS TONICALLY MODULATE CALCIUM CURRENTS IN PRIMARY 
SENSORY NEURONS. K.E, Hall*. J.W. Wiley. Department of Internal Medicine, 
University of Michigan, Ann Arbor, MI. 48109.

In the presence of pertussis toxin (PTX), calcium currents in cardiac cells are 
increased (Keung & Karliner, 1990), suggesting that tonic inhibition of calcium 
currents by PTX-sensitive (Gj/Go-type ) G proteins occurs. We investigated tonic 
inhibitory regulation of calcium channels in dorsal root ganglion neurons (DRGs). 
Whole cell, voltage-dependent calcium currents were recorded in single, acutely 
dissociated DRG neurons. Peak voltage-dependent calcium current density (ICa,
pA/pF) elicited by depolarization to +10 mV from a holding potential (Vh) of -80 
mV was 104.5 ± 26 4 pA/pF (n = 8). Administration of PTX was associated w ith an 
increase in (120.6 ± 18.3 pA/pF, n= 5). Inhibitory G protein modulation of lea  
was investigated using a two step (pre-pulse/test-pulse) facilitation protocol. A large 
depolarizing pre-pulse (Vh = -80 mV; Vc = +90 mV) was associated with "removal" 
of tonic inhibition of calcium channels that was observed in the subsequent test-pulse 
(Vh -80 mV, Vc +10 mV, interpulse interval 15 ms) as a larger (facilitated) ICa 
17.9 ± 5.8 % increase; n = 8) compared to a test-pulse not preceded by a strongly- 

depolarizing pre-pulse. PTX decreased facilitation by 52 6 ± 4 % (n = 5), but a 
significant residual component of facilitation remained in the presence of PTX The 
non-hydrolysable GTP antagonist GDP-β-S (500 μM) abolished the residual 
facilitation within 5-7 minutes of patch rupture. Application of the opiate agonist 
dynorphin A (Dyn), which regulates neuronal calcium channels via a PTX-sensitive 
mechanism, decreased lCa by 22 ± 4% (85.4 +12.1 pA/pF; n =6). and increased 
facilitation (25.5 ± 13%) compared to that elicited in the absence of Dyn. These 
results suggest that, in addition to PTX-sensitive pathways, PTX-insensitive G 
proteins tonically inhibit neuronal calcium channels via a pathway that involves 
tight coupling between G proteins and calcium channels.

3 1 .6

ARACHIDONIC ACID INHIBITS BOTH N- AND L-TYPE CALCIUM CURRENTS 
IN SYMPATHETIC NEURONS. Ann R. Rittenhouse* Department of Physiology, 
University of Massachusetts Medical School, Worcester, MA 01655.

Neurotransmitter inhibition of calcium (Ca) currents by a variety of signaling 
pathways is a mechanism by which modulation of synaptic connections can occur.
In adult rat superior cervical ganglion (SCG) neurons, the muscarinic agonist 
oxotremorine-M inhibits both N- and L-type Ca currents via M 1 receptors by 
activating an unknown diffusible second messenger that does not involve protein 
kinase C pathway (Hille, 1992 Neuron 9:187). It can also selectively inhibit N-type 
currents via M4 receptors by a more rapid (msec vs sec), membrane-delimited path
way. I have been interested in determining what messenger(s) might mediate this first 
effect. Using standard whole cell patch clamp techniques with 20 mM Ba as the charge 
carrier and 10 mM EGTA as the internal chelator, I have found that the diffusible 
second messenger arachidonic acid (AA; 5 μM) can inhibit whole cell Ba currents in - 
neonatal SCG neurons. At a holding potential of -50 mV and in the presence of 1 μM 
nimodipine, bath application of 5 pM AA decreased currents elicited at +20 mV 74 : 
3% (n=5), indicating that the N-type current was inhibited. In the presence of the 
dihydropyridine agonist (+)-202-791, AA inhibited the peak currents 63 + 6% and tail 
currents 56 ± 9% (n=6), suggesting that L-type current was also affected. Because 
SCG neurons have so little L-type current, the effects of AA were examined further on 
whole cell currents of undifferentiated PC12 cells. The majority of this current is of 
the L-type. Again, bath application of AA inhibited the current 64 ± 6% (n = 6) The 
time of onset of current inhibition was slow. The kinetics of the whole cell Ba currents 
in both PC12 cells and SCG neurons did not change in the presence of AA, consistent 
with the slow inhibition by oxotremorine-M of whole cell current in SCG. Thus, AA 
or one of its metabo-lites may be the diffusible second messenger that mediates the 
slow inhibition of whole cell Ca current in SCG neurons. I am currently testing this 
hypothesis.

3 1 .8

REGULATION OF L-TYPE CALCIUM CHANNELS IN GH3 CELLS 
BY THE TYROSINE KINASE/PHOSPHATASE SYSTEM. M Cataldi. 
S. Guerriero, S. Amoroso. G. di Renzo and L Annunziato* Dept of 
Neuroscience, Section of Pharmacology, University of Naples "Federico ll°". 
Via Sergio Pansini, 5, 80131 Naples- Italy

Tyrosine Kinases (TKs) play a crucial role in the regulation of growth 
and differentiation. Evidence has been recently raised that these enzymes, 
and their functional counterparts, the tyrosine phosphatases (TPs), control 
[Ca2+]i homeostasis. The aim of the present study was to investigate whether 
the activity of the TK/TP system could modulate C a2+ fluxes via voltage- 
dependent L-type C a2+ -channels. For this purpose, the effects of the T K 
inhibitors genistein (GEN) and herbimycin A (HERB), as well as of the TP  
inhibitor vanadate (VAN), were evaluated by single cell microfluorimetry on 
[Ca2+]i increase induced by several depolarizing stimuli in GH3 cells, a cell line 
which predominantly expresses L-type Ca2 +-channels. Both GEN and HERB  
inhibited ICa2+]i rise induced by 55 mM K+ . This effect was strictly dose- 
related, and its IC50 was comparable to that for TK inhibition This inhibitory 
effect of GEN was completely counteracted by the TP inhibitor VAN (100 μM). 
G EN also inhibited [C a2 + ]j rise induced by 10 μ M BAY-K 8644, a 
dihydropyridine agonist that specifically activate L-type C a 2 + -channels, 
suggesting that TK inhibitors exert their effect specifically on this Ca2+-channel 
subtype. The possibility that GEN could decrease [Ca2+]i by enhancing 
extrusion out of the cells or 4 5 c a 2+ uptake by the endoplasmic reticulum 
seems unlikely since in G H 3 cells GEN inhibited both C a2+ uptake and Mn2 + 

quenching (an indirect index of Ca2 +-channels opening) induced by 
depolarizing concentrations of K+ .These results suggest that the TK/TP  
system exert a relevant modulatory action on L-type Ca2+ -channels in G H 3 

cells.
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3 1 .9

CALCIUM INFLUX-LIKE FACTOR STIMULATES A NOVEL URIDINE 
NUCLEOTIDE RECEPTOR WHICH RELEASES INTRACELLULAR CALCIUM 

RC Falcone* R Powel and P Dareis Dept of CNS Pharmacology, Zeneca 
Pharmaceuticals, Wilmington, DE 19897

Calcium influx factor (CIF) prepared from acid extracts of Jurkat T cells, has 
been postulated to be the messenger for capacitative Ca2+ entry. In this study, we 
prepared extracts as previously described (Randriamampita and Tsien, Nature 364: 
809, 1993) and tested them in a similar manner. In agreement with this report, we 
observed enhancement of Ca2+ influx elicited by the Jurkat extract (JE) as well as 
attenuation of this effect by alkaline phosphatase and econazole. Our data also 
indicate that various cell lines (Jurkat, HL60 and P388) can be stimulated by JE, 
however, the increase in Ca2+ influx was preceded by intracellular Ca2+ release.

The JE Ca2+ response could be mimicked by various analogs of uridine 
nucleotides such as cUMP, and UDP. Unlike other P2 receptor agonists, this 
response was not activated by ATP, UTP or UMP. cTMP did evoke a response 
whereas other cyclic nucleotides, cAMP and cGMP, did not.

Ca2+ influx evoked by JE, UDP or cUMP could be inhibited by the non-selective 
P2 antagonist, suramin and reactive blue. Phospholipase C activation was suggested 
by 1) the intracellular release of Ca2+ and 2) attenuation produced by the inhibitor 
of the PLC pathway, U73122, but not the inactive isomer U73433. Further support 
was obtained by direct measurement of PI hydrolysis indicating JE produced a 
twofold increase in PI levels in Jurkat cells.

We were able to show that JE, along with various nucleotides, produced an 
increase in Ca2+ influx which correlated (r= 0.83) with increased Ca2+, release. Our 
findings suggest that JE, prepared identically to that described for CIF. appear to 
stimulate Ca2+ influx by activating an extracellular pyrimidoceptor coupled to 
phospholipase C, increase PI hydrolysis and release intracellular Ca2+.

31 .1 1
D E A L  M O D U L A T I O N  O F  P R E P U L S E  F A C I L I T A T E D  C A L C I C M  C H A N N E L S  B Y  O K A D A I C  

A C I D . A. Sculptoreanu-. Depts. of Exptl. Med. and Surgery . Lady Davis Institute for Med. 
Res. of SMBD- Jewish General Hospital, McGill University, Montreal. Quebec, H3T 1L2.

Calcium channel currents were studied in primary cultures of parasympathetic 
neurons isolated from major pelvic (MPG) ganglia of rats, using patch clamp 
techniques. We reported previously that prepulse potentiation of L-type channels 
predominantly expressed in this type of neurons may depend on state-dependent 
phosphorylation by cAMP-dependent protein kinase. The aim of this project was to 
further characterize the mechanism of state-dependent modulation of L-type calcium 
channels in parasympathetic neurons. The broad range phosphatase inhibitor, okadaic 
acid. had different effects at different concentration ranges. Okadaic acid 
concentrations ranging from 0.1-1 μM enhanced prepulse facilitated currents by 2-3 
fold without a notable effect on control currents not preceeded by depolarizing 
prepulse. The Sp-isomer (50 μM) of cAMP or 8Br-cAMP (100 μM) had additive 
effects slowing the rapidly inactivating facilitated currents and irreversibly increasing 
control currents and lead to occlusion of voltage dependent potentiation. Higher 
concentrations of okadaic acid (5-10 μM) lead to both an enhancement of facilitated 
currents and occlusion of facilitation due to an irreversible increase of control 
currents. Unlike the control currents which are stimulated by Sp-isomer and inhibited 
by Rp-isomer of cAMP, the currents stimulated by high concentrations of okadaic 
acid were unaffected by these agents. The okadaic acid stimulated currents were 
largely blocked by the dihydropyridine antagonist isradipine (PN200-110). This data 
suggests that at least two phosphorylation sites may be involved -one responsible for 
the initial rapid enhancement by prepulse and another responsible for occlusion of 
facilitation with high cAMP-dependent protein kinase activity. In addition, the dual 
concentration dependent effect of okadaic acid suggests that different and specific 
phosphatases may be involved in the reversal of prepulse facilitation of L-type 
calcium channel currents in parasympathetic neurons. (.Supported by MRC Canada)

31 .1 3

ENDOGENOUS P21-RAS IS INVOLVED IN REGULATION OF NEURONAL. 
VOLTAGE-DEPENDENT CALCIUM CHANNELS. E M. Fitzgerald* and A C. 
Dolphin. Dept. Pharmacol., Royal Free Hosp. Sch. Med., Rowland Hill St., London 
NW3 2PF.U.K.

P21-ras combined with rasGAP has been shown to block M2 muscarinic receptor 
(mAChR) activation of cardiac K+ channels. Since M2 and M4 mAChRs are known to 
inhibit voltage-dependent Ca2+ channels (VDCCs) via a G-protein pathway, p21-ras 
may also be involved in regulation of neuronal VDCCs. Here we report the results 
from a study in which the whole cell patch clamp technique has been used to examine 
the involvement of endogenous p21-ras in regulation of VDCCs in rat primary cultured 
dorsal root ganglion cells (DRGs).
Microinjection ofp21-ras neutralising antibody (Y13-259, 0.1 mg/ml, 20 fl) 2 h prior 
to experiments, had no effect on the inhibition of Ca2f channel current, IBa, by the 
muscarinic agonist, carbachol. However, the peak amplitude of maximum IBa, Imax 
was significantly reduced by 36.0 ± 3.0 % (mean ± s.e.m., p < 0.05) in Y13-259- 
injected versus control cells. In contrast, microinjection of oncogenic p21-K-ras (2 
mg/ml) increased Imax by 61.0 ± 3.0 % (p < 0.01) compared with controls. Thus in 
DRGs, endogenous p21-ras is involved in Ca2+ current regulation, although not in 
muscarinic modulation of these currents. Intracellular application of phosphopeptides 
mimicking the autophosphorylation sites on growth factor receptor tyrosine kinases 
involved in p21-ras activation (nerve growth factor, TRK490, epidermal growth factor, 
EGFR1068; 0.1 mg/ml) also reduced Imax. TRK490 caused a 15.8 ± 2.0 % decrease (p 
< 0.05), whilst EGFR1068 caused a 19.8 ± 4.0 % reduction in Imax (p < 0.05) after 10 
min. The presence of control ("scrambled") phosphopeptide for up to 10 min, however, 
had no significant effect. Deprivation of nerve growth factor (NGF) for 15 h also 
caused a marked decrease in lmax of 29.6 %, from 50.4 ± 5.5 pA/pF in controls to 35.5 
± 4.2 pA/pF in NGF-deprived cells. Thus, we have provided evidence to suggest that 
VDCCs are regulated by endogenous p21-ras which is likely to be activated by a 
receptor tyrosine kinase pathway.

3 1 .1 0
UNCOUPLING OF OXIDATIVE PHOSPHORYLATION CORRELATES WITH 
INHIBITION OF CAPACITANCE CALCIUM ENTRY R Stumpo* R Powel. R.
Kozel. and RC Falcone Dept of CNS Pharmacology, Zeneca Pharmaceuticals, 
Wilmington, DE 19897

Adenine-guanine nucleotide levels have recently been suggested to modulate CV2+ 
influx dependent on store depletion (Gamberucci et al, JBC 269:2359, 1994). We 
therefore tested the hypothesis that uncoupling could be correlated with inhibition 
of capacitative Ca2+ influx. The effect of compounds to stimulate isolated rat liver 
mitochondrial F1-ATPase, an indicator of uncoupling, was measured and compared 
to their potency to inhibit thapsigargin (TG)-induced Ca2+ influx in E6-1 Jurkats

Stimulation of F1-ATPase was determined by measuring free phosphate 
formation after addition of ATP. Calcium influx was measured following depiction 
of intracellular calcium stores by the CaATPasc inhibitor, TG. Various increasing 
concentrator of test compounds were added several min prior to addition of 1 mM 
calcium containing Ca45. Results are mean values (μM).

Compound F1-ATPase, ECM Ca Influx, IC50

FCCP 0.02 0.03

DNP 4.66 22.4
Nonactin 0.19 0.14

Antimycin 1.8 0.75
Econazole 23.6 6.66
SKF96365 33.85 22

These data indicate that potency of uncoupling correlates (r= 0.93) with 
inhibition of capacitative Ca2+ entry. Furthermore this mechanism may underlie the 
inhibition of Ca2+ influx observed by P450 inhibitors e.g, econazole and SKF96365.

31 .1 2
Ca2+ A N D  P R O T E I N  K IN A S E  C - D F P E N D E N T  R E C R U I T M E N T  O F  F U N C T I O N A L  Ca2+ 
C H A N N E L S  T O  T H E  S U R F A C E  O F  RINm5F IN S U L IN - S E C R E T I N G  C E L L S .

M. Rogers, M. Passafaro1, J.E. Richmond, I.M. Cooke*, and E. Slier1. Bekésy Lab. of 
Neurobiology, University of Hawaii, Honolulu, Hawaii 96822. 1CNR Center of 
Cytopharmacology, Department of Medical Pharmacology, Llniversify of Milan, Italy.

We previously demonstrated a Ca2+- and PKC-dependent increase in surface 
binding of co-conotoxin to neuronal tumor cell lines (Passafaro et al., 1994; Soc 
Neurosci 20:902), and now extend these results to RINm5F pancreatic cells. We also 
show that modulators of N-type Ca2+ channel recruitment in cell populations 
(measured with binding assays) produce similar changes in Ca2+ transient amplitude 
in single cells (measured by fura 2 video imaging), suggesting that the latter process 
is due, in part, to insertion of functional N-type Ca2+ channels. Repetitive KC1 
depolarization increased surface co-conotoxin binding (recruitment) by 170% of 
control after the 4th KCI pulse. There was a similar increase in KCl-induced Ca2+ 
transients in single cells (potentiation), amounting to a > 100% increase in amplitude 
by the 4th transient. The KCl-induced Ca2+ transient is triggered by Ca2+ influx, as it 
is inhibited by Ni2+ (0.5-2 mM). However, Ca2+ influx also triggers Ca2+ release from 
internal stores, and the potentiation of Ca2+ signals may also involve the repetitive 
filling and discharge of these stores. Pre-treating cells with 10 μM thapsigargin 
and/or ryanodine to inactivate Ca2+ stores reduced Ca2+ transient potentiation by half, 
suggesting that depolarization potentiates Ca2+ signals by increasing Ca2+ influx 
through Ca2+ channels. as well as by augmenting Ca2+ release from stores.
Potentiation of Ca2+ influx is postulated to involve recruitment of N-tvpe Ca2+ 
channels to the plasmamembrane by regulated secretion. KCI and the phoibol ester 
TPA increase surface co-conotoxin binding non-addilively. anil both effects are Ca2+- 
dependent and antagonized by calphostin C. Recruitment of N-type Ca2+ channels is 
unaffected by blocking protein export from the Golgi with Breleldin A. but is blocked 
by disruption of microtubules with noeodazole. UH Foundation, N1H grant NS15453.

3 1 .1 4

EFFECT OF CISPLATIN TREATMENT ON CARBACHOL INDUCED 
INTRACELLULAR Ca2+ CHANGES IN PC12 CELLS 1D. Kasabdji, 2A. Malave 
and 2A. Rathinavelu*. 1College of Pharmacy, Central University of Venezuela, 
Caracas, Venezuela, P.O.Box 40109, 2Department of Pharmaceutical Sciences, 
College of Pharmacy, Nova Southeastern University, 1750 N.E. 167th Street, North 
Miami Beach, FL- 33162.

Recently, cisplatin chemotherapy associated emesis was correlated to the 
release of serotonin from the enterochromaffin cells in the proximal gut that 
initiates the vomiting reflexes. So far, the basic mechanisms that may be involved in 
the release of serotonin by emetic anticancer drugs has not been determined. Since, 
intracellular Ca2+ changes constitute a major component of the signals that are 
leading to neurotransmitters release from neurosecretory cells, the effect of cisplatin 
treatment on intracellular Ca2+ level was studied using PC12 cell model When 
PC12 cells were treated with 0.15 mM and 0.3 mM concentrations of cisplatin, no 
significant change in the intracellular Ca2+ levels or neurotransmitters release was 
observed. Interestingly, when the PC12 cells were pretreated with cisplatin (0.15 
mM) and then stimulated with carbachol, the effect of carbachol was significantly 
potentiated and as a result the intracellular Ca2+ increase induced by carbachol was 
enhanced by 20% and also the dopamine release was enhanced by 15%. Similarly, 
cisplatin treatment also enhanced the KCI (55 mM) depolarization induced increase 
in the intracellular Ca2+ levels by 40% and the dopamine release by 32%. These 
results suggest that treatment with cisplatin (0.15 mM and 0.3 mM) alone does not 
alter the intracellular Ca2+levels or the neurotransmitter release in PC12 cells On 
the other hand, cisplatin pretreatment potentiated the effect of cholinergic agonists 
such as carbachol and also the depolarization mediated effects of KCI. This type of 
potentiation may play a role in the release of neurotransmitter from the target cells 
that are exposed to cisplatin. (supported by grants from NSU and UCV)
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3 2 .1
A m p lific a tio n , A t t e n u a t io n , a n d  P r o d u c t io n  o f  R e s o n a n c e  in  N e o c o r t ic a l  
N e u r o n s . B. Hutcheon, R. M. Miura and E. Puil*. Dcpts. of Pharmacology & 
Therapeutics and Mathematics, Univ. of B. C., Vancouver, B.C., Canada. V6T 1Z3.

We previously demonstrated that a hyperpolarization-activated cation current, Ih, 
produces a subthreshold resonance (peak at 1-2 Hz) in neocortical neurons (juvenile 
rat brain slices at 24°C). These neurons respond more strongly to oscillatory current 
inputs near their peak resonant frequency than to inputs at other frequencies.

We now show that the co-activation of IH with other voltage-dependent currents 
modulates the resonance. A persistent Na+ current (Inap), activating quickly on 
depolarization above -65 mV, greatly amplifies resonance without significantly 
changing the peak resonant frequency. Tetrodotoxin (300 nM) did not affect the 
resonance at potentials more negative than -65 mV but blocked INaP and the 
amplification of resonance at depolarized potentials. An inwardly rectifying K+ 
current (IK,ir), activating quickly on hyperpolarization below -80 mV, greatly 
diminishes the magnitude of resonance. Increasing Ikak also attenuated the resonance 
magnitude. Blocking IK,ir and Ikak with Ba2+ (200 μM) enhances the resonance.

The use of mathematical modelling of the membrane impedance generalizes these 
results. Currents, like INap, with a negative slope-conductance region in their I-V 
relations are amplifiers of resonance. Currents with a continuously positive slope- 
conductance that activate quickly relative to the membrane time constant, τm, are 
attenuators of resonance (e.g., I K,ir, Ileak, delayed rectifiers). Rectifying currents with 
a positive slope-conductance produce resonance if their activation time contants are 
comparable to, or slower than τm, and if the reversal potential lies in the “zero- 
activation” region of the I-V relation. In the neocortex such currents include the 
inward rectifier, IH, and the muscarine-sensitive outward rectifier, IM. Modelling 
shows that a highly amplified resonance results in spontaneous oscillations near the 
peak resonant frequency.
Research supported by the Medical Research Council of Canada.

3 2 .3

C a2+-D EPH N D EN T FA LL IN IN T R A C E L L U L A R  pH D U RIN G  
DEPOLARISATION OF HIPPOCAM PAL NEURONS 
S.Trapp, M. Lückermann, K. Kaila+  DW. Richter* & K. Ballanyi 
Physiol. Inst., Gottingen, FRG; +Dept. Biosci., Helsinki, Finland

We have simultaneously measured membrane currents and intracellular C a2+ (Cai) or pH (pHi) in CA1 pyramidal neurons of 150 μm thick 
hippocampal slices of 8-12 day old rats (temperature 30 °C). The patch 
pipettes for whole-cell recordings contained (in mM): 0.05 BCECF or 
0.1 fura-2, 130 K-gluconate, 1 MgCl2, 1 CaCl2, 1 NaCl, 5 K-BAPTA, 10 
Hepes, 1 Na-ATP; pH adjusted to 7.4 with HC1.

Changing the holding potential from -60 to 0 mV (1 min) led to a fast 
rise of Cai to about 1 μM, which typically started to recover during the 
depolarising pulse, and to a delayed progressive fall of pHi by about 0.4 
pH units, which recovered within 2 min after return to -60 mV. These 
C a i and pHi transients were not affected by 0.2 μM TTX whereas a 
blockade by more than 80 % was seen upon administration of 1 mM 
Ni2+ or a mixture of 200 μM Ni2+ and 200 pM Cd2+. Upon changing to 
Hepes-buffered solution at constant external pH, resting pHi increased 
by about 0.2 pH units. Whereas a marked depolarisation-induced fall in 
pHi was observed both, in the presence and absence of CO2/bicarbonate, 
the acidosis of about 0.3 pH units, evoked by 100 pM GABA was 
completely blocked in nominally C02 /bicarbonate-free salines.
Whereas the GABA-related pHi decrease is likely to be mediated by 
bicarbonate efflux via GABAA-receptor channels, the depolarisation- 
induced acidifications might be due to activation of a plasmalemmal 
C a2+/H + ATPase in response to the rise in Cai mediated by voltage- 
dependent Ca2+ channels. Supported by the SFB 406 (TP B6).

3 2 .5

ELECTRICAL EXCITABILITY OF POSTNATAL HIPPOCAMPAL 
NEURONS GROWN IN CULTURE. M. Mvnlieff*. Department of Biology, 
Marquette University, Milwaukee, WI 53201-1881.

Cultured cells are often used as a model system for electrophysiological 
studies because of the ease in which recordings can be made and the ability to 
control the environment of the cells. Since primary neuronal cultures are often 
difficult to establish most investigators use embryonic tissue for culturing or 
use the cells immediately after dissociation. In the first case there may be 
problems with the recordings because the cells have not yet developed the 
adult phenotypes of currents and in the second case the cells are often unstable 
and any ion channels normally expressed on the peripheral extremities of the 
cells have been sheared off during the dissociation. I have developed a 
postnatal culture (Day 7-14) of the superior region of the hippocampus using 
a trypsin/DNase digestion followed by culturing in Neurobasal medium 
(GIBCO) supplemented with B27. The cells are healthy and begin to show 
outgrowth of processes within 24 hours o f dissociation. Although 90% of the 
neurons in the hippocampus are thought to be pyramidal cells as many as 30% 
of the cells in these cultures were labeled with anti-GABA antibodies. Whole 
cell patch clamp studies in both the current clamp and voltage clamp modes 
have been used to investigate the excitability of the neurons. There is a wide 
variation of excitability in these cells ranging from no action potentials to a 
train of action potentials in response to a large depolarizing pulse when 
recordings are made 1-3 days after culturing. The majority of cells show a 
single action potential of longer than normal duration.

Supported by NSF grant 1BN 94-07579 and the Howard Hughes Medical 
Institute.

3 2 .2

IONIC MECHANISMS UNDERLYING CHOLINERGIC-DEPENDENT 
PLATEAU POTENTIALS INHIPPOCAMPAL PYRAMIDAL NEURONS
D .D . Fraser* and B.A. MacVicar, Neuroscience Research Group, Department 
of Medical Physiology, University of Calgary, Alberta, Canada. T2N 4N1.

Cholinergic stimulation of the hippocampal formation results in 
excitation and/or seizure. We report here, using whole-cell patch-clamp 
techniques in the hippocampal slice (35°C), a cholinergic-dependent long- 
lasting plateau potential (PP). Application of 20 μ M carbachol (CCH) to CA1 
pyramidal neurons (rp -66± 0.2 mV; RIN 146±3 MΩ; n=206) resulted in a 
membrane depolarization (2-7 mV) associated with an increased input 
resistance. In all neurons tested, depolarizing current injection resulted in PPs 
maintained at ~ -20  mV which lasted up to tens of seconds. The PP was 
depressed by the muscarinic receptor antagonist atropine (1 μM; n = 3), 
removal of either Na+ (n=  10) or Ca2+ (n=3) from the external media, [Ca2+]i
chelation with BAPTA (n=4), or the addition of external Cd2+ (50 μ M; n = 5). 
In contrast, TTX did not abolish the PP (1.2 μM; n = 20). Although K+
channel blockers ([Cs+]i, n = 11; TEA, 4-AP, Ba2+, n=16) lowered the 
threshold and prolonged the PP duration, they failed, in the absence of CCH, 
to unmask the PP. Finally, the involvement of a N a+/Ca2+ exchanger was 
minimal since the PP was still observed in following Li+ substitution (50 mM; 
n= 3). Thus, the PP is dependent on both Na+ and Ca2+ influx, is blocked by 
[Ca2+]i chelation, and is independent of TTX-sensitive N a+ channels or 
exchange mechanisms. These data suggest a Ca2+-sensitive cation conductance 
not only underlied the PP, but was directly enhanced by muscarinic 
stimulation. This current may contribute to prolonged firing in hippocampal 
neurons during CCH-induced excitation and/or epileptiform-like activity.

3 2 .4
SLOW INACTIVATION OF TRANSIENT AND PERSISTENT SODIUM 
CURRENTS IN NEOCORTICAL NEURONS. I.A. Fleidervish. A. Friedman 
and M J. Gutnick*. Dept. of Physiol., Faculty of Health Sciences, Ben- 
Gurion University of the Negev, Beersheva, Israel.

Na channels are located throughout the soma-dendritic membrane of 
neocortical neurons. Therefore, changes in Na channel availability may 
influence not only spike output but also synaptic processing within the 
dendritic tree. Neocortical neurons possess transient (INtT) and persistent 
(INaP) Na currents, both of which are generally attributed to a single channel 
type operating in different kinetic modes. We now report that both currents 
undergo pronounced slow inactivation (SI), which renders their availability 
variable as a function of previous firing history.

In cell-attached recordings in 400 μm slices of mouse SM 1, from patches 
containing >15 Na channels, INaT was studied by averaging 30-50 sweeps. 
Based on the midpoint of the h∞ curve, Vr was estimated at -72±3 mV 
(mcan±SD, n=8). At (Vr+50) mV, development of SI was monoexponential 
(τ=1.14-2.33 s) and steady state SI (at 2 s) was voltage dependent (maxi
mum = 0.45). Recovery was also voltage-dependent and monoexponential, 
with x near 2.5 s at Vr, I s at (Vr-20) mV and 0.45 s at (Vr-40) mV.

INaP was measured in whole-cell recordings from depolarizing voltage 
ramps (-70 mV to 0 mV) with a rising rate slow enough to completely 
inactivate INaT. Cs+ replaced K+ in the in the intracellular solution, and 200 
pM Cd++ was added to the bath. INaP was markedly decreased when the rate 
of rise was slower than 35 mV/s. To reveal the kinetics of SI, ramps were 
preceded by conditioning steps of vary ing duration and amplitude. Parame
ters of SI of INaP were similar to those of INaT. Both INaP and INaT underwent 
profound SI when the slow voltage ramp was preceded by a prolonged (3 s, 
20 Hz) train of action potentials in current clamp.

Supported by U.S.-Israel BSF  and Israel Ministry o f  Science.

3 2 .6

IMMUNOLOCALIZATTON OF THE Na-Ca EXCHANGER IN CENTRAL AND 
PERIPHERAL MYELINATED AXONS OF THE RAT. I. Steffensen* and P.K. 
Stys. Loeb Research Institute, Ottawa Civic Hospital, University of Ottawa, Canada.

Previous studies on the pathophysiology of white matter anoxic injury have 
revealed that damaging increases in intracellular Ca result from Na-Ca exchange, 
driven in the Ca import mode by Na influx through non-inactivating Na channels and 
axonal depolarization. To date however, direct evidence for the presence or 
distribution of the Na-Ca exchanger in white matter is not available to our 
knowledge. The present study uses immunofluorescence labeling with a monoclonal 
antibody to the canine cardiac type I Na-Ca exchanger to localize exchanger protein 
in rat central and peripheral myelinated fibers. The indirect immunofluorescence 
labeling technique was performed on paraformaldehyde fixed frozen cryostat 
sections (12 μm) of optic nerve, spinal cord and sciatic nerve. Examination of optic 
nerve sections with both conventional and confocal microscopy, revealed a distinct 
linear staining pattern. Positive label was associated with the plasmalemma of glial 
cell bodies and broader glial processes running longitudinally along the axis of the 
nerve. Label was also associated with numerous finer processes arranged in parallel. 
running longitudinally. These finer processes likely represent axonal profiles, in 
contrast to glial processes which were commonly seen to course in random directions 
within the nerve as revealed with GFAP staining. Distinct linear staining was seen in 
dorsal and lateral columns of the spinal cord, as well as in sciatic nerve, most likely 
representing axonal patterns. These presumed axonal profiles may represent staining 
on the myelin sheath, axolemma or both. An immunoelectron microscopy study is 
currently underway to elucidate in greater detail the axonal distribution of the Na-Ca 
exchanger at the ultrastructural level in these tissues. Excess Ca influx through 
reverse Na-Ca exchange may represent a common pathogenetic mechanism in 
diseases of central white matter, such as stroke and spinal cord injury, and in 
peripheral neuropathies. Moreover, if co-localization of the exchanger with Na 
channels at the node of Ranvier is demonstrated, this may have important 
pathophysiological implications, that could result in exaggerated disturbances of 
axoplasmic [Ca] during injury resulting in preferential structural damage at this 
critical site along the axon. Supported by MRC of Canada Grant #MT-11595.
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SLOW SODIUM-DEPENDENT POTENTIAL OSCILLATIONS IN 
DEMYELINATED AXONS. A ROLE IN ECTOPIC FIRING Y-G Li, R Kapoor#, 
MJ Nea;+*,. KJ Smith Depts. Neurology & +Pharmacology, UMDS-Guy’s Campus 
London, SE1 9RT, and #lnst. Neurology, Queen Square, London, WC1N 3BG

Ectopic action potentials can arise at regions of axonal demyelination, and are 
believed to contribute to a range of symptoms in patients with demyelinating 
conditions such as multiple sclerosis. The mechanism(s) by which the ectopic 
impulses are generated are uncertain, but we have previously shown that intemodal 
potassium currents can generate a bursting pattern of such activity (Felts, et al., 
Brain, In press); this activity is inhibited by potassium channel blockers such as 4- 
aminopyridine (4AP). Paradoxically, however, 4AP can also induce ectopic activity 
in clinical and experimental demyelinating lesions. We now present evidence that 
this latter activity is generated by slow, sodium dependent oscillations in membrane 
potential.

Intra-axonal recordings were made in vitro from rat central and peripheral axons 
previously demyclinated by the injection of ethidium bromide or lysophosphatidyl 
choline respectively. The ectopic activity induced by 5mM 4AP was characterised 
by a regular, rather than a burst pattern of firing. When recorded close to the 
demyelmated lesion the impulses were found to be generated by an underlying slow 
oscillation in the membrane potential, which could sometimes be observed without 
associated spiking. Spiking activity was blocked by 100 nM TTX, a concentration 
which also abolished the slow membrane potential oscillations.

We conclude that ectopic activity which occurs following the blockade of 
potassium currents by 4AP depends upon axonal sodium currents associated with 
the site of demyelination. These currents, together with the prolonged inward 
potassium currents which we have previously described, may contribute to the 
generation of ectopic burst discharges in a range of disorders of myelinated axons.

3 2 .9

NERVE CONTACT, DEPOLARIZATION AND SYNAPTIC ACTIVITY 
ALTER N a+ AND K + CU RREN T EXPRESSION IN SKELETAL 
MUSCLE. S.Hancock.and F.M oodv-Corbett*. Div. Basic Med. Sci., 
Memorial University, St. John's, NF AIB 3V6.

The kinetics, density and distribution of ion channels on myocytes are 
altered significantly during development, by both genetic cues and 
extrinsic factors such as excitability, synaptic activity, and nerve contact. 
The effects of such extrinsic factors on the developmental expression of 
ion channels in embryonic Xenopus myocytes is the focus of this work. 
Whole cell currents were recorded from embryonic Xenopus muscle cells 
after one day in culture using a List patch clamp and standard recording 
conditions. (M oody-Corbett and G ilbert, Dev. Br. Res., 1989, 55: 139- 
142). N a+ currents (INa) and three types of K + currents (inward rectifier 
(IR), inactivating (Iik), and non-inactivating (Ik) were recorded from both 
nerve contacted and non-innervated muscle cells. The influence of 
membrane excitability and synaptic activity was examined by adding 
tetrodotoxin (TTX) and /o r α -bungarotoxin (α -BTX) to the culture 
medium at the time of plating. Nerve contact increased the number of cells 
showing INa and this increased expression was blocked when membrane 
excitability or synaptic activity was blocked. All cells expressed K + 
currents regardless of nerve-contact, synaptic activity, or membrane 
excitability. However, nerve-contacted muscle cells were more likely to 
contain Iik than non-contacted muscle cells. In these nerve-contacted 
muscle cells the expression of Iik was enhanced by blocking membrane 
excitability with TTX, but was depressed by blocking both synaptic 
activity with α -BTX and membrane excitability with TTX. The results 
suggest that nerve contact, excitability and synaptic activity all play 
distinct and d ifferent roles in altering N a+ and K + current expression.

32 .1 1

A ROLE FOR SPONTANEOUS ACTIVITY IN THE DIFFERENTIATION OF 
MUSCLE CELLS OF THE ASCIDIAN Boltenia villosa. J. E. Dallman, A. K.
Davis*, and W. J. Moody. Dept. of Zoology, Univ. of Washington, Seattle, WA. 
98195-1800.

A description of the changing complements of ionic currents during ascidian 
muscle differentiation reveals two qualitatively different phases (Davis et al. 1995). 
During the first phase, from neurula through tail extension, the cells lose their resting 
conductance, an inwardly rectifying K current, at the same time as they first express 
a high threshold slowly activating delayed K current and a transient Ca current. This 
coordinate expression suggests the possibility of spontaneous long-duration Ca action 
potentials since the resting potential is unstable due to the absence of the inward 
rectifier and the outward K current is slowly activating. During the second phase, 
tail elongation to hatching, the inward rectifier returns and the outward K currents 
have a lower threshold and faster activation due to the addition of a Ca-dependent K 
current. These changes shorten the action potential and make spontaneous activity 
less likely. Whole-cell attached patch recording shows more spontaneous activity 
during the first phase than the second.

To examine the role of this activity in development, the Ca channel blocker Cd was 
applied during the first phase. This treatment prevented the development of the Ca- 
dependent K current during the second phase. To explore this effect with other, more 
specific blockers, we have tested a variety of crude Conus toxins (kindly supplied by 
B. Olivera, Utah) from several species. Crude toxin from C. marmoreus blocks the 
high threshold transient current which is predominant during the first phase, and 
crude toxin from C.imperialis blocks a sustained current which is predominant 
during the second phase. By first isolating the working fractions of those crude 
toxins and then using them in combination to block all Ca current during the first 
developmental phase, we hope to test whether the effect of Cd is due to its action on 
Ca channels.

3 2 .8
T H E  D Y N A M IC  P R O P E R T IE S  O F  A T T X -R E S IS T A N T  N a+ 
C U R R E N T  M A Y  U N D E R L IE  T H E  H E T E R O G E N E O U S  
D IS C H A R G E  O F  R A T  N O D O S E  S E N S O R Y  N E U R O N S .
J.H. Schild and D.L. Kunze* Oregon Health Sciences Univ.. Portland OR 
and M etroHealth Medical (.’enter*, Cleveland OH

The majority of neurons in the nodose ganglia are classified as C-type 
cells. The temporal characteristics and step-response properties of these 
neurons are heterogeneous. ranging from a single spike to sustained low 
frequency activity (≤ 30 Hz). In an earlier experimentally directed mod
eling study (Schild et al., J. Neurophysiology. 71, 1994) we hypothesized 
that a tetrodotoxin resistant inward Na+ current (I-TTXR) could be a 
m ajor factor in producing this spectrum of variability.

In this study we focus upon the functional aspects of I-TTXR. rel
ative to the known stimulus-response characteristic of ( ’ type neurons. 
Our electrophysiological recordings have revealed tha t there is consider
able variability in the voltage- and time-dependent kinetics of this slow 
Na+ current (e.g. Vml/2 = -11.0 ±  4.93 mV, Vh1/2 = -31.6 ± 5.84 mV, 
n=20). Computer simulations were performed in order to assess the im
pact such variability has upon the firing properties of C-type neurons. 
We dem onstrate tha t slight offsets in the voltage-dependence of I-TTXR.
as indicated by the experimental d a ta . can account for the heterogeneous 
discharge of C-type rat nodose sensory neurons. Through additional com
puter simulations and nonlinear analysis we dem onstrate tha t because of 
its relatively slow rate of inactivation, I-TTXR contributes a. significant 
inward current during the downstroke of C-type action potentials. This 
results in a delayed repolarization tha t functions not only in setting a 
minimum action potential duration but also potentiates the recruitment 
of the slower outward K+ currents which, in turn, limits the upper dis
charge rates of ( ’-type neurons.

3 2 .1 0
MECHANISMS OF METABOTROPIC RECEPTOR ACTIVATION OF CAN 
CURRENT IN CA1 HIPPOCAMPAL NEURONS
P. Congar, V. Crepel, F. Condé - and Y. Ben-Ari - INSERM U29, 123 Bld de 

Port-Royal, 75674 Paris cedex 14 (France).
The currents evoked in CA1 pyram idal neurons by the selective 
metabotropic glutamate receptor agonist 1S,3R-ACPD were studied in 
whole-cell patch-clamp configuration in the presence of TTX ( lμM), 
kynurenate (1 mM) and bicuculline (10 μM) to block N a+ action potentials 
and ongoing synaptic activities. In 125 mM K-gluconate pipette solution 
containing 1 mM Ca2+, 2 mM Mg-ATP and 0.4-1 mM GTP, bath application of 
1S,3R-ACPD (100-200 μM, 2-3 min) induced an inward current associated 
with a 25-30 % decrease in the membrane conductance. The I/V  relation of 
this current was investigated using a ramp voltage command from -100 mV 
to +50 mV. As previously described (Crépel et al. J. Neurophysiol. 72: 1561- 
69, 1994), this current had a V shape and reversed polarity at two 
potentials (around -100 mV and -20 mV). In the presence of K+ channel 
blockers (including 2 mM Ba2+, 6 mM Cs+, 5 mM 4-AP and 10-25 mM TEA), 
1S,3R-ACPD induced a Ca2+-activated nonspecific cationic current (CAN). 
In contrast to previous observations obtained with intracellular recordings 
(Crépel et al. J. Neurophysiol. 72: 1561-69, 1994), the I/V  relation of CAN 
current was not linear. We observed a negative rectification for potentials 
more negative than -40 mV. Preliminary experiments suggested that this 
rectification is due to divalent cations. We also previously showed that 
this current, activated by the glutamatergic metabotropic receptors, is 
generated via an increase of the internal C a2+ concentration. In order to 
clarify transduction mechanisms, we have investigated the role of G 
proteins as a link between metabotropic receptors and the rise of [Ca2+]i 
using an intracellular perfusion technique.

32 .1 2

ACTIVATION OF IH MAY BE INVOLVED IN SEROTONIN INDUCED 
DEPOLARIZATION OF RAT SENSORY NEURONS R.S. Scroggs* and E.G. 
Anderson** Univ. of Tenn., Coll. of Med., Dept. of Anat. and Neurobiol., Memphis, 
TN 38163* and Univ. of Miami, Dept. of Neurology, Miami, FL 33101**.

Whole-cell patch clamp experiments have demonstrated that in most large 
diameter (A-type) rat dorsal root ganglion (DRG) cells, hyperpolarizing voltage 
commands from a holding potential of -60 mV evoke an instantaneous current 
(chord conductance), and a slowly activating current (IH) (Scroggs et al . 1994). In 6 
of 12 large diameter rat DRG cells (average diameter = 48 μm ± 1.1 SEM), 2-10 μM 
5HT increased IH by 11.3% ± 2.8 SEM, measured 300 msec after a hyperpolarizing 
voltage command to -100 mV from a holding potential o f-60 mV. This increase 1H 
was associated with an inward shift in holding current (131pA ± 72 SEM) and an 
increase in chord conductance (18% ± 11 SEM).

Previously, Todorovic and Anderson (1992) reported two mechanisms 
which produced depolarization in A-type DRG cells. One was a 5HT2 receptor 
mediated depolarization , probably resulting from blockade of a K+ channel, and the 
other was a 5HT3 receptor mediated depolarization, probably resulting from opening 
of the 5HT3 receptor gated cation channel. Frequently, both phenomena occurred 
simultaneously in the same cell and could be resolved separately using selective 
antagonists. In light of the above voltage clamp data it is likely that activation of IH 
may also contribute to depolarization in A-type DRG cells. This idea is supported by 
the observation that 5-carboxyamidotryptamine, a 5HT1 agonist which does not 
activate 5HT3 receptors, produced a depolarization with a decrease in Rin in 2 of 
three cells tested under current clamp conditions. These responses are consistent 
with the inward shift in holding current and increase in chord conductance 
associated with the 5HT induced increase in IH  observed under voltage clamp 
conditions. Thus, DRG cell membrane polarization and conductance may be sculpted 
by an interplay between several ionic currents coupled to different 5HT receptors.
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PHYSIOLOGY, PH A RM A CO LO G Y , A ND  G EN E EXPRESSIO N  
O F V O L T A G E -G A T E D  IO N  C H A N N E L S  IN S IN G L E  
S O M A TO SE N SO R Y  C O R T IC A L  N E U R O N S  IN  C U LTU R E 
J.L. M assengill* 1, J.R.T. G reene3 . Z . L i1. M .A. Smith1, and D X  
O 'D o w d 1,2 D epartm en ts  o f A natom y  and  N eu ro b io lo g y 1 ; 
D evelopm ental and Cell B iology2 , U.C. Irvine, Irvine, CA  92717, 
University Departm ent of Pharm acology3 , Oxford, England.

O ur goal is to understand how  changes in ion channel gene 
expression correlate with the developm ent o f specific firing properties 
in cortical neurons. W e are using a culture system  w hich supports the 
su rv ival and d iffe ren tia tion  o f d isso c ia ted  neu rons  from  the 
som atosensory cortex o f new born m ouse. W hole-cell recordings 
show that the developm ent of firing properties of these cultured 
neurons mirrors that seen in acutely prepared slices from  animals of 
equivalent ages. Cultured cells exhibit sodium  and potassium  currents 
w hich can be blocked by TTX  and TEA  respectively . W e have 
harvested and am plified m RN A  from indiv idual, physiologically  
characterized  neurons using R T-PCR. T he m ajo rity  o f neurons 
examined express PCR products consistent w ith the presence of rat 
type II (RII) sodium channel mRNA. PCR products for agrin, GAD 
and CAM II Kinase have also been am plified from a smaller subset of 
these same neurons. Further experim ents will exam ine the maturation 
of Firing properties in relation to developmentally regulated expression 
of mRNA splice-variants encoding specific ion channel proteins. This 
work is supported by NIH grants N S30109 (D OD ), NS33213 (MAS) 
and The W ellcome Trust (JRTG).

3 2 .1 5

H Y P ER PO LA R IZA TIO N -A C TIV A TE D  C U R R E N T  (lh) IN RAT  
HIPPO CA M PAL St. O R IEN S-A LV EU S  IN H IB ITO R Y  N E U R O N S . G .
Maccaferri* and C. J. McBain Lab. of Cellular & Molecular 
Neurophysiology, N IC H D , NIH . Bethesda, MD, 20892.

W e have investigated the properties of the hyperpolarization- 
activated current (lh) in a  total of n=18 hippocampal st. oriens-alveus  
intemeurons. W hole-cell recordings perform ed under voltage-clam p  
conditions revealed the presence of an inward current (lh) elicited by 
hyperpolarizing voltage steps in the range -130/-60  m V from a  holding 
potential of -40  mV. The activation kinetics of lh was very slow ( τ ~ 200  
ms at -130  m V) and no inactivation properties could be detected. Ih 
was sensitive to blockade by Cs+ (0 .25-5  m M ) and by the specific 
blocker Zeneca ZD 7288. The activation curve showed a  threshold of 
activation of ~-60  mV, was saturated at ~ -130 m V and had a mid-
activation point at ~-90  mV. The reversal potential of lh w as obtained 
by extrapolation of the fully-activated lh l/V relationship and w as ~-30  
mV. As st. oriens-alveus interneurons are able to fire spontaneously in 
the absence of synaptic transmission (~15  Hz), w e perform ed some  
experiments where the firing frequency of the inhibitory neurons w as  
monitored in control conditions and after application of C s+ or ZD 7288  
to the slice. Under these experimental conditions, preliminary 
experiments have shown a  marked decrease of the rate of 
spontaneous firing.

Our results show the presence of a  hyperpolarization-activated 
current in hippocampal interneurons, which tentatively has a  role in the 
regulation of their excitability, and, consequently, in the tonic inhibition 
provided by this class of cells.

3 2 .1 7

VOLTAGE- AND LIGAND- GATED CURRENTS IN CULTURED HUMAN FETAL CENTRAL 
NEURONS. D. W. Y. Sah*. Signal Pharmaceuticals, Inc., San Diego, CA92121.

Human CNS tissue is not readily obtainable for research purposes; as a 
result, there have been few reports on the functional properties of human 
neurons. Here, the patch-clamp technique has been used to characterize 
sodium, potassium, calcium, NMDA, kainate and GABA currents in primary 
cultures of human fetal brain neurons after optimization of growth conditions.

Sodium current was present in 47/47 cells (49 ±  5 pA/pF), and blocked by 1 
μM TTX (18/18 cells). The voltage-dependences of activation and inactivation 
exhibited midpoints of -23 ± 0 .5  mV and -55 ±  2 mV, and slope factors of 5 ±  
0.3 mV and 7 ±  0.5 mV, respectively. Both the delayed rectifier and fast 
inactivating potassium currents were present, with distinct voltage- 
dependences of activation and inactivation, and sensitivities to 4-amino- 
pyridine and tetraethylammonium. Calcium current was present in 8/13 cells, 
with a mean amplitude of 66 pA in 5 mM Ba2+. The voltage-dependences of 
activation and inactivation, and sensitivity to cadmium were consistent with the 
high-threshold class of current. Desensitizing NMDA and non-desensitizing 
kainate responses were present in 9/17 cells (72 ±  20 pA) and 26/27 cells (263 
±  53 pA), respectively. The EC50 was -2 0 0  μ M for kainate, and the IC50 for 
6-cyano-7-nitroquinoxaline-2,3-dione inhibition was 0.55 pM. Desensitizing 
GABA and muscimol currents were present in 21/21 cells, and peak GABA 
currents averaged 645 ±  154 pA, with an EC50 of 15  GABA responses 
were selective for chloride, inhibited by bicuculline and TBPS, and potentiated 
by diazepam, pentobarbital and alfaxalone.

These results indicate that a wide range of functional channels and 
receptors are present in primary cultures of human fetal brain neurons; thus, 
this system represents an additional tool with which to develop drugs for the 
treatment of CNS injuries and disorders.

3 2 .1 4

VARIABILITY IN DENSITY OF FAST AND SLOW INWARDLY 
RECTIFYING CONDUCTANCES IN PYRAMIDAL CELLS OF 
VISUAL CORTEX. Jill M. Nicolaus* and P. S. Ulinski. Dept. of 
Organismal Biology and Anatomy, U. o f Chicago, Chicago, IL 
60637.

The voltage response o f  pyram idal ce lls to a hyperpolarizing 
current injection varies. Som e cells exhibit a strong “ squaring o f f ’ 
o f their response, som e show a strong “ sag” back tow ard the resting 
m em brane potential, and som e show a nearly passive response. V-I 
data suggest that for m ost pyram idal cells in turtle visual cortex, 
hyperpolarization-actived conductances are fully activated by a -0.6 
nA current injection. The voltage responses o f 15 pyram idal cells to 
a -0.6 nA current pulse were m easured at several time intervals. The 
contribution o f  voltage-gated conductances to the pyram idal ce ll’s 
response was quantified by expressing the voltage response o f the 
real neuron as a percentage o f the passive response o f  the neuron to a 
-0.6 nA currrent injection, predicted  using the m easured passive 
response to a -0.1 nA current pulse. The percent active response 
either increased, decreased , o r rem ained relatively  constant as a 
function o f  tim e, agreeing with our qualita tive observations. This 
was investigated using a reduced com partm ental model containing 
fast and slow  inw ardly  rec tify ing  co nduc tances  (IR s) w hose 
param eters were fit to real data. The variability  observed in real 
neurons can be reproduced in our pyram idal cell model by varying 
the re la tiv e  d e n s itie s  o f  fas t an d  slow  IR s, sugg estin g  
hyperpolarization o f  real neurons can activate different proportions 
o f fast and slow IRs. It seem s likely that variable densities o f fast 
and slow IRs could affect stim ulus response dynam ics, resulting in 
temporal tuning o f individual pyram idal cells.

3 2 .1 6

IN TERA CTIO N  BETW EEN  IN TRA CELLU LA R CA LCIU M  AND 
pH IN SIN G LE RA T N EU RO N S. Y. B. O uvang*, T. K ristiàn. P. 
M ellergå rd. V. K ristiànovà and B. K. S iesjö , Lab. for Exp. Brain 
Res., Univ. H ospital, S-221-85 Lund, Sw eden

The relationship between intra- or ex tracellu lar pH (pHi and pHe, 
respectively) and intracellular free calcium  concentration ([Ca2+]i) of 
neocortical and hippocam pal neurons was studied by m icrospectro- 
fluorom etric techniques and the fluorophores BCECF and fura-2.

A t constant pH*, in tracellu lar ac idosis increases [Ca2+]j due to 
calcium  release from in tracellu lar stores and in tracellu lar alkalosis 
reduces [Ca2+]i by enhancing sequestration o f calcium .

A cidosis attenuates both the peak rise in [Ca2+]i following exposure 
to g lu tam ate, and the p la teau  level observed  during  pro longed 
exposure. A lkalosis has the opposite effect. The decisive event is the 
change in pH e. Low ering o f pH e had an equivalent effect on the rise 
in [Ca2+]i triggered by exposure to a K+ concentration of 50 mM.

The activation of glutamate receptors and K +-induced depolarisation 
gives rise to pH i changes in hippocam pal neurons which are different 
from those recorded in neocortical neurons. In hippocam pal neurons, 
glutam ate exposure or K +-induced depo larisation  induces m arked 
acidification (ApH~0.4). This fall is m arkedly attenuated (glutam ate 
exposure) or converted to a rise (K +-induced depolarisation) in C a2+- 
free solution. In contrast, neocortical neurons responded to glutamate 
by a very slight, if  any, acid shift. In fact, depolarisation-induced pH i 
changes are of opposite direction in the two types of cells.

3 2 .1 8

CYCLIC AMP-INDEPENDENT INHIBITION OF CALCRJM 
CHANNELS BY ADENOSINE ANALOGUES AND FORSKOLIN IN 
PC12 CELLS. K. T. Kim*, and T. T. Park. Lab. of Neurophysiology, 
Dept of Life Science, Pohang University of Science and Technology, 
Republic of Korea.

Regulatory roles of the A2A adenosine receptor and forskolin on 
voltage-sensitive calcium channels (VSCC) were investigated in PC12 
cells. Ca2+ influx induced by membrane depolarization with 70 mM K+ 
was inhibited by preincubation with 2-p -(2-carboxyethyl)- 
phenethylamino-5’-N-ethylcarboxamidoadenosine (CGS21680), an 
A2A~specific adenosine receptor agonist CGS21680 blocked both L- and 
N-type Ca2+ channels. Pretreatment of cells with cholera toxin (CTX) 
for 24 hours markedly reduced the CGS21680 effect. Pretreatment with 
2',5 '-dideoxyadenosine, known as an adenylyl cyclase inhibitor, 
completely blocked the CGS21680-induced cAMP production but had no 
effect on the inhibition of Ca2+ influx produced by CGS21680. Forskolin 
also showed cAMP-independent inhibition of VSCC. 
1,9-Dideoxyforskolin, an inactive analogue of forskolin, inhibited ~ 80% 
of Ca2+ influx induced by 70 mM K+ without any increment of cAMP. 
The data suggest that the activation of A 2a  adenosine receptor and 
forskolin inhibit VSCC in PC12 cells and the inhibition is independent 
of cAMP generation. In addition, it is suggested that VSCC may be 
inhibited via CTX-sensitive G-protein.
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3 2 .1 9

ROLE OF DENDRITIC SODIUM CHANNELS IN SYNAPTIC INTEGRATION 
OF CA1 PYRAMIDAL CELLS. R. Lipowsky and C. Alzheimer*. Department of 
Physiology, University of Munich, Pettenkoferstr. 12, D-80336 Munich, 
Germany.

CA1 pyramidal cells of hippocampus are endowed with a prominent persistent 
Na+ current (INaP) that is activated in the subthreshold voltage range. As evidence 
accumulates that functionally relevant Na+ channels are expressed in the apical 
dendrites of pyramidal neurons, it appears likely that late openings of dendritic 
Na+ channels (which we presume to generate an INaP in the dendrite) should 
contribute to the dendritic processing of synaptic signals. In the present study, we 
tested this hypothesis using both a theoretical and an experimental approach.

For modelling purposes, the simulator NEURON was implemented with a 
CA1 neuron with typical morphologic and electric properties. EPSCs were 
simulated in the distal synaptic region and their effect on the somatic membrane 
potential was calculated in the absence and presence of dendritic Inap. Compared 
to a purely passive response where dendrites act as cables, addition of Inat (40 
μS/cm2) to the proximal 400 pm of the apical dendrite enhanced peak EPSP 
amplitude in the soma by 40% and slowed substantially EPSP decay. In order to 
corroborate these model calculations by experimental data, whole-cell recordings 
were performed on CA1 pyramidal cells of rat hippocampal slices in the presence 
of bicuculline. Stimulation electrodes were placed into the Schaffer collateral 
pathway to activate predominantly the most distal region of the apical dendrite. 
After a control period, small volumes of TTX (10 μM) were pressure-ejected 
through glass pipets into the proximal dendritic region. Local application of 
TTX reduced peak amplitude of somatically recorded EPSPs by 25 - 45% (n = 5) 
without affecting somatically evoked action potentials or fieldEPSPs recorded in 
the distal dendritic region.

In conclusion, our model calculations suggest that dendritic INaP should play a 
considerable role in synaptic integration. Preliminary experimental data, 
although indirect by necessity, seem to support this notion.
Supported by the Deutsche Forschungsgemeinschafi (DFG, Al 294/3-1,2 and 
SFB 220) and a scholarship o f the University o f Munich (R.L.).

ION CHANNELS: CELL FUNCTION II

3 3 .1

MS W INDOW S VERSION OF NEURON SIM ULATIO N PROGRAM
J. W. Moore*, Dept. Neurobiology, Duke Univ. Med Cntr., Durham, NC 
27710, M. L. Hines, Dept. Computer Science, & N. T. Camevale, Dept. 
Psychology, both also members of CTAN, Yale Univ., New Haven, CT 06520 

NEURON is a nerve simulation system designed to predict voltages, 
currents, and ion concentrations in neurons. These depend on the cell's 
geometry, and distribution of channels and mechanisms. A t the 1993  
meeting of the Soc. for Neuroscience, w e demonstrated a graphical 
interface version of NEURON, which ran on unix workstations.

Several improvements since then enhance its ease of use, availability 
to a wider group of users, and instructional potential.

1) NEURON now runs on PCs under M icrosoft W indow s 3 .1 .
2) A hypertext User's Manual is now available on the internet along 

with both unix and PC versions of NEURON (including instructions for 
installation) . Mosaic and Netscape browsers can access them at:

http://www.neuro.duke.edu/neuron/home.html.
3) NEURON can be used as a Mosaic "viewer" to  download and run 

simulations via hypertext links to remote databases. The User's Manual 
also demonstrates this w ith some "digital neurons" for learning 
neurophysiology while learning to use NEURON. Current examples 
include simulations of
(a) current and voltage clamps of patches of membrane containing a 
variety of channels and transporters, (b) impulse propagation in both 
uniform and non-uniform axons, (c) temporal and spatial integration of 
synaptic inputs, and (d) calcium dynamics in nerve terminals.

Supported by NIH grant NS11613 and Yale Center for Theoretical and 
Applied Neuroscience.

3 3 .3

TOW ARDS A NEURAL CELL-BASED BIOCHIP SENSOR. S.A. Makohliso*1, 
L. G iovonarandi2 , H.J. Buhlm ann2 , M. D utoit2 and P. A ebischer1 .
1 University of Lausanne Medical School, Lausanne, Switzerland. 2 Swiss 
Federal Institute of Technology, Lausanne, Switzerland.

Neural cells are sensitive electrochemical transducers. Membrane 
electrical variations may be sensed if cells are placed in intimate contact with 
a conductive substrate, thus forming a basis for a neural cell-based 
biosensor. Previous studies aimed at developing the neuron-electronics 
interface emphasize the importance of a tight coupling in optimizing signal 
recording. In the present study the intention was to develop a system that 
would encourage cell attachment on the electrode regions, but inhibit it on the 
insulating parts. This would conceivably lead to a self-organizing system, 
thus eliminating the need for cell microplacement. Synthetic oligopeptides 
that are similar to the attachment-promoting laminin subdomains in the ECM  
were utilized to enhance cell-electrode coupling. The laminin-derived 
oligopeptide C D P G Y IG S R  was immobilized on gold substrates, and its 
presence was verified with surface analysis spectroscopy. W e used NG 1OS- 
15 cells to test the cell attachment efficacy of the peptide-modified substrates. 
Significantly higher levels of cell attachment and differentiation were observed 
on peptide-modified substrates than on unmodified ones. In order to inhibit 
cell attachement on the insulating region (SiO 2 ) we rendered this region 
highly hydrophilic with a PEG-based surface chemistry. Cell attachment was, 
indeed, completely inhibited by this surface. W e then integrated the above 
surface chemical properties with microelectronic processes in order to build a 
biochip, on which neural cells were grown and their electrical activity 
measured upon pharmacological perturbation. These results demonstrate the 
feasibility of a cell-based biosensor, and also provide a foundation for the 
construction of biological neural networks.

3 3 .2

A CO N D U CTIN G  PO LY M ER M IC R O -ELEC TR O D E FOR
PO TEN TIA L RECO RD ING  A . Strickholm .* M edical Sciences 
P rog ram , Indiana U niversity , B loom ington, IN  74705.

Typically, m icro-electrodes are filled with a concentrated salt (i.e. 
3M  KC1) to provide a junction  potential from  electrode to solution 
w hich changes m inimally upon cell insertion from  the external saline. 
Several difficulties usually arise from  the utilization o f high salt 
concentrations in m icro-electrodes, in particular w hen recording from 
small cells. These include: (A ). the rapid alteration o f intracellular 
concentrations which approaches that o f the saline in the m icro-
electrode, (B). the w ashout o f intracellular soluble com ponents, in 
particular those involved in m odulation and second m essenger actions, 
(C). an osmotic pressure difference is created w hich causes swelling 
o f the cell under exam ination. These problem s can be m itigated by 
replacing the saline w ithin the glass m icro-electrode with a metallic 
polym er. H ere, pyrrole is polym erized w ith the counter anion 
N aphthalene-1 ,3 ,6-tri-sulfonic acid. Pyrrole polym erization is initiated 
on to a finely tapered carbon fiber inserted into the m icro-electrode 
and polym erization is extended to the electrode tip. The potential of 
this polym er to solution is m onovalent cation dependent w ith high 
divalent cation rejection and is: V LJ =  C +  (R T /F )L n[N a+ +  K +]. 
Since the cation sum changes little on cell entry, the electrode records 
the m em brane potential. M em brane potentials w ith this and salt filled 
electrodes in cells have given equal results.

3 3 .4

CORRECTIONS FOR SPACE-CLAMP ERROR. D.K. Hartline* 
and A.M. Castelfranco, Bé ké sy Lab., U. of Hawaii, Honolulu, HI.

In many voltage clamp experiments on cells with attached 
processes, measurements are subject to error owing to failure of 
space clamp. We present corrections for such errors in the case 
of a single uniformly distributed voltage-dependent conductance. 
Simulated clamp runs were made on model neurons with a soma 
and an equivalent-cylinder representation of a dendritic tree 
possessing standard Hodgkin-Huxley channels with voltage 
independent time constants. Clamp currents were fitted to:
1 =g(V - V rev)(1 -exp(-t/xm) )qeXp(-t/Th)/(1 + e x p ((V 0-V ) /v ) )

Errors in the parameterswere determined as a function of 
apparent (i.e. measured) g, expressed as a ratio, P, to leak 
conductance. The figure shows corrections for the 4 steady-state 
parameters in the case of an outward current mechanism 
distributed along a dendrite of electrotonic length L=0.5.
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3 3 .5
INSECTICIDAL AND MAMMALIAN ACTIVE TOXINS FROM THE 
MEDICALLY IMPORTANT AGELENID SPIDER, TEGENARIA AGRESTIS . 
K.I. Krapcho1,J . H. Johnson1, R. Krai1, E. Delmar,1 L. Himing,1 J.R. 
Bloomquist2,J . Busby1, R. Trovatol , F. Fuller 1 and H. lackson1* 1) NPS 
Pharmaceuticals, Salt Lake City, UT 84108, 2)Virginia Polytechnic University, 
Blacksburg, VA 24061

Fractionation of venom from Tegenaria agrestis resulted in the isolation of 
two groups of bioactive peptides; one group with potent insecticidal activity 
and another with mammalian toxicity and homology to Agelenopsis aperta 
spider toxins. The insecticidal peptides consist of a family of three 50 amino 
acid toxins containing three disulfide bonds and greater than 90% sequence 
identity. TaITX-1, -2, and -3 appear to be amidated at their C-terminus and, 
unlike any other reported spider toxin precursors, are processed from 
molecules containing no propeptide sequences. In lepidopteran larvae the 
50% paralytic doses for these toxins range from 0.23 to 2.6 nm ol/g. Injected 
larvae display a unique symptomology of continuous writhing until death. 
Preliminary results suggest that TalTX toxins are not active at the insect 
neuromuscular junction but that they cause, directly or indirectly, an 
elevated rate of discharge in central neurons. Two other toxins, TaMTX-1 and 
-2, whose purification tracked with lethal effects in mice, have sequence 
homologies to toxins found in the venom of another agelenid spider, 
Agelenopsis aperta. TaMTX-I has 67% sequence identity to to-AgalV-A and, 
similar to this toxin, appears to block P-type voltage activated calcium 
channels (VACC) as evidenced by activity in a Purkinje cell assay. The partial 
amino acid sequence obtained for TaMTX-2 suggests homology to another 
family of A. aperta toxins typified by to-AgainA, a VACC blocker which 
appears to have effects on L-, N- and P-type channels. Further experiments 
are required to determine if TaMTX toxins are more potent or specific for 
VACC subtypes than the related Agelenopsis toxins. The novel TalTX toxins 
have no homology to insecticidal Agelenopsis toxins which does suggest 
notable evolutionary divergence between the spider species.

3 3 .7
STUDY OF CONDUCTION IN AN ELECTRODIFFUSION MODEL OF THE 
MAMMALIAN MYELINATED NERVE FIBER. J.A. Halter* and B. Zupan. 
*Division of Restorative Neurology and Human Neurobiology, Baylor College of 
Medicine, Houston, Tx 77030 and AI Laboratory, J. Stefan Institute, Jamova 39, 
Ljubljana, Slovenia

A new model of the mammalian myelinated nerve fiber is presented which includes 
the representation of longitudinal electrodiffusion of component ions within the intra- 
axonal and periaxonal volumes. The model utilizes a non-uniform compartmental 
approximation to the detailed anatomy of the nodal and paranodal regions. The axonal 
membrane includes ionic pumps and multiple types of ionic channels whose spatial 
distribution and dynamics are derived from contemporary experimental studies. The 
model takes the form of a system of coupled non-linear parabolic partial differential 
equations with time-varying coefficients. A finite-difference approximation to this 
system is formed and solved utilizing an implicit numerical integration method. This 
model also includes a graphical user interface as well as a simulation management 
and optimization environment. The model reproduces conduction behavior seen in 
previous experimental and modeling efforts (Halter & Clark, J. theo Biol. 148:345- 
382 '91). Importantly, this model represents activity-dependent changes in ion 
concentration within the myelinated nerve fiber. In particular, significant changes can 
be seen in the concentration of potassium ions in the restricted periaxonal volume 
contained between the inner layer of the myelin sheath and the axon.

Supported by the Whitaker Foundation, the Vivian L. Smith Foundation for 
Restorative Neurology, the W.M. Keck Center for Computational Biology, the 
Development Support program of the Information Technology Program at Baylor 
College of Medicine (JAH) and the Ministry of Science and Technology of the 
Republic of Slovenia (BZ).

3 3 .9

EX TRA CELLU LA R S O D IU M  R EG U LA TES SPONTANEOUS 
A C TIO N  P O T E N T IA L S  A N D  IN T R A C E L L U L A R  CALCIUM 
LEV ELS IN  RAT LA CTO TRO PH S. S. Sankararavanan and S.M . 
Simasko*. D e p t. o f  VCAPP, C o llege  o f  V eterinary Medicine, 
W ashington State Univ., Pullm an, W A 99164.

Lactotrophs are unique am ong anterior pituitary cells in that they 
spontaneously secrete in the absence o f hypothalam ic inputs. The basis 
for this secretion rem ains unknow n but it may be related to the sponta
neous Ca2+-dependent action potentials present in these cells. In this 
project we have used patch-clamp electrophysiology and the fluorescent 
Ca2+ indicator fura-2 to investigate the basis for the spontaneous action 
potentials and the im portance o f this electrical activity for the regulation 
o f intracellular Ca2+ ([Ca]i). Replacing bath N a+ w ith organic cations 
caused cessation o f action potentials and a  15-20 mV hyperpolarization. 
Tetrodotoxin(10 μ M) was w ithout effect. T he hyperpolarization was 
associated w ith an  increase in m em brane input resistance, consistent 
w ith the loss o f a  depolarizing mem brane conductance as the basis for 
the membrane hyperpolarization. Based upon single cell measurements 
w ith fura-2 cells could be divided into those that had a low basal [Ca]i 
w ith no spiking and those that had elevated basal [Ca]i w ith superim
posed spikes. Those cells w ith low  [Ca]i show ed no alteration with 
when bath N a+ was replaced, w hereas replacing bath N a+ caused cells 
w ith elevated [Ca]i to  stop spontaneous spikes and basal [Ca]i to de
crease. T hese results suggest that lactotrophs express a background 
conductance perm eable to N a+ that depolarizes the m em brane to thres
hold for Ca2+-dependent action potentials and that loss o f these action 
potentials results in a reduction o f intracellularC a2+ levels. Whether 
rem oving bath Na+ also decreases secretion rem ains to be determined.

3 3 .6
Endothelin-1 Evokes Persistent Activation of Large-Conductance K+ 
Channels in Rat Lactotrophs: Reversal of this Effect by Long Term 
Exposure to Dopamine Agonists Bela Kanyicska*, Theresa D'Souza, 
Marc E. Freeman & Stuart E. Dryer Dept. of Biol. Sci., Florida State 
Univ., Tallahassee, FL 32306-4075

Endothelin 1 (ET-1) inhibits prolactin secretion from naive
lactotrophs but stimulates prolactin secretion from lactotrophs that 
have been exposed to dopamine for 48  hr (Endocrinology 135: 9 90 , 
1995). Here, electrophysiological effects of ET-1 were examined 
using cell-attached patch recordings from cultured rat anterior pituitary 
cells enriched in lactotrophs. Bath application of 20  nM ET-1 caused 
robust activation of large-conductance Ca2 + -activated K + channels 
(/K[Ca])- This effect was maximal 4 -2 0  min after exposure to ET-1 and 
recovered after 4 5 -9 0  min of washing. The effects of ET-1 were 
blocked or attenuated by 24 hr pretreatment w ith pertussis toxin. 
Basal levels of /K(Ca] activity were considerably higher in lactotrophs 
that had been treated for 48  hrs w ith the specific D2 receptor agonist 
PPHT. Under these culture conditions, which more closely resemble 
the in vivo conditions of rat lactotrophs, application of 20  nM ET-1 
resulted in inhibition of spontaneously active /K[Ca] channels. By 
contrast, PPHT treatm ent for 20 hr was not sufficient to change the 
profile of ET-1 effects on /K[Ca] channels. These data suggest that 
both the stimulatory and inhibitory effects of ET-1 on prolactin 
secretion are caused in part by actions on /K[Ca] channels mediated by 
mobile second messengers. Long term exposure to DA agonists 
appears to alter the signaling pathways from the ETA receptors to the 
IK[Ca] channels. Supported by NS32748, HD11669, & DK43200.

3 3 .8

ELECTRICAL BURSTING AND Ca2+ OSCILLATIONS IN APLYSIA 
NEURONS: THE ROLE OF TWO TYPES OF Ca2+ CHANNELS AND 
CELLULAR Ca2+ STORES. Teresa Ree Chay,* Department of Biological 
Sciences,University of Pittsburgh, Pittsburgh, PA 15260 

Aplysia neurons burst in electrical activity. The change in the intracellular 
free Ca2+ concentration ([Ca2+]i) takes place in close conjunction with the 
electrical bursting. The bursting is due to the several intracellular events that 
influence the properties of the ionic channels in the plasma membrane. By 
mathematical modeling, I have studied the origin of the bursting. My 
mathematical model contains two types of Ca2+-channels — voltage-dependent 
(VDCC) and voltage-independent (VICC) Ca2+ channels The VDCC is 
activated by voltage and inactivated by intracellular Ca2+ ions. The VICC is 
activated by a depletion of luminal Ca2+ in the intracellular Ca2+ stores. 
Activity of the Ca2+ channel in the Ca2+ stores is gated by intracellular Ca2+ 
ions. In this model, the luminar calcium concentration oscillates slowly, and 
this slow oscillation induces the electrical bursting via VICC. The spikes are 
due to fluctuations in compartmentalized Ca2+ ions underneath the plasma 
membrane via the VDCC. This model thus is radically different from all other 
existing models of Aplysia neurons, whose bursting mechanism owes its origin 
to the ionic currents in the plasma membrane and the [Ca2+]i dynamics.

3 3 .1 0

GROWTH HORMONE-RELEASING HORMONE-INDUCED DEPOLARIZATION 
AND CYCLIC AMP-DEPENDENT MODULATION OF Na+ AND K+ CURRENTS 
IN RAT SOMATOTROPHS. Benoit T. Lussier* and Catherine Bleicher. Dept. 
Biological Sciences, Univ. of Montreal, Montreal Que. H3C 3J7, CANADA.

In rat somatotrophs, growth hormone (GH) release, stimulated by growth hormone- 
releasing hormone (GHRH), requires a dihydropyridine-sensitive increase in free 
cytosolic Ca2+ concentration. GHRH depolarizes somatotrophs, and thus triggers Ca2+
entry through voltage-sensitive steady state Ca2+ channels. It has been suggested that 
GHRH-dependent depolarization is due to the activation of cAMP-gated Na+ channels. 
We studied the effects of GHRH and of chlorophenylthio-cyclic AMP (cpt-cAMP) on 
membrane potential and membrane ionic currents of freshly dispersed, purified rat 
somatotrophs. Electrophysiological measurements were carried out using either whole-
cell or perforated patch-clamp techniques. Cpt-cAMP and GHRH depolarized 
somatotrophs by a few mV. This was also observed when the membrane potential was 
set to a value more negative than -80 mV. In some cases, the depolarization was 
sufficient to trigger action potentials in silent cells, or increase the frequency of action 
potentials in active cells. GHRH- and cAMP-induced depolarizations were sensitive 
to extracellular Na+ but not to tetrodotoxin. Total ionic currents were measured under 
voltage clamp conditions using either voltage step or voltage ramp protocols. Both 
GHRH and cpt-cAMP increased a non-rectified inward current at negative potentials 
(-120 to -80 mV), and reduced a rectified outward current at positive potentials (>0 
mV). The modulated outward current was identified as a voltage-dependent K+ 
current, whereas the modulated inward current was identified as a voltage-independent 
Na+ current. We conclude that the cAMP mediates GHRH-dependent depolarization 
by activating cAMP-gated, voltage-insensitive Na+ channels and by inhibiting voltage- 
sensitive K+ channels. A consequence of this dual effect of cAMP is that GHRH 
should depolarize somatotrophs regardless of the resting membrane potential.
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33.11
A CALCIUM-DEPENDENT POTASSIUM CONDUCTANCE 
DETERMINES ELECTRICAL ACTIVITY IN AN INSECT 
MOTONEURONE. J.D. Mills* & R.M. Pitman. Gatty Marine Laboratory, 
Department of Biological & Medical Sciences, University of St Andrews, Fife, 
Scotland, KYI6 8LB.
Intracellular recordings were taken from the soma of the cockroach (Periplaneta 
americana) fast coxal depressor motoneurone (Df). Upon depolarisation, Df 
generates plateau potentials initially after dissection, but after 1 to 4 hours can fire 
action potentials. A calcium-dependent potassium conductance (IKCa) is 
important in determining the type of activity generated. Charybdotoxin (100 nM), 
which blocks a subtype o f vertebrate IKCa’ converts activity in Df from plateauing 
to spiking. Charybdotoxin depresses the calcium-dependent component of the 
outward current. Cadmium, however, produces a further reduction of outward 
current, suggesting that there may be a charybdotoxin-resistant component of 
1KCa in Df

Since IKCa is dependent on [Ca2+]i, the effects of caffeine ( 10mM) have been 
investigated. In cells which give spikes on depolarisation, caffeine initially blocks 
the spike afterhyperpolarisation and then converts activity to plateauing. The 
effect of caffeine upon the current-voltage relationship of the cell indicates that it 
increases one component of outward current and depresses another. In addition to 
its effects on outward currents, caffeine depresses inward barium currents. 
Muscarinic agonists have been shown to elevate intracellular calcium in this 
preparation and produce similar effects to those of caffeine.
Supported by the BBSRC.

33.13

TEMPORAL EFFECTS OF NH4CI EXPOSURE WITH 
AUTOMATICITY IN A  CLONAL CELL LINE H. B ry a n t1*. V . 

K o w th a . K. F o s te r2. J. J. H ic k m a n 2. D. S te n g er. C enter for Bio/Molecular 
Science and Engineering, Naval Research Laboratory, W ashington, DC 
20375; Departm ent o f Physiology, 1U n ifo rm e d  Services University o f the 
Health Sciences, Bethesda, MD 20814; 2Life Sciences Operation, Science 
Applications International Corporation, Mclean, VA  22102.

NG108-15 (neuroblastom a x gliom a) cells cultured in defined, serum -free 
media (SFM) containing N2 or B27 supplem ents exhib it stable automaticity 
(the spontaneous occurrence o f regenerative action potentials) following two 
minute exposure to extracellular perfusates containing 20 mM NH4CI. 
M em brane depolarization (4-5 mV), concom ittant with an increased pH i during 
NH4CI exposure is followed by hyperpolarization (5-7 mV), subthreshold 
oscillations and subsequent autom aticity 10-15 m inutes a fter the reintroduction 
o f the normal perfusate (330 mOsm , 36°C, flow  rate 0.5 m l/min, cham ber 
volum e 3.6 ml). Action potential profiles o f SFM cells are characterized by 
prolonged after hyperpolarization (AHP) which predispose these cells to fire 
repetitively. Transient exposures (0.5-1 min) to NH4CI (flow  rate > 0.5 ml/min, 
cham ber volume 0.4 ml) suggest enhanced depolarization (5 -10 mV) coupled 
with a faster recovery, a short hyperpolarization period and w eak subthreshold 
activity without automaticity. Prolonged exposures (> 3 min, flow  rate 0.5 
ml/min, cham ber volum e 3.6 ml) increase the depolarization period with a 
significant change in media osm olality (> 15 mOsm ). Autom aticity can be 
regained/enhanced (0.5 - 2 Hz) following multiple NH4CI exposures. These 
results suggest that the subthreshold com ponent which is activated following 
NH4CI various exposure protocols, at near resting and/or at slightly 
hyperpolarized resting potential values, m odulate autom aticity in SFM cultured 
NG108-15 cells.

33.15

UNITARY PROPERTIES OF CURRENTS IN CULTURED BOVINE 
MICROGLIA. J. G. McLamon*. D. Sawyer and S. U. Kim1. Dept. of 
Pharmacology & Therapeutics and 1Div. o f Neurology, Dept. of Medicine, 
The Univ. o f British Columbia, Vancouver, B.C. V6T1Z3 

We have used patch clamp recordings from inside-out patches to determine 
unitary properties of membrane currents in cultured bovine microglia. With 
symmetrical 140 mM K* across patches a high conductance (240 pS) 
calcium-dependent K+ channel was activated with voltage steps from 0 mV. 
Channel mean open times, with either 5 mM or 140 mM internal K+, were 
exponentially dependent on potential. The open probability of the channel 
was increased with patch depolarization and was attributable to potential 
dependent enhancement o f both channel mean open times and frequency of 
openings. Records o f whole-cell currents in bovine microglia showed the 
presence of a slowly activating K+ conductance, blocked by 2 mM external 
TEA, and possibly the macroscopic correlate o f the unitary calcium- 
dependent K+ current. An anion channel, with a unitary conductance of 
325 pS, was also activated in inside-out patches with depolarizing and 
hyperpolarizing steps in potential from 0 mV. The kinetic properties of 
channel activation and subsequent kinetic behavior with time, were not 
dependent on intracellular calcium. Anion currents were inactivated during 
maintained steps in potential with the time constant for inactivation more 
rapid with increased patch depolarization. The properties o f the cation and 
anion channels in bovine microglia membrane may have relevance to cell 
function in the response to neuronal damage in the CNS.

33.12
DEPOLARIZATION-INDUCED FACILITATION OF L-TYPE CA CHANNELS 
UNDERLIES SLOW KINETICS OF PLATEAU POTENTIALS IN TURTLE 
MOTONEURONS. G.Svirskis & J.Hounsgaard* MFI, University of Copenhagen, 
DK-2200, Denmark, Lab. of Neurophys., Kaunas Medical Academy, 3000, 
Lithuania & Fac. of Envir. Stud., Vytautas Magnus Univ., Kaunas 3012, 
Lithuania.

Plateau potentials in spinal motoneurons have slow onset and offset Although 
dendrites generate plateau potentials, calculations show that cable properties 
alone cannot explain the slow spread of plateau activation and termination. Our 
present findings suggest that the slow kinetics is an intrinsic property of the L- 
type Ca channels in turtle motoneurons.

Plateau potentials in motoneurons in transverse slices of spinal cord were 
promoted by muscarine. As in certain dorsal horn neurons windup of plateau 
activation was observed when depolarizing current pulses were repeated at 0.3Hz 
or faster. In the presence of TTX IV-curves were obtained using triangular 
voltage ramps as stimulating commands during a single electrode voltage clamp. 
Slow ramps (>3s, amplitude 40mV) produced clockwise hysteretic IV-curves. 
The hysteresis gradually narrowed until it lost features due to active inward 
current when faster than 0.5s. The calculated IV-curves coincide qualitatively 
with that observed experimentally when assuming slow depolarization-induced 
facilitation of Ca channels distributed in a cable structure.

Our findings suggest that rapid, singular changes in synaptic input may 
integrate linearly in motoneurons while integration of slow or repeated changes 
may be facilitated and shaped by the active, bistable properties of dendrites 
induced by serotonin or muscarine.

33.14
EXCITATION-SECRETION IN PC 12 CELLS DURING HYPOXIA 

W. H. Zhu*. L. Conforti and D. E. Millhom Dept. of Molecular and Cellular 
Physiology, Univ. of Cincinnati, Cincinnati, OH 45267

We have previously reported that hypoxia inhibited an O2-sensitive K+ 
current (1kO2) PC 12 cells and caused an increase in dopamine release (Zhu et al., 

Soc. Neurosci. Abs. 18:1500, 1992). In the current study, whole-cell patch-clamp and 
Fura-2 fluorescence imaging techniques were used to study the relationship between 
inhibition of Iko2 and cell excitation in PC 12 cells during hypoxia. Our results showed 

that at resting membrane potential (-37±lmV, n=9), an outward Ik02 current was 

inhibited by hypoxia. Progressively lowering of Po2 in the perfusate caused graded 

inhibition of Iko2 and maximum current inhibition was approximately 50% (46±4%, 

n=6) at 0 mmHg. Compared to that induced by single hypoxic exposure (current 
inhibition at 0 mmHg: 22±2%, n=l 1), there seemed to be sensitization to hypoxic 
stimuli by continuous presence of low PO2 Inhibition of Iko2 by hypoxia led to

membrane depolarization (19±2mV, n=9) and increased cytosolic free Ca2+. Similar 
magnitude of depolarization was seen with 2 mM BaCl2 (17±2mV, n=5), which blocks

K+ current. The magnitude of depolarization was decreased in Ca2+-free (8±2mV, 
n=5) compared to normal Ca2+ condition, suggesting that Iko2 inhibition initiated 

membrane depolarization and activated voltage-dependent Ca2+ channels. L-type 
voltage-gated Ca2+ channel blocker nifedipine (10-30μM) did not affect hypoxia- 
induced membrane depolarization (15±lmV, n=4), indicating that other Ca2+ channel 
may be involved. In conclusion, our study suggested that in PC 12 cells hypoxia 
initiates membrane depolarization through inhibition of Iko 2, which leads to Ca2+ 

influx via a nifedipine insensitive channel and dopamine release.

33.16

ACTION POTENTIALS GENERATED BY Ica A N D  IK(Ca) IN A 
PRIMITIVE CILIATE. D.C. W OOD*. Dept. o f Neuroscience, Univ. 
of Pittsburgh, PA 15260

Ca++-based action potentials produce ciliary beat reversal and 
bodily contraction in the ciliate protozoan, Stentor coeruleus. 
Voltage-clamped cells bathed in medium containing 2.5 mM Ca++ and 
0.1 mM K+ respond to depolarizing voltage steps exceeding 20 mV 
with the expected pattern of early inward current followed by 
maintained outward current. When 50 μM La+++ is added to the bath 
and the electrodes contain 0.5 M Cs+, all currents other than 
leakage(II) and capacitative(Ic) currents are blocked indicating Ca++ 
carries all the inward current and K+ all the outward current. 
Similarly, with La+++ in the bath and 50 mM BAPTA + 0.5 M K+ in 
the electrodes only IL and Ic are observed suggesting all the outward 
current is Ca++-activated K+ current(IK(Ca)).

The inward current inactivates during long voltage steps but the 
rate of inactivation is proportional to the preceding inward Ca++ 
current rather than the magnitude o f the voltage step. Including 
BAPTA in the electrodes reduces the rate o f inactivation, thus Ica 
inactivation is Ca**-dependent.

A ll data are well fit by a mathematical model which assumes only 
voltage-dependent Ica and IK(Ca) are present in this species. Since 
small-subunit rRNA analyses indicate Stentor was among the earliest 
ciliates to evolve, Ca++ and K+ca channels also were early to evolve.
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33.17
MEMBRANE CURRENTS OF CHICK EMBRYONIC TECTAL 
NEURONS IN CULTURE. M. Jia. MX. Li. E. Thies. R.W. Davenport. 
P.G. N elson*. Lab of Developm ental N eurobiology, NICHD, NIH 
Bethesda, MD 20892-4480.

Chick tectal neurons of embryonic day 8 w ere dissociated and 
cultured at 37°C. Excitability and voltage-gated sodium, potassium  
and calcium currents of the tectal neurons betw een 1 and 9 days in 
culture were studied  w ith perforated w hole-cell patch-clam p  
technique in both current-clamp and voltage-clam p modes. The 
average resting membrane potential of the neurons on day 1 in 
culture was 39.5±3.7 mV (n=20) and 41.8±8.2 mV (n=6) on days 7 
and 9 in culture. Action potentials and sodium  currents were evoked  
at all the ages from day 1 to day 9 in culture. Spontaneous and 
evoked excitatory postsynaptic potentials (EPSPs) were observed in 
the cells after 4 days in culture. In the neurons from day 1 to day 9 
in culture w e observed fast and slow  inactivating potassium  
currents, which were activated by depolarizing the cell membrane 
from a holding potential of -90 mV to more positive than -50 mV. 
With the bath solution containing (in mM) 135 TEA, 1 4-AP. 10 
HEPES, 10 Ca++, 2 Mg ++, 1 μ M TTX and the p ipette solution  
containing 125 C s+, 20 TEA, 10 HEPES, 5 EGTA, 2 M g++, a small 
sustained calcium inward current appeared in the cells tested as 
early as day 1 in culture. These findings suggest that chick tectal 
neurons from day 8 embryos after 1 day in culture are excitable and 
the development of voltage-gated inward and outward currents may 
be studied in this system.

33.18
VOLTAGE-SENSITIVE CHANNELS IN THE SALIVARY 
GLAND CELLS OF THE MEDICINAL LEECH, HIRUDO 
MED1CINALIS. L .Mehaffey. III*. S. L. Gustafson. Department of 
Biology, Vassar College, Poughkeepsie, NY 12601.

The salivary glands of the giant leech (Haementeria ghilianii) are 
large cells showing no electrical coupling, and which secrete several 
kinds of polypeptides, including a proteolytic enzyme and an 
anticoagulant. The cells have been shown to exhibit a prolonged 
calcium-based action potential (Wuttke and Berry, J. Exp. Biol., 
1993) which is reduced by extracellularly applied cyclic nucleotides. 
We have begun an examination of the salivary gland cells in the 
medicinal leech. These are extremely large cells with individual 
ducts, loosely aggregated in a gelatinous capsule at the anterior end 
of the animal. Using the technique of cell-attached patch clamping, 
we have demonstrated the presence of an apparently voltage- 
sensitive and rather bursty channel, with a conductance of about 
8pS. The channel becomes most active upon hyperpolarization 
(holding potentials of +20mV and greater).

33.19
Interactions between Lithium and Neuronal Nicotinic Receptors: Potential 
Significance for the Clinical Use of Lithium. N.B. Karkanias*2. R.H. Lenox12, 
and R.L. Papke1 2 Departments of Pharmacology and Therapeutics1, and 
Neuroscience2, University of Florida College of Medicine, Gainesville, FL 32601

Lithium salts are used as primary therapy for bipolar disorder and a side effect 
of lithium treatment and cause for patient noncompliance is memory impairment. 
This suggests that neuronal systems associated with memory may have enhanced 
sensitivity to toxic effects of lithium. While the therapeutic extracellular 
concentrations of lithium are at 1 inM, the electrochemical gradient for lithium 
predicts that intracellular concentrations should be higher. Clinical properties of 
lithium reveal a narrow therapeutic index, with toxicity evident at plasma 
concentrations greater than 2 mM. We are seeking to evaluate the interaction 
between lithium treatment and neuronal transmission, focusing initially on 
nicotinic receptors since nicotinic systems have been shown to convey 
cytoprotective properties and are implicated in the facilitation of some processes 
underlying learning and memory.

Lithium is known to affect G-protein coupled signal transduction. The 
mGluRl couples to the IP3/DAG second messenger system via Gq, and liberates 
internal calcium stores from the endoplasmic reticulum. The internal calcium 
released activates an endogenous chloride channel in Xenopus oocytes and we 
report that treatment of mGluRl expressing Xenopus oocytes with lithium greatly 
reduced the chloride conductance compared to control. Using heterologous 
expression in Xenopus oocytes, we have shown that the α4β2 subtype of neuronal 
nicotinic receptor (nAChR) has a permeability to lithium that is comparable to 
sodium and also that the α7 nAChR has a substantial permeability to iithium. Most 
of the nicotinic receptors in the CNS are presynaptic and may provide a receptor- 
coupled pathway for lithium entry into particular sites of synaptic activity. This 
has provided us with a model system for studying the interaction between lithium 
flux through ionotropic receptors and the effect of lithium on G-protein mediated 
signal transduction.

A C E T Y L C H O L IN E

34.1
THE ESTABLISHMENT OF A NEURONAL CELL CULTURE FROM 
LIMULUS WITH CHOLINERGIC PROPERTIES Maria L. Browning. 
Byron D. Ford Johnathan D. Reasor. Gregory D. Ford. Evangeline D. Motley and 
James G. Townsel*. Department of Physiology, Meharry Medical College, 
Nashville, Tennessee 37208

A primary culture of disaggregated neurons from Limulus brain has been 
developed. Our laboratory has previously described the growth of abdominal 
ganglia neurons in tissue culture (Thomas et al., Comp. Biochem. and Physiol., 
1987). Neurons developed processes within 8 days in culture and appeared 
morphologically healthy for 22 days. The present study details primary culture 
techniques for Limulus brain and describes the determination of several 
cholinergic activities in the cultured neurons. Tissues were disaggregated by 
treatment with collagenase and maintained in a modified L-15 culture medium 
containing heat inactivated Limulus hemolymph. Greater than 80% of cells 
survived for several weeks as measured by trypan blue exclusion. The cells in 
culture exhibited sodium-dependent high affinity choline uptake (SDHACU) 
which was inhibited by micromolar concentrations of hemicholinium-3 (HC-3). 
Constant lex els of SDHACU were seen for at least two weeks. The transported 
choline is converted primarily to acetylcholine which is released in a calcium- 
dependent maimer following depolarization with 120 mM KC1. Thus, this 
primary culture system appears to satisfy several essential requirements as a useful 
system in which to study the cellular and molecular mechanisms of cholinergic 
neuronal function. This project was supported in part by NSF grant HRD- 
9106096, DOE P200-A40516 and NIH grants GM08037, RR03032 and MH 
19843.

34.2
A 22 BASE SEQUENCE CONTAINING AN OCTAMER-LIKE MOTIF CONTROLS 
ESSENTIAL IN VIVO EXPRESSION OF THE CHOLINE ACETYLTRANSFERASE 
GENE IN DROSOPHILA S. J. Liang: T. Kitamoto* and P. M. Salvaterra, Division of 
Neurosciences, Beckman Research Institute of the City of Hope, Duarte, CA 91010.

Choline acetyltransfera.se (ChAT, EC 2.3.1.6) catalyzes the production of the 
neurotransmitter acetylcholine and is an essential component of cholinergic neurons.
We have identified a 0.3 kb 5’ flanking regulatory DNA fragment which is essential for 
rescuing Cha mutant phenotypes. A 22 base region within this fragment shows strong 
DNase I footprinting and contains an octamer-like motif. This 22 base sequence is 
highly conserved between Drosophila virilis and melanogaster.

octamer-like
Wild-type 22 mer AGATTCTTATTCAAATGTGCTC 

Ml mutant GTGCCATTATTCAAATGTGCTC 
M2 mutant AGATTCTTGCCAGGATGTGCTC 
M3 mutant AGATTCTTATTCAAATTCTACA

In the present study, we have tested the consequences of modifying individual bases 
within the 22mer by introducing three different DNA mutations (see table) and testing 
the ability of mutant regulatory DNA to “rescue” Cha mutant phenotypes. Each 
mutation was incorporated into a 1.2 kb fragment of wild type 5’ flanking DNA, fused 
to a wild-type ChAT cDNA mini-gene and used to generate P-element transformed 
lines with a Chatsl mutant background. A total of 19, 12 and 9 lines were obtained for 
M l, M2 and M3. After 4 days at 31°C no Chatsl flies survived while nearly all Chatsl 
flies containing a wild-type 1.2 kb transgene survived. Nearly all Ml and M2 
transformants survived while only 23 percent of the M3 transformed flies survived. Our 
results indicate that the 3’ bases of the 22mer play a critical role in controling essential 
ChAT expression in vivo. We also conclude that the octamer-like motif is not 
absolutely essential for rescue. (supported by NIH,NINDS)
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34.3

ENZYM E MICROSENSORS THAT MONITOR CHOLINE IN 
STRIATAL EXTRACELLULAR FLUID PROVIDE AN INDEX  
FOR POTASSIUM EVOKED ACETYLCHOLINE RELEASE. 
M. G. Garguilo* and A. C. M ichael. D ept. o f  Chemistry, 
University o f  Pittsburgh, Pittsburgh, PA 15260.

Microsensors responsive to choline have been developed for the 
in vivo investigation o f  cholinergic pathways o f  the brain. Carbon 
fiber microelectrodes (10-μ m in diameter, 300-400 μ m in length) 
were modified with a cross-linked redox polymer containing 
horseradish peroxidase and choline oxidase. The microsensors were 
coated with Nafion films to prevent ascorbate interference with the 
response to choline. The microsensors were implanted in the 
striatum o f  anesthetized rats and used to monitor choline levels in 
ECF following the injection o f exogenous choline (500 nL, 100 μM) 
via a micropipet placed about 200 μ m away. This experiment 
confirmed the reliable operation o f the microsensors in brain tissue. 
Comparison o f  the signals recorded simultaneously from 
microsensors with and without choline oxidase strongly suggests that 
endogenous choline is detected in ECF following the injection o f  
potassium ion (500 nL, 1 M) via the micropipet. W e hypothesize 
that the observed choline is derived from the hydrolysis o f  released 
acetylcholine.

34.5

QUANTITATIVE MICRODIALYSIS OF ACETYLCHOLINE UNDER  
BASAL CONDITIONS AND DURING ACETYLCHOLINESTERASE 
INHIBITION IN THE RAT. P.Newton* and J.B. Justice. Jr. Dept. o f  
Chemistry, Emory Univ., Atlanta, GA 30322.

The no net flux method developed by Lö nnroth has been applied 
to acetylcholine (ACh) in the striatum o f  the rat. The procedure consists 
o f  perfusing a 4-mm probe located in the striatum o f  behaving rats with 
0, 100, 200, 300, and 400 nM ACh in artificial cerebrospinal fluid (145 
mM NaCl, 2.8 mM KC1, 1.2 mM CaCl2, 1.2 mM MgCl2, 2.0 mM 
Na2HPO4, 5.4 mM glucose) at a flow rate o f  0.6 μL/min. The extent that 
100 nM neostigmine (NEO) increased the extracellular ACh 
concentration was determined by performing the same experiment with 
100 nM NEO in the perfusate. A  basal extracellular level o f  9.4 nM ACh 
(n=8) was calculated. Perfusion with 100 nM NEO increased this level 
to 186 nM (n=7). For dopamine (DA), the recovery o f  the probe has 
been demonstrated to be sensitive to changes in the main clearance 
mechanism, reuptake. It was therefore hypothesized that inhibition o f  
acetylcholinesterase (AChE) would also decrease recovery. The recovery 
o f  ACh in the control and NEO experiments was 65.1 ±  2.0% and 68.7 
± 5.3% (mean ± s.e.m., n.s ), respectively. These results demonstrate that 
inhibition o f  AChE sufficient to increase the extracellular concentration 
o f  ACh 20-fold has no effect on microdialysis recovery.

34.4
Deletion Analysis Of Choline A cetyl transferase Reveals That A 
Putative SH3 Binding Motif Is Critical For ChAT Activity. D.H. 
Wu, W. Lian, Y. Gu, and L.B. Hersh* Department of Biochemistry, 
Univ. of Kentucky, Lexington, KY 40536-0084

Choline acetyl transferase (ChAT, E.C. 2 .3 .1 .6) catalyzes the 
biosynthesis of the neurotransmitter acetylcholine and exists in both 
cytosolic and membrane associated (mChAT) forms. It was reported 
that mChAT is associated with synaptic vesicles as well as 
synaptosomal plasma membranes. However, the nature of the 
mChAT is not well understood. Recently, both the hydrophilic and 
amphiphilic forms of ChAT were detected by Eder-Colli’s group 
following injection of single Drosophila ChAT mRNA into the 
Xenopus oocytes, suggesting that both forms o f the enzyme are 
encoded by a single mRNA. However, the authors did not address 
the molecular basis for the observation. One possibility that a single 
mRNA gives rise to different proteins is by using alternative initiation 
sites. We attempted to examine this possibility by using deletion 
analysis. Out of the first three AUG initiation codons, translation 
involving the first two AUGs generated functional ChAT, while 
translation involving the third AUG produced a mutant form of ChAT 
without enzymatic activity. Interestingly, there is a highly conserved 
proline and leucine rich peptide sequence between the second and 
third methionine, which matches consensus SH3 (Src homology 3) 
binding sites. Detailed analysis o f this consensus site is currently 
being conducted by site-directed mutagenesis. Possible roles of this 
putative SH3 binding site in directing the axonal transport of ChAT to 
the nerve terminals and mediating membrane association via protein- 
protein interactions are also under investigation.

34.6
ESTIMATION OF VESICULAR ACETYLCHOLINE TRANSPORTER mRNA 
BY RT-PCR AND HPLC. M A  Prendergast., A  Milici, L  Zhang. J. Wei, D. W. 
Sickles* and J.J. Buccafusco. Department of Veterans Affairs Medical Center; 
Department of Pharmacology and Toxicology; and Cell Biology and Anatomy, 
Medical College of Georgia, Augusta, Georgia, U.S.A.

The recently identified vesicular acetylcholine transporter (VAChT) is 
responsible for accumulation of ACh in cholinergic neuron secretory vesicles. 
Measurement of putative transporter binding sites with labeled vesamicol has 
proven useful in estimating cholinergic neuronal function. The relationship 
between transporter regulation and neuronal function may be better understood 
at the gene level. The reverse-transcription polymerase chain reaction (RT-PCR) 
provides a means of localizing low-abundance mRNA. The present study 
employed RT-PCR with HPLC quantitation to examine the distribution of 
VAChT mRNA in rat brain. Total RNA was isolated from homogenized 
striatum, hippocampus, and cerebellum of normal rats and reversed transcribed 
using random primers and reverse transcriptase. The resulting cDNAs were 
amplified using probes directed at the VAChT and the control gene, 
glyceraldehyde-3 -phosphate dehydrogenase (G3PDH). PCR products were 
injected onto an HPLC anion exchange column and quantified by UV 
absorbance detection. Amplified cDNA encoding the VAChT, as well as 
G3PDH, was observed in each of the brain regions examined. The relative 
distribution of VAChT mRNA among the 3 regions was: cerebellum > striatum 
= hippocampus. Since, previous work employing in situ hybridization 
techniques has failed to identify VAChT mRNA in the hippocampus, the use of 
RT-PCR appears, therefore, to provide a greater level of sensitivity in identifying 
this new cholinergic marker. Supported by the Office of VA Research and 
Development.

34.7
MODIFICATION OF CYSTEINE IN THE ACETYLCHOLINE TRANSPORTER. J.E. Keller. 
S.K. FISHER*, and S.M. Parsons. Dept. of Chemistry and NRI, Univ. of 
California, Santa Barbara, CA 93106.

It has been reported previously by this laboratory that organomercurials cause loss 
of vesamicol binding to the acetylcholine transporter (AChT) in synaptic vesicles 
isolated from Torpedo electric organ due to action on two classes of cysteine 
residues. The inactivation was studied to determine if this is a Bmax or Kd effect. 
Methylmercury and ethylmercury raise the Kd for dissociation of vesamicol from 7 
nM to 30 nM and 300 nM, respectively. Phenylmercury and mercuriphenylsulfonate 
(MPS) raise the Kd to above 5 μM. Modification by HgCl2 causes complete 
inhibition of vesamicol binding. This result suggests that Hg2+ can bridge two or 
more sites within the AChT, whereas organomercurials cannot. The mild oxidizing 
agents iodosobenzoate and phenylarsine oxide, which convert sulfhydryls to 
disulfides, have no effect on vesamicol binding. This suggests that the two or more 
critical SH groups are not close enough to each other to form a disulfide. The second 
order rate constant for inactivation by chloro-MPS is about 100-fold lower than that 
for reaction with typical protein sulfhydryls. Because both classes of cysteine 
residues react at the same rate, this suggests that access to the critical sulfhydryls is 
hindered by a remote barrier. Inactivation by chloro-MPS was carried out at 20°C 
and 2°C and at 20°C in the presence of cholate detergent to test whether the barrier 
is the lipid bilayer. The rate of inactivation was only 7-fold and 2-fold higher at 
higher temperature and in detergent, respectively. This is not consistent with a 
bilayer barrier to inactivation. However, the order of reactivity was hydroxy-MPS < 
chloro-MPS < iodo-MPS, which correlates with the relative hydrophobicities and 
not the relative intrinsic reactivities of the mercurials. The above observations taken 
together suggest that the critical sulfhydryls reside within a hydrophobic, 
cytoplasmically oriented region of the AChT. Possibly, access to the critical 
sulfhydryls occurs via a spontaneous conformational change in the AChT that is rate 
limiting to the inactivation reaction.
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35.1

EVIDENCE THAT PON TOM ESENCEPHALIC C H O UN ER GIC PROJECTIONS 
T O  M ID B R A IN  D O P A M IN E R G IC  G R O U P S  A R E  A  S U B S E T  O F T H E  
T E G M E N TO TH A LA M IC  PR O JEC TIO N  SA  O akm an*. PL Farls. C Cozzari. 

and BK H a rtm a n. Div. o f N e u ro sc ie n ce  R e sea rch  in P sych ia try , Univ. 

o f M in ne so ta , M p ls , MN 5 54 55 ; Inst. B io lo g ia  C e llu la re  C N R , Rom e.
W e s o u g h t to  d e te rm in e  w h e th e r  c h o lin e rg ic  c e lls  o f th e  ra t 

L a te ro do rsa l a nd  P e d u n cu lo p o n tin e  T e g m e n ta l N u cle i w h ich  p ro je c t to 
e ith er SN or V TA  re p re se n t a d is tin c t su bse t o f th e  ch o lin e rg ic  system , 
o r a c o lla te ra l in n e rv a tio n  b y th a la m ic -p ro je c t in g  c e lls  o f th e se  
g ro u p s . A n im a ls  re ce ive d  s te re o ta x ic  in je c tio n s  o f F lu o ro -G o ld  (FG ) 
to m u ltip le  th a la m ic  re g io n s . C e lls  c o n ta in in g  both  FG a nd  ch o lin e  
a c e ty ltra n s fe ra s e  im m u n o re a c tiv ity  w e re  d ig ita lly  m a p p e d  at m u ltip le  
leve ls  th rou g h  the  m id bra in  a nd  pon s . O n a verag e , o v e r 84%  o f the 
p o n to m e s e n c e p h a lic  c h o lin e rg ic  c e lls  w e re  re tro g ra d e ly  lab e le d  by 
m u ltip le  la rg e  th a la m ic  in je c tio n s , c o m p a re d  to  the  12%  p re v io u s ly  
show n to  p ro je c t to SN  a nd  16%  p ro je c tin g  to  V TA. S um m e d  d en s ity  
im a g e s  o f th e se  p ro je c tio n s  re v e a ls  re g io n s  o f  s u b s ta n tia l o v e rla p  
be tw e en  th a la m ic - a nd  S N - o r V T A - p ro je c tin g  n eu ro ns . A d d itio n a lly , 
h ie ra rch ica l lo g -lin e a r a na lys is  o f ce ll lo ca tio n s  d e m o n s tra te s  th a t the 
14%  o f ch o lin e rg ic  n e u ro n s  u n la b e lle d  by th a la m ic  in je c tio n s  d oe s  not 
c o rre s p o n d  to  e ith e r the  S N - o r V T A -p ro je c t in g  p o p u la tio n s . To 
d ire c t ly  c o n firm  th e s e  f in d in g s ,  a n im a ls  re c e iv e d  in je c t io n s  o f 
rh o d a m in e  la te x  m ic ro s p h e re s  in to  e ith e r SN  o r V T A  p lu s  a la rge  
tha lam ic  in je c tio n  o f FG. C e lls  co n ta in in g  both  re tro g ra d e  lab e ls  w ere 
m a pped  and the  se c tio ns  su b se q u e n tly  s ta in e d  fo r N A D P H  d ia p ho ra se . 
T r ip le - la b e le d  n e u ro n s  w e re  id e n t i f ie d ,  d e m o n s t ra t in g  th a t 
c h o lin e rg ic  in n e rv a tio n  re ce ive d  by d o p a m in e rg ic  g ro u p s  re p re se n ts  
co lla te ra ls  o f the  c h o lin e rg ic  te g m e n to th a la m ic  p ro je c tio n .
S u p p o rt: N S 12311  (B K H ), M H 47 18 9  (P L F ), N S F  F e llo w sh ip  (S A O ).

35.3

GALANIN GENE EXPRESSION IN CHOLINERGIC NEURONS OF THE 
HORIZONTAL DIAGONAL BAND DECLINES ACROSS PUBERTY IN THE 
MALE RAT. B. Planas*. P.E. Kolb. M.A. Raskind and M.A. Miller. Dept. of 
Psychiatry & Behav. Sci., University of Washington, Seattle, WA 98195.

The neuropeptide galanin (GAL) influences learning and memory functions, 
perhaps by modulating cholinergic memory pathways. Although immunocyto- 
chemical studies indicate that GAL and acetylcholine (ACh) coexist in the basal 
forebrain, we recently observed that in the basal state the majority of cholinergic 
neurons which coexpress GAL mRNA are located in the nucleus of the horizontal 
diagonal band (HDB). In this region, virtually all GAL neurons are cholinergic. 
GAL gene expression is induced by gonadal hormones in many brain regions 
including the bed nucleus of the stria terminalis (BNST). We recently showed that 
GAL mRNA levels in the BNST increase across puberty in male rats, probably due 
to the naturally occurring rise in gonadal hormones. To determine whether GAL 
gene expression within the HDB is also activated across puberty, we performed in 
situ hybridization and quantitative autoradiography through the basal forebrain (20 
μm coronal sections) of prepubertal (pp) and adult (ad) male rats (n=7/group). For 
quantification, the HDB was divided into rostral (HDB-1), medial (HDB-2) and 
caudal (HDB-3) subregions. Both the average number (unilateral) of GAL expressing 
cells/section (HDB-1: pp=9±l, ad=4±0.4; HDB-2: pp=13±0.8, ad=9±l) and the 
average number of grains/cell (HDB-1: pp=54±3, ad=41±2; HDB-2: pp=52±3, 
ad=42±l) were significantly lower in the rostral and medial HDB subregions of adult 
compared with prepubertal rats. No age differences in GAL  gene expression were 
found in HDB-3. In contrast, both the number of GAL expressing neurons and the 
cellular GAL mRNA content were significantly enhanced in the BNST of the same 
animals across puberty. These results suggest that 1) GAL gene expression in 
cholinergic neurons may be differentially and negatively regulated by factors 
concomitant with puberty; and 2) GAL regulation of cosecreted ACh may be 
enhanced prior to puberty in neurons of the rostral and medial aspects of the HDB.

35.5

ACETYLCHOLINE MODULATION OF EXCITATORY SYNAPTIC INPUTS 
FROM LAYER I TO THE SUPERFICIAL LAYERS OF RAT 
SOMATOSENSORY NEOCORTEX IN VITRO Huifang Li* and Larry J. 
Cauller. GR.4.1, Cognition and Neuroscience Program, University of Texas at 
Dallas, Richardson, TX 75083-0688.

Our previous studies have shown that ACh slightly suppressed the superficial 
layer extracellular responses evoked by isolated horizontal layer I inputs in 
somatosensory cortex. The present work was undertaken to investigate the 
mechanisms of action of ACh by means of intracellular recordings in vitro. 
Recordings were made from pyramidal cells located in layers II/III of 
somatosensory cortex and synaptic potentials were evoked by stimulation of 
isolated horizontal layer I (Cauller and Connors, 1994, J. Neurosci. 14). The ACh- 
esterase inhibitor eserine ( 10μM) was added to the bath perfusion to potentiate 
endogenous ACh levels. The muscarinic specific antagonist scopolamine (Scop, 
lOpM) and nicotinic specific antagonists dihydro-β-erythroidine (HBr, 5μM) or 
tubocurarine (t-cur, 5μM) were used to determine the contribution of specific 
receptors. Although eserine increased the firing rate and decreased the firing 
threshold in 80% (16/20) and had the opposite effect on 20% (4/20) neurons, no 
significant changes of Vrest, τ , Rin or I/V relationship were observed before, during 
and after drug application. The application of eserine decreased the amplitudes of 
the EPSPs by 20.45 ± 17.1% (mean ± S.D.) in 79% (11/14) neurons recorded and 
this depressed effect was reversed by Scop ( 33.75 ±21% , n=4) and Scop plus t-cur 
(88.3 ± 32.25%, n=3) or t-cur (79%, n=l). In the remaining 3/14 neurons, eserine 
slightly increased the amplitudes of the EPSPs (7.3%; p< 25). Two were reversed 
by HBr or Scop, the other was not. The results indicate that in addition to 
modulating background activity, ACh has a dual but predominately depressive 
effect upon superficial layer synaptic transmission.

Supported by a grant from the Whitehall Foundation.

35.2
LIMITED EXPRESSION OF GALANIN BY FOREBRAIN CHOLINERGIC 
NEURONS: EVIDENCE THAT CHOLINERGIC NEURONS ALSO EXPRESS 
VASOPRESSIN mRNA. M.A Miller*. P.E. Kolb. B. Planas. M.A. Raskind. 
Dept. of Psychiatry & Behav.Sci., University of Washington, Seattle, WA 98195.

Galanin (GAL) has been postulated to influence learning and memory processes 
by modulating cholinergic function. GAL and choline acetyltransferase (ChAT) 
immunoreactivities coexist in the medial septal(MS)-diagonal band complex 
following colchicine treatment in rats. Since colchicine was recently shown to 
influence the expression of both GAL and ChAT, we assessed the coexpression of 
GAL and ChAT mRNAs in rats not treated with colchicine. We recently reported 
that GAL neurons in the cholinergic fields of the horizontal diagonal band (HDB) 
coexpress vasopressin (VP) mRNA, and therefore we assessed the coexpression of 
ChAT and VP mRNAs. Using single and double in situ hybridization, we examined 
the distribution of ChAT, GAL, and VP mRNAs in alternate sections (20 μm) 
through forebrain cholinergic cell groups of adult male rats (n=6). The majority of 
cholinergic neurons which coexpress GAL mRNA are located in the HDB. At 
Bregma 0.2 mm, the number of GAL neurons (unilateral) averaged 12±2/section, 
representing 13% of ChAT neurons. Fewer GAL expressing neurons were detected 
in the VDB than the HDB and only occasional labeled cells were detected in the MS. 
Virtually all GAL expressing neurons in these cholinergic cell groups coexpressed 
ChAT mRNA. More VP mRNA expressing neurons were present in the HDB than 
in the MS or VDB. VP expressing neurons in these regions also coexpressed ChAT 
mRNA. GAL expression by cholinergic neurons is more restricted than determined 
previously. In the basal suite, few cholinergic neurons in the MS/VDB complex 
coexpress GAL. The majority of cholinergic neurons which do coexpress GAL are 
located within the HDB, a region which probably projects primarily to dorsal, not 
ventral, hippocampus. Coexpression of VP and ChAT mRNAs suggests that some 
cholinergic neurons may synthesize a second peptide. These data suggest that the 
sources of GAL and VP input to hippocampal learning and memory systems and the 
interaction of these peptides with cholinergic pathways should be re-evaluated.

35.4

VISUALIZATION OF SYNAPTIC VESICLES BY ATOMIC FORCE 
M ICROSCOPY. R.A. G arcia1. P .E . Lanevy2 H.G. Hansma2 and 
S.M. Parsons1 *  1 Department o f Chemistry, 2Department of Physics, 
University o f California, Santa Barbara, CA 93106.

Atomic force microscopy (AFM) was used to generate high resolution 
images o f cholinergic synaptic vesic les isolated from the Torpedo  
electric organ. The images obtained by AFM operating in tapping mode 
under isosmotic buffer appear generally spherical with rippling surface 
topography. The observed diameter o f the vesicles is approximately 
100 nm and is in close agreement with that measured by electron 
microscopy and light scattering methods. Real-time measurements of 
changes in vesicle size and morphology were monitored during stepwise 
changes in the osmolarity o f the buffer. In hyposmotic buffer the 
vesicles swelled more than two-fold in diameter and subsequently lysed. 
Swollen vesicles exhibited a rougher surface than isosm otic vesicles 
did. The lysed vesicles appeared to lay down flat on the substrate, 
usually in a circle o f approximately 200 nm diameter that had a uniform 
height o f approximately 40 nm. Geometry predicts that the surface area 
o f a sphere o f 100 nm diameter corresponds to that o f a circle o f 200 nm 
diameter, suggesting that lysed vesicles lay down on the substrate as a 
single thickness o f  membrane. The expected thickness o f a bilayer 
membrane is only about one-tenth o f that observed, which suggests that 
internal vesicular components such as glycosaminoglycan contribute to 
the observed height. The ability to image vesicles in physiological 
buffer provides the potential for real-time observations o f changes in 
vesicular morphology.

35.6

Medial Prefrontal Cortex or Nucleus Basalis Magnocellularis Lesions and 
Nega live Patterning in Rats. Salazar. R.A.. Lubow. J.M. , Bustos. E.A. & Hodge. 
G K * Univ. of New Mexico Psychology Dept., Albuquerque, New Mexico 87131 

It was hypothesized that nucleus basalis magnocellularis (NBM) and medial 
prefrontal cortex (MPF) lesions would selectively impair the ability to learn 
conditional, or configural, associations while sparing the ability to learn simple, or 
elemental, associations. To test this hypothesis, rats received bilateral quisqualic 
acid infusions into the NBM (8 u l) , MPF (2ul) or sham operates (control group). 
Animals subsequently tested in a negative patterning operant discrimination task In 
this task, animals are food-reinforced (+) for pressing an operant chamber lever in 
the presence of either a light (L) or tone (T), but not reinforced (-) m the presence of 
a compound stimulus comprised of the light and tone presented together (LI)
Since the target cholinergic projection system from the NBM is the MPF, it was 
hypothesized that NBM and MPF lesioned animals would be unable to form the 
configural representation of LT- and would continue to respond in the presence of 
this nonreinforced compound stimulus. Data supported only part of this hypothesis. 
All animals were able to discriminate between the presence and absence of the 
reinforced elements L+ and T+, suggesting that the ability to solve simple 
associative discriminations is unimpaired in NBM and MPF lesioned animals. In 
contrast, negative patterning discrimination performance was impaired in the NBM 
lesion group; but not MPF group. NBM lesioned animals made significantly more 
LT- responses across training sessions then either the MPF lesioned animals or 
controls (p < 05). Results suggest a selective involvement of the NBM in the 
acquisition of configural but not simple associative tasks An MPF suction ablation 
group was later found to also make significantly more LT- responses across training 
sessions then either the MPF lesioned animals or controls (p < .05). This suggests 
that the MPF cholinergic neurons/ terminals are not important for this discrimination 
task. [Supported by MBRS-NIH grant #GM08139-21]
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35.7
LONG -LA STING D EPO LA RIZA TIO N  OF LEECH  NEURONS 
INDUCED BY CH OLIN ERG IC AGONISTS Lidia Szczupak1* Julia Edgar2 
and William B. Kristan Jr.2 1M edical School (UBA), Paraguay 2155 7°, 1121 
Buenos Aires, Argentina; 2Department of Biology 0357, UCSD; La Jolla, CA 
92093-0357.

Retzius (Rz) neurons of midbody ganglia in the leech respond to short (≤ 1 sec) 
pressure pulses of Acetylcholine (ACh) applied onto their soma in a biphasic fashion: 
a fast depolarization followed by a slower hyperpolarization. This response is mediated 
by receptors located in the soma of the neuron.

We now describe a third phase, a long lasting depolarization (LLD), which was 
elicited only when longer (> 2 sec) ACh pulses were applied. The LLD was readily 
evoked by cholinergic agonists (carbachol, nicotine, DMPP), even when applied 
through short (60 ms) pressure pulses. In the presence of eserine, an 
acetylcholinesterase inhibitor, ACh elicited the LLD through similarly short 
applications. None of the antagonists that inhibited the early phases of the ACh 
responses had a significant effect on the LLD. Rz neurons isolated in cell culture for 3 
days preserved the early phases of the cholinergic response but they did not show the 
LLD. During the LLD, which could reach amplitudes of around 20 mV, the input 
resistance of the Rz neurons did not change. High-frequency firing, superimposed on 
the LLD, appeared at membrane potentials around -65 mV. This contrasts with the 
fact that the soma of Rz neurons has to be driven to around -35 mV in order to elicit 
comparable firing.

These data suggest that: 1) the LLD was not activated by the receptors that 
mediate the early phases of the cholinergic response; 2) although the pressure pulses 
were applied onto the Rz soma, the LLD was initiated in the neurites, close to the 
firing-initiation site; 3) the response depends of the in situ configuration of the 
neuron. We are currently testing the hypothesis that the LLD is mediated by glia cells 
which respond to cholinergic agents by increasing the [K+]o in the neuropil.

Supported by research grants from NIH (NS25916) to WBK and HFSPO to LS.

35.9

A L P H A 2A -A D R E N E R G IC  R E C E P T O R S A R E PR ESEN T IN 
B A S A L  F O R E B R A IN  C H O L IN E R G IC  P R O JE C T IO N  
NEURONS. L , Zaborszky*, J, K iss and D , L, R osin . Rutgers 
University, Newark, NJ 07102, Sem m elweis University, Hungary and 
University o f Virginia, VA 22908.

Basal forebrain areas rich in cholinergic projection neurons 
(BFC) has been shown to contain alpha2-adrenergic receptor 
(alpha2-AR) mRNAs and binding sites for these receptors (Unnerstall 
et al., 1984; Zeng et al., 1991). S ince BFC neurons receive 
noradrenergic input (Zaborszky et a l., 1993) and cortical 
acetylch oline release has been show n to be in fluenced by 
noradrenaline, we investigated whether BFC neurons are colocalized  
with alpha2A-ARs. A subtype-specific polyclonal antibody (Rosin et 
al., 1993) w as used for the d etection  o f alpna2A -A R - 
im m u n oreactiv ity  a lon e or in co m b in a tion  w ith  ChAT  
immunocytochemistry. Forebrain sections were processed for light 
microscopic screening with alpha2A/ChAT using the N iDAB/DAB  
m eth o d  and fo r  e le c tr o n  m ic r o s c o p y  u s in g  an 
immunoperoxidase/immunogold double labeling technique. Using 
light microscopy, alpha2A-AR-immunoreactivity could be identified 
in cholinergic neurons in extensive basal forebrain areas, including 
the medial septum (MS), vertical and horizontal diagonal band nuclei 
(VDB, HDB), the substantia innominata and peripallidal regions. At 
septal levels, approximately 30% of the cholinergic neurons were 
colocalized with the adrenergic receptor. Electron microscopy from 
the M S/VDB/HDB areas confirmed diffuse cytoplasmic localization 
of alpha2A-AR-immunoreactivity in cholinergic neurons, suggesting 
that these cells do synthesize alpna2A-ARs. To establish the precise 
localization at the membrane o f im m unoreactive ce lls , further 
combined ultrastructural studies are necessary.
Supported by USPHS Grant N S23945 and D A 07216.

35.11

SUBCELLULA R D ISTRIBU TIO N O F A C ETYLC H O LIN E IN  RAT  
BR AIN FO LLO W ING  EX PO SU R E TO  C A LY CU LIN A  O R  
O KADAIC AC ID
A.M. Issa* S. Gauthier and B.CoIlier. Dept. of Neurology &
Neurosurgery, Centre for Studies in Aging and Dept of Pharmacology & 
Therapeutics, McGill University, Montreal, Canada H3G 1Y6

We have previously reported that endogenous acetylcholine (ACh) 
content of hippocampal tissue is reduced by some 50% in the presence of 
the phosphatase inhibitors, calyculin A (Cal A) and okadaic acid (OKA), 
but ACh release is not affected (Issa et al., 1993). It is known that ACh is 
compartmentalized and heterogenously distributed in cholinergic nerve 
terminals. Our findings suggested that OKA or Cal A might deplete ACh at 
a storage site other than the one most readily available for release. To 
investigate this notion, we have examined the effects on ACh content of 
subcellular fractions isolated from rat hippocampal slices previously 
exposed to Cal A or OKA. The ACh contents of both the cytosolic (S3) and 
vesicle-bound (P3) compartments were reduced signficantly (p < 0.01) by 
OKA and Cal A. Since the P3 fraction is heterogenous, further 
subfractionation by sucrose density gradient centrifugation was done. ACh 
of the D (0.4 M sucrose), E/F (0.8 M sucrose) and G/H (1.2 M sucrose) 
fractions was assayed. A fraction of monodispersed synaptic vesicles (D 
fraction Whittaker, 1964 nomenclature) was reduced (p <  0.01) by Cal A 
or OKA treatment but other nerve terminal bound pools (E/F or G/H) were 
not so affected. Thus, exposure of tissue to Cal A or OKA appears to 
produce selective depletion of tissue ACh content in a sub-population of 
synaptic vesicles. (Supported by MRC Canada)

35.8

B R A IN  R E G IO N  S P E C IF IC  M O D U L A T IO N  O F  
C H O L IN E  A C E T Y L T R A N S F E R A S E  A C T IV IT Y  IN A 
N E U R O N A L  H Y B R ID  C E L L  L IN E  D E R IV E D  FR O M  
C O R P U S  S T R IA T U M  W -Y W ang*. L.A. W on. M S .  
Wainwright and A. Heller Dept. of Pharmacol, and Physiol. Sci., 
The University of Chicago, IL 60637

We have previously described a neuronal hybrid cell line, X52, 
derived from E l8 mouse corpus striatum which expresses choline 
acetyltransferase (ChAT) (Wainwright et al., J. Neurosci. 15.1 , 676- 
6 8 8 , 1995). In the present study, X52 cells were confronted with 
either primary striatal ce lls or tectal cells in three dimensional 
reaggregate culture, and ChAT activity of X52 cells was determined. 
Coaggregation o f the X52 cells with primary striatal cells, which 
serve as target for cholinergic interneurons o f this area of brain, 
resulted in a significant (2.14-fold) increase in ChAT activity (p < 
0.01). Coaggregation with primary cells from tectum, a region to 
which striatal cholinergic interneurons do not project, produced a 
significant reduction (48%) in ChAT activity (p < 0.05). Cholinergic 
phenotypic expression in X 52 ce lls  was also modulated by 
conditioned media prepared from primary cells. Exposure o f X52 
hybrid cells to media obtained from aggregates of primary striatal 
cells resulted in a significant two-fold increase in ChAT in X52 cells 
(p < 0.01). In contrast, exposure of X52 hybrid cells to media from 
aggregates prepared from primary tectal cells resulted in a significant 
decrease (43%) in ChAT activity (p < 0.05). The factors produced by 
primary striatal target and nontarget tectal cells are diffusible and 
capable of modulating ChAT activity of neuronal hybrid cells derived 
from neurons of the corpus striatum. Supported by MH 28942.

35.10
M OD ULA TION OF BASAL FO R EB R A IN  NEURO NS BY LOCUS 
COERULEUS AND SUBSTANTIA NIGRA. K. Pang*. J.M. Tepper and L. 
Zahorszky. Center for Molecular and Behavioral Neuroscience, Rutgers, The State 
University of New Jersey, Newark. NJ USA 07102

Recent studies have described noradrenergic and dopaminergic projections to the 
basal forebrain (BF) from locus coeruleus (LC) and substantia nigra (SN), 
respectively. SN stimulation excites some BF neurons and inhibits others, whereas 
the actions of LC stimulation are unknown. The aims of the present study were to 
compare the effects of SN and LC stimulation on BF neurons and to determine 
whether the effects on cholinergic and noncholinergic BF neurons are similar.

In vivo extracellular recordings were obtained from BF neurons which were 
subsequently labeled with biocytin (Pinault, Neurosci. Lett. 170:255, 1994) and 
assessed for the presence of choline acetyltransferase (ChAT). Electrical stimulation 
of SN (14 of 16 cells) and LC (10 of 14 cells) modulated the spontaneous firing of 
BF neurons. SN stimulation produced excitation (n=l, latency to onset = 10 ms), in- 
hibition (n=4, latency = 10 ± 2 ms for 3 cells and 54 ms for 1 cell), excitation 
followed by inhibition (n=4, latency = 6 ±  1.4 and 13 ± 2.4 ms, 1 cell had a latency 
for inhibition of 45 ms), and inhibition followed by excitation (n=5, latency = 3.6 ± 
0.4 and 15 ± 2.9 ms, 1 cell had an excitation latency of 48 ms). LC stimulation 
resulted in excitation (n=3, latency = 7 ±  0.5 ms), inhibition (n=l, latency = 9 ms), 
excitation followed by inhibition (n=4, latency = 7.8 ±  1.8 and 18 ±  1.3 ms) and 
inhibition followed by excitation (n=2, latency = 8 ± 3.5 and 58 ±  21 ms). SN and 
LC stimulation produced similar effects in only 4 of 11 neurons. In three identified 
ChAT negative BF neurons, two were inhibited by SN and the third did not respond 
to either SN or LC stimulation. In summary, SN and LC stimulation produced both 
monosynaptic and polysynaptic responses in BF neurons. In the majority of 
neurons, SN and LC elicited different responses. Finally, ChAT negative BF 
neurons were inhibited monosynaptically by SN. Supported by NS-23945 and NS- 
30679.

35.12
TRANSYNAPTIC MODULATION OF RAT STRIATAL ACETYLCHOLINE 
RELEASE IN VIVO BY THE PARAFASCICULAR THALAMIC NUCLEUS. 
S .C on so lo .*  L Nannini and G. B a ld i.Istituto di R icerche 
Farmacologiche Mario Negri, Milan, Italy 20157.

Electrical stim ulation o f  the parafascicular (Pf) but not 
ventrolateral or dorsomedial thalamic nucleus (10 0.5 ms 10 V pulses, 
140 μA ) of freely moving rats induced a frequency-dependent (2.5, 
5, 10 and 20 Hz) increase in the extracellular ACh content o f the 
dorsal striatum, assessed by trans-striatal microdialysis. The time- 
dependent effect o f 10 Hz stimulation was studied. The peak increase, 
39% above baseline, was attained during 4 min stimulation. This was 
blocked by co-perfusion with 5 pM tetrodotoxin indicating that the 
release we measured represents a physiological process. The 
facilitatory effect o f Pf nucleus stimulation does not appear associated 
with an indirect action through the cerebral frontal cortex because 
acute lesion o f the excitatory corticostriatal afferents, which by itself 
reduced basal ACh release by 40%, did not modify the effect of 10 
Hz stimulation. The possible involvement of fasciculus retroflexus in 
the facilitation o f ACh release was also ruled out. The non- 
competitive NM DA-type receptor antagonist M K-801, applied by 
reverse dialysis (30 pM ) or system ically injected (0.2 mg/kg), 
significantly reduced the basal ACh output and prevented the tetanus- 
evoked increase in ACh release. The results provide in vivo evidence 
that the activity of the cholinergic neurons in the dorsal striatum is 
trans-synaptically modulated by Pf nucleus excitatory afferents 
through activation of the NMDA-subtype o f glutamate receptors likely 
located in the striatum.(Supported by C onsiglio Nazionale delle 
Ricerche, Rome, Italy, Convenzione Psicofarmacologia).
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35.13

A C E T Y L C H O L IN E  A N D  ITS S Y N T H E S IZ IN G  
E N Z Y M E (S) IN H U M A N  LEU K EM IC  T -C E L L  L IN E S .
T. Fujii. T. Tsuchiya. S. Yamada. K. Fujimoto, T. Suzuki. T. 
Kasahara# and K. Kawashima*. Depts. of Pharmacology and 
Biochemistry#, Kyoritsu College of Pharmacy, Tokyo 105, Japan.

Acetylcholine (ACh) is a neurotransmitter which mediates chemical 
transmission of neuronal signals in the central and peripheral nervous 
system. In addition, the cholinergic system is known to play an 
important role in the regulation of interrelationship between the nervous 
system and the immune system. We have shown previously that about 
60% of ACh in whole blood was present in circulating mononuclear 
leukocytes (MNL). In the present study, we attempted to clarify which 
types of MNL contains and synthesizes ACh using several human 
leukemic cell lines and a specific, sensitive radioimmunoassay. The 
intracellular ACh contents in T-cell lines, HSB-2, MOLT-3 and CEM, 
were 8-fold higher than those of other cell lines tested (Daudi, HL-60, 
YT.C3 and U937), including a helper T-cell line, Jurkat. In addition, 
we found that ACh synthesizing activities were present in all T-cell 
lines tested. Bromoacetylcholine at 100 μ M, a selective inhibitor of 
choline acetyltransfcrasc (ChAT) and bromoacctyl-L-camitine at 100 
μ M, a selective carnitine acetyltransferasc (CarAT) inhibitor, decreased 
ACh synthesizing activities in MOLT-3, HSB-2 and CEM, by about 
50% and by about 30%, respectively. These results suggest that the 
major portion of blood ACh originates from T lymphocytes, and that 
both ChAT and CarAT are involved in ACh synthesis in T-cells. ACh 
may function not only as a neurotransmitter in the nervous system, but 
also as an autacoid which modulates the T-cell-depcndent immune 
responses.

35.14
DISTRIBUTION OF CHOLINE ACETYLTRANSFERASE IMMUNO- 
REACTIVE NEURONS IN THE WALLABY BRAIN. Mavner. L.* Dept of 
Applied Science (NSG), Flinders University of SA, Adelaide, Australia.

The distribution of acetylcholine containing neurons in the brain of the wallaby, 
M acropus eugenii, was studied by choline acetyltransferase (ChAT) 
immunohistochemistry. The results in the wallaby, an Australian diprotodontid 
metatberian mammal, were compared to the distribution of positive ChAT 
containing neurons in the brain of eutherian mammmals in order to establish 
similarities at the neurotransmitter level between the wallaby and monkey, cat and 
rat. Positive ChAT containing cells in the wallaby were located in the anterior 
brain regions: medial septal nucleus, olfactory tuberculum, medial preoptic area; in 
the basal ganglia: in the intemeurons in striatum throughout the anterior-posterior 
extent of both the caudate nucleus and putamen however, the most intense 
labelling was located in the more posterior regions of the brain: in the fibres of the 
retroflexus bundle and the habenula nuclei, the tegmental-pontine region, the 
oculomotor nucleus, and in the brainstem: in the motor nucleus of the vagus and 
nucleus of the hypoglossal nerves and the facial nucleus. Parallel experiments on 
the rat brainstem revealed identical positive ChAT containing neuron distribution. 
Weak positive ChAT containing neurons were also seen in both superficial and 
deep layers of the superior colliculus and the deep cerebellar nuclei. These results 
strongly suggest that the eutherian raised antibody ChAT cross reacts also with 
metatherian neural tissue and that the distribution of ChAT in the wallaby brain is 
very similar to that of eutherian mammals.

35.15
[11C]-HEPTYLPHYSOSTIGM INE, A NEW PET TRACER FOR CHOLINES- 
TERASE IMAGING. B. Tavitian*. S. Pappata, A Jobert. F. Branly, A Dalger, C 
Crouzel and L. Di Giamberardino. INSERM U334, CEA, SHFJ, Orsay, France.

Heptylphysostigmine (HEP) is a cholinesterase (ChE) inhibitor currently under 
clinical trials for the therapy of Alzheimer's disease. Like physostigmine (PHY), HEP 
inhibits ChE by carbamylation of the active site, but decarbamylation of ChE is 
slower than with PHY. 1C50 of HEP for acetylChE (AChE) is higher than that for 
butyrylChE (BChE), while PHY inhibits similarly both enzymes. We labeled the 
carboxylic carbon of HEP with 11C for use as a PET tracer of brain ChE

In vivo regional brain kinetics of [11C]HEP were obtained using the PET-ECAT 
953B camera in 3 male adult baboons under isoflurane anaesthesia After a bolus i v 
injection of 15-20 mCi [11C]HEP, the maximal uptake of radioactivity was reached at 
10-15 min depending on the brain regions, and was followed by a gradual decrease 
Peak uptake was 33% of the injected dose per liter (IDL) in the striatum, 31% IDL in 
the thalamic area, 30% IDL in the cerebellum, and 24% IDL in the cerebral cortex 
The decrease in radioactivity concentrations was slower in the cortex (half-time 85 
mm) than in the striatum (63 min) and in the cerebellum (60 min)

Iso-OMPA, a specific inhibitor of BChE, increased the striatum to cortex ratio by 
25% for peak uptake of [11C]HEP, but had no effect on the striatum to cortex ratio of 
[11C]PHY uptake. This can be interpreted as a consequence of a higher BChE to 
AChE ratio in the cortex than in the striatum In contrast, the muscarinic antagonist 
dexetimide had no effect on [11C]HEP cerbral binding, suggesting that HEP binding 
to cerebral muscarinic receptors is negligible in vivo

These results suggest that [11C]HEP is a valuable PET tracer of ChE, both AChE 
and BChE, in the primate brain. Its higher lipophilicity and longer duration of resi- 
dence in cerebral tissue may offer an advantage over [11C]PHY for in vivo imaging of 
these enzymes, especially in situations where the involvement of BChE is suspected, 
such as Alzheimer's disease

We are grateful to Pr. Luchelli (Mediolanum Farmaceutici, Milano, Italy) for the 
gift of cold HEP, and to the CNAMTS for financial support.
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36.1

SPECIFIC RESIDUES IN THE TRANSMEMBRANE SEGMENTS 
M l AND M2 OF THE ACHR SUBUNIT α7 DETERMINE THE 
STABILIZATION OF THE HOMOMERIC COMPLEX. 
Garcia-Guzman, M., Gomez-Hernandez, J. M., Otter. A.. Stühmer. 

W.* MPI für Experimentelle Medizin. Hermann Rein Str. 3, Gottingen D-37075, 
Germany.

Despite a very high amino acid homology within every 
subfamily of ligand gated receptors, different members follow a discrete 
assembly behaviour determining a restricted collection of assorted 
oligomeric proteins with dissimilar channel properties. Domains in the 
N terminal region of the Acetylcholine (Ach) and GABA receptors have 
been shown to control the specificity of intersubunit interactions at the 
initial steps of assembly. In a recent work1 we exploited the different 
behaviour between the Ach subunits a l  and a3  (only the a l  forms 
homomeric receptors) to show that a domain within a region comprising 
the first transmembrane segment, M l, and the cytoplasmic loop 
coupling it to the pore-forming segment, M2, is involved in the 
subsequent interaction and stabilization of the homomeric complex in 
the Ach α7 subunit. This information allowed us to examine in detail 
the particular amino acid signature in the transmembrane domains, Ml 
and M2, that control these interactions. The most cytoplasmic half of 
the M 1, and one serine residue at the edge of the intracellular part of 
the pore, M2, are revealed as the crucial amino acids. In fact the serine 
residue of the M2 is conserved only in the Ach subunits which are able 
to form homomeric channels (α7, α 8 and α 9). Single point mutations 
of this residue to alanine or cysteine, impairs the surface expression of 
the homomer, suggesting that the hydroxyl group in this position 
stabilizes the transmembrane packing of the protein.
1.- Garcia-Guzman, M., Sala, F., Sala, S., Campos-Caro, A., Criado, M. (1994). 
Biochemistry, 33, 15198-15203.

36.2

Common S tructu ral D eterm inants of Physiological and Pharm acological 
Properties in nAChR. M. M. Francis1,2*. R. Quintana1, and R.L. Papke1,2 Univ. of 
Florida, Departments of 1Pharmacology and 2Neuroscience, Gainesville, Florida 

Nicotinic acetylcholine receptors (nAChR) can be broadly classified as either 
neuronal or muscle-type. Compared with muscle-type nAChR, neuronal receptors 
have greater permeability to divalent ions and are more sensitive to "ganglionic 
blockers". The structural basis for the characteristic pharmacology and physiology 
of these subtypes was evaluated using chimeric subunits which exchange only 
domains hypothesized to be critical in determining divalent permeability of the 
receptor. The possibility that domains which determine physiology also determine 
pharmacology was explored by expressing these chimeric subunits in Xenopus 
oocytes and evaluating both kinetics of inhibition and divalent permeability.

Chimeric beta subunits β l(β4TM2) and β4(β lTM2) exchanging only amino 
acids in the ion channel pore-lining second transmembrane domain (TM2) between 
the muscle receptor β1 subunit and the neuronal receptor p4 subunit were 
coinjected with the other muscle receptor subunits (αγδ) and the resultant chimeric 
receptors were tested for differences in pharmacology and divalent permeability. 
BTMPS is a potent noncompetitive inhibitor of nAChRs which inhibits neuronal 
nAChRs with prolonged kinetics of recovery. Coapplication of BTMPS with ACh 
to β1(β4TM2) containing receptors resulted in 83±01% inhibition of the response 
to ACh as measured five minutes after the coapplication response while 
p4(PlTM 2) containing receptors were inhibited by only 35±16%. β1(β4TM2) 
containing receptors also showed increased sensitivity to the ganglionic blocker 
mecamylamine. Both chimeric subunits caused an increase in the barium 
permeability of the receptor as measured by reversal potential shift and the effects 
of these exchanges on single channel conductance are being explored. These 
observations confirm that the TM2 domain has a role in determining the sensitivity 
to noncompetitive inhibition in addition to its role in determining physiological 
characteristics of the receptor and indicate that it may be possible to generate 
pharmacological agents specific for functional subtypes of nAChRs.
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36.3
α 3 β4 expressed in oocytes do not reproduce the single channel properties of rat 
superior cervical ganglion nicotinic receptors L.G. Sivilotti*. D.K. McNeil,
T.M.Lewis, M. Nassar, R. Schoepfer and D. Colquhoun. Pharmacology Dept, 
University College London, U K. WC1E 6BT

In the adult rat superior cervical ganglion (SCG), α 3 and β4 are the most abundant 
of the neuronal nicotinic subunits, but it is not known whether other subunit types 
contribute to the nicotinic receptor.

Xenopus oocytes injected with cRNA synthethized from the rat cDNA clones, or 
enzyme-treated whole SCG from 4-6 week-old rats,were used for outside-out patches.

At -100 mV the major conductance level for SCG receptors in response to nicotinic 
agonists was between 29 and 41 pS (34.7± 4.2 pS; mean ± S.D.; n= 23): the individual 
conductances are quite variable, but do not fall into discrete levels. In oocytes, none 
of the combinations tested had a conductance similar to that of native receptors: the 
major conductance was 17 to 23.5 pS (21.5 ± 3.6 pS; n - 12) for α 3β4 and 23 to 32 pS 
(28.2 ± 3.4 pS; n=5) for α 4β4 receptors, respectively. In two electrode-voltage clamp 
experiments, the potency of cytisine (relative to ACh) for α 4β4 receptors was 30.3 ± 
9.2 (n=7;cf. 5.1 for α 3β4 and 4.8 for SCG). Addition of β2 cRNA to the α 3β4 
combination did not change the major conductance (22.9± 2.0; n=5), but added a 
smaller 15 pS level, likely to result from a302 receptors. On the other hand, 
coinjection of α 3β4 with α 5 cRNA resulted in a larger conductance (20 to 28 pS. 
mean 25.0 ± 2.2 pS; n - l  1). Recombinant receptors typically had apparent open times 
considerably longer than those observed in native receptors with the same agonist.

These results suggest that either (a) the rat SCG, nicotinic receptors are not formed 
by any of these combinations, or (b) the Xenopus oocyte expression system is not 
capable of assembling these receptors correctly, despite the fact that it can reproduce 
accurately the conductances of both muscle nicotinics and NMDA receptors.

Supported by the Medical Research Council and the Wellcome Trust.

36.5

CHARACTERIZATION OF RECOMBINANT HUMAN NEURONAL 
NICOTINIC ACH RECEPTORS EXPRESSED IN HEK293 C E LLS  AND 
XEN O PU S  OOCYTES. L.E. Chavez-Norieoa*. J. Crona. C. Tran. K. Elliott. J. 
Corev-Naeve. A. Urrutia and E.C. Johnson . SIBIA, Inc., La Jolla, CA 92037.

HEK-293 cells stably transfected with cDNAs encoding hum an neuronal 
nicotinic acetylcholine receptor (NAChR) subunit com binations (see also 
Stauderm an e ta /., these abstracts) α 3β 4 (6H2) o r α 4 β 4 (10C4-6) have been 
studied using the whole-cell patch clam p configuration. Application of nicotine 
(NIC),. ACh, DMPP or cytisine elicited transient inward currents ranging from 
0.16-10.9 nA in 10C4-6 cells (N=20; Vh=-80 mV) and 0.18-3.6 nA in 6H2 cells 
(N=11). A strong inward rectification was observed in both cell lines, with very 
small agonist-induced outward currents detected at positive holding 
potentials. In both cell lines, the reversal potential was approx. -5 mV.

Changes in intracellular free calcium  concentration, [Ca2+]i, induced by the 
activation of NAChRs have also been analyzed using Fura-2. DM PP or NIC 
application elicited a transient increase in [Ca2+]i in 6H2 and 10C4-6 cells that 
was blocked by coapplication with 10 μM dihydro-β -erythroid ine (D H β E). 
These data suggest that both α 304 and α 404 receptors are perm eable to 

Ca2+.
The sensitivity to the nicotinic receptor blockers m ecam ylam ine (3 μM), 

DH β E (10 μM) and d-tubocurarine (10 μM) was studied in Xenopus oocytes 
expressing human α 2 β 2, α 2 β4, α 3 β2, α 3 β4, α 4 β2, α 4 β 4 and a7  NAChRs. 
These antagonists suppressed agonist-induced inward currents by 47-98%  in 
all subunit com binations tested. D istinct antagonist sensitivity patterns were 
found among these different hNAChRs. The block produced by MEC was 
less pronounced (47-54%  block) for α 2 β2, α 4 β 2, and α 7. The block produced 
by $-bubo was less for α2 β2 and α 4 β 2 (65-77% ). The block produced by 
DHβ E was largest for α 2 and α 4 containing receptor com binations (≈97%).

36.7

A C T IV A T IO N  O F  T H E  H U M A N  α 7  N I C O T I N I C  
A C E T Y L C H O L IN E  R E C E P T O R S  STA BLY EX PR ES SED  IN A 
M AM M ALIA N C E LL L IN E (K28) SIG N IFIC A N T LY  ELEVATES 
IN T R A C E L L U L A R  C A L C IU M  L E V E L S . O. D elbono1, M  . 
Cppaiakrishnan2, M. Rgnganathan1, L, Mgssi1. Shillcutt. S.D,2* and
Sullivan2. Dept. Physiology and Pharmacology1, Bowman Gray School of 
Medicine, Winston-Salem, NC 27157 and Neuroscience Research2 (D-47W), 
Abbott Laboratories, 100, Abbott Park Road, Abbott Park, IL 60064.

Unlike other neuronal nicotinic acetylcholine receptors (nAChRs), the α7 
nAChR subunit expressed as a homooligomer in Xenopus oocytes exhibits a high 
permeability to Ca2+ ions. Although Ca2+entry via this nAChR subtype has been 
implicated in neurite growth, synaptic transmission and neurodegeneration, little is 
known about the mechanisms involved. In this study, we have used single-cell 
imaging of fura-2 AM or rhod-2 AM loaded cells to examine Ca2+ signals evoked 
by activation of the human α7 nAChRs stably expressed in a mammalian cell line 
(K28). (-)-Nicotine elicited a concentration-dependent increase in cytoplasmic Ca2+ 
levels in K28 cells with an EC50 value of 51 μ n=3). Addition of (-)-nicotine, 
100 pM  to K28 cells caused intracellular Ca2+ levels to increase to a maximum 
value of 253 nM within 1 - 2 s, followed by a slower return to 50% peak Ca2+ 
levels within approximately 10 s. These effects were antagonized by the selective 
ay antagonist methyllycaconitine (2 nM). Furthermore, addition of EGTA to the 
extracellular media ablated (-)-nicotine-induced increase in intracellular Ca2+ 
indicating that the evoked rise in [Ca2+]i results from Ca2+ entry through the ay 
nAChRs. Untransfected cells failed to demonstrate any (-)-nicotine-stimulated 
increase in Ca2+ consistent with our earlier results demonstrating lack of nAChR- 
mediated functional responses in untransfected cells (see Gopalakrishnan et al., this 
meeting). Our studies provide direct evidence that the recombinant human ay  
nAChRs stably expressed in K28 cells are Ca2+ permeant and that this Ca2+ influx 
is sufficient to generate a significant, transient, rise in intracellular Ca2+ levels.

36.4
CHARACTERIZATION OF RECOMBINANT HUMAN NEURONAL 
NICOTINIC ACETYLCHOLINE RECEPTOR SUBTYPES α4β4 AND α 2β4 
STABLY EXPRESSED IN HEK293 CELLS. K. A. Stauderman*. L. S. Mahaffy. 
L. Chavez-Noriega, E. Johnson. C. Tran. K. Elliott, and J, Corev-Naeve. SIBIA, 
Inc., La Jolla, CA 92037.

cDNA sequences encoding full-length human neuronal nicotinic acetylcholine 
receptor (nAChR) subunits β4 and either a4 or a2 were stably incorporated into 
HEK293 cells. Cell lines expressing functional α4β4 (10C4-6 cell line) or α 204 
(13B5-12 cell line) receptors were identified by monitoring nicotine-stimulated 
increases of cytosolic Ca2+ concentration ([Ca2+]i), as measured by the Ca2+-sensitive 
fluorescent dye fluo-3. The presence of mRNA for each nicotinic subunit was 
verified by Northern analysis, and whole-cell patchclamp recordings confirmed the 
presence of functional nicotinic receptors. The amplitudes of nicotine-stimulated 
elevations of [Ca2+], were, on average, greater than 300 nM over basal [Ca2+], in both 
cell lines. Responses were stable up to 50 passages in 10C4-6 cells, and for at least 
20 passages in 13B5-12 cells. The rank order of agonist potencies on α4β4- and 
α 2β4-expressing cells were cytisine (cyt) > suberyldicholine (sub) > nicotine (nic) > 
DMPP, and cyt > nic = DMPP = sub, respectively. Agonist efficacies did not match 
the rank order of potencies. Nicotine(ECw)-induced [Ca2+], increases were also 
blocked by nicotinic antagonists with potency rank order d-tubocurarine = 
mecamylamine > DHβE on α 4β4 receptors, and d-tubocurarine ≥  mecamylamine ≤
DH0E on α 2β4 receptors. These data show that human neuronal nicotinic receptor 
subtypes α 4β4 and α 2β4 can be functionally and stably expressed in a mammalian 
cell line. Furthermore, the receptors possess a unique pharmacological profile, 
supporting the approach of using stable cell lines to discover subtype-selective 
compounds. Drug screening can be performed with these cell lines using a system 
designed for high-throughput assays of function based on changes of [Ca2+]i (Akong 
et al., this meeting).

36.6
P H A R M A C O L O G IC  P R O P E R T IE S  O F T H E  HUM AN α 4 β 2 
N IC O T IN IC  A C E T Y L C H O L IN E  R E C E P T O R  (nA C hR ) STABLY 
EXPRESSED IN A M AM M ALIAN CELL LINE. J. P. Sullivan1*. M. 
Gopalakrishnan1, L. M. Monteggia1, D. J. Anderson1, B. Buisson2. D. Bertrand2 
and S. P. Americ1. Neuroscience Research1 (D-47W), Abbott Laboratories, Abbott 
Park, IL 60064 & Dépt de Physiologie2, University de Genève, Geneva, 
Switzerland.

(-)-Nicotine, the prototypical agonist for neuronal nAChRs has been shown to 
bind with high affinity to the rodent and avian α 4β2 subtype. This subtype may 
represent a primary molecular target for some of the beneficial CNS effects, i.e., 
cognitive enhancement, anxiolysis, analgesia and neuroprotection, of (-)-nicotine 
and related ligands. However, a detailed study of the human α 4β 2 subunit 
combination has not yet been reported. In this study, we stably coexpressed the 
human neuronal α 4β 2 nAChR subunits in HEK-293 cells and studied its 
pharmacologic and regulatory properties. [3H]Cytisine bound to stably transfected 
cells (K177 cell line) with a Kd value of 0.2 ± 0.04 nM and with a Bmax value 
of 1359 ±91 fmol/mg protein. A good correlation (r value = 0.98) was observed 
between binding affinities in transfected cells and in native neuronal preparations 
for a series of nAChR ligands. 86R b + efflux studies showed that stably 
transfected cells express functional cation channels that are sensitive to blockade 
by dihydro-β-erythroidine. (±)-Epibatidine, (-)-nicotine, DMPP, ABT-418, ACh 
and (-)-cytisine stimulated 86Rb+ efflux with EC50 values of 0.02, 3.9, 2.5, 10, 
44, and 38 μM respectively. Treatment of K177 cells with (-)-nicotine for 7 days 
led to a significant increase in the density of [3H](-)-cytisine binding sites. 
Specific binding or (-)-nicotine-evoked cation efflux was not detected in 
untransfected cells. These results demonstrate that stable expression of the human 
α4β2 nAChR subunit combination can give rise to functional ion channels that 
exhibit homologous regulation and evoke agonist-induced cation flux with 
pharmacologic properties consistent with native neuronal α4β2 nAChRs.

36.8

STA BLE EX PR ESSIO N  AND P H A R M A C O L O G IC  P R O PER TIES 
OF TH E HUMAN a y  N IC O TIN IC  A C ETY LC H O LIN E RECEPTO R 
(nA C hR ). M. Gopalakrishnan1*. B. Buisson2. E. Touma1, T. Giordano1. J. 
Campbell1. J. C. Hu1. D. Donnellv-Roberts1. S. P. Americ1. D. Bertrand2 and L 
P. Sullivan1. Neuroscience Research1 (D-47W), Abbott Laboratories, 100 Abbot! 
Park Road, Abbott Park, Illinois 60064-3500, U.S.A. & Dépt de Physiologie2, 
Université de Genéve, 1211 Geneva 4, Switzerland.

The ay neuronal nAChR subtype forms a Ca2+-permeable homooligomeric ion 
channel sensitive to α -bungarotoxin (α -BgT) in Xenopus oocytes. In this study, 
we have stably and functionally expressed the human ay  cDNA in a mammalian 
cell line, HEK-293 and examined its pharmacologic properties. [125I]α -BgT bound 
to stably transfected cells (K28 cell line) with a Kd value of 0.7 nM and a Bmax 
value of 973 pmol/mg protein. Specific binding could be displaced by unlabeled 
α -BgT (Ki = 0.5 nM) and an excellent correlation (r value = 0.97] was observed 
between binding affinities of a series of nicotinic cholinergic ligands in the 
transfected cells and in the human neuroblastoma IMR-32 cells. Additionally, 
cell surface expression of ay  nAChRs was detected by fluorescein isothiocyanate- 
conjugated α -BgT labeling in transfected cells. The density of [125I]α -BgT binding 
in K28 cells was significantly increased following continuous treatment with (-)- 
nicotine (1 - 1000 μM ) for 7 days. Functional properties of the ay  nAChRs were 
evaluated by whole cell patch clamp. Inward currents, sensitive to blockade by α - 
BgT, were elicited upon rapid application o f (-)-nicotine, ACh and 
dimethylphenylpiperazinium in transfected cells with respective EC50 values of 
49,155 and 95 μM. No nicotine-evoked currents or specific [125I]α -BgT binding 
were observed in untransfectcd cells. The K28 cells displayed current characterized 
by very fast kinetics of activation and inactivation, and with a mean time-to-peak 
of 6 ms. We conclude that the human ay  subunit when expressed alone can form 
functional ion channels and that the stably transfected cell line, K28, serves as a 
unique system for studying human ay  nAChR function and regulation.
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36.9
D IFFE R EN TIA L D E SEN SITIZA TIO N  OF STABLY EXPRESSED 
HUMAN α 4 β2 N IC O TIN IC  A C ETY LC H O LIN E R E CEPTO RS BY 
C H O L IN E R G IC  CH AN NEL LIGANDS M. Piattoni-Kanlan*. D. 
Donnellv-Robcrts. and J. P. Sullivan. Neuroscience Research, D-47W, Abbott 
Laboratories, 100 Abbott Park Road, IL 60064-3500.

Prolonged or repeated exposure to agonists results in a desensitization 
of neuronal nicotinic acetylcholine receptors (nAChRs) in cell lines expressing 
either neuromuscular, ganglionic or rat neuronal α 4β2 receptor subtypes and in a 
mouse synaptosomal preparation that expresses the putative α 4β2 subtype. We 
have recently characterized a cell line, K177, that stably expresses the human 
α 4 β2 subunit combination (see Sullivan et. al. this meeting). In the present 
study, the ability of a number of cholinergic channel ligands to desensitize 
human α 4β2-mediated cation (86Rb+) efflux in K 177 cells was investigated.

(-)-Nicotine, (-)-cytisine, (±)-epibatidine as well as the novel ChCA's, 
ABT-418 and GTS-21, gave EC50 values for activation of 86Rb+ efflux of 4.5, 
40, 0.017, 7.5 and » 3 0 0  μM, respectively. Exposure of K177 cells to 
concentrations of drug that do not gate ions results in a diminution of the 
subsequent response to (-)-nicotine (100 μM). This effect was concentration- 
dependent with IC50 values of 0 .2 , 18, 0.006, 7 and 13 μM observed for (-)- 
nicotine, cytisine, (±)-epibatidine, ABT-418 and GTS-21, respectively. 
Importandy, this diminished response was not simply due to the depletion of the 
available pool of 86Rb+. Thus, for (-)-nicotine, (-)-cytisine and (±)-epibatidine 
the IC50 values for desensitization are 20-, 2- and 3-fold lower than the 
corresponding EC50 values for activation. Interestingly, in the case of ABT- 
418, the IC50 for desensitization and the EC50 value for activation are almost 
identical suggesting that this compound may not elicit the same desensitization 
phenomenon at the human α 4β2 subtype as other nAChR ligands.

36.11

A  C O M B IN A TO R IAL M O D EL OF THE N IC O TIN IC  AC E TYLC H O LIN E  
RECEPTOR PH ARM ACO PHO RE. W .S . Caldwell. J.D. Schm itt. M. 
Bencherif. J.H. Robinson* and P.M. Lippiello. Research and 
Developm ent, Bowman Gray Technical Center, R.J. Reynolds Tobacco 
Company, W inston-Salem , North Carolina, 27102.
The nicotinic acetylcholine receptor (nAChR) is hypothesized to posses 
distinct binding sites which recognize a variety o f structura lly d iverse 
ligands. Currently there is much debate w ith regard to the nature and 
existence o f these sites. Indeed, classical pharm acophore models fail to 
explain the binding and activ ity  o f sim ple structures such as the full 
agonist te tram ethylam m onium  ion. W e propose an a lternative  to the 
popularly accepted v iew  tha t d iscrete binding sites exist on the nAChR. 
This c o m b in a to r ia l p h a rm a c o p h o re  h y p o th e s is  is based on evidence 
from  3-d im ensional quantitative  structure-activ ity  re lationship studies, 
pseudo-receptor site modeling (M olecular S im ula tions Inc.) and 
published radioligand binding data. According to th is hypothesis, ligand 
binding invo lves one or more interaction sites on the receptor depending 
on size, structure and conform ational flex ib ility  o f the ligand: D ifferent 
ligands may interact with d iffe rent com binations o f these interaction 
sites. M oreover, a g iven ligand m ay interact w ith d iffe rent com binations 
o f these sites depending on receptor state (i.e. desensitized vs. 
activated) and the presence o f noncom petitive  ligands. Th is hypothesis 
is consistent with pharm acological and kinetic data generated in our and 
other laboratories. Finally, structura lly d iverse ligands are classified 
according to the ir putative receptor interaction, as determ ined by the 
c o m b in a to r ia l p h a rm a co p h o re  h y p o th e s is .

36.10
QUANTITATIVE STRUCTURE-ACTIVITY RELATIONSHIP STUDIES ON 
NICOTINE AND ABT-418 CONGENERS: IMPLICATIONS FOR DISTINCT MODES 
OF HIGH AFFINITY BINDING IN RAT BRAIN. J.D. Schmitt. M. Bencherif. P.M. 
Lippiello. M E. Lovette*. S. Arrington, L.K. Reeves and W.S. Caldwell. Research and 
Development, Bowman Gray Technical Center, R.J. Reynolds Tobacco Company, 
Winston-Salem, North Carolina, 27102.

Dysfunction and/or deterioration o f cholinerg ic neurotransm itter systems 
are im plicated in a num ber o f cognitive disorders, including A lzhe im er’s 
disease. The purpose o f this study was to deve lop a variety o f quantitative 
structure-activity relationships (QSAR) to gain insight into the potential 
bio logical actions o f nicotine and ABT-418 analogs. H igh-affin ity  binding in 
rat brain hom ogenates (presum ably α 4β2 subtype binding) was the 
dependent variable in tra ining sets containing up to 69 nicotine and ABT-418 
analogs [one dataset from  our laboratory, one from  Lin, Carrera and 
Anderson (j.Med.cham. 1994, v.37) and one from  G arvey and A rneric (J .Med.chem. 
1994, v.37)]. Using cytisine and epibatidine, a num ber o f conform ational 
superpositions were derived with the graph-theory based flexib le  alignm ent 
tools using C erius2™ software (M olecular S im ulations, Inc.). Relevant 
descriptor data including M olecu lar Field Analysis (M FA) and M olecular 
Shape Analysis were derived. Q SAR m odels were then derived using 
G enetic Functional A lgorithm s and/or Artific ia l Neural Networks. W e 
successfully constructed Q SAR models with nicotine congeners and ABT- 
418 congeners. W e observed that m odels generated sim ultaneously with 
both congener fam ilies are substantially less predictive and more com plex 
than those derived from  a single fam ily. Furtherm ore, m odels generated for 
one congener set poorly predict other congener tra ining sets. MFA and 
pseudoreceptor modeling indicate potentially d istinct modes o f 3D interaction 
with the receptor(s). These prelim inary data indicate that n icotine and ABT- 
418 may bind d iffe rently to one or more receptor subtype in rat brain.

E X C IT A T O R Y  AM INO A C ID S : E X C IT O T O X IC IT Y  I

37.1 37.2
CP-101,606, A POTENT AND SELECTIVE ANTAGONIST OF 
FOREBRAIN NMDA RECEPTORS: IN  VITRO NEUROPROTECTIVE 
ACTIVITY. F.S. Menniti*. M.A. Collins. B.L. Chenard. I.A. Shalahy. 
W.F. White. Pfizer Inc., Central Research Division, Groton, CT, 06340. 
CP-101,606, a potent and selective antagonist of NMDA-mediated 
responses in vitro and in vivo, is under investigation as a treatment for 
neurodegenerative diseases. The potential efficacy of this compound in 
these diseases is supported by the fact that CP-101,606 is a potent inhibitor 
of glutamate neurotoxicity in hippocampal cultures. A 15 min exposure to 
1 mM glutamate results in the degeneration of cultured hippocampal 
neurons within 24 h. CP-101,606 inhibits of this glutamate-induced
neurodegeneration when added during (protection, IC50 = 11±4 nM) or 
immediately after glutamate exposure (rescue, IC50 = 35±7nM). The 
NMDA antagonists MK-801, 7-chlorokynurenate and AP-7 are also active 
in both paradigms. In contrast, SL-82.0715 and ifenprodil are only effective 
in the protection paradigm. Similarly, exposure to high concentrations of 
glutamate in the absence of glucose leads to the degeneration of cultured rat 
cerebellar granule neurons. MK-801, 7-chlorokynurenate and AP-7 protect 
cerebellar neurons against this degeneration with potencies similar to their 
activity in hippocampal cultures. Ifenprodil and SL-82.0715 are 
neuroprotective but at much lower potency than in hippocampal cultures. 
In contrast, CP-101,606 at concentrations up to 10 μM  does not protect 
cultured cerebellar neurons from the toxic effects of glutamate. The reduced 
neuroprotective activity in cerebellar cultures correlates with the low level 
of racemic [3H]CP-101,606 binding in the cerebellum. This correlation is 
consistent with the neuroprotective action of CP-101,606 being mediated 
through its specific binding site. These data suggest that CP-101,606 is a 
highly selective NMDA antagonist that interacts with a glutamate receptor 
found in hippocampus.

A BCL-2 VIRAL VECTOR PROTECTS NEURONS FROM 
EXCITOXICITY EVEN w h e n  a d m i n i s t e r e d  s e v e r a l  

HOURS AFTER THE TOXIC INSULT  
W. Jia* 1,2.Y. Wang2. D.Oiang2. F.Tufaro3 and M.Cynader2 

1. Division o f Neurosurgery, Department o f Surgery 2. Department of 
Ophthalmology, 3. Department of Microbiology and Immunology, University of 
British Columbia

bcl-2 is an oncogene that has been shown to play an important role in 
apoptosis. Expression of bcl-2 can prevent cells from programmed cell death in 
various conditions. In this study, a herpes simplex virus type-1 vector was 
constructed to carry human bcl-2 gene. The possible role of bcl-2 in protecting 
excitoxicity in neurons was investigated by using the viral vector to deliver the gene 
into neuronal cultures before or after the neurons were exposed to glutamate 
( l 00mM, 5 or 24 hour exposure). Expression of bcl-2 gene in neurons infected by 
the viral vector was confirmed by immunocytochemistry for BCL-2 protein. 
Infection of the neurons with the bcl-2 bearing viral vector 24 hours prior to 
glutamate treatment effectively prevented cell death that normally follows this 
treatment. Interestingly, our preliminary data show that infection with the vector 
even 5 to 8 hours after the glutamate insult still had a significant protective effect on 
the neurons. These results show that the herpes vector system carrying bcl-2 can 
effectively protect neurons from excitoxicity. Furthermore, expression of the gene 
several hours after the cells having been challenged by the toxin may be able to 
reverse the cell death process. The implication of these results for new therapies in 
stroke or ischemic neuropathies will be considered.
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37.3

NICOTINE BLOCKS KAINIC ACID INDUCED WET DOG SHAKES 
IN RATS. R.D. Shytle*. C.V. Borlongan, T.B. Freeman. D.W. Cahill 
and P.R. Sanherg. Div. of Neurological Surgery, Dept. of Surgery, 
Neurology, Psychiatry and Pharmacology, Univ. of South Florida Coll, 
of Med., Tampa, FL 33612-4799.

Systemic or intraventricular administration of kainic acid (KA) in 
rats results in the expression of wet dog shakes (WDS) followed by 
motoric seizures and convulsions which are associated with NMDA 
receptor-mediated limbic neurotoxicity. While a number of drugs 
have been found to either potentiate or prevent this KA-induced 
syndrome, little is known about the possible influence of cholinergic 
nicotinic receptor ligands. In the present study, we pretreated male 
Sprague-Dawley rats with either saline or 0.5 mg/kg nicotine base s.c. 
followed 15 min later by 12.0 mg/kg KA s.c. Then, an experimenter, 
who was blind to the pretreatment conditions, counted the number of 
WDS occurring between 45-120 min post-KA injection. Rats 
pretreated with nicotine exhibited significantly less WDS (p<0.01) than 
those pretreated with saline. Moreover, nicotine-pretreated rats 
appeared to exhibit less motoric seizures and convulsions, salivation, 
bleeding from the mouth, and hyperactivity up to 5 hours post-KA 
injection than saline-pretreated rats. Light microscope examinations 
of brain tissue revealed little visible neuropathology in nicotine- 
pretreated rats while widespread reductions in AChE-immunoreactive 
neurons of hippocampal areas were found in saline-pretreated rats. 
Although preliminary, the present findings appear to be consistent with 
the growing body of evidence now suggesting that nicotine may have 
neuroprotective properties in animal models of excitotoxicity. 
(Supported, in part, by grants provided by STRC, NINDS, and the USF 
President’s Council).

37.5

IND U CIBLE GEN E EXPRESSIO N FROM  DEFECTIV E HERPES 
SIM PLEX V IRA L V ECTO RS U S IN G  T H E  T E T R A C Y L C IN E - 
RESPONSIVE PROM OTER SYSTEM. D. Y. Ho* and R. M. Sapnklcy. 
D ep t. of Biological Sciences, S tanford U niversity , Stanford, CA 94305.

The efficacy of using  viral vectors for gene transfer in to  neu ro n s have 
been recently  d em o n stra ted  by v arious laborato ries. In  particu la r, w e 
have used defective herpes sim plex virus vectors expressing  various gene 
products (including glucose transporter, calbindin and  bcl-2) to s tudy  their 
roles in necrotic n eu ro n  d e a th  an d  th eir  capab ility  in  a llev ia tin g  the 
toxicity  of excita to ry  am ino  acids. R egard less o f w h e th e r  the  gene 
tran sfe r  s tu d ie s  w ere  d esig n ed  for th e ra p e u tic  p u rp o se  o r for the 
e lucidation of gene function, the ability to control the  tem poral expression 
of the  genes w ill be g reatly  ad v an tag eo u s. A m ong  v arious inducib le  
prom oter system s, the tetracycline-responsive p rom oter system  developed 
by  M. G ossen et al. (PNAS 89:5547) h as  several ad v an tag es  over the 
others; for instance, the fold of in duction  is very  h igh  and  tetracycline 
d eriv a tiv es  can cross the  b lo o d -b ra in -b a rrie r  w ith  m in im al toxicity . 
U nfortunately, the use of such a prom oter has been  lim ited to cell lines or 
transgen ic  an im als th at constan tly  express the  tetracyc line-con tro lled  
transactivato r p ro tein  (tTA) and  is therefore  n o t feasible w h en  p rim ary  
neurons o r norm al ad u lt an im als are  the  subject of in terest. W e have 
elim inated  this lim itation  by successfully  in corporating  the tetracylcine- 
responsive  p ro m o te r system  in to  the  d efective h e rp es  sim plex  v iru s  
vectors. W e will d em onstra te  its app lication  in gene transfer stu d ies  in 
n e u ro n s and  w ill com pare the inducib ility  of th is system  w ith  those 
"conven tional" o n es  such  as th o se  in d u ce d  by h e a v y  m eta ls  an d  
glucocorticoids.

37.7

IS O F L U R A N E , H A L O T H A N E  AND P R O P O F O L  P R O T E C T  
AG AINST M K-801 N E U R O TO X IC ITY  IN RAT BRAIN V, Jevtovic- 
Todorovic, M. Ishimaru, M.T. Price* and J.W. Olney. Depts of Anesthesiology and 
Psychiatry, Washington Univ Med School, St. Louis, MO.

Antagonists of NMDA glutamate receptors protect neurons against excitotoxic 
degeneration in conditions such as stroke or head trauma, but these agents also cause 
adverse CNS side effects, including psychotomimetic reactions in humans and 
pathomorphological changes (intracytoplasmic vacuole formation) in posterior 
cingulate/retrosplenial (PC/RS) neurons of rat brain. It has been shown that two 
classes of drugs (benzodiazepines and barbiturates) that facilitate GABAa 
neurotransmission can protect against either of these adverse CNS effects. In the 
present study, three anesthetics (halothane, isoflurane and propofol), which are 
thought to have a facilitative action at GABAa receptors, were evaluated in adult 
female rats for ability to protect against the neurotoxic effects of a powerful NMDA 
antagonist, MK-801. We found that each of these anesthetic agents, if administered 
continuously at anesthetic doses for 4 hrs following MK-801 treatment, almost 
completely prevented vacuole formation in PC/RS neurons (the number of vacuolated 
neurons per section in MK-801 controls that received no anesthetic was 223±10.5 
SEM compared to zero or occasionally 1 or 2 vacuolated neurons per section in the 
continuously anesthetized rats). If the anesthetic was not applied continuously, the 
degree of protection was substantially reduced. These findings, together with prior 
evidence pertaining to benzodiazepines and barbiturates, signify that disruption of 
GABAa receptor function is an important mechanism underlying NMDA antagonist 
neurotoxicity, and that restoration of GABAergic inhibition is a rational formula for 
preventing either the neurotoxic or psychotomimetic side effects of NMDA 
antagonists. Accordingly, co-administration of GABAergic agents with NMDA 
antagonists may enable NMDA antagonists to be used much more safely as 
neuroprotective agents in acute brain injury syndromes such as stroke and head 
trauma. Supported by DA 05072, AG 11355, RSA MH 38894 (JWO) and a 
Established Investigator Award from NARSAD to JWO.

37.4

STEROID M ODULATION OF NM D A-IN DU C ED  CELL DEATH IN 
PRIMARY CULTURES OF RAT HIPPOCAMPAL N E U R O N S. C. E. 
Weaver, Jr. *and D. H. Farb. Laboratory of Molecular Neurobiology, 
Department of Pharmacology, Boston U niversity School of Medicine, 
Boston, MA 02118.

We have show n previously that the neurosteroid pregnenolone 
sulfate (PS) enhances the current induced by N-methyl-D-aspartate 
(NMDA) in voltage-clamped neurons and that PS potentiates NM DA- 
induced excitotoxicity in primary cultures of rat hippocampal neurons. 
In our laboratory, the steroids 1,3,5,(10) estratrien3,17βdiol 17- 
hemisuccinate (E2HS), 3α -hydroxy-5β -pregnan-20-one hemisuccinate 
Ga5pHS), and the sulfated form of 3α -hydroxy-5p-pregnan-20-one 
Gα5 βS) have been show n to inhibit NM DA induced currents. Primary 
cultures of rat hippocampal neurons (16-18 days in vitro) were exposed 
for 20 hr to NM DA and steroids. A ssessm ent of cell survival was 
performed using the trypan blue exclusion method. NM DA (0.25-100 
μM) dose-dependently induced neuronal cell death with an EC 50 of 10 
μM. E2HS (200 μM) and 3 α5 βHS (100 μM) increased the NMDA EC50 
to 26 and 19 μM respectively. 3 α5 βS (100 μM) had no effect on NMDA  
EC 50- Overstimulation of the NM DA receptor has been proposed to 
play a role in many neurodegenerative diseases. These results suggest 
that neurosteroids and synthetic steroid derivitives may be effective 
neuroprotective agents.

37.6

S Y S T E M IC  A D M IN IS T R A T IO N  O F  A N T I-M O N O C Y T E  
CHEM OATTRACTANT PROTEIN-1 (MCP) ANTIBODY ATTENUATES 
EXCITOTOXIC BRAIN INJURY IN PERINATAL RODENTS. I Szaflarski. 
XH Liu, JS W arren, FS Silverstein*. Depts. of Pediatrics, N eurology, and 
Pathology. Univ M ichigan, A nn Arbor 

R ecen t d a ta  su g g e s t  th a t  a c tiv a te d  m ic ro g lia  c o n tr ib u te  to 
n eu ro d eg en e ra tio n  afte r d iv erse  form s of CN S in jury . D irect in tra - 
cerebral injection of neurotoxic doses of NM D A in 7 day  old (P7) rats 
elicits a rap id  and  robust m icroglial response. O u r recent da ta  suggest 
that local induction  of M CP expression  is one of the m olecular signals 
that initiates this response. W e evaluated  the neuropro tective efficacy of 
treatm ent w ith a polyclonal rabbit an ti-ra t M CP blocking antibody (Ab). 
Severity  of b rain  in jury  w as q u a n tita te d  on  P12 by  m easu rem en t of 
volum es of dorsal h ippocam pus (HIP), striatum , an d  cortex bilaterally; % 
Dam age was calculated as the in ter-hem ispheric volum e difference. In P7 
rats, 12.5 nm ol NM DA elicits m arked  necrosis and  a trophy  ipsilaterally in 
HIP, and  lesser degrees of injury in adjacent s triatum  an d  cortex. P7 rats 
received stereotaxic intra-H IP injections of 12.5 nm ol NM DA, followed by 
i.p. injection of 3 m g /k g  of Ab (n=19) or p re-im m u n e serum  (n=17). In 
HIP, in both groups, there w as 50% Dam age; in contrast, in striatum  and 
co rtex , Ab tre a tm e n t su b s ta n tia lly  a tte n u a te d  in ju ry  [% D am age 
(m ean±SEM), Striatum : 19.5±3 vs 38±2, p  < 0.001; Cortex: 9±1 vs 19±2 , p  < 
0.001, t-testsl. Thus A b-treatm ent a tten u a ted  in jury  by 50% in regions 
outside the excitotoxic lesion core. W e speculate that neuroprotection  was 
m ediated by suppression  of the m icroglial response.
Supported  by G rant 92-845 from  the Am erican H eart Association

37.8

SCOPOLAMINE AND PENTOBARBITAL ATTENUATE MK-801 - 
INDUCED NEURONAL NECROSIS. D. F. Wozniak*. A. Nardi, T.D. 
Corso. and J.W . Olnev. Dept. of Psychiatry, Washington Univ. Sch. Med., 
St. Louis, MO 63110

Low to moderate systemic doses of MK-801 reversibly injure neurons in the 
rat posterior cingulate/retrosplenial (PC/RS) cortex, and high doses kill 
PC/RS cortical neurons. Scopolamine and pentobarbital protect against the 
reversible injury induced by low to moderate doses of MK-801, but it is not 
known whether they can also protect against neuronal necrosis following high 
doses of MK-801. In the present study, 3 groups of adult female rats (n = 6 
per group) were treated with a high dose of MK-801 (5 mg/kg sc). The first 
group (Scop-1) also received scopolamine HBr (0.5 mg/kg ip) 10 min before 
and 4 hrs after MK-801. The second group (Scop-2) received scopolamine 
HBr (0.5 mg/kg ip) 10 min before and 4, 8 and 12 hrs after MK-801. The 
third group (Pento) received one dose of pentobarbital (25 mg/kg ip) 10 min 
before MK-801 and another dose (15 mg/kg ip ) 5 hr after MK-801. A 
positive control group (n = 8) that received 5 mg/kg MK-801 only, and a 
negative control group (n = 6) that received saline were also included. The 
rats were perfused with fixative 4 days post-treatment and the number of 
necrotic neurons in PC/RS cortex was quantitatively evaluated in paraffin 
sections stained with hematoxylin and eosin (H&E). The mean number (± 
SEM) of necrotic neurons per section for the MK-801 controls versus the 
Scop-1, Scop-2 and Pento groups was 64.4 ± 6.3 versus 38.7 ± 8.2, 18.00 ±
8.4 and 1.7 ± 0.9 respectively. Qualitative analysis of sections from the same 
brains stained by the de Olmos cupric silver method generally confirmed 
these H & E  results. No necrotic neurons were observed in the saline control 
brains. Thus, at these doses, pentobarbitol provided better protection than 
scopolamine, but either agent significantly protected against MK-801-induced 
neuronal necrosis. (For additional relevant information, see Jevtovic- 
Todorovic et al., and Corso et al., this meeting.) Supported by DA 05072, AG 
11355, NARSAD Established Investigator Award & RSA MH 38894 (JWO).
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37.9

ELEVATION OF ENDOGENOUS BRAIN KYNURENIC ACID 
PR O TEC TS A G A IN S T  E X C IT O T O X IC  D A M A G E  TO  
NIGROSTRIATAL DOPAMINE NEURONS. A.F. Miranda. 
R.J. Boegman. K. Jhamandas and R.J. Beninger. A. Jackson*. 
Departments o f Pharmacology & Toxicology, Psychology, and Medicine, 
Queens University, Kingston, Ontario, Canada K7L 3N6.

Endogenous cxcitotoxins have been implicated in neurodegeneration 
associated with several disorders. One such agent quinolinic acid (QUIN) 
is derived for the kynurenine pathway which also yields kynurenic acid 
(KYNA), an endogenous excitatory receptor antagonist. This study 
examined whether an increase in endogenous KYNA can protect 
nigrostriatal dopamine neurons against excitotoxic damage. QUIN (60 
nmol) and NMDA (15 nmol) were injected into the substantia nigra of 
male Spraguc-Dawlcy rats with and without nicotinylalanine (an inhibitor 
of kynureninase) and striatal tyrosine hydroxylase (TH) activity measured 
4 days post injection. Both agents produced significant depletion in TH 
activity. Nicotinylalanine treatment in combination with probenecid, an 
inhibitor of organic acid transport, and kynurenine, the precursor of 
KYNA, elevated brain KYNA and reduced QUIN and NMDA-induced 
depiction of TH activity. Probenecid and kynurenine alone failed to 
produce this effect. These results show that elevation o f endogenous 
KYNA has potential for reducing excitotoxic damage to nigrostriatal 
dopaminergic neurons. [Supported by MRC Canada]

37.11

EFFECTS OF 5-HTlA AGONISTS ON NEURONAL CELL INJURY INDUCED BY 
HYPOXIA OR L-GLUTAMATE. C. Demerte-Pallardy* and P.E. Chabrier.
Institut Henri Beaufour, 1 avenue des Tropiques, 91952 LES UL1S, France.

The role of the serotonergic system in the pathophysiology of cerebral ischemia is not 
well established. 5-hydroxytryptamine (5-HT) is released into the extracellular space during 
cerebral ischemia and 5-HTlA agonists reduced the neuronal damage after cerebral 
ischemia. The present study was conducted to evaluate the effects of two 5-HT1A agonists, 
the 8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-DPAT) and the 5-carboxamidotryptamine 
(5-CT), on neuronal cell injury induced by hypoxia or L-glutamate. Cortical cell cultures 
consisting of both neuronal and glial cells were prepared from foetal (17-18 days) Wistar 
rats. Cultures were selected for study between 12 and 14 days. Hypoxia was induced by 
placing culture plates in a modular incubator (95 % N2, 5 % C02) during 5 hrs and L- 
glutamate injury by exposing cultures for 5 min to 500 pM of L-glutamate. Twenty-four 
hours after hypoxia or L-glutamate exposure, neuronal cell viability was assessed by 
examination of cellular morphology and by measurement of lactate deshydrogenase (LDH) 
efflux into the culture medium. The neurons appeared to be vacuolated and disintegrated 
leading to debris and LDH concentration increased from 63 ± 9 to 315 ± 30 LDH U/L of 
medium. Addition of MK-801 (10 μM) to the medium completely prevented morphological 
cell injury and the LDH elevation. The 8-OH-DPAT (100 μM) and 5-CT (500 μ3M) 
attenuated neuronal cell damage and reduced LDH elevation (by 50 % decrease). These 
protective effects were concentration-dependent. Similar results were obtained in cells 
submitted to L-glutamate exposure. These results indicate that 5-HT1A agonists are capable 
to reduce the neuronal death induced by hypoxia or L-glutamate in vitro and suggest that 
the protective role of these compounds in experimental brain ischemia is mediated by a 
direct action on neurons.

37.13

A D E N O V IR U S -M E D IA T E D  G E N E T R A N S F E R  OF 
INTERLEUKIN-1 RECEPTOR ANTAGONIST (IL-1RA) INTO 
PERINATAL RAT BRAIN PROTECTS AGAINST NMDA- 
LNDUCED INJURY. P. Hagan*. M. Yabut. B. Davidson. B. Roessler. 
J.D.E. Barks. F.S. Silverstein. Depts. Pediatrics, Neurology and Int. 
Med, Univ. Michigan, Ann Arbor, MI, 48109 and Viral Vector Core, 
Univ. of Iowa, Iowa City, IA 52242

Production of the endogenous cytokine interleukin-1β (IL-1β) in the 
brain may contribute to ischemic and excitotoxic injury. In 7 day old 
(P7) rats IL-1β mRNA expression increases after excitotoxic injury. IL- 
1RA inhibits the biological actions of IL -lβ by competitive antagon- 
ism. A recombinant adenovirus encoding I1-1RA was used to over- 
express IL-1RA in perinatal rat brain. We sought to determine if 
inhibition of IL-1β by II-IRA would attenuate NMDA-induced injury. 
Replication-deficient adenoviral constructs encoding IL-1RA (Ad.IL-lra) 
or β-galactosidase (Ad.lacZ) were injected iev into P3 rats (108pfu/pl). 
On P7, 10 nmol/0.5μl NMDA or saline was injected into the right 
striatum. Severity of brain damage was assessed on P I2 by comparison 
of volumes of striatum and hippocampus (HIP) bilaterally. In the 
Ad.lacZ group, 10 nmol/0.5μl NMDA elicited marked necrosis and 
atrophy ipsilaterally in the striatum; much less ipsilateral damage 
(equivalent to 68% protection) was elicited in the Ad.IL-lra group 
(right striatal volumes: 13±0.5 mm3 vs 8.4± 1.3 mm3; Ad.IL-lra and 
Ad.lacZ, respectively, p< 0.01; t-test, n=6/group). Brains from the 
saline injected groups showed no atrophy. In the Ad.IL-lra group, 
NMDA-induced damage was also substantially reduced in HIP, 
compared to Ad.lacZ (62% protection). Thus, inhibition of endogenous 
IL-1β by IL-1RA attenuates NMDA-induced damage, suggesting that 
IL -lβ is a mediator of excitotoxic brain injury in perinatal rats.

37.10
CHROMOGRANIN A (CgA) PREVENTS GLUTAMATE-MEDIATED  
NEUROTOXICITY AND DENDRITIC REGRESSION IN CORTICAL 
CULTURES. W. Lu. M.J. Strong* and D.G, Munoz. Dept. Pathology, 
University o f  Western Ontario, London, Ontario, Canada, N 6A  5C1 
The expression o f  CgA in excitotoxic-resistant areas o f  the human 
hippocampus suggested to us that this neuropeptide may protect against 
the neurotoxic effects o f  glutamate. CgA purified from a human 
pheochromocytoma was added to 17-day-old cultures o f  rat cortical 
neurons. After 60-70 min preincubation, the cultures were exposed to 1.0 
mM glutamate for 5 min and then continuously incubated for 24 hr in 
serum-free N2-supplemented medium without glutamate. The number o f  
MAP-2 labelled cells decreased to 23% o f  control in cultures treated by 
glutamate alone, but the addition o f  CgA at final concentrations o f  0.1, L 
10 and 100 nM produced a dose-dependent increase in survival to a 
maximum o f  76% at 10 nM. 100 nM CgA without glutamate had no effect 
on survival. Similar results were obtained when cultures were exposed to 
0.5 mM glutamate. These results were significant at p<0.0001. 
Exogenous CgA was also able to prevent in a dose-dependent manner 
(p<0.0002) the retraction o f  long dendritic processes resulting from long- 
term exposure to lower concentrations o f  glutamate (24 hr, 0.5 mM), 
although 100 nM was necessary to reach maximum effect (an increase o f  
400% in the number o f  cells with processes longer than 5 cell diameters) 
under these conditions. Immunoassays showed that some CgA persisted 
in the cultures at the end o f  24 h.

37.12
N0N-NMDA ANTAGONIST CAN MODIFY LOCAL GLUCOSE UTILIZATION IN THE 
KAINATE-INDUCED SEIZING RATS. K. Shiraishi *, T. Asakura, M. 
Sasaki, S. Nakazawa. Dept. Neurosurgery, Nippon Medical School, 
Tokyo, JPN, 113

Kainate(KA) is still one of the most potent tools to induce neu
ronal death in rats. The dose of 8-10 rag/kg.BW can cause bilateral 
CA1 neuronal death effectively though the part of CA3-4 is usually 
preserved. In this study we have examined hippocampal glucose uti
lization after KA i.v.injections with the pharmacological effects 
of NMDA and non-NMDA antagonists. We set up the time to begin the 
2-Deoxyglucose method (14-C) at two(group 1) and six(group 2) hours 
after KA i.v. injections ( 9mg/kg,BW ), when bilateral hippocampi 
and striata develop hipermetabolism in glucose utilization and most 
of rats are seizing. When NMDA antagonist ( MK-801, 0.5 rag/kg,i.v.) 
was administered 30 minutes after KA injections, two hours later 
(group 1 ), the CA1, the cingulate gyrus, and the amygdala developed 
hypermetabolism, though the CA3 was relatively low in glucose 
metabolism. At six hours later( group 2 ), CA1 hypermetabolism 
still persisted. MK-801 cannot actually preserve CA1 neuronal dam
age. In the case of non-NMDA antagonist ( YM-90K, 2.5 rng/kg, 1.5hrs)
, which was also administerd in the same way, the CA1, CA3, and 
other parts of brain were hypometabolism in the groups of 1 and 2. 
YM-90K could preserve the rat hippocampus. Comparing with other 2- 
DG studies of ischemic brain damage, persistent hypermetabolism 
might cause neuronal death after insults. In this study, YM90K 
could lower the metabolism in both CA1 and CA3 while MK-801 could 
not prevent hypermetabolism in CA1. Those results indicate that 
YM90K can prevent CA1 hypermetabolism with blocking CA3 pyramidal 
cells, the origin of the Schaffer's collateral pathways, while MK- 
801 cannot. ( Supported by Yamanouchi Pharm. )

37.14

MECHANISM OF ACTION OF INTERLEUKIN-1 (IL-1) IN 
EXCITOTOXIC BRAIN DAMAGE IN THE RAT. S.M. Allan. C.B. 
Lawrence and N.J. Rothwell*. School of Biological Sciences, Neuroscience 
Division, 1.124 Stopford Building, University of Manchester, Manchester 
M13 9PT,
UK

Interleukin-1 (IL-1) has a wide variety of actions in the brain and has been 
implicated in acute neurodegeneration. We investigated the role of the 
interleukin-1 receptor antagonist (IL-lra) in excitotoxic brain damage and the 
possible mechanism of this effect.

All experiments were performed on male Sprague-Dawley rats, or tissue 
prepared from these. Infusion of the selective NMDA-receptor agonist 
methanoglutamate or the AMPA-receptor ligand S-AMPA into the striatum 
of anaesthetised rats resulted in marked neuronal damage in the striatum 
assessed 24 (NMDA) or 48 (AMPA) hours later. Co-administration of IL-lra 
(5μg in 1 μl) with either of the agonists produced a significant reduction (43- 
46%) in the size of the lesion.

These effects of IL-lra suggest that IL-1 is involved in mediating 
neurotoxicity at some stage following the release of L-glutamate. This was 
investigated by studying the effect of human recombinant IL-1ß (hrIL-lß) 
and IL-lra on the Ca2+-dependent, K+-stimulated efflux of [3H]-glutamate 
from rat hippocampal slices. Perfusion of hrIL-lß (0.2, 1 or 10nM) or IL-lra 
( 10 μM) did not significantly modify the K+-evoked [3H]-glutamate efflux.

These data support our proposal that IL-1ß is involved in neurotoxicity at 
a stage downstream of the release of the excitatory transmitter L-glutamate.
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37.15
SUPERFUSION OF HIPPOCAM PAL SLICES: EVALUATION OF 
NEURONAL DEGENERATION BY LDH ASSAY. Y. Nie1. S. Bachowski2. J 
E. Klaunig2 and M. J. Kubek1*. Departments of Anatomy1, Pharmacology and 
Toxicology2, Indiana University School of Medicine, Indianapolis, IN 46202-5120 

Superfusion is a powerful paradigm to study neurotransmitter release from brain 
slices in vitro. Slice viability is essential in obtaining meaningful data. Therefore, 
we utilized lactate dehydrogenase (LDH) release, H&E, and Cresyl violet staining 
as indices of neuronal integrity. Rat hippocampi were removed and sliced 
transversely (500 μ) on an ice-chilled aluminum plate. Slices were washed in 15 
ml cold saline and transferred to individual tissue chambers that floated in a 37 °C 
water bath. The superfusion paradigm began with equilibration in oxygenated 
(95% O2/5% CO2), (37 °C) Kreb's buffer for 30 min (0.5 ml/min). Slices were then 
superfused in three differentially modified Kreb's buffers : 50 mM [K+], 1 mM L- 
glutamate, and 10 mM L-glutamate for 30 min. Unmodified Kreb's buffer was 
used as control Freeze-thaw slices were supported by foil and frozen on dry ice for 
5 min, then rapidly thawed. Collections (30 min effluents) were taken at 0.5h, lh, 
1 5h, 2h, 4h, and 6h, then assayed for LDH using a Cobas Miras Spectrometer. 
When compared to time-matched controls, neither 50 mM [K+] nor 10 mM 
glutamate significantly altered LDH release. Rapid freeze-thaw resulted in 
significant LDH release from 1.5 h to 6h. No discernible morphological changes 
were apparent 6h after either [K+] or glutamate stimulation, whereas, in freeze- 
thaw slices, neurons were typically swollen and pale. Our data suggest that in 
superfused HC slices, short-term treatment with high concentrations of potassium 
or glutamate induce no overt signs of neuronal degeneration. Thus, the superfused 
slice paradigm may provide a means to examine locus-specific neurotransmitter/ 
neuropeptide function(s) in vitro.

E X C IT A T O R Y  AM INO A C ID S : E X C IT O T O X IC IT Y  II

38.1

MODULATION OF QUINOLINIC ACID-INDUCED NEURONAL 
DAMAGE TO STRIATAL NADPH DIAPHORASE NEURONS BY 
INHIBITION OF NITRIC OXIDE SYNTHASE (NOS). B.E. Kalisch. 
R.J. Boegman*, K. Jhamandas and R.J. Beninger. Departments of 
Pharmacology and Toxicology, and Psychology, Queen’s University, 
Kingston, Ontario, Canada, K7L 3N6.

The endogenous neurotoxin quinolinic acid (QUIN) produces 
neurotoxicity by overstimulation of the N-methyl-D-aspartate (NMDA) 
receptor. Recent studies have demonstrated that NADPH diaphorase 
neurons, the putative nitric oxide (NO) producing neurons, are depleted 
by intrastriatal injection (Roberts et al, Exp. Neurol. 124:274-282, 1993) 
or continuous infusion (Kalisch et al, Brain Res. 668:1-8, 1994) of QUIN. 
Since NO has been implicated in NMDA receptor-mediated 
neurotoxicity, the present study examined the effect of NOS inhibition on 
QUIN-induced depletion of these neurons in the rat striatum. 
Intrastriatal injection of 6, 12 or 24 nmol QUIN (1 μL volume) depleted 
NADPH diaphorase-positive neurons in the lesion core by 48, 63, and 89 
% respectively, relative to the contralateral side. Loss o f these neurons 
was not observed in the transition zone. Pretreatment with the NOS 
inhibitor, Nw-nitro-L-arginine methyl ester (L-NAME; 2x250 mg/kg, 8 
hours apart) reduced striatal NOS activity by 85 % and subsequent 
injections of 6, 12 and 24 nmol QUIN resulted in cell depletions of 81, 90 
and 91 %, respectively. Cell counts in the transition zone were not 
altered by QUIN in L-NAME pretreated animals. These results 
demonstrate that the neurotoxic action of QUIN on striatal NADPH 
diaphorase neurons is enhanced by extensive inhibition of striatal NOS 
activity. (Supported by the Medical Research Council of Canada)

38.3

A Z E L A S T IN E  PRO TEC TIO N  A G A IN S T  NITR IC  O XID E  IN D U C ED  IN JU R Y  
IN THE H IP P O C A M P A L  SLICE. J .M . G ira rd * .  K .L . P an izzon  and  R .A . 

W a llis . D e p t. o f  N e u ro lo g y , U C L A , Los A n g e le s , C A  9 0 0 2 4  and 
S e p u lve d a  V A M C , S e p u lve d a , C A  9 1 3 4 3 .

N itr ic  o x id e  (NO) has b een  s h o w n  to  m e d ia te  in ju ry  f ro m  N M D A  
re c e p to r s t im u la t io n . In a d d itio n , a ze ls tin e , a le u k o tr ie n e  in h ib ito r ,  has 

been  s h o w n  to  p ro te c t  a g a in s t N M D A -in d u c e d  in ju ry . T h e re fo re , w e  

a ssessed  th e  p o ss ib le  n e u ro p ro te c tiv e  ro le  o f a ze la s tin e  a g a in s t NO 
a p p lic a t io n  in  th e  h ip p o c a m p a l s lice . E xp o su re  o f  NO w a s  m a d e  fo r  10  

m in s , u n d e r h y p o x ic  c o n d itio n s  w ith  A C S F  g lu c o s e  c o n c e n tra t io n  

in c re a se d  f ro m  4  to  1 0  m M  to  p re v e n t h y p o x ic  in ju ry . In s lice s  g iv e n  
15 μ M  a ze la s tin e  tre a tm e n t,  CA1 o r th o d ro m ic  and  a n tid ro m ic  
p o p u la t io n  sp ike  m ean re c o v e ry  s h o w e d  s ig n if ic a n t  im p ro v e m e n t (8 7 %  
±  7 %  and 91 ±  1 %  re s p e c tiv e ly ) ,  co m p a re d  to  p a ire d  s lice s  re c e iv in g  

NO w ith o u t  a ze la s tin e  (4  ±  4 %  and 7 ±  4 % ) ( p < 0 .0 5 ) .  A z e la s tin e  

also  im p ro v e d  re c o v e ry  o f  e x c ita to r y  p o s t s y n a p tic  p o te n tia l s lo p e  a fte r  
NO e x p o s u re , f ro m  0 .5  ±  0 .2 %  to  9 3  ±  7 %  ( p < 0 .0 5 ) .  T h e  C A 3  
f ib e r  v o lle y  re ta in e d  in it ia l a m p litu d e  in b o th  g ro u p s .

T h ese  fin d in g s  in d ic a te  th a t  a ze la s tin e  p ro v id e s  n e u ro n a l 
p ro te c t io n  a g a in s t d ire c t  NO e x p o s u re . T h e y  a lso  s u g g e s t th a t  
le u k o tr ie n e  in h ib it io n  m a y  be a p o te n tia l th e ra p e u t ic  a ve n u e  to  re ve rse  
n e u ro n a l in ju ry .

S u p p o rte d  b y  a V A  T ra u m a tic  B ra in  In ju ry  F e llo w s h ip .

38.2

PROTECTION WITH NICOTINAMIDE AGAINST CA1 DELAYED NEURONAL 
INJURY FROM NITRIC OXIDE. K.L. Panizzon* and R.A. Wallis. Dept. of 
Neuro., UCLA, Los Angeles and Sepulveda VAMC, Sepulveda, CA 91343.

Nitric oxide (NO) has been shown to play a key role in hypoxic-ischemic 
damage. With such insults, neurons may be lost from both acute and 
delayed processes. NO exposure has been shown to induce acute neuronal 
injury. Therefore, we assessed whether exposure to NO would also induce 
CA1 delayed neuronal injury. Hippocampal slices were prepared, and 
perfused with artificial CSF (ACSF) containing 4 mM glucose and saturated 
with 95% O2/5% CO2. Slices were exposed for 2 mins, to helium-saturated 
ACSF with 10 mM glucose. Exposure was then changed to 10 mM glucose 
ACSF containing 150 μM NO, until disappearance of the orthodromic CA1 
PS. Exposure to NO averaged 3.7 ± 0.7 mins. in 3 paired trials. Slices 
given NO, recovered a mean 115% ± 8 of original PS amplitude within 1.8 
± 0.4 hrs. After this point, PS response was then generally stable; before 
abruptly collapsing after 7.5 ± 0 . 1  hrs. In contrast, paired slices given 
equal exposures to 10 mM glucose ACSF saturated with helium, maintained 
a PS response for a mean 22.8 ± 1 . 4  hrs. (P<0.05). Inhibitors of poly- 
ADP-ribosylation, including the vitamin nicotinamide (10 mM), have been 
demonstrated to protect against acute neuronal injury induced by NO. 
Similarly, neuroprotection with nicotinamide 10 mM for 35 mins. following 
NO, was assessed and found to protect against NO-induced delayed 
neuronal injury. In nicotinamide treated slices, CA1 PS was maintained for 
22.8 ± 1 .4  hrs., while in paired slices subjected to NO without
nicotinamide, CA1 PS response was seen for only 7.6 ± 0 . 1  hrs. These 
findings indicate that exposure to NO can induce delayed neuronal injury, 
and that poly-ADP-ribosylation may be involved in the expression of that 
injury. Supported by the VA Research Service.

38.4

INHIBITORS OF POLY-ADP-RIBOSYLATION PROTECT AGAINST NITRIC 
OXIDE-INDUCED NEURONAL INJURY IN THE ADULT RAT SPINAL CORD. 
S.M. Douglas*. K.L. Panizzon and R.A. Wallis. Dept. of Neurology, 
Sepulveda VAMC, Sepulveda, CA 91343 and UCLA Medical Center, Los 
Angeles, CA 90024.

Nitric oxide (NO) has been shown to mediate several forms of neuronal 
injury. Poly-ADP-ribosylation may mediate this injury since inhibitors of 
poly-ADP-ribosylation protect CA1 neurons from NO and trauma. NO 
synthase activity has been demonstrated in the dorsal horn and poly-ADP- 
ribosylation inhibitors are protective in the spinal cord against oxidative 
injury. Therefore, we assessed whether direct NO application could induce 
neuronal injury in spinal cord slices, and whether inhibitors of poly-ADP- 
ribosylation would protect against this injury.

For this study, thoracic spinal cord slices were given dorsal root 
stimulation to obtain a dorsal horn population spike (PS) response. NO 
was delivered under hypoxic conditions with the ACSF glucose 
concentration increased from 4 to 10 mM to prevent hypoxic injury. 
Exposure to 150 μM NO for 10 mins, produced major loss of dorsal horn 
response, yielding a mean PS amplitude recovery of 6 ± 6% after 60 
mins. Treatment w ith 10 mM nicotinamide, a poly-ADP-ribosylation 
inhibitor also acting to some degree as free radical scavenger, improved 
recovery to 90 ± 5%. Treatment with 500 μM 3-methoxybenzamide, a 
poly-ADP-ribosylation inhibitor w ith little free radical scavenging effect, 
also improved recovery from 3 ± 3% to 88 ± 6%.

These results suggest that NO-induced injury to dorsal horn spinal 
neurons can be prevented by inhibitors of poly-ADP-ribosylation and that 
poly-ADP-ribosylation likely plays an important role in spinal neuronal injury 
induced by NO. Supported by the VA Neurosci. Fellowship Program.
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38.5
M IC E  D E F IC IE N T  IN  N E U R O N A L  N IT R IC  O X ID E  
S Y N T H A S E  A R E  R E S I S T A N T  T O  B O T H  
IN T R A V IT R E A L  N M D A  A N D  R E T IN A L  A R T E R IA L  
O C C L U S IO N S . E. B. Dreyer*. C. K. Vorwerk. J. W. Miller. D. 
H usain . B .T . Hvm an, M .C. F ishm an. & P.L. H u a n g . 
M assachusetts Eye and Ear Infirmary, Cardiovascular Research 
Center and Neurology, M assachusetts General Hospital, and the 
Harvard Medical School, Boston, MA, 02115.

Huang et al have demonstrated that mice deficient in neuronal nitric 
oxide synthase are relatively resistant to cerebral ischemia (Science, 
265:1883. However, the precise role o f neuronal NOS in retinal 
disease, whether primarily excitotoxic or vascular in nature has not 
been elucidated. The NOS knockout mouse and a control cohort were 
therefore subjected to (a) intravitreal injections o f N -m eth y l-D -  
aspartate, or (b) multiple retinal arterial occlusions induced either by 
thermal photocoagulation or photo-thrombosis. Retinal ganglion cell 
(RGC) survival was evaluated by retrograde transport o f HRP, and 
stereological analysis of retinal whole mounts. NOS knockout retinas 
had fewer RGCs, but preliminary results indicate that this difference 
was not significant. In the wild type mouse, 63% o f the retinal 
ganglion cells were killed by a single injection o f 10 nmol o f NMDA. 
In comparison, only 35% of the NOS-knockout RGC’s were lost at 
this dose. Furthermore, with either retinal arterial occlusion model, 
the NOS-knockout mouse lost only half as many RGCs as the wild 
type mouse. These data indicate that the presence o f neuronal NOS is 
a pre-requisite for the full expression o f either N M D A  retinal 
excitotoxicity, or of arterial occlusion-mediated RGC loss.

38.7
GLUTAMATE RECEPTOR-MEDIATED INCREASES IN INTRACELLULAR 
CALCIUM AND SUPEROXIDE PRODUCTION IN RAT SPINAL NEURONS IN  
VITRO. Chong C. Lee*. Vytas P. Bindokas. Edward Chien1. Ghanashyam D, 
Ghadge2. Raymond P. Roos2. and Richard J. Miller. Dept. of Parmacol. & Physiol 
Sci., 1Dept. of Obstetrics and Gynecology, and 2Dept. Neurology, University of 
Chicago, Chicago, IL 60637

We have established a spinal motoneuron culture using an immunopanning 
technique (W. Camu et. al., NeuroProtocols 2, 191(1993)). After immunopanning 
and density centrifugation, cultures contained >85% motoneurons identified with 
an antibody against Islet-1, a marker for motoneurons. After 1 week in culture, the 
motoneurons expressed glutamate receptors of NMDA, KA/AMPA, and 
metabotropic subtypes. Repeated application of NMDA (50 μM), KA (100 μM), 
trans-ACPD (10 μM), and high K+ (50 mM; 10 sec.) produced reproducable rises in 
[Ca2+]i measured by Fura-2 imaging microfluorimetry. The rise in [Ca2+]i caused 
by high K+ was greatly attenuated by application of 1 μM of nimodipine suggesting 
that the majority of the increase in [Ca2+]i was mediated by L-type calcium 
channels. Recovery from these [Ca2+]i rises was biphasic. Prolonged application 
of NMDA or KA resulted in swelling and degeneration of neurites. Application of 
NMDA and KA also produced increases in O2 production monitored by the 
oxidation of hydroethidium (HEt) (Bindokas, V.P. et. al., this meeting). NMDA 
and KA increases in HEt labelling were blocked by application of cyanide (3 mM). 
The rise in HEt oxidation followed the rapid rise in [Ca2+]i caused by NMDA or 
KA application.

We are currently investigating how motoneurons expressing human Cu/Zn 
superoxide dismutase (SOD) handle different types of reactive O2. Motoneurons 
are being transfected with adenoviruses carrying either wild-type or different 
mutant forms of Cu/Zn SOD.

38.6
QUINOLINIC ACID-INDUCED LIPID PEROXIDATION IN BRA 
IN SYNAPTOSOMES AND CAPILLARIES OF YOUNG AND A-- 
DULT RATS. A. Santamaria, F. Stastny, C. Rlos*,S. 
Galvan, D. Santamaria and L. Osorio. Natl. Inst. - 
Neurol. Neurosurcg. , Mé xico 14269 and Inst. Physio 
logy, Czech Republic CZ-14220.

Quinolinic acid (QUIN) is an endogenous excito 
toxin acting as an NMDA receptor agonist. It has 
been shown that lipid peroxidation is involved in 
the neurotoxic action of QUIN. Therefore, we mea
sured the generation of lipid fluorescent product 
(LFP) in synaptosomes and capillaries of enthorhi_ 
nal cortex, hippocampus and striatum of 12-day- - 
old and adult rats. We found an increase on LFP 
formation induced by 100 uM of QUIN both in capi- 
llaries and synaptosomes (vs control values) in a 
dult rats. Reduced glutathione (50 uM) prevented- 
QUIN-induced LFP generation in synaptosomes and - 
oesf eroxamine (10 uM) depleted perox.i dative base-
line levels in capillaries, suggesting an involve 
meat of the NMDA receptor rcdox modulatory site - 
and high amount of exogenous Fe2+ . Poroxidative - 
effect of QUIN was higher in capillaries and syna 
ptosomes of young rats. These results suggest a - 
higher sensitivity of tissue of young rats to Fe2+ 
or QUIN-induced oxidative stress than tissue of a_ 
dult rats. (CONACyT Grants 3525M and E130.205).

38.8
SELECTIVE MONITORING OF SUPEROXIDE PRODUCTION IN 
RAT HIPPOCAMPAL NEURONS BY HYDROETHIDIUM. 
V ytas P. B indokas*. Joaquin Jordá n, Chong C. Lee, and Richard J. M iller. 
Dept. Pharm acol, and Physiol. Sci., Univ. Chicago, 947 E. 58th St., Chicago 
IL 60637;

Digital imaging m icro fluorim etry was used to m onitor the oxidation 
o f hydroethid ium  (HEt) to eth idium  w ithin ind ividual rat hippocampal 
pyram idal neurons in culture and in brain slices. Cell-free assays 
dem onstrated that HEt oxidation was se lective  fo r superoxide (O2) and 
excluded m any o ther com m on radicals (H2O2, .OH, s inglet O2 NO, O N O O ) 
as potential oxidants. Neuronal O 2' production varied w ith m etabolic activity 
and age. O2' generation increased 2-3-fold a fte r treatm ent with AMPA, KA, 
and NM DA, the m itochondria l uncoupler FCCP, but not usually following 
depolarization with 50m M K+. H2O2 application produced a secondary 
increase in O2 in all cell types. O2 concentrations in cultured neurons and in 
h ippocam pal slices were sensitive to scavengers such as NO generated by 
both exogenous and endogenous sources. HEt oxidation was higher in 
Ca2+-containing versus Ca2*-free saline im plicating [Ca2+] i in regulating O2 
production. However, Ca2+ ionophores did not greatly increase oxidation. 
Furtherm ore, other data suggest that the route o f Ca2+ entry is an important 
param eter in controlling O2‘ generation. The m a jor source o f O2‘ appeared to 
be the m itochondria under both basal and stim ula ted conditions. Consistent 
with this, eth idium  staining in dendrites was punctate, colocalized with 
m itochondria, and blocked by CN'. Basal O2' generation was fu lly  blocked by 
CN ' and rescued by FCCP. G lutam ate receptor mediated O 2 generation 
was largely blocked by CN', however, a resistant com ponent was present in 
some neurons. The assay m ethod uniquely provides a selective, permanent 
record o f O2' concentration in various brain tissues.

38.9
ESTIMATION OF BRAIN FREE RADICAL PRODUCTION FOLLOWING SYSTEMIC 
SALICYLATE: LIMITED EFFECTS OF GLUTAMATERGIC AND DOPAMINERGIC 
PATHWAYS. D.R. McCabe1 T. J. Mahcr2 and I. N. Ac worth* 1,2  ESA, Inc1., Chelmsford, 
MAO 1824 and Div. of Pharm. Sciences, Mass. Coll, of Pharmacy2, Boston, MA 02115.

Excessive free radical formation may readily overwhelm endogenous protective mecha
nisms leading to oxidation of proteins, lipids and DNA resulting in altered biological activity 
and eventual neural damage. Free radicals have been implicated in many neurodegenerative 
processes including Alzheimer’s and Parkinson’s Diseases, and with the trauma associated 
with ischemia and head injury. We have refined and validated an HPLC-ED method based on 
the work of Floyd et al (1984). Levels of hydroxyl free radicals (HFR) were quantitated by 
measurement of 2,3 and 2,5 dihdroxybenzoic acids (DHBAs) stoichometrically formed by 
the reaction of HFR with the systemically administered spin-trap agent salicylate (SAL). 
This method was used to study HFR production following pharmacological manipulation of 
glutamate or dopamine release, conditions which are associated with free radical damage.

The HPLC-ED system used a novel column and a dual coulometric cell. DHBAs were 
measured on the first electrode (250mV, RTs of 7.7 and 6.0 min for 2,3 and 2,5, respectively) 
while SAL was quantitated on the second (750mV, 17.0 min). Over 40 other compounds 
were also measured but none interfered. The LODs were 1 pg/10μl for the DHBAs and 
100 pg/10μlfor SAL. In preliminary experiments male SD rats (220g) received vehicle or 
SAL (30,100 or 300 mg/kg i.p.). After 15min animals were decapitated and the cortex (CX), 
hippocampus (HP), striatum (ST), liver, kidney and blood removed. The DHBA/SAL ratio 
was high in liver and plasma but low in brain regions (ST, 300mg/kg; 2.3DHBA/SAL = 
4.11±0.4; 2.5DHB A/SAL = 0.57±0.3). In a second experiment 8 groups of animals received 
either vehicle or SAL (100mg/kg i.p.) 30min prior to one of the following i.p. treatments: 
vehicle; N-methyl-D-aspartate (NMDA) (30mg/kg); NMDA and MK-801 (30; 1 mg/kg); d- 
amphetamine (5mg/kg). After 30min animals were sacrificed and the CX, HP and ST were 
removed. All treatments had little effect in the ST. The DHBA/SAL ratios tended to increase 
with either NMDA or d-amphetamine vs. control, but changed little following NMDA/MK- 
801.
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39-1

IDENTIFICATION OF RESIDUES INVOLVED IN REGULATION OF NMDA 
RECEPTORS BY PROTEIN KINASE C Dali Fan*, Ling Zhang1, Xin Zheng2, 
Michael V. L. Bennett2, and R. Suzanne Zukin1. Department o f Neuroscience, Albert 
Einstein College o f Medicine, Bronx NY 10461.
Protein kinase C (PKC) potentiates NMDA receptors in hippocampal neurons, spinal 
cord neurons, and recombinant NMDA receptors expressed in Xenopus oocytes. 
Protein phosphorylation of NMDA receptors is thought to be an important mode of 
receptor regulation and to play a critical role in long term potentiation and other forms 
of synaptic plasticity. To identify structural features in the NR 1 subunit that participate 
in PKC potentiation, we mutated serine residues in the predicted first (il) and second 
(i2) cytoplasmic loops and the extracellular loop (el). Mutations were engineered in 
NR1100, the NR1 splice variant that exhibits the largest potentiation by PKC. 
Homomeric NR1100 and heteromeric NR1100/NR2A receptors with one, two or four 
serine substitutions were examined for PKC potentiation, NMDA and glycine affinity, 
and voltage-dependent Mg2+ block. Mutation of Ser575 in the first intracellular loop 
1 "il" markedly reduces potentiation of NMDA-induced inward current by PKC. 
Exchange of either Ser607 or Ser609 alone (second intracellular loop "i2”) did not 
affect PKC potentiation of NMDA responses. However, exchange of both Ser607 and 
Ser609 markedly reduced PKC potentiation. These findings indicate that all 3 serines 
may participate in potentiation by PKC, and suggest the possibility that PKC may 
"wobble” between Ser607 and Ser609. Mutation of Ser566 and Ser575 in intracellular 
loop 1 and exchange of all 4 intracellular loop serine residues in the NR1 subunit 
reduced PKC potentiation of heteromeric NMDA receptors. Mutation of intracellular 
loop serines did not alter a) NMDA affinity, b) glycine affinity, or c) voltage-dependent 
block by Mg2+. The latter finding suggest that mutation of serines in the intracellular 
loops is not likely to affect receptor conformation. These findings provide new insight 
into molecular mechanisms underlying regulation of NMDA receptors by PKC.

39.3

POTENTIATION OF NMDA RESPONSES BY METABOTROPIC RECEPTOR 
ACTIVATION DEPENDS ON NMDA RECEPTOR SUBUNIT COMPOSITION. 
H. Shen. J.A. Gorter, E. Aronica, X. Zheng. L. Zhang, M.V.L. Bennett. R. 
S. Zukin*. Dept. Neurosci., A lbert Einstein Coll. Med., Bronx, NY 10461 

Activation of mGluRs potentiates NMDA-induced responses; PKC is 
implicated in this effect. We examined potentiation of recombinant NMDA 
receptors expressed in Xenopus oocytes following activation of 
coexpressed mGluRs. An objective was to examine the effects of NR1 
splicing and differential association with the NR2 subunit on regulation by 
mGluRs. We focused on mGluRI (which is positively coupled to PI 
turnover), and tw o NR1 splice variants: NR1100 (which is prominent in 
midbrain and exhibits the greatest PKC potentiation as a homomer), and 
NR1011 (which is the most prominent isoform in forebrain and exhibits the 
least PKC potentiation) . The selective mGluR agonist ACPD produced a 
marked (2 to 5-fold) potentiation of NMDA receptor activity in oocytes 
expressing mGluRI and NR1100 or NR1011; mGluRI appeared to be less 
effective than PKC. NR1 potentiation was blocked by staurosporine, a 
PKC inhibitor. Expression of functional mGluRI was indicated by ACPD- 
induced Ca2 + -activated Cl currents. The extent of mGluRI mediated 
potentiation was modified by the NR2 subunit. Potentiation by mGluRI 
was greater in NR1100/NR2A receptors compared to NR1100/NR2B. 
Activation of mGluRI did not potentiate NR1/NR2C receptors (as 
previously observed for PKC activators). Since NMDA and metabotropic 
glutamate receptor subunits are expressed in a cell-specific manner and 
developmentally regulated, the potentiation of NMDA receptors by mGluR 
activation could have important consequences for synaptic transmission 
and plasticity including LTP.

39.5

STRUCTURAL DETERMINANTS REGULATING CYCLOTHIAZIDE 
SELECTIVITY . Kathy Partin* & Mark Mayer. Laboratory of Cellular & 
M olecular N europhysiology, NICHD, NIH; Bethesda, M D 20892.

Cyclothiazide is a selective modulator of desensitization of AMPA receptors, 
with no activity on kainate receptors. We have previously shown that the 
alternatively spliced flip/flop variants of AMPA receptors are differentially 
m odulated by cyclothiaziae. Site-directed mutagenesis was used to 
demonstrate that a single residue, S750 of GluRAi, directs the highly 
efficacious interaction with cyclothiazide in GluRAi; and cyclothiazide 
sensitivity was partially conferred upon the cyclothiazide insensitive kainate 
receptor GluR6 by mutation [Q755SJ. However, that mutation in GluR6 also 
affected control responses to kainate. To further explore structural and 
functional differences between GluR6 and GluRAi, we have constructed 
chimeric receptors and point mutants in the flip/flop domain, and expressed 
them in Xenopus oocytes. Functional attributes were assessed under two- 
electrode voltage clamp, applying 300 μM kainate, 300 μM glutamate, 100 μM 
cyclothiazide or 0.3 m g/m l concanavalin A, as appropriate.

As predicted, inserting GluR6 sequences in place of the flip/flop domain of 
GluRAi abolished potentiation by cyclothiazide of kainate ana glutamate 
steady-state responses [0.82- and 0.75-fold, respectively]. Potentiation by 
cyclothiazide could be restored partially by making the Q755S mutation within 
the A i/6 chimeric protein [kainate 2-fold, glutamate 9-fold], Furthermore, 
inserting the flip/flop dom ain into GluR6 produced some degree ofStentiation of both kainate and glutamate peak responses [383-fold and 116- 

d respectively], but little or no potentiation of the steady state was observed. 
Interestingly, the control responses were apparently unaffected, unlike the 

point mutant in GluR6 [Q755S], although both proteins encode a SER at the 
same position.

We have recently constructed further point mutants of the S755 residue, as 
well as scanning ALA point substitutions of nearby neighbors. In addition, we 
have constructed chimeras that simultaneously swap domains in the flip/flop 
region and the N-terminal extracellular domain, in order to define structural 
determinants of desensitization and modulation by cyclothiazide.

39.2

Positively charged residues in the C 2  splice cassette affect PKC 
potentiation of NMDA receptors. L in a  Z h a n a . X in  Z h e n g * .  A lic e  P. 

W a n a . M ic h a e l V .L . B e n n e tt,  R .S u za n n e  Z u k in . D e p t. N eu ro sc ien ce, 
A lb e rt  E instein Coll. M e d . B ronx N Y  1 0 4 6 1 .

P ro te in  k in a se  C (PKC) p o te n t ia te s  n e u ro n a l N M D A  re c e p to rs  in 

h ip p o c a m p u s  a nd  s p in a l c o rd  a nd  re c o m b in a n t  N M D A  re c e p to rs  
e x p re s s e d  in  X en o p u s  o o c y te s . A lte rn a t iv e  s p lic in g  o f th e  NR1 
s u b u n it  a lte rs  th e  d e g re e  o f  PKC p o te n t ia t io n .  NR1 s u b u n its  th a t  
c o n ta in  th e  C 2  s p lic e  c a s s e tte  e x h ib it  re d u c e d  p o te n t ia t io n  b y  PKC. 

W e  u sed  m u ta tio n a l a n a ly s is  to  in v e s t ig a te  th e  s tru c tu ra l fe a tu re s  o f 

C 2  th a t  a f fe c t  PKC p o te n t ia t io n .  W e  re p la c e d  e a c h  o f th re e  c lu s te rs  

o f p o s it iv e ly  c h a rg e d  re s id u e s  in  th e  C 2  s p lic e  c a s s e tte  o f N R 1 011 
(th e  m o s t p ro m in e n t re c e p to r  is o fo rm  in  fo re b ra in ) .  N e u tra liz a t io n  o f 

a n y  one c lu s te r  o f p o s it iv e ly  c h a rg e d  re s id u e s  in  C 2  in c re a s e d  PKC 

p o te n t ia t io n  o f N M D A  re s p o n s e s . N e u tra liz a t io n  o f  a ll p o s itiv e  

c h a rg e s  in  C 2  in c re a s e d  PKC p o te n t ia t io n  o f  N M D A  re s p o n s e  to  ca. 

th e  le ve l o b s e rv e d  fo r  N R 1 010 (C 2  la c k in g ) re c e p to r .  E xch a n g e  o f 
S e r5 7 5  in th e  f i r s t  in tra c e llu la r  lo o p  o f  N R 1 011 re d u c e d  th e  e f fe c t  o f 

n e u tra liz a t io n  on PKC p o te n t ia t io n .  T h e s e  f in d in g s  s u g g e s t th a t  

p o s it iv e ly  c h a rg e d  re s id u e s  in  C 2  m a y  o c c lu d e  a c t io n  o f PKC a t 
S e r5 7 5 . T o  e x a m in e  th e  ro le  o f  C a 2+ in f lu x  th ro u g h  th e  N M D A  

c h a n n e l, w e  e x a m in e d  PKC p o te n t ia t io n  o f  m u ta n t  N R 1 re c e p to rs  
w i th  re d u c e d  C a 2+ p e rm e a b ility .  PKC p o te n t ia t io n  o f NR1111 (N 5 9 8 R ) 

re c e p to rs  w a s  s im ila r to  t h a t  o f w i ld - ty p e  NR1111 re c e p to rs  in  C a 2 + - 

fre e  s o lu t io n . T h is  f in d in g  s u g g e s ts  th a t  C a 2+ f lu x  th ro u g h  th e  

N M D A  re c e p to r  a lso  a f fe c ts  p o te n t ia t io n  o f N M D A  re c e p to rs  by 

PKC.

39.4

POTENTIATION OF RESPONSES TO NMDA BY METABOTROPIC 
GLUTAMATE RECEPTORS IN THE RAT HIPPOCAMPUS S.M. Fitzjohn1, N. 
Berretta2, A J. Irvine3, J.Harvey3, D. Lodge4 and G.L Collingridge*1 1 Department of 
Anatomy, University of Bristol, UK; 2Department of Pharmacology. University of 
Oxford, UK; 3Department of Pharmacology, University of Birmingham. UK;1Lilly 
Research Centre. Windlesham, UK.

It has been shown previously that the group I and II metabotropic glutamate 
receptor (mGluR) agonist (lS,3R)-l-aminocyclopentane-1.3-dicarboxylic acid 
(1S.3R-ACPD) reversibly potentiates the depolarisation evoked by bath application 
of N-methyl-D-aspartate (NMDA) in the CA1 region of the rat hippocampus 
(Harvey, J. and Collingridge, G.L , Br. J. Pharmacol., 1993, 109, 1085-1090) Using 
the same extracellular grease-gap technique, we have now demonstrated a reversible 
potentiation using (RS)-3,5-dihydroxyphenylglycine (DHPG), an agonist specific for 
group I mGluRs. The threshold dose for potentiation of NMDA responses was 
between 1 and 3 μM. 10 μM DHPG potentiated responses with a dose ratio of 0 73 
± 0.02 (mean ± sem, n = 5), significantly more than 10 μM 1S.3R-ACPD. which 
potentiated responses with a dose ratio of 0.83 ± 0 02 ( n = 4. p < 0.02)

We have also shown 1S.3R-ACPD mediated potentiation using whole-cell patch-
clamping of neurones in the pyramidal layer of the CA1, applying NMDA and 
1S.3R-ACPD by iontophoresis. Potentiation was not blocked when G-protein 
activation was prevented by dialysing cells with solution containing 0.5 mM GDP- 
ß-S, a non-hydrolysable GDP analogue, for 30 minutes (n = 3). Permanently 
activating G-proteins by dialysis with solution containing GTP-γ-S (0.5 - 2 mM. n -  
7) for up to 2 hours did not prevent reversible potentiation by 1S.3R-ACPD.

These results suggest that the mGluR involved in the potentiation of NMDA 
responses is group I-like in terms of agonist preference, but is unusual in that it may 
not elicit the effect by a G-protein linked mechanism

39.6

RELATIONSHIP BETWEEN RECTIFICATION RATIO, DIVALENT ION 
PERMEABILITY AND SPERMINE INHIBITION OF RECOMBINANT AMPA 
RECEPTORS. M.S. Washburn* and R. Dingledine. Dept. of Pharmacology, 
Emory University, Atlanta, GA 30322.

It is widely accepted that the GluR2 subunit controls the rectification 
properties and divalent cation permeability (Pdivalent) of recombinant AMPA 
receptors, such that when GluR2 is expressed, at high levels relative to non-GluR2 
subunits, the resulting recombinant AMPA receptors have linear or outwardly- 
rectifying kainate I-V curves and low Pdivalent- However, it is unclear how these 
parameters are affected when the GluR2 subunit is expressed at intermediate levels.

In order to examine the relationship between rectification ratio (ratio of 
Ikainate at +40 and -70mV) and Pdivalent we compared these values in Xenopus 
oocytes that had been injected with varying proportions of GluR2 and GluR3 
mRNA. In addition, we measured the effect of the polyamine spermine on the 
kainate currents recorded from these oocytes, since we had previously shown that 
spermine selectively blocks GluR2-lacking AMPA receptors (Washburn and 
Dingledine, Soc. Neuro. Abstr., 1994). As expected, we found that wild-type 
GluR3 receptors possessed rectification ratios near 0, were blocked by 1 mM 
spermine (~70-80% block at -70 mV) and had high Pdivalent (PBa/Pmono > 1.0). 
The spermine inhibition and Pdivalent were reduced by a mole fraction of injected 
GluR2 of ~ 0.2 whereas a mole fraction of > ~0.6 was required to substantially 
increase the rectification ratio. These results are consistent with a model in which 
even a single GluR2 subunit substantially reduces Pdivalent and spermine block, 
whereas the rectification ratio is progressively increased as the number of GluR2 
subunits within a receptor increases. In addition, these data may account for our 
identification of hippocampal CA3 stratum radiatum intemeurons that showed 
marked inward rectification but had detectable GluR2 message (Numberger et al., 
Soc. Neuro. Abstr., 1994).
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39.7

PHOSPHORYLATION OF THE AM PA RECEPTOR SUBUNIT  
GLUR1. K.W. Roche*. J.P. Bernhardt. and R.L. Huganir, Dept. of 
Neuroscience, Howard Hughes Med. Inst., Johns Hopkins Univ. 
School o f Med., Baltimore, MD 21205.

Protein phosphorylation has been shown to be an important 
mechanism for modulating ionotropic glutamate receptors. Specifically 
AMPA receptor responses in hippocampal neurons are potentiated by 
cAM P dependent protein kinase (PKA) and CAM kinase II. AMPA  
receptors are multimeric proteins consisting o f homologous subunits 
referred to as G luR l-4. Our laboratory has started to characterize the 
phosphorylation of the AM PA receptor subunit G luR l using 
expression of the protein in a heterologous cell system accompanied by 
incubation with 32P-orthophosphate and subsequent phosphopeptide 
mapping. When GluRl is transiently expressed in HEK-293 cells, it 
has a high level o f basal phosphorylation, and is phosphorylated on an 
additional serine when the cells are treated with forskolin. Previous 
studies on the phosphorylation o f  glutamate receptors have been 
hampered by the uncertainty o f  the membrane topology o f these 
receptors. Since the phosphopeptide maps o f the AMPA receptor 
subunits GluRl and GluR2 are different under the same conditions, we 
have constructed chimeras of GluRl and GluR2 to determine the region 
o f  GluRl that contains the phosphorylation sites. In addition, site 
directed mutagenesis has been used to determine the exact site o f PKA 
phosphorylation.

39.8
MODULATION OF NMDA RECEPTOR ACTIVITY BY INTRACELLULAR 
CALCIUM AND PROTEIN PHOSPHORYLATION. M.T. Fernández-Sánchez*, A, 
Torreblanca and A. Novelli. Dept. Functional Biology, Biochem. and Mol. Biol., 
Sch. of Med., and Dept. Phylosophy and Psychol., Psychobiol., Univ. Oviedo. 
33071 Oviedo. Spain

The NMDA (N-methyl D-aspartate) receptors in the brain play an essential role in 
synaptic plasticity, synaptogenesis and excitotoxicity. Activation of NMDA 
receptors leads to a rise in the intracellular concentration of free calcium [Ca2+]i 
which has been suggested to be responsible for both neurotrophic and neurotoxic 
responses. However, the physiological control of NMDA receptor activation has not 
yet been fully characterized.

We have investigated the role of intracellular Ca2+ concentrations and protein 
phosphatases on NMDA receptor reponse by measuring calcium influx following 
NMDA stimulation in cultured cerebellar granule cells. We found that a sustained 
increase in [Ca2+]i due to neuronal depolarization conditions in a 25 mM KC1 buffer 
resulted in the selective decrease in NMDA-mediated calcium influx. This effect was 
partially reversed by neuronal exposure to the phosphatase inhibitor okadaic acid 
(OKA, 5 nM) for at least 5 hours, thus suggesting a role for protein phosphatases 
PP1 and/or PP2A in this calcium-dependent inhibition. Consistently, [Ca2+]i 
depletion by long exposures (24h) to TMB-8 ( l 00nM), an inhibitor of intracellular 
Ca2+ release, produced a significant increase in NMDA-mediated calcium influx, 
which could be furtherly enhanced in the presence of OKA. Preincubation of neurons 
with 10 μ M forskolin or l 00nM PMA (phorbol-12-myrustate-13-acetate) had no 
effect on NMDA receptor response suggesting that neither protein kinase A nor 
protein kinase C were involved. On the other hand, preincubation of neurons with 
5nM OKA for 24 h resulted in selective changes in tyrosine-phosphorylated proteins 
indicating that endogenous protein tyrosine kinases and/or phosphatases may be 
involved in the NMDA activation induced by OKA. Our results strongly support 
calcium-dependent protein phosphorylation as a crucial mechanism for regulating 
NMDA receptors and excitatory synaptic transmission. This work was supported by 
grants SAL91-0613 and SAF94-0394

39.9
SURFACE ACCESSIBILITY OF NMDA RECEPTOR ALTERNATIVE EXON5 
DETERMINED BY ENGINEERED PROTEASE RECOGNITION SITES. Melissa A
Bullcr. Allan l l evey, and Stephen l._fraynehs*. Departments of Phannacology and
Neurology, Emory Universiy . Atlanta. GA 30322

Alternatively spliced exon5 o f  the NMDA receptor NR1 gene alters the 
modulation o f receptor function by the extracellular env ironment The 21 
encoded residues relieve tonic inhibition o f receptor function by extracellular 
protons, remove potentiation o f homomcric receptors by Zn 2and polyamines, 
and increase the EC50 for glutam ate Exon5 is found in the amino terminus o f  the 
protein, which is known to be extracellular in other members o f  the glutamate 
receptor family. Sequence analysis o f  the exon suggests that it encodes a flexible 
surface loop One hypothesis describing the action o f  o f  cxon5 is that it resides 
at the protein surface and regulates receptor function through interaction with a 
surface site. To conclusively show that exon5 is at the extracellular surface o f 
the protein, we engineered recognition sites for proteases in and around cxon5 
These m utated receptors retained wild-type receptor properties when expressed 
in Xcnopus oocytes, including insensitivity to proton inhibition and polyaminc 
potentiation. The mutant and wild-type cDNAs were transfected into HEK293 
cells, treated extracellularly with protease, and membranes were harvested. 
Analysis o f  mutant receptor protein by western blots showed immunoreactivc 
products (using C-tcrminal or N-termi nal monoclonal antibody) that correspond 
to molecular weights predicted for cleavage at the recognition sites (n=5, 100- 
250U thrombin). W ild-type receptors were insenstivc to cleavage by protease.

In summary, protease cleavage of engineered recognition sites provides strong 
evidence that exon5 is at the extracellular surface o f  the NM DA receptor.

Supported by the Nill (NS33777 (ST)) and the Patricia Roberts Hams Fellowship (MB)

39.10
KINETIC AND CONDUCTANCE PROPERTIES OF SINGLE RECOMBINANT 
NMDA RECEPTOR CHANNELS WITH N-Q MUTATIONS IN M2. L. 
Premkumar* and A. Auerbach, Dept. Biophysics, SUNY, Buffalo NY 14214.

The NMDA receptor channel participates in important physiological functions in 
the central nervous system by virtue of its high Ca++ permeability. We have recorded 
single-channel currents (outside-out patches) in Ca++-free (1.5 mM EGTA) or ImM 
extracellular Ca++ -containing medium from oocytes injected with the following 
combinations of mouse cRNA NMDAR subunits: ζ1598N/e2589N (NN; wild type), 
C,598Q/ε2589Q (QQ), ζ1598Q/ε2 589N (QN), and ζ1598N/ε2 589Q (NQ). NN 
channels have one predominant conductance whereas all the mutants have both a 
main (M) and a sub (S) level. The conductances and mean open times are shown in 
the Table. The M level single channel conductances were differentially affected by 
ImM Ca++ in the following order: QN>QQ>NQ=NN. Hidden Markov modeling 
methods were used to estimate the transiton rate constants between the main and 
sublevels with the results (M-to-S, S-to-M; s-1): QQ(424,334), NQ(127,232), 
QN(306,38). For QQ receptors the agonist, buffer, or H+ concentrations do not 
significantly affect the transition rate constants. Hyperpolarization increases both 
transition rates to similar extents suggesting that voltage alters an energy barrier 
that separates the M and S pore 
structures. The results suggest 
that the M and S levels arise 
from intrinsic structural changes 
in the receptor protein that each 
exhibit distinct permeation free 
energy profiles for mono- and 
divalent cations (supported by 
NSF.IBN9102232 BIR9403225).

conductance(pS) lifetime(ms)
Q - [Ca] - 1mM 0 - [Cal - ImM

NN 86 47 2.3 2.0
main 95 32 2.2 1.8

w  sub 62 5 2.4 .

main 58 31 2.9 2.2
NQsub 23 <5 2.2

main 68 12 2.4 1.4
QN sub 12 - 8.9

39.11 39.12

PROTEIN KINASE C MODULATION OF NMDA CURRENTS EXPRESSED 
FROM SPLICE VARIANTS. S.M. Logan* and J.P. Leonard Department of 
Biological Sciences, University o f Illinois at Chicago, Chicago, IL 60607.

A great deal of evidence now suggests that NMDA receptor activity is 
modulated by PKC, a phenomenon which may have important physiological 
consequences in NMDA mediated events. In our present study, we expressed 
splice variants of the NR1 cDNA clone (isolated from rat brain) as homomeric 
channels in Xenoous oocytes in order to examine the differential modulation 
of these channels by PKC. We elicited all currents using 100 uM NMDA 
with 100 nM glycine in a solution in which both Mg2+ and Ca2+ were replaced 
by Ba2+. Current magnitudes were compared before and after a 10 min 
incubation in 20 nM of the PKC activating agent β -phorbol ester dibutyrate 
(PDBu). Under these conditions, we found only a marginal difference among 
the splice variants examined to date (NR1101, NR10I0, N R l000, NR1100) in their 
degree of potentiation by PDBu. However, while the range o f enhancement for 
currents expressed from these variants was ~ 3  - 4 fold, we found the 
potentiation of NR1110 current to be greater than 6 fold. In additional 
experiments, we coexpressed NR2A with the splice variants to determine 
whether this modulatory subunit had an effect on the PDBu induced PKC 
potentiation of NMDA currents. Using the above procedure, NR1010, NR1110, 
NR 1000, N R l100 exhibited currents which were potentiated ~ 2  fold when 
expressed as heteromeric channels. This represents at least a 2 fold decrease 
in the level of enhancement when the channels are expressed as heteromers 
compared to the homomeric condition.

NMDA CHANNEL FUNCTION IS REGULATED BY TYROSINE 
PHOSPHORYLATION IN SPINAL DORSAL HORN NEURONS. X.-M. Yu* and 
M.W. Salter. Div. of Neurosci. Hosp. for Sick Children and Dept. Physiol. Univ. 
Toronto. Toronto, M5G 1X8, Canada.

We studied the effects of protein tyrosine kinases (PTKs), protein tyrosine 
phosphatases (PTPs) and inhibitors of these enzymes on NMDA single-channel 
currents. Recording were made using inside-out or cell-attached patches from 
cultured spinal cord dorsal horn neurons. NMDA channel activity was elicited by 
including NMDA ( l0μM) and glycine (3μM) in the extracellular solution filling the 
patch pipettes. For inside-out patches, the cytoplasmic face of the membrane was 
perfused with solution containing (in mM): CsCl (140), HEPES (10), CaCl2 (1), 
BAPTA (10), MgCl2 (2), K-ATP (4). Application of pp60are (lU/mL, n=6), a PTK, 
to the cytoplasmic face produced an increase in the probability of channel opening 
and mean open time by 150±98% (mean±SEM, p<0.05) and 15±7%, respectively, 
as compared with before enzyme application. Conversely, the PTP, truncated T-cell 
PTP (80 nM, n=4), decreased channel open probability by 50±17% but did not affect 
mean open time. With application of the PTP inhibitor, orthovanadate ( l00μM, 
n=6), channel open probability and mean open time were increased by 97±18% 
(p<0.05) and 25±6% (p<0.05), respectively. In cell-attached recordings, genistein 
(25μM, n=8), a membrane-permeant PTK inhibitor, applied in the bath solution 
reduced channel open probability and mean open time by 48±20% (p<0.05) and 
34±13% (p<0.05). No significant change in single channel conductance was found 
in any of the experiments reported. These results suggest that it is NMDA channel 
gating which may be regulated by tyrosine phosphorylation. The molecular target 
for phosphorylation is a protein in the patch and may be the NMDA receptor itself. 
Moreover, the effect of the PTP inhibitor in inside-out patches implies that native 
PTK and PTP are associated with the NMDA receptor complex. (Supported by 
Paralyzed Veterans of America, Spinal Cord Research Fdn. and by Canadian MRC).
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3 9 .1 3
D E V E LO P M E N T OF TY R O S IN E  P H O S P H O R Y LA TIO N  O F NMDA  
R E C EPTO R  S U B U N ITS 2A AND 2B IN RAT BRAIN. R.P. Y asuda*, 
Y.-H. W ang. J.-H. Luo, and B.B. W o lfe . Dept. P harm acology, 
G eorgetow n University School of M edicine, 3900  Reservoir Rd., 
W ashington, D.C. 20007.

Tyrosine phosphorylation of the NMDA receptor subunts could 
play a role in the signalling of the localization of NMDA receptor 
subunits in postsynaptic densities. A recent paper has demonstrated 
that the NMDA 2B receptor subunit is tyrosine phosphorylated and is 
the predominant tyrosine phosphorylated protein in rat cortical 
postsynaptic densities (Moon et al., 1994, PNAS, 91:3954-3958). At 
least NMDA receptor subunits 2A and 2B are tyrosine phosphorylated 
(Lau and Huganir, 1994, Society of Neuroscience Abstracts 20: 743) 
and 2A, 2B, and 2C are present in postsynpatic densities (Suen eta l., 
1994, Society of Neuroscience Abstracts 20: 743). In the present 
study, the development of tyrosine phosphorylation of the rat NMDA 
2A and 2B receptor subunits was examined from prenatal E18 to 
postnatal day 54. At E18 there is no detectable tyrosine 
phosphorylation of either NMDA 2A or 2B. Adult levels of tyrosine 
phosphorylation are 0.8% and 4% of either total NMDA 2A or 2B 
subunits, respectively. Cortex, hippocampus, and cerebellum are 
being examined. If tyrosine phosphorylation of the NMDA subunits 
plays a role in localization of the subunits in postsynaptic densities, 
one could predict that tyrosine phosphorylation should precede or 
accompany synaptogenesis in each brain region. Supported by 
NS28130, AG09973, and AG09884.

3 9 .1 5
CA LCIUM -DEPEND ENT INA CTIVA TIO N IN RECO M B IN A N T NMDA 
RECEPTO RS J. Krupp & G. L. Westbrook*. Vollum Institute, Oregon Health 
Sciences University; Portland OR 97201.

Calcium-dependent inactivation of the NMDA receptor is likely to represent an 
important cellular mechanism involved in dynamic changes occuring at central 
glutamatergic synapses. In order to elucidate a possible subunit specificity for this 
phenomenon, we are studying the characteristics of calcium-induced inactivation of 
recombinant NMDA receptors expressed in human embryonic kidney (HEK) 293 cells. 
NMDA- and glutamate-induced currents were recorded in whole-cell clamp 24-48 h 
after transfection using the calcium-phosphate method.

In HEK293 cells transfected with a combination of either rat NMDARla/2A or the 
equivalent mouse ξ 1/ε l subunits, application of 10 μM NMDA (+ 10 μM glycine) in 
0.2 mM extracellular Ca2+ induced inward currents (12-1482 pA; Vh: -50 mV) with no 
macroscopic desensitization (n = 21). In contrast, slow inactivation was observed when 
NMDA was applied in 2 mM extracellular Ca2+. The resting Ca2+ was buffered to 
pCa levels of 7 with 10 mM EGTA. Inactivation was minimal or completely prevented 
when the resting Ca2+ was buffered to equivalent levels with 2.4 mM BAPTA. At 
positive holding potentials no relaxation could be observed. Consistent with the 
properties of Ca-dependent inactivation in hippocampal neurons (Legendre et al. 
1993), this suggests that inactivation results from transient accumulation of calcium 
close to the intracellular mouth of the channel. Glycine- and Ca-ifldependent 
desensitization was also observed when applying 0.1-1 mM glutamate. Currents 
induced by application of 1 mM glutamate in HEK293 cells transfected with a 
NMDARla/2C combination had much smaller amplitudes, ranging from 6-63 pA (n = 
4; Vh: -50 mV). Currents induced by low agonist concentrations were too small to be 
analyzed for Ca-dependent inactivation. However, the absence of any current relaxation 
upon application of 1 mM glutamate in 1 mM Ca2+ suggests, that the la/2C receptor 
lacks both Ca-dependent inactivation and receptor desensitization. Thus, Ca-dependent 
inactivation may be subunit-specific.
Supported by NIH (MH46613) and a Human Frontier Science Program fellowship (JK)

39 .1 7

EXTRACELLULAR M g 2+ IONS HAVE FOUR DIFFERENT EFFECTS 
ON NMDA RESPONSES. P, Paoletti*. J. Neyton and P. Ascher. Lab. 
de Neurobiologie, Ecole Norm. Sup., 46 rue d'Ulm, 75005 Paris

Extracellular Mg2+ ions, which are known for their voltage- 
dependent block of NMDA responses, were recently shown to also 
increase the glycine affinity (Wang and MacDonald, 1995, J. Physiol., 
in press). We now report that mM concentrations of extracellular Mg2+ 
ions produce two additional effects on NMDA receptors: a reduction of 
the single-channel current size and a glycine-independent increase of 
the open probability.

The reduction of the single-channel current size was observed in 
outside-out patches at positive membrane potentials, both in native 
receptors from mouse embryonic neurons in primary culture, and in 
the three recombinant receptors tested (see below) expressed either 
in HEK 293 cells or in Xenopus oocytes. The effect resembles those 
of Ca2+ and Ba2+ described by Jahr and Stevens (1987, Nature, 325, 
522-525) and Ascher and Nowak (1988, J. Physiol. 339, 247-266). 
This similarity suggests that the three ions bind to a common site 
which must be closer to the extracellular solution than the site 
involved in the voltage-dependent Mg2+ block.

The glycine-independent potentiation is not mimicked by Ca2+ 
and Ba2+. It is largely voltage-independent. First observed in native 
receptors, it has also been observed in NR1-1a/NR2B receptors but 
not in NR1-1b/NR2B or NR1-1a/NR2A receptors. The recombinant 
receptors presenting the Mg2+-induced glycine-independent 
potentiation appear to be same in which spermine produces a glycine- 
independent potentiation, which leads us to suggest that Ma2+ ions 
may be the physiological agonist at the subunit-specific spermine site.

3 9 .1 4
CA2+-FLUX THROUGH NMDA-RECEPTOR CHANNELS IS INDEPENDENT OF 
MONOVALENT PERMEANT ION MOVEMENT Ralf Schnegoenburaef Lab. de 
Neurobiologie, Ecole Normale Superieure, 46 rue d'Ulm, 75005 Paris

Recently, fura-2 based measurements of the fraction of Ca2+ (Pt) 
contributing to the net current through NMDA-R channels have been made 
(Schneggenburger et al., Neuron 1 1, 1993). Pt, measured at negative 
membrane potentials, was smaller than the values predicted by the 
Goldmann-Hodgkin-Katz (GHK) equations from previously published reversal 
potential (Erev) measurements. For such a prediction, independence of ionic 
movement has to be assumed. In order to test this assumption, Pf was 
measured close to Erev and compared to predictions (see Fig.) of permeation 
models which assume independence of ionic movement.

Whole-cell recordings were made in HEK-cells co-expressing NMDA-R 
subunits NR1 and NR2A using symmetrical monovalent ion concentrations 
and 1 mM intracellular fura-2. The dependence of Erev on [Ca]o (0.1, 2, 5, 
10 mM, no correction for ionic activities) could be described by the 
extended GHK-equation, with Pca/Pmono = 3.5 (n=8 cells). When plotted as a 
function of membrane potential (Vm), the 
ratio of the Ca2+ -sensitive  fura-2 
fluorescence over the net whole-cell 
charge (•F/Q-ratio•) at 2 and 5 mM 
[Ca]o crossed near the deduced Erev al 0 
[Ca]o. Assuming that Pf = 1 at this Vm,
Pf was calculated at all Vm studied (-50 
to 0 mV) and was found to agree with the 
predicted values, with Pf = 17.9 ± 2 %
(n = 8 cells) at 2 mM [Ca]o and -50 mV.

3 9 .1 6
DIFFERENTIAL BLOCK OF THE NMDA RECEPTOR BY KETAMINE AND 
DIZOLCIPINE. J.M. Rodriguez-Paz. V. Anantharam and S.N. Treistman*. Dept. 
of Anesthesiology and Pharmacology. UMass Med.Ctr., Worcester, MA 01545.

Two different families of N-Methyl-D-aspartate (NMDA) receptor subunit have 
been cloned: NMDAR1 (eight splice variants, generated by alternative RNA splicing) 
and NMDAR2 (four subunits). We have recently found that when a 21 amino acid 
insertion at the 5’ region of the NMDA receptor (NR1111) is present, agonist-induced 
current in injected oocytes is characterized by a slowly activating current (Islow), 
which peaks in about 15 seconds, and then inactivates slowly. Development of Islow 
requires an inward Ca2+ current through the channel, and is not the commonly 
known ICT(Ca) endogenous to the oocyte. Following Islow, is a sustained current, Islow, 
which is only weakly Ca2+-dependent. Since the entry of Ca2+ during Islow may play 
a role in NMDA-dependent neuronal excitability, we examined the effects of two 
different open channel blockers of the NMDA receptor, ( + )MK-801 and ketamine, 
on I Islow and Ijust. Xenopus laevis oocytes were injected with rat NR1111 cRNA. 
Currents were recorded with conventional two-electrode voltage clamp techniques 
(Vh = -80 mV). Drugs were dissolved in Mg2+-free ND96 medium (1.8 mM CaCl2). 
Dose-response curves for Islow and Isust were obtained in the presence and absence of 
ketamine or ( + )MK-801. ( + )MK-801 caused similar level of inhibition for Islow 
(IC50, 9.3 ±2.06 nM) and for Isust (IC50 7.76 ±1.12 nM). In contrast, ketamine 
caused a larger inhibition of Islow than Isust (IC50, 0.77 ±0.247 μM and 7.54 ± 2.484 
pM, respectively). Since we have determined that the on-rate of the block is faster 
for ketamine than for ( + )MK-801, we propose that Ca2+ influx is blocked faster by 
ketamine and Islow does not develop, whereas ( + )MK-801 develops the block more 
slowly, allowing part of the Ca2+ influx to occur, resulting in Islow Thus, for a 
slowly-developing, "amplified" current, the association rate of the blocking drug may 
be critical for its qualitative action. The differential action on Islow may also explain 
some of the clinical differences in the actions of these two drugs.

3 9 .1 8
INHIBITORY ACTIONS OF SPERMINE AND ARCAINE ON NM DA- 
SINGLE CHANNELS CURRENTS. R.C. Araneda*. L. Zhang. R.S. Zukin and 
M.V.L. Bennett. Dept. Neuroscience, A. Einstein Coll. Med., Bronx NY 10461 
The polyamines spermine and arcaine reduce NMDA receptor whole cell 
currents and single channel conductance in a voltage-dependant manner. 
Although arcaine is known to act as a fast channel blocker, the molecular 
mechanism by which spermine inhibits NMDA responses (charge screening vs. 
channel block) is as yet unclear. We examined the actions of spermine and 
arcaine on NMDA single channels in outside-out patches excised from 
hippocampal neurons and from Xenopus oocytes expressing recombinant 
NMDA receptors. To investigate the voltage-dependence of spermine and 
arcaine action on NMDA channels in hippocampal neurons, current-voltage 
relationships were constructed (-100 mV to +60 mV) in the absence or presence 
of drug (30-3000 μM). At -60 mV, 1C50 values for spermine and arcaine were 
250 and 73 pM, respectively. Reduction of ionic strength reduced the IC50 of 
spermine (by 6-fold) and arcaine (by 2-fold). For both amines, voltage 
dependence could not be fitted to the Woodhull model, as currents were larger 
than predicted at potentials negative to -80 mV. This finding suggest that 
neither drug acts as "pure" channel blocker and that other mechanism may be 
involved. Actions of spermine and arcaine at wild-type NR1100/NR2A receptor 
single channels were similar to those observed for neuronal NMDA channels. 
Arcaine reduced whole-cell NMDA currents (IC50= 70 μM). The potency of 
arcaine as a blocker was reduced in the putative channel mutant 
NR100(N598R)/NR2A (which exhibits reduced Mg2+ block and Ca2+ 
permeability). This finding provides further support for direct block by arcaine 
within the NMDA channel. Action of spermine at wild-type and mutant 
recombinant NMDA channels is currently under investigation.

Vm (mV) 0 1 2 3 4 5
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39.19

Q/R SITE EDITING IN GLUTAMATE RECEPTOR SUBUNITS GLUR5/6 
INVOLVES DISTANT INTRONIC SEQUENCES AND IMPERFECT dsRNA 
STRUCTURES. A. Herb. H. Monyer* and P. H. Seeburg. Center f. Mol. 
Biol. (ZMBH), Univ. of Heidelberg, 69120 Heidelberg, Germany.

In the mammalian CNS, RNA editing of pre-mRNAs for glutamate 
receptor subunits alters codons by site-selective adenosine 
deamination. A gene-specified glutamine in the channel's critical 
Q/R site is changed to  arginine in subunits GluR-B, GluR5 and 
GluR6. This modification leads to  a restriction of Ca2+ permeability. 
In GluR-B pre-mRNA, this process requires base-pairing of exonic 
sequence including the editing-targeted glutamine codon with nearby 
complementary intronic sequence (Higuchi e t al., 1993, Cell 
7 5 :1 3 6 1 ). Following transfection  in PCI 2 cells, editing in 
minigene constructs for GluR5 and GluR6 is also dependent on the 
presence of intronic sequence. However, unlike in GluR-B editing, 
where the complementary sequence is situated only 300 bp apart 
from the editing site, in GluR5 and GluR6 this sequence lies ~ 1900 
bp into the downstream intron. This was dem onstrated by 
introducing systematic overlapping deletions throughout the 3.5 kb 
intronic sequence of GluR6. The functionally critica l intronic 
sequence is complementary to  the sequence around the editing site 
and is in part identical fo r both subunits. Surprisingly, the 
computer predicted RNA structure shows that the glutamine codon is 
mismatched in all 3 nucleotides. This dsRNA structure was tested for 
validity by mutational analysis. Our results show tha t RNA editing 
can occur in a variety of different structures.

E X C IT A T O R Y  AM INO A C ID  R E C E P T O R S II

40.1
REGULATION OP AM PA-RECEPTOR FU NC TIO N BY ENDOGENOUS 
PHOSPHATASE 2 B .  H.Shi* & A. Stelzer. Department of 
Pharmacology, SUNY Brooklyn, Brooklyn, NY 11203.

Effects of intracellular calcium ([Ca2+]i) on AMPA-receptor function were studied in CA1 pyra- 
midal cells acutely dissociated from the adult 
guinea-pig hippocampus. Pressure-triggered AMPA 
currents were measured by whole-cell and perfo- 
rated-patch recordings at -40 mV. Elevation of 
[Ca2+]i by intracellular perfusion of 10-6 M [Ca2 + ]i (from 10-8 M [Ca2+]i controls) reduced AMPA peak 
current amplitudes to 73±5% (mean+S.E.M, n=15). 
Transient calcium gradients elicited by voltage- 
gated calcium currents reduced AMPA peak current 
amplitudes to 70±5% in whole-cell (mean±S.E.M, 
n=ll) and 66±4% (n=5) in perforated patch recordings 
at 1.2 nC of integrated conditioning calcium 
currents. AMPA current kinetics (time to peak, 
decay time constants) remained unchanged by 
elevation of [Ca2+]i The reduction of AMPA currents 
by elevated [Ca2+]i could not be reversed by 
reintroduction of lower [Ca2+]i. In the intra- 
cellular presence of the specific PP-2B inhibitor 
cypermethrin (1 nM  AMPA peak-current amplitudes were 105+4% in 10-6 M [Ca2+]i containing solution 
and 99+2% at 1.2 nC integrated voltage-gated calcium currents. Cypermethrin revealed a potentiation of 
AMPA currents in all cells upon perfusion with 10-7 
M [Ca2+]i (n=8) and in 4 of 6 cells perfused with 
10-6 M [Ca2+]i . The weakly PP-2B inhibitor allethrin had not effect on AMPA current reduction by high 
(Ca2+)i.

40.3

INTRACELLULAR POLYAMINES CONFER INWARD RECTIFICATION ON 
KAINATE RECEPTORS COMPOSED OF GLUR6(Q). D e re k  Bowie* & M ark  
M ay er. LCMN, NICHD, National Institutes of Health, Bethesda, MD 20892.

A variety of voltage- and ligand-gated ionic channels exhibit inward rectification, 
however, in most cases, the underlying molecular mechanisms are not fully 
understood. Recent studies on inwardly-rectifying potassium (K+) channels have 
indicated a central role for intracellular polyamines, although, as yet, this blocking 
mechanism has not been extended to ligand-gated ion-channels. In 293 cells transfected 
with the kainate receptor subunit GluR6(Q), we have attempted to elucidate the 
mechanism(s) underlying inward rectification since native kainate receptors with 
inward rectification have recently been characterized in hippocampal neurones and glial 
progenitor cells. With whole-cell recording, current-voltage (I-V) relationships (range: 
-100 to +100mV) determined with 50μM domoic acid (Vrev= -2.14 ± 0.88mV; n=8) 
exhibited strong inward rectification between -20 and +50mV, with relief of 
rectification observed above +50mV. In contrast, inward rectification was lost in 
outside-out patches (n=7) pulled from the same transfected cells suggesting that a 
soluble cytoplasmic factor may mediate this effect. In agreement with this and 
previous studies on K+-chaftnels, inclusion of the polyamine spermine (1 ,3 , 10, 30 
and 100 μM, n=29) in the patch pipette solution restored inward rectification in a dose- 
dependent manner raising the possibility that spermine may be the endogenous 
cytoplasmic modulator present in whole-cell recording conditions. To address this, data 
obtained in outside-out patches with different spermine concentrations was fit using 
the Woodhull model of voltage-dependent block and the fits compared with data 
obtained under whole-cell recording conditions. Consistent values for Kd(OV) (5.53 ± 
0.40 pM; mean ± sem) and zdelta  (2.52 ± 0.04) were obtained at all spermine 
concentrations tested. Inclusion of these values in fits to data obtained with whole-cell 
recording gave an estimated intracellular spermine concentration of 64 pM. Other 
polyamines, such as, spermidine (Kd(OmV) = 25.37 ± 0.36 pM, n=4) and putrescine 
(Kd(0mV) = 1210 ± 10.67pM, n=4) produced similar rectification as spermine when 
added to the intracellular solution; however, each had a lower affinity.

40.2
H E T E R O G E N E O U S  EXPRESSION OF AM PA RECEPTOR SPLICE 
VARIANTS IN TWO TYPES OF RAT HIPPOCAMPAL NEURONS. M .W . 
Fleck*. D.K. Patneau†. and M L. Mayer. LCMN, NICHD, National Institutes of 
Health, Bethesda, MD 20892; and †Department o f Pharmacological & Physiological 
Sciences, University o f Chicago, Chicago, IL 60637.

Previous experiments in this laboratory have demonstrated that the modulator 
cyclothiazide has lower affinity for the flop (o) vs. flip (i) isoforms of GluR-A. In 
recombinant AMPA receptors formed by coexpression of GluR-A and -B in HEK293 
cells, the dissociation rate of cyclothiazide was dependent on both subunit and splice- 
variant composition, with τ of 0.2 s for AoBo receptors, 3.4 s for AiBo, and > 20 s 
for AoBi or AiBi, suggesting that the dissociation rate of cyclothiazide can be applied 
to examination of AMPA receptor composition in neurons. We therefore compared 
the properties of native receptors in hippocampal neurons cultured from P 1 rats (n = 
40) vs. multipolar interneurons cultured 1-5 days from stratum radiatum of area CA1 
of P8 rats (n = 30). Cells were voltage clamped at -60 mV using whole-cell 
recording and a rapid perfusion system was used to present saturating concentrations 
of glutamate (1 mM) in the absence or presence of 100 pM cyclothiazide or 
following removal of cyclothiazide to examine the dissociation rate of the modulator. 
The kinetics of the onset of desensitization were similar for control glutamate-evoked 
currents in neurons from P 1 hippocampus and for interneurons; peak and steady-state 
currents in both populations were similarly enhanced by cyclothia/.ide. Interneurons, 
however, desensitized to a greater extent in the constant presence of cyclothiazide (29 
± 3.5 vs. 15 ± 2.7 % after 1 s) and tended toward faster cyclothiazide dissociation. 
Both cell populations displayed marked heterogeneity in the rate of cyclothiazide 
dissociation, ranging from fast flop-like dissociation (τ < 1 s) to slow flip-like 
dissociation (τ > 10 s) and combinations of these including both fast and slow 
components or various intermediate dissociation rates. Such heterogeneity was not 
obviously correlated with the rectification of the current-voltage plot for kainate- 
evoked currents nor the amount of time cells were maintained in culture, but likely 
reflects the heterogenous expression of AMPA receptors of varying stoichiometries.

40.4
SPERMINE SPECIFICALLY MODULATES RECTIFICATION PROPERTIES 
OF Ca2+-PERMEABLE AMPA RECEPTORS IN CULTURED RAT 
HIPPOCAMPAL NEURONS. T. Isa*. M. lino, S-I. Itazawa and S. Ozawa. Dept. 
of Physiol., Sch. of Med., Gunma Univ., Maebashi 371, Japan 

We have previously reported that a population of cultured rat hippocampal neurons 
(type II neurons) express AMPA-type glutamate receptors with inwardly rectifying 
current-voltage (I-V) relationship and high Ca2+ permeability (lino et al. J. Physiol., 
1990) and that no GluR2 subunit mRNA is detected in these neurons (Bochet et al. 
Neuron, 1994). Both the inward rectification and Ca2+ permeability of these 
receptors have been considered to be due to the lack of GluR2 subunit. However, 
here we demonstrate that polyamines such as spermine are additionally necessary for 
the inward rectification but not for the Ca2+ permeability. When outside-out patches 
were made from type II neurones, the inward rectification of kainate responses 
became gradually less prominent, and the I-V relationship of the kainate responses 
eventually exhibited outward rectification. In contrast, the reversal potential of the 
kainate response in Na+-free, high Ca2+ solution (10 mM) was the same as that 
recorded in the whole-cell configuration, indicating that Ca2+ permeability was 
unchanged. When spermine (1-100 μM) was added to the intracellular solution, the 
inward rectification was maintained in the outside-out configuration. This effect of 
spermine was specific for type II neurons, and spermine did not affect the 
rectification properties of AMPA receptors in type I neurons with outwardly 
rectifying I-V relationship and little Ca2+ permeability. When spermine was added 
to the extracellular solution, it mainly blocked the inward currents of kainate 
responses at negative membrane potentials at higher doses (EC50 = 300 μM) in type 
II neurones but not in type I neurones. Thus, spermine specifically modulates the 
rectification properties of the inwardly rectifying and Ca2+-permeable AMPA 
receptors by binding to the channel pore both from inside and outside of the 
membrane.

Society for Neuroscience, Volume 21 , 1995



SUNDAY AM EXCITATORY AMINO ACID RECEPTORS II 81

40.5
INTRACELLULAR POLYAM INES M EDIATE INW ARD RECTIFICATION OF 
CALCIUM PERMEABLE A M P A  RECEPTORS. S.D. Donevan* & M.A. 
Rogawski. Neuronal Excitability Section, NIH, Bethesda, MD 20850.

AMPA receptors that lack the GluR2 subunit are Ca2 + -permeable and 
exhibit inwardly rectifying responses to kainate and AMPA. The 
mechanisms underlying inward rectification of Ca2 + -permeable AMPA 
receptors are not known. We have examined the mechanisms underlying 
rectification in whole cell and excised patch recordings from cultured rat 
hippocampal neurons. As demonstrated previously (lino et al.,1990) a 
small proportion of these cells exhibit Ca2 +-permeable, inwardly 
rectifying AMPA responses. These cells are preferentially blocked by 
philanthotoxin 343 in a use- and voltage-dependent manner (IC 50~ 100 
nM). Inward rectification of the whole cell agonist-evoked current 
response was lost over time and immediately w ith  patch excision. On 
the other hand, rectification was maintained in perforated patch whole 
cell recordings. These observations suggest that a diffusible factor may 
be responsible for rectification. Inclusion of the naturally occurring 
polyamines spermine ( > 1 0  μ M) and spermidine ( > 3 0  μ M) in the 
recording pipette prevented loss of inward rectification in both whole cell 
and excised patch recordings. In contrast, Mg2+ (10 m M ) and putrescine 
(100 μ M) were w ithout effect. Spermine and spermidine had little effect 
on outwardly rectifying AMPA responses. Thus, inward rectification of 
Ca2 + -permeable AMPA receptors may reflect voltage dependent channel 
block by intracellular polyamines. Changes in intracellular and 
extracellular polyamine levels may effect neuronal activity through their 
actions on Ca2 + -permeable AMPA receptors.

40.7
MODULATION OF CHANNEL OPEN TIME IN RECONSTITUTED AMPA 
RECEPTORS. V. Suppiramaniam1, S. Sinnarajah2, V. Vodyanoy2. R.A. Half,
G. Rogers*4.________ _ & B.A. Bahr3 1Dept. of Biol., Tuskegee Univ., AL 36088;
2IBDS, Dept. of Physiol. & Pharm., Auburn Univ., AL 36849; 2Ctr Neurobiol. Learn. 
& Memory, Univ. of Calif., Irvine, CA 92717; 4Ligand Design, Goleta, CA 93117.

Glutamate receptors of the AMPA (α-amino-3-hydroxy-5-methyl-4-isoxazole 
propionic acid) class were previously purified from adult rat forebrain, 
incorporated into planar lipid bilayers by the tip-dipping method, and shown to 
exhibit AMPA-induced and CNQX (6-cyano-7-nitroquinoxaline-2,3-dione)-sensitive 
single channel currents (Bahr et al., J. Neurochem. 59, 1979-1982, 1992). In the 
present study, centrally active drugs that have a significant impact on learning 
(Staubli et al., Proc. Natl. Acad. Sci. USA 91: 777-781 & 11158-11162, 1994) and 
a polyanionic polysaccharide that modifies |’H]AMPA binding affinity (Hall et al., 
submitted) were tested for effects on the properties of single channel currents 
elicited by 300 nM AMPA. The nootropic compound aniracetam and the 
benzoylpiperidine derivative BDP-5 prolonged the lifetimes of open channels by 
ten-fold as compared to those measured with AMPA alone. The effects were 
dose-dependent in the 0.1-10 μM  range, reversible, and selective since no change 
occurred to the amplitude, closed-time, or CNQX’s ability to completely block the 
channel fluctuations. The polyanion heparin (10 μg/ml) also strongly prolonged 
the open channel lifetime without affecting other AMPA channel properties. In 
addition, the effect of heparin on open channel lifetime was decreased when the 
voltage applied to the bilayer was increased. As controls, the uncharged 
polysaccharide dextran and the monomer constituent of heparin (i.e. glucosamine 
2,3-disulfate) were each shown to have no effect on AMPA channel kinetics. In 
conclusion, these results suggest that AMPA receptors contain multiple sites for 
functional regulation (supported by grants FAA 93-G-058 and AFOSR 89-0383).

40.9

CH A R A CTERIZA TIO N  OF AN A A V -D ERIV ED  CONSTRUCT 
CONTAINING AN ANTISENSE NMDA-R1 GENE. D.H. Shafron. A.L. Day. 
B. Jebelli. S. Wang. R.T. Frizzell. E.M. Meyer*. Univ. of Florida College of 
Medicine, Gainesville, FL, 32610.

NMDA-R1 antisense oligonucleotides recently were shown to down-regulate 
NMDA-R1 receptor density in vivo, and to be protective against excitotoxic cell 
damage in a rat model of ischemia. Similar technology was effectively used to 
reduce sound-induced seizure frequency in genetically prone mice. Long-term 
control against glutamate-induced excitotoxic cell injury, however, may require 
the use of continuous promoter-driven expression of antisense genes in neurons. 
Adeno-associated virus (AAV) based vectors were developed by our laboratory 
for post-mitotic gene transfer and stable expression using several neuronal 
systems. These systems include hypothalamic neuropeptide Y (NPY) gene 
delivery and expression, increasing hypothalamic NPY immunoreactivity and 
food intake in rats. We now describe the subcloning of a 2063 base-pair 
fragment of the NMDA-R1 gene, in an antisense orientation, into an AAV-based 
gene delivery system in order to effect long-term expression of this anti-sense 
gene product. This fragment was isolated and blunt-end ligated into pJDT95dlk, 
an AAV-based gene delivery plasmid, downstream from the indigenous AAV 
p5, p 19, and p40 promoters. Cultured PC-12 cells were subsequently transfected 
with this construct utilizing Lipofectaminc (Gibco BRL). Transfected cells 
showed no morphologic changes, and there was no difference in cell viability 
compared to control cells transfected with pJDT95dlk without inserL Reverse- 
transcriptase polymerase chain reaction was utilized to evaluate for AAV vector 
driven expression of the antisense NMDA-R1 insert 4 days post-transfection. 
This analysis showed a strong band of appropriate size in the experimental 
group, which was characterized further with endonuclease digestions. Studies 
are underway to examine the effects of long-term expression of this antisense 
product in other neuronal preparations, including brain.

40.6
NEURON-SELECTIVE DNA ELEMENTS IN THE RAT GLUR2 GENE.
J. Peters, S.J  Myers , M , Comer, F. Barthel+ and R. Dingledine* Dept. 
Pharmacol., Emory Univ., Atlanta, GA; +U. Louis Pasteur, Strasbourg Fr.

Recombinant AMPA receptors that contain a GluR2 subunit exhibit very low 
calcium permeability, whereas receptors assembled without the GluR2 subunit 
have high calcium permeability similar to that of NMDA receptors. Thus the 
genetic control, transcriptional and/or translational, of GluR2 expression by 
neurons is key to determining the permeation properties of native glutamate 
receptors. The 5 ’ flanking sequence of the GluR2 gene was isolated in an ~18 
kb rat genomic DNA clone in λ-DASH II. A 5.5 kb Xbal fragment containing 
the 5 ’ end of the GluR2 coding sequence was subcloned. Sequencing of 5 ’ 
RACE products revealed five upstream ATG codons, multiple transcriptional 
start sites, one extending 481 bp upstream of the translational initiation codon, 
and no evidence of introns in the 5’ flanking region. The sequence -783 to +372 
(relative to 5’-most transcriptional start) was subcloned into a promoterless 
luciferase reporter gene for expression by primary cultures of rat cortical 
neurons, cortical glia, COS-7 and HeLa cells. This GluR2 sequence was 1.8 
to 2.3-fold more effective than the SV-40 promoter for driving luciferase 
expression in neurons, and 9-26 times more effective in neurons than in the 
non-neuronal cell types. Inspection of the relative activity of 26 deletion 
constructs in the four cell types supports the location of the transcriptional 
starts and revealed two potentially important domains, one suppressing and one 
enhancing luciferase expression in neurons. In addition, preliminary evidence 
suggests that low expression in non-neuronal cells may be due in part to the 
presence of a neuron restrictive silencer element. These constructs should be 
useful for study of the regulation of GluR2 expression in neurons.

40.8

μ -OPIOID RECEPTOR-MEDIATED REDUCTION OF AMPA-ACTIVATED 
CURRENT IN DORSAL HORN NEURONS OCCURS VIA A G PROTEIN. M. 
Randić * and M. Kolai . Dept. of Vet. Physio l. and Pharmacol., Iowa State 
University, Ames, IA 50011.

To understand how μ -opioid receptor activation affects the excitability of 
spinal dorsal horn (DH) neurons, we exam ined the actions of μ -opioid receptor 
se lective  agonistsTyr-D-Ala2-Gly-N-Me-Phe4-Gly-ol-enkephalin (DAGO) andTyr- 
P ro -N -M e-Phe-D -Pro-N H 2 (P L017) on  α -am lno-3-hydroxy-5 -m ethy l-4 - 
isoxazolepropionic acid (AMPA)-induced current responses of acutely isolated 
neurons from  the spinal dorsal hom  (laminae l-IV) of the  young rat. When the 
cells were clam ped to  a hold ing potential o f -60 mV, co-application of μ - 
selective agonists ( l 0-9-10-6M) and AMPA (50-150μ M) reversibly decreased the 
peak amplitude of the initial transient and steady-state com ponent of the AMPA- 
induced current in a dose-dependent m anner in 80% of the examined cells. The 
μ -opioid receptor-selective antagonist CTAP (100nM) blocked the depressant 
effect of DAGO and PL017. S imilar results were obtained using whole-cell 
perforated patch technique. To determ ine w hether μ -opioid receptors reduce 
AMPA-activated currents by means of a G-protein-dependent pathway we used 
nonhydrolyzable GTP analogs, GTP-γ -S and GDP-0-S. Depression of AMPA 
current by P L017 was enhanced and rendered irreversible by intracellular 
adm inistration of GTP-γ -S, an activa tor o f G-proteins, but was significantly 
reduced by GDP-β -S, an inhibitor o f G -protein activation by GTP. Our results 
indicate that in acutely isolated rat DH n eu ro ns μ-opioid receptors inhibit AMPA- 
activated current through activation o f a G-protein. This action may contribute 
to  the regulation of the strength o f the prim ary afferent neurotransmission, 
including nociception (Supported by NS-26352 and IBN-9209462).

40.10

DISSOCIATION BETWEEN CORTICAL ACETYLCHOLINE (ACh) 
RELEASE AND LOW-VOLTAGE FAST (LVFA) EEG ACTIVITY BY 
AMPA AND NMDA ANTAGONISTS APPLIED TO THE BASAL 
FOREBRAIN. J.C.Szerb, D.D.Rasmusson and R.P.Croll* Dept. Physiology/ 
Biophysics, Dalhousie University, Halifax, N.S. B3H 4H7 Canada.

Input from the pedunculopontine tegmentum (PPT) to the n.basalis 
magnocellularis (NBM) is probably glutamatergic, since application of 
kynurenate, a non-specific glutamate antagonist, to the NBM reduces PPT- 
stimulation induced increase in cortical ACh release and LVFA (Rasmusson 
et al. Neuroscience 60:665-677, 1994). To see the role o f AMPA and 
NMDA receptors, PPT was stimulated (100 Hz, for 1 sec, every min) 
during two 20 min periods in urethane-anesthetized rats. EEG was analyzed 
with fast Fourier transform and LVFA was the fraction of 20-40 Hz of the 
total 1-40 Hz activity. ACh release in the somatosensory cortex was 
measured by microdialysis. The NMDA antagonist CPP (0.1-1.0 mM) and 
the AMPA antagonist DNQX (0.01-0.1 mM) were applied to the NBM by 
microdialysis during the second stimulation period. Results were expressed 
as the ratio of the effects of the two stimulations. CPP decreased evoked 
ACh release without interfering with LVFA, while DNQX selectively 
inhibited LVFA. Results suggest: 1.Cortical LVFA and increased ACh 
release can occur independently; 2.In the rat NBM, AMPA receptors do not 
participate in the activation of cortically projecting cholinergic neurons, in 
agreement with the immunofluorescence studies of Martin et al.(J.Neurosci. 
13:2249-2263, 1993). (Supported by the Canadian MRC).
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40.11
A GENERAL METHOD FOR DETERMINING THE RATE CONSTANTS OF 
KINETIC MODELS FOR THE NMD A RECEPTOR COMPLEX. 1,2G.A. Chauvet*. 
1J-M. Chré ien, 2T.W. Burger, -Institut de Biologic Théorique - 10 rue A. Bocquel - 
49100 ANGERS (FRANCE). 2Department of Biomedical Engineering, University 

of Southern California, Los Angeles, CA 90089 (USA)
Specifically, we have conceived a general formalism giving rise to the 

determination of the postsynaptic current induced by the NMDA channel opening for 
any experimental hypothesis. Then, using an optimization technique we have identify 
the rate constants for the given model. More generally, in order to pharmacologically 
study neural network activity, the aim is to integrate the kinetic behavior of the 
NMDA channel complex receptor into the neurophysiological system which describes 
the population of neurons.

All the possible transitions between the different states of the channels are included 
in the model. Constraints are expressed in terms of general and specific hypotheses. 
General hypotheses express known facts for this kind of channel (e.g. only one ligand 
can bind to a given site at a given time). Specific hypotheses concern possible 
transitions assumed between ligand configuration and channel conformation state (e.g. 
channel opening occurs only when all sites are occupied). Each of these hypotheses 
is mathematically expressed in the form of an operatorial rule. The set of rules 
exclusively determines the state transitions matrix of the kinetic system describing 
channel behavior.

We have applied this method to known cases found in the litterature. Results of 
the calculation based on this formalism agree with experimental results.

Used jointly with an optimization technique this formalized approach has allowed 
us to easily implement on a computer the general determination of rate constants for 
any kinetic model of the NMDA complex receptor.

40.13

PHARMACOLOGICAL CHARACTERIZATION OF INWARD 
CURRENT EVOKED BY N-METHYL-D-ASPARTATE IN 
DOPAMINE NEURONS IN THE RAT BRAIN SLICE. Y.-N. Wu and 
S.W. Johnson*. Department of Pharmacology, Oregon Health Sciences 
Univ.,OR 97201

Whole-cell recordings were made from rat midbrain slices to 
characterize the NMDA currents in dopamine neurons of the 
substantia nigra and ventral tegmental area. Inward currents evoked by 
NMDA (10 pM) were voltage-dependent, with a region of negative 
slope conductance between -50 mV and -90 mV which was Mg2+- 
dependent. NMDA currents were reduced in low Na+ (25 mM, balance 
choline), and were not affected by low (0.5 mM) Ca2+. 7-Cl 
kynurenate (100 μ M) blocked the effect o f NMDA applied locally by 
pressure-ejection, and it blocked synaptic currents mediated by NMDA  
receptors. The channel blockers phencyclidine (10 pM) and MK-801 
(100 μ M) completely blocked NMDA currents. Spermine (1 mM) 
reduced synaptic currents mediated by NMDA receptors, but failed to 
affect locally applied NMDA. Zinc chloride (100 μ M), amantadine (1 
mM), felbamate (1 mM), and exogenous glycine (1 mM) failed to 
affect NMDA currents. These data suggest that NMDA receptors in 
dopamine neurons have unique pharmacological characteristics which 
may reflect the subunit composition of these receptors.

40.15

TEM PO RA L SUM M ATION O F NMDA CU RRENT IN TH E M EDIAL 
VESTIBULAR NUCLEUS OF TH E RAT. L. N. Eisenman.* G. A. Kinney. 
N. T. Slater. B. W. Peterson, and J. C. Houk. Dept. of Physiol., Northwestern Univ. 
Med. School, Chicago, IL 60611-3008.

Biophysical studies have contributed to the development of kinetic models of the 
NMDA receptor capable of simulating responses of both membrane patches and 
synaptic responses from hippocampal neurons. We have previously reported that 
when using hippocampal synaptic parameters, the NMDA kinetic model saturates at a 
stimulus rate of 20 Hz. We chose to study temporal summation in the medial 
vestibular nucleus (MVN) because 1) the MVN provides part of the anatomical 
substrate of the vestibular-ocular reflex - a widely studied motor behavior, 2) the 
MVN receives vestibular afferent inputs firing at rates up to several hundred Hz., and 
3) the primary afferent input includes an NMDA component.

NMDA receptor-mediated currents occurring in response to electrical stimulation of 
nVIII were recorded from a rat slice preparation using the whole-cell patch clamp 
technique. Responses to individual stimuli were recorded from 3 cells at holding 
potentials between -90 and +50 mV, incremented in 10 mV steps. Individual 
responses were well fit by the kinetic model. Responses to 10 stimuli delivered at 1, 
3, 5, 10, 20, 50, and 100 Hz were then recorded from 11 cells. Responses at each 
frequency were fit by the model. Plots of the model parameters, averaged across cells, 
vs. stimulus frequency suggest a frequency dependence of the parameters which was 
confirmed for 3 of 5 model parameters by non-parametric, repeated measures ANOVA 
(p < 0.05). Thus, there may be activity-dependent modulation of the NMDA receptor.

High frequency responses varied from rapid saturation with subsequent 
desensitization to those that did not saturate. A plot of normalized average current, 
averaged across cells, vs. stimulation frequency shows that saturation does not occur 
below 100 Hz. We hypothesize that the greater dynamic range of NMDA receptors in 
the MVN compared to the hippocampus and the variability between cells within the 
MVN are a consequence of the varying stoichiometry of different NMDA receptor 
subtypes which impart different kinetic properties.

40.12
COMPARISON OF AMPA AND NMDA RECEPTORS IN THE 
EXPRESSION OF SHORT- AND LONG-TERM POTENTIATION. X. Xie*. 
A, Ji and T W Berger Dept. o f  Biomedical Engineering and Program in 
Neuroscience, Univ. o f Southern California, Los Angeles. ( ’A 90089)

Both postsynaptic AMPA and NMDA receptors have been shown to express STP 
and LTP. Since they play rather different roles in synaptic transmission, these two 
receptor subtypes may have their own unique modification processes. In this study. 
rabbit hippocampal slices were perfused in media containing picrotoxin (50μM) and 
different concentrations of Mg2+ (0. 0.1. or 1.0 mM). Field EPSPs of dentate granule 
cells were evoked by stimulating perforant path axons The NMDA receptor- 
mediated component of the field EPSPs was isolated by applying CNQX (10 μM) to 
the media At 0mM Mg"‘. neither AMPA nor NMDA component showed LTP 
measured at 30 nun post HFS (100Hz) However, robust STP (duration. ~ 10 nun) 
was induced for the AMPA component. NMDA receptor activation is unlikely to be 
saturated under this condition since large PTP still could be observed within 30 sec 
after HFS. At 0.1 mM Mg2+ . both AMPA and NMDA components demonstrated 
moderate and comparable LTP But STP expressed b\ AMPA component was much 
greater in magnitude with longer decay time course At 1.0nM Mg2+. greater LTP 
was expressed by AMPA component. The NMDA component has not been tested at 
this Mg2+ concentration Our results demonstrate: 1) STP is expressed differently by 
AMPA and NMDA components suggesting that they may have different expression 
mechanisms and STP is postsynaptic in origin, and 2) AMPA and NMDA 
components express LTP in similar magnitude at 0.1 mM Mg2+. While both arc 
unable to express LTP at OmM Mg2+ Further studies are in progress to determine if 
this failure is due to overactivation of NMDA receptor at trace concentration of 
Mg2+ by low frequency events, such as test stimulation and spontaneous activities, 
or due to prevention of intracellular Mg2+dependent phosphorylation of relevant 
proteins Supported by ONR. N1H BMSR, Human Frontiers Org.. and NIMH

40.14
Desensitization of AMPA Response: A Direct Comparison of 
Electropharmacology and Binding in Rat Cortical Slices. Kenneth Curry , Jill 
McEachem and Chris Shaw*University of British Columbia, Departments of 
Physiology 2146 Health Sciences M all. Vancouver, British Columbia V6T 1Z3, 
Canada.

The acidic amino acid 2-amino-5-methyl-4-isoxazolepropionic acid (AMPA) has 
specific actions on neurons to produce depolarization via ligand gated ion 
channels. These actions are known to be rapidly desensitized possibly through 
receptor phosphorylation. The desensitization phenomenon is not well understood 
and we have attempted to study it using two different techniques. Gross field 
potentials can be recorded from slices of cortical tissue using the "cortical wedge" 
preparation. Standard responses to archetypal agonists and antagonists 
demonstrate the validity of the method and we have used this technique to study 
the effects of AMPA at varying concentrations and duration of application. AMPA 
was applied at concentrations of 1, 2, 5, 10 and 20 pM for periods of 2, 5, 10,15 
and 20 minutes. At high concentrations the responses were rapidly diminished to 
the extent that baseline levels were achieved within the 2 minute application 
period. At low concentrations (1 and 2μM) depolarizations were difficult to detect 
even on prolonged application. The most revealing results were obtained a 5μ.M 
AMPA where the effects could be seen at all application time periods. At this 
concentration it was possible to achieve a steady level of desensitization at 10, 15 
and 20 minutes resulting in an overall reduction in d.c. potential of 40%. This 
effect was fully blocked by the antagonist DNQX and recovered to starting levels 
after 1 hour. Parallel experiments using cortical slices exposed to 5μM AMPA for 
varying times gave the same pattern of desensitization as evaluated by a change in 
the total binding, Bmax. The results are expressed as d.c. field potential traces and 
graphical analysis of electrical and binding data.

40.16

GLUTATHIONE EFFECTS ON THE GLYCINE SITE OF THE N - 
M ETHYL-D-ASPARTATE RECEPTOR. R.D. Trent* and S.W. 
Leslie. Division o f Pharmacology and Toxicology, The University of 
Texas at Austin 78712-1074.

Glutathione (y-glutamyl-cysteinylglycine) stimulates the influx of 
calcium into dissociated brain cells from newborn rat (< 24 hr old). 
The response can be induced by both the reduced form (GSH) as well 
as the oxidized disulfide form (GSSG), minimizing the possibility that 
a redox site is implicated. The influx o f calcium can be blocked by 
the N -methyl-D-aspartate (NM DA) receptor antagonists APV, M g2+, 
MK-801 and dichlorokynurenic acid (DCKA).

This study characterized the effect o f DCKA, an NM DA glycine- 
site antagonist, on NM D A-, GSH- and GSSG-stimulated calcium  
influx into fura-2 loaded brain cells isolated from newborn rats. Full 
concentration-response curves o f DCKA (0 - 750 nM) were run in the 
presence of maximal concentrations o f NM DA (50μ M), GSH (2mM) 
and GSSG (2mM). W hile DCKA was able to maximally block the 
NM DA response to approximately 10% o f  control, the glutathione 
responses were reduced to approximately 65% o f their respective 
controls. IC50’s for DCKA against the three agonists were not 
different from each other. These results could be indicative o f a 
glutathione interaction at the glycine site o f the NM DA receptor.

To test for the specificity o f the DCKA response, a glycine  
concentration-response curve was run in the presence o f GSH and 
DCKA. The inhibition o f the GSH response by DCKA could be 
reversed in a dose-dependent manner by the addition o f  glycine. 
(Supported by NIAAA grants R01 A A09337 and R37 AA05809)
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40.17
MODULATION OF GLUTAMATE-INDUCED [Ca2+]i OSCILLATIONS IN 
ASTROCYTES WITHIN VISUAL CORTICAL SLICES.L. Pasti. G. Carmienoto*. 
and T. Poz.zan. Dept. of Biomedical Sciences, University of Padova, 35127 Padova, 
Italy.

Astrocytes in culture have been shown to respond to the excitatory 
neurotransmitter glutamate with a rapid elevation of the |Ca2+]i often followed by 
a pattern of regular (Ca2+]i oscillations. We previously reported that astrocytes 
from the visual cortex display a long lasting modification of their oscillatory 
response upon repetitive activation of the metabotropic glutamate receptor 
(mGluR). In the present study we investigated whether glutamate and other 
selective agonists of the different glutamate receptor subtypes induce a change in 
the [Ca2+]i of visual cortical astrocytes in brian slices. Slices (100-150 μm) from 
young rats at postnatal day 5-15, were loaded with the fluorescent calcium 
indicator Indo-1 and the change of [Ca2+]i analyzed by the real time confocal 
microscope. A number of cells responded to the stimulation of the mGluR by t- 
ACPD (10-100μM) with a transient elevation of their [Ca2+]i and/or [Ca2+]i 
oscillations. Oscillating cells were subsequently identified, by 
immunocytochemical staining, as GFAP-positive astrocytes. These glial cells 
were observed to be much more sensitive than neurons to t-ACPD stimulation, 
being the increase in [Ca2+]i following the application of t-ACPD at low 
concentration (10 μM) present predominantly in astrocytes. Oscillations were 
generally less regular and sustained than those observed in cultured astrocytes. 
Similarly to cultured astrocytes, the pattern of the oscillatory response changed 
upon repetitive activation of mGluRs. These results indicate that visual cortical 
astrocytes are very sensitive to t-ACPD stimulation and suggest the possibility that 
these glial cells in situ display the same long-lasting modifications of oscillatoy 
responses as originally observed in culture

40.18
MAMMALIAN CELL LINES FUNCTIONALLY EXPRESSING 
IONOTROPIC GLUTAMATE RECEPTORS, AT HIGH DENSITY, 
UNDER THE CONTROL OF A SWITCHABLE SYSTEM. K .M. 
Houamed*,.J .S. Rasmussen, F.C. Wiberg, P. Wahl. K. Hansen. C. 
Anker. D. Pedersen. J. T. Radzikowska. N.B. Petterson. J. 
Egebjerg. N oyo Nordisk A/S, DK-2880 Bagsvaerd, Denmark 

We have used the LacSwitch system (Stratagene) to 
express recombinant glutamate receptors of the AMPA- and 
kainate-preferring subtypes in BHK cells. Cell expressing 
LacI repressor were isolated by hygromicin resistance; 
subsequently GluR expressing cell lines were isolated using 
either G418 or methotrexate as selectable markers.
Glutamate analogs evoked large ionic fluxes, measured as 
membrane currents or radio tracer fluxes, in cells 
expressing homomeric GluR4 or GluR6 (Q). These fluxes 
showed all the hall marks expected of functional GluRs 
including augmentation by modulators, inhibition by 
antagonists, and voltage dependent rectification. We are 
currently attempting to express combinations of different 
GluR subtypes in these cells. This expression system should 
prove a useful tool in pharmacological investigation as well 
as studies of regulation of receptor expression and assembly.

40.19

EFFECT OF NERVE CELL STIMULATIONS USING 
LASER-COUPLED CAGED COMPOUNDS ON [Ca]i IN 
CULTURE. K. Torimitsu* and A. Kawana. NTT Basic 
Research Laboratories, 3-1, Morinosato-Wakamiya,
Atsugi-shi, Kanagawa, 243-01, Japan.

Understanding the development of neural circuits, non- 
invasive and non-destructive measurement of neural 
activity is essential. Recently, photostimulation of brain 
slices using caged compounds has been reported. Here we 
report the effect of laser-coupled photostimulation using 
caged compound of glutamate or GABA on [Ca]i of chick 
or rat nerve cells in culture. The compounds are excited by 
N2 laser which was attached and introduced to the inverted 
microscope. The amount of neurotransmitters could be 
controlled by the pulse length and intensity and/or the 
concentration of the compounds. Photostimulations were 
carried under the continuous measurement of Fluo-3 
intensities, intracellular Ca concentration, by either SIT 
camera or cooled CCD camera. As the laser beam diameter 
is about 5μ , it is possible to apply the glutamate or 
GABA in small area, such as single cell or dendrites.
Transient Ca increase and transmission of the response 
were measured when caged glutamate was used.

E X C IT A T O R Y  AM INO A C ID  R E C E P T O R S  III

41.1

THE NR2A SUBUNIT OF THE NMDA RECEPTOR IS PHOSPHORYLATED IN  
SITU  IN THE RAT HIPPOCAMPAL SLICE
Lickteig .  R.L . Eggeman, K T. and Browning. M.D. * Dept of Pharmacology, Univ. 
Colorado H.S.C., Denver, CO 80262.

NMDA receptors are believed to play a critical role in long-term potentiation, 
development and excitotoxicity. These receptors are heterooligomeric complexes 
composed of subunits from two related gene families, NMDAR1(NR1) and NMDAR2, 
which contains four genes (NR2A-D). A combination of NR1 and one or more of the NR2 
subunits is required to produce recombinant channels with conductances similar to 
physiological receptors. We and others have shown that PKC potentiates NMDA receptor 
function. The NR1 subunit has been shown to be phosphorylated in vitro and in cultured 
neurons but this phosphorylation does not seem to play a role in the PKC mediated 
potentiation of the NMDAR A fusion protein representing the entire carboxy terminus of 
NR2A ( a.a 827-1485, NR2Afp) is an excellent substrate for both PKC and CaM Kinase 
II. To attempt to determine whether the NR2A subunit is phosphorylated in situ in the 
hippocampus, we prepared polyclonal immunoprecipitating antibodies by using a C- 
terminal fusion protein for NR2A as immunogen. The antibody quantitatively and 
specifically immunoprecipitates the 177 Kd NR2A subunit from SDS solubilized 
hippocampal slices. To determine if the NR2A subunit is phosphorylated in situ, 
hippocampal slices were incubated in 32P for 90 min and then NR2A was 
immunoprecipitated. The 177 Kd NR2A exhibited a substantial basal incorporation o f32 
P. We examined the phosphorylated NR2A by one-dimensional phosphopeptide mapping 
and found that the pattern of fragments bore a marked resemblance to that obtained from 
the in vitro phosphorylated NR2Afp. These data indicate that the NR2A subunit of the 
receptor is phosphorylated in situ in the hippocampal slice and that some of the sites 
phosphorylated may reside in the C-terminal portion of the receptor. Supported by 
AG04418 and AA09675.

41.2
PROTEIN LEVELS OF NMDA RECEPTOR SUBUNITS NR2A AND NR2B ARE 
HIGH IN RAT HIPPOCAMPUS K .T Eggeman*. R L. Lickteig, and M.D. Browning. 
Dept. of Pharmacology, Univ. of Colorado Health Sciences Center, Denver, CO 80262.

NMDAR's play a critical role in the production of long term potentiation (LTP) in the 
CA1 region of the hippocampus, however the molecular mechanisms responsible for 
induction and maintenance of LTP are still unknown. Five subunits of the NMDAR have 
been identified, NR1 and NR2A-D. The NR1 subunit contains four exons that can be 
alternatively spliced resulting in proteins with different functional properties. Only one 
report has indicated that a member of the NR2 family (NR2C) can be alternatively spliced. 
A combination of NR1 and one or more of the NR2 subunits is required to produce 
recombinant channels with conductances similar to physiological receptors. We generated 
antibodies to the NR2A and NR2B subunits to study the expression of these proteins and 
also to examine their potential role in LTP. The antisera were raised against fusion proteins 
(30 kDa) constructed from the C-terminal ends of NR2A and NR2B. The specificities of 
the antisera were determined by western blot analysis. A 177 kDa protein band from either 
brain homogenates or synaptic plasma membranes (spms) is recognized by the anti-NR2A 
serum. This immunolabeling can be blocked by preincubation with the NR2A fusion used 
as the antigen but not the NR2B or NR2C fusion proteins. Similarly, a 159 kDa protein 
band is recognized by the anti-NR2B serum and this immunolabeling can only be blocked 
by preincubation with the NR2B fusion used as the antigen. Western blot analysis with 
these antisera revealed that both NR2A and NR2B are present in high concentrations in the 
hippocampus. Immunolabeling in the forebrain was approximately three times weaker than 
in hippocampus Immunolabeling was barely detectable in the cerebellum with the NR2A 
serum and was not detected with the NR2B serum. The antisera to NR2A and NR2B 
quantitatively immunoprecipitate their respective proteins from solubilized hippocampal 
slices. These tools will enable us to directly access the effect of LTP inducing treatments 
on the level and phosphorylation of the NR2A and NR2B subunits of the NMDAR. 
Supported by PHS AG04418 and AA09675.
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41.3
A COMPARISON OR THE BINDING OF IFENPRODIL,
ELIPRODIL, HALOPERIDOL AND TRIFLUPERIDOL TO THE NMDA 
RECEPTOR COMPLEX IN RAT BRAIN: FURTHER EVIDENCE OF 
SELECTIVITY FOR THE NR2B RECEPTOR SUBTYPE. J .J  Cordon* and L.L. 
Coughenour. Parke-Davis Pharmaceutical Research Division, Warner-Lambert 
Company, Ann Arbor MI, 48106.

Recently, it has been demonstrated that ifenprodil, eliprodil, halopendol and 
trifluperidol exhibit a marked selectivity for the NR2B subtype of the NMDA receptor. 
We found that these agents all inhibited the binding of the channel blocker 
[3H]thienylcyclohexylpiperdine to extensively washed, frozen/thawed rat forebrain 
membranes in a distinctly biphasic manner. The IC50 to inhibit the high affinity sites 
(%) was: ifenprodil, 0.09 uM (43%), eliprodil, 0 788 uM (44%), haloperidol, 1.9 uM 
(44%); trifluperidol, 0.45 uM (50%). The selectivity for inhibition at the high affinity 
site over the low affinity site was 767, 108, 68 and 453 fold respectively. Maximal 
inhibition of these agents in [3H]glycine binding to the strychnine insensitive coagonist 
site of the NMDA complex was 43% for ifenprodil, 26% for eliprodil, 21% for 
halopendol and 18% for trifluperidol. Maximal inhibition was reached at 
concentrations <1 uM for ifenprodil, eliprodil and trifluperidol and <10 uM for 
haloperidol and remained unchanged at concentrations upto 100 uM. The binding of 
halopendol and trifluperidol to the NMDA complex is similar to that previously 
reported for ifenprodil.

41.5
REGULATION OF NMDA RECEPTOR SUBUNIT GENE EXPRESSION IN RAT 

CEREBELLAR GRANULE CELLS.
F. Tascedda*b R. M oltenib . G. Racagni b and M.A. Riva a,b. a Di.Bi.T., San 
Raffaele Hospital, and b Center for Neuropharmacology, University of Milan, Via 
Balzaretti 9, 20133 Milan, Italy.

The N-methyl-D-aspartate (NMDA) receptor is a glutamate-gated ion channel 
which plays important roles in many functions of glutamate neurotransmission in 
the CNS. Different groups have identified by molecular cloning two families of 
brain NMDA receptors termed NMDA-R1 (NR-1), which occurs in different splice 
variants, and NMDA-R2 (NR-2; A,B,C,D). We employed a sensitive RNase 
protection assay to determine simultaneously the mRNA levels for these receptor 
subunits and analyzed the regulation of their gene expression in rat cerebellar 
granule cells (GC) under different culturing conditions. The maturation of GC in 
vitro is favored by depolarizing concentration of KC1 (25 mM, K+25): under these 
conditions the expression of NR1 and NR-2A increased to reach a maximal 
expression around the 7th day in culture (div). Moreover the mRNA levels of these 
subunits was always higher in cells grown in K+25 with respect to K+10, a condition 
which does not allow complete maturation of the cells. Conversely the expression 
of NR-2B, the other subunit expressed in cultured GC, was high at div 4 and 
decresed progressively as cell underwent maturation. Interestingly, its expression 
was higher in C,C grown in K+10, to suggest its possible role in immature cells. The 
gene expression of NMDA subunits may also be altered by acute changes in culturing 
conditions. In fact, when GC grown in K+25 for 7 days were shifted to a K+10 
medium, we observed a reduction of NR-2A with a concomitant elevation in the 
gene expression of NR-2B. When GC at 7 div were brough from K+25 to K+10, a 
marked reduction of NR-2B mRNA levels was observed. The expression of NR-2C, 
which in vivo is predominant in the mature cerebellum, is not expressed under 
normal culturing conditions, but can be induced in the shift from high to low K+ 
concentration. These data indicate that the maturation as well as the actuation 
state of cerebellar GC can influence the expression of NR subunits and consequently 
may alter the functional state of this receptor complex.

41.7

COLOCALIZA TION OF N M D A  RECEPTO R (N M D A R )-l (NR-1) IN 
STRIA TAL N EURO NS EX PRESSIN G SO M A TO STA TIN  (SS), N EU RO - 
PEPTID E Y (NPY ) AN D NA D PH -D IA PH O RA SE. U. Kumar, K. Asotra, S.C. 
Patel, and Y.C. Patel*. Fraser Labs, M cGill University, M ontreal, Canada and 
New ington VAM C, CT.

The subset o f  striatal neurons which colocalize SS, NPY, and NA DPH -d are 
selectively resistant to neurodegeneration in H untington’s Disease (HD) and 
to excitotoxic cell death induced experim entally  with N M D AR agonists. To 
determine whether such resistance is conferred by the absence o f  NM D AR in 
SS/NPY/NAD PH-d neurons, we have investigated the colocalization o f  NR-1 
with SS/NA DPH -d and with N PY /N A D PH -d by double imm unofluorescence 
labelling o f NR-1 and SS or NR-1 and N PY , together with NADPH-d 
histochem istry in cultured rat striatal cells. Specific imm unofluorescence was 
detected with fluorescein (NR-1) and rhodam ine (SS or NPY ) conjugated 
antibodies. The m ajority o f  striatal N A D PH -d neurons coexpressed SS and 
NPY. These cells were also strongly positive for the HD gene product 
huntingtin which was w idely expressed in m ost striatal neurons. 17% o f SS 
producing neurons were strongly positive for NR-1; the rem aining cells 
(~ 80%) exhibited w eak but definite NR-1 expression. Com parable data were 
obtained with NPY positive neurons 15% o f  w hich colocalized NR-1 strongly 
and 70-80%  weakly. By volum e rendering analysis o f  laser scanning confocal 
images, NR-1 labelling was restricted to the cell surface. Conclusions: NR-I 
is detectable in m ost SS/N PY /N A D PH -d neurons. The relative abundance 
varies between a small subset o f  neurons that are NR-1 rich and the remainder 
that express low levels only and m ay determ ine susceptibility to NM DAR 
m ediated neurotoxicity.

41.4
Ifenprodil and Polyamines Bind to Distinct regions of the NMDA 
Receptor Complex: a Study Using Chimeric NMDAR2 Subunits
M.J. Gallagher, D.R. Lynch, D.B. Pritchett and M.B. Robinson*, Department 
of P ha rm aco log y, U n ivers ity  of P en n sy lva n ia , D e pa rtm e n t of C hild  
D evelopm ent, C h ild ren ’s Seashorehouse, and D epartm ent of Neurology, 
University of Pennsylvania, Philadelphia, Pennsylvania, 19104

Ifenprodil is a non-com petitive antagonist of the NM DA receptor and has 
been postu la ted  to com pete  w ith  po lyam ines at the  sam e site (Mol. 
Pharmacol., 36 (1989) 758-65). The a ffin ities of NR1A/N R 2B and NR1 A/ 
NR2A for ifenprodil are 1 uM and 100 uM respectively. Likewise, receptors 
com prised of NR1A/N R 2B subunits are stim u la ted  by polyam ines unlike 
NR1 A / NR2A com binations. By m easuring the ability  of these agents to 

d isp lace  1 2 5 I-M K-801, we have d em on stra te d  tha t the  ifenprod il and 
polyam ine  sites are indeed d istinct. N R 1B / NR2B and N R 1B / NR2A 
receptors when transfected into HEK 293 cells have an a ffin ity for ifenprodil 
like 1A/2B com binations (1 uM), while 1B/2A com binations dem onstrate low 
affinity (150 uM). Neither of the dim eric com binations contain ing the splice 
variant NR1B showed any polyamine stimulation. In addition, all of the splice 
variants showed high a ffin ity  ifenprodil inh ibition  when coexpressed  with 
NR2B, unlike the effects of polyam ines. C him eric receptors com posed of 
portions of the mouse form s of NR2A and NR2B (e1 and e2) have also been 
used to localize the high affinity ifenprodil site between am ino acids 178 and 
376 of the N-term inus of NR2B. Polyamine stim ulation does not map to this 
region, and polyamine binding is likely to be more com plex due to interaction 
with both NR1 and NR2 subunits. A dditional ch im eras and site directed 
m utants will be characterized to determ ine the site of high affin ity ifenprodil 
binding. (N IH-DA07130)

41.6
AN INVESTIGATION INTO THE RATIOS OF NR1, NR2A AND NR2C 
CLONES USED FOR MAMMALIAN CELL TRANSFECTION ON THE 
PHARMACOLOGICAL PROFILE OF THE RESULTANT RECOMBINANT NMDA 
RECEPTOR POPULATION. S. Coleman, P.L. Chazot;, M. Cik and 
F .A . Stephenson*.
School of Pharmacy, University of London, 29/39 Brunswick 
Square, London WC1N 1AX, UK.

We have previously reported pharmacological and 
immunochemical evidence for the coassociation of three NMDA 
receptor subunit types within a single oligomer following 
the transient coexpression of the NRl, NR2A and NR2C 
polypeptides in human embryonic kidney (HEK) 293 cells (1). 
During that study, it was found that the ratios of the 
respective clones used for mammalian cell transfection 
influenced the pharmacological properties of the expressed 
receptor. In double combination transfections, NR1/NR2A had 
a KD = 7 ± 2 nM for [3H ] MK801 binding compared to KD = 346 
± 158 nM for NR1/NR2C receptors. In triple combinations a 
1:3:10 NRl/NR2A/NR2C DNA ratio yielded a receptor which was 
reminiscent of NR1/NR2C with respect to [3H] MK801 binding. 
In contrast, 1:3:3 and 1:10:3 NRl/NR2A/NR2C transfections 
yielded NMDA receptors which were not distinguished on the 
basis of their KD for [3H] MK801. To investigate this
further, a more detailed pharmacological profile of HEK 293 
cells triply transfected with NRl/NR2A/NR2C clones with DNA 
ratios 1:10:3, 1:3:3 and 1:3:10 was carried out. This
included the determination of the IC50s and respective Hill 
coefficients for the displacement of [3H] MK801 binding by 
MK801, ketamine, TCP, Mg2+, Ca2+ and Zn2+ . The KIS for this 
series of compounds were differentially influenced by the 
DNA ratios used and for each, no evidence for binding site 
heterogeneity was found. These results may be extrapolated 
to yield insights into subunit stoichiometry and assembly. 
1. Chazot PL, Coleman SK, Cik M & Stephenson FA (1994) 

J.Biol.Chem. 269, 24403.

41.8

EXPRESSION AND PHARMACOLOGICAL CHARACTERIZATION OF NMDA 
RECEPTOR CO M BIN ATIO N S N R 1A -N R 2A AND NR1A-NR2B F. Besnard. 
S. Renard. S.Z. Lanaer*and D. G raham . Synthelabo Recherche, 92500 Rueil 
Malmaison, France

The NM DA receptor exhibits com plex pharm acology : polyam ine and open 
channel blockers modulate the basal response elicited by g lutam ate and 
glycine (a necessary co-agonist). M oreover, m olecular cloning techniques 
have identified a num ber of NM DA receptor subunits which have been 
classified in two fam ilies : N R 1 (8 splice variants) and NR2 (4 related subunits 
A-D). To obtain a fully functional receptor at least one N R 1 and one NR2 are 
necessary in heterologous expression system s but the  subunit com positions 
of native receptor subtypes are fo r the most part unknown. In this study we 
have investigated the pharm acological properties of two NM DA receptor 
com binations NR1A-NR2A and NR1A-NR2B. The cDNAs (a gift of Pr 
Nakanishi) encoding these subunits were transiently transfected in HEK293 
cells to provide a convenient heterologous expression system . Expression 
was dem onstrated by W estern blot using antibody (provided by Dr F.A. 
S tephenson) raised against synthetic specific peptides. Equilibrium saturation 
analysis of [125I]MK801 binding to cells transfected w ith NR1A-NR2A or 
NR1A-NR2B produced saturable specific binding and yielded Kd values of 3 
and 3.3 nM and Bmax values of 0.8 and 1.3 pm ol/m g prot, respectively. The 
pharm acological profiles of [125I]MK801 binding to these two receptor 
combinations were investigated in com petitive inhibition experim ents using 
various NMDA receptor ligands including MK801, TCP, PCP, eliprodil and 
ifenprodil. Ifenprodil and eliprodil exhib ited pronounced selectivity for the 
NR1A-NR2B combination. In the absence of inform ation today relative to the 
subunit com position of native NM DA recpetor subtypes, this heterologous 
expression system therefore provides an a ttractive alternative model in the 
search for subtype-selective NM DA receptor antagonists.
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41.9
IDENTIFICATION O F STRUCTURES INVOLVED IN SELECTIVE NO N- 
NM D A RECEPTOR ASSEMBLY.
T .H . J o h a n s e n 1*. W .-S. Z h u 2 , R. W e n th o ld 2 an d  T.A . V e rd o o rn 1  
1Dep artm en t of Pharm acology. V anderb ilt U niv. Sch. o f M ed., N ashville, 
TN 37232-6600; 2Lab. of N eu ro ch em istry , N ID C D , N IH , B ethesda, MD 
20892.

AM PA recep to r sub u n its  do  not assem ble into functional receptors w ith 
k a in a te  recep to r su b u n its  w h en  ex p ressed  in  h o st cells. W e have  used  
chim eric  su b u n its  c o n sis tin g  of sw a p p e d  d o m ain s  from  G luR-Ao and  
GluR -6 to identify  s tru c tu ra l e lem en ts th at recognize ap p ro p ria te  partn ers  
for assem bly. W e exp lo ited  the ab ility  of GluR-Bi to assem ble w ith  and 
linearize the I-V curve of AM PA receptor sub u n its  b u t not kainate  receptor 
su b u n its  w h ich  a lo n e  show  an  in w a rd  rec tify in g  I-V rela tion . GluR-Bi 
linearized  the I-V curve  a fte r  co-injection w ith  G luR-A o (G+50 / G -50 = 
1.62 ± 0.27) b u t not a fter co-injection w ith  G luR-6(Q) (G + 50/G -50  = 0.01 ± 
0 .02).

W e have m easured  the shape  of the  I-V rela tion  o f hom om eric  chim eric 
recep to rs expressed  in  Xenoyus  oocytes an d  com pared  it to w hat is seen 
w hen the ch im eras are  co-injected w ith  GluR-Bi. C h im eras in w hich  either 
the N -term inal of G luR-Ao (GluR-6AA), the C -term inal (GluR-AA6) o r both 
(G luR -6A 6) w ere  su b s ti tu te d  w ith  G lu R -6 a s sem b led  in to  functional 
hom om eric  recep to rs  w ith  p ro p e rtie s  resem b lin g  AM PA recep to rs. The 
receptors had strong ly  inw ard  rectifying I-V rela tions (G +50/G -50 = 0.10 ± 
0.05 [AA61; 0.04 ± 0.06 [6AA] and  0.01 ± 0.02 [6A6]) s im ila r to  the I-V 
rela tion  of GluR-Ao. Co-injection of GluR-116 w ith  Bi resu lted  in com plete 
linerization  of the I-V curve (G+50/ G -50 = 1.3 ± 0.2) w hereas GluR-616/Bi 
co-injection changed the I-V curve less (G+50/ G -50 = 0.19 ± 0.09).

O u r resu lts  suggest that the m ost im p o rtan t s tru c tu res  for contro lling  
subun it assem bly  are  located som ew here in the N -term inal of the subunits.

41.11

N M D A  R E C E P T O R  S U B U N IT  N R 2 A  L O C A L IZ E D  B Y  M O N O 
C L O N A L  A N T IB O D Y . P . S tre it*1, E . M o ln á r2, B . S t ie r li1, Z . N u s s e r2, 
R . L u ja n 2, R .A .F . M c llh in n e y 2 a n d  P . S o m o g y i2. 1B ra in  R e s e a rc h  

In s titu te , U n iv e rs ity  o f Z u ric h , C H - 8 0 2 9  Z u r ic h , S w itz e r la n d ;  2M R C  

A n a to m ic a l N e u ro p h a rm a c o lo g y  U n it, O x fo rd  U n iv e rs ity , O x fo rd  O X 1  

3 T H , U .K .
A  m o n o c lo n a l a n t ib o d y  w a s  ra is e d  a g a in s t  a  s y n th e t ic  p e p t id e  th a t  

c o rre s p o n d s  to  a m in o  a c id  r e s id u e s  4 3 9 - 4 5 3  o f  th e  ra t N M D A  

re c e p to r  s u b u n it N R 2 A . T h is  a n t ib o d y  re c o g n iz e d  th e  f r e e  p e p t id e  in 

E L IS A  a n d  a  d o m in a n t  ~ 1 8 0  k D a  b a n d  in w e s te rn  b lo ts  o n  m e m - 
b ra n e s  fro m  N R 2 A  tra n s fe c te d  C O S  c e lls  a s  w e ll a s  fro m  ra t n e o - 
c o rte x , h ip p o c a m p u s  a n d  c e re b e llu m . Im m u n o c y to c h e m is try  

( im m u n o p e ro x id a s e , - f lu o re s c e n c e )  r e v e a le d  s tro n g  s ta in in g  e .g . in 
th e  c e re b e lla r  g ra n u la r  la y e r , th e  is la n d s  o f C a lle ja ,  th e  s u b s ta n tia  

n ig ra , th e  g lo b u s  p a llid u s , c e r ta in  th a la m ic  n u c le i a n d  th e  s u p e rfic ia l 
n e o c o rtic a l la y e rs . In th e  h ip p o c a m p a l fo rm a tio n , la b e lin g  w a s  
s tro n g e s t in n o n -p r in c ip a l c e lls . M a n y  o th e r  b ra in  a r e a s  w e r e  s ta in e d  

to o , a n d  th e  p a tte rn s  w e r e  g e n e ra lly  c o m p a r a b le  to  th o s e  re p o rte d  
fo r  e x p re s s io n  a t th e  m R N A  le v e l. A t  th e  le v e l o f  e le c tro n m ic ro s c o p y ,  
p r e e m b e d d in g  im m u n o p e ro x id a s e  a n d  im m u n o g o ld  p ro c e d u re s  
s h o w e d  la b e lin g  a t  th e  e x tra c e llu la r  fa c e  o f th e  p la s m a  m e m b ra n e , a  

f in d in g  c o n s is te n t w ith  th e  p re d ic te d  e x t ra c e llu la r  lo c a tio n  o f th e  
e p ito p e  in th e  N -te rm in a l d o m a in  o f N R 2 A . T h e  o c c u r re n c e  o f th is  

s u b u n it  a t  e x tra s y n a p t ic  s ite s  w a s  d e m o n s tra te d  b y  th e  d e n s e  

p e rik a ry a l a n d  d e n d rit ic  la b e lin g  o f c e r e b e lla r  g ra n u le  c e lls .

41.13
EFFECTS OF EMBRYONIC DEAFFERENTATION ON GLUTAMATE 
RECEPTOR EXPRESSION IN SINGLE NEURONS OF THE CHICK 
COCHLEAR NUCLEUS. A. Ravindranathan*. J. Harlan. D. Solum and T. N. 
Parks. Dept. of Neurobiology & Anatomy, Univ. of Utah Sch. Med., Salt Lake 
City, UT 84132.

The survival and development of cochlear nucleus neurons in young birds and 
mammals is profoundly dependent on afferent synaptic input from the cochlear 
nerve. Abolition of the glutamatergic cochlear nerve input to the chick nucleus 
magnocellularis (NM) by surgical removal of the otocyst on embryonic day (E)3 
results in the death of one-third of NM neurons by E l 7. The surviving NM 
neurons are shrunken and receive functional (but pharmacologically-immature) 
glutamatergic synapses from an aberrant projection arising in the contralateral NM. 
To determine if NM neurons maintain different ensembles of glutamate receptor 
subunits in the presence and absence of cochlear nerve synapses, the right otocyst 
was surgically removed from white Leghorn embryos on E3 and the animals 
allowed to survive to Hamburger-Hamilton stage 44 (E18). The cytoplasm from 
single neurons in the left or right NM of these animals was aspirated and the 
single-neuron mRNA reverse-transcribed to cDNA. Radiolabeled anti-sense RNA 
(aRNA) was then transcribed from this cDNA and the aRNA used as a probe to 
hybridize with cloned cDNAs encoding rat GluRs 1-7, NR1, NR2a-d, KA1, KA2, 
mGluRs 1-7, and B-actin. Hybridization with cDNA for the astrocyte-specific 
marker GFAP was tested for each aspirated cell to eliminate the possibility of glial 
contamination. mRNA for most of the glutamate receptor subtypes was present in 
all neurons tested. Preliminary results suggest that there are only minor changes in 
mRNA expression patterns, due perhaps to a sustaining influence provided by the 
aberrant projection.
Supported by USPHS grant DC00144-16.

41.10
GLUTAMATE RECEPTOR SUBTYPES ON THE EARTHWORM MEDIAN GIANT 
FIBER. k . Oka* and H. Ogawa. Faculty of Science and Technology, Keio Univ., 
Yokohama, Kanagawa 223, Japan and Kawachi millibioflight project, Research 
Development Corporation of Japan, Department of Research Administration, 
Komaba,Tokyo 153, Japan

We illustrated that glutamate induced the deporalization of the membrane potential 
of the earthworm (Eisenia foetida) neurons in the ventral nerve cord using the 
optical membrane potential imaging (Oka et al 1994). We further investigate the 
function of glutamate in the ventral cord using 4 types of glutamate receptor agonists: 
kainate, quisqualate, N-methyl-D-aspartate (NMDA) and trans-1-aminocydopentane- 
1,3-dicarboxylic acid (trans-ACPD). For the membrane potential imaging of the MGF, 
the earthworm ventral nerve cord was stained by RH414 and the fluorescent images 
were digitized by a video image processor and presented as pseudo-color images.For 
the Ca2+ imaging, Ca2+ indicator lndo-1 was injected into the MGF and ratio images 
were obtained by a conforcal laser scanning microscope.

Ionotropic glutamate receptor subtype agonists (NMDA, quisqualate and kainate) 
induced membrane potential depolarization and intracellular Ca2+ increase. On the 
contrary, metabotropic glutamate receptor subtype agonist (trans-ACPD) induced 
transient intracellular Ca2+ increase without membrane potential depolarization. From 
our results, the earthworm MGF has, at least, three types glutamate receptors: NMDA, 
nonNMDA and metabotropic ones. We have not been sure that the physiological 
role of the glutamate receptors on the MGF. From analogy of the mammalian central 
nerve system, one plausible possibility is the relation to the learning and memory.

41.12
EXPRESSION OF NMDA GLUTAMATE RECEPTOR SUBUNITS IN THE 
PREFRONTAL CORTEX OF THE RAT G. Rudolf. C.A. Cronin. G.B. 
Landwehrmeyer. D.G. Standaert. J.B. Penney, Jr. and A.B. Young* Dept. of 
Neurology, Massachusetts General Hospital, Boston, MA 02114

The laminar distribution and cellular expression of mRNAs encoding N- 
methyl-D-aspartate (NMDA) receptor subunits were examined in prefrontal 
cortex of rat by quantitative in situ hybridization. Film autoradiograms 
demonstrated a distinctive laminar distribution of hybridization signals for 
each of the probes recognizing NMDAR1, NMDAR2A and NMDAR2B mRNA; 
hybridization with probes for NMDAR2C and NMDAR2D resulted in low 
intensity, punctate signals. Using probes to NMDAR1, NMDAR2A or 
NMDAR2B, layer V neurons had the largest number of grains per neuron, 
while layer IV neurons had the least. When corrected for cell size 
(grains/1000 μ m2 of cross sectional area) the density of labeling produced 
by the NMDAR1 pan probe and probes to the regions encoding carboxy 
terminal deletions I and II was more similar in layers ll/lll, VI and V. In 
contrast, the labeling density produced by a probe to the region encoding the 
amino terminal alternatively spliced region of NMDAR1 was lower in layer 
ll/lll than in the other lamina. The density of NMDAR2A labeling was lower in 
the inner part of layer VI, while NMDAR2B expression was particularly 
intense in layer II neurons. These data indicate that neurons in different 
cortical laminae express distinct NMDA receptor subunit mRNA phenotypes. 
In addition, the observed differences in density of NMDA receptor subunit 
mRNA expression suggest that cortical laminae differ in the relative 
contribution of NMDA receptors to their excitatory responses.

Supported by USPHS grant AG 11337.

41.14

PROBING TH E  C Y TO P LA S M IC  FACE OF T H E  N M D A  R ECEPTO R C H A N N E L  
PO R E IN  C Y S T E IN E -S U B S T IT U T IO N  M U T A N T S . T .  K u n e r *  I P. 
W o llm u th ° . P .H . S e e b u rg . B. S a k m a n n ° . C e n te r fo r  M olecular Biology 
(ZMBH) and MPI for Medical Research°, Heidelberg, Germany.

W e  u sed  g ia n t  in s id e -o u t p a tc h e s  is o la te d  f ro m  Xenopus o o c y te s  to  

p ro b e  th e  c y to p la s m ic  p a r t  o f  th e  p e r m e a t io n  p a th w a y  o f  N M D A R  

c h a n n e ls  w ith  d i f fe r e n t  s iz e d  m e th a n e - th io s u lfo n a te  (M T S )  re a g e n ts  

(M T S E A  ≈  1 0  x 3 .6  x 3 .6  A , M T S E T  ≈  1 0  x 5 .8  x 5 .8  A ) .  T h e s e  

c o m p o u n d s  can  re a c t w ith  c y te in e  in tro d u c e d  in to  th e  M 2  o f  th e  NR1 and  

N R 2 C  s u b u n its  (K u n e r  e t  a l., S o c . N e u ro s c i. A b s tr .  2 0 ,  7 4 0 )  if  th e  

c y s te in e  s id e  chain  fa c e s  th e  lu m en  o f  th e  p o re .

W e  fo u n d  th a t  th e  N -s ite s  o f  th e  NR1 a n d  t h e  N R 2 C  s u b u n its  w e re  

access ib le  to  M TSEA  fro m  th e  ins ide  as w ell as fro m  th e  o u ts id e , b u t  th e  

im p e rm e a n t M T S E T  o n ly  re a c te d  w ith  t h e  N -s ite  o f  t h e  N R 2 C  w h e n  

a p p lie d  fro m  th e  o u ts id e . T h is  s u p p o rts  o u r v ie w  t h a t  th e  N -s ite s  a re  

a rra n g e d  in a s ta g g e re d  fa s h io n  r e la t iv e  t o  t h e  v e r t ic a l a x is  o f  th e  

c h a n n e l w ith  t h e  N -s ite  o f  t h e  N R 2 C  lo c a te d  m o re  to w a r d s  th e  

e x tra c e llu la r  s id e  a n d  th e  N -s ite  o f  th e  NR1 p o s it io n e d  d e e p e r  in th e  

c h a n n e l. O n th e  C -te rm in a l s id e  o f  t h e  N -s i te  ( N 5 9 8 )  in t h e  NR1 

s u b u n it p o s itio n s  G 6 0 0 ,  1601 a n d  G 6 0 2  w e re  a c c e s s ib le  t o  M T S E A  an d  

M T S E T . T h e  s a m e  p o s it io n s  w e re  n o t  a c c e s s ib le  t o  M T S E T  fro m  th e  

o u ts id e  s u g g e s tin g  t h a t  th e y  a re  e x p o s e d  t o  th e  c y to p la s m ic  side  o f  th e  

c h a n n e l. O n th e  N - te rm in a l s id e  o f  t h e  N -s ite ,  p o s it io n  G 5 9 4  w a s  

ac c e s s ib le  t o  M TS E A  o n ly  fro m  th e  ins ide , n o t  f ro m  th e  o u ts id e . T h e s e  

fin d in g s  a re  in c o n s is te n t w ith  a s im p le  a -h e lic a l s t ru c tu re  o f  M 2 .
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41.15
T H F  NR1 A N D  N R 2A -S U B U N IT S  C O N T R IB U T E  A S Y M M E T R I- 
C A L L Y  TO  T H E  SE L E C T IV IT Y  FILTER  O F  N M D A R  CH A N N ELS.
L .P . W olh n uth*. T. K u n er† . P .H . S ccb u rg † . and B. Sakinann. MPI für 
med. Forschung, Aht. Zellphysiologie, Jahnstr. 29, †Centcr for Mol. Biology (ZMBH), 
Heidelberg Umv., Im Neuenheimer Feld 282, Heidelberg, Germany.

The m olecu lar determ inants o f the narrow  constric tion  o f N R 1-N R2A  
N M D A R  chan n els  w ere s tud ied  usin g  s ite -d irec ted  m utagenesis  and 
hetero logous expression  o f w ild type and m utan t channels in X en o p its  
oocytes. M utant N R 1-subunits w ere co -expressed  w ith w ild type NR 2A - 
subun its  and v ice-versa . T he re la tiv e  perm eab ility  o f d iffe ren t sized 
organic cations was used as an index o f the narrow  constriction. For wild 
type channels, perm eability  ratios (P x /P K) werc: m ethylam m onium , 0.48; 
d im eth y lam m o n iu m , 0 .20 ; d ie th y lam m o n iu m , 0 .07 ; d im eth y le th an o l- 
am m onium , 0.02  and  te tram e th y la m in o n iu m  im p erm ean t g iv ing  an 
estim ated  narrow  constric tion  o f 5.5 A. For the N R 1-subunit, m utation o f 
the N-site asparagine (position 598) to glycine (G) increased the pore siz.e 
to ≈7.5 A, the largest increase for all sites exam ined in e ither subunit. In 
contrast, the sam e N -site to G m utation in N R 2A  (position  595) produced 
essentia lly  no effect on pore size. For the N R 2A -subun it, an asparagine 
(position 596) on the C -term inal side o f  the N-site, w hen m utated to larger 
or sm aller sized am ino acids, produced large, volum e specific effects on 
pore size with the N R 2A (N 596G ) m utation increasing the pore size to ≈6.7 
A. M utation o f the hom ologous position in N R  1 was w ithout effect. The 
double m utation, N R 1(N 598G )-N R 2A (596G ), increased  the pore size to 
=8.7 A, the sum  o f the increase produced  by the ind iv idua l m utations. 
This suggests that these structural e lem ents are the m ajor determ inants of 
the narrow constriction in N M D A R  channels.
Supported  in p a r t by a H F SP  fellow sh ip  to LPW.

41.17
"ACQUISITION" OF EXCITOTOXICITY IN CHINESE HAMSTER 
OVARY (CHO) CELLS TRANSFECTED WITH NMDA RECEPTOR 
SUBUNITS: USE OF A LUCIFERASE REPORTER ASSAY.
F.A. Boeckman* and E. Aizenman. Department of Neurobiology, 

University of Pittsburgh School of Medicine, Pittsburgh, PA 15261.
Mammalian cell lines transiently expressing functional NMDA receptors 

appear to undergo cell death (Cik et al., E. J. Pharm. 266:R1; 1994). We 
have examined this process in CHO cells in order to begin to investigate its 
similarities to excitotoxic neuronal injury. A luciferase reporter assay was 
used to detect the viability of positively transfected cells. Expression 
vectors containing NMDA receptor subunits (NR1/NR2A or NR1/NR2B) 
or luciferase cDNA were cotransfected with LipofectAMINE reagent. 
Luciferase activity in cell lysates was measured 48-50 h following 
transfection. We observed that addition of NMDA receptor antagonists 
ketamine (300 μ M), CGS-19755 (300 μ M), 5,7-dichlorokynurenate (200 
μ M), or dizocilpine (10 μ M) during the last 24-26 hours post-transfection 
substantially increased luciferase activity. In general, we measured a 4-8 
fold increase in apparent cell survival when any of these drugs were utilized. 
No additional protection was observed when these antagonists were also 
added during the first 24 hours, suggesting that the expression of "acquired" 
excitotoxicity appears later than this time point. In order to test this 
directly, cells grown in 300 μ M ketamine for 36 h post-transfection were 
exposed to 500 μ M NMDA for 1-3 hours and returned to ketamine- 
containing media for an additional 15-18 hours. This treatment was 
sufficient to decrease luciferase activity by at least 50%. This action of 
NMDA could be blocked by co-incubation with 300 μ M ketamine.

41.19

COMPARISON OF THE SINGLE CHANNEL PROPERTIES OF 
NATIVE AND RECOMBINANT NMDA RECEPTORS: EFFECTS OF 
REDOX AGENTS. J.C. Brimecombe*. F.A. Boeckman and E. 
Aizenman. Department of Neurobiology, University of Pittsburgh School 
of Medicine, Pittsburgh, PA 15261.

Thiol reducing and oxidizing agents can dramatically alter the frequency 
of NMDA channel openings in outside-out patches of membranes excised 
from rat cortical neurons in vitro (Tang and Aizenman, J. Physiol. 465:303; 
1993). Recent molecular studies have established the likely presence of 
more than one redox-sensitive sites within the NMDA receptor structure; 
one which is present between putative TMD’s III and IV of NR1 (Sullivan 
et al., Neuron 13:929; 1994), and a second one in the amino terminal of 
NR2A (Köhr et al., Neuron 12:1031; 1994). We have thus begun to 
examine the effects of redox substances on the single channel properties of 
various NMDA receptor subunits transiently expressed in Chinese Hamster 
ovary cells in order to compare them to native receptors. Functional 
NR1/NR2A and NR1/NR2B channel activity has been measured so far. 
However, we have been able to maintain stable recordings during redox 
treatments in only 2 patches, both containing NR1/NR2A channels. In these 
patches, mean nPo increased substantially following treatment with 1 mM 
dithiothreitol (e.g. 0.062 vs. 0.006, after treatment with the oxidizing agent 
DTNB, 100 μ M), with no apparent change in single channel amplitude 
(-3.49 pA vs -3.47 pA, at -60 mV). The effects of redox reagents on open 
time were mixed; in one patch there was an effect on the time constant 
amplitudes, with no change in their values, while in the second patch there 
was a small buf clear increase in the mean open time.

41.16
FUNCTIONAL AND PHARMACOLOGICAL DIFFERENCES BETWEEN 
RECOMBINANT AND NATIVE NMDA RECEPTORS. S.Vicini*. J.F.Wang. 
J.S.Poling and D.R.Gravson1. Dept. of Physiology and Biophysics, Georgetown 
Univ. Med. School, Washington D.C., and 1Med. College of Pennsylvania, 
Pittsburgh, PA.

N-methyl-D-aspartic acid (NMDA) subtypes o f glutamate receptors were 
transiently transfected in mammalian HEK293 cells and characterized by the 
patch-clamp technique. Fast applications o f L-glutamate (1 mM) pulses (duration 
1-4 msec) activated rapid inward currents in isolated and lifted transfected cells as 
well as in outside-out membrane patches excised from cells expressing 
recombinant NMDA receptors composed by the NMDARla subunit combined 
with the NMDAR2A, 2B or 2C subunits. Transfected cells were easily identified 
by the use of antibody-coated beads after cotransfection with an expression 
plasmid for a lymphocyte surface antigen (CD8a). Currents generated by fast 
agonist application on cells rich in NMDAR2A subunit containing receptors were 
endowed with faster deactivation kinetic as compared to those containing 2B or 2C 
subunits. The deactivation time constant were 36± 16 ms for 2A and 293± 120 ms 
and 325143 ms for 2B and 2C containing receptors respectively (mean±SD of at 
least 7 cells). Haloperidol (10 μM) induced a blockade of the peak L-glutamate - 
induced current o f 56116% for NMDAR la+NM DAR2B, while was 2.3±9% and
1.7±4% for 2A and 2C containing receptors. We took advantage of the specific 
kinetic properties and sensitivity of NMDAR subtypes to haloperidol to 
investigate the contribution o f distinct receptor subtypes to spontaneous NMDAR- 
mediated synaptic currents in visual cortical neurons at different developmental 
ages (P10-P30) with whole-cell recordings in rat brain slices. Our results indicate 
an increased proportion of NMDAR2A containing receptors with development in 
visual cortical neurons. Supported by NINDS grants P01 NS28130 and K04 
NS01680 to S.V. and K04 NS01647 to D.R.G.

41.18
HETEROMERIC ASSEMBLY OF A FUNCTIONAL NMDA 
RECEPTOR IN CHINESE HAMSTER OVARY (CHO) CELLS 
STABLY TRANSFECTED WITH THE NR2A SUBUNIT.
E. Aizenman* and F.A. Boeckman. Department of Neurobiology, 

University of Pittsburgh School of Medicine, Pittsburgh, PA 15261.
We have previously shown that functional NMDA receptors can be 

assembled in CHO cells which stably express the NR1 subunit (CHO-BA1 
cell line), but only when transiently transfected with NR2A (Boeckman and 
Aizenman, Neuro. Lett. 173:189; 1994). In this study we have stably 
expressed the NR2A subunit in CHO cells and assayed the formation of 
functional NMDA receptors following transient expression of NR1. 
Northern analysis utilizing an NR2A-specific probe (Styl frag. of NR2A) 
positively identified a total of 6 clonal cell lines, 3 of which (CHO- 
NR2A05, 11, and 13) were selected for further study. Upon transient 
transfection with NR1, 100 μ M NMDA-induced whole-cell electrical 
responses were obtained in 2/6 of the CHO-NR2A05 cells, 0/5 of the CHO- 
NR2A11 cells, and in 7/7 of the CHO-NR2A13 cells. NMDA-induced 
responses were absent in untransfected CHO-NR2A13 cells (n=6). We 
tested the actions of the reducing agents dithiothreitol (DTT; 4 mM) and the 
oxidizing agent 5,5’-dithio-bis-nitrobenzoic acid (DTNB; 0.5 mM) on the 
functional NMDA receptors assembled in the CHO-NR2A05 and 13 cells. 
Responses elicited by 100 /xM NMDA were potentiated nearly 2-fold by a 
2 min exposure to DTT; DTNB could totally reverse the action of DTT. 
In contrast, CHO-BA1 cells transiently expressing NR2A were previously 
shown to express NMDA receptors with a decreased sensitivity to DTNB 
(Boeckman and Aizenman, Soc. Neur. Abstr. 20:743; 1994).

41.20

DEVELOPMENTAL CHANGES IN THE REDOX PROPERTIES OF 
NMDA RECEPTORS IN CORTICAL NEURONS IN CULTURE.
J.D. Sinor*. F.A. Boeckman and E. Aizenman. Dept. of Neurobiology, 
University of Pittsburgh School of Medicine, Pittsburgh, PA 15261.

NMDA receptors have been shown to be modulated by redox reagents 
like dithiothreitol (DTT) and 5,5’-dithio-bis-nitrobenzoic acid (DTNB). We 
have investigated whether the redox characteristics of NMDA receptors in 
rat cortical neurons in vitro varies with developmental age. NMDA (30 
μ M)-induced whole-cell electrical responses were obtained from a total of 
65 cells varying in age from 14-35 days in vitro (DIV). The following 
parameters were measured: (i) Degree of potentiation by a 6 min incubation 
with 4 mM DTT; (ii) Rate of spontaneous oxidation following the removal 
of DTT with normal rinse solution; (iii) The final level of spontaneous 
oxidation reached in comparison to that achieved following 0.5 mM DTNB 
treatment (1 min); and (iv) The magnitude of the DTT/DTNB current ratio. 
We observed that with increasing DIV, cells have NMDA-induced responses 
with a smaller degree of DTT potentiation, a slower rate of spontaneous 
oxidation, and a more pronounced oxidation by DTNB (after spontaneous 
oxidation). In contrast, the DTT/DTNB current ratio did not change with 
age. These finding may be explained by age-dependent changes in either the 
NMDA receptor subunit composition, or by the presence or absence of 
endogenous redox agents. Preliminary studies with various recombinant 
NMDA receptor subunits transiently expressed in Chinese Hamster ovary 
cells were performed. By measuring the four parameters listed above, so 
far we have found no conclusive evidence that our results can be fully 
explained by changes in subunit composition during development.
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41.21
PHARM A COLOG ICAL CH AR ACTERIZATIO N OF NR1/NR2D 
H E TER O M ER IC  NMDA RECEPTO RS EXPRESSED IN XENOPUS  
OOCYTES. A L. Buller* and D T  M onaghan Dept. Pharm acology., 
University o f  N ebraska M edical Center, O m ana N E 68198.
T w o fam ilies o f N M D A  receptor subunits (NR1 and NR2) have been 
cloned and sequenced. W e have previously dem onstrated that the 
pharm acology o f specific recom binant heterom eric  N M D A  receptor 
com plexes correla tes w ith d istinct receptor subtypes in rat brain. 
Furthermore, the NR2 subunit contributes to the pharm acological diversity 
o f N M D A  receptors in native brain. W e have extended these findings to 
include the N R 2D  subunit which is localized to developing brain and 
diencephalic and m idbrain regions. The N R 2D  subunit has a high level 
of homology to the NR2C subunit which is found alm ost exclusively in the 
cerebellum . In addition, the m edial thalam ic (presum ed to contain the 
NR2D subunit), and cerebellar (presum ed to contain the NR2C subunit) 
N M D A  receptor subtypes have related , but d istinct pharm acologies. 
Relative to NR1/N R2A -C heteromers, the N R 1/N R 2D  receptor expressed 
in Xenopus oocytes show ed a higher affinity for the agonists NM D A and 
glycine and a lower affinity for hom oquinolinate. In contrast, N R 1/N R2D  
receptors exhibited lower affinities for the antagonists D -A P5, D-CPPene 
and LY 233536 as com pared to NR 2A -C  containing heterom ers. This 
pattern  does not correspond to the pharm acology o f the m edial thalamic 
NM DA receptor which has a higher affinity for LY 233536. To determ ine 
whether additional subunits contribute to the observed pharm acology of the 
m edial thalam ic NM D A  receptor, he tero-trim eric  receptors were 
expressed  in Xenopus oocytes. The N R 1/N R 2B /N R 2D  heterotrim er 
exhibits a distinct pharm acological profile , suggesting that the presence of 
additional subunits may contribute to the pharm acological profile of 
N M D A  receptor subtypes observed in som e brain regions.

41.22
NMDA RECEPTORS IN THE CEREBELLUM: PHARM ACOLOGICAL 
CHARACTERIZATION OF NATIVE RECEPTORS AND RECEPTORS 
FROM NR1/2A/2C. D.R. Lynch*. S.J. Lenz. E. R. Grant, and M. Gallagher, 
Univ. of PA. Philadelphia, PA, 19104

The cerebellum possesses a pharmacologically unusual NMDA receptor 
subtype. mRNA's for NMDA receptor subunits NR1, NR2A and NR2C are 
found in the cerebellum, and subunit specific antibodies demonstrate that these 
three subunits can form a heteromeric complex in heterologous expression 
systems. We have characterized the complete ligand binding profile of NMDA 
receptors in cells transfected with NR1, NR2A and NR2C and compared it to 
NMDA receptors from the cerebellum. NMDA receptors from cells transfected 
with NR1/2A/2C or with NR1/2C bind 3H-glu with high affinity, but bind low 
levels of the glutamate antagonist 3HCGP 39653 and the high affinity channel 
blocking agent 125I -MK801. This differs from receptors produced by 
NR 1/2A, which bind both 3HCGP 39653 and 1251-MK801. In contrast. 3HMK 
801 binds saturably to cells transfected with NR1/2A/2C with a K D of 20 nM . 
This agrees with results from the cerebellum, but differs from results in the 
forebrain and in cells transfected with NR 1/2A. No significant binding of 
3HMK 801 was seen in cells transfected with NR 1/ 2C. The relative potency 
of seven channel blocking agents in inhibiting binding of 3HMK 801 matched 
between cerebellum and 1/2A/2C but differed from NR1/2A and forebrain. 
3HMK 801 binding to cerebellum and NR1/2A/2C was unstimulated by 
spermidine, unlike binding to forebrain. Our results confirm the unique 
properties of cerebellar receptors and demonstrate that these properties are 
present in cells transfected with NR 1/2A/2C.

41.23
EFFECT OF CHRONIC ETHANOL TREATMENT ON NMDA 
RECEPTOR SUBUNITS mRNA LEVELS IN CORTICAL NEURONS.
X ian-Jue H u* .  Follesa. and M. K. T icku. D epartm ent o f  P harm acology, 
University o f  Texas Health Science C enter, San A ntonio, TX  78284-7764.

O ur p rev ious studies have show n th at ch ro n ic  e thano l trea tm en t 
upregulated NM D A receptor function and binding in cu ltured  m am m alian 
co rtical neurons. The potential m olecu lar m echanism s involved  in this 
phenom enon have yet to be elucidated. In the present study, using RN ase 
protection assay, we investigated the effects o f  chronic ethanol treatm ent on 
N M D A  receptor subunits R l ,  R2A , and R2B m R N A  levels in cu ltured  
cortical neurons. W e find that chronic ethanol (50 m M , 5 days) exposure 
did not change the NM D A receptor R l and R2A  subunits m RN A  levels in 
the cortical neurons. In contrast, the N M D A  receptor R2B subunit m RNA 
level was increased by 40%  with respect to the control values. The level of 
the R2B subunit m R N A  retu rned  to the co n tro l values fo llow ing  the 
rem oval o f  ethano l for 72h. In order to verify  the invo lvem ent o f  the 
N M D A receptor in the action o f chronic ethanol exposure, we investigated 
the effect o f the NM D A  receptor an tagonists on the upregulation  induced 
by chronic ethanol exposure. W e find that the upregu la tion  o f the R2B 
subunit m RN A  levels was reversed  by concom itant chronic exposure o f 
the cortical neurons to the NM D A receptor com petitive (10 μ M CPP), and 
non-com petitive (1 μ M M K -801) an tagonists, but not by the non-N M D A  
recep to r a n tag o n is t C N Q X  (10  μ M ). T aken  to g e th e r, these  resu lts  
suggested that chronic ethanol exposure selectively upregulated the NM DA 
receptor subunit R2B m RNA level in cortical neurons, and this increased 
N M D A  receptor gene expression  is a N M D A  receptor m ediated  process. 
The altered  N M D A  receptor gene expression  m ay be responsib le  for the 
observed upregulation o f the NM D A receptor function and binding in the 
cortical neurons follow ing chronic ethanol exposure.
Supported by NIH-NIAAA grant #AA 10552
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42.1

VASOPRESSIN RECEPTO R M EDIA TED DEPOLA RIZA TIO N OF RAT 
SPINA L PREGA NGLIO NIC NEURO NS(SPN s). M. K olai* and L .P . Renaud. 
Neuroscience, Loeb Research Institute, O ttaw a Civic Hospital and University 
o f  Ottawa, Ottawa, Ontario, CA NA DA K1Y 4E9

Vasopressin is present in axons and term inals that descend from the 
hypothalam us and are present in fibers around SPNs. To understand how 
vasopressin receptor activation can m odulate the properties o f  SPNs we 
exam ined the actions o f  vasopressin receptor agonist (A rg8)-vasopressin (AVP) 
in neonatal rat( 11-20 days) spinal cord slices under w hole-cell patch-clam p 
conditions. W hen the cells were clam ped to -55mV the application o f 10-8- 10-6 
M AVP induced reversible inward current with reduction o f mem brane 
conductance in a dose-dependent m anner. Ram p analysis revealed that this 
current is m ediated through reduction o f potassium  conductance. The 
vasopressin response persisted in the presence o f TTX suggesting postsynaptic 
site o f the action. Furtherm ore, the effect was blocked by the V P 1 antagonist 
D -(CH2)5 Tyr(M e)-A V P and m im icked by VP, agonist (Phe2,O m 8)-vasotocin 
whereas the VP2 agonist desam ino-(D -A rg8)-vasopressin was ineffective or 
produced only small depolarization. To establish an involvem ent o f  G-proteins 
in the intracellular pathw ays stim ulated by AVP w e used GTP-γ-S non 
hydrolysable analogue o f GTP. Under this condition the m agnitude as well as 
duration o f the effect was enhanced. Our results suggest the presence o f 
vasopressin receptor type 1 on SPNs which is functionally coupled to 
potassium  channel through G-proteins. This action may contribute to the spinal 
regulation o f autonom ic nervous system. Supported by M RC and the Heart and 
Stroke Foundation o f Canada.

42.2

DESENSITIZATION O F T H E  INHIBITION O F POTASSIUM  
C U RR EN T BY SUBSTANCE P IN SYM PATHETIC 
NEURONS. M ark   A. Simmons* and. C arla R. Schneider. 
Neuropharmacology Lab, M arshall Univ., Huntington, WV, 25704. 
Responses to substance P (SP) in the central and autonom ic ner- 
vous systems are generally excitatory. In the sympathetic ganglion 
repetitive nerve stimulation or application of SP results in a slow 
depolarization of the principal neurons, primarily resulting from 
inhibition of a K current, IM. During a prolonged application of 
SP, the response desensitizes. The mechanism of desensitization is 
not known. We have observed the kinetics of responses to SP be- 
fore and after partial desensitization to SP. A fter partial desensiti- 
zation of the response to SP, a subsequent application of SP pro- 
duced a smaller response with a similar time constant. The 
changes in response kinetics observed experimentally have been 
com pared to the changes predicted by dynamic models of 
receptor-G  protein coupling. T he prim ary hypothesis tested was 
w hether or not the changes in the kinetics of the SP response 
during desensitization were consistent with a decrease in func
tional receptors. In other words, is desensitization occurring at the 
receptor? The kinetic models predict that if desensitization is at 
the receptor, and if desensitization results in a decrease in the 
availability of functional SP receptors, then responses to maximal 
concentrations of agonist elicited in the partially desensitized state 
will be smaller with an unchanged time course when com pared to 
responses elicited in the non-desensitized state. These results are 
consistent with the hypothesis that desensitization involves a de- 
crease in functional SP receptor molecules. Supported by NINDS.
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42.3
S U B S T A N C E  P - I N D U C E D  H Y P E R P O L A R I Z A T I O N  O F  
PA RASYM PATHETIC N EURO NS IN M UD PUPPY CA RD IA C GANGLIA. 
R. L. Parsons* and J. C. Hardwick. Departm ent o f A natom y and Neurobiology, 
University of Verm ont, Burlington, V t 05405.

Previously, w e showed that afferent fibers and a subpopulation of 
intraganglionic neurons w ithin the m udpuppy cardiac ganglia were substance 
P-im m unoreactive (Parsons et al., J. Neurosci. 7:837, 1987). Processes from 
these two sources form pericellular com plexes around individual or clusters of 
postganglionic neurons indicative o f a potential synaptic interaction between 
the substance P-im m unoreactive fibers and the ganglion cells. Here, we have 
tested whether the postganglionic cells respond to local application of 
substance P (SP). Intracellular recordings have been obtained from >30 
postganglionic neurons in 8 w hole m ount preparations of the mudpuppy 
cardiac ganglia. SP and other neurokinins w ere applied by pressure ejection. 
SP (10 -4 M, 0.5-2 sec) produced a transient hyperpolarization which varied 
w idely in am plitude and duration betw een cells. The SP-induced 
hyperpolarization was voltage dependent. A t m em brane potentials more 
positive than ~-40m V, the hyperpolarization was very small or not seen. The 
hyperpolarization w as m axim al around the resting m em brane potential (-50 to 
-65mV) and decreased with hyperpolarization. The SP-induced 
hyperpolarization was not affected by 5m M  TEA  or 0.3μ M TTX , but did 
progressively decrease during exposure to 100μ M cadm ium  or a calcium- 
deficient solution. The NK3 receptor agonist senktide hyperpolarized 6 cells 
which also w ere hyperpolarized by SP. These results dem onstrate that SP 
hyperpolarizes m udpuppy parasym pathetic neurons, possibly through the 
activation o f a NK 3-like receptor. Supported by NIH grant NS 23978.

42.5
CHOLECYSTOKININ (CCK) AND OPIOIDS HAVE OPPOSING EFFECTS ON 
MEMBRANE CURRENTS IN CA1 STRATUM RADIATUM INTERNEURONS 
OF THE RAT HIPPOCAMPUS. Karen K. Miller* and Carl R. Lupica. Dept. of 
Pharmacology, Univ. Colorado Health Sciences Center, Denver, Colorado 80262.

Behavioral effects of opioids, such as antinociception, are inhibited by antiopioid 
peptides like CCK. In the hippocampus, opioids excite pyramidal neurons by 
inhibiting GABA release from intemeurons, and CCK has been localized to a subset 
of these cells in stratum radiatum (SR) (Gulyas et. al., J. Comp. Neurol.. 312:371, 
1991). We have previously reported that activation of CCKB receptors by CCK 
inhibited the morphine-induced excitation of pyramidal cells in the rat hippocampus 
(Miller and Lupica, JPET. 268:753, 1994). Additional studies also demonstrated that 
neither morphine nor CCK had direct effects on the membrane properties of CA1 
pyramidal neurons, suggesting an indirect action on these cells through effects on 
intemeurons (Miller and Lupica, Soc. Neurosci. Abst.. 20:750, 1994). In the present 
study, we examine the effects of CCK and morphine on intemeurons located in SR 
of area CA1 in an attempt to determine the mechanism of this CCK-opioid 
interaction. Differential interference contrast microscopy was utilized in combination 
with whole-cell voltage clamp recordings in rat hippocampal slices (300μm thickness) 
to measure intemeuron activity in response to bath application of CCK ( lμM) or 
morphine (60μM). Ten of 18 intemeurons were sensitive to morphine; 9/10 cells 
demonstrated an outward current (4 .39± .63 pA) associated with a decrease in input 
resistance when clamped at resting membrane potential (51.9 ±1 .6  mV), while the 
remaining opioid-sensitive cell showed an inward current. Fifteen of 20 intemeurons 
were sensitive to CCK with 12/15 cells demonstrating an inward change in holding 
current (8 .2± 2 .4  pA), associated with a decrease in input resistance. The remaining 
CCK-sensitive cells exhibited an outward current. These results suggest that CCK-8S 
may block opioid effects on SR intemeurons through opposing actions on membrane 
currents. Supported by NIDA grant DA 07725(C.R.L.).

42.7

E F F E C T S  O F  M IC R O IN JE C T IO N  O F  C C K  P E P T ID E S  IN T O  T H E  
R A T  B R A IN  O N  M ID B R A IN  D O P A M IN E  N E U R O N A L  F IR IN G  
R A T E . F,K, Weddige. M.E. Hamilton. and A.S. Freeman*. Dept. Pharmacology, 
Texas Tech University Health Sciences Center, Lubbock, TX 79430.

CCK-8S is contained in midbrain dopaminergic (DA) neurons, can be released, and 
has direct excitatory effects on DA neurons and DA-innervated neurons. CCK-B 
agonists are anxiogenic. It is not known if release of CCK-8S from DA/CCK-8S 
nerve terminals leads to compensatory changes in DA neuronal activity, or if 
DA/CCK-8S-innervated neurons are relevant to the anxiogenic effects of CCK-B 
agonists. In this study, the former possibility was tested: CCK-8S or CCK-4 was 
microinjected into three terminal fields o f the mesocorticolimbic DA system, the 
posterior nucleus accumbens (NAc), central nuc. of the amygdala (CeA) and 
prefrontal cortex (Pfc), during single-unit recordings from midbrain DA neurons in 
chloral hydrate-anesthetized rats.

CCK-8S (10,100 pmoles) and CCK-4 (100 pmoles) were generally without effect 
on DA neuronal activity after NAc injection (in contrast, 1 μg NMDA consistently 
stimulated firing rate). After intra-CeA injection, both CCK-8S and CCK-4 elicited 
either increases or decreases in DA neuronal activity (intra-CeA NMDA also 
produced variable responses in DA neurons). Similarly, injection of CCK-8S (100 
pmoles) into the prefrontal cortex also produced variable effects on DA neurons. The 
potent and selective CCK-B receptor antagonist, L-740,093 (0.05 μg), was without 
effect on DA cell firing rate when injected alone into the NAc or CeA. These results 
suggest that under conditions of phasic stimulation, CCK-B receptors in the CeA and 
prefrontal cortex can influence the activity o f midbrain DA neurons in an 
unpredictable manner. (Supported by MH42136.)

42.4
CONVERTING ENZYME INHIBITION ALTERS PHYSIOLOGIC RESPONSES 
AND NEUROPEPTIDE CONTENT OF AFFERENT RENAL NERVES. K  
Doutova* and N. G. Moss. Dept. Physiol, UNC Chapel Hill, NC. 27599.

We have shown that the emergence o f R1 chemoreceptor activity in the 
renal nerves o f rats around 100 days o f age markedly increases the 
response o f afferent renal nerve activity (ARNA) to renal ischemia. This 
is accompanied by a decrease in CGRP-ir in renal afferent nerve cells. 
Curiously, a comparable increase in the ARNA response to ischemia can 
be induced in younger rats by chronic inhibition o f angiotensin converting 
enzyme (ACE) with captopril (CAPT). In this study we have investigated 
whether chronic CAPT also affects the SP and CGRP content o f afferent 
renal nerve cells in 75 day-old rats. After two weeks of CAPT 
(100mg/day/kg PO) Fluorogold was applied to uncut renal nerve bundles 
for labelling o f afferent renal nerve cells. Renal ischemia increased 
multiunit ARNA by 5680% in these rats compared to 225% in age- 
matched control (CON) rats. The occurrence o f renal afferent cells positive 
for CGRP-ir in dorsal root ganglia T11-T13 was reduced in CAPT rats 
compared to control (76% vs.93% p<0.005) and intensity o f CGRP-ir 
assessed on a scale o f 1-3 decreased from 2.1 ±0.1 to 1.4±0.1 (p<0.001). 
SP-ir intensity decreased from 2 .1±0.1 to 1.5±0.1 (p<0.005) in the same 
cells. These data show that a close relationship exists between the 
neurophysiologic responses o f afferent renal nerves and their neuropeptide 
content. The modulation o f this relationship by inhibition o f ACE (or 
Kininase II) suggests that neuropeptide content and renal afferent nerve 
modalities are directly influenced by kinin and/or angiotensin II levels.

42.6
CC K -8S EXCITES RAT NEO STR IA TA L NEURO NS BY 
INCREASING THE CATIONIC CO ND UCTAN CE.
T . Wu1 and H. L. Wang2*  1DPept. of Neurology, Chang Gung Memorial 
Hospital; 2Dept. of Physiology, Chang Gung College of Medicine and 
Technology, Taiwan, R.O.C.

Recent antrograde and retrograde tracing studies showed that 
neocortical cholecystokininergic (CCKergic) neurons send bilateral 
projections to the neostriatum and that CCKergic cortico-neostriatal 
afferents form synapses with medium spiny neurons. To better understand 
the physiological functions of CCKergic cortico-neostriatal pathway, 
whole-cell  patch-clamp recordings were used to study the 
electrophysiological effects of sulfated cholecystokinin octapeptide (CCK- 
8S) on acutely dissociated rat neostriatal neurons.

More than 95% of acutely isolated neostriatal neurons were 
GABAergic medium-sized cells. During current-clamp recordings, CCK- 
8S depolarized neostriatal neurons and triggered action potentials from 
these neurons. Under voltage-clamp recordings. CCK-8S evoked an 
inward current at holding potential of -70 mV. CCK-8-induced current 
reversed the direction at about -12 mV, and I-V curve was linear over the 
range between -150 mV and 30 mV. CCK-8S-evoked currents were 
blocked by PD 135,158, a highly potent and selective CCK-B receptor 
antagonist. These findings suggest that by activating CCK-B receptors, 
CCK-8S depolarizes and excites rat neostriatal neurons by enhancing a 
voltage-insensitive and nonselective cationic conductance.

42.8
M O D U LA TIO N  O F  M E S O C O R T IC A L  DA O V E R F L O W  IN F R E E L Y  
M O V IN G  RA TS BY IN TR A -V TA  C C K -8S. M.E. Hamilton* and A.S. 
Freem an. D ept. o f  Pharmacology, Texas Tech Univ. Health Sci. Ctr., 
Lubbock, TX 79430.

Dopam ine (DA) and cholecystokinin octapeptide (CCK -8S) coexist in 
m idbrain neurons projecting to several forebrain regions. Consistent with 
electrophysiological findings, CCK m icroinjection into the ventral tegmental 
area increased DA overflow in the am ygdala and nucleus accumbens. The 
increases in both DA cell firing and DA overflow are believed to reflect 
activation o f a  CCK-mediated autoregulatory m echanism. Unlike other DA- 
containing cells, few, if  any, DA cells projecting to the m edial prefrontal 
cortex possess impulse-regulating DA autoreceptors. M ost o f  these cells, 
however, also contain CCK. The potential m ediation o f  DA overflow in the 
medial prefrontal cortex (MPFC) following CCK microinjection into the VTA 
cell body area was examined.

M icrodialysis probes were inserted through guide cannulae into the M PFC 
o f  freely m oving rats and were perfused with artificial CSF at a  rate o f  1 
μ l/m in. Samples were collected at five-min intervals. Rats received two 
microinjections o f  CCK-8S (1 and 10 pmoles) into the ipsilateral VTA at one- 
hour intervals. HPLC analysis included use o f  a  BAS U nijet radial flow 
electrode coupled to a 1-mm diameter Sepstik microbore column. Consistent 
w ith findings in the nucleus accum bens and amygdala, intra-VTA 
adm inistration o f  CC K -8S increased DA overflow in the M PFC. It is 
concluded that DA /CCK -containing cells in the VTA probably contain 
impulse-regulating CCK autoreceptors that exert a  net excitatory influence on 
M PFC term inal DA output. (Supported by M H42136).
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42.9

C-TYPE NATRIURETIC PEPTIDE INCREASES [Ca2+]i LEVEL 
AND CHANGES CELL VOLUME IN CULTURED ASTROCYTES.
M. Mivaiima. T. Ogura*. H. O. Nornes. T. Neuman. Kiyoshi. Sato1. 
Dept. Anatomy and Neurobiology, Colorado State Univ, Fort Collins, 
CO 80523 and 1Dept. Neurosurgery, Juntendo Univ, Tokyo, Japan.

The natriuretic peptides are hormones that stimulate natriuretic, 
diuretic and vasorelaxant activity. C-type natriuretic peptide (CNP) 
functions as a neuropeptide. In this study, we demonstrate [Ca2+]i 
changes using fura-2 imaging technique and cell volume in primary 
cultures of mouse astrocytes in response to CNP. CNP treatment 
results in two-phasic [Ca2+]i elevation. Treatment of astrocytes with 1 
μ M CNP-22 results in transient [Ca2+]i increase from the resting level 
around 50 nM to 100-200 nM within 1 min. The second [Ca2+]i 
increase (approximately 100 nM-400 nM) occures after 15-20 min and 
has an oscillatory nature. CNP treatment also results in gradual increase 
of the cell volume that starts 5 minutes after treatment and reaches the 
maximum after 30 minutes. The truncated analogue of CNP, Atrial 
Natriuretic Peptide (ANP), [Des-Cys105,Cys121]-ANP, that 
preferentially binds to clearance receptors of ANP, results in only a 
first transient increase of [Ca2+]i, but no changes in the cell volume 
were detected. These results suggest that CNP regulates ion and water 
transport via guanylyl cyclase B receptors in astrocytes, not via 
clearance receptors. Furthermore, since astrocytes are involved in the 
volume and ion control in the central nervous system, CNP may 
function as a key hormone regulating water content and electrolytes 
homeostasis in the central nervous system.
Supported by NIH grant DC00244-05 and Spinal Cord Society

42.11

Modulation of K+ and Ca2+ currents in cultured neurons from rat brain by 
an angiotensin II type IA receptor peptide.
C. Sumners*. M. Zhu, R.R. Neubig. S.M. Wade and P. Posner. Dept. of 
Physiology, University of Florida, College of Medicine, Gainesville, FI 
32610 and Depts. of Pharmacology and Medicine, Univ. of Michigan, Ann 
Arbor,MI 48109

Angiotensin II (Angll) inhibits the delayed rectifier K+ current (IK) and 
stimulates total Ca2+ current (ICa) in neurons cultured from one day old rat 
hypothalamus and brainstem. These effects are mediated via Angll type 1 
(AT1) receptors and activation of protein kinase C (PKC). In the present 
study, intracellular injection (100μM) of a 25 amino acid peptide (AT1A-i3) 
corresponding to the putative third cytoplasmic loop of the cloned AT1A 
receptor elicited effects similar to those obtained with Angll, ie. a ~ 32% 
reduction in IK and a ~ 40% increase in ICa. The effects of AT1A-i3 on IK 
and ICa were significantly reduced by intracellular injection of an anti-Gq/llα 
antibody (1:200), or by pretreatment of cultures with the PKC antagonist 
calphostin C(500nM-750nM). The effects of AT1A-i3 on IK and ICa were not 
mimicked by intracellular injection of a peptide corresponding to the second 
cytoplasmic loop of the AT1A receptor AT1A-i2. These data implicate the 
third cytoplasmic loop of the cloned AT1 receptor as a key transduction 
region for activating the intracellular processes (ie. Gq/phosphoinositide 
hydrolysis/PKC) which lead to changes in IK and ICa. (Supported by NIH 
grants HL-49130 and HL-46417).

42.13

TRH M ODULATION OF H IPPO C A M P A L CA1 S Y N A P T IC  
RESPO N SES IN RATS AND HIBERN A TIN G  O R AW A KE
H A M STERS. M.J. Guinan *. J.M. Horowitz, and J. Piro.. Section of 
Neurobiol., Physiol, and Behav., Univ. of Calif., Davis, CA 95616.

Species and seasonal dependance of the modulatory effects of Thyrotropin 
Releasing Hormone (TRH) on synaptic responses of hippocampal CA1 pyramidal 
cells were examined. The effects of TRH (10-5M) on the amplitude of averaged 
CA1 population spikes evoked by Schaffer collateral stimulation were compared in 
slices from warm adapted, awake Syrian hamsters (WAH), cold adapted, hibernating 
Syrian hamsters (CAH), and rats (see table). In experiments conducted during the 
summer in WA hamsters, TRH produced a transient (approx. 10 min) depression of 
pop spike amplitude. The amount of depression varied from none to total 
supression of evoked pop spikes, with an average depression to 68% of control 
amplitudes. Application of the inactive TRH -free acid had no effect. Subsequent 
applications of TRH after washout failed to produce a significant depression. TRH 
had a much smaller effect in CAH hamsters, and no significant effect on pop 
spikes in rats. Additional experiments on WA hamsters conducted during the winter 
showed no depression, suggesting that the inhibitory effect of TRH may be 
seasonal.
Number of slices showing depression (<85% ) or enhancement (>115%) of control.

WAH (summer) CAH (summer) WAH (winter) Rat
Depressed 15 4 0 1
No change 11 14 11 10
Enhanced 1 0 0 0

Studies in other hibernating species have shown the hippocampus has a high 
density of TRH receptors, and that the receptor levels show seasonal variation 
(Stanton et al, Brain Res. Bui. , 28:877, 1992). In rats, TRH has relatively few 
hippocampal receptors. Thus the present electrophysiological results in hamsters 
parallel these previous findings of species and seasonal differences in TRH receptor 
density. (NASA Grant #NAG-2-788)

42.10
ANGIOTENSIN II IN THE RETINA: ITS PHYSIOLOGICAL EFFECT ON 
CALCIUM CHANNELS IN RAT RETINAL GANGLION CELLS. Elke 
Guenther*. Birgit Hewig. Konrad Kohler and Eberhart Zrenner Dept. Exp 
Ophthalmology, Univ. Eye Hospital Tubingen, 72076 Tubingen, Germany

Purpose: The aim of the present study was to investigate the effect of the putative 
retinal neuromodulator Angiotensinll (Angll) on subtypes of high-voltage-activated 
(HVA) calcium channels in the rat retina.

Methods: Patch clamp recordings were performed on dissociated retinal 
ganglion cells (RGCs) from postnatal rats. The extracellular solution contained TTX 
and TEA-C1 to block sodium and potassium currents and 10 mM BaCl2 as charge 
carrier. The holding potential was -80 mV. To isolate the effect of Angll (100 μM) on 
N-type calcium channels, the L-type channel blocker nifedipine ( 10μM) was applied 
together with Angll. Angll effects on L-type channels were investigated by applying 
the N-type channel blocker w-conotoxin GVIA (5μM) together with Angll.

Results: Application of Angll resulted in a reduction of the total HVA calcium 
current in all ganglion cells tested (n=29) without changing the activation kinetics 
Mean peak current amplitude was reduced by 33.39% ± 15.51% in 100 μM Ang II 
Analysis of distinct subtypes of HVA calcium channels revealed a more differentiated 
action of Angll. A reduction of the current amlitude by Angll could be observed for 
Ca-currents mediated via N-type channels ( 18.85% ± 6.07). In contrast, Ca-currents 
mediated via L-type channels were reduced in only 59% of the cells ( 24.48% ± 791) 
whereas current amplitudes were increased in 41% of the cells (29.75% ± 16.18%).

Conclusions: In rat retinal ganglion cells the calcium influx through HVA- 
calcium channels is regulated differently by Angll. There seems to be only one 
mechanism of Angll action on the N-type channel which results in a decreased influx 
of calcium. Two mechanisms seem to exist for the modulation of L-type channels by 
Angll, regulating the calcium influx down in one cell population and regulating it up 
in the other. In consequence, the net effect of Angll on the total HVA-current 
depends on the distribution of N-type and L-type channels on each ganglion cell

42.12
LOSARTAN BLOCKS ANGIOTENSIN II INHIBITION OF LONG-TERM 
POTENTIATION IN HIPPOCAMPAL SLICES. D.L. Armstrong*. E.A. Garcia, 
T. Ma, B. Quinones, and M.J. Wayner. Division of Life Sciences, The University 
of Texas at San Antonio, San Antonio, TX 78249.

Angiotensin II (All) blocks the induction of long-term potentiation (LTP) at the 
perforant path-granule cell synapse when it is injected just dorsal to the 
hippocampus in anesthetized rats. The purpose of the present study was to 
determine if All also blocks LTP in vitro, independent of anesthesia and in the 
absence of normal afferent inputs. Slices were exposed to 0, 0.5, 5.0, 50, and 500 
nM All for 30 min prior to and during tetanization, n=5 for each treatment. 
Under control conditions, the slope of evoked field EPSPs (fEPSPs) recorded in 
the dentate gyrus molecular layer 1 hr after tetanization of perforant path fibers 
was potentiated compared to baseline responses (mean % increase 56 + 4.9 SEM). 
LTP induction was blocked in slices exposed to 50 nM All; however, this 
concentration of All had no effect on baseline responses. The inhibition was not 
due to increased activation of GABAa receptors since the effect was not blocked 
by the addition of 10 μM picrotoxin to the perfusion bath. In contrast, when the 
experiment was repeated in the presence of 2.5 μM losartan, a specific antagonist 
for the All ATI receptor subtype, normal LTP was observed. Treatment with 
losartan alone had no effect on baseline fEPSP amplitude and slope or on the 
level of potentiation observed after tetanization. These results indicate that All 
has direct effects on hippocampal synaptic function and that it blocks LTP 
induction via AT, receptor activation.
Supported by NIH GM 08194.

42.14

CORTICOTROPIN RELEASING FACTOR IS INVOLVED IN THE 
INDUCTION OF CEREBELLAR LONG TERM DEPRESSION 
MlYATA.M*.and ITOr M. Laboratory for Synaptic Function, 
Frontier Research Program, The Institute of Physical and 
Chemical Research (RIKEN), Wako, Saitama 351-01 

Corticotropin releasing factor (CRF) is contained in climbing 
fibers (CFs), and CRF receptors are present on the dendrites of 
Purkinje cells, suggesting that CRF may act as a 
neuromodulator or a neuro transm itter on Purkinje cells. In 
this study, intradedritic recording from Purkinje cells was 
perform ed in slices of rat cerebellum under perfusion of 20 μM 
Picrotoxin in normal Ringer. Addition of CRF (0.5 μM) to the 
perfusate did not produce any noticeable change in the EPSPs 
induced by stimulation of parallel fibers (PFs) or CFs alone at 
0.2 Hz. However, when PFs were stimulated at 1 Hz 300 pulses 
subsequent to the CRF application, significant depression 
(55 +7.8% SE, n=9) occurred in the PF-EPSPs. Application of CRF 
(7-41), an inactive form of CRF, had no such effect on 
the PF-EPSPs(n=4). Synchronous conjunctive stimulation of 
CFs and PFs (1 Hz,300 pulses) normally induces long-term 
depression (LTD) of PF-EPSPs, but it failed to do so under 
perfusion of the competitive CRF receptor antagonist, α-h CRF 
(1 μM)(n=8). These results suggest that CRF is an indispensable 
factor for the induction of LTD.

Society for Neuroscience, V olume 21, 1995



90 PEPTIDES: PHYSIOLOGICAL EFFECTS I SUNDAY AM

42.15
INFLUENCE OF INTRACISTERNAL CRF-ANTAGONIST AND CRF, AND 
COLORECTAL DISTENTION ON THE SPONTANEOUS NEURONAL 
ACTIVITY OF THE NUCLEUS LOCUS COERULEUS (LC). H. Kosovan* &
Y. Taché . UCLA: CURE/Gastroenteric Biol. Ctr., VA Med. Ctr. & Dept. of 
Med. & Brain Res. Inst., Los Angeles, CA 90073.

Corticotropin-releasing factor (CRF) neurons are believed to integrate the 
endocrine, autonomic and behavioral responses of mammals to stress. The nucleus 
of the LC is an important brain site of action where CRF induces both behavioral 
anxiogenic effects, and stimulation of colonic motor function in rats (Valentino
R.J. et al.,1994; Tache Y. and Mönnikes H.,1993). Distention of the distal colon 
and mechanical probing of the rectum wall causes pronounced activation of the LC 
neurons (Elam M. et al.,1986). Aim: To assess the influence of an intracistemal 
(IC) new CRF-antagonist (# 264-123-15, 3 fig, Salk Institute), followed by 
colorectal distention (CRD) and IC CRF (1 μg) on the LC neuronal discharge rate 
in anesthetized rats. Method: Male SD rats (280-320 g) were injected with 
urethane (1.5 g/kg, im) and implanted with a catheter into the cistema magna for 
IC (15 μl) injection. For CRD a catheter ending in a compliant balloon (6 cm) 
was inserted through the anus-rectum. The distal colon and rectum were distended 
by injection into the balloon of 5 ml saline (37° C) over 1-3 sec. The duration of 
the distention lasted 30 sec. Extracellular single cell activity recording from the 
LC was performed by glass micropipette with 1.5-3.0 μm diameter tip (5-10 MΩ), 
Filled with 2 M NaCl in saturated Fast Green Dye. Nerve signals were sent to a 
window discriminator and counted on computer. Maximum 3 min peak changes 
for CRD and max 5 min peak changes for CRF and CRF-antagonist from basal 
were calculated and expressed as mean ±  SEM peak changes from baseline. 
Results: IC injection of CRF-antagonist had no significant effect on LC neuronal 
activity (95.6 ±  13.8 %, n=5) while CRD for 30 sec significantly increased LC 
neuronal discharge rate to 237 ± 2 5 .3  % (n=5). The onset of the peak excitatory 
response induced by CRD was 3.2 ±  2.5 min (n=5). IC injection of CRF (210 
pmol) injected after CRF-antagonist had no significant effect on the spontaneous 
discharge rate of the LC cells (101.8 ±  12.2 %, n= 5). Conclusions: These data 
indicate that IC CRF-antagonist (#264-123-15) antagonizes exogenous CRF effect 
and that LC neurons are responsive to both CRD and IC CRF. (Supported by NIH 
grants NS28433 & DK30110).

42.17
EFFECT OF NEUROTENSIN ON THE DOPAMINERGIC NEURONES OF 
RAT SUBSTANTIA NIGRA COMPACTA.

Neurobiologie Cellulaire, Instilut des Neurosciences, UPMC, 9 Quai Saint 
Bernard, Bat.B 3ieme étage, 75005 Paris, France.

We have investigated the effect of neurotensin using the patch-clamp 
technique in whole cell configuration on dopaminergic cells in substantia nigra 
(SN) slices from rat pups aged between 10 and 15 days old. In order to perform 
this study, it was necessary to characterise the dopiuninergic neurones.

In 96% of the recorded neurones (n=124) hyperpolarising steps induce an 
inward rectification that can be extremely pronounced. In the majority of this cell 
population (80 %) depolarising steps generate a single or two action potentials 
(firing rate <15 Hz). These properties are consistent with the reported 
electrophysiology data on the dopaminergic neurons of the SN compacta (SNc). 
Few cells (20 %) display a faster rate of discharge which may underlie a 
hereterogeneity of this cell population. Futhermore, all the neurones respond to 
dopamine (50 μM) and are unaffected by the application of the DAGO (1 μM), a 
selective agonist for the μ opioid receptor. In a few neurones (n=5) the inward 
rectification in response to a hyperpolarising step is not observed. These cells are 
probably gabaergic.

In the SNc, dopaminergic neurones receive gabaergic afferents that are 
also known to contain neurotensin. The application of this neuropeptide (0,5 pM) 
induces, at a membrane potential of -60 mV, a biphasie response resulting from a 
fast inward current associated with an increase in conductance (probably cationic) 
and a slower outward current associated with a decrease in conductance (probably 
cationic aswell). These results differ from those observed on the dopaminergic 
neurones of the ventral tegmental area and the basal forebrain cholinergic neurons 
where neurotensin induces a biphasie inward current.

42.16
LOCALLY APPLIED CYSTEAMINE REDUCES PAIRED PULSE INHIBITION 
IN DENTATE GYRUS. K.J.Squarey* and C.W. Harley. Psychology Dept., 
Memorial University, St. John’s, Nfld A1B3X9

Hilar somatostatin (SS) neurons in dentate gyrus (DG) are selectively lost with 
brief ischemia and in perforant path-induced epilepsy. These cells are a 
subpopulation of GABA intemeurons. Their loss has been hypothesized to contribute 
to excitotoxic damage at later stages of the trisynaptic circuit. Electrophysiological 
studies following manipulations intended to remove this subpopulation and/or SS 
itself have found, variously, unchanged, increased or decreased DG inhibition.

The present study investigated the effects of local SS depletion in DG by recording 
the perforant path evoked potential in urethane anesthetized rats through widebore 
micropipettes containing cysteamine ( 100mM). Control potentials were 
simultaneously monitored in the opposite hemisphere through saline pipettes at the 
same pH (7.4). Paired pulse inhibition (22-27 ms intervals) and paired pulse 
facilitation (60-70 ms intervals) were assessed in each experiment. Typically the 
paired pulse inhibition ratio (second population spike/first population spike) on the 
saline pipette was . 1 for spike amplitudes from 6-12 mV, while the paired pulse ratio 
on the cysteamine pipette was .5 for the same range. While inhibition was 
consistently reduced on the cysteamine pipette, facilitation at 60-70 ms was not 
enhanced, but was reduced, by cysteamine. This outcome suggests SS may normally 
enhance both inhibition and facilitation in the DG circuit.

The decrease in inhibition observed is consistent with the hypothesis that SS 
contributes to recurrent inhibition and with the possibility that DG output after SS 
loss contributes to excitotoxicity.

42.18
E F F E C T S  O F  N E U R O T E N S IN  O N  A C U T E L Y  D IS S O C IA T E D  N E U R O N S  
F R O M  T H E  H O R IZ O N T A L  L IM B  O F  T H E  D IA G O N A L  B A N D  O F  B R O C A  
(h D B B ) IN  T H E  RAT. B .S . Jassar* a n d  J .H . J h a m a n d a s . D e p a rtm e n t of 
M e d ic in e  (N e u ro lo g y ) a n d  D ivision o f N e u ro s c ie n c e , U n ivers ity  o f A lberta , 
E d m o n to n , A lb erta , C a n a d a .

h D B B  is a  fo reb ra in  s ite  im p lic a te d  in m e d ia tin g  a  varie ty  of 
p h y s io lo g ica l re s p o n s e s  in c lu d in g  th o s e  re la te d  to  a u to n o m ic  function , 
m e m o ry  a n d  learn in g , a n d  th e  g e n e ra tio n  o f th e ta  rh y th m . N e u ro ten s in , 
a  p u ta tive  p e p tid e rg ic  tran sm itte r, is lo c a lize d  w ith in  th e  h D B B  an d  
c a u s e s  o scilla to ry  bursting  b e h a v io r w h e n  a p p lie d  to  fo re b ra in  n eu ro n s  
in th e  s lice . W e  e x a m in e d  th e  a c tio n s  o f th is  p e p tid e  on  a c u te ly  
d is s o c ia te d  h D B B  n eu ro n s  u s in g  th e  w h o le -c e ll p a tc h  c la m p  reco rd in g  
te c h n iq u e . A c u te ly  d is s o c ia te d  h D B B  n e u ro n s  w e re  p re p a re d  from  th e  
rat b asa l fo reb ra in  s lice  us in g  e n z y m a tic  tre a tm e n t. U n d e r  v o lta g e -c la m p  
c o n d itio n s , bath  a p p lic a tio n  of n e u ro te n s in  (2μ M) resu lted  in a  revers ib le  
d e c re a s e  in o u tw ard  cu rre n t b e tw e e n  -3 0  to  + 3 0  m V  in h D B B  neu ro n s  
(n = 1 2 ) .  B lo c k a d e  o f C a 2+ influx w a s  a c h ie v e d  b y a p p ly in g  external 
m e d iu m  co n ta in in g  0  C a 2+ a n d  5 0  μ M  C d 2+. U n d e r  th e s e  c o n d itio n s  th e  
n e u ro te n s in  e ffect w a s  ab o lis h e d . T h e s e  resu lts  s u g g e s t th a t th e  actions  
of n e u ro ten s in  m a y  b e  m e d ia te d  th ro u g h  b lo c k a d e  o f a  vo lta g e -s e n s itiv e  
C a 2+-a c tiv a te d  K + c o n d u c ta n c e . N e u ro te n s in  m a y  in flu e n c e  th e  
exc itab ility  of th e  h D B B  n eu ro n s  th ro u g h  s u c h  a  m e c h a n is m  an d  
m o d u la te  th e  g e n e ra tio n  o f s lo w  fo re b ra in  rhythm s.

S u p p o rte d  by th e  M e d ic a l R e s e a rc h  C o u n c il o f C a n a d a  a n d  H .M . T o u p in  
F o u n d atio n .
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43.1
β 1-A D R E N E R G IC  R E C E P T O R  G E N E  E X P R E S S IO N : B A S A L P R O M O T E R  
A N D  R E G U L A T O R Y  R E G IO N S , T R A N S C R IP T IO N A L  S T A R T  A N D  
P O L Y A D E N Y L A T IO N  S IT E S , A N D  P O T E N T IA L  D N A  B IN D IN G  P R O T E IN S . 
C . A . M a c h id a 1,2 ,3 *. R . P. S e a r le s 1 . and C . N . M id s o n 1 . 1 D iv is ion  of 
N euroscience, O regon  R eg ional Prim ate  R esearch  C en ter, B eaverto n , O R  
9 7 0 0 6  and  G rad u a te  P rogram  in 2 N eu ro sc ien ce  and  3 M o lecu la r and  C ell 
Biology, O regon H ealth  S ciences University, Portland, O R  9 7 2 0 1 .

Using R N a s e  protection and transien t transfection a n a lyses , w e  h ave  
d e fin ed  th e  tran scrip tio n a l s ta rt and  p o ly a d e n y la tio n  s ites  of th e  rat 
β 1 -adrenerg ic  receptor (β 1-A R ) transcript, and h ave identifed regions within 
th e  5' flanking  seq u e n c e s  of th e  β 1-A R  g e n e  th a t a re  im portan t fo r  
expression. T h e  β 1-AR transcript has multiple start sites, occurring primarily  
in two clusters centered  at b ases -2 8 0  and -2 5 0 , re lative to the  start site of 
translation . T h e  tw o m ajor β 1-A R  transcrip tional s tart s ite  c lusters  a re  
preferentia lly  utilized in th e  periphera l nervous system  and  w ithin rat C 6  
gliom a cells; extrem e 5' start sites, upstream  from the two m ajor clusters, m ay  
be preferentia lly  s e lec ted  in th e  centra l nervous sys tem . T w o  potentia l 
polyadenylation signals at + 2 4 5 0  and + 2 7 3 2  a re  both functional, although  
the distal site at + 2 7 3 2  is preferred  in both C 6  cells  and w ithin the  heart. 
Using luciferase reporter g ene and transient transfection analyses, w e  have  
identified a region betw een bases -3 8 9  and -3 2 5  of the rat β 1-A R  g ene which  
is necessary  for basal expression in C 6  cells. T h e  de letion of an inverted  
C C A A T  sequence within this region does not significantly  a lte r activity. In 
addition, deletion of the bases be tw een  -211  an d  -1 8 6  an d  b e tw een  -1 5 9  
and -1 significantly alters expression. Both of th ese  regions a re  dow nstream  
from the m ajor β1 -A R  transcriptional start site clusters and m ay function either 
through regulation of transcription or through a lteration  of th e  transcrip t’s 
structure. G el shift an alyses, utilizing oligonucleotide probes be tw een  -3 8 9  
and -2 9 9 , d e m onstrate cand idate  D N A  binding proteins th a t m ay serve  as  
potential transactivating factors im portant in β 1-AR g ene expression.

43.2
DN A-PRO TEIN CO M PLEX ES FO RM ED BETW EEN  D2 DO PAM INE 
R E C E P T O R  PR O M O T E R  O L IG O N U C L E O T ID E S  AND NUCLEAR 
PROTEINS FROM  BRAIN REGIONS OF YOUNG AND OLD RATS. J. M. 
Chemak*. P. W. Hoffman. T. Minowa. M. M. Mouradian, and G. S. Roth. Laboratory 
of Cellular and Molecular Biology, National Institute on Aging, NIH, Baltimore, MD 
21224 and Experimental Therapeutics Branch, NINDS, NIH, Bethesda, MD 20892.

Changes in expression of D2 dopamine receptors in the striatum are clearly involved 
in the decrease in motor abilities in normal aging, Parkinson’s disease and other 
neurodegenerative disorders. Therefore it is important to investigate transcriptional 
regulation of the D2 dopamine receptor gene. Using gel mobility shift assays with 
DNA fragments containing putative regulatory sites of the cloned rat D2 promoter, we 
have reported that the concentration, activity, and/or identity of nuclear factors 
interacting at this promoter may differ in rat brain versus peripheral tissues and may 
decrease with age in the rat cerebellum and liver. We now report on initial studies of 
the interactions between nuclear proteins from different brain regions of young and 
old rats and DNA oligonucleotides containing putative regulatory sites of the 
promoter. An oligonucleotide containing the SP1 site immediately upstream of the 
primary transcriptional start site is bound by proteins found in nuclear extracts 
obtained from rat striatum, hippocampus, cerebellum, and cortex. Extracts from 
cerebellum or cortex form at least two different specific complexes -- a higher 
molecular weight complex which appears to contain proteins related to the 
transcription factor SP1 but not proteins related to the transcription factor API, and a 
lower molecular weight complex which does not appear to contain proteins related to 
SP1 or API. Extracts from striatum and hippocampus form predominantly the lower 
molecular weight complex. Preliminary data with this oligonucleotide suggests that 
extracts made from the pooled striata of several young rats contain similar levels of 
binding activity as extracts made from the pooled striata of old rats. An 
oligonucleotide containing an SP1 site just upstream of the first SP1 site is also bound 
by proteins found in nuclear extracts obtained from rat striatum, hippocampus, 
cerebellum, and cortex. Extracts from cortex form at least three specific complexes, 
and two of these appear to contain proteins related to SP1.
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43.3
ANALYSIS OF THE NEGATIVE REGULATORY FACTOR OF THE 
RAT D2 DOPAMINE RECEPTOR GENE PROMOTER.
S. Y.ajima, T . Minowa,. M, M, Mbyradian*. Genetic Pharmacology 
Unit, Experimental Therapeutics Branch, NINDS, Bethesda, MD 
20892.

The D2 dopamine receptor is classically recognized to be the primary 
mediator of the motor, behavioral and endocrine effects of central 
dopaminergic neurotransmission. We have been investigating the 
regulatory mechanisms controlling transcription o f this gene. 
Previously, we cloned its 5' flanking region and identified the positive 
and negative modulators. Detailed analysis of the negative region, 
which includes three consecutive TGGG repeats and a putative Spl 
binding sequence, indicated that it binds to Spl protein and an 
unknown nuclear factor found in a cell line expressing this dopamine 
receptor as well as in the rat striatum (Minowa et al, J. Biol. Chem. 
269: 11656, 1994). In the present study, we proceeded to identify the 
transcriptional regulatory factors responsible for repressing D2 gene 
expression. We constructed a lambda g t l l  cDNA library using 
poly(A)+RNA from the D2 expressing mouse neuroblastoma cell line 
NB41A3. A concatenated oligonucleotide probe having the TGGG 
repeat or the Spl consensus sequence in the negative modulator of this 
gene were used for library screening. Several candidate clones were 
obtained among about 5x l05 plaques screened. As expected, analysis 
of one candidate cDNA clone revealed to be the 3' end of the mouse 
homologue of Spl. To obtain the 5' end of this clone, 5' RACE was 
performed and the entire sequence showed about 98% amino acid 
identity with the rat Spl. Detailed characterization of these clones are 
currently in progress.

43.5
EXTENDED SEQUENCE ANALYSIS REVEALS ADDITIONAL POTENTIAL 
REGULATORY ELEMENTS WITHIN 4.8 KB OF THE RAT TYROSINE HYDROXYLASE 
(TH) GENE. L  Crews* and D.M. Chikaraishi. Dept. Neuroscience, Tufts Univ. Sch. 
Med., Boston, MA 02111.

Previous studies in cultured cells  indicated that m any, if not all, of the  
elem ents necessary  for expression of the T H  g e n e  reside within 2 7 2  bases of 
the transcriptional start site. H ow ever, w h en  tested  in vivo the -2 7 2  sequence  
w as not a b le  to d ire c t a p p ro p ria te , t is s u e -s p e c if ic  g e n e  exp re s s io n . 
Progressively lengthening th e  flanking seq u en ce  im proves tissue specificity, 
with 4 .8  kb of 5 ’ s eq u en ce  d irecting n e a r p erfec t expression  in transgen ic  
mice. In o rder to reveal th e  regulatory e lem en ts  that m ed iate  tissue specific  
expression, w e  sequenced  the rat T H  5' flanking seq uence to -4 .8  kb.

Analysis of this s e q u en ce  re vea led  th e  follow ing. First, th e  rat and  
murine sequences are  alm ost 9 0 %  identical through -2 3 4 7 , at w hich point the  
rat sequence contains a m icrosatellite  of 31 T -G  repeats . T h e s e  repetitive  
elem ents a re  used  prim arily  as polym orphic m arkers  for g e n e  m apping but 
they have also b e e n  show n to  in fluence p ro m o ter activ ity . 5 ’ to th e  T -G  
repeat, sequence hom ology falls d ram atically  w ith only very short stretches of 
identity. S eco n d , th e re  are  a  large  n u m b er of pu tative  D N A  binding sites  
which include T R E s  (for AP-1 and  -2 ), E B oxes (for H L H  pro teins), A -T  rich 
octam er sites (for ho m eo d o m ain  proteins), C A A T  b o xes and  sites for S P -1 . 
Third, there  a re  num erous potentia l binding sites fo r stero id  receptor fam ily  
hormones such as glucocorticoid and  N G F I-B , for the  associated  protein N F - 
kB and for P U .1 , an ets-re la ted  factor that m ay repress glucocorticoid-induced  
transcription. Fourth and  finally, a  site from  -2 3 4 2  to -2 3 2 2  is 5 7 %  identical 
(92%  within a  12 bp core) to the  consensus N R S E  (neura l restrictive silencer 
elem ent), w hich m ay repress g en e  expression in non-neuronal cells.

Identification  of th ese  reg u lato ry  e le m e n ts  p ro vid es th e  basis  for 
studies that w ou ld  s e e k  to d e te rm in e  th e ir fu n c tio n a l contribu tion  to th e  
complex m echanism s that govern  cell-specific  expression of neuronal genes. 
N S 09435  and N S 2 2 6 7 5 .

43.7

EVIDENCE FOR THE INVOLVEMENT OF CREB IN THE 
REGULATION OF THE TYROSINE HYDROXYLASE GENE USING AN 
ANTISENSE RNA STRATEGY. K.M. Piech* and A.W. Tank. Department 
of Pharmacology, University of Rochester, Rochester, NY 14642.

Activation of the protein kinase A signalling pathway regulates tyrosine 
hydroxylase (TH) gene expression. Response elements in the TH gene 
promoter such as the canonical cAMP-responsive element (CRE)(-45 to -38) 
and TH-CRE2( -97 to -90) play a role in mediating this effect. However, it is 
not known which transcription factors are essential for TH gene activation. 
Gel shift assays using a radiolabeled TH-CRE probe and PCI2 nuclear 
extracts demonstrate that one major protein-DNA complex is formed under 
basal conditions and that the apparent concentration of this complex does not 
change following treatment of the cells with 0.1-1 mM 8-CPT cAMP. 
Western blotting of PC 12 cell nuclear extracts confirm the expression of 
cAMP response element binding protein (CREB) in cell nuclei.

We have used an antisense RNA strategy to investigate whether CREB 
participates in TH gene regulation in response to PKA activation. An 
antisense RNA expression vector (pCREB-AS.6) that expresses RNA 
complementary to positions 1-620 of CREB mRNA was transfected into 
PC12 cells and stably-transfected clonal cell lines were isolated. Western 
blotting of nuclear extracts from some of the clonal cell lines demonstrate a 
50% to 100% diminishment in CREB protein expression. Transient 
transfection assays using TH-CAT constructs demonstrate that the response 
of the TH gene promoter to cAMP was dramatically decreased, when CREB 
protein expression is blocked. These results provide direct evidence that 
CREB participates in the cAMP-mediated induction of TH gene promoter 
activity in PC 12 cells. The CREB-antisense-expressing PC 12 cells will be 
useful for investigating whether CREB participates in the response of the gene 
to stimuli other than cAMP. (Supported by NIDA grants 05014 and 07232 
and STRC grant 0481).

43.4

ANALYSIS OF THE 5’ NON-CODING REGION OF THE 
HUMAN D 1a  DOPAMINE RECEPTOR GENE S.-H. LEE. 
M. T. Minowa. J, F. Bishop* and M, M. Mpuradian, 
Genetic Pharmacology Unit, Experimental Therapeutics 
Branch, NINDS, Bethesda, MD 20892.

Knowledge about the molecular regulation of dopamine 
receptors helps us understand how they can be modified by 
disease states and by pharmacologic manipulations. To 
study control of transcription of the human D1a dopamine 
receptor gene, we had previously cloned and characterized 
its 5’ flanking region and analyzed its main activator 
(Minowa et al, PNAS 89:3045, 1992; Minowa et al, J. Biol. 
Chem. 268:23544, 1993). We have found that this gene has a 
long 5' noncoding region of about 920 bp including all of 
exon 1 and part of exon 2. In the present investigation, 
serial 3’ deletions of the upstream non-coding region of this 
gene resulted in dramatic decrease in transcriptional 
activity of the reporter gene CAT in two D1a expressing 
neuroblastoma cell lines NS20Y and SK-N-MC. Gel 
retardation and DNase I footprinting studies using nuclear 
extracts from both these cell lines revealed DNA/protein 
interaction sites in exon 2 as well as in exon 1. We conclude 
that the D1a dopamine receptor gene is subject to complex 
control mechanisms at both its transcribed and 
nontranscribed segments.

43.6
STRESS INDUCED EXPRESSION OF THE TYROSINE 
HYDROXYLASE GENE IN TRANSGENIC MICE EXPRESSING 
THE TH-CAT TRANSGENE. C.A.Augonis*. D.M. Chikaraishi. 
A.W. Tank. Department of Pharmacology, University of Rochester, 
Rochester, NY 14642.

Previous studies have shown that tyrosine hydroxylase (TH) and TH 
mRNA are induced by exposure to cold and immobilization stress in 
rats. Utilizing transgenic mice that express 4.8 kB of the TH 5’ 
flanking region linked to chloramphenicol acetyltransferase (CAT), we 
are investigating the changes in transgene expression in response to 
these stressors. Our studies indicate that cold exposure for 2-3 days is 
associated with an increase in TH-CAT transgene expression and an 
induction of TH protein in the mouse adrenal medulla. McMahon 
et.al.[J.Neurochem. 58,2124-2130 (1992)] have shown that TH 
mRNA levels are transiently induced in the rat adrenal after a single 
episode of immobilization stress. Yet, after repeated immobilizations 
there is a sustained induction of TH mRNA levels. In agreement with 
these data, we have found that a single, one-hour immobilization causes 
a transient increase in TH-CAT expression in the mouse adrenal 
medulla, whereas repeated immobilizations cause a sustained increase 
in TH-CAT. This long-term induction of transgene expression is 
associated with an increase in endogenous TH protein expression in the 
mouse adrenal. These results indicate that the TH-CAT transgene is 
induced in the adrenals of transgenic mice by stressors that induce 
adrenal TH gene expression in rat. Hence, these transgenic mice will 
be a useful model to study the promoter elements that regulate TH gene 
expression in vivo. (Supported by DA05014, GM08427, STRC grant 
0481)

43.8
CALCIUM-MEDIATED REGULATION OF TYROSINE HYDROXYLASE 
GENE EXPRESSION: INVOLVEMENT OF MULTIPLE SIGNALLING 
PATHWAYS. K. Nagamoto* and A.W. Tank. Neuroscience Program and Dept. of 
Pharmacology, Univ. of Rochester, Med. Ctr., Rochester, NY 14642.

Membrane depolarization with high K+ leads to induction of tyrosine hydroxylase 
(TH) mRNA and stim ulation of TH gene prom oter activity in rat 
pheochromocytoma PC 12 cells. Using site-directed mutagenesis, we have 
previously shown that membrane depolarization elicits activation of the TH gene 
promoter via the CRE, API and TH-CRE2 promoter elements within the 5’- 
flanking region of the TH gene [Tank et al (1994) Neurosci Abstr 125:4]. This 
depolarization-mediated activation of the TH gene promoter is due to Ca2+ influx via 
voltage-gated L-type Ca2+ channels. Although elevation of intracellular Ca2+ 
results in activation of Ca2+/calmodulin-dependent kinases (CaMKs), involvement 
of these kinases in the depolarization-mediated regulation of the TH gene has not 
been directly demonstrated. We show that KN62, a selective inhibitor of CaMKs, 
completely blocks high K+ induced TH gene promoter activity. However, 
intracellular Ca2+ measurements using FURA-2 demonstrate that 10 pM KN62 
inhibits high K+ mediated Ca2+ influx, suggesting that the blockade of TH gene 
promoter activation may be due to multiple effects of KN62. The Ca2+ ionophorc, 
A23187 (10 μM) also increases TH gene promoter activity in PC12 cells, and Ca2+ 
influx elicited by this drug is not affected by the presence of KN62. Interestingly, 
10 pM KN62, the concentration reported to inhibit CaMK-mediated gene induction 
in PC12 cells [Enslen & Soderling (1994) J. Biol. Chem. 269: 20872], only 
slightly decreases Ca2+ mediated TH gene promoter activation. These results 
suggest that intracellular Ca2+ regulates TH gene expression by activating multiple 
signal transduction pathways. (Supported by DA05014 and STRC grant 0481)
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43.9
IN VIVO RESERPINE AND IN VITRO FORSKOLIN CHANGE THE BINDING OF RAT 
ADRENAL OR PC12 CELL-DERIVED NUCLEAR PROTEINS TO A TYROSINE 
HYDROXYLASE CRE. C. Tinti1*B. Conti1. J.F. Cubetls1,2 H. Baker1 K.S. Kim3 and T.H. 
Joh1,2. 1Burke Med. Res. Inst. and 2Dept of Psychiatry, Cornell Univ. Med. Coll., White 
Plains, NY 10605 and 3Univ. Tennessee Sch. Med., Memphis, TN 38163.

Tyrosine hydroxylase (TH) is the rate limiting enzyme in the catecholamine 
biosynthetic pathway. The cyclic AMP response element (CRE), located in the proximal 
5'promoter of the TH gene, plays important roles in regulating transcription of this gene 
(Kim, et al., 1993, JBC, 215:1589). To investigate the role of CRE-binding proteins in 
TH gene regulation, we used a 24bp oligonucleotide encompassing the TH CRE to 
perform gel mobility shift assays on nuclear extracts from different regions of the central 
and peripheral nervous systems. Extracts from adrenal gland (AG) and PC-12 cells 
exhibited similar mobility pattems that differed from those observed in olfactory bulb, 
substantia nigra, locus ceruleus and cerebellum. To probe functional changes in TH- 
gene expression, we prepared adrenal extracts from reserpine-treated (10 mg/kg, 4 h 
premortem) or control rats and PC 12 cell extracts from cultures incubated in the 
presence or absence of forskolin (10 uM, 4h). Adrenal extracts from reserpine treated 
rats produced an intense CRE-specific band that was not detectable in control extracts 

at the same exposure time. Extracts from forskolin-treated PC12 cells also produced a 
new CRE-specific band that shifted to a similar position as the new band from reserpine- 
treated adrenals. These results suggest 1) that the peripheral and central nervous 
system express different CRE-binding proteins and 2) that CRE binding proteins play 
important roles in transynaptic increases in rat adrenal TH gene transcription and cyclic 
AMP-stimulated increases in PC 12 cell TH gene transcription, supporting a role for 
cAMP in induction of adrenal TH. Suppported by MH24285 and AG09686.

43.11
REG U LA TIO N  OF TH E TY RO SIN E HYDROXYLASE G E N E  
REQUIRES C O O PE R A T IO N  BETW EEN TH E TH -FSE A N D  CRE M . 
Ghee. j .C. M iller* and  E.B. Z iff . H o w ard  H ughes M edical In stitu te , 
D epartm ents of M icrobiology, B iochem istry and  P sych iatry , NY U 
M edical Center, N ew  York, NY 10016.

The tyrosine hydroxylase  (TH) gene encodes the rate-lim iting  enzym e 
in catecholam ine biosynthesis. We h ave  show n th a t tw o e ssen tia l 
e lem ents in the TH prom oter, the TH-"Fat Specific E lem ent" (TH-FSE), an 
A P -l-like  site w hich  b inds Fos and  Jun, and  the cAMP Response Element 
(CRE), w hich b inds CREB, cooperate to m ediate  transcrip tiona l regulation  
of the TH gene. W e asked w hether this cooperation  is fac ilita ted  by th e  
CREB-Binding Protein (CBP), a nuclear p ro te in  w hich  b inds to PKA- 
p h o sp h o ry la ted  CREB. W e tran sien tly  transfected  PC12 cells by 
electroporation  w ith  CAT reporter p lasm id  constructs containing e ith e r  
w ild ty p e  TH prom oter sequences or prom oters w ith  deletions of the TH- 
FSE a n d /o r  CRE. O ur results show  that deletion  of the CRE or the FSE or 
of both  elem ents m arked ly  decreases b asal expression of the prom oter. 
M oreover, w ild ty p e  TH gene transcrip tion  w as increased  by NGF. An 
induction w as also observed in PC12 cells co-transfected w ith  a vector 
expressing the ca ta ly tic  subunit of PKA and  the w ild ty p e  TH prom oter 
construct. S tim ulation  w ith  NGF or expression of PKA w as unable to 
restore basal o r inducible levels of expression to the  CRE or FSE d e le ted  
constructs. We conclude th a t the  TH prom oter is ac tiv a ted  by cAMP and 
N G F-dependent pathw ays. N orthern  analyses of TH  m RN A  on PC12 cells 
treated  w ith  either NGF or forskolin  p ro v id ed  evidence th a t  the  TH-FSE 
and the CRE cooperate to regu late  TH gene expression in vivo. To 
investigate the role of CBP, w e perform ed w estern analyses on P C I2 cells 
exposed to NGF. O ur results suggests th a t CBP is p resen t du ring  th e  
activation  of TH in response to NGF. Thus, CBP m ay p lay  a role in 
b ridging  dista l enhancer elem ents w ith in  the TH prom oter.

43.13
NEURONAL AND NON-NEURONAL SPECIFIC EXPRESSION OF THE 
RAT AROMATIC L-AM INO ACID DECARBOXYLASE GENE VISUALIZED 
BY IN SITU HYBRIDIZATION. J.W. lahng. T.C. Wessel*. T.A. H oupt. J.H. 
Son. T.H. Joh. Laboratory of M olecular N eurobiology, Burke M ed. Res. Inst., 
Dept. N eurol. Neurosci., Cornell Univ. M ed. Coll., W hite Plains, NY 10605.

A rom atic L-amino acid decarboxylase (AADC) is found in both  neuronal 
and  non-neuronal cells, and  a single gene codes for ra t AADC in both 
neuronal and  non-neuronal tissues. H ow ever, tw o cDNAs for this enzym e 
have been identified; one from  pheochrom ocytom a (PC) cells and  the o ther 
from  liver cells. S tructural analysis of the rat AADC gene has show n that 
both alternative prom oter usage and  alternative splicing are responsible for 
the differential expression of this gene. Exon la  an d  lb  are found in liver 
cDNA and PC cDNA respectively. In the th ird  exon (exon 2), there are two 
alternatively utilized splicing acceptors specific to  these exons, l a  and  lb .

W e used  in situ hybrid ization  histochem istry to dem onstrate  that alternative 
prom oter usage and  splicing of the AADC gene are tissue-specific, and  that 
exon la  and  lb  are differentially and  specifically expressed in non-neuronal 
and neuronal cells. Three p robes w ere used: 1) a 40m er oligonucleotide 
containing sequences specific to exon la  to visualize non-neuronal AADC 
mRNA; 2) a cDNA probe specific to exon lb  to  visualize n euronal mRNA; 3) a 
cDNA probe containing exons 2-15 to visualize both form s of m RNA. In situ 
hybridization em ploying these three p robes w as carried o u t on ra t brain, 
adrenal gland, liver, and  kidney.

O ur results show  that the exon la  probe specifically labeled AADC m RNA 
in non-neuronal cells only (liver and  kidney) and  the exon lb  probe labeled 
only m RNA in m onoam inergic cells in the b rain  and  the ad renal m edulla. 
Thus, both  alternative prom oter usage an d  alternative splicing are in  fact 
operative in the differential expresssion o f the ra t AADC gene.

43.10
TRANSSYNAPTIC REGULATION OF LACZ EXPRESSION IN 
TYROSINE HYDROXYLASE TRANSGENIC MICE. N.Min*, E.S. 
Coro. H.Baker. D.H.Park. J.F.Cubells, T.H.Joh. J.H.Son. The Burke Med. 
Res. Inst. and Bourne Lab. - Cornell Univ. Med. Coll., White Plains, NY, 
10605 and Neuropsychology Subprogram, Queens College of CUNY, 
Flushing, NY, 11367.

Previous studies demonstrated that 9kb of rat tyrosine hydroxylase (TH) 
5’flanking sequence directed appropriate spatio-temporal expression of a 
lacZ reporter gene to catecholaminergic cells in the CNS of transgenic 
mice. In the current study, specificity of transgene expression was further 
extended to demonstrate modifiable lacZ expression using two well- 
characterized paradigms known to alter endogenous TH expression. 
Unilateral naris closure produces an activity-dependent decrease of TH 
expression in the glomerular layer of the ipsilateral olfactory bulb. 
Mimicking endogenous TH gene expression, LacZ expression was 
downregulated. Acute reserpine administration (5mg/kg, s.c.) upregulates 
endogenous TH. Densitometry and image analysis were utilized to 
quantify lacZ expression. At 48 hours post-injection, there was a 
significant increase in OD values, thus X-gal staining, in the locus 
coeruleus and ventral tegmental area but not in the substantia nigra or 
olfactory bulb of reserpine treated transgenic animals. These data showed 
that the 9kb sequence also mediates cell-specific transynaptic regulation 
of reporter gene expression. Thus, analysis of this transgenic animal 
offers an useful model system to study in vivo regulation of TH gene 
expression. (Supported by AG 09686 and MH24285).

43.12
P O S T T R A N S C R IP T IO N A L  R E G U L A T IO N  O F  T Y R O S IN E  H Y D R O X Y L A S E  
(TH ) GENE E X P R E S S IO N  BY TH E  3 ' U N T R A N S L A T E D  R E G IO N  J. 
V ivekan an d a . I. S . K w o n , J . C o rb itt. S .S . W a n g  and R. S t r o n g * . 
D ep artm en ts  o f Cellu lar and S tru c tu ra l B io logy and P harm aco logy, 
U n ivers ity  o f T exas H ealth  Science C en ter and G R EC C, A u d ie L. M u rp h y  
M em o ria l V e te ra n s  H osp ita l, San A n to n io , T X , 7 8 2 8 4 .

In prevailing m odels , T H  gene expression  is regu lated  at the  
transcrip tional level. H o w e v e r, ev id en ce  has a c c u m u la ted  supporting  the  
hypothesis th a t T H  m R N A  levels are also reg u la ted  po sttran scrip tio n a lly . 
T he 3 'u n tran s la te d  region (3 'U T R ) o f T H  m R N A  has b een  sug g ested  to  be 
invo lved  in regulation o f T H  m R N A  s ta b ility , because R N A -p ro te in  binding  
to  th e  3 'U T R  is increased under cond itions th a t increase T H  m R N A  stab ility  
(C zyzyk , e t a l., 1 9 9 4 ) .  W e  used ch im eric  plasm id c o n stru c ts  to  id en tify  
func tio n a lly  im p o rtan t sequences regu lating  m R N A  stab ility . Plasm id  
constructs  contain ing various lengths o f th e  rat T H  3 ' U T R  (0 , 1 0 0 , 2 0 0 ,  
and 2 6 4  bases) w e re  ligated  to  th e  3 ' end o f a C A T  re p o rte r g en e  and  
tran s fec ted  into P C 1 2  cells. T ran scrip tio n  o f p lasm id m R N A  w a s  contro lled  
by a viral p ro m o ter. T h u s , any change in m R N A  levels resu lt fro m  changes  
in m R N A  half-life , ra ther than  changes in tran scrip tio n  ra te . A  region  
b e tw e e n  1 0 0  and 2 0 0  bases from  th e  5 ' end o f th e  3 ' U T R  con ferred  a 2 -  
fo ld  increase in C A T  a c tiv ity . T h e  increases in C A T  a c tiv ity  w e re  due to  
increased C A T  m R N A . Th ese  resu lts , using a fu n c tio n a l ap p ro ach , p rovide  
direc t ev id en ce fo r a role fo r th e  3 ' U T R  in th e  posttran scrip tio n a l 
regulation o f T H . A d d itio n a lly , w e  h ave fou n d  th a t ca lc ium  and protein  
kinase C m ay alter gene expression  th ro u g h  th is m ech an ism . (S upported  
by a g ran t fro m  th e  V A  M e d ic a l R esearch P rogram  &  P H S  g ra n t A G 0 9 5 5 7 )

43.14
N E U R A L  M E C H A N IS M  F O R  P H E N Y L E T H A N O L A M IN E  N -M E T H Y L -  
T R A N S F E R A S E  G E N E  E X P R E S S IO N . D .L. W o n g* and  K. M o rita . Dept. 
Psychiatry and Beh. Sci., S tanford Univ. Sch. M ed ., S tanford , C A  9 4 3 0 5 -  
5 4 8 5 .

M an y  neural factors induce phenylethanolam ine N -m ethyltransferase  
(P N M T ) g ene expression, but little is known of the  m echan ism  by which  
neural activation occurs. W e  have previously show n th a t transfection of a  
P C 1 2  derivative cell line, R S 1 , with an  Egr-1 expression plasm id induces  
P N M T  gene expression. Sim ilarly, the  phorbol e s te r P M A  a lso  activates  
the  P N M T  prom oter by stim ulating endogenous Egr-1 expression in the  
RS1 cells, suggesting that Egr-1 is one intrinsic factor m ediating neural 
control of P N M T  transcription in the adrenerg ic  cell. T h e  effects of the  
cholinergic agonist carbachol (C C h ) on P N M T  prom oter activity in RS1  
cells  transfected with a  rat P N M T  prom oter-luciferase reporter g en e  
construct w ere  exam ined  to test this possibility. C C h  transiently  increased  
luciferase activity, and  m utation of th e  Egr-1 binding e lem en t in th e  P N M T  
prom oter m arkedly d ecreased  its stim ulatory action. T h e  use of 
m uscarinic and  nicotinic receptor agonists and  an tagonists show ed that 
C C h  induction occurred via m uscarinic receptor activation. S in ce P M A  
norm ally activates the protein kinase C  (P K C ) signal transduction pathw ay, 
the effects of P K C  inhibitors w ere  exam ined  on C C h  an d  P M A  activated  
luciferase expression. N o inhibition w as  observed with e ith er chelerythrine  
(0 -5  μ M ) or staurosporine (0 -1 0 0  nM ). In addition, trifluoroperazine, which  
inhibits C a +2-calm odulin dependent protein kinases an d  D -6 0 0  and C d +2 , 
tw o C a +2 channel blockers, did not inhibit C C h  or P M A  stim ulated P N M T  
prom oter activity. T h e s e  results suggest that m uscarinic receptor 
activation of P N M T  gen e  expression m ay occur v ia signal transduction  
pathw ays involving phosphoinositide tu rnover or tyrosinase kinase  
activation.
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43.15
G L U C O C O R T IC O ID - D E P E N D E N T  S T IM U L A T IO N  O F  P N M T  
G E N E  E X P R E S S IO N  B Y  T R A N S C R IP T IO N  F A C T O R  A P -2
S.N. Ebert*, and D.L. Wong. Department of Psychiatry and Behavioral 
Sciences, Stanford University Medical School, Stanford, CA 94305 

Phenylethanolamine N-methyltransferase (PNMT) catalyzes the 
conversion of norepinephrine to epinephrine. In all species from which the 
PNMT gene has been isolated, a glucocorticoid response element (GRE) 
and binding sites for several other transcription factors, including Sp1, Egr-1 
and AP-2, are located in the 5' promoter/regulatory region of the PNMT 
gene. We have previously described PNMT gene activation by Egr-1 and 
Sp1, but a role for AP-2 remains to be elucidated. AP-2 may be a potentially 
important developmental activator of the PNMT gene as it is expressed in 
neural crest cells which give rise to the adrenal medulla where PNMT is 
abundantly produced. Using a cell line derived from the rat adrenal medulla, 
RS1, cotransfections were conducted using an AP-2 expression plasmid 
construct and a rat PNMT promoter-luciferase reporter construct. PNMT 
promoter activity was not altered by either the expression of AP-2 alone or 
treatment with glucocorticoids alone; however, when AP-2 was expressed in 
the presence of glucocorticoids, strong PNMT promoter stimulation was 
observed. Inclusion of an Egr-1 expression construct stimulated PNMT 
promoter activity even further, thereby suggesting potential additive or 
cooperative effects between AP-2, Egr-1 and the glucocorticoid receptor 
Analysis of endogenous PNMT mRNA concentrations by RNase protection 
in RS1 cells transfected with these various expression plasmids was 
consistent with the luciferase activities produced from PNMT promoter 
plasmids, indicating that this activation is likely PNMT promoter-specific. Two 
major AP-2 binding sites, identified by DNase I footprinting, are located at 
approximately -100 bp and -650 bp relative to the transcriptional start site at 
+1 bp. Site-directed mutagenesis is currently being employed to determine 
which binding sites are important.

43.17
REGULATION OF β1-ADRENERGIC RECEPTOR (β1AR) GENE 
EXPRESSION BY THE TRANSCRIPTION FACTOR ICER IN C6 
GLIOMA CELLS. L._ Rydelek Fitzgerald* and R.S. Duman. Depts. 
of Psychiatry and Pharmacology, Yale Univ., New Haven, CT 06508.

We have previously shown that isoproterenol decreases the 
transcription rate of the β1AR gene in C6 glioma cells. This decrease 
requires nascent protein synthesis suggesting that isoproterenol 
induces a transcriptional repressor. Since a CRE is present in the 
β1AR promoter, potential mediators of this repression are the CREM 
(CRE modulator) transcrip tion  factors. We have shown that 
isoproterenol induces mRNA levels of CREM isoforms as well as 
inducing two CRE binding complexes. The induction of the two 
complexes corresponds temporally w ith the decrease in β1 AR mRNA 
levels. Our present studies confirm  the expression of the ICER 
(Inducible cAMP Early Repressor) isoform of CREM using supershift 
and western blot analysis. To directly assess the effect of ICER on 
β1AR gene transcription, β1AR prom oter/luciferase constructs were 
transfected into C6 gliom a cells along w ith ICER or control 
expression vectors. Cells cotransfected with the ICER expression 
vector showed a decrease in luciferase activity from a β1A R  
promoter that contained a CRE, but not from promoters lacking a 
CRE. These data dem onstrate that ICER can interact at the β1AR 
promoter to repress transcription. In addition, we have created C6 
glioma cell lines that stably express ICER or ICER antisense mRNA. 
These cell lines will be used to determine the influence of recombinant 
ICER and blockade of the induction  of ICER on basal and 
isoproterenol-induced regulation of β1AR mRNA levels.

43.16
GLU CO CO RTICO ID S AND STRESS D O W N -REG U LA TE LEVELS 
O F CRF-R1 m RN A  LEV ELS IN C U LTU R ED  CE LLS AN D RAT 
BRAIN. P.A. Iredale* and R.S. D um an. Lab. o f M olecular Psychiatry 
and Pharm acology, Yale U niversity  School o f M edicine, New Haven, 
C T 06508.

Corticotrophin-releasing factor (CRF) is involved in regulation of the 
p itu itary-adrenal axis, as well as CNS responses to stress. A lthough, 
stress and g lucocorticoids are reported to dow n-regulate CR F receptor 
ligand binding in the anterior pituitary, a num ber o f studies have failed 
to provide direct evidence for changes in C R F receptor density in the 
CNS. W e have previously dem onstrated that CR F receptor m RNA can 
be dow n-regulated by 4 hr pre-treatm ent with CR F and forskolin  in an 
im m ortalized locus coeru leus-like cell line (Cath A). W e now present 
ev idence  for g lu co co rtico id  regulation  in the  sam e cell line. Pre- 
treatm ent o f the cells for 24 hr with dexam ethasone (0.2 μ M) resulted 
in a 50 % decrease in CRF-R1 m RNA , and there was no additional 
decrease in m RNA when the cells were then treated with CRF for 4 hr. 
To determ ine the influence o f stress in v ivo , rats were subjected to 10 
days o f  e ither chronic restra in t or "unpredictab le" stress. The latter 
included tw ice a day exposure  to several d iffe ren t stresso rs (cage 
m ovem ent, cold isolation, restrain t, reversed light-dark  cycle, social 
iso lation, food and w ater deprivation  and swim ). Levels o f CRF-R1 
m RN A  in frontal cortex  w ere s ign ifican tly  d eceased  (~ 20% ) after 
chronic unpredictable, but not restraint stress. This effect was dependent 
on chronic treatm ent as subchronic (3 day) unpredictable stress did not 
d ecrease CRF-R1 m RNA These data  provide the first ev idence for 
dow n-regulation o f CRF-R1 m RNA by g lucocortico ids and stress in a 
neuronally-derived cell line and brain.

43.18
BEHAVIOURAL SENSITIZATION IN 6-OH-DA LESIONED RATS IS 
RELATED TO COMPOSITIONAL CHANGES OF THE AP-1 
TRANSCRIPTION FACTOR. P. Barone*. D. V allone. M. T. 
Pellecchia. M. Morelli. G. DiChiara. an d  P. Verde. Dep. of 
N eurology, Univ. of Napoli; Dep. o f Toxicology, Univ. o f  
Cagliari; Int. Inst. Gen. Bioph., Napoli-ITALY

In an im als w ith 6-OHDA in d u c e d  n ig ra l lesion , t h e  
con tra la teral tu rn ing  b ehav iou r is induced  by low doses of 
the  D1 agonist SKF38393 only a fte r a previous exposure to a 
DA agonist (M orelli and  DiChiara, 1987). In th is 'p rim ing ' 
m odel, by m ean of gel m obility shift assay, we evaluated  the 
DNA b inding  activ ity  of n u c lear p ro te in  ex trac ts  of s tria ta  
from  bo th  lesioned  an d  un lesio n ed  sides o f p rim ed  and 
unp rim ed  ra ts  (Sprague-Dawley).

Both an increased  expression and  a change in com position 
of the  AP-1 com plexes  w ere  fo u n d  in th e  d opam ine  
d enervated  s tria tum  of prim ed  rats. On the  o th e r hand, the 
p a tte rn  of AP-1 com plex b ind ing  in bo th  s tria tu m  o f the 
un lesioned  side of p rim ed  ra ts  an d  s tr ia ta  o f un p rim ed  
anim als was in d is tin g u ish ab le  from  th a t found  in contro l 
anim als. A novel AP-1 com plex o ccu rred  in the  dopam ine 
d e n e rv a te d  s tr ia tu m  o f p r im ed  ra ts . S u p e rsh ift a s s a y s  
revealed  th a t the prim ing associated  AP-1 com plex is form ed 
by FOS B and JUN D.

This study suggests th a t the  dev e lo p m en t of behav ioural 
sensitization in 6-OH-DA lesioned ra ts  is re la ted  to  adaptative 
m echan ism s w hich involve d iffe ren tia l reg u la tio n  of the 
individual com ponents of the  AP-1 transcrip tion  factor.

43.19
M O U S E  S Y N A P T IC  V E S IC U L A R  M O N O A M IN E  T R A N S P O R T E R :  
D N A  A N D  G E N O M IC  S T R U C T U R E
N.Takahashi*#. D .J , V a n d e n b e ra h # . G .R . U h l# @ . # M o l. N e u ro b io l. 
Br„ N IH /N ID A , IR P ; @ D e p t .  N e u ro l. &  N e u ro s c i.,  J H U S M , B a lto ., 
M D  2 1 2 2 4

Murine synaptic v e s ic u la r  m o n o a m in e  tra n s p o rte r  ( V M A T -2 )  D N A  
and g enom ic  c lo n in g  a llo w s  im p ro v e d  u n d e rs ta n d in g  o f  th is  
im portant g e n e  fo r m o n o a m in e rg ic  n e u ro n a l fu n c tio n . A  4 .2 K b  
V M A T -2  c D N A  h y b rid ize s  to  a 4 .3 K b  m R N A  e x p re s s e d  c h ie fly  in 
brainstem . c D N A  a n d  g e n o m ic  a n a ly s e s  re v e a l a n  o p e n  re a d in g  
fram e o f 1 5 5 4 b p  e n c o d in g  5 1 8  a m in o  a c id s  th a t  d is p la y  8 8 %  a n d  
92%  am in o  ac id  id e n tity  w ith  h u m a n  a n d  ra t s e q u e n c e s ,  
respectively. T h is  o p e n  re a d in g  fra m e  is d is tr ib u te d  o v e r  1 5  o f  th e  
16 exons, an d  s p a n s  m o re  th a n  3 5 K b  o f g e n o m ic  D N A . A  m a jo r  
transcription sta rt s ite  is lo c a te d  1 0 7 b p  5 ' to  th e  in itia tin g  A T G  
codon by p rim e r e x te n s io n -5 'R A C E . S e q u e n c e s  im m e d ia te ly  5 ' o f  
this putative tra n s c rip tio n  s ta rt  s ite  la c k  T A T A  o r C A A T  b o x e s , but 
contain c o n s e n s u s  s e q u e n c e s  th a t m a y  b ind  C R E , S p 1  a n d  A P 2 .  
C haracterization o f th e  m u rin e  V M A T -2  g e n e  a d v a n c e s  m o le c u la r  
understanding o f m e c h a n is m s  re g u la tin g  c e llu la r  m o n o a m in e  
distribution.
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44.1

TIME-COURSE OF LEAD (Pb)-INDUCED CHANGES IN D l, D2 
AND DAUC BINDING SITES IN DORSAL STRIATUM AND 
NUCLEUS ACCUMBENS DURING CHRONIC POSTWEANING 
EXPOSURE. M.J. Pokora. D.A. Corv-Slechta* and E.K. Richfield. 
Departments of Environmental Medicine and Neurology, University 
of Rochester School of Medicine and Dentistry, Rochester, NY 
14642.

Prior studies have relied largely on single exposure concentrations 
and single time points of measurement to define Pb-induced changes 
in dopamine binding sites. This study evaluated the role of both 
exposure concentration and duration on D l, D2 and DAUC (dopamine 
uptake carrier) sites in both dorsal striatum (STR) and nucleus 
accumbens (NAC) using receptor autoradiography. Tissue were 
obtained at each time point from 6 rats that had been exposed to 0, 50 
or 150 ppm Pb acetate in drinking water for either 20 days, 8 months 
or 12 months. Corresponding blood Pb levels were <5, 16 and 29 
ug/dl, respectively. The predominant effects of lead were on DAUC 
and D2 binding sites and were expressed preferentially in nucleus 
accumbens. Specifically, after 20 days of exposure, D2 and DAUC 
sites were marginally decreased in NAC while no changes were 
detected in STR. At 6 months, marked decrements in D l, D2 and 
DAUC sites were observed in NAC, while D2 sites were slightly 
increased and Dl sites modestly decreased in STR. After 11 months, 
decreased D2 and DAUC binding sites were observed, but only in 
NAC. These studies suggest a preferential vulnerability of NAC and 
of D2 and DAUC sites to Pb and indicate a dynamic pattern of such 
changes over time. ES05017, ES05903 and ES01247.

44.3

P E R S IS T E N T  AND D O SE -D E PE N D E N T  E F F E C T S  OF 
TO LU EN E EXPOSURE ON D O PA M IN E D2 R E C E P T O R  
B IN D IN G  IN T H E  RAT C A U D A T E-PU TA M E N . G. von
Euler*, Y. Liu and M. Hillefors-Berglund. Dept. of Neuroscience, 
Karolinska Institutet, S -17177 Stockholm, Sweden.

Exposure to toluene (40-320 ppm; 4 weeks, 6 h/day, 5 days/ 
week) followed by a postexposure period of 29-40 days decreased the 
IC50 values (significant effects attained at 80 ppm), the Kh , the Kl , 
and the Rh% values of dopamine on [3H]raclopride binding in the 
caudate-putamen of male rats. Furthermore, toluene exposure 
decreased the wet weight of the caudate putamen and of the subcortical 
limbic area (maximal effect of 10 % attained at 80 ppm toluene). 
Toluene exposure did not significantly affect either the body weights, 
the wet weights of the whole brain, the serum prolactin levels, the Kd 
or the Bmax values of [3H]raclopride binding in the caudate-putamen 
and the subcortical limbic area, or the IC50 values of dopamine at 
[3H]raclopride binding sites in the subcortical limbic area. Exposure to 
xylene or styrene (80 and 40 ppm, respectively; 4 weeks, 6 h/day, 5 
days/ week) followed by a postexposure period of 26-32 days had no 
effect on the parameters described above (prolactin levels were not 
analyzed).

The present study indicates that long-term exposure to low 
concentrations of toluene (80 ppm and above), but not xylene (80 
ppm) or styrene (40 ppm), leads to persistent increases in the affinity 
of dopamine D2 agonist binding in the rat caudate-putamen.

44.5

TREATMENT OF ANTISENSE OLIGODEOXYNUCLEOTIDE TO μ - 
OPIOID RECEPTOR ATTENUATES μ -, BUT ENHANCES 5-OPIOID 
RECEPTOR-MEDIATED ANTINOCICEPTION IN THE RAT. Hui-Qin 
Wang* and Leon F. Tseng. Department of Anesthesiology, Medical 
College of Wisconsin, Milwaukee, WI 53226 

Effects of intrathecal (i.t.) treatment with antisense oligodeoxynucleotide 
(AS oligo) to μ -opioid receptor (MOR) mRNA on antinociception induced 
by i.t. μ -, δ- and K-opioid receptor agonists were studied in male Sprague- 
Dawley rats. Antinociception was measured by the tail-flick test. MOR 
AS oligo (0.06-0.6 μ g) given i.t. twice a day for four days dose- 
dependently attenuated the antinociception induced by i.t. DAMGO (0.1 
μ g), a selective μ -opioid receptor agonist. Antinociception induced by i.t. 
morphine (20 μ g) was attenuated by i.t. pretreatment with 0.2 μ g, but 
enhanced with 0.6 μ g of MOR AS oligo. The enhancement of i.t. 
morphine-induced antinociception by MOR AS oligo pretreatment was 
blocked by i.t. naltriben (10 μ g), but not nor-BNI (10 μ g), indicating that 
the enhanced morphine antinociception is mediated by 5-, but not K-opioid 
receptors. Antinociception induced by i.t. U50,488H was not affecled by 
MOR AS oligo pretreatment. Pretreatment of rats with mismatched oligo 
did not affect the antinociception induced by i.t. DAMGO and morphine. 
The results indicate that while μ -opioid receptors are down-regulated, 5- 
opioid receptors are up-regulated after the treatment With MOR AS oligo 
(supported by NIDA grant 03811)

44.2
D2 DOPAMINERGIC RECEPTOR MEDIATED ACTIVATION OF TIDA 
NEURONS OCCURS BY AFFERENT NEURONAL DISINHIBITION OF 
DYNORPHINERGIC NEURONS IN MALE RATS. R.A. Durham. K E. Moore, 
and K.J. Lookingland*. Dept. of Pharm. & Tox., Michigan State University, East 
Lansing, MI 48824.

Tuberoinfiindibular dopaminergic (TIDA) neurons are tonically inhibited 
by dynorphinergic neurons via a mechanism involving kappa opioid receptors. 
Activation of TIDA neurons following administration of the D2-receptor selective 
agonist quinelorane could be mediated by afferent neuronal disinhibition of 
dynorphinergic inhibitory intemeurons in the mediobasal hypothalamus. The 
purpose of the present study was to test this hypothesis by examining the effects of 
surgical deafiferentation of the mediobasal hypothalamus or kappa opioid receptor 
agonists and antagonists on quinelorane-induced increases in TIDA neuronal 
activity. The activity of TIDA neurons was estimated by determining DA 
synthesis (3,4-dihydroxyphenylalanine [DOPA] accumulation 30 min following 
decarboxylase inhibition) or metabolism (concentration of 3,4-
dihydroxyphenylacetic acid [DOPAC]) in terminals of these neurons in the 
median eminence (ME). Surgical deafiferentation of the mediobasal
hypothalamus prevented the quinelorane-induced increase in ME DOPAC 
concentration. The kappa agonist U50488 had no effect on TIDA neurons per se 
but blocked quinelorane-induced increases in both DA synthesis and metabolism 
in the ME. Additionally, the kappa opioid antagonist nor-binaltorphimine 
increased DOPA accumulation in ME and prevented the stimulatory effects of 
quinelorane. Taken together these results suggest that quinelorane activates 
TIDA neurons, at least in part, by disinhibiting tonically active dynorphinergic 
inhibitory intemeurons. (Supported by NIH Grant MH42802)

44.4
N O R E P IN E P H R IN E  E X C IT E S  S E P T O H IP P O C A M P A L  
G A B A E R G IC  N EU R O N S VIA α1-A D R E N O C E P T O R S .
M . A lre ja *  an d  W . L iu  D e p t . o f  P s y c h ia t ry ,  Y a le  U n iv . S ch . o f  
M e d ., C M H C , N ew  H a v e n , C T  0 6 5 0 8 .

The medial septal/diagonal band complex (M SDB) receives noradrenergic 
(NE) projections from the locus coeruleus and the NE term inals make direct 
contacts with septohippocam pal neurons (SHNs) (M ilner et al, 1995). In vivo 
extracellular studies have reported both inhibitory and excitatory effects of 
NE on MSDB neurons. We tested the effects of NE on electrophysiologically 
characterized MSDB neurons in an in vitro rat brain slice preparation using 
extracellular, intracellular and whole-cell recording techniques.

In whole-cell voltage-clamp recordings with K gluconate-containing elec- 
trodes, bath-applied NE increased the frequency o f bicuculline and TTX- 
sensiti ve IPSCs in both cholinergic and non-cholinergic-type M SDB neurons. 
Additionally, in intracellular voltage clam p recordings, NE produce a 173.3 ± 
63.6 pA TTX -insensitive inward current that was associated with a 38.5% 
decrease in apparent input conductance (n=3); this inward current was 
blocked by prazosin, an α1 antagonist. To determ ine w hether the NE-respon- 
sive septal neurons project to the hippocam pus, the effects o f NE were tested 
on antidrom ically-activated SHNs. In extracellular recordings, a sub-popula- 
tion o f SHNs with fast conducting fibers (mean conduction velocity 1.74 ± 
0.1 1 m/s; n=54), were dose-dependently excited by NE and phenylephrine 
(PE), an a ,  agonist. Prazosin (10 nM) blocked NE-m ediated excitations 
(mean pA2 = 8.53 ± 0 .12; n= 11). Sim ilarly, in whole-cell recordings, PE 
mimicked the effects o f NE and induced IPSCs with a statistically sim ilar 
amplitude distribution and prazosin blocked NE-induced IPSCs. In conclu- 
sion, N F e x c ite s  septohippocam pal G A B A erg ic neurons v ia α 1-adrenoceptors.

44.6

C H RO N IC EXPOSURE TO OPIO ID S REGULATES THE LEVEL OF 
OPIOID RECEPTORS IN RAT SENSORY NEURO NS IN CULTURE J. J. 
Chen*. L. G. Carr and  M. R. V asko, D ep a rtm en t o f P harm aco logy  and 
Toxicology, Indiana U., School of M edicine, Indianapolis, IN 46202

A lthough studies have dem onstrated  up-regu lation  of opio id  receptors 
after chronic exposure to an tagonists, dow n-regu la tion  of op io id  receptors 
in neuronal preparations has not been clearly dem onstra ted . Furtherm ore, 
the m echanism s underly in g  the regu la tion  of op io id  recep to rs rem ains 
unknow n. We, therefore, developed a m odel to exam ine the regulation of 
opioid receptors using isolated rat sensory neurons g row n in culture.

Dorsal root ganglia cells from E15-E17 rat em bryos were dissociated and 
grow n in culture. Opioid receptor b in d in g  w as m easured  in m em branes 
prepared  from neurons cultured for 13-15 days using 3H -diprenorphine. Mu 
receptor mRNA was m easured by reverse transcrip tion  coupled  PCR (RT- 
PCR), using histone H3.3 mRNA as an  internal control.

Preexposing neurons to 10 μM DAM GO for 48 h r significantly decreases 
the m axim al opioid b in d in g  from  2.4 to 0.8 p m o l/m g  p ro te in  w ithout 
changing the Kd. This effect is concentration-dependent and  occurs in cells 
exposed to 100 nM DAM GO for only  5 hr. T reating  cells w ith  10 μM 
naloxone for 48 hr does not alter affinity  b u t increases the Bmax values 
from  2.1 p m o l/m g  protein in control cells to 2.9 p m o l/m g  protein. Mu 
receptor mRNA is sem i-quantita ted  by RT-PCR. L inearity  exists betw een 
the am o u n t of total RNA and the rad ioactiv ity  of specific b an d s which 
correspond to either mu receptor or histone H3.3 mRNA.

These resu lts d em onstra te  that chronic o p io ids m o d u la te  the  level of 
opioid receptors in sensory neurons in cu lture. The ability  to m easure  mu 
receptor mRNA supports  the use of these cu ltu res as a m odel for studying 
transcriptional regulation of opioid receptors. (PHS DA07176 & AA07611)
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PLASTIC CHANGES IN NEUROKININ-1 RECEPTOR EXPRESSION 
OF SPINAL CORD NEURONS IN INFLAMMATORY HYPERALGESIA.
I Nagy 1 E. Polgar1 P. Szucs1 L. Uiban2and J.N. Wood*3. 1Dept. Anat., Univ. 
Med. Sch., Debrecen, H4012,Hungary; 2SIMR, 5 Gower Place, London, WC1E 
6BN. *3 Dept. Anat., UCL, Gower Str., London, WC1E 6BT, UK

Neurokinin 1 receptors (NK1-R) are suggested to play 
an increased role in synaptic transmission between nociceptive primary afferents 
and spinal cord neurons in pathological conditions. Up-regulation of NK1-R 
mRNA and increased effectiveness of NK1-R antagonists has been shown in 
inflammatory hyperalgesia. However, there are no data available on the changes 
in receptor expression itself. Here we studied the changes in NK1-R expression 
of dorsal horn neurons in inflammatory hyperalgesia.

Ultraviolet irradiation was used to induce skin inflammation in the rat hind 
paw. At the peak of thermal hyperalgesia, spinal cord neurons expressing NK1-R 
were detected using anti-NKl-R antibody (Vigna et al., J. Neurosci. 14:834). 
Intensity measurements and analysis of immunopositive perikarya were done in 
control and inflammed limbs. On the ipsilateral side, both the intensity of NK1- 
R staining and the number of immunopositive perikarya decreased, particularly 
in the superficial laminae. There was no change in the type o f the 
immunopositive perikarya. Our results suggest that NK1-R expression is lowered 
or less detectable in the dorsal horn of the spinal cord in inflammatory 
hyperalgesia.

4 4 . 9

M O D U L A T IO N  O F  S P IN A L  N E U R O T R A N S M IT T E R  R E C E P T O R S
F O L L O W IN G  S C IA T IC  N E R V E  C R U S H
S . C ro u f . A . R ad zie v s k y* . A . S v e rs tiu k * and M . M urray*
D epartm ents  o f P athology and A natom y/N eurob io logy*, T h e  M ed ica l C ollege  
of Pennsylvan ia , Ph ila ., P a . 1 9 129

Follow ing unilateral lum bosacral d eafferen tatio n  in th e  rat, S ubstance P  (N K 1) 
receptors in the spinal dorsal hom  increase acutely following th e  lesion indicating 
denervation  supersensitivity. T h e y  return to n e a r norm al v a lu es  chronically as a 
result o f lesion induced sprouting by S P  intem eurons. S c iatic  nerve  crush is a 
reversib le injury m odel in which leve ls  o f S P  in th e  dorsal hom  d ecrease but little 
degeneration  o f dorsal root a fferen ts  or reac tive  re innervation occurs. In this 
study, w e h ave  perform ed quantita tive  receptor binding autoradiography fo r N K 1 
receptors following sciatic  crush to d e te rm in e  w h eth er sim ilar changes occur.

R ats rece ived  a sciatic  nerve  crush at th e  m id thigh and w ere  sacrificed in 
groups o f six  at 0 .5 , 1, 2, 4 , 12 and 2 7  w eeks  post lesion. Q uantitation of 
receptor au toradiography perform ed on m id lu m b ar sections shows significant 
changes in NK1 binding densities in both dorsal and ventra l horns in response to 
the lesion. In the dorsal hom , binding density increases as early  as 1 w eek  post 
crush, peaking at 1 .25  tim es  control by 4  w eeks  and returning to norm al values  
by 12 w eeks a fte r the injury. This paralle ls  the tim e  course o f changes after  
deafferen tation  . S ince th ere  is little degeneration  in the dorsal horn following  
sciatic  nerve  crush and little sprouting, th e  in creased  receptor binding density  
m ay be a result o f d ecreased  afferen t activity.

In the ventra l horn, N K 1 binding density decreases  to 0 .8 5  tim es control values  
on the experim enta l side from  0 .5  to 4  w eeks  post crush. Th is  d ecreased  binding 
m ay be secondary to th e  chrom atolytic  response and reflect a transient decrease  
in synthesis of N K 1 receptors.

This research w as supported by N IH  grants N S 0 1 5 6 4  and N S 2 4 7 0 7
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EFFECT OF REPEATED I.P. OR P.O. FLUOXETINE TREATMENT IN RATS 
ON [3H]5-HT UPTAKE AND RELEASE, 5-HT UPTAKE SITES AND 5-HT 
AUTORECEPTORS. M. Gobbi. L. Mancini, D. Crespi. M.C.Foddi. M. Fiori* and
T. Mennini Istituto di Ricerche Farmacologiche "Mario Negri", Milano, Italy.

It has been claimed that the therapeutic effect of antidepressant drugs is due to 
adaptive modifications induced by chronic treatment. Some antidepressants, including 
fluoxetine, are potent 5-HT uptake inhibitors. In this study, male CD-COBS rats were 
treated withl5 mg/kg fluoxetine, i.p. or p.o., twice daily for 21 days. The effect of 
such a sustained blockade of 5-HT uptake was evaluated 7 days later on the number and 
functionality of 5-HT uptake sites, on [3H]5-HT release and on presynaptic 5-HT1A 
and 5-HT1B autoreceptors.

Chronic i.p. treatment was highly toxic to rats: 2 out of 5 treated animals died. In rat 
brain cortical synaptosomes both the Km of [3H]5-HT uptake and the Kd of 
[3H]citalopram were increased by the treatment, indicating the presence of residual 
drug and nor-metabolite. Moreover, the Vmax of [3H]5-HT uptake and the Bmax of 
[3H]citalopram binding were strongly decreased (-66% and -81% respectively) 
indicating a possible down-regulation of 5-HT transporters. The [3H]5-HT release 
induced by 0.5 μ M d-fenfluramine (an indirect measure of the function of 5-HT carrier) 
was strongly reduced (-88%) but this finding can be due either to the presence of 
residual drugs or to the down-regulation of the transporter. The inhibitory effect of a 5- 
HT1B agonist on depolarization-induced release was unchanged, indicating that the 
sensitivity of the autoreceptor present in nerve endings was not modified by the 
chronic i.p.treatment.

The effect of chronic p.o. treatment was studied in cortical and hippocampal 
synaptosomes. In both regions, the Kd of [3H]citalopram binding and the Km of 
[3H]5-HT uptake were unchanged, indicating that the drug or the metabolite were no 
more present in the brain. The treatment had no effect on the Bmax of [3H]citalopram 
binding, on the Vmax of [3H]5-HT uptake, on the releasing activity of d-fenfluramine 
and on the function of 5-HT1B autoreceptors. Autoradiographic experiments are in 
progress to evaluate the 5-HT uptake sites and 5-HT1A receptors in the raphe nuclei.

44.8
Neurogenic inflammation causes up-regulation of 
binding sites for [3H]substance P (SP) in cat 
urinary bladder. A. Sokolov. C.A. Buffington, R.W. Burry* 
and S.A. Wolfe. Jr. D epartm ents  of V e te rin ary  C lin ical S c ience, Cell 
B io lo g y /N eu ro an ato m y, M ed ica l M ic ro b io lo g y  and  Im m u n o lo g y , O hio  
S tate University, C olum bus, O H  4 3 2 1 0 .

Interstitial cystitis is a painful condition afflicting both humans and 
domestic cats. There is species variation, but tachykinins and their 
receptors have been shown to be present in mammalian urinary 
bladders. Since tachykinins may activate immune cells, release of 
tachykinins may play a role in the etiology of neurogenic interstitial 
cystitis. In the present study, we have used saturation binding 
assays with [3H]SP to quantify tachykinin binding sites in cat 
urinary bladder, comparing normal bladders with those from animals 
with spontaneously occurring inflammatory disease of no known 
infectious or urinary etiology. Binding sites for [3H]SP could not be 
detected in normal bladders, but specific binding (KD = 0.47 ± .15 
nM, Bmax = 35 ± 7 fmol/mg protein) was observed in moderately 
inflamed bladders. Specific binding was also seen in severely 
inflamed bladders, but the values obtained by computer analysis (K d  
= 1.66 ± 1.12 nM, Bmax = 72 ± 28 fmol/mg protein) are highly 
suspect, as tissue edema and destruction caused binding data to be 
erratic and difficult to analyze. Our conclusions are: (1) binding 
sites for [3H]SP are induced in urinary bladder during interstitial 
cystitis; (2) at this time, the identity of these sites is not proven.
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A D E N O S IN E  A N D  A N O X IA  D E C R E A S E  N M D A  R E C E P T O R  A C T IV IT Y  IN  
C O R T IC A L  B R A IN  S L IC E S  O F  T H E  W E S T E R N  P A IN T E D  T U R T L E  . L T .  
B u ck  a n d  P .E . B ic k le r*. D e p t . o f A n e s th e s ia , U n iv . o f C a lifo rn ia , S a n  

F ra n c is c o , C A . 9 4 1 4 3 .
H y p o x ia /is c h e m ia  in d u c e d  n e u ro n a l n e c ro s is  d e p e n d s  in p a rt upon  

g lu t a m a t e  r e le a s e ,  N M D A  r e c e p t o r  h y p e r a c t iv a t io n  a n d  
in tra c e llu la r  c a lc iu m  o v e r lo a d . A d e n o s in e  h a s  b e e n  s h o w n  to  
d e c re a s e  th e  m a g n itu d e  o f th e  h y p o x ia  in d u c e d  [C a 2+]1 in c r e a s e ,  
d e la y in g  t is s u e  in ju ry  in m a m m a lia n  b ra in  s lic e s . T u rtle  b ra in  is 
re m a r k a b ly  to le r a n t  o f a n o x ia ,  m a in ta in in g  p r e -a n o x ic  [C a 2+]i 
w h ile  c e re b ra l [a d e n o s in e ] in c re a s e s  1 2  fo ld . W ith  c e ll-a t ta c h e d  
s in g le  c h a n n e l p a tc h -c la m p  te c h n iq u e s  w e  s tu d ie d  th e  e f fe c t o f 
a d e n o s in e  (1 0 0  μ M ) a n d  a n o x ia  (N 2 b u b b le d  a C S F  w ith  0 .5  m M  
K C N ) on  N M D A  c h a n n e l o p e n  p ro b a b ility  a n d  c u rre n t a m p litu d e . 
U n d e r  c o n tro l c o n d itio n s  a n d  a  p a tc h  h o ld in g  p o te n tia l o f -4 0  m V  
c h a n n e l o p e n  p ro b a b ility  w a s  0 .0 6  ±  0 .0 0 1  a n d  th e  m e a n  c u rre n t  
a m p litu d e  - 2 .9 ± 0 .2 3  p A . A d e n o s in e  a p p lic a tio n  re s u lte d  in o p e n  
p ro b a b ility  re v e rs ib ly  d e c re a s in g  to  a  m in im u m  o f 0 .0 2 ± 0 .0 0 4  at 
6 0  m in u te s ; c u rre n t a m p litu d e  d id  not c h a n g e  ( -2 .9 ± 0 .2 4  p A ). In 
p re lim in a ry  e x p e rim e n ts , 1 5  m in  o f a n o x ia  c a u s e d  loss o f a ll N M D A  
c h a n n e l ac tiv ity . M e m b ra n e  p o te n tia l d u rin g  a n o x ic  p e rfu s io n  w a s  
n o t s ig n if ic a n t ly  d if fe r e n t  fro m  n o rm o x ic  v a lu e s  -7 7 ± 1 0  a n d  
-7 8 ± 3 .8  m V , re s p e c tiv e ly . W e  c o n c lu d e  th a t a d e n o s in e  m o d u la te s  
N M D A  c h a n n e l a c tiv ity  d u rin g  n o rm o x ia  a n d  c o u ld  p la y  a  k e y  
n e u ro p ro te c tiv e  ro le  d u rin g  a n o x ia  in tu rtle  b ra in . T h e  e ffe c t o f A 1 
re c e p to r  b lo c k a d e  d u rin g  a n o x ia  is c u rre n tly  b e in g  s tu d ie d .

4 4 . 1 2

C H R O N IC  T A C R IN E  A D M IN IS T R A T IO N  D O W N -R E G U L A T E S  
M U S C A R IN IC  R E C E P T O R  D E N S IT Y  B U T  FA IL S  T O  A L T E R  
M U S C A R IN IC  A U T O R E C E P T O R  S E N S IT IV IT Y  IN  R A T  S T R IA T U M  
W . B illard. H . B inch III. G , C rosby, an d  R .D . M c Q u a d e * S chering-P lough  
R esearch  Institute, Kenilworth, NJ 0 7 0 3 3

T h e  chronic adm inistration of acety lch o lin esterase inhibitors is reported to 
elicit a  dow n-regu lation  of m uscarin ic receptors in rodent brain. O ur study 
exam ined  the effect of such dow n-regu lation  on m uscarinic au toreceptor  
function. T h e  cho linesterase inhibitor tacrine  (T H A ) w as  adm inistered  
chronically to m ale  S p ra g u e -D a w le y  rats via a m in i-osm otic pum p  
im planted subcutaneously (5  m g /kg /d ay for 14 days). A  m atched  group  
received saline infusion. S e v e ra l d ays prior to th e  start of dosing, a 
m icrodialysis guide cannula w as  surgically im planted through the skull into 
the  striatum  o f e ach  rat in the study to a llow  in vivo m icrodialysis to be  
conducted after th e  chronic infusion period an d  an  ensuing 4 8  hour T H A  
w ashout. T h e  prim ary ob jective w as to d e te rm in e  if th e  continued  
stim ulation of au toreceptor sites by the increased  acety lcholine resulting  
from  T H A  treatm ent cau sed  th ese  sites to  b ec o m e  subsensitive. 
Subsensitivity might m anifest itself through a h igher basal concentration of 
acetylcholine in the  synaptic cleft as  well as  a correspondingly d ecreased  
m axim al percent stim ulation o ver this b aselin e  following antagonist 
(scopolam ine, 3 0  m g/kg, ip) b lockade of all au to recep to r sites. T h e  results  
indicated no significant ch an g e  in e ither m easu re  follow ing chronic TH A . 
Such treatm en t did produce significant m uscarinic receptor dow n- 
regulation in striatum  (-1 3 .1 % , p < 0 .0 1 ), frontal cortex  (-22 .4% , p < 0 .0 1 )  
and hippocam pus (-1 4 .7 % , p < 0 .0 5 ). This d a ta  coupled with that from  
m icrodialysis suggests that the dow n-regu lation  m ay be predom inantly  
post-synaptic in nature and  that chronic exposure  of the  presynaptic  
autoreceptor to increased acety lcho line  do es  not a lte r its sensitivity.
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44.13
S U B C E L L U L A R  D IS T R IB U T IO N  O F  H U M A N  
M USCA RIN IC  C H O L IN E R G IC  H m l R E C E P T O R  AND 
MUTANTS IN CH IN ESE HA M STER OVARY CELLS. NT
S. Shockley. L.M. Tolbert. P.W. Hickmott*. W. Sadée. and J. 
Lameh. Departments of. Pharmacy and Pharmaceutical Chemistry, 
University of California, San Francisco, CA 94143-0446.

Agonist-induced redistribution of muscarinic Hml receptors to a 
compartment inaccessible to ligand is the short term regulatory 
response defined by ligand binding studies as sequestration/ 
internalization. Prolonged agonist exposure results in Hml receptor 
sequestration followed by a total decrease in receptor sites, or down- 
regulation. We have recently identified mutants of the Hml receptor 
exhibiting deficiencies in carbachol stimulated sequestration/ 
internalization when expressed in human embryonic kidney 
(HEK293) cells (Moro et al. 1994. J. Biol.Chem. 269: 6651-6655). 
Further study of these Hml mutants in CHO cells has led to the 
identification of several key domains which may independently affect 
the down-regulation of Hml receptors in response to carbachol 
trea tm en t (S hock ley  el a l., su b m itted ). U tiliz ing  
immunocytochemistry to visualize the receptor, we now examine the 
pathways of sequestration/internalization and down-regulation of Hm 1 
and selected mutants in CHO cells. Comparison of binding data and 
immunofluorescence confocal microscopy data of muscarinic 
receptors in HEK293 and CHO cells should further our understanding 
of the mechanisms of these agonist-induced regulatory processes. 
Supported by NIH grants GM43102 and MH0996. M.S.S. and L.T. 
supported by GM08338 and AFPE.

44.15

TRANSCRIPTIONAL ACTIVATION CONTRIBUTES TO THE REGULATION 
OF NEUROKININ-1 RECEPTOR GENE EXPRESSION IN THE DORSAL HORN 
OF THE RAT FOLLOWING FORMALIN-INDUCED NOCICEPTION. Kenneth E. 
McCarson* and James E. Krause. Department of Anatomy and Neurobiology, 
Washington University School of Medicine, St. Louis, MO 63110.

We have previously demonstrated that dilute formalin injected into one hindpaw 
as a nociceptive stimulus increases neurokinin-1 receptor (NK-1R) mRNA levels in 
the dorsal horn of the spinal cord. The cellular and molecular mechanisms underlying 
this upregulation are unknown. This study used formalin-induced nociception as a 
neuronal activator to assess the activational regulation of NK-1R RNA transcription. 
Total RNA samples prepared from the lumbar spinal cords of rats receiving an 
injection of formalin into the right hindpaw were assayed for both mature NK-1R 
mRNA and intron-containing NK-1R pre-mRNAs using solution hybridization - 
nuclease protection assays. The RNAs protected by endogenous rat RNAs were 
extensively characterized by the use of NK-1R plasmid constructs containing intron 
sequences. NK-1R pre-mRNA species were enriched in the nuclear fractions of spinal 
cord samples. In the steady-state, total molar amounts of NK-1R pre-mRNAs were 
about two-fold greater than that of mature NK-1R mRNA. In formalin treated 
animals, the temporal pattern of peak pre-mRNA levels indicated that chemogenic 
nociception activated the transcription of NK-1R mRNA. In the ipsilateral lumbar 
dorsal horn, NK-1R mRNA levels were significantly increased at 2 and 6 h after 
formalin injection. Levels of the NK-1R pre-mRNA containing both introns A and B 
were significantly increased 1 h after formalin treatment, and levels of NK-1R pre- 
mRNAs containing intron A were significantly elevated at 2 h after formalin 
treatment. Large amounts of NK-1R mRNA precursors indicate that turnover of NK- 
1R mRNA may be rapid and regulated by the activational state of cells expressing 
NK-1R in the spinal cord dorsal horn. Rapid turnover of the NK-1R may provide a 
mechanism for rapidly altering sensitivity to substance P released by primary afferent 
neurons, which may be important for the maintenance of proper processing of sensory 
information during long-term nociception. Supported by NIH grant NS21937.

44.17

EFFECTS OF PRENATAL COCAINE EXPOSURE ON DOPAMINERGIC 
MODULATION OF STRIATAL ACETYLCHOLINE RELEASE IN ADULT 
FEMALE RATS. DJackson, *Psychology Department, Northeastern University, Boston, 
MA 02115.

Adult rats exposed to cocaine in utero experience neurological and behavioral deficits 
some of which are related to the effects of this stimulant on dopamine (DA) neurons. 
Previous research has shown that bi-daily administration of cocaine (30 mg/kg/day) to 
pregnant rats has toxic effects on nigral DA fibers projecting to the striatum of female but 
not male offspring. In the present study, the functional integrity of DA neurons after prenatal 
cocaine exposure has been examined by measuring DA inhibiton of acetylcholine (ACh) 
release. Pregnant rats received subcutaneous injections of saline or saline containing 
cocaine hydrochloride (15 mg/kg, b.i.d.) from embryonic days 15-21. ACh release studies 
were conducted with supeifused slices (350 μM) from adult female rats that had previously 
been labelled with tritiated choline. Basal and electrically-evoked tritium efflux were used 
measures of ACh release Prenatal cocaine did not alter basal or evoked ACh efflux. 
Apomorphine (0.1 and 1 μ M)-induced inhibition of evoked ACh release was comparable 
in slices from both groups at each dose. Superfusion with sulpiride (1 μ M), a D2 receptor 
antagonist, resulted in comparable increases in evoked-ACh release from striatal slices 
prepared from saline-(+78+17%) and cocaine-(+73+9%) exposed female rats. Superfusion 
with nomifensine, a DA reuptake blocker, resulted in a dose-dependent inhibition (1 μM , 
-35±2%; 10 uM, -56±5%) of electrically-evoked ACh release in striatal slices prepared 
from female rats treated with saline in utero. In contrast, nomifensine did not produce 
significant effects (1 μM, -4+5%, 10 μM, -12±4%) on electrically-evoked ACh release in 
stnatal slices prepared from female rats exposed to cocaine in utero. In summary, prenatal 
cocaine exposure in female rats does not produce apparent alterations in dopaminergic 
transmission, however, under conditions of elevated levels of DA in extracellular fluid, DA 
clearance may be delayed by reduced high-affinity DA reuptake.

44.14
FATE OF MUSCARINIC RECEPTORS AND m2 mRNA IN THE 
FACIAL MOTOR NUCLEUS AFTER NERVE TRANSECTION. J.V. 
Lewis. R.H. Baisden and D.B. Hoover*. Depts. of Anatomy & Cell 
Biology, Pharmacology and Surgery, College of Medicine, East 
Tennessee State Univ., Johnson City, TN 37614.

Two weeks after unilateral facial nerve transection, muscarinic 
receptors are almost totally depleted from the ipsilateral facial motor 
nucleus (Neuroscience 15:481-487, 1985). In the present study, the 
abundance of muscarinic receptors (predominantly m2) and their 
mRNA in the facial motor nucleus (FMN) was evaluated at varying 
times following surgery. The facial nerve was unilaterally transected 
distal to the styloid foramen in one group of rats, and another group 
served as unoperated controls. Receptors and mRNA were localized by 
receptor autoradiography with l-[3H]quinuclidinyl benzilate and in situ 
hybridization with a 35S-labeled oligonucleotide, respectively. Receptor 
density in the contralateral FMN was unaffected by surgery. At three 
days post-axotomy, receptor density in the ipsilateral FMN was reduced 
to 70% that of the contralateral side. Larger decreases occurred at 
longer survival times, but there was no change at one day post- 
axotomy. At three days post-axotomy, m2 mRNA was barely 
detectable in the ipsilateral FMN. It is postulated that axonal injury 
may inhibit transcription of the m2 receptor gene, resulting in a later 
decrease in muscarinic receptor protein expression. (Supported by a 
Grant-in-Aid from E. Term. State Univ. Res. Development Committee.)

44.16

MOLECULAR CLONING OF THE PRAIRIE VOLE V l a 
VASOPRESSIN RECEPTOR. N.B. Hastings. L.R. Lucas. H.M. 
Chao* . B.S. McEwen. Laboratory of Neuroendocrinology, The 
Rockefeller University, New York, New York 10021.

Pairbonding in the monogamous prairie vole (M icro tu s  
ochrogaster) is typified by the mating induced expression of 
selective male aggression and mate specific affiliative behavior. 
The neurotransmitter arginine vasopressin (AVP) acts via the V la 
subtype of its receptor in the CNS of male prairie voles to play a 
critical role in the induction of pairbonding behaviors.
To investigate the regulation and molecular mechanism of action of 
this receptor and the role it may play in regulating monogamous 
behavior in this species, we have cloned a fragment of the prairie 
vole V l a receptor. Primers designed against a conserved region of 
the rat V l a receptor were used in the reverse transcription - 
polymerase chain reaction (RT-PCR) to isolate and amplify a 462 
bp fragment from prairie vole or rat (control) liver mRNA. RT- 
PCR product of the predicted size was purified and partially 
characterized by southern hybridization and cycle sequencing. The 
product was then cloned into the pBluescript plasmid vector. 
Following transformation and ampicillin-blue/white selection, 
clones were screened by restriction enzyme digestion. Currently we 
are in the process of obtaining full sequences for several rat and 
vole positives and hope to use these clones to generate molecular 
probes for a variety of applications.
[Supported by: NRSA Training Grant # GM 07524 (NBH) and NSF 
grant MH 41256 (BMc)]

44.18

INSULIN AND IGF-1 REGULATION OF SEROTONIN BUT NOT Ml 
ACETYLCHOLINE RECEPTOR FUNCTION IN XENOPUS 
OOCYTES. J.H. Hurley*, L.S.Bye and L. Yu. Department of Medical and 
Molecular Genetics, Indiana University School of Medicine, Indianapolis, 
Indiana.

Xenopus oocytes have been useful in the cloning and characterization of 
many receptors and ion channels. In addition, the study of their endogenous 
components has been useful in studies of cell cycle regulation and the signal 
transduction pathways involved. These studies led to the discovery that 
Xenopus oocytes have insulin and IGF-1 receptors as well as many of the 
proteins in the Ras pathway. Our studies examined the effect of insulin and 
IGF-1 receptor stimulation on serotonin (5HT) and acetylcholine (ACH) 
induced chloride currents in Xenopus oocytes. Stage VI oocytes were 
injected with 2-5 ng of in vitro transcribed RNA for the 5HT2c receptor and 
the M1 ACH receptor. Three days after RNA injection, oocytes were 
pretreated with insulin or IGF-1 for 5 minutes, rinsed for 2 minutes and then 
stimulated with 5HT or ACH. The chloride current was measured with two 
electrode voltage clamp. Neither insulin or IGF-1 induced a current in 
oocytes. Insulin and IGF-1 significantly reduced the 5HT response (83% and 
46%, respectively), compared to untreated controls. The ACH response was 
not affected when compared to untreated oocytes. The reduction in 5HT 
response produced by IGF-1 was prevented by the tyrosine kinase inhibitor, 
genistein. Genistein alone does not affect the serotonin response. Further 
studies will determine the role of protein kinases in this response and 
identify the mechanism of the reduced serotonergic response.
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44.19
HIGH DIETARY SALT UPREGULATES ANGIOTENSIN II TYPE 1 
(ATI) RECEPTORS IN HYPOTHALAMIC AREA OF RATS. W.H. 
Wang. X-R. He. T.C. Herzig* and J.L. Osborn. Department of 
Physiology. Medical College of Wisconsin, Milwaukee, WI 53226.

lntracerebroventricular infusion of angiotensin II (icv. All) increases 
sympathetic outflow and systemic blood pressure. Our previous 
experiments have shown that rats chronically exposed to a high salt diet 
are more sensitive to icv All, suggesting that a high salt diet may 
upregulate All receptors in the brain. To test this hypothesis, we used 
immunocytochemistry (ICC) and Western blot analysis to quantitate 
ATI receptor density in the hypothalamus. Male, Sprague-Dawley rats 
were raised on high salt (HS, 250mEq NaCl/kg food), normal salt (NS, 
50mEq NaCl/kg food) or low salt (LS, 5mEq NaCl/kg food) diets, 
respectively, for 8 to 10 weeks after weaning. ICC revealed an ATI 
receptor relative density in the hypothalamus as: supraoptic nucleus 
(SON) > paraventricular hypothalamic nucleus (PVN) > periventricular 
hypothalamic nulceus (PEN) > anterior hypothalamic area (AHA). 
Western blot analysis indicated that the concentration of ATI receptors 
in the hypothalamus of HS rats is significantly higher (64±26%, n=8) 
than that of NS rats, while ATI receptors of LS rats are not 
significantly different from those of NS rats. These results suggest that 
a chronic HS diet upregulates ATI receptors in the hypothalamus. 
Supported by NHLBI PO 1-29587 and AHA/WI.

44.20
CLONING AN OF OPOSSUM KIDNEY CELL RECEPTOR KINASEiPOTENTIAL 
REGULATION IN HOMOLOGOUS DESENSITIZATION. Panla Lemho* and Paul 
R. A lbert Department of Pharmacology and Therapeutics. McGill University, 3655 
Drummond, Montreal, Qc, CANADA.

A property of G protein-coupled receptors is that upon continuous agonist 
stimulation, receptor responsiveness becomes attenuated, a process known as 
homologous desensitization. Homologous desensitization appears to be mediated in 
part by phosphorylation of the agonist-occupied receptor by receptor kinases (GRKs). 
The opossum kidney (OK) cell line expresses multiple G protein-coupled receptors 
endogenously, such as dopamine D 1 and 5 -H T i b  receptors, which undergo 
homologous desensitization thereby making this an excellent system for studying the 
regulation of G protein-linked receptors. GRKs derived from OK cell line would be 
used to study their role in homologous desensitization of specific receptors using the 
antisense and a dominant negative kinase mutant. Nucleotide sequences derived from 
previously-cloned cDNAs were used to design degenerate oligonucleotides used for RT- 
PCR cloning of OK cell RNA. Two distinct GRKs which share 91% and 98% 
nucleotide identity, respectively, with the rat p-ARKl were identified. In addition, an 
arrestin fragment sharing 94% homology to the rat β -arrestinl was identified. To 
clone full-length cDNAs, a X ZAP-II (Stratagene) cDNA library was constructed from 
OK cell RNA and screened using the PCR fragments as probes. A 3.0 kb full-length 
cDNA clone, OK-β 1, was isolated which shared 81% and 92% homology with the rat 
β-ARK1 at the nucleotide and amino acid level, respectively. Northern analysis of OK 
cell RNA revealed two species of OK-β l RNA with estimated sizes of 5.0 kb and 2.94 
kb. OK-β1 was subcloned in the sense and antisense direction and transfected in OK 
cells to study the receptor specificity of endogenously expressed kinase. Furthermore, 
a kinase negative mutant OK-β l (K220R) was constructed and transfected in OK cells 
for analysis o f receptor signalling.

NEURAL-IMMUNE INTERACTIONS: CYTOKINES I

45.1
SYSTEMIC AND CENTRAL ADMINISTRATION OF INTERLEUKIN- 1-BETA INDUCES 
DIFFERENTIAL PATTERNS OF C-FOS ACTIVATION IN RAT BRAIN: IMPLICATIONS 
FOR MECHANISM OF ACTION. Heidi E.W. Day* and Hilda Akil Mental Health 
Research Institute, University of Michigan, Ann Arbor, MI 48109

Interleukin-1-beta (EL-1Β) is a potent activator of the hypothalamic-pituitary- 
adrenal (HPA) axis, resulting in the release o f corticosteroids from the adrenal 
glands. This effect is evident after both central and peripheral administration, and 
controversy surrounds the mechanism by which systemic administration of this 
peptide, which should not cross the blood brain barrier, may activate the HPA axis. 
The data reported here describe a differential pattern of c-fos activation in the 
paraventricular nucleus of the hypothalamus (PVN), compared with the nucleus 
tractus solitarius (NTS) and central nucleus of the amygdala (CeA) after peripheral 
and central EL-1ß administration.

Male Sprague Dawley rats (300-350g) were treated with IL-1ß (5μg/kg ip or 
100ng/5μl icv). Control animals were given an equivalent volume of saline vehicle. 
Animals were killed after 30 minutes and trunk blood collected for analysis of 
plasma corticosterone. The brain was frozen and 10μm sections were analysed for c- 
fos mRNA induction by in situ hybridization.

Both routes of administration of IL-1ß resulted in a significant rise in plasma 
corticosterone and c-fos mRNA in the PVN, as compared with controls (p<0.01). 
Differences between IL-1ß groups were not significant. In addition, levels of c-fos 
mRNA were significantly elevated in the NTS and CeA of both IL-1ß groups, as 
compared with controls. However, levels of c-fos mRNA in these regions w oe  3-4 
times higher in animals treated ip compared with icv (p<0.01).

It is conceivable that the differential magnitude of response in these areas is 
reflective of vagal activation.
This research was supported by NIMH PO l MH42251.

45.3

PA TTERN S O F  c-fos m R N A  IN  R A T  B R A IN  F O L L O W IN G  
IN T R A V E N O U S  IN T E R L E U K IN -1 ß . H. Y. Lee and M.
H erkenham * . Section on F unctional N euroanatom y, NIM H, 
Bethesda, MD 20892.

It is unclear how peripherally adm inistered in terleukin-1ß 
(IL-1ß) induces C N S-m ediated responses such as fever, sleep, 
and activation of the HPA axis, because it is believed to be too 
large to cross the b lood-brain  barrier. O ur prev ious w ork 
identified patterns o f activation  o f the im m ediate  early gene 
c-fos in the brain in response to in traperitoneal in jections of 
IL-16, (J. N euroscience, 1994; 14: 4951). c-fos m RN A  was 
induced in neural structures (PVN, ACe, N TS) as w ell as in 
several circum ventricular organs and along the m eninges. In the 
current study, rats w ere injected in travenously w ith a range of 
doses of IL-1ß , and brains w ere exam ined at several time points 
using in situ hybridization histochem istry. At 30 min, doses of
0.5-10 μ g/kg IL-16 induced c-fos m RN A  in the neural structures 
listed above as well as along the p ia m ater, arachnoid layer, and 
luminal edge o f b lood vessels. N eural structures but not the 
edge were labeled at 30 m in/0.25 μ g/kg. At 3 hours/4.0 pg/kg 
IL-16, c-fos m RN A  expression was visib le only along the pia 
mater and in cells inside the pia. The apparent inw ard movem ent 
of c-fos mRNA labeling from  outer m eningeal layers at 30 min to 
cells inside the p ia at 3 hours suggests that IL -1ß acts at the 
brain's edge to transduce a signal w hich m ay then m ove inward 
in a paracrine fashion.

45.2
THE ROLE OF CEREBRAL NOREPINEPHRINE IN THE FOS 
RESPONSE TO INTERLEUKIN-1.
A. J. Dunn*. A. H. Swiergiel and E. A. Stone. Dept Pharmacology, 
Louisiana State University Medical Center, Shreveport, LA 71130-3932 
and Dept Psychiatry, New York University School of Medicine, New 
York, NY 10016.

Peripheral administration of interleukin-1 (IL-1) has been shown to 
activate induction of Fos protein in brain. Because cerebral 
noradrenergic systems have been implicated in Fos induction, we studied 
the IL -1-induced appearance of Fos in m ice pretreated  
intracerebroventricularly with 6-hydroxydopamine (6-OHDA) to deplete 
cerebral norepinephrine (NE). The 6-OHDA pretreatment depleted 
cerebral NE by around 95%. Intraperitoneally injected IL -lβ increased 
Fos in several brain regions, but most obviously in the hypothalamic 
paraventricular nucleus (PVN). The IL-1-induced Fos increase in the 
PVN was significantly reduced in mice pretreated with 6-OHDA. By 
contrast, the IL-1-induced increase in plasma corticosterone was not 
significantly altered by the 6-OHDA pretreatment. These results clearly 
suggest that an intact noradrenergic innervation is necessary for the PVN 
Fos response to IL-1ß. Although not statistically significant, the IL-1ß- 
induced increases in Fos in other forebrain regions also appeared to be 
attenuated in 6-OHDA-pretreated mice, suggesting a role for NE in these 
responses too. The results are consistent with previous reports 
suggesting a noradrenergic mediation of stress-related increases of 
cerebral Fos and specifically in the PVN.

Supported by grants from the AFOSR and NIMH (MH45265)

45.4

IN T E R L E U K IN -Iß EFFEC TS ON BO D Y  T E M P E R A T U R E  AND ON 
G E N E E X P R E S S IO N  IN TH E R A T H Y P O T H A L A M IC  A R CU A TE 
NU CLEUS. R.A. Baker* and M. Herkenham .
Section on Functional Neuroanatom y, NIM H, Bethesda, M D 20892.

In te r le u k in -Iß (IL -1 ß ) a d m in istra tio n  resu lts  in in creased  body 
tem perature  and rapid activation  o f the h y p o thalam ic-p itu itary -adrenal 
axis (HPA). Three hours, but not one hour, follow ing i.p. adm inistration 
o f IL -1ß , c-fos  m RNA expression is induced in the hypothalam ic arcuate 
(A rc) nucleus. The delayed  response m ay be rela ted  to the feedback 
regulation  o f the H PA axis and body tem peratu re  by Arc neurons (J. 
Neurosci., 1994, 14:1951). Using in situ  hybridization histochem istry, the 
tim e course o f changes in im m ediate  early  gene (IEG ) expression  and 
changes in Arc neurotransm itter gene expression  were m easured in rats 
sacrificed 1, 3, or 5 hours fo llow ing a 2.5 μ g/rat dose o f IL -1ß . IEG 
expression  w as u nchanged  com pared  to co n tro ls  fo r both c -fo s  and 
z i f /2 6 8  at 1 hour, bu t w as in creased  208%  and 195%  o f contro l, 
respectively, at 3 hours. At 5 hours, IEG expression  was back to control 
levels in the Arc. Levels o f m RN A  expression for the Arc neuropeptides 
p ro -op iom elanocortin , n europep tide  Y, so m atosta tin  and the synthetic 
enzym e for dopam ine, tyrosine hydroxylase , w ere unchanged com pared 
to controls at each o f the 3 tim e points exam ined. Body tem perature was 
s ign ifican tly  increased  beg in n in g  4 hours p o s t- I L - lß , and rem ained  
significantly elevated until sacrifice at 5 hours. G ene expression for glial 
fibrillary  acidic p ro tein  (G FA P), a m arker for a s trocy te  activ ity , was 
m arkedly induced in the a rcuate/m ed iobasal h y po thalam us at 5 hours 
following IL-1ß . These results show that gene expression for Arc neurons 
know n to be involved in HPA axis regulation and tem perature regulation 
are unchanged  up to 5 hours p o s t- IL - lß . T he h igh  levels o f IEG 
expression  coupled  w ith increased  G FA P exp ress io n  in the Arc may 
reflect activation o f astrocytes or other glial cell types in response to IL-1ß 
challenge.
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45.5
NEURONAL SIGNAL TRANSDUCTION SYSTEM OF BLOOD-BORNE IL-1β 
TO THE B R A IN : AN IN V O L V E M E N T  O F N E U R O N S  IN THE 
ANTEROVENTRAL REGION OF THE III VENTRICLE (AV3V). T. Katafuchi*. 
K. Ola, M, Miyazaki. A. Takaki. M. Morimoto† and T. Hori. Dept. of Physiol., 
Kyushu Univ., Fac. of Med, Fukuoka, 812, Japan and †Dept. of AncsthcsioL, Saga 
Med. Sch., Saga, 849, Japan.

It is well known that blood-borne IL-1 β induces a variety of neuroendocrine, auto- 
nomic and behavioral responses, which arc, at least partly, mediated by prostanoids 
synthesis in the brain. The antcroventral region of the third ventricle (AV3V) has been 
suggested to be one of the brain sites where the humoral information of blood-borne 
cytokines is converted into the neuronal signals. However, there is no direct evidence 
that the AV3V neurons arc sensitive to circulating IL-1β and prostanoids are involved 
in the responses.

In anesthetized rats, the single unit activities of the AV3V neurons were recorded 
by means of the transpharyngcal approach method and the effects of an iv injection of 
human recombinant IL-1 β (5-20 ng) were examined. All of the AV3V neurons which 
were confirmed electrophysiologically to send their axons either to the preoptic/ante- 
rior hypothalamus (POA) or the paraventricular nucleus (PVN) responded to the sys- 
temic injection of IL- 1β. Furthermore, these neuronal responses to IL-1β were attenu
ated by an iontophorctic application of sodium salicylate, a cyclooxygenase inhibitor, 
onto the recorded neurons. The direct neural connection from the AV3V to the POA 
and PVN was also confirmed by WGA-HRP and TMB (tctramcthylbcnnzidine)-stain- 
mg methods. These findings, taken together, suggent that the blood-borne IL-1β pro- 
duces prostanoids in the AV3V, which may alter the firing rate of the AV3V neurons, 
and the neuronal information thus generated at the AV3V is conveyed to the POA and 
the PVN thereby causing various responses such as fever and ACTH release.

45.7
INTERLEUKIN 1 BETA FA C ILITA TES AFFERENT SENSORY TRANSMISSION  
IN THE PRIMARY SOMATOSENSORY CORTEX C.k. Won1 . M. Y. Park1, S. H. 
Park2, K.H. Pyun3, H.J. Park1 and H. C. Shin1* Dept. of Physiol.1,
coil. of Med., Hall ym Univ. Chunchon, Dept. of Psychol.2, Choongnam 
National Univ. & Immunol. Res. Lab3, KRIBB, K IST, Taejeon, Korea

Interleukin 1 beta (IL. 1) is a 17.5 KDa polypeptide1 that has 
Various biological activities involved in the immune and
inflammatory responses. IL -1 like immunoreactive neurons are found
in normal human brain. ILT receptors and mRNA for IL 1 are also
present in normal rat brain. Although high density of 1L-1 receptor
is present in the intermediate layers of the cerebral cortex, the
functional role of IL~1 in the cortex has not been characterized. In 
this study the effect of topical application of IL-1 (0.01, 0.1. 1.0
units) on afferent sensory transmission to the neurons in the
primary somatosensory (SI) cortex was determined in anaesthetized 
rats. Quantitative determination of the effect of IL-1 on the
afferent sensory transmission to the neurons in the SI cortex was 
carried out by generating poststimulus time histograms of single 
unit responses to the subcutaneous electrical stimulation of the 
receptive field located in the whisker area of the face. IL-1
significantly facilitated afferent sensory transmission in SI 
cortical neurons (n=24) in a dose dependent manner (0.01 U  +6.46±
3.8% . p > 0.05: 0.1 U : +24.70±6.2% . p < 0.01: 0.1 U  +17.88±4.7% . p 
< 0.01, during 25 30 min postdrug period; 0.1 U vs. 1.0 U : p > 
0.05). IL 1 induced facilitation fully recovered by 60 min after
drug. In control experiments, saline solution containing 0.2% bovine 
serum albumin, used as a vehicle, did not affect afferent sensory 
transmission. Our results suggest that IL-1 and its receptors 
present in the SI cortex may be involved in the processing of 
afferent sensory information. (Supported by K0SEF 941-0700-009 2).

45.9
DISTRIBUTION OF PROSTAGLANDIN E2 RECEPTOR (EP3 SUBTYPE) mRNA 
CONTAINING CELLS IN THE RAT CENTRAL NERVOUS SYSTEM. A. 
Ericsson*. M. Ek*. N. Lindefors*◊ . Lab. of Rheumatology, Dept. of Medicine* and 
Dept. of Clin. Neurosci.◊  The Karolinska Hospital, S -171 76 Stockholm, Sweden.

Intravenous injection of interleukin-Iß (IL-1) results in adrenocorticotropin and 
corticosterone secretion via a mechanism dependent on the release of corticotropin 
releasing hormone from the hypothalamus. To begin examining the possible involve
ment of prostaglandin E2 (PGE2) as a central mediator of corticotropin releasing 
hormone secretion following systemic administration of interleukin-1, the distribution 
of cells containing mRNA encoding the EP3 subtype of the prostaglandin E2 receptor 
(EP3R) was analyzed in the rat brain. A sensitive RNAse protection assay detected 
EP3R mRNA in most brain regions analyzed, including the preoptic area and the 
medulla oblongata. In agreement with this, in situ hybridization histochemistry using 
a 33[P]-labeled EP3R antisense RNA probe revealed specific labeling over cells in the 
medial preoptic area, the cerebral cortex, several thalamic subdivisions, the dentate 
gyrus of the hippocampal formation, the parabrachial nucleus, the nucleus of the 
solitary tract, the ventrolateral medulla and the hypoglossal nucleus as well as in cells 
throughout the entire raphae complex, the subfornical organ and the area postrema. In 
contrast, no labeling was observed over cells in the hypothalamic paraventricular, 
supraoptic and arcuate nuclei, the bed nucleus of the stria terminalis, the central nucleus 
of the amygdala, the organum vasculosum laminae terminalis and the median eminence. 
Interestingly, combined immuno- and in situ hybridization histochemical analysis for 
Fos protein and EP3R mRNA on tissue sections obtained from rats injected 
intravenously with IL-1 revealed that the EP3R mRNA was strictly confined to IL-1 
responsive (show nuclear induction of the transcription Fos) neurons of the parabrachial 
nucleus, nucleus of the solitary tract and ventrolateral medulla. In contrast, IL-1 
responsive neurons in the forebrain, including those of the paraventricular nucleus, did 
not show visible labeling for EP3R mRNA. These findings opens the possibility that 
circulating IL-1 may stimulate secretion of corticotropin releasing hormone from the 
hypothalamus through a mechanism involving PGE2-mediated activation of cells in the 
parabrachial nucleus, the nucleus of the solitary tract, and in the ventrolateral medul’

45.6
EFFECTS O F  CHRONIC ADM INISTRATION O F  INTER LEU K IN -1ß 
Courtney L. Hokanson. Sheba M.J. M ohanKumar. and S. K. Quadri*. Department 
of Anatomy and Physiology, Kansas State University, M anhattan, KS 66506.

Acute treatm ent with interleukin-Iß (IL-1ß) produces several central and 
neuroendocrine effects. In this study we investigated the effects of chronic 
treatm ent with IL-1B in rats. Adult male rats were injected daily with 5 μg of IL-1ß 
or the vehicle for 5 consecutive days. Rectal tem perature (RT), feed intake (FI), 
water intake (WI), and body weight (BW) were measured daily. The animals were 
sacrificed the morning after the last injection. The brains were removed and 
several brain areas were microdissected and analyzed for neurotransm itter 
concentrations with HPLC. In the control group, R T  remained unchanged during 
the entire period of observation, but in IL-IB-treated rats it increased significantly 
on day 1 and remained elevated until day 3 o f treatm ent (p<0.05). FI remained 
unchanged in control rats during the treatm ent period. In contrast, IL-l-treated 
rats showed a reduction in FI on day 2 and day 3 of treatm ent (p<0.01). WI in the 
IL-l-treated rats increased progressively from day 1 to day 4 (p<0.05), but it 
remained unchanged in control rats. The weights (g) o f the lungs, adrenals and 
spleen in the IL-l-treated group (1.675±0.05, 0.032±0.008, and 0.772±0.03, 
respectively) were significantly different (p<0.05) from those in the control group 
(1.407±0.05, 0.022±0.008, and 0.633±0.03, respectively). Treatm ent with IL-1B 
significantly (p<0.05) increased norepinephrine (NE) concentrations (pg/μg 
protein) in the paraventricular nucleus (319.8±82.1), median eminence 
(155.8±19.6), and hippocampus (36.7±6.6) compared to those in the control group 
(175.8±42.6, 81.9±20.3, and 18.8±3.1, respectively). These results indicate that 
chronic administration of IL-1ß produces definite changes in several parameters 
and in NE concentrations in specific areas of the brain.

45.8
EFFECTS OF INTERLEUKIN-Iß AND THE PUTATIVE FEBRILE 
MEDIATOR PGE2 ON IMPULSE PATTERNS OF SUPRAOPTIC 
AND PARAVENTRICULAR NEURONS IN VITRO. M.Dewald. 
H.A.Braun*. D.Zwingmaan, M.C.Hirsch and K.voigt. Institute of Physiology, 
University of Marburg, Deutschhausstr.2, 35037 Marburg, Germany.

Interleukin-Iß (IL-1ß), a cytokine which is involved in immune response, 
inflammation and fever was shown to influence the secretion of several peptide 
hormones from hypothalamic neurosecretory cells. Here we considered magno- 
cellular arginine vasopressin (AVP) secreting neurons in the paraventricular and 
supraoptic nuclei, recognized by their distinct bursting discharge patterns. The 
amount of released peptide is increased by enhanced burst activity.
We examined first the temperature dependencies of the impulse patterns to evaluate 
whether a febrile temperature increase per se can contribute to an enhanced AVP- 
release. In further studies, we examined whether the endogeneous pyrogen IL-1ß 
alters the impulse patterns and whether the prostanoid PGE2 mediates the action of 
this cytokine. Extracellular impulse activity was recorded from 143 neurons in brain 
slices of the rat. About half of the neurons discharged bursts of impulses. Warming 
accelerated the burst rhythm and shortened the intraburst intervals. Burst discharge 
was also altered dose-related by IL-1ß and PGE2. Application of IL-1ß and PGE2 in 
combination with IL1ß caused after an initial increase a slowing of the burst rhythm. 
IL-Iß often progressively inhibited the spontaneous activity for a longer time (>15 
min), whereas the effect of PGE2 was temporary (2-5 min). The long lasting 
inhibition of the activity after IL-1ß application was often abolished by Na- 
salicylate. These results indicate that increasing temperature per se can enhance the 
AVP-release, that IL-1ß rather seems to inhibit AVP-release at least within the 
recording time (up to 1 hour) and that the effects of IL-1ß are probably mediated by 
PGE2.
Supported by ther Deutsche Forschungsgemcinschaft. the Stiftung P.E.Kempkes (Marburg) 
and the Friedrich-Naumann-Stiftung.

45.10
INTERLEUKIN-1ß INHIBITS CALCIUM CHANNELS IN ISOLATED 
NEURONS OF THE ORGANUM VASCULOSUM LAMINA 
TERMINALIS (OVLT). Marshall F. Wilkinson* and Steven Barnes, 
Neuroscience Research Group, University of Calgary, Calgary, AB, 
Canada, T2L 4N1.

A number of physiological effects of IL-1ß are thought to be due to an 
action on the CNS. A potential mechanism whereby cytokines signal 
central pathways is via circumventricular organs such as the OVLT. The 
present study used permeabilized patch clamp recordings to investigate 
the effects of IL-1ß on Ca channels of isolated OVLT neurons. The 
OVLT region was dissected out of papain-treated coronal sections 
(250μ m) of rat basal forebrain, triturated and plated onto poly-L-lysine 
coated cover slips. Neurons (n=81) were distinguished morphologically 
and had an average membrane capacitance of 7.4±0.4pF. Sensitivity to 
nifedipine (l-10μ M) indicated a large fraction of the OVLT Ca channels 
were of the L-type. Application of IL-1ß (5-500pM) produced both a 
rapid inhibition (EC50:30.0pM) and desensitization of the response within 
30sec of ligand exposure. Recovery from desensitization occurred within 
3 min. Heat inactivated IL-18 was without effect on the Ba current. 
Blockade of IL-1ß was not achieved using the IL-1 receptor antagonist 
(IL-lra) at concentrations 10-25 times that of IL-18. However, IL-lra 
(500pM) enhanced the Ba current (27± 10%,n=5) when applied alone. 
These studies indicate that neuroimmune signalling may occur via OVLT 
Ca channels and that both IL-1ß and IL-lra have independent effects on 
the channel.

Society for Neuroscience, Volume 21, 1995



SUNDAY AM NEURAL-IMMUNE INTERACTIONS: CYTOKINES I 99

45.11
ROLE OF CENTRAL OPIATE RECEPTORS IN INTERLEUKIN-1 
INDUCTION OF INTERLEUKIN-6. M. Bertolucci. C. Perego, P. 
Mascarucci and M.G De Simoni*. Unit of Neurochemistry, 
"Mario Negri" Research Institute, Milano, Italy 20157.

Previous studies in our group reported that centrally- 
administrated interleukin-1(IL1) was able to induce high 
circulating levels of interleukin-6(IL6),an inflammatory 
cytokine that plays an important role in the acute phase 
reaction. In order to gain some insight on the role of 
opiate receptors in the regulation of this IL1 activity, 
we studied the effects of morphine.naloxone hydrochloride 
and naloxone methiotide treatments on the IL6 induction, 
by measuring the IL6 levels in both serum and cerebrospi- 
-nal fluid(CSF). Our actual data showed that both central 
and systemic morphine injections induced a potentiation 
of the IL1 effect on the IL6 serum levels.while the CSF 
levels remained unchanged. Moreover, we observed that 
only the naloxone hydrochloride was able to reduce speci- 
-fically the serum IL6 levels induced by either central 
or systemic IL1 injections. First,our data demonstrating 
the differential reactivity of IL6 levels in serum versus 
CSF, suggest the existence of different regulating factors 
in these two compartments. Secondly, we can now point out 
the opiate receptors as being involved in the modulation 
of this IL1 activity and more specifically the central 
opiate receptors, since the naloxone methiotide.which 
antagonizes only the peripheral opiate sites, had 
absolutely no effect on the ILl-induction of IL6 and this 
even when the IL1 was given at the periphery.

45.13
EFFECT OF INTERFERON-β ON ENDOTHELIAL CELL 
ADHESION MOLECULES AND LYMPHOCYTE-ENDOTHELIAL 
CELL ADHESION. S. Dhib-Jalbut and H. Jiang*. Dept. of 
Neurology, Univ. of Maryland Sch. of Med and Baltimore VAMC, 
Baltimore, MD 21201.

Interferon-β (IFNβ) has been recently approved for treatment of 
multiple sclerosis (MS), an inflammatory demyelinating disease where 
trafficking of activated lymphocytes across the blood-brain-barrier is a 
critical step. Thus our objectives are: (1) to examine the effect of IFNβ 
(Betaseron) on the expression of the adhesion molecules (AM) ICAM- 
1, V-CAM and E-selectin induced on endothelial cells (EC) by IFNγ, 
TNFα, or IL lβ using flow cytometry; and (2) to examine the effect of 
IFNp on lymphocyte-EC adhesion using a 51Cr-release assay. Primary 
cultures of human umbilical vein endothelial cells (HUVEC) were used 
which under basal conditions expressed low levels of AM. IFNβ (1- 
1000 IU/ml) had minimal effect on basal expression of AM on 
HUVEC, but AM could be substantially upregulated by IFNγ, IL 1 β or 
TNFα which was associated with a parallel increase in lymphocyte-EC 
adhesion. The effect of IFNβ on AM expression induced by IFNγ,
ILlβ or TNFα was slightly additive, and was associated with a modest 
increase in lymphocyte-EC adhesion. In contrast TGFβ, shown 
previously to downregulate lymphocyte-EC adhesion, inhibited this 
adhesion in our experiments. It is concluded that IFNβ does not 
downregulate the inducible expression of ICAM-1, V-CAM or E- 
selectin on HUVEC and does not inhibit the adhesion of lymphocytes 
to HUVEC. These findings have implications on the mechanism of 
action of IFNβ in MS and metastatic disease.

45.15

6-INTERFERON INCREASES ASTROCYTE PRODUCTION OF 
NGF. T.Boutros and V.W.Yone* Montréal Neurological Institute, 
McGill University, Montréal, Québec, Canada H3A 2B4 

Evidence is accumulating that ß-interferon is efficacious in the 
treatment of multiple sclerosis although the mechanism of its action 
remains unclear. Given that astrocytes can synthesize many 
neurotrophic factors, some of which are beneficial to oligodendrocyte 
function (e.g. CNTF and bFGF), we examined whether 6-interferon 
could modulate the production of specific neurotrophic factors by 
astrocytes. Mouse 6-interferon was added to confluent neonatal mouse 
astrocyte cultures for six hours. Total RNA was extracted and 
subjected to Northern blot analyses for CNTF, NGF and the astrocyte 
filament protein glial fibrillary acidic protein (GFAP). Concentrations 
of 6-interferon from 100 U/ml up to 10 000 U/ml significantly 
increased the mRNA for NGF (p<0.05 at each concentration, n=5, 
ANOVA), but not for CNTF or GFAP (n=5). The 6-interferon induced 
increase in mRNA for NGF was similar in magnitude to that produced 
by IL-1ß, a cytokine known to influence NGF production. ELISA 
measurements are currently being performed. While the role of NGF 
in oligodendrocyte biology is unclear at the present time, the clinically 
used 6-interferon may have utility in diseases that have NGF 
abnormalities.

45.12
GLUCOCORTICOID REGULATION OF INTERLEUKIN-1 (IL-1) RECEPTOR EXPRESSION 

IN HUMAN ASTROCYTOMA CELLS. P. G. Threlkeld* and B. D. Gitter. Central Nervous 
System Research Division, Lilly Research Labs., Lilly Corp. Ctr., Indianapolis, IN 46285.

The pro-inflammatory cytokine, interleukin-1 (IL-1) may play a key role in the 
pathophysiology of neurological diseases, such as stroke and Alzheimer's Disease. IL-1 is 
thought to act directly in the central nervous system (CNS) by stimulating locally expressed 
IL-1 receptors. Two IL-1 receptors, Type I and II, have been identified in both the CNS and 
periphery. IL-1 signalling is exclusively mediated by Type I receptors, whereas, Type II 
receptors may function as decoy sites for the inhibition of IL-1 activity. In the periphery, Type 
II IL-1 receptor expression is known to be up-regulated by glucocorticoids, an effect that may 
contribute to the anti-inflammatory properties of these drugs. Glucocorticoid regulation of IL-1 
receptor expression in the CNS, however, has not been previously reported. Since functional 
IL-1 receptors are expressed in cultured brain astrocytes, we explored the effect of 
dexamethasone (DEX), a synthetic glucocorticoid, on IL-1 receptor expression in U-373 MG 
human astrocytoma cells. DEX treatment was found to increase the binding of [125I]IL-1 to 
U-373 MG cells in a dose dependent manner with the maximum effect (2-3 fold) observed 
with 100 nM drug. In contrast, treatment with similar concentrations of DEX produced a slight 
decrease in the binding of [125l]substance P (SP) to U-373 MG cells. The effect of DEX on 
the binding of [125I]IL-1 to U-373 MG cells was seen as early as 6 hr of treatment, peaked 
between 24-48 hr, and was not due to cell proliferation. Scatchard analysis of [125I]IL-1 
binding to DEX-treated U-373 MG astrocytoma cells revealed an up-regulation in receptor 
number rather than a change in binding affinity. Vehicle-treated U-373 MG cells expressed 
374 IL-1 receptors/cell with a of 24 pM, while DEX treatment increased IL-1 receptor 
expression to 1476 receptors/cell with a Kd of 22 pM. Finally, DEX inhibited IL-1 or SP 
induced IL-6 secretion from U-373 MG cells. At present, we do not know which IL-1 receptor 
type was modulated by DEX, however, our data suggests that glucocorticoids may exert anti-
inflammatory effects in the CNS by regulating both IL-1 receptor expression and cytokine 
secretion.

45.14
MOLCULAR M ECHANISM S OF IL-16 SIGNALING IN GLIA DERIVED 
FROM THE CENTRAL NERVOUS SYSTEM. L.A. Kobierski*. L.K. Hamill. 
S.E. H ym an . Lab of Mol. and Dev. N eurosci., Mass. General Hospital-East, 
Charlestown, MA 02129.

The m olecular m echanism s underly ing  the biological effects of cytokines 
in the hem atopoietic and im m une system s are well characterized, but the 
signaling pa thw ays activated in n eurons and  glia of the CNS are largely 
undescribed. CNS glia can be activated by local and system ic traum a, and 
this activation can be m odeled  in cell cu lture. IL-16 has been show n to 
induce new gene expression and the release of other cytokines in activated 
glia.

Enriched type I astrocyte cu ltures from  E19 rat striata  w ere treated w ith 
10U /m l IL-16 from 15 min. to 24 hrs and several different b inding  activities 
w ere de tec ted  by gel m obility  sh ift assays usin g  a new ly  described  
N F kB:C/EBP  b inding  site found in the h um an  proenkephalin  gene. The 
earliest com plex peaks at ~30 min. w hile tw o o ther com plexes-are first 
apparen t at 2 hrs and continue to increase up  to 8 hrs later. Using antisera 
to know n transcription factors and  previously described DNA binding sites 
we have d e te rm in ed  the iden tity  of the tran sc rip tio n  factors in each 
complex. The complex that peaks at 30 min. contains the N F kB heteodim er 
p65:p50. One later com plex is m ade up  of C /E B P ß :C/EBIPδ heterodim ers 
an d  the o th e r  co n sis ts  of p50. The p ro te in  sy n th e s is  in h ib ito r  
cycloheximide blocks the induction of the late com plexes and prolongs the 
induction  of the early  com plex. We are  cu rren tly  charac te riz ing  the 
signaling pathw ays involved in the induction of these transcription factors 
u sing  a series of k inase inh ib ito rs  of vary in g  specificities. We are 
co rre la ting  the in duction  of these b in d in g  activ ities w ith  changes in 
proenkephalin  gene expression.

45.16

D E M O N S T R A T IO N  O F  IL -8  T R A N S C R IP T  E X P R E S S IO N  IN  T H E  
D E V E L O P IN G  R A T  C O R T E X  B Y  R N A S E  P R O T E C T IO N  
A N A L Y S IS .  M J  D e  R o s a *  a n d  P  L e v itt . D e p t. N e u ro s c ie n c e  a n d  C e ll 
B io lo g y , U n iv e rs ity  o f M e d ic in e  a n d  D e n tis try  o f N e w  J e rs e y , R o b e rt  
W o o d  J o h n s o n  M e d ic a l S c h o o l, P is c a ta w a y , N J , 0 8 8 5 4 .

C y to k in e s , m o le c u le s  n o rm a lly  in v o lv e d  in im m u n e  fun ctio n  in th e  
p e rip h e ry , m a y  p a rtic ip a te  in b ra in  d e v e lo p m e n t a n d  re p a ir  fo llo w in g  
in ju ry . S e v e ra l m e m b e rs  o f th e  c y to k in e  fa m ily  a re  p ro d u c e d  b y  b ra in  
m o n o c y te s  a n d  a s tro c y te s . In te r le u k in -8  ( IL -8 )  is a  v e ry  p o te n t  
c h e m o ta c tic  fa c to r  th a t a ls o  m a y  h a v e  a n  a d d itio n a l ro le  a s  a  troph in  
in th e  b ra in . W e  h a v e  d e v e lo p e d  a n  R N a s e  P ro te c tio n  A s s a y  (R P A )  
w h ic h  a llo w s  th e  q u an tific a tio n  o f th e  IL -8  tra n s c rip t in t is s u e s  d u rin g  
d e v e lo p m e n t a n d  in re s p o n s e  to  b ra in  in ju ry . A  d ire c t R P A  w a s  
p e rfo rm e d  in t is s u e  ly s a te s  w ith o u t e x tra c tio n  of R N A . In o u r initial 
s tu d ie s , r ib o p ro b e s  d ire c te d  a g a in s t th e  c y to k in e  IL -8  w e re  
t ra n s c rib e d  a n d  h y b rid iz e d  o v e rn ig h t to  h o m o g e n a te s  o f ra t c o rte x  
fro m  a n im a ls  a t  v a r io u s  p o s tn a ta l a g e s . H o m o g e n a te  s a m p le  s iz e  
w a s  s ta n d a rd iz e d  u s in g  a  m ic ro p ro te in  a s s a y . S a m p le s  w e re  tre a te d  
w ith  R N a s e , p ro te c te d  fra g m e n ts  p re c ip ita te d  w ith  is o p ro p a n o l, a n d  
s e p a ra te d  b y  a c ry la m id e  g e l e le c tro p h o re s is . H ig h  le v e ls  o f IL -8  
tra n s c rip t w e re  d e te c te d  in th e  c e re b ra l c o rte x  o f a n im a ls  on  th e  d a y  
o f b irth  (P 0 )  w ith  d e c re a s in g  le v e ls  p re s e n t  a t s u c c e s s iv e  a g e s  
(P 3 .5 .9 ) .  In a d u lt  c o rte x , th e  IL -8  tra n s c rip t a p p e a rs  to  b e  v irtu a lly  
a b s e n t . T h e  resu lts  s h o w  a c tiv e  tra n s c rip tio n  o f th e  IL -8  g e n e  o c c u rs  
in th e  c e n tra l n e rv o u s  s y s te m . T h e  d e c re a s in g  e x p re s s io n  o f IL -8  
tra n s c rip t in th e  b ra in  d u rin g  p o s tn a ta l d e v e lo p m e n t is c o n s is te n t  
w ith  a  spec ific , th o u g h  tra n s ie n t, ro le  fo r IL -8  in n o rm a l b ra in  
m a tu ra tio n . S u p p o rte d  b y  N ID A  G ra n t  D A  0 9 5 5 5  (P L )
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46.1

CHANGES IN TWO FORMS OF GnRH CORRELATED WITH SEX 
BEHAVIOR AND SEASON. L.E. Muske*. J.A. King. B .G. 
O'Connell. F.L. Moore and R.P. Millar Franklin & Marshall Coll., 
Lancaster, PA; Univ. Cape Town Med. Sch., Cape Town, S.Africa; 
Oregon State Univ., Corvallis, OR.

The urodele amphibian Taricha granulosa contains a mammalian 
(m-) GnRH system associated with the terminal nerve (TN) and POA, 
which projects mainly to the median eminence and habenula (HAB), 
and a chicken GnRH II (cGnRH II) system in the paraventricular 
organ and posterior tubercle (PVO/PT) which projects to many brain 
areas. To evaluate the role of the two GnRH systems in sex behavior, 
solitary male newts were captured from breeding ponds, paired with a 
receptive female, and sacrificed at 0, 5 and 20 minutes after initiating 
courtship. M- and cGnRH II were measured in the ventral pallium 
(VP ) including the TN, in the POA, infundibulum (INF), HAB, and 
PVO/PT, using microdissection and RIA. In the VP, cGnRH II was 
significantly elevated 20 minutes after onset of courtship. There was 
also a significant decrease in the ratio of peptide in the cell body 
region.peptide in the VP from 0 to 20 minutes, suggesting that 
cGnRH II is actively transported from the PVO/PT to terminal regions 
in the VP as males court females.

Seasonal comparison reveals significant increases in cGnRH II in all 
five brain areas. Image analysis of ICC labeling suggests that 
elevated cGnRH II in the cell body area involves the PVO, but not the 
PT. In breeding males, mGnRH was significantly elevated in the HAB, 
an area implicated in control of sex behavior, and in the TN, but it 
decreased significantly in the INF, an area associated with endocrine 
function. Supported by NSF IBN-92090643 and BNS-8909173 and 
grants from Univ. of Cape Town and Med. Res. Council of S.A.

46.2
GnRH NEURONS AND PHOTOREFRACTORINESS IN THE MALE 
DJUNGARIAN HAMSTER. A.M. Mackler. M.A. Kirby* and S.M. Yellon. 
Center for Perinatal Biology, Departments of Physiology, Pediatrics, & Anatomy, 
Loma Linda University School of Medicine, Loma Linda, CA 92350

In the postpubertal hamster, a stable number of GnRH neurons constitute the 
final common pathway in the photoperiod control of reproduction (Biol. Reprod 
50: 368, 1994). However in this species, delayed puberty is associated with 
reduced numbers of unipolar GnRH neurons in the diagonal band of Broca (DBB) 
and medial preoptic area (MPOA), regions that contain the majority of GnRH 
somata (Neuroendocr 54:96, 1991). Following the initial arrest of puberty by 
short days, reproductive function occurs spontaneously. The question in this study 
was whether the GnRH neuron system in short-day hamsters with testicular 
recrudescence resembles that of comparably aged males in long days. Hamsters 
were reared in short days (SD=10L) or long days (LD=16L) from soon after birth 
and killed by cardiac perfusion at about 270 days of age (n = 4 each). Brain 
sections (60 μm) were stained for GnRH by immunocytochemistry (Benoit LR1 
antiserum). Testes were fully developed in both groups (range 0.6 to 1.5 g). 
GnRH somata in the DBB and MPOA regions numbered 228 ± 49 in SD- 
recrudesced hamsters compared to 359 ± 53 in LD males. In addition, the ratio of 
morphologically bipolar to unipolar GnRH perikarya was 3:2. Differences in 
neuron numbers between groups were not statistically significant. Although fewer 
GnRH soma were found in SD-recrudesced hamsters, these preliminary findings 
indicate that reproductive function whether attained by spontaneous recrudescence 
in SD or induced by LD may be independent of GnRH neuron number and subtype 
morphology. The possibility still remains that the secretory activity of a 
subpopulation of GnRH neurons mediate the reproductive response in 
photorefractory and photosensitive Djungarian hamsters.

46.3

DEEP BRAIN PHOTORECEPTION: RELATION BETWEEN OPSIN- AND 
GNRH-EXPRESSING NEURONS. CJ . Saldanha1 *A-J. Silverman2 and R. 
Silver1,3. 1Dept. Psych., 2Dept. Anat & Cell Biol., and 3Dept. Psych., Barnard 
College, Columbia University. New York, NY 10027.

In non-mammalian vertebrates photic information is relayed by deep-brain 
photoreceptors (DBP) to the reproductive axis. Putative opsin-expressing DBP have 
been identified in the avian septum lateralis (SL) (Silver et al„ Cell Tiss Res, 88).
In the present study we used double-label immunocytochemistry (ICC) at the light 
(LM) and electron-microscopic (EM) levels to ask if opsin- and GnRH-neurons 
communicate. In both 20 and 50 pm sections, GnRH axons are seen in close 
association with opsin cells in the SL. In the preoptic area, GnRH neurons are 
surrounded by opsin fibers. Finally, in the median eminence dense axonal 
projections of both phenotypes are seen. Tissue from all three regions was processed 
for EM. Opsin cells are characterized by a dendritic stalk which extends into the 
CSF, terminating in a knob-like structure. Synaptic input to the soma and dendrites 
(but not to the knob) was observed. These cells have abundant rough endoplasmic 
reticulum (RER), Golgi stacks, and secretory granules (50-100 nm). The nucleus is 
deeply indented and complex cistemae of the outer nuclear envelope/RER are 
frequent. The dendritic knob has numerous mitochondria and secretory granules but 
lacks the membraneous disks of retinal photoreceptors. Though encased on much of 
their surface with a thin glial sheath (also see Parry & Goldsmith, J Neuroendo, 93), 
GnRH cells are well innervated. Synapses are more numerous than in mammals 
(Witkin & Silverman, Peptides, 85). Quantification of synaptic input to both 
neuronal types and characterization of opsin-GnRH interactions are in progress. 
Notably, opsin fibers are seen in close apposition with GnRH-expressing cells 
suggesting that putative DBP communicate directly with GnRH cells and thereby 
relay photic information to the reproductive axis. Supported by NIMH 029380 (RS) 
and HD 10665 (AJS).

46.5

LOCALIZATION OF cGnRH-I and PRE-PRO-GnRH-I mRNA IN 
LAYING AND REFRACTORY TURKEY HENS. G.F.Ball*. H.R. 
Besmer. T.P. Hahn. J . A. Proudman. M.A. Ottinger and M.M. 
McCarthy Johns Hopkins University, Baltimore, MD 21218; USDA- 
Agriculture Research Service, Beltsville, MD 20705; University of 
Maryland, College Park, MD 20742; University of Maryland School of 
Medicine, Baltimore, MD 21201

Turkey hens placed on long photoperiods (>12L:12D) will lay for 
approximately 25 weeks and many will cease laying due to broodiness 
orphotoreffactoriness. In many avian species the onset of 
refractoriness is associated with marked changes in the hypothalamic 
content of chicken gonadotropin-releasing hormone-I (cGnRH-I). 
cGnRH-I is one of two forms of GnRH in the avian brain and appears 
to be the primary secretogogue for the gonadotropin hormones. We 
collected Drains from turkey hens who had been held on a photoperiod 
of 14L:10D for 25 weeks. Birds were either still egg laying or had 
ceased egg laying for at least 6 weeks and appeared to be refractory. 
Brains were collected and cGnRH-I was measured either by enzyme 
immunoassay (EIA) from microdissected brain areas or via 
immunocytochemistry. An in situ hybridization procedure using a 
ssDNAprobe generated by asymmetric PCR ana internally labeled with 
32p-CTP, was used to localize the mRNA for preproGnRH-I. In this 
first localization of preproGnRH-I in any bird, we found that cells 
containing preproGnRH-I were in brain areas identical to those where 
cells immunoreactive for cGnRH-I were found. The distribution of 
cGnRH-I immunoreactive cells was in good agreement with a previous 
report in turkey hens by Millam et al.(1993 JCN 333:68-82). 
Preliminary analyses do not suggest that there are significant 
differences in cGnRH-I immunoreactivity or the mRNA for prepro- 
GnRH-I in the laying vs the refractory hens. Supported by NSF IBN 
9208893 to GFB and N R I92-37203-7742 to MAO.

46.4
CHANGES IN HYPOTHALAMIC GONADOTROPIN RELEASING HORMONE 
IN PHOTOSENSITIVE AND PHOTOREFRACTORY HOUSE SPARROWS, 
PASSER DOMESTIC US. T.P. Hahn* and G. F . Ball. Dept. of Psychology, Behav- 
ioral Neuroendocrinology Group, Johns Hopkins University, Baltimore, MD, 21218.

Temperate zone birds stop breeding when they become photorefractory. In 
"absolute refractoriness" gonadal regression occurs before day length declines, and 
individuals are reproductively unresponsive even to continuous light. In several 
species, this form of refractoriness is associated with reduced (compared with 
breeding and/or photosensitive birds) numbers of hypothalamic cells and fibers that 
are immunoreactive for gonadotropin releasing hormone (GnRH). Some species 
(i.e.. Japanese quail, Coturnix japonica) display "relative refractoriness"; day length 
must decline before gonads regress, and individuals remain responsive to long days. 
GnRH levels in the brains of relatively refractory quail are not reduced. House 
sparrows (Passer domesticus) regress their gonads sooner when day length declines 
during summer than they do if photoperiod is not permitted to decline after the 
summer solstice (i.e. they appear to be "relatively refractory"). However, if held on 
long days they eventually regress the gonads despite no decline in photoperiod (they 
appear to be "absolutely refractory"). In this experiment, we tested whether gonadal 
regression was associated with changes in hypothalamic GnRH in adult male house 
sparrows. We used immunocytochemistry (primary antibody sensitive to both forms 
of avian GnRH) to compare the distribution and number of GnRH-immunoreactive 
cells and fibers among reproductively active individuals on long days, "absolutely" 
refractory individuals on long days, and presumably "relatively" refractory indi
viduals induced to regress their gonads by shortened days. Similar reductions in ir- 
GnRH cell number and cell size occurred in both groups of refractory birds com
pared with birds still in breeding condition. Gonadal regression also was correlated 
with reduced staining intensity of cell bodies and reduced fiber staining, but these 
reductions were significantly more pronounced in the "absolutely" than the 
"relatively" refractor)' birds. Our results are consistent with the idea that house spar
rows eventually become absolutely refractory, whether exposed to a decline in pho
toperiod or not. However, the results also suggest that relative refractoriness pre
cipitates gonadal regression through a cessation of GnRH secretion, whereas abso
lute refractoriness involves down-regulation of peptide production as well.

46.6
CHANGES IN PREOPTIC REGION GNRH-LIKE IMMUNOREACTIVITY 
ACCOMPANYING PHOTOREFRACTORINESS AND RE-ESTABLISH
MENT OF PHOTOSENSITIVITY IN MALE JUNCOS. P Devicbe1*, C.J. 
Saldanha2, and R. Silver2 3. 'Univ. Alaska Fairbanks, Fairbanks, AK 99775, 
2Columbia Univ. New York, NY 10027; 3Barnard College, New York, NY 10027.

In the spring, many birds are photosensitive, and increasing photopenods stimulate 
gonadotropin-releasing hormone (GnRI I) production. During the summer, these birds 
become photorefractory, and GnRH secretion decreases despite continued exposure 
to long days. Photosensitivity is regained by exposure to short days. To understand 
the neuroendocrine bases of photorefractoriness and the re-establishment of 
photosensitivity, immature male dark-eyed j uncos (Junco hyemalis) were captured in 
the autumn, exposed to short days (SD, 10L: 14D; 6 months), and divided into 3 
groups (N=5/group). The long-term photosensitive birds remained exposed to SD for 
the experimental duration (13 months). After 4 months of SD exposure, the 
remaining birds were transferred to long days (LD, 20L:4D) until they became photo-
refractory (approx. 4 months). Then, photorefractory birds remained exposed to LD 
while short-term photosensitive birds were transferred to SD for 5 months. All 
subjects were sacrificed at the same time and GnRlI-li ir neurons and fibers in the 
preoptic area were counted by an investigator blind to the experimental groups. The 
numbers of GnRH-li ir neurons were lowest in the photorefractory birds (p<0.01) and 
similar in both photosensitive groups. (JnRH-li ir fiber number was lowest in the 
photorefractory group, intermediate in the short-term photosensitive group, and 
highest in the long-term photosensitive group (p<0.01). Testicular sizes were similar 
in photorefractory and short-term photosensitive birds (diameter <0.5 mm), but 
slightly larger in long-term photosensitive birds (diameter: 1 mm; p<0.001). Thus, an 
increase in GnRH-li ir fiber staining and associated increase in testicular size in 
long-term photosensitive birds can occur in the absence of exposure to long 
daylengths. Supported by Awards 9315307 (NSF; P.D.) and 029380 (NIMH; R.S.).
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4 6 .7

QUANTITATIVE ANALYSIS OF DOPAMINERGIC INPUTS TO AROMATASE- 
CONTAINING AREAS IN THE QUAIL BRAIN. P. Absil*. A. Foidart. M. Houbart 
and J. Balthazart. Lab. Biochemistry, Univ. Liège, B-4020 Liège, Belgium.

Many aromatase-immunoreactive (ARO-ir) cells in the sexually dimorphic medial 
preoptic nucleus (POM) and in the n. accumbens-n. striae terminalis complex (Ac-nST) 
are surrounded by tyrosine hydroxylase (TH)-ir fibers and punctate structures. By 
retrograde tracing with cholera toxin B subunit (CTB) combined with TH ICC, we 
recently demonstrated that TH-ir cells located in the rostro-ventral pole of the locus 
ceruleus (putative homolog of A8 group), the nucleus tegmenti pedunculo-pontinus, 
pars compacta (TPc; A9; substantia nigra), the area ventralis of Tsai (AVT; A 10) and 
the locus ceruleus (Loc) project to the POM and Ac-nST. Although some of these CTB 
labeled cells also contained TH-ir material, it was impossible to demonstrate the 
presence of these two signals on a cell by cell basis. Catecholaminergic (CA) 
projections to POM and Ac-nST were therefore quantitatively analyzed with fluorescent 
microspheres while TH was simultaneously visualized with antibodies labeled with 
FITC. Microspheres microinjected in POM or Ac-nST were retrogradely transported to 
all CA areas mentioned above. As a mean, 10-20% and 40-60% of TH-ir cells were 
retrogradely labeled when microspheres had been injected in POM or Ac-nST 
respectively (see figure). These data confirm the dense CA innervation o f the Ac-nST 
and the less extensive but nevertheless significant innervation of the POM.

4 6 .9

LESIONS OF THE VENTRAL STRIATUM MIMIC THE EFFECT OF 
OLFACTORY BULBECTOMY TO  PREVENT SHO RT PHOTOPERIOD  
INDUCED TESTICULAR REGRESSION IN GOLDEN HAMSTERS
Diana G o m e z, S arah  N ew m an  and David P ie p e r, T h e  University of 
Michigan, D epartm ent o f A natom y, Ann Arbor, M ichigan and Providence  
Hospital, D ep artm en t o f Physiology, Southfield, M ichigan.

Bilateral olfactory bulbectom y (B X) or bilateral transection of the  
rostral lateral olfactory tract (L O T ) at the level o f the anterior olfactory nucleus  
markedly increases gonadotropin secretion and prevents short photoperiod  
induced testicular regression in golden ham sters. In an effort to further 
elucidate the neural pathw ays involved in this extrahypothalam ic influence on 
gonadotropin secretion, lesions w ere  p laced in several potential pathways.

H am sters  underw ent bilateral BX, sham  BX (S H ), or electrolytic or 
radiofrequency lesions o f the: caudal L O T  ju s t rostral to the m edial nucleus of 
the am ygdala (L O T X ); m edial nucleus o f the am ygdala  (M eX ); or ventral 
striatum (V S X ). Lesions w ere  either b ilateral or unilateral with contralateral 
olfactory bulbectom y. All an im als w ere  then p laced on short photoperiod (LD  
10:14) for 10 w eeks and testicular s ize and body w eight w ere  assessed at 
weekly intervals. A  testicular index (I x w  in m m  /  g bw x 10) o f less than 8.0  
was considered regression. Lesions w ere  assessed in brain sections stained 
with cresyl violet. A n im als with m isplaced lesions w ere  excluded.

T h e  num ber o f a n im als  in each  group undergoing testicular 
regression in response to short photoperiod: SH : 3 2 /35 ; BX: 8/31 (p < 0 .0 3  vs 
SH); caudal LO TX : 10 /11; M eX : 5 /5; and V S X : 3 /9  (p < 0.01 vs S H ).

These  results suggest that the tonic inhibitory e ffect o f the olfactory 
bulbs on gonadotropin secretion is m ed iated  by fibers that leave the L O T  and  
progress ventrally and m edially  through the ventral striatum.

46.11

E S T R O G E N  A N D  P R O G E S T E R O N E  R E C E P T O R  E X P R E S S IO N  IN  
G L U T A M A T E  A N D  G A B A  N E U R O N S  O F  T H E  F E M A L E  M O N K E Y  
H Y P O T H A L A M U S  A T  P U B E R T Y . K .K . T h in d * a n d  P .C . G o ld s m ith . 
R eproductive  E n d o crin o lo g y  C e n te r , U n iv. C a lifo rn ia  S c h . o f M e d ., S a n  
Francisco, C A  9 4 1 4 3 -0 5 5 6 .

Estrogen receptors (ER) and progesterone receptors (PR), known to modulate 
gene transcription, are barely detectable in the hypothalamus of juvenile monkeys. 
Glutamate (Glu) and G A B A  neurons which express E R  and PR  at puberty m ay be 
involved in reactivation of the hypothalamic-pituitary-gonadal axis. To identify 
those neurons in pubertal fem ale cynomolgus monkeys, we immunostained nuclei 
for ER (mouse IgG C -314) or P R  (rabbit IgG C -20, Santa Cruz Biotech) with Ni- 
DAB, and cytoplasm for Glu (rabbit IgG Glu-2, Incstar) or glutam ate decarboxylase 
(GAD, sheep IgG 1440-4, V . W eise , N IH , to label G A B A  neurons) with DAB. 
Regional analysis of numbers of stained neurons showed: Medial septum (MS): 
Glu+ER 4x>G lu, G lu+P R  2x>G lu; G A D + E R =G A D , G A D + P R =G A D . Supraoptic 
nucleus (SON): G lu+E R =G lu , G lu+PR =G lu; G A D  5x> G A D +E R , G AD  
5x>GAD+PR. Paraventricular nucleus (PVN): G lu >G lu+E R , G lu+PR=G lu; 
GAD+ER=G AD, G A D  >G A D +P R . Periventricular zone (PVZ): G lu+ER  8x>Glu, 
Glu+PR >Glu; G A D + E R  6x>G A D , G A D  2x> G A D +P R . Arcuate (ARC) region and 
adjacent PVZ: G lu +E R  2x>G lu, G lu+PR =G lu; G A D + E R  3x>G A D , G AD  
2x>GAD+PR. In sum m ary, E R  appears in the majority of Glu neurons in the MS, 
ARC and PVZ, and G A D  neurons in the ARC  and PVZ, but in a fraction of the 
GAD neurons in the SON. PR  occurs in more than half the Glu neurons in the MS  
and PVZ, less than half the G A D  neurons in the ARC  and PVZ, and in a fraction of 
the GAD neurons in the SON. Although interactions m ay be complex due to 
ligand-independent (transmitter) activation of E R  and PR, and direct steroidal 
effects at Glu and G A B A  receptors, these results provide insights into Glu and 
GABA control of local neuroendocrine and associated neurons in the pubertal 
female monkey hypothalamus. Supported by H D 10907  and H D 11979.

4 6 . 8

DISTRIBUTION AND NEUROCHEMICAL CHARACTERIZATION OF 
ANDROGEN RECEPTOR-CONTAINING CELLS IN THE QUAIL BRAIN.
A. Foidart*. M. Houbart. G. S. Prins. and J. Balthazart. Lab. Biochemistry, Univ. 
Liege, B-4020 Liège, B and Dept Ob/Gyn, Univ. of Illinois, Chicago, IL 60616.

The distribution of immunoreactive (ir) androgen receptors (AR) in the quail brain 
was analyzed by immunocytochemistry using the affinity-purified antibody PG21-19A 
(working concentration 1.5 μg/ml) raised against a synthetic peptide representing the 
first 21 amino acid of the rat and human AR. Brains were perfused with 4% 
paraformaldehyde-0.1 % glutaraldehyde and 30 μm thick cryostat coronal sections were 
stained by a classical PAP technique using DAB as a chromogen. Some sections were 
double labelled for aromatase (ARO) or tyrosine hydroxylase (TH) by a technique that 
uses an alkaline phosphatase as reporter enzyme and fast blue as chromogen. AR-ir 
cells were detected in a variety of preoptic and hypothalamic nuclei including the medial 
preoptic (POM), the supraoptic, the paraventricular (PVN), and the ventromedial 
(VMN) nuclei but also in the tuberculum olfactorium, the nucleus accumbens/ventral 
striatum, the nucleus taeniae, the tuberal hypothalamus and the substantia grisea 
centralis (GCt). In addition, a very prominent label was detected in the nucleus 
intercollicularis. In all these locations, the ir material was primarily nuclear and was no 
longer visible when the primary antibody was preincubated with a 10 fold excess of the 
synthetic peptide used for immunization. In addition, populations of cells with AR-ir- 
like material located in the cytoplasm were observed in the area ventralis of Tsai 
(AVT), the nucleus tegmenti pedunculo-pontinus (TPc, substantia nigra) and the lateral 
parts of the neostriatum. In the AVT and TPc, most of these cells were also TH-ir. 
However, preadsorbtion of the antibody with the 21 amino acid peptide reduced but did 
not fully eliminate this staining so that its specificity remains doubtful at present. A 
significant number of AR-ir cells in the POM,VMN, PVN and tuberal hypothalamus 
also contained ARO-ir material in their cytoplasm. The putative AR located in the 
dopaminergic cells groups that are known to project to the ARO-ir cells of the POM 
and ventral striatum (see adjacent poster) and the AR located directly in ARO-ir neurons 
could be implicated in the direct or indirect regulation of aromatase activity and 
possibly reproductive behavior. The significance of AR in the control of aromatase 
remains, however, unclear in birds because, contraiy to mammals, the control of avian 
brain aromatase appears to be effected mostly by estrogens.

4 6 . 1 0

A NEUROENDOCRINE RESPONSE INDUCED BY EXPOSURE TO ONE 
LONG DAY CYCLE IN SHORT DAY RESPONSIVE SIBERIAN HAMSTERS. 
Teresa H. Horton*. Taria Porkka-Heiskenan. Naherin Khoshaba. Katheryn 
Scarbrough. Martha H. Vitatema and Fred W, Turek. Department of 
Neurobiology and Physiology, Northwestern University, Evanston, IL 60208.

In the Siberian hamster, serum concentrations of FSH increase within 72 hrs of 
transfer from short to long photoperiod. Photostimulation may enhance the 
transcription of the GnRH prohormone gene prior to the observed increase in 
FSH secretion. To test this hypothesis, in situ hybridization was used to identify 
cells containing GnRH mRNA. A cocktail containing four 48 base pair oligos 
complementary to selected regions of exons 2, 3, and 4 of the pro-GnRH gene 
was labeled with 33P-dATP. Frozen coronal sections (20 μm) from the brains of 
adult male hamsters were hybridized using standard in situ protocols. Every third 
section from the diagonal band to the posterior decussation of the optic chiasm 
was examined. Hamsters were bom and raised in 16L:8D until 6 wks of age, 
after which Groups A & B were exposed to 6L:18D for 4 wks. Group A was 
returned to 16L:8D 26 h prior to euthanasia. Group C was maintained in 16L.8D. 
Only animals that underwent testicular regression (testis <  80 mg/pair) were 
included in groups A and B. Brothers of three Group C animals did not regress 
in 6L:18D; these 16L:8D animals were assigned to a separate group (Group D). 
Transfer from 6L:18D to 16L:8D resulted in an increase in the number of labeled 
cells (Kruskal-Wallis: p =  0.026. A 54.8_+ 10.9, n =  5; B 28.7 ±  4.4, n =  6; C
28.5± 4.1 n = 6; D 51.33 ±  10.5, n =  3). These results indicate: (1) 
neuroendocrine differences exist between siblings of short day responders and 
nonresponders in 16L:8D and (2) a change in photoperiod can induce a rapid 
change in gene activity in the mammalian brain. Support: NSF IBN 9222520 to 
THH, NIH-HD-21921 to FWT.

4 6 . 1 2

MEDIAL PREOPTIC AREA LESIONS DELAY THE ONSET OF 
PUBERTY IN FEMALE GUINEA PIGS. D.H. Olster*. D epartm ent of 
Psychology and Neuroscience Research Institute, University of 
California, Santa Barbara, CA 93106.

O variectom ized, juvenile (20-22 day  old) guinea pigs rarely display 
reproductive behavior in response to adm inistration  of estradiol and 
progesterone. Lesions of the m edial preoptic area (MPOA), however, 
allow  im m ature  fem ales to respond behaviorally  to the inductive effects 
of these horm ones on sexual receptivity  (Olster, 1995). This experim ent 
was designed to test the hypothesis that MPOA lesions also accelerate 
the initiation of ovarian cyclicity in guinea pigs, as has been observed in 
rats (Junier etal., 1991). O vary-intact females received bilateral sham  or 
electrolytic lesions of the MPOA at 14-16 days of age, or no brain  
surgery, and were m onitored for age and w eight at vaginal opening. 
Ovaries were collected on the day  of first vaginal closing, for histological 
quantification of corpora lutea produced d u rin g  the first ovulatory  cycle. 
C ontrary to the hypothesis, anim als with bilateral lesions of the MPOA 
were significantly older (36 ± 2 d) and heavier (314 ± 11 g) than the 
sham -lesioned (30 ±  2 d; 280 ±  7 g) or non-m anipulated  fem ales (27 ± 2 d; 
284 ± 11 g) on the day of vaginal opening. The num ber of corpora 
lu tea /2  ovaries, indicative of the num ber of eggs ovulated, did  not differ 
am ong the three treatm ent groups. These data  suggest that, in contrast 
to w hat has been observed in the rat, rem oval of activity originating in 
or passing through the MPOA delays the m aturation  of the 
hypothalam ic-pituitary-ovarian axis in guinea pigs. The characteristics 
of the first ovulatory cycle in M POA-lesioned females, how ever, do  not 
ap p ear to differ from those observed in non-lesioned anim als.
(Supported by NIH HD 28636.)
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46.13
SULFAMETHAZINE ADVANCES PUBERTY IN CHICKS VIA A REDUCTION IN 
THYROID HORMONE(T3) FOLLOWED BY A CENTRAL OR PITUITARY 
MEDIATION OF GONADOTROPINS. W.J. Kuenzel* . M.M. Abdel-Maksoud '. K. 
Macko Walsh1, J.A. Proudman2 and T. Elsasser1. 1Dept. of Poultry Sci., Univ. 
of Maryland, College Park, MD 20742; USDA, ARS,2GGPL,3GBL, Beltsville, 
MD 20705.

Sulfamethazine (SMZ) effects rapid testes development when added to a 
standard chick ration (Kuenzel et al. Soc. Neurosci. Abstr. 20(2),p.996,I994). 
Four experiments were completed to determine the possible mode of action of 
SMZ. In experiment 1,20 chicks were implanted with a cannula directed to the 
lateral ventricle. They were divided into 5 groups of 4 birds each and 
administered daily one of the following: artificial cerebrospinal fluid, 1,10,100 
or 500μg SMZ. After 15 days, birds were sacrificed to examine the testes. No 
differences in gonadal size occurred among the 5 treatments suggesting that 
central administration of SMZ does not stimulate gonadal development. The 
second study comprised 2 treatments (n=8/trt); birds were fed either a control 
ration or one containing SMZ and blood samples were collected weekly and 
assayed for LH, FSH, T3 and T4. T3 was found significantly lower within 24hr 
of consuming SMZ while LH and FSH were found significantly higher in SMZ- 
fed chicks after consuming the experimental diet for one week. In a third study, 
brains of chicks were examined using immunocytochemistry and an antibody to 
thyroid releasing hormone(TRH). Greater immunoreactivity for TRH was found 
within the median eminence of SMZ-fed chicks. The fourth experiment had 6 
dietary trts: with or without SMZ and either 0.5 or l.0ppm T3 added to the 
ration (n=10/trt). SMZ-fed chicks supplemented with T3 showed a significant 
decrease in testes size compared to chicks fed solely the SMZ diet. Data 
suggest that SMZ may function by a peripheral, transient decrease in T, 
followed by a central and/or pituitary mediation of gonadotropins resulting in an 
activation of gonadal development. Supported in part by USDA Grant #90- 
37240-5506 and MAES Grant #POUL-95-043.

46.15
THREE DAILY MELATONIN INFUSIONS DELAY OR ACCELERATE 
PUBERTY WITHOUT ALTERING GnRH NEURON NUMBER IN SIBERIAN 
HAMSTERS. M R. Gorman* and S.M. Yellon, Dept. Psychology, Univ. Calif., 
Berkeley CA 94720 and Div. Perinatal Biology, Depts. Physiology & Pediatrics, 
Loma Linda Univ. Sch. of Med., Loma Linda CA 92350.

Among juvenile, but not adult, male Siberian hamsters, the rate of reproductive 
development is directly correlated with the number of unipolar GnRH-immunoreactive 
neurons in the diagonal band of Broca (DBB) and medial preoptic area (MPOA). 
GnRH neuron numbers are reduced and reproductive development is delayed by 
exposure to short days (SD) or daily melatonin (MEL) injections (Neuroendo 54: 96, 
1991). Recently, three consecutive 12 h MEL infusions at 18 or 25 d of age, but not 
later, were found to block gonadal growth in long-day (LD) gestated hamsters 
maintained in constant light (LL) Irom 14 d of age. The present study determined 
whether gonadal maturation, as delayed or accelerated by three MEL infusions, is 
correlated with GnRH neuron number. Hamsters were gestated and reared in long or 
short days ( I6L, 10L respectively) and transferred to LL at weaning at 14 d of age. At 
18. 19 and 20 d, hamsters in 10L pre-weaning were infused with saline or 10 ng MEL 
delivered over 6 h; those in LD pre-weaning were infused over 12 h. At day 25 brains 
were sectioned (60 μm) and processed for GnRH ICC (n=6/group; Benoit LR-1 
antisera). As expected, among LD hamsters the 12 h MEL treatment inhibited testis 
growth relative to saline controls (114 ± 21 vs 219 ± 34 mg; p < 0.05, ANOVA), 
while three 6 h MEL intusions among SD hamsters accelerated gonadal development 
compared to saline controls (119 ± 24 vs 38 ± 9 mg; p < 0.05). Irrespective of 
treatment, about 200 GnRH neurons were found in the DBB/MPOA. Numbers of 
unipolar and bipolar GnRH neuron subtypes were not changed by either pre-weaning 
photoperiod or infusion treatment. Thus, the gonadal response to three days of MEL 
does not depend upon changes in GnRH neuron number or subtype morphology. 
Moreover, findings suggest that timing of puberty by prenatal photoperiod and post- 
weaning MEL rhythms may depend upon the functional activity of GnRH neurons and 
not necessarily GnRH neuron numbers (Supported by grant HD 02982],

46.14
L-DOPA NEURONS OCCUR IN THE CHICK BRAIN AND ARE 
ASSOCIATED WITH EARLY SEXUAL MATURATION. K. Macko Walsh1,
J. Ruttimann1, M.M. Abdel-Maksoud1, W, Hodos*2 and W.J. Kuenzel1. 1Dept. 
of Poultry Sci., 2Dept. of Psychol., Univ. of Maryland, College Park, MD 20742.

In the rat brain, levels of L-dopa are difficult to detect without the use of an 
amino acid decarboxylase inhibitor such as hydroxybenzylhydrazine (NSD 1015) 
which prevents the conversion of L-dopa to dopamine. In our studies to 
elucidate neuromodulators associated with gonadal development, we utilized an 
antibiotic, sulfamethazine (SMZ) that rapidly stimulates gonadal growth in male 
chicks. Chicks were fed either a control ration or one with 0.2% SMZ for three 
weeks at which time the testes are significantly larger (p ≤ 0.05) in SMZ-treated 
birds. Chicks were either injected ip with 100 mg/kg NSD 1015 or saline and 
sacrificed 30min later (n=6/trt). Five areas of the brain were microdissected and 
examined for biogenic amines using HPLC-EC. Chicks fed SMZ had 
significantly higher levels of L-dopa within the median eminence and 
infundibular tubercle (ME-IT) region both with (265 ± 11.6 vs. 133 ± 27.3 ng/g 
tissue, mean ± SEM) and without NSD 1015 (209 ± 2.1 vs. 156 ± 11.3) 
compared to controls. In a second study, antibodies to L-dopa and tyrosine 
hydroxylase (TH) were utilized with immunocytochemistry (ICC) to determine 
whether L-dopa neurons could be identified in chick brain. L-dopa-like neurons 
were detected in the paraventricular organ (PVO), in and about the medial 
mammillary nucleus near the median eminence, the area ventralis of Tsai, 
interpeduncular nucleus and a few scattered within the substantia nigra. Neurons 
in all previously mentioned structures also immunostained with TH with the 
exception of the PVO. Hence the cerebrospinal neurons within the PVO may 
uptake L-dopa from the cerebrospinal fluid rather than synthesize it. Both the 
HPLC and ICC data suggest the presence of L-dopa neurons in the avian brain 
and a higher concentrations of L-dopa in the ME-IT during sexual maturation. 
Supported in part by USDA Grant #90-37240-5506 and MAES Grant #POUL- 
95-043.

46.16
Evidence for gene transcription of adenohypophyseal hormones in the ovine 
pars tuberalis T.M. Böckersl, J. Bockmannl, J -D Fauteckl, F. Stdabauer*2, B. 
Sabel3, M R. Kreutz3, and W.Wittkowskil. 1 Institute of Anatomy, University of 
Miinster, 48149 Munster, 2Dept. of Neurology, University of Munster, 48149 Munster, 
3Institute of Medical Psy chology, University of Magdeburg, 39120 Magdeburg, Germany 
Specific cells of the hypophyseal pars tuberalis (PT). which express a high density 
of melatonin receptors, have been associated with the transmission of photopenodic 
stimuli to the endocrine system. However. their principal secretory products have 
not been identified yet. Therefore we studied the expression of several 
adenohypophyseal hormones and their subunits by immunocytochemistry. northern 
blot analysis and in situ hybridization.
Only the common α -chain of gly coprotein hormones could be detected in ovine PT - 
specific cells by immunocytochemistry while antibodies directed against the β- 
chains of LH, FSH, TSH and β-lipotropin labelled only single "migrated" pars 
distalis cells in the PT. In situ hybridization and northern blot analy sis, however, 
revealed the expression of the common α -chain. β-TSH and. to a far lower extent, 
PRL and POMC throughout the entire PT. Compared to these results -obtained in 
short photoperiod- we found clear ultrastructural signs of altered secretory activ ity 
in PT-specific cells of animals exposed to long photoperiod, the common α -chain 
immunoreactivity was nearly absent in PT-specific cells of summer animals. 
However, no seasonal influence on gene transcription or translation for other 
adenohypophy seal hormones was observed. These findings suggest that ovine PT- 
specific cells, which are only immunopositive for the common α -chain, are capable 
to express different mRNA s of adenohypophyseal hormones. Although it remains 
elusive how gene transcription and translation are related in this cell type the 
presence of an mRNA pool for hormone subunits leads to the speculation that 
hormone synthesis is mainly regulated at the translational level.
Supported by a grant from the DFG (Wi558/5-l)

46.17

Cloning and expression pattern of α - and β-TSH in hamster pars 
tuberalis-specific cells B. Vennemann 1, J Bockmannl, T.M. Bockersl, J -D. 
Fauteckl. W. Wittkowski 1. M Wegener*2. B. Sabel3 and M. Kreutz3
1 Institute of Anatomy, University of Miinster, 48149 Miinster, 21nstitute of Molecular 
Neurobiology, University of Hamburg, 20246 Hamburg 3Institute of Medical Psychology, 
University of Magdeburg, 39120 Magdeburg, Germany
The hypophyseal pars tuberalis (PT) of the Djungarian hamster (Phodopus 
sungorus) shows characteristic changes in morphology and secretory activity during 
the annual cy cle. The high density of melatonin receptors on the PT suggests that 
melatonin is involved in the transmission of photoperiodic stimuli via PT-specific 
cells. Recently the expression of the common α -chain of glycoprotein hormones 
and the βTSH-chain in PT-specific cells could be demonstrated by 
immunocytochemistry despite the fact that the morphology of the PT-specific cells 
is unique and rather different from gonadotropes and thy rotropes.
We investigated the expression of the common α -chain and the βTSH-chain by 
immunocytochemistry, northern blot analysis, in situ hybridization, and 
electronmicroscopy in animals exposed to different day-night cycles. F or 
hybridization experiments we isolated and sequenced hamster cDNA clones for β
TSH and the common α -chain. In situ hybridization and immunocytochemical 
stainings with antibodies directed against β-TSH and the common α -chain revealed 
a photoperiod-dependent expression pattern in PT-specific cells. Compared to long 
photoperiod PT-specific cells of animals kept in short photoperiod appeared 
morphologically inactive and the expression of a -  and β-TSH was significantly 
reduced.lt is tempting to speculate that PT-specific cells influence cells of the pars 
distalis via a protein that is released into the primary plexus of the portal 
system.Thc hypophyseal pars tuberalis may therefore be regarded as a functional 
"Zeitgcber" of the endocrine system.
Supported by a grant from the DFG (Wi 558/5-1)
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47.1
C H A R A C T E R IZ A T IO N  O F  T H E  R E S P O N S E S  O F  N E U R O N S  IN  T H E  
P R IM A T E  S E N S O R Y  T H A L A M U S  T O  E X C IT A T O R Y  A M IN O  A C ID  
A G O N IS T S . S . M ittm an*. L .H , R ow land . Y -J . Li. F .A . Len z. P .M . D o ugherty . 
Depts. N eurosurgery and A nesthesio logy, Johns H opkins M ed ica l School,

T h e  responses of neurons in th e  V P L /V P M  tha lam ic  nuclei of the  
monkey to  iontophoretically applied  excitatory am in o  ac id  agon ists  w e re  
exam ined . A nim als (Macaca  fascicularis) of e ither s ex  w e re  anes th e tized  and  
a  partial craniotom y perform ed. Unit activity w a s  recorded  from  th e  center of a  
seven  barrel m icropipette w hich contained a  lo w -im p ed an ce  (2 -3 M Ω) carbon  
filam ent e lectrode. T h e  outer barrels conta ined  excitatory am in o  acid agonists  
including: N -m eth y l-D -asp arta te  (N M D A ), g lu tam ate , a s p arta te , ka inate , and  
α -am ino-3-hydroxy-5-m ethyl-isoxazo le  proprionate (A M P A ). In som e  
experim ents substitutions w e re  m ad e  so th a t receptor antagon ists  or 
m odulators could be included. T h e  final barrel contained  2 M  N a C I to provide  
current ba lance. A  total o f 4 7  neurons in 8  m onkeys h a v e  been  studied. All 
neurons responded to all agonists, regard less of th e  p attern  of response to  
cutaneous stimuli. T h e  responses profiles of th e  agon ists  w e re  quite distinct, 
in that th e  onset for d ischarge and  duration o f th e  resp o n ses  provoked by 
A M P A  w e re  significantly g reater than  those produced  in response to  
iontophoresis of e ither N M D A  or ka inate . T h e  effects  of g lu tam ate  and  
aspartate w e re  m uch less potent than  th o se for th e  synthetic  agonists, and  
often produced bursts versus continuous tra ins  of d ischarges. T h e  responses  
of N M D A  and n o n -N M D A  agonists w e re  blocked by appro p ria te  antagonists  
and the  effects of cycloth iazide on th e  responses to  K A IN  and A M P A  w ere  
exam ined. T h ese  results support a  role for both N M D A  an d  n o n -N M D A  
receptors in m ediating excitatory inputs to cells o f th e  p rim ate  tha lam us.

47.3
E X C IT A T O R Y  A M IN O  A C ID  A N T A G O N IS T S  A T T E N U A T E  T H E  
R E S P O N S E S  O F  N E U R O N S  IN  T H E  P R IM A T E  S E N S O R Y  T H A L A M U S  T O  
C U T A N E O U S  S T IM U L I. Y -J . Li*. S . M ittm an . L .H . R ow lan d . F .A . L e n z , P .M . 
Dougherty. Depts. N eurosurgery and A nesthesio logy, Johns H opkins M edical 
School, B altim ore, M D  2 1 2 8 7 -7 5 0 9

T h e  effects of iontophoretically app lied  recep to r-se lective  excitatory  
am ino acid antagonists on th e  responses o f neurons in th e  V P L /V P M  thalam ic  
nuclei to cu taneous stimuli w e re  exam in ed  in a n es th e tized  m onkeys M a c aca  
fascicularis). Unit activity w a s  recorded from  th e  c en ter of a  sev e n  barrel 
micropipette which contained a  low -im p ed an ce  (2 -3 M Ω) carbon  filam ent 
electrode. T h e  outer barrels contained tw o of th e  follow ing excitatory am ino  
acid antagonists: A P 7 , M K 8 0 1 , D N Q X , N B Q X , and  G Y K 5 3 6 5 5  an d  th ree  
receptor selective agonists: N M D A , ka inate, a n d  A M P A . T h e  final barrel 
contained 2M  N aC I to provide current ba lan ce . A  total of 21 neurons have  
been studied in nine m onkeys. T w o  g en era l patterns of effects  for th ese  
antagonists a re  em erg ing  w hich a p p e a r re la ted  to  th e  cu tan eo u s  stim uli to  
which the cells also respond. T h o se  cells  which h a v e  responses to  both 
phasic as  well as  tonic stimuli (convergent cells) sh o w  a  preferentia l effect of 
the N M D A  antagonists on the  responses to  th e  tonic stim uli. T h e  n o n -N M D A  
antagonists suppress th e  responses of convergent cells to  both phasic as  well 
as tonic stimuli. In contrast, in cells w hich h ave  resp o n ses  to  phasic stimuli 
alone, w e  have not found any selectivity of th e  excitatory am ino  acid  
antagonists. Both N M D A  as w ell as  n o n -N M D A  antagon ists  a tten u ate  the  
responses of these cells to cu taneous stim uli. In  conlcusion, th ese  findings  
support a  role of N M D A  and n o n -N M D A  receptors  in m ediating  
somatosensory inputs to V P L /V P M  of th e  prim ate. In contrast to spinal cord, 
thalamic N M D A  receptors partic ipate in th e  responses to both innocuous and  
noxious cutaneous stimuli.

47.5
SLEEP-RELATED A C T IV IT Y  IN  THE V EN TR O B A SA L C O M P L E X  AFTER GABAa 
RECEPTOR BLO CKADE, G A. M a rk s *. D e p t. o f P sychiatry, Univ. of Texas  
Southwestern M ed . C en ter, Dallas, T X  7 5 2 3 5

Ventrobasal com plex (VB) relay neurons in the  rat, like o ther 
thalamocortical neurons, a lter their discharge rate and p attern  w ith  changes  
in state of arousal. A c tiv ity  in slow  w a v e  (SW ) sleep consists o f the  
appearance o f high freq u en cy  bursts o f action p otentia ls , but unlike the  
prototypic relay cell, VB  neurons also m aintain  discharge in the  burst-m ode in 
REM sleep. In as m uch as burst discharges have been show n in vitro to  
involve inhibitory events , w e  sought to identify  the  role o f G ABA inhibitory  
mechanisms in the  expression of s leep-related a c tiv ity  in ra t VB  neurons.

Under anesthesia, Long-Evans Hooded rats w ere  prepared fo r chronic sleep 
recording w ith  the addition o f a stim ulating electrode in the  m edial lemniscus 
(ML) and an apparatus c em en ted  to skull to accom plish head-restra in t. A fter  
recovery, etched tu ngsten  m icroelectrodes cem ented  to  m ultibarrel p ipettes  
were used to record extracellularly from  individual VB neurons and 
iontophoretically apply drugs in unanesthetized rats free  to  sleep and w ake.
In this initial investigation, the  G A BA a receptor an tagon ist Bicuculline  
methiodide (BMI) w as used.

GABA inhibited the spontaneous a c tiv ity  o f identified  VB neurons. These  
inhibitory responses could be blocked by the ejection o f BM I fro m  an adjacent 
pipette. In addition, synaptic  responses m ediating post e x c ita to ry  inhibition  
could be blocked by BM I as evidenced by initiation o f responding to both of a 
pair of M L shocks 5 0  m s apart. During the period o f B M I action , spontaneous  
discharge rates w ere  increased in S W  and REM sleep. Burst m ode firing  
persisted and w as au gm ented  by an increase in num ber o f spikes per burst 
and proportion of spikes w ith in  bursts.

GABAa receptor m echanism s are n o t required fo r th e  expression o f burst- 
firing by VB neurons in ra t during natural S W  or REM sleep.

47.2
E F F E C T S  O F  T W O  C L A S S E S  O F  G E N E R A L  A N E S T H E T IC S  O N  
R E S P O N S E S  O F  N E U R O N S  IN  T H E  P R IM A T E  S E N S O R Y  T H A L A M U S . 
P .M . D ouaherty*  L .H . R ow land . Y -J . Li. F .A . L e n z . S . M ittm a n . D epts. 
N eurosurgery and Anesthesio logy, Johns H opkins M ed ica l S chool, B altim ore, 
M D  2 1 2 8 7 -7 5 0 9

T h e  possibility of differential effects o f tw o typ es  o f anesthetic  on the  
responses of neurons in V P L /V P M  of th e  prim ate (Macaca fascicularis) 
th a lam u s to cu taneous m echanical stimuli and  on frontal cortex E E G  pow er 
w a s  explored. G raded  i.v. doses (0 .2 -1 0 .0 m g/kg) of sodium  m ethohexital 
(Brevital) w e re  studied on 9  cells in th ree  m onkeys. E E G  pow er w a s  th e  m ost 
sensitive p aram eter to B revital showing significant attenuation  a t 1 .0  mg/kg, 
and spontaneous activity in tha lam u s  w a s  next m ost sensitive  showing  
significant reduction at 2 .0  m g/kg. N on-se lec tive  suppression of responses to 
cutaneous stimuli w as produced a t doses o f 5 .0  and  1 0 .0  m g/kg. T h e  effects  
of ha lothane w ere  studied on 12 cells in 4  m onkeys. Low  concentrations of 
halo thane (0 .2 5 % ) produced a  sm all facilitation of the  responses to the  
cutaneous stim uli,as w ell as  a  significant reduction in th e  spontaneous activity 
of th e  thalam ic neurons. T h e  responses of th e  cells  to th e  m echan ica l stimuli 
w hen exposed  to m oderate  concentrations (0 .5 -1 .0 % ) of ha lo th an e  w ere  not 
significantly different from  the  baseline  responses but w e re  red u ced  from  
those observed at low doses of halo thane. F inally , th e  responses to all 
m echanical s tim u li, th e  spontaneous activity and th e  E E G  pow er all show ed  
n ear com plete suppression at th e  high h a lo thane concentrations (2 .0 -3 .0 % ).
In conclusion, these tw o classes of anesthetics  h a v e  w ell d efined  dose ranges  
over w hich they produce surgical an es th es ia  ye t le ave  response properties of 
tha lam ic  neurons intact. B revital show s a  differentially g rea te r effect on 
cortical E E G  than on thalam ic activty, w h ile  ha lo th an e  produces biphasic  
differential effects on responses of tha lam ic  units to com pressive  stimuli.

47.4
MEDIAL AND LATERAL INTRATHALAMIC RECORDINGS OF MEDIAN 
NERVE EVOKED POTENTIALS V.M. Tronnier*. P C. Rinaldi. D. Albe-Fessard. 
R.F. Young and J. Chodakiewitz, Departments of Neurological Surgery, Universtiv of 
Heidelberg College of Medicine, Heidelberg, Germany and University of California 
Irvine, Orange, CA 92668, USA

Short latency evoked responses in somatosensory pathways and cortex have been 
studied to assess possible clinical applications and neural origins. Intrathalamic 
recordings were obtained from chronic depth stimulating electrodes implanted for 
stimulation produced analgesia in 18 patients suffering from intractable pain due to 
deafferentation, nociceptive pain or pain of mixed origin. In 15 patients quadropolar 
electrodes were implanted in the lateral somatosensory thalamus (VPL or VPM) and 
in the PVG region which included the medial thalamic nuclei, parafascicularis and 
centré median. In three patients an electrode was implanted in the PVG region only. 
Bipolar intrathalamic recordings were carried out from these electrodes following 
contralateral, ipsilateral and bilateral median nerve (MN) stimulation at rates of 0.8,
3.2 and 12 Hz. 200 square wave pulses (0.1 ms) were delivered with intensity 
adjusted to produce small muscle twitches of the thumb. For the computer averaged 
responses components were labeled by polarity and latency in ms.

Evoked responses in the contralateral VPL showed typical P9 and P ll 
deflections, while P I3/14 was often masked by a large P I5 deflection with a N16 
component and a cortical N20/P25 complex; a late and broad N50 wave was typically 
present. In the medial thalamus contralateral stimulation produced a P9, PI 1 and a 
P13/14 lemniscal response; a volume conducted farfield potential P I5 was 
demonstrated. Brainstem and lemniscal potentials decreased with rapid stimulation 
rates. Ipsilateral MN stimulation revealed a weak P15 in VPL and a more prominent 
P I5 in PVG suggesting farfield effects. No cortical N20/P25 complex could be 
detected from medial and lateral thalamus. We suggest that in medial thalamic 
recordings the early components (P9-P14) are better delineated and our data supports 
a theory of additional brainstem generators in contrast to pure lemniscal 
contributions.

47.6

S U B C O R T IC A L  D IS T R IB U T IO N  O F  D C M L  A N D  A L S  P R O J E C T IO N S  
IN  T H E  P R IM A T E . S . W a r r e n * 1 a n d  D .L . A n d re w 1,2. D e p ts . o f A n a to m y 1 
&  O c c u p a tio n a l T h e ra p y 2. U . o f M iss iss ip p i M e d . C tr. J a c k s o n , M S  39216.

T h e  d o rs a l c o lu m n -m e d ia l le m n is c a l s y s te m  ( D C M L )  c o n v e y s  low  
th re s h o ld  m e c h a n ic a l s ig n a ls , w h ile  th e  a n te ro la te ra l s y s te m  (A L S )  
tra n s m its  h igh th re s h o ld  m e c h a n ic a l, a s  w e ll a s  th e rm a l a n d  n o c ic e p tiv e  
s ig n a ls . B o th  s y s te m s  fo rw a rd  s o m a to s e n s o ry  in fo rm a tio n  a ris in g  fro m  
th e  b o d y  a n d  lim b s  to  s u b c o rtic a l ta rg e ts  in c lu d in g  th e  c o n tra la te ra l 
v e n tra l p o s te rio r la te ra l (V P L ) n u c le u s . D a ta  d e s c rib in g  th e  m o rp h o lo g y  
a n d  differential distribution of these  p ro je c tio n s  is lim ite d  in th e  p r im a te . 
U tiliz in g  in je c tio n s  o f b io tin y la te d  d e x tra n  a m in e  (B D A )  p la c e d  in th e  
d o rs a l c o lu m n  n u c le i ( D C N )  o r  th e  A L S , d iffe re n tia l p ro je c tio n s  w e re  
s tu d ie d  in m a c a q u e  m o n k e y s . G ra c ile  d e r iv e d  a rb o rs  w e r e  la te ra l to  
c u n e a te  a rb o rs . B D A  la b e lle d  D C M L  fib e rs  a re  n u m e ro u s  a n d  th ick , 
u n like  th e  s p a rs e , th in  B D A  la b e lle d  A L S  f ib e rs . In d iv id u a l D C M L  fib e rs  
m a y  bifurcate, g iv in g  rise to s e v e ra l ro b u s t c o m p le x  te rm in a l a rb o rs  
co n ta in in g  m a n y  la rg e  p u n c ta . T h e ir  m o rp h o lo g y  is c o n s is te n t w ith  th e  
p o s s ib ility  th a t  e a c h  a rb o r  s u rro u n d s  a n  in d iv id u a l 'ro d ' w ith in  a  s in g le  
th a la m ic  c re s c e n t. G ro u p s  o f  a rb o rs  w e r e  o b s e rv e d  fo rm in g  c re s c e n ts  
th a t  w e r e  lim ite d  in th e ir  d o rs a l-v e n tra l, a s  w e ll a s  th e ir  c a u d a l-ro s tra l  
e x te n t vis-a-vis  V P L . C o n v e rs e ly , s in g le  A L S  fib e rs  d is p la y  en passant 
b o u to n s  o f  v a ry in g  s iz e s  th ro u g h o u t th e ir  c o u rs e . T h e s e  fib e rs  g e n e ra lly  
g iv e  rise  to  a  s in g le  s im p le  te rm in a l a rb o r  w ith  fe w e r  b o u to n s  th a t  d o e s  
not a p p e a r  lin ked  w ith  in d iv id u a l ro d s . T h e  A L S  te rm in a l z o n e  a p p e a rs  
to  b e  re s tr ic te d  to  v e n tra l a n d  p o s te r io r  lo c a tio n s  w ith in  V P L . Z o n a  
in c e r ta , b a s ila r  p o n s  a n d  th e  s u p ra g e n ic u la te  n u c le u s  a ls o  re c e iv e  
p ro je c tio n s  fro m  th e  D C M L . T h e s e  d a ta  s u g g e s t d is tin c t a n a to m ic a l  
s u b s tra te s  u n d e rlie  d iffe re n tia l th a la m ic  p ro c e s s in g  o f  s e n s o ry  s ig n a ls  
fro m  th e  D C M L  a n d  A L S . S u p p o rte d  b y  N IN D S  g ra n t #  N S 2 7 9 9 6  (S W ) .
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47.7

O R G A N IZ A T IO N  O F  T R IG E M IN A L  N U C L E I P R O J E C T IO N S  IN  T H E  
P R IM A T E . D .L . A n d re w *  1&2, N .F . C a p r a 3 a n d  S . W a r r e n 1. D e p ts . o f 
A n a to m y 1 a n d  O c c u p a t io n a l T h e r a p y 2, U . o f M is s is s ip p i M e d . C tr ., 
J a c k s o n , M S  39216, a n d  D O C B S 3, U . o f  M a ry la n d , B a lt im o re , M D  21201.

T h e  tr ig e m in a l s e n s o ry  n u c le i (p r in c ip a l, s p in a l V  a n d  m e s e n c e p h a lic )  
tra n s m it all ty p e s  o f s o m a to s e n s o ry  s ig n a ls  fro m  th e  h e a d  a n d  d is trib u te  
th is  in fo rm a tio n  w ith in  th e  b ra in s te m  a n d  c o n tra la te ra l v e n tra l p o s te r io r  
m e d ia l (V P M )  n u c le u s . A s  lim ited  d a ta  on  th e  d is trib u tio n  a n d  m o rp h o lo g y  
o f th e s e  p ro jec tio n s  ex is t in p r im a te s , b io tin y la te d  d e x tra n  a m in e  (B D A )  
w a s  in je c te d  in to  m a c a q u e  tr ig e m in a l n u c le i. A n  in je c tio n  th a t in c lu d e d  
th e  tr ig e m in a l m o to r n u c le u s , a s  w e ll a s  sp in a l V  n u c le u s  in jec tio n s , 
re tro g ra d e ly  la b e lle d  m e s e n c e p h a lic  n u c le u s  n e u ro n s  . T h u s , th e  c e n tra l 
a x o n s  o f th e s e  first o rd e r n e u ro n s  co n trib u te  p ro p rio c e p tiv e  s ig n a ls  to  th e  
s p in a l V  n u c le u s , in ad d itio n  to  p ro v id in g  m o n o s y n a p tic  in p u t to  
m a s tic a to ry  m o to n e u ro n s . P a rs  c a u d a lis  in je c tio n s  a ls o  p ro d u c e d  
s c a tte re d  la b e lle d  n e u ro n s  in m o re  ro s tra l re g io n s  o f  th e  s p in a l V ,  
s u g g e s tin g  th e  p r e s e n c e  o f  in te rc o n n e c tio n s  w ith in  th is  n u c le u s . 
In je c tio n s  o f p a rs  c a u d a lis  o r p a rs  in te rp o la r is  r e v e a le d  th e ir  d iffe re n tia l 
th a la m ic  p ro jec tio n s . L a b e lle d  th a la m ic  fib e rs  w e r e  th in  a n d  e x h ib ite d  en  
passant b o u to n s  s im ila r  to  a n te ro la te ra l s y s te m  (A L S ) f ib e rs . H o w e v e r ,  
la b e lle d  sp in a l V  b o u to n s  v a r ie d  in s ize . L a b e lle d  te rm in a l a rb o rs  fro m  a n  
e x te n s iv e  p a rs  c a u d a lis  in je c tio n  w e re  lim ite d  to  c a u d a l V P M . T h e s e  
a rb o rs  w e re  s m a ll a n d  s p a rs e . In je c tio n s  in p a rs  in te rp o la r is  p ro d u c e d  
fo c a l d is trib u tio n s  o f la b e l th ro u g h o u t V P M , a lth o u g h  d o rs a l in je c tio n s  
la b e lle d  d o rs a l V P M . In te rp o la r is  a rb o rs  w e r e  p le n tifu l a n d  in s o m e  
re g io n s  th e y  w e re  d e n s e ly  a g g re g a te d  a ro u n d  th a la m ic  n e u ro n s . In  
co n c lu s io n , th e  p a rs  in te rp o la r is  a rb o rs  re s e m b le  th o s e  o f th e  A L S ,  
m o rp h o lo g ica lly , bu t h a d  a  w id e r  d is tribu tion  w ith in  th e ir  th a la m ic  ta rg e ts . 
S u p p o rt. D E 0 6 0 2 7  (N F C )  &  N S 2 7 9 9 6  (S W ) .

47.8
4-AMINO-PYRIDINE-SENSITIVE K+ CURRENTS CONTROL TH E FIRING 
OF CAT VENTROBASAL THALAM IC NEURONES IN  VITRO. J.P. Turner*. 
S.R. Williams and V. Crunelli. Dept. Physiology, University of Wales, Cardiff, U.K.

Cat ventrobasal (VB) thalamocortical (TC) neurones have patterns of action 
potential firing, which vary from a tonic discharge with accommodation (A,), to a 
burst/suppressed discharge (A2), as revealed using slices of cat VB thalamus in 
vitro. Since excitatory and inhibitory amino acid synaptic transmission was blocked, 
further intracellular recordings were obtained from cat VB TC neurones, in order to 
determine the membrane conductances contributing to this variability.

The burst/suppressed discharge was associated with subthreshold membrane 
potential ripple at 50-100Hz (B1), indicating that the frequency of the burst (B2) is 
determined by this subthreshold activity, 
presumably mediated via the persistent Na+ 
current. The K+ channel blocker 4-amino- 
pyridine (100μM) transformed the burst 
/suppressed discharge (C1) into a tonic 
discharge with accommodation (C2) and 
increased the apparent input resistance, 
when injecting positive current. This 
indicates that the burst/suppressed discharge 
and the outward rectification of the voltage- 
current relationship are dependent, in part 
at least, on the presence of IA- and ID-like 
currents. Also, the tonic firing pattern with 
accommodation obtained in the presence of 
4-amino-pyridine indicates the involvement 
of other K+ currents in determining the 
firing pattern of cat VB TC neurones.

47.9
VOLTAGE AND TEMPORAL AMPLIFICATION IN THALAMOCORTICAL 
(TC) NEURONES - EXPERIMENTAL STUDIES. S.R. Williams. J.P. Turner. T.I. 
Toth & V. Crunelli.* Dept. Physiology, University of Wales, Cardiff,CF1 1SS, UK.

The voltage current relationship of TC neurones is known to be highly non- 
linear. Using slice preparations of the rat and cat dorsal lateral geniculate nucleus 
and ventrobasal complex we have recorded neurones, with sharp electrodes, that 
exhibit a pronounced amplification of this behaviour. In these neurones within a 
critical voltage range, -60 to -65 mV, negative current steps (10-50 pA) generated 
large amplitude (10-30 mV) voltage responses that demonstrated a complex 
charging pattern (see Fig.). These responses could outlast the duration of the 
current step by up to 10 times. From potentials positive to this range, larger 
amplitude current steps generated similar responses, but small steps evoked 
conventional electrotonic responses. Responses to positive current steps or EPSPs 
(in the presence of GABA receptor blockers) were followed by a pronounced after-
hyperpolarisation (up to 30 mV). The low frequency oscillatory activity of these 
neurones had a characteristic frequency, waveform and voltage-dependence. From 
negative potentials, the frequency of oscillation was at its greatest (1-3 Hz), but 
decreased following the injection of positive current, until a very slow oscillation 
was apparent (0.1-0.2 Hz). This decrease was accompanied by the formation of a 
plateau phase of the low threshold Ca2+ 
potential. We suggest this pattern of 
charging is controlled by the low 
threshold Ca2+ current as shown by the 
simulation of this activity, presented in 
the companion abstract. These data 
indicate a non-linearity may transform 
the output of TC neurones to synaptic 
inputs in the voltage and time domain.

47.10
VOLTAGE AND TEMPORAL AMPLIFICATION IN THALAMOCORTICAL 
(TC) NEURONES - SIMULATION STUDIES. T.I. Toth*. S.R. Williams. J.P. 
Turner & V.Crunelli. Dept. Physiology, University o f Wales,CF1 1SS,Cardiff, UK.

Using a single compartment model we have simulated the pronounced intrinsic 
voltage and temporal non-linearity of TC neurones. The model incorporated the 
currents IT , Ih, IL , In a and IKd .By employing low values of gL (2 nS) and gh (< 
3 nS) we transformed the pattern of oscillatory activity (0.5-4 Hz) to a novel 
pattern that demonstrated a characteristic voltage-dependence. Upon injection of 
tonic positive current a decrease, instead of an increase, in frequency was observed; 
at the upper limit of the oscillation range a slow oscillation (0.1-0.2 Hz) was 
apparent. The decrease in frequency of oscillation was generated by the formation 
of a distinct plateau phase of the low threshold Ca2+ potential. From potentials 
positive to the region of oscillation, voltage responses evoked by negative current 
steps demonstrated a charging pattern marked by a pronounced inflection point (see 
Fig.), these responses greatly outlasted the duration of current steps. The inflection 
point in the charging pattern was abolished by increasing the value of gL, but could 
be re-established by a compensatory increase in the value of gTmax- The novel 
charging pattern was apparent in the absence of Ih , but responses demonstrated a 
bi-stability. INa was not required for the generation of this type of behaviour. These 
data indicate that the voltage-dependence 
of oscillatory activity and the shape of 
charging patterns are dependent upon a 
critical ratio of IT and IL (i.e. gTmax / 
gL). We suggest that those TC neurones 
that generate this behaviour exhibit a 
small value of IL; that may indicate a 
reduced level of somal shunt or the 
recording of a novel sample of neurones.

47.11
GABAb AUTORECEPTORS MODULATE SPONTANEOUS GABAa IPSCs IN 
THALAMOCORTICAL NEURONES. Y. Le Feuvre. A. Guvonand N. Leresche*. 
Neurobiologie Cellulaire, Institut des Neurosciences, UPMC, 9 Quai St Bernard, 
75005 Paris, France.

Thalamocortical (TC) neurones receive GABAergic inputs from the nucleus 
reticularis thalami (NRT) and from local intemeurones. In a previous study we 
have found that the TC neurones of the rat dorsal lateral geniculate nucleus (dLGN) 
are under the tonic control of GABAergic IPSCs (Leresche, Eur.J. Neurosci. 4, 
1992, 595). Using the whole cell voltage-clamp technique in rat brain slices 
containing the NRT and the ventrobasal complex (VB) we now show that all TC 
neurones in the VB also receive spontaneous, TTX-resistant, GABAa IPSCs 
originating from the NRT.

While presynaptic GABAb receptors have been shown to regulate the 
retinogeniculate transmission (Emri et al., Soc. Neurosci. Abstr. 20, 1994, 61.1) 
the presence and role of GABAb receptors on GABAergic terminals in the sensory 
thalamic nuclei have never been investigated. In 6 VB TC neurones, the GABAb 
agonist baclofen (1 and 10μM) reversibly reduced the frequency of spontaneous 
miniature GABAa IPSCs (in the presence of TTX) by 45% and 52% respectively 
without any significant change in their amplitude distribution. This result is 
consistent with a presynaptic mechanism of action. Similar results have been 
obtained when recording GABAa IPSCs in TC neurones from dLGN slices.

These results indicate a functional role for presynaptic GABAB receptors in the 
control of GABA release within the thalamus.

47.12

ON THE ACTION OF ETHOSUXIMIDE IN THE RAT AND CAT THALAMUS. 
V. Crunelli. E. Asprodini*. A. Guyon. J.P. Turner. M. Vergnes. S.R. Williams 
and N. Leresche. Dept. Physiology, University of Wales, Cardiff, UK, Institut des 
Neurosciences, Univers. Paris VI, France and U398 INSERM, Strasbourg, France

The action of the anti-absence drug ethosuximide (ETX) on the membrane 
properties and firing activities of cat and rat thalamic neurones in vitro, as well as 
its effect on the spike and wave discharges (SWDs) of the Genetic Absence 
Epilepsy Rats from Strasbourg (GAERS) in vivo, were investigated.

ETX (0.5-5mM) had no effect on the kinetics and steady-state properties of the 
low threshold Ca2+ current, IT, in thalamocortical (TC) neurones of the rat dorsal 
lateral geniculate nucleus (LGN) (dissociated cells, n =21; in slices, n= 9 ; in 
GAERS slices, n = 6), and of ventrobasal complex (VB) (in slices, n = 6), or in 
neurones of the rat reticular thalamic nucleus (in slices, n= 3). Furthermore, in TC 
neurones of the cat and rat LGN and the cat VB (n=  12), we could not detect any 
action of ETX (1-1.3mM) on two types of intrinsic oscillations, the pacemaker 
oscillation and the ‘very-slow’ oscillation (Leresche et al., J.Physiol. 441, 1992, 
155). However, ETX (0.5-5mM) increased the input resistance of TC neurones at 
membrane potentials depolarized to -60mV, increased the amplitude of the action 
potentials, and produced a regular, action potential firing pattern (n = 6?). 
Furthermore, the last two action potentials in the burst evoked by a low threshold 
Ca2+ potential in TC neurones were abolished by ETX, and the interspike 
frequency within a burst was decreased by >20% . Finally, systemic 
(200mg/kg/ip), but not intrathalamic (up to 20mM), injection of ETX abolished the 
SWDs recorded in the GAERS (n=7).

These results indicate that ETX has no effect on IT but alters the frequency and 
structure of the burst firing of TC neurones, possibly via an action on K+ 
currents.
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47.13
DIFFERENTIAL EFFECTS OF NOREPINEPHRINE ON PRINCIPAL AND 
SURROUND VIBRISSAE RESPONSES OF NEURONS IN THE RAT’S VPM FL 
Tan.* Y. Zhang. R.D. Mooney, R.W . Rhoades, and N.L. Chiaia. Dept. of 
Anatomy and Neurobiology, Medical College of Ohio, Toledo, OH 43699.

The sensory responses of thalamic neurons are strongly modulated by aminergic 
inputs from brainstem nuclei, but this issue has not been addressed for neurons in 
the ventral posteromedial thalamic nucleus (VPM) that respond to deflection of the 
long mystacial vibrissae. This is surprising since previous studies have shown that 
not all trigeminal brainstem inputs to VPM neurons are expressed in their receptive 
fields and that both NE-containing axons and receptors for this amine are present 
in this nucleus. The present study evaluated the effects of norepinephrine (NE) 
upon the responses of vibrissae-responsive VPM neurons and specifically upon 
responses evoked by stimulation of the principal and surround whiskers in the 
receptive fields of these cells. Application of NE either by micropressure ejection 
or iontophoresis reduced the responses of 46% of the cells tested by 2:20% and 
21% of the cells tested by ≥ 50%. On average, responses were decreased to 74 
± 29% of control values with NE application. NE application had very different 
effects upon responses to principal and surround whisker stimulation. For 6 cells 
completely tested so far, application of NE decreased responses to principal 
whisker stimulation to 94 ±  19% of control values. In contrast, application of NE 
decreased responses to stimulation of surround vibrissae to 64 ±  17% of control 
values (p<0.05). These results suggest that the NE input to VPM modulates the 
responses of vibrissae-sensitive VPM cells and that it does so primarily by reducing 
the weaker responses normally evoked by stimulation of surround vibrissae.

Supported by DE 08971 and DE 07734.

47.15

A QUANTITATIVE ESTIMATE OF SYNAPTIC CONTACT TYPES IN 
THE ANTERIOR THALAMIC RETICULAR NUCLEUS (TRN) OF THE 
CAT. A.M.Williamson*,P.T. Ohara and H.J. Ralston.III. Dept. of Anatomy, 
and the W.M. Keck Foundation Center for Integrative Neuroscience, 
U.C.S F., San Francisco, CA 94143.

Using conventional electron microscopic techniques, we examined synaptic 
contacts in the cat TRN at the level of the ventral lateral and ventral medial 
nuclei to determine whether or not the well known bursting activity of TRN 
neurons resulted from a high percentage of intranuclear contacts.

Preliminary data show that the majority of 518 classifiable synaptic 
terminal profiles formed axodenedritic synaptic contacts of the asymmetric 
type (95.2 %). We also have observed a few axodendritic profiles forming 
symmetric contacts (2.7 %). This type of profile is usually associated with 
GABA immunoreactivity and may represent a recurrent axon collateral 
arising from within the TRN. There were also profiles which exhibited 
synaptic vesicles in both  pre- and post-synaptic elements. However, this 
class of contact was rare (1.5 %), often asymmetric postsynaptically and 
appeared to be axodendritic. We have observed only 3 (0.6 %) possible 
dendro-dendritic contacts in the anterior portion of the TRN.

Results to date indicate that the synchronous rhythmic discharge activity 
observed in the TRN probably does not result from an extensive network of 
dendro-dendritic contacts. It is more likely that synchronization depends 
upon recurrent axon collaterals. However, further examination of this 
portion of the cat TRN is necessary to confirm our preliminary observations. 
Supported by NS-23347, NS-26488 and NS-21445.

47.17

ANALYSIS OF DENDRITIC TREES FROM NEURONS IN THE 
SOMATOSENSORY PORTION OF THE RAT THALAMIC 
RETICULAR NUCLEUS (TRN). L. A. Havton* and P. T. Ohara. Dept. 
of Neurology and Neurological Sciences, Stanford University Hospital, 
Stanford, CA 94305 and Dept. of Anatomy, University of California, San 
Francisco, CA 94143.

Neurons in the rat TRN have been described qualitatively by several 
authors but there are no quantitative descriptions available of the dendritic 
trees of these neurons. As TRN neurons are derived from the embryonic 
ventral thalamus we wished to compare the dendritic architecture with 
dorsal thalamic derived neurons from ventrobasal (VB) thalamo-cortical 
projection (TCP) neurons that we have previously analyzed.

TRN neurons were labeled by retrograde bulk filling with Biotin-Dextran 
injected into the VB of the rat thalamus. The labeled neurons were reacted 
with the Elite ABC kit. Fully labeled neurons were selected and the 
individual dendrites drawn and measured from consecutive serial sections. 
The entire dendritic tree was then reconstructed by the addition of the 
individual dendrites.

There was a considerable range in the total dendritic length of TRN 
neurons but most were smaller than the smallest TCP neurons. The 
individual TRN dendrites had a different architecture than TCP dendrites. 
The percentage of the total dendritic length confined to end branches was 
71% for TRN dendrites versus 87% for TCP dendrites. Other differences 
include the branching pattern and mean segment length.
Support: NS23347, NS21445 and NS26488

47.14
A C O N F O C A L  M IC R O S C O P IC  A N A L Y S IS  O F  T H E  
G A B A E R G IC  IN N E R V A T IO N  O F  N E U R O N S  O F  T H E  
S O M A T O S E N SO R Y  T H A LA M U S IN N O R M A L  M A C A Q U ES 
AND FO LLO W IN G  PA R TIA L D E A FFE R EN TA TIO N . H .J.R alston. 
III*. P.T.Ohara. X.Meng. and D,D,Ralston. Department of Anatomy, W.M.Keck 
Foundation Center for Integrative Neurosciences, University of California, San 
Francisco, Calif. 94143-0452.

Recordings were made from the somatosensory thalamus (VPL) of 
anaesthetized M. fa sc icu la r is ,  either normal or following lesions of the 
contralateral dorsal column nuclei or the ipsilateral spinothalamic tract. Following 
characterization of the neuronal responses to contralateral cutaneous stimuli, 
extracellular microinjections of biotinylated dextran amine (BDA) were made at the 
recording site. The anesthetized animals were then perfused with mixed aldehydes, 
the brain removed and serial vibratome sections processed for the demonstration of 
the labeled neurons, using Texas red as a fluorophore to label projection neurons, 
and GABA antibody conjugated to fluoroscein. Sections were examined using a 
BioRad dual beam scanning confocal microscope.

The juxtacellular microinjection method resulted in small numbers of well 
labeled individual VPL neurons, with well defined dendritic arbors. GABA 
immunoreactive (GABA-ir) axonal and terminal profiles were found in close 
apposition to neuronal cell bodies, and GABA-ir profiles (presumed to be either 
axon terminals or presynaptic dendrites of local circuit neurons) could be seen to 
form extensive contacts with dendritic branches of projection neurons. Computer 
generated images of the neurons and GABA-ir profiles were quantitatively analyzed 
for the numbers and distributions of GABA-ir profiles in apposition to the VPL 
neurons. The findings for the neurons in the normal VPL were used as a basis to 
compare changes in the distribution of GABA-ir synaptic appositions following 
partial deafferentation, to test the hypothesis that alterations in GABA circuitry 
may underlie alterations in sensation following lesions of central somatosensory 
afferent pathways. This work is supported by NIH grant NS 23347.

47.16
R E S P O N S E S  O F  M E D U L L A R Y  R E T IC U L A R  F O R M A T IO N  N E U R O N S  T O  
IN P U T  F R O M  T H E  M A L E  G E N IT A L IA . C .H . H ub sch er and R .D . Johnson* . 
D epts. Physiol. S c ience & N euroscience, Univ. Florida, G ainesville , FL 32610 .

Sensory  input from  the m ale  gen ita lia  to the m edullary reticular form ation  
(M R F ) w as exam ined  using electrophysiological techniques. T h e  M R F  of 12 
m ale u re thane-anesthetized  rats w as  searched  for single neurons responsive  
to bilateral e lectrical stim ulation of the dorsal nerve of the  penis (D N P ). In 
addition, each  D N P -responsive  neuron w a s  tested  for responsiveness to 
bilateral e lectrical stim ulation of the  pelvic nerve (P N ) and to m echanical 
stim ulation (gentle  touch, pressure, pinch) of the external genitalia , anus, 
urethra and skin over the w ho le  body. A  total of 1 54  D N P -responsive  neurons 
w ere  found in M R F . All responded to both ipsilateral and contralateral D N P  
stim ulation and  the majority (79%) were excitatory. About half of the sam ple  
w ere histologically verified to be located in the nucleus reticularis 
gigantocellularis (G i); the rem ainder w ere  located in surrounding (dorsal, 
ventral, lateral) regions of G i. S eventy-e ight D N P -responsive  neurons (51% ) 
w ere  additionally responsive to bilateral PN  stim ulation. O f the 154 D N P - 
responsive neurons, all w ere  responsive to m echan ica l stim ulation of the penis 
(2 5 %  w e re  low -threshold). M ost of th ese  neurons w e re  additionally responsive  
(bilaterally) to m ore than  one (often all) of th e  following areas: perineum , 
scrotum , anus, urethra, ears and toes (fo repaw  and h indpaw ). Prelim inary data  
suggest that low- and high-threshold D N P  input to M R F  is re layed bilaterally  
through the dorsal colum ns and lateral funiculus, respectively. Th ese  results 
dem onstrate  a  substantial input from  the m ale  genitalia  to M R F . Variations in 
response properties, locations, d eg ree  of co nvergence and ascending spinal 
routes suggest that these neurons likely serve severa l d ifferent functions within 
the rea lm  of m ale  reproductive m echan ism s. S upported by N S 2 7 5 1 1 and The  
Florida Brain & Spinal Cord Injury R ehabilitation Trust Fund.

47.18

THALAM IC R ETICULA R NEURON LOSS AND SPARING 
IN  RATS AFTER CARDIAC ARREST A N D  D IFFER EN T IA L 
PR O TECTIO N  BY NBQX A N D BU PR EN O RPH IN E. D.T. Ross* 
J. Brasko. and M. Sabol Jones. Univ. of Pennsylvania, Philadelphia, PA 19104.

Markedly heterogeneous neuronal loss occurs from the thalamic reticular nucleus 
(RT) after cardiac arrest in rats. Spared regions correspond to both p opiate ligand 
binding and calretinin calcium binding protein expression and AMPA receptor 
mediated post ischemic activity is implicated in the RT degeneration. To characterize 
patterns of relative vulnerability or resistance and selective protection by the 
neuroprotective agents NBQX (a competitive AMPA antagonist) and buprenoiphine 
(BUP, a partial μ agonist), RT neuronal density was quantified in 14 subregions of 
normals, and 3 groups resuscitated after 10 minute duration cardiac arrest (sacrificed 7 
days later): untreated cardiac arrest, NBQX treated (30 mg/kg at 1,3, and 6 hours after 
resuscitation); and BUP treated (0.5mg/kg, 45 minutes after resuscitation) groups. 
Sections wens stained with cresyl violet or reacted with antisera to glutamic acid 
decarboxylase (GAD), parvalbumin and calretinin. Degenerating RT axonal debris 
labeled by GAD and parvalbumin 1 day after arrest was dense in the VPL and VPM 
(VB), moderate in the MD, MG, and PT, and sparse in the POm, CL, CM, VL, and 
VM. Calretinin positive RT axonal debris was present in the PT, CL, CM, MD, and 
MG. Significantly decreased RT neuronal density was found in 9/14 subregions. 
Extensive neuronal loss (>90%) occurred from the subregion containing the RTVb and 
moderate (>50%) to mild (25-50%) loss occurred from subregions corresponding to 
the RTmg, RTMD) and other identified RT subnuclei. NBQX yielded significant 
"rescuing" o f vulnerable RT neurons in 8/9 regions and BUP significantly protected 
RT neurons in 6 regions: 3 where BUP protected more RT neurons than NBQX, and 
one subregion that NBQX did not protect. Studies in progress are examining 
correlations between 1)μ  receptor distribution and relatively resistant and BUP 
protected RT neurons, and 2) AMPA mediated Ca++ channels and relatively vulnerable 
NBQX protected neurons. (Supported by NS-28852, NS-08803, and RR-07032).
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47.19
F U N C T IO N A L  O R G A N IZ A T IO N  O F  T H E  R A T  Z O N A  IN C E R T A . R .C .S .L in*. 
M .A.L.Nicolelis. F .M .S essler and J.K .Chapin . D ep t. o f A natom y and  
Neurobiology, Medical C o llege o f P e n n . and H ah n em an n  Univ., Philadelphia, 
PA 19102 , and D e p t. o f Neurobiology, D uke Univ. M edical C tr., D urham , N C  
2 7 7 1 0 .

T h e  functional organization of the zona incerta (Zl) o f the ventral tha lam us  
w as studied using retrograde and anterograde neuroanatom ical tracers, 
im m unohistochem istry for G A B A  and calcium  binding proteins calbindin, 
parvalbum in, and calretinin, as well as extracellular and intracellular 
recordings. Previously, w e have reported that neurons in the dorsal subdivision 
of Zl (Zld) are GABAergic and project to w idespread a reas o f the neocortex, 
whereas GABAergic neurons in the ventral subdivision o f Z l (Zlv) project to the  
prem otor layers of the superior colliculus. T h e  goal o f the present study w as  
to further determ ine the neuroanatom ical connectivity, the neurochem ical 
profiles and the biophysical properties of neurons in Zld  and Zlv. O u r results 
suggest that the majority of the neurons in Zlv contain G A B A  and parvalbum in  
and project exclusively to the prem otor layers o f the superior colliculus. 
Ascending afferent inputs to Zlv arise from  the principle subdivision o f the  
trigeminal com plex. In contrast, GABAergic neurons in Zld project densely to 
the  outer part of layer 1 o f the neocortex and the anterior pretectal nucleus. 
Ascending spinal part o f the trigem inal com plex term inates m ainly in Zld. T h e  
results from in vitro slice preparation suggest that incertal G ABAergic neurons  
have fast action potentials and/or low-threshold calcium  spikes. S o m e o f these  
m em b ran e  properties are sim ilar to those described previously in reticular 
nucleus o f the thalam us and intrinsic te lencephalic  G A BAergic neurons.

W e  propose that these two functionally distinct subdivisions o f Zl m ay be 
involved not only in synchronization o f cortical activity but also in nociception  
and/or orienting m ovem ents in the midbrain. (Supported by N IH  N S 29161  to 
R C S L).

SUBCORTICAL SOMATOSENSORY PATHWAYS II

48.1

ULTRASTRUCTURE AND AMINO ACID IMMUNOREACTIVITY OF 
PROJECTION VS. NON-PROJECTION NEURONS IN TRIGEMINAL 
NUCLEUS PRINCIPALIS. J.A. DeMaro*. J.J.A. Arends & M.F. Jacauin. 
Neurology, Washington University School of Medicine, St. Louis MO 63110.

Trigeminal nucleus principalis (PrV) is the requisite brainstem link for 
patterns and responses in the whisker-barrel neuraxis. Most PrV cells are 
small with truncated dendritic trees and respond to whisker deflection; 75% 
of these have 1-whisker receptive fields and project to the thalamus or only 
locally. The other 25% have multi-whisker responses, larger somata and 
dendritic trees, and project to the thalamus and midbrain. However, little is 
known of PrV cell ultrastructure and neurotransmitter content and whether 
these features are predicted by projection status, i.e., whether PrV cells that 
make barrels differ from those that do not. In 4 adult rats, WGA-HRP was 
injected into all of the VPM and PO thalamus. After 2 days, PrV sections 
were TMB-processed to reveal retrogradely labeled cells, embedded, and 
processed for glutamate (Amel) and/or GABA (Sigma) immunogold labeling. 
In triple-label preparations gold particle size was varied to identify differing 
antigenicity in the same profiles. Thalamic-projecting cells were small and 
received mostly asymmetrical synapses from predominantly round vesicle- 
containing terminals; 57.1 ±  11.3% (mean ±  SD) of these cells were 
glutamate+ and 0.7 ±  1.4% were GABA+. Cells that had no discernable 
TMB reaction product in multiple thin sections, i.e., local circuit neurons, 
were larger and received symmetric and asymmetric synapses from 
predominantly round vesicle-containing terminals; 16.3 ±  5.5% of these cells 
were glutamate+  and 45.2 ±  13.8% were GABA+  Thus, many, but 
certainly not all, PrV projection neurons are glutamate immunoreactive; about 
half of PrV’s local circuit neurons are GABAergic.

Supported by NIH DE07662, DE07734, NS29885, NS 17763.

48.3

SPATIAL RELATIONSHIPS OF TERMINALS FROM PRIMARY 
AFFERENT PAIRS WITH SAME- OR NEIGHBORING-WHISKER 
RECEPTIVE FIELDS. A. Baer. P.J. Shortland. D.H. Gutmann* & M,F, 
Jacquin. Neurology, Washington Univ. Sch. of Med., St. Louis, MO 63110.

Prior studies of neuronal populations indicate that individual whiskers are 
represented precisely and somatotopically in trigeminal nuclei by a cylindrical 
aggregation of terminals and cells (barrelettes). This one-to-one relationship 
is faithfully reiterated in the thalamus and barrel cortex. However, in the 
brainstem, it is not clear how neuronal processes are distributed relative to 
barrelette borders; nor do we know whether terminals of neighboring whisker 
afferents interdigitate so as to violate rules of spatial parcellation predicted by 
barrelette borders. The existence of arbor "fringe" overlap would demand 
additional theoretical principles to account for single whisker sensitivity in 
barrelette neurons. This issue was addressed in 9 adult rats by intraaxonal 
double-labeling studies. 12 primary afferent pairs responding to the same or 
neighboring whiskers and injected with Neurobiotin or HRP were rendered 
brown or black by deletion or addition of nickel/cobalt to the DAB reaction. 
When collaterals from both fibers appeared in the same transverse section 
through nucleus principalis, tight-fitting arbor envelopes were derived and the 
% of the summed area of the 2 envelopes that overlapped was computed. For 
same-whisker pairs, the overlap zone was 6 ±  8% of the summed area; 1 of 
2 pairs displayed detectable overlap. For within-row neighbors, overlap was 
1 ±  4%; 2 of 4 pairs overlapped. For between-row neighbors, overlap was 
0.4 +. 1 %; 2 of 6 pairs overlapped. In adjoining subnucleus oralis, pilot data 
suggest an equally robust parcellation of terminals from neighboring 
whiskers. These data suggest that same-whisker fibers terminate in separate 
portions of a barrelette, and that neighboring-whisker afferents rarely display 
arbor fringe overlap. Support: NIH DE07662, DE07734, NS17763, HFSP.

48.2

DIVERGING PROJECTIONS FROM SINGLE WHISKER DOMAINS 
IN TRIGEMINAL SUBNUCLEUS INTERPOLARIS. J.J.A. Arends* & 
M.F. Jacouin. Neurol., Washington Univ. Sch. Med., St. Louis, MO 63110.

Interpolaris (SpVi) contains patterned, single-whisker-sensitive, local circuit 
neurons that terminate in other V brainstem subnuclei. SpVi also has smaller 
numbers of multi-whisker-sensitive projection neurons that give rise to the V 
"paralemniscal" pathway. These projections have not been carefully studied, 
unlike those of the "lemniscal" pathway from nucleus principalis (PrV). To 
assess how single SpVi barrelettes representing single whiskers diverge and 
converge in their targets, PHA-L or biotinylated dextrans were iontophoresed 
into SpVi’s whisker map in 40+ rats. Injection sites were 60-200 μ m in cross 
section, spanning 1 or parts of up to 4 whisker domains. The following 
targets were analyzed: PrV, inferior olive (OI), cerebellar cortex (Cb), 
parabrachial (PB) and pontine (P) nuclei, superior colliculus (SC), and 
thalamic nuclei VPM, PO and SM. In almost all cases, terminals in PrV were 
almost completely restricted to one and the same barrelette matching that of 
the injection site, indicating that 1 SpVi barrelette was labeled. Most cases 
showed label in all of the above targets; several with the smallest injections 
did not. In OI, P and VPM, whisker topography was revealed, but divergent 
arbors occurred in the VPM shell. Less precise topography existed in PB, 
PO, SC and SM; the latter was bilateral. In Cb, prior descriptions of 
fractured somatotopy (Welker, ’87) predicted termination sites in the uvula, 
lateral vermis of the anterior lobe, and the hemispheres. In cases with only 
a few labeled axons, it was clear that terminals in different lobules reflected 
inter-lobular branching of single mossy fibers. Terminal label in the whisker- 
dominant Crus I predicted labeling in the dorsal paraflocculus. Thus, a single 
whisker domain in SpVi projects to a functionally diverse set of targets with 
largely divergent terminations. Support: NIH NS29885, DE07662, DE07734.

48.4

WHAT, IF ANYTHING, ACCOUNTS FOR STRUCTURAL VARIANCE 
IN WHISKER PRIMARY AFFERENT COLLATERALS?
M.F. Jacquin*. P.J. Shortland. J.A. DeMaro. F. Shang & P.M.E. Waite. 
Dept. of Neurology, Washington Univ. Sch. of Med., St. Louis, MO 63110; 
Dept. of Anatomy, Univ. of New South Wales, Kensington 2033, Australia.

It is widely held that whisker primary afferents have a singular type of 
central projection pattern, irrespective of their peripheral projection or 
receptor association (i.e. receptive field character or location). This is 
surprising because of known structure-function relationships in other primary 
afferent systems, and because of the differing dimensions and developmental 
timecourses of the brainstem barrelettes that predict the shapes of the whisker 
afferent collaterals. We compared the collaterals of 78 Neurobiotin-stained 
whisker afferents that had visible collaterals in all 4 trigeminal subnuclei in 
rat. ANOVA and post hoc tests confirmed that intra-fiber variance was 
significant (p < 0.05) and attributable to the central target (V subnucleus). 
Inter-fiber variance was also significant, but not attributable to adaptation rate 
or whisker row origin. Inter-fiber differences were significant as follows: 1) 
mandibular fibers had more oblong arbors than maxillary fibers; in 
subnucleus interpolaris, mandibular axons had larger arbors with more 
boutons/collateral than maxillary axons. 2) In the maxillary sample, upper 
lip whisker axons had more boutons than those from the B-D row whiskers. 
3) Whisker arc was predictive in that rostral are afferents had larger arbors 
and more boutons than those from middle or caudal arcs; posthoc group 
comparisons attributed this to a significant arc effect in interpolaris. Thus, 
inter-fiber variance in the morphologies of whisker afferent collaterals is 
accounted for by the fiber’s maxillary or mandibular origin, as well as by the 
rostrocaudal position of the receptive field (whisker arc) on the whiskerpad.

Supported by NIH DE07662, DE07734 and NS 17763, HFSP, MRC, NH.
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48.5
EM S T U D IE S  O F  E N K E P H A L IN ,  G A B A , A N D  G L U T A M A T E  
IM M U N O R E A C T IV IT IE S  W IT H  ID E N T IF IE D  A F F E R E N T S  IN T R IG E M IN A L  
N U C L E U S . N .L . A n d e rs o n 1 , M .A . H e n ry 5 , L R . J o h n sop *.6 -7 and  
W astru m 1-4 . D epts . N euro l. S u rg .1, Biol. S truct.2 , P sycho l.3 , an d  Restor. 
Dent.4 , U . of W A ., S ea ttle , W A  9 8 1 9 5 ; D epts. B asic S ci.5 , Surg. D en t.6 , and  
Cell. & Struct. B iol.7 , U. of C O . H S C , D enver, C O  8 0 2 6 2 .

M ultiple labeling  te c h n iq u es  w e re  u sed  to identify  trig em in a l prim ary  
afferents and  to d e fin e  th e  n e u ro c h e m ic a l a sso c ia tio n s  w ith in  synaptic  
glomeruli in lam in a  II of cat p ars  c au d a lis . W G A -H R P  in jected  into the  
trigem inal g an g lio n  w a s  v is u a liz e d  u s in g  T M B . A  p re -e m b e d d in g  
im m unoprotocol fo r e n k e p h a lin  (E N K ) w a s  fo llo w ed  by p o stem bedding  
im m uno p ro to co ls  us in g  d iffe re n t s iz e s  of im m u n o g o ld  to v is u a lize  
glu tam ate  (G L U ) a n d  g a m m a -a m in o  bu tyric  ac id  (G A B A ). E lectron  
microscopy show ed H R P  reaction product w ithin axo n s  and  term inals, the  
latter with round (R ) vesicles that fo rm ed  type I contacts onto  dendrites and  
received contacts from  presynaptic  processes contain ing fla ttened  vesicles. 
The im m uno p reparations show ed that H R P  identified  prim ary R afferents  
w ere im m uno re a c tive  fo r G L U  a n d  w e re  p re s y n a p tic  to  E N K  la b e led  
dendrites a n d  p o s tsyn ap tic  to F te rm in a ls . S o m e  F te rm in a ls  w e re  
im m unoreactive  fo r  G A B A  a lo n e  o r bo th  G A B A  a n d  E N K . T y p e  I 
axodendritic contacts w ith both axons and  d endrites that w e re  E N K  positive 
were also seen . T h e  results show  that so m e trigem inal prim ary  afferents  
located in lam ina II are  G L U  positive, presynaptic  to E N K  labeled  dendrites, 
and are m o d u la te d  by e ith e r  G A B A  a lo n e  o r bo th  G A B A  an d  E N K . 
(Supported by N IH  G rant N S 3 0 3 0 5 . L E W  is an  affiliate of the C D M R C  at the  
Univ. of W ash.).

48.7
DIFFERENTIAL EFFECTS OF NEUROPEPTIDE Y ON THE INPUTS TO 
VIBRISSAE-SENSITIVE THALAM IC NEURONS FROM TRIGEMINAL 
NUCLEUS PRINCIPALIS AND SUBNUCLEUS INTERPOLARIS Y. Zhane.* 
R.W. Rhoades. N .L. Chiaia and R .D . M ooney. Dept. o f Anatomy and 
Neurobiology, Medical College o f Ohio, Toledo, OH 43699.

Vibrissae-sensitive neurons in the ventral posteromedial nucleus (VPM) o f rats 
receive excitatory inputs from both trigeminal nucleus principalis (PrV) and 
subnucleus interpolaris (Spl), but that from Spl is not fully expressed in the 
receptive fields o f thalamic neurons. GABAergic afferents to VPM from the 
thalamic reticular nucleus contribute to this suppression, but other 
neuromodulators may also be involved. VPM contains NPY-immunoreactive 
axons and receptors for this peptide and the present study evaluated the effects 
of NPY upon the responses o f vibrissae-sensitive VPM cells. Of 67 cells tested 
with NPY, 34% had a ≥ 20% increase in their sensory responses and only 18% 
exhibited a decrease > 2 0 % . NPY had significantly different effects upon 
responses to PrV and Spl stimulation. NPY increased responses to PrV 
stimulation in 52% of cells and decreased it in only 14%. In contrast, 
application o f NPY increased responsivity to Spl stimulation in only 14% and 
decreased in 48% (p < 0 .0 1 ) . Assessment o f the pre- or postsynaptic nature of 
NPY’s differential suppression o f input to VPM cells was tested by synaptically 
isolating these cells by iontophoresis o f M g2+ and applying glutamate. In 4 cells 
tested so far, NPY had no significant effect upon responses evoked by glutamate. 
The present results suggest that NPY contributes to the differential expression of 
the PrV input to VPM neurons by presynaptically inhibiting afferents from Spl.

Supported by DE 08971 and DE 07734.

48.9
SYNAPTIC ORGANIZATION OF GALANIN-IMMUNOPOSITIVE PRIMARY 
AFFERENTS IN THE BRAINSTEMS OF RATS THAT SUSTAINED 
NEONATALINFRAORBITAL NERVETRANSECTION: COMPARISON WITH 
NORMAL PRIMARY AFFERENTS STAINED WITH NEUROBIOTIN. U  
Zheng.* R.S. Crissman. N.L. Chiaia. and R.W. Rhoades. Dept. of Anatomy and 
Neurobiology, Medical College of Ohio, Toledo OH 43699.

Neonatal transection of the infraorbital nerve (ION, the trigeminal branch that 
supplies the mystacial vibrissae) results in a rapid and intense upregulation of 
galanin in the central arbors of the primary afferents which are damaged by, but 
survive, this lesion. The present study combined immunocytochemistry and 
electron microscopy to evaluate the synaptic organization of galanin- 
immunopositive ION primary afferents in 7-day-old (P-7) rats that had this nerve 
transected on the day of birth. Results from these animals were compared with 
those from normal rats that had neurobiotin injected into the trigeminal ganglion 
10 hours prior to being killed on P-7. In the normal rats, 23.9% of 700 profiles 
that were evaluated in single sections made conventional synaptic contacts in 
trigeminal nucleus principalis (PrV); 87.3% of these contacts were with dendritic 
profiles, 3.7% were with cell bodies, and 9.0% were other axonal profiles. The 
results for the galanin-stained primary afferents were significantly different. Only 
4.7% of 1,000 profiles evaluated made synaptic contacts. Of these, 80% were 
axodendritic, none were axosomatic, arid 20% were axoaxonic. The present results 
thus support the conclusion that central release of galanin from the central arbors 
of damaged trigeminal primary afferents, if  it occurs, probably does not affect 
second order neurons via conventional synapses. It is more likely to act in a 
panacrine fashion.

Supported by DE 07734 and NS 28888.

48.6
M ONITORING AND CONTROL OF INDIVIDUAL VIBRISSA MOVEMENTS 
("WHISKING") IN THE HEAD FIXED RAT: R. Bermejo*, M. H arvey and H. 
P. Zeigler, H unter College (CUNY) New  York, NY 10021.

The rat's m ystacial vibrissae are active during  exploratory and 
discrim inative behaviors, w ith individual vibrissae serving as elem ents in a 
receptive array scanned across object surfaces. To facilitate neurobehavioral 
analysis of this sensorim otor system  we have developed an experim ental 
paradigm  which confines vibrissae m ovem ents to a defined physical location, 
m akes possible “on-line" m onitoring of “w hisking" activity, and brings such 
activity under “associative" control using conditioning procedures. Mystacial 
vibrissae are trim m ed bilaterally except for the C -l whiskers. Anim als are 
im m obilized by confinem ent w ithin a v-shaped plastic container and the head 
is fixed. "W hisking" is transduced  by two laser-based photodetectors whose 
outputs are interfaced with a m icro-com puter program m ed to generate 
stimuli, record photodetector beam  breaks and deliver w ater reinforcers. 
Photodetectors are positioned so that m ovem ents of either of the C-l whiskers 
in terrupts the photodetector beam. Rats are adap ted  to the test situation and 
trained to drink  w hen w ater is delivered on a variable interval schedule. Rats 
are reinforced w ith w ater delivery for producing  a single vibrissa m ovem ent 
to the onset of a discrim inative stim ulus (SD: tone). Tone presentation is 
m ade contingent upon suppression  of w hisking behavior for a specified 
period (3 s) using an aversive stim ulus (buzzer). Indiv idual vibrissa 
m ovem ents m ay be reinforced using schedules which control the frequency 
a n d /o r  tem poral d istribution of “whisking". O ur findings dem onstrate that 
the rat's spontaneous "w hisking" m ay be suppressed  or brought under 
stim ulus control, using conditioning procedures, in a p reparation  amenable to 
physiological analysis. (Supported by Grant MH-08366 and Research Scientist 
Award MH-00320 to H. P. Zeigler).

48.8
EFFECTS OF DIFFERENT PERIPHERAL MANIPULATIONS ON GALANIN 
LEVELS IN TRIGEM INAL PRIMARY AFFERENT NEURONS. H P. 
Killackev.* N.L. Chiaia. C.A. Bennett-Clarke, R.W . Rhoades. Dept. o f Anatomy 
and Neurobiology, Medical College of Ohio, Toledo OH 43699 and Dept. of 
Psychobiology. University of California, Irvine CA 92717

A variety o f manipulations including infraorbital nerve (ION) transection, 
destruction o f vibrissae follicles, clipping o f vibrissae, and application o f either 
tetrodotoxin (TTX) or axoplasmic transport blockers such as colchicine or 
vinblastine have been used to alter the peripheral input to brainstem trigeminal 
neurons in developing rats. Up to the present, only frank damage to primary 
afferent axons or blockade o f axoplasmic transport have been shown to alter 
central vibrissae-related patterns in the brainstem, thalamus, and cortex. We 
(Killackey and Rhoades, in press) have suggested that the ability o f a peripheral 
manipulation to increase galanin levels in the affected primary afferents may be 
an important determinant o f its effects on central vibrissae-related patterns. The 
present study assessed the effects o f neonatal ION transection, blockade of 
axoplasmic transport, vibrissae clipping, and blockade o f nerve activity with TTX 
on primary afferent galanin expression. Both nerve transection and axoplasmic 
transport blockade increased galanin levels in ION primary afferents. In both 
cases, galanin-stained fibers formed a vibrissae-related pattern in the brainstem. 
In contrast, neither whisker clipping nor TTX application induced galanin 
expression by ION primary afferents. The present results thus demonstrate a 
strong relationship between the ability o f a given peripheral manipulation to 
increase galanin expression in trigeminal primary afferents and to disrupt normal 
central vibrissae-related patterns.

Supported by DE 07734 and NS 28888.

48.10
THE LONG-TERM EFFECTS OF NEONATAL AXOPLASMIC TRANSPORT 
BLOCKADE ON TRIGEM INAL ORGANIZATION IN RAT. S. Zhang*. N.L. 
Chiaia. M. Chen, L. Zheng. R.S. Crissman, R.W . Rhoades. Dept. of Anatomy 
and Neurobiology, Medical College o f Ohio, Toledo OH 43699

Previous experiments from this laboratory have demonstrated that blockade of 
axoplasmic transport in the developing infraorbital nerve (ION, the trigeminal 
nerve branch that supplies the mystacial vibrissae) results in a loss of central 
vibrissae-related patterns in rats killed on postnatal day (P-) 6 . The present study 
used a combination of physiological and anatomical methods to assess the long-
term consequences o f application o f vinblastine to the ION in newborn rats. 
Single unit recordings from the trigeminal ganglia o f rats that had vinblastine- 
impregnated implants placed on the ION on P-0 and were studied between P-60 
and P-90 revealed no significant differences from normal animals. All of the 
cells recorded from both groups o f rats responded to stimulation of one and only 
one vibrissa. Most cells in both groups gave rapidly adapting responses and 
nearly 90% o f the cells in both groups were directionally selective. Staining the 
brainstem for either cytochrome oxidase (CO) or parvalbumin revealed vibrissae- 
related patterns in the principal sensory nucleus, and spinal subnuclei interpolaris 
and caudalis contralateral, but not ipsilateral, to the vinblastine-treated nerves; 
CO staining in the cortex demonstrated a vibrissae-related pattern ipsilateral, but 
not contralateral to the treated nerve. The present results demonstrate that 
maintenance o f qualitatively normal peripheral trigeminal primary afferent 
projections to the vibrissae follicles is not sufficient for the maintenance of 
central vibrissae-related patterns.

Supported by DE 08971, NS 28888, and DE 07734.
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48.11
CHRONIC CHANGES IN S 100ß IMMUNOREACTIVE CELL DENSITY ARE 
NOT COINCIDENT WITH ALTERED SEROTONERGIC AFFERENCE IN 
TRIGEMINAL BRAINSTEM FOLLOWING ADULT INFRAORBITAL NERVE 
TRANSECTION. B.G. Klein*, and M. Matell. Dept. of Biomedical Sciences and 
Pathobiology, College of Veterinary Medicine, Virginia Polytechnic Institute and 
State University, Blacksburg, VA 24061.

We have previously demonstrated increases in serotonin (5-HT) content and 
immunoreactivity within rat trigeminal subnucleus interpolaris (SpVi) correlated 
with somatosensory alterations following adult infraorbital nerve (ION) 
transection. These changes in 5-HT are not observable at 51 days post-lesion but 
can be seen by 76 days. We have begun to explore whether lesion-induced changes 
in S100ß, a growth regulator of 5-HT neurons, may play a role in the alteration of 
5-HT afference to SpVi following ION cut. Six adult male rats were perfused with 
saline and 10% buffered formalin 75-105 days following ION transection. Six 
normal rats were also perfused. Transverse brainstem sections were cut at 6 μm, 
incubated in antibodies to S I00ß (East Acres, 2000:1) and reacted with the 
peroxidase-antiperoxidase/ diaminobenzidine method. Negative controls were 
incubated in non-immune rabbit serum. Sections were counterstained with 
haematoxylin. S100ß-immunoreactive (S100ß-IR) profiles were counted at 200X 
at rostrocaudal intervals of 201 μm within SpVi. Counts were made using a grid, 
occupying 0.1 mm2 of each section. The grid center was positioned 250 pm 
medial to the medial border of the trigeminal tract, midway between its dorsal and 
ventral extent. The mean (±SEM) density of S1006-IR profiles/mm2 was 376 
(±66) on the lesioned side, 423 (±72) on the intact side and 521 (±113) in normal 
rats. No significant differences were observed among these conditions. It therefore 
appears that a lasting change in the density of S100ß-IR cells does not coincide 
with the period during which changes in 5-HT afference to SpVi occur following 
ION cut. This does not preclude the possibility of changes in S I00ß content or 
release in those S100ß-IR cells that are present following nerve damage. Support: 
Virginia Center on Aging ARDRA Fund & VA-MD Coll. Veterinary Medicine.

48.13
ELECTRON MICROSCOPIC ANALYSIS OF SYNAPTIC 
DEVELOPMENT AND NEUROTRANSMITTER LOCALIZATION 
WITHIN THE IMMATURE FELINE TRIGEMINAL NUCLEUS. A.L. 
Marauardson1; P.S. Irish1; N.L. Anderson1; and L.E, Westrum*1-4- 
Depts. of Neurol. Surg.1, Biol. Struct.2, Psychol.3 and Restor. Dent.4, 
Univ. of Wash., Seattle, WA 98195.

Post-embedding immunogold protocols for EM are being used to 
examine the neurotransmitter-related developmental patterns for synaptic 
glomeruli in lamina II of subnucleus pars caudalis (PC). Kittens ages 3,6, 
and 17 days were studied. Double-labeling with different sized colloidal 
gold particles was used for glutamate (GLU) and gamma amino butyric 
acid (GABA). At 3-days synaptic glomeruli are rare, synaptic vesicles are 
sparse, but smooth reticulum is abundant. By 17 days, glomeruli are 
adult-like. Double-labeling in all ages shows central GLU- 
immunoreactive (IR) terminals with round vesicles that form asymmetric 
synaptic contacts onto dendrites, including GABA-IR vesicle-containing 
dendrites (VCD), and receive symmetric contacts from GABA-IR 
terminals which contain pleomorphic vesicles. The density of 
immunoreactivity is least in the immature synapses (3 day) and increases 
with age although the antibody concentration used was comparable 
throughout. The study demonstrates the presence of transmitters at the 
earliest ages and suggests a relationship between density of 
immunoreactivity and presence of synaptic vesicles. Future studies will 
examine the possible changes in the neurochemical organization following 
age-related lesions to the trigeminal system. Supported by NIH Grant 
NS30305. LEW is a research affiliate of CDMRC at the Univ. of Wash.

48.15
A THERMORECEPTIVE SUB-REGION OF LAMINA I IN N. CAUDALIS OF 
THE OWL MONKEY. A. Blomqvist*. E.-T. Zhang, and A.D. Craig. Dept Cell 
Biol., Univ. Linkoping, Sweden, and Barrow Neurol. Inst, Phoenix, AZ 85013.

During a recent immunohistochemical study of the neighboring dorsal column 
nuclei (Blomqvist and Broman, 1993), a separate sub-region of lamina I in the 
trigeminal n. caudalis of the owl monkey was observed that does not contain 
substance P (SP) or serotonin (5HT) immunoreactive fibers, in stark contrast to the 
dense innervation of the remainder of lamina I. This region is not differentiated in 
the cat or the macaque monkey. We have enlarged this interesting finding with 
several anatomical and physiological observations:

(1) Alternate series of thionin-stained transverse or sagittal sections show that 
the non-SP sub-region of lamina I in the owl monkey consists of clusters of darkly 
stained pyramidal neurons separated by fiber bundles. (2) Recordings from single 
thermoreceptive-specific (COLD) neurons and clusters of COLD neurons were 
obtained from the non-SP lamina I sub-region (verified with bracketing lesions) 
with tungsten microelectrodes in 3 anesthetized animals. Nociceptive-specific (NS) 
and noxious heat, pinch, and cold sensitive (HPC) cells were recorded in the adjacent 
(SP-innervated) lamina I. (3) Injections of PHA-L in the non-SP lamina I sub- 
region in 2 animals produced terminal labeling in the contralateral thalamus only 
within the apparent homologuc of the macaque VMpo. (4) Injections of 1-2 μ1 of 
CTb in 3 animals at this thalamic site (where clusters of COLD neurons were 
recorded) retrogradely labeled nearly all neurons in the non-SP sub-region, and nearly 
all were pyramidal. Most CTb-labled cells in the SP-innervated lamina I were 
multipolar in shape.

Intracellular labeling in the cat indicates that pyramidal lamina I neurons are 
COLD cells and multipolar neurons are HPC cells (Han and Craig, 1994). We 
conclude that: ( 1) the nocturnal owl monkey has a specific trigeminal 
thermoreceptive sensory pathway; (2) pyramidal lamina I neurons are COLD cells in 
the monkey, as in the cat; and (3) COLD cells are probably not modulated by SP 
and 5HT, in contrast to HPC or NS cells and consistent with other physiological 
findings. Supported by NS 25616 and SMRC 7879.

48.12
IN F R A O R B IT A L  N E R V E  T R A N S E C T IO N  A N D  W H IS K E R  F O L L IC L E  
R E M O V A L  R E S U L T  IN AN IN C R E A S E  IN  R E A C T IV E  M IC R O G L IA  IN A D U LT  
R A T B R A IN S T E M  T R IG E M IN A L  N U C L E I. P. M e lzer*, M .-Z . Z h a n a  and  J. A, 
M cK an n a . D e p t. of C ell B iology, V an d erb ilt U n ivers ity  School of M ed ic ine , 
N ashville, T N  3 7 2 3 2 .

In th e  rat trig em in a l b ra instem  nuclei th e  w h is k e rs  on th e  snout a re  
re p re s e n te d  to p o lo g ica lly  by c y to arch itec to n ic  units rich in cy to c h ro m e  
oxidase, in which th e  prim ary afferents term inate . T h e  units a re  co n nected  to 
the  w h isker follicles through th e  infraorbital branch  of th e  trigem inal nerve. 
S e v e n  w e e k s  a fte r th e  un ila te ra l tran sec tio n  of th is  b ranch in adult rats  
neuronal receptive  fie lds in th e  nuclei of term ination  w e re  increased  in s ize  
featuring discontinuities in a significant proportion (Klein, 1991, S o m ato sen s . 
M ot. R es. 8 :  1 7 5 ) W e  found a lread y  four d ays  a fte r th e  transection  of the  
infraorbital branch of adult rats an in crease  in th e  num ber of m icroglia, that 
w e re  stained for lipocortin 1, in the  nucleus principalis and in th e  subnuclei 
oralis, interpolaris and caudalis  ipsilateral to th e  lesion. T h e s e  m icroglia  had  
arb o rs  s h o rte r and  th ic k e r th an  th o s e  in u n a ffe c te d  s tru c tu re s  of th e  
brainstem . T h e  glial reaction spanned  the  w ho le  a re a  representing w hiskers  
in th e  tra n s v e rs e  p lan e  and  included th e  su b stan tia  g e la tin o s a  and  the  
trigem inal spinal tract. In contrast, th e  rem o va l of th e  follic les of only th re e  
posterior w hiskers in row C  or in rows B and D led to a  spatially m ore restricted  
glial reaction in and  n e a r th e  sites at w hich th e s e  w h iskers  w e re  originally 
represen ted . T h e  glial reaction w as  not a p p a re n t in astrocytes  s ta ined  for 
S 1 0 0 - β . O ur observa tio n s  suggest th a t th e  m icroglia l resp o n se  to d ea ffe r-  
entation m ay be an early  m arker for th e  reorganization of prim ary afferen ts  in 

48.14
NEUROPLASTIC CHANGES OF TRIGEMINAL NUCLEUS PRINCIPALIS (Vp) 
NEURONS IN ADULT RATS NEONATALLY TREATED WITH CAPSAICIN 
(CAP). C.L. Kwan. J.W. Hu and B.J. Sessle*. Faculty o f Dentistry, University of 
Toronto, Toronto, Canada, M5G 1G6.

The aim of this study was to test the effects o f C-fiber depletion induced by 
neonatal CAP treatment on the mechanoreceptive field (RF) properties of Vp low- 
threshold mechanoreceptive (LTM) neurons. Neonatal rats received injections of 
either vehicle (VEH) or CAP (50 mg/kg) within 48 hours of birth, and their Vp LTM 
neurons were electrophysiologically studied in adulthood. Vp vibrissa-insensitive 
neurons of the CAP-treated group had a significantly (P <  0.01, Mann-Whitney U-test) 
larger RF (mean ± S.E.M., 38.9 ±  11.2 mm2, n=65) than the VEH-treated group 
(9.7 ± 2.9 mm2, n=57). For vibrissa-sensitive neurons, which were studied with a 
hand-held stimulator, there was a significant (P < 0 .01 , Mann-Whitney U-test) 
increase in the total number of vibrissae per neuronal RF in the CAP-treated group 
(2.0 ±  0.1, n= 114) compared to the VEH-treated group (1.3 ± 0 . 1 ,  n=141). The 
properties o f some vibrissa-sensitive neurons were also studied with a more accurate, 
reproducible and electronically controlled stimulator that deflected vibrissae for 30 
trials in each of four cardinal directions (rostral, caudal, dorsal and ventral) with 
stimuli (350-375 μm amplitude and 10 ms duration) delivered at 1 Hz. These 
preliminary studies also revealed RF changes in vibrissa-sensitive neurons in the 
CAP-treated group: significant (P<  0.05, t-test) increases in the number of centre-RF 
vibrissae per neuron (i.e. those stimulated vibrissae that evoked clear modal responses 
with a latency of less than 10 ms) and total number of vibrissae per neuronal RF (2.9 
±  0.6, n = 7, and 6.6 ±  1.0, n = 7 , respectively) compared to the VEH-treated group 
(1.3 ±  0.2, n=8,  and 3.3 ±  0.6, n=8,  respectively). These effects of neonatal 
capsaicin are consistent with those observed at other levels o f the somatosensory 
system and indicate that C-fibers may have an important role in the development of 
the central V somatosensory system and specifically in determining the RF properties 
of LTM neurons, including vibrissa-sensitive neurons. Supported by NIH grant 
DE04786.

48.16
EM LOCALIZATION OF AMINO ACID NEUROTRANSMITTERS IN 
SYNAPSES OF THE TRIGEMINAL SPINAL NUCLEUS. B. Iliakis1. 
P.S. Irish1, M.A. Henry*5. N.L. Anderson1, L.R. Johnson6,7 and L.E. 
Westrum1 -4 Depts. of Neurol. Surg.1, Biol. Struct.2, Psychol.3 and 
Restor. Dent.4, U. of WA, Seattle, WA 98195; Depts. of Basic Sci.5, 
Surg. Dent.6 and Cell. & Struct. Biol.7, U. of CO HSC, Denver, CO 
80262.

We are studying the ultrastructural and synaptic organization in the feline 
trigeminal spinal nucleus, emphasizing specific neurotransmitter patterns 
within lamina II of pars caudalis (PC). Using post-embedding 
immunogold techniques, ultrathin sections were labeled for the inhibitory 
transmitter glycine (GLY) and the excitatory transmitter glutamate (GLU). 
Both single and double-labeling protocols were used. Results from single- 
labeling show GLY-immunoreactive (IR) axon terminals containing 
pleomorphic synaptic vesicles (P terminals) and forming symmetric 
synaptic contacts onto dendrites, axons, and soma. Some vesicle- 
containing dendrites (VCDs) are also GLY-IR, contain pleomorphic 
vesicles, form symmetric contacts onto normal dendrites and receive 
asymmetric contacts from axon terminals with round synaptic vesicles (R 
terminals). In double-labeled material, the central terminal of glomeruli are 
GLU-IR and form asymmetric contacts onto dendrites including possible 
GLY-IR VCDs as well as being postsynaptic to GLY positive P terminals 
at symmetric contacts. These results show that there are complex synaptic 
interactions between inhibitory intrinsic elements (GLY) and excitatory 
primary afferents (GLU) and that these afferents may be modulated by 
GLY. Supported by NIH Grant NS30305 (NINDS). LEW is a research 
affiliate of the CDMRC at the University of Washington.
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48.17
QUANTITATIVE ANALYSIS OF OROFACIAL THERMORECEPTIVE NEURONS 
IN THE RAT W.D. Hutchison*, J. Tsoukatos and J.O Dostrovsky. Dept. of 
Physiology, University of Toronto, Ontario, Canada M5S 1A8.

Little Is known concerning the characteristics of second-order thermoreceptive 
neurons in the rat trigeminal brainstem complex. The aim of the present study was to 
quantify and characterize the stimulus-response functions of these neurons with 
controlled thermal stimuli. Single unit recordings were obtained from the superficial 
medullary dorsal horn in chloralose:urethane anesthetized rats. Innocuous warming 
was used as the search stimulus, followed by testing with cold probes. Units inhibited 
by warming and excited by cooling were identified as 'cold' cells and units excited by 
warming and inhibited by cooling were termed 'warm' cells. Noxious and innocuous 
thermal and mechanical stimuli were applied to the receptive field. Following 
characterization, a Peltier thermode was used to deliver 5C , 50s, incremental thermal 
steps descending from 33’C to 3"C and then ascending back to baseline. The dynamic 
response was defined as the maximal change in firing rate during the thermal shift and 
the static response was calculated as the mean firing rate for the 10s interval preceding 
each thermal step. Three types of cold cells were distinguished based on the 
responses to cooling steps. The first class (n=10) had an inverted 'U'-shape static 
firing curve, showing decreasing static activity at temperatures below 18°C. The 
second class (n=5) showed increasing static firing with decreasing temperature to 18°C 
and little further change below that level. The third class (n=6) had predominantly 
dynamic responses to cooling steps with little static activity. Of the 21 cold cells 
tested quantitatively, 6 responded to brush, 14 to pinch, and 11 to noxious heat (52°C, 
5s) applied to the receptive field. Only 4 cells were excited by innocuous warming.

These results are in general agreement with findings obtained in rat orofacial 
primary afferents and suggest that there is little processing of thermoreceptive 
information at the second order level. Supported by NIH DE05404.

48.18
DISTINCT PATTERNS OF BURSTING ACTIVITY IN THE HUMAN MEDIAL AND 
LATERAL THALAMUS. J. Tsoukatos*1. Z.H.T. Kiss2. R.R. Tasker2. A.M. Lozano2. K.D, 
Davis1,2 and J .O. Dostrovsky1 Departments of 1Physiology and 2Neurosurgery. University 
of Toronto, Ontario Canada, M5S 1A8.

Bursting activity, although a normal characteristic of thalamic neurons during sleep, is 
rarely observed in the awake state, except in medial thalamus. However, bursting activity 
is also sometimes observed in lateral thalamus of awake patients, in particular, in regions 
suspected of having been damaged or deafferented (Lenz et al., 1994, Rinaldi e t  al., 1991; 
Jeanmonod et al., 1994). It has been suggested that the bursting activity in both regions 
may be related to chronic pain. The present study specifically compared the bursting 
activity recorded in medial and lateral thalamus in each of four pain patients.

The firing pattern of 53 neurones, subjectively identified as bursting cells, was analyzed 
quantitatively. Of these neurons, 34 were recorded in the medial thalamus and 19 in the 
lateral thalamus in awake pain patients during functional stereotactic mapping of thalamus 
prior to implantation of deep brain stimulating electrodes. Interspike interval histograms, 
auto-correlograms and successive interspike intervals within bursts were calculated. In all 
cases, increasing mean interspike intervals within bursts suggested that the bursting activity 
was associated with a calcium spike. Of particular interest, was the finding that most 
correlograms (31/34) of medial thalamic cells were oscillatory, with each rhythmic peak 
occurring at an interval corresponding to the interburst interval (180-230 ms). In contrast, 
most of the auto-correlograms (15/19) of lateral thalamic neurons showed a single peak 
followed by post-burst inhibition of activity lasting from 30-50 ms. Furthermore, the shape 
of the auto-correlograms changed from single-peak to rhythmic multiple-peak as the 
electrode moved ventro-postenorly through medial thalamus, indicating that functional 
identification of this area might be enhanced by the calculation of on-line auto- 
correlograms. These data suggest that the underlying mechanisms responsible for bursting 
activity are different in medial and lateral thalamus.
[supported by the Medical Research Council of Canada]

48.19

A S P IN O -T H A L A M O -C O R T IC A L  C O L D  S P E C IF IC  P A T H W A Y  IN  TH E  
M O N K EY. J .O . D o s tro v s k y * and A .D . (Bud) C raio . D e p t . o f Physio logy, 
Univ. of T o ro n to , T o ro n to , O n tario , C an ad a  and B arro w  N eurological 
Institute, P hoenix, A Z  8 5 0 1 3 .

A p a th w a y  fo r specific  th e rm o -s e n s o ry  a c tiv ity  has n o t been identified  in 
m onkey. Th e  p resen t s tu d y  w a s  desig n ed  to  tes t: w h e th e r co ld -specific  
spinothalam ic tra c t (S T T ) neurons in lam ina I o f m o n k e y  spinal cord  ex ist, 
and w h e th e r th e y  p ro jec t to  th e  th a lam ic  p o sterio r v e n tro m ed ia l nucleus  
(V M po). In 3  p en to b a rb ita l-a n e s th e tize d  c y n o m o lo g o u s  m o n keys , a detailed  
mapping o f th e  posterio r th a lam u s  w a s  p erfo rm ed  in o rder to  find  V M p o , 
where innocuous th erm o re c e p tiv e -(c o o lin g )-s p e c ific  a n d /o r nocicep tive - 
specific neurons w e re  fou n d . A n  array  o f s tim u la tin g  e lec tro d es  aim ed at 
V M po and o ther sites w a s  im p lan ted .

A to ta l o f 3 6  lam ina I neurons in L7  w e re  a n tid ro m ica lly  a c tiva ted  from  
VM po. Their m ean co n d u ctio n  la ten cy  w a s  3 2 .4  m s, correspond ing  to  a 
mean conduction v e lo c ity  o f ca. 7  m /s . N in e teen  o f th e  2 4  an tid ro m ically  
activated units w h o s e  cu tan eo u s  responses w e re  characterized responded 
specifically and in a w ell graded  fash io n  to  in nocuous cold and not to  
mechanical stim uli (C O LD  cells). T h re e  o th e r n eurons responded  to  noxious  
cold (threshold ca. 2 0 °C ) , noxious h e a t and p inch stim uli, and 4  responded  
only to noxious h ea t and pinch.

These findings d e m o n s tra te  fo r th e  firs t tim e  th e  e x is ten ce  o f a d irect 
projection from  C O LD  lam ina I S T T  cells  in th e  m o n key  spinal cord to  V M p o  
in thalam us, w h ich  a n a to m ica l and p h ysio log ica l s tud ies  have ind icated  is 
a lamina I th a lam o -co rtica l re lay fo r spec ific  pain and te m p e ra tu re  ac tiv ity  
(Craig et al. '9 4 ) .  In con ju n ctio n  w ith  clin ical and a n a to m ica l fin d in g s these  
data indicate th a t a sim ilar p a th w a y  is likely to  sub serve  th e  p erception  of 
innocuous tem p e ra tu re  in h u m ans, (su p p o rted  b y  N IH  D E O 5 4 0 4 , N S 2 5 6 1 6)

SUBCORTICAL SOMATOSENSORY PATHWAYS III

49.1
THE HAND MAP IN THE CUNEATE NUCLEUS OF A PRIMATE. J. 
Xu* and J.T. Wall. Department of Anatomy & Neurobiology, Medical 
College of Ohio, Toledo, OH 43699.

The cuneate nucleus (CN) is the main brainstem processing center for inputs 
from the primate hand. Little is understood about cuneate processing in 
primates, in part because cuneate functional organization has not been 
mapped. To evaluate hand maps in primate CN, we defined tactile receptive 
fields from multiunit responses recorded in mediolateral series of vertical 
penetrations across the large central region of the main CN in marmoset 
monkeys. With some interanimal variability, the following organization was 
observed at a given rostrocaudal plane of the CN. (1) Hand inputs activated 
a continuous, centrally located region within the CN. This hand 
representation was flanked by more medial and lateral representations of the 
forelimb and trunk. (2) Within the hand representation, glabrous inputs were 
represented continuously, with inputs from radial (thumb side) to ulnar (little 
finger side) locations oriented from ventrolateral to dorsomedial, and inputs 
from digits represented laterally or dorsally to palm inputs. (3) Hairy hand 
inputs were represented in discontinuous blocks along the lateral and medial 
edges of the glabrous representation, with radial hairy inputs located laterally, 
and ulnar hairy inputs medially. (4) Finally, most or all of the hand surface 
is represented at one rostrocaudal plane. Given the rostrocaudal elongation 
of the CN, parts or all of the hand are remapped at multiple rostrocaudal 
planes. Thus, the CN of this primate contains a functional map of the hand 
that is somatotopically organized. There are interesting similarities and 
differences in cuneate hand maps, and previously defined cortical hand maps, 
in this primate. Supported by NIH Grant NS21105.

49.2
R E C E P T IV E  F IE L D  C H A N G E S  O F  R A T  D O R S A L  C O L U M N  N U C L E A R  
N E U R O N S  P R O D U C E D  BY P IC R O T O X IN  A N D  S T R Y C H N IN E . K. J. Berkley  
and C . H. H ubscher*. P rogram  in N euroscience, D e p t. of Psychology, Florida  
S tate University, T a llah assee, FL 3 2 3 0 6 -1 0 5 1 .

Num erous studies indicate that dorsal colum n nuclear (D C N ) neurons re
ceive converging inputs from  m any potentially excitatory sources, suggesting  
that the well known specificity of cu taneous receptive fields is vigorously m ain 
tained by inhibition. This electrophysiological study exam in ed  th e  extent of ex 
citatory influences restrained by inhibition in D C N  by assessing  the im m ediate  
effects of rapid pharm acological rem oval of inhibition on the responses of sin
gle or small groups of neurons in the caudal parts of the gracile  nuclei of 21 
urethane- or halothane+nitrous o x ide-anesthetized  and  para lyzed  (pancuroni- 
um brom ide) fem ale  rats to gentle brush, touch and  pinch m echan ica l stim u- 
lation of the skin. Inhibition w as rem oved by intravenous adm inistration of the  
G A B A a antagonist picrotoxin (2 -5  m g/kg) or th e  glycine antagonist strychnine  
(0 .1 -0 .2  m g/kg). O v e r a  period of 5 -2 0  min, picrotoxin (low est effective dose  
2 -3  m g/kg) produced large extensions of initially sm all brush receptive fields 
m ainly proxim ally and dorsally to fill the entire derm atom al region and o cca
sionally further, up to as m any as 3  (and once 6 ) ad jacent d erm atom es. It also  
greatly increased the  response m agnitude to brushing an d  d ecreased  re
sponses to pinch. Strychnine (0 .2m g /kg ) had sm aller, variab le  influences on 
receptive field sizes, but had no effect on sensitivity to brush, touch or pinch. 
T h ese  results indicate the enorm ous pow er of a  multiplicity of presynaptic, but 
also postsynaptic cooperative inhibitory influences not only for m aintaining the  
specificity of neuronal response characteristics in D C N  but a lso for providing a  
rich environm ent for the induction of changes to acco m o d ate  continually  
changing norm al and pathological conditions.

Supported by N IH  grant N S  11892.
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49.3
D IS T R IB U T IO N  O F S U B S T A N C E  P R E C E P T O R  B IN D IN G  IN  R A T, C A T, 
M O N K E Y  A N D  H U M A N  D O R S A L  C O L U M N  N U C L E I. H .D . S ch w ark*. M .J, 
Pettit and J.L. Fuchs. Dept. Biological Sciences, University of North Texas, 
Denton, T X  7 6 203 .

In the cat dorsal colum n nuclei (D C N ), the receptive fields o f neurons  
expand w hen injected with lidocaine (Pettit & Schw ark, S c ience ‘93, 
2 6 2 :2054). To look for candidate substrates for these changes, w e exam ined  
the distribution of substance P receptors (N K ,) in the D C N , since this 
transm itter can influence the size o f receptive fields o f neurons in the dorsal 
horn (Dougherty et al., ‘93 ). Paradoxically, approxim ately 5 0 %  o f the neurons 
in cat D C N  respond to iontophoretically applied substance P  (Krnjevic & 
Morris, 7 4 ) ,  yet substance P has been identified in few  afferents to the cat 
D C N , and these term inate outside the core o f the nucleus (Conti et a l., ‘90). 
M oreover, im m unohistochem ical studies have revealed  low levels NK , 
receptors in rat D C N  (N akaya et a l., ‘94).

D C N  sections from  rat, cat, m onkey, and hum an w ere  incubated in 50  
pM  [125l]BH-substance P. Film  autoradiographs revealed  species d ifferences  
in binding density and distribution. In the rat, [,25l]BH -substance P levels were  
hom ogeneous throughout the D C N  and w ere  only 1.7 fm ol/m g w et w eight, as  
com pared  with 3 .8  fm ol/m g in dorsal horn lam inae l-ll. In the rem aining  
species the labeling w as obviously densest over the cell nests o f the core  
region of the nucleus. Th e  cell nests contained 3 .4 , 2 .0 , and 1 .8 tim es the  
binding levels in ad jacent D C N  regions in cat, m onkey, and hum an, 
respectively. Binding densities over the cell nests w ere  higher in cat (3 .2  
fm ol/m g) than in m onkey (1 .7  fm ol/m g) or hum an (1 .3  fm ol/m g).

T h e  species d ifferences found here  should he lp  resolve som e  
discrepancies in the literature and provide a basis for further studies on the  
role of substance P receptors in the D C N . Supported by N S F  grant IB N - 
9 2 2 1 9 5 6 .

49.5
D IS T R IB U T IO N  O F  G A B A e rg ic  E L E M E N T S  W IT H IN  T H E  C U N E A T E  

N U C L E U S  O F  C A T . H .H . M o lin a r i*  a n d  D .J . M c K e n n a . D e p t . of 
P h a rm a c o lo g y  a n d  N e u ro s c ie n c e , A lb a n y  M e d ic a l C o lle g e , A lb a n y ,
N Y  1 2 2 0 8 .

A n a to m ic a lly , th e  c u n e a te  n u c le u s  c a n  b e  d iv id e d  in to  s e v e ra l  
dis tin c t re g io n s . T h e  p re s e n t  s tu d y  s o u g h t to  d e te rm in e  w h e th e r  th e  

d iffe re n t re g io n s  c o n ta in  th e  s a m e  in h ib ito ry  m e c h a n is m s .
T is s u e  fro m  a d u lt c a ts  u s e d  in o th e r  s tu d ie s  w a s  tr im m e d  to  

in c lu d e  o n e  o f th e  fo llo w in g  p a rts  of th e  c u n e a te  n u c le u s : c lu s te rs  

(m id d le -d o rs a l) , c a u d a l, m id d le -v e n tra l, o r ro s tra l. U ltra th in  s e c tio n s  
w e r e  p ro c e s s e d  fo r G A B A  im m u n o c y to c h e m is try  fo llo w in g  d e  Z e e u w  

e t a l. (1 9 8 8 ) .  F o r e a c h  re g io n , 1 0 0  ra n d o m ly  s e le c te d  a r e a s  w e re  
p h o to g ra p h e d  a n d  G A B A e rg ic  e le m e n ts  id e n tif ie d .

M o s t G A B A e rg ic  e le m e n ts  w e re  e ith e r  d e n d r ite s  o r  te rm in a l  
b o u to n s - B o th  e le m e n ts  o c c u rre d  w ith  th e  s a m e  fre q u e n c ie s  in th e  

c a u d a l, m id d le -v e n tra l, a n d  ro s tra l c u n e a te  re g io n s . In  c o n tra s t, 
G A B A e rg ic  d e n d r ite s  w e r e  tw ic e  a s  c o m m o n  a n d  G A B A e rg ic  te rm i- 
n a ls , fo u r t im e s  m o re  c o m m o n  in th e  c lu s te rs  re g io n . T h e  in c re a s e  in 
G A B A e rg ic  te rm in a ls  w a s  a c c o m p a n ie d  b y  s ig n if ic a n t in c re a s e s  in  

th e  fre q u e n c y  o f b o th  a x o -a x o n ic  a n d  a x o -d e n d r it ic  s y n a p s e s .
N e u ro n s  in th e  c a u d a l, m id d le -v e n tra l, a n d  ro s tra l c u n e a te  n u c le u s  

a re  th o u g h t to  fo rm  a  s in g le  fu n c tio n a l s y s te m  (B e rk le y  e t a l. 1 9 8 6 );  
in all lo c a tio n s  th e y  a re  s u b je c te d  to  s im ila r  ty p e s  o f in h ib itio n . 
N e u ro n s  in th e  c lu s te rs  re g io n , on  th e  o th e r  h a n d , a p p e a r  to  b e  
s u b je c te d  to  s ig n ific a n tly  g re a te r  le v e ls  o f in h ib itio n , o f bo th  

p re s y n a p tic  a n d  p o s ts y n a p tic  fo rm s . (N IH  g ra n t 1 R 5 5 N S 2 9 7 7 1 )

49.7

ACUTE REORGANIZATION OF RAT NUCLEUS GRACILIS 
FOLLOWING PERIPHERAL DENERVATION: ROLE OF GABA 
IN FUNCTIONAL PLASTICITY. K.L. Brewer and R.H. Ray*. 
Department of Physiology, East Carolina Univ. Sch. of Med., Greenville, 
NC 27858

Functional changes in cortex after deafferentation may reflect 
alterations at one or more of the subcortical relays. Previous studies have 
shown that the first synapse at the level of the DCN is capable of acute 
plasticity in response to partial denervation. The goal of this study is to 
investigate the role of GABA dynamics in the process. The hindpaw 
portion of the N. Gracilis was examined in urethane anesthetized Sprague- 
Dawley rats. Microelectrodes were used to isolate the activity of single 
second-order cells within the digit representation. Each cell was 
characterized by absolute threshold, adaptation rate and the number of 
spikes/stimulus. Receptive fields (RF) were mapped at a series of 
stimulus intensities ranging from threshold to that producing a maximal 
RF. GABA receptor antagonists were then injected into the nucleus to 
determine the existence of any inhibitory input to the cell. Application of 
bicuculline, a GABAa antagonist, to a normally innervated cell was 
accompanied by an increase in response magnitude and slight changes in 
RF, whereas 2-OH-saclofen, a GABAB antagonist, caused dramatic RF 
changes with little effect on response magnitude. Based on the knowledge 
that the connections in N. Gracilis are dynamically plastic, these data 
suggest that removal of peripheral drive may alter the level of inhibition 
within the system allowing expression of previously suppressed inputs.

49.4
SYNAPTIC TERMINALS OF NONMYELINATED PRIMARY 
AFFERENTS IN THE NUCLEUS GRACILIS OF THE RAT. C.C. 
LaMottg*._S,E. Kapadia. CM. Shapiro. K.E. Arsenault and M. 
A. Wolfe. Section of Neurological Surgery, Yale University 
School of Medicine, New Haven Ct. 06520-8039.

There has been recent interest in the possibility that the 
dorsal column nuclei (DCN) are the target of nonmyelinated 
primary afferents as well as myelinated afferents. Several 
studies have identified nonmyelinated afferents in the 
dorsal columns, including high cervical levels, but they 
have not been traced in the DCN. Some have suggested that 
these afferents terminate in the dorsal horn of Cl and C2, 
rather than reaching the DCN. We injected the saphenous 
nerve with I-B4 isolectin from Bandeiraea simplicifolia 
conjugated to horseradish peroxidase (B4-HRP) and used a 
TMB reaction to visualize the presence of B4-HRP in axons 
and terminals in the nucleus gracilis. B4-HRP has been 
shown by others to exclusively label subpopulations of 
nonmyelinated afferents, and we confirmed this. There is 
also no transneuronal uptake of this label by dorsal horn 
neurons. Labeled nonmyelinated saphenous afferents 
terminated within the saphenous field throughout the 
gracilis nucleus. Approximately half the labeled terminals 
were simple, the rest were glomerular, including some 
exceptionally large terminals. The terminals were often 
postsynaptic to small, unlabeled terminals which may be 
GABAergic (NIH grants NS13335 and NS10174).

49.6
FURTHER COMPARISON OF THE RACCOON AND CAT LATERAL 
CERVICAL NUCLEUS. J. Broman* and B.H. Pubols Jr. Department of Cell 
Biology, Faculty of Health Sciences, Linköping University, S-581 85 Linköping, 
Sweden (JB), and R.S. Dow Neurological Sciences Institute, Good Samaritan 
Hospital and Medical Center, Portland, Oregon 97209, U.S.A. (BHP).

Previous investigations have shown that the raccoon lateral cervical nucleus 
(LCN) displays a distribution of substance P (SP)-immunoreactive fibers similar to 
that in cats, i.e. a concentration of such fibers in the medial part of the nucleus. This 
differs from the organization of the monkey LCN, where SP-positive fibers are 
distributed throughout the nucleus. In the present study of the raccoon LCN, we 
examined the size distribution of neurons along the mediolateral axis of the nucleus 
in Nissl-stained paraffin sections, and the location and number of GABA- 
immunoreactive neurons in postembedding-stained semithin sections.

There was a trend towards decreasing cell size along the dorsolateral to 
ventromedial to medial axis of the raccoon LCN, and statistically significant 
differences in cell size between these three division of the nucleus were evident. 
GABA-immunoreactive neurons were small (mean cross sectional area = 178 μm2) 
in comparison to GABA-negative neurons (489 μ m2), and most (82%) of the 
GABA-positive neurons were located in the medial third of the nucleus. GABA-
positive neurons constituted about 4% of the total number of LCN neurons, which 
was estimated at about 8,700.

These findings show that raccoon LCN neurons of different sizes are distributed 
differently along the mediolateral axis of the nucleus, an organization that is closely 
similar to that previously observed in cats. Further, GABA-positive neurons and SP- 
positive fibers are preferentially located in the medial part of the nucleus in both 
species, a region that in the cat has been shown to harbor neurons with atypical 
response characteristics. The observations point to the presence of a mediolateral 
segregation that may be fundamental for the functional organization of the LCN in 
carnivores.

49.8
E F F E C T S  O F  U N IL A T E R A L  L E S IO N S  O F  T H E  S P IN A L  D O R S A L  
C O L U M N  IN  M O N K E Y S  O N  P A R V A L B U M IN  IM M U N O R E A C T IV E  C E L L S  
IN  N U C L E U S  G R A C IL IS  A N D  C U N E A T U S . R .L . C a n n o n *. O .E . M a la k h o v a , 
a n d  C .J .  V ie rc k . U n iv . o f F lo rid a , C o l. o f M e d ., D e p t . o f N e u ro s c ie n c e . 
G a in e s v ille , F L  3 2 6 1 0 .

In o rd e r to u n d e rs ta n d  th e  b e h a v io ra l c o n s e q u e n c e s  o f  sp in a l cord  
le s io n s , it is im p e ra tiv e  to  u n d e rs ta n d  th e  ro s tra l e f fe c ts  o f in te rru p tin g  
s p e c ific  p a th w a y s . L o n g -s ta n d in g , u n ila te ra l c e rv ic o -th o ra c ic  rh izo to m ie s  
in m o n k e y s  a p p e a r  to  re s u lt in fe w e r  p a rv a lb u m in  im m u n o re a c tiv e  ce lls  in 
th e  c u n e a te  n u c le u s , w ith o u t q u a n tita tiv e  e v a lu a tio n  (R a u s e ll e t  a l. 1 9 9 2 ). 
In th e  p re s e n t s tu d y  w e  e x a m in e d  th e  e f fe c t o f th o ra c ic  d o rs a l c o lu m n  
le s io n s  on  th e  n u m b e r  o f c e lls  in th e  d o rs a l c o lu m n  n u c le i th a t s ta in  fo r  
parva lb u m in . F o u r m o n k e y s  re c e iv e d  d o rs a l c o lu m n  le s io n s  u n d e r  g e n e ra l 
a n e s th e s ia  (tw o  on th e  left and  tw o  on th e  right) a n d  w e r e  s a c rific e d  s e v e ra l 
m o n th s later. Fo r com p ariso n , fo u r u n o p e ra te d  m o n k e y s  w e re  s a c rific e d  as  
contro ls. T h e  m o n keys  w e re  p e rfu s e d  w ith  4 %  p a ra fo rm a ld e h y d e , a n d  th e  
s p in a l c o rd  a n d  bra in  s te m  w e re  re m o v e d . T h e  b ra in  s te m  w a s  b lo c k e d  in 
3 0 %  glycerine  o v e m ight a n d  th e n  s e c tio n e d  on a  fre e z in g  m ic ro to m e  a t 3 0  
m icrons. R e p re s e n ta tiv e  sectio n s  c o n ta in in g  th e  d o rs a l c o lu m n  n u c le i w e re  
s ta in e d  fo r p a rv a lb u m in  im m u n o h is to c h e m is try . T h e  s e c tio n s  w e re  th en  
e x a m in e d  using a  Z e is s  P h o to -m icro sco p e . P a rv a lb u m in  p o s itiv e  ce lls  w e re  
c o u n te d  usin g  Im a g e -P ro  P lu s  (S ilv e r  S p rin g s , M D ) im a g e  an a ly s is  
s o ftw a re . T h e  re su ltin g  c o u n ts  w e re  s u b je c te d  to  a  o n e  w a y  a n a ly s is  o f 
v a r ia n c e , c o m p a rin g  ip s ila te ra l a n d  c o n tra la te ra l s id e s  fo r a ll m o n k e y s . 
T h e r e  w a s  a  s ig n ific a n t re d u c tio n  in th e  n u m b e r  o f p a rv a lb u m in  re a c tiv e  
cells  in n u c le u s  g ra c ilis  in th e  le s io n e d  a n im a ls , on  th e  s id e  o f th e  les ions. 
N o significant d iffe ren ces  b e tw e e n  s id e s  w e re  o b s e rv e d  fo r  th e  u n o p e ra te d  
m o n k e y s .
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49.9
COLLATERAL PROJECTIONS O F PED UN CULOPO NTINE NEURONS 
TO TH E SU PERIOR COLLICULUS 
Krein.H.. Grunwerg.B.S. and Kraurhamp.r.G.M.*
Dept. of Neuroscience and Cell Biology, UM D NJ-Robert W ood Johnson 
Medical School, Piscataway, NJ 08854
The pedunculopontine tegmental nucleus (PPTn) has been implicated in a 
multiplicity of behaviors ranging from alerting and arousal functions to REM  
sleep. The deeper layers of Superior Colliculus (SC) receive their entire 
cholinergic input from the cholinergic brainstem field. A  better understanding 
of this projection may provide important insight into the organization of 
orienting and spatial cognitive behaviors. Previous studies have shown that a 
bilateral projection links PPTn with SC. The extent to which this projection is 
provided by axon collaterals of single PPTn neurons has not been established. 
This study addresses this issue, electrophysiologically and neuroanatomically. 
Concentric bipolar stimulating electrodes were placed bilaterally into the SC 
and a tungsten microelectrode was placed into the PPTn of chloral hydrate 
anesthetized adult rats. Single PPTn units were tested for collision between 
antidromic action potentials. The results indicated the presence of bilaterally 
projecting units as well as other units projecting exclusively ipsilaterally or 
contralaterally. Further support of this conclusion was derived from fluorescent 
dye experiments. Rats received injections of l-2nl rhodamine red (RR) and 
fluorescent yellow (FY) latex microspheres bilaterally into SC. Additional 
animals received single dye deposits. After a survival period of 48 hrs., brains 
were sectioned and examined for retrogradely labeled cells. Deposits labeled 
PPTn bilaterally with a contralateral preponderance. Double labeled cells were 
also seen, confirming the results of the electrophysiological collision study. 
(Supported by Dystonia Med. Res. Found, and Benign Esssential 
Blepharospasm Res. Found.)

49.10
THE SYNAPTIC RELATIONSHIPS EXISTING BETWEEN THE MLF, THE 
LATERAL VESTIBULAR NUCLEUS AND THE MAGNOCELLULAR RED 
NUCLEUS, IN THE CAT. J.A. Rathelot. Y. Padel*. Centre de Recherche "Cerveau et 
Cognition", Faculte de Médecine de Rangueil, 31062 Toulouse, France.

The extrapyramidal motor pathways have been classified into a median system (the 
vestibulospinal and some reticulospinal pathways) and a lateral system (the 
rubrospinal pathway) according to the control they exert over axial postural muscles 
and proximo-distal limb muscles (Lawrence and Kuypers, Brain 91 1968). The aims 
of the present study were to check for possible synaptic relationships between cells 
belonging to these different nuclei, which could be the support for posturo-kinetic 
motor coordination. - Cells in the magnocellular red nucleus (RNin) were 
intracellularly tested in chloralose (60mg/Kg i.v.) anaesthetized cats. The rubrospinal 
cells were identified by their antidromic responses after contralateral cervical cord 
stimulation. Stimulations were applied through electrodes implanted into the 
contralateral lateral vestibular (Deiters) nucleus and into the medial longitudinal 
fasciculus (MLF) which contains fibres descending from the pontine and 
gigantocellular reticular nuclei. To exclude any response relayed in the cerebellum or 
cerebral cortex, the contralateral brachium conjunctivum and the ipsilateral frontal 
cortex were destroyed. In this preparation, excitatory post-synatic potentials (EPSPs) 
of several mV were recorded in rubrospinal cells following short (2-3 pulses) trains 
applied to the Deiters nucleus or the MLF. The stimulation thresholds were quite low, 
generally lower than 60μA and often below 20μA. The latencies of these responses 
were generally between 4 and 8ms. These characteristics indicate that the pathway 
responsible was long and plurisynaptic. - Considering 1° : that the RNm cells are 
known to receive an ascending spinal inflow through a pathway similar to the bVFRT 
pathway (Padel et al., Neurosci. Lett 64 1986) of Lundberg and Oscarsson (Physiol. 
Scand. 54 1962) ; 2° : that the bVFRT cells are known to receive monosynaptic 
projections arising from the vestibular and bulbar reticular nuclei (Grillner, Brain Res. 
10 1968), we suggest that the responses recorded in the RNm cells in the present 
experiments could have been relayed by ascending spinal neurones.

49.11
RECOGNITION OF HAPTIC STIMULI IN A SPLIT-BRAIN PATIENT. $M. 
BADAN, $A. CARAMAZZA and §D. CORBETTA*. $Department of Psychology, 
Dartmouth College, Hanover, NH, US and $Department of Psychology, Indiana 
University, Bloomington, In, US.

Two- and three dimensional haptic stimuli were administered to a split-brain patient 
(AW) who presented a left tactile anomia but no impairment in naming common 
objects palpated with the right hand (Baynes et al., submitted). Compared to normals, 
the patient performed poorly in recognizing two-dimensional and highly confusable 
three-dimensional stimuli explored with the right hand. AW misreegonized letters, 
digits, geometrical shapes and meaningless figures. Moreover, the patient was less 
accurate than normals in recognizing letters traced passively indicating that her 
performance was not dependent on the mode of haptic exploration. AW’s difficulty 
was confirmed by her response times which were much longer than that of controls. 
Contrasting with this pattern of results, visual stimuli were correctly recognized by the 
patient: letters presented in the right visual hemifield (left hemisphere) or letters 
sequentially scanned through a window did not lead to misrecognitions. As AW’s 
brain damage involved the anterior part of the corpus callosum and white matter in the 
posterior right hemisphere, we compared her performance to that of a patient 
disconnected surgically (JW) who showed similar levels of performance in the same 
tasks. We conclude that AW ’s impairments occured at the level of the construction of 
the spatial representations of haptic stimuli. We suggest that the left hemisphere alone 
cannot support highly accurate spatial representations of haptic stimuli.

SOMATOSENSORY CORTEX AND THALAMOCORTICAL RELATIONSHIPS I

50.250.1

THALAMIC AND CORTICAL CONNECTIONS OF THE PRIMARY SOMATO
SENSORY CORTEX (SI) USING SMALL, FOCAL TRACER INJECTIONS IN THE 
RAT AND MONKEY. Ting Shi*. A. Vania Apkarian. Dept. of Neurosurgery, SUNY 
Health Science Center, Syracuse, NY 13210

Thalamocortical (T-C) and corticothalamic (C-T) circuits play an important role in 
the integration of all sensory information, including the somatosensory system. The 
present study examines T-C and C-T relationships for SI, using an antero- and 
retrograde tracer biotin-dextran (BD) in both the rat and monkey.

Injection sites were determined physiologically, and small, single site injections 
were made iontophoretically, either in SI or the thalamus (VPM or VPL) of the rat 
and squirrel monkey. After appropriate tissue processing, both anterogradely labeled 
terminals and retrogradely labeled cells were stained and examined.

The injection sizes were 0.05-0.8 mm2 and in SI limited to 1-2 laminae. T-C 
afferents from VPM terminated in the corresponding barrel cortex, while those from 
VPL were more diffusely distributed in the corresponding area of SI in the rat. In SI, 
layer IV and IIIb were the major target of T-C afferents, but layers I-II and VI also 
received T-C afferents. BD injection in layer IV of the rat SI mainly labeled C-T 
terminals, and cortico-cortical (C-C) terminations in SII and insula. While, layer VI 
injections labeled C-T terminals and T-C cells in the thalamus, C-C terminals and 
cells in the cortex. The SI T-C terminals in the lateral thalamus and C-C terminals in 
the cortex were small-sized, while T-C terminals in the medial thalamus were a mix 
of large and small terminals. BD injections in the monkey SI (area 3b) labeled clusters 
of C-T terminals and T-C cells in VPL. In contrast, the labeled C-T terminals were 
near by or right on the labeled T-C cells in the central lateral nucleus. Large and 
small terminals were in both lateral and medial thalamus in the monkey.

The results show that the connections between SI and the thalamus vary with body 
part and with cortical laminae. Preliminary results in the monkey imply direct, tight 
interconnectivity between medial thalamic T-C and C-T pathways, as compared to the 
corresponding pathways in lateral thalamus.

NEUROANATOMICAL DEMONSTRATION OF NEOCORTICAL LAYER I 
TERMINATIONS OF THE G ABAERGICINCERTOCORTICAL PATHWAY USING  
ANTEROGRADE TRACERS. M.-Y. C hen* and R.C.S. Lin. Dept. of A n a l and 

Neurobiol., Med. Col. of Pennsylvania and Hahnemann Univ., Philadelphia, PA 

19102
Previously, we demonstrated a direct GABAergic projection from the zona inoerta 

to wide spread areas of the neocortex in rats (Lin et.al., 1990). In the present study, 
we utilized three different anterograde tracers, rhodamine dextran, biotinylated 

dextran, and biotin dextran amine (BDA) to further elucidate the afferent arborization 

pattern of the inoertocortical pathway. A small amount (0.5-1 ul) of rhodamine 

dextran was sterotaxically aimed and injected into the dorsal subdivision of the zona 
inoerta (Zld) in one side, while either biotin dextran (5-10%  in dist. water) or biotin 
dextran amine (5-10%  in dist water) was injected to the zona inoerta in the 
contralateral side. Animals were allowed to survive for 7 -10 days, and then brain 
sections were processed for immunohistochemistry accordingly. In some cases, 
eledrophyslobgical mapping of the Zl was assessed prior to the traoer injection. All 
the three tracers produoed similar results. Anterogradely labeled terminals were 

found in the supragranular layers, especially layer I of the neocortex. Many of the 

terminals traveled parallel to the pial surface, and occasionally bouton-like swellings 

were observed. Most of the labeled inoertocortical terminals were found in the frontal 
and parietal oortex, and only a few terminals were noted in the occipital cortex. It 
remained to be investigated whether these labeled inoertocortical terminals make 

symmetrical (GABAergic) synaptic contacts with their postsynaptic structures. 
(Supported by NIH NS 29161 to R.C.S.L.)
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50.3

IPSILATERAL CORTICAL CONNECTIONS OF S1 (3b) IN 
PROSIMIAN PRIMATES: EVIDENCE FOR FIVE 
SOMATOSENSORY AREAS.
W .H . W u * .  P .D . B e c k , a n d  J .H ,  K a a s
Department of Psychology, Vanderbilt University,
Nashville, TN 37240.

T h e  o rg a n iza tio n s  o f s o m a to s e n s o ry  c o rtex  in p ro s im ia n s  is not 
w ell u n d ers to o d . W e  u sed  co n n e c tio n  p a tte rn s  o f o n e  e lec tro - 
ph ys io lo g ica lly  d e fin e d  a re a , S 1 , to id en tify  o th e r  a re a s  of 
s o m a to s e n s o ry  c o rte x . A fte r rec o rd in g  w ith  m ic ro e le c tro d e s  to 
identify  re g io n s  o f S 1 , d iffe re n t flu o re s c e n c e  tra c e rs  (d ia m id in o  
ye llo w , fas t b lu e  a n d  flu o ro -ru b y) a n d  W G A -H R P  w e re  in jec ted  
into the  d iffe re n t bo d y re p re s e n ta tio n s  in S1 o f a d u lts  p ro s im ian  
g a la g o s  ( Galago senegalensis  ). A fte r an  a p p ro p ria te  surv iva l tim e  
(6 -7  d a y s ), the a n im a ls  w e re  p e rfu s e d , c o rtex  w a s  f la tte n e d  and  
cut p a ra lle l to the  s u rfa c e . B ra in  s ec tio n s  w e re  m o u n te d  a n d  
re a c te d , so that a rc h ite c to n ic  b o rd ers  a n d  tra n s p o rte d  tra c e rs  w e re  
re v e a le d . E a c h  tra c e r w a s  tra n s p o rte d  to lo ca tio n s  ju s t rostra l a n d  
just c a u d a l to S 1 , as w ell as  to tw o  c lo se ly  s p a c e d  locations la te ra l 
to S1 in c o rtex  a long  or w ith in  th e  la te ra l su lcu s . A to p o g ra p h ic  
p atte rn  o f co n n ectio n s  w a s  o b s e rv e d  in e a c h  of th o se  four reg ions. 
P a tte rn s  of lab el rostral an d  c a u d a l to S1 w e re  p a ra lle l to th e  
m e d io la ie ra l lo catio n s o f the in jection  s ites , as  e x p e c te d  for a re a  3 a  
an d  a re a  1 of m o n k e y s . T h e  to p o g ra p h ic  p a tte rn  la te ra l to S1 
su g g e s te d  tw o m irror im a g e  re p re s e n ta tio n s  th a t a p p ro x im a te  the  
o rg a n iza tio n s  of S 2  an d  P V  of m o n k e y s . W e  co n c lu d e  that prosim ians  
h a v e  at least 5  s o m a to s e n s o ry  a re a s  th a t re s e m b le  a re a s  S 1 , 3 a ,  1, 
S 2 and  P V  of m o nkeys.

50.5
INTRATHALAM IC PROJECTIONS OF THE INTRALAM INAR 
THALAMIC COMPLEX: POSSIBLE ANATOMICAL SUBSTRATE OF 
LARGE-SCALE THALAMOCORTICAL SYNCHRONIZATION 1D, Paré*. 
2Y. Smith and 2J.-F. Paré 1Dept. Physiol., Fac. Medicine, Laval Univ. and 
2Neurobiol. Res. Ctr., Enfant-Jésus Hospital, QUÉ  CANADA.

The goal of this study was to determine if there are internuclear 
connections in the dorsal thalamus. This is an important issue because such 
links could play an important role in synchronizing the activity of otherwise 
unrelated thalamocortical sites. So far, evidence of internuclear thalamic 
connections were dismissed on the grounds that the labeling resulting from 
intrathalamic tracer injections was due to tracer uptake by passing fibers. To 
circumvent this problem, we performed injections of the anterograde and 
retrograde tracer biolinylated-dextran-amine in the caudate nucleus of cats.

Following these injections, we observed retrogradely labeled neurons in 
the intralaminar nuclei and a high density of anterogradely labeled varicose 
fibers in widespread territories of the dorsal thalamus. Since the caudate 
nucleus does not project to the thalamus, the anterograde labeling could only 
have originated in thalamic, cortical or brainstem cells with bifurcating axons 
ending in the thalamus and caudate nucleus. Electron microscopic 
examination of labeled varicosities revealed that they were large axon 
terminals forming asymmetric synaptic contacts mostly with vesicle-filled 
presynaptic dendrites. In light of previous findings, these features are 
inconsistent with the possibility that the anterograde labeling originated from 
the cerebral cortex or monoaminergic brainstem nuclei. The remaining 
possibility is that intralaminar neurons projecting to the caudate nucleus are 
the source of these intra-thalamic connections. This is being verified by 
performing intracellular injections of neurobiotin in intralaminar neurons 
backfired from the caudate nucleus and by examining their axons at the 
electron microscopic level. Supported by MRC grant M T-11562 and 11237.

50.7

STRIATAL AND THALAMIC PROJECTIONS OF SINGLE CELLS FROM 
THE SECOND SOMATOSENSORY CORTEX INTHE RAT. M. Levesgue*. 
S. Gagnon. M. Deschênes and A. Parent. Centre de rechercheenneurobiologie, 
H6pital dc l’Enfant-Jésus, Univ. Laval, Québec, Canada, G1J IZ4.

The axonal projections arising from layers V and VI of the second 
somatosensory cortex (S2) in the rat were mapped after labeling small pools 
(10-15 cells) of neurons with biocytin. Fibers were reconstructed from serial 
horizontal sections which have been previously processed for calbindin D-28k 
immunohistochemistry to delineate striatal patch and matrix compartments. 
The reconstruction of more than 30 fibers shows that the striatal projection from 
S2 originates from collaterals of layer V cells which also project towards the 
brainstem, (including the substantia nigra) or spinal cord, and that some of 
these long-range fibers also distribute collaterals to the posterior complex of the 
thalamus. Layer VI cells project exclusively to the thalamus according to the 
organization plan that was previously described for the primary somatosensory 
and visual areas. The striatal projection from S2 is composed of two types of 
fibers that arborize in the calbindin-poor lateral sector of the striatum. The first 
type of fiber generates several clusters of terminations in this striatal sector 
adjacent to the S2 area whereas the second type of fiber reaches the rostral 
striatum where it ramifies in a loosely organized plexus. This dual projection of 
S2 to distinct sectors of the striatum is in line with a topographical organization 
where cortical areas that are linked by corticocortical connections might 
innervate common striatal territories.
This research was supported by the MRC of Canada.

50.4
CORTICOCORTICAL NEURONS OF RACCOON SOMATOSENSORY 
CORTEX CONVEY CONVERGENT SENSORY INFORMATION TO 
ADJACENT CORTICAL AREAS. P. Zarzecki* and P. Istvan. MRC Group in 
Sensory-Motor Physiology, Dept of Physiology, Queen’s Univ, Kingston, Ontario, 
Canada, K7L 3N6

The raccoon primary somatosensory cortex has a "glabrous zone" for each 
digit where neurons have receptive fields restricted to the glabrous skin of one digit. 
Rostrally there is a "heterogeneous zone" where neurons have inputs from more 
than one digit or from both glabrous and hairy skin. We are interested in the 
corticocortical projection from the heterogeneous zone to the glabrous zone because 
of its proposed role in conveying new sensory inputs to the glabrous zone when 
cortex reorganizes, e.g., after removal of a digit. The somatosensory properties of 
these corticocortical neurons are unknown. Therefore, we tested individual 
corticocortical neurons for sensory inputs from glabrous and hairy skin of forepaw 
digits in raccoons anesthetized with pentobarbital. Corticocortical neurons in the 
heterogeneous zone were identified by antidromic invasion following ICMS of the 
glabrous zone. Suprathreshold inputs were documented by collision-extinction 
techniques and subthreshold inputs by facilitation of antidromic invasion.

Thirty-three corticocortical neurons were identified. Nine of these neurons 
had no detectable input. Ten neurons had input from only one of the tested sources. 
Fourteen of 33 neurons had inputs from more than one source; hairy plus glabrous 
skin and/or more than one digit. In spite of this corticocortical projection by 
neurons with convergent somatosensory properties, neurons in the glabrous zone 
remain place- and modality-specific. This receptive field specificity is consistent with 
results of our cross-correlation analysis of functional corticocortical connections. We 
found evidence for serial linkages between individual neurons at the origin and 
termination of this corticocortical path for only 16 of 79 pairs of neurons.

Supported by the Medical Research Council of Canada.

50.6
CORTICAL PROJECTIONS OF THALAMIC NEURONS WHICH RECEIVE 
TRIGEMINOVASCULAR INPUT G.A.Lambert* and A.S.Zaeami. Institute of 
Neuroscience, University of NSW, Australia. 2052

Evidence suggests that nociceptive stimuli in the trigeminal sensory system 
excite somatosensory cortical cells in both cat and monkey, while clinical studies 
also support the role of primary and secondary somatosensory cortex (SI and SII) in 
nociceptive transmission in humans. As yet there are no data about projections to 
somatosensory cortex from craniovascular thalamic neurons. This study sought 
evidence for such projections. Cats were ancsthetised with chloralose, paralysed 
with gallamine and artificially ventilated. The superior sagittal sinus (SSS) and the 
middle meningeal artery (mma) were exposed, isolated electrically from underlying 
cortex and stimulated electrically (20-150V, 0.25msec width, single shocks, 0.2 per 
sec) or mechanically (tug). Surface field potential recordings were made from the 
exposed somatosensory cortex using a silver ball electrode. The somatosensory 
areas of cortex were mapped and the areas displaying maximum evoked responses 
were selected for later stimulation. Single neurons in the lateral thalamus (including 
VPM nucleus) were recorded with tungsten microelectrodes. Neurons responding to 
electrical and mechanical stimulation of the dural vessels were sought and their 
properties determined. Stimulation of the somatosensory cortex in the previously- 
determined areas was carried out and any responses tested for antidromicity using 
cell-discharge characteristics and the collision test principle. Cell recording sites 
were marked with electrolytic lesions and the brains examined post mortem. 
Neurons in the VPM nucleus responded to dural stimulation with A-delta or C-fibre 
latencies to stimulation of the SSS or mma, or both. Responsive neurons usually 
had small wide dynamic range receptive fields in the 1st or 2nd trigeminal division. 
A proportion of thalamic neurons responded to stimulation of the somatosensory 
cortex: latencies to stimulation were short (1.5 to 5 msec), some units could follow 
a high rate of stimulation (150 per second) and a few showed collision with 
orthodromically- or spontaneously-generated spikes. We conclude that thalamic cells 
which respond to craniovascular input send projections to somatosensory cortex in 
the same way as those receiving input from other trigeminal areas.

50.8
RECIPROCAL “TOP DOWN” PROJECTIONS TO NEOCORTICAL LAYER I OF 
RAT PRIMARY SOMATOSENSORY AND AUDITORY CORTICES CONVERGE 
FROM HIGHER CORTICAL AREAS WITH AFFERENTS FROM INTERAREAL 
NEURONS OF LAYER VII UPON THE DISTAL DENTRITES OF CORTICO- 
BULBAR NEURONS. B. Clancy*. R. Brown, and L.J. Cauller. GR 4.1, Cognition and 
Neuroscience Program, University of Texas at Dallas, Richardson, TX 75083.

Widespread projections to layer one of primary sensory cortex from “higher” cortical 
areas were identified by pressure injections and surface applications of retrograde and 
anterograde tracers (Fast Blue; Diamidino Yellow; biotinylated or rhodamine-labeled 
Dextran 10kMW, Molecular Probes). Abundant anterogradely labeled afiferents to layer I 
of SI which originate in deep and superficial layers of MI and SII travel through layers 
VI, VII and the white matter before turning to enter SI. Here the axons course through 
layers II, III and V, but project most heavily to layer I where they may travel for several 
millimeters. These projections are in a position to activate a subset of layer Vb neurons 
which extend dendrites to layer I and send projections to the deep layers of the superior 
colliculus. Reciprocal projections from higher auditory cortical areas which focus heavily 
on layer I of the rat primary auditory cortex were also found. In addition, afferents to 
layer I from layer VII neurons (subplate, layer VTb), which may cross areal boundaries, 
are demonstrated. Two novel procedures were employed in this study: 1. A ten-minute 
application technique which is demonstrated to restrict label applications to layer I since 
layer IV neurons do not label. 2. Dependable control of background auto-fluorescence by 
immersion of free-floating tissue sections in a solution of 0.1% sodium borohydride in 
phosphate buffer. We propose this neuroanatomical evidence supports an interactive and 
behaviorally relevant theory of perception where sensory information from the 
environment (bottom-up) may interact with inputs from higher cortical areas (top-down) 
and contribute to cortico-tectal influences through distributed processing directly in layer 
I of the primary cortical area.

Supported by a grant from the Whitehall Foundation.
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50.9

POSTNATAL DEVELOPMENT OF BENZODIAZEPINE MODULATION OF 
GABAa RESPONSES IN THALAMIC RETICULAR NEURONS John W . Gibbs. 
Ill2* and Douglas A. Coulter1,2 Departments of Neurology1 and Anatomy2, 
Medical College of Virginia, Richmond, Va. 232 98 .

GABAergic inhibition originating from the thalamic reticular nucleus 
(NRT) serves to synchronize both normal and pathological rhythms in the 
thalamocortical system. In addition to providing an important inhibitory 
pathway onto thalamic neurons, NRT also directs inhibitory synapses onto 
other NRT neurons. W e have begun to functionally characterize the 
postnatal development of thalamic, NRT, and cortical neurons participating 
in rhythm generation (Oh et al. J. Neurosci. 1 5 :1 3 4 1 , 1995). In a 
continuation of this ongoing study, the effect of clonazepam (CNZ) on 
GABAergic currents in NRT was examined to investigate the development of 
benzodiazepine modulatory effects on intra-NRT neurotransmission.

GABAA-evoked chloride currents were recorded using whole-cell 
voltage clamp techniques in acutely isolated rat NRT neurons from postnatal 
(p) 4-70 day old rats. Coapplication of 10μ M GABA and CNZ (0 .1 -100  nM) 
resulted in an augmentation of the GABA current. Young (p4-p8) and adult 
(>p60) NRT neurons displayed distinct patterns of modulation by CNZ. In 
p4-p8 NRT neurons, 3 populations of neuronal responses were noted. In 
50% of p4-8 neurons, little or no augmentation (< 3 0 % ) was evident with  
100 nM CNZ application, while 25%  of neurons exhibited moderate 
augmentation (40% -75% ), and 25%  exhibited strong augmentation 
(>100%) of the GABA current. In adult NRT, virtually all neurons exhibited 
moderate to strong augmentation of GABA currents by CNZ. As was noted 
in cortical and thalamic neurons, GABAergic responses in NRT neurons 
undergo significant postnatal differentiation. Supported by NIH-NINDS 
Grant NS 31000.

50.11

DEVELOPMENT OF GABAa RECEPTOR FUNCTION IN THE RAT 
THALAMOCORTICAL SYSTEM: ZINC AND ZOLPIDEM SENSITIVITY OF 
GABAERGIC RESPONSES IN THALAMIC AND CORTICAL NEURONS
Douglas A. Coulter1,2* and John W . Gibbs. Ill2 Depts. of Neurology1 and 
Anatomy2, Medical College of Virginia, Richmond, Va. 232 98 .

GABAergic inhibition originating in the thalamic reticular nucleus 
(NRT) directed onto the thalamus serves to synchronize and drive 
thalamocortical rhythms. To better understand this anomalous role of 
GABA, we have begun to functionally characterize the development of 
GABAA-mediated inhibition within the thalamus, NRT, and the cortex. One 
distinction noted between thalamus and cortex was a marked difference in 
the ontogeny of benzodiazepine (BZ) modulation of GABAa responses (Oh et 
al. J. Neurosci. 15: 1341, 1995). In order to further characterize this 
developmental difference, we have examined the sensitivity of cortical and 
thalamic GABA responses to Zn2 + application, and to application of the BZ1 
specific agonist zolpidem. Zn2+ is known to only modulate GABA responses 
in receptors lacking a Y subunit (and therefore also lacking BZ modulation).

GABAA-evoked chloride currents were recorded using voltage clamp 
techniques in acutely isolated rat thalamic and cortical neurons from  
postnatal (p) 4 -70 day old rats. The modulatory effects of Zn2 + (30 and 100  
μM) on GABA responses were similar at all ages (p5-p70) in thalamic 
neurons (15-35%  and 30-60% , respectively), indicating significant numbers 
of receptors which lacked a Y subunit. p5-p8 and adult (>  p60) cortical 
neurons had GABA responses which had low levels of modulation by Zn2+, 
indicating Y expression in most receptors. p18-24  cortical neurons 
transiently exhibited enhanced Zn2+ sensitivity. Zolpidem augmented GABA 
responses in both thalamic and cortical neurons at all developmental stages, 
indicating the presence of BZ1 receptors (and a ,  and Y subunits) in thalamus 
and cortex. Supported by NIH-NINDS Grant NS 310 00 .

50.13

RFSP0NSIVENESS OK VIM. THALAMIC NEURONS TO THE ACTIVATIO N OF NEW 
RECEPTIVE FIELDS INDUCED BY DEAFFERENT AT I ON: COMPARISON 
BETWEEN TEMPORARY AND PERMANENT DEAFFERENTAT IONS S. H. Park1, 
J.H. Sohn1*, M.Y. Park2, H.S. Park2, and H.C. Shin2 Dept. of 
Psychology, Choongnam National Univ., Taejun & Dept. of Physiology2, 
Coll , of Med., Hallym Univ. Chunchon, Korea

We made single unit recordings from neurons in the VPL thalamus 
of anesthetized rats. All units possessed robust cutaneous receptive 
fields (RFs) on a single digit of the contralateral forepaw. 
Neuronal responses to subcutaneous electrical stimulation to the RF 
and to other digits were quantiated. After determining stable RF and 
evoked unit responses for 10-30 min of control period, temporary 
denervation (TD) of a RF was carried out by subcutaneous injection 
of lidocaine (2%, 0.03 ml). Subsequently, permanent denervation (PD) 
was done by amputation of the digit. In general, the responsiveness 
of VPL thalamic cells to the stimulation of TD-induced new receptive 
fields (NRFs) was time-dependently changing after TD, such that NRFs 
were weakly activatable at 20 min after TD ( 9 .9±2.9%). most strongly 
at 40 min after TD (5 3 .2 ±9. 4%). and waning responsiveness (7.5±4.8%) 
by 50 min after TD. PD induced NRFs located from the same single 
digits as in TD study. In contrast to the results of TD study, 
however, the averaged changes of the responsiveness of VPL cells to 
the activation of PD-induced NRF did not show time-dependent rise 
and decay. The averaged responsiveness of the NRF induced by PD was 
52.9±6.5% of the original RF during 10 to 80 min after TD. This 
differential responsiveness to the activation of NRFs suggests that 
underlying mechanisms of seemingly similar spatial shifts of RF may 
be different between TD and PD (supported by 93 ’ KRF grant to J.H. 
Sohn).

50.10
CHARACTERIZATION OF THE CORTICOTHALAMIC EXCITATORY 
SYNAPTIC POTENTIAL IN THALAMIC NEURONS. C.-Q. Kao*. D.A. Coulter. 
Department of Neurology, Medical College of Virginia, Richmond, Va 23298  

Corticothalamic feedback onto thalamic neurons plays a significant 
role in modulation of the normal relay of sensory information to the cortex 
by the thalamus, and in the generation of thalamocortical rhythms. Despite 
the importance of this pathway in these fundamental processes, there are 
few  published studies characterizing the properties of the EPSP activated in 
thalamic neurons by cortical stimulation. In this study, we characterize the 
corticothalamic EPSP/C in vitro, using the thalamocortical slice developed by 
Agmon and Connors (Neuroscience 41: 3 6 5 -3 79 ,19 9 1 ). EPSP/Cs resulting 
from cortical stimulation were studied in p16-23 rat ventrobasal complex 
(VB) neurons in thalamocortical slices using patch electrodes and both 
current- and voltage-clamp recording techniques. These slices retain 
reciprocal connections between thalamus, cortex, and the thalamic reticular 
nucleus (Coulter and Lee, Brain Res. 631: 137 -142 , 1993). Cortical 
stimulation could evoke an EPSP/C in most VB neurons. This EPSP/Cs had 
tw o components: an early component, which was CNQX sensitive; and a 
later voltage-dependent component, which was APV sensitive. In current 
clamp recordings, these corticothalamic synaptic potentials would often 
trigger regenerative burst activity in VB neurons, presumably due to 
activation of low threshold calcium spikes (LTS), which are characteristic of 
thalamic neurons. A combination of the low frequency stimulation-induced 
augmentation of the EPSP, coupled w ith the properties of the LTS in 
thalamic neurons tremendously amplified the efficacy of corticothalamic 
synaptic transmission at low frequencies (3-5 Hz). This frequency range 
corresponds to the frequency of normal and pathological rhythms involving 
the thalamocortical system. Supported by NIH-NINDS R29-NS31000.

50.12
NERVE GROWTH FACTOR (NGF) MEDIATED PLASTICITY IN RAT 
SOMATOSENSORY CORTEX. S.L. Juliano.* G. Hill III. D.E. Eslin. O. Rahimi. 
Departments of Anatomy & Cell Biology and Neuroscience, USUHS, Bethesda, 
MD.

Earlier studies indicate that cholinergic depletion after basal forebrain lesion 
results in decreased stimulus-evoked 2-deoxyglucose (2DG) uptake in barrel 
cortex. In addition, transplants of embryonic basal forebrain into the depleted 
cortex restore stimulus-evoked 2DG activity back toward normal. A concern of 
the transplant studies results from observations that although the embryonic basal 
forebrain contains cholinergic neurons, the percent of such neurons in a 
transplant is relatively small, thus the result cannot be unequivocally attributed to 
acetylcholine (ACh). One substance also found in the cells transplanted into the 
depleted cortex is NGF. To test the possibility that NGF assists in mediating the 
increased functional activity, we injected NGF into a lateral ventricle of rats 
receiving unilateral basal forebrain lesions. After survival periods of 1-3 wks, rats 
received 2DG injections during delivery of bilateral whisker stimulation. In all 
animals, the basal forebrain lesion resulted in at least 80% depletion of ACh. The 
2DG uptake, on the other hand, was significantly increased in dimension and 
intensity in the NGF-treated hemisphere, despite the ACh depletion. Controls 
included intraventricular injections of saline and cytochrome C in animals with 
lesions, as well as animals receiving NGF injections without concomitant lesions. 
The animals receiving saline or cytochrome C showed decreased 2DG uptake in 
the depleted hemisphere, as expected from previous results. Animals with 
intraventricular NGF injections and no lesion showed slightly increased 2DG 
uptake in the injected hemisphere, but not of the magnitude showed by the 
animals with lesions. Although these results suggest that NGF is important in 
mediating neuronal responses and the ability to recover from injury, the 
mechanism of action used in this situation is a subject requiring continued study.

50.14
SENSORY-MOTOR DEPRIVATION INDUCES A DEGRADATION OF THE 
CUTANEOUS FOREPAW REPRESENTATION IN THE PRIMARY SOMATOSENSORY 
CORTEX OF THE ADULT RAT

J.O. Coq. M. Benelhadj. C. Xerri*. Lab. Neurobiology o f Functional Restorations, 
URA CNRS 372, University o f Provence, 13397 Marseilles, cedex 20, France.

A previous study conducted in our laboratory showed that tactile experience alters 
the cutaneous forepaw representation in the primary somatosensory (SI) cortex of 
the adult rat. The present experiments examine the hypothesis that tactile 
experience is necessary to the maintenance of the organizational features of 
somatosensory cortical maps. Adult rats were subjected to forelimb immobilization 
using a one-sleeved cast. The deprivation of forepaw exploratory movements lasted 
for either 6 or 15 days. Three days after the plaster cast was removed, the cutaneous 
forepaw representation in SI was reconstructed using microelectrode mapping 
techniques. Cortical maps were derived from layer IV in the hemispheres ipsilateral 
and contralateral to the immobilized forelimb. The contralateral maps exhibited 1) a 
severe decrease (of about 50%) in the overall size of the cutaneous representation of 
the forepaw resulting from the invasion of large zones of non-cutaneous responses, 
and 2) numerous discontinuities in the representation of contiguous skin territories. 
Comparison with non-deprived rats indicated that the size of the cutaneous 
receptive fields (RFs) of layer IV neurons was not significantly modified by the 
forelimb immobilization. The ipsilateral maps did not exhibit significant changes in 
terms of skin representation surface, whereas the size of the corresponding glabrous 
RFs was enlarged. Similar effects were observed regardless of whether the forelimb 
restriction lasted 6 or 15 days. These preliminary results suggest that disuse induces 
degradation of cortical representations. Sensory-motor experience thus seems to 
play a critical role in the maintenance of the representational features of cortical 
maps throughout life.

Society for Neuroscience, Volume 21, 1995
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50.15
BDNF RAPIDLY M ODIFIES ACTIVITY-DEPENDENT RESPONSES TO 
TACTILE STIM ULATION IN TH E ADULT RAT SOMATOSENSORY 
CORTEX. R. D. Frostig*. N. Prakash and S. Cohen-Cory1. Department of 
Psychobiology, University of California, Irvine, Irvine CA 92717 and 1Division 
of Biology, Caltech, Pasadena, CA 91125.

Accumulating evidence suggests that the adult cortex can undergo plastic 
changes that are closely dependent on neuronal activity. However, the underlying 
molecules and mechanisms that are involved in this type of cortical plasticity 
remain to be elucidated. Neurotrophins and their receptors are expressed in the 
adult cortex and have been implicated in several aspects of developmental 
plasticity, thus making them good candidate molecules to play a role during adult 
cortical plasticity as well. Therefore, to examine whether neurotrophins modulate 
stimulus-dependent cortical activity, we studied the effects of brain-derived 
neurotrophic factor (BDNF) on the activity patterns and functional organization 
of the adult somatosensory cortex (barrel-cortex) using intrinsic signal optical 
imaging (Masino et al., PNAS 90:9998-10002, 1993). This method allows us to 
visualize and quantify cortical activity in the living brain following sensory 
stimulation. An individual whisker in several adult, anesthetized rats, was 
stimulated and the cortical representation of that whisker was imaged repeatedly 
prior to and during application of recombinant BDNF to the surface of the 
contralateral barrel cortex. Topical application of BDNF (20 ng/μ l) modified 
cortical activity and significantly changed the areal extent of the functional 
representation of the stimulated whisker. These effects were observed within the 
first 30 minutes of imaging following BDNF application, and remained 
throughout the treatment period (> 3 hrs). These results indicate that BDNF 
modulates cortical activity within a short time scale, and suggest a direct role for 
neurotrophins in adult cortical plasticity. Supported by NIH grant MH-50362.

50.17

INFORMATION THEORETICAL ANALYSIS OF THALAMOCOR
TICAL ENSEMBLE CODING DURING NOXIOUS STIMULATION 
S. Panzeri*1,G. BieIla2,3.M.L. Sotgiu3 and A. Treves1. 1SISSA, via 
Beirut 2-4, 34013 Trieste, Italy, 2Univ. Milano and 3CNR, 1st. Neurosc. 
e Bioimm.. Milano, Italy.

Different firing rates, modulating frequencies and multiple cells pat
terns of neuronal discharge characterize, in the CNS, the application 
of different noxious stimuli in experimental animals. One issue aris
ing in the analysis of neuronal activity during nociception concerns thus 
the possibility of a specific spatio-temporal organization of the responses 
and the quantification of these properties in terms of information theory. 
Approaching these issues involves simultaneous recording from multiple 
cells in different regions of the CNS. We have performed extensive con- 
current recordings from the VPL thalamic nucleus and from the granular 
zone of the SI cortical region, in anesthetized and curarized rats. A group 
of five electrodes in a ring configuration (max 500 μm of the array diam
eter, ad) was placed in the at 25° in the parasagittal plane (~5.5-6 
mm in transverse distance depth), while a ring of three electrodes (max 
ad 600 μm ) was placed in the cortex (0.5-1 mm from bregma). The 
amount of information about the stimuli, carried by the responses of 
single units, of pairs of units, and of small ensembles, was quantified 
using novel methods, designed to avoid limited sampling errors and to 
yield correct comparisons across the different sets of units considered. 
The concurrent recording from thalamus and neocortex allowed mea
sures of how much information is intrinsic to the within-trial temporal 
relations in the discharge of different cells. and is lost when cells are 
not recorded simultaneously; at the same time, it allowed an analysis of 
information transmission rates and of differences in the representations 
realized in the two regions.

50.16
DIFFERENTIAL EFFECTS OF BLOCKING CHRONIC RSD PAIN ON 
FRONTAL AND PARIETAL CORTICAL ACTIVATIONS: AN FMRI STUDY. 
A.V. Apkarian*. B.R. Krauss. P.S. Thomas1 & N.M. Szeverenyi2  Departments of 
Neurosurgery, Anesthesiology1 & Radiology2, SUNY Health Science Center at 
Syracuse, Syracuse, New York 13210

Human imaging studies of phasic pain in normals implicate multiple cortical 
areas, anterior and posterior to the anterior commissure (AC), in pain perception. 
The differential role of these regions in clinically relevant chronic pain was studied 
in reflex sympathetic dystrophy (RSD) chronic pain patients. RSD pain can be 
temporarily relieved by interrupting sympathetic outflow. Functional MRI was used 
to study cortical activations for painful stimuli, before and after sympathetic blocks.

RSD patients were catheterized, placed in the scanner, and sets of activation 
images were collected before and after the block (axillary injection of local 
anesthetic). Skin temperature, vibrotactile and thermal pain thresholds were 
measured pre and post block. A 1.5 Tesla MRI system with a within slice voxel size 
of 1.6 X 1.6 X 6 mm, a single surface coil, and an echo planar acquisition sequence 
were used to image activity in 8 slices, in the middle or frontal third of the cortex, 
contralateral to the stimulus. The subjects’ hands were stimulated by noxious and 
innocuous stimuli, for 6 control-stimulus cycles (20 images/slice/cycle). Regions of 
interest defined by t-values (p>0.05) with significant pixel clusters (p>0.05) were 
superimposed on anatomic/angiographic MR images and statistically tested.

Generally, cortical activity in areas posterior to AC were either unchanged or 
increased post block. Many areas anterior to AC were active prior to blocking, and 
their activity decreased post block. The pre block activity in regions posterior to AC 
resembled those we have observed in normal subjects. In normals there was no 
significant activity in regions anterior to AC, for painful stimuli. We conclude that 
chronic pain states are associated with cortical regions that are involved in the 
affective emotional dimensions of pain perception.

50.18
SPINO-THALAMO-CORTICAL CORRELATION CHANGES AND 
OSCILLATORY RESPONSES DURING NOXIOUS AND NON-NOXIOUS 
STIMULATIONS IN RATS .
G.Biella*1,2. L.Riva 1 and M.L.Sotgiu1. 1 Istituto. Neuroscienze and Bioimmagini, 
CNR and 2 VI Chair of Neurology, Univ. of Milan, Via Mario Bianco 9,-1 20131 
Milan, ITALY

Neurons in the deep laminae of the dorsal horn, in the thalamic Ventro-posterolateral 
nucleus (VPL) and in the primary somatosensory cortex (SSI) (components of the 
spinothalamic and lemniscal pathways) display spatio-temporal characteristics of their 
discharges with diverse degree of activation, during spontaneous activity and in the 
course of stimuli. To analyse whether or not these diverse activations and mutual 
interactions could imply a diverse degree of correlation between the units (in the same 
region or in nearby levels) and if the correlation patterns could be ascribed to specific 
stimuli, we have performed multiple simultaneous recordings from spinal lumbar cord, 
VPL and SSI. The recordings were made in anesthetized and curarized rats. Electrodes: 
an array of three-four electrodes (in a triangular/square configuration each other spaced 
300 pm) placed in lamina V of the lumbar cord L5-6 segments, a group of five 
electrodes in a ring configuration (max 500 pm of array diameter, ad) in the VPL at 
25° angle in parasagittal plane (5.5-6 mm pt and 3.0-3.5 mm 11 to bregma), an array of 
three electrodes (max ad 600 pm) placed in the cortex (0.5-1 mm pt and 2-3 11 to 
bregma). Noxious (7-8 mA) and non-noxious (1-1.5 mA) electrical stimuli, brushing 
and noxious pinching stimuli were delivered in the periphery (palmar region of the 
hindpaw). The data were collected and analysed after principal component based 
selection of the data. Cross-correlograms (CCG) of couples of neurons were then 
performed. Diverse CCG patterns have been identified in relation to the kind of applied 
stimuli. Noxious and non-noxious stimuli provoked different CCG patterns in the 
thalamus and in the cortex, with a progressively increasing oscillatory pattern in 
relation to the stimulus strenght, while the spinal cord neurons displayed a more stable 
follow-up of the stimulus time course. We suggest a role of the thalamo-cortical 
pathway in the stimulus specific spatio-temporal organization of the spinal output.

50.19

PERCEPTUAL LEARNING IN TACTILE TEXTURE DISCRIMINATION
K. Sathian* & A. Zangaladze, Dept o f Neurology’. Emory University School o f  
Medicine. PO Drawer V, Atlanta, GA 30322 

Perceptual learning, defined as practice-related improvement in perceptual 
performance, is known to be highly stimulus-specific. For instance. improvement 
obtained with piacticc on one set of visual stimuli does not transfer to other sets differing 
in location or orientation. This specificity indicates that the locus of such learning effects 
is probably in the very same areas of sensory cortex that are also involved in perception.

We investigated the nature and specificity of practice-related improvement in tactile 
discrimination of texture. Human subjects scanned gratings consisting of alternating 
ridges and grooves with the index fingerpad of their dominant (writing) hand. One series 
of gratings had vaiying groove width (GW) and constant ridge width (RW): the other 
series, variable RW and constant GW. Discrimination thresholds were computed for each 
session and plotted against session number to define learning curves, first for one series 
and then for the other. The order of series was counterbablanced among subjects.

for the RW-varying series, the initial thresholds and steepness of learning curves were 
relatively unaffected by series order (first or second). However, initial thresholds were 
lower and the subsequent learning curves were less steep, with comparable final 
thresholds, when the GW-varying series was presented second than when it was 
presented first. These results suggest that there was little or no transfer of learning 
effects from the GW- to the RW-varying series but substantial transfer from the 
RW- to the GW-varying series. If confirmed, this conclusion would argue against 
the possibility that independent neural mechanisms mediate grating discrimination 
in the two cases, favoring instead a shared mechanism. Initial thresholds tended to 
be higher and learning curves, steeper, for the RW-varying than for the GW-varying 
scries This finding, together with the observed one-way transfer of learning effects, is in 
accord with previous work and subjective observations suggesting that gratings vaiying 
in GW are distinguished with greater facility than those varying in RW.
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51 .1
REACTIVITY OF H U M A N  CORTICAL SENSORIM OTOR RHYTHMS 
ASSOCIATED WITH M EDIAN NERVE STIMULATION. S. Salenius*, A. 
Schnitz ler, R. S a lm elin , V. Jo u sm ä ki an d  R. H a r i . Low T em p era tu re  
Laboratory, Helsinki University of Technology, FIN-02150 Espoo (Finland) 
and D ep artm en t of N eu ro logy , H ein rich -H ein e  U n iv e rs ity , D-40225 
Düsseldorf (Germany).

The rolandic cortex of a relaxed h u m an  subject exhibits spon taneous 
rhythm ic oscillations w hich are blocked by active m ovem ent or sensory 
stim ulation. O ur p u rp o se  w as to characterize  the reactiv ity  of cortical 
neuro-m agnetic rh y thm s to m ed ian  nerve  s tim ula tion , e ither alone or 
during finger m ovem ents or passive tactile s tim ulation . Seven healthy , 
right-handed adults  were stud ied  w ith a w hole-head neurom agnetom eter. 
Spontaneous activity  w as su p p ressed , especially  in the 7-25 Hz band, 
im m ediately after the m ed ian  nerve stim uli and  increased  above the 
resting baseline w ithin 400 ms afterw ards. The strongest suppressions and 
rebounds occurred in the sensorim otor h and  area, p red o m in an tly  in the 
contralateral hem isphere, and w ere earlier in the 20-Hz than  in the 10-Hz 
frequency range. M axim um  rebound was proportional to the baseline level 
of the rhythm  and w as significantly  sm aller in the r igh t than  in the left 
hemisphere. Active exploration of objects abolished rebounds of both 10- 
and 20-Hz bands in the contralateral hem isphere and m arkedly  suppressed  
them ipsilaterally . Finger m ovem ents w ith o u t to uch ing  an object and 
passive tactile s tim u la tio n  cau sed  a s im ila r  b u t less p ro n o u n ce d  
suppression of the rebound.

The sensorim otor rhythm s thus show a characteristic contra-la terally- 
dom inant suppress ion  and su bsequen t reb o u n d  after electrical m edian  
nerve stim ulation. This rebound is differentially affected by various m otor 
tasks and passive tactile stim ulation.

Supported by the A cadem y of Finland, BIRCH Large-Scale Facility (EC 
HCM Program me), and by the M edical Society of Finland.

51 .3
COMPLEX NONLINEAR DYNAMICS IN A MODEL OF SI CORTEX. O. V. 
Favorov*, D. G. Kelly and J. Lu. Depts of Biomedical Engineering, Mathematics, 
and Physics & Astronomy. The Univ. of North Carolina at Chapel Hill, N.C.27599.

Neural network modeling based on architectural and functional features of neo- 
cortex enables exploration of the dynamic behaviors and information processing 
which presumably take place in living cortex. We used a model of the input layers of 
SI (Cereb. Cortex 4: 408-442, 1994), and expanded it to include the upper layers.
The model features Hebbian lateral connections among upper-layer cells, and the 
presence in the upper-layer cells of membrane conductances that operate on several 
different time scales (AMPA, GABAA, and NMDA receptors, and the K+ 
conductance increase that underlies slow afterhyperpolarization). These features lead 
to the emergence of non stationary, complex dynamics in the behavior of cells in the 
upper layer: even constant input drives produce chaotic-like deterministic 
fluctuations. The complexity o f the network's dynamics is affected by stimulus 
strength and the activation state of NMDA receptors, as has been reported for real SI 
cortex (Neurosci. Abstr. 20:1383, 1994). Even when the model operates in a highly 
nonstationary regime, it responds to peripherally applied stimuli in a stimulus- 
specific manner. Information about stimulus characteristics is reflected not only in 
the average response activity of the model's upper-layer cells, but also in transient 
coherence in the activity fluctuations of individual cells (i.e., correlations in the 
activities of individual cells are stimulus-specific). The network also shows 
sensitivity to the temporal order in which a series of stimuli is presented, and thus it 
converts temporally encoded information into a spatial code (making it possible, for 
example, to recognize, by a spatial pattern, a temporal sequence of Braille characters 
as a particular word, as opposed to its anagrams). These behaviors of the expanded 
model suggest the ways in which living cortical networks may make use of complex 
nonlinear dynamics in information processing.

Supported by ONR N00014-95-1-0113, NIMH MH48654, and NINDS NS30686.

51 .5
TEMPORAL CORRELATIONS BETWEEN SINGLE UNITS IN SI VIBRISSAL 
CORTEX AND MYSTACIAL ELECTROMYOGRAPHIC ACTIVITY IN RAT 
M.S. Fee*. P.P.Mitra and D. Kleinfeld. AT&T Bell Laboratories, Murray Hill, NJ 07974.

Somatosensation is fundamentally an active process, of which whisking by rat in 
search of an object is a particular example. We ask whether vibrissa positions and 
motions are coded in primary sensory cortex, as opposed to purely the sensory informa
tion of the contact of whiskers with an object.

Four independently adjustable stereoelectrodes are implanted through the intact 
dura mater into SI vibrissal cortex of Long-Evans rats. Neuronal activity in cortical lay
ers II through V is recorded and sorted into single unit signals; in lower layers typically 
10 units may be isolated during any one trial. Electromyograms (EMGs) are simulta- 
neously recorded bilaterally from the vibrissal musculature. The animals are blindfolded 
and trained to search for the end of a feeding tube using their facial vibrissae. The rats 
search for 5-10 s before the feeding tube is moved within reach; a liquid food reward is 
delivered once the animals find the tube. A block of -75 trials is run daily. We confine 
our analysis to the 5 s interval prior to the food reward. The results from 11 such blocks 
of trials and 77 single units in one rat are described.

The EMG signal during search whisking shows complicated temporal structure 
with episodes of oscillatory whisking interspersed with less coherent activity, which 
leads to a broad spectral peak at 8 Hz. We extract the amplitude and phase of the EMG 
signal that lies within an 8 +\- 2 Hz frequency band. Roughly half of the isolated single 
units show significant correlations between spike times and the phase of the contralateral 
EMG signal. The modulation depth for different units vary from 10% to 100% with an 
average depth of 20%. The correlation is found to peak at phases that are distributed over 
all angles. In some cells, the spike rate is also correlated with the envelope of EMG activ- 
ity in the 8 Hz band. The origin of the observed modulation is as yet unclear. Although 
the vibrissae do not contact an external object, the vigorous motion of the vibrissae dur- 
ing whisking may lead to sensory input. An intriguing alternative is that the observed 
modulation results from known projections from motor cortex to primary sensory cortex.

5 1 .2
DE TE CTIN G  V IB R A T O R Y  STIM U LI D E L IV E R E D  PA R A LLE L  
A N D  PE RPENDIC ULA R TO  TH E SK IN IN A C TIVE A N D  PA SSIV E  
M O D ES. A.J. Brisben, S.S. Hsiao, & K.O. Johnson*, Krieger Mind/Brain 
Institute and the Department of Neuroscience, The Johns Hopkins University, 
Baltimore, MD, 21218

The ability to detect vibratory stimuli at 40 and 300 Hz was investigated with 
a 30 mm diameter cylindrical rod and a 1 mm diameter punctate probe. The 
punctate probe was applied to the passive hand with the axis of vibration 
perpendicular to the skin while the rod was applied, actively and passively, 
with the long axis of vibration parallel to the skin. In the active mode, subjects 
grasped the rod using whatever grip force they wanted; in the passive mode the 
hand was immobilized and stimuli were presented at 8 locations between the 
fingertip and the palm and at 5 contact forces at each location (5, 10, 20, 50, 
100 grams). Thresholds were determined with a three-alternative, forced- 
choice, adaptive tracking procedure.

When the 30 mm diameter rod was applied in the passive task, thresholds at 
40 and 300 Hz varied with contact force and hand location. The lowest 
thresholds were achieved when the vibration was delivered to the palm at 20 
grams, and were as low as in the active task. Thresholds at 40 and 300 Hz 
declined as the contact force increased from 5 to 20 grams, however thresholds 
at 40 Hz increased for higher contact forces while thresholds at 300 Hz were 
unaffected. Thresholds with the rod were generally lower than with the 
punctate probe, especially at 300 Hz. The difference between thresholds with 
the rod and the punctate probe was largest on the palm.

Supported by NINDS NS 18787 and the W. M. Keck Foundation.

5 1 .4
THE VARIABILITY OF EXTRACELLULAR SPIKE WAVEFORMS IS NOT 
RANDOM: NEW ALGORITHMS FOR SPIKE SORTING P. P. Mitra*. M.S. Fee and 
D. Kleinfeld. AT&T Bell Laboratories, Murray Hill, NJ 07974.

We consider the sorting of multi-unit spike waveforms recorded from rat neo- 
cortex using chronically implanted micro-wire stereotrodes. Previous sorting schemes 
include: (i) visual clustering of a few measured waveform parameters, a process that dis- 
cards much information; and (ii) template matching schemes and/or semi-automatic 
algorithms for clustering in the high-dimensional space of the spike waveform vector, 
which assumes that the measured waveforms result from the addition of Gaussian noise 
to a mean waveform. We find that the assumption of random, isotropic variability in the 
spike waveforms is incorrect.

The voltages at our stereotrode electrodes are sampled at 25 kHz; 32 samples 
are collected from each wire. Clusters of the 64 dimensional waveforms for well isolated 
units are analyzed by principal components. The eigenvalues of the covariance matrix 
show that the dusters are highly anisotropic, with typically 3 to 10 dominant axes. The 
ratio of the largest to the smallest eigenvalue is of order 10; for isotropic Gaussian noise 
all eigenvalues would be the same. We find that the dominant principal components of 
the variation in a waveform are not random; they are strongly related to the mean wave- 
form. In addition, the positions of the spikes within a cluster are a function of the time 
interval from the previous spike. These findings suggest that waveform variability may 
arise from ongoing changes in the biophysical properties of the underlying neuron.

In light of the nonrandom structure of the clusters, we developed a hierarchical 
clustering algorithm. The original data is centered in time and clustered into roughly 10- 
times the expected number of units by recursive k-means; clusters with few spikes are 
discarded. Pairs of clusters are aggregated according to a measure of connectivity that is 
based on pairwise distances between individual waveforms. We examine the interspike 
intervals of the aggregate clusters for the presence of a refractory period, indicative, of a 
single-unit, and terminate the aggregation before multi-unit clusters form. Each final 
cluster is specified by several means that facilitate characterization of its substructure.

5 1 .6
THE DIRECTION OF VIBRISSAL STIMULATION IS REPORTED BY THE 
LARGE-SCALE PATTERN OF ELECTRICAL ACTIVITY IN RAT SI 
VIBRISSA CORTEX. D. Kleinfeld* and K. R. Delaney, AT&T Bell Laboratories, 
Murray Hill, NJ 07974; Biosciences, Simon Fraser U, Burnaby, BC V5A 1S6 Canada.

We examine the hypothesis that the temporal pattern of stimulation may 
determine the spatial pattern of the cortical response. In particular, we ask if the 
relative timing between motion of two whiskers affects the lifetime and large-scale 
spatial spread of the cortical response.

We used optical techniques to measure the trial averaged spatial distribution 
and dynamics of electrical activity from vibrissa cortex in juvenile Sprague-Dawley rat 
under 1 to 1½ % halothane anesthesia. The cortex is stained with voltage-sensitive dye 
and imaged onto a CCD camera. The optical signal reports activity in superficial layers 
and appears to be dominated by depolarizing events.

A single displacement to an individual whisker induces a signal whose time- 
course consists of a prompt depolarization, a transient suppression in the amplitude of 
depolarization after 50 to 100 ms, followed by long lasting (300 to 500 ms) 
depolarization (n = 9). This time course, E → I → E, is consistent with that seen in the 
spike response from awake animals (Chapin et al. 1981 Brain Res Bull 6; Armstrong- 
James and George 1988 Exp Neurol 99). The spatial extent of the optical signal is 
elongated in the "row" direction and may exceed 1 mm (FWHM).

Preliminary data (n = 3) show that successive stimulation of two whiskers in 
the same row, typically Cl and C4 with a relative delay of ~ 100 ms, leads to a signal 
that significantly differs from the linear summation of the responses to displacements of 
the individual whiskers. For delays in both the rostral → caudal (i.e., C4 preceeds C l) 
and caudal rostral directions, the lifetime of the signal induced by co-stimulation is 
increased beyond that predicted by the sum. Further, delays in the rostral caudal 
direction lead to an enhancement of the amplitude and spatial extent of the signal. 
Supported in part by NSERC grant OPG0121698.
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5 1 .7
A COM PUTER M ODEL OF THE THALAM OCORTICAL  
SOM ATOSENSORY SYSTEM  PREDICTS SENSORY RESPONSE  
REVERBERATIONS OBSERVED IN RATS. J.P. Utz*, M.A.L. Nicolelis 
and J.K. Chapin. Dept. o f  Anatomy and Neurobiology, Med. Col. Penn. & 
Hahnemann U.. Phila. PA 19102 and Dept. Neurobiology. Duke U., Durham,mum

A computer model was used to investigate the mechanisms underlying the 
thalamocortical reverberations which we have observed in multi-neuron 
ensemble recordings in the somatosensory system o f awake rats. The model 
consists o f  four layers: 1- ventrobasal (VB) thalamus, 2- nucleus reticularis 
thalami (nRT), 3- layer VI SI cortical corticothalamic projection neurons, and 
4- cortical inhibitory intemeurons. Each layer is a 30x30 sheet o f  "neurons" 
whose interconnections are modeled after the rat somatosensory 
thalamocortical system. The neurons incorporate biologically realistic features, 
including membrane potentials calculated from: membrane conductances ana 
Nernst potentials for several ion channels, a membrane leak conductance, 
"noise" inputs, a membrane capacitance which produces membrane potential 
time decays, a voltage-sensitive spike-triggering threshold, and axonal 
conduction delays. State variables are updated every ms o f  simulation time. 
"Sensory" inputs to the VB are provided either by discrete stimulation o f  single 
input fibers, or stimuli which move across the receptor surface. Over a 
relatively wide range o f  synaptic weights and cellular parameters, discrete 
sensory inputs produced thalamo-cortico-thalamic reverberations. Increasing 
the gain o f  corticothalamic synaptic connections increased the number o f  
damped reverberations, finally producing continuous oscillations. With each 
reverberation the neural activity spread further out over both the thalamic and 
cortical cell layers. This reverberatory spreading, coupled with synaptically 
driven inhibition and intrinsic neuronal afterhyperpolarization produced 
distinct, spatiotemporally complex activity patterns which covered increasingly 
large portions o f the network. These response patterns closely reflected me 
spatiotemporal characteristics o f  the sensory stimulation. They therefore could 
be thought o f  as distributed encodings of stimulus parameter space. These 
observations were remarkably consistent with our results obtained from 
simultaneous multi-neuron recordings in awake rats. (Supported by grants 
NS23722 and ONR N00014-95-1-0246 to JKC.)

5 1 .9
NM DA AND nonN M D A  R E C E P T O R S  C O N T R IB U T IO N  TO 
TH A LA M O C O R TIC A L AND IN T R A C O R T IC A L  TR ANSM ISSION 
IN  -V ITR O . Z. Gil and Y. Amitai*. Dept. of Physiology, Faculty of Health 
Sciences, Ben-Gurion University, Beer-Sheva 84105, Israel.

T he g lutam ate receptor subtypes N M D A  and A M P A /k ain ate  are 
probably c o -lo c a liz e d  at in d iv id u a l sy n a p ses , but central synaptic  
pathw ays m ay contain  them  in d ifferen t rela tive am ounts. S in g le  unit 
recordings o f  sensory thalam ocortical resp on ses in adult anim als have 
been shown to be essentia lly  independent o f  N M D A  receptors activation  
(Arm strong-Jam es, 1994), but direct data is lacking.

Thalam ocortical slices from  brains o f  adult m ice were used to exam ine  
the re la tiv e  con trib u tion  o f  N M D A  and n o n N M D A  recep tors to 
thalam ocortical and intracortical resp on ses, a) L ow erin g  extracellu lar  
M g 2+  in the bath resu lted in ep ilep tic  even ts that cou ld  be evok ed  by 
s tim u la tin g  either in the th alam u s or in layer  6. C N Q X  (1 0 μ M ) 
abolished on ly  thalam ocortically  ev o k ed  even ts, but a focal application  
o f  b icu cu llin e (B M I, 10μ M ) in layer 4  restored them , b) Intracellular  
recordings from  layer 5 ce lls  with Q X -3 1 4  containing m icropipettes and 
C N Q X  (1 0 μ M ) in the bath revea led  vo ltage-d ep en d en t m onosynaptic  
EPSPs upon both thalam ocortical and intracortical stim ulation, 
c) Thalam ocortical and intracortical EPSPs evoked  on single layer 5 cells  
were both reduced by bath application o f  A P V  (3 0  - 5 0 μ M ). H ow ever, 
thalam ocortically evoked  μ  w ere sign ificantly less affected.

Our results demonstrate that in adult anim als, both thalam ocortical and 
intracortical synapses express N M D A  as w e ll as n on N M D A  receptors. 
H ow ever, the N M D A  ex p ressio n  o f  the th a lam ocortica l pathw ay is 
weaker, and strongly restricted by inhibition.

Supported by BSF grant no. 91-00197.

5 1 .1 1
EFFECTS OF SPATIAL AND CROSS-MODAL TACTILE 
ATTENTION IN MONKEY SECOND SOMATOSENSORY 
CORTEX. H.Burton*,P-Sinclair, and S.-Y. Long. Departm ent o f  
Anatom y & N eurobiology, W ashington U n iversity  S ch oo l o f  
M edicine, St. L ouis, M O  6 3 110 .

V alid  cu in g inform ed tw o M. mulatta to attend to one o f  three 
stim ulus locations (left or right hand or auditory) to  detect either a 
constant am plitude stim ulus (vibration or tone) or the sam e pattern 
w ith a superim posed 150m s period o f  increased am plitude 
(distractors) for liquid reward. Cue location (m odal or spatial) changed  
random ly by trial. Distractor patterns appeared asynchronously by 
150m s at the remaining tw o uncued locations on every trial and at the 
cued location on 50% o f  trials. Perform ance deteriorated sign ificantly  
with invalid cuing. A verage firing rates (A FR ) changed  sign ificantly  
with cue location in ~ 50%  o f  100 cells . T hese changes were to stim uli 
in a cell's contralateral tactile receptive field . A F R  suppressions o f  
>20%  w ere m ost prevalent at stim ulus on set w h ile  enhancem en ts o f  
>24%  appeared at or just after the interval for distractors in the cued  
location. Several ce lls  su ccessiv ely  exh ib ited  both resp onse changes 
across early and late stages o f  stim ulation. Spatial and cross-m odal 
cuing produced comparable e ffects. T h ese results sh ow  that se lective  
attention potently m odulates the focu s o f  som atosensory resp onses in 
SII. (Supported by N S 31005)

5 1 .8
REVERBERATORY INTERACTIONS BETW EEN VPM  THALAM US  
AND SI CORTEX DURING PROCESSING OF SOM ATOSENSORY  
STIMULI IN AW AKE RATS. J. K. Chapin* and M.A.L. Nicolelis, Dept. o f  
Anatomy and Neurobiology, Med. Col. Penn. & Hahnemann U., Phila, PA 
19102 and Dept. Neurobiology, Duke U., Durham, NC 27710.

Recurrently connected artificial neural networks can classify input patterns 
through iterative reverberatory interactions between inputs and outputs. We 
found that traditional "single unit" analyses o f  such networks could not 
elucidate this mode o f  computation, but that multivariate analyses based on 
temporally evolving input-output patterns o f network wide activity were 
effective. To implement such an approach for analysis o f  thalamocortical 
networks in awake animals, we simultaneously recorded up to 48 single 
neurons in the trigeminal somatosensory thalamus (VPM) and SI cortex o f  
awake rats during controlled punctate deflection o f  the facial whiskers. The 
functional importance o f corticothalamic projections in this system was 
demonstrated by the marked effects o f  small SI lesions on VPM neuronal 
receptive fields. Evidence for post-stimulus reverberation between the VPM 
and SI was provided by the observations that: 1- post-stimulus histograms o f  
neurons in both VPM and SI neurons exhibited multiple response peaks, 
extending from 5-35ms post-stimulus. 2- Correlation matrices relating the 
timing o f these peaks in all histograms constructed using VPM vs. SI neurons 
revealed peaks o f VPM activity m the following post-stimulus time intervals: 
4-7ms, 12-15ms, and 21-27ms. Peaks o f SI activity were found in the 
"troughs" between the VPM peaks: 6-9ms, 15-18ms, and 27-30ms. Canonical 
correlation analysis (CCA) was used to evaluate the underlying structure o f  this 
correlation matrix. Canonical roots (CRs) 1-3 defined three differential 
weightings o f  VPM and SI neurons which explained most o f  the matrix 
covariance. In general, CR1 defined groupings o f VPM and SI neurons which 
responded at the shortest stimulus latencies, CR2 defined other groupings 
which responded at moderate latencies, and CR3 defined groupings which 
responded at longer latencies. These results suggest that sensory processing 
may involve spatiotemporal complex patterns o f  reverberatory interaction 
between thalamic and cortical neuronal ensembles. (Supported by grants 
NS23722 and ONR N00014-95-1- 0246 to JKC)

5 1 .1 0
RELATIONSHIP OF DIRECTIONAL SENSITIV ITY A N D  LATENT  
PERIODS OF SINGLE UNIT ACTIVITY IN CAT S - l.  Alexandrov A.A.*. 
St.Petersburg State University, St.Petersburg, Russia

Previous data from our lab suggested that sensitivity o f  neurons to the 
direction o f vibrissae deflection can be caused or directly affected by the 
activation of intracortical inhibition (EBR ‘89, 76:198-206). W e compared 
the latency and intensity o f  the cortical single unit responses in cat S - l  to 
the four alternative directions o f single vibrissae deflection. Results show  
that la ten c ies  o f  resp onses for non-preferentia l d irection s were 
considerably longer than those to the optimal (resulted in more spikes) 
directions o f deflection. Overall, the latency o f  reactions to the non- 
preferred directions correlated with the degree o f directional sensitivity. We 
also tested the relationships o f  the latent periods and directional sensitivity 
o f neuronal reactions by stimulating vibrissae laying more distantly from 
the center o f the receptive field. As in the previous case, the longer latency 
also corresponded to the augmentation o f  directional sensitivity. If the 
latency o f  response was less  than 10 m s, on ly 13% o f  neurons were 
directionally sensitive. For latent periods betw een 10-15 ms 30% were 
directional, 53% o f neurons that reacted with latent periods > 15 ms were 
directionally sensitive. These data provide further support to the idea that 
directional sensitivity o f  neurons in som atosensory cortex is caused or 
directly affected by the intracortical inhibitory processes.

5 1 .1 2
R E SPO N SE  PA T T E R N S IN  M O N K E Y  P R IM A R Y  
SO M A T O SE N SO R Y  CO R T EX  D U R IN G  C O N T R O L L E D  PA SSIV E  
S T IM U L A T IO N S W IT H  G R A T IN G , D O T , A N D  B A R  S U R F A C E S .
I. Pruett*. R. Sinclair and H. Burton. Department o f Anatomy and 
Neurobiology, Washington University School o f  M edicine, St. Louis, MO  
63110.

R esponse functions for single neurons in primary somatosensory cortex 
(SI) were characterized for grating and dot patterns o f  .5-8m m  spacing 
(ridge=.25 dot dia=.5 height=lm m ) and pairs o f  bars (w idth =l-50m m ) 
spaced 1 -20mm  apart stroked across single fingertips o f  3 anesthetized M. 
mulatta at 25-100m m /s with applied forces o f  5-100gm . A verage firing 
rates (AFR's) o f  many cortical cells were increasing functions o f  increasing 
groove width and inter-dot spacing. Subpopulations o f slow ly  and rapidly 
adapting cells showed periodic burst discharges correlated with surface 
spatial-temporal periods and were sensitive to force and velocity. For 
increasing surface spatial period, entrainment to vibratory stimuli would  
predict decreasing AFR functions. In the present study burst discharge 
durations to individual gaps increased with wider spacings. Responses to 
bars reveal the relationship between skin distortion and burst durations. 
Increased burst discharge duration with increased spacing between edges 
may explain increasing and inverted "U" AFR functions. (Supported by NS  
31005.)
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51 .13
MONKEY SI NEUROM ETRIC AND HUM AN PSYCHOM ETRIC  
FUNCTIONS TO TACTILE STIM ULATION W ITH GRATING  AND  
DOT PATTERNS. R. S inclair*. J. Pruett. and H .B u rton . D epartm ent o f  
Anatomy & Neurobiology, W ashington University S chool o f  M edicine, 
St. Louis, M O  63110 .

Grating and dot surfaces (ridge= .25m m  dot d ia= .5m m  h e ig h t= lm m )  
were stroked across sin g le  fingertips o f  3 anesth etized  M. mulatta with  
precise force and velocity. Preliminary results show  average firing rates 
(AFR) o f  m any cells  in SI increased with grating groove  w idth from  .55 
to 7.75m m , and dot spacings from  .5 to ~ 2 .5 -5 .5m m  then decreased to 
8mm dot spacings. Som e ce lls  sh ow ed  a sim ilar inverted "U" response  
function to gratings. Peak A FR  vs grating or dot spacin g varied w ith  
force (5 -100gm ) and ve loc ity  (2 5 -1 0 0 m m /s), producing both p ositive  
and negative functions in som e cells. N o  differen ces w ere seen  betw een  
slowly and rapidly adapting response types. H um ans (N = 2 4 ) estim ated  
roughness and density o f  the sam e surfaces. M ost roughness estim ates  
of gratings reached a plateau at ~4-5m m , estim ates o f  dots m ostly  
inverted at ~3-4m m  spacing. H ow ever, som e subjects gave increasing  
linear estim ates o f  dots and gratings to 8m m  and som e estim ates o f  
gratings inverted at ~4m m . D ensity  estim ates decreased linearly. The  
variety o f  neural functions correlated w ith  psychom etric functions. 
Neural response changes associated  w ith different force and v elocity  
levels may account for d ifferen ces in estim ated  m agnitude functions  
across human subjects. (Supported by N S  310 0 5 )

51.15
SUBTHRESHOLD EXCITATORY RECEPTIVE FIELDS OF S1 EFFERENT NEURONS IN 
THE AWAKE STATE: MEDIATION BY AMPA/KAINATE RECEPTORS T. P. Hicks*1 
and H. A. Swadlow2  1Department of Psychology, University of North Carolina, USA, 
2Department of Psychology, University of Connecticut, USA.

Many callosal (CC) and ipsilateral corticocortical (C-IC) neurons in superficial layers of 
rabbit S1 have very low axonal conduction velocities (< lm/s), little or no spontaneous 
activity, and no demonstrable suprathreshold receptive fields. However, many such 
neurons do have a subthreshold excitatory and/or inhibitory field. This work examines 
the contributions of AMPA/kainate and NMDA receptors to the subthreshold excitatory 
receptive field.

The method for examining subthreshold synaptic inputs entails passing extracellular 
current pukes (0.1 - 5.0 μA cathodal, 0.3 ms) through the recording microelectrode and 
measuring the threshold of the neuron under study to this direct electrical stimulation 
(Swadlow, J. Neurophysiol., 1992). Action potentials generated by current pukes are not 
directly observed (due to the stimulus artifact), but are inferred from their collision with 
an antidromic impulse generated by axonal stimulation. Once threshold is determined, 
the extracellular current pukes are preceded by conditioning stimuli (brief air puffs) 
delivered to the periphery. Subthreshold excitatory and inhibitory responses are 
manifested as decreases and increases in neuronal threshold, respectively.

These experiments were performed in the S1 lip and sinus hair representations of the 
awake rabbit. Most of the CC neurons that failed to respond with action potentials to 
peripheral stimulation, did show subthreshold excitatory and/or inhibitory responses 
(decreases and increases in threshold, respectively). Eight CC neurons with very slowly 
conducting axons and subthreshold excitatory receptive fields were examined using a 
multibarrel micropipette with an attached recording/stimulating microelectrode. Each 
of these neurons showed a subthreshold excitatory response beginning at latencies of 8-12 
ms. In every case, this response was either eliminated or severely attenuated following 
iontophoretic administration of a receptor selective dose of an AMPA/kainate antagonist 
(NBQX) but not an NMDA antagonist (CPP). Whereas both NBQX and CPP reduced the 
neuronal threshold in the absence of stimulation, NBQX but not CPP reduced or 
eliminated the response to the peripheral stimulus. We conclude that the subthreshold 
excitatory field is mediated either predominantly or completely by AMPA/kainate 
receptors. Supported by NIH grants EY 10156 to TPH and NS-32021 to HAS.

5 1 .1 4
PET IMAGES OF FOCI IN PARIETAL AND FRONTAL 
CORTEX ACTIVATED WITH TACTILE GRATINGS
T. V ideen*. A. M acL eod. M. ,R aich le and H. Burton. Departm ents o f  
N eurobiology, Neurology & R adiology, W ashington U niversity School 
o f  M edicine, St. L ouis, M O

W e observed m ultiple foci activated by rubbing, w ith a drum  
stim ulator, tw o em b ossed  gratings (2 .7 5  and .5m m  groove w idths) 
across a restrained finger in 11 hum an subjects. A  S iem en s 953B  
scanner m easured tissue radioactivity for 40s fo llow in g  bolus injections 
o f  H2150 .  In activation scans the gratings, rotating at ~ lOOmm/s, 
stim ulated the fingerpad directly or through a ring guitar pick. A  
counterbalance held contact force to ~ l 0 0 gm s. Foci o f  peak blood flow  
change overlapped with the tw o m odes o f  stim ulation. A ll identified  
regions were replicated in separate scans. Parietal regions included  
contralateral som atosensory cortex in the postcentral gyrus (PCG ) and 
parietal operculum . The PCG foci m ay be d iv is ib le  into anterior and 
posterior parts. Ipsilateral PCG also contained sites activated from  
directly rubbing skin. Contralateral frontal regions included activated  
sites in S M A  and the m iddle frontal gyrus. The results suggest that 
tactile stim ulation o f  a sin gle  finger activates a distributed network  
spanning parietal and frontal regions. (Supported by N S 31005 and HL  
13851)

5 1 .1 6
THE ACTIVATION OF S1 EFFERENT NEURONS BY PERIPHERAL STIMULATION IN 
THE AWAKE RABBIT: LATENCIES OF SUPRA- AND SUB-THRESHOLD RECEPTIVE 
FIELDS H. A. Swadlow*1 and T. P. Hicks2, 1Department of Psychology, University of 
Connecticut, Storrs, CT 06269 and 2Department of Psychology, University of North 
Carolina, Greensboro, NC 27412-5001

Somatosensory information is transmitted from facial receptors to the terminals of 
VPM axons in rabbit S1 at a median latency of ~ 6 ms, and to S1 putative inhibitory 
interneurons at a median latency of just 6.6 ms (Swadlow, J. Neurophysiol.. 1995). This 
very rapid transmission of information enables inferences concerning the serial 
processing of intracortical events to be based on the latency of neuronal responses to 
peripheral stimulation (cf., Armstrong-James et al., 1. Neurophvsiol.. 1992).

The present work examines the latencies of suprathreshold responses (action 
potentials) in S1 efferent neurons to brief peripheral stimulation. Efferent populations 
include antidromically identified callosal (CC) neurons, ipsilateral corticocortical (C-IC) 
neurons, and descending corticofugal neurons of layers 5 (CF-5) and layer-6 (CF-6). In 
addition, latencies of subthreshold excitatory and inhibitory responses are examined. 
Many neurons in S1 have no suprathreshold receptive fields, and these neurons are 
predominantly found among CC, C-IC and CF-6 populations. Subthreshold receptive 
fields of these neurons can be revealed using extracellular microelectrodes by monitoring 
the threshold of the efferent neuron to direct activation by low intensity current pukes 
(usually 1-3 μA) delivered through the recording microelectrode (Swadlow, L 
Neurophysiol., 1992). Using this method, EPSPs and IPSPs are manifested as decreases 
and increases in threshold, respectively. These experiments were performed in the S1 
facial representation (lips, sinus hairs and vibrksae) of 6 adult, dutch-belted rabbits. Very 
brief air puffs (rise and fall times ~ 0.6 ms) were delivered to the receptor periphery via a 
high-speed solenoid valve.

The results show clear evidence of monosynaptic thalamic input to CC neurons of 
intermediate depth (supra- and subthreshold latencies of < 7 ms) . No evidence of 
monosynaptic thalamic input was seen in CF-5 neurons, in CF-6 neurons or in superficial 
CC or C-IC neurons. The minimal latencies of CF-5 neurons was ~ 2 ms greater than 
those of CC neurons that were matched for cortical depth. Supported by NIH grants NS- 
32021 to H.A.S. and EY 10156 to T.P.H.

SOMATOSENSORY CORTEX AND THALAMOCORTICAL RELATIONSHIPS III

52.1
ORGANIZATION OF THE FORELIMB REPRESENTATION IN FERRET 
SOMATOSENSORY CORTEX. D.F.McLaughlin, * R. V. Sonty, J. Collins. N. J. 
Scholnicoff, S.L. Juliano, Anatomy & Cell Biology and Neuroscience, USUHS, 
Bethesda, MD.

Little is known about the topographic and cytoarchitectonic organization of the 
adult ferret somatosensory cortex. To elucidate the organization of the forelimb 
representation, we used neuroanatomical, electrophysiological, and metabolic 
labeling methods. Based on examination of Nissl-stained tissue sections, the 
cytoarchitectonic boundaries aligned along a posteromedial-to-anterolateral axis, 
where area 3a is most rostral, followed caudally by 3b, 1 and 2. Multi-unit 
microelectrode recordings were conducted in animals under halothane anesthesia. 
Skin regions were probed using von Frey hairs or other small-diameter punctate 
implements. Cortical sites activated by cutaneous stimulation of the digits 
segregated into two distinct zones separated by a non-digit representation of the 
paw. The region between the two digit representations is 0.5-lmm in rostrocaudal 
width, and also incorporates an unresponsive zone. In both distinct 
representations, the ulnar aspects of the paw and digits lie medial to radial skin 
sites. Electrophysiological data suggest that the receptive field size may be smaller 
for recordings obtained at the rostral site. Reconstruction of sites marked by 
HRP or fluorescent dye injections during recording sessions reveals that the more 
rostral cutaneous digit representation lies within the cytoarchitectonic boundaries 
of area 3b, whereas the caudal field corresponds to area 1. A third representation 
is also suggested by the electrophysiology. This field lies caudal to area 1, is 
activated by deep pressure, and corresponds to cytoarchitectonic area 2. 
Injections of HRP or fluorescent dye reveal anatomical connections that link these 
three distinct representations. Evidence from 2-deoxyglucose metabolic labeling 
studies involving stimulation of the digits also supports multiple representations. 
Supported by PHS NS24014.

5 2 .2
BRAIN VOLUMES ASSOCIATED WITH PRIMATE HANDS: 
MAGNIFICATION OR COMPRESSION? X-F Wu* and J.T. W all. 
Department o f Anatomy & Neurobiology, Medical College o f Ohio, Toledo, 
OH 43699.

It is commonly stated that the primate brain contains a highly magnified 
representation o f the hand. To assess magnitudes o f magnification, we 
quantified hand and related brain volumes in adult squirrel monkeys, and 
found the following. (1) The volume o f the total hand skin =  1764 mm3, and 
the volume of hand skin innervated by the ulnar nerve =  758 mm3. (2) The 
volume o f the cuneate nucleus as estimated from cytochrome oxidase stained 
sections =  2.43 mm3. As estimated by combined transganglionic labelling of 
the ulnar, median, and radial nerves from the hand, the volume o f the cuneate 
containing terminations from the total hand =  2 .07 mm3. From similar 
labelling o f only the ulnar nerve, the volume o f cuneate containing 
terminations from the ulnar nerve hand territory =  1.08 mm3. Thus, cuneate 
volumes associated with both the total hand and the ulnar nerve hand territory, 
are many (i.e. 852 and 701) times smaller than respective hand volumes. (3) 
The volumes of area 3b cortex representing the total hand and the ulnar nerve 
hand territory are respectively 15.25 and 5 .80  mm3. This indicates there are 
small (about 7 and 5 times) magnifications in volume from cuneate to cortex; 
however, hand cortex volumes are still many (i.e. 116 and 131) times smaller 
than hand skin volumes. Relative to the hand, it appears these brain substrates 
are more accurately characterized as spatially compressed, rather than 
magnified, representations o f the hand. These findings are useful for 
modeling distances involved in brain reorganization after injury o f the hand. 
Supported by NIH Grant NS21105.
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5 2 .3
MAPPING RECEPTIVE FIELDS OF S O M A TO SEN SO R Y CORTICAL  
NEURO NS DURING ACTIVE TOUCH. J.M. Kodger, A.R. Hart, G.E. 
Carvell*and D.J. Simons . Depts. of Physical Therapy and Neurobiology, 
Univ. of Pittsburgh, Pittsburgh, PA 15261

In order to assess the receptive field (RF) organization of neurons in the 
whisker/barrel cortex of behaving rats, we compared neuronal activity 
prior to and immediately following the clipping of different combinations 
of mystacial vibrissae. Blindfolded animals explored a wire-mesh screen 
with their vibrissae to detect the appearance of a probe for a food reward. 
Unit recordings from tungsten microelectrodes were obtained using a 
removable, miniature head-mounted microdrive. Whisking behavior was 
monitored by videotape and electromyographic (EMG) activity from the 
mystacial pad.

To date we have studied unit activity at 9 sites in 7 rats; all recording 
locations were in layers ll-IV. Units were spontaneously active and fired 
in synchrony with whisking but only when the movement produced 
surface contact. Following removal of the principal, or columnar, whisker 
(PW , n=3), contact-induced firing decreased ~15-90%; smaller effects 
were observed for units having initially larger RFs:, i.e .,PW  plus several 
adjacent whiskers (ADJ). With ADJ removal, unit activity remained the 
same (n=1), decreased slightly (n=1) or increased (n=4), in one case by 
as much as 100%. Examination of the videotapes and EMG failed to 
reveal behavioral changes that could account for the findings.

Results are consistent with a dominant role for the PW  in engaging both 
excitatory and inhibitory activity within its column, at least in layers ll-IV. 
In some RFs ADJ excitatory or inhibitory inputs are weak or absent; if 
present, they are effectively negated by concurrent activation of an intact 
PW. In other RFs, adjacent whiskers appear to exert a stronger inhibitory 
than excitatory influence. Supported by NSF IBN9209490 and NIH 
NS19950.

5 2 .5
SOMATOTOPY OF THE ARM IN HUMANS USING FMRI
P. Servos*, J. Zacks. D .E . Rumelhart, & G .H . G lover1. 
Departm ents o f  P sych o logy  and R a d io lo g y 1 Stanford U n iversity , 
Stanford, C A  94305

W e describe a technique for m apping out human  
som atosensory cortex using fM RI. T o produce cortical activation  
w e used an apparatus w h ich stim ulated 10 location s along the 
ventral surface o f  the arm with air puffs. Subjects w ere presented  
with a periodic series o f  m oving air puffs in w h ich  a slid ing  
w indow  o f  5 locations m oved  along the arm in a proxim al-to-distal 
or d istal-to-proxim al direction. Th is approach, in w h ich  the phase- 
delay o f  a stim ulus can be used to m ap out sensory cortex, is 
sim ilar to that used by Engel et al. (Nature 369 :5 2 5 ) for v isu otopy. 
Functional im ages (5 m m  slices) w ere acquired every  1.5 secon ds  
using a conventional 1.5T scanner and a T2* w eigh ted  spiral 
acquisition pulse sequence. The period ic series o f  air puffs created  
local w aves o f  activation that w ere con fin ed  to gray matter (in - 
plane resolutions o f  1 m m 2). Phase delay o f  this activation was 
observed not only in the bank o f  the post-central gyrus (in regions  
adjacent to the central su lcu s) but a lso  in m ore posterior areas 
corresponding to secondary som atosensory regions such as areas 5 
and 7. The use o f  phase inform ation to identify the cortical 
representation o f  different arm regions is d iscu ssed .

5 2 .7
GENERATORS OF THE SOMATIC EVOKED NEUROMAGNETIC FIELDS 
IDENTIFIED BY LOCAL ABLATION OF THE PORCINE CORTEX. 
N.S.Papuashvili* Y.C. Okada and C. Xu. Depts. Neurol. & Physiol., Univ. New 
Mexico Sch. Med., Albuquerque, NM 87131. Inst. Clin. & Exp. Neurol., Depts. 
Neurol. Neurosurg. & Pathophysiol., Tbilisi, 380092, Republ. of Georgia.

The neuronal origin of trigeminal evoked neuromagnetic fields(ENF) was studied 
on 17 juvenile farm swines - Sus scrofa (3-5 weeks in age). To evoke cortical res- 
ponses different sites of the snout was electrically stimulated (0.1ms and 0.8-1.5 
mA) and the resulting somatic ENFs were measured 2-3 mm above the exposed 
intact dura with a 4-channel, high resolution magnetic field sensor. The topo
graphy of the somatic ENFs and single dipole fitting technique were used to esti- 
mate the location of its dominant generators. Epipial and intracortical recordings 
were made in some cases to verify the site of active tissue. The cortical tissue in- 
ferred to be active on the basis of the ENFs was removed by suction and the remai- 
ning ENF was again measured over the cortex. The early ENF component (20-30 
msec) was abolished after ablating the tissue in the primary somatosensory area 
(SI). The active tissue was focal since the suction of a small volume of tissue (typi- 
cally 10mm3) resulted in significant reductions or complete elimination of the early 
component. The ablation affected the ENFs produced by the stimulation of adjacent 
regions of the snout The reduction was larger as the site closer to the area projec- 
ting to the ablated cortical region was stimulated, consistent with the well known 
somatotopic representation of the snout. Some of the later components, however, 
persisted after ablation. Its topography indicated activities in a region anterior to the 
primary area in the axonal gyrus. There were also ENFs with relatively long laten- 
cies(40-50msec) arising from the secondary somatosensory cortex(SII) located lateral 
to the suprasylvian sulcus. The ENFs could be abolished after ablating these non- 
primary areas as well. Using the ablation method we have thus directly demonstrated 
the predominantly cortical origins of ENFs detectable outside the head.

Supported by NINDS-RO1-NS30968. We thank the assistance of Ms. A.Barrios.

5 2 .4
UNMASKING OF IPSILATERAL FACE REPRESENTATION IN PRIMARY 
SOMATOSENSORY CORTEX AFTER LONG- AND SHORT-TERM 
DENERVATION OF THE FORELIMB IN ADULT MONKEY. M. B. Calford*, L.
A. Krubitzer, M. G. P. Rosa, J. C. Clarey, R. Tweedale and J. C. Brinkman1 
Vision, Touch and Hearing Research Centre, The University of Queensland, Qld. 4072, 
and 1Department of Psychology, Australian National University

The representation of the body surface in primary somatosensory cortex provides a 
good model for the study of reorganizational plasticity since its somatotopy can be used 
as a scale for determining change. Here we report the results of an acute 
neurophysiological recording experiment on a single anaesthetized (initially ketamine 
23 mgkg-1hr-1 IM, then pentobarbitone sodium 1.7 mgkg-1h r -1 IV) adult male Macaca 
fascicularis which had one arm amputated (200 mm stump) following an accidental 
traumatic injury 9 years earlier. Using extracellular recording through a tungsten 
microelectrode the receptive fields of multiunits were determined in area 3b contralateral 
to the amputation. The body surface representation in cortex contralateral to the intact 
arm was also determined before and after denervation at a level equivalent to that of the 
amputation. The representational map of the intact forearm, hand and digits extended 10 
mm mediolaterally and covered more than 50 mm2. Contralateral to the long-term 
amputation, in regions expected once to have encoded stimulation of the forearm, hand 
anddigits, neurons were responsive to cutaneous stimulation of the stump, head, cheek, 
chin and lips. There were no sites at which neurons were unresponsive. Split receptive 
fields (e.g. stump and chin) were common (and found to be a single unit property) and 
at many sites neural responses were elicited by stimulation of the chin or lips ipsilateral 
to the recording site; neither of these response properties are found in normal animals. 
These features were also found in cortex contralateral to the acute nerve cuts. The long- 
term effect confirms previous reports of an extensive capacity for reorganizational 
plasticity in monkey somatosensory cortex. The short-term effect shows that most of 
that capacity is demonstrable immediately upon denervation, and must come from 
existing and viable somatotopically-inappropriate connections. The unmasking of 
neural responsiveness to ipsilateral chin and lips is novel and difficult to account for in 
terms of known anatomy. The results are compared to those obtained with acute nerve 
cuts in normal animals.

5 2 .6
TACTILE TRAINING EFFECTS REVEALED BY FUNCTIONAL IMAGING IN 
THE HUMAN CORTEX. F. Spengler*. T. Roberts#. H. Rowley#. X. Wang, B. 
Wright and M. Merzenich. Keck Center, UCSF, San Francisco, CA 94143, # Dept. of 
Radiology, UCSF, San Francisco, CA 94143.

The purpose of this study was to map reorganization in the human cortex induced by 
tactile training. Subjects were trained in a spatial discrimination task in which cross- 
finger vibratory stimuli were applied to the glabrous surface of the proximal and distal 
segments of digits 2-4 of the left hand by two mechanically-driven bars, A and B. The 
detection signal was defined as AA or BB preceded by a random number of AB or BA 
stimuli. The inter-stimulus interval was 300 ms. Before, during and after training a 
measure of absolute localization ability was applied to multiple skin sites on be  
glabrous surfaces of the hands. The neuroanatomical representation of the hand in the 
somatosensory cortex before and during training was revealed by functional magneto- 
resonanceimaging (fMRI) performed on an echo-planar compatible GE SIGNA 1.5T. 
Magnetic source imaging data (MSI) were acquired on a 37-channel SQUID-based 
biomagnetometer (MAGNES, BTi). fMRI and MSI data were obtained during rest 
periods and periods of tactile stimulation of individual finger segments of the left and 
right hand using a balloon diaphragm driven with pulses of compressed air. The fMRI 
data obtained before training revealed significant contralateral activation in the 
primary somatosensory cortex (SI) for right hand stimulation, but not for left hand 
stimulation. After raining, an observed contralateral activation in SI to left hand 
stimulation indicated training-induced neuronal changes which also included 
activation of ipsilateral parietal areas. Activation of prefrontal cortical areas during 
stimulation of the index finger of the trained hand was observed only after training. 
The observation of stimulus-related neuronal activation in prefrontal cortical areas 
indicates cognitive association and imagery of b e  trained discrimination task during 
simple tactile stimulation. These findings, together with the observation that moderate 
improvements in sensory localization are induced by b e  training, support the 
hypothesis of an attentional- and sensory-driven performance in the discriminatory 
task Supported by the Max-Kade Foundation, NIH Grant NS-10414 and HRI.

5 2 .8
RAPID IM AGING OF HUMAN SOM ATOSENSORY EVOKED  
POTENTIALS VIA ADAPTIVE PERSONALIZED FILTERING OF 
MULTISENSOR BRAINWAVE ACTIVITY D R. Cook. B.J .  Schwartz, J,H. 
Mayer and S.C. Steffensen*. Department of Neuropharmacology, Scripps 
Research Institute, La Jolla, CA 92037

An innovative brainwave signal processing strategy promises to greatly 
enhance the rapid classification of sensory, behavioral and cognitive patterns 
of electric and magnetic activity generated within the brain. In this study we 
sought to determine if the magnetic fields generated by dendritic current 
activity in the human somatosensory cortex contain sufficient information 
outside the scalp to accurately identify the presence and timing of individual 
somatosensory touch stimuli to the digits of the hand. We have employed a 
new signal processing method called Rapid Cognition Imaging to categorize 
individual half-second epochs of brainwave data recorded during the delivery 
of air-puff somatosensory stimuli to the right thumb of a human subject. Rapid 
Cognition Imaging involves the creation of personalized space-time-frequency 
filters from the brainwave data itself. These adaptive filters are employed to 
synthesize all simultaneous MEG and/or EEG scalp data streams into a single 
cognitive-state indicator which is designed to reflect the current degree of 
activation of a particular sensory, behavioral, or cognitive state. In this study, 
37-channel MEG data was recorded over the left somatosensory cortex while 
the right thumb was stimulated by 400 air-puffs delivered about one per 
second. The data was divided equally into a training set and a testing set. 
The training set was used to build the adaptive filters. The test set was 
divided into 400 half-second epochs of which 200 contained air-puff stimuli to 
the right thumb. The other 200 epochs were stimulus-free. We have found it 
possible to correctly classify about 90% of the 400 half-second test-epochs 
using adaptive space-time-frequency filters designed from a separate training 
data set.
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5 2 .9
OPTICAL RECORDING OF INTRINSIC SIGNALS: FA ST M APPIN G OF 
COM PLETE CORTICAL REPRESENTA TIONS W ITHIN M IN UTES. B. 
Godde, T. Hilger. T. Seelemann§, H.R. Dinse* Institut fü r N euroinform atik, 
Theoretische Biologie, Ruhr-Universitat Bochum RUB, D-44780 Bochum, 
Germany; §LaVision 2D-M esstechmk, D-37079 Gottingen, G erm any.

Based on electrophysiological mapping studies, using multiple 
microelectrode penetrations and receptive field measurements, maps of 
the rat SI hindpaw representation are characterized by small, low- 
threshold, cutaneous receptive fields, located on single digits, pads or 
parts of the heel, defining a fine-grained topograpnic representation 
over a total cortical surface of about 1 to 2 mm2. Here we report about 
experiments, in which details of representational maps are obtained by 
optical recordings of intrinsic signals in SI of adult rats.

Rats were anaesthetized with Urethane. Detailed electrophysiological 
control was provided by receptive field (RF) mappings or by mapping 
of local field potentials. For optical measurements, we used a La Vision, 
LightStar acquisition system with integrated processing software. 
Acquisition rate was 12.5 Hz (at lower spatial resolution maximal rate 
is 50Hz). Using special averaging methods, data acquisition time for 
one stimulus paradigm can be reduced to 3 minutes. This offers the 
possibility to obtain representational maps of the whole paws, or of 
orientation maps in the visual cortex, in 6-15 minutes, whereas 
electrophysiological mappings would take some hours.

Tactile stimulation of single digits or pads on the hindpaw revealed 
fairly broad distributions of optical signals with a high degree of 
overlap between them. Their main foci, however, could clearly be 
distinguished and separated, revealing an overall distinct map of 
different digits and pads. On the other hand, whole-paw-stimulations 
result in no overlap between representations of the fore- and hindpaw. 
We conclude, that the existence of substantial intrarepresentational 
overlap seems to constitute an important feature of sensory cortical 
maps, which must impose severe constraints on information processing.

SOMATOSENSORY CORTEX AND THALAMOCORTICAL RELATIONSHIPS: BARRELS I

53 .1
EFFECTS OF BACLOFEN AND PHACLOFEN ON RECEPTIVE FIELD 
PROPERTIES OF BARREL NEURONS H.T. Kyriazi*, G.E. Carvell, J.C. 
Brumberg and D.J. Simons. Depts. of Neurobiology and Physical Therapy, Univ. 
of Pittsburgh, Pittsburgh, PA 15261.

Previous studies have demonstrated that microiontophoresis of the GABAa 
receptor antagonist bicuculline methiodide (BMI) onto regular spike units 
(RSUs) in somatosensory cortex results in larger and more broadly focused 
receptive fields, whereas GABA application produces opposite effects. In the 
present study, the GABAb agonist baclofen and antagonist phaclofen were 
microiontophoresed onto barrel RSUs of  fentanyl-sedated rats. The principal 
whisker (PW) and its caudally adjacent neighbor (ADJ) were deflected singly 
or in closely-timed (30 ms) paired combinations, to test effects on excitatory 
receptive field properties and surround inhibition, respectively.

Baclofen and phaclofen were found to have effects similar to GABA and BMI 
in that responses to normally weakly effective stimuli, such as ADJ deflection 
offsets, displayed greater proportional changes than responses to more 
effective stimuli, e.g., PW movement onsets. For example, baclofen, like GABA 
reduced spontaneous activities and ADJ OFF responses to less than 20% of 
their original magnitudes, while having only negligible effects (<10%  diminution) 
on PW ON responses. Similarly, phaclofen, at doses that produced a 100% 
increase in weaker responses, resulted in only a 30-40% increase in PW ON 
responses. Phaclofen reduced ADJ (surround) inhibition, but only by ~ 27%. 
By contrast, BMI readily causes 500% increases in ADJ OFF responses and 
100% increases in PW ON responses, while reducing surround inhibition >60%.

We conclude that GABAa and GABAB receptors both play significant roles in 
shaping barrel RSU responses and in enhancing signal-to-noise ratios, owing 
to the high tonic and phasic activity of inhibitory barrel neurons. GABAA 
inhibition appears to have a greater role in limiting, and thus rendering more 
linear, neuronal responses to strong inputs. Supported by NS19950.

53.3
RELEASE OF GABA IN THE RAT BARREL CORTEX: 
EFFECTS OF A SINGLE WHISKER STIMULATION.
T. Shirokaw a* and T. O gaw a D epartm ent o f  P hysio logy, Akita 
University, S ch ool o f  M edicine, Akita 0 1 0 , Japan.

The som atosensory cortex o f  rodents contains discrete groups o f  
neurons in layer IV, called  barrels, w h ich  are related in a one-to-one  
fashion to ind iv idual whisker. To ex a m in e  the e ffec ts  o f  a single  
whisker stim ulation on the release o f  G A B A , it w as m easured by 
m icrodialysis in the barrel co rtex  o f  urethane a n esth etized  rat. 
Stimulation o f  a s in g le  w h isk er, E 1, led  to a m arked increase ( 8 0 ±  
56%, n=8) in G A B A  release at the corresponding barrel, in w h ich  the 
dialysis probe (diam . 2 2 0 μ m ) w as im planted. S in ce  this increase in 
G ABA release evok ed  by the w h isk er stim ulation w as suppressed in 
the presence o f  l 0 μ M  T T X , it is  su g g ested  that the increase arises 
from activity-dependent release at the barrel. In order to exam ine the 
interaction o f  G A B A  release betw een  adjacent barrels, G A B A  sam ples 
were collected from the adjacent tw o barrels, E 1 and E2, using  a pair 
of probes. Stim ulation o f  E l w h isk er not on ly  increased the G A BA  
release at the E 1 barrel, but a lso  decreased  the basal lev e l at the 
neighboring E 2 barrel. Perfu sion  o f  l 0 μ M TT X  into the E 1 barrel 
decreased the basal level o f  G A B A  at the E 1 barrel, on the other hand, 
it increased the basal level at the E2 barrel. Th ese results su ggest that 
GABAergic neurons are in volved  in the interbarrel inhibition in the rat 
somatosensory cortex.

5 3 .2
EFFECT OF REPEATED COCAINE ADMINISTRATION ON SENSORY 
SIGNAL PROCESSING OF RAT VIBRISSAE INFORMATION J. J. 
Rutter*. E.M. Gould, and B.D. Waterhouse. Dept. Anatomy 
and Neurobiology, MCPHU., Philadelphia, PA 19102-1192.

Previous studies from this laboratory have shown that 
acutely administered systemic cocaine, alters the central 
processing of afferent signals from the rat mystacial 
vibrissae. In the present study, we have begun to explore 
the ability of repeated cocaine administration (10 
mg/kg/day x 10 days) to alter extracellular response 
properties of whisker-related neurons in the ventral 
posterior medial thalamus (VPM) and the S1 cortex (S1). 
To this end, extracellular responses to mechanical 
displacement of individual whiskers on the contralateral 
face were recorded from single units in S1 cortex or VPM 
thalamus of halothane-anesthetized rats. Chronic 
cocaine treatment significantly reduced the spontaneous 
activity of cells in the S1 cortex (5.25 Hz, n=13) when 
compared to the saline-injected controls (13.00 Hz, n=8) . 
Furthermore, in cocaine-treated rats the magnitude of 
stimulus-evoked activity was increased in S1 cortex (13.3 
%, n=8) and VPM thalamus (11.7 %, n=14) relative to 
controls. In combination these effects on spontaneous and 
evoked activity would increase the signal to noise ratio 
of sensory responses in chronically treated animals. Such 
changes in cell responsiveness could, in part, underlie 
the behavioral sensitization observed following chronic 
cocaine. The present findings are in keeping with our 
previous observations that acute cocaine in naive animals 
transiently lowers the response threshold of cortical 
neurons to vibrissae stimulation. Thus, our present data 
supports the notion that repeated cocaine administration 
produces qualitatively similar, but more persistent, 
changes in sensory signal processing. NIDA DA 05117.

5 3 .4
FUNCTIONAL RELATIONSHIPS BETWEEN CORTICAL COLUMNS IN THE 
VIBRISSAL AREA OF THE RAT.
M  F. Diamond*1 and G. Biella2 ,3 1Dept. of Biomedical Sciences, University of Udine 
I-33100 Udine, ITALY, 2Istituto di Neuroscienze e Biommagini, CNR, 3VI Chair of 
Neurology, Univ. of Milan, ITALY.

Experiments were carried out to examine the functional relationships between 
neurons in different columns of rat barrel cortex. Rats were anesthetized with urethane 
and arrays of metal electrodes were inserted at an angle perpendicular to the cortical 
surface. Multiple channels were recorded simultaneously, and individual neurons were 
discriminated on-line in each channel. Individual vibrissae were deflected with a 
computer-controlled piezoelectric stimulator. Cross-correlational analysis of the spike 
trains of pairs of neurons suggested many different kinds of functional relationships. 
Neuron pairs recorded from the same column (that is, with the same "principal" 
whisker) had highly correlated activity, and the peak in the mutual cross-correlation 
histogram was below 10 ms. Neuron pairs in different columns that corrisponded to the 
same row of whiskers (Cl and C2, for example) usually exhibited positive correlations, 
with greater time-lags than for neurons in the same column. On the other hand, neuron 
pairs in different columns, that corrisponded to different rows of wiskers (Cl and Dl, 
for example), often exhibited negative correlations at short post-stimulus latencies, 
suggesting an inhibitory influence in their relationship. The relationship between a 
given neuron pair (excitatory or inhibitory) usually did not vary as a function of the 
whisker stimulated. Nor did the relationship between neuron pairs change (in a 
qualitative sense) as the electrodes were advanced or withdrawn through the cortical 
layers. The data are consistent with the idea that cortical columns tend to have 
characteristic influence on one another, and that influence is consistent for neurons in 
different layers.
(Supported by Consiglio Nazionale delle Ricerche and Whitehall Foudation)
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5 3 .5
DETECTING WHISKER CONTACTS DURING ACTIVE TOUCH. D. Goldreich*. 
M.K. Kelly. G.E. Carvell, and D. J. Simons. Depts. of Physical Therapy & 
Neurobiology, Univ. of Pittsburgh, PA 15261

We are developing a method for routinely monitoring contact of vibrissae with 
textured surfaces. The technique, similar to one described previously (Fee et al., 
Neurosd. Abstr. 19:766,1993), involves detecting the closure of an electric circuit 
consisting of a low-level current source, a conductive whisker, and a metal 
surface that the animal palpates with its whiskers. Under halothane-anesthesia, 
an insulated wire is tunneled subcutaneously from a connector on the animal's 
head to protrude from the skin near the base of a whisker. On the day of 
recording, rats are briefly anesthetized, and a whisker is fitted with a 0.001" 
platinum wire. In the present form of the technique, the wire is first coiled around 
a 29 ga. stainless steel tube, into which the whisker is easily inserted. Upon 
withdrawal of the tube, the coil is stretched taut around the whisker and attached 
with quick-drying conductive paint to the uninsulated end of the subcutaneous 
wire. The other end of the coil is similarly attached to the distal end of the whisker. 
15-30 turns of the wire produce adequate coverage of the vibrissa, and we are 
presently determining how this might affect the hair’s resonant frequency. During 
behavioral training, animals are acclimated to wearing an Orthoplast appliance 
which serves as a blindfold and as a barrier to forepaw contact with the face 
during grooming.

Animals search a wire-mesh screen with their whiskers to detect the appearance 
of a probe for a food reward. The behavior is videotaped, and circuit closure 
during whisker contact is recorded. An L.E.D. mounted in the camera’s field of 
view provides an online visual signal of the contacts.

Experiments are in progress to generate inter-contact interval (ICI) histograms, 
and peri-contact time histograms (PCTHs) from trigeminal ganglion and cortical 
neurons recorded using different textured screens. This technique provides a 
means to distinguish independently surface contacts generated by several 
neighboring whiskers during natural tactile behaviors. Supported by NSF 
IBN9209490 and NIH NS19950.

5 3 .7
INHIBITORY G RADIENTS AND SPATIAL SUM M ATION IN 
BARREL CORTEX. J.C. Brumberg' .D.J Pinto, D.J. Simons. Depts. 
of Neurobiology and Mathematics/Statistics, Univ. of Pittsburgh, 
Pittsburgh, PA 15261.

Single unit recordings were obtained from barrel neurons using 
glass micropipettes in fentanyl-sedated adult rats. Inhibitory 
interactions among nearby vibrissae were quantitatively studied by 
displacing the principal whisker (PW ) using a ramp-and-hold 
deflection while simultaneously vibrating up to four of its immediately 
adjacent neighbors (AW) using a 'pink' noise conditioning stimulus. 
Inhibitory effects of A W  vibration are more effective in suppressing 
weaker PW  responses. For example, as the number of vibrated 
AW s increases, the angular tuning of the P W  response becomes 
more pronounced, and ON-to-OFF response ratios become larger. 
These results are consistent with the known effects of GABA 
application on to barrel neurons. The amount of inhibition of the PW  
response also depends upon which AW  is vibrated. The caudal AW  
evokes more inhibition than the rostral AW , and the ventral more 
than the dorsal. The combined effects of multiple A W  vibration can 
be predicted from the inhibitory effect of each of the whiskers alone. 
The findings indicate the receptive field size of barrel neurons 
depends not only on how many and which vibrissae are engaged by 
peripheral stimuli, but also on the position of these vibrissae relative 
to the PW. Additional experiments are being conducted in the 
thalamic barreloids to assess the origin of these phenomena. 
Supported by NIH NS19950 and NSF IBN9421380.

5 3 .9
VIBRISSAL FUNCTIONAL REPRESENTATIONS IN ADULT RATS: AN 
INTRINSIC SIGNAL OPTICAL IMAGING STUDY. C. H. Chen* and R.
D. Frostig. Dept. of Psychobiology, University of California, Irvine, 92717.

Characterization of a peripheral organ's cortical representation is 
fundamental for the progress of issues related to functional organization, 
functional reorganization (plasticity) and interhemispheric functional 
asymmetry at the cerebral level. We exploited the unique advantages 
offered by the rodent whisker-to-barrel system and intrinsic signal optical 
imaging to characterize the bilateral functional representations of a single 
whisker, or vibrissa, in barrel cortex.

Employing the thinned skull preparation developed by Masino et al. 
(PNAS, 90:9998-10002, 1993), we assessed both the left and the right 
vibrissa D1 functional representations in each of ten adult male Sprague- 
Dawley rats. The mean areal extent was 1.77 mm2, suggesting that a 
single vibrissal functional representation spanned across adjacent 
vibrissa anatomical representations. The rats in this study exhibited a 
broad range of variability away from the mean areal extent. The degree 
of asymmetry between the left and the right functional representations 
varied across animals and this interhemispheric functional asymmetry 
was not systematic in favor of either hemisphere. In addition, an 
individual rat’s preferred side (left or right) for thigmotactic scanning, a 
typical rodent behavior consisting of continuous whisker contact with wall 
surfaces during locomotion, was not a strong predictor of which of its 
hemispheres contained the larger vibrissal functional representation. 
These results suggest that a large degree of variability exists across adult 
rats in terms of the functional organization in barrel cortex as well as in 
terms of interhemispheric functional asymmetry. Supported by the NIH 
grant MH-50362 and Institutional NRSAT32 MH 14599.

5 3 .6
A POPULATION RESPONSE MODEL OF BARREL CIRCUITRY. D.J Pinto .
J.C. Brumbero. D. J. Simons*and G.B. Ermentrout. Depts. of Mathematics and 
Neurobiology, Univ. of Pittsburgh, Pittsburgh, PA, 15261.

We have derived a reduced model of the simulated barrel network described 
by Kyriazi and Simons (J.Neurosci, 13:1601-1615, 1993) in order to apply 
mathematical analytical techniques to the model's operations and to render it 
computationally tractable for expansion in the spatial domain. Starting with the 
100 integral equations of the 100 neuron K&S model and the parameter values 
used in it, the network was transformed into two differential equations 
representing an excitatory and an inhibitory neuronal population. The resulting 
equations were subsequently found to be similar to the Wilson/Cowan equations 
(Biophys.J., 12:1-24, 1972), which to date have been used for qualitative 
analyses of network behavior. As in the original K&S study, the model was 
activated by pre-recorded neural activity obtained from thalamic 'barreloid' 
neurons in response to whisker stimuli. The model produces output in the form 
of two population PSTHs, one corresponding to activity of spiny (excitatory) 
barrel neurons and the other corresponding to that of smooth (inhibitory) barrel 
neurons. Results were compared quantitatively to PSTHs from 
electrophysiologically studied regular-spike (RSU) and fast-spike (FSU) 
neurons, respectively. In response to principal whisker (PW) deflections, PSTHs 
from the simulated populations displayed the more vigorous spontaneous and 
stimulus-evoked responses of FSUs, relative to those of RSUs. The model 
produced appropriately sized ON and OFF responses as well as the differences 
in ON-to-OFF ratios observed for RSUs and FSUs. These findings indicate that 
the reduced model captures important operational features of network function 
that spatially and temporally transform the incoming thalamic signals. The 
equations provide an original quantitative measure of the time course of 
neuronal network activity, called synaptic drive, which takes into account the 
history of both pre- and postsynaptic activities within each neuron population. 
Supported by NIH NS19950, NSF IBN9421380, and NSF-9303706.

5 3 .8
IN T R IN S IC -S IG N A L  O P T IC A L  IM A G IN G  O F S O M A TO S EN SO R Y  
CORTEX BEFORE A N D  AFTER PA TTER N ED  STIM U LA TIO N  OF RAT 
V IB R IS S A E  C h risto p h e r I. Moore*. Bhavin R. Sheth and  M riganka Sur, 
D ep t. of Brain and Cognitive Sciences, MIT, C am bridge, M A, 02139.

Experim ents in the som atosensory  and visual system s prov ide evidence 
th a t the  o rg an iza tio n  of p rim a ry  sen so ry  co rtex  can  be dynam ically  
a ltered. Extracellular record ing  s tud ies suggest th at selective stim ulation 
of a region of the perip h ery  (D iam ond et al., 1994: D elacour et al., 1987), 
a n d /o r  the concurrent absence o r rem oval of periphera l inpu t (Pettet and 
G ilbert, 1992) can, in a m atte r  of m inu tes o r ho u rs, alter single cortical 
receptive fields. Less is know n abou t how  pa tte rned  sensory stim ulation 
alters responses of neuronal popu lations in cortex. Therefore, we are using 
in trin s ic -s ig n al o p tica l im ag ing  of v ib rissa -b a rre l cortex  in u rethane- 
anaesthetized  rats to exam ine this issue.

After im aging 3 vibrissae from  the sam e barrel-row , one of the following 
stim ula tion  p a rad ig m s w as used: 1) no stim u la tio n  of the vibrissae; 2) 
s tim u la tio n  of one of the im aged  v ib rissa  w ith  a p a ir  of deflections 
sep ara ted  by 200m sec (2sec ISI b e tw een  p a irs  o f deflections); or, 3) 
stim ulation  of tw o of the im aged vibrissae, w ith  deflection of one vibrissa 
fo llow ed 200m sec la te r by d eflection  o f the  second v ib rissa  (2sec ISI 
betw een pairs  of deflections). Each stim u lu s  cond ition  lasted 8.5 hours. 
F ollow ing s tim ula tion , the u n stim u la ted  v ib rissae in cond itions 2 and 3 
(i.e., those v ibrissae w hose neighbors w ere stim ula ted  for 8.5 hrs), evoked 
s ig n ifican tly  less co rtica l ac tiv ity  th an  the "contro l" u n s tim u la te d  
v ibrissae in cond ition  1 (i.e., those v ibrissae th at are  w ith o u t stim ulation 
for 8.5 hrs) (unpaired  t-test; p < 0.05: n = 3 anim als). These results suggest 
d y n am ic  re g u la tio n  o f co rtica l ac tiv ity  m ap s  fo llo w in g  p a tte rn e d  
periphera l stim ulation . Supported by NIH grant EY07023 to M. Sur

5 3 .1 0
OPTICAL IMAGING OF INTEGRATED NEURAL ACTIVITIES IN RAT 
BARREL CORTEX IN RESPONSE TO MULTI-WHISKER STIMULATION.
I.Takashima* and T.lijima, Molecular and Cellular Neuroscience Sect., 
Electrotechnical Lab., 1-1-4 Umezono, Tsukuba, Ibaraki, 305, Japan

An important function of the rat barrel cortex is thought to integrate 
sensory information arising from individual vibrissae on the contralateral face. 
We focused on this issue by means of an optical recording technique using a 
voltage sensitive dye (RH-795). Halothane-anesthetised male Wistar rats 
were used, and the optical signal was recorded from an area of 4mm x 4mm 
in the barrel cortex (frame rate 1.2msec, 64 x 64 pixels). Stimulus was a 
paired deflection of two whiskers, applying a single 0 8mm displacement 
(1.2msec rise time) to each whisker.

After the deflection of a single whisker, a transient neural excitation 
appeared in the corresponding principal barrel, which invaded subsequently 
to the neighboring barrels. The excitatory responses were followed by long- 
lasting inhibitory responses in those barrels and also in the barrels 
surrounding them. When two whiskers were deflected simultaneously, the 
spatio-temporal pattern of neural activity appeared in the barrel cortex was 
almost identical with the summation of the pattern of the individual response 
to each whisker. When two whiskers were deflected sequentially with a 
certain time interval, the spatio-temporal pattern of the neural activity was 
largely altered, influenced by the order of the deflection of the two whiskers 
and by the time interval between the deflections. The obtained spatio- 
temporal pattern in this case, however, was also fit approximately to the 
spatio-temporal summation of individual pattern at single whisker stimulation. 
Thus, the results showed that the order of the whisker stimulation and the 
time interval between the stimulations were apparently represented as the 
difference of spatio-temporal pattern of neural activities in the barrel cortex.
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53.11
K m X TS OK WHISKER COACTIVATION REVEALED BY 
SIMULTANEOUS SINGLE UNIT RECORDINGS IN RAT BARREL 
CORTEX. M. C. Kwon* and R. D. Fiosing. Department of Psychobiology, 
Unive rsity of California. Irvine. CA 9271 7 .

The aim of this study was to find whether differences exist in neuronal response 
characteristics and interactions for single and simultaneous whisker activations 
either within a row or within an arc. We used intrinsic signal optical imaging to 
guide precisely microelectrodes to the centers of whisker representations in the rat 
barrel cortex. Images of functional representations of C l, C2, C3, B2, and D2 
whiskers were obtained from nine nembutal anaesthetized rats. Next, simultaneous 
recordings were obtained from two whisker representations either within a row or 
an arc from adjacent (e.g.. C 1-(C2 or B2-C2) and noil-adjacent (e.g., C1-C3 or B2- 
D21 whisker pairs. Three types of stimuli were delivered: a single deflection of one 
whisker, simultaneous deflection of both whiskers. and no deflection. The stimulus 
was a single 100 ms duration 0.5 mm rostrocaudal deflection 15 mm from the snout. 
Peristimulus histograms of 194 neurons and cross-correlograms of 174 neurons 
were calculated. In relation to the principal whisker, a significant increase (p<0.01) 
in latency to peak response was found in adjacent and non-adjacent whisker 
representations within a row. whereas within an arc an increase was found only in 
non-adjacent whisker activation. Common inputs were predominant in the cross- 
correlograms. and the widths of their peaks at half height were calculated. Without 
stimulus, a significant increase (p<0.0l ) was seen between adjacent and non- 
adjaceni whiskers within a row. When a stimulus was applied to one of the 
whiskers, the increase was abolished within the row. but appeared between adjacent 
and lion-adjacent w hiskers within the arc. Finally, simultaneous deflections of both 
whiskers abolished all differences. Our results demonstrate that responses and 
interactions between neurons in barrel cortex depend on single or simultaneous 
activation of whiskers and on the relative positions of activated whiskers. Supported 
by NIH MH-50362.

5 3 .1 2
NEURONAL COMPOSITION IN BARREL CORTEX: A COMPARATIVE 
STUDY IN RAT AND THE BRUSH-TAILED POSSUM (Trichosurus 
vulpecula). G. Elston. M. Spitzer* and M. Calford. Vision, Touch & Hearing 
Research Centre, The University of Q ueensland, Qld. 4072 AUSTRALIA 

Cortical m odules called 'barrels ' have been docum ented in layer IV of the 
prim ary  som atosensory cortex of the rat and the phylogenetically  rem ote 
m arsupial brush-tailed possum . To date, no study has com pared  neuronal 
composition in barrel subfields w ithin or betw een the two species. The aims 
of the present study w ere twofold: Firstly, to establish if there was any 
difference in neuronal com position betw een the two m ajor barrel subfields 
w ithin each species, and secondly, to establish if there w as any difference 
in neuronal com position betw een analogous barrel subfields in the two 
species. N eurons in fixed cortical slices w ere iontophoretically  injected 
w ith  the n a p h th a lam id e  tracer Lucifer Yellow. The tissue w as then 
im m unohistologically processed to reveal a visible DAB reaction product. 
Individual neurons were identified and categorized according to the barrel 
subfield in w hich their soma was located. Striking differences in neuronal 
com position  w ere found  be tw een  the p o ste ro -m ed ia l b a rre l subfield  
(PMBSF) and the an tero-la teral barrel subfield (ALBSF) in the rat. For 
example, m odified pyram idal neurons com prised  71% of neurons in the 
barrels of the PMBSF, and only 36% of neurons in the barrels of the ALBSF. 
Similarly, there were striking differences in neuronal com position betw een 
analogous barrel subfields in the two species. Sm ooth m ultipolar neurons 
comprised 8% of neurons in the barrels of rat PMBSF and 62% of neurons in 
the barrels of the m axillo-ophthalm ic barrel subfield in the possum . These 
resu lts d em onstrate  great variab ility  in n eurona l com position  betw een 
barrel subfields w ithin a species, and betw een analogous barrel subfields in 
different species. Furtherm ore, p roportions of neuronal types differ from 
those prev iously  rep o rted  in rat PMBSF in s tud ies  u tiliz ing  the Golgi 
technique.

53.13
PONTINE PROJECTIONS FROM THE POSTERO-MEDIAL BARREL 
SUBFIELD OF RATS. I. Kralj-Hans, B. Mercier and M. Glickstein*, Dept. 
Anatomy & Developmental Biology, University College London, Gower S t, 
London WC1E 6BT, UK

The cortical representation of the mystacial vibrissae in the rat, the 
posteromedial barrel subfield (PM BSF), projects to several subcortical 
targets. Some of these projections are feedback to structures which are 
in the somatosensory afferent pathway; some are involved in the sensory 
guidance of movement. W e studied corticopontine projections from the 
PMBSF as part of a combined anatomical and behavioral study of the role 
of cortical efferents to the cerebellum in the sensory control of movement. 
Do individual barrel columns project to one or more terminal patches in 
the pontine nuclei, and is there a somatotopic organization to the 
projections? In rats there are three distinct and independent patches of 
efferent terminals from the face area within the pontine nuclei (G.A.
Mihailoff et al. 1985). Two of these receive their input only from the 
ipsilateral somatosensory cortex. Projections to the third, most medial 
patch, are bilateral. Pontine projections arise only from cells in cortical 
layer Vb (B. Mercier et al. 1989). W e studied the pontine targets of 
individual barrel columns within the PM BSF using small iontophoretic 
injections of Phaseolus vulgaris leucoagglutinin (PHA-L) which included 
lamina Vb. Results to date demonstrate that most barrel columns project 
only to a single terminal patch in the pontine nuclei, and that there is a 
distinct shape and orientation of their terminal fields. The most common 
target is the ventral peduncular nucleus. The bilateral projection to the 
medial pons seems to arise solely from the most anterior barrel columns 
in rows C, D and E.

5 3 .1 4
NITRIC OXIDE SYNTHASE BARRELS IN RAT SOMATOSENSORY
CORTEX.J.G .  Franca. R .L.S., Oliveira and E. V o lchan*. Lab.
Neurobiologia II, Instituto de Biofisica Carlos Chagas Filho, 
Universidade Federal do Rio de Janeiro, CCS, Bloco G, llha do Fundão, 
2 1 9 4 1 -9 0 0  Rio de Janeiro, RJ, Brazil.

Layer IV of primary somatosensory area (S 1 ) of rodents presents 
multicellular units called barrels. They can be identified w ith different 
techniques (e.g., Nissl staining, cytochrome oxidase or succinate 
dehydrogenase histochemistry). In the present work, NADPH 
diaphorase, a putative marker for NOS, was histochemically revealed 
on tangential sections from rat neocortex to provide information about 
the distribution of this enzyme in S 1 . W e found NADPH diaphorase- 
positive barrels in all 3 (three) hemispheres tested (2 animals). The 
barrels are recognized as patches where the neuropil is most reactive. 
Each barrel is separated from each other by a less labeled neuropil. 
Many NADPH diaphorase-positive neurons are seen along the sections, 
but very few  cells are found in the barrel field. These cells have an 
asymmetric distribution. For example, in the representation of anterior 
snout and PMBSF of one hemisphere w e found 6 cells inside barrels 
and 30  cells in interbarrel region. Other 9 cells were in the border of 
barrels. This is the first demonstration that NADPH diaphorase can be 
used as a marker for barrels in S1. The labeling pattern is very similar 
to that obtained by use of metabolic markers such as cytochrome 
oxidase (Melzer, P. et al., Eur. J. Neurosci. 5 :1 6 3 8 , 1 99 3 ). This 
suggests that the neuronal nitric oxide system in S1 might be coupled 
with brain activity.
Supported by: FINEP,CNPq, CEPG/UFRJ

53.15

HISTOCHEMICAL LOCALIZATION OF ZINC-CONTAINING NEURONS IN 
RAT SOMATOSENSORY BARREL CORTEX. P. W. Land*. Dept. of 
Neurobiology, University of Pittsburgh Sch. of Med., Pittsburgh, PA 15261.

Chelatable zinc is associated with the synaptic vesicles of a subpopulation 
of glutamatergic terminals in the mammalian telencephalon. The rat 
somatosensory cortex (SI) contains an extensive network of zinc-containing 
terminals that exhibit a striking inter- and intralaminar pattern of distribution. 
In the present study, we used a modification of the Danscher method 
(Slomianka et al., Neurosci., 38: 843-854) to identify histochemically neurons 
of origin of these terminals and to examine their spatial relationship to 
cortical barrels representing mystacial vibrissae.

Rat SI contains two prominent tiers of zinc-sequestering (Zn+) neurons.
The majority of Zn+ neurons are found in laminae II and III, where they 
constitute a substantial proportion of all neurons. Zn+ neurons, most of 
which are pyramidal in shape, are distributed rather uniformly throughout 
laminae ll/lll. There Is, however, a distinct band of intensely labeled 
multipolar cells in upper lamina II. A second, sparser population of Zn+ 
neurons is observed in lower lamina VI, with scattered cells occurring in the 
upper portion of this lamina. Labeled cells in lamina VI include small 
pyramidal and other multipolar neurons. Laminae I, IV and V are virtually 
free of zinc-sequestering neurons, as is the ventrobasal thalamus.

The distribution of Zn+ neurons does not exhibit a conspicuous relationship 
to cortical barrels or barrel columns. This contrasts with the distinctive 
distribution of Zn+ terminals in SI. The restricted localization of Zn+ neurons 
and the dense, heterogeneous nature of their axon terminations indicate that 
this chemically specified neuronal population may have a unique role in 
intracortical processing of vibrissa-related inputs.
(Supported by grant BNS 9110731 from the National Science Foundation.)

5 3 .1 6

INTRACORTICAL PROJECTIONS A N D  BIOPHYSICAL  
PROPERTIES OF PYRAM IDAL CELLS IN RAT BARREL CORTEX.
J. Gottlieb*. D. Weintraub and A. K eller. Dept. Anatom y & C ell B io logy  
and Program in N euroscience, U S U H S, Bethesda, M D 20814  

The biophysical and morphological properties of pyramidal neurons in the rat 
postero-medial-barrel-subfield (PMBSF) were examined using intracellular 
recording and biocytin injection in tissue slices cut at an angle appropriate for 
viewing barrel rows. Neurons located in layers II/ III had their richest axonal 
arbors within these layers, and often also projected to layer V, but had virtually 
no projections to layers IV or VI. In contrast, neurons in layers V and VI 
projected to layers III and IV in addition to their extensive horizontal projections 
within layers V-VI. Axonal arbors o f both supragranular and infragranular cells 
extended across 2-6 barrel columns, and showed the greatest horizontal spread 
within the layer containing their cell body. However, whereas the density of 
projection of supragranular neurons decreased sharply outside the parent barrel 
column, infragranular neurons often had comparable densities of axonal 
branches in 2-3 adjacent barrel columns. Apical dendrites of supragranular 
neurons spanned layers I-III, and their basal dendrites terminated above layer IV. 
With one exception, apical dendrites of infragranular neurons terminated in 
layers II-V. Dendritic trees of all neurons were contained in one or two adjacent 
barrel columns and showed no polarization relative to barrel architecture. All 
but one neuron (n=24) were regular-spiking cells that showed variable degrees 
o f adaptation in response to long (500 ms) depolarizing current injections. 
Although supragranular neurons tended to show less adaptation than 
infragranular ones, no significant differences were found between the 
physiological parameters o f neurons in different layers. One bursting neuron 
was located in layer V and had an apical dendrite reaching and arborizing in layer 
I. These results demonstrate that pyramidal neurons in different layers of the rat 
PMBSF form characteristic intracortical projections which may provide the 
substrate for extensive and specific intracortical integration of vibrissal inputs. 
Supported by PHS:NIH grant #NS31078.
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53 .1 7
HORIZONTAL INHIBITORY A N D  EXCITATORY CONNECTIONS  
WITHIN THE M OUSE BARREL CORTEX. V .A . Aroniadou*, D. 
Weintraub and A. Keller. Dept. Anatomy & Cell B io logy and Program in 
Neuroscience, U SU H S, Bethesda, M D 20814  

The organization of intrinsic excitatory and inhibitory connections within the 
mouse somatosensory cortex was studied by combining tract-tracing and 
immunocytochemical techniques. Iontophoretic injections o f HRP (20% in 
saline via 30μm OD pipettes; 4 μ A for 10 minutes) or pressure injections of 
rhodamine-labeled latex microspheres (“beads”, 45 nl through 30 μm  pipettes) 
were made into layer IV, into the supragranular, or into the infragranular layers 
of the posteriomedial barrel subfield (PMBSF, the whisker representation area). 
Aldehyde-fixed horizontal sections through the PMBSF were processed for 
GABA immunocytochemistry and to reveal retrogradely-labeled cells. 
Following HRP or bead injections (injection size 50 to 150 μm in diameter) into 
either the supragranular or infragranular layers, numerous cells were retrogradely 
labeled within a vertical column centered on the injection site. In addition, 
retrogradely labeled cells were found >3 mm horizontal to the injection sites, 
within the PMBSF, in other regions of the barrel cortex and other cortical 
structures. Within the PMBSF, these intrinsic horizontal pathways were 
oriented preferentially along barrel rows, and were formed mainly by cells in 
supragranular and infragranular layers; cells in the layer IV barrels did not 
contribute significantly to these pathways. Double-labeling experiments were 
used to identify the population of inhibitory, GABAergic cells forming intrinsic 
horizontal connections. Double-labeled cells were found predominantly within a 
200 pm radius horizontal to the injections site. These findings indicate that 
intrinsic inhibitory pathways in the PMBSF cortex do not provide a substrate for 
direct inhibitory interactions among barrel columns, and that intercolumnar 
interactions are primarily excitatory. Thus, inhibitory interactions between barrel 
columns are mediated by horizontal, excitatory inputs to inhibitory cells, which 
than  in h ib it  c e l l s  w ith in  th e ir  p a r e n t columns. 
Supported by PHS:NIH grant #N S31078.
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5 4 .1
NEONATAL WHISKER REMOVAL ALTERS ENCODING OF TACTILE 
INFORMATION IN THE RAT VPM THALAMUS. L.A. Baccala*1. J.K. Chapin2. 
and M.A.L. Nicolelis3. 1Dept. Electrical Eng., University of Pennsylvania, 2Dept. 
of Anatomy and Neurobiology, MCP-Hahnemann University, and 3Dept. of 
Neurobiology, Duke University Medical Center.

Neonatal whisker removal in rats induces a profound plastic 
reorganization in the ventral posterior medial (VPM) nucleus of the thalamus, 
characterized by the emergence of very large receptive fields (RFs) that often 
span the entire face as well as the neck, shoulder, and the forepaw. It is unclear 
how this plastic reorganization affects the encoding of stimulus location in the 
VPM on a trial-by-trial basis. To address this issue, simultaneous recordings of 
up to 20 VPM neurons were obtained in both normal (n=4) and neonatally 
deafferented (n=4) adult rats during stimulation of individual whiskers or other 
skin sites. Canonical correlation analysis (CCA) and discriminant analysis (DA) 
were then applied to these data sets to derive population codes for stimulus 
location. In normal animals, population codes correctly predicted the location of 
the stimulus in 89% to 92% of the trials. Short and long-latency components of 
the neuronal responses were required for the successful prediction of a given 
trial. Moreover, given the relatively homogenous contribution of each VPM 
neuron to the population response, removal of any one neuron from the 
ensemble degraded only slightly the prediction. In neonatally deafferented rats, 
however, successful prediction of stimulus location (face vs. body) was reduced 
considerably, varying from 40% to 85%. Short-latency components played a 
less important role in predicting stimulus location. Unlike normal animals, 
removal of a given neuron reduced considerably the prediction. Based on these 
results, we propose that deafferented rats may experience the same referred 
sensations and difficulties in locating tactile stimuli that have been previously 
described in amputees. Supported by NIH DE-11121-01.

5 4 .3
DISTRIBUTED PROCESSING OF TACTILE INFORMATION BY MULTIPLE 
CORTICAL AREAS IN THE RAT. A. A. Ghazanfar*, B. Faggin. and M. A. L. 
Nicolelis. Dept. Neurobiology, Box 3209, Duke University Medical Center, 
Durham, NC 27710.

As in other mammals, processing of tactile information in rats involves 
interactions between large populations of neurons distributed across multiple 
cortical fields. Nevertheless, it is largely unknown how ensembles of neurons 
within the primary somatosensory cortex (SI) process tactile information and 
how these ensembles interact with other cortical fields. Anterograde tracing 
studies combined with simultaneous many-single neuron recordings were used 
to elucidate the connectivity and functional interactions mediated by these 
intracortical circuits. Small injections of dextran rhodamine in the barrel fields 
demonstrated that SI neurons project to the secondary somatosensory cortex 
(SII) and to the more lateral parietal ventral (PV) area. Reciprocal connections 
between SI and the primary motor cortex (Ml) were also observed. Ensemble 
recordings in behaving animals demonstrated that SI neurons can exhibit a high 
degree of synchronous firing. In addition, phase-relations between pairs of 
neurons could vary over time. SI neurons had large, multi-whisker receptive 
fields, and stimulation of an entire row of whiskers elicited a greater response 
magnitude than stimulation of any one whisker. Stimulation of different whiskers 
evoked unique secondary long-latency responses in SI, ranging from 20 to 70 
ms. The same SI neurons could display episodic synchrony with Ml and the 
contralateral SI cortex. Multiwhisker receptive fields were also observed in Ml. 
These results suggest that tactile perception in rats involves both distributed 
processing of multiwhisker information and dynamic recruitment of large cortical 
ensembles.
Supported by NIH DE-11121-01 and the Whitehall Foundation.

5 4 .2
BEYOND THE BARRELS: THE ANATOMICAL AND FUNCTIONAL 
ORGANIZATION OF CORTICOFUGAL PROJECTIONS IN THE RAT 
SOMATOSENSORY SYSTEM. S. Casal, B. Carswell. L. M. Oliveira, and M. A.
L. Nicolelis*. Dept. Neurobiology, Box 3209, Duke University Medical Center, 
Durham, NC 27710

Although corticofugal projections to thalamic and brainstem structures 
are conspicuous, little is known about their role in sensory information 
processing. Here, we investigated the connectivity and physiological 
contributions of descending projections, originating from different cortical fields, 
to multiple subcortical relays of the rat somatosensory system. Injections of 
fluorescent anterograde tracers in the primary (SI) and secondary (Sll) 
somatosensory, and primary motor (Ml) cortices revealed that SI neurons 
project primarily to the ventral posterior medial (VPM) nucleus and secondarily 
to the posterior medial (POm) nucleus of the dorsal thalamus. POm also 
receives most of the Ml projections and more Sll projections than the VPM. In 
addition, projections from SI and Ml, but not Sll, terminate in well-defined 
patches in the intermediary layers of the superior colliculus (SC). Chronic 
simultaneous recordings of neuronal ensembles in the thalamus and superior 
colliculus were then used to assess the possible functional roles of these 
projections in both anesthetized and freely behaving conditions. VPM and POm 
neurons exhibit multiple long-latency components following whisker stimulation. 
Moreover, POm neurons have motor responses during head and whisker 
movements. SC neurons that fire during head movements also display short 
and long-latency responses to stimulation of multiple whiskers. The relative 
magnitude and time lag between these responses varied according to the 
whisker stimulated. Thus, we propose that cortical feedback projections may be 
required for the definition of a temporal representation of space in the thalamus 
and brainstem. Supported by NIH: DE-11121-01 and the Whitehall Foundation.

5 4 .4
SYNAPTIC PHYSIOLOGY AND MEMBRANE PROPERTIES OF DEVELOPING 
NEURONS IN BARREL CORTEX OF VIBRISSAE-DEPRIVED RATS. A. Ajima*.
M.A. Castro-Alamancos and B. W. Connors. Department of Neuroscience, Brown 
University, Providence, RI 02912.

Long-term sensory deprivation can cause widespread functional reorganization of 
neocortex. However, there have been very few studies of the biophysical properties of 
neocortical neurons following deprivation. In this study we deprived the primary 
somatosensory (barrel) cortex of rats by chronically plucking the vibrissae on one side of 
the face, beginning on the day of birth (P0). We developed a slice preparation that 
allows us to visually identify the rows of barrels in a living slice in vitro. Whole-cell 
recordings were obtained from biocytin-stained pyramidal neurons in upper layers, and 
synaptic responses were evoked by electrical stimulation of layer 4 under various 
pharmacological conditions, neurons of deprived and nondeprived hemispheres, from 
ages P8 to P20, were compared. Input resistance fell and resting potential increased 
with maturation, but there were no significant differences between deprived and control 
neurons. Intrinsic repetitive firing was tested over a range of stimulus currents; the 
threshold current for firing increased with age, but deprivation had no effect. Compared 
with control cortex, deprived cortex had significantly more neurons whose repetitive 
firing adapted completely during prolonged current stimuli. Excitatory synaptic 
responses (EPSPs) in the youngest animals were prolonged, and their duration decreased 
during the second postnatal week. Neurons in deprived cortex tended to have shorter 
EPSPs and larger IPSPs than those in control cortex. Induction of long-term 
potentiation (LTP) was tested in older animals deprived from birth, using a theta-burst 
stimulation protocol in paired control and deprived hemispheres. Deprived cortex 
generated significantly larger and more frequent LTP than nondeprived cortex. Our 
results indicate that long-term deprivation may change both intrinsic neuronal 
characteristics and synaptic properties in neocortex.

Supported by HFSP LT-668/94 and the NIH.
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5 4 .5
THE EFFECT OF VIBRISSAE DEPRIVATION ON FOLLICLE INNERVATION 
AND BARREL CORTEX PLASTICITY. Li. X. Glazewski. S. Lin. X. Elde. R. 
Fox. K*. Dept. Physiol..Cell Biology and Neuroanatomy, University o f 
Minnesota, MN 55455

Vibrissae deprivation causes plasticity in barrel cortex (Fox (1992) J. Neurosci. 
9:1128) attributable to changes in synaptic transmission within the cortex (Fox 
(1994) ibid 14:7665). This method of deprivation is most likely to cause plasticity 
by altering the balance of primary afferent activity from the deprived and spared 
vibrissae, but in order to test whether plasticity could possibly be caused by nerve 
injury we studied nerves innervating follicles that had undergone repeated vibrissae 
removal. Damage to vibrissae nerves at P0 leads to reduction in the number of 
axons surviving to later life. Therefore, myelinated and unmyelinated axon numbers 
were counted from electronmicrographs of normal follicles and vibrissae follicles 
deprived from P0 to 5-13 weeks. No differences were found between control (195 ± 
24; 69 ±  18) and deprived follicle nerves (200 ±  13; 61 ±  31). Nerves purposely 
damaged by cauterization at P28 showed abnormalities in axonal mitochondria and 
myelination 2-5 mm distal to the point where the nerve enters the follicle (57% 
abnormal myelinated nerves after 10 days survival). No such changes were found in 
nerves innervating vibrissae deprived follicles. Purposely damaged nerve cell bodies 
also showed increased levels of neuropeptide Y and galanin expression in the 
trigeminal ganglion 3 and 10 days after injury, that could be detected by in situ 
hybridization (approximately 80% of axons affected). No changes in peptide mRNA 
levels were detected in nerves innnervating deprived follicles. Therefore, results 
using all 3 methods unanimously imply that vibrissae deprivation does not cause 
follicle nerve damage. Consistent with this notion, trimming all but one vibrissa 
was as effective at inducing plasticity as removing all but one vibrissae from the 
follicle (weighted vibrissae dominance index, WVDI = 0.49 ±0 .1  and 0.55 ± 0 .2  
respectively) compared with controls (WVDI = 0.19 ±  0.1). Therefore, not only can 
cortical plasticity not be explained by nerve damage, but it can be explained by 
changes in the relative activity of afferent pathways. Supported by NS27759 (KF).

54 .7
E F F E C T S  O F  A C E T Y L C H O L I N E  D E P L E T I O N  IN  T H E  
R A T  B A R R E L  C O R T E X . R. S a ch d ev * . S .-M . Lu. R. G.
W ilev† and F. F. Ebner. Institute for D evelop m en tal N euroscience, 
Kennedy Center, Vanderbilt U n iversity , &  † Dept. o f  N eurology, 
VA M C N ashville , T N  37203 .

A cetylcholine has been reported to influence the function o f  
barrel cortex in several w ays: iontophoresis o f  acety l-ch olin e alters 
receptive field properties and injections o f  the m uscarinic antagonist 
atropine into rat barrel cortex blocks the associative up-regulation o f  
weak w hisker inputs. M ost cortical cholinergic  innervation arises 
from the nucleus basalis (N B M ). T o assess  the role o f  the N B M  
inputs in cortical plasticity, cholinergic fibers w ere elim inated using  
an im m unotoxin sp ecific for these fibers: a m onoclonal antibody to 
the low  affinity nerve growth factor receptor, IgG  192, linked to the 
cytotoxin saporin. This receptor is present on the cholinergic  
terminals which leads to the destruction o f  the N B M  cells.
Intracortical injection o f  the toxin (1 μ l o f  either 1.4 or 7 .0  μ g/m l) 
produced more effective depletions than topical application to the 
intact dura (30-60  m  in D M SO ). A C hE stained fibers w ere nearly 
absent three w eeks fo llow in g  the cortical injections, in contrast to the 
normal pattern in w hich the septa are stained m ore heavily  than the 
barrels. A nim als w ere prepared for sin g le  unit recording under 
urethane anesthesia 3 w eek s after intracortical injections o f  the 
immunotoxin. W hen the N B M  fibers are elim inated cortical receptive  
fields becom e sm aller and the effect on  plasticity is currently being  
quantified. (Supported by N S -2 5 9 0 7 -0 6  to F. Ebner).

54 .9

T H E  I N F L U E N C E  O F  E A R L Y  W H I S K E R  S E N S O R Y  
D E P R IV A T IO N  O N  C O R T I C A L  P L A S T I C I T Y  IN  T H E  
A D U L T  R A T . W . H uang*. F. F. Ebner D e p t . o f  P sy c h o lo g y  
and In stitu te  for D e v e lo p m e n ta l  N e u r o s c ie n c e , V a n d erb ilt  
University, N ash v ille , T N  3 7203

In adult rat SI barrel cortex , it has b een  sh ow n that neurons in 
the D2 barrel co lu m n d ev e lo p  a s ign ifican t bias in their receptive  
field (RF) responses after trim m ing all but tw o  w hiskers on one side  
o f the face: the ‘p r in c ip a l’ w h isk er , D 2 , and o n e  o f  its row  
neighbors ( ‘surround’ w h iskers D1 or D 3) are left intact (term ed as 
whisker pairing or W P ). T o  d eterm in e i f  th is k ind  o f  cortica l 
plasticity is in flu en ced  by early sen sory ex p er ien ce , w e  produced  
sensory deprivation in neonatal rats by cutting  all w h iskers on the 
right side o f  the fa ce  from  the day o f  birth (P -0 ) to P -3 0 . The  
whiskers then w ere a llow ed  to regrow  for 7 - 12 w eek s before W P  
on the sam e side o f  the face for 3 days. T he resp onse properties o f  
neurons in the contralateral SI barrel cortex  w ere assa y ed  w ith  
extracellu lar s in g le -u n it  reco rd in g . R e sp o n se s  to co n tro lled  
m ovem ents o f  the D 2  and surround w h iskers D l ,  D 3 , C 2 and E2  
were co llected  from  neurons in the supragranular layers, layer IV  
and the infragranular layers o f  the D 2  barrel co lu m n. In contrast to 
normal-reared anim als, there w as no sign ificant bias produced in the 
RF o f  the sensory deprived anim als after 3 d ays o f  W P. a period  
when sign ificant R F shift toward the intact w h isker has occured  in 
the D2 barrel colu m n o f  norm al an im als. T h ese resu lts su ggest that 
30 days o f  early sen sory  d eprivation  h ave a p ro lon ged  n egative  
impact on adult cortica l p lastic ity , (supported by N IH  grant N S -  
25907)

5 4 .6
ROLE O F ACETYLCHOLINE IN EX PERIEN CE-D EPEN D EN T 
PLASTICITY IN TH E SOM ATOSENSORY CORTEX O F TH E RAT.
K. A. B ask e rv ille* 1, N.R. H e a s to n 1. J .  B. S c h w e itz e r2 , a n d  P. 
H e r ro n 1. D ep ts . o f A n a to m y  a n d  N eu ro b io lo g y 1 a n d  P a th o lo g y 2 , 
T h e  Univ. of T e n n e sse e , M em p h is , Col. o f M edicine, M em p h is , TN 
3 8 1 6 3 .

W e in v es tig a te d  th e  effe c ts  o f d e p le tio n  o f c h o lin e rg ic  in p u ts  
from  th e  n u c le u s  b a s a l is  of M ey n ert (NBM) o n  e x p e rien ce - 
d e p e n d e n t  p la s tic ity  in  th e  s o m a to s e n s o ry  c o rte x  (SI) o f y o u n g  
ra ts .  P la s tic ity  w a s  e lic ited  u s in g  a  w h is k e r  p a ir in g  p a ra d ig m . All 
w h is k e rs ,  ex cep t w h is k e rs  D 2 a n d  D 3, w ere  tr im m e d  daily . 
C h o lin erg ic  n e u ro n s  in  th e  NBM w ere  se lec tiv e ly  les io n ed  w ith  
in tr a v e n tr ic u la r  in je c tio n s  o f a n  im m u n o to x in , 192 Ig G -sap o rin . 
E x tra c e llu la r  re c o rd in g s  w ere  m a d e  fro m  s in g le  n e u ro n s  in  b a rre l  
D 2. P la s tic ity  w a s  m e a s u re d  a s  a n  in c re a se  in  th e  m ag n itu d e  of 
ev oked  ac tiv ity  to  s tim u la tio n  o f w h isk e r  D 2 a n d  th e  ra tio  of 
evoked  ac tiv ity  for s tim u la tio n  o f p a ire d  w h is k e r  D 3 a n d  c u t  
w h is k e r  D l .  L esio n s  of ch o lin e rg ic  n e u ro n s  in  th e  NBM w ere 
verified  u s in g  ChA T im m u n o c y to c h e m is try .

T h e  r e s u l ts  sh o w ed  th a t  e x p e r ie n c e -d e p e n d e n t  p la s tic ity  w a s  
s ig n ifican tly  red u c e d  in  c h o lin e rg ic -d e p le te d  a n im a ls . C o m p ared  
to  a  6 0 -1 0 0 %  in c re a se  in  th e  D 3 /D 1  ra t io  o f evoked  ac tiv ity  for 
co n tro l a n im a ls ,  ch o lin e rg ic -d e p le te d  r a t s  sh o w e d  n o  s ig n ifican t 
in c re a se  in  th e  D 3 /D 1  ra t io  (0-15% ) a f te r  u n d e rg o in g  th e  w h isk e r  
t r im m in g  p a ra d ig m . S im ila rly , th e  m a g n itu d e  o f evoked  ac tiv ity  
to  s t im u la tio n  o f w h isk e r  D 2 in c re a se d  1 6-100%  in  c o n tro ls  
c o m p a re d  to  0 -2 0 %  in  ch o lin e rg ic -d e p le te d  a n im a ls .

T h is  s tu d y  sh o w e d  th a t  ace ty lch o lin e  in p u t  to  SI m ay  b e  one 
n e c e s s a ry  fac to r  for e x p e rie n c e -d e p e n d e n t  p la s tic ity . (S u p p o rte d  
b y  g r a n ts  AG 12 7 9 5 -0 1 , P R G -9 4 -1 5 2 , a n d  N S 2 5 1 2 2 .)

5 4 .8
DEVELOPMENT AND PLASTICITY OF LOCAL INTRACORTICAL 
PROJECTIONS WITHIN THE VIBRISSAE REPRESENTATION OF THE RAT’S 
PRIMARY SOMATOSENSORY CORTEX. N.L. Chiaia,* C.A. Bennett-Clarke, 
B. Hoeflinger, H .P. Killackey , R.W. Rhoades. Dept. of Anatomy and 
Neurobiology, Medical College of Ohio, Toledo OH 43699 and Dept. of 
Psychobiology. University of California, Irvine CA 92717

Labelling with Di-A was used to assess the development of projections within 
the primary somatosensory cortex (S-I) of rats aged between postnatal day (P-2) 
and P-20. Di-I was used in these same animals to label thalamocortical afferents. 
A vibrissae-related pattern of Di-A-labelled cells and fibers largely restricted to the 
septa regions was visible in animals killed on P-4 and all later ages. Tracing with 
biotinylated dextran amine (BDA) was used to assess intra-S-I projections of adult 
rats that sustained transection of the infraorbital nerve (ION) at P-0 or P-7, or 
implantation of slow-release tetrodotoxin- (TTX) impregnated polymer chips over 
the cortex from P-0 until the time of the anatomical experiment. Rats that 
sustained ION transection on P-7 or had TTX implants had normal patterns of 
projections within S-I. In lamina IV, both labelled fibers and cells were restricted 
for the most part to the septa regions between the barrels. In the rats that sustained 
ION transection on P-0, there was no organization related to the barrels. These 
results indicate that the vibrissae-related pattern of intracortical projections within 
S-I develops shortly after birth and that two manipulations that alter cortical 
activity, but not the patterning of thalamocortical afferents, have no qualitative 
effect on these connections. In contrast, altered thalamocortical development 
associated with neonatal ION transection profoundly alters patterning of 
intracortical connections.

Supported by DE 08971, NS 28888, and DE 07734.

5 4 .1 0
CORTICAL PLASTICITY AS ASSESSED WITH INTRINSIC SIGNAL 
IMAGING IN RAT BARREL CORTEX. S.A. Masino* and R.D. Frostig. Dept. 
of Psychobiology. University of California, Irvine, CA 92717-4550.

We have developed intrinsic signal imaging (ISI) as a tool to quantify 
characteristics of the functional representation of a single whisker in rat barrel cortex 
(Masino et at.. PNAS, 90: 9998-10002, 1993). In the present study we have 
quantified adult cortical plasticity consequent to whisker plucking during 
development.

Starting from birth (P0 ). 4 male rats were anesthetized every other day and all 
whiskers on the right snout (except C2) were removed by plucking as soon as they 
were visible under a dissecting microscope. Plucking throughout post-natal 
development has been shown to cause functional changes (as assessed by 
electrophysiological recordings) but not anatomical changes (as assessed by 
cytochrome oxidase staining) when examined in the adult rat (Fox, K„ J. Neurosci., 
12: 1826-1838, 1992). In the present study, plucking continued until P30 when the 
areal extent of the functional representation of whisker C’2 was assessed in both 
hemispheres using ISI. The average areal extent of the C2 representation was 
quantified by measuring the area at half-height. Quantification applied to both 
cortical hemispheres showed that in every rat the areal extent of the C2 
representation contralateral to - and thus corresponding to - the plucked side was 
significantly smaller (p < .05) than the areal extent of the C2 representation in the 
ipsilateral hemisphere. In general, removal of sensory input causes an expansion of 
the representation of the remaining sensory apparatus in the cortex. Thus our finding 
of a decreased areal extent of the remaining whisker is unexpected. Two non
exclusive possibilities lor this result ;ue: 1. chronic plucking of surrounding whiskers 
provided those follicles with an advantage in terms of activity-dependent competition 
for cortical territory: and 2. throughout development the rats preferentially scanned 
with the intact side of the snout, and thus the single C2 whisker on the plucked snout 
did not receive adequate sensory stimulation to claim its normal amount of cortical 
territory. Experiments evaluating these two possibilities are currently ongoing. 
Supported by NIH grant MH-50362.
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5 4 .1 1
W ID ESPREAD 2DG LABELING IN BA RREL C O R TE X  
FO LLOW ING NEONATAL FO L L IC L E  ABLATIONS SPARING FEW  
W HISK ERS- A 2D G /IM M U N O STA IN IN G  STUDY. J.S. McCasland*
Dept. o f Anatomy, SUNY HSC at Syracuse. Syracuse, NY 13210.

Local connections within barrel cortex are dramatically attenuated following 
neonatal lesion of the infraorbital nerve supplying whisker inputs (McCasland et al., 
PNAS ’92), suggesting that normal growth of such connections is activity-dependent. 
Single-unit recordings from animals whose whiskers were trimmed as neonates 
(Simons and Land, Nature '87) or adults (Diamond et al., Science ’94) show enlarged 
receptive fields and an overall loss of inhibition in deprived columns. Previous 2DG 
studies have come to seemingly contradictory conclusions about plasticity in the 
barrel field following sensory deprivation. Hand and colleagues showed expansion of 
a column labeled by stimulation of only the C3 whisker following neonatal ablation 
of all other follicles. Conversely, Durham and Woolsey ablated one or two rows of 
follicles in neonates and saw little evidence for labeling of deprived whisker columns.

Using high-resolution 2DG/GAD double labeling, we reexamined the issue of 
metabolic activation following neonatal follicle ablation. Hamster pups had all 
follicles except 2-4 in Row C ablated on postnatal day 7. These animals were 
administered 2-3 mCi 3H 2DG IP as adults and allowed to explore a fresh empty cage. 
Autoradiograms from these animals showed widespread activation of the entire barrel 
field (all large whisker columns). The gradient of 2DG label seen with comparable 
acute deprivation was noticeably absent. The pattern of GAD staining, unlike the 
pattern of 2DG labeling, showed a patch of high density corresponding to the spared 
whisker columns.

These results suggest a large scale synaptic reorganization of barrel cortex with 
selective deprivation, and lead to several testable hypotheses. Our preliminary 
analysis suggests that the normal trend toward heavy 2DG labeling in GAD+ neurons 
is attenuated after chronic deprivation. These data can be reconciled with those of 
prior studies by positing that the degree of synaptic rearrangement is roughly 
proportional to the degree of disruption of whisker inputs. Supported by NIH grant 
NS31829.

5 4 .1 2
NEURONS WITHIN INDIVIDUAL DIGIT BARREL BANDS IN THE FOREPAW 
BARREL SUBFIELD (FBS) IN RAT SI SEND DENDRITES TO NEIGHBORING 
BARREL BANDS WHICH SUGGESTS AN ANATOMICAL SUBSTRATE FOR 
IMMEDIATE CORTICAL REORGANIZATION: AN IN-VIVO INTRACELLULAR 
RECORDING AND LABELING S T UDY. C.X . Li* , R.S. Waters. Dept. of 
Anatomy and Neurobiology, UT, Memphis, Col. of Medicine, Memphis, TN 38163.

Immediately following digit three (D3) deafferentation in adult rats, neurons within 
the D3 barrel band in SI become responsive to input from D2, D4, and D3 stump. The 
temporal nature of this phenomenon suggests that the anatomical substrate for 
immediate cortical reorganization is already in place. We describe results of in-vivo 
intracellular recordings of neurons in layers III, IV, V, and VI of somatosensory cortex 
(SI) that were studied physiologically and anatomically.

Adult rats were anesthetized with Nembutal, head was stabilized, skull was opened 
over SI, dura was removed, and cortex was covered with warmed silicon fluid. Carbon 
fiber electrodes were used to record receptive field(s) of neurons following mechanical 
and electrical stimulation of the digit and a map of the digit representation was 
generated. Following mapping, an intracellular electrode filled with 2M K acetate and 
1% biocytin was used to impale neurons at selected sites within the map. Supra and 
subthreshold receptive fields, response latency and physiological characteristics of the 
neuron were measured. The neuron was filled with biocytin and later reconstructed. 
The following results were obtained:
1. Pyramidal and non-pyramidal neurons in layers III-VI of SI could be driven 

by peripheral mechanical and electrical stimulation of the forepaw.
2. Clear differences in response latencies were observed in the different layers.
3. In all cases where neurons were evoked outside layer IV, their apical or basal 

dendrites were observed coursing through layer IV barrels.
4. Dendrites of neurons within the D3 barrel band were observed to project 

to neighboring barrel bands. (Supported by NSF Grant IBN-9400318)

5 4 .1 3
DIGIT REMOVAL PRIOR TO POSTNATAL DAY 5 (PND-5) RESULTS IN A 
MATCH BETWEEN THE MORPHOLOGICAL REORGANIZATION OF THE 
FOREPAW BARREL SUBFIELD (FBS) AND THE REPRESENTATION OF THE 
FOREPAW IN NEONATAL RAT. C.A. McCandlish*, C.X. Li, E.M. Howard, E.J. 
Johnson, and R.S. Waters. Dept. of Anatomy and Neurobiology, UT, Memphis, Col. 
of Medicine, Memphis, TN 38163.

The organization of barrels within the FBS in newborn and adult rats is related to 
the physiological representation of punctate regions of the forepaw. Furthermore, 
single digit deafferentation in adulthood results in a mismatch between the structural and 
functional representation of the digits, whereby the morphological organization of the 
FBS is normal; however individual barrels formerly serving the deafferented digit are 
now responsive to input from neighboring digits. In the present report, one or two 
digits were removed within the critical period for normal FBS development, or prior to 
PND-5, and the rats were physiologically mapped one month later. Results suggest a 
match between cortical structure and function in the critical period deafferents.

Neonatal rats underwent either removal of digit 3 (D3) or D3 and D4 on PND-3.
One month later deafferented (and age-matchcd controls) rats were anesthetized with 
Nembutal and carbon fiber electrodes were used to map the digit representation in the 
FBS following mechanical stimulation. The resulting map was defined as the 
physiological map. Following mapping, rats were sacrificed, brains removed, 
hemispheres flattened and sectioned tangential(120mm) to the cortical surface. Sections 
were processed for cytochrome oxidase to produce a morphological map. Physiological 
and morphological maps were then compared to normals.

Results:
1. Barrels formerly served by D3/D4 arc restructured along their transverse septae.
2. Neighboring intact digits expand within the deafferented cortical barrel bands.
3. The expanded physiological map appears to correlate with the reorganized 

morphological map. (Supported by NSF Grant IBN-9400318)

VISUAL PSYCHOPHYSICS AND BEHAVIOR I

5 5 .1
D IS T A N C E  E S T IM A T IO N  IN M A L E  A N D  F E M A L E  H O O D E D  
R A T S . P . Seym oure*,  E E. R obinson. S Jethani. and J. M. Juraska. 
D ep t. o f  P sych ology, University o f  Illinois, Champaign, IL 61820 .

S ex  d ifferen ces in the anatom y o f  the rat visual cortex (R eid &  
Juraska, 1992; Seym oure & Juraska, 1992) have inspired us to  exam ine  
sex differences in rat visual abilities. W e are n ow  investigating sex  
differences in distance estim ation in Lon g-E vans rats. It is know n that 
m ale rats increase the number o f  their vertical head m ovem ents and 
improve their landing accuracy as they gain experience in jum ping across  
randomly presented gap distances betw een elevated platforms. H ow ever  
these variables are sensitive to  both the location and the rem oval o f  highly  
textured  depth cu es (L eg g  & Lambert, B eh  Brain R e s . 4 1 : 11-20, 
1990). Using their procedure, w e  are testin g 8 litterm ate pairs o f  young  
adult m ale and fem ale rats that have been trained to  jum p a gap up to  
40cm  A high contrast checkerboard depth cue is available at a stationary 
distance (6 7 .5 cm ) for 4  pairs and in a m ovable position directly behind 
the landing platform  for the other 4  pairs. During 15 test days, each rat 
is presented with 15 randomly ordered gap distances/day that range from  
2 0 -4 0 cm  in 5cm  increm ents. On days 16 and 17, the rats perform  their 
jumps without the checkerboard depth cue. V ideotape records and inked  
paw prints are being analyzed to  examine the role o f  head m ovem ents and 
landing accuracy, with and without the textured depth cue, in rats o f  both  
sexes. Supported by N S F -IB N  9 3 1 0 9 4 5 .

5 5 .2
FACTORS AFFECTING THE JUDGMENT OF HEADING AND 3D OBJECT 
MOTION C. S. Royden*. and E. C. Hildreth. Department of Computer Science, 
Wellesley College, Wellesley, MA.

As people move about the world, objects often move within their field of view. 
Frequently, people must make judgments about the 3D motion of objects in their 
view while judging their own heading. We asked how well people could judge their 
heading when paying attention to the 3D motion of a moving object and vice versa. 
We further examined the spatial and temporal factors that affect these judgments. 
We used a computer controlled display of random dots to simulate observer motion 
toward a predominantly stationary scene that contained one moving object (8.1 x 
8.1 deg). At the end of each motion display, subjects performed two tasks: they 
positioned a cursor on the screen to indicate their perceived heading and indicated 
with a button press whether the object was moving in depth (and expanding) or not. 
In separate experiments, observers were instructed to attend to only one of the two 
tasks. To examine the need for spatial and temporal integration, we varied the 
duration of the trials and the visual extent of the stationary scene.

For a stimulus duration of 0.4 sec and a field size of 30 x 30 deg, observers 
judged their heading quite well whether or not they were attending to this task. 
When the duration was decreased to 0.2 sec, observers judged heading well when 
attending to heading, but their performance on heading judgments deteriorated when 
attending to the moving object. For a field size of 8x8 deg, there was little 
difference in heading accuracy when the observers attended to object motion as 
opposed to heading. In all conditions, observers performed the 3-D object motion 
task well when they attended to this task, but their accuracy decreased dramatically 
when they attended to the heading task. These results show that people maintain an 
ability to judge their heading accurately even when paying attention to an object 
moving in their visual field. This ability requires more temporal integration than 
when observers are paying attention to their heading. In contrast, judgment of the 
3D motion of an object requires focused attention on this task.
Supported by NSF grant SBR-930126
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55.3
ACCURATE VISUAL HEA D IN G  ESTIM ATION AT H IG H  ROTATION 
RATE W ITHOUT OCULOM OTOR OR STATIC-DEPTH CUES. Leland S, 
Stone*% and lohn A. P erro n eA. %NASA A m es Research C enter, M offett 
Field, CA 94035-1000L & AU niversity  of W aikato, H am ilton , N ew  Zealand.

It has been claim ed that e ither oculom otor (Royden et al., 1992) or static- 
depth cues (van den  Berg, 1992) p ro v id e  the signals ab o u t self-ro tation  
necessary for accurate  h e a d in g  es tim atio n  from  flow  fie lds co n ta in in g  
rotation above ~ l° /s .  W e tested  this hypothesis  by s im ula ting  self-m otion 
along a curved path  w ith  the eyes fixed in the head  ( ± 1 6 °/s  of rotation). 
Curvilinear m otion offers tw o advantages: 1) h ead ing  rem ains constant in 
retinotopic coordinates, and  2) there is no visual-oculom otor conflict (both 
actual and sim ulated eye position  rem ain stationary). We sim ulated  400 ms 
of rotation com bined w ith  16 m /s  of transla tion  at fixed angles w ith  respect 
to gaze tow ards tw o vertical p lanes of random  do ts in itially  12 and  24 m 
away, with a field of view  of 45°. Four subjects w ere asked  to fixate a 
central cross and to respond w hether they w ere transla ta ting  to the left or 
right of straight-ahead  gaze. From  the psychom etric  curves, head in g  bias 
(mean) and precision (sem i-interquartile) w ere derived. The m ean bias over 
2-5 runs was 3.0, 4.0, -2.0, -0.4° for the first au th o r and  three naive subjects, 
respectively (positive indicating  tow ards the ro tation  direction). The m ean 
precision was 2.0, 1.9, 3.1, 1.6°, respectively . The ability  of observers to 
make relatively accurate and  precise head in g  judgm ents, d esp ite  the large 
rotational flow  c o m p o n en t, re fu te s  the  v iew  th a t ex tra -f lo w -fie ld  
information is n e c e s s a ry  for h u m an  v isua l h ead in g  es tim atio n  at h igh  
rotation rates. O u r re su lts  su p p o rt  m o d els  th a t  p ro cess  co m b in ed  
tran sla tio n a l/ro ta tio n a l flow to e s tim a te  h e a d in g , b u t sh o u ld  n o t be 
construed to suggest that other cues do not play an im portan t role w hen they 
are available to the observer. N A SA  RTOP 199-16-12-37 and NAGW -4127

55.5
HUMAN P E R C E PT IO N  OF ST R U C T U R E  FR O M  M O T IO N  
USING TR A N SPA R EN T AND N O N -T R A N S P A R E N T  ST IM 
ULI G. Chang1, M. Sahani1 & R. A. Andersen1’2*. Com putation and 
Neural Systems & 2Div. of Biology, Caltech 216-76, Pasadena, CA 
91125.

The recovery of the three-dimensional structure of an object from 
the relative motion of its parts in a two-dimensional projection defines 
the structure from motion (SFM) problem. In a previous study we 
found that lesioning area MT in a rhesus monkey produced a deficit in 
its ability to perceive SFM. It is also known that MT neurons are sub
stantially suppressed under transparent motion conditions. We wished 
to determine if the ability to perceive SFM is more difficult for transpar
ent than for non-transparent objects; such a result would lend further 
support towards MT playing a role in SFM analysis. Random-dot dis
plays representing rotating cylinders with various amounts of structure 
were used for the stimuli. A completely structured stimulus consisted of 
a set of points which varied as a sinusoidal function of their horizontal 
location on the screen, with the points at the center moving fastest, 
and the points at the edges moving slowest. A completely unstructured 
stimulus was generated by computing the velocities of the points as de
scribed above, but then assigning the velocities to random positions on 
the screen. In a two-alternative- forced-choice paradigm, a subject was 
asked to choose which of two cylinders had more structure, where the 
amount of structure varied between 10% and 100%. The cylinders were 
either transparent, such that the subject could view both surfaces, or 
non-transparent, such that the subject could view only the front surface.
It was found that the subject had considerably lower thresholds for the 
non-transparent stimulus (single surface). This suggests that area MT 
may play a role in determining SFM since MT cells are substantially 
suppressed in transparent motion conditions.

55.7
MODEL FOR M O N O C U L A R  ST ER E O PSIS IN A N IM A L S W ITH  
MULTIPLE-PUPIL EYES. D avid  G. Jon es*. M cM aster U niversity, 
Dept of Computer Scien ce, H am ilton, O ntario, C A N A D A  L 8S 4K1 

Although most vertebrate ey es  fo llo w  the sam e basic  plan, different 
species have adaptations that m ay support specia l visual capabilities. 
The shape o f the pupil, for exam p le, is often a c ircle or a slit, but som e  
species have an iris adapted to create m ultiple pupils. I have investigated  
whether this adaptation could be used to provide a m onocular sen se o f  
depth, especially in a lateral-eyed anim al w here binocular stereopsis is 
necessarily poor. W hen an eye  has m ultiple pupils, each  y ield s a slightly  
different view o f the scene. U n like binocular stereopsis, w here the v iew s  
of a scene can be analyzed separately, the v iew s  from  m ultiple pupils in 
the same eye are superim posed, so  that con ven tion al binocular stereo v i
sion processing does not apply. Still, the local d isp lacem en t betw een  
corresponding points in these v iew s is related to their d istance from  the 
viewer. This depth cue provides the basis for a new  paradigm  for depth 
perception — monocular stereopsis. The form ation o f  the com p osite  im 
age can be modelled as an echo p rocess, w here the depth o f  a point in 
the scene is directly related to the spatial delay  o f  its visual echo. For a 
lateral-eyed animal, an iris with m ultiple pupils and neural analysis o f  
the visual echo it creates may serve as a specia l adaptation that provides  
an accurate perception o f  depth. This w ou ld  a llow  a lateral-eyed animal 
to remain still while hunting for prey.

5 5 .4
SPEED D ISCRIM IN ATION : M ULTIPLE STIM ULI APPEAR BETTER THAN  
ONE. Preeti Verghese* and Leland S. Stone. NASA Ames Research Center, 
Moffett Field, CA 94035-1000.

W e reported that for a 2IFC task with multiple moving grating patches 
(Gabors) in each interval, thresholds for speed discrimination decreased 
with the number of patches, while increasing the area of a single grating 
produced no such effect (Verghese & Stone, Vis. Res. '95). Furthermore, 
this decrease occurred regardless of the spacing of the patches about a 
circle of eccentricity 4°, i.e., whether they were maximally separated or 
almost touching. These results suggest that it is the multiple, discrete grating 
patches that cause thresholds to decrease, rather than the spatial 
arrangement. To test this hypothesis, we measured the effect of dividing a 
large grating into four quadrants, by superimposing a mean-luminance cross 
on it. The mean speed discrimination thresholds (Weber Fractions) for four 
observers were 19, 15, and 11+2%, for the single large grating, the grating 
with cross, and the 4 maximally-separated, small gratings, respectively. 
Thus, breaking up a single large grating into multiple parts caused thresholds 
to improve, despite the fact that less of the original patch was visible. To 
investigate the possible contribution of total bounding contour length, we 
measured the effect of coalescing three small grating patches into a single 
banana-shaped patch, while keeping the total contour length constant. These 
two conditions were compared to a single, circular Gabor patch of 
equivalent area that had (necessarily) a smaller contour length. Preliminary 
data from 3 of 4 observers were similar for the small-grating and banana 
configurations, but increased for the single, large grating, suggesting that 
contour length might play a role. W e are also investigating the role of low- 
level factors pertinent to the large grating, such as the pooling of signals from 
motion units at different eccentricities, and the stimulation of extended 
inhibitory motion surrounds, as well as the possible contribution of top- 
down influences that segment the stimulus into distinct objects. NRC  
Associateship to PV and NASA RTOP 199-16-12-37 to LS.

5 5 .6
N E U R A L  M O D E L  OF R IV A L R Y  B E T W E E N  O C C L U SIO N  
A N D  D ISP A R IT Y  D E PT H  SIG N A L S. K. F. A rrington*. 
M assachusetts Institute o f  T echnology, Cam bridge, M A  0 2 1 3 9  
Stereo cells fall into tuned disparity populations (eg . Zero, Near, 
Far). H ere it is conjectured that T-junction hypercom plex cells fall 
into tuned depth-relationship populations based on the depth tuing 
o f  the orthogonal com p lex cells that they sam ple for their respective  
post and lintel position s. T he resu ltin g T-junction  popu lations  
w ou ld  com prise: {N ear lintel, Far p o st}  =  O cclu sion , and (Far 
lintel, Near post} = Transparency. The case (Z ero  lintel, Zero post} 
does not seem  to  create a strong abutm ent percept, but rather is 
heavily biased tow ard an occ lu sio n  percept. A rrington & Held  
(1 9 9 5 )  m easured h ow  rate and duty c y c le  o f  perceived  depth  
oscillation s vary as stereo  disparity increasingly  o p p o ses  the 
occlusion  cue. H ere a neural netw ork circuit including a reciprocal 
inhibition oscillator is designed to test the above conjecture. The 
ability o f  the neural network to m odel the psychophysical data is 
demonstrated.

Arrington K & Held R (1 9 9 5 ). A rvo Abstracts.

5 5 .8
PARAFOVEAL SUPPRESSION OF VISUAL RECOGNITION  
AND CONTRAST SENSITIVITY FUNCTIONS FOR  
ARTIFICIALLY STABILIZED SCOTOMAS AND PARAFOVEAL 
DAMAGED RETINA. H. Zwick*J. Ness. B.E. Stuck, and J. 
Molchanv. US Army Medical Research Detachment, San 
Antonio, TX 78235

Kelly (Optics Letters, 1977) showed that a stabilized central 
occlusion yields a uniform suppression of the sine wave 
contrast sensitivity function implicating foveal modulation of 
peripheral visual function. Our data show a generalization of 
this effect to more complex targets for central as well as 
paracentral occlusions and for patients with central and 
paracentral vision loss. Contrast sensitivity functions obtained 
with Landolt ring acuity targets and for various size complex 
vehicular targets were evaluated in vernier display. Central 
artificial occlusions for acuity targets demonstrated a uniform 
contrast sensitivity deficit of about 0.25 log units across spatial 
frequency (0.5 to 20 Hz/degree). Similar suppression was 
observed for complex target recognition sensitivity for targets 
restricted to foveal or parafoveal retinal space. Such effects 
suggest not only foveal modulation of peripheral visual function 
(Kelly, 1977) but also peripheral modulation of foveal visual 
function.
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5 5 .9
A LOCAL C O N TR A S T-D E P E N D E N T EXTIN C TIO N-LIK E PH E
NO M ENO N IN NEU R O LO G ICA LLY INTACT SUBJECTS.
S. Pollmann* Institute of Psychology I, Freie Universität Berlin, 
14195 Berlin, Germany.

In a series of tachistoscopic visual search experiments it was 
investigated whether an effect similar to extinction with double si
multaneous stimulation can be observed in normal subjects.

Subjects had to press one of two buttons to indicate the visual 
halffield (VF) where a target stimulus appeared. Displays contai
ned 5 stimuli arranged like the 5 on a dice. Targets were inverted
T ,  nontargets upright T ,  distractors tilted T .  W hen a target was 
presented together with a contralateral distractor, right visual field 
distractors led to a much stronger reaction time (RT) increase for 
left visual field target detection than vica versa. Distractors pre- 
sented in the same VF as the target led to comparable RT-in- 
creases in both VF. W hen target and distractor stimuli were 
exchanged per instruction, the contralateral distractor effect, al- 
though of similar size as in the previous experiment, was not late- 
ralized any longer.

Since the tilted T  had higher local contrast in a display of 
upright T  than the inverted 'T ', a lateralized extinction-like effect 
was found only when the distractor had a higher local contrast 
than the target. Given that spatial attention is initially attracted by 
the highest local contrast, the findings suggest a right-left 
gradient of spatial attention in the normal brain dependent on 
covert preattentive spatial orienting.

55 .1 1
COMPARING CONTR AST SENSITIVITIES FOR COLOR AND 
LUMINANCE CHANGES IN HUMANS.
T. Wachtler. H. Teufel and C. Wehrhahn*, Max-Planck-Institut 
fur biologische Kybernetik, 72076 Tubingen, Germany.

We determined detection thresholds for small changes in lu- 
minance or chromaticity for different stimulus sizes and presen- 
tation times. On a neutral background (22 cd/m 2) luminance or 
chromaticity was changed within a small area 10 arcmin to the 
left or to the right of a fixation point. Stimulus size was between 
5' x7 ' and 60' x 90'  Presentation time was between 33 and 500 ms. 
Immediately after stimulus presentation a full-screen random dot 
flicker appeared. introducing large changes in both luminance and 
chromaticity. In a 2AFC task subjects reported whether the stim- 
ulus appeared left or right from the fixation point. Thresholds for 
luminance and chromaticity changes depend similarly on stimu- 
lus size and presentation time. Thresholds decrease for increasing 
stimulus size up to 20' , which is consistent with results of Cha- 
parro et al. for the central fovea (1994, Vision Res 34:751 762), 
but do not change significantly above 20'  Thresholds decrease 
for increasing presentation time up to 250 ms. but do not change 
significantly above 250 ms. Quantitatively, luminance thresholds, 
expressed in cone contrasts, are up to a factor of 5 higher than 
chromaticity thresholds. This indicates a higher sensitivity for 
color as compared to luminance in human observers.

5 5 .1 0
IS A VERTICAL ORIENTATION OF AXIS OF SYMMETRY ALWAYS SALIENT 
FOR HUMAN VISUAL SYSTEM? G. Leone*1. S. De Schonen2 and M. Lipshits3. 1
L.P.P.A.. CNRS-Collége de France, Paris, France2 , LNC, CNRS, Marseille, France 3 
.IPPI, Academy of Sciences, Moscow, Russia.

One century ago, Mach (1889) reported that a vertical axis of symmetry in a shape 
is particularly salient for the human visual system. Since Mach, no study denied the 
saliency of the vertical axis. Among several neurophysiological explanations of this 
effect, inter-hemispheric communication, a bias in the basic functionning of the 
visual system (oblique effect) or the role of graviceptive information were proposed. 
We studied whether the saliency of the vertical axis in previous studies resulted from 
the bi-hemispheric presentation of the stimuli. We tested 12 normal human subjects 
(8 males and 4 females) in a symmetry detection task. The subjects were maintained 
in a body restraint system, facing a computer screen where 2D polygons were 
displayed during 80 ms. The subjects were instructed to visually fixate a small square 
in the center of the screen and to press one of the two buttons if the shape was 
respectively symmetrical or asymmetrical. The symmetry axis of the polygons was 
either vertical (V), oblique (O) or horizontal (H). They were presented at five 
different positions (upper and lower positions on the vertical meridian, left and right 
on the horizontal meridian and at the center of the screen as control condition). 
Response times (RT) and errors were recorded.
In the control condition, RT and error rates increase in the following order : V, H 
then O, suggesting an oblique effect. In hemi-field presentations, the order is 
dramatically different : H, V then O, without differences between the two 
hemispheres. In upper and lower presentations, the order is V then O and H. These 
findings show that the saliency of a symmetry axis depends on the position of the 
stimulus in the visual field. Data obtained in similar situations but in microgravity 
(that is when the gravitational vertical is suppressed) with two cosmonauts confirmed 
our conclusion. We suggest a new mechanism for symmetry detection accounting for 
these data.(Supported by CNES and FFI).

5 5 .1 2
RELATIVE CONTRIBUTION OF PARVO AND MAGNOCELLULAR 
PATHWAYS TO BINOCULARITY IN THE HUMAN VISUAL SYSTEM.
B. Timney* and S. Schader. Psychology Dept., Univ. Western Ontario, London, 
Ontario, CANADA, N6A 5C2.

Animal studies suggest that the parvocellular (P) system is maximally 
responsive to low temporal and high spatial frequencies, while the magnocellular 
(M) system prefers high temporal and low spatial frequencies. There is 
disagreement about the role of the two systems in stereopsis and there are few 
data concerning their relative levels of binocularity. In this study we looked for 
differences in binocular response characteristics of human P and M pathways.

We measured binocular summation for contrast detection threshold and also 
interocular transfer (IOT) of the contrast threshold elevation aftereffect. We did 
this for a range of spatial and temporal frequencies chosen to activate the P and 
M pathways selectively. Stimuli consisted of gaussian-windowed sinusoidal 
gratings (0 to 10 cyc/deg) temporally modulated in counterphase (0 to 15 Hz). 
Contrast detection thresholds were measured for right, left, and both eyes before 
and after monocular adaptation to a high contrast pattern. Binocular summation 
ratios were obtained from the pre-adaptation thresholds. IOT was measured as 
the ratio of aftereffect in the unadapted eye to that in the adapted eye.

At virtually all spatial and temporal frequency combinations, binocular 
summation ratios were greater than those predicted by probability summation. 
However, the magnitude of the summation did not vary systematically with 
spatial or temporal frequency. We also obtained significant IOT for all adapting 
conditions. In this case, although IOT did not vary as a function of temporal 
frequency, there was a monotonic increase with spatial frequency.

The data suggest that both P and M pathways have substantial binocular 
inputs. However, the greater IOT for higher spatial frequencies suggests that 
the P pathway may make a greater contribution to those binocular neurons 
responsible for IOT. (Supported by NSERC grant OGP0007062 to B.T.)

55 .1 3
TRANSCRANIAL MAGNETIC STIMULATION: THE TIME WINDOW  
FOR VISUAL MASKING AS A FUNCTION OF LUMINANCE AND 
CONTRAST. MB Miller, R Fendrich, JC Eliassen, and MS Gazzaniga*. 
Center for Neuroscience, Univ. of California, Davis, CA 95616.

Single-pulse transcranial magnetic stimulation (TMS) was used to 
investigate the changes in the processing time of visual stimuli 
produced by changes in luminance and contrast. Subjects were 
presented with a foveal four-digit number for a duration of 40 msec. 
Presentations were terminated by a pattern mask. A 9 cm magnetic 
coil placed over the occipital pole delivered a pulse with a width of 70 
μsec and a peak magnetic flux of ≈2 tesla. The magnetic pulse was 
administered 60 msec to 120 msec after the onset of the stimulus 
(SOA) in 10 msec steps. It was found that numbers were effectively 
masked within a ≈30 msec time window. Commensurate with previous 
studies of visual processing latencies based on RT measures, the 
Pulvrich effect, and Hess effect, lowering the luminance of a target 
increased the SOA of the optimal masking window. The masking 
window was delayed by 5 to 10 msec when the luminance was 
decreased from 39 ft/lamberts to 5 ft/lamberts, and delayed 20 msec 
by a decrease from 5 ft/lamberts to .5 ft/lamberts. Preliminary data 
suggests that a similar decrease in the SOA for masking occurs as 
contrast is increased. This study indicates that the TMS can be used 
as a basic psychophysical tool. (Funded by NIH/NINDS P01 
NS17778-13, and the McDonnell-Pew Foundation.)

5 5 .1 4
RELATIVE PHASE DISCRIMINATION: M ATURATION OF
HEMISPHERIC ASYMMETRY CONTINUES INTO ADULTHOOD.
J. Vernon Odom* and Marc 
G re e n . D ep artm en t o f  
Ophthalmology, Robert C.
Byrd Health Science Center 
o f West Virginia University,
P.O. Box 9193, Morgantown,
WV. 26506

RPD (Relative phase 
discrimination) shows a right 
hemispheric (left visual field) 
superiority. We tested the 
hypothesis that the two 
h e m i s p h e r e s  m a t u r e  
differently using a RPD task, 
testin g 12 right-handed  
observers, aged 14-69 years, 
with normal visual function.
Stimuli were compound 
gratings presented to either visual field. The visual field advantage for phase 
discrimination shifted from right to left from adolescence to adulthood. 1) 
There is a different rate o f  maturation in the two hemispheres. 2) There is 
not always a left visual field advantage for phase discrimination.
1 Supported in part by NSERC research grant #46297 to MG.
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55.15
DISTINCTIVE CORTICAL POTENTIALS ANTICIPATE AND FOLLOW  
SPONTANEOUS PUPILLARY SHIFTS IN TURTLE JC Prechtl*& TH Bullock. 
Dept. Neurosciences & Scripps Inst. Oceanography, UCSD, La Jolla, CA 92093-0201

The visual dorsal cortex of reptiles shares essential features with mammalian 
visual cortex but its organization and response properties differ and its function is 
unknown Lesion studies have revealed specific visual learning deficits (Powers et al.) 
and electrophysiological studies have pointed to a role in visual motion analysis (see 
Ulinski) Recently, we reported that salient visual stimuli, especially moving objects, 
induce widely distributed 20 Hz oscillations in the turtle’s visual cortex. Here we 
report that similar oscillations occur without stimuli, during spontaneous shifts in 
visual processing as indicated by accomodation-related pupillary changes.

Pupillary and oculomotor responses in pond turtles were videotaped (close-up 
infrared, n= l0) while epipial field potentials were recorded with arrays of 5 electrodes 
in bilateral visual cortical areas (band pass 0.3-100 Hz) for periods of 15-30 min. The 
animals were alert, partially restrained and had an unchanging view of lab furnishings 
in a quiet, normally illuminated room (ca. 300 lx).

In addition to the pupillary responses that follow spontaneous saccades, non- 
conjugate pupillary shifts are also observed without eye movements and these are also 
correlated with 20-30 Hz bilateral spindle-form oscillations that last 1-2 sec. The 
pupillary cortical spindles have a distinctive structure which includes a surface- 
negative 0.3-4 Hz slow potential. Whereas, the fast oscillatory component begins with 
or slightly after onset of the pupil response (latency diff. n.s.) the slow potential 
precedes the pupil response by >125 msec. The peak negativity of the slow potential 
closely corresponds to the peak amplitude of the oscillation and occurs 200 msec 
earlier in the contralateral cortex. Segments of the spindle before, during and after 
peak amplitude consistently differ in frequency (avgs- 24.3, 27 .6 ,26 .4  Hz; Ps <0.03).

Cortical spindles also follow every saccade. Their occurrence, however, during 
pupillary shifts indicates that retinal slip or visual motion is not necessary. The 
negative shift that precedes these spontaneous oculomotor responses is reminiscent of 
the spatial attentional responses recorded in primate parietal cortex. This and the 
dorsal cortex's known sensitivity to novelty suggests that more than being a passive 
feature extractor or stimulus associator, it may also play a role in visual attention.

5 5 .1 6
Observations on the relationship between the ocular melanin vs. visual threshold 
in mice. G. W. Balkema* & Shannon MacDonald..Josh Vella. Biology Depart- 
ment, Boston College, Chestnut Hill, MA 02167.

We have observed that there exists a relationship between an animal’s ocular 
melanin and its absolute dark-adapted threshold. This relationship has been 
shown to exist tor mice, rats and rabbits. We have also shown that there exists a 
dose-response curve between ocular melanin and the visual threshold. However, 
these relationships have always been demonstrated by comparing a pigmented 
mutant (C57BU6J-+/+) to a hypopigmented mutant (C57BL/6J-c2J). We tested 
two hypotheses; 1) does cold-rearing himalayan mice increase ocular melanin? 
2) are the visual thresholds improved in these mice? We also examined the mu
tant mouse Silver which shows a premature graying with age. C57BL/6J (c2J,ch, 
+/+) mice were split into two groups: one group was reared in the cold (14 days 
postnatal) for 24 weeks 4°C; the other group reared at normal room temperature. 
Ocular melanin was assayed by dissolving the eye into protosol 37°C for two 
hours, sonification, and reading the absorbance at 550nm. We found a 44% in- 
crease in ocular melanin in the himalayan mice. Thresholds were determined via 
a water maze test. Mice were trained to equal performance, and their thresholds 
were measured by successively decreasing the luminance of the water maze. All 
testing was done at room temperature for all animals. We measured a 1.1 Log 
unit improvement in visual threshold in the cold-reared himalayan mice. Cold 
rearing did not change either the ocular melanin or visual threshold in either of 
the two controls, albino or +/+. We also examined age matched si/si, c2J, +/+. Sil- 
ver mice show a premature graying with age. Older silver mice showed a 0.3 Log 
unit elevation in threshold to the age matched controls. These results are consis
tent with our hypothesis that an animal’s absolute dark-adapted threshold is af
fected by ocular melanin. In comparing cold-reared himalayan mice to room tem
perature reared mice we have eliminated pleiotropic effects of the different muta- 
tions. Finally, we have found that graying with is age is accompanied with a 
threshold elevation.
(Supported by NSF IBN9320039 & Boston College URAP Fellow & REG.
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56.1
ACUTE LESIONS OF THE OLIVOCOCHLEAR BUNDLE ELIMINATE 
SOUND-EVOKED DISCHARGE RHYTHMICITY OF IMMATURE 
AUDITORY NEURONS. E.J. Walsh*. J. McGee and J, Lackey. 
Developmental Auditory Physiology Laboratory, Boy's Town National 
Research Hospital, Omaha, NE 68131.

Auditory neurons from neonatal cats respond rhythmically to long 
duration tones or broad-band noise and acquire adultlike, nonrhythmic 
temporal response properties by the end of the second postnatal week. 
This immature temporal response profile is similar to that observed for adult 
olivocochlear neurons near threshold. The purpose of experiments reported 
here was to test the hypothesis that the olivocochlear bundle (OCB) is the 
source of the response rhythmicity observed in immature animals.

The hypothesis was tested by comparing the temporal discharge 
activity of neurons from the cochlear nuclear complex (i.e., peristimulus time 
histograms) in response to suprathreshold tone-bursts matched to each 
unit's characteristic frequency, before and after midline and/or off-midline 
lesions were made at the floor of the fourth ventricle to interrupt the OCB 
projection. Experiments were conducted in anesthetized cats less than one 
postnatal week old and only when either all or the vast majority of neurons 
encountered under pre-lesion conditions responded rhythmically.

Rhythmic activity was abolished following off-midline section of the 
OCB. When the lesion was confined to the midline, rhythmic activity was 
greatly diminished, but not abolished. We conclude that the OCB is the 
source of sound-evoked bursting responses in neonates and suggest that 
transient OCB projections to inner hair cells (IHCs) or primary dendrites 
innervating IHCs, directly and rhythmically modulate generator currents 
and/or spike production.

(Supported by NIH-NIDCD grant DC00215).

56.3
MODELS OF ACTIVITY-DEPENDENT DEVELOPMENT OF AUDITORY NEU- 

RONS IN NORMAL AND ABNORMAL ACOUSTIC ENVIRONMENTS -  IMPLICA- 
TIONS FOR HIGH-CF TUNING. B.H. Bonham* and E.R. Lewis. Dept. of EECS, Univ. 
of Calif., Berkeley, C A 94720.

We have performed a computational study, using a neurophysiology-derived model 
of the auditory periphery of the cat, that addresses the potential role of activity-dependent 
synapse modification in the development of frequency tuning of auditory brainstem neu
rons. In this study, we compared tuning curves (TC’s) of model neurons developed in 
either of two abnormal acoustic environments (one with 11 and 14 kHz two-tone bursts, 
the other with asynchronous single-tone bursts of 11 and 14 kHz) with tuning curves of 
model neurons developed in a normal acoustic environment. The comparison showed that 
uni modal TC’s of model neurons developed in the two abnormal environments were 
about as sharply tuned as those of model neurons developed in a normal environment. 
Bimodal TC’s arose more frequently from development in the two abnormal environ
ments. Differences in response thresholds between the two peaks of bimodal TC’s devel- 
oped in both the abnormal (i.e., tone burst) environments were smaller than the 
corresponding differences of bimodal TC’s developed in the normal environment.

These results are consistent with those of a study by Sanes & Constantine-Paton 
(1985, J. Neurosci. 5:1152-66) in which the investigators compared tuning curves of infe- 
rior colliculus neurons of mice raised in an acoustic environment with two-tone pips (of 
11 and 14 kHz) to corresponding tuning curves of mice raised in a normal acoustic envi
ronment. Those experimenters hypothesized that the two-tone pip stimuli caused the 
activities of two separate populations of auditory nerve fibers (11 and 14 kHz CF’s) to be 
highly correlated, and that it was the (abnormal) high correlation that caused the bimodal 
tuning curves to be different from those of normal mice. However, the results of our mod- 
eling study suggest that may have been the predominance of the two high-frequency 
tones, rather than their coincidence, that created the observed differences in the bimodal 
tuning curves.

This work was funded by NIH 8T2GM07379C-15-F, ONR FD-N0001491J1333, and 
the Institute for Scientific Computing Research at LLNL 89-07 and 90-05.

5 6 .2
CHARACTERISTICS OF THE BURSTING BEHAVIOUR FOUND IN THE 
SPONTANEOUS A C TIV ITY  AND NEAR-THRESHOLD DISCHARGE  
RATE RESPONSES OF IM M A TU R E AUD ITOR Y NEURONS.
J.L. Fitzakerley * .  J. McGee and E.J. W alsh . Developmental Auditory 
Physiology Laboratory, Boys Tow n National Research Hospital and 
Creighton University, Omaha, NE 6 8 1 3 1 .

In a previous report (Fitzakerley et al., Soc. Neurosci. Abstr. 17: 
3 04 ), we qualitatively described a type of bursting behaviour in the 
spontaneous activity of auditory neurons which declined w ith age, and 
which was more frequently observed in the responses of cochlear 
nucleus (CN) neurons than in those of the auditory nerve. This study 
was designed to more completely characterize the bursting responses 
through analysis of the frequency of occurrence and the nature of the 
spike train, and by evaluating neuronal properties which contributed to 
the presence of bursting activity. Extracellular single unit recordings 
were made from auditory nerve fibres and CN neurons of cats 
throughout postnatal development. Neurons w ithout spontaneous 
activity did not burst, and burst frequency and the maximum number 
of spikes per burst increased with increasing spontaneous rate. There 
were no apparent differences in the nature of the bursting between CN 
regions, although some response types tended to exhibit an increased 
average number of spikes per burst. Preliminary analyses indicate that 
bursts occurred more frequently at stimulus levels immediately below  
discharge rate threshold in immature animals, suggesting that one 
source of this immaturity is instability in the auditory nerve/CN  
synapse.

(Supported by NIDCD grants D C 0 0 9 8 2 -0 4  and D C 01007 ).

5 6 .4
ACTIVITY-DEPENDENT REGULATION OF INTRACELLULAR CALCIUM 
IN NEURONS OF THE AVIAN COCHLEAR NUCLEUS. L Zirpel* and E. W 
Rubel, Virginia Merrill Bloedel Hearing Research Center and D ept. of Physiology & 
Biophysics, University of Washington School of Medicine, Seattle, WA 98195.

Neurons of the second-order auditory nucleus, nucleus magnocellularis (NM), of 
young chicks undergo dramatic changes in morphology and metabolism upon 
cessation of excitatory afferent input from the eighth nerve. One possible mechanism 
for this afferent regulation is via metabotropic glutamate receptor (mGluR)-mediated 
activation of second messenger systems that regulate intracellular calcium 
concentrations ([Ca2+]j ). We previously reported that NM neurons express one or 
more subtypes of mGluR that can affect release of Ca2+ from internal stores and 
influx through voltage gated calcium channels. Since increases in [Ca2+]j have been 
linked to a number of conditions that are pathological to neurons, the goal of this 
study was to use an in vitro slice preparation to determine if eighth nerve activity 
regulates [Ca2+]i of NM neurons and what role mGluRs play in such a relationship.

Brain stem slices from E16 to E18 chicks were loaded with the calcium indicator 
dye Fura-2 AM. NM field potentials were monitored in five different stimulation 
paradigms: 1) no stimulation; 2) orthodromic via VIIIth nerve axons; 3) antidromic 
4) contralateral VIIIth nerve, and 5) orthodromic in the presence of the mGluR 
antagonist, MCPG. [Ca2+]i of individual NM neurons was monitored using 
ratiometric fluorescence imaging. No stimulation, antidromic stimulation, and 
contralateral stimulation all resulted in an increase in NM neuron [Ca2+]i that reached 
250 nM by 90 minutes. Orthodromic stimulation maintained NM neuron [Ca2+]i at 
approximately 80 nM for the duration of the experiments. However, in the presence 
of MCPG (1 mM), orthodromic stimulation produced a rapid and robust increase in 
[Ca2+]i that reached 420 nM within 20 minutes. Thus, eighth nerve activity 
maintains [Ca2+]i of NM neurons at physiologic levels via activation of one or more 
subtypes of mGluR. (Supported by NIH grants GM07108 and DC00520.)
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5 6 .5
PO STSY NA PTIC R ESPO NSES OF THE NUCLEUS LAMINAR IS 

OF THE CHICK. K. Funabiki12,K. Koyano*',H. Ohmori1 Dept. o f  'Physiol. 
and 2Otolaryngol..Faculty of Medicine,Kyoto Univ., Kyoto, 606-01, Japan.

N.Laminalis(NL) receives bilateral auditory inputs to localize the on gin of sound 
Each NL neuron is reported to act as a coincidence detector that sense the difference 
in latency between ipsi- and contralateral inputs from NMC (A.W.Joseph, 
J.Neurophysiol, 69,1197,1994) We have investigated the nature of postsynaptic 
currents (PSCs) to elucidate the mechanisms underlying the accurate detection of 
ITD. Whole cell recording was made in the brainstem slice preparation (130 pm 
thick) from the chick embryo (15 - 17E). Electrical stimuli were applied to the 
ventral and dorsal sites near NL neuron where projecting fibers from contra- and 
ipsilateraJ NMC located Under that condition, PSCs decayed with time constant 
(τ psc) of 0.81 ms ( -65 mV, 25 °C) .was reversed at 0 mV and was blocked by 
CNQX (20 μM). When the temperature of the extracellular solution was increased 
(21 to 33°C) decreased (1. 3ms to 0.68ms). We assumed Q 10 was 1.67 (n=2), 
therefore would be 0.35ms at the physiological body temperature of chick 
(41°C). Another PSCs were observed in the presense of CNQX(20 μM). These 
PSCs decayed with τpsc of 26.9 ms( -70 mV ,25 °C) .was reversed at Ea- and was 
blocked by bicucullin (20 μM). These results indicate that one NL neuron receives 
excitatory inputs bilaterally from NMC neurons through the activation of non- 
NMDA glutamate receptors. NL neuron also receives inhibitory inputs through the 
activation of GABA  ̂ receptors. We examined the effect of GABA on the passive 
membrane property and EPSPs in NL neurons. Puff application of GABA (10 pM) 
decreased the input resistance and reduced τpsc of NL neurons . During puff 
application of GABA(10 μM), the EPSPs decreased the amplitude and shortened the 
time course.The time course became almost the same as that of epsc recorded in the 
same NL neuron. These results suggest that this GABAergic input is likely to 
improve the temporal resolution of NL neurons and increase the accuracy of 
coincidence detection for bilateral excitatory inputs from NMC.

5 6 .7
A MODEL OF SPECTRAL CONVERGENCE AND AMBIGUITY 
RESOLUTION IN SOUND LOCALIZATION. Y. Albeck* Division of Biology 
216-76, California Institute of Technology, Pasadena, CA 91125.

A model is presented that describes a mechanism allowing resolution of 
ambiguities in sound localization in barn owls. The model explains the 
experimental data such as frequency, interaural time difference (ITD) and 
binaural correlation response curves. Conceptually, it explains 
phenomena like the inability to predict ITD response curve from 
frequency tuning curve and the non-linear appearance of two-tones 
interaction.

The model assumes that each space-specific neuron receives input 
from three narrow band spectral channels. Each channel contributes 
excitatory input from neurons sensitive to one ITD and inhibitory input 
from neurons sensitive to other ITDs. Excitatory spectral convergence 
creates a slight increase in the response to the real ITD over other 
phantom ITDs. This preference is enhanced by the inhibitory mechanism 
which is assumed to affect channels separated by one period of the 
characteristic frequency. This arrangement creates competition between 
the neurons responding to the real ITD and those responding to phantom 
sources created by the phase ambiguity. The suppression of the side 
peaks is completed by setting a high response threshold to the space 
specific neurons.

The model suggests some experiments that test the model's premises. 
Especially, the model reliance on the convergence of three distinct 
spectral channels, and the linear interaction of excitation and inhibition 
can be tested. The response to stimuli of very long ITD was used to probe 
the spectral contents ICx’s input, and the results appear to support the 
model.

5 6 .9
E N H A N C E M E N T  O F  N E U R A L  S Y N C H R O N IZ A T IO N  IN 
COM PUTA TION AL M ODELS OF VENTRAL CO CH LEA R NUCLEUS 
BUSHY C E L L S . J. S. Rothman. E. D. Young. P. B. M anis*. Dept. of 
Biomedical Engineering and Center for Hearing Sciences, The Johns Hopkins 
University, Baltimore, MD 21205.

Auditory nerve (AN) fibers synchronize (sync or phase-lock) to low-frequency tones 
and thereby transmit temporal information about the acoustic stimulus to cochlear 
nucleus (CN) neurons. One class of CN neuron, the bushy cell (BC), often shows 
enhanced sync to the stimulus when compared to AN fibers. Previous investigators 
have argued that the enhanced phase-locking is due to a convergence of many 
subthreshold AN inputs that are individually incapable of producing an output spike; 
that is, coincidence is necessary to produce an output spike. However, our previous 
modeling work indicated that BCs require some degree of suprathreshold input in 
order to have the irregular discharge that they are known to have. Here we attempt to 
account for this discrepancy by studying two computational models: a simple shot 
noise model and a membrane conductance model which accurately models membrane 
potentials and synaptic events. In these models, the number and strength of AN 
synapses are varied. We found that both models show enhanced sync at low 
frequencies (250 and 500 Hz) when the models receive either many subthreshold or 
many suprathreshold AN inputs. In addition, the membrane conductance model 
shows enhanced sync when it receives a mixture of subthreshold and suprathreshold 
inputs, and when it receives several suprathreshold inputs in combination with a 
hyperpolarizing inhibitory input. When all physiological characteristics of BCs are 
considered (i.e. entrainment, spontaneous discharge rate, regularity, and poststimulus 
time histograms) it appears that no single model configuration will suffice; this is 
especially true for globular BCs. Hence, these results support the conclusion that 
there are subclasses of globular BCs with regard to the prevalence of supra vs. 
subthreshold AN inputs and possibly inhibitory inputs. Our results suggest that a 
constellation of physiological response properties ought to be observed in globular 
BCs. Supported by NIH grant DC00115.

5 6 .6
EFFECTS OF SO U N D  LEV EL ON TH E PR O C E SSIN G  O F TH E 

IN TER A U R A L TIM E D IFFE R EN C ES IN TH E O W L ’S N U CLEU S 
LA M IN A R IS . J.L . Pena, S. V iete  and M. K on ish i* D ivision  o f 
B io lo g y  2 1 6 -7 6 , C a l i f o r n ia  I n s t i tu te  o f  T e c h n o lo g y ,  
P asadena, CA 91125.

B arn  ow ls  d e te rm in e  th e  d i re c tio n s  from  w h ich  sou n d s 
e m a n a te  by c o m p u tin g  th e  in te ra u ra l  d i f f e re n c e s  in the  
tim in g  (IT D ) and in te n s itie s  (IID ) o f  so unds. T h ese  cues for 
sou n d  lo ca liz a tio n  are  p ro ce sse d  in in d ep e n d e n t c h a n n els .

T he ce lls  o f  the  N ucleus L am inaris  (N L) a re  d ev o ted  to the 
tim e pa thw ay  are  know n to act as c o in c id en ce  d e tec to rs .

T he p resen t study focu ses  on the e ffec ts  o f  sound  in ten sity  
on the response  to the ITD s o f  lam in aris  neurons.

W e u se d  p a tc h  c la m p  e le c t ro d e s  to  a c h ie v e  g o o d  
e x tra c e llu la r  s in g le  u n it iso la tio n s  in vivo.

E x p erim en ts  in d ica te  th a t the  ITD  s e n sitiv ity  o f  lam in aris  
n eurons is p rese rv ed  o v e r a w ide ran g e  o f  sound  in te n s itie s . 
D iffe ren t IID s, ho w ev er, seem  to resu lt in a sy s tem atic  sh ift 
o f  phase in ITD curves.

P re lim in a ry  resu lts  su g g est th a t th ese  sh if ts  a re  f req u en cy  
d e p e n d e n t .  F o r f re q u e n c ie s  b e lo w  an d  a b o v e  th e  b e s t  
freq u en cy  (BF) ITD  cu rv es  seem  to sh ift to w ard s  the side o f 
th e  h ig h e r  a n d  lo w e r  i n te n s i t y  r e s p e c t i v e ly  w h e n  
s tim u la ted  w ith  pure  ton es . N o ise  s tim u la tio n , h o w ev er, fa ils  
to e lic it sh ifts  o f phase in ITD curves.

5 6 .8
THE EXTRA-CELLULAR POTENTIAL AS THE MECHANISM OF HIGH- 
FREQUENCY PHASE COMPARISON IN THE BARN OWL. C.D. Spence and J.C. 
Pearson*. David Samoff Research Center, CN5300, Princeton, NJ 08543-5300.

Neurons in nucleus laminaris (NL) of the bam owl (tyto alba) are sensitive to the 
inter-aural phase difference (IPD) of sounds up to roughly 9 kHz. IPD is a cue for azi- 
muth of the source. Each NL neuron receives spike trains from Nucleus Magnocellu- 
laris (NM) on both sides of the head. The spikes from NM are approximately phase- 
locked to the stimulus, giving a noisy synaptic input. The high-frequency signal would 
be suppressed by the millisecond time constants of typical neural mechanisms. NL 
neurons could function by having faster-than-nonnal time constants, but the neurons 
would have to have unusual components to behave so differently from other neurons. 
We hypothesize that NL neurons couple to the large extracellular potential observed in 
NL. This “neurophonic” oscillates in phase with the stimulus, and its amplitude varies 
sinusoidally with IID . A neuron would essentially act as an electrode that picks up 
high frequencies. The soma’s capacitance gives it a low impedance at high frequencies, 
so it acts as the conductive tip of the electrode. The myelination of the axon has a rela- 
tively high capacitance, thus acting as the insulation of the wire connected to the elec- 
trode’s tip. The oscillating potential inside the axon decreases along it more slowly 
than the neurophonic outside of the axon, so the potential difference across the mem
brane has a maximum somewhere along the axon. This maximum is larger for more 
rapid decrease of the neurophonic, suggesting that an NL axon might leave the region 
of high neurophonic by the shortest route. In calculations of passive model neurons, 
the potential difference along the axon easily reaches half the size of the neurophonic 
at the soma. In simulations, Hodgkin-Huxley channels at the node respond quite well 
to this signal. This hypothesis does not require the assumption of any exotic compo
nents of the neuron, and it explains the observed lack of a spike initiating zones in NL 
neurons. Work supported by AFOSR contract F49620-89-C-0131 and  DARPA contract 
F49620-90-C-0010.

5 6 .1 0
Characteristics of natural sounds: possible substrates for foreground-background 
separation in auditory scenes. J. Nelken* and Y. Rothman. Dept. of Physiology, 
Hadassah Medical School, Jerusalem 91120 Israel

Animals have to extract information relevant for their survival out of a rich 
auditory surround. We analyzed a large database of sounds containing background 
sounds (e.g. choruses of birds) and foreground sounds (vocalizations o f single 
animals) ((C) 1994 All rights reserved. Library o f Natural Sounds, Cornell 
laboratory of Ornithology, Ithaca, New York). Here we describe the analysis of 
wide-band spectrograms (channel width: about 500 Hz) of the sounds.

Some spectrograms can be well approximated by a product of a function of 
frequency (‘mean spectrum’) and a function of time (‘temporal modulation’). The 
quality of this separable approximation (SA) was quantified using the mutual 
information (MI) of the SA relative to the spectrogram. 65% of all sounds have MI's 
which are close to their expected values under the null hypothesis of gaussian 
processes with the same mean spectrum and temporal modulation. Separable 
spectrograms will naturally arise in the case of gaussian noise processes (even in the 
non-white case). More than 60% of the sounds with separable spectrograms have 
also a highly significant excess of fluctuation depth in their temporal modulation 
relative to the null hypothesis of gaussian processes without additional modulation.

Sounds with both separable spectrograms and excess modulation depth have the 
important property that different frequency channels are co-modulated in time. 
These sounds are mostly background noises. It is known that humans detect weak 
signals better in co-modulated backgrounds. The result presented here suggests that 
the auditory system uses co-modulation as a cue because co-modulation is a feature 
of environmental background sounds, which may be used to separate auditory 
foreground and background. In fact, effects o f co-modulation have been described 
in birds, and it is suggested that they should also occur in non-human mammals.
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56 .11
BEHAVIORAL STUDIES OF SOUND LOCALIZATION IN THE CAT.
L. C. Populin* and T. C. T. Yin. Dept. of Neurophysiology and Neuroscience 
Training Program. University of Wisconsin. Madison, W I53706.

We have developed a preparation to study sound localization in the awake 
cat. Using magnetic search coils to measure eye and pinna movements, we 
train domestic cats to look in the direction of the sound source with their 
heads Fixed. Stimuli are presented from an array of speakers with attached 
LEDs to provide visual targets, which are located 62 cm from the cat in the 
frontal 50° of space and hidden behind a cloth curtain through which the 
LEDs can be seen and the sounds heard. Cats are food deprived and rewarded 
when their eyes are within an electronic window about the target. Initially the 
targets are combined visual and auditory stimuli; gradually with training the 
LED is faded out. Most trials require a saccadic eye movement from an initial 
LED to a visual and/or auditory target Many different trial types are 
presented randomly intermixed.

Under these conditions cats are able to localize noise bursts and single 
clicks or trains presented from sources located on the horizontal and vertical 
meridians. Saccades to auditory targets are less accurate, slower, and more 
variable and have longer latencies than saccades to comparable visual targets. 
For auditory saccades the size of the error tends to increase for more eccentric 
targets. In addition, cats are able to localize stimuli presented from off-axes 
sources that have never been associated with an LED. Consistent pinna 
movements tend to accompany eye movements to auditory and visual targets 
along the vertical but not the horizontal axis.

Supported by NIH Grant DC00116.

56 .13
A lteration  of So u n d  by N atural E n vir o nm en ts  

E.Glaser & N.Degen*
Zoologisches Institut, J. W. Goethe-Universität, Frankfurt am  Main, FRG.

The basic assumption for models about acoustic communication in animals are 
sender, receiver and a  transmitting pathway in between. To explain th e  acoustic 
behaviour of animals in natural environments, it is necessary to know  the acous- 
tic features of each involved component. The aim of this work is to describe how  
sounds will be altered while propagating through a natural habitat by measure- 
ments and modelling.

Various artificial sounds and birdsongs are broadcasted and recorded in certain 
distances at locations with different plantcovers. The artificial sounds are designed 
to match several acoustical characteristics of bird songs (e.g. sweeps, pure tones, 
white noise and time patterns of the former).The signals are recorded simulta- 
neously by two microphones hooked up to a portable DAT-Recorder and later 
on analysed. We compute the transfer-function between the recording in a certain 
distance and the output of the loudspeaker as reference.

The results show very distinct patterns for the power-spectra. These patterns 
depend on  the spatial arrangement of the sender and the receivers and the acous- 
tic impedance of the transmitting pathway. Important spatial features are: the dis- 
tance to the surface, the height difference and the flat distance between sender 
and receiver. The amplification and the damping of the sounds can be explained 
by the  interference of the direct transmitted and the reflected wave. The acoustical 
impedance of the reflecting surface determines the frequency pattern of the re- 
flected sound. This is aocording to the evaluations on our physical model.

5 6 .1 2
NEURAL MODEL OF SPECTRAL CUES FOR SOUND LOCALIZATION IN 
CATS. A.Y. Huang and B.J. May*. Center for Hearing and Balance, Departments 
of Biomedical Engineering and Otolaryngology-HNS, Johns Hopkins University, 
Baltimore, MD 21205.

The cat’s head-related transfer function (HRTF) adds peaks and notches to the 
amplitude spectrum of a broadband sound before the acoustic stimulus reaches the 
tympanic membrane. These spectral fluctuations change in a systematic manner 
with sound location and presumably serve as cues for sound localization. 
Electrophysiological studies have shown that amplitude differences that occur 
between HRTFs at two spatial locations are reflected as differences in spike 
discharge rate across a population of auditory-nerve fibers (Rice et al., 1995, J. 
Acoust. Soc. Am. 97:1764-76). The rale difference shown by an individual fiber is 
linearly proportional to the magnitude of the amplitude difference between the two 
sounds al the fiber’s best frequency. We have used this linear relationship to 
model auditory-nerve fiber responses to a number of spatial locations in the frontal 
sound field where HRTF-filtering effects have been measured in previous acoustic 
studies of the cat’s pinna (Rice el al., 1992, Hear. Res. 58: 132-152). Our 
modeling results suggest that sound locations directly in front of the cat are best 
represented by auditory-nerve fiber rate activity. Beyond this frontal focus, neural 
representations of sound location are less accurate and more variable. This pattern 
of neural performance is consistent with results obtained in our behavioral studies 
of spectral cues for sound localization in cats.

This work was funded by NIH grand DC00954.

5 6 .1 4
APPLICABILITY OF AN A N IM A L M ODEL OF T IN N ITU S  FOR DRUG 
TESTING . P.J. Jas treb o ff*. J.F. Brennan, S. Zhou, U. Gryczvnska 
and M .M . Jastreboff D ep t. of Surgery, Univ. M aryland Sch. of 
M edicine, Baltimore, M D 2 1 2 0 1 .

The developm ent of an animal model of tinnitus permits the 
assessment of drug efficacy for tinnitus attenuation. The extent 
of tinnitus is reflected in different extinction curves w hen daily 
salicylate administration started before or a fter lick suppression 
training in pigmented rats. The model is sensitive to  changes in 
tinnitus loudness induced by additional experim ental manipulations. 
Several categories of drugs have been evaluated; i) nimodipine and 
nifedipine, L-type calcium channel antagonists; ii) EGb 7 6 1 , extract 
from Ginkgo biloba, which enhances calcium homeostasis, and iii) 
baclofen, a GABAB receptor agonist.

Nimodipine and nifedipine attenuated tinnitus in a dose- 
dependent manner, and the ex tent of attenuation w as proportional 
to their ability to pass the blood-brain barrier, arguing against the 
notion that they act through the enhancem ent of cochlear blood 
flow . EGb 761 showed a U-type dose-dependent attenuation, 
w ith  the m axim um  e ffec t observed at the 50  m g/kg/day dose. 
There w as no indication of nonspecific action of these drugs. A  
dose-response study of the racem ate of baclofen showed that 
while baclofen in doses below 0 .7 5  m g/kg/day is w ithout any 
noticeable effect on behavior, further increases in the dose 
resulted in the nonspecific shift of the extinction curves.

Supported by N IH /N ID C D  R01 D C 0 0 2 9 9

56.15
INTELLIGIBLE SPEECH ENCODED IN THE HUMAN BRAINSTEM FREQUENCY- 
FOLLOWING RESPONSE (FFR) . G. Galbraith*. P. Arbagey , R, Branski, 
N. comerci, P. Rector. UCLA MRRC, Lanterman Development. Ctr., 
Pomona, CA 91769.

It has been 65 years since Weaver and Bray were astonished to 
find that the (cat) cochlear microphonic can be amplified and 
heard as recognizable speech. In the present study we show that 
the human brainstem frequency-following response (FFR) can also 
be perceived as intelligible speech. This is due to the ability 
of the FFR to reproduce properties of cyclical stimuli such as 
tones and complex stimuli, e.g., vowels in natural speech.

Speech stimuli were 10 high- and 10 low-probability words 
drawn from the normative responses of university students to 
various categories or descriptions. Each stimulus word was 
digitized (12,000 samples/sec) and equated for intensity level. 
Stimuli were then delivered to the right ear of two subjects 
with normal hearing. Average FFRs based on 1000 repetitions of 
each word were recorded in a horizontal (right to left earlobe) 
and vertical (vertex to linked mastoids) dipole configuration, 
putative measures of peripheral auditory nerve and central 
brainstem responses, respectively.

Speech-evoked FFRs were then recorded onto audio tapes so 
they could be heard off-line. A total of 80 listeners evaluated 
the intelligibility of these audio recordings. Results showed 
that a number of FFRs were immediately intelligible, while 
others were recognized after category cues were provided. While 
the FFR is degraded due to EEG noise and failure to follow high 
frequencies, such brainstem responses nevertheless encode 
attributes of the most important of all auditory capacities -- 
human language.
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5 7 .1
ALTERATIONS IN GLUTATHIONE FOLLOWING ADMINISTRATION 
OF N-ACETYL-CYSTEINE AND DIETHLY MALEATE IN THE 
OLFACTORY MUCOSA OF THE RAINBOW TROUT. S.L. STARCEVIC 
and B.S. ZIELINSKI* Univ. of Windsor, Windsor, Ont., Canada, N9B 
3P4.

The tripeptide glutathione (γ-glutamylcysteinylglycine, GSH) provides 
cellular protection from free radicals, xenobiotics, and endogenous and 
exogenous oxidants. One way in which GSH protects cells is by serving 
as a cofactor for the detoxifying enzyme glutathione S-transferase 
(GST). The olfactory system while exquisitely designed to detect 
odorants is also exposed to deleterious agents present in the 
environment. The presence of olfactory GSH and GST may serve to 
protect both the olfactory mucosa and the brain. In the rainbow trout 
olfactory mucosa GSH and GST are present in olfactory receptor 
neurons (ORN; Starcevic et a/., 1993, Chem. Senses 8:57-65; Starcevic 
and Zielinski, 1995, Neuroscience Lett. 183:175-178). Olfactory 
neuroprotective functions of GSH can be examined indirectly following 
the application of toxic agents to the mucosa. However, the ability to 
manipulate olfactory GSH levels prior to toxicant application would 
clearly establish whether the GSH pathway functions in a 
neuroprotective capacity. To enhance GSH levels we have injected fish 
w ith the GSH precursor N-acetyl-cysteine (NAC, 1000 mg/kg, i.p ). 
Increased GSH staining was observed throughout the lower portion of 
the olfactory epithelium one hour after NAC injection. To deplete GSH 
we have injected fish with diethyl maleate (DEM, 0.6 ml/kg, i.p ). GSH 
staining was lost from ORN twelve hours after DEM administration. The 
ability to modulate GSH levels in olfactory tissue will greatly aid in 
elucidating whether the GSH pathway functions in neuroprotection. 
Supported by NSERC

5 7 .3
OD ORAN T RECEPTORS IN TIGER SALAM ANDER. H. Z h ao 1. P. 
D ib e l lo 2 . J. C a r l s o n 1,2 an d  S. F irestein*3 . I n te r d e p a r tm e n ta l  
N euroscience P rogram 1 and Biology D epartm ent2, Yale University, New  
Haven, CT. Biology D epartm ent3, C olum bia U niversity , N ew  York, NY.

Tiger sa lam an d er (Am bystoma tig r in u m ) has been w idely  used  in 
o lfactory  research  especially  w ith  e lec tro p h y sio lo g ical ap p ro ach es . 
The o lfactory system  of the sa lam an d er, a te rres tria l am p h ib ian , is 
though t to be less com plicated than  o ther h igher terrestria l vertebrates 
and m ay be different from  purely  aquatic anim als. We have been using a 
PCR-based stra tegy  to isolate the od o ran t receptors from  salam anders. 
D egenerate  o ligo n u cleo tid e  p rim ers  d e sig n ed  based  on the know n 
sequences of the th ird , sixth and  seven th  tran sm em b ran e  reg ions of 
pu tative  od o ran t receptors of rats w ere used to am plify  hom ologous 
sequences from salam ander olfactory ep ithelium  com plem entary  DNA by 
PCR. The PCR products w ere subcloned and  sequenced, 11 clones were 
isolated based  on the hom ologous sequences. The sam e p rim ers w ere 
fu rth e r used  to am plify  the o d o ran t recep to rs from  single  o lfactory 
sensory neurons of salam anders. The expression of these receptors was 
analyzed  by in situ hyb rid izatio n  of d igox igen in -labeled  RNA probes 
prepared  from  clones of PCR am plified p roducts to sections of salam ander 
olfactory ep ithelium . One probe we tested  h y b rid ized  exclusively to 
olfactory sensory neurons. A bout 0.2% to 0.7% of olfactory neurons (0.5% 
average) hybrid ized  to a single probe.

S upported by ONR, NIDCD.

5 7 .5
CHARACTERIZATION OF THE ODORANT-INDUCED CYCLIC GM P 
RESPONSE IN RAT OLFACTORY CILIA. C. M oon and  G.V. 
Ronnett*. D ept. of Neuroscience, Johns H opkins Univ. Sch. of M ed., 
Baltimore, M D 21205.

The olfactory system  has been app lied  as a m odel system  for 
the study  of num bers of fundam ental questions in the nervous system . 
O lfactory  signal tra n sd u c tio n  occurs in the  cilia of the  o lfactory  
receptor neurons, and  is know n to resu lt in the generation  of second 
m essengers i.e. cyclic ad en o sin e  3 '5 '-m o n o p h o sp h ate  (cAM P) and  
inositol 1 ,4 ,5-triphosphate (InsP3) (Ronnett et a i, 1991, J.N eurosci., 11, 
1243-1255; R onnett et a l, 1993, J.N eurosci., 13, 1751-1758) . Both second 
m essenger p a th w ay s ap p ear to be co localized in a sing le  o lfactory 
n e u ro n  an d  can in te rac t each o th e r  (C u n n in g h am  et al., 1993, 
Neuroscience, 57, 339-352). Beside these tw o second m essengers, cyclic 
guanosine 3'5’-m onophosphate (cGMP) is involved in odoran t responses. 
We have rep o rted  th a t the o d o ran t-in d u ced  accum ulation  of cGM P 
levels in prim ary  olfactory neuronal cu ltures w ith  peak  effects at 30 s to 
2 m in w hich is a lower time course than occurs for cAMP or InsP3 (Verma 
et al., 1993, science, 259, 381-384). We have fu rther s tu d ied  the kinetics 
of the odoran t-induced  cGM P response in iso lated  ra t cilia. We have 
tested  several o doran ts, and  d em o n stra te  th a t the o d o ran ts  affected 
cGM P level w ith  m in u tes  tim e course. The o d o ran t-in d u ced  cGM P 
response show ed  d o se-dependency . From  o u r p re lim in a ry  resu lts , 
so d iu m  n itro p ru ssid e  failed to induce  the cGM P response , an d  the 
odoran t-induced  cGM P responses w ere p o ten tiated  in the presence of 
ATP.

5 7 .2
BILATERAL ASYMMETRY OF ODOR RECEPTOR GENE EXPRESSION IN 
EMBRYONIC ZEBRAFISH (Danio rerio). R.G. Vogt. C.A. Byrd*. M. Sun. Univ. of 
South Carolina, Columbia, SC; Univ. of Virginia*, Charlottsville, VA.

Olfactory neurons which express a given odor receptor (OR) gene appear to be 
randomly distributed within the olfactory epithelium, intermingling with neurons 
expressing other ORs; neurons which express a given OR are thought to target a 
spatially conserved glomerulus in the brain. It is not obvious how these neurons 
acquire this complex phenotype; the lack of spatial conservation in the adult 
periphery has led to suggestions that spatial cues are not used to specify this 
phenotype. Target feedback has been discussed, but OR expression has been observed 
to precede synapse formation, and in insects normal neuronal function can develop in 
the total absence of brain target. Consequently, stochastic mechanisms have been 
suggested for setting olfactory neuron phenotype.

We have examined the patterns of OR gene expression in whole mount in 
embryonic zebrafish at a time when few neurons are expressing given receptor genes 
and when a simple constellation pattern of gene expression can be discerned. OR 
expression can first be detected by in situ hybridization about 30-35 hrs post 
fertilization. Initially, a single neuron can be observed expressing a given OR gene 
and this number increases steadily through embryogenesis and on to the adult as the 
olfactory organ grows. At 48 hrs post fertilization there are typically 5 ( I-10) cells in 
each olfactory epithelium expressing a given OR gene; there is no bilateral symmetry 
in either the number or the positions of cells expressing a given OR, nor is there any 
conservation of pattern between individuals. While cells do not as a rule appear in 
clusters, occasionally they do suggesting that nearest neighbor inhibition is not 
occurring. These results are best explained by a stochastic mechanism acting like a 
cytosolic roulette wheel that replaces the external signal that might otherwise specify 
phenotype based on position.

This work was supported in part by NIH ROl DC00588-05.

5 7 .4
SLOW SODIUM CHANNELS IN SQUID OLFACTORY RECEPTOR NEURONS. 
N S. Chen, J W. Woodbury*, and M .T. Lucero. Department of Physioiogy, University 
Of Utah School of Medicine, Salt Lake City, UT 84108.

Squid olfactory receptor neurons (ORNs) are primary bipolar sensory neurons 
capable of transducing water-bom odorant signals into electrical impulses that are 
transmitted to the brain. We are interested in the dual second messenger pathways 
activated by different odorants and how electrical responses to odor mixtures are 
integrated at the level of a single ORN. As a first step towards modeling the effects 
of opposing receptor potentials on the action potential, we have characterized the 
macroscopic properties of voltage-gated Na+ channels in ORNs from the squid 
Lolliguncula Brevis. Using whole cell voltage clamp techniques, we found that the 
sensitivity of voltage-gated Na+ channels in squid ORNs to tetrodotoxin (TTX) was 
dependent on current direction with a Kd of 7.2 ± 1.3 nM for Na+-free internal 
solution (inward currents), and 36.5 ± 17.4 nM for outward currents using high Na+ 
internal solutions (all means include standard error except TTX Kd). Hill coefficients 
(~1.2) were independent of current direction. Na+ current density of analyzed cells 
ranged from 5-169 pA/pF with an average value of 30 ± 9 pA/pF (se; n=17). 
Boltzmann fits of the G-V relations gave a Vl/2 of -28.2 ± 0.3 mV, a slope of 5.4 ±
0.1 mV and a maximum conductance of 38.4 ± 0.2 nS. Analyses of activation and 
inactivation kinetics revealed that squid ORN Na+ channels are slower than squid 
giant axon and giant fiber lobe (GFL) Na+ channels at the same temperature (10°C). 
The time to 1/2 peak activation = 2.91 ± 0.33 and 0.68 ± 0.02 ms at -50 mV and +20 
mV respectively. Tail currents fit by a single exponential revealed tau = 0.17 ± 0.02 
ms at -100 mV and 0.76 ± 0.17 at -50 mV. Boltzmann fits of steady-state Na+ 
channel inactivation yielded a V½ of -48.6 + 0.8 mV and a slope of 12.6 ± 0.5. The 
time course of inactivation was fit by a single exponential with tau = 5.3 ± 0.4 ms 
and 2.5 + 0.2 ms at -30 and +20 mV respectively. Supported by ONR N0014-89-J- 
1744 and NIH R29DC02587-1 to MTL.

5 7 .6
NITRIC OXIDE DIRECTLY ACTIVATES THE CYCLIC NU CLEOTIDE 
GATED CHANNELS OF OLFACTORY RECEPTOR NEURONS.
M .-C . B roille t*1 . G. K a la m k a ro v 2 , S. F ire s te in 1. C o lum bia  U n iv e rs ity 1, 
New  York, NY. Institute of Biological Physics2, M oscow.

In vertebrate olfactory neurons the final step of the transduction  cascade is 
m ediated  by an ion channel activated by cAMP. N itric oxide (NO) is best 
know n to act as an intercellular m essenger via g uany late  cyclase, b u t it has 
also been reported  to have direct effects on som e ion channels. To test the 
direct effect of N O  on cyclic nuc leo tide  ga ted  (CNG) channels, we used 
excised inside-out patches from  olfactory receptor neurons isolated from  the 
nasal ep ithelium  of ad u lt-p h ase  tiger sa lam an d ers  (Am bystoma tigrinum). 
The nitric oxide donors SIN 1 or S-nitrosocysteine (SNC) w ere ad d ed  to the 
cytosolic so lu tion , resu lting  in single channel open ings an d  long bursts  of 
openings. The single channel conductance w as not affected, b u t a significant 
increase in the open  probab ility  w as observed . To gain  insig h t in to  the 
m olecu lar m echan ism  by w hich  these N O  d o n o rs  ac tiv a ted  the CNG 
channels, w e tes ted  the effects of a th io a te  d e riv a tiv e  of cAM P (Rp- 
cAMPS) know n to have an an tagonist effect on the CN G channel by binding  
to the  cyclic nucleotide (CN) b in d in g  do m ain  of the channel. Rp-cAM PS 
com petitively inhib ited  the action of cAM P b u t h ad  no  a p p a re n t effect on 
channel openings due  to SNC, suggesting  that N O  activation of the channel 
does not occur via the CN  b in d in g  site. W e also investigated  w hether the 
N O  effects resulted from  a chem ical m odification of su lfhydry l groups. The 
application  of iodoacetam ide, a su lfhydry l b in d in g  reagent, to the patches 
induced  an im m ediate  activation of CNG channels ap p a ren tly  identical to 
th at of NO. O u r resu lts  d em o n stra te  th a t N O  can  d irec tly  ac tiva te  the 
o lfactory CNG channels in d ep en d en tly  from  the in trace llu la r regu la to ry  
cascade. Its action could be via the chem ical m odification of SH groups.
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5 7 .7
DELETION OF THE OLFACTORY MARKER PROTEIN GENE ALTERS 
PHYSIOLOGICAL ACTIVITY OF OLFACTORY RECEPTOR NEURONS. O  
Buiakova1 , H. Baker2 . C. Stewart1 , J. Scott3 . R. Kream.4s  Ahhondanzo1 
L. Franzen2 L. M. Davis3 . m . Grillo1. and F.L. Maraolisi 1*. Roche Inst. 
Molec. Biol.1, Nutley, NJ, Cornell Univ. Coll. Med.2 , NY, NY, Emory Univ. 
Sch Med.3 , Atlanta, GA and Tufts NE Med Ctr, Boston, MA.4 .

Olfactory marker protein (OMP), is the most abundant protein of mature 
olfactory receptor neurons. To study the function of this phylogenetically 
conserved, cytoplasmic protein we created OMP deficient mice by 
homologous recombination. A targeting vector was constructed containing 
the neomycin resistance gene in place of the OMP coding region. ES cells 
were transfected, neo+/TK- colonies selected and two independent lines of 
OMP null mice generated. These mice are devoid of OMP, and display 
normal gross anatomy. Behavioral studies indicate that the mutant mice are 
not anosmic. The laminar and cellular organization of the olfactory mucosa 
and bulb are normal as is the expression of carnosine and B50/GAP43. 
However, the olfactory bulb weight is reduced by 15%. Significant reductions 
(50-60%) in bulbar content of the neuropeptide CCK and tyrosine 
hydroxylase (TH) activity, the rate limiting enzyme for catecholamine 
biosynthesis, have been observed in the bulbs of mutant mice. Both CCK 
and TH are present in bulbar target neurons of the olfactory afferents. We 
have reported dramatic losses of bulbar TH activity in response to decreased 
afferent input from the olfactory neuroepithelium. The decrease of CCK and 
TH expression in the mutant bulbs suggests that neural activity of the 
olfactory neuroepithelium is altered in the OMP null mutants. 
Electrophysiological analyses support this hypothesis as electroolfactograms 
recorded from OMP deficient mice showed slower rise and decay times as 
compared to wild type mice. Thus, alteration of the electrophysiological 
responses of the olfactory neuroepithelium in the null mutant mice suggests 
that OMP may be a novel component of the odor detection/signal 
transduction mechanism.

57 .9
EXPRESSION AND FUNCTIONAL ANALYSIS OF COMPONENTS OF THE 
MAMMALIAN OLFACTORY SIGNAL TRANSDUCTION PATHWAY.
Y. Zhang. J. Bradley. Y. Uezono, J. Li. R. Bakin#. G. Ronnett#. N. Davidson* H. A. 
Lester and K. Zinn. Division of Biology, California Institute of Technology, Pasadena, 
CA 91125, #Dept. of Neuroscience, Johns Hopkins University, Baltimore MD 21205. 
The mammalian olfactory system can detect and differentiate thousands of odorants at 
low threshold. Odorants are thought to interact with receptors which couple to G- 
proteins resulting in an increase in cAMP. cAMP opens cyclic nucleotide gated (eng) 
cation channels initiating action potentials. We have focused on two components of 
this pathway: the cng channel and the 7-transmembrane domain olfactory receptors. 
We have cloned a new rat olfactory cng channel subunit, rOCNC2, which forms 
heteromeric channels when co-expressed with the previously cloned rOCNCl (Bradley 
et al., PNAS 91:8890). The heteromeric channel is highly permeable to Ca2+ and 
resembles the native channel found in olfactory sensory neurons in its cAMP 
sensitivity. We have detected expression of both olfactory cng channel subunits in 
various regions of brain including olfactory bulb, cerebral cortex, cerebellum, and 
hippocampus using quantitative RT-PCR, in situ hybridization and staining with 
channel subunit specific antibodies. In hippocampal neuronal cultures we have 
observed channel expression by antibody staining and transient elevation of 
intracellular Ca2+ by cell permeable cyclic nucleotide analogues using Fura-2. We 
have also recorded currents of cng channels in inside-out patches from both 
hippocampal and olfactory bulb neurons in culture. To assay receptor function we co- 
expressed the cloned olfactory receptors in heterologus expression systems and have 
developed a sensitive method to detect receptor activation (Uezono et al., Receptor 
and Channels 1: 223). We are also using the olfactory cng channels in conjunction 
with Fura-2 Ca2+ imaging to assay olfactory receptors expressed in HEK293 cells. 
Supported by NIMH and NIGMS

57.11
DOES A SINGLE OLFACTORY NEURON EXPRESS ONE OR MORE RECEPTOR 
GENES? N. E. Rawson1* and D. Restrepo1,2. 1Monell Chemical Senses Center, 
Philadelphia PA 19107 and 2Dept. Physiology, University of Pennsylvania, 
Philadelphia PA 19107.

Recent studies using a statistical approach suggest that olfactory neurons 
are likely to express only one or a small number of olfactory receptor (OR) 
genes (Chess et al., Cell 78.823-834). We have studied this question using an 
alternative approach that enables analysis of function and receptor gene 
expression at a single-cell level. Odorant responsivity of isolated rat 
olfactory neurons (ON) is first characterized using calcium-imaging 
techniques (Restrepo et al., J. Gen. Physiol. 102:907-924, 1993). Gene expression is 
then studied by reverse transcription of mRNA taken from individual ON into 
a patch pipette. cDNA can then be made and further amplified via synthesis 
of antisense RNA (Eberwine et ai., p n a s  89 :301 0 -3 0 1 4 ,1992). Gene expression is 
analyzed by cloning and sequencing products made using the polymerase 
chain reaction (PCR). Primers were designed to amplify olfactory-specific 
(OMP, Gq, OR) and nonspecific (β-actin) cDNA sequences. The presence of 
contaminating genomic DNA is assessed by primers that will amplify an 
intron-containing segment of β-actin. Of 28 cells for which cDNA was 
obtained, 10 produced the appropriately sized β-actin and OMP PCR 
products. To explore OR gene expression, degenerate primers targetting 
conserved regions within transmembrane domains III (AYDRYV) and VI 
(HKAFST) of the amino acid sequence were used. PCR products have been 
obtained using these primers and cDNA from 5 of the above single ON 
samples. These products are identical in size to those obtained from 
olfactory tissue cDNA. Sequences of clones obtained from one cell will 
indicate whether multiple receptor types may be expressed by a single ON.

Supported by NIH grants DC00566, DC01434, DC00214 and DC00177.

5 7 .8
EX PR ES SIO N  O F TH E T R A N S C R IPTIO N  FA CTO RS OLF-1 AND 
PAX-6 IN  SEN SO R Y  SY STEM S. J. A. D avis. K. A. S c h rad e r  and  R.
R. Reed* D ep a r tm e n t of M olecu lar Biology an d  G enetics an d  
D e p a r tm e n t of N euroscience, H ow ard  H u g h es M edical In s t i tu te ,
Jo h n s  H opkins School of M edicine, B altim o re  MD 21205,

The o lfactory e p ith e liu m  is u n u su a l  in  its  a b ility  to  undergo  
co n tin u a l d iffe ren tia tio n  th ro u g h o u t a d u lt  life. W e h a v e  id en tified  a 
t ra n sc rip tio n  factor, Olf-1, th a t  a p p e a rs  to  p lay  a  role in  th e  expression  
of sev era l genes th a t  fun ctio n  in  olfactory  s ig n a l t ra n sd u c tio n .
R ecent evidence h a s  suggested  th a t  th e  Olf-1 fac to r is expressed  in th e  
u n d iffe re n tia ted  globose b asa l cells before th e  express ion  of th e  
te rm in a lly  d iffe re n tia ted  m ark e rs . E x p ress io n  of th e  Olf-1 p ro te in  is 
n o t re s tr ic te d  to  th e  o lfactory e p ith e liu m  d u r in g  em bryonic 
developm ent in  th e  m ouse. I ts  exp ress io n  is seen  in  d isc re te , post- 
p ro life ra tiv e  n e u ro n a l p rec u rso rs  in  re t in a , sp in a l cord an d  th e  
developing  b ra in . T he ex p ress io n  in  th e  b ra in  a n d  sp in a l cord 
d isap p ea r a t  abou t th e  tim e  of b irth . T hese o b serva tions suggest th a t  
Olf-1 m ay h av e  a m ore g en e ra l ro le in  th e  d iffe re n tia tio n  of po st
m ito tic  n e u ro n a l p rec u rso rs  an d , m oreover, v a lid a te s  e x a m in a tio n  of 
th e  Olf-1 facto r in  o lfactory d iffe ren tia tio n .

T he h igh  level exp ress io n  of th e  PAX-6 t ra n sc rip tio n  fac to r in 
olfactory ep ith e liu m  led  to an  ex am in a tio n  of th e  p a tte rn  of expression  
of th is  p ro te in  in  th e  developing  an d  a d u lt  n eu ro ep ith e liu m . 
In te re s tin g ly , a n tib o d ies  to  Pax-6  specifically  recognize h o rizo n ta l 
b asa l cells an d  su s te n ta c u la r  cells w ith in  th e  e p ith e liu m  and, 
th ere fo re , defines th e  n o n -n eu ro n a l cells w ith in  th e  ep ith e liu m .
G iven th e  olfactory defects asso c ia ted  w ith  m ouse Pax-6  m u ta n t, we 
a re  cu rre n tly  in v es tig a tin g  th e  role of th is  fac to r in  th e  deve lopm ent 
of th e  olfactory ep ith e liu m .

5 7 .1 0
REGULATION OF CYCLIC NUCLEOTIDE-GATED CHANNELS AND 
MEMBRANE EXCITABILITY IN OLFACTORY RECEPTOR CELLS BY 
CARBON MONOXIDE. T. Leinders-Zufall*. G. M. Shepherd and F. Zufall. 
Section of Neurobiology, Yale University School of Medicine, New Haven, CT.

Carbon monoxide (CO) has been proposed to function as a diffusible messenger 
molecule in the vertebrate olfactory system yet very little is known about possible 
cellular actions. We here report that exogenously applied CO is a highly potent reg
ulator of excitable properties of freshly isolated ORNs from salamander. If voltage 
clamped to their resting potential ORNs respond with the activation of a sustained 
inward current to the application of CO. A series of pharmacological and ionic tests 
has shown that this inward current is due to the activation of cyclic nucleotide-gated 
(CNG) channels that were previously described to mediate odor transduction in these 
neurons. Activation of CNG channels by CO can be consistently detected in nearly 
every cell. CO does not exert its effect directly on the olfactory CNG channels; 
rather channel activation has an absolute requirement of GTP in the intracellular 
environment. This result is consistent with the idea that CO leads to cGMP 
production through the activity o f a soluble guanylyl cyclase (sGC). Full dose- 
response curves for CO-mediated cGMP-production (monitored through CNG-channel 
activity) have been obtained. CO generates significant CNG currents in the 
submicromolar range (K1/2 = 3 μM). All CO-induced effects were completely 
blocked by the sGC inhibitor LY83583. Closer analysis of this effect however 
suggested that LY83583 did not only act at the level of sGC but also was a potent 
voltage-dependent blocker of CNG channels. Both effects can be clearly 
distinguished on the basis of our results. In a second set of experiments we applied 
the perforated patch technique to study quantitative aspects of CO-mediated 
depolarization of ORNs and the consequences for action potential generation. These 
experiments have shown that micromolar doses of CO lead to tonic depolarization of 
the membrane potential due to CNG channel activity and that this effect has a very 
strong modulatory action on responses to other incoming stimuli. These results 
suggest an important role of the CO/cGMP system in olfactory signal generation. 
Supported by grants from the NIH.

5 7 .1 2
IDENTIFICATION OF NOVEL MEMBERS OF THE ODORANT RECEPTOR 
FAMILY IN RAT SPERMATIDS. L.D. Walensky*. M. Rnat. A .J. Roskams. L. 
Williams. R. Bakin. S.H. Snyder, and G.V. Ronnett. Department of Neuroscience, 
Johns Hopkins University School of Medicine, Baltimore, MD 21205.

The localization of putative odorant receptor proteins to the midpiece of the 
mammalian sperm tail has generated the hypothesis that olfactory receptors may 
serve a chemosensory role in sperm chemotaxis during fertilization. The midpiece is 
that part of the sperm tail characterized by the presence of tightly packed 
mitochondria, and therefore contributes to the production of energy required for 
m otility. Release of a signalling m olecule by the egg may bind sperm 
chemoreceptors on the midpiece, resulting in respiratory burst and locomotion toward 
the egg. We have sought to identify spermatid olfactory receptors at the DNA level 
and examine their tissue specificity and pattern of expression.

We purified round spermatids from the testis by elutriation and conducted RT-PCR 
using degenerate primers directed against sequences conserved across members of the 
known odorant receptor family. Subcloning and sequencing of the PCR products 
confirmed the presence of several novel molecular species that share conserved motifs 
with members of the putative odorant receptor family but display only 40-50% 
overall amino acid homology to known olfactory receptors. The spermatid olfactory 
receptors appear to be testis-specific based upon RT-PCR experiments in multiple 
tissues using nondegenerate primers directed against the spermatid receptors. In situ 
hybridization was additionally employed to demonstrate the pattern of receptor 
expression in the testis.

Our results indicate that novel members of the odorant receptor family are 
expressed in spermatids, the differentiating cells of the testis that are precursors of 
mature spermatozoa. The identification of distinct odorant receptors in rat spermatids, 
coupled with their known localization in the midpiece of mature sperm cells, suggest 
that these proteins may function as chemoreceptors during sperm-egg precontact 
communication. Isolation of the appropriate egg ligand and characterization of its 
interaction with receptors such as those identified in this study, may provide further 
insight into odorant receptor physiology and mammalian fertilization.
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57 .1 3
NEUROTRANSMITTER-INDUCED RESPONSES IN CULTURED RAT 
ENSHEATHING CELLS DETERMINED WITH PERFORATED PATCH-CLAMP 
TECHNIQUE AND CALCIUM IMAGING
G. v. Blankenfeld and M.O.K. Enkvist* Dept. of 
Biochemistry and Pharmacy, Abo Akademi 
University, Turku, Finland

Ensheathing cells are a specific type of glial cells which only occur in 
the olfactory nerve and the outermost layer of the olfactory bulb, it has been 
speculated that the properties of ensheathing cells might underlie the unique 
regenerative capacity of the olfactory system. To characterize transmitter 
induced responses we prepared primary cultures of rat ensheathing cells. W e  
used the fluorescent indicator fura-2 to monitor neuroligand-induced Ca2+ 
responses. Nearly all ensheathing cells responded to ATP and K+ with an 
increase in Ca2+. The majority of cells also showed an increase of intracellular 
Ca2+ after the application of the muscarinic agonist carbachol and the 
adrenergic agonist phenylephrine. A Ca2+ increase in response to glycine was 
seen in a subpopulation of cells, and responses to GABA and glutamate only in 
a few cells. W e used the perforated patch clamp technique in both voltage and 
current clamp mode to monitor electrophysiological responses mediated by 
ionotropic and metabotropic receptors. Nearly all cells showed an inward 
current/depolarization after application of ATP, glutamate and glycine. The 
ATP-induced depolarization was slow and long-lasting. Adenosine was without 
effect. The glutamate-induced depolarization was caused by an inhibition of a 
K+ current, with the efficacy quisqualate >glutamate>trans-ACPD. Kainate and 
NMDA were both without effect. No electrophysiological changes could be 
measured after application of carbachol and phenylnephrine. The data obtained 
in culture are well comparable to our previous results from acutely isolated 
slices of the olfactory bulb, opening up the possibility to investigate physiological 
properties of ensheathing cells in a defined culture system.

57 .1 5
CELL CYCLE STUDY OF OLFACTORY GLOBOSE BASAL CELLS AFTER 
OLFACTORY BULB ABLATION AND METHYL BROMIDE EXPOSURE. J. M. 
T. HUARD* AND J. E. SCHWOB. Dept. of Anatomy and Cell Biology, SUNY 
Health Science Center, Syracuse, NY 13210.

The olfactory epithelium (OE) of adult mammals has the unusual property of 
generating olfactory sensory neurons throughout life via the mitotic proliferation of 
basal cells. Moreover, both the rate of basal cell proliferation and the fate of the 
daughter cells are regulated by the underlying state of the epithelium (lesioned vs. 
normal vs. protected). Thus, the OE is well suited for the study of neurogenesis and 
its regulation. At a cellular level, proliferation may be regulated by altering the 
kinetics of the mitotic cycle, or by returning more basal cells to the mitotic cycle, or 
both. To identify the mechanism(s) underling regulation, we assessed the cell cycle 
kinetics of olfactory globose basal cells in unlesioned and lesioned animals. In a 
previous study, we established the duration of the cell cycle (TC = 17 h r ) , S-phase 
(TS = 9 hr) and G2+ M + G1 phases (TG2 + m + g i = 8 hr) of globose basal cells in 
unlesioned adult rats (Huard and Schwob, 1995). Moreover, we found that 30 % of 
the daughter cells return immediately to a second round of cell division. In the 
present study, we sought to determine whether these parameters are altered in 
response to injury. Following olfactory bulb ablation and exposure to the gas 
methyl bromide, we determined the above paramaters using the same technique. That 
is to say, 5 days after bulb ablation and 7 days after methyl bromide, animals were 
injected with 3H-thymidine followed by injection of bromodeoxyuridine with various 
time intervals between injections. For both lesions, we found no significant change 
in TC (17 hrs), TS (9 hrs) and Tg2 + m + g 1 (8 hrs). However, we observed that the 
percentage of daughter cells that immediately return to a second round of the cell 
cycle is significantly increased to 55-60 %. Thus, in these particular settings, 
increase in globose basal cell proliferation after injury results from more globose 
basal cells returning to the mitotic cycle than from a shortening of TC  Supported by 
NIH grants ROl DC02167 and K04 DC00080.

5 7 .1 4
CELL D EN SITY  A FFEC TS NEURONAL A G G R E G A T IO N  AND 
D IFFER E N TIA T IO N  IN CULTU R ES OF N E W B O R N  RAT O LFACTORY  
S E N S O R Y  NEURONS. P. Loos and S.K. Pixley*. Dept. of Cell Biology, 
Neurobiology and Anatomy, Univ. of Cincinnati, Cincinnati, O H 45267.

Olfactory epithelial cells from newborn Sprague-Dawley rat tissues 
(NOE) form highly differentiated epithelial spheres (micro-noses) in a 15 
day co-culture system with cortical astrocytes as the bed layer (Pixley et. 
a l., 1994). The micro-noses re-create, in vitro, characteristics of the intact 
olfactory epithelium. Thus, studies of how micro-noses form in culture 
might help us understand how the intact olfactory epithelium forms during 
development and regenerates after injury. W e first asked if micro-noses 
form around the small epithelial chunks that remained intact after tissue 
dissociation. The initial dissociated cell suspension was passed through a 
10 μm sieve to remove cell clumps. The cells that passed through the 
sieve were plated onto astrocytes at the same cell density as the original 
suspension. After 15 days, cultures with sieved cells contained significantly 
fewer micro-noses and less mature olfactory neurons, i.e ., neurons 
immunostained with anti-Olfactory Marker Protein (O M P). Then, to 
determine if cell plating density influenced neuronal aggregation and 
maturation, the sieved cells were plated at 2, 4 and 6 times the normal 
density. At all higher densities, micro-noses formed and they contained 
glandular cells (stained with an antibody specific for Bowman’s gland cells) 
and OMP-positive neurons. Because these data suggest that neuronal 
aggregation occurs in vitro, we are examining the cultures using time-lapse 
photography. The increased neuronal differentiation observed with higher 
cell plating density suggests that the olfactory epithelium contains intrinsic 
paracrine or autocrine factors that regulate neuronal survival, aggregation 
and maturation. Support: NIH DC00347.

5 7 .1 6
V O L T A G E -A C T IV A T E D  C A -D E P E N D E N T  C U R R E N T S  O F  
O L F A C T O R Y  N E U R O N S  IN  A S E M I-IN T A C T  SLICE  
PR EPA R A TIO N . R .J  Delay* and V .E . D io n n e . Boston University 
M arine Program, M arine Biological Lab., W ood s H ole, M A 0 2 543 .

T he conductances and odorant responses o f  olfactory receptor neurons 
(O R N s) have been examined in detail only in isolated cells. By using a 
sem i-intact slice preparation, we can exam ine the properties o f  O R N s  
w ithout subjecting cells to the potentially dam aging procedures 
norm ally used to isolate O R N s. In addition, cells can be filled with  
Lucifer yellow , facilitating the correlation o f  cell m orphology and 
physiology. T o  prepare slices, the olfactory epithelium  from aquatic 
salamanders (N ecturus maculosus) is removed by blunt dissection, cut 
open, and glued to a substrate. Slices 2 0 0 -3 0 0  μ m thick are cut 
follow ing the m ethod o f  Bigiani and Roper [Science (1991) 252:126], 
and remain viable for >24 hours when stored in saline at 4°C . Using  
w hole-cell recording m ethods, we are characterizing the conductances 
present in O R N s. A portion o f  the outward current is Ca2+-dependent 
and can be elicited by depolarizing voltage pulses. Substitution o f  Ba2+ 
for Ca2+ in the bath inhibits the Ca2+-dependent outward currents. 
Furthermore, intracellular substitution o f  C s+ for K+ blocks part o f  the 
current, as does substitution o f  m ethanesulfonate for extracellular CL. 
These results suggest that the C a2+-dependent conductance contains both 
K+ and CL com ponents; the relative contribution o f  these conductances 
varies between cells. T he physiological properties o f  O R N s in slices 
are similar to those previously described for isolated cells.

57 .1 7

D IST R IB U T IO N S  OF ELEC TR O O L FA C TO G R A M S IN RA T  
CO RR ESPON D TO O LFACTORY RECEPTOR G ENE EX PRESSIO N  
ZO NES. John W. Scott*. Craig Kaplan. Donna Shannon .and Lisa M. 
D a v is . Departm ent o f  Anatom y and Cell B io logy, Em ory University  
School o f  M edicine, Atlanta, G eorgia 30322.

Putative olfactory receptor gen es expressed in the far lateral spaces 
b etw een  the turbinate bones are also expressed at the bottom  o f  the 
m edial base o f  the turbinate bones near the nasal septum. W e refer to  
these tw o positions o f  similar gene expression as ventral-lateral sites. W e  
recorded electroolfactogram  (E O G ) resp onses to h om ologou s series o f  
odorants at both ventral-lateral sites in rats prepared after sacrifice with 
C 0 2 or pentobarbital. Th ese ventral-lateral EO G s w ere com pared to  
EOGs recorded from the dorsal recess or the tops o f  the medial base o f  
the turbinate bones (dorsal sites), where different receptor g en es are 
expressed. W e found systematic differences betw een the odors evoking  
maximal responses in the dorsal and ventral-lateral sites. Hydrocarbon  
com p ounds without functional groups evok e larger EO G s in ventral- 
lateral sites. Addition o f  a carbonyl group to  aromatic (e  g. benzene vs. 
benzaldehyde) or terpenine (e  g. lim onene vs. carvone) com pounds 
increased the size o f  the EO G  evoked  in the dorsal sites. U se o f  direct 
odor application after opening the nasal cavity sh ow s that these effects  
were not produced by differential sorption o f  odors along the flow  path.

Supported by NIH  grant D C 0 0 1 13
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58 .1
ROLE OF CALCIUM  ATPase IN PARAM ECIUM  CH EM ORE- 

SPONSE. J. L. Van H outen*. J. Yano. J. P. S tab ila. University o f 
Vermont, D epartm ent o f Biology, B urlington, VT 05405

Param ecia are attracted to chemical stimuli including glutam ate, 
acetate, and amm onium. These stimuli all hyperpolarize the cells, but 
probably by three different signal transduction pathw ays. The hyperpo- 
larization for at least one o f these pathw ays is likely to be through the 
activation o f the plasm a m em brane calcium  pum p. In order to study 
the role o f  this pum p, we have down regulated calm odulin using an 
antisense oligonucleotide technique pioneered in Paramecium  by Hin- 
richsen, Fraga and Reed. Cells electroporated with antisense or sense 
oligodeoxynucleotides (OD Ns) are selected for sw im m ing behavior that 
reflects the reduction o f a calm odulin regulated Na conductance. These 
cells are tested for increases in sw imm ing speed that are indicative o f 
hyperpolarization in attractant stim uli. Cells receiving sense ODNs 
speed up in acetate and amm onium. Cells receiving antisense O D N s do 
not show a response to acetate but do show a normal response to 
ammonium. These results are consistent with a calm odulin regulated 
step in chem oresponse for acetate but not for am m onium , as expected. 
The electroporated cells fail to repond to glutam ate, regardless o f  sense 
or antisense O D N. Therefore, we transform  cells with a plasm id that 
expresses most o f  the calm odulin gene in the antisense orientation.

The calcium  pump gene has been cloned (N. Elwess) and its 
calmodulin binding dom ain is being expressed in bacteria order to 
demonstrate the binding o f calm odulin to this peptide.

This work is supported by NIH and the VCC.

58 .3
MECHANISMS OF AFTERHYPERPOLARIZATION IN LOBSTER 
OLFACTORY RECEPTOR NEURONS. W.C. Michel* and F.S. Corotto. Dept. 
of Physiology, Univ. o f Utah Sch. of Med. Salt Lake City, UT 84108.

Current injections into lobster olfactory receptor neurons elicited spike trains 
followed by hyperpolarizations o f up to 15 mV in amplitude and 1-5 s in 
duration. Such afterhyperpolarizations(AHPs) also followed odor responses and 
could profoundly affect the response to a second odor presentation if 
superimposed on the AHP. We found that a portion of the AHP can be 
reversibly blocked by 5 mM CsCl which indicates involvement o f the inward 
rectifier (Ih) which we described previously (J. Neurophysiol., 72: 360-365). At 
rest, Ih presumably holds Vm positive to EK by providing inward current, but 
deactivates during the spike train due to the current’s voltage-dependence. After 
the spike train, Ih remains briefly deactivated and this allows Vm to approach EK 
(thus generating a hyperpolarization) until Ih activates again. With Ih blocked 
by 5 mM CsCl, the remainder of the AHP was accompanied by an up to 5-fold 
increase in membrane conductance. This suggests that an increased ionic 
conductance, such as to K+ or CL, underlies this component o f the AHP. We 
found that the Cs+-Mnsensitive AHPs were large when cells were held well 
positive o f EK, undetectable near EK, and depolarizing when cells were held 
negative o f EK. In contrast, Cs+-sensitive AHPs were independent o f Ecl. 
Finally, in voltage-clamp with 5 mM CsCl present, 5 s steps to -1 mV were 
followed by tail currents lasting 1-5 s that presumably reflected the Cs+- 
insensitive component o f the AHP. These currents reversed at EK, were 
unaffected by ECl and were greatly attenuated but not always eliminated by 8 
mM CoCl2. Collectively, these data indicate that the Cs+-insensitive component 
of the AHP was generated by an increase in gK that was to some degree Ca2+- 
dependent. The total AHP therefore results from both deactivation o f Ih and 
activation of IK during the spike train. Supported by NIDCD DC-01418.

58.5
V O L T A G E - G A T E D  A N D  O D O R - M O D U L A T E D  
C O N D U C T A N C E S  IN O L F A C T O R Y  C E L L S O F DROSOPHILA 
MELANOGASTER. A d rienne E. D u bin * and G reg L. Harris. D ep t. o f  
Biol. and M ol. B io l. Inst., San D ieg o  State U n iv ., San D iego , C A  92182 . 
W e are co m b in in g  m o le c u la r -g e n e tic , b eh avioral and patch c lam p  
electrophysiological approaches to understand olfactory system  function  
in the adult Drosophila third antennal segm ent, the m ain olfactory organ. 
W e have develop ed  a sem i-in tact antennal preparation that m aintains the 
structural integrity o f  this olfactory  organ and a llo w s, for the First tim e, 
the use o f  standard cell-a ttach ed  and perforated w h ole  ce ll patch clam p  
techniques to study o lfaction  in th is organism . A ntennae w ere d issected  
from young Canton-S control f lie s, secured in dental w ax, perfused with  
standard extracellular saline and cut perpendicular to their long axis with  
irridectomy scissors. G Ω sea ls  w ere obtained on ce ll bod ies using fire- 
polished pipets (25-50%  su ccess  rate). A  m ixture o f  odorants including  
representatives from  f iv e  ch em ica l c la sse s  d ilu ted  to 10-5  or 10-4  in 
extracellular sa lin e  so lu tion  w as applied  from  a nearby puffer pipet. 
Odorants m odulated m em brane con d u ctan ce in ~ 20%  o f  the patches  
(n=18). W hole c e ll currents w ere obtained using am photericin  B from  
both presum ptive neurons and non-neuronal c e lls . O ne c la ss  o f  c e lls  
revealed only sustained outward currents w hen the m em brane potential 
was held at -6 0  m V  (+ 4 0 -1 0 0  pA at + 7 0  m V; n = 3 ). A  v o ltage-gated  
transient inward current ( -5 5  pA ) and sustained outward currents (+ 7 5  
pA) were activated from  -70  m V in another cell in which action potentials 
could be e lic ited  (m em brane r e sis ta n ce = 4 .2  G Ω ; restin g  m em brane  
potential ~ 50  m V . W e are develop ing m ethods to visualize recorded cells  
to determ ine their c e ll  typ e  and lo ca tio n . Supp. by A H A , C A  9 4 -  
273A (G .L .H .),W hitehall #J94- 1 1 & N S F  IB N -9 4 0 7 8 8 7 ( A .E .D .)

5 8 .2
ODOR-EVOKED CHLORIDE CURRENT IN CULTURED  
LOBSTER OLFACTORY RECEPTOR CELLS. A .B. Zhainazarov 
and B.W. Ache*. Whitney Laboratory and Depts. of Zoology and 
Neuroscience, Univ. of Florida, St. Augustine, FL 32086.

Odors excite lobster olfactory receptor neurons in culture by 
activating an inward cationic current (Fadool & Ache, Neuron 
9:907, 1992). Odors can also activate an outward current. This 
outward current is distinct from an inhibitory, odor-evoked K 
current described earlier in these cells in situ (Michel & Ache, J  
Neurosci. 12:3979, 1992). The new outward current can be 
ascribed to suppression of a steady-state Cl conductance: odors 
decrease the membrane conductance, the current reverses at -
52.3 ± 4.6 mV, and changing [Cl-]0 and [Cl'l shifts the reversal 
potential of the current according to Nemst equilibrium potential 
for Cl- (Ec l). The outward current is not blocked by the chloride 
channel blockers niflumic add (1 mM) and 4 -acetamido-4'- 
isothiocyanatostilbene-2,2'-disulfphonic add (2 mM). Noise 
analysis suggests that a 0.2 pS channel (most frequently occupied 
state) underlies the Cl current. The reversal potential of the Cl 
current, measured with gramiddin-perforated patches, varies from 
-62 to -17 mV (n=19). The role of the Cl current is uncertain, but 
the current would be expected to suppress activation in cells with 
Ecl positive of rest and fadlitate exdtability in cells with Ecl near 
to or more negative than rest. [Supported by NIH DC01655]

5 8 .4
PERCEPTION OF MIXTURES BY SPINY LOBSTERS: GENERALIZATION 
AMONG RELATED COMPLEX MIXTURES AND THEIR COMPONENTS.
C. Derby*. A. Livermore. M. Hutson. and W. Lynn. Dept.of Biology, Georgia 
State Univ., Atlanta, GA 30302-4010.
We examined olfactory processing of mixtures by spiny lobsters (Panulirus 
argus) using a conditioning assay to assess generalization among a 7- 
compound mixture and various combinations of its components. Mixtures or 
single compounds were paired with an unconditioned aversive stimulus, 
followed by generalization testing with 1-7 component stimuli. The response 
variable was search behavior. Responses of conditioned and unconditioned 
animals were compared. In general, conditioned animals showed poor 
generalization between mixtures and closely related sub-mixtures, and 
between individual compounds and mixtures containing them. To resolve 
whether this pattern of generalization resulted from the animals' inability to 
discriminate mixture components, we accentuated the behavioral 
importance of a binary mixture's unique and defining component by 
discrimination conditioning (conditioned mixture AX+, unconditioned mixture 
AY-). Subsequent generalization testing using the defining components (X 
and Y) and the two mixtures suggested that lobsters can detect salient 
mixture components. The results indicate that the processing strategy 
adopted by animals can be centrally mediated and can depend on the 
particular requirements of the task. Additional studies are aimed at 
assessing whether the response to the defining components resulted from 
the discrimination and recognition of mixture components or from 
suppression of the non-salient component.
Supported by NSF IBN-9109783, and NIDCD K04DC00002 and 
R01DC00312

5 8 .6
DEVELOPMENT OF A MoMLV RETROVIRAL SYSTEM FOR IN VIVO 
EXPRESSION ANALYSIS OF OBP PROMOTERS IN THE MOTH MANDUCA 
SEXTA. M.D. Franco. J.C. Burns and R.G. Vogt*. University of South Carolina, 
Columbia, SC 29201 and University of California, San Diego La Jolla, California 
92093.

Odorant Binding Proteins (OBPs) are extracellular proteins expressed in support 
cells of olfactory sensilla; OBPs function to transport odorants to receptors in 
olfactory neurons. Three homologous OBPs (PBP, GOBP1 and GOBP2) are 
differentially expressed in the olfactory epithelium of the moth Manduca sexta, in 
association with functionally distinct classes of olfactory sensilla (pheromone and 
general odorants specific). Furthermore, OBP expression is induced by a decline in 
ecdysteroids at the end of adult development. The specific morphological pattern in 
the expression of these proteins, coupled to their specific temporal expression suggest 
a spatio-temporal gene regulation.

In order to further characterize the regulation of the OBP expression, we have 
developed an in vivo transfection system, using a retroviral vector to characterize 
OBP promoter regions. Exposure to virus must precede cell division; the olfactory 
cells associating with a sensillum derive from a common sensory mother cell early in 
adult development. Using 5-bromo-2'-deoxy-uridine (BrdU) incorporation we 
determined that these cell divisions occur on day 3 of the 18 day adult development. 
We then injected a series of animals around this stage with a non replicative pseudo- 
typed MoMLV retrovirus containing the glycoprotein of the VSV (vesicular 
Stomatitis Virus) to confirm that this system is suitable to insert promoter/reporter 
constructs into the insect genome for analysis. Detection and integration of the 
MoMLV(VSV) retrovirus into the host genome is confirmed by PCR and Southern 
blot analysis. We believe this system offers significant opportunities to study the in 
vivo gene expression of these and other olfactory genes and to provide us a model in 
the assay for regulatory nuclear proteins.
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5 8 .7
LOCAL FIELD POTENTIAL IN THE ANTENNAL LOBE OF THE ANTHERAEA 
MOTH ( A. PERNYI): PHEROMONE RELATED OSCILLATIONS?
J.Y. Wu*, C.H. Wu, L. Guan and A.H. Cohen. Dept. of Zoology, Univ. of 
Maryland, College Park, MD 20742

The glomerular area of the A. pernyl antennal lobe were recorded with glass 
pipette with 10 um tip opening. The resting (no pheromone in background) 
oscillations appears continuously as humps of 500 uV at 10 to 16 Hz often with 
large spikes (1 to 3 mv) riding on the top. The resting frequency increases 
when there is a trace amount of pheromone in the background. Humps and 
large spikes disappear after transecting the ipsilateral antennal nerve.

In both male and females, odor free air puffs induce oscillations of 30 to 50 
Hz with high amplitude. In males a weak puff (1.5 ml/s X 200 ms) of female 
tail gland odor or the major pheromone component E6,Z11 -16:AL elicits high 
frequency (100 to 150 Hz) oscillations. The minor components, E6,Z11-16:AC 
and E4,Z9-14:AC, induce similar oscillations with fewer cycles.

Shown by multi-location recordings, the oscillations are spatially distributed 
across the lobe with phase differences. Optical imaging methods will be used 
to further examine the dynamics of the oscillations.

(Supported by NIH NS31425, MH44809 and a Chinese NSFC grant )

5 8 .9
MULTIPLE SIMULTANEOUS RECORDINGS OF COHERENTLY FIRING 
PROJECTION NEURONS IN THE LOCUST OLFACTORY SYSTEM.
Mike Wehr and Gilles Laurent.* California Institute of Technology, Biology 
Division, Computation and Neural Systems Program 139-74, Pasadena, CA 
91125.

Fast odor-evoked field potential oscillations in the mushroom bodies of the 
locust have been shown to result from the formation of odor-specific ensembles 
of coherently firing projection neurons in the antennal lobe (Laurent & 
Davidowitz 1994, Science 265:1872-1875). We report techniques to record 
simultaneously the activity of many projection neurons in vivo, using 
extracellular electrodes. We have, at this time, succeeded in recording 
simultaneously the firing of up to five different projection neurons in addition 
to the mushroom body field potential. Using this method we have confirmed 
the existence of odor-spccific overlapping ensembles of coherently firing 
projection neurons previously shown by sequential recording from pairs of 
projection neurons with field potentials. Furthermore, this method will allow 
detailed analysis of the fine temporal structure of projection neuron spike trains 
with respect to the odor-evoked field potential oscillations and across multiple 
projection neuron recordings. With the use of spike sorting techniques (Lewicki 
1994, Neural Comp. 6:1005-1030) it will be possible to record from greater 
numbers of projection neurons (possibly up to 20). This will allow analysis of 
combinatorial coding of odor information in a significant fraction of the 
population of 700 projection neurons. Supported by NSF-PFF award to GL and 
ONR Graduate Fellowship to MW.

58 .1 1
O D O R -E V O K E D  A N T E N N A L  B E H A V IO R  IN TH E C O C K R O A C H , 
PE R IPLA N E TA  A M E R IC A N A . C. C hee-R uiter* & G. Laurent. C N S  
Program, D iv ision  o f  B io lo g y  139-74, Caltech, Pasadena, C A  9 1125  

U n lik e vertebrates, w h o se  olfactory receptors are f ix e d relative to the 
body, m any arthropods, such as in sects, can ac tiv e ly  m anipulate the 
position in g o f  their o lfactory receptors, w h ich are located on m oveab le  
antennae. W e are currently studying olfactory behavior in an insect, the 
cockroach (Periplaneta americana). This animal is a nocturnal scavenger, 
highly dependent on its o lfactory sen se to search and locate sources o f  
food, shelter, and mates. U sin g  a m otion analysis system  with infrared 
illum ination  (i.e ., in situ ation s w h ere v isio n  is not u sed ), w e  have  
characterized 3-dim ensional active antennal responses to food  odors. At 
rest, animals exhibit a slow  (0 .5-H z), low -am plitude "beating" pattern o f  
antennal m ovem ent. After odor stim ulation, both antennae are elevated  
sim ultan eou sly , and the azim uthal angle betw een  left and right antenna  
decreases. The frequency o f e levation  m ovem en ts increases (~  1.5-3  
H z), with antennal tips fo llo w in g  arcing or circular trajectories. The  
antennae appear to "point" in the horizontal p lane towards the source o f  
the odorant. The duration o f  this "pointing" is approxim ately  1 .5-2  
secon d s. O bservation s o f  free ly -m o v in g  anim als sh o w  that, prior to 
orienting towards a perceived odorant source, anim als often "scan" with  
their antenna, exh ib itin g  the ab ove characteristics, before locom otion  
begins. Scanning is observed  during locom otion . W e are investigating  
whether these active antennal patterns play an essentia l role in olfactory  
search behavior. Supported by N S F-P FF to GL.

5 8 .8
A C O M PAR ATIVE A N A L Y SIS OF O LFA C TO R Y  PROCESSING  
IN INSECTS. M. Stopfer* and G. Laurent. D iv ision  o f  B io logy , 139- 
74, California Institute o f  Technology, Pasadena, CA 91125.

O lfactory stim uli evoke synchronous, coherent neural activity in the 
locust (S chistocerca americana) brain. Th is activity can be detected  
extracellularly as large am plitude oscillating  local field potentials in the 
m ushroom  bodies, and intracellularly as oscillating  membrane potentials 
in K enyon cells , and antennal lobe projection and local intem eurons. To 
exam ine whether synchronous neural activity is a general feature o f  odor 
processing in insects, and to extend the analysis to sp ecies suitable for 
com b in ed  ce llu lar  and behavioral exp er im en ts , w e  are presently  
investigating  olfactory  processin g  in other insects: hon eyb ees (Apis 
mellifera) and cockroaches (Periplaneta americana).

O dor-elicited field potential o sc illa tion s, like th ose observed in the 
locust, were not evident in extracellular recordings from the mushroom  
bodies o f  either honeybees or cockroaches. T h ese results are subject to 
tw o interpretations: (i) locust-like odor-elicited neuronal synchrony does 
not occur in som e insects, and thus is not a general or required feature o f  
odor processing; or (ii) odor-elicited neuronal synchrony does occur in 
other insects, but is not detectable at the level o f  the local field potential.

Intracellular recordings from cockroach antennal lobe projection  
neurons revealed odor-elicited , rhythmic synaptic input at a frequency  
similar to oscillations observed in the locust brain. Thus, our preliminary 
ev id en ce  su ggests that cockroach es may em p loy olfactory processing  
m echanism s like those in locust. W e are now  recording from pairs o f  
local and projection neurons in cockroaches and honeybees to determine 
whether the oscillatory input derives from synchronous neural activity.

Supported by an NSF-PFF to G.L.

5 8 .1 0
G A BA -RECEPTOR BLOCKADE REDUCES OD OR-EVOK ED 

FAST OSCILLATIO NS IN THE OLFACTORY SYSTEM  OF THE 
LOCUST. K. M. MacLeod* and G. Laurent. Division of Biology, 139-74, 
California Institute of Technology, Pasadena, CA 91125.

Odors appear to be represented in the locust (Schistocerca americana) olfactory 
system by specific but overlapping ensembles of synchronously firing neurons 
(Laurent and Davidowitz, 1994, Science, 265: 1872-1875). Evidence for synchrony 
is present in the antennal lobe (AL), the first olfactory relay. There, sets of local 
(LN) and projection (PN) neurons show odor-evoked, phase-locked, membrane 
potential oscillations, resulting in synchronized volleys of action potentials in the 
calyx of the mushroom body (MB), the second olfactory relay. In the MB, coherent 
oscillations can be recorded, both as extracellular local field potentials (LFP) and in 
the membrane potential of the Kenyon cells, the MB intrinsic neurons.

We investigated the possible origins of the MB LFP oscillations by application 
of picrotoxin, an antagonist of the insect GABA receptor. If synchronization is 
mediated by the inhibitory coupling through LNs, picrotoxin should disrupt the 
oscillations without eliminating excitation by olfactory stimulation. We stimulated 
the intact antenna with odorants, pressure-injected picrotoxin, or control saline, 
while recording intracellularly from PNs and LNs in the AL, and LFPs in the MB. 
Picrotoxin injection immediately (<30 sec) and strongly reduced the odor- 
evoked LFP oscillations. Saline injection had no effect. Intracellular recordings 
showed that picrotoxin injection modified, but did not eliminate, PN odor responses. 
These results suggest the MB oscillations are due, at least in part, to GABA- 
mediated inhibitory coupling in the AL.

When picrotoxin was bath applied (~ 10-4 M), LFP oscillations were also reduced, 
but more slowly (~ 1-5 min). Further exposure (>7-10 min) to bath-applied 
picrotoxin resulted in large-amplitude, odor-evoked, 20-40 Hz spike-like activity in 
the MB LFP. This seizure-like activity suggests that the MB itself may also 
possess oscillatory properties, which are revealed under hyperexcitable conditions.

Supported by NSF-PFF to GL.

5 8 .1 2
GABA-ERGIC TERM INALS ONTO KENYON CELL DEND RITES IN  
THE MUSHROOM BODY OF AN INSECT. B. Leitch* and G. Laurent. 
Caltech, Biol. Div., Pasadena, CA 91125 and *Univ. 
of Durham, UK.

Odor-evoked oscillations in the m ushroom  bodies o f locust (Laurent & 
N araghi, 1994, J. Neurosci. 14:2993; L au rent and D avidow itz, 1994, 
Science 265:1872) have several phenom enological paralle ls w ith  those  
observed in th e olfactory system  o f m am m als, su g g estin g  sim ilar  
com putational schem es. Electrophysiological experim ents su ggest that  
the oscillatory response of K enyon cells (KC, the in trinsic  neurones of 
the mushroom bodies) contains an inhibitory feedback component. The 
aim s of th is study were to in vestigate  and identify inhibitory feedback  
neurones synapsing onto KCs which could contribute to their oscillatory 
behaviour and to test  for the presence o f lateral connections between KCs, 
w hich could p artic ip ate  in th e  sy n ch ro n isa tio n  o f th e ir  activ ity . 
Electron-m icroscopy (EM ) and im m u n ocytoch em istry  w ere used to 
a ssess  the distribution o f GABA-ergic synapses m ade onto Kenyon cells, 
u sin g  already estab lish ed  m ethods (Leitch & Laurent, 1993, J. Comp. 
Neurol. 337:461-470). Anti-GABA EM im m unocytochem istry indicates  
th a t GABA-ergic n eu ron es m ake in p u t sy n a p ses  onto sm all non- 
im m unoreactive processes in the m ushroom  body calyx, con sisten t in 
size  with the dendrites o f KCs. T h is w as confirm ed by perform ing  
GABA im m u n olab ellin g  o f sectio n s co n ta in in g  H R P -lab elled  KCs. 
Possib le feedback inhibitory neurones are the clu ster o f protocerebral 
G ABA -im m unoreactive neurones w ith  arborizations in th e lobes and  
th e calyx. We also confirm ed the presen ce o f pre- and postsynaptic  
sp ecia lisa tion s in the KC axons. Lateral excitatory coupling betw een  
KCs m ight therefore participate in the synchronisation of their activity.
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58.13
OPTICAL IMAGING STUDIES OF OLFACTORY CODING IN THE 
HONEYBEES ANTENNAL LOBES
A. Küttner. J. Joerges and R. Menzel*. Institut für Neurobiologie, FU-Berlin, 
14195 Berlin, Germany.

In insects the antennal lobes (ALs) are the primary olfactory neuropiles 
which process sensory input from approx. 60.000 olfactory receptors. The 
resulting activity pattern is projected to higher brain neuropiles via hundreds 
of output neurons. The AL is organized in glomerular substructures formed 
by synaptic fields of extrinsic and intrinsic neurons. The glomerular subunits 
form a network, connected by local excitatory and inhibitory interneurons. 
Using optical imaging of intrinsic signals we investigated the nature of the 
honey bee’s olfactory code.

With our setup we were able to measure a light scattering signal in the AL 
of the worker honeybee (Apis melifera) in vivo. The signal is slow (risetime 
about 1s, decay over 10s) with an amplitude of <= 0 .5%  relative change of 
the transmitted light (750 nm). The signal to noise ratio is about 10:1 (signal 
averaged 15 times, spatial resolution 10 μm). The optical properties allow us 
to image a subgroup of glomeruli up to 100 μm under the surface of the AL 
with good spatial resolution.

Six tested odors show different activity patterns with maxima focused in 
only a few of the imaged glomeruli. Patterns for the different odors overlap 
but show specific foci. The mixture of two odors shows a pattern where the 
activities of both single components is present partly with new glomeruli 
activated.

Our results indicate that the code for odors in the AL is sparse and forms 
a distributed pattern of glomerular acivity. The overlap between the patterns 
shows that there is no labeled line coding. The activity induced by a binary 
mixture of odors is not a mere superposition of the components’ activities 
but results in a new pattern.
Supported by the DFG Germany (Grant Nr. 365/16-1 to R.Menzel)

5 8 .1 4
COUPLING OF BURSTING OLFACTORY INTERNEURONS DURING 
NETWORK OSCILLATIONS STUDIED WITH CALCIUM IMAGING. A .  
Gelperin*. J. Flores. W. Denk. D. Kleinfeld and D. W. Tank. Biological 
Computation Research Dept., AT&T Bell Labs, Murray Hill, NJ 0 7 9 7 4  

Olfactory interneurons in the procerebral (PC) lobe of U m ax  were 
labelled w ith  th e  ion ind icator calcium (C a) g reen-dextran . 
Simultaneous electrical recordings of local field potential (LFP) and 
optical recordings of Ca dynamics in selected single cells show 
rhythmic peaks o f intracellular Ca th a t are phase-locked with the  
underlying PC network oscillation and start just prior to  the onset of 
the major LFP event. These dynamics are consistent with Ca spikes in 
the bursting neurons believed to  drive the oscillation. Intracellular 
calcium transients show wave-like propagation from apex to  base, as 
previously seen with voltage-sensitive dyes. The coupling between  
sim ultaneously imaged bursting cells was studied during drug 
application. Octanol (3  mM), a blocker of gap junctions, suppressed 
burster activity but did not uncouple bursters, assessed after bursting 
was restored by high potassium during octanol treatm ent. Glutamate 
had similar effects while CNQX (1 0 0  μ M) alone had no effect. A nitric 
oxide synthase inhibitor (L-NAME) also suppressed bursting. Two- 
photon laser scanning microscopy (Denk e t al., 19 94 , J. Neurosci. 
M eth o d s , 5 4 :1 5 1 ) of labelled cells resolved Ca transients in single 
processes (1 -2  μ m) likely to  originate from single action potentials. 
Interestingly, consistent phase differences in calcium peaks between 
nearby processes, probably from different somata, were seen. Further 
studies of burster coupling may clarify the mechanisms controlling the 
generation and frequency of the oscillation and wave-like propagation 
of excitation in the PC lobe.

VESTIBULAR SYSTEM: VESTIBULOOCULAR REFLEX—HUMAN STUDIES

59.1
HEAD ATTITUDE MOTION IN NORMAL AND VESTIBULOPATHIC SUBJECTS 

DURING CHAIR RISE. S.B. Bortolami. C. Wall*, P.O. Riley. D.E. Krebs. Massachusetts 
General Hospital Biomotion Lab, Boston, MA 02141.
Human head control in position and attitude affects sensory function such as vestibular and 

visual guidance. We investigated the head stabilization reference frame and whether normal 
stabilization differs from that of subjects with bilateral vestibular hypofunction (BVH). 
Head and trunk translational and angular motion, velocity and acceleration were obtained 
in global (gravity) coordinates, as well as from head with respect to trunk. Ten subjects with 
BVH and ten age and sex matched healthy control humans, 28 to 80 y.o. were studied during 
preferred speed rising from a chair with visual guidance (eyes open). BVH patients had 
absent caloric responses and VOR gains of less than 0.1 at 0.5 Hz during sinusoidal 
rotation. Head-trunk kinematics were measured by a S ELS POT II active marker system at 
150 Hz sampling frequency. Time derivatives of the motion were numerically derived by 
a Kalman estimator.

The experimental data show that the head is stabilized in attitude with respect to the 
gravity frame (floating platform guidance) in both groups. The peak angular rates for normal 
subjects are approximately 1 rad/s and -0.7 rad/s for the trunk and 0.3 rad/s and -0.26 rad/s 
for the head (±20% accuracy). Translation velocity peaks are 0.55 m/s for the trunk and 
0.65 m/s for the head in normal subjects (±20% accuracy). BVH peak angular head 
velocities were reduced by as much as 1/3 compared to normal subjects (0.1 rad/s - 0.2 
rad/s), while translation velocities showed very little differences. The control group 
performs the chair rise protocol with rise times of 1s ±0.4s (rise time of the first fast phase) 
while the average BVH rise time is approximately 30% longer. Different rise times for 
performing the same kinematic protocol results in different peak velocities, in particular 
angular velocities. In conclusion, BVH impairs sit-to-stand head stabilization and task 
duration. Head pitch rate reductions among BVH patients may enhance visual guidance by 
reducing retinal slip.

59.3
MODELING REFLEX ACTIVATED HEAD MOVEMENTS IN THE SAGITTAL 
PLANE. G.C.Y. Peng*. T.C. Hain. B.W. Peterson. Northwestern University, 
Chicago, IL 60611

We developed a sagittal plane dynamic model of the human head-neck system 
based on the horizontal plane model presented last year. Using a control system 
approach, the model was centered around a 2nd order head plant, whose 
parameters were determined from biomechanical and anthropomorphic studies in 
the pitch plane. Dynamic controllers representing the vestibulocollic (VCR) and 
cervicocollic (CCR) neck reflexes provided active torque feedback to the plant. 
The transfer function form of the VCR and CCR were based on open loop reflex 
data previously collected in animals. Reflex parameters were varied within the 
ranges of physiologically determined time constants for peripheral and central 
reflex processing. EMG activations from the reflex transfer functions were 
converted to neck torque with a low pass filter approximating muscle contraction 
dynamics. Transient and steady-state analyses were performed on model-simulated 
neck movement responses to input perturbations of the trunk.

The dynamics of the passive head and neck system during pitch movements 
exhibited more than twice the peak resonance predicted for yaw movements, due to 
the gravitational effects on the position related term. The increased moment of 
inertia of the head lowered the natural frequency. VCR and CCR feedback 
produced the same characteristic effects on the passive head as shown in the yaw 
model. The closed loop model was able to fit the phase response of human data 
(Keshner and Peterson, 1995) when the VCR loop gains were set twice as large as 
in yaw. Çompared to the CCR, the VCR was 40 times stronger (only 10 times 
stronger during yaw), increasing the amount of active torque to the neck. The 
human gain data were only fit up to 1.5 Hz with this model. Higher frequency 
gain data suggest dynamics that may be described better with a more complex 
model. Supported by NS22490, DC02072.

5 9 .2
HUMAN CERVICOCOLLIC (CCR) AND VESTIBULOCOLLIC (VCR) REFLEX 
RESPONSES DURING HORIZONTAL PLANE ROTATIONS. K.J. Chen, 
G.C.Y. Peng, E.A, Keshner*. Dept. of Biomed. Eng., Northwestern Univ., and 
Sensory Motor Performance Program, Rehab. Inst. of Chicago, Chicago, IL 60611

CCR and VCR activation of neck muscles was examined during pseudorandom 
rotations in the horizontal plane, and compared to dynamic models of the open 
loop responses. Bilateral surface EMGs from sternocleidomastoid and splenius 
capitis were recorded in 4 seated subjects. To study CCR responses, the head was 
stabilized in space while the trunk was randomly rotated with a sum of sines (SSN) 
stimulus (0.1-4.5 Hz). To investigate VCR responses, the head was secured to the 
rotator during both SSN (0.1-1.5 Hz) and single sine (0.05 Hz) trunk rotations. 
Open loop VCR and CCR model parameters were identified using previously 
collected closed loop human data.

Preliminary CCR results indicated a U-shaped pattern of EMG response gains 
with the lowest gains at frequencies near 1 Hz. Below 0.35 Hz, phases showed a 
correlation with the position of the trunk that would cause a stretch in that muscle. 
As frequency increased, phases either remained position related, or advanced 90°- 
180° to a velocity or acceleration response. VCR data revealed scattered EMG 
response gains and two phase patterns. One pattern was velocity or acceleration 
related at 0.05 Hz, declined slightly at 0.1 Hz, then advanced 45°-90° as frequency 
increased. The direction of trunk rotation associated with the responses was 
opposite to the direction of yaw head rotation produced by the activation of the 
muscle. In the second pattern, phases were mostly related to position and reversed 
their directional orientation as frequency increased, suggesting influence from 
voluntary control mechanisms (Keshner & Peterson, 1995). Model simulations 
closely resembled experimental results (with the exception of the latter VCR phase 
pattern), verifying the dynamic interactions of the reflexes in the closed loop head 
control system. Supported by NS22490, DC02072, DC01125.

5 9 .4
THE EFFECT OF BILATERA L G A L V A N IC  LABYRINTH  
POLARIZATION IN M A N . O .-J. Grüsser* and J. K lein e. Dept. 
Physiol., Freie U n iv. Berlin, 14195 Berlin, Germ any.

In unpaid volunteers, sinew ave labyrinth galvanisation o f  the left 
and right sides (mastoid electrodes, m idline neck electrode) was 
perform ed (0 .1 -100  Hz, ≤ 0.5 mA am plitude). At low  stimulus 
frequencies (≤ 1 Hz) sitting subjects (dark, head fixed ) perceived  
sinew ave rotation across a naso-occipital axis (roll) when the left and 
right sinew ave stim uli were 180 degrees out o f  phase. When bilateral 
galvanization was in phase, sinew ave rotation was perceived around a 
horizontal transaural axis (pitch). Changing the phase angle between  
the binaural stim uli sh ifted  the apparent axis o f  rotation between roll 
and pitch. Apparent rotation was accom panied by corresponding eye  
m ovem ents, which could be suppressed by a fixation  target.

The apparent rotation axis was related to the head coordinates. 
Summation o f  m echanical vestibular stim ulation and galvanic 
stim ulation was studied with phase-coupled stim uli.

With the subjects in a horizontal supine position, 180° o u t-o f-  
phase galvanic stim ulation induced an apparent roll rotation. Pitch 
rotation with synchronous left-r igh t ear activation disappeared, since 
it was evid en tly contradicted by the somatosensory input.

M icroelectrode recordings from  brainstem vestibular structures 
indicated that part o f  the spatial integration o f  left and right ear 
vestibular signals already occurs in the brainstem o f  mammals. 
Separate left-r igh t galvanic stim ulation o f  the labyrinths is a handy 
tool for investigating vestibular input to the brain o f  otherwise 
im m obile subjects.

Supported in part by a DFG  grant (Gr 161)
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5 9 .5
SUBJECTIVE SENSATION DURING INTERACTION BETWEEN HORIZONTAL 
VESTIBULAR AND VERTICAL PURSUIT STIMULATION. Y . Honrubia1*, A. 
Greenfield ' A- Rupert2,_C.Lau3 1UCLA Div. of Head & Neck Surgery, L.A., CA„ 
90024, 2NAMRL Acceleration Division, Pensacola, FL 32508, and 3Office of Naval 
Research, Arlington, VA 22217.
The hypothesis was tested that the perception of an object's motion is made in relation 
to an internal reference (IR) under the influence of vestibular receptors. We also test 
whether perception of self-motion is affected by a moving visual target (VT). Seven 
subjects were seated and instructed to track a VT generated by a laser moving 
vertically at 12°/s while being rotated in the yaw plane at 14, 21 and 28°/s. Subjects 
were also rotated in the dark and their horizontal eye velocity computed. All stimuli 
had a frequency of 0.2 Hz. Eye movements were monitored by EOG electrodes in the 
horizontal plane binocularly and in the vertical plane monocularly. Subjects indicated 
perceived direction of self-motion electronically. There were 3 classes of interactive 
tests. The VT was always visible during the FULL test. The VT was visible during its 
upward motion in the UP test. The VT was visible during its downward motion in the 
DOWN test. Nystagmus was observed in UP and DOWN tests when the VT was 
extinguished. During all visual and vestibular interactive stimulation, all subjects 
perceived that the VT moved obliquely while eye movement remained vertical. The 
perceived angle of tilt was away from the direction of the expected VOR response to 
rotation. The operator then tilted the trajectory of the VT until a subjective vertical was 
reported. At this time: i) the eye had an oblique trajectory, ii) the angle of tilt was in the 
same direction as the expected VOR response to rotation and iii) horizontal eye 
velocity was calculated for all tests. UP and DOWN tests each yielded two sets of 
results: when the VT was visible and when it was not. Each set of data was plotted as 
follows: FULL vs. rotation in the dark, UP with VT visible vs. UP without VT visible, 
and DOWN with VT visible vs. DOWN without VT visible. In each case, linear 
regression analysis demonstrated a strong positive relationship between interactive 
horizontal eye movements and corresponding eye movements in darkness. This 
analysis produced best fit slopes of 0.99 (r=0.81), 0.87 (r=0.85), and 0.92 (r=0.94), 
respectively. Subjects' indication of the time of changes in the direction of self-motion 
before and after VT inclination was indistinguishable from similar measurements made 
in the dark. Results are consistent with the idea of an egocentric sense of orientation 
whereby velocity of external objects is evaluated in relation to an IR dependent on the 
VOR state. Results also show that perception of direction of self-motion is unaffected 
by VT motion. Supported by ONR N00014-94-1-1062.

5 9 .7
THE ROLE OF VESTIBULAR INFORMATION IN GENERATING 
POINTING RESPONSES J.J. Bloomberg1. W.P. Huebner*2. S.R. Barry3, 
J. Fordice4 and S.A. M ueller3 . 1Space Biomedical Research Institute, NASA 
Johnson Space Center, Houston, TX 77058, 2KRUG Life Sciences, Houston, TX  
77058, 3 Mount Holyoke College, South Hadley, MA, 4Baylor College of 
Medicine, Houston, TX

The ability to identify and then point to targets in extrapersonal space 
requires integration o f sensory information from multiple sources. Although 
vestibular information is known to play a significant role in ocular target 
acquisition during head movement, little is known about the role vestibular 
information plays in manual target localization. The aim of the present study 
was to determine if vestibular information can be used to spatially code 
goal-directed manual localization o f remembered targets in darkness. 
Subjects were shown a projected, centrally-located target and then passively 
rotated, with the head restrained, through various amplitudes (±10°, ±20 , 
±30°) at 40°/s, either with the target still visible (Condition 1) or in total 
darkness (Condition 2). Following rotation, Condition 1 targets were also 
extinguished. Subjects then attempted to locate the remembered target 
position using a special finger-mounted laser pointer, after which they were 
re-rotated to the initial position for the next trial. Condition 1 provided 
visual and vestibular information for generating pointing responses, while 
Condition 2 required subjects to rely solely on vestibular information for 
manual target localization. Results demonstrated that pointing accuracy 
between the two conditions was not significantly different, and no 
appreciable loss o f accuracy was associated with using vestibular 
information alone to spatially code manual pointing movements. Thus, 
vestibular information seems to play a central role in both oculomotor and 
manual localization responses, but more importantly, both of these motor 
sub-systems may be equally susceptible to adaptive alterations in vestibular 
function.

5 9 .9
IMPROVEMENT IN GAZE STABILITY DURING ADAPTATION TO "TORSO  
ROTATION”: (1) VISUAL VERSUS NON-VISUAL COMPENSATORY  
MECHANISMS. L.J.G. Bouyer* and D.G.D. W att. Aerospace Medical 
Research Unit, McGill University, Montreal, Canada H3G 1Y6.

"Torso Rotation” (TR) produces an acute, reversible change in human 
vestibular function. A single, short exposure to TR results in perceptual 
illusions, gaze and postural instability, and motion sickness (MS). Vestibulo- 
ocular response (VOR) gain is also decreased for up to 20 minutes. Repeated 
daily exposure to TR results in a loss of MS susceptibility and improved gaze 
stability (Bouyer and Watt '94). The latter is not the result of the VOR  
becoming less susceptible to TR-induced suppression, however (Watt and 
Bouyer '94). Is the improvement in gaze stability due to increased use of a 
visual reference?

Six subjects participated in this 7-day experiment. Eye and head movements 
were measured during voluntary head shaking between 0.3 and 3.0 Hz (lights 
off). Each day, measurements were obtained before and repeatedly after 30 
minutes of TR. Velocity gain, defined as the ratio of eye velocity/head velocity, 
was determined for each of these tests.

Each day, mean velocity gain (averaged over 1.0-2.0 Hz) dropped 
significantly after TR (P<0.01), reaching the same value at the end of the 
week of testing (P>0.3) as it did at the beginning. The pre-TR control, on the 
other hand, trended down over the same period (P<0.01). Nevertheless, 
gaze stability in the light did improve with time, as subjects reported that 
calibrations became far easier to do after the first few days of testing.

This experiment demonstrates that the improvement in gaze stability during 
adaptation to TR results from increased use of visual inputs. It excludes the 
VOR, the cervico-ocular reflex and predictive mechanisms as contributors. 
Furthermore, the gradual decline of the pre-TR control suggests that use of a 
vestibular reference may actually decrease. (Supported by the Canadian 
Space Agency, MRC Canada and Quebec FCAR Funds).

5 9 .6
EFFECTS OF CORIOLIS, CROSS-COUPLED STIMULATION ON 
HEAD MOVEMENT CONTROL. P. DiZ io* and J. R. Lackner. 
Ashton Graybiel Spatial Orientation Laboratory and Volen Center 
for Complex Systems, Brandeis University, Waltham, MA 02254 

W e measured the effects of Coriolis, crossed-coupled stimulation 
(CCS) on pitch head movements during 10 rpm rotation. A head- 
mounted, rigid array of 5 infrared light-emitting diodes (total 
mass=25g) was tracked with a WATSMART system. Padded stops 
limited the otherwise unfettered head movements to 30° amplitude. 
Pre-rotation, pitch velocity averaged 48°/s, and insignificant yaw 
or roll motion was present. During rotation, significant roll 
displacement and velocity appeared in the direction of the Coriolis 
force generated, but pitch motion remained constant. Within eight 
movements, head motion appeared normal again, but after 24, a 
significant roll in the opposite direction developed. When rotation 
ceased, the same roll component was present but re-adaptation 
restored baseline performance after 8 movements. In summary, 
transient, velocity dependent CCS deviates the path and endpoint 
of head movements, a finding inconsistent with equilibrium-point 
theories of movement control. The observations also provide a 
basis for measuring the functional changes that underly adaptation 
to rotating environments. Supported by NAG 9-515 and NAWC 
N61339-94-C-0062.

5 9 .8
DYNAMIC RANGE OF VERTICAL OPTOKINETIC NYSTAGMUS AND OP
TOKINETIC AFTER-NYSTAGMUS IN NORMAL SUBJECTS.
I. Kato*, S. Ogino, A. Sakuma, K. Takahashi, T. Okada, Department of Otolaryn-  
gology, St Marianna University School of Medicine, Kawasaki, Japan

Vertical optokinetic nystagmus (V-OKN) and optokinetic after-nystagmus (V- 
OKAN) were studied in 12 subjects in three head positions as follows. (1) in the up-  
right position, to ascertain up and down asymmetry on V-OKN and V-OKAN. (2) 
in the right lateral position, to remove the otolithic influences. (3) in the head hang-  
ing position, to test reversal effects of the otolithic influences. Eye movements were 
recorded precisely by using the magnetic search coil system. In the 1st paradigm: a 
statistical differences in the gains were noted for stimulus velocities of 30 ~  60° /s 
between Upward (U-OKN) and Downward OKN (D-OKN) exposed to V-OKN 
stimuli at constant velocities (3 0 ~  90°/s), maximum value of the gain during U - 
OKN and D-OKN stimuli was 0.83 at 40° /s and 0.76 at 50° /s, respectively. Time 
constants of U-OKAN were longer than those of D-OKAN in 9 of 11 subjects 
exposed to V-OKN stimuli at constant velocity of 30 and 60°/s for 60 s. In the 2nd 
paradigm: time constants of U-OKAN were longer than those of D-OKAN in 6 of 
11 subjects exposed to V-OKN stimuli at constant velocity of 30 and 60°/s for 60 s. 
In the 3rd paradigm: time constants of U-OKAN were longer than those of D -  
OKAN in 8 of 10 subjects exposed to V-OKN stimuli at constant velocity of 30 and 
60°/s for 60 s. V-OKN and V-OKAN showed a directional asymmetry in the 1st 
paradigm. One G gravity affects the otoliths which have a possibility to cause up 
and down asymmetry on V-OKN and V-OKAN. A decrease of up and down asym-  
metry in the 2nd paradigm and a reverse of up and down asymmetry in the 3rd 
paradigm were expected from the view points of otolithic influences. However it 
remained unchanged. Thus, habituation under gravity might be taken into consid-  
eration. This study was partly supported by The Science Research Promotion Found 
of the Japan Private School Promotion Foundation.

5 9 .1 0
THE EFFECT OF VERGENCE AND ACCOMMODATION ON 
THE LINEAR VESTIBULO-OCULAR REFLEX (LVOR)
Qing Yue. Joseph L. Demer. Robert W. Baloh*
Depts o f Neurology and Ophthalmology, UCLA School o f Medicine, 
Los Angeles, CA 90095

W e measured the horizontal LVOR in 5 normal human subjects 
during sinusoidal linear acceleration along the interaural axis (0.8 Hz, 
0.5 g peak velocity) on a parallel swing. Horizontal movement o f each 
eye was recorded with an infrared limbus tracking device. Prisms and 
lenses were used to uncouple vergence and accomm odation at 
different viewing distances (0.5 to 2M). On average LVOR sensitivity 
measured with prisms or lenses changed less than 1/3 the amount 
associated with an actual change in distance. Thus as Schwarz and 
M iles (J Neurophysiol 1991;66:851) found in m onkey, perceived  
target distance is more important than a particular cue such as the 
vergence angle or accommodation for setting the gain of the LVOR in 
humans.
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59.11
CONTEXT-SPECIFIC ADAPTATION OF THE PHASE OF THE ANGULAR 
VESTIBULO-OCULAR REFLEX (VOR). P. D. Kramer*. M. Shelhamer. and 
D. S. Zee. Johns Hopkins University, School of Medicine, Baltimore, MD 21287.

The phase (timing) of the angular VOR, like its gain, is under adaptive control. We 
studied VOR phase adaptation in 4 normal subjects. Subjects were oscillated 
sinusoidally at 0.2 Hz for 1 hour with a surrounding optokinetic (OKN) drum rotated 
relative to the subject to require a VOR phase lead or lag of 45 deg. The phase-lead 
paradigm produced an adapted VOR with 33% of the required phase change, but also 
with an increased centripetal drift (mean = 5.4 deg/sec) following eccentric saccades 
made in darkness with the head still. The phase-lag paradigm produced an adapted 
VOR with 29% of the required phase change and a centrifugal drift (mean = -5.1 
deg/sec) following eccentric saccades. The changes in the phase of the VOR were 
proportional to the changes in drift. We attributed the changes in both the phase of the 
VOR and the drift following eccentric saccades to changes in the common velocity-to- 
position neural integrator.

We next asked if a change in eccentric gaze holding after saccades was obligatory 
following VOR phase adaptation. To test this, we alternated 5 min of phase adaptation 
with 5 min in which the chair and drum were stopped while the subjects made 
saccades, in the light, 20 deg to the left and right. Adaptation lasted for 2 hrs so that 
the total time of adaptation devoted to phase change was the same as in the original 
experiment. With the new paradigm, the changes in VOR phase were the same (33% 
for lead and 28% for lag) as those obtained in the first paradigm. The changes in gaze- 
holding drift, however, were much smaller; only +1.3 deg/sec for the phase-lead 
stimulus and -0.5 deg/sec for the phase-lag stimulus.

We conclude that the velocity-to-position neural integrator can be altered selectively 
for the task required. Such context-specific adaptation is advantageous because it 
allows adjustment of the phase of the VOR without degrading the ability to maintain 
gaze directed at an eccentric target.

Supported by NIH Grant P60-DC00979 and NASA Grant NAGW-2874.

5 9 .1 2
EFFECT OF VISUAL SUPPRESSION, HEAD AND ORBITAL EYE POSITION 
ON THE 3-DIMENSIONAL DIRECTION OF VOR ANGULAR VELOCITY.
D Solomon*. D Straumann, DS Zee. Neurol, Johns Hopkins Hosp, Baltimore, MD.

Angular velocity (ω) during head rotation shifts in the direction of orbital eye position 
by 1/4 of the angle (Misslisch et al; 1994). Pursuit, however, produces a 1/2-angle shift 
of to in obedience with Listing’s Law. VOR-suppression, with superposition of 
vestibular and oppositely-directed pursuit signals, causes eye velocity to reverse 
(Misslisch et al; unpublished data). We asked whether eccentric gaze (eye in space), 
with the eyes at 0° orbital elevation, produces a similar shift of to. 5 normal subjects 
were sinusoidally rotated about the vertical axis at 0.4 Hz, 50°/s peak velocity with the 
head horizontal, or pitched 35° up or down. A target LED was at the same elevations 
while 3D head and eye movements were recorded using search coils. The orientation of 
ω was the ratio of torsional to horizontal peak-to-peak eye velocity. Misslisch’s 
observations were confirmed; With the head horizontal and LED earth fixed, to was 
shifted 13.1° (forward) in downgaze and -15.6° in upgaze. During suppression, co 
shifted in the opposite direction: -21.3° in downgaze and 31.9° in upgaze.
Similar results were obtained at the same gaze angles but with the eyes at 0° orbital 
elevation and the head pitched. During VOR with an earth-fixed LED, o) tilted 11.4° 
with head down and -13.1° with head up. With a chair-fixed LED the torsional 
direction reversed and torsional suppression was poor, yielding axes o f -34.2° for head 
down and 37.4° for head up. When both head and eye position effects were combined, 
ω shifted less during VOR in light (head up, eyes down -6.7°; head down, eyes up 
3.9°). Head-position effects are likely caused by the known VOR gain anisotropy 
(horizontal > torsional gain) which shifts ω ~ 10° in the same direction as a 35° head 
pitch. This is slightly larger than the 8.8° tilt predicted by the orbital 1/4-angle rule.
Sup. by NIH P60-DC00979, 1F32 EY06577-01, and Schweiz. Stift.f. med-biol. Stip.

59.13
IMPROVEMENT IN GAZE STABILITY DURING ADAPTATION TO "TORSO  
ROTATION”: (2) CERVICO-OCULAR REFLEX. D. G. D Watt* and L.J.G. 
Bouyer. Aerospace Medical Research Unit, McGill University, Montreal, 
Canada H3G 1Y6.

"Torso Rotation" (TR) produces an acute, reversible change in human 
vestibular function. A single, short exposure to TR results in perceptual 
illusions, gaze and postural instability, and motion sickness (MS). Vestibulo- 
ocular response (VOR) gain is also decreased for up to 20 minutes. Repeated 
daily exposure to TR results in a loss of MS susceptibility and improved gaze 
stability (Bouyer and Watt *94), apparently by increased use of visual inputs 
(Bouyer and Watt ‘95).

Six subjects participated in this 7-day experiment. To measure the 
contribution of the cervico-ocular reflex (COR) to gaze stability, the head was 
firmly fixed to the torso by means of a neck brace. Eye and head movements 
were measured during voluntary “head and torso” shaking between 0.3 and 
3.0 Hz (lights off). Each day, measurements were obtained before and 
repeatedly after 30 minutes of TR. Velocity gain, defined as the ratio of eye 
velocity/head velocity, was determined for each of these tests.

Each day, mean velocity gain (averaged over 0.6-1.4 Hz) dropped 
significantly after TR (P<0.01) and was actually significantly lower at the end of 
the week (P<0.01). The pre-TR control also trended down over the same 
period (P<0.01). These results were identical to those obtained while shaking 
the head only in the dark. Once again, gaze stability in the light did improve 
with time, as subjects reported that calibrations became much easier to do 
each day.

These results confirm that the COR does not take part in the improvement in 
gaze stability observed during adaptation to TR. The marked similarity to the 
results obtained with head shaking alone suggests that the COR is not 
involved in the control of gaze stability under normal conditions either. 
(Supported by CSA, MRC Canada and Quebec FCAR Funds).
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60.1
The contribution of irregular vestibular afferents to vergence-dependent 
vestibulo-ocular reflex gain changes. C. Chen-Huang* J. M. Goldberg. R. 
A. McCrea. Comm. on Neurobiology, Univ. of Chicago, Chicago

We examined the possible role of irregular vestibular afferents in 
modulating the vergence-dependent gain changes of the vestibulo-ocular 
reflex (VOR). Squirrel monkeys were trained to fixate a far (90 - 150 cm) 
and a near (9-12 cm) earth-fixed target while they were oscillated 
sinusoidally on a vestibular turn table. Linear force was introduced by 
placing the monkey 10 cm off the axis of rotation, either nose-out or nose- 
in. The gain of linear VOR (LVOR) was computed by averaging summed 
gains obtained from the nose-in and nose-out positions of the same 
eccentricity. Irregular vestibular afferents were periodically silenced by 
applying 50-75 μA  anodal currents bilaterally through a pair of chronically 
implanted chlorided silver wires in the ears. In three monkeys, the 
averaged gain enhancement during near viewing was 19.2% and 71.8% for 
AVOR and LVOR respectively. There was no significant difference across 
the frequencies tested (0.5 - 4 Hz). On average, the gain enhancement of 
the AVOR at 2 Hz was reduced by 78.6% when the bilateral anodal 
currents were applied. On the other hand, the ablation of irregular afferents 
only reduced this gain enhancement by 40.8% at lower frequencies (.5 and 
1 Hz). The effects of currents on LVOR were less pronounced. In one 
monkey, ablation of irregular afferents diminished the vergence-dependent 
gain changes of the LVOR by 19.6%. The effects were slightly greater at 
2Hz of vestibular stimulation than at 4 Hz.

These results suggest that irregular vestibular afferents play an 
important role in mediating the AVOR gain enhancement associated with 
vergence. The participation of these afferents in vergence-dependent 
LVOR is demonstrable but less pronounced. Supported by DC00070, 
EY08041

6 0 .2
OCULAR VERGENCE INDUCED BY OFF-VERTICAL AXIS ROTATION 
(OVAR) BEFORE AND AFTER SPACEFLIGHT. M Dai*. B Cohen. T 
Raphan. Mt Sinai Sch Med, NY 10029; Brooklyn College, CUNY 

Ocular vergence of rhesus monkeys was measured with scleral search coils 
during OVAR at 60°/s in dark before and after the COSMOS 2229 space 
flight. Eye positions were averaged at rest in dark to obtain the zero position 
for each eye. We assumed that the viewing distance was close to infinity in 
this condition. Vergence was computed as the difference between the 
horizontal positions of the left and right eyes relative to the zero eye position, 
with a positive value as convergence. During OVAR, vergence oscillated 
sinusoidally as a function of head position relative to gravity. Six cycles of the 
computed vergence were averaged and the DC offset, amplitude and phase 
with respect to the nose up position was determined. Of 11 monkeys tested 
before flight, one had no measurable vergence. In 10, the peak to peak 
amplitude of the vergence sinusoids increased linearly with increments in 
OVAR tilt angle from 30° to 90°, reaching peak values o f 5.5° ±  1.3° at 
90°. This is equivalent to a change in viewing distance o f 0.6 meters. The 
eyes verged with nose up (gravity back) in a phase range from -40° to 35°. 
After space flight, the amplitude of the vergence for the two flight monkeys 
was reduced by approximately 50% at an OVAR angle of 90°; there was no 
phase change. The reduction in vergence was sustained for the 11 days of 
postflight testing. We conclude: 1) Linear acceleration along naso-occipital 
axis produced by OVAR induces ocular vergence; 2) The vergence was 
reduced after spaceflight. SUPPORT: NS00294, NAG 2-706, EY01867, 
EY04148
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6 0 .3
FUNCTIONAL ORGANIZATION OF OTOLITH-OCULAR REFLEXES IN 
RHESUS MONKEYS. D.E. Angelaki* and B.J.M. Hess. Dept. of Surgery 
(Otolaryngology), University of Mississippi Medical Center, Jackson MS; Dept. of 
Neurology, University Hospital Zurich, CH-8091, Switzerland.

The dynamic properties of otolith-ocular reflexes were studied during off-vertical 
axis rotations in rhesus monkeys. During both constant velocity rotation (± 7.4°/s 
to ± 184°/s) and sinusoidal oscillations (0.01 -1.14 Hz), two distinct otolith-ocular 
responses were observed: (1) Responses to changing head position relative to 
gravity (“translational” and “tilt” otolith-ocular reflexes) and (2) Responses to 
angular head velocity. Quantitative analyses of tilt otolith-ocular responses, i.e. 
torsional (vertical) eye movements in response to gravity along the interaural 
(nasooccipital) axis demonstrated a unique role of these reflexes in primate eye 
movement control: (a) Peak torsional and vertical eye position (± 8-15°/g) was 
independent of frequency (0.01-1.14 Hz), (b) Modulation of mean torsional and 
vertical eye position was accomplished primarily by saccadic eye movements, (c) 
Peak slow phase eye velocity was small (<± 4-10 °/s/g). (d) Activation of tilt 
otolith-ocular reflexes had no effect on vestibulo-ocular reflex (VOR) gain and 
phase either at low or at high frequencies.

These results suggest that tilt otolith-ocular reflexes in primates dynamically 
control the coordinates of primary eye position as a function of head orientation in 
space. Unlike lateral-eyed species (e g., rabbits), these reflexes do not contribute to 
slow phase eye velocity in the VOR. The enhancement of low frequency VOR 
dynamics in primates is rather linked to the property of the otolith system to detect 
angular velocity and generate a steady-state compensatory nystagmus during 
constant velocity off-vertical axis rotations. These static and low frequency 
changes in VOR due to dynamic otolith inputs result from an inertial vestibular 
mechanism that utilizes both otolith and semicircular canal afferent information to 
detect head motion in space.

6 0 .5
PRISM ADAPTATION OF THE NASO-OCCIPITAL LINEAR VESTIBULO- 
OCULAR REFLEX (lVOR) IN SQUIRREL MONKEY. S.H Seidman*.
I.Telford, and G.D.Paige, Dept. of Neurology and Center for Visual Science, Univ. 
of Rochester, Rochester, NY 14642.

The kinematics of the /VOR required to maintain a stable foveal image during 
naso-occipital (NO) translation depend on fixation eccentricity and distance. When 
looking straight ahead, NO translation causes no foveal slip, and no compensatory 
eye movements are required (the visual and response "null" point). Otherwise, 
during forward movement the eye must move in the direction of gaze eccentricity: to 
the right when gaze is rightward, and to the left when gaze is leftward (a 180° phase 
shift, or /VOR inversion around the null point). Response amplitude must rise with 
increasing gaze eccentricity and decreasing distance. Similarly, vertical gaze 
characteristics modulate vertical responses.

We recorded the NO-/VOR in Squirrel monkeys before, during, and after two 
hours of adaptation to binocular 9° base-right or base-left prisms. This shifted the 
visual image to the left or right, respectively, thereby shifting the visual null point 
and creating a mismatch with the /VOR's response null point (straight ahead). 
Adaptive stimuli were provided at 0.5-2Hz, 0.05-0. lg peak amplitude, and the /VOR 
was evaluated at 4Hz, 0.2g peak amplitude, in darkness. Monkeys exhibited 
appropriately directed shifts in the horizontal response null point of 3°-7°. In the 
monkey showing the largest adaptation, vertical responses were unchanged, while 
small changes were seen in the other subjects.

Modification of visual feedback relevant to the direction of self-motion during 
NO translation produces a novel adaptive phenomenon in the /VOR. The adaptive 
shift in response null point must entail a change in agonist/antagonist relationships 
between the horizontal recti, even though driven by an unaltered otolithic input to 
the /VOR.

Supported by DC01935 and RR06853

6 0 .7
MODELLING SHORT-TERM  MODULATION OF THE VOR GAIN W ITH 
TARGET DISTANCE AND ECCENTRICITY A. Green and H.L. Galiana*. Dept. 
of Biomedical Engineering, McGill University, Montreal, Que., Canada, H3A 2B4

Natural rotation of the head both translates and rotates the eyes relative to stationary 
visual targets. Thus, stable fixation of gaze requires modulation of the vestibulo-ocular 
reflex (VOR) gain with viewing distance, target eccentricity and axis of rotation. Further
more, this modulation is independent for each eye, requiring both conjugate and vergehce 
VOR components. Studies indicate that when a target is presented during rotation, the 
change in the gain of the reflex actually precedes the time course of changes in eye posi- 
tion, suggesting that central signals are used to adapt the reflex (Snyder etal Vis. Res. ’92).

We are exploring potential sites for such modulation of the VOR using an extension 
of the model proposed by Galiana & Cova (Vis. Res. ’95) which provides distinct conju- 
gate and vergence dynamics using a single bilateral controller. The model incorporates 
two known premotor cell types with their observed dynamic characteristics in the vestib- 
ular nucleus (VN): so-called position-vestibular-pause (PVP) cells and eye-head-ve- 
locity (EHV) cells (Scudder & Fuchs JNP'92). Tonic cells in the prepositus hypoglossi 
(PH) carry monocular eye position signals as do the tonic components of PVP cells 
(McConville et al J. Vest. Res. ’94). The physical laws governing ideal VOR modulation 
require access to monocular information. Hence the model imbeds the required informa- 
tion for independent adaptation of the VOR for each eye despite its highly coupled struc- 
ture.

This initial research has focused on the effects of modulating only the head velocity 
sensitivity of VN cells using a combination of centrally available binocular efference 
copy and motor error signals. The model reproduces the desired independent modulation 
in VOR gain for each eye, preceding changes in eye position. Results indicate that the site 
of VOR gain adaptation cannot be implied solely from changes in cell modulation: 
though similar changes in vestibular sensitivity were applied to both PVP and EHV cells, 
only EHV cell activity reflects the modulation in VOR gain. Additional perturbation 
(stimulation) tests are required to confirm possible adaptation sites. Also we predict that 
parametric adjustments at other locations within premotor loops will result in changes in 
both reflex gaimanddynamics; both should be evaluated in any protocol. We believe that 
the VN is a suitable site for VOR adaptation as canal and otolith primary afferents are 
known to converge there.

6 0 .4
EYE MOVEMENT RESPONSES TO LOW FREQUENCY TILT AND 
TRANSLATION IN THE SQUIRREL MONKEY. G.D. Paige*. P.Boulos. S.H. 
Seidman. Dept. of Neurol, and Ctr. Vis. Sci., U. of Rochester, Rochester, NY 14642

The otolith organs transduce linear acceleration, but are unable to distinguish 
between tilt relative to gravity and translational motion. However, different ocular 
and postural responses are required for these two types of stimuli. It is thought that 
the vestibular system distinguishes them by parsing otolith input into low-frequency 
information indicative of tilt, and high-frequency input conveying translation. We 
recorded horizontal, vertical and torsional ocular responses to sinusoidal roll tilts 
(0.01-0.1 Hz, 30° peak tilt) and to sinusoidal inter-aural translations (head upright and 
supine) on an earth-horizontal sled which also at rotated 180°/sec, producing an 
effective "tilt" by exploiting centrifugal forces (scaled to produce 30° roll tilt). Gains 
and phases of continuous slow component ocular responses were calculated using a 
Welsh Periodogram technique.

Responses to "real" and "centrifugal" (head upright and supine) tilts were similar. 
All monkeys exhibited torsional eye movements with gains of typically 0.2 and 
phases near 180° (i.e., compensatory) at 0.1 Hz. Gains variably increased as 
frequency declined, often accompanied by a novel phase lead. Monkeys also tended 
to show a disconjugate vertical response (~1°), with relative elevation of the eye on 
the side of the tilt, resembling the "ocular tilt reaction." In addition, horizontal 
responses were observed. When expressed relative to head translation, response 
sensitivities were small (<0.01 °/cm effective excursion) and climbed with increasing 
frequency. Phases were variable, but led effective head excursion by roughly 90°. 
These horizontal responses are consistent with the translational linear vestibulo-ocular 
reflex operating far below its high-pass cutoff frequency. An alternative that might 
account for both the horizontal response and the unusual low-frequency torsional 
lead component is a tilt-sensitive spontaneous drift which is modulated by the 
sinusoidal stimulus profiles. Supp by DC01935 and RR06853

6 0 .6
SPA TIO -T EM PO R A L PR O PE R T IE S OF V E S T IB U L A R  N E U R O N S  
IN  B E H A V IN G  R H E S U S  M O N K E Y S. A .A . P erachio*1,2,3 and M.J. 
M ustari1,2 Departm ents o f  O tolaryn go logy1, A natom y and 
N eu roscien ces2 P h ysio logy & B iop h ysics3, Univ. o f  T X  M ed. Br., 
G alveston, T X  7 7 5 5 5 -1 0 6 3 .

O tolith organ-related m edial vestibular nucleus (M V N ) neurons in 
decerebrated rats, respond to  m ultiple vectors o f  linear acceleration in 
their plane o f  sensitivity. The resp onse to  the vector  o f  maximum  
sensitivity is phase related to  peak acceleration and at the orthogonal 
vector phase leads acceleration by 90°. T h ese tw o-dim ensional signals 
may be important for regulating both lo w  and high pass characteristics 
o f  the linear VO R . In decerebrate animals, visu om otor response  
characteristics could not be assessed . W e therefore recorded the 
responses o f  M V N  neurons in rhesus m onkeys trained to fixate and 
track small (0 .2 5 °)  visual targets. A m on g the m ultiple functional types 
o f  neurons, vestibular-only neurons w ere characterized. Th ose cell 
types w ere found to  respond to  horizontal head rotation and to  multiple 
vectors o f  horizontal linear head acceleration. T he latter responses had 
similar spatio-tem poral characteristics to  th ose found in the reduced  
preparation. V estibular-only cells exhibited no resp onses related to  
oculom otor dynam ics, ocular position or m oving visual targets. 
Supported by N IH  grants D C 0 0 3 8 5 , E Y 0 6 0 6 9 .

6 0 .8
R E S P O N S E  C H A R A C T E R IS T IC S  OF V E S T IB U L A R  N U C L E U S  
N E U R O N S BE FO R E A N D  A FTER C R O S S-A X IS A D A P T A T IO N  OF 
T H E  C A T ’S V E S T IB U L O -O C U L A R  R E F L E X . KJ Q u in n * , JO  
H elm in sk i, AJ D id ier , JF B ak er and B W  P eterso n . N orthw estern  
U n iv ., C h icago , IL 6 0 6 1 1 . F loccu lar Purkinje c e lls  and vestibu lar  
nucleus neurons (V N N s) have been suggested  as local sites for plasticity  
during vestibulo-ocular reflex (V O R ) adaptation. W e studied changes in 
head m o v em en t sen s it iv ity  in V N N s , by record in g  from  s in g le ,  
p h y sio lo g ica lly  id en tified  neurons before, during and after cross-ax is  
V O R  adaptation. Spatial resp onse characteristics (sen sitiv ity  to 3 -D  
head rotation) were determ ined in 103 p h y sio lo g ica lly  identified  V N N s  
in 5 chronically  prepared cats. R ecording w as su ffic ien tly  stab le in 9 
ce lls  to train the animal for 30  m in using cross-ax is adaptation (pairing  
horizontal vestibular rotation with a vertical optokinetic  stim ulu s), and 
then redeterm ine, after training, the sam e neuron's spatial resp onse  
characteristics. Preferred directions for rotation w ere in the plane o f  the 
ipsilateral anterior (n=2) or posterior (n=5) canal for 7 o f  the 9 neurons. 
For units recorded  during se ss io n s  w h ich  resu lted  in s ig n ific a n t  
behavioral adaptation, there w as a sign ifican t increase in sen sitiv ity  to 
yaw  rotation (p < .0 5 ) but not to  p itch  or ro ll, as d eterm in ed  by  
exam in ation  o f  the norm alized  vectors o f  unit a ctiv ity . T h ese  data 
support a s im p le  m od el o f  c ro ss -a x is  adaptation in w h ich  the key  
elem ents controlling behavioral exp ression  o f  p lasticity  are vertical eye  
m ovem ent related V N N s which show  large percentage increases in their 
sen sitiv ity  to head rotations in the horizon tal p lane. S in ce  T yp e I 
posterior as w ell as anterior canal neurons sh o w ed  sim ilar sen sitiv ity  
ch an ges these e ffec ts  m ight not be m ed iated  e x c lu s iv e ly  by floccu lar  
target neurons. (Supported by E Y 0 6 4 8 5 ,E Y 0 7 3 4 2 ,N S 3 1805)
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6 0 .9
COMPENSATION OF THE VOR BY VISION AFTER CANAL PLUGGING
S.Yakushin* 1,3. J.Suzuki2. M.Dai1. T.Raphan1,3 and B.Cohen1. Mt. Sinai Med. Sch.1 , 
New York 10029; Teikyo Univ.2, Tokyo; Brooklyn College, CUNY3 

Normally, vision combines with the VOR to aid compensation when the head is 
rotated. Vision also can adapt the VOR during long term visual-vestibular conflict. 
How vision modifies the VOR after inactivation of individual semicircular canal pairs 
is not known. We addressed this question by recording eye movements with search 
coils in three dimensions during sinusoidal rotation in light and in darkness before and 
after canal plugging. Animals were rotated at 0.2 Hz, peak velocity 60°/sec, about a 
vertical axis while tilted forward or backward in pitch. In normals, the gain of the 
horizontal velocity of the compensatory movements decreased as they were pitched 
forward or backward in darkness, and a torsional velocity appeared, reversing phase 
with animals upright. Eye movements were compensatory in every position. Plugged 
animals had only the anterior and posterior canals intact (vertical canal animals), only 
the lateral canals intact (lateral canal animal) and only one anterior and the 
contralateral posterior canals intact (RALP or LARP) animals). The gains of both the 
normal and canal plugged animals were modelled as a vector projection of head 
velocity onto the normals of the individual canals and predicted from the sum of the 
individual canal components. In contrast to normal animals, the spatial phases of the 
horizontal and torsional components were closely aligned with each other in the 
plugged animals, and the spatial gain curves were shifted from the normal. Therefore, 
the eye velocities were in canal (head) coordinates and were anticompensatory in some 
pitch conditions in darkness after canal plugging. When operated animals were tested 
in light, the spatial gains and phases of the visual-vestibulo-ocular reflex (VVOR) 
returned to close to normal and were similar to the preoperative VOR in darkness 
regardless of the type of canal plugging. Thus, while vision helps to compensate the 
VOR during head movement in the absence of the canals, it does not spatially adapt 
the VOR in the absence of canal input in particular planes when tested in darkness. 
Supported by NS00294, EY04148, EY01867.

60.11
SHIFTING TH E A X IS OF R O T A T IO N  OF TH E V E S T IB U L O - 
OCULAR R E FLE X  IN  C A T S P. M ente and L. R . H arris*,
Psychology, York University, T oronto, O nt., M 3J 1P3 Canada.

There is an extensive literature that look s at the ability o f  the 
vestibulo-ocular reflex to alter its gain in resp onse to visual input. In 
the present experim ents w e  have asked the reflex to  alter its direction 
in order to investigate the structure and flexibility o f  the direction- 
coding rules o f  the self-m otion  system . U sin g  independent visual and 
vestibular stimuli, w e  paired visual inform ation indicating rotation  
about a particular axis (eg . h alf w ay betw een  pitch and yaw ) w ith  
vestibular inform ation indicating rotation about a different axis (yaw). 
The independence w as achieved by m ounting the planetarium visual 
projector on the vestibular platform  within a spherical screen. The  
stimulus is different from  that often used in so-called  “cross-coupling  
adaptation” experim ents w here the physical vestibular stim ulus creates 
a component o f  the visual stim ulus (eg . P ow ell et al., Brain Res. 1991 
550: 137). Cats w ere exp osed  to  visual-vestibular pairings keeping all 
stimulus axes in the frontoparallel plane and eye  m ovem ents w ere  
recorded by scleral search coil. After less than an hour exposure at one  
frequency (eg. 0.1 H z) w e  detected  clear shifts o f  the axis o f  rotation o f  
the eye to yaw vestibular stim ulation m easured subsequently in the  
dark. These shifts w ere especially  apparent at the training frequency.
The results are used to  m odel the com bination rules for visual and 
vestibular information in signalling the orientation o f  the axis o f  
rotation and the velocity  o f  rotation.

6 0 .1 0
ERROR SIGNALS AVAILABLE IN HORIZONTAL GAZE VELOCITY PURKINJE 
CELLS TO GUIDE LEARNING IN THE VOR. Jennifer L. Raymond* and Stenphen 
G. Lisberger, UCSF Dept. of Physiology and Keck Center for Integrative 
Neuroscience, San Francisco, CA 94143.

We examined the simple spikes (SSs) and complex spikes (CSs) of P-cells to look 
for consistent error signals that could be used to guide learning in the vestibuloocular 
reflex (VOR). We recorded SS and CS responses in 26 Horizontal Gaze Velocity P- 
cells (HGVPs) to sinusoidal visual and vestibular stimuli that mimicked the effects of 
magnifying (x2) or miniaturizing (x0) spectacles at frequencies of 0.5 to 10 Hz (10°/s 
peak-to-peak). As reported previously, at low frequencies (e.g., 0.5 Hz), SS 
responses were in phase with ipsiversive head velocity for x0 stimuli and in phase 
with contraversive head velocity for x2 stimuli. CS responses were in phase with 
contraversive head velocity for x0 stimuli and in phase with ipsiversive head velocity 
for x2 stimuli. Our preliminary analysis indicates that at higher frequencies (e.g., 5 
Hz), these relationships between SS and CS responses and the vestibular stimulus do 
not hold, yet stimuli at frequencies up to at least 5 Hz induced large, adaptive changes 
in the VOR. The CS responses at 2 Hz and 5 Hz were phase shifted relative to the 
vestibular stimulus by an amount consistent with a 100-ms latency in this signal, so 
that at 5 Hz, CSs were in phase with ipsiversive head velocity for x0 stimuli (9±10° 
phase lead relative to ipsiversive head velocity; n=8) and in phase with contraversive 
head velocity for x2 stimuli (-164±5°; n=8). Therefore, any mechanism that relies on 
complex spikes to guide learning at both high and low frequencies must compensate 
for this 100-ms delay. Furthermore, at high frequencies (e.g., 5 Hz), the SS responses 
did not appear to contain as much information about the direction of the required 
changes in the VOR as they did at 0.5 Hz. At 5 Hz, the phase of the SS responses for 
x0 and x2 stimuli differed by only 47° (x0: -136± 13°; x2: -89±20°; n=25). It seems 
unlikely that a learning mechanism could use this small difference to decide whether 
the gain of the VOR is too high or too low. Our data provide new constraints that 
will require new models of the mechanism of learning in the VOR. Supported by the 
NASA Space Biology Research Associate Program and NIH grant EY10198.

6 0 .1 2
A COM PARISON OF OPTICALLY-INDUCED M OTOR LEARNING  
A N D  COMPENSATION FOR UNILATERAL DAM AG E BY THE VOR.
D. M. Broussard* and  J. K. Bhatia. Playfair N euroscience Unit, Univ. of 
Toronto, Toronto, O N  M5T 2S8, Canada.

C hanging a cat's visual environm ent, for exam ple by using  m agnifying or 
m iniaturiz ing  spectacles, causes long-term  changes in  the gain  of the VOR 
that are called m otor learning. W e asked  w hether the recovery of gain that 
occurs after a unilateral vestibular lesion em ploys the sam e m echanism  as 
optically-induced  m otor learning. Juvenile cats (6-8 m onths) u n d erw en t 
u n ila te ra l h o riz o n ta l canal p lu g g in g  o r la b y rin th e c to m y . D u rin g  
com pensation, the gain of the VOR w as m onitored  u sing  fast trapezoids of 
head  velocity (90-ms rise time; 250 or 500 m s steady-sta te) an d  sinusoids 
(0 5-15 Hz). At frequencies above 5 Hz, the VOR show ed vary ing  degrees 
of asym m etry after com pensation was complete. Both before the lesion and 
a fte r  co m pensa tion , the  cats w ere fitted  w ith  spectac les  th a t e ith e r 
m iniaturized  (x0.25) o r m agnified (x~1.5) vision. The spectacles w ere w orn 
continuously  for a few days. The cats w ere ro ta ted  passively  each day 
using  a broad-band stim ulus, or w ere encouraged to be active. U nder these 
conditions, optically-induced m otor learn ing  in  norm al and  com pensated  
cats was not frequency-dependent and w as not associated w ith  significant 
changes in the dynam ic index of the VOR. In a second approach , the range 
of gains obtained  by optical m ethods before and  after com pensation  were 
com pared. M iniaturized vision resu lted  in the sam e changes in norm al and 
com pensated cats. M agnified vision d id  not; instead, VOR gain reached an 
u p p e r lim it th at w as significantly  low er than  before the lesion. These 
resu lts  suggest that com pensation  em ploys the m echan ism  of optically- 
induced  learning; how ever, com pensation  m ay also em ploy an additional 
m echanism . (Supported by M RG M T-l 2254)

60.13
NEURONAL RESPONSES IN THE DEEP CEREBELLAR NUCLEI OF THE 
ALERT MONKEY TO VESTIBULAR STIMULATION IN THE PITCH AND 
ROLL PLANE C. Siebold, L. Glon i. -S . Glasauer. U Bü t t er* Dept. of 
Neurology, Ludwig Maximilians University, 81377 Munich, Germany.

It is well known that deep cerebellar nuclei, e.g. the fastigial nucleus, receive 
strong vestibular input either from the vestibular nuclei directly or by means of 
vestibular information relayed by the cerebellar cortex. In addition it has been shown 
that the cerebellar nuclei play an important roll in the control of both vestibular 
induced eye movements and of posture. In earlier studies these conclusions were 
drawn from the response of fastigial nuclei cells to passive head rotation (vestibular 
stimulation) in the horizontal or vertical (pitch) plane exclusively. In more natural 
conditions, however, head and eye movements are made in a three dimensional frame 
of reference. Therefore, the purpose of this study was to investigate the discharge 
characteristics of rostral fastigial nucleus neurons to passive stimulation in the pitch 
and roll plane.

Single units were recorded in a rhesus monkey sitting in a primate chair with the 
head immobilized and trained to fixate a small light spot. Passive sinusoidal 
vestibular stimulation (=0.6 Hz) was obtained by rotating the primate chair around a 
horizontal axis. An additional static rotation of the chair around a vertical axis 
yielded off-pitch stimulation in steps of 15° until full roll stimulation was achieved.

Most (>50%) of the the units recorded exhibited a maximum of firing frequency in 
the stimulation plane colinear with a anterior-posterior vertical canal pair (45° off- 
pitch stimulation). The remaining units showed maxima of firing frequency with 
stimulation in either full pitch or full roll plane. The phase of unit modulation for 
the neurons considered was close to head velocity. Around minimal neural 
modulation (≈ 90° off the stimulation plane for maximal response) a phase shift of 
180° was obtained. None of the neurons considered showed eye movement 
sensitivity or altered their discharge pattern during VOR-suppression.

The results of our study suggests that neurons in the cerebellar nuclei respond not 
only to stimulation in the anatomically given vertical canal planes but also showed 
a more complex interactions o f canal inputs.
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61.1
LESIONS OF THE FRONTAL EYE FIELD SLOW FOVEAL BUT NOT 
OPTOKINETIC PURSUIT. A. Pierre, E.G. Keating, S. Chopra and C.J. Hodge, Jr.* 
- Depts. of Anatomy & Cell Biology, and of Neurosurgury, SUNY- HSC, Syracuse, 
NY 13210.

Ablation of the pursuit area in the primate frontal eye field (FEFp) degrades “foveal 
pursuit”, but in one study the response to large “optokinetic” textures appeared 
normal (Keating, 1991). However, in that study only “late” OKN was measured.
Since the foveal pursuit system supposedly contributes to the initial seconds of the 
optokinetic response, we expected “early” OKN to be slowed after FEFp lesions.

For foveal pursuit 3 normal cynomolgus monkeys were trained to pursue a 0.5° 
dia. moving spot of light. The optokinetic stimulus was a 60° X 80°. texture. Foveal 
and optokinetic targets moved horizontally at a constant velocity between -40 and 
+40 deg/s. For early OKN (0->5 s) and for foveal pursuit we measured the peak slow- 
phase eye velocity during the first 2 s of the trial. Average slow-phase eye velocity 
characterized the late (6->10s) optokinetic response. After training monkeys received 
sequential bilateral ablations designed to remove all of the FEF pursuit area.

After bilateral surgery, the gain of foveal pursuit decreased from a preoperative 
value of 1.10 to 0.44. In contrast, the gain for the early optokinetic response 
remained the same as normal (0.76). Late optokinetic gain was also unimpaired 
(0.74->0.76).We pitted the foveal and optokinetic systems against each other by 
requiring one monkey to pursue a moving white spot across a background of flanking 
stripe motion. After surgery pursuit velocity shifted toward the speed of the striped 
background, reflecting the asymmetric effect of FEF lesions on the two systems.

Thus, FEFp differs from occipital, parietal and pontine pursuit areas where lesions 
degrade both optokinetic and foveal pursuit. We also report another difference. In our 
hands, unilateral FEFp ablation has bilateral effects, degrading foveal pursuit in both 
horizontal directions of movement (NSF IBN9319280 & BNS8603915).

61.3
TH E SEN SO R IM O TO R B O TTLEN EC K  FO R SM OO TH PURSUIT 
EYE M O V EM EN TS. Vincent P. Ferrera* and Stephen G. Lisberger, UCSF 
Dept. of Physiology and W. M. Keck Foundation Center for Integrative 
Neuroscience, San Francisco, CA 94143

The need to select a particular target for a goal-directed movement from among 
many potential targets can be thought of as an information bottleneck in the 
sensorimotor pathway that generates the movement. We previously reported 
behavioral evidence of this bottleneck in that smooth pursuit latencies follow a 
characteristic pattern when monkeys are trained to track a moving target in the 
presence of a moving distractor. Latencies averaged 100 ms for no distractor, 85 
ms when target and distractor moved in the same direction, and 150 ms when target 
and distractor moved in opposite directions. We have now done further 
experiments designed to dissociate visual search for the target from pursuit 
initiation by providing a cue that eliminated uncertainty about the initial target 
position. This produces the same pattern of latencies, although latencies for the 
distractor opposite condition were reduced by about 25 ms. Experiments where the 
target’s motion was completely predictable showed that the monkey need not attend 
to the distractor in order for it to influence the latency of pursuit. These results 
suggest that attention may modulate the latency pattern, but does not create it. We 
have attempted to map the dimensions of the bottleneck by systematically varying 
the speed and direction of the distractor. We found that smooth pursuit latency for a 
horizontally moving target varies regularly as a function of distractor direction, but 
shows little dependence on distractor speed over a 9-fold range. The pattern of 
latencies found when there is a moving distractor is consistent with a competitive 
model for target selection and may be taken as a defining characteristic of the 
sensorimotor bottleneck for smooth pursuit. Supported by the McDonnell-Pew 
Program in Cognitive Neuroscience Fellowship JSMF 92-38.

61.5
Encoding of Eye Movement Parameters By Burst-Tonic  Neurons During 
Disjunctive Smooth Pursuit and Saccades. W. M. King* and Wu Zhou, Depts. 
of Neurology and Anatomy, Univ. Mississippi Med. Ctr., Jackson, MS 39216.

During conjugate eye movements, burst-tonic oculomotoneurons and premotor units 
encode eye position and velocity as linear functions of firing frequency (coefficients, K 
and R). During saccades, these units discharge a burst of spikes. The number of spikes 
discharged are proportional to the amplitude of the saccade. Recently, the discharge 
pattern of these units was re-examined during disjunctive eye movements when the eyes 
rotated in opposite directions and/or through different angles. When the eyes were 
converged, the eye position sensitivity (K) of burst-tonic units was a function of the 
position of one eye (monocular units) or of the positions of both eyes (binocular units). 
We have extended these studies to include eye velocity and saccade related discharges. 
Monkeys, equipped with scleral search coils in both eyes, disjunctively tracked targets 
that moved smoothly toward or away from them, or made disjunctive saccades to targets 
at different distances. Target positions and movement were selected to generate a wide 
range of dissociated movements of the right and left eyes. Single unit and eye movement 
data were analyzed using multiple regression techniques to associate neural discharge 
parameters with movement parameters of both eyes. During disjunctive pursuit of near 
targets, some burst-tonic neurons encoded the speed of one eye, but others exhibited 
activity related to the motion of either eye. Neurons that were monocular in their 
position sensitivity (K) usually were monocular in their velocity sensitivity (R), and the 
magnitudes of K and R for each eye were correlated. The durations of disjunctive 
saccade components were similar in each eye and correlated with the duration of the 
burst discharge. However, for some units, the number of spikes discharged during the 
burst was a function of the saccade amplitude in one eye. These data have important 
implications for models of the neural control of eye movements because they suggest 
that motor commands may be encoded as combinations of left and right eye movements 
rather than conjugate and vergence movements. (Supported by EY04045 to W. M. King)

61.2
PREDICTIVE CONTROL OF SM OOTH PURSUIT EYE MOVEMENTS 
ALONG COM PLEX TW O-DIMENSIONAL TRAJECTORIES IN 
MONKEY H-C Leung* & RE Kettner. Dept. Physiology, Northwestern Univ. 
Med. School, Chicago, IL 60611

We have previously shown that responses to perturbations in target trajectory 
during ongoing circular pursuit exceed 100 ms. On average, smooth corrections 
began 110 ms after horizontal or vertical perturbations, and saccadic corrections 
followed at 208 ms. In contrast delays averaged 3 ms during circular pursuit and 
10 ms during sinusoidal pursuit. This indicates that targets moving along simple 
periodic trajectories are tracked predictively. We wondered whether predictive 
pursuit was also possible for complex trajectories.

Rhesus monkeys were trained to track targets moving along complex 
trajectories created by applying velocity-equated combinations of three sinusoids 
to horizontal and vertical mirror galvanometers that moved a laser spot on a 
tangent screen. Eye position was measured with a scleral search coil. Gain and 
phase were based upon comparisons between eye and target velocity traces after 
saccades had been deleted. Here, phase lags are expressed in ms instead of 
degrees to facilitate comparisons with perturbation delays. To improve the 
possibility of predictive behavior, the complex waveform was presented 
repeatedly both within and across days. Monkeys were trained for several weeks 
until performance was stable. The results indicate that smooth pursuit systems 
can predict complex target motions based upon delayed visual inputs. On 
average, monkeys pursued targets with an average gain of 0.85 and an average 
time delay of 20 ms. Individual component analyses indicated small phase lags 
for high- and mid-frequency components, and even small phase leads for low- 
frequency components (Supported by grants MH 48185 and T32 DC00015-13).

61.4
INITIAL OCULAR TRACKING OF MOTION-IN-DEPTH: CONTRIBUTIONS OF 
SHORT-LATENCY VERSION (OCULAR FOLLOWING) AND VERGENCE. 
G. Masson*, F. A. Miles and C. Busettini. Laboratory of Sensorimotor Research, 
National Eye Institute, Bethesda, MD 20892.

We have investigated the initial version and vergence tracking eye movements 
elicited by motion-in-depth of large textured patterns, and computed 3-D gaze 
trajectories. Animals faced a tangent screen (viewing distance, 33.3 cm) onto which 
two identical random dot patterns subtending 80°x80° were back-projected. 
Orthogonal polarizing filters in the two projection paths ensured that each of the two 
eyes saw only one of the patterns, movements of which were achieved with mirror 
galvanometers. Stimuli were steps or ramps (left & right, 100 ms duration) applied 
independently to the 2 eyes in the wake of 10° centering saccades.

Data from 3 monkeys showed that pure in-phase and anti-phase ramp stimuli 
evoked pure version and vergence eye movements, respectively, with similar short 
latencies (55-60 ms) and velocity tuning functions (S-shape, peaks: 40-80 deg/s), 
though the initial vergence movements were generally the more vigorous. Gaze 
trajectories showed only minor directional errors here. Initial responses to monocular 
steps were binocular and favored vergence, e.g., when the left eye saw a rightward 
step (while the right eye saw a stationary scene), the left eye moved rightward and the 
right eye moved ("inappropriately") leftward: convergence. Thus, the vergence drive 
signals were distributed (roughly) symmetrically to the 2 eyes even when the sensory 
errors were asymmetrical for the 2 eyes, though gaze trajectory showed relatively 
small errors. When the stimuli at the 2 eyes simulated real-world motion-in-depth of 
40 cm/s in the horizontal plane, the dependence of vergence and version on direction 
of motion followed cosine and sine functions, respectively, in accordance with the 
optical geometry. However, when the stimuli here deviated significantly from the 
fronto-parallel or sagittal planes, initial gaze trajectories often showed large 
directional errors due to the difference in vergence and version gains. In summary, 
gaze trajectories showed a pattern of directional errors consistent with a system that 
encodes separate vergence and version velocity control signals rather than a system 
that derives a true 3-D representation.

61.6
INVERSE-DYNAMICS REPRESENTATION OF COM PLEX SPIKE 

DISCHARGES OF PURKINJE CELLS IN MONKEY CEREBELLAR 
VENTRAL PARAFLOCCULUS DURING OCULAR FOLLOW ING 
RESPONSES. Y. Kobayashi*1 . K. Kawano2 ,3 , A. Takemura3 , Y. Inoue3 .T . 
Kitama2. H. Gomi4 and M. Kawato1 1ATR Human Information Processing Res. 
Labs, Kyoto, Japan, 2Electrotechnical Lab, Ibaraki, Japan, 2Univ. of Tsukuba, 
Ibaraki, Japan, 4NTT Basic Res. Labs., Kanagawa, Japan

We have studied response properties of simple-spike (SS) and complex-spike 
(CS) discharges of Purkinje cells (P-cells) in cerebellar ventral parafloccolus in 
monkeys during ocular following responses (OFR), elicited by sudden movements 
of a large visual field. The CS showed directional selective firing to the stimulus 
motion (contralateral or upward), and for each P-cell the preferred directions of 
SS and CS responses were always opposite. The amount of modulation of the CS 
firing rate increased with increases in stimulus speed (up to 160 deg/sec), in most 
cases the same characteristic also found in the SS firing rate. Previously, we have 
reported that the complex temporal pattern of the SS firing rate that occurred 
during OFR can be reconstructed by an inverse-dynamics representation of eye 
movements: the linear combination of position, velocity, and acceleration. In the 
present study, we have focused on what information is encoded by the firing 
frequency of CS activities during OFR. The temporal pattern of the CS firing rate 
was also reconstructed by using the inverse-dynamics representation of eye 
movement. A generalized linear model was applied to objectively estimate the 
degree of fit of the model even in the case of a low firing rate of the CS discharge 
and showed that the temporal pattern of the CS firing rate was reconstructed from 
eye movement as well as that of the SS firing rate. We compared the coefficients 
of acceleration, velocity, and position of eye movement for CS and SS firing in 
each P-cell. It was revealed that there were close correlations between the 
coefficient of the CS and SS both in the absolute value and in the sign for each 
cell, suggesting a close relationship between the CS and SS responses.
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61.7
EYE PURSUIT DURING VESTIBULAR AND OPTOKINETIC STIMULATION 
IN MACAQUE MONKEYS. G. Schweigart*1. Th. Mergner2 1Dept. of 
Neurophysiology, Ruhr-University MA4, 44780 Bochum, Germany; 2Neurocenter, 
79106 Freiburg, Germany.

Eye movements were studied in two macaque monkeys during various 
combinations of smooth eye pursuit, vestibular and optokinetic stimulation. We 
used horizontal rotations of a visual target (light spot, 0.5°, pursuit stimulus), of a 
rotation chair (head-in-space rotation, vestibular stimulus) and of a random patch 
pattern (optokinetic stimulus). Various combinations were obtained by using 
stimuli of different amplitudes (0°, ±8°, ±16°) and directions (in phase or in 
counter-phase relative to each other).

During stimulation at mid-frequencies (0.1, 0.2 Hz), the eyes remained near 
target, independently of the vestibular and/or optokinetic stimulus in the com- 
bination. A modification of pursuit gain by vestibular input became clearly evident 
at high stimulus frequencies; at 0.8 Hz, gain during functionally synergistic 
pursuit-vestibular combinations (e.g., head rotation relative to stationary target) 
increased from 0.6 to unity, while antagonistic combinations yielded a decrease. In 
contrast, modification of pursuit gain by optokinetic input became evident at low 
frequencies. The effect was direction dependent; if the optokinetic stimulus moved 
in the same direction as the target in space, but with different velocities, pursuit 
gain at 0.025 Hz varied in a monotonous way, reaching 1.3. However, it remained 
essentially constant if the direction of the optokinetic stimulus was opposite to that 
of the pursuit target.

The pursuit system appears to dominate during pursuit-vestibular-optokinetic 
stimulus combinations. Nevertheless, interaction of the three systems can be 
considered linear, with the vestibular input modifying pursuit gain at high 
frequency and optokinetic input at low frequency.

61.9
PURSUIT GAIN IS MODULATED BY THE ACTUAL AND THE ANTICIPATED 
SPEED OF PURSUIT EYE MOVEMENTS. E.G. Keating*, A. Pierre and S. 
Chopra. Depts. of Anatomy & Cell Biology, and of Neurosurgery, SUNY- Health 
Sci. Cntr., Syracuse, NY 13210.

The pursuit system can tailor its gain to the general context in which target motion 
occurs. Previous reports have shown that high frequency target oscillations (>2hz) 
evoke little response if they appear while the monkey is fixating a stationary target, 
but evoke a brisk response if added during pursuit to a constant velocity “carrier” 
target. This experiment sought to specify the signals modulating such gain 
adjustments. Pursuit gain was probed in monkeys by measuring their smooth eye 
movements in response to a 4hz (8 d/s ampl.) sine motion added to other target 
trajectories.

First, the gain enhancement during pursuit appears to depend on the presence of a 
non-zero eye velocity and not the image motion of the carrier target. We trained the 
monkeys to make predictive eye movements (a situation where pursuit occurs 
without visual motion) and presented the probe during these predictive movements. 
Gain, measured as the isolated response to the probe target, increased as a function of 
the speed of the predictive movement.

Secondly, gain is sometimes modulated by experience. One subject showed 
evidence of a “range effect”: the probe evoked a greater response when the monkey’s 
recent experience had required pursuit of fast rather than slow targets. In 2/3 subjects 
gain was also enhanced when the probe appeared immediately prior to pursuit (but not 
saccadic) tracking movements.

Finally, monkeys viewed transparent motion, learning to pursue the white and 
ignore the blue field motion of coincident textures. The probe motion imposed on the 
white field evoked a greater response than when it appeared on the coincident blue 
field. This suggests that the gain enhancement can be selective for one of two targets 
occupying the same spatial location (NSFIBN9319280 & BNS8603915).

61.11
3-D INTERACTION OF SMOOTH PURSUIT AND VESTIBULO-OCULAR 
REFLEX (VOR) IN HUMANS. H. Misslisch. D. Tweed. M. Fetter*, J. Dichgans 
and T. Vilis. Department of Neurology, University of Tubingen, 72076 Tubingen, 
Germany; Departments of Physiology and Ophthalmology, University of Western 
Ontario, London, Canada N6A 5C1.

We examined the mechanisms of VOR cancellation -  where a subject fixates a 
target that is moving with the head -  by looking at eye position dependent velocities 
during horizontal, vertical and torsional VOR ( V), pursuit (P) and combined VOR- 
pursuit (VP). Rotations were sinusoidal (0.3 Hz, ± 20°) and gaze was center, 20° up, 
down, right or left. Angular positions o f the head and left eye were measured using 
3-D search coils. Eye velocities are represented as angular velocity vectors.

P velocity vectors tilted half as far as the gaze line, i.e. smooth pursuit follows 
Listing's law: when the eye is rotated x° away from primary position then the 
velocity vector of the eye must lie in a plane that is tilted x/2° away from Listing's 
plane and in the same direction. Velocity vectors during V tilted a quarter as far as 
the gaze line for yaw and pitch and in the same direction; during roll they tilted 
about as far but opposite the gaze line. That is, the VOR follows a half-Listing's law 
strategy. Thus, the eye rotation axis tilted twice as far during horizontal and vertical 
P as compared to V. When passing from horizontal and vertical V to VP, the main 
eye velocity component was completely canceled. However, torsional modulation of 
eye velocity in eccentric gaze directions remained but changed its direction when 
the light went on. During roll, reduction in VP speed is smaller but, again, the 
velocity vector changes its sign when compared to V. The VP eye velocity vector in 
all cases lies close to the gaze direction allowing for foveal image stabilization.

A superposition model of V and P angular velocity vectors accounts for the main 
findings of 3-D VOR cancellation: 1. reduction in speed, 2. change in direction, 
3. VP velocity vector point along the gaze line. Supported by DFG, SFB 307/A2.

61.8
ASYMMETRIC MODULATION OF SMOOTH PURSUIT EYE MOVEMENTS 
IN HUMANS AND MONKEY. U. Schwarz* and U. J. llg1. Neurologische Klinik, 
Frauenklinikstr. 26, CH-8091 Zurich, Switzerland and Sektion fur Visuelle 
Sensomotorik, Hoppe-Seyler Str 3, D-72076 Tubingen, Germany1.

Foveate animals, including humans and monkey, use smooth pursuit eye 
movements to track small moving targets. They traditionally are employed as 
a probe for local visual motion processing. The goal of this study was to 
investigate the influence of global motion processing during the maintenance 
of smooth pursuit eye movements.

Video technology was used to create target and surroundings. When the 
surroundings briefly were shifted in the direction of an ongoing target 
movement, eye velocity of humans and monkey showed a robust pattern 
consisting of a transient acceleration followed by a deceleration. Furthermore, 
in these conditions, the human subjects reported a transient deceleration of 
the target. No modulation occurred when the surroundings moved opposite to 
the target. To quantify this asymmetry we calculated a modulation index (Ml), 
which was derived in the frequency domain as the ratio of the summed low 
frequency components (3-8Hz) between trials with and control trials without 
perturbation. For 12 human subjects, the Ml was 3.1 (SD 1.3) for perturbations 
at 22°/s in the same direction as target movement, and 1.1 (SD 0.4) for 
perturbations at 22°/s in the opposite direction. In a trained rhesus monkey we 
obtained an Ml of 3.2 (SD 1.2) for perturbations at 20°/s in the same direction, 
and 1.3 (SD 0.3) in the opposite direction.

These results clearly indicate asymmetric interactions between local and 
global visual motion processing in humans and monkey and emphasize the 
role of relative motion on the retina. Moreover, they suggest that the direction 
between concurrent motion cues is used as an important key to interpret the 
spatial relationship of moving objects and their surroundings. W e assume that 
this computation takes places at a very early and probably pre-attentive stage.

61.10
ANALYSIS OF THE TRIAL-BY-TRIAL CORRELATION BETWEEN EYE 
M OVEM ENT A N D  PERCEPTUAL RESPONSES TO M OVING PLAIDS. 
Brent R. Beutter*, Jeffrey B. M ulligan, and  Leland S. Stone. NASA Am es 
Research Center, M offett Field, CA 94035-1000.
W e have  p rev io u sly  sh o w n  th a t w in d o w in g  a d rif tin g  p la id  w ith  an 
asym m etric spatia l G aussian  p roduces system atic biases of sim ilar m agn i
tude in both  the perceived d irection of m otion and  the direction  of the eye- 
m ovem ent response (Stone & Beutter, ARVO 1995). To fu rth er investigate 
this, w e sim ultaneously m easured  the pyschophysical and  eye-m ovem ent 
responses (w ith an ISCAN RK426 IR tracker)to  drifting  p laids in a direction 
discrim ination task. Three observers w ere instructed  to track a p laid  (Type I 
90°; TF = 4 Hz, SF = 0.6 c /d ;  w indow ed by a circular spatial gaussian) and to 
respond w hether the m otion was to the right or left of p u re  vertical. Three 
p laid  directions w ere p resen ted  (-2, 0, 2° w ith  respect to stra igh t dow n), so 
there w as uncerta in ty  in the percep tual judgem ents. This enab led  us to 
exam ine the tria l-by-tria l re la tio n sh ip  be tw een  the eye m ovem ents and  
psychophysical responses. The eye-m ovem ent d irection w as com puted  to be 
the slope of the best fitting line to the initial 300 m s of saccade-free tracking 
(near open-loop). Again, we found the m ean psychophysical and  oculom otor 
responses w ere correlated. The m ean p ercen tages of r ig h tw ard  responses 
w ere 6, 27, 87%, and  the m ean norm alized  eye-m ovem ent directions were 
-1.5, 0, and  1.0° for the -2, 0, and  2° stim uli respectively. W e also com puted  
the trial-by-trial correlation by perform ing an SOC analysis (Britten et al., 
1992). The m ean correlations w ere 0.52, 0.66, and  0.67 for our three observers. 
Because of eye-tracker m easurem ent noise, the above resu lts are low er lim its 
on the actual correlation. These results su p p o rt the view  that the oculom otor 
and perceptual system share com m on m otion inputs.
NRC Associateship to BB and N A SA  RTOP 199-16-12-37 to LS.

61.12
PRESACCADDIC PROCESSES IN THE GENERATION OF PRO AND ANTI 
SACCADES IN MAN. Heike Weber. Brain Res. Unit, Dept. of Biophysics, 
University of Freiburg, Hansastr. 9, D-79104 Freiburg.

It has been widely acknowledged that the generation of an anti saccade, i.e. 
a saccade towards the direction opposite to that where a visual stimulus occurs, 
requires the correct function of special brain structures. The present study attempts to 
measure the time consumption of brain processes preceding the execution of pro 
versus anti saccades. The saccadic eye movements of 5 adult human subjects were 
investigated in a series of combined pro/anti saccade tasks using the gap and the 
overlap paradigm. The type of trial - pro or anti - was defined by the structure of the 
stimulus. In some sessions the subjects were in addition pre-informed by a cue about 
the actual command at different cue lead times before stimulus onset. Pro and anti 
trials were randomly intermixed by 50%. Control sessions with either pro or anti trials 
only were also applied. One finding was the occurrence of high error rates (>30% of 
all trials in some subjects) in the test sessions without a pre-informative cue. These 
errors had long reaction times (~200 ms), while the latencies of correct pro or anti 
saccades were even longer (~350 ms). Analysis of the errors revealed that they 
resulted from the situation in the previous trial: a correct response in the previous 
trial, e.g. an anti saccade with an anti command, enhanced the chance of making an 
anti saccade in the actual trial by up to 30% (alike for the pro saccades). This pretrial 
effect occurred whether the actual trial was a pro or an anti command. With a cue lead 
time of 100 ms the numbers of errors decreased, but the latencies of the correct pro or 
anti saccades where about 70 ms longer than those obtained in the non-random 
control. With 200 ms cue lead time the reaction times corresponded to those in the 
control. The results suggest that the situation in a given trial creates a kind of default 
mechanism for the saccade preparation in the next trial. This mechanism is 
overwritten when a cue about the actual command is given. The perception of the cue 
and the programming of the corresponding saccade takes about 150 to 200 ms. 
Supported by the Deutsche Forschungsgemeinschaft, Grant We 1564/2-2
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62.1
IDENTIFICATION OF THE STRIATUM AND ITS INPUTS, AND THE ROLE 
OF THE VENTRAL THALAMUS IN THE CONTROL OF RETICULOSPINAL 
NEURONS AND LOCOMOTION IN LAMPREY. M.A. Pombal, A. El Manira, 
G. Orlovsky*, and S. Grillner. Nobel Institute for Neurophysiology, Dept. o f  
Neuroscience, Karolinska Institute, S-171 77 Stockholm, Sweden.

The spinal network generating locomotion and its control by reticulospinal 
neurons has been characterized in the lamprey. The present study explores 
histochemically diencephalic and telencephalic nuclei and examines the interaction 
between these nuclei and reticulospinal neurons involved in the initiation o f  
locomotion. We have localized the corpus striatum by immunoreactivity (ir) o f  
neurons towards GABA, substance P and the histochemical reaction to 
acetylcholinesterase. The corpus striatum receives numerous terminal arborizations 
with immunoreactivity to dopamine, 5-HT, neurotensin or histamine in the 
periventricular neuropil. A number o f dopamine-ir neurons are located in the caudo- 
medio-basal diencephalon (ventral thalamus and hypothalamus). These neurons 
appear to be the origin o f  dopamine projections to the striatum, as well as to 
projections to the brainstem and rostral spinal cord. The existence o f functional 
interactions between structures in the forebrain and reticulospinal neurons was 
investigated. Injection o f  dextran amines coupled to fluorescein dye in the 
rhombeneephalic reticular nuclei retrogradely labeled different diencephalic nuclei. 
The most rostral neurons were located in the ventral thalamus. Extracellular 
electrical stimulation o f the ventral thalamus elicited both monosynaptic and long 
latency excitatory amino acid- mediated postsynaptic potentials in reticulospinal 
neurons. With high frequency stimulation spikes are elicited in reticulospinal 
neurons and rhythmic burst activity occurs in the spinal ventral roots. Thus, we 
have characterized a forebrain region that is analogous to the corpus striatum in 
higher vertebrates, and a descending projection from the ventral thalamus which 
controls the level o f  activity in reticulospinal neurons and can activate the spinal 
locomotor networks.

62.3

A STUDY OF SYNAPTIC RESPONSES IN LAMPREY RETICULOSPINAL 
NEURONES ELICITED BY CUTANEOUS STIMULATION.
G. Viana Di Prisco* and R. Dubuc. Dép. de kinanthropologie, Universite du Quebec 
á Montreal, H3C 3P8 and Centre de Recherche en Sciences Neurologiques, 
Université de Montréal, Montréal, Québec, H3C 3J7 Canada.

Sensorimotor integration is required to adapt locomotion in a natural environment. 
Reticulospinal (RS) neurones integrate sensory inputs from several modalities and 
constitute the main descending system activating and controlling the spinal locomotor 
networks in lampreys. Experiments were performed in a semi-intact preparation and in 
the in vitro isolated brainstem\spinal cord of larvae and young adults lampreys 
{Petromyzon marinus). Mechanical stimulation to the skin covering the snout or the 
body, and electrical stimulation to the trigeminal nerves and dorsal columns, elicited 
bouts of locomotion in the semi-intact preparation. Responses of RS cells to both 
kinds of stimulation were recorded intracellularly. Large synaptic responses were 
elicited, particularly in the middle rhombeneephalic reticular nucleus (MRRN). At 
suprathreshold intensities, most MRRN cells showed long lasting depolarization and 
fired just before the initiation of movement. At subthreshold intensities, we could 
evoke EPSPs and sometimes IPSPs in RS cells that were potentiated with trains of 
stimuli. Local application of lidocaine to the skin, surgical resection of a skin patch, 
and section of either dorsal columns or trigeminal nerves abolished the evoked 
responses. Experiments using CNQX (10μM) and 2-AP5 ( l00μM) under Mg 2+ free 
conditions show that EPSPs are mediated by EAA receptors of both AMPA\kainate 
and NMDA subtypes. Inhibition is likely to be mediated by glycine because 
strychnine (5μM) blocked IPSPs. Furthermore, the synaptic responses elicited 
mechanically or electrically were depressed by the local application of 5-HT and 
baclofen. The present results stress the importance of cutaneous inputs in modulating 
the activity of brainstem neurones and a possible role in the control of locomotor 
behaviour.
Funded by a Group grant from the Canadian MRC, FCAR and FRSQ (Quebec).

62.5
OPTIC NERVE AND TECTAL INPUTS TO RETICULOSPINAL NEURONES IN 
LAMPREYS. I.C. Zompa* and R. Dubuc. Dép. kinanthropologie, Université du 
Quebec a Montreal, H3C 3P8, and Centre de Recherche en Sciences Neurologiques, 
Université de Montreal, Montreal, Quebec, Canada H3C 3J7 

This study sought to investigate whether cells of origin of the crossed and uncrossed 
tectoreticular pathways (Zompa & Dubuc, Can.J.Physiol.Pharmacol. 7U.A27,1993) relay 
visual inputs to reticulospinal (RS) neurones in lampreys. Experiments were carried out 
in an in vitro isolated brainstem-spinal cord preparation of 6 young adult lampreys, 
Petromyzon marinus. Electrical stimulation of the optic nerve (ON) elicited large 
excitatory inputs with sharp onset in ipsilateral RS neurones of the middle 
rhombeneephalic reticular nucleus (MRRN), as demonstrated prior by Rovainen 
(J.Neurophysiol. 30:1000,1967). These responses were potentiated with trains of pulses 
at 100 Hz. Of interest, was the finding that the synaptic responses (n=1 3) were identical 
to those elicited by microstimulation of the crossed tectoreticular pathway, although 
they had a longer latency. CNQX (1 mM) was microejected onto the rostral tectum 
containing the soma of origin of the tectoreticular pathways. Responses evoked by 
microstimulation of the ON were suppressed when the drug was ejected contralateral to 
the ON, but only a weak effect was observed when the drug was ejected ipsilateral to the 
ON. Anatomical experiments (n=3) were also conducted in which Texas red conjugated 
dextran amine (DA) was applied at the level of the MRRN, and FITC conjugated DA 
was applied to the ON. Some proximal and numerous distal dendrites of the 
tectoreticular cells were found in close proximity with labelled afferents of the 
contralateral ON. In addition, there was an overlap between ON afferents and cells 
projecting to the rhombencephalon observed in the geniculate nuclei in dorsal thalamus. 
In conclusion, both anatomical and physiological data indicate that the crossed 
tectoreticular pathway is an important relay for visual inputs to RS neurones.
Funded by a Group grant from the Canadian MRC, FCAR and FRSQ Québec.

62.2
ELECTRICAL MICROSTIMULATION OF A MESENCEPHALIC LOCOMO- 
TOR REGION ELICITS CONTROLLED SWIMMING IN SEMI-INTACT 
LAMPREYS. Mikhail Sirota. Gonzalo Viana Di Prisco and Réjean Dubuc*,
Département de kinanthropologie, Université du Quebec à Montreal, H3C 3P8 and 
CRSN, Université de Montréal, Québec, Canada, H3C 3J7.

Electrical microstimulation of specific areas (locomotor strip) in the lamprey 
brainstem has been shown in vitro to elicit coordinated activity in spinal ventral roots 
(McClellan and Grillner Brain Res.300:357, 1984). The aim of this study was to 
determine whether stimulation of the same regions elicits active swimming in a semi- 
intact preparation of the lamprey. The experiments were performed on 20 larval 
specimens of Petromyzon marinus. Rostral muscles and viscera were resected in order 
to expose the brain and the rostral 15-25 segments of the spinal cord. The diencephalon 
and telencephalon were removed. The underlying notochord and cranium were pinned 
down, but the caudal part of the body could freely move in the bath. Electrical 
stimulation of the brainstem (negative pulses of 1 ms duration at rates of 2-10 or 60 Hz) 
was delivered through a glass-coated tungsten microelectrode (2-5MΩ). EMGs were 
recorded and body movements were monitored with a 2-D video motion measurement 
system. Stimulation (0.2-1.0μA) within a specific periventricular region in caudal 
mesencephalon (just slightly rostral to the isthmus) elicited well coordinated swimming 
which began within a few seconds after the onset of stimulation. Increasing the strength 
of stimulation or its frequency (in the range 2-10 Hz) produced an increase in both the 
intensity of the EMG bursts and the frequency of swimming movements, thus allowing 
control of the power of swimming. Stimulation of the different reticular nuclei could 
evoke swimming or swim-like movements which broke down and changed into tonic 
activity. The power of swimming could not be controlled by stimulation of these areas. 
The present results indicate that lampreys possess, as higher vertebrates (Shik and 
Orlovsky Physiol. Rev., 56:465, 1976), a specific mesencephalic region that is involved 
in the control of locomotor activity. Funded by a Group grant from the Canadian MRC, 
FCAR and FRSQ (Quebec).

62.4
MORPHOLOGY AND AXONAL TRAJECTORIES OF VESTIBULOSPINAL 
NEURONES IN LAMPREYS . N. Bussièfres* and R. Dubuc. Dép. de kinanthropologie, 
Université du Québec à Montréal, H3C 3P8 and CRSN, Université de Montréal, Québec, 
H3C 3J7, Canada.

Vestibulospinal (VS) neurones constitute an important group of cells projecting to the 
spinal cord of lampreys. They are located in two nuclei in the rhombeneephalic alar plate, 
the nuclei octavomotoi i  intermedius (OMI) and posterior (OMP). This study was aimed 
at characterizing the anatomical organization of VS neurones in the lamprey brainstem, 
their morphology, and their axonal projections to the spinal cord. Cobalt-lysine was 
injected in vitro within the rostral spinal cord (segments 2 to 4) of 38 adult lampreys 
(Ichtyomyzon unicuspis) to retrogradely label brainstem VS neurones. The tracer was also 
selectively injected in the medial and lateral tracts of the spinal cord. In some experiments, 
antidromically identified VS neurones were injected intracellularly with Lucifer Yellow 
to characterize their individual morphology using confocal microscopy. The nucleus OMI 
contained the largest number of VS neurones. An average of 143 ± 15 VS neurones were 
labeled, the majority (56%) of which had a cell body with a diameter of less than 20 μm. 
Only 2% of these cells had a diameter exceeding 40 pm. Confocal reconstructions of 
individual neurones revealed their dendritic arbors, which extended not only in the alar 
plate but also in the basal plate where they reached the reticular nuclei. Their axons 
projected to the medial basal plate as they coursed down to the ipsilateral spinal cord. 
Some collaterals projected rostrally and laterally towards the reticular nuclei. Selective 
axonal tract injections revealed that OMI spinal projections are widely distributed in the 
spinal cord, with 44% (64 ± 7) and 37% (53 ± 7) of the cells projecting to the medial and 
the lateral tracts respectively. The nucleus OMP con tamed fewer VS neurones (61 ± 12), 
all measuring less than 40 pm. Their soma was generally deprived of dendrites and their 
axon projected to the contralateral basal plate and spinal cord, with a large collateral 
projecting rostrally. A larger proportion of OMP VS neurones projected to the medial (30 
± 16) vs the lateral (16 ± 1) tracts in the spinal cord. This organization of VS neurones is 
reminiscent to that observed in higher vertebrates. Funded by a Group grant from the 
Canadian MRC and FCAR (Québec).

62.6
A STUDY OF TRIGEMINAL PREMOTOR NEURONES IN LAMPREYS

Quebec a Montreal, H3C 3P8 and Centre de Recherche en Sciences 
Neurologiques, Universite de Montreal, H3C 3J7 and Faculty o f  Dentistry, McGill 
University, Quebec, Canada.

The anatomy of trigeminal afferents and motoneurones has been described 
(Koyama et al J.Comp.Neurol. 264:437,1987), but little is known about 
brainstem neurones that project to the trigeminal motor nucleus (motV) and that 
could be involved in the control of feeding behaviour in lampreys. To identify 
these neurones, the retrograde tracer cobalt-lysine was injected in motV on one 
side in the in vitro isolated brainstem preparation of 4 larvae and 7 adult 
lampreys (Petromyzon marinus). Transport times ranged from 36 to 48 hrs. 
Numerous cells were labeled in the contralateral motV (n=597) as well as in the 
principal sensory trigeminal nucleus on both sides (ipsi, 1463 cells; contra, 390 
cells). Further caudally, a continuous column of labeled cells was observed on 
both sides in the basal plate, ventral to rhombeneephalic cranial motor nuclei. 
The ipsilateral column extended caudally as far as the rostral vagal nucleus 
(n=677). The contralateral column contained fewer labeled cells (n=301), but 
continued down to the level of the hypoglossal nucleus. Electrophysiological 
experiments were carried out to determine whether these neurones established 
synaptic contacts with trigeminal motoneurones. In all cases, microstimulation 
of the nuclei containing labeled neurones elicited short-latency post-synaptic 
potentials in motoneurones that were identified by antidromic stimulations. A 
comparison with data from cats and rats shows that the distribution of neurones 
that project to motV is very similar in mammals and in agnathes. Funded by a 
Group grant from the Canadian MRC, FRSQ and FCAR (Quybec).
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62.7
DIFFERENTIAL EFFECTS OF ASCENDING CONNECTIONS ON TWO 
RHYTHMIC MOTOR PATTERNS IN XENOPUS EMBRYOS C.S.Green* and 
S.R.Soffe Sch. of Biol. Sci., Univ. of Bristol, Bristol BS8 1UG, U.K.

Xenopus laevis embryos show two rhythmic behaviours: struggling and 
swimming, which are characterised by distinct motor patterns and evoked by 
different forms of sensory discharge. The two share largely common spinal cord 
circuitry but differ in cycle period and burst duration. They also and have opposite 
longitudinal delays: rostro-caudal during swimming and caudo-rostral during 
struggling. Although descending influences have been studied, little is known of the 
influence of ascending longitudinal connections. Ventral root recordings were made 
from 26 embryos paralysed with α -bungarotoxin during rhythmic motor activity 
evoked by sensory stimulation. Spinal transection or blocking neural activity of 
caudal regions of embryos with TTX had no obvious effect on the swimming motor 
pattern rostrally, but produced a significant increase in both burst duration and the 
cycle period during struggling. The effect was progressively less with more caudal 
transection. The major ascending connections in this simple embryo spinal cord are 
probably inhibitory, provided by the crossed ascending axons of glycinergic 
premotor interneurons. Caudal, midline sagittal lesions which should selectively 
remove these crossed ascending connections had similar effects on the struggling 
motor pattern whilst again leaving swimming unperturbed. During swimming the 
longitudinal delay is such that crossed ascending inhibition would arrive rostrally in 
time with strong local crossed mid-cycle inhibition and, as observed, its removal 
should not affect the rostral swimming motor pattern. Because of the caudo-rostral 
delay during struggling, however, ascending inhibition should arrive at rostral sites 
on the opposite side of the cord towards the end of each motor burst, suggesting a 
role in burst termination. Weakening this inhibition could then lead to the longer 
motor bursts and correspondingly longer cycle periods observed.

62.8
TRAINING MODELS OF LOCOMOTION NETW ORK ACTIVITY. J. Tabak, 
C.R. Murphey, L. Prime, F. Tiaho, J.T . Buchanan, and L.E. Moore** Physiology 
& Biophysics Dept., UTMB. Galveston, TX 77555, and Univ. of Rennes, France.

NMDA-induced activity in adult lamprey and xenopus embryo spinal cords 
were analyzed. TTX-resistant single cell current-clamp activity in lamprey (A) 
was fitted to a Hodgkin-Huxley (HII) model using a gradient type costate equa- 
tion method to develop a minimal non-linear kinetic model of an individual 
neuron. Our previously published model (Neural Comp. 7:486, 1995) was ex- 
tended by adding a fast potassium current that was required to produce rapid 
oscillations observed in the plateau phase. Fits of driving point impedance mea- 
surements were used to further constrain estimates of membrane properties.

Xenopus network activity measured in a single cell during swimming was 
fitted to a HH type network model using various training m ethods to estimate 
synaptic parameters. Of the training methods, real time recurrent learning re
quires derivation of costate equations, numerical gradient descent requires ex
treme accuracy in ODE solutions, and random search has very slow convergence. 
The Simplex method (C) is less sensitive to local m inima than gradient descent 
and converges faster than random methods. The model network reproduces 
swimming behavior (B), level of NMDA-induced depolarization and time course 
of EFSPs (C), and spiking properties determined by the level of depolarization. 
Spiking was observed in a cell with no IPSPs, so post-inhibitory rebound was not 
a prerequisite. Supported by RU1-MH45796, US and CNRS & MESR. France.
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62.9
LOCOMOTION IS G EN E R A TED  BY A DISC RETE LU M BA R  
NETW ORK IN N E W B O R N  RA T. J-R. Cazalets, M. Borde and F. 
Clarac C N R S, N B M , B P  71 13402 M arseille ced ex  2 0  France.

In order to locate the spinal network responsible in m am m als 
for producing patterned locom otor activity, an in vitro  preparation o f  
newborn rat isolated brain stem /spinal cord w as partitioned by 
building v aseline w alls at various lumbar levels. A network located in 
a restricted area o f  the lumbar cord (lum bar segm ents L1/L2) was 
found to be responsible for generating the locom otor-like activity  
recorded in all the various m otor groups distributed along the lumbar 
cord (LI to L6). W e dem onstrated that the rhythmic synaptic drive 
that the m otoneurons receive during locom otor-like activity com es  
directly from the L1/L2 network and that there is no relay at the 
segmental level. S ince the network w hich organizes locom otion in the 
newborn rat is not segm entally  distributed it has been feasible to study  
the activity o f  the rhythmic spinal network independently from that o f  
the motoneurons. T he drive elicited onto the m otoneurons during 
sequences o f  locom otor-like activity w as biphasic, consistin g o f  an 
inhibitory com ponent fo llow ed  by an excitatory com ponent. The 
inhibitory synaptic v o lley  w as reversed at the resting potential (around 
-60 m V) using K acetate e lectrod es, w h ile  it w as shifted toward 
positive values with KC1 electrodes. It w as blocked by the glycinergic  
blocker strychnine. T h e excitatory phase was m ixed and consisted o f  
a NM DA and a non-N M D A  com ponent, which w ere sensitive to A P -5  
and CNQX, respectively. W e concluded that the locom otor network  
located in segm ents L 1/L 2 sends a biphasic projection to the various 
groups o f m otoneurons a long the lumbar spinal cord.

62.10
PEPTIDERGIC MODULATION OF THE SPINAL NETW ORK FOR LOCOMOTION 
IN THE NEONATAL RAT: EFFECTS OF SUBSTANCE P AND SOMATOSTATIN. 
J -Y. Barthe* and F. Clarac. Lab. Neurobiologie et Mouvements, CNRS, 31,Chemin J. 
Aiguier, BP 71, 13402 Marseille cx 20. France.

The presence of peptidergic inimunoreactive fibers has been demonstrated in the ventral 
aspect of the spinal cord where the release of neuropeptides could affect both premotor 
intemeurones and motoneurones. We have therefore investigated the effect of the 
neuropeptides somatostatin (SS) and substance P on fictive locomotion elicited in vitro in 
the neonatal brainstem-spinal cord preparation

Experiments were performed on 2 or 3 days old rats Extracellular recordings of the 2nd 
and 5th lumbar ventral roots were performed using 'en passant' electrodes. Intracellular 
recordings of ventral horn neurons were performed using microelectrodes filled with K- 
Acetate (1.5M). Fictive locomotion was elicited by application of a solution containing 
serotonin (5-HT, 50μM) and N-methyl-D,L-Aspartate (NMA, 10-20μM). The peptides were 
dissolved in the same solution at concentrations ranging 10-500nM. Fictive locomotion was 
characterized by a rhytmic activity on the ventral roots with an alternation between L2 and 
L5 ipsilateral bursts, and an alternation between the right and left bursts on a given segment. 
Application of SS reduced the locomotor frequency in a dose dependent manner-(10-35%). 
The amplitude of the bursts of activity was not consistently affected, although the firing o 
some motoneurones decreased during SS application suggesting that at least a population of 
motoneurones might be inhibited in such experimental condition. Substance P increased the 
locomotor frequency and the bursts duration Intracellular recordings showed a similar 
prolongation of the bursts of activity, without an apparent change of the firing frequency o 
motoneurones.

This study demonstrates that neuropeptides such as Somatostatin or Substance P are able 
to modulate the spinal network for locomotion. The cellular mechanisms involved in this 
modulation are still under investigation.
Acknowledgements: JYB is supported by INSERM

62.11
MECHANISMS UNDERLYING THE INCREASED SPONTANEOUS ACTIVITY 
IN DEVELOPING SPINAL MOTONEURONS. B.-X. Gao*and L. 
Ziskind-Conhaim. Dept. of Physiology & Ctr. for 
Neuroscience, Univ. of Wisconsin, Madison WI 53706.

The frequency and amplitude of spontaneous potentials 
in rat spinal motoneurons increase after birth. We studied 
the developmental changes in quantal transmission to 
determine whether the increased synaptic activity resulted 
from postnatal increase in transmitter release, amplitude 
of unitary synaptic currents, or higher ratio of 
excitatory to inhibitory inputs that synapse onto 
motoneurons. Whole-cell patch-clamp technique was used to 
record TTX-resistant spontaneous excitatory and inhibitory 
postsynaptic currents (EPSCs and IPSCs) in motoneurons of 
embryonic (E17-E18) and postnatal (P1-P3) rats. In 
embryonic motoneurons, the frequency of EPSCs was 2-to-3- 
fold higher than that of IPSCs, ruling out the possibility 
that the low-frequency spontaneous activity resulted from 
predominant inhibitory synapses. The frequency of both 
EPSCs and IPSCs increased at least 3-fold after birth. 
Analyses of amplitude distribution of spontaneous currents 
demonstrated multiple, separated peaks which occurred at 
l-to-3 times the unitary peak of about 10 pA. The unitary 
peak amplitude did not change during synaptogenesis, but 
the number of multiple EPSC and IPSC peaks increased 
postnatally. Our findings suggested that the developmental 
increase in spontaneous activity resulted from increased 
transmitter release rather than an increase in the 
amplitude of unitary synaptic currents. The role of 
various amino acids receptors in mediating EPSCs and IPSCs 
will be discussed. Supported by NS23808 to L.Z-C.

62.12
A NOVEL “TISSUE PRINT” METHOD TO STUDY ISOLATED SPINAL 
CORD NEURONS IN  SITU. S.C. MacDonald and S. Hochman*. Dept. of 
Physiology, University of Manitoba, Winnipeg, MB., CANADA, R3E 0W3.

Previously, we have used patch-clamp recordings in acutely-isolated spinal 
cord neurons to study aminergic modulation of glutamate receptors (MacDonald et al., 
Soc Neurosci. Abst. 20:651.9). Benefits of recording from isolated neurons include; (i) 
synaptic isolation, (ii) superior space clamp, (iii) lack of diffusional barriers, and, (iv) 
ease of visualization. Still, even within microdissected regions of spinal cord, neurons 
comprise a heterogenous population which limits the connection between cellular 
properties and functional identity. Since spinal neurons may be identified by 
cytoarchitectonic criteria (Silos-Santiago and Snider, J. Comp. Neurol., 342:221, 1994), 
a determination of the precise location of isolated neurons may allow a more reliable 
indication of cell identity.

The “tissue print” technique entails blotting a tissue slice onto an adhesive 
substrate leaving behind a layer of cells essentially isolated but topographically 
organized (Barres et al, Neuron, 5:527, 1990, Radden et al, Exp. Physiol, 79:495, 
1994). The present study applies a novel method of “printing” transverse slices of spinal 
cord. Briefly, transverse lumbar spinal cord slices (300 μm) from postnatal rats 0-5 days 
old were incubated in papain (lmg/ml) for 30-60 minutes. A slice was then placed in 
low gelling temperature agarose and allowed to gel at room temperature. The slice was 
then carefully peeled from the agarose which retained a single cell layer “print” of the 
spinal cord. Many cells with primary processes could be observed. Preliminary whole- 
cell patch recordings were undertaken to assess neurone viability. Voltage steps 
generated early inward and late outward currents.

Tissue print of spinal neurons in situ provides a powerful means to study the 
cellular features of topographically-identified spinal neurons. Supported by the 
Network o f  Centres o f  Excellence.
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63.1
INTRACELLULAR RECORDING AND LABELING IN NATURALLY 
SLEEPING CATS SHOW  CORRELATION OF REM SLEEP FIRING 
RECRUITMENT ORDER WITH SOMA SIZE OF PONTINE RETICULAR 
FORMATION NEURONS.
K.lto*, M.Yanag ihara, H.lmon. L.Dauphin. & R.W.McCarley. Lab. 
Neurosci..Dept.Psych., Harvard Med. Sch./VAMC, Brockton MA 02401.

Acute intracellular labeling studies in our laboratory have examined 
the projections of giant cell field pontine reticular formation (FTG) neurons. 
Type I neurons had primarily reticulo-spinal projections, relatively few 
collaterals, and most had soma diameters ≥ 47.5 μ m. Type II neurons 
projected to brainstem reticular sites, often had collaterals, and had soma 
diameters < 45.7 pm. The present study used intracellular recording and 
intracellular labeling (PhAL, biocytin, or neurobiotin) in naturally sleeping, 
chronic cats to determine if the "lead time" of onset of markedly increased 
discharge rate prior to REM was correlated with soma size. Soma diameter 
was determined from digitizer measurements of cross-sectional area (inter- 
and intra-rater variation < 5%), and done blind to the physiology. RESULTS: 
Diameters of the 28 labeled neurons ranged from 43 pm to 88 pm (soma 
size range: ≈1500 - 6000 μ m2). Within this range there was a strong positive 
linear correlation between diameter and "lead time", which ranged from near 
zero minutes to about six minutes. That larger neurons had longer "lead 
times" was contrary to our expectation that smaller neurons, which might be 
Type II neurons with abundant reticular projections, would show earlier 
recruitment. It was also expected from the inverse size dependence of 
recruitment order in alpha motoneuronal pools. Earlier recruitment of larger 
neurons may reflect a stronger cholinergic excitatory input.

63.3
FIRING RATE MODULATION IN MULTIPLE CONCURRENTLY ACTIVE 
MOTOR UNITS: ADDITIONAL INSIGHTS INTO THE SYNAPTIC 
ORGANIZATION OF MOTOR POOLS. B.R. Botterman* and K.E. Tansey. Dept. 
of Cell Biology and Neuroscience, Univ. of Texas Southwestern Medical Center, 
Dallas, TX 75235.

Previously, we reported on the recruitment order and firing rate modulation in 
pairs of concurrently active, type-identified motor units of the cat medial 
gastrocnemius during graded muscle contractions evoked by stimulation of the 
brainstem (Tansey and Botterman, Soc. Neurosci. Abstr. 17, 1991). In that 
study, we reported that recruitment proceeds by increasing motor-unit tension, 
that low threshold units reach lower peak firing rates than high threshold units, 
and that parallel firing rate modulation occurs only in pairs of units of similar 
physiological type and recruitment threshold. We also proposed a model of the 
distribution of synaptic current to the motor pool to explain those results.

A limitation of that work was the restricted view of the motor-unit population 
one gets by comparing only two units at a time. Therefore, in addition to the pair 
of fully characterized motor units we record from intra-axonally, we now also 
record from several other units using selective EMG electrodes during the 
evoked muscle contractions. The physiological properties of these additional 
motor units can be estimated based on their recruitment order relative to the fully 
characterized units. With this approach, we have confirmed our previous 
observations on the peak firing rates of motor units with different recruitment 
thresholds and expanded our findings on the limited nature of parallel firing rate 
modulation. For instance, during a muscle contraction in which we monitored 
the activity of 2 type F units and 3 type S units, only 2 of the 3 type S units 
showed parallel firing rate modulation, with those 2 motor units having similar 
recruitment thresholds to each other but not to the third type S unit. These 
findings support our earlier assertion that there may be a differential distribution 
of synaptic current not only across motoneuron types but also within types.

63.5

ESTIMATING THE SIZE AND THE SHAPE OF THE NET COMMON 
INPUT TO HUMAN MOTONEURONS. K. S. Türker*. A. Schmied & H. B. 
Cheng; Department o f Physiology, University o f Adelaide, S.A. 5005, 
Australia.

During voluntary activation o f muscles, motoneurons are constantly 
bombarded by post-synaptic potentials from a large number o f sources. These 
include not only the "common" post-synaptic potentials generated by central 
and peripheral pathways, but also the "uncommon" inputs from diverse origins. 
The net drive is the current that results from the integration o f these inputs and 
this determines the discharge frequency o f the motoneuron. In the present 
study, it is proposed that the discharge frequency o f each motor unit should be 
examined in relation to the firing time o f a reference unit (i.e., peri-spike 
frequencygram or PSF), if  the sign and the shape of the synchronizing input 
around time zero are to be identified. Two or three bipolar fine-wire electrodes 
were inserted into muscles. Each experimental run consisted of a voluntary 
isometric contraction o f up to 15 minutes duration, during which the subject 
adjusted the contraction strength so as to keep the feedback unit firing at a 
rather constant rate.

In the masseter muscle, the discharge o f one motoneuron was most 
commonly associated with an increase in the discharge frequency o f another 
motoneuron. The tibialis anterior motoneurons, on the other hand, 
demonstrated complex changes in the PSF, comprising an early decrease in the 
firing rate followed by a late increase. This new frequency analysis method 
has the capacity to reveal functional coupling between motoneurons in human 
subjects.

Supported by the NH & MRC o f Australia.

63.2
MODULATION OF MOTONEURON FIRING BY HIGH AND LOW la AFFERENT 
RATES. Brian D. Clark* and Timothy C. Cope. Dept. Biomed. Sci., Penn. Coll. 
Podiatric Med., Philadelphia, PA 19107, and Dept. Physiol., Emory Univ., Atlanta, 
GA 30322.

Most CNS synapses are weak, producing membrane potential changes that are 
small fractions of the potential difference from rest to threshold. Little is known 
about the effects of these weak synapses on the timing of postsynaptic action 
potentials, and even less is known about the depencence of postsynaptic firing on 
the rate and pattern of presynaptic firing. The purpose of this study was to 
determine the input/output relationship at la - motoneuron synapses over a range 
of la afferent spike frequencies by analysing interactions between pre- and 
postsynaptic spike trains. In anesthetized cats, spinal motoneurons were brought 
to fire by intracellular injection of steady depolarizing current, and la afferents, 
known to make functional connection with the motoneuron, were driven to fire at 
various frequencies by intraaxonal injection of brief, suprathreshold current pulses, 
la frequencies were chosen to investigate whether interaction between spike trains 
shows the same frequency dependence previously reported for EPSP amplitude.
At several large (>175 μ V) synapses, some measures of the strength of correlation 
between spike trains peak at intermediate frequencies (40-60 Hz). Thus it appears 
that the frequency dependence of spike train correlations does not precisely 
parallel the observations on synaptic potentials. Supported by NSFIBN-9208649.

63.4
EFFECTS OF SIM ULATED SY N A P T IC  NO ISE ON CROSS- 
CORRELOGRAM FEATURES IN MOTONEURONS. A.V. Poliakov*. 
R.K. Pow ers. A. Saw czuk and M .D. Binder. Department o f  
P h ysio logy  & B io p h y sics , U n iversity  o f  W ashington , S eattle, 
WA 98195.

We studied in vitro the r esp o n ses  o f  rat h y p o g lo ssa l  
m otoneurons to in jected  excitatory  current tran sients in the 
presen ce and absence o f  n o ise . Background synaptic noise
w as s im u lated  by adding a zero -m ea n  G a u ssia n  random  
process to a constant depolarizing  current.

The excitatory current transients produced m odulation o f  
m otoneuron disch arge s im ilar  to that p r e v io u sly  described  
for ex c ita to ry  p o st-sy n a p tic  cu rren ts. N o ise  altered  the 
m otoneurons' resp on se to the current tra n sien ts, reducin g  
both the am plitude and the area o f  the cross-correlogram  
p ea k s. T h is red u ction  in efficacy w a s p a r t ic u la r ly
pronounced in m otoneurons firing at low  freq u en cies N oise  
w as a lso  found to in c re a se  the f ir in g  fre q u en cy  o f  
m otoneurons. W e used white noise a n a lysis  to characterize  
th e tra n sfo rm  o f  in je c te d  cu rren t in to  m o to n e u r o n
discharge. A second-order pred iction  m atched the measured  
cross-correlogram s. The transform  con ta in ed  a substantial 
nonlinear com ponent and was found to be m ore tem porally  
d isp ersed  then p red icted  by a s im p le  th r esh o ld -c ro ss in g  
m odel. S im ilar results were obtained from in vivo recordings  
o f  cat spinal m otoneurons. Supported by H FSP (LT 144/94) 
and NINDS (N S31925, N S26840 and N S 01650).

63.6
CLUSTER ANALYSIS OF SPINAL NEURONS IN ADULT TURTLE
J.C. McDonagh*. E.E. Gilliam. R.B. Gorman. T.G. Hornby. R.M. Reinking and 
D.G. Stuart. Dept. of Physiology. Univ. of Arizona. Tucson. AZ 85724

The turtle spinal cord slice preparation is a powerful model for the 
comparative analysis of biophysical properties of motoneurons (MNs) and 
interneurons (INs). Such studies require accurate identification of the cell 
types using standard intracellular techniques. We subjected our provisionally 
classified MN and IN data (McDonagh et al., Soc. Neurosci. Abstr. 20:790, 
1994) to an objective classification scheme, the Ward cluster analysis, to 
distinguish cell types on the basis of their input resistance ( Rn , MΩ), 
rheobase current ( IRh , nA) and the slope of their stimulus current-firing 
frequency relationship (f//slope, Hz/nA). Some INs fired spontaneously (IN- 
S), and hence, their identification did not require further analysis. Non- 
spontaneously firing INs (IN-Ns) and MNs were distinguishable with minimal 
overlap in biophysical properties (mean values reported in table below).

The cluster analysis identified three main groups, which we suggest are 
MNs, IN-Ns and a group with overlapping properties. The overlap group had 
three subgroups, one classified as MNs (lower f / l slopes, p<0.01) and two as 
IN-Ns. The main MN group Rn  and IRh values were ail significantly different 
than those of the overlap 1MN group (p<0.01)._________ ________________

Group Main MN Group Overlap Group IN-N IN-S
Subgroup 1 2 3 1 MN 2IN-N 3IN-N
Rn 16.0 10.5 6.5 37.7 37.4 74.7 64.1 117.2
IRh 1.1 2.2 4.6 0.4 0.3 0.4 0.4 NA
f/l 20.3 12.9 5.1 18.3 60.9 33.7 123.8 131
n 26 13 4 13 5 8 12 15

These data suggest the likelihood of separate MN types. MNs in the 
overlap subgroup may represent type S MNs. The main MN group contained 
three subgroups, which may represent the type F MNs. The MN properties 
are consistent with the size principle, with decreasing Rn  and increasing IRh 
(and decreasing f/l slope; not established in cat MNs). These findings will 
require verification (e.g., antidromic stimulation and morphology). Supported 
by NIH grants GM 08400 and NS 20577, 01686 and 07309.
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63.7 63.8
AFTERHYPERPOLARIZATION OF SPINAL MOTONEURONS AND 
INTERNEURONS IN THE ADULT TURTLE
R.B. Gorman. J.C. McDonagh. E.E. Gilliam. T.G. Hornby. R.M. Reinking and 
D.G. Stuart*. Dept. of Physiology, Univ. of Arizona, Tucson, AZ 85724 

The afterhyperpolarization (AHP) duration of cat α -motoneurons (MNs) is 
correlated with motor unit type (Zengel et al., J. Neurophysiol. 53:1323, 
1985). No information is available on the time-course and amplitude of AHPs 
of interneurons (INs) of higher vertebrates. Among lower vertebrates, lamprey 
INs have small AHP amplitudes (~1.5-4 mV; Buchanan, J. Neurophysiol. 
70:2313,1993) whereas those of turtle are quite substantial (Hounsgaard and 
Kjaerulff, Eur. J. Neurosci. 4:183, 1992) but not yet quantitated.

Using intracellular recordings from adult turtle spinal cord slices, a 2 s 
rheobase test provided 1/2 AHP duration ( 1/2 AHR ms) and amplitude (AHP; 
mV) measurements from cells classified as MNs, non-spontaneously firing 
INs (IN-N) and spontaneously firing INs (IN-S) (see McDonagh et al., Soc.
Group 
Subgroup

Main MN Group Overlap Group IN-N
1 2 3 1-MN 2-IN-N 3-IN-N
55.0 31.8 52.7 117.6 109.7 194.0 64.7
20.3 22.8 21.6 19.6 17.7 19.8 18.5
26 13 4 13 5 8 12

IN-S
1/2 AHP (ms) 
AHP( mV)

86.8 
19.1 
15__

Like cat MNs, our provisional type S MNs (overlap group) had a 
significantly longer 1/2 AHP than provisional type F MNs (main group; 
p<0.01). There was no association between 1/2 AHP and fO the minimal 
frequency of repetitive firing, in contrast to findings of Kernell (Acta Physiol. 
Scand. 65:87, 1965; his Fig. 3), who measured afterdepolarization. AHP in 
MNs vs. INs, were similar. In our INs, there was no association between 1/2 
AHP and f0. The fs of INs far exceeded those of the main MN group in the 
stimulus current-firing frequency relation (see McDonagh et al., Soc. 
Neurosci. Abstr. 21:1995) even though the 1/2 AHPs were similar. This 
finding suggests that the association between AHP time-course and f is more 
complex than previously considered. Supported by NIH grants GM 08400 and 
NS 20577, 01686 and 07309.

HYSTERESIS IN STIMULUS CURRENT-FIRING FREQUENCY RELATION 
OF SPINAL MOTONEURONS AND INTERNEURONS
E.E. Gilliam*, R .B . Gorman, J.C. McDonagh. T.G. Hornby. R.M. Reinking and 
D.G. Stuart. Dept. of Physiology, Univ. of Arizona, Tucson, AZ 85724

The stimulus current-firing frequency (l-f) relation for spinal neurons is 
traditionally determined by intracellularly injected current pulses of 
progressively increasing magnitude (Kernell, Acta Physiol. Scand. 65:65, 
1965). Using provisionally classified motoneurons (MNs) and interneurons, 
non-spontaneously firing (IN-N) and spontaneously firing (IN-S), of the adult 
turtle spinal cord slice preparation (McDonagh et al., Soc. Neurosci. Abstr. 
20:790, 1994), we determined the effect of the direction of changing current 
and activation history on the l-f relation.

Cells (16 MNs, 9 IN-Ns and 9 IN-S) were given four successive l-f tests (1- 
4) in two sets (up, down, vs. down, up) using 2 s current pulses at 0.1 Hz. In 
the first set, the stimulus current of the first step was set at rheobase (IRh) 
and increased in subsequent steps to a current level (Imax ) where the f 
became constant (up test, 1U). The / was then decreased to IRh using the 
same current steps (down test, 2D). In the second set, / started at Imax, was 
decreased to IRh (down test 3D), and increased again to Imax (up test 4U). 
The area under the l-f curves was used to compare tests.

The average areas of the up tests (1U and 4U) were larger than those of 
the down tests (2D and 3D) (MN = 9%, IN-N = 7%, IN-S = 5%; p<0.001), 
suggesting hysteresis in the response. All 1U tests had larger areas than the 
2D tests (MN = 16%, IN-N = 13%, IN-S = 16%). In all MNs but one, the 4U 
test had a larger area than the 3D test (5%). For the IN-Ns and IN-Ss, the 
average area of test 4U was 2% larger than 3D. Two IN-Ns had larger areas 
in the D vs. U tests (6%) and were not included in the above averages.

The U vs. D comparison was complicated by the order of the tests. The 
average of the second half of each set (2D, 4U) had a smaller area than the 
first half (1U, 3D; MN = 5%; IN-N = 5%; IN-S = 4%) showing some 
dependency on the order of the tests. This order effect was minimized by 
averaging tests from each half of each set (1U and 4U vs. 2D and 3D; see 
above). MNs had the largest and most consistent hysteresis effect. Supported 
by NIH grants GM 08400 and NS 20577, 01686 and 07309.

63.9
SOME EVIDENCE FOR THE DENDRITIC ORIGIN OF PLATEAU POTENTIALS 
IN CAT MOTONEURONS. DJ Bennett*. H Hultbom, B Fedirchuk and M Gorassini 
Dept of Neurophysiol., Univ of Copenhagen, DK-2200, Copenhagen, Denmark.

Motoneurons of decerebrate cats exhibit hysteretic properties, which are attributed 
to voltage dependent non-inactivating (VDNI) inward Ca++ currents, likely located in 
the soma and dendrites (Hounsgaard & Kiehn, J Phys 468:245-259, 1993). We present 
evidence that in cats these currents act predominantly at the dendrites, rather than the 
soma. Cells were impaled with standard sharp electrodes. Current was injected in a 
slow ramp, producing a gradual increase in firing rate, followed by a sharp jump in 
rate, which persisted after the current was reduced (hysteresis), indicating that the 
VDNI channels were opened (plateau potential initiated). When EPSPs were produced 
by tonic muscle stretch or nerve stimulation during current ramps, the jump in rate, 
and thus threshold for VDNI activation, occurred from a lower firing frequency and 
membrane potential (the latter seen after spike inactivation by intracellular QX-314). 
Often EPSPs alone did not cause the cell to fire, but were sufficiently strong to cause 
the jump in firing rate to start immediately when firing began during current injection, 
suggesting that synaptic input normally activates the VDNI channels at or below the 
Na* threshold for firing. IPSPs had an opposite effect, raising the threshold for VDNI 
activation. These findings are consistent with the hypothesis that the VDNI channels 
act primarily at the dendrites, and simply have a fixed  activation voltage (Vt). 
Increased dendritic synaptic currents (∆ Isyn), must be offset by decreased soma 
depolarization (at electrode, A Vs), to pass less current to the dendrites and still 
produce the fixed dendritic activation voltage Vt (ie, ∆ lsyn - G ∆ Vs = 0, where G 
is the soma-dendrite coupling conductance). Functionally, these findings suggest that 
during natural synaptic input the threshold for initiating VDNI currents is 
unexpectedly low, perhaps even below the level to produce spiking, explaining the 
difficulty in demonstrating hysteretic firing and plateau potentials in awake animals.

63.10
DO ES THE FORM  OF M O TO N EU RO N  DEND RITES M AXIM IZE THE 
RATIO OF SUM M ED SYNAPTIC CURRENT TO  DENDRITE VOLUME? 
W. B. MARKS* LAB. OF NEURAL CONTROL, NINDS, BETHESDA, 
MD 20892

The following assum ptions w ere used  as a basis of an  initial m odel of 
the sh ap e  of m otoneuronal d endrites: 1. O ther th ings being  equal, a 
s truc tu re  w ith  lesser volum e is preferred; 2. D endritic m em branes were 
assum ed  to  be linear and  passive  and  the  synapses in d ep en d en t and 
evenly d istributed; 3. The d iam eter of d endrites d rops  a t branch  points 
and  tapers a t the  rate found for m otoneurons.

These assum ptions enabled  us to com pute m(x), the fraction of steady 
state cu rren t that reaches the som a from  a synapse a t x, and  I, the sum  
of cu rren ts ∆I = m(x) AA from  all m em brane areas ∆A, an d  to optim ize 
the d en d rite  shape to m axim ize F = I /v ,  (v = d en d rite  volum e). Model 
m o to n eu ro n s w ith  m ax im u m  F h a d  u n n a tu ra lly  com pact d en d rites , 
resem bling N erf balls.

Therefore w e also assum ed: 4. D endrites m ust g row  o u t from  the soma 
to receive synapses; a d en d rite  m ust ap p ro ach  w ith in  R = about 200 μM 
of a volum e elem ent AV to receive synapses from  it, w hich  contribute a 
n ew  ∆I p ro p o rtio n a l to  m(x)AV an d  a new  F. For R m uch larger or 
sm aller than  this, dend rites  of m axim um  F w ere sparser or m ore densly 
b ran ch ed  than  n a tu ra l ones. There w ere  op tim al b ranch  angles and  
leng th s: the  th in n e r b ran ch es  of h ig h e r  o rd e r  b e in g  longer, as is 
observed . F w as largest for u n n a tu ra lly  sm all d en d rites . To bias F 
to w ard  the larger n a tu ra l d en d rites  it is necesary  to m u ltip ly  cu rren t 
g a thered  by an  increasing  function  of cu rren t. T hus it ap p ears  that 
m otoneurons do  not m axim ize th is  F, b u t expend extra volum e in their 
dendrites to gather a required m inim um  current.

63.11
DETERMINING PARAMETERS BY AUTOMATED GOAL SEEKING FOR 
REALISTIC MODELS OF MOTONEURON RHYTHMIC FIRING. R. Lee. W. 
Z. Rymer and C.J. Heckman*. Physiology, Northwestern Univ.
Med. Sch., Chicago IL, 60611.

Many properties of the ion channels, pumps, and buffers in 
neurons have not been precisely quantified. Thus, construction of 
realistic models of rhythmic firing is hampered by a large number 
of unknown parameters. Specifying these parameters so that the 
model output accurately represents the known rhythmic firing 
behaviors is time consuming and multiple solutions for a given 
behavior may be possible.

To speed this process, we developed an automated search  
algorithm for matching model output to detailed experimental 
rhythmic firing data. Derivative information is used to change one  
model parameter at a time, and the parameter space is 
periodically rotated to overcome interaction difficulties. The 
problem of redundancy in the resulting model is assessed by a 
sensitivity analysis of all model parameters with respect to all 
targeted goals.

We used this algorithm to study the mechanisms of the well- 
known differences in slow (S) vs. fast (F) motoneuron rhythmic firing 
behaviors. Parameters for an S and an F model were set by two 
constraints: voltage clamp data and the algorithm search 
procedure. The latter utilized 15 actual rhythmic firing behaviors as 
goals. Simulation results revealed that differences in the H 
channel and passive properties account for the majority of 
differences in rhythmic firing behavior of the two models.

63.12
JUMPS DURING GRAVITY PARTICLE AGGREGATION: MOMENTS 
OF SYNCHRONY IN NEURONAL ASSEM BLIES B. G Lindsey *, K. F. 
Morris, R. Shannon. and G. L. Gerstein Dept. Physiology & Biophysics, 
Univ. S. Florida Med. Ctr. Tampa, FL 33612 and Dept. Neuroscience,
Univ. Pennsylvania, Philadelphia, PA. 19104 

The gravity method (Gerstein et al. 1985) allows the identification o f 
neuronal assemblies (Lindsey et al. 1992). Each neuron is represented as a 
particle with a time varying charge that is a filtered version o f its spike 
activity. The charged particles exert forces on each other. Aggregation o f 
particles over time indicates functional relationships among the neurons. 
Our goal was to search for periods when multiple particles exhibit high 
velocity aggregation. Such collective “jum ps” could represent moments 
when a (partially represented) set o f  neurons reads, stores, or transmits 
“ information” encoded by distributed synchrony. M ultiple spike trains were 
recorded in parallel in the medullary raphe nuclei and ventrolateral medulla 
o f  anesthetized (Dial), vagotomized, artificially ventilated cats. Assemblies 
were first identified as before; a more stringent significance criterion (p < 
0.01) was used. Particle mobility and charge increments were adjusted to 
prevent close approaches. A jum p was recorded when 3 or more pairs o f 

articles each had an aggregation velocity that exceeded a threshold defined 
by the maximum velocity found in 100 shifted data sets during a 

corresponding range o f  calculation time steps. In data samples composed o f 
the spontaneous activity o f  eight neurons, we detected jum ps that involved 
up to 7 particles. Calculations over different numbers o f  steps revealed 
episodes o f  high velocity aggregation with various durations in the same 
functional groups. The results indicate transient moments o f  synchrony and 
suggest that elements o f the assemblies may be coordinated by different 
modulatory influences. Restarting the gravity calculation along successive 
segments o f  spike train data allows assessment o f  variations in aggregation 
velocity over long-time scales. Such data sets could also be searched for 
recurring “states”  with observed spatiotemporal patterns o f  jum ps serving 
as templates. NS 19814.
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64.1
SYNAPTIC RESPONSE PREDICTION USING NEURAL DECODING. K.Sen. 
LC.Jor ge-Riv e r a ..E.Maider* and L.F.Abbott .Volen Center, Brandeis 
Univ., Waltham, MA 02254.

A complete characterization of the transfer characteristics of a 
synapse would allow us to predict the response of a postsynaptic 
neuron to any presynaptic spike train. We have developed a 
predictive characterization for a neuromuscular junction using a 
nonlinear combination of linear filters.

Linear filters have been used to reconstruct estimates of graded 
sensory input signals from the neuronal spike trains that they evoke 
(Bialek 1989; Bialek et al„ 1991; Reike, 1991; Warland et al., 1991, 
Theunnisen, 1993). We used this method to describe synaptic 
transfer characteristics extending it to incorporate processes like 
facilitation and depression that cause the postsynaptic response to 
depend on the history of presynaptic firing. We use a product of 
linear filters. The first describes responses to single spikes while 
the second accounts for facilitation and/or depression during spike 
trains. The filters that best characterize a given synapse are 
constructed from experimental data by learning algorithms. This can 
be done in real time during an experiment.

We have applied this method to the neuromuscular junction of the 
stomatogastric muscles in the crab Cancer b orea lis . This enables us 
to predict accurately postjunctional responses to a wide variety of 
presynaptic spike trains at a number of different neuromuscular 
junctions. The theoretical methods we have developed can be used to 
characterize the transfer properties of other synapses as well. 
Supported by MH 46742 and NSF IBN 9421388.

64.3
TEMPORAL PATTERN FORMATION IN BIOLOGICAL NEURAL 
SYSTEMS.
P.Roberts and G.McCollum*, R.S.Dow Neurological Sciences Institute, 
Good Samaritan Hospital & Medical Center, Portland, OR 97209.

The generation of patterns by neural networks is dependent on mech
anisms that operate on different time scales. These mechanisms can 
interact either strongly or weakly depending on a variety of factors spe
cific to the neurophysiology of the network. Variations in the coupling 
between mechanisms, both cellular and synaptic, can lead to the gen
eration of different patterns in the firing of the neurons. There is a 
restriction in the number of patterns that may arise due to specific 
mechanisms, and it is possible to identify the routes that are available 
for switching between different patterns. We present a classification 
scheme for the rhythmic patterns that may be generated by small neu
ral networks as a method for investigating the biological mechanisms 
responsible for pattern generation and pattern switching. The resulting 
time courses of the patterns follow from interactions on different time 
scales . The method is applied to the output of the stomatogastric gan- 
glion to clarify the interaction between the different subcircuits and the 
response to external input, both neuronal and chemical.

Dynamical transitions among available rhythmic patterns in the 
stomatogastric ganglion.

64.5
R E N S H A W  EFFEC TS O N  M O D E S  O F A C T IV IT Y  IN  A  
S IM U L A T E D  SPIN A L  M O T O R  N E T W O R K . D avid  P. B ashor * D ep t. 
o f  B io lo g y , U niversity o f  N orth  Carolina at Charlotte, Charlotte, N C
2 8 223 .

A  com puter sim ulation previou sly reported ( Soc. N eurosci. Abstr. 
2 4 :4 9 1 .1 9 ), consistin g o f  12 neuronal populations (2 3 0 0  cells, 600K  
connections) controlling a pair o f  antagonistic m uscles, w a s used  to  
investigate connection-density e ffects on  steady-state population activity  
m odes. Specifically, conditions w ere sought in w h ich  tonically-active  
m otoneurons (M n s) fired in synchrony w ith  on e  another, w h ile  som e  
M ns, LA intem eurons (IN s) and excitatory IN s w ere driven by random  
ton ic input. The unsynchronized starting netw ork  had all active  
populations firing at 15-20  H z, w ith  roughly h a lf o f  the IN s and all the 
M ns active during the 1.5 s sim ulation. The netw ork  gave  
physiologically  reasonable resp onses to  IA  and IB  afferent input. 
Synchronization could b e induced by doubling the num bers o f  M n  
terminals exciting R enshaw  cells, and doubling the number o f  R enshaw  
terminals to  M ns and IA  IN s. T he number o f  R enshaw  cells  active  
doubled and their frequency rose to  about 6 0  H z. H ow ever, M ns in such  
synchronized netw orks fired in similar num bers and frequencies as in the  
unsynchronized state. IA  IN s participated in inducing the  
synchronization. A lthough their frequency did n ot change greatly, the  
number o f  active neurons increased. Dynam ic changes w ere com plex, as 
occasional short bouts o f  unsynchronized activity occurred.

64.2
A REVISED MODEL OF THE TRITONIA ESCAPE SWIM CPG SUGGESTS 
A ROLE FOR INTRINSIC NEUROMODULATION AND PREDICTS MISSING 
NEURONS. M. J. Tunstall, P. S. Katz & W. N. Frost* Dept. of Neurobiology & 
Anatomy, University of Texas Medical School, P.O. Box 20708, Houston TX 
77225

By constructing a simulated neural network with realistic cellular and 
synaptic properties determined from experimental measurements, Getting (J. 
Neurophysiol., 49, 1983) concluded that the Central Pattern Generator for the 
escape swim response in Tritonia diomedia consists of three cell types: 
cerebral neuron 2 (C2), dorsal swim interneurons (DSI) and ventral swim 
interneurons (VSI). Recently, two additional circuit components have been 
identified: the dorsal ramp interneuron (DRI) (Frost & Katz, 
Soc. Neurosci. Abstr. 1994), and intrinsic neuromodulation, in which DSI 
rapidly modulates cellular and synaptic properties of C2 at the onset of, and 
throughout, the swim motor program (Katz, Getting & Frost, Nature 367, 
1994). These new findings have led us to re-evaluate the original model.

A revised simulation, constructed using measurements made from rested 
(unmodulated) preparations, and incorporating DRI, did not produce 
oscillatory activity. However, rhythmic activity could be obtained by adding 
the effects of intrinsic neuromodulation, and by increasing the synaptic 
strength of the connections from C2 to VSI and from DSI to C2.

Our simulations suggest a role for DSI-mediated neuromodulation in 
network oscillation The required increase in connection strength between C2 
and VSI and DSI and C2 is consistent with the involvement of additional, but 
currently unidentified neurons (in the original simulation the strengths of these 
connections were similarly enhanced compared to our measurements from 
rested preparations)

Current experimental effort is being directed at identifying these additional 
neurons, and in evaluating the possible role of intrinsic neuromodulation in 
reconfiguring the network from its resting to its oscillatory state.

64.4
CRITERIA FOR NEURONAL IDENTIFICATION YIELD UNIVERSAL 
NEUROPHYSIOLOGICAL DATA TYPES. Daniel Gardner* and Steven M. 
Erde. Dept. of Physiology and Office of Academic Computing, Cornell 
University Medical College, New York, NY 10021.

To aid characterization of properties, circuitry, and behavior of molluscan 
neurons, the APLYSIA project is developing an Internet database containing 
descriptions of identified neurons, neurophysiological datasets, and model pa
rameter sets. Tools will permit browsing or querying by specific criteria using 
any of several desktop computers. Identification of molluscan neurons often 
integrates electrophysiology data from multiple laboratories, requiring devel- 
opment of common physiological formats and data types whose richness and 
multiplicity transcend those of genomic databases. Data type definition is both 
functional (neurobiological technique and significance) and structural (schema 
and methods for data storage and retrieval). We have developed three basic 
datatypes—multiple time-series, X-Y plots or line graphs, and histograms— 
whose subtypes encompass most molluscan physiology data. Metadata anno- 
tations include; data type; investigator, date, and citation; cells; trace and time 
markers and scales; parsable keyword cues to permit query; and experimental 
conditions. We find physiological data types designed for mollusca to be broad 
enough to permit storage, classification, query, and distribution of most neu
rophysiological data from other invertebrates or mammals, including patch- 
voltage- and current-clamp, extracellular single-unit, field potential, nerve trunk, 
spike train, or multisensor optical records, and amplitude or duration histo- 
grams. The APLYSIA project anticipates offering these electrophysiological 
data types and tools to other neuroscience database projects.
URL: http://physiology.med.cornell.edu/SFN/Datatypes.html

64.6
USING BIOLOGICALLY REALISTIC MODELS OF NEURONAL NETWORKS 
TO IDENTIFY NEURAL CHAOS. Kush Paul and Larry J. Cauller*, GR4.1, 
Cognition and Neuroscience Program, University of Texas at Dallas, Richardson, 
TX 75083-0688.

A fundamental characteristic of a system that can become chaotic is its sensitive 
dependence on initial conditions. A positive Lyapunov exponent (A) is arguably 
the best indicator of the “chaoticness” of a deterministic system. A is defined as the 
average growth of the relative logarithmic error per time step. Quantitative studies 
of chaos in neural activity have been rare primarily because the number of data 
points needed to compute A (typically > 106 ) depend exponentially on the 
dimensionality of the system and it is necessary that the system remain stationary 
during the data collection period. The objective of this project is to design a 
computational model that captures the essential properties of a biological neural 
system and perform the A analysis on the computational model which may be kept 
stationary indefinitely. The method has been implemented in the GENESIS 
environment which allows morphologically and physiologically realistic neurons to 
be accurately simulated. GENESIS models consisting of a network of three 
simplified neurons which obey the Hodgkin-Huxley kinetics have been analyzed. 
Cell 1 and Cell2 were reciprocally connected with inhibitory and excitatory synaptic 
connections whereas Cell3 had excitatory synapses to both Cell 1 and Cell2. 
Background activity was controlled by DC current injection into the Cell3 soma. At 
regular intervals, the system state was copied and an error (0.01 mV in Cell2 and 
Cell3 somata) was introduced into the identical copy at different initial states. The 
two systems were then iterated n times and the error allowed to evolve for 
comparison with the unperturbed system. This was repeated to compute the 
average A associated with a particular set of system parameters. Both positive 
(chaotic) and zero (periodic) or negative Lyapunov exponents were obtained across 
a range of system parameters. Supported by a grant from the Whitehall Foundation.
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64.7
A BACK PRO PAG ATION M OD EL OF TH E M AU THN ER SYSTEM .
A .L, Guzik*. R.C. Eaton and D.W . M athis. Depts. o f Psychology, 
Biology (EPO) and Com puter Science, Univ. Colorado, Boulder, CO 
80309.

The M authner system initiates fast-start escapes in te leost fishes. The 
neural network has been well-described, as has the behavior it is known to 
control. The principle neurons, the M authner cells, are a bilateral pair of 
identified neurons whose axons cross the midline and descend the spinal 
cord. W e have trained an abstract neural network with backpropagation to 
solve the left-right sound discrim ination that the M authner system must 
resolve to turn away from threatening acoustic stimuli. This is an extension 
of an earlier model. The m odel’s inputs are 64 units representing the hair 
cells o f the inner cars; 40 units convey VIIIth nerve acoustic information to 
20 units representing two populations o f inhibitory neurons and to the two 
output units representing the M authner cells. W e have found 
backpropagation useful for generating candidate neural networks with 
M authner system architectures which obey constraints obtained from the 
behavior. W e show how the network permits each M authner cell to fire 
only to high-intensity stimuli, regardless o f direction, and only to stimuli in 
the correct direction for directionally unambiguous signals. For sufficiently 
intense signals with ambiguous directional cues, one M authner cell will 
randomly fire to generate an escape. These dynamics demonstrate how 
Faber and K orn’s (1978) model of feed-forward inhibition is consistent 
with the phase model for directional hearing underwater. [Supported by the 
ONR.]

64.9
DEGENERACY OF INFORMATION FLOW IN A 
DETERMINISTIC SYSTEM. G. J. Mpitsos* and T. F. Edstrom. 
Oregon State University, Hatfield Marine Science Center, 
Newport, OR 97365.

The goal-directed behavior of the sea slug Pleurobranchaea, 
and of the underlying neural activity, has been shown to be 
variable, possibly chaotic. A number of quantitative measures 
such as dimensional analyses, analyses of surrogates 
constructed from the original spike-train intervals, and of 
mutual information and attainable information in the 
symbolized intervals, suggest that some of the activity is high-
dimensional, possibly degenerate or noisy. As a step toward 
understanding the source of this variation, we have conducted 
a series of simulations on simple neurons defined by Hodgkin- 
Huxley membrane. Low level deterministic perturbation of 
EPSC-evoked action potentials, and analysis of spike trains in 
2-3 cell networks, indicates that degeneracy of information 
flow across simple synapses is a predicted consequence of their 
dynamics. This fundamental degeneracy may underlie some of 
the noise observed in our biological system, and may be of 
adaptive value, as proposed by our own and other laboratories. 
Supported by a grant from ONR (N00014-95-1-0881), and 
previous grants from AFOSR (92J-0140) and the MRC Canada 
MA5743.

64.11
NETWORKS OF PHYSIOLOGICALLY-BASED NEURONAL OSCILLA
TORS MAY PROVIDE IM PROVED MODELS OF PATTERN GENER
ATION. C. C. Canavier*, R. J. Butera, Jr., D. A. Baxter, J . W. Clark, and 
J. H. Byrne. D ept. of Neurobiology and Anatomy, The University of Texas 
Medical School, Houston, TX 77225 and D ept. of Electrical and Computer 
Engineering, Rice University, Houston, TX 77251.

A network composed of four oscillators th at are physiologically-based re
duced models of a widely-studied bursting neuron (see Butera et al. , this vol- 
ume) yielded more complex activity compared to abstract, nonphysiologically- 
based networks, and may provide a better model for pa tte rn  generation, 
including quadrupedal gait generation, for example. T hese model oscilla- 
tors more closely approximate complex neural activity by incorporating into 
an additional variable q the feedback effects th a t spike frequency has on 
the shape of the waveform underlying bursting activity. The individual 
oscillators were connected in a ring using inhibitory coupling of the form 
Isyn = gsyn qpre(Vpost -  E ayn). At certain param eter settings, the network 
spontaneously produced patterns th at correspond to four different types of 
galloping gaits, based on t he phase relationships between the oscillators. Net- 
works of simpler abstract oscillators have not been shown to produce these 
patterns, even when driven by sinusoidal forcing functions. The various pa t- 
terns were discovered by performing a randomized search of the state space 
within boundaries determined by the range of variation in each sta te  variable 
during typical oscillations.

In addition to examining the suitability of these more complex oscillators 
as models for pattern  generators, we are examining the impact of includ
ing bistable versus monostable elements in the circuit. In bistable elements, 
a relatively depolarized state corresponding to a constant spike frequency 
coexists with an oscillatory state corresponding to bursting activity. The 
strength of the network coupling is a key param eter, as increases in coupling 
strength destabilize the depolarized state, regardless of whether the individ
ual elements are bistable. We are studying the effect of perturbations and 
noise in both the state variables and in the param eter values to determine if 
these type of variations can stabilize the system in a subset of the numerous 
patterns that the network can potentially exhibit.

64.8
ADAPTIVE CONTROL OF MOVEMENT USING MODELS OF NEURAL 
CIRCUITRY JJ. Abbas* and S.P. Jayasundcra. Biomedical Engineering Program, Dept. 
of Mechanical Engineering, The Catholic University of America, Washington, DC 20064.

Computer simulated models of neural oscillators and associated spinal cord circuitry 
were used for controlling cyclic movements of models of single-segment and multi- 
segment musculoskeletal systems. The goal of this work is the design of improved control 
systems for restoring motor function to people with neurological disorders, such as those 
caused by spinal cord injury, stroke and head injury, through the use of computer- 
controlled electrical stimulation (Functional Neuromuscular Stimulation).

The control system uses a biophysical model of coupled neural oscillators in cascade 
with adaptive neural circuits that are based upon the central pattern generator/segmental 
circuitry organization of the spinal cord. Control system evaluation included computer 
simulation studies in which the model of neural circuitry was used to control movements 
of a biomechanical model of single-segment and multi-segment musculoskeletal systems. 
The muscle model used in the study incorporated muscle dynamics, force-velocity, and 
length-tension properties. An agonist/antagonist pair of muscles acted at each joint of the 
skeletal models that included nonlinear constraints on joint movement.

Results of the computer simulation studies indicated that the control system structure 
is capable of adaptively controlling cyclic movements of single-segment and multi- 
segment systems. Specifically, the control system has been demonstrated: 1) to account 
for variations in muscle and skeletal dynamic properties, 2) to provide phase-dependent 
phase-resetting reflex capabilities and 3) to account for intersegmental coupling without 
any explicit knowledge of the structure and/or dynamic properties of the mechanical 
system. The performance of this control system compares favorably with that of 
traditional control system structures on many characteristics that are critical for the 
intended application as well as for many biomedical applications. Thus, this work provides 
an example of how the utilization of neurobiological principles can be a useful tool in the 
design of engineering control systems. (Supported by NSF-BCS-9216697)

64.10
EVALUATION OF LOW-ORDER MODELS OF BURSTING NEURONS 
R. J. Butera, J. W. Clark*, and J. H. Byrne† . D ept. of Elec. & Comp. 
Eng., Rice University, Houston, TX 77251 and †Dept. of Neurobiology & 
Anatomy, U. of Texas Medical School, Houston, TX 77225.

A fundamental problem in com putational neuroscience is to identify the 
minimal level of complexity necessary to capture the features of complex 
neuronal processes. The problem is particularly acute in bursting neurons 
for which complete descriptions can involve 11 or more state variables. To 
explore this issue we investigated the adequacy of low-order models to char- 
acterize the slow oscillatory wave-form of the R15 bursting neuron.

Previously, we developed a Hodgkin-Huxley type model of this cell that 
consisted of 11 state variables. We first used numerical bifurcation analy- 
sis and computer simulations to identify the m athem atical mechanisms that 
underly the bursting process. The results were applied to develop a reduced 
model of the underlying subthreshold oscillations (slow-wave) in membrane 
potential. Two different low order models were developed: one model (3 state 
variables) which mimicked the slow-wave of the full model in the absence of 
action potentials (i.e. gNa =  0) and a second model (4 state variables) which 
included expressions accounting for the averaged perturbational effects of 
action potentials on the underlying oscillation.

Both models predicted the activity mode (bursting, beating, or silence) as 
stimulus current or m odulatory agents were modified, but the second model 
was much more accurate in predicting the location and extent of regions of 
modal activity in param eter space. The second model accurately predicted 
large regions of bistable activity (bursting/beating) which were not predicted 
by the first model. The transient responses of both models were also com
pared to the original model, and the second model possessed a phase-response 
curve which was very similar to th a t of the original model.

The results suggest th at low-order models of bursting cells which do not 
consider the effects of action potentials may erroneously predict modes of 
activity and transient responses of the complex model upon which the re- 
ductions are based. These results also show th at it is possible to develop 
low-order models which retain the essential dynamics of the complex system.

64.12
ADJACENT CERVICAL SPINAL NERVES EXHIBIT A HIGH INCIDENCE 
OF CONJOINED NERVE ROOTLETS IN HUMANS. P. Cauwenbergs* and 
J. Nichols. Anat. Dept., CMCC..Toronto, Ontario, M4G 3E6.

To evaluate the frequency with which conjoined spinal nerve 
rootlets occur in the human cervical region, spinal cords 
with meninges and proximal portion of spinal nerves intact 
were removed from 38 embalmed cadavers. Cervical spinal 
nerve rootlets were exposed proximal to the origin of each 
spinal nerve by posteromedian incision through dura and 
arachnoid maters and inspected using a binocular dissecting 
microscope (Mag.= 25X) to enumerate apparent conjoined 
nerve rootlets between adjacent nerves. Whole mounts of all 
specimens were stained with saturated Sudan black/70% eth- 
anol to verify the presence of neuronal elements within 
suspected conjoined nerve rootlets. These analyses demon- 
strated neuronal connections between rootlets of adjacent 
cervical spinal nerves in approximately 70% of cadavers 
analysed, with the highest frequency of occurrence (25%) 
observed at the C3-C4 and C4-C5 spinal nerve levels. On- 
going analyses aim to determine the neuronal origin of con- 
joining nerve fibres. These results indicate that the 
pattern of central connections of individual spinal nerves 
in humans may be variable and may impact on the reliability 
of clinical assessments of sensorimotor dysfunction and 
pain referral patterns.

(Supported by the Chiropractic Foundation for Spinal Res- 
earch a nd CMCC.)
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64.13
A NETWORK MODEL OF ELECTRICALLY COUPLED NEURONS CAN 
EXPLAIN THE SUB-THRESHOLD OSCILLATIONS IN THE INFERIOR 
OLIVE. Y. Manor1, Y. Yarorr1 J. Rinzel2 and I. Segev1 Neurobiology Dept.1, 
Hebrew University, Jerusalem 91904, ISRAEL; Math. Res. Branch2, NIDDK, 
Bethesda, Ml) 20814, USA.

A biophysical mechanism that may underlie the spontaneous low amplitude 
oscillations observed in neurons from the inferior olive (IO) was studied. Voltage 
clamp data were used to formulate simplified models of olivary neurons. We studied 
the conditions under which two cells, that differ only in their channel densities, 
could form a sustained periodic behavior when they are electrically coupled. The 
cell model includes a calcium conductance of the low threshold type and a voltage 
independent leak conductance.W ith infinite coupling, the mechanism for 
rhythmogenesis of a pair of quiescent cells is a negative slope conductance around 
the fixed point of the cell pair. However, weakly coupled pairs may oscillate also.

This model was used in a network context, where the channel densities of each 
neuron were randomly chosen from normal probability functions. Two different 
connectivities were used: all-to-all and 2-dimensional grid with nearest neighbor 
coupling. We found that the network's probability to oscillate depends on the 
coupling strength and on the number of cells. This dependence on cell number is a 
monotonically increasing function in the 2-D case, but is more complex with all-to- 
all coupling. Experimental properties of the IO neurons, such as their sensitivity to 
current injection and potassium concentration of the medium, the occasional 
irregularity of the sub-threshold oscillations, and the possibility to synchronize the 
network by current injection were also reproduced with our network model.

We conclude that differences in channel densities of the IO neurons and their 
electrical coupling can account for the sub-threshold spontaneous oscillations. Some 
of our results are consistent with an all to all connectivity, while others are more 
compatible with a 2-dimensional grid. Further study should be conducted to resolve 
the issue of inter-olivary connectivity. This work was supported by the US office of 
Naval Research and a grant from the Human Frontiers.

64.15
A SPA TIO-TEM PORAL SPIKE TR A IN  ANALYSIS FOR CORRELATING 
FIR IN G  PA TTERNS IN  N EU RO N S. P .  C. T am *† an d  M. A. F itzu rk a‡.
†Center for N etw ork  Neuroscience, D ep t. of Biological Sciences, University 
of N o rth  Texas, D en ton , TX 76203 an d  ‡D ep t. of P hysics, C atholic 
University  of Am erica, W ashington, DC 20064.

A spatio -tem poral analysis technique has been  deve loped  to establish 
the conditional probabilities of firing in a neuron  correlated w ith  sequential 
p a tte rns as well as spatial p a tte rns of o ther n eurons in  the sam e netw ork. 
This sp ike tra in  analysis  techn ique  com putes the cond itional tem poral 
probabilities of spike firing in a neuron  given that ano ther neuron  has fired 
a spike, or 2 consecutive spikes, or 3 consecutive spikes, etc., have fired 
p rio r to the firing  of the first n eu ro n  in o rd er to estim ate  how  sequential 
(burst) firing pa tte rn s  are co n tribu ting  to the firing  of spikes in a neuron. 
The conditional tem poral probabilities of firing  1, 2, or 3, ..., subsequent 
consecutive sp ikes can also be co m p u ted  to es tim ate  how  a spike m ay 
con tribu te  to the subsequen t consecutive firing of spikes typical in burst 
firing. The conditional spatial probabilities can be estim ated  by com puting 
the probabilities of firing  g iven  th at 1, 2, or 3, ..., neu ro n s have fired a 
sp ike s im u lta n e o u s ly  in the  n e tw o rk . T hese sp a tia l an d  tem p o ral 
conditional probabilities can be com bined to estim ate the  spatio-tem poral 
conditions u n d er w hich firings of spikes in neurons are correlated w ith  each 
other. Such analyses will allow  us to establish how  p a tte rns of single spike 
a n d /o r  m ulti-spike firings (characteristic of bursts) in a netw ork  of neurons 
a re  co rre la ted . These an a ly ses  m ay  be u sed  to e s tab lish  sta tistical 
correlation betw een the firing tim es of neurons that are contributing  to the 
coordinated  firing p a tte rns in a ne tw o rk  as characterized  by  synchronized 
(spatial patterns) bu rst (tem poral patterns) firing p a tte rns often observed in 
central pa tte rn  generating  (CPG) netw orks in vivo and  in vitro. (Supported 
by ONR N 00014-93-1-0135)

64.17
STATISTICAL TESTS FOR JOINT INTERVAL DISTRIBUTIONS.
B.K. Rhoades*. J.M. Kowalski and G.W. Gross. Center for Network 
Neuroscience, University of North Texas, Denton, TX 76203.

We have recently developed distribution-free correlational methods 
of spike train analysis based on joint interval distributions (Soc. 
Neurosci. Abstr. 20:491.16, 1994; J. Neurosci. Meth. in press).
These methods allow qualitative graphical evaluation of spike train 
serial dependence, identification of functional intemeuronal linkages, 
and demonstration of activity-dependent gain in linkage patterns. We 
present here a set of adaptations of the basic Kolmogorov-Smirnow 
statistical algorithm to quantification and significance testing of 2- 
dimensional joint interval distributions. These new measures include 
distribution-free tests of 1) serial dependence in single spike trains, 2) 
process stationarity in single spike trains, 3) serial dependence 
differences between pairs of spike trains, 4) correlational coupling 
(presumptive synaptic linkages) between pairs of concurrently recorded 
spike trains, and 5) dependence of interactional coupling strength on 
local spike firing rates. We have evaluated these statistical measures 
with biological spike trains from cultured spinal cord neurons, as well 
as artificial spike trains produced by a stochastic event train model. 
Critical value tables for these measures were generated by Monte Carlo 
methods, using the stochastic model.
Supported by the State of Texas Advanced Technology Program.

64.14
TH E STU DY OF C O RR ELA TIO N S IN  N E U R A L  PO PU L A T IO N S  BY 
A G G R EG A TE-TO -A G G R EG A TE (ATA) C O H E R E N C E  A N ALYSIS 
C .N . C h r is ta k o s * . M ed. School, U niv . of C re te , H e ra k lio n , Greece, 
an d  C tr. N eurobio l., C o lum bia  U niv ., New Y ork, USA.

D e tec tin g  synchrony  in  la rg e  n e u ra l  p o p u la tio n s , an d  d e te rm in in g  
how  w id esp read  an d  s tro n g  u n i ta r y  c o rre la t io n s  a re , is a  d iff icu lt 
ta s k . C o h eren ce  a n a ly s is  ap p lie d  to  p a ir s  of p o p u la t io n -a g g re g a te  
a c tiv itie s  (e.g., EE G -E E G , n e u ro g ra m -n e u ro g ra m ) is o ften  u sed  as a 
sim ple  m ean s of a s se s s in g  p o p u la tio n  sy n ch ro n y . H ow ever, de ta iled  
in fo rm a tio n  on w hich  p a ra m e te rs  in flu en ce  th e  ATA coherence, and 
how, is n o t av a ilab le . T h is  q u es tio n  w as ex am in ed  by m a th e m a tic a l 
an a ly s is  for un ifo rm  (su b )p o p u la tio n s. T h e  r e s u l ts  in d ic a te  th a t  th e  
ATA c o h e re n c e  h a s  a  n o n -ze ro  v a lu e  a t  th e  f re q u e n c y  (b a n d )  of 
synchrony , w hich reflec ts  th e  e x te n t  an d  s tr e n g th  of syn ch ro n y , t h e 
degree of sim ila rity  of th e  u n its ’ p h ases , and  th e  n u m erica l size of the  
p o p u la tio n s. F or u n i ts ’ p h a ses  sho w in g  a s ig n if ic a n t co n cen tra tio n  
a ro u n d  som e v a lue , i t  is a very  se n sitiv e  in d ic a to r  of sy n ch ro n y  and 
s a tu ra te s  easily  (e.g., for ex tent> 20%  an d  p o p u la tio n s’ size >1000). I t 
can  th ere fo re  be efficien tly  used  for d e tec tio n  of synchrony . H ow ever. 
th e  s ing le  v a lu e  p e r  freq u en cy  p rov ided  by ATA co h eren ce  an a ly s is  
does n o t allow  th e  s e p a ra te  e s tim a tio n  of th e  e x te n t an d  s tre n g th  of 
s y n c h ro n y .  T h is  v a lu e  c o u ld  o n ly  s e rv e  a s  a  g e n e r a l  in d e x  of 
synchrony for com parisons if (a) th e  above fo u r p a ra m e te rs  a re  such 
th a t  it s tays ou tside th e  ran g e  of s a tu ra tio n , an d  (b) th e  size of th e  
popu latio n s  rem a in s  fixed. Also, b ecau se  of its  h igh  se n sitiv ity , th is  
coherence m ay u n d e r  c e rta in  co nd itions give th e  fa lse  im p ress io n  of 
w id e sp re a d  an d  s tro n g  sy n ch ro n y  in  c a se s  in  w h ich  th e  in cid en ce  
and  s tre n g th s  of u n ita ry  co rre la tio n s  a re  lim ited .

64.16
FIRST A N D  SECON D O R DER INTERSPIKE INTERVAL DIFFERENCE 
PH ASE PLANE ANALYSES OF N E U RO N A L SPIKE TR A IN S. M. A. 
F itz u rk a * † an d  D. C. Tam .‡ †D ept. of Physics, Catholic U niversity  of 
Am erica, W ashington DC, 20064 and  ^C enter for N etw o rk  Neuroscience, 
D ep t. of Biological Sciences, U niversity  of N orth  Texas, D enton, TX 76203.

N ew  spike tra in  analysis techn iques are  em ployed  to show  how  an 
in te rsp ik e  in te rv al (ISI) varies w ith  resp ec t to  its  in te rsp ik e  in terval 
difference (ISID - defined  as the difference be tw een  a g iven ISI and  its 
prev ious adjacent ISI). This is the First O rd er analysis. ISIs can also be 
s tud ied  w ith  respect to its in te rsp ike  in terval second difference (ISI2D - 
defined  as the d ifference be tw een  a given  ISID an d  its p rev ious adjacent 
ISID) in a Second O rder analysis. The First O rder phase plot is constructed 
b y  plo tting  the n th  ISI, τn, versus the n th  ISID, ∆τn = τn-τn-1 for n = l,...,N , 
w here N  is the total n um ber of spikes in the spike train. The Second O rder 
phase  p lan e  p lo ts the n th  ISI, τn, versus the n th  ISI2D, a2τn = ∆τn- ∆τn-1 
= (τn-τn-1)-(τn-1-τn-2) ). F irst and  Second O rder phase plane p lo ts can also
be constructed  for the (n -l)th  ISI, τn_1 versu s  the n th  ISID or n th  ISI2D, 
respectively . D ifferences described  th u s  far have  refe rred  to absolute 
d ifferences. Relative  d ifferences can also be calcu lated  by  d iv id in g  the 
absolute ISID or ISI2D by the ISI. The rela tionship  betw een  an ISI and  its 
ISID or ISI2D is reflected in the d istribution  of poin ts in  these phase planes. 
H ow  a particu lar firing interval depends on the prev ious changes in  ISI and 
how  that sam e firing  in terval affects the changes in  fu tu re  firing  can be 
deduced  by this analysis by  exam ining  these plots. Both sim ulated  spike 
tra ins and  d a ta  obtained  experim entally  from  cu ltu red  neuronal netw orks 
recorded  in vitro w ere analyzed  w ith  these m ethods to com pare and contrast 
theoretical an d  experim en ta l resu lts . C haracte ristic  firin g  tren d s  w ere 
revealed by these techniques. (Supported by  ONR N00014-93-1-0135).

64.18
U N D E R ST A N D IN G  N E U R O N A L  A C T IV IT Y  PA TTERN S: 
THE IM PO R TA NC E O F FO R M A T TIN G  D ISC H A R G E  
S E Q U E N C E S . J. L. J oh n son * D ep t. o f  Phys. &  Pharm ., 
U S D  S ch ool o f  M edicine, V erm illion , S. D . 5 7069 .

The unique properties o f  the frequency format (H z) and the 
interval format (IPI in m s) o f  importance in characterizing 
discharge sequences w ere investigated. M ean values for 
discharge sequences w ere calculated in the H z &  IPI formats 
and after lo g  transformation. M ean values from discharge 
sequences expressed in the H z format m ost accurately tracked 
faster rate com ponents and m ean values from the sam e 
discharge sequences expressed in the IPI form at m ost 
accurately tracked slow er rate com ponents. The H z format 
and the IPI format w ere disparate in their ab ility  to show  
changes in discharge rate and a lso  exhibited differen ces in 
sensitiv ity  to the direction o f  the rate change. W hen relating 
changes in discharge rate to the change a secon d variable, the 
lo g  transform ation o f  the discharge data should be used, since  
both the H z &  IPI formats exhibited uniquely different format 
sp ecific  distortions o f  the true rate change. This latter 
contention is supported b y  the fact that any variable discharge 
sequence w ill appear as a  precise mirror im age w hen  
expressed in the H z &  IPI form ats O N L Y  i f  the values in each 
o f  these reciprocal formats are first subjected to a  log  
transformation.
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65.1
CRAWLING IN THE M EDICINAL LEECH IS PRODUCED BY A 
CENTRAL PATTERN GENERATOR. F, James Eisenhar1 , Timothy W .
Cacciatore2. W illiam I. K ristan. Jr.3. and  Ralph F. W essel*. G roup  in 
Neurosciences and D epartm ent of Biology, U niversity  of California, 
San Diego, La Jolla, CA 92093-0357.

Central pattern generators (CPGs) produce m any sim ple rhythm ic 
behaviors, but it is n o t clear if they  are  also im p o rtan t for m ore 
complex behaviors that are strongly m odulated  by sensory feedback. 
We have been investigating  the neural m echanism s u nderly ing  one 
such complex behavior: craw ling in the m edicinal leech. C raw ling  is 
complex because it is co-expressed w ith  a search  b ehav io r by the 
anterior end of the leech and because the kinem atics of in d iv idua l 
steps are h ighly variab le . N everthe less, w e h ave  foffnd th a t an 
isolated nerve cord can p roduce  a craw ling  m oto r p a tte rn  that is 
similar to the pattern  seen in sem i-intact p reparations. This isolated 
pattern is also qualitatively  like w h a t w e w o u ld  expect from  the 
behavior, although quan titative  differences betw een the tw o suggest 
that sensory feedback helps estab lish  som e aspects of the  in tact 
pattern. One unexpected feature of the isolated m otor pa tte rn  is that 
the annulus erector (AE) cell is p hasically  active. This led us to 
examine the behavior m ore closely, and  w e found that the segm ental 
annuli innervated by AE activate at the sam e phase in the craw ling 
cycle. Together, these resu lts suggest th at a CPG p roduces the basic 
motor pattern for crawling, and sensory feedback m odulates this CPG 
to shape the kinem atics of each step. S u p p o rted  by N IH  Train ing  
Grant AG00216031, NIGMS Training G rant GM 081072, NSF Research 
Grant IBN202393, and NIH Research G rant MH433962,3.

65.3
MECHANISM OF THE PHASE SWITCH FROM PROTRACTION TO 
RETRACTION IN BUCCAL MOTOR PROGRAMS OF APLYSIA CAL1FORNICA 
A.J. Susswein* & I. Hurwitz, Dept. Life Sci., Bar Ilan Univ., Ramat Gan, Israel

Aplysia buccal motor programs are divided into protraction and retraction 
phases. The B64 neurons, present bilaterally in the buccal ganglia, are partially 
responsible for the phase shift from protraction to retraction. Brief depolarization 
of B64 initiates an endogenous plateau potential. Stimulating one B64 causes 
bilateral inhibition of neurons B31/B32 and of other neurons active during 
protraction, and causes bilateral excitation of neurons B4/B5 and of other neurons 
active during retraction. B64 is active throughout retraction. The amplitude and 
waveforms of the synaptic potentials causes by firing B64 are similar to those seen 
during retraction. Some effects of B64 on B31/B32 and on B4/B5 are 
monosynaptic.

Hvperpolarizing the B64 neurons bilaterally and thereby preventing them from 
firing unmasks a large EPSP. This procedure does not block the shift from 
protraction to retraction, indicating that B64 is not necessary for the phase shift.

The firing pattern and synaptic connections of B64 are consistent with the 
hypothesis that the neuron is part of a central pattern generator (CPG) underlying 
buccal motor programs. B64 is monosynaptically inhibited by B31/B32 which is 
partially responsible for producing the protraction phase of a buccal motor 
program. During the later portion of the protraction phase B64 is excited. In 
addition, firing B64 can phase advance and phase delay buccal motor programs.

Regulating the firing of B64 can regulate the expression of buccal motor 
programs. Stimulation of B64 at frequencies of 0.5 - 1.0 hz leads to complete 
inhibition of buccal motor programs, while steady-state depolarization of B64 can 
cause repetitive bursts of activity.

65.5
MULTIPLE MECHANISMS FOR PERIPHERAL ACTIVATION OF THE 
PEPTIDE-CONTAINING SENSORY NEURONS B21 AND B22 E.C. 
Cropper*. C. Evans. M. W. Miller, and S. C. Rosen. Dept. Physiol. & 
Fishberg Ctr. for Neurobio., Mt. Sinai Med. Schl., NY, NY 10029; Ctr. 
Neurobio., Columbia Univ., NY, NY 10032.

It is becoming increasingly apparent that activity of the Aplysia 
feeding circuitry can be modified by the B21/B22 cluster of sensory 
neurons in the buccal ganglion. In addition to an unidentified primary 
transmitter B21/B22 neurons synthesize the SCPs. Relationships 
between SCP release and B21/B22 activity are likely to be complex. 
Often cotransmitters are not released every time a neuron is active; 
instead a particular firing pattern is required. Thus, effects of B21/B22 
on the feeding circuitry will depend on the relative amounts of primary 
and cotransmitter released which, in turn, will most likely be 
determined by the firing patterns of these neurons. Previous studies 
have indicated that the B21/B22 cluster is activated by mechanical 
stimulation of the raduia biting surface. We now show that A-spikes 
are also recorded in B21/B22 when the muscular tissue of the raduia 
membrane contracts. Contractions can be elicited in the absence of 
the nervous system by direct effects of peptides on the raduia 
membrane. Additionally, extracellular stimulation of buccal nerve 3 
produces contractions of large sections of the raduia membrane. 
Stimulation of neuron B13 produces more localized contractions. 
Thus, the buccal ganglion appears to contain motor neurons that 
innervate specific regions of the raduia membrane. Previous 
hypothesized interactions between B21/B22 and the feeding 
circuitry assumed that B21/B22 functioned primarily as raduia 
mechanoafferents. Our data suggests that the peripheral activation of 
these neurons is likely to be much more complex.

65.2
THE B31/B32 PATTERN INITIATORS OF APLYSIA ARE ACTIVE DURING PRO
TRACTION IN BITING, SWALLOWING AND REJECTION MOVEMENTS. I. Hur- 
witz. D. W. Morton. D. Neustadter. H. J. Chiel*. & A. J. Susswein. Dept. Lite 
Sci., Bar Ilan Univ., Ramat Gan, Israel; Dept Biol, Case Western Reserve Univ, 
Cleveland, OH.

Biting, swallowing and rejection are different feeding responses in Aplysia. 
Stimulating neurons B31/B32 elicits a patterned burst in the buccal and cerebral 
ganglia characterized by a depolarization-hyperpolarization sequence in B31/B32. 
while other neurons fire in phase with the hyperpolarization or the depolarization. 
To determine the behavioral correlates of this pattern, we have examined buccal 
mass muscle 12, which is monosynaptically excited bv B31/B32 (and by 
B61/B62).

In a reduced preparation, stimulating the 12 muscle causes radular protraction. In 
a chronic preparation, lesioning either the 12 muscle, or the nervebranch carrying 
B31/B32 and B61/B62 axons to the muscle, severely impairs protraction.

Chronic recordings from the 12 muscle allowed us to determine the activity pat- 
terns of B31/B32 and B61/B62 during feeding. Criteria for recognizing the activity 
of B3I/B32 and B61/B62 were established by measuring the firing frequencies, am
plitudes and facilitation properties of EJPs and EMGs in the 12 muscle caused by 
stimulating the motor neurons in reduced preparations. Use of these criteria showed 
that B31/B32 and B61/B62 are active during the protraction phases of biting, swal- 
lowing and rejection movements. The 12 muscle also was active during retraction 
phases, but this activity could not be attributed to B31/B32 or B61/B62.

The data indicate that 12, B31/B32 and B61/B62 contribute to protraction. The 
12 muscle may also contribute to retraction. The data also show that the depolariza- 
tion-hypcrpolarization sequence in B31/B32 represents a raduia protraction- 
retraction sequence, in which depolarization represents protraction, while hyperpo- 
larization represents retraction. The protraction-retraction sequence is a component 
of a number of different feeding movements, implying that a single central pattern 
generator may participate in multiple feeding movements. Support: US-Isracl BSF 
88-256, 93-224, NSF IBN 8810757, 9309691, NIH HL-25830.

65.4
A PHYSIOLOGICAL ROLE FOR THE SENSORY NEURONS B21 
AND B22 IN APLYSIA. C.G. Evans*1. S.C. Rosen2 and E.C. 
C ropper1 . 1Mt. Sinai Sch. of Med. N.Y., N.Y. 10029, 2Ctr. 
Neurobiol., Columbia Univ. N.Y., N.Y. 10032.

Many neurons that are part of the feeding circuitry in Aplysia are 
electrically coupled to, or get synaptic input from, the B21/B22 cluster 
of sensory neurons. It has not been clear what role this cluster plays in 
shaping normal behavior. We have hypothesized that B21/B22 may 
adjust activity of feeding neurons when animals that have been 
making feeding responses, without ingesting food, begin to feed. 
B21/B22 are presumably activated during raduia closure as the raduia 
contacts food. Chronic recordings indicate that closure is immediately 
prolonged, and opening delayed. When opening does occur, it 
appears to be enhanced. B21/B22 are electrically coupled to, or 
make excitatory connections with, closer motoneurons B15, B16 and 
B8. These connections may immediately prolong raduia closure. In 
addition, B21 and B22 are electrically coupled to the interneuron 
B64. B64 inhibits the opener motoneuron B48. This circuitry may 
immediately delay raduia opening. Lastly, B21.B22 cause a delayed 
increase in the excitability of B48 without changes in membrane 
potential.

The outputs of B21 and B22 are directed to inter- and motoneurons 
within the buccal feeding circuitry. Thus our data is consistent with the 
idea that B21/B22 are important for adjusting the parameters of 
feeding behavior to accommodate changes in food ingestion.

65.6
CLONING AND QUANTIFYING LEVELS OF S H A K E R  GENE 
EXPRESSION IN PYLORIC NEURONS. M.Kim. D.J.Baro. A.Yuan, 
C.C.Cole. M .Tapia. T .Podleski*. R .M .H arris-W arrick. Section of 
Neurobiology and Behavior, Cornell University, Ithaca, NY 14850

Potassium channels play a critical role in the overall clectrophysiological 
behavior of pyloric neurons in the stomatogastric ganglion (STG) of Panulirus 
interruptus. By studying the differential levels of gene expression of the 
shaker potassium channel, we hope to elucidate the relationship between 
levels of gene expression and observed electrophysiological behavior in 
identified neurons. By screening a cDNA library in combination with RACE 
(rapid amplification of cDNA ends), we have obtained full-length shaker 
cDNAs. As in Drosophila, shaker transcripts in Pannlrus appear to undergo 
alternative splicing at the 5' terminus. Comparing Drosophila with Panulirus 
shaker , there is 80% identity in the core region at the amino acid level with 
significantly less homology at the variable amino termini. Using the 
technique of quantitative RNA-PCR with individual neurons in the STG, we 
have demonstrated differential levels of shaker gene expression. Over 85% of 
the neurons studied express the shaker gene. The level of gene expression in 
those neurons which express the shaker gene varied between 15,000 and 
75,000 copies of the shaker transcript per STG neuron. Currently, we are in 
the process of obtaining additional full-length alternatively spliced forms of 
shaker. Supported by NIH NS25915
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65.7
INTERNEURONS THAT COORDINATE WALKING ACTIVITIES ARE 
ALSO INVOLVED IN RHYTHM GENERATION. ANALYSIS OF 
REGENERATIVE ELECTRICAL PROPERTIES UNMASKED BY TEA+.
D. CATTAERT*. E, PEARLSTE1N and F. CLARAC. Lab. Neurohiologie et 
Mouvements, CNRS, 31 Chemin J. Aiguier, 13402 Marseille Cedex 20, France.

In the Crayfish. Procambarus clarkii, walking activities can be induced in the 
in vitro preparation of the thoracic ganglia, by bath application of muscarinic 
agonists (oxotremorinc or pilocarpine). Previous studies have demonstrated that 
these cholinergic agents induce plateau properties in motor neurons. A M-like 
current seems to be involved in this response Moreover the intracellular injection 
of TEA' (a K+ channel blocker) revealed regenerative electrical properties in all 
tested motor neurons

In the present work we examined the possibility that coordinating 
interneurons (i.e. interneurons controlling motoneurons of different joints of a 
given leg) may be involved in rhythm generation. There exist four types of 
interjoint coordinating intcrncurons in thoracic ganglia networks, that could be 
important elements of the central circuits for organizing locomotion. For example 
forward' intcrncurons simultaneously activate (or inhibit) retractor and depressor 

motor neurons At the contrary 'backward' interneurons simultaneously activate 
(or inhibit) promotor and levator motor neurons.

In order to block K + channels, we have injected TEA into coordinating 
interneurons through the intracellular recording microelectrode. After a few 
minutes of injection all of them developed TTX sensitive plateau properties. 
Rhythmic bursting activity was also frequently observed. In addition, in the 
presence of oxotremorinc (10 μM), some of these intcrncurons displayed 
oscillations of their membrane potential. These data indicate that coordinating 
interneurons not only control the coordination of several joints (pattern 
generator), but also actively participate in the generation of the locomotor rhythm 
(rhythm generator).

65.9
TH E PREM OTOR SYSTEM  M EDIATING ESCAPE SW IMM ING AND 
FEEDING SUPPRESSION IN TH E PREDATORY SEA SLUG 
PLEUROBRANCHAEA. J. Jing*. and R. Gillette. The Department of 
Physiology, University o f Illinois, Urbana, IL 61801.

In Pleurobranchaea, escape swimming behavior suppresses feeding. A major 
part of the prem otor system for swimming lies in the dorsal "A" neuron cluster 
o f  the cerebropleural ganglion; these neurons send axons to the pedal ganglia. 
These include bilateral pairs o f four electrically coupled cells, A l,  A2, A5, and 
A10 and five adjacent cells, three o f which are serotonergic, A3a, A3b, and 
A3c, and two non-serotonergic cells, A3d and A3e. During the escape swim, 
the A l , A3a-c, and A 10 fire rhythmic bursts and drive the dorsal flexion phase 
o f the dorsal-ventral flexion swim cycle. A3d fires in briefer bursts and A5 is 
not active or only weakly so. A3e is electrically coupled to A3a-b and fires 
variably during a swim and at the end o f the swim episode. A l has been shown 
previously to be a critical swim intem euron. Hyperpolarization of the A3a-c 
cells (N = 3 ) or A10 (N = 4 ) can phase-shift the fictive swim induced by nerve 
stimulation in the isolated CNS. Tonic depolarization o f A 10 can drive the 
fictive swim. Thus, A l , A3a-c, and A 10 are part o f  a central pattern generator 
for escape swimming. A2 is not normally active during a swim, but driving A2 
prior to nerve stimulation could suppress swim pattern generation for prolonged 
periods (N = 4 ), suggesting a potent modulatory role for A2. Appropriately, A l 
and A 10 inhibit critical feeding interneurons, the phasic paracerebral neurons, 
and thereby suppress feeding behavior. A l and A3a-c are apparent homologs 
o f the C2 and DSI neurons o f the similar swim pattern generator o f Tritonia, 
but other swim neurons described here have not been reported in Tritonia, 
suggesting interesting potential differences in the swimming networks o f the two 
species. Supported by NIH RO l NS26838.

65.11
PRESYNAPTIC INHIBITION MEDIATES A SWITCH BETWEEN TWO MODES 
OF SYNAPTIC TRANSMISSION. MJ Coleman1,2* , P Mevrand3 and MP 
Nusbaum1,2. 1 Neurobiol. Research Center/Dept. Physiol. & Biophys., Univ. 
Alabama at Birmingham, B'ham, AL 35294; 2Dept. Neurosci., Univ. Penn. 
Med. School, Philadelphia, PA 19104. 3Lab. de Neurobiol. et Physiol. 
Compares, CNRS, 33120 Arcachon, FRANCE.

We are studying the role of presynaptic inhibition in motor pattern 
generation by recording intra-axonally, near the terminals of a modulatory 
projection neuron in the stomatogastric ganglion (STG) of the crab, Cancer 
borealis. Stimulation of this neuron, MCN1, elicits a gastric mill motor 
pattern in which the DG and LG neurons fire impulse bursts in alternation. 
We showed previously that this alternation results from the LG-mediated 
presynaptic inhibition of MCN1 within the STG (Coleman & Nusbaum, J 
Neurosci 14:6544). MCN1 is also electrically coupled to LG in the STG 
(Nusbaum et al., J Neurosci 12:2706). It was unclear, however, how each 
LG burst persisted once it inhibited chemical transmission from MCN1, 
because it was apparently removing its only source of excitation.

We have found that the MCN1-mediated electrical excitation of LG 
persists when LG inhibits chemical transmission from MCN1. This 
electrical excitation contributes significantly to the maintenance of each LG 
burst during a MCN1 -elicited gastric mill rhythm. The electrical coupling is 
voltage-dependent such that it increases when LG is depolarized. 
Conversely, the voltage-dependence suggests that the electrical excitation 
will not strongly oppose the synaptic inhibition of LG that underlies its 
interburst interval. Thus, presynaptic inhibition switches the MCN1 mode 
of transmission from chemical- to electrical excitation. This results in a 
rhythmic switch in the affected targets of MCN1 during its activation of the 
gastric mill rhythm. Supported by NS29436 (MPN) & HFSP.

65.8
SYNAPTIC CONNECTIONS BETWEEN SWIMMERET MOTOR NEURONS IN 
THE CRAYFISH. C.M. Sherff* and B. Mulloney. Division of Biological Sciences, 
Section of Neurobiology, Physiology and Behavior, University of California, Davis, 
CA 95616.

Crayfish swimmeret motor neurons make synapses with each other and with 
intemeurons in the abdominal ganglia of the central nervous system. Individual motor 
neurons are electrically coupled to motor neurons with synergist functions, and inhibit 
motor neurons with antagonist functions. Since some swimmeret motor neurons can 
reset the swimmeret motor pattern, the synapses between these cells might be an 
important part of the pattern-generating circuit. We studied the strengths and the 
patterns of connections between motor neurons.

Response latencies and coupling coefficients were measured in microelectrode 
recordings of pairs of motor neurons. The extent to which cells were electrically 
coupled was studied by injecting single motor neurons with Neurobiotin and, after 
labeling with Cy3-Streptavidin, counting the numbers of motor neurons that were dye- 
coupled to the injected cell.

Few antagonist motor neuron pairs synapsed with each other. Where synapses 
existed, they were weak and polysynaptic. Both inverting inhibitory chemical 
synapses and non-inverting electrical or excitatory chemical synapses were seen 
between antagonists. In contrast, most synergist pairs were coupled. Often these 
connections appeared to be direct, electrical synapses. Usually they were also weak. 
When single motor neurons were filled with Neurobiotin, different subsets of motor 
neurons and intemeurons were dye-coupled to them. The weak, and often 
polysynaptic connections found in this study suggest that most motor neurons are 
probably not important members of the pattern-generating circuit. Instead, the 
specific connections seen in the dye-coupling experiments may help to coordinate 
different subpopulations of motor neurons for different behaviors.

65.10
DYE-COUPLING BETWEEN PROJECTION AXON TERMINALS AND NETWORK 
NEURONS IN THE CRAB STOMATOGASTRIC NERVOUS SYSTEM. B.J.Norris*, 
D.M.BIitz, and M.P.Nusbaum. Department of Neuroscience, University of Pennsylvania 
School of Medicine, Philadelphia PA 19104.

Our lab is studying the physiological consequences of local synaptic interactions between 
network neurons and the terminals of projection neurons in the stomatogastric ganglion 
(STG) of the crab, Cancer borealis (Coleman & Nusbaum 1994, J Neurosci 14:6544). 
Neurons from other ganglia in the stomatogastric nervous system project axons to the STG. 
STG network neurons have both chemical and electrical synaptic effects on the terminals 
of these projection neurons (Nusbaum et al. 1992, J Neurosci. 12:2706). We are now 
assessing the prevalence of electrical coupling between STG neurons and projection neuron 
terminals as revealed by dye-coupling, via Neurobiotin (NB) injection into identified STG 
neurons.

NB injections revealed dye-coupling between subsets of STG neurons and between STG 
neurons and projection neuron terminals. For example, we found dye-coupling between the 
electrically-coupled pyloric pacemaker neurons. Some STG neurons (LG, LP, IC, AM) 
exhibited extensive dye-coupling to projection neuron terminals while the rest showed little 
or none. The LG neuron, for example, dye couples to at least 6 projection neurons (N=14). 
By combining NB injections with transmitter immunocytochemistry, we have determined 
that the axon terminals of MCN1, a modulatory projection neuron, are dye-coupled to the 
LP and LG neurons. Also, the IC neuron is dye-coupled to at least two of the three 
proctolin neurons that project to the STG. While all dye-coupling has corresponded to 
physiologically identifiable electrical coupling, not all STG neurons that are electrically 
coupled showed dye-coupling. The STG shows no Lucifer yellow mediated dye-coupling.

Electrical coupling between STG network neurons and the axon terminals of projection 
neurons is not readily detectable from intrasomatic recordings of these projection neurons, 
but its presence can have important consequences for the way in which these projection 
neurons influence neural network activity.

Supported by NS29436, IBN94-96264 and HFSP (MPN).

65.12
NEWLY IDENTIFIED CEREBRAL INTERGANGLIONIC- 
INTERNEURONS THAT MAY BE INVOLVED IN FEEDING 
BEHAVIOR IN APLYSIA. Y.Xin , S.C Rosen, K.R. Weiss 
and I. Kupfermann Columbia Univ. and Mt. Sinai School of 
Medicine. New York, NY

A cerebral to pedal interneuron was identified in the medial 
region of the cerebral E cluster. In 200 g animals it has a 
diameter of approximately 70 μ . It sends its axon into the 
ipsilateral cerebral-pedal connective and similar to previously 
described neurons in the C duster (Xin et al.), its activity 
excites pedal neurons, and evokes movements of neck 
muscles. The intemeuron exhibits burst firing in phase with 
buccal mass movements in a semi-intact preparation. It 
receives excitatory inputs when the MCC is fired, and 
inhibitory inputs when buccal neuron B19 is fired. A second 
neuron, Cerebral to Pedal Intemeuron 6 (CBI-6), was 
located on the dorsal surface directly over CBI-1, which is on 
the ventral surface. Similar to previously described neurons 
CBI-2 and CBI-4 (Rosen et al.), CBI-6 evokes a robust 
rhythmic buccal ganglion program, and receives synaptic 
input in phase with the buccal program. These data 
combined with previous results are consistent with the idea 
that the control of both the appetitive and consummatory 
aspects of feeding is distributed among a small population of 
distinctive interneurons. Supported by grants MH36730, 
MH35564 and GM32099.

Society for Neuroscience, Volume 21, 1995



SUNDAY AM CIRCUITRY AND PATTERN GENERATION: SIMPLE SYSTEMS 151

65.13
DEGREE O F PHASE M A INTENA NCE DEPENDS ON W HICH NEURO N 
IS USED TO  DEFIN E PY LORIC PERIO D. S.L. Hooper*. Dept. Biol. Sci., 
Col. Arts & Sci.,/Basic Sci., Col. Ost. M ed., Ohio U, A thens, OH 45701 

I am investigating phase m aintenance in the lobster pyloric netw ork as 
cycle period is altered by current injection into the A nterior B urster neuron o f 
the pyloric pacem aker group. This work shows that, when pyloric pacem aker 
activity is used to define pyloric period, phase is m oderately m aintained as 
period changes (36, 49, 60, and 120% o f perfect m aintenance for the Lateral 
Pyloric (LP), Inferior C ardiac (IC), P yloric (PY ), and V en tricu lar D ilator 
(VD) neurons, respectively). How ever, last year I suggested that neurons other 
than the pacem akers are important for phase m aintenance, and I have therefore 
re-analyzed my data using each pyloric neuron to define pyloric period.

This analysis reveals an unexpected dependence o f phase m aintenance on 
the neuron used to define period. In particular, when the pattern is defined 
relative to the PY neurons, the LP and IC neurons m aintain alm ost perfect 
phase (95% and 94%). The PY neurons m aintain phase best in VD (66%) and 
pacemaker (60% ) neuron defined patterns, whereas the pacem aker neurons 
best maintain phase in LP neuron defined patterns (160%).

This analysis also reveals striking differences in the correlations between 
pre- and postsynaptic activity o f  various neuron pairs. F or instance, the IC 
neuron is inhibited by the pacem aker, PY , and VD neurons, but only shows 
strong correlation with PY neuron activity (R values: 0.95 (PY), 0.81 (VD), 
0.68 (pacemaker)). Similarly, even though the pacem aker receives input from 
both the VD and LP neurons, its activity is strongly correlated only with LP 
neuron activity (R values: 0.99 (LP), 0.68 (VD)).

These data illustrate two features o f the pyloric m otor pattern. First, they 
suggest that phase m aintenance may be more important for certain subsets of 
the pattern (e.g., the L P  and IC neurons vs. the PY neurons) than others. 
Second, they suggest that there is a wide variance in the relative importance 
of the various synaptic inputs a given neuron receives.

65.15
PHARMACOLOGICALLY AND FUNCTIONALLY DISTINCT CALCIUM 
CURRENTS OF STOMATOGASTRIC NEURONS. L.M .Hurley* and K. 
Graubard Department of Zoology, University of Washington, Seattle, WA 98195.

We are classifying calcium currents pharm acologically in 3 different 
stomatogastric motor neuron preparations in Cancer productus : 1) cultured 
somata, 2) neuromuscular junction (NMJ) and 3) the intact ganglion.

In two-electrode voltage clamp of neuron somata cultured for 3-5 days, 
calcium current is reversibly blocked by the dihydropyridines, nifedipine and 
nimodipine (50-100 μ M), but is not blocked by to-Agatoxin IVa (300 nM). A 
component of outward current is also blocked by nifedipine.

At stomatogastric NMJ, ω -Agatoxin IVa (300 nM) gradually blocks muscle 
post synaptic potentials (psps) evoked by nerve stimulation. Nifedipine (50-100 
μM) causes a brief burst of psps with each stimulus followed by an increased 
latency from stimulus to psp and eventual all-or-nothing failure of psps. 
Nifedipine has little effect on the amplitude of potentials evoked by pressure 
injecting acetylcholine directly onto the muscle surface.

In the intact ganglion, these toxins have comparable effects, as measured by 
extracellular nerve recordings and intracellular electrodes placed in cell somata. 
ω-Agatoxin IVa applied to the stomatogastric ganglion produces a graded 
decrease in the frequency o f the pyloric motor rhythm and o f the size o f psps in 
the stomatogastric motor neurons. Nifedipine causes a transient increase in the 
frequency of the pyloric rhythm and in the number o f units firing in nerves. 
Nifedipine does not block psps, but does reduce the size of action potentials.

We suggest that there are at least 2 calcium current subtypes in stomatogastric 
neurons, one important for spike-evoked transmitter release and the other for 
activation of an outward current.

Supported in part by NSF predoctoral fellowship and NIH training grant.

65.17
CENTRAL REPRESENTATION OF SATIATION OF FEEDING BEHAVIOR IN 
APLYSIA. S.J.Cushman, D A. Baxter, and J.H. Byrne* Department of Neurobiology 
and Anatomy, University of Texas Medical School at Houston, Houston, TX 77030.

Feeding behavior in the marine mollusc Aplysia is a relatively complex behavior 
that is influenced by the motivational state of the animal, such as arousal and satiation 
(Kupferman, 1974). Previous studies have indicated that satiation is mediated 
peripherally by mechanosensory information from the anterior gut during gut 
distention (Kuslansky et ai., 1987). The present study addresses the issue of how 
satiation is represented in the CNS. Here, we show that satiation affects neuronal 
activity in a preparation consisting of isolated buccal ganglia.

Isolated ganglia are capable of generating patterns of neural activity similar to those 
that mediate ingestion and rejection in the intact animal (Baxter et al, this volume; 
Morton & Chiel, 1993). Furthermore, bath application of dopamine (DA) increases 
the frequency of spontaneous bursting and biases the bursts towards those 
representative of ingestion. Since satiation is associated with a cessation of ingestive 
feeding movements, it is possible that satiation may influence the effects of DA. To 
test this possibility, animals were food deprived for 5-6 days and then were either fed 
to satiation or not. Spontaneous efferent neuronal activity was monitored from 
isolated ganglia by suction electrodes applied to the radula nerve and to buccal nerve 
2. In food deprived animals, bath application of DA (50 μM) significantly increased 
the burst frequency above baseline and biased this activity towards ingestion-like 
bursts, whereas in satiated animals, application of DA did not change the frequency 
nor bias the spontaneous activity towards ingestion.

These results demonstrate that satiation affects neural activity in buccal ganglia even 
in the absence of peripheral feedback. This implies that feedback onto central pattern 
generating elements (CPG) in the buccal ganglia occurring during feeding can induce 
lasting and autonomous changes in the sensitivity of the CPG to DA.

65.14
M OST LOBSTER PY LORIC NETW O RK  N EURO NS HA V E DISTIN CT 
GROSS M ORPHO LOG IES. J.B. Thum a* & S.L. H o o p er. Dept. Bio. Sci., 
Col. Arts & Sci./Basic Sci., Col. Ost. M ed., Ohio U., Athens, OH 45701

W e are investigating the differences am ong pyloric neuron morphologies 
by filling  neurons with fluorescent dyes and v iew ing the neurons with 
Eutectic neuron tracing and laser scanning confocal m icroscopy. Last year 
we showed one type o f Pyloric D ilator (PD) neurons (looped PD  neurons) 
and the V entricular D ilator (VD) neuron have distinct m orphologies. W e 
now report that Lateral Pyloric (LP) and A nterior Burster (AB) neurons also 
have distinct m orphologies but Inferior C ardiac (IC) neurons do not.

LP neuron som ata are alm ost exclusively located (>95%  o f ganglia) in 
the posterior o f the stom atogastric ganglion near the dorsal ventricular nerve 
(dvn). The prim ary neurite exits the som a anteriorally , ascends along one 
side to the ganglion’s anterior end, crosses contralaterally , and descends to 
the dvn. Secondary neurites branch o ff the prim ary neurite throughout its 
course; no neuropilar process segregation is apparent.

AB neuron somata do not have a preferred ganglion location, but do have 
two d istinctive m orphological characteristics. First, they have few er large 
diam eter (>1 μ m) processes than other pyloric neurons. Second, they have a 
rem arkably profuse branching o f long, fine processes that densely fill the 
neuropil. No neuropilar process segregation is seen.

IC neurons do not have a preferred ganglion location or a d istinctive 
m orphology, nor do their prim ary neurites bifurcate w ithin the ganglion 
(unlike their presum ptive hom ologs in the crab (G raubard and W ilensky, 
1994); they appear sim ilar to unlooped PD neurons.

A lthough we have not yet investigated the heterogeneous Pyloric (PY) 
neuron group, these data show the m ajority o f  pyloric neurons have distinct 
m orphologies, and suggest that some o f the distinct e lectrophysiological 
properties o f  these neurons may stem  not only from  different com plem ents 
o f m em brane conductances, but also from  differences in electrotonic shape.

65.16
INTERSEGMENTAL TRACT TRACING IN THE ADULT MEDICINAL LEECH.
C.G. Hocker and W.O. Friesen. Department of Biology and NSF Center for 
Biological Timing, University of Virginia, Charlottesville, VA 22903-2477

A set of intrasegmental oscillators serially coupled through the lateral 
intersegmental connectives of the nerve cord forms the leech swim central 
pattern generator. Each intrasegmental oscillator is viewed as capable of 
autonomous oscillation. The synaptic potentials from swim oscillator 
interneurons have been recorded up to five ganglia away from the soma. 
Coupled oscillator theory involving long range coupling is not well developed. 
The leech swim system provides a good animal model for such neuronal 
systems; however, the intersegmental connections between the oscillators are 
only partially known. We are interested in understanding the morphological 
extent of the long range coupling in this system.

The cell somas of swim oscillator interneurons and motor neurons, identified 
by location, electrophysiological properties and swim phase relationships, were 
filled with N-(2-aminoethyl)biotinamide (Neurobiotin,Vector) using glass 
microelectrodes backfilled with 4% biotinamide, 2 M potassium acetate 
solution (pH 7, resistance 20-40 MΩ). The cell soma was pulsed at 1 Hz 
(50% duty cycle) with 3-5 nA of depolarizing current for 20 min. or longer. 
Labeling protocols involving both fluorescent (Cy3-conjugated monoclonal anti- 
biotin antibody, Jackson ImmunoResearch Lab.) and nonfluorescent markers 
were used to visualize the neuron tracts. Epifluorescence was recorded 
digitally using confocal microscopy. Three dimensional reconstructions helped 
to identify the arborization of the intersegmental axons in nearby ganglia. 
Results suggest arborization is less in the adjacent ganglion. Oscillator 
interneuron axons appear to be on the inner side when followed in the 
intersegmental lateral connectives.

65.18
A PUTATIVE SENSORY NEURON MEDIATING W HOLE BODY 
WITHDRAWAL BEHAVIOR IN TH E SNAIL LYM NAEA STAGNALIS 
T. Inoue. M. Takasaki#. K. Lukowiak and N. I. Syed* Departments of Anatomy and 
Medical Physiology, University of Calgary, Calgary, Alberta, Canada, T2N 4N1. 
#Department of Anesthesiology, Miyazaki Medical College, Kiyotake, Miyazaki, 
Japan, 889-16.

A number of central pattern generating neurons (CPG) underlying whole body 
withdrawal, respiration, locomotion and feeding behaviors have been identified in 
Lymnaea. However, virtually nothing is known regarding the sensory neurons 
mediating these behaviors. In the present study, we identified a putative sensory 
neuron (RPD3) located on the dorsal surface of the right parietal ganglion of 
Lymnaea. Intracellular injections o f the dye, Lucifer yellow revealed that RPD3 had 
peripheral projections via nerves that innervate pneumostome, mantle cavity, body 
wall and foot musculature. In addition, RPD3 arborized extensively in the vicinity of 
whole body withdrawal motor neurons located in the right parietal (RPD), right 
cerebral (RCeA) and right pedal (RPeG) ganglia. Our electrophysiological data 
shows that in both isolated brain and semi-intact preparations, RPD3 was mostly 
quiescent. In the semi-intact preparation (brain-pneumostome and mantle cavity 
attached), a gende touch to the pneumostome or mande area with a fine brush, often 
induced single spikes in RPD3 followed by burst of action potentials in the 
withdrawal associated neurons and subsequent contraction of the pneumostome and 
mantle edge. When stimulated electrically in the isolated brain preparation, RPD3 
did, however, fired a burst of accommodating spikes. When recorded simultaneously 
with the whole body withdrawal interneuron, a single action potential in RPD3 was 
often sufficient to generate a burst of spikes in RPeDl 1 and the other withdrawal 
related neurons. Furthermore, RPD3 was also found to inhibit the respiratory CPG 
neurons, the RPeDl and VD4. Data will also be presented from the semi-intact 
preparations supporting further the role of RPD3 as a putative sensory neuron in the 
nervous system of Lymnaea stagnalis.

Supported by MRC Canada
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66.1
SYNAPTIC INPUTS TO AND ACTIVE MEMBRANE PROPERTIES OF 
SPINAL INTERNEURONS DURING CHEMICALLY-INDUCED RHYTH- 
MICITY IN THE ISOLATED NEONATAL RAT SPINAL CORD.
O. Kiehn*. B. R. Johnson. M. Raastad and O . Kiaerulff. Sect. of Neurophysiology. 
University of Copenhagen, Copenhagen, Denmark.

Previous studies using activity dependent labels (Kjaerulff et al. 1994, J. Physiol. 
478: 265) and lesions (Kjaerulff and Kiehn 1994, Soc. Neurosci. Abst., 24:1757) 
indicate that the intermediate laminae and lamina X are important for locomotor 
rhythm generation in the neonatal rat. For an initial characterization of the locomotor 
network, we used tight seal intracellular recordings from intemeurons located in these 
laminae in isolated spinal cords from rats aged P0-P2. The cords were cut at the 
m edullospinal transition and sectioned midsagitally (usually) or transversely 
(removing the dorsal horns) from L1-L6. Ventral root activity was recorded from L2 
and L5. Rhythmicity was induced by: 1) NMDA (6-9 μM) alone or with 5-HT (3-10 
pM ), 2) ACh (20-30 pM ) in combination with edrophonium (0.2-0.3 mM), 3) 
Muscarine (20 pM) or 4) Dopamine (0.2-0.3 mM). More than half the neurons showed 
rhythmicity’ in phase with L2 or L5 ventral root activity and the rest showed no or 
tonic activity unrelated to the induced motor activity. Intemeuron rhythmicity was 
generated by phasic barrages of excitatory and/or inhibitory synaptic inputs. Unitary 
EPSCs and IPSCs could be resolved during rhythmic activity. Depolarizing and 
hyperpolarizing membrane potentials resulted from increased frequency of unitary 
synaptic events, rather than increased amplitude, compatible with the idea of one 
release site per input. In some cells the depolarizing phase appeared to be produced by 
rhythmic EPSPs alone. In other cells, the depolarizing phase was additionally 
augmented in amplitude and duration by regenerative membrane properties. When 
these cells where tested with a slow voltage ramp, the I-V curve showed a negative 
slope region (with a threshold around -50 mV, indicative of plateau properties) which 
disappeared or was reduced in saline without transmitters. Our results suggest that 
transmitter-induced rhythmicity in intemeurons from the intermediate laminae and 
lamina X is generated by both synaptic inputs and active membrane properties. 
Supported by the Danish Research Academy and the Danish MRC.

66.3
C U L T U R E  OF ID E N T IFIE D  L A M P R E Y  B R A IN S T E M -S P IN A L  
C O R D  N E U R O N S  A N D  C H A R A C T E R IZ A T IO N  O F CA LC IU M  
C H A N N E L S . A. El M anira*, and N . B u ssié res. N o b el Institute for 
N europhysiology, D e p t . o f  N eu roscien ce, K arolinska Institute, S -171 77  
Stockholm , Sw eden .

In the lamprey locom otor  netw orks, several transm itter system s, 
such  as G A B A  and dopam ine, act o n  calcium  channels to  m odulate the  
operation o f  the network. W e have begun to  investigate calcium  channels 
in dissociated neurons from the brainstem and spinal cord o f  larval lamprey 
to  examine their role in synaptic transmission and m odulation. S om e o f  the  
d isso c ia ted  neurons can be identified by their m orp hology such as the 
bipolar sensory glutam atergic dorsal cells. Other neurons, such as 
crossing-inhibitory g lycinergic neurons, descen din g reticulospinal 
glutamatergic neurons and cholinergic m otoneurons, can be identified by 
retrogradely labeling their somata in the intact spinal cord w ith  fluorescein- 
coupled dextran amines. The calcium  current in the dissociated  neurons is 
stu died  using w h o le  cell recordings after b lockade o f  potassium  and 
sodium channels. M ost o f  the recorded neurons exhibit a calcium  current 
that starts to  be activated at -6 0  m V  from  a holding potential o f  -9 0  m V, 
and which reaches its maximum am plitude at approxim ately -4 0  m V. This 
current w as abolished by the calcium  channel b locker cadmium. T he L - 
channel blocker, nimodipine, reduced the amplitude o f  this calcium  current 
but never com p letely  blocked  it. T h ese results sh o w  that dissociated  
lamprey neurons p o ssess  both dihydropyridine-sensitive and resistant 
calcium  currents that can be activated at vo lta g e  corresponding to  lo w  
voltage-activated  calcium  channels.

66.5
LOCOMOTOR-RELATED MODULATION OF STRETCH RECEPTOR 
NEURONS IN THE LAMPREY. P. Wallén*. L. Vinay, J.-Y. Barthe and S. 
Grillner Nobel Institute for Neurophysiology, Department of Neuroscience, 
Karolinska Institute, S-171 77, Stockholm, Sweden.

In lamprey which lacks muscle spindles or other muscle receptors in the trunk 
muscles, the lateral movements of the body are sensed by intraspinal stretch 
receptor neurons (SRN) located along the lateral margin of the spinal cord. Using 
the isolated lamprey spinal cord in vitro, we investigated the modulation of SRNs 
during NMDA evoked fictive locomotion. 63% of SRNs had a clear locomotor- 
related modulation of their membrane potential. Most (2/3) of the modulated SRNs 
receive periods of alternating excitation and chloride-dependent inhibition 
occurring during the ipsilateral and the contralateral ventral root bursts 
respectively. The remaining modulated SRNs were inhibited during ipsilateral 
motor activity. Experiments with barriers partitioning the recording chamber into 
three pools, showed that inactivating the local locomotor networks by washing out 
NMDA from the pool in which the SRN was recorded resulted in a marked 
reduction of the amplitude of the oscillations. Most of the inhibition originates at 
the segmental level, whereas the source of the excitation may be more distributed, 
in both caudal and rostral neighboring segments. The locomotor-related inhibition 
in SRNs has a dual origin: glycinergic intemeurons provide the phasic inhibition, 
while the GABA system exerts a tonic inhibition via GABAA receptors. In addition 
to the stretch evoked excitation, which SRNs receive during each locomotor cycle, 
it is shown here that they also receive excitation from the Central Pattern 
Generators during the ipsilateral contraction, which may ensure a maintained high 
level of sensitivity to stretch throughout the locomotor cycle. This type of 
arrangement is essentially analogous to the efferent control of muscle spindles by γ- 
motoneurons, which are as a rule co-activated with the α -motoneurons to the same 
muscle (α -γ linkage) in mammals. Acknowledgements: L. V. and J.-Y. B. received 
INSERM grants.

66.2

MODULATION OF SYNAPTIC TRANSMISSION BY METABOTROPIC 
GLUTAMATE RECEPTORS IN THE LAMPREY SPINAL CORD. P. Krieger,
A. El Manira. J. Tegnér* and S. Grillner Nobel Institute for Neurophysiology, 
Dept. o f  Neuroscience, Karolinska Institute, S-171 77 Stockholm, Sweden.

We have previously reported that activation o f  metabotropic glutamate 
receptors (mGluRs) by ACPD induced a depolarization o f  spinal neurons and 
increased the frequency o f the locomotor rhythm These effects were blocked by the 
mGluRs antagonist (+)-MCPG. Here we report that a D-glutamate-induced 
depolarization has a small component that persists in CNQX and APV but is 
reduced by (+)-MCPG, suggesting that D-glutamate can activate mGluRs in the 
lamprey spinal cord. To further investigate the role o f  mGluRs in the lamprey CNS, 
we have studied the effect o f  mGluRs activation on synaptic transmission. ACPD 
depresses excitatory reticulospinal and inhibitory synaptic transmission from 
descending axons to spinal neurons. (+)-MCPG, which blocks the ACPD effect on 
the single cell and network levels, does not block the effect o f  ACPD on synaptic 
transmission. L-AP4, another mGluRs agonist, also reduces the amplitude o f  
monosynaptic EPSPs from descending axons. MAP4, which has been shown to 
antagonize the presynaptic effects o f  L-AP4, counteracts the L-AP4 reduction. The 
site o f  the ACPD- and L-AP4-induced depression o f  synaptic transmission is likely 
to be presynaptic since no decrease in input resistance was observed in the 
postsynaptic target neurons. These data suggest the presence o f  several subtypes 
o f  mGluRs in the lamprey spinal which can act preferentially on the pre- or 
postsynaptic sites to modulate the activity o f  the spinal networks.

66.4
TH E SPIN A L 5-H T/DOPAM INE SY STE M  OF TH E LA M PR E Y  - 
DIFFERENTIAL EFFECTS A L O N G  TH E R O S T R A L -C A U D A L  AX IS. 
W. Z hang*. M . A. Pom bal. A . El M anira, S. G rillner, The N obel Institute 
o f  Neurophysiology, Department o f  N euroscience, Karolinska Institute,
S - 17177 Stockholm , Sw eden

The isolated lamprey spinal cord can produce the motor pattern underlying 
locomotion through a glycine-glutamate network. Several neuronal systems 
modulate the pattern generating network. The colocalized 5-HT/dopamine system  
forms a ventro-medial plexus. The immunoreactivity towards 5-HT and dopamine 
was found to decrease markedly along the rostralcaudal axis o f  the spinal cord. In 
preparations, in which N M D A  fails to induce regular fictive locomotion (Lampetra 
fluvialitis), addition o f  5-HT (1 μM) may induce regular locomotor activity. Both 
amines reduce the afterhyperpolarization (KCa- Channels) following a spike by acting 
through different cellular mechanisms. During NMDA-induced fictive locomotion 
addition o f  the 5-HT1a/L>2 antagonist (Spiperone, 5-20 μM) and the dopamine D 2 

antagonist (Eticlopride, 10-40 μM) increases the frequency o f locomotor activity 
suggesting that both 5-HT and dopamine are endogenously released at a level 
which affects the spinal pattern generator. With Eticlopride the increase o f locomotion 
frequency remains even after 12 hours washing ou t On the network level an addition 
o f  both 5-HT (0.1-1 μM) and dopamine (10400 μM) reduce the locomotor burst 
frequency. Their effects are additive (Schodand et al., Nature, 374,1995). 5-HT has 
differential effects on the locomotion rhythm in the rostral as compared to the 
caudal spinal cord. The net effects depend on whether fictive locomotion is induced 
by N M D A  or D-Glutamate. With N M D A  (30-200μM) induced fictive locomotion 
the 5-HT effect is more potent in the rostral than the caudal, while the reverse is 
true with D-Glutamate (250-1000 μM). D-Glutamate (1-2 mM) activates both 
N M D A , AMPA/kainate and mGluRs, but it does not induce TTX-resistant 
membrane oscillations in contrast to N M D A  which is selective for NM D A receptors.

66.6
A DUAL MECHANISM FOR SEROTONERGIC MODULATION OF XENOPUS 
SWIMMING. SPINAL INHIBITION AND BRAINSTEM EXCITATION? KT. 
Sillar* and A-M. Woolston. Gatty Marine laboratory, School of Biological and 
Medical Sciences, University of St. Andrews, Fife KY I6 8LB, Scotland.

Serotonin modulates vertebrate locomotor rhythm generation by facilitating 
motomeuron firing. In the amphibian, Xenopus laevis, the serotonergic raphespinal 
system is also involved in the intrinsic development of larval swimming (Sillar et al 
(1995), Proc. Roy. Soc. Ser. B 259, 65-70). During development the stereotyped 
embryonic rhythm is superseded by a more flexible pattern with enhanced motor 
discharge. Swimming development is mimicked by serotonin application and 
reversed by 5HTla antagonists, by acute larval spinalization and also by exposure to 
the monoamine neurotoxin, 5,7 dihydroxytryptamine during development

However, as we show here, following removal of descending inputs to the larval 
spinal cord, the resulting embryo-like swimming rhythm is unaffected by serotonin. 
This anomalous result could be due either to the resorption of serotonin receptors 
after spinalisation, or to an inhibitory influence of serotonin in the spinal cord. We 
have examined whether serotonin receptors remain on spinal neurons after synaptic 
isolation. In the presence of TTX, serotonin still elicits neuronal hyperpolarization 
consistent with the presence of serotonin receptors. In other experiments, receptors 
on spinal neurons were occupied (e g. by serotonin) during spinalization. The 
resulting post-spinal motor pattern still resembled the embryonic one, but 
subsequent removal of serotonin caused resumption of the bursty larval pattern. 
Furthermore, blockade of serotonin receptors with NAN 190 similarly elicited larval 
activity following spinalization. In combination these results indicate that serotonin 
causes inhibition in the spinal cord. This in turn suggests that in the intact system 
the inhibition must be overridden by facilitated descending excitation to produce a 
nett enhancement o f motor bursts during swimming.

Supported by the Wellcome Trust and the Royal Society of London.
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66.7
SEROTONERGIC MODULATION OF MUDPUPPY (NECTURUS MACULATUS) 
LOCOMOTOR PATTERN IN VITRO: K. Jovanović . T. Petrov. J.J. Greer* and R.B. 
Stein. Division of Neuroscience, University of Alberta, Edmonton, Canada

The objectives of this study were to determine the role o f serotonin (5-HT) 
in the modulation of locomotor rhythmogenesis in Necturus and to investigate whether 
5-HT neurons exist within the spinal cord. The first objective was addressed by 
performing experiments studying perturbations of the locomotor pattern and rhythm 
caused by exogenously applied 5-HT, its uptake blocker zimelidine and a range of 5- 
HT receptor agonists and antagonists. We used an in vitro brainstem-spinal cord 
preparation isolated from the mudpuppy. Locomotion was chemically induced by 
applying N-methyl D-aspartate (NMDA) to the bath. During locomotion bipolar 
electromyographic (EMG) recordings were made from flexor and extensor ulnae 
muscles. The results suggest that: i) 5-HT decreases the frequency (86 ±36% ; 100 
uM; n = 9) of the locomotor rhythm and increases EMG burst duration; ii) there is an 
endogenous release of 5-HT which modulates the locomotor pattern and iii) the 
endogenous release of 5-HT is antagonized by methiothepin (5-H1/2cT antagonist). The 
second objective was addressed by performing experiments utilising 
immunocytochemistry. We revealed that there were more than one type of spinal 5-HT 
neuron which were differentiated by cell diameter, shape and projection field. These 
cells were located in the central grey matter ventrolateral to the central canal. The 
results obtained so far suggest that 5-HT plays an important role in modulating 
locomotion in Necturus by acting through a well developed spinal serotonergic system. 
This is in contrast to what was reported in higher vertebrates where 5-HT innervation 
is derived from the brain. Supported by MRC and Neuroscience Network of Centres 
of Excellence.

66.9
DOPAM INE (DA) UNM ASK S A D EPEN D EN CE O F CO NTRACTIO N 
SIZE OF PY LORIC DILA TO R M U SC LE c p v lb  O N  PR IO R AC TIVITY. 
L.G. M orris* & S.L. H ooper. Dept. Bio. Sci., Col. Arts & Sci./Basic Sci., 
Col. O st. M ed.; Oh i o  U :; Athens, OH 45701

Contraction am plitude o f the Aplysia accessory radula c loser m uscle is 
dramatically increased if  single trains o f  stim ulation to the m u sc le ’s 
motor nerve are preceded by a conditioning  paradigm  m im ick ing  
rhythmic neural input. We have perform ed sim ilar experim ents in the 
lobster stom atogastric system  on Pyloric D ilator (PD) neuron  innervated  
muscle c p v lb  to test whether this m uscle’s activity also depends on p rio r  
activity.

Isotonic contractions were elicited from  isolated c p v lb  m uscles by  
stimulation o f the lateral ventricular nerve, which innervates this m uscle. 
Control contractions were produced with stim ulus param eters (60H z fo r 
250ms every 15 or 30s) that m im ic single PD  neuron bursts. These were 
followed by a 3 min conditioning  paradigm  (60H z for 250m s every 1 s) 
mimicking rhythm ic pyloric activity. P ost-conditioning  test pulses were 
then delivered as above to m easure m uscle response.

A lthough c p v lb  m uscle contraction size generally  increased d u rin g  
conditioning in norm al saline (up to 240%  o f control), it was only  
occasionally larger after conditioning . However, during  D A  application  
(1 0 -7 or 10 -8M ), c p v lb  contraction size always increased im m ediately  
after conditioning com pared both to control sizes (av. 220% ) and to the 
last conditioning pulse size (av. 150%); contraction  size very slowly 
returned to control values (av. size 10 min post-cond ition ing  was 134% ; 
return to control values took 11-38 m in). D A ’s unm asking  effect was 
very long lasting, persisting at least 1 hour during saline washes.

Thus, this m uscle’s contraction size cannot be predicted  solely on the 
basis o f its im m ediate neuronal input, but instead also depends on its 
short- (in saline and DA) and long-term  (in DA) history o f p rior activity.

66.11

CR A W L IN G  M O T O R  P A T T E R N S  IN  T H E  IS O L A T E D  N E R V E  
CO RD O F MANDUCA IN D U C E D  B Y  PIL O C A R P IN E . R. M . 
Johnston* and R. B . L e v in e . D iv is io n  o f  N eu ro b io lo g y , U n iversity  
o f Arizona, T u cson , A Z  85721

C raw ling in Manduca  larvae is  ch a racterized  by posterior to 
anterior propagatin g w a v es  o f  m otor a c tiv ity  in co n ju n ctio n  w ith  
rhythmical m ov em en ts  o f  the ab d om in al p ro leg s  and the thoracic  
legs. Previou sly , w e  characterized m any o f  the tem poral features o f 
the craw ling behavior in larvae based on v id eo  and EM G  an alyses. 
To determ ine the ex ten t to w h ich  th ese  features o f  cra w lin g  w ere  
represented by centrally  located  netw orks, w e  exam in ed  the activ ity  
produced by iso lated  nerve cords lack in g phasic afferent inputs. The  
activity o f  m otor neurons that in n ervate the th oracic  leg s  or the 
intersegm ental m u scle s  w a s m onitored  w ith  intra- and extracellu lar  
electrodes. In the p resen ce  o f  p ilo ca rp in e , the thoracic  le g  and  
abdom inal m otor neurons sh ow ed  rhythm ical, patterned activ ity  that 
proceeded seq u en tia lly  from  the m ost posterior abdom inal segm en t  
to the m ost anterior thoracic segm en t, and d isp layed  c y c le -to -c y c le  
frequency cou p lin g  am ong the segm en ts and b etw een  a gon istic  and  
antagonistic m otor nerves for left and right thoracic leg s . A lthough  
three tim es slow er, the activ ity  sh ow ed  sim ilarities w ith  the EM G  of  
the thoracic leg s  during craw ling: left-r igh t syn ch ron y , alternation  
betw een antagon ists, regu lation  o f  burst duration and burst on set. 
Thus, w e  are no w  able to in v estig a te  the m ech a n ism s u nd erly ing  
in trasegm en ta l and in terseg m en ta l co o r d in a tio n  du rin g f ic t iv e  
crawling in larvae and the ch an ges that occur during m etam orphosis  
to accom m odate w alk in g  in adult m oths. Supported by fe llo w sh ip s  
from The Grass Foundation and N IH  (N S  0 9 3 8 7 )  to RM J.

66.8
EFFECTS OF STRYCHNINE ON FICTIVE ROSTRAL SCRATCH MOTOR 
PATTERNS IN TURTLES. S.N. Currie* and S. Lee, Dept. Neuroscience, Univ. of 
California, Riverside, CA 92521.

Glycinergic inhibition is known to contribute to the function of spinal central 
pattern generators (CPGs) for locomotion in a variety of preparations. In contrast, 
virtually nothing is known regarding the contribution of inhibitory amino acid 
neurotransmitters to the central generation of scratch reflex motor patterns. We 
investigated the effects of blocking glycinergic neurotransmission on the production 
of fictive rostral scratch motor patterns in red-eared turtles. Strychnine sulfate (10- 
50 μM), a potent glycine receptor antagonist, was superfused over the anterior part 
of the spinal cord hindlimb enlargement in low-spinal, immobilized animals. 
Scratch motor output, evoked by electrical or mechanical stimulation of cutaneous 
afferents, was recorded bilaterally from hindlimb muscle nerves.

The most prominent effect of strychnine was a marked increase in the scratch 
cycle frequency. In most preparations, this increase leveled off after 1-2 h 
continuous superfusion of the drug; in a few cases, however, frequency continued to 
increase until responses became tonic. Rhythmic responses continued to exhibit 
normal alternation between ipsilateral hip flexor and hip extensor motor bursts in 
strychnine. Strychnine also affected the shape of hip flexor bursts. Earlier work by 
Robertson and Stein (J. Physiol. 404:101, ‘88) showed that Cl- mediated inhibition 
of hip flexor motor neurons during the early part of the hip flexor burst delayed the 
onset of spiking in some cells and contributed to the slow ramp onset of the whole- 
nerve burst waveform. We found that strychnine reduced the delay in the onset of 
firing of hip flexor units with large extracellular spikes and increased the slope of 
the integrated burst-onset. These results indicate that neurons which release the 
neurotransmitter glycine are active in the scratch CPG and contribute to the 
recruitment timing of individual motor neurons within each scratch cycle. 
Supported by NSF Grant IBN93-08804 to S.N.C.

66.10
IONIC CONDUCTANCES INVOLVED IN MUSCARINIC MODULATION OF 
CELLULAR AND SYNAPTIC PROPERTIES IN A PATTERN-GENERATING 
NEURON OF THE LOBSTER STOMATOGASTRIC GANGLION. R.C. Elson* 
and A.I. Selverston Department of Biology, UCSD, La Jolla CA 92093.

The lateral gastric neuron, LG, is an important pattern-generating cell of the 
gastric mill CPG in the stomatogastric ganglion (STG) of the spiny lobster, 
Panulirus in terruptus. LG is normally quiescent in the isolated ganglion. However, 
muscarinic agonists (pilocarpine or oxotremorine, 10 -100 μM), increase the spike 
excitability of LG and induce the production of plateau potentials. At the same 
time, the apparent strength of graded synaptic transmission from LG undergoes a 
dramatic increase.

We are studying the ionic conductances which underlie this modulation of 
cellular and synaptic properties. The induced plateau potential is Ca-dependent 
since it is blocked by 20mM Co or Mn, or ImM Cd. The modulation of Ca- 
dependent potentials is studied in current-clamp in O.lμ M TTX, 20mM TEA and 
2mM 4AP. Under these conditions, depolarization of LG evokes Ca spikes which 
are strong drivers of graded synaptic transmission. Muscarinic agonists reduce the 
voltage threshold and increase the duration of these Ca spikes with a concurrent 
increase in graded synaptic output.

When Ca-dependent events are blocked by Mn or Cd, muscarinic agonists still 
produce an increase in input resistance, which seems to be due to reduction of a 
TEA- and 4AP-insensitive K conductance which is active at resting potential. We 
plan to study this putative K current in voltage-clamp. We also want to determine 
whether the enhanced activation of Ca conductances is a direct response to 
muscarinic modulation or an indirect consequence of outward current blockade, 
and to assess the contribution of these cellular changes to the potentiation of 
synaptic output.

Supported by NIH grants NS09322 and PHS07220.

66.12
Reshaping of neural network output by physiological O2 levels in lobster 
stomatogastric ganglion. J.C. Massabuau, P. Meyrand and G. LeMasson* Lab. de 
Neurobiologie et Physiologie Comparées, Univ. Bordeaux I et CNRS, Place Peyneau, 
33120, Arcachon, France.

In the brain of vertebrates the O2 partial pressure (P0 2) is mainly set in a low and 
narrow range (1-3 kPa). However, when studied in vitro, CNS tissue must be 
superfused at P0 2 = 21 or 95 kPa (1 kPa corresponds to an O2 fraction ≈ 1 %). This 
raises the question; how does a neural network work at physiological Po2? In 
crustaceans, the arterial Po2 is spontaneously set in the range 1-3 kPa and the 
stomatogastric ganglion (STG) (containing the pyloric network of the stomatogastric 
nervous system) is simply superfused, without microcirculation, by arterial blood in 
the ophthalmic artery. We took advantage of this unique feature to study the 
functioning of a neural network at low but physiological Po2 by superfusing the STG 
in an artificial glass vessel. Experiments were done on Homarus gammarus in which 
the pyloric network, one of the best known neural network, is composed of 14 
identified neurons and generates spontaneously a rhythmic motor pattern in vitro. Our 
data show that the pyloric period remains constant from 21-6 kPa and increases by 40 
% from 6-1 kPa. Using intracellular recordings we find that among the 14 pyloric 
neurons, a single cell, the LP neuron was responsible for the network effect. The LP 
burst duration increased, in a reversible manner, by 90 % from 6 to 1 kPa without any 
change in firing frequency. The consequence was that at each cycle, by synaptic 
inhibition, LP provoked a delay in the rhythmic bursting activity of the pyloric 
pacemaker cells thus increasing the pyloric period. That the effect on the pyloric 
rhythm was mediated only by LP was verified by a loss o f O2 sensitivity after LP was 
experimentally deleted from the network. In conclusion, we show that O2 changes in 
the physiological range, can reshape the output of a neural network. Rather than a 
global and "asphyxic" effect, O2 appears capable on acting on specific target neurons, 
like a  classical neuromodulator.
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67.1
QUANTITATIVE MRI OF THE TEMPORAL LOBE, AMYGDALA, AND 

HIPPOCAMPUS IN NORMAL HUMAN DEVELOPMENT: AGES 4-18. 
J.N. Giedd, A.C. Vaituzis, S.D. Hamburger, N. Lange, 
J.C. Ra j pakse, D . Kaysen, Y.C. Vauss, N . Garrick* . 
Chil d Psychiatry Branch, NIMH, Bethesda, MD 20892-1600.

Temporal lobe, superior temporal gyrus, amygdala, 
and hippocampus size was quantified from brain magnetic 
images of 99 heal thy children and adolescents, ages 4- 
18. Variability was high for all volumes. After 
adjustment for a 9 larger total, cerebral volume in 
males there were no significant mean volume differences 
between genders. Maturational changes were gender and 
side specific with amygdala increasing only m  males 
and only on the left: and hippocampus increasing only in 
females and only on the right. Right greater than left 
asymmetry was seen for all structures. These results 
are consistent with previous prec l ical and human 
studies indicating hormonal responsivity of medial 
temporal lobe structures and extend quantitative 
morphologic findings from the adult literature. The 
large variability and gender-specific findings in this 
understudied age group highlight the need for large 
samples and gender-matched controls in pediatric 
neuroimaging studies. The developmental changes in 
these disease relevant areas may mediate- differential 
rates and expression across genders for 
neuropsychiattic disorders of childhood.

67.3
Premortem - Postmortem Neuroimaging: a study of brain morphologic changes in 

man with MRI and cryomacrotome imaging.
Mega. MS. Karaca TJ. Pouratain N. Chen S. Adamson CF. Schluender S. Toga AW* 

Laboratory of Neuro Imaging, UCLA .School of Med., Los Angeles, CA 90024

O bjective. An accurate mapping of brain function requires multiple imaging 
modalities. Coregistration of MRI and PET is employed to better define, with MRI, 
regions on lower resolution PET images. Studies mapping brain function to structure 
contribute to an emerging atlas which integrates detailed functional, structural, and 
pathologic human brain data in health and disease. Three dimensional reconstruction 
of thin cryomacrotome sections of whole heads provides the best resolution in 
structural neuroimaging. Before cryomacrotome data can be validly integrated with 
premortem data a precise understanding of the changes in brain morphology from life 
to death and through the cryofixation process must be obtained. We evaluated the 
morphologic changes of an 80 year old man's brain who underwent high resolution 
MRI scanning 25 hours before and 7 hours after death, followed by cryomacrotome 
sectioning.
-Methods. Volumetric measures of caudate, putamen, thalamus and cortical ribbon 
were calculated from pre- and postmortem SPGR and double echo MRI, and 
cryosectioned data. Significant changes in volumes were evaluated with a two-tailed t- 
test across studies.
Results. There was no significant change in volumes on MRI or cryomacrotome 
images pre- to postmortem. A trend toward a decrease in grey matter volume was seen 
from pre- to postmortem, while grey and white matter showed random volume 
changes on cryomacrotome images compared to postmortem MRI.
Conclusion. High resolution cryomacrotome data accurately reflect brain morphology 
in life and can thus be validly applied as the anatomic reference in the generation of a 
brain atlas which integrates imaging studies across modalities.

67.5
S U B D IV IS IO N S  O F  N E O C O R T E X  IN  M A M M A L S  O F  L IT T L E  
B R A IN : T H E  H E D G E H O G  T E N R IC .
H . Kün z le1, L .A . K rubitzer2. and Jon  H . K aas3*: 1Universitat 
M ü nchen , M ünchen , G erm any; 2U n iversity  o f  Q u een slan d , A ustralia  
and U n iversity o f  C alifornia, D avis, C A  95616; 3V anderbilt 
U niversity, N ash ville , T N  37240.

T h e ten rec (Echinops telfarsi) is o n e  o f  a few  extant m am m als 
that resem b les early m am m als o f  over 65 m .y.a. by having a small 
brain with p roportionately  little  n eocortex . W e exp lored  the  
organization  o f  this cortex  by recording from  m u ltip le  sites w ith  
m icroelectrod es w h ile  p resen tin g  tactile , auditory, and visual stim uli. 
R esu lts w ere related  to  cortical arch itecture. R ecord in gs id en tified  
a caudal visual region, a lateral auditory region, and a rostral 
som atosen sory region, w ith arch itecton ic  characteristics o f  V 1, A 1, 
and S 1, resp ectively. A  rep resen tation  o f  th e contralateral body  
surface w as revealed  in S 1 . A t least o n e  o th er  body surface 
representation  with large, so m etim es b ilateral recep tive fie ld s was  
located  lateral to  S 1 . C ortex b e tw een  sensory areas resp on d ed  to  
tw o or th ree m odalities. M ost rem arkably, a large oval o f  m ed ial 
frontal cortex  resp on d ed  to  visual stim uli. T h is frontal visual cortex  
projects to  th e  superior co llicu lus, and  th erefo re  m ay have  
v isu om otor functions. T h ese  resu lts support and exten d  current 
th eories o f  th e early stages o f  th e ev o lu tio n  o f  m am m alian  neocortex .

67.2
VO LUM ETRIC ANALYSIS OF TH E H U M A N  CINGULATE, PARA- 
CINGULATE, A N D  SU PER IO R RO STRAL SULCI.
N. Otaky*. T. Paus. D. D ’Avirro, D. Gutmans. D. M acDonald.
Z. Caramanos, F. Tom aioulo, A.C. Evans. M ontreal Neurological Institute, 
McGill University, Montreal, Quebec, Canada, H 3A 2B4.

Volumetric analysis o f  grey matter in the cingulate (CS), 
paracingulate (PCS), and superior rostral (SRS) sulci was carried out using 
high-resolution brain M RI’s obtained from 58 healthy volunteers (22 females, 
36 males, mean age: 26 yrs). M RI’s were acquired on 1.5-T magnet as 
datasets o f  160 contiguous T 1-weighted 1-mm thick sagittal slices. M RI’s were 
transformed to a standardized stereotaxic space (Talairach & Toumoux 
1988), thus correcting for differences in brain size. The CS, PCS, and SRS 
were identified in each hemisphere by investigators who were blind to brain 
side. Grey-matter volumes o f each sulcus were then extracted using an 
automatic segmentation technique. The CS and SRS were present in all 
hemispheres, whereas the PCS was found in 41 left and 41 right hemispheres. 
The following grey-matter volumes were obtained [Mean (SD ) in cm3]: left 
CS: 11.18 (1.96); right CS: 11.42 (2.20); left PCS: 1.88 (1.42); right PCS: 1.70 
(1.21); left SRS: 2.20 (0.80), right SRS: 1.91 (0.75). For each sulcus, two-way 
A N O V A  was used to examine main effects o f  Side, Sex, and Side x Sex 
interaction. N o significant main effects or interactions were obtained for 
either the CS or SRS. For the PCS, there was only a significant main effect 
o f sex (F 1.29=6.5, p<0.02): PCS volume was higher in males [2.10 (1.45)] than 
in females [1.32 (0.90)]. Probability maps were created by averaging 
individual CS, PCS and SRS volumes across all 58 subjects. The spatial 
location o f both the CS and PCS probability maps match very closely that 
obtained in our previous MRI study (Cerebral Cortex, in press).

67.4
3D STATISTICAL ANALYSIS OF SULCAL VA RIABILITY IN THE  
HUM AN BRAIN USING H IG H-RESO LUTION CRYOSECTION  
IMAGES. Thompson. P.M,. Schwartz. G . Lin. R.T.. Khan, A.A., Toga. A.W. and 
Collins. R.C.* Laboratory of Neuro Imaging, Brain Research Institute, and Division 
of Brain Mapping, UCLA Center for the Health Sciences, Los Angeles, CA 90024.

Morphometric variance of the human brain is qualitatively observable in surface 
features of the cortex. Statistical analysis of sulcal geometry will facilitate multi- 
subject atlasing and other brain mapping projects. This investigation describes the 
variability in location of 5 sulci surveyed in each hemisphere of 6 post mortem human 
brains, placed within the Talairach stereotaxic grid. Whole human heads were 
prepared for sectioning with cryoprotectant, rapidly frozen, and blocked. The heads 
were cryosectioned at 50 pm intervals, and high-resolution 10242 (24 bit) color 
images were acquired every 100 μm from the specimen blockface. Outlines of the 
following structures were directly identified at high magnification on sagittally 
resampled sections: the parieto-occipital sulcus, the anterior and posterior rami of the 
calcarine sulcus, the cingulate and marginal sulci, and the supracallosal sulcus. 
Outlines digitized at 20000 points per surface were reparametrized to allow surface 
comparisons. Statistics of 3-dimensional variation for arbitrary points on each surface 
were calculated locally, after placement of the standardized individual data within the 
Talairach stereotaxic grid. Average surfaces were computed for individual sulci, 
allowing local variability to be measured and visualized by adding a range of colors 
to the representation of each sulcal surface.

These findings indicate that macroanatomic individuality in the internal structure 
of the human brain cannot be adequately accounted for by stereotaxic coordinates 
alone. Such statistics on spatial variability, at important functional interfaces, will be 
a fundamental component of probabilistic atlases of the human brain.

67.6
PATTERNS OF INTERSPECIFIC VARIATION IN CORTICAL NEURON 
NUMBER. J.A. Marcus*1. T.W. Deacon2. R.L. Reep3 & C.D. Marshall3. 1Dept. Anth., 
Harvard Univ., Cambridge, MA 02138; 2Dept. Anth., Boston Univ., Boston, MA 02215; 
3Dept. Physiol. Sci., Univ. of Florida, Gainesville, FL 32610.

A key challenge for comparative neuroanatomists is to distinguish trends or regularities 
amongst the potpourri of mammalian brain differences. One variable that has received con
siderable attention has bear radial neuron number (reportedly remarkably constant for all 
species and neocortical areas except striate cortex of primates). Impressions of quantitative 
cortical uniformity (e.g., Rockel et al., Brain 103:221-244, 1980) now however appear to 
have been biased by the particular species surveyed; for instance, Deacon et al. (Soc. 
Neurosci. Abstr. 18:330, 1992) recently demonstrated that, significant cytoarchitectonic 
dissimilarities notwithstanding, cetaceans and sirenians both show reduced cortical neuron 
numbers, suggesting a convergent oxygen-conservation adaptation in aquatic lineages.

To further test the aquatic adaptation hypothesis and better assess interspecific variation 
in neuron number, we compared neuron numbers underneath 50-μm2 surface areas of 
formalin-fixed neocortex in a diverse range of mammals (52 species, representing 36 
families and 12 orders). These new cell counts reveal for example that seals do not have 
diminished neuron numbers, whereas hippopotamuses (the only neuronally-reduced aquatic 
species with extant terrestrial relatives) show ≥30% reduction compared with other 
artiodactyls — implying that it is not adaptation to an aquatic habiut per se, but rather 
aquatic parturition and frequent, prolonged perinatal submersion that exert the critical 
selective pressure. However, since several large terrestrial ungulates were found to exhibit 
lower neuron numbers than other land mammals, further research is required to disentangle 
allometric and phylogenetic effects from adaptation to specific environments.

With respect to related quantitative cytoarchitectonic features, mammals overall show 
only weak negative correlation (r-0.2) between total cortical thickness and neuron number, 
but remarkably strong negative correlation (r-0.8) between layer-4 thickness and cortical 
neuron count, the latter suggesting close developmental linkage between preplate formation 
and cortical neurogenesis. Investigating this relationship ought to provide a promising 
avenue for advancing our understanding of ontogenetic constraints on brain phylogeny.
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67.7
A METHOD FOR QUANTITATIVE ANALYSIS OF NEURONS IN THE 
CEREBRAL CORTEX T.Skoglund*. R.Paschcr, C-H.Berthold. K.Gatzinsky, 
C.Malmeströ m Institute of Anatomy and Cell Biology and M EDNET 
laboratory, University of Gö teborg, M edicinaregatan 3, S-413 90 Gö teborg, 
SWEDEN.

A method for quantitative analyses of neurons is presented. The purpose of 
this work was to, if possible, offer solutions to three major problems in 
quantitative analysis, i.e. the tissue shrinkage, differentiation of small neurons 
and glial cells, and the bias introduced by the counting method.

I. Microtome sections from rat cerebral cortex were stained in 
Richardson solution. This staining method do not introduce any shrinkage.

II. Sections stained in Richardson solution are cell sparse compared 
with sections stained in Nissl since only neurons are visible. The selective 
labelling of neurons by the Richardson solution was tested by comparing it to 
the staining pattern of Nissl and the pattern acquired when using an antibody 
against S100 (m arker for astrocytes).

III. The counting was carried out using a computerized system based 
on the optical dissector, an unbiased counting method. Images which together 
covered the cortex from the pial surface to white m atter was digitized in seven 
optical planes. Images from the same optical plane were combined creating 
images of the cortex from pial surface to white matter. These images were used 
to count the num ber o f neurons by using a program we developed, Mark. The 
position of each neuron was stored in a database making it possible to build 
reconstructions of the cytoarchitecture and draw graphs showing the distribution 
of neurons.

This work is supported by M edical Faculty in Gö teborg, by the Swedish MRC 
proj. no. 3157, by Lundbergs Foundation and Anna Ahrenbergs Foundation.

67.9
DO PA M IN E S Y S T E M  IN  R A B B IT , M O U S E , A N D  R A T  ST R IA T U M . 
M.J. R ussell. P .A . B rew er and C .F . P h elix . D iv . L ife  S c ien ces, U niv. 
Texas, San A n tonio , T X  7 8 2 4 9 -0 6 6 2

Anim al m odels o f  striatal d egeneration  typ ically  in v o lv e  use o f  
rodents. For H untington’s D isea se , the rat has b een  used as the primary 
model but d oes not a llo w  determ ination o f  se lec tiv e  in volvem en t o f  the 
caudate versus putam en. A s the p ath ological p rocess o f  H untington’s 
Disease b ecom es better understood an anim al m odel with a discrete  
caudate w ill b e needed to m im ic the hum an striatum. A  critical first step 
in determ ining an appropriate anim al m odel is to establish  criteria for 
neuroanatomical an alysis , such as separation o f  striatum, distinct 
caudate, com p lete  internal cap su le, relative s ize  o f  putam en and sim ilar  
chemoarchitecture. C oronal section s o f  the forebrain from  rabbit, rat, 
and m ouse w ere com pared w ith reports from  the human striatum. 
Formaldehyde fixed  brain tissu e w as cut at 38  μ m on  a cryostat. 
Sections w ere stained with antib odies to tyrosine h ydroxylase using an 
avidin-biotin peroxid ase im m u n ocytoch em ical procedure. D opam ine  
afferent axons delineated the striatum to m eet the ab ove criteria in the 
rabbit. The chem oarchitecture o f  the caudate and putam en essentially  
was the sam e, excep t that in the rat dopam ine term inals show ed a patch 
matrix arrangement not seen w ith the other sp ec ies. W e conclu de that 
the rabbit can be a usefu l m odel for studying se lec tiv e  striatal lesions  
based on the anatom ical and ch em ica l organization . Supported by HHM I 
and H L 02914-01 to C F P.

67.8
THE BASAL GANGLIA OF THE WHITE WHALE, DELPHINAPTERUS 
LEUCAS: A COMPARATIVE STUDY. T.A. Romano*. S.H. Rideway. and S.N. 
Haber. Univ. of Rochester, Dept. of Neurobiology/Anatomy, Rochester, NY 
14642.

The identification, organization, and chemical make-up of the basal ganglia in the 
white whale, Delphinapterus leucas were investigated using immunhistochemistry. 
Immunohistochemical analysis reveals an anatomical and chemical organization of 
the whale basal ganglia sharing more similiarities with that of the primate basal 
ganglia than that of the less evolved mammals, such as the rat and mouse.

As in the primate, the caudate nucleus borders the lateral ventricle, and is 
separated from the putamen by the internal capsule. Tyrosine Hydroxylase (TH), 
Enkephalin (ENK), and Acetylcholinesterase (ACHe)-like immunoreactivity are 
present in the striatum and reveal intensely stained areas surrounded by lighter 
stained areas, resembling "patches".

Similar to the primate globus pallidus, the beluga pallidum contains an external 
and internal segment. The anterior commissure divides the pallidum into dorsal and 
ventral components with the ventral portion occupying a much larger area than the 
dorsal component. ENK and Substance P (Sub P)-positive woolly fibers (pallidal 
dendrites and cell bodies ensheathed in a plexus of thin striatopallidal fibers) are 
present in the external and internal segments of the pallidum, respectively.

The organization of the whale substantia nigra differs from that of (the primate in 
that it is not organized in discrete compartments, but is rather diffuse. However, 
chemically, there are areas containing immunoreactivity for ENK and Substance P 
and a TH-positive cell-rich region. These areas chemically resemble the pars 
reticulata and compacta of the primate basal ganglia.

The basal ganglia of the white whale, Delphinapterus leucas, an aquatic mammal 
shares a similar organization and chemical heterogeneity with the basal ganglia of 
terrestrial mammals, despite its unique evolutionary history and environmental 
niche.

67.10
INTRACELLULAR RECORDINGS FROM NEUROBIOTIN STAINED NEURONS 
OF THE CENTRAL AMYGDALA NUCLEUS. M .C . S ch ies s *. P .M . 
Callahan, and H . Zheng N eu ro lo g y , U T M B , G alveston , T X  77555  

T he purpose o f  this study w as to correlate the 
e lectrop h ysio log ica lly  d efined  cell types in the centro-m edial (CeM ) 
and centro-lateral (C eL ) subd ivision s o f  the am ygdala  central nucleus 
with their m orp hological ce ll type by using neurobiotin filled  
intracellular recording electrod es. Coronal brain s lices  4 0 0  (μM thick 
containing the right and left am ygdaloid  com p lex  w ere obtained from  
adult S -D  rats w eigh in g  150- 2 5 0  gram s. R ecording electrod es were  
filled  w ith 2% neurobiotin (V ector Labs) in 3M  K +acetate and had 
resistances o f  8 0 -1 4 0  M Ω. Forty neurons w ere electrop h ysio log ica lly  
characterized accord ing to R M P , R i, Tau , afterhyperpolarization  
(A H P ), accom m odation (A C C ) as either T yp e A or B and then filled  
with neurobiotin. 73%  ( N = 2 9 /4 0 )  w ere T yp e A C eM  (1 3 /2 9 ) or CeL  
(1 6 /2 9 ) neurons with m ed ium -A H P  and a n on-A C C  response to long  
duration d epolarizing currents. T h ese  T yp e  A neurons were 
pyram iform  in cell som a shape with 3 -4  primary dendrites. 
Secondary dendrites possessed  spines that ranged from  m oderate ( + 4  
spines 72% ) to sparse ( + 1  sp ines 28% ). 27%  (N  =  11 /40) w ere Type 
B C eM  (8 /1 1 ) or C eL  (3 /1 1 )  neurons with long slo w -A H P  and an 
A C C  response to long duration depolarizing  current. T h ese Type B 
neurons w ere round or fusiform  in ce ll som a shape with 2 -3  thick 
primary dendrites arising from  o p p osite  p o les  o f  the cell som a. Thick  
secondary dendrites p ossessed  no (54% ) or few  dendritic spines.

67.11
CALRETININ-IMMUNOREACTIVE NEURONS IN THE RAT ENTORHINAL 
CORTEX: MORPHOLOGY, DISTRIBUTION AND COLOCALIZATION WITH 
GABA. M. Miettinen*. R. Miettinen and P. Riekkinen Sr. Dept. of Neurol. and 
Pathol., Univ. of Kuopio, P.O. Box 1627, FIN-70211 Kuopio, Finland.

The morphology and distribution of the neurons containing calretinin was 
examined in the rat entorhinal cortex (EC). In each layer of the EC, calretinin- 
immunorcactivity (CR-IR) was present in the nonpyramidal cells. The majority of 
them was found in layer II and superficial layer III. Typically, in the lateral EC, they 
formed cell clusters in these layers. In addition, a large cluster of CR-IR neurons was 
located in layers III-V of the medial EC near the border of the parasubiculum. 
Several CR-IR neurons were present also in layer V, whereas they were less frequent 
in layer VI and lower part of layer III. Only a few CR-IR neurons were observed in 
layer I. The CR-IR cells were either bipolar or multipolar. The characteristic feature 
of the bipolar CR-IR neurons was that they extended their excessively long dendrites 
perpendicularly to the surface of the cortex. These smooth and varicose dendrites 
rarely branched along their course. Occasionally they were intermingled with each 
other. An intensive network of CR-IR fibers occupied layers I and V. Although also 
the other layers contained numerous CR-IR fibers, density was lower compared with 
the other cortical areas. Coexistence of CR either with GABA or GAD was studied 
using the mirror technique. Analysis revealed that 50% of CR-IR cells in the entire 
EC was IR for GABA or GAD. However, there was a remarkable layer specific 
variation in the number of CR-IR cells that contained GABA/GAD. The great 
majority of the CR-IR cells in layers I, II and superficial layer III of both the lateral 
and medial EC were GABA/GAD- IR (92%). However, in layer V (63%) and in the 
large cell cluster near the parasubiculum (92%) most of the CR cells were 
GABA/GAD-immunonegative. Thus, our results demonstrate that although CR-IR 
neurons in the EC are morphologically relatively homogenous, they show 
neurochemical differences depending on their location in the EC.
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68.1

β-ADRENOCEPTOR MEDIATED RELAXATION OF RAT BASILAR 
ARTERY IN  VITRO IS NOT ENDOTHELIUM- DEPENDENT T.D. Johnson, 
S.P. Marrelli.J.C. Goodman* and R.M. Bryan Jr..Dept. of Anesthesiology, Baylor 
College of Medicine Houston, TX 77030

The purpose of this study was to determine the role of the endothelium in 
β-adrenoceptor mediated relaxation of rat basilar artery in vitro. The basilar 
artery( male Long-Evans rats 250-300g) was dissected free and cut into 1.5 mm 
segments. The arterial segments were attached to two 38μm wire stirrups and 
placed in organ baths (Krebs bicarbonate, 37°C, 5%CO2, 20%O2, bal N2) to 
measure isometric tension. Tension on the tissue was adjusted to mimic 100 
mmHg pressure. For relaxation experiments, tissues were first exposed to 40mM 
KC1 followed by either acetylcholine (Ach l 0uM) or isoproterenol ( IPNE l μM). 
Relaxation was expressed as a percentage of the tissue KC1 (40mM) response. 
IPNE and Ach significantly relaxed the tissue 35.9% and 27.7% respectively. In 
the presence of nitric oxide synthase inhibitors (either L-NAME or L-Nitro-Arg 
l 00μM), IPNE induced relaxations were not affected while those to Ach were 
abolished. Endothelial denudation (either by blowing air through the vessel lumen 
or by mechanical abrasion) completely eliminated the Ach response and had no 
effect on the IPNE relaxation. The non-selective β-adrenoceptor blocker 
propranolol ( l μM) completely inhibited the EPNE relaxation. The β1 selective 
antagonist CGP 20712A (0.1 μM) significantly inhibited the IPNE response by 
64.5%. The β2 selective antagonist ICI 118,551 (0.1 μM) had no significant effect 
on IPNE relaxations. From these data we conclude that IPNE mediated relaxation 
in rat basilar artery is not dependent on either the presence of an intact 
endothelium or a functional nitric oxide synthase enzyme. Therefore it is probable 
that β-adrenoceptors mediating relaxation are located on the vascular smooth 
muscle. In addition, the relaxation seems to be predominately mediated via 
β-adrenoceptors.

68 .3
INCREASES IN CEREBRAL BLOOD FLOW DUE TO INFUSIONS OF 
ANGIOTENSIN IV AND ANGIOTENSIN IV ANALOGUE LYSINE1 IN 
THE RAT. E.A. Kramár.*1 J.W. Harding.1,2,3 and J.W. Wright1,2,3. 
Program in Neurosience1 and Departments of Veterinary and 
Comparative Anatomy, Pharmacology and Physiology2 ,  
Psychology3, Washington State University, Pullman, WA 99164.

Recent findings in our laboratory have identified AT4 receptors in 
association with the endothelium smooth muscle of arteries. This study 
utilized rats to investigate the effects of angiotensin IV (ANG IV) and 
ANG IV analogue Lysine1 (Lys1ANG IV) on cerebral blood flow using 
laser Doppler flowmetry. Preliminary data indicate that internal carotid 
infusions of ANG IV and Lys1-ANG IV (each 100 pmol in a volume of 
25pl 0.15M NaCI/min) increased middle cerebral arteriole blood flow 20 
and 50%, respectively, without changing systemic arterial blood pressure 
while angiotensin II (ANG II) infusions decreased cerebral blood flow and 
elevated blood pressure. Pretreatment with an AIV antagonist 
(Divalanal) completely blocked the vasodilatory effects of ANGIV and 
Lys1ANG IV, while having no effect on ANG Il’s ability to decrease 
cerebral blood flow, suggesting that ANG IV has a novel angiotensin- 
type receptor and that ANG II and ANG IV elicit opposing roles in 
regulating cerebral blood flow.

These results support previous findings that ANG IV increases kidney 
cortical blood flow and that the mechanism by which ANG IV controls 
cortical blood flow may be due to ANG IV’s interaction between vascular 
endothelial smooth muscle cells and the synthesis and release of nitrous 
oxide. This study suggests that the role of ANG IV in the brain renin- 
angiotensin system may be to regulate cerebral blood flow and prevent 
cerebral ischemia.

68 .5
TAURINE ENHANCES VOLUME REGULATION IN OSMOTICALLY  
SWOLLEN HIPPOCAMPAL SLICES. N.R. Kre ism an* and J.E. O lson. 
Dept o f Physiology, Tulane Univ. Sch. o f Med., New Orleans, LA 
7011 2 and Depts. o f Emergency Med. and Physiology & Biophysics, 
W right S tate Univ. Sch. Med., Dayton, OH 45401 .

Volume regulation has not been investiga ted extensive ly in brain 
tissue conta in ing an in tac t extrace llu lar space. We monitored cell 
volume in the CA1 region o f hippocampal slices by recording  
changes in the transm ittance (AT/T) o f wh ite  light. Light was 
supplied to an in terface chamber and detected w ith  a silicon  
photodiode coupled to a m icroscope eyepiece (optical field 0 .5x1 .2  
mm). Sw itch ing from  isosm otic medium (290 -3 00m 0sm /l) to hypo- 
osm otic medium (180 -200  mOsm/l) resulted in a peak decrease in 
AT/T  of 24 .4%  by 30 min, ind ica ting cell swelling . A return of 
transm ittance toward  basal values, ind ica tive o f a regulatory volume  
decrease (RVD), occurred in only 3 o f 7 slices. Volume recovered  
21 .3%  by 90 min. Pre-incubation o f s lices for 2-3 hrs in medium  
containing 1 mM taurine had no e ffe c t on the magnitude of hypo- 
osm otic swelling (AT/T -  2 6 .3% ; n = 11) but volume recovery was 
greater and more frequen t (36 .2%  in 9 of 11 slices). Taurine 
incubation increased tissue taurine levels and also prevented the  
progressive fall in tissue potassium  levels seen in untreated slices. 
We conclude th a t A) taurine is a preferred osmolyte for brain volume  
regulation and B) taurine e fflux  prevents the loss o f intracellu lar 
potassium  in hypo-osm otic conditions.

68.2
EFFECT OF CONTINUOUS EPIN EPH R IN E INFU SIO N ON CEREBRAL 
BLOOD FLOW. N. Horinaka, N. Artz, J. Jehle, C. Kennedy, and L. 
SokolofF* Laboratory o f Cerebral M etabolism, National Institute o f  Mental 
Health, Bethesda, M aryland 20892

Previous studies have demonstrated that blood levels o f  epinephrine and 
other insulin counteregulatory hormones increase during hypoglycemia, but 
the mechanisms responsible for increased CBF during hypoglycemia are still 
unknown. Epinephrine has been suggested as the responsible agent. The 
effects o f  continuous epinephrine infusion on CBF were examined in 
conscious unanesthetized rats by means o f  the [14C]iodoantipyrine method. 
The rats were fasted for 16 hr before being surgically prepared with catheters 
inserted into both femoral arteries and veins. Blood pressure and pulse rate 
were monitored continuously throughout the experiment. After 3 hr for 
recovery from light halothane anesthesia epinephrine ( l μ g/min ) in 1 % 
ascorbic acid / ImM  EDTA was infused continuously intravenously; controls 
received 1 %  ascorbic acid / ImM  ED TA alone. CBF was measured between 
5 and 10 min after initiation o f the epinephrine infusion and appearance of 
increased plasm a glucose levels and blood pressure. All other physiological 
variables were within normal range. Plasm a epinephrine concentrations were 
measured twice, once before initiation o f  the infusion and again just prior to 
m easuring CBF. Average blood flow in the brain as a  whole was compared 
between control rats and rats treated with epinephrine. The epinephrine 
infusion raised CBF little, if  at all.

68 .4
E X C E S S IV E  A D E N O S IN E  EFFLU X  C O IN C ID E S W ITH  
IN C R E A SE D  C E R E BR A L B L O O D  FLOW  A N D  C E R E BR A L  
O X Y G E N  C O N S U M P T IO N  D U R IN G  H Y PO G L Y C E M IC  C O M A  IN 
PIG LETS. R. Ichord,* M  A. Helfaer, F.J. N orthington, D .G .L . Van 
W y len, R.J- Tray stman. The Johns H opkins M ed. Inst., Balt., M D,
2 1 287 , and St. O la f C ollege, Northfield, M N  550 5 7  

W e tested  the hypothesis that brain interstitial levels o f  adenosine(A D ), 
inosine(IN ), hypoxanthine(H Y ) and xanthine(X A ) increase during hypo- 
glycem ic com a in piglets. Cerebral b lood  flo w  (CBF;m icrospheres), cere- 
bral oxygen  consum ption (C M R O2), and electroencephalogram  (EEG ) 
w ere m easured in p ig lets during 1 hr o f  insulin-induced isoelectric EEG  
(IE E G ) and 2 hrs o f  recovery after g lu co se  restitution. Cerebral perfusion  
pressure, PaO2, PaC O2 and brain tem perature w ere m aintained at baseline 
levels. Purines w ere m easured in m icrodialysates from  parietal cortex. 
Forebrain C BF increased at the onset o f  EEEG (2 8 9 ± 16% o f  baseline), 
returning to  baseline by 2 hrs recovery. C M R O2 increased at com a onset 
(2 0 4 ± 21%  o f  baseline), and returned to baseline by 30  min recovery. A D  
increased to  1227± 196 % o f  baseline 30  min after IEEG, returning to 
baseline by 30  min recovery (n=4). IN and H Y  increased to  1127± 34  
and 52 6 ± 85 % o f  baseline by 60  min IEEG, returning to  baseline by 2 
hrs recovery. X A  increased p rogressively during 2 hrs o f  recovery. W e  
conclude that ex cessive purine efflux coin cides w ith  increased CBF and 
C M R O2 during hypoglycem ic com a in imm ature brain. Supported by 
N S 2 0 0 2 0 .

68.6
EFFECT OF INTRAVENOUS (3-ENDORPHIN ADMINISTRATION ON THE 
HYPOTHALAMIC BLOOD FLOW IN RATS. Z. Benyó*. M. H. Velkei and 
P, Sándor. Experimental Research Department - 2nd Institute of Physiology 
Semmelweis University of Medicine, H-1446 Budapest, POB 448, Hungary

Endogenous opioid peptides are released from the adrenal and pituitary 
glands in response to hemorrhage and are involved in the regulation of 
cardiovascular functions in hemorrhagic hypotension. Pituitary β-endoiphin 
(BE) was shown to play a major role in the autoregulation of hypothalamic 
blood flow in rats (Sándor et al; Brain Res 512: 102-6, 1993). To clarify the 
mechanism by which BE may influence the tone of hypothalamic vessels we 
studied whether the systemic application of the peptide had any effect on 
hypothalamic blood flow (HBF) or vascular resistance (HVR).

Six male Sprague-Dawley rats were anesthetized with 1.3 g/kg Urethane. 
HBF was determined by the H2-clearance method before, and 3.5, 10, 20 
and 30 minutes after the administration of BE (100 μg/kg, iv.). Mean arterial 
blood pressure (MAP), ventillation rate (VR), arterial gas tensions ( p C O2 and 
pCO2) and pH were determined at the time of blood flow measurements.

None of the measured parameters changed significantly after BE injection.
Control 3.5 min. 10 min. 20 min. 30 min.

HBF (ml/g/min) 0.87±0.8 0.851.08 0.81± .07 0.87± .08 0.81± .08
MAP (mmHg) 107±5 100±6 100±6 98±8 97±10
HVR (MAP/HBF) 126±10 123±14 126±12 117±16 126±21
VR (1/min) 102±4 101±5 94±5 9814 100±3
apC02 (mmHg) 40.210.9 42.411.2 42.1±1.0 41.9±0.9 42.610.8
apO2 (mmHg) 84.6±2.3 84.6±2.1 86.7± 1.8 87.7± 1.9 87.2±1.9
apH 7.39± .01 7.371.01 7.37± .01 7.38± .01 7.37±0.01

The results indicate that iv. administration of 100 μg/kg β-endorphin has no 
influence on hypothalamic blood flow or vascular resistance suggesting that 
pituitary β-endorphin involved in hypothalamic blood flow autoregulation 
may not reach its site of action via the systemic circulation.
(Supported by OTKA F 013241 + W 015186 and OTKA T 017790 grants.)
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68.7
TOPICAL APPLICATION OF HALOTHANE REDUCES THE AMPLITUDE OF 
rCBF RESPONSE ASSOCIATED WITH CORTICAL SPREADING 
DEPRESSION IN RAT CORTEX. M. Rausch1. A. Thiele*2 . U.T. Eysel1 
1Department of Neurophysiology, Faculty of Medicine, 2)Department of 
Zoology and Neurobiology, Biological Faculty, Ruhr-Universitat Bochum, D- 
44780 Bochum, F.R. Germany.

Cortical spreading depression (CSD) represents a wave of neuronal 
depolarization that moves along the cortical surface. It is characterized by a 
profound alteration of the intra- and extracellular ion concentrations, and is 
accompanied by a strong increase in regional cortical blood flow (rCBF). 
Recent results have shown that an intracellular transport of ions across 
astrocytic gap junctions might play a crucial role (Nedergaard, 1994, Science 
263: 1768-1771). Halothane is known to block gap junctional conductivity. Here 
we have tested the gap junction hypothesis of CSD by investigating the effect 
of halothane on the development of spreading depression. In adult wistar rats 
(300-350g) anesthesia was initialized with pentobarbital (30mg/kg) and 
continued by a continuous infusion of ketamine hydrochloride (22.5 mg/kg h). 
The parietal cortex was exposed (trepanation of about 3 mm diameter, dura 
mater removed). After a 1 hr recovery period a micropipette with 15 μm tip 
diameter was induced and spreading depression was elicited by injection of 
150 nl of 3M KCI. The spread of CSD was two-dimensionally monitored by high 
resolution IR-thermo-encephalography. After recording of a reference CSD 
curve, halothane was topically applied to the exposed cortex for 10 minutes. 
After this treatment no CSD could be elicited by the same local injection of KCI. 
Only a weak rCBF response was detectable very close to the injection site. 
After a recovery of 30 minutes KCI-injections again elicited CSD waves, 
however, with reduced amplitudes.
Our result supports the hypothesis that migration of CSD represents 
intracellular ion fluxes transmitted via gap junctions. The weak local rCBF 
response during blockade of gap junctions might represent the passive 
extracellular diffusion of vasoactive substances.
Supported by the Deutsche Forschungsgemeinschaft Ey 8/23.

68.9
INNERVATION OF CEPHALIC ARTERIES IN THE RABBIT. B.-S. Zhu 1. I.L. 
Gibbins2 and W.W. Blessing1* 1Department o f Human Physiology, 
1Department of Anatomy and Histology, School of Medicine, Flinders 
University, G.P.O. Box 2100, Adelaide 5001, Australia.

The distribution of nerves containing different vasoactive substances 
was examined in cephalic arteries o f the rabbit with NADPH-diaphorase 
histochemistry or immunohistochemistry with different antibodies using 
standard avidin-horseradish peroxidase methods. Cranial autonomic and 
sensory ganglia also were examined. Antibodies against vasoactive 
intestinal polypeptide (VIP), dopamine (β-hydroxylase (DBH), 
neuropeptide Y (NPY), substance P (SP) and calcitonin gene-related 
peptide (CGRP) were used. In the cerebral arteries, NADPH-diaphorase- 
positive and VIP-like immunoreactive (LI) nerve fibers were mainly 
found in the circle of Willis and around large branches of the middle 
cerebral artery. CGRP- and SP-LI nerve fibers were predominantly 
distributed around the circle of Willis and its large branches. The circle 
of Willis and all its large and small branches also received a dense 
innervation from nerve fibers containing DBH- and NPY-LI. NADPH- 
diaphorase-positive and VIP-LI nerve fibers were also widely distributed 
in the arteries supplying lacrimal and salivary glands, muscles and 
mucous membranes of the face. NADPH-diaphorase-positive and VIP-LI 
nerve cell bodies were predominantly located in the sphenopalatine and 
otic ganglia, DBH- and NPY-LI cell bodies were located in the superior 
cervical ganglion, while SP- and CGRP-LI cell bodies were found only in 
the trigeminal ganglia. These neuro-anatomical findings suggest that 
parasympathetic regulation of blood flow to different organs in the head 
may occur in the rabbit.

68.11
MAPPING REGION AL CEREBRAL M ETABOLIC (rCM Rglc) EFFECTS OF 
THE SER OTO NIN REUPTA KE BLOCK ER FLU OX ETINE IN  AW AKE 
RATS. A. M erico, U. Freo. P. P ie tr in i1. G. P izzo la to . A. B urlina*, S.
Ruggero. A. D an i1 ,C. O ri2, M. D am  an d  L. B attistin . N e u ro lo g y  and  
A n e sth esio lo g y 2 D ep artm en ts , 35100 P ad o v a , ITALY a n d  P sy ch ia try  
Department1, 56100 Pisa, ITALY.

The clinical an tid ep ressan t fluoxetine has been  reg ard ed  as a po ten t and 
selective serotonin (5-HT) reu p tak e  in h ib ito r w ith  low  affin ity  for o ther 
potential therapeutic  targ e ts  (i.e. n eu ro recep to rs , reu p ta k e  sites); recent 
reports (Jordan, Synapse, 18, 294, 1994), how ever, ind icate  th at fluoxetine 
may inhibit also the reu p tak e  of catecolam inerg ic  n eu ro tran sm itters . The 
aim of this study w as to assess the specificity of rCM Rglc pa tte rn s  produced 
by fluoxetine. E xperim ents w ere p erfo rm ed  in  m ale  3-m o-old Fischer-344 
rats (Charles River Italia, C om o, Italy) accord ing  to the  [14C ]2-D eoxy-D - 
glucose ([14C]DG) (A m ersham  In ternational, A rlington  H eights, IL, U.S.A.) 
autoradiographic technique. rCM Rglc w as de te rm ined  in  47 brain  regions 30 
min after i.p. in jection  of flu o x e tin e  h y d ro ch lo r id e  (Ely L illy  Ita lia , 
Florence, Italy). rCM Rglc v a lu es  of each b rain  reg io n  w ere ana lyzed  for 
statistical significance by com paring  the m ean of fluoxetine-treated g roup  to 
the control group using  an  u n p aired  S tuden t t-test. Fluoxetine 40 m g /k g  i.p. 
significantly (P < 0.05) reduced  rCM Rglc in 20 (42%) b rain  regions including 
visual and auditory system s, limbic, basal ganglia  and  b rainstem  areas. The 
distribution and d irection of rCM Rglc changes in d u ced  by fluoxetine differ 
from those of norep inephrine o r dopam ine  reu p tak e  blockers and resem ble 
instead rCMRglc effects of c lom ipram ine (Freo, Psychopharm acology, 113, 
53, 1993), a s tru c tu ra lly  u n re la te d  a n tid e p re s sa n t w ith  m ark ed  5-HT 
reuptake blocking activity. These findings suggest th a t fluoxetine decreases 
rCMRglc by blocking 5-HT reuptake.

68.8
MELATONIN IS A DIRECT VASOCONSTRICTOR IN 
CEREBRAL ARTERIES. G. G. Geary, S. P. Duckies and D. N. 
K rause*. Department of Pharmacology, College of Medicine, 
University of California, Irvine, CA 92717.

Our laboratory has previously shown that melatonin potentiates 
nerve stimulated contractions in perfused rat tail arteries. Melatonin 
potentiation was endothelium-dependent and blocked by either 
elevation of extracellular potassium (15 mM) or in the presence of 
the Kca++ potassium channel blocker, tetraethylammonium. In 
addition to the tail artery, melatonin receptor binding sites have been 
identified in rat cerebral vessels. The present study was designed to 
determine the function of melatonin in cerebral arteries using 
endothelium -intact, perfused rat middle cerebral arteries. 
Nanomolar concentrations of melatonin elevated transmural pressure 
approximately 50 mm Hg from a resting pressure of 70 mm Hg. 
This increase in pressure was associated with a decrease in vessel 
diameter of approximately 15 μ m from a resting diameter of 61 μ m. 
Responses to melatonin of cerebral blood vessels contrast with those 
of the rat tail artery where melatonin produces no effect by itself but 
only potentiates contractions to nerve stimulation. These data 
suggest that the day/night variations in blood concentrations of 
melatonin may modulate cerebrovascular tone.

Supported by NIH grant RO1HL50775

68.10
DILATOR RESPONSES OF BASILAR ARTERY TO APRIKALIM ARE 
INCREASED AFTER SUBARACHNOID HEMORRHAGE. C.G. Sobey,
D.D. Heistad, F.M. Faraci.* Depts of Internal Medicine 
and Pharmacology, Iowa City, IA

We examined dilator responses of the basilar artery in 
an experimental model of subarachnoid hemorrhage (SAH) in 
vivo. Depolarization of vascular muscle may occur after 
SAH. Thus, we hypothesized that dilatation in response 
to activation of ATP-sensitive potassium channels (KATP) 
may be augmented, in contrast to impaired responses to 
other vasodilators. Anesthetized rats were studied 2 
days after injection of 0.3-0.5 ml saline or autologous 
blood into the cisterna magna. Basilar artery diameter 
was 227+8 μm in saline-treated rats and 204±9 μm in SAH 
rats (p<0.05). In saline-treated rats, acetylcholine 
(ACh), nitroprusside (NP), aprikalim, and papaverine 
(PAP) produced concentration-dependent dilatation. In 
SAH rats, vasodilatation was impaired in response to ACh 
(by 83% and 58% at 10-6 M and 10-5 m , respectively) and 
NP (by 56% and 35% at 10-7 M and 10-6 M, respectively) .
In contrast, vasodilatation to aprikalim (l-3xl0-7 M) was 
augmented (by 2-4 fold). Vasodilatation during PAP was 
similar in both groups. Thus, vasodilator mechanisms 
are selectively altered by SAH. Cyclic GMP-mediated re- 
sponses are profoundly impaired, but the response to PAP 
is preserved. Vasodilator responses to activation of 
Katp are augmented, perhaps because the basilar artery 
is partially depolarized.

68.12
D ISSO CIATED BEHAVIORAL A N D REGION AL CEREBRAL METABOLIC 
(rCM Rglc) EFFECTS OF M ID A ZO LA M  A N D  FLU NITRAZEPAM  IN  RATS. 
C. O ri, U. Freo2 , G. Perini *3 ,M. D am 2 A n esth esio lo g y , N eu ro lo g y 2 and 
P sychiatry3 D epartm ents, 35100 P adova, ITALY.

G en era l a n e s th e s ia  can  be  o b ta in e d  w ith  a w id e  v a rie ty  of 
s tru c tu ra lly /p h arm aco lo g ica lly  u n rela ted  agen ts in clud ing  benzodiazepines 
(BDZ). The m echanism (s) involved  in  BZD anesthesia  an d  their rela tion  to 
BZD anxiolytic effects is not fully  unders to o d . The aim  of this stu d y  w as to 
d e te rm in e  w h e th e r BDZ an este s ia  is asso c ia ted  w ith  specific rCM Rglc 
p a tte rn s . E xperim ents w ere pe rfo rm ed  in  m ale 3-m o-old  Fischer-344 rats 
(Charles R iver Italia, C om o, Italy) according  to the l14C ]2-D eoxy-D -glucose 
(A m ersham  In ternational, A rling ton  H eigh ts, IL, U.S.A.) au to rad io g rap h ic  
technique. rCM Rglc w as determ ined  in  18 brain  reg ions 2, 30 or 60 m in after 
i.v. b o lus injection of saline, m idazo lam  (MID) 5 m g /k g  or flun itrazepam  
(FLU) 1 m g /k g  (Roche, Basel, Sw itw erland). rCM Rglc values of each brain  
reg ion  w ere ana lyzed  for statistical significance by com paring  the m ean of 
BZD-treated g ro u p  to the  control g ro u p  usin g  one-w ay analysis of variance. 
MID induced  by 2 m in  d eep  anesthesia  and  rCM Rglc depression; rats  then 
read ily  recovered from  MID anesthesia  in sp ite  of depressed  rCM Rglc that 
p e rs is te d  u p  to 60 m in . C on v ersely , FLU in d u ce d  a fast, long  lasting  
anesthesia that w as accom panied by rCM Rglc decreases a t 30 and  60 m in but 
not at 2 m in. Hence, o u r data  suggest no direct association betw een anesthetic 
an d  rCMRglc suppressan t effects of BZDs. BDZ anesthetic properties m ay be 
d u e  to physicochem ical effects ra th e r th an  to  specific recep to r m ed iated  
m echan ism (s). H o w ev er, p e rs is te n t rCM Rglc su p p re ss io n  by  M ID after 
recovery from  anesthesia m ay be rela ted  to its  anxiolytic action.
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68.13
INDOMETHACIN PREVENTS REDUCED CEREBRAL 
VASODILATION TO CALCITONIN GENE-RELATED PEPTIDE 
(CGRP) BY ISCHEMIA IN PIGLETS. T. M. Louis* and D. W. 
Busija. Dept. of Anat./Cell Biology, East Carolina University, 
Greenville, NC 27858, and Department of Physiology/Pharmacology, 
Bowman Gray School of Medicine, Winston-Salem, NC 27157.

CGRP is a potent dilator of cerebral arterioles. However, after 
ischemia, CGRP fails to dilate arterioles normally. Reduced 
responsiveness may be an effect of cyclooxygenase-derived free 
radicals. We hypothesized that indomethacin pretreatment before 
ischemia would prevent attenuated dilation to CGRP. In anesthetized 
piglets equipped with cranial windows, we examined arteriolar 
responses to 10-9 M and 10-8 M CGRP before and following 10 
minutes of total global ischemia. Before ischemia, CGRP dilated 
arterioles by 14±2% (n=6) and 24±3% (n=7) at l0-9M and 10-8M, 
respectively. Following ischemia, arteriolar dilation was reduced to 
4±1%, 5±2%, at 1 hr, 3±2%, 5±2%, at 2 hrs, and 5±4%, 
10±6%, at 4 hrs (all 10-9M, 10-8M, respectively) ( P<  .05). In 
contrast, in animals receiving indomethacin (5 mg/kg, iv; n=3) prior 
to ischemia, arterioles dilated by 10±5% and 23±2% by 10-9M and 
10-8M CGRP, respectively (P>0.05). We conclude that ischemia 
attenuates arteriolar dilation to CGRP but that indomethacin 
pretreatment prevents this decrease in responsiveness. Thus, 
cyclooxygenase-derived oxygen radicals may be the source of reduced 
responsiveness of cerebral arterioles to CGRP. Supported by HL 
30260, HL 46558, & HL 50587.

LEARNING AND MEMORY: PHARMACOLOGY I

69.1
EARLY EXPOSURE TO A NEUROTOXIN IMPAIRS 
PERFORMANCE ON A SPATIAL NAVIGATION TASK
B .F . P e t r i e * Department of P s y c h o l o g y ,New 
Mexico Tech, Socorro, NM, USA 87801

C57 mice were injected with domoic acid from 
postnatal day 1 to postnatal day 10 
(total 2.5 mg/kg). At 35 days of age these 
animals were tested for acquisition and 
retention of place task in the Morris water 
maze, and their performance was compared with 
groups of C57 mice injected from postnatal day 
10 to postnatal day 19 (total 2.5 mg/kg), and 
once on postnatal day 20 (2.5 mg/kg). All 
groups had appropriate saline injected 
controls. All animals were swum for 14 days 
(4 trials per day; 60 seconds maximum per 
trial), with the platform being moved from the 
NW to the SE quadrant on day 8. In general 
the domoic injected animals did not perform as 
well as the control animals in the water maze. 
The group that was youngest when exposed to the 
excitotoxin had the worst performance of all 
groups. Analysis of swim paths indicated that 
the domoic animals were unable to access 
strategies necessary for the efficient 
solution of the task.

69.3
INTRA-AMYGDALA INFUSIONS OF SCOPOLAMINE IMPAIR 
PERFORMANCE ON CONDITIONED PLACE PREFERENCE BUT 
NOT WIN-SHIFT TASK. C. McIntyre, M. Raaozzino, L. Williams and 
P.E. Gold*. Dept. of Psych. U of Virginia, Charlottesville, VA 22903.

Amygdala lesions impair performance on a conditioned place 
preference (CPP) but not a w in-shift task (McDonald and White 1993). 
The present study examined the involvement of cholinergic receptors 
in the amygdala on performance of these tasks. In the CPP task, food- 
deprived rats were given 4 training trials on 2 arms of a radial 8-arm 
maze (6 arms were closed). One exposure to an arm paired with food 
(14 g) and one exposure to an unbaited arm constituted a trial. Each 
30 min exposure was given on consecutive days for a total of 8 days. 
Fifteen min before the fourth training trial (days 7 and 8), rats received 
bilateral infusions of the cholinergic antagonist scopolamine (SCOP; 
5 μg/0.5 μ l) or vehicle. On a retention test 24 h later (day 9), 
unoperated and vehicle-infused rats, but not SCOP-treated rats, spent 
significantly more time in the paired arm. The same rats were then 
trained on a win-shift version of the maze. In this task, rats had 
access to all 8 arms but only 4 were baited with food (1 pellet). Rats 
were trained until they made 2 errors or less across 2 training days 
and then infusions were given 15 min prior to testing. SCOP treatment 
did not affect win-shift performance. These results suggest that 
cholinergic mechanisms in the amygdala are involved in a CPP but 
not in a spatial win-shift task. Supported by NINDS (NS32914), NIA 
(AG07648) and ONR (NOOQ1489-J-1216).

69.2
A UNIQUE ANIMAL MODEL FOR CHOLINERGIC-MEDIATED 
RETENTION ENHANCEMENT RD Smith*& VL Coffin.Schering- 
Plough Research Institute, Kenilworth NJ 07033.

Young rats were found to exhibit a performance deficit 
for a single-trial, passive-avoidance response (PAR) that 
improved progressively with age. Latency times around 40 
secs at post-natal days 16-23 increased to about 170 sec at 
adulthood. However, following a single, peripheral injection 
of a cholinomimetic drug, either a muscarinic agonist 
(arecoline, pilocarpine or oxotremorine) or an 
acetylcholinesterase inhibitor (tacrine or E 2020) increased 
the PAR latencies for young rats to that of adult levels in a 
dose-dependent manner (dose range = 0.001-10.0 mg/kg). 
Neither, the cholinergic antagonists scopolamine, atropine 
or a series of non-cholinergic drugs, diazepam, 
haloperidol, phenobarbital, pargyline,(α-amphetamine, 
imipramine, piracetam or N-methyl-α-aspartate (NMDA), 
increased PAR latencies. When 0.1 or 0.3 mg/kg 
scopolamine was given to young rats prior to arecoline, the 
dose-effect curve for enhanced latency times was shifted 
downward and to the right, suggesting a competitive effect 
between the cholinergic agents at central muscarinic 
binding sites. These results indicate that young rats fail to 
remember the PAR but that retention for this task can be 
specifically enhanced by the acute administration of 
cholinomimetic drugs.

69.4
CHOLINERGIC BLOCKADE AND INHIBITORY AVOIDANCE. A 
PARAMETRIC STUDY. Cruz-Morales, S. E*and Prado-Alcala, R. A. Master in 
Psychology, ENEP-Iztacala and Physiol. Dept., Med. Sch., P.O.B. 314, 
Tlalnepantla, Edo. Mex., 54030, Mexico.

We have reported that the amnesic effect of scopolamine is not manifested in 
over and underreiforcement conditions. In a previous paper we reported the 
effect of scopolamine in inhibitory avoidance trained with a fixed intensity 
(2.5mA) and several values of voltage and duration. In this paper the effects of 
the administration of scopolamine was analized in the same task trained with 
two additional intensities. Male Wistar rats (250-350 g) were used as subjects 
(Ss) and were assigned to groups o f 20 each . The subjects were trained in a one 
trial inhibitory avoidance task and tested for retention 24 hr later, with one 
combination of the following parameters, intensity (0.5 or 1.0 mA); voltage 
(60, 80 or 100 V); pulse duration (5.0, 25.0 or 50 ms) and a frequency of 10 
pps. Half of the subjects of each group was treated with scopolamine (8.0 
mg/kg), the other half was injected with isotonic saline solution, all treatments 
were given intraperitoneally five min after training. The amnesic effect of 
scopolamine was observed depending upon the combination of the parameters. 
The controversies reported concerning the effect or lack of effect in retention by 
the administration of several drugs could be explained in terms of differences 
used in the parameters of stimulation.
Supported by DGAPA, UN AM (IN-200993).
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69.5
PHARMACOLOGICAL EVIDENCE FOR CHOLINERGIC AND 
GLUTAMATERGIC INTERACTIONS IN VISUAL RECOGNITION 
MEMORY IN MONKEYS. T.G. Aigner* and N. Matsuoka. Laboratory 
of Neuropsychology, NIMH, Bethesda, MD 20892-4415.

To examine the possible interactions of cholinergic and glutamatergic systems 
in visual recognition memory, we tested the effects of agonist and antagonist 
compounds in 4 rhesus monkeys trained in a computer-automated version of 
delayed nonmatching-to-sample with lists of 20 trial-unique graphic symbols. 
Intertrial intervals of 30 seconds were used so that 10 minutes elapsed between 
the time a symbol was presented during the sample and choice phases. In 
Experiment 1, we found that combined administration of low doses of the 
muscarinic antagonist scopolamine (1 and 3.2 μg/kg) and the NMDA-type 
glutamate receptor antagonist MK-801 (3.2 and 10 μg/kg), which had no effect 
when given alone, significantly impaired memory performance in a synergistic 
manner. In Experiment 2, we found that the indirect cholinergic agonist 
physostigmine (3.2, 10, and 32 pg/kg) reversed the deficits observed following 
scopolamine (10 pg/kg), but not those induced by MK-801 (32 pg/kg), 
suggesting that the impairments seen following NMDA receptor blockade are 
independent of those produced by muscarinic receptor blockade. In Experiment 
3, we found that the glycine/NMDA receptor site agonist D-cycloserine (320 
pg/kg) improved performance significantly when given alone, and that a high 
dose of the drug (1000 pg/kg) partially, though significantly, reversed the 
performance deficits produced by both MK-801 (32 pg/kg) and scopolamine (10 
pg/kg). We interpret these findings to imply an important role for cholinergic- 
glutamatergic interactions in visual recognition memory in which these systems 
are part of a common, serial, circuit with glutamate forming the final pathway.

69.7
THE EFFECT OF COMBINATIONS OF SCOPOLAMINE, 

GLUCOSE, AND INSULIN ON RADIAL-ARM MAZE
PERFORMANCE. J.G. Blanchard and P.M. Duncan*. 
Psychology Department, Old Dominion University, 
Norfolk, VA 23508.

Nine rats were trained in an 8-arm radial 
maze with a delay period between the 1st and 2nd 
phase of daily trials. In the 1st phase 4 arms 
were blocked, and only those arms were baited
during the 2nd phase when all 8 arms were open. 
Entries into the arms entered during phase 1
were counted as errors of reference memory.
During 30-40 training days the delay period was 
lengthened to 5 hours. Then IP injections were 
given immediately after phase 1, and their 
effects recorded during phase 2. The treatments 
(saline, scopolamine 2 mg/kg, glucose 100 mg/kg, 
insulin .4 units/kg) were combined factorially, 
and each rat eventually received all 8 com
binations. Scop degraded performance compared to 
the control condition (53% vs 31% mean error) , 
and glu as well as ins reversed this impairment 
when combined with scop. Combination of scop, glu 
and ins resulted in performance similar to that 
seen after scop and glu, or scop and ins. Both 
glu and ins are cholinergic agonists, which could 
account for their counteraction of the
anticholinergic impairment of memory.

69.9
NICOTINIC RECEPTOR-MEDIATED ENHANCEMENT OF LATENT 
INHIBITION. J. Rochford*, A.P. Sen and R. Quirion. Douglas Hospital 
Research Center, Dept. Psychiatry, McGill University, Montreal, Quebec.

Latent inhibition (LI) refers to the decrement in the acquisition of 
Pavlovian conditioning evoked by extensive conditioned stimulus (CS) 
preexposure. The present experiments were conducted to assess the role 
of nicotinic cholinergic receptors in this effect. Following lever press 
training, animals received either 60 (preexposed; PE) or 0 
(nonpreexposed; NPE) presentations of a tone CS. On the next day all 
groups received two CS-shock (0.6 mA, 0.5 sec) pairings. Acquisition of 
conditioned suppression was assessed on the next day. In Experiment 1 
we found that the nicotinic agonists nicotine, cytisine and lobeline 
enhanced the expression of LI when these agents were administered prior 
to the exposure day and the conditioning day. Experiment 2 demonstrated 
that nicotine was able to enhance LI when administration was restricted to 
the exposure day alone. Experiment 3 demonstrated that the nicotine- 
induced enhancement of LI resulting from administration on both the 
exposure day and conditioning day could be reversed by concurrent 
administration of the nicotinic receptor antagonist hexamethonium, but was 
apparently unaffected by the antagonist mecamylamine. However, 
mecamylamine itself interfered with the acquisition of conditioned 
suppression in the NPE group, suggesting that the failure of 
mecamylamine to reverse nicotine’s enhancement of LI in the PE group 
was due to mecamylamine’s disruptive effect on the acquisition of 
conditioned suppression. To assess this possibility, in Experiment 4 
administration of nicotine and mecamylamine was restricted to the 
preexposure day alone. Under these circumstances, mecamylamine was 
able to reverse nicotine’s effect on LI. These results suggest that 
stimulation of nicotinic cholinergic receptors exerts a facilitatory effect on LI. 
(Funded by NSERC).

69.6
COMPARISON OF THE EFFECTS ON DELAYED NONMATCHING-TO- 
SAMPLE (DNMTS) PERFORMANCE OF SCOPOLAMINE AND MK-801 
MICROINJECTED INTO THE VENTRAL HIPPOCAMPUS OF RATS 
J,K- Robinson*, T. Pollizotto. N. Renzi III. M. Kunchandv & C.A. Patten . 
Dept. of Psychology, S.U.N.Y. at Stony Brook, Stony Brook, NY, 11794- 
2500.

The NMDA receptor is involved in a type of long-term potentiation (LTP) 
likely to underlie mnemonic functions o f cortico-hippocampal circuits. 
Cholinergic inputs to hippocampus from medial septum may be important for 
this NMDA-receptor mediated LTP. Muscarinic receptor antagonist, 
scopolamine, is known to disrupt the performance of memory tasks in 
rodents, non-human primates and humans. This may occur through actions in 
the hippocampus. NMDA receptor antagonist MK-801. which inhibits LTP, 
has also been shown to be disruptive of memory task performance in primates 
and rats. A hippocampal site for this action has also been proposed. 
Therefore, blockade of either muscarinic or NMDA receptors in the 
hippocampus might produce qualitatively similar impairments of memory.
To explore this hypothesis, the present study compared the effects 
intrahippocampal (i.h.) and intraperitoneal (i.p.) administrations of 
scopolamine and MK-801 on performance of an operant, spatial DNMTS.
Rats were extensively pretrained on DNMTS, then cannulated. Following 
retraining, scopolamine (1-12 μg/0.5 μl i.h.; .12-.50 mg/kg i.p.) or MK-801 
(4-12 μg/0.5 μl i.h.; .06-.25 mg/kg i.p.) was administered. Scopolamine i.p. 
and MK-801 i.p. produced delay-independent reductions of DNMTS choice 
accuracy. Scopolamine i.h. produced mild, delay-dependent deficits in 
DNMTS, and MK-801 i.h. produced no disruption of DNMTS parameters. 
These results suggest that the ventral hippocampus is not the primary site at 
which peripherally administered scopolamine and MK-801 impair DNMTS 
performance.

69.8
EFF EC TS OF CO NTIN UOU S INFU SIO N O F (-)-N IC O T IN E  ON 
AC TIV ITY , ACOU STIC STA RTLE, AND SPA TIA L LEA RN IN G IN 
SEPTAL-l e s i o n e d  r a t s . M.W. D ecker*. K.L Gunther and P. Curzon. 
Neuroscience Research, Pharmaceutical Products Division, D-47W, AP-9A, 
Abbott Laboratories, 100 Abbott Park Rd., Abbott Park, IL 60064-3500.

Rats with septal lesions exhibit impaired acquisition of a visible 2-platform 
spatial discrimination water maze task (2-PLAT). This deficit can be signifi
cantly attenuated by acute treatment with (-)-nicotine. In the current study, we 
tested the effects of continuous infusion of (-)-nicotine on the performance of this 
task by septal lesioned rats to determine if chronic administration is also effective. 
Since septal lesions increase locomotor activity and startle responses, we also 
assessed the effects of (-)-nicotine on these measures to determine if nicotine- 
induced improvements in the spatial memory performance of septal lesioned rats 
were part of a generalized attenuation of the behavioral effects of septal lesions.

Male. Long-Evans rats received sham or radiofrequency lesions of the septal area. 
Three days following surgery, Alzet® minipumps containing (-)-nicotine (20 and 
60 μmol/kg/day) or saline were implanted s.c. Starting 3 days later and over an 
11 day period, rats were tested for activity, acoustic startle responses, and 
acquisition of the 2-PLAT. Lesions were subsequently evaluated histologically, 
and choline acetyltransfcrase (ChAT) activity was measured in the hippocampus.

Septal lesions impaired 2-PLAT performance, but (-)-nicotine significantly 
improved acquisition of this task (Nic by trials, p= .01; n=9-10/group). By the 
last day of training, the high dose of (-)-nicotine reduced errors in the lesioned rats 
by 60%. Lesioned rats exhibited 31% (p<0001) higher locomotor activity during 
the 2nd half of the session in the open field and were 60% (p<01) more reactive 
to a 120 dB acoustic stimulus. The lesions reduced hippocampal ChAT activity 
by 73%. (-)-Nicotine treatment had no significant effects on these measures.

These results indicate that chronic (-)-nicotine attenuates septal lesion-induced 
spatial learning deficits without significantly altering lesion-induced changes in 
startle responses, locomotor activity, or hippocampal ChAT activity.

69.10
LONG-TERM ADMINISTRATION OF THE NICOTINIC RECEPTOR AGONIST 
GTS-21 IMPROVES WATER MAZE LEARNING IN AGED RATS WITHOUT 
AFFECTING THE DENSITY OF NICOTINIC RECEPTOR SUBTYPES IN 
NEOCORTEX AND HIPPOCAMPUS  K.B. Bjugstad1 , V.M. Mahnir3 ,
W .R . Kem3 , G.W. Arendash1;2 *  Depts. of Psychology1 and 
B i o l o g y 2 . of S. Florida, Tampa, F. 33620, and Dept. of 
Pharmacol., U. of Florida, Gainesville, F. 326103.

The present study compared the cognition-enhancing 
ability of the synthetic nicotinic agonist GTS-21 and 
nicotine in aged rats using the Morris water maze. The 
effect of GTS-21 or nicotine treatment on the density of 
nicotinic receptor subtypes was also determined. Fifteen 
minutes prior to daily behavioral testing, aged 25-27 
month old male Sprague Dawley rats were injected ip. with 
GTS-21 (1.0 mg/kg), nicotine (0.2 mg/kg), or saline 
vehicle. Following one month of behavioral testing, the 
density of nicotinic receptor was determined in four brain 
areas using [125I]alpha-bungarotoxin and [3H]cytisine 
binding assays. Compared to vehicle-treated rats, GTS-21 
and nicotine treated rats showed significantly greater 
acquisition, but not greater memory retention, in the 
water maze. GTS-21 treatment induced a substantial increase 
in the density of nicotinic receptor subtypes in neo
striatum and substantia nigra, but not in the cognitively- 
important neocortex or hippocampus. Because GTS-21 acts 
preferentially on brain nicotinic receptors, these results 
indicate that GTS-21 may have substantial therapeutic 
value to treat age-associated memory impairment and/or 
Alzheimer's Disease.
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69.11
HIPPOCAMPAL ACETYLCHOLINE RELEASE DURING SPONTANEOUS 
ALTERNATION TESTING: AUGMENTATION BY GLUCOSE. M.E. 
Raciozzino*, K.E. Unick & P.E. Gold. Department of Psychology, Univ. 
of Virginia, Charlottesville, VA 22903.

Several lines of evidence indicate that a modest increase in 
circulating glucose levels enhances memory. The present experiment 
determined whether enhancement of spontaneous alternation performance 
by systemic glucose treatment is related to an increase in hippocampal 
acetylcholine (ACh) output. Samples of extracellular ACh were assessed 
at 12-min intervals using in vivo microdialysis w ith HPLC-EC. Twenty- 
four minutes after an intraperitoneal injection of saline or glucose (100, 
250 or 1000 mg/kg), rats were tested in a 4-arm radial maze for 
spontaneous alternation behavior combined w ith microdialysis collection. 
Glucose at 250 mg/kg, but not 100 or 1000 mg/kg, produced an increase 
in spontaneous alternation scores (69.5%) and ACh output (121.5% vs. 
baseline) compared to alternation scores (44.7%) and ACh output (58.9%  
vs. baseline) of saline controls. Saline and glucose (100-1000 mg/kg) 
treatment had no effect on hippocampal ACh output when rats remained 
in the holding chamber. These findings suggest that glucose may 
enhance memory by directly or indirectly increasing the release of ACh. 
The results also indicate that hippocampal ACh output is enhanced while 
rats perform a spatial task. Moreover, because glucose treatment lacked 
an effect on ACh output in rats not tested behaviorally, circulating glucose 
may modulate ACh release only under conditions in which cholinergic cells 
are activated. Supported by NINDS (NS32914), NIA (AG07648) and ONR 
(N 0001489-J-1216).

69.13
EFFECTS OF ACUTE AND REPEATED CHLORPYRIFOS ON THE REPEATED 
ACQUISITION AND PERFORMANCE OF RESPONSE SEQUENCES IN RATS. 
J. Cohn1* and R.C. MacPhail2. ’Curriculum in Toxicology, University of North 
Carolina, Chapel Hill, NC 27599; 2US EPA Health Effects Research Laboratory, 
Neurotoxicology Division, Research Triangle Park, NC 27711.

Chlorpyrifos (CPF) is a cholinesterase-inhibiting organophosphate pesticide 
used extensively on crops and animals. Understanding the effects of acute and 
repeated CPF exposure is essential for safety assessment. Given the influence 
of central cholinergic pathways on cognitive function, possible effects on learning 
need to be addressed. These experiments determined the effects of acute and 
repeated CPF exposure on the acquisition and performance of response 
sequences. Adult male Long-Evans rats (N=16), maintained at 300 g b. wt., were 
trained using food reinforcement under a multiple schedule of repeated 
acquisition (RA) and performance (P). The RA component required completion 
of a 4-response sequence on three levers (e.g., center, right, left, right) that 
changed with each session, while the correct sequence in the P component was 
invariant. Components alternated twice in a session. Acute exposures (p.o.) 
included two determinations of 0 (com oil), 12.5, 25, 37.5 and 50 mg/kg. Doses 
of 37.5 and 50 mg/kg produced greater accuracy decreases in RA than in P, 
suggesting a selective learning deficit. Rats were next divided into two groups, 
receiving either 0 or 12.5 mg/kg CPF, 5 d/w, for 8 w. While 12.5 mg/kg was an 
ineffective dose when administered acutely, repeated CPF initially decreased 
accuracy in both RA and P. Tolerance developed to CPF effects on P accuracy 
but not on RA accuracy. Microanalysis of response patterns indicated incorrect 
responses included random "skipping" errors as well as progression through the 
sequence as if those responses were correct. Radiometric analyses of serum 
cholinesterase activity showed 90 percent inhibition at 3 hrs and 85 percent at 
24 hrs post-exposure. These results show that both acute and repeated CPF 
produced a selective deficit in the learning of response sequences in rats.

69.15
PR EN A TA L CH O LINE T R E A T M E N T  A L TE R S E X PR E SSIO N  OF 
P A R V A L B U M IN  IN D IA G O N A L  B A N D  A N D  H IP PO C A M PU S. 
R. L ov*  and D . H ey er. D epartm en t o f  N e u r o lo g y , U n iv ersity  o f  
R o ch ester, 4 3 5  E. H en rietta  R oad , R o c h e ste r , N Y  1 4 6 2 0  and 
Rochester V A  Outpatient Clinic.

C holine supplem entation in utero from  ED  12-17 (3 0 0  m g/kg/day  
ch olin e chloride, p.o. to the dam ) resu lts in a lon g -la stin g  facilitation  
o f  spatial m em ory, an increase in the s ize  o f  d iagon al band neurons 
im m unoreactive for the lo w  affin ity neurotrophin receptor (p 75), and 
in p75 m R N A . B y  contrast, neurons im m u n oreactive for TrkA and 
C hA T show  no such increase in size . T o determ in e if  the e ffe c t  on 
p 7 5 -p o s it iv e  neu ron s m ay r e fle c t  c h a n g e s  in th e  G A B A e rg ic  
population o f  diagonal band neurons rather than in the T rkA -p ositive, 
ch o lin erg ic  neurons, w e  m easured the s iz e  o f  d iagon al band c e lls  
im m u n oreactive  for parvalbum in  in c h o lin e  treated  and control 
animals. C holine treatment resulted in either no change or a reduction  
in  th e n u m b er and in te n s ity  o f  s ta in in g  o f  p a rv a lb u m in -  
im m unoreactive neurons in the d igon a l band, striatum  and dentate  
gyrus, and a reduction in the w idth o f  the parvalbum in term inal fie ld  
in the dentate m olecu lar layer. T h ese  resu lts d o  n ot support the 
h y p o th esis  that p 7 5 -p o s it iv e  n eu ron s w h ich  in crea se  in s iz e  in 
response to ch o lin e  treatm ent are prim arily G A B A erg ic . H ow ever, 
G A B A erg ic  neurons are sen sit iv e  to ch o lin e  treatm ent, resp onding  
primarily by dow nregu latin g production o f  parvalbum in in diagonal 
band and in dentate gyrus terminal fie ld s. Supported by A G 09525 .

69.12
INTRA-HIPPOCAMPAL ESTRADIOL INJECTIONS ENHANCE 
MEMORY IN MALE RATS: INTERACTION WITH CHOLINERGIC 
SYSTEMS. M. G. Packard*. J. R. Kohlmaier, & G. M. Alexander. Dept. of 
Psychology, Univ. New Orleans, N. O., LA 70148.

Testosterone derived estradiol exerts organizational eff ects on spatial behavior 
in male rats. The present studies examined activational effects of estradiol on 
spatial memory in male rats following post-training administration into the 
hippocampus. In addition, pharmacological evidence indicating an interaction 
between estradiol and central cholinergic activity led us to examine a possible 
functional relationship between these two systems in memory processes. In Exp.
1, male Long-Evans rats received a single 8 trial (30 second ITI) training session in 
a spatial water maze task with a submerged escape platform located m the same 
quadrant of the maze on all trials, Following trial 8, rats received a unilateral intra- 
hippocampal (1.0 ug/0 5 ul) injection of either estradiol or saline. On a retention 
test session 24 hours later, latency to mount the escape platform was used as a 
measure of memory. The retention test escape latencies of rats receiving intra- 
hippocampal injections of estradiol were significantly lower than those of saline 
treated rats, indicating an enhancement of memory. When intrahippocampal 
injections of estradiol (1.0 ug) were delayed 2 hours post-training they were 
ineffective, indicating a time-dependent effect of estradiol on memory storage 
processes. In Exp. 2, male rats trained in the spatial task received two post- 
training injections following random assignment to one of four treatment groups: 
saline (systemic)-saline (hippocampus); saline (sys.)-estradiol (hippo ); 
scopolamine (sys.)-saline (hippo.); scopolamine (sys.)-cstradiol (hippo ). Post- 
training systemic administration of the muscarinic cholinergic antagonist 
scopolamine (0.1 mg/kg), impaired retention and blocked the memory enhancing 
effect of post-training intra hippocampal injection of estradiol (1.0 ug). The 
findings indicate that intra-hippocampal estradiol exerts activational effects on 
spatial memory in male rats, and that estradiol interacts with muscarinic 
cholinergic systems in enhancing hippocampal-dependent memory.

69.14
TR K A C O N T R IBU TE S M IN IM A L L Y  TO  IN C R E A S E  IN SE PTA L  
C E L L  SIZ E  A N D  T R O P H IC  F A C T O R  U P R E G U L A T IO N  
FO LLO W ING  PR E N A T A L  CH O LIN E T R E A T M E N T . K. M aguire- 
Z e is s* , S. R ob in son . W .-H . Z h en g  and R. L o y . D epartm en t o f  
N e u r o lo g y , U n iv e r s ity  o f  R o c h e ste r , 4 3 5  E. H en rietta  R oad , 
Rochester, N Y  14620 and R ochester V A  Outpatient C linic.

C h oline supplem entation in utero from  E D  12-17 (3 0 0  m g/kg/day  
ch o lin e chloride, p.o. to the dam ) resu lts in a lon g -la stin g  facilitation  
o f  spatial m em ory, e levated  lev e ls  o f  h ippocam pal N G F, an increase  
in the s ize  o f  d iagonal band neurons im m u n oreactive  for the low  
a ffin ity  neurotrop hin  recep tor  (p 7 5 ), and in  p 7 5  m R N A . To  
determ in e i f  th is e ffe c t  is sp e c if ic  to N G F -sen sit iv e  n eurons, w e  
m easured the s ize  o f  d iagonal band c e lls  im m u n oreactive for TrkA  
and used quantitative in situ hybridization to study the exp ression  o f  
TrkA m R N A  in choline-treated and control anim als. T issu e  sections  
w ere hybridized with either antisen se or sen se  c R N A  TrkA probes  
generated from  p D M 97, w h ich  con tain s 4 3 4  bp from  m ou se  p l40trk  
c D N A . M orphom etric evalu ation  sh ow ed  no in crease in the s ize  o f  
TrkA -im m unoreactive ce lls . Sim ilarly, there w as no ob v iou s e ffect o f  
c h o lin e  treatm ent on TrkA m R N A . T h is con trasts w ith  previou s  
fin d in gs o f  up to 30%  increases in the s ize  o f  p 75-im m u n oreactive  
d iagon al band neurons and in p 75 m R N A . T h u s, ch a n g es  in p75  
induced by choline supplem entation m ay in v o lv e  trophic factors other 
than N G F , or N G F  fu n ctio n s that are not m ed ia ted  v ia  TrkA . 
Supported by A G 09525 . c D N A  for TrkA and TrkA antib odies were  
kindly provided by L.Prada and L. Reichardt, resp ectively .

69.16
EFFECTS OF PRENATAL CHOLINE SUPPLEMENTATION ON 
THE ACTIVITY OF PHOSPHOLIPASE D (PLD) AND CHOLINE 
ACETYLTRANSFERASE (CAT) IN RAT HIPPOCAMPUS DURING 
PO STN ATAL  DEVELO PM EN T . T. Holle r1 . J.M. Cermak1 . M . 
Liscovitch2* and J.K. Blusztajn1. 1Boston U. Sch. Med., Boston MA 02118; 
2Weizmann Inst. Sci., Rehovot 7600, Israel.

Prenatal choline supplementation causes a long-lasting improvement of vi- 
suospatial memory in rats (Meck et al., Dev. Psychobiol. 21:339, 1987). In a 
search for biochemical correlates of this observation we measured the activi
ties of CAT and PLD in hippocampus of male Sprague-Dawley rats born to 
mothers that had received a control or a choline-supplemented diet (choline 
intake 1.3 mmol/kg/day or 4.6 mmol/kg/day, respectively) from day 11 to day 
17 of pregnancy. CAT activity in hippocampal homogenates increased from 
postnatal day (P) 1 to 35, with the sharpest increase occuring between P7 
and P17 (5-fold). Up to P17, no difference in CAT activity between control 
and supplemented rats was detected. At P27 and P35, CAT activity was 
significantly lower in supplemented rats than in controls (by 11% and by 21%, 
respectively). PLD activity was determined in hippocampal slices on P7 and 
P21 by measuring the PLD-catalyzed formation of phosphatidylpropanol (PP) 
following labeling with either [3H]glycerol or [3H]oleic acid and subsequent 
incubation in the presence of n-propanol. PP was formed under resting 
conditions revealing that PLD was active without external stimulation. Prenatal 
choline supplementation significantly increased PP formation on P7 in slices 
that had been labeled with [3H]glycerol or with [3H]oleic acid (by 46% or 91% 
vs. controls, respectively). The data indicate that prenatal choline supplemen 
tation results in complex biochemical modifications of rat hippocampus at dif- 
ferent stages of development, which might contribute to long-lasting changes 
in hippocampal circuitry and behavior. (Supported by AG09525)
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69.17
C H O L IN E  A V A I L A B I L I T Y  T O  T H E  D E V E L O P I N G  R A T  
P E R M A N E N T L Y  A L T E R S  S P A T I A L  M E M O R Y  A B IL IT Y  
IN A D U L T  R A T S  T E S T E D  O N  A 1 2 -A R M  R A D IA L  M A Z E .
W .H. M ec k*. J.P. Jon es. J.J. O ak. & C .L . W illia m s. D epartm ent o f  
Psychology: Experim ental, D u ke U n iversity , Durham , N C  27708 . 

Choline is a dietary com p onent that is crucial for normal function o f all 
cells . Increasing ev id en ce  su g g e sts  the im p ortan ce o f  ch o lin e  or its 
m etab olites to the structual in teg r ity  o f  c e ll  m em b ran es, m ethyl-  
m eta b o lism , c h o lin e r g ic  n e u r o tra n sm iss io n , and tran sm em brane  
signaling during n eu rogen esis and syn a p to g en esis , the e ffec ts  o f  which  
may be d r a m a tica lly  e x p r e sse d  later in life .  C o n se q u en tly , w e  
in vestigated  the a sso c ia t io n  o f  brain c h o lin e  le v e ls  during early  
developm ent w ith the expression  o f  spatial m em ory ability in adult m ale 
and fem ale S p ragu e-D aw ley  rats fo llo w in g  perinatal (E D  9  -  PD 30) 
choline supplem entation , prenatal ch o lin e  d e fic ien cy  (E D  9-b irth ), or 
control (ch o lin e  su ffic ien t) procedures. A ll rats w ere then placed on a 
choline su ffic ien t diet. W hen the rats reached approxim ately 70  days o f  
age training on a 12-arm radial m aze w ith 8 “baited” and 4  “unbaited” 
arms began and con tin u ed  for ap p rox im ate ly  6 0  se ss io n s  w ith  one  
trial/day. T he behavioral data w ere analyzed  in term s o f  the number o f  
choices required to co m p le te  the m aze, the num ber o f  arms repeated  
(w orking m em ory  errors), the num ber o f  “ u nb aited” arm s entered  
(reference m em ory errors), the resp onse latency function for the first 8 
choices, and turnin g/positional b iases. D uring the final 32 se ss io n s o f  
training the m ain d ifferen ces  in radial-arm  m aze p erform ance were  
reflected by the sig n ifica n t e ffe c ts  in the c h o ic e  m easures. C h olin e  
supplem ented rats d isp layed  the low est error rates and ch o lin e deficient 
rats the highest, with control rats interm ediate. (Supported by A G 09525)

69.19
TH E E F F E C T S  O F  P R E N A T A L  C H O L IN E  S U P P L E M E N T A T IO N  
OR D E F IC IE N C Y  O N  T H E  D E V E L O P M E N T  O F  D IS T A L  C U E  
N A V IG A T IO N  A N D  O N  W O R K IN G  M E M O R Y  R E T E N T IO N .
N.J. Sandstrom *. W .H . M ec k. & C .L . W ill ia m s . D ep t. o f  Psychology: 
Experimental, Duke U niversity, Durham , NC 27708.

Prenatal choline supp lem enta tion  produces long-te rm  im provem ent of 
visuospatial m em ory and advances the age at w hich rats first display distal 
cue navigation in the  w ater m aze. T he current w ork exam ined the effects 
of prenatal choline supplem entation  or defic iency  on: 1) the developm ent 
of distal cue navigation in rat pups, and 2) perform ance o f  adult rats in a 
working m em ory version  o f  the w ater m aze. From  ED 9-B irlh , choline- 
supplem ented rats w ere given  added choline through the dam 's drinking 
water (25 mM ) w hile dam s o f choline-defic ien t rats w ere deprived o f  all 
dietary choline. Dam s o f control and supplem ented  rats w ere m aintained 
on food pellets w ith 1.1 g/kg choline chloride.

In experiment 1, rat pups w ere trained on a place learning version o f the 
water m aze on po stn a ta l day s  17-20, 21 -24 , o r 25-28 . A nalysis  o f 
performance on probe tria ls  suggests that supplem ented  rats show  more 
persistent search ing  near the p latfo rm  loca tio n  at an earlie r age than 
control rats. Deficient rats were not im paired on this task.

In experim ent 2, 6 m onth old rats w ere tra ined  on a w orking m em ory 
version o f the w ater m aze in  w hich a h idden  platform  was located in a 
novel location on each day. Subjects w ere given two trials/day separated by 
a retention interval o f  15, 30, 60, or 120 min. Supplem ented  rats showed 
improved retention o f the p latform  location over longer reten tion  intervals 
compared to controls. Deficient rats w ere not im paired on this task.

These studies are consisten t w ith the view  that choline supplem entation 
advances the age at w hich pups can  navigate  using  distal cues and that 
supplementation enhances reten tion  o f  w orking m em ory over long delays. 
Choline defic iency  does not appear to adversely  affect perform ance on 
these tasks. (Supported by AG 09525)

69.18
C H O L I N E  A V A I L A B I L I T Y  T O  T H E  D E V E L O P I N G  R A T  
F E T U S  P R O D U C E S  O R G A N I Z A T I O N A L  C H A N G E S  IN  
A D U L T  H I P P O C A M P A L  L O N G -T E R M  P O T E N T I A T I O N .  
J.P. J o n e s* 1. W.H .  M e c k 1, C .L . W ill ia m s1 & H .S . S w a rtzw eld er1,2,3. 
D ep artm en ts o f  P sy c h o lo g y :  E x p er im en ta l1 and P sych ia try2, D uke  
U n iversity , Durham , N C  2 7 7 0 8  and V eterans A dm inistration M edical 
C enter3, Durham , N C  27 7 1 0 .

Perinatal ch o lin e  su p p lem en tation  has been  found to increase the 
cap acity  and precision  o f  v isu osp atia l m em ory throughout adulthood, 
and to reduce the detrim ental e ffec ts  o f  norm al agin g on m em ory. Rats 
that have been treated with supplem ental choline during sp ecific perinatal 
period s exh ib it im p rovem en ts in both w orking and reference m em ory  
w h en  evalu ated  w ith  a battery o f  12-arm  radial m aze procedures. W e  
investigated  p ossib le  ch an ges in the induction o f  long-term  potentiation  
(LTP) in hippocam pal s lice s  from adult rats (4 -6  m o) fo llow in g  prenatal 
(E D  9-birth) c h o lin e  su p p lem en tation , ch o lin e  d e fic ien cy , or control 
procedures. Our data indicate that the threshold for initiation o f  LTP, as 
w ell as LTP m agnitude fo llo w in g  theta-burst stim ulation trains in area 
C A 1 w ere sign ifican tly  enhanced in s lic e s  from  ch o lin e  supplem ented  
rats com pared to controls. In contrast, the s lic e s  from  ch o lin e  deficient 
rats m anifested s ign ifican tly  low er lev e ls  o f  LTP than controls and were 
less  stable in baseline e lectrop h ysio logical indices. Taken together, these 
data su g g est that the availab ility  o f  ch o lin e  to the fetus during sp ecific  
period s o f  n eu ro g en esis  and sy n a p to g e n e sis  in the h ippocam pus is 
cr itica l to the d ev e lo p m en t o f  neural m ech a n ism s resp o n sib le  for 
m em ory capacity and the expression o f  LTP in the adult.
(Supported by A G 0 9 5 2 5 )

69.20
A L T E R A T IO N S  IN  T H E  D E V E L O P M E N T  O F  S P A T IA L  M E M O R Y  
A N D H IP P O C A M P A L  M O R P H O L O G Y  F O L L O W IN G  C H A N G E S IN 
C H O L IN E  A V A IL A B IL IT Y  T O  T H E  F E T A L  R A T . K.L. S k ie i, C .A , 
D edesm a, W .H . M ec k, and C.L. W illiam s*. D epartm ent o f  Psychology: 
Experim ental, Duke University, Durham, NC 27708.

Prenatal choline supplem entation has been  show n to enhance rats' spatial 
m em ory throughout the lifespan and to produce long term  alterations o f the 
biochem istry , anatom y, and electrophysio logy  o f the h ippocam pus. The 
purpose o f this study was to assess the relationship  betw een the functional 
and anatom ical developm ent o f  the h ippocam pus in rat pups which had been 
exposed to prenatal environm ents deficient of, sufficient of, or supplem ented 
w ith choline from  ED9 to birth. Sprague Daw ley pups were supplem ented by 
adding choline to the dam s' drinking  w ater (25m M ) o r were deprived by 
feeding the dams a diet containing no choline. At birth, brain concentrations 
of several choline m etabolites were assessed to evaluate the consequences of 
the  prenatal cho line treatm ents. R em aining  pups w ere cross-fostered  to 
control dams, and water m aze perform ance on distal and proxim al cue-based 
tasks was evaluated during four tim e-fram es spanning postnatal days 15-28. 
Rats were sacrificed at five ages (PD 16, 19, 22, 25, or 28) and the Timm  stain 
was used to visualize the layers and projections o f  the hippocam pus.

Prenatal choline supplem entation  was found to advance distal, but not 
proxim al cue use, suggesting an advancem ent o f  the functional m aturation of 
the hippocam pus. In contrast, prenatal choline deficiency did not alter the 
developm ent o f  spatial navigation. Both treatm ents had significant effects on 
h ippocam pal m orphology. T hese resu lts  suggest th at prenatal choline 
availability influences both the functional and anatom ical developm ent o f the 
h ippocam pus. T he na tu re  o f  the re la tio n sh ip  is u n d er investigation . 
(Supported by AG09525)
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70.1
AGE-RELATED D IFFERENC ES IN  G LU C O C O R TIC O ID  EFFECT  
ON M EM O RY IN  H U M A N  S U B JE C T S  J.W . N e w c o m e r * . G. 
Selke. A .K . K e lly . L. P aras. S . C ra ft. D e p t . o f  P sy c h ia tr y ,  
Washington U niversity, S t  L ou is, M O  6 3 1 1 0 .

Hippocampal glucocorticoid  (G C ) receptors are an important neural 
target for G C s and brief G C  exp osu re can a ffect both the p h y sio lo g y  
and m orp hology o f  h ip p ocam p al neurons; w e  reported  that G C  
treatment can decrease human m em ory perform ance. A g e  can reduce  
some GC e ffec ts , w ith  an u nk now n e ffe c t  on G C -in d u ced  m em ory  
deficits. Four days o f  double-blind, p laceb o-controlled  treatm ent with  
dexamethasone (DEX ; 1 ,2 ,3 ,4  m g/day on su c c ess iv e  d ays) w a s g iven  
to younger (n=30; 2 3 .7 y rs .± 3 .9 )  and o ld er (n =  25; 6 5 .5 y r s .± 1 0 .7 )  
adults, hypothesizing a d ecrease in d eclarative m em ory perform ance. 
Subjects received cogn itive testing at study days 1 (baseline), 3 and 5.

DEX treatment in the you n ger sub jects resu lted  in  a d ecrease in 
im m ediate (F [2 ,3 2 ]= 5 .0 3 , p = 0 .0 1 )  and d e la y e d  (F [2 ,3 2 ]= 7 .8 1 ,  
p=0.002) free recall on a paragraph recall task. In addition, younger  
subjects had an increase in delayed  co m m issio n  errors (F [2 ,3 2 ]= 4 .0 2 , 
p=0.03) on this task. In the older subjects, n o  d ecrease  in free recall 
on the paragraph recall task w as found. H ow ever, an increase in list  
learning errors w as found after the first (F [2 ,2 6 ]= 5 .4 9 , p = 0 .0 1 ) and  
last (F [2 ,2 6 ]= 6 .3 5 , p = 0 .0 0 6 )  lis t presen tation , and a trend tow ard  
increased delayed com m ission  errors on the paragraph recall task w as  
found (t[df= 13] = -1 .8 6 , p = 0 .0 9 ) on  study day 5 on ly . D ifferen ces  in 
the relationship o f  p lasm a D E X  le v e l  to  c o g n itiv e  e ffe c ts  w ill  be 
explored. T h ese resu lts replicate our previou s report o f  G C -ind uced  
declarative m em ory im pairm ent in hum ans, but su ggest d ifferen ces in  
the cognitive e ffect o f  G C  treatment during norm al aging.

70.2
STRESS CONTROL MODULATES RETENTION OF A SPATIAL 
LEARNING TASK IN RATS.
D. J. Healy* and R.C. Drugan. Dept. of Psychology, Brown University, 
Providence, R.I. 02912

Control over stress is known to protect ah organism from many of its 
deleterious effects . This prophylaxsis may be mediated through the release 
of endogenous benzodiazepine-like compounds in the brain demonstrated 2 
hours post-stress. Since benzodiazepines (BDZs) possess amnestic as well as 
antianxiety actions, the contributions of putative memory alterations in 
affording stress resilience to coping subjects was evaluated. The present 
study investigates the effects of stress controllability on the acquisition and 
retention of spatial learning using a Morris water maze task. Animals were 
randomly assigned to three groups: escapable shock, yoked-inescapable shock 
and no shock. Immediately post-stress all subjects were trained in a circular 
water maze. Acquisition and retention data was obtained in a between 
subject design Results revealed no significant group differences in 
aqcuisition of the spatial learning task. However, subjects in the controllably 
stressed group had enhanced retention at 2 hr post-shock, but were 
significantly impaired 24 hr post-shock in comparison to yoked and naive 
controls. Current work is evaluating the antagonism of these changes with 
BDZ antagonists. These observations suggest that altered memory in the 
coping subjects may impart stress resiliency by reducing proactive 
interference of stress on subsequent learning and physiology. Research 
support provided by PHS MH 45475 to RCD.
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70.3
MEMORY EFFECTS OF ALPRAZOLAM. S. E. C o ldw ell, C. W. P rall,
P. M ilgrom , and D. S. Ramsay*. Dental Public H ealth  Sciences, 
U niversity  of W ashington, Seattle, W A, 98195.

Benzodiazepines are know n to im pair p sychom otor function, 
attention, and  m em ory consolidation. In this study , we exam ined the 
degree to w hich these cognitive effects interfere  w ith  textual 
processing, lexical recall, and lexical recognition m em ory. P rior to d ru g  
adm inistration, 30 ASA I subjects (ages 21 - 36,17  M, 13 F) w ere 
pretested on a com puterized m em ory battery  to establish baseline 
performance. Subjects were then random ly assigned to receive placebo 
(n = ll), 0.25 m g (n = 10), or 0.75 m g (n=9) oral alprazolam . D rug 
assignm ent w as double blind. Forty-five m inutes follow ing alprazolam  
adm inistration, subjects were given a second m em ory  battery. Each 
battery consisted of tw o short stories and  tw o 12-word lists. The short 
stories were presented w ord by  w ord, w ith the subject advancing  to the 
next w ord by tapp ing  the space bar. Each w ord  in the w ord  list was 
presented individually  on the com puter screen for 5 s. Six of the 12 
w ords were repeated du rin g  presentation. W hile each w ord  w as being 
displayed, subjects indicated w hether the  w ord  w as new  or repeated . 
Story comprehension questions, w ord recall, and  w ord  recognition 
(delayed) tests followed each story and  w ord  list. Both a lprazolam  
doses im paired subjects' ability to im m ediately recognize a w ord  as 
repeated in the w ord list (Fs=6.85 & 9.30, p 's<  0.02). The 0.75 m g dose, 
but not the 0.25 m g dose, im paired w ord recall (F=15.8, p  <0.001). 
N either dose affected delayed w ord  recognition, rate  of read ing  
through the story, or story com prehension. This s tudy  w as funded  by 
N ID R /N IH  G rant #'s DE10735, DE07132 and  DE09743.

70.5
B E N Z O D IA Z E P IN E  R E C E P T O R  A N T A G O N IS M  IM P R O V E S  
R E A C T IO N  T IM E  IN P A T IE N T S  W IT H  L A T E N T  H E P A T IC  
ENCEPH ALO PATHY . R.E. O 'C arroll* . R. G ooday , K. B zeizi and 
P.C. Hayes . M edical Research Council B rain M etabolism  Unit, Royal 
E d in b u rg h  H ospita l, and D e p t. o f  M ed ic in e, E d in b u rg h  R oyal 
Infirm ary, Edinburgh, EH 10 5HF, Scotland, U.K.

Endogenous benzodiazepine-like substances are thought to play a 
role in  the developm ent o f  cognitive im pairm ent that is com m only 
associated with liver d isease -  hepatic encephalopathy . T en  patients 
with mild, sub-clinical o r latent hepatic encephalopathy (LHE) and 10 
healthy controls were cognitively assessed pre- and post-infusion o f 0.2 
mg o f the benzodiazepine antagonist flum azenil in a placebo-controlled 
cross-over double-blind design. Com puterised m easurem ent o f  reaction 
tim e and m nem onic function w as em ployed usin g  the C am bridge 
A u to m ated  N e u ro p sy c h o lo g ica l T e s tin g  A sse ssm e n t B a tte ry  
(CANTAB). Flumazenil infusion resulted in a significant im provem ent 
in sim ple reaction tim e in LH E patients, but not in controls. Saline 
infusion had no effect on any o f the cognitive m easures in either group. 
Flum azenil infusion appeared to have a particu lar enhancing  effect on 
the cognitive, as opposed to the m otor, com ponent o f the reaction time 
task. This finding provides additional evidence to support the view that 
the b e n zo d iazep in e /G A B A  system  m ay  be im p lic a te d  in  the 
bradyphrenia (cognitive slow ing) that is characteristic o f  patients with 
chronic liver disease, even before clinical encephalopathy is apparent. 
We conclude that benzodiazepine receptor antagonism  m ay im prove 
cognitive function, particu larly  speed o f  in form ation  p rocessing , in 
patients with LHE.

70.7
DIFFERENTIAL EFFECTS OF BENZODIAZEPINE LIGANDS ON 
PERFORMANCE OF A CONDITIONAL DISCRIMINATION TASK.
G. R. Dawson* and S. Graham Merck Sharp and Dohme Research 
Laboratories, Neuroscience Research Centre, Harlow, CM20 2QR. U.K.

Benzodiazepine (BZ) receptor agonists impair cognitive process in 
animals and man. However, the α l selective BZ receptor agonist, zolpidem 
has been shown to be without effect in a short-term memory task in rats. In 
the present study the lack of effect of zolpidem on short-term memory was 
confirmed. In a delay non matching to position test, zolpidem significantly 
reduced the number of trials completed, but had no effect on choice 
accuracy. In a second series of experiments the effects of the full BZ 
receptor agonists, diazepam, zolpidem and the receptor partial agonist, 
abecamil were assessed in a conditional visual discrimination task. Rats 
were trained to classify a flashing light stimulus as being of high or low 
frequency by pressing either on a left or right lever for a food reinforcer. 
Once trained their performance was assessed following administration of BZ 
receptor ligands. Diazepam (10.0 mg/kg) significantly reduce the number of 
trials completed and the percentage of trials correctly identified (%correct). 
Zolpidem (3.0 mg/kg) reduced the number of trials completed, but did not 
significandy decrease % correct until 10 mg/kg. By contrast, at low doses 
abecamil (0.3 mg/kg) significandy reduced %correct, but did not reduce the 
number of trials completed. The BZ receptor antagonist, flumazenil (3.0 
mg/kg), reversed the deficit induced by abecamil and zolpidem on %correct. 
However, a dose of 10.0 mg/kg of flumazenil was required to reverse the 
zolpidem-induced deficit in the number of trials completed. These data 
suggest that zolpidem may not have effects on memory per se, but rather it 
may disrupt discrimination or attentional processes in the rat.

70.4
ANXIETY TES TIN G  DIFFERENTIALLY M O D IFIE S D E N SITIES OF 
B E N ZO D IA ZE PIN E RECEPTO R SITES IN  C H R O N IC  A L CO H O L- 
TREATED BALB/C A N D  C57 BL6 M ICE. N. BORDE 1, W. DA GONG 2. J. 
SINDEN 2. T. DURKIN1  R. JAFFARD1 AND D. BERACOCHEA1* . Lab. 
Neurosciences Comportementales et Cognitives1, CNRS UR A n° 339, Univ. 
Bordeaux I, Ave. des Facultés, 33405 Talence, France & Institute of Psychiatry 2 , 
De Crespigny Park, London, SE5 8AF, London, England.

C57 and Balb/c mice were submitted to chronic alcohol consumption as their 
only source of fluid during a 12 months period. They were then withdrawn from 
alcohol at least 4 weeks before the experiments began. 24 hours or 5 min. before 
the removal of the brain, mice were submitted to a 10 min exploration period on an 
elevated-plus maze that allowed to assess emotional reactivity in an anxiogenic 
situation. Brains were stored at -80°C before being assigned to autoradiographic 
procedure. Alternate 20μM frontal slices were incubated 45min. at 2°C in a medium 
containing 3H-Flunitrazepam (5nM) with or without the addition of l μM non- 
radioactive Flunitrazepam to assess non-specific binding. After 14 days exposure to 
tritium-sensitive films (Hyperfilm, Amersham, UK), specific binding was quantified 
by the use of tritiated microscales and computerized densitometric image analysis 
(BIOCOM Rag 200, France). Major results showed that alcohol-treated Balb/c mice 
exhibited large reductions of benzodiazepine (BDZ) receptor densities that were a 
function of the time interval that separated the anxiety lest from the brain removal. 
Indeed, whereas BDZ receptor densities were reduced in various sub-cortical regions 
(the diencephalon, the amygdala, the hippocampus) and various cortical areas in 
mice pre-exposed for 5 min to anxiety testing, such reduction of BDZ receptor 
densities was observed only in the mamillary bodies and the occipital cortex in mice 
pre-exposed for 24 h. to anxiety testing. No significant effects on BDZ receptor 
density were observed in alcohol-treated C57 mice in any condition and no 
significant effects of aging (16 weeks - 20 months) were observed in either strain. 
Supported by the CNRS, URA 339 and by a European (ALLIANCE) Grant.

70.6
ICV Muscimol Enables the Contrast-Reducing Properties of 
Chlordiazepoxide. Cynthia Coppotelli*. Charles F. Flaherty, 
and Joseph Lonstein. Rutgers University, New Brunswick, NJ 
08903.

Rats shifted from 32% sucrose to 4% sucrose consume 
less of the 4% solution than rats that receive only 4% sucrose. 
This negative contrast effect is reduced by anxiolytic drugs 
including the benzodiazepines, ethanol, and sodium amytal 
(listed in order of effectiveness). However, chlordiazepoxide 
(CDP) and ethanol (EtOH) are effective on the second postshift 
day but not on the first postshift day. Sodium amytal is equally 
effective on either postshift day. One hypothesis is that a 
GABA circuit is activated by reward reduction and, once this 
circuit is activated by experience with the postshift reward, CDP 
and EtOH become effective. Because sodium amytal is able to 
influence GABA without activating the benzodiazepine receptor, 
the activation of a GABA circuit by reward shift is not necessary 
for its effectiveness. In support of this hypothesis, we found 
that a dose of ICV muscimol (.025 μ g) potentiated the 
effectiveness of systemic CDP (8 mg/kg) so that it reduced 
negative contrast on the first postshift day. Neither muscimol 
(.025 μ g) nor CDP were effective when administered alone. A 
larger dose of ICV muscimol (.05 μ g) prevented the occurrence 
of negative contrast.

70.8
T H E  E F F E C T S  O F  P E N T O B A R B IT A L  O N  S P A T IA L  
L E A R N IN G , M O TO R C O O R D IN A T IO N  A N D  E X PL O R A T IO N . 
S, A . B ea u d in 1* . R. L a lo n d e1,2  and C. C. J o v a l1. 1. G roupe de  
R echerche en N eu rop sych o log ie  E xpé rim entale, U n iv . de M ontré al, 
Canada, et H ôpital H ô tel-D ieu , S ervice de N eurologie .

The benzodiazep ine drug d iazep am  is know n to disrupt acquisition  
o f  the lo ca tio n  o f  a su b m erged  p la tform  in the M orris m aze. 
E vidence that this p lace learning d efic its  m ay be du e to activation o f  
G A B A a  receptors is ind icated  by p lace  learn ing d e fic its  seen  after 
intraseptal in jections o f  m u scim ol, a G A B A a  agonist. Ethanol has 
also been show n to impair p lace learning in the M orris m aze, but cue  
learn in g  w as a ffec ted  by the drug at the sa m e  d o se . T o  our 
k n o w led g e , the e ffe c ts  o f  barbiturates h a v e  n ot b een  a ssessed . 
T h erefore, the aim  o f  the presen t exp er im en t w a s to  ev a lu a te  the  
e ffe c ts  o f  varied d o se s  o f  p entobarbital on sp atia l learn in g  in a 
M orris-type task. E xp loration  and m otor coord in ation  w ere a lso  
perform ed to delineate possib le  non-spatial factors related to learning  
perform ance. In the present study, m ice  in jected  w ith  either 8 ,1 6  or 
32  m g/k g  o f  pentobarbital w ere as e ff ic ie n t  as con tro l subjects in 
learning and recalling the location o f  a subm erged platform  in a water 
m aze. The highest d ose  o f  pentobarbital d ecreased  fa ll la ten c ies in 
the coat-hanger test o f  m otor coordination. Exploratory activ ity  w as  
n ot a ffe c te d  by th e se  d o s e s  o f  p en to b a rb ita l. C on trary to  
benzodiazepines, pentobarbital did not impair p lace learning even  at a 
d o se  suffic ient to cause a d efic it in m otor coordin ation . Th us, these  
results indicate that not all agonist o f  the G A B A a  receptor co m p lex  
are am nesic agents, at least as evaluated in navigational learning.
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70.9
RO 15-4513 FA ILS TO A N T A G O N IZ E  TH E DEFICITS  
PR O D U C E D  B Y  D IA Z E P A M , P H E N C Y C L ID IN E , OR  
P E N T O B A R B IT A L  IN R A TS R E S P O N D IN G  U N D E R  A  
D E L A Y E D  A L T E R N A T IO N  PR O C ED U R E . A. F. N ordh olm * and 
G. R. W enger U n iversity o f  Arkansas for M edical S c ien ces, 
Departm ent o f  Pharm acology and T o x ico lo g y , L ittle R ock  Arkansas, 
72205

Our laboratory has utilized  a delayed  alternation procedure in rats 
to assess the e ffects o f  a w id e range o f  drugs o f  abuse on  working  
m em ory. Under this behavioral schedule anim als are required to 
alternate lever presses in order to receive food  reinforcem ent. W e 
have p reviou sly reported on the detrim ental e ffects  o f  d iazepam , 
phencyclid ine and pentobarbital (N ordholm  et. al., 1995) in rats 
responding under this schedule. In this study sev en  L on g-E vans  
hooded rats were trained under the delayed  alternation procedure. 
Ro 15-4513 (0.1 - 5 .6  m g/k g) w as w ithout e ffect on percent correct 
or response rate w hen adm inistered alone. W e attem pted to 
antagonize the effects o f  d iazepam , p h en cyclid in e and pentobarbital 
on both percent correct and response latency by using se lected  doses  
o f  Ro 15-4513. W e found that d oses o f  1 and 3 m g/k g  R o 15-4513  
were in effective in reversing the e ffects  o f  these drugs o f  abuse on  
both percent correct and response latency. Th is work w as supported  
by N ID A  grant D A 0 7 8 6 4 .

70.11
INTRASEPTAL FLUM AZENIL ENHANCES WORKING MEMORY: 
BEHAVIORAL A N D PHARMACOLOGICAL SPECIFICITY. C.D. 
Herzog*. R.W . Stackman and T.J. W alsh. Department o f Psychology, 
Rutgers University, New Brunswick, NJ, 08903.

GABAA/benzodiazepine (BDZ) receptors in the medial septum (MS) 
modulate the activity o f  cholinergic neurons that innervate the hippocampus 
(HPC). Injection o f  BDZ agonists (chlordiazepoxide) into the MS impairs 
working memory performance and decreases high affinity choline transport 
(HAChT) in the HPC. In contrast, intraseptal injection o f  the BDZ antagonist 
flumazenil (FLU) dose-dependently increases hippocampal HAChT and 
prevents the memory deficits induced by system ic BDZs. These studies 
further characterized the effects o f  FLU on performance o f a delayed-non- 
match to sample (DNM TS) radial-arm maze task. Intraseptal FLU (10 
nmols/0.5 μ l) produced a delay-dependent enhancement o f DNMTS 
performance observed at 8 hr, but not at 4 hr, or 1 hr delays. This cognitive 
enhancing dose o f FLU had no effect on motor activity and did not produce 
anxiogenic effects in the elevated plus-maze. Furthermore, intraseptal 
injection o f the endogenous BDZ inverse agonist diazepam-binding inhibitor 
(DBI; 8 nm ols/0.5 μl) had no effect on either DNM TS performance at the 8 
hr delay or on hippocampal HAChT (DBI; 4 or 8 nmols). These data suggest 
that FLU exhibits a unique profile o f  cognitive enhancing effects which could 
be correlated with increased activity o f  the cholinergic component o f  the 
septohippocampal pathway.
Supported by NSF grant IBN-9222097 to TJW.

70.13
SEX D IFF E R E N C E S IN  S P A T IA L  L E A R N IN G  IN  D E E R  M ICE: 
EFFECTS O F E N D O G E N O U S  O PIO ID S A N D  6 0 H Z  M A G N E T IC  
FIELDS. M . K avaliers*. K .-P . O ssenkop p and F . S . Prato. 
Neuroscience Program , U n iv . W estern O ntario and St. Joseph’s 
Health Centre, L aw son R esearch In s t., L on d on , O ntario, Canada.

D eer m ice, Peromyscus maniculatus, are p o ly g y n o u s rodents 
that display sex  d ifferen ces in activ ity  and spatial perform ance. In 
this study w e  confirm ed that reproductive adult m ales d isp lay better 
spatial perform ance than reproductive fem a les  in the M orris water 
maze task, w hereby individual m ice  h ave to acquire and retain the 
location o f  a subm erged hidden p latform . W e further dem onstrated  
that this spatial perform ance is  sen sitiv e  to m odulation by  
endogenous op io id  peptid es and extrem ely  lo w  frequ en cy (ELF) 
magnetic fie ld s. W e show ed that b r ie f  (m axim u m  6 m in) exposure  
to weak (1 .0  gauss r .m .s ) ,  d irection ally  ch an gin g , 6 0  H z m agnetic  
fields during task acquisition  s ign ifican tly  im proved  fem ale  
performance, e lim inating sex  d ifferen ces in w ater m aze acquisition. 
We further show ed that enhancem en t o f  e n d ogen ou s op io id  activity  
by the enkephalinase inhib itor, SC H  3 4 8 2 6 , sign ifican tly  reduced  
spatial acquisition in the w ater m aze and that ex p osu re to 6 0  Hz  
magnetic fields attenuated this op io id  m ediated in h ib ition  o f  spatial 
performance. T h ese  find ings ind icate that E L F  m agnetic fields  
affect opioid  function and su ggest that this m ay, in part, contribute 
to the facilitatory e ffec ts  o f  6 0  H z m agnetic  fie ld s  on acquisition.

70.10
EFFECTS OF REPEATED ADMINISTRATION OF PHENCYCLIDINE (PCP) ON THE 
DNMS TASK AS APPLIED TO COMBINED PET-MEMORY INVESTIGATIONS IN 
THE NON-HUMAN PRIMATE. C. Le Mestric, K. Meeuro, B. Landeau  G. Huguet and
C. Chavoix*. INSERM U320, Centre Cyceron, BP5229,14074 Caen cedex, France.

Cognitive neuroanatomy can be investigated with lesional models developed 
in non-human primates according to the following paradigm: combined 
measurements of resting cerebral metabolic rate of glucose (CMRglc) and memory 
performance obtained in parallel, in separate sessions and sequentially over several 
months. To avoid depressing effects of the anesthetic regimen on CMRglc, light 
dissociative anesthesia with PCP (supplemented with N2O) can be used. However, it 
has been claimed that, in rodents, high doses of PCP can, in itself, induce 
hippocampal lesions and memory deficit. To assess the potential memory 
impairment of PCP in such paradigms, we used a simulated protocol where no 
lesion was made and PET studies were replaced by similar duration of anesthesia 
(PCP 0.42 mg/kg/h over 6 hours). Six young adult Papio anubis baboons (9-14kg) 
were trained on an automated version of the delayed nonmatching-to-sample 
(DNMS) task with trial-unique stimuli. Complex drawings were presented on a 
computer touch-sensitive screen with a 1-s delay between sample and choice 
presentations until the animal reaches a criteria of 90% correct answers out of 90 
consecutive trials. After a 3-week resting period, three baboons (PCP group) were 
administered PCP four times over 40 days. All animals were then retrained on the 
DNMS task and memory performance was assessed for 2 months during which the 
PCP group was anesthetized two more times. During memory assessment, delays 
and list lengths were progressively increased, from 3 to 60 s and 3 to 15 stimuli, re
spectively (one week per condition). Preliminary results show that the PCP group 
did not differ from controls in performance either for retraining or for the delays 
condition. These data suggest that this anesthetic protocol can be safely applied to 
protocols combining sequential PET and memory assessment.

70.12
EFFECTS OF POST-TRIAL ADMINISTRATION OF MORPHINE ON 
SPATIAL LEARNING IN WISTAR-KYOTO RATS. G. Diana. P. Macioce*. 
L. Calo’. and A. Loizzo. Lab. of Pharmacology, Istituto Superiore di Sanitá , 
00161 ROME (Italy).

Wistar-Kyoto (WKY) rats show impaired working memory in the Morris water 
maze, altered reactivity to stress, and reduced pharmacological response to 
morphine. Previous studies proved the role of opiatergic system in spatial 
learning. We compared effects of morphine on place learning ability of WKY and 
Sprague-Dawley (SD) rats in the Morris water maze task. From day 1 to day 5 
morphine(6 and 20 mg/kg) was injected i.p. to groups of 10 male 3-month old 
rats 3-5 min after a daily session of 4 consecutive learning trials with the escape 
platform in a fixed location. On day 10 we moved the platform to another 
quadrant for reversal and we retested the animals for their ability to learn new 
platform location. Split-plot ANOVA of escape latency data demonstrates, both 
in training and in reversal, significant effects of strain, treatment, and treatment- 
strain interaction. WKY rats had impaired learning performances as compared to 
SD rats (escape latency +60.9 and +78.0 in trial 20 and trial 4 of reversal, 
respectively, p< 0.01). Post-trial morphine slightly increased escape latency in 
SD rats (trial 20: +29,2% at 20 mg/kg; p< 0 .05). On the contrary, drug 
treatment reduced escape latency in WKY rats (trial 20: -38.1 at 6 mg/kg, 
p< 0 .01 ; trial 4 of reversal:-65.3 % and -25,2% at 6 and 20 mg/kg, p< 0.01  and
0.05, respectively). The results demonstrate that morphine partially corrects 
learning deficit of WKY rats. This effect is specific, as it is not observed in SD 
rats. Direct effects on non-mnemonic performances could hardly explain the 
findings, as the drug was injected after learning trials. Further studies are needed, 
however, to investigate if morphine acts specifically on memory mechanism 
changes leading to poor learning performances of WKY rats.

70.14
EFFECTS OF CHRONIC USE OF TESTOSTERONE ON SPATIAL LEARNING 
AND MEMORY OF THE RAT. R.L. Knoth*, D.E. Artim, Y. 
Hernandez, M.J. Phelps. Department of Psychology, Chapman 
University, Orange, CA 92666.

The use and abuse of anabolic steroids by athletes to 
enhance performance in strength intensive activities is 
well documented. However, there has been limited study 
of their effects on learning and memory. Knoth et. al. 
(1993) found no effect of chronic exposure to testosterone 
proprionate (TP) on spatial learning and memory using .75 
mg. injections. However, TP level was shown to affect 
performance on the Morris Water Maze in gonadectomized 
rats (Shultz & Duff, 1993). In this study, two exper- 
imental groups of gonadally intact male Sprague-Dawley 
rats, 60 days old, were treated with 1.0 mg. or 1.5 mg. 
subcutaneous injections of TP in oil every third day for 
six weeks. Control animals were treated with sterile 
sesame oil. Spatial learning was evaluated using the 
Morris Water Maze. No between group differences were 
found on initial learning or on reversal learning of 
platform location. These results suggest that TP taken 
in doses similar to that abused by human athletes does 
not significantly impair spatial memory processes in rats. 
Physiological correlates of chronic TP administration 
including circulating blood levels, testicular weight and 
blood lipid concentration will also be presented.
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70.15
REVERSAL OF EXTINCTION IN RATS BY TESTOSTERONE. S. 
Rivas-Arancibia* S. Schneider-Rivas D. González-Kladiano, G. 
Borqonio-Pérez. Lab. of Brain Plasticity. Dep. of Physiology. Fac. of 
Med., Nat. Univ. of Mexico. A. P. 70-250 Mexico, D. F., C. P. 04510 
Mexico.

Many studies have evidenced a functional interrelation between 
the nervous and endocrine systems in the modulation of mnemonic 
processes, and others have established the role played by certain 
hormones in these processes; however, few studies have dealt with the 
effects of sexual steroids on learning and memory. The aim of this work 
was to determine whether the recuperation of extinguished response is 
subject to hormonal modulation. Male W istar rats were randomly 
assigned to one control (c) and three experimental (e1,  e2 and e3) 
groups. All animals were submitted to a one-trial passive avoidance 
conditioning and memory was tested 24 hrs after as well as once a week 
until the extinction response occurred. One week following memory 
extinction, the groups received one of the following treatments 
treatments: c: no treatment, e^ received testosterone enanthate, e2:sleep 
deprivation for 48 hours before memory was tested, e3: sleep deprivation 
for 48 hours and testosterone enanthate. Testosterone was injected i. 
m. a 0.08 ml volume 45 min before memory was tested. The results 
indicated that testosterone played a role in the recuperation of the 
extinguished response in sleep deprivated and no sleep deprivated rats. 

G ran t suppo rted  by DG APA  IN203292

70.16
ESTRADIOL REDUCES COGNITIVE DECLINE CAUSED BY 
SEVERE HYPOLGYCEMIA G.Rajakumar* N. de Fibre.. N. Taube and 
J.W. Simpkins. Department of Pharmacodynamics & Center for 
Ncurobiology of Aging. College of Pharmacy, University of Florida, 
Gainesville, Florida 31610.

The effectiveness of 17 beta estradiol in preventing the cognitive decline 
associated with a severe hypoglycemic episode was assessed using the 
Morris Water Task. Intact (Int), Ovaricctomizcd (Ovx) and E2 replaced 
(E2) rats were trained in the Morris Water Task for 3 days and probed for 
memory-related behavior on the fourth day. All animals were then 
subjected to a severe hypoglycemic episode by injection of insulin (12.5 
IU/Kg BW) and 100 min later a 3ml bolus of 30 % glucose was given. 
Rats were allowed to recover for 1 week and were then evaluated in a 
"reversal study” (platform position changed) and tested one day later for 
spatial memory. Steroid environment did not influence the rate of 
acquisition of learning of the spatial task. However, after 24 hr delay, Int 
and E2 rats exhibited retention of the spatial learning while Ovx rats did 
not. In the post -hypoglycemic reversal lest, all three groups learned the 
task with equal efficiency. However, upon probing for 24 h delayed 
memory, E2 rats exhibited significant preference for the new target, while 
Int and Ovx rats did not. Assay of choline acctyltransferase from the 
animals used in the behavioral studies showed a significant increase in 
activity in the hippocampus but not cortex of E2 rats. Collectively these 
studies demonstrate the estrogen modulation of spatial memory and 
suggest that estrogen can prevent cognitive decline associated with 
episodes of severe hypoglycemia. (Supported by NIA 10485)

70.17
AGE, DOSE, AND DURATION EFFECTS ON GLUCOCORTICOID-INDUCED 
MEMORY IMPAIRMENT
P .A. Keenan*, M.W. Jacobson, R.M. Soleymani and J.W. Newcomer
Dept. of Psychiatry and Behavioral Neurosciences, Wayne State University School
of Medicine, Detroit. MI 48201

Experimental evidence is abundant that both high and low levels of glucocorticoids 
affect, and possibly destroy, hippocampal neurons in the rat. The hippocampus, an 
anatomical region essential to explicit or declarative memory, is the primary CNS 
receptor site for glucocorticoids and a major source of feedback inhibition for the 
adrenocortical axis. The present study was conducted to determine if long-term 
prednisone treatment of patients with systemic disease without central nervous system 
involvement was associated with impaired memory. Twenty-five patients who had 
been taking prednisone for at least one year and 25 medical patients closely matched 
for age, sex, IQ and diagnosis were given extensive tests of both implicit and explicit 
memory. The groups were significantly different on paragraph recall (t = -2.79, 
p < .01) and there was a non-significant trend for list learning (t = -2.42, 
p < .025), both tests of hippocampal-dependent explicit memory. In contrast, there 
were no significant group differences on word stem priming, a test of implicit 
memory which is not hippocampal-dependent (t = .27, p > .25). The drug effect 
was not dose or treatment duration dependent, but patient age did account for a 
significant proportion of the variance in paragraph recall scores (R2 change = .16, 
p < .05). Furthermore, a significant age by duration interaction effect indicated that 
the effect of age on paragraph recall scores varied as a function of therapy duration 
(R2 change = .08, p < .05). These data support the general notion that 
glucocorticoids adversely affect hippocampal function. Furthermore, the attenuation 
of the effect in patients on longer term therapy supports the probability of a 
compensatory mechanism and argues in favor of cellular dysfunction rather than cell 
death in the hippocampus.

LEARNING AND MEMORY: PHARMACOLOGY III

71.1
EFFECTS OF A NOVEL ANGIOTENSIN II ANTAGONIST, 
ANA-756, ON RADIAL MAZE PERFORMANCE IN RATS.
J. T. Haskins*, H. Morris and C.A. Boast. CNS Disorders, Wyeth- 
Ayerst Research, Princeton, NJ 08543 

Angiotensin (A) has been implicated in CNS activity related to 
cognition. Thus, A-converting-enzyme inhibitors and All receptor 
antagonists have been considered as treatments for dementias. From a 
series of novel AII antagonists we selected ANA-756 (5,8-dihydro- 
2,4-dimethyl-8-[(2'-( 1 H-tetrazol-5-yl) [1,1 -biphenyl]-4-yl) methyl] 
pyrido [2,3-d]pyrimidin-7(6H)-one) for comparison with Losartan in 
three delayed non-match to position radial maze procedures. 1) Given 
alone, neither drug impaired performance (ANA up to 10 mg/kg, 
Losartan up to 300 mg/kg, p.o. 4 hrs prior to test). 2) The impairing 
effect of scopolamine (0.3 mg/kg s.c., 30 min. prior to test) was 
attenuated by both drugs (ANA 0.1-10 mg/kg, Losartan 100 mg/kg, 
p.o. 4 hrs prior to test). 3) In AF64A-impaired rats, ANA (1 or 10 
mg/kg p.o. 4 hrs prior to test) had a beneficial effect. AII antagonists 
may have potential in treating dementias.

71.2
EFFEXOR®, A NEW ANTIDEPRESSANT, ATTENUATES 
SCOPOLAMINE- AND AF64A-IMPAIRED RADIAL MAZE 
PERFORMANCE IN RATS. J.A. Moyer*. H. Morris, and C.A. 
Boast. CNS Disorders, Wyeth-Ayerst Research, CN 8000, 
Princeton, NJ 08543.

Effexor® is a recently (1993) approved antidepressant with 
combined serotonin and norepinephrine uptake inhibition activity. 
The compound was examined for potential cognitive enhancing 
activity in rats trained in a delayed non-match to position radial 
maze task. The rats were impaired by treatment with either 
scopolamine (0.3 mg/kg sc) or AF64A (3 nmol per side, 
intracerebroventricularly). In the scopolamine-impaired procedure, 
Effexor® significantly attenuated the cognitive deficit (minimum 
effective dose = 3 mg/kg ip). In the AF64A-impaired procedure, 
some beneficial effects of Effexor® were observed after 3.0, but not 
after either 1 or 10 mg/kg/day via osmotic mini-pump for 2 weeks. 
The results support cholinergic/serotonergic and/or cholinergic/ 
adrenergic interactions in certain aspects of cognition. The data 
suggest that Effexor® may be useful in treating some types of 
cognitive impairments (eg. Age Associated Memory Impairment), 
and that the drug may be useful in treating cognitive disorders with 
an underlying cholinergic hypofunction resulting from the loss of 
acetylcholine neurons, such as Alzheimer’s.
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71.3
EFFECTS OF THE PEPTIDERGIC GALANIN ANTAGO- 

NIST, M40, ON GALANIN-INDUCED DEFICITS ON AN 
OPERANT MEMORY TASK IN RATS. M. P. McDonald* &
J. N. Crawley, Section on Behavioral Neuropharmacology, 
Experimental Therapeutics Branch, NIMH, Bldg. 10, Room 
4N214, Bethesda, MD 20892.

Galanin is a 29-amino acid neuropeptide that coexists 
with acetylcholine (ACh) in the medial septum and diag- 
onal band in the rat, areas that are associated with 
mnemonic function. Galanin inhibits the release of ACh 
in the ventral hippocampus, and is overexpressed in the 
basal forebrain in Alzheimer’s disease. Galanin adminis- 
tered in the lateral ventricles or ventral hippocampus of 
rats significantly impairs choice accuracy on an operant 
delayed nonmatching to position (DNMTP) task. M40, a 
peptidergic galanin antagonist (galanin[ 1 -13]-PRO-ALA- 
LEU-ALA-LEU-ALA-NH2), blocks galanin-induced feeding 
without significant motor effects. The current experi- 
ment tests the effects of three doses of M40 or vehicle on 
working memory impairments induced by galanin in- 
jected into either the lateral ventricle or the ventral hip- 
pocampus. The ability of M40 to antagonize galanin-in- 
duced memory deficits is an important preliminary test 
of the potential usefulness of M40 as a therapeutic agent.

71.5
EFFECTS OF NICOTINE ON ACTIVE AVOIDANCE LEARNING IN RATS: 
GENDER DIFFERENCES O.Yilmaz. B E.Okur, L.Kamt. S.Pogun*. Center for 
Brain Res and Dept. of Physiology. Ege Univ Sch. of Med.. Bornova. 35100 Izmir. 
Turkey

Nicotine, an addictive pharmacological agent, is reported to have an improving 
effect on cognitive functions and this cognition enhancing property may play an 
important role in nicotine's addictive potential. Recent work from our laboratory has 
revealed gender differences in central nicotinic receptor binding and response to 
chronic nicotine treatment in rats. The aim of the present study is to see the effects of 
nicotine on active avoidance learning with emphasis on gender differences

Three-month-old Sprague Dawley rats received 0.6 mg/kg nicotine or saline 
s c either before or after pole jump active avoidance learning trials which were done 
daily and consisted of 15 trials each for a period of 5 days Behavioral testing was 
continued without nicotine treatment once a week for 8 weeks and then final testing 
was done at 12 weeks Effects of nicotine on motor performance was tested using an 
inclined plane and males were found to be affected more: Nicotine caused a /o 
disadvantage for males and 4 o disadvantage for females.

Female rats were significantly better than males in active avoidance learning 
as expected Nicotine injections before learning trials had a sexually dimorphic 
effect Female rats that received nicotine performed worse than control females, 
whereas males that received nicotine performed better than control males. The 
observed effects were significant starting day 4. Two way analysis of variance of the 
data revealed significant gender-nicotine interactions for days 4 and 5. The 
deteriorating effect of nicotine on the performance of female rats persisted for 2 
weeks, whereas the beneficial effects on males did not continue after the injections 
During the testing period of 8 weeks, gender differences were significant. On the 
12th week after the termination of injections, there was no significant difference 
among the groups Nicotine injections after the learning trials, on the other hand, 
had no effect on performance The only observed effect was gender differences, 
starting to be significant at day 4

Our results show that nicotine is effective during the acquisition phase of 
active avoidance learning and the observed effects are sexually dimorphic: Nicotine 
improves performance in males but worsens it in females Nicotine applied after 
learning trials has no effect on learning performance (retention) in either gender

71.7
LONG TERM EGb 761 TREATMENT IMPROVING SPATIAL MNES1C 

PERFORMANCE IN A MORRIS WATER MAZE AND PREVENTING 
PORSOLT « BEHAVIORAL DESPAIR» REACTIONS IN SENESCENT 
INBRED MICE. C. Cohen-Salmon*. M.C Pardon. P. Venault and Y. Christen. 
Lab. Personnalité et Conduites Adaptatives, URA 1957 CNRS, Univ. Paris VI. 
La Salpêtrière. 75013 Paris, France and Institut IPSEN, Paris, France.

CNS disturbances common in elderly subjects are one of the main indications 
for products containing Gingko biloba extract (Egb 761). Beneficial effects 
may be attributed to Egb 761 antioxidant properties. Our laboratory 
observations of three inbred strains of mice recently showed a neuroprotective 
effect of the substance on the hippocampus mossy fiber fields whose surface 
usually decreases with age. Given links between mossy fibers and spatial 
memory performances, we tested the effect of Egb 761 (50 mg/kg/day. p.o. for 
7 months) on navigation performance in a Morris water-maze using 22 month 
old females (C57BL/6 and DBA/2 strains). Treated subjects learned the task 
faster than non-treated controls. But eight of the twelve C57BL/6 controls 
remained immobile in the water for periods in excess of 15 sec. The same 
behavior was not observed in treated C57BL/6 subjects, young controls, or the 
two groups of DBA/2 mice. Such conduct is normally associated with 
« behavioral despair » (of  Porsolt) and provides psy cho-pharmacologists with 
an animal model for depression as it responds to antidepressants. Results 
suggest (1) that Egb 761 has an enhancing effect on spatial learning tasks in 
aged animals; (2) a higher incidence of Porsolt « behavioral despair » reaction 
in aged C57BL/6, suggesting aging and a genetic component as factors 
affecting behavior and (3) that treatment with Egb 761 can help prevent the 
appearance of the reaction. The source o f this dual effect will be discussed.

71.4
EFFECTS OF U-50,488H ON THE CARBON M ONOXIDE 
(CO)-INDUCED DELAYED AMNESIA IN M ICE.
M. Hiramatsu*, T. Hyodo and T. Kameyama, Dept. of Chem. 
Pharmacol., Meijo Univ., Nagoya 468, Japan.

The involvement of opioid neuronal systems in learning and memory 
has been suggested in experimental animals. In particular, we have 
reported that an endogenous kappa opioid receptor agonist, dynorphin A 
(1-13) improves scopolamine- and carbon monoxide (CO)-induced 
impairment of memory in mice. In the present study, the effects of U- 
50,488H on CO-induced amnesia in mice were investigated using 
spontaneous alternation performance and step-down type passive 
avoidance tasks. Male ddY mice were exposed to CO 3 times at 1 hour 
intervals 5 or 7 days before the experiments. The percent alternation and 
the median step-down latency in the retention test of the CO-cxposcd 
group were significantly lower and shorter, respectively, than that of the 
control groups (delayed amnesia). Administration of U-50.488H (0.21 -
2.15 μmol/kg, s.c.) 25 min before the tests prolonged the step-down 
latency and/or increased the percent alternation in the CO-exposed group. 
To determine whether this effect of U-50,488H was mediated via kappa 
opioid receptors, nor-binaltorphimine, a selective kappa opioid receptor 
antagonist, was treated 5 min before the injection of U-50,488H. Nor- 
binaltorphimine (5.44 nmol/mouse, i.e.v.) blocked the effect of U- 
50,488H on delayed amnesia. The improvement by U-50,488H on CO- 
induced amnesia was also blocked by a low dose of scopolamine, a 
muscarinic receptor antagonist. On the other hand, U-50.488H (0.21 -
2.15 (μmol/kg) did not facilitate the acquisition of memory in control 
mice. These results suggest that U-50,488H improves CO-induced 
delayed amnesia via the kappa opioid neuronal system and may improve 
the dysfunction of cholinergic neuronal function.

71.6
EFFECT OF GINKGO BILOBA EXTRACT ON SHORT-TERM  
OLFACTORY MEMORY. N, Ravel. P. Chabaud, S. Mannino. R. Gervais 
(1) and M.T. Droy-Lefaix* (2). (l)Lab. de Physiologie Neurosensorielle, UCB 
Lyon I-CNRS URA 180, La Doua, Villeurbanne F-69122. (2) IPSEN, 75781 
Paris Ccdex 16.

Ginkgo biloba extract (EGb 761, IPSEN, France ) is a well defined product 
prepared from green leaves of Ginkgo Biloba. One of the main indications for 
the EGb 761-containing products is related to central nervous system 
disturbances generally occuring in elderly patients including dementias 
associated with cerebrovascular insufficiency or progressive 
neurodegeneration. In rats, some data obtained from binding experiments 
strongly suggest that some therapeutic actions of EGb 761 on cognitive 
deficits, associated with aging and neurodegenerative disorders, might be due 
to its effects on central cholinergic system. To further investigate this 
hypothesis we use a behavioral test recently developed to study short-term 
memory in rats. Rats chronically administered with EGb 761 (50 or 100 
mg/kg/day, p.o) 3 weeks before the beginning of the experiment were trained 
in an olfactory delayed matching to sample task. Previous experiment showed 
that control rats were able to solve the task for delays up to 1 min. However, 
the systemic administration of a muscarinic antagonist (scopolamine , 0.125 
mg/kg, i.p.) impaired the rat performance as soon as a 30 sec-delay is 
introduced, without altering the ability of rats to discriminate two odors. The 
treatment induced 3 beneficial effects: 1 facilitated learning of the task 2) 
tended to improve retention performances at long interval delays 3) prevented 
the amnesic effects of scopolamine. This effect might be explained by an 
increase in the central muscarinic receptor density. Thus the present study, on 
the one hand, confirms the positive effect of the extract on learning and 
memory and on the other hand points out the central cholinergic system as 
one of the major target of the therapeutic effect of the extract.

71.8
COMPARISON OF MEMORY-ENHANCING EFFECTS OF HUPERZINE A 
AND TACRINE ON THE RADIAL MAZE PERFORMANCE OF 
SCOPOLAMINE-TREATED RATS. 'O.Y. Yeung, 2Z.O. Xiong. 2X .C. Tang & 
1Y.F. Han (SPON: The Hong Kong Society of Neurosciences). 1Dept. Biochem. 
Hong kong Univ. Sci. & Technol. Kowloon,. Hong Kong; 2Dept. Pharmacol. 
Shanghai Inst. Materia Medica, Chinese Acad. Sciences, Shanghai, China

Huperzine A, a new lycopodium alkaloid isolated from Chinese medicinal 
herb Huperzia serrata (Thunb.) Trev., is a potent, selective and reversible 
acetylcholinesterase inhibitor with better therapeutic indices than those of 
physostigmine and tacrine. Preliminary clinical trials have also indicated that 
huperzine A is a promising candidate in the treatment of dementia and Alzheimer's 
disease (AD). Here, we further compared effects of Huperzine A and tacrine on 
scopolamine-induced working memory impairment in rats using a delayed-non-match- 
to-sample radial arm maze task in which a 15-min delay was imposed between the 
fourth and fifth arm choice. Male Sprague-Dawley rats were trained to achieve the 
criterion level within 90 days (less than one error in each trial for 3 consecutive 
trials). Following the completion of training, rats were given scopolamine of 
0.2 mg/kg, ip., and exhibited substantial impairments in mnemonic performance as 
evidenced by fewer correct choices (CC) (p<0.01) following the delay and more post- 
delay errors (PDE) (p<0.01). After the administration of Huperzine A at doses of 0.2 
to 0.6 mg/kg the behavioral performance of scopolamine-treated rats was significantly 
improved. Analysis of variance (ANOVA) indicated statistically reliable 
improvements in the number of CC (p<0.01) and PDE (p<0.01), respectively. 
Tacrine ameliorated the scopolamine-induced working memory deficit with similar 
bell-shaped dose-response curve in doses range from 1 to 15 mg/kg. These data 
provide an additional rationale for further clinical studies with Huperzine A in the 
treatment of symptoms of dementia in AD. [Supported by Hong Kong RGC Direct 
Allocation Grant (94/95.SC11)1
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71.9
IMPROVEM ENT IN PERFORM ANCE OF A DELAYED RESPONSE TASK 
BY MONKEYS AFTER TRANS DERM AL A PPLICATION OF THE nAChR 
ACTIVATOR ABT-418 J J .  Buccafusco1,3, W. J. Jackson2*. A.V. Terry . Jr.1,4. M. 
A. Prendergast1 K.C. M arsh5. and S. P. A m cric,5. Dept. 1Pharm acol. Toxicol., 
2Dcpt. Physiol. Endocrinol., M edical College o f Georgia, 3V.A. Med. Ctr., 
A ugusta, Georgia, 4College o f Pharmacy, University o f Georgia, Athens, 
sNeuroscience Discovery, Abbott Laboratories, Abbott Park, Illinois.

ABT-418, a newly characterized centrally-acting nicotinic acetylcholine 
receptor (nAChR) activator, was evaluated for its ability to improve performance 
in a delayed matching-to-sample (DM TS) task by mature m acaques well trained 
in the task. Previous studies have indicated that ABT-418 has m emory/cognitive 
enhancing actions with few adverse side effects. The DMTS task provides a 
m easure both of general cognitive function and o f recent memory. M onkeys 
were previously adapted to wearing a prim ate jacket and receiving the 
transderm al patch placed on a shaved area o f the back under the jacket. All 4 
monkeys received each of 3 doses o f ABT-418 and respective placebo patches 
on a random basis over the course o f the study. The patches were designed to 
provide the following steady-state plasma levels 3-24 hr after application: Low: 
20-40 ng/ml, M edium: 40-60 ng/ml, High: 60-90 ng/ml. ABT-418 produced a 
significant increase in DMTS performance in all monkeys on the day the patch 
was administered, with performance falling off towards baseline on the 3 
subsequent days. One animal responded best to the Low dose and the other 3 
responded best to the Medium dose. There was no significant improvement after 
the High dose. Improvement was not selective for any particular delay interval, 
but overall DMTS performance increased by 27.5±6.1%  over placebo controls. 
No overt toxicity or side effects were noted. Thus, ABT-418 represents a new 
class of nAChR activator designed for the treatm ent o f human dementias having 
a preclinical profile o f reduced toxicity.

71.11
AMELIORATION BY SDZ 163 OF SOCIAL MEMORY IN RATS 

C. Ghelardini. 1J. Ziegler and 1P.C. Lazareno Dept. of Pharmacology, 
Univ. of Florence, I-50134 Italy and 1Dept. of Neuropharmacology, 
Univ. of Bradford, U.K. SPON: Europen Brain Behaviour Society

SDZ-163 {(+)-(3S,cis)-3-ethyldihydro-4-[(l -methyl- lH-imidazol)-5- 
yl) methyl-2(3H)-thiophenonedihydrogenphosphate]} is a pilocarpine 
derivative with M 1 agoinst and M2 antagonist properties in vitro (Sh-  
piro et al., 1992, Naun. Schmiedeberg's Arch. Pharmacol., 345, 132). 
The unique combination of M 1 agonism and ACh releasing effects 
makes SDZ-163 an interesting compound for investigation of its abi- 
lity to amerliorate cognitive processes. It is well known that activation 
of the cholinergic system by a direct or indirect cholinomimetic rever- 
ses mnemonic deficits. The procedure employed for our study was de- 
scribed by Ziegler et al. (Psychopharmacol. In Press). The time spent 
by an adult rat in investigating an unfamiliar juvenile was recorded 
for 5 min (P1). The adult rat was then immediately treated with SDZ- 
163 and again exposed (5 min) to the same respective juveniles 30 h 
later P2. This social memory test revealed the ability of SDZ-163 (0.3 
- 1 mg/kg i.p. - 0.1 mg/kg i.v. - 10 μg/rat i.c.v.) to significantly reduce 
the P2/P 1. SDZ-163 at each dose used did not cause alteration of 
spontaneous motility and visible behavioral impairments in rats. Pira- 
cetam (30 mg/kg i.p.) and Aniracetam (120 mg/kg p.o.) in the same 
experimental conditions were able to improve learning. These data 
suggest that SDZ-163 could be useful in the treatment of cognitive 
hypofunctionality.

71.13
EFFECT OF SM-21 ON COGNITIVE DEFICITS INDUCED IN 
THE MOUSE BY BENZHEXOL AND DIAZEPAM N. Galeotti. C. 
Ghelardini. 1 Scapecchi ,1F. Gualtieri and A. Bartolini Dept. of Phar- 
macology, I-50134 Florence and 1Dept. of Pharmaceutical Science, I- 
50121 Florence, Italy. SPON: Eur. Brain and Behav. Society *

Bartolini et al. (XXVII Congress o f Ital. Soc. o f Pharmacol. p. 
29, 1994) showed by microdialysis technique the ability of SM-21 (3- 
a-tropayl-(2-Cl)-acid phenoxybutyrate) to increase ACh release from 
the rat cerebral cortex. SM-21 was reported to be able to prevent the 
amnesias induced by antimuscarinic agents such as scopolamine and 
dicyclomine (Bartolini et al., Patent n°M I92A00I65) and by hypoxia 
(Meoni et al., Pharmacol. Res. In Press). In the present study the ef- 
fect of SM-21 on benzexol and diazepam-induced amnesias was inve- 
stigated using the mouse passive avoidance test (0.15 mA foot- 
shock). Benzexol (10 mg/kg i.p.) and diazepam (1 mg/kg i.p.) injec- 
ted immediately after the training session caused a marked and signi- 
ficant decrease in latency of retention session as compared with the 
normal controls (65% and 47% respectively). SM-21 (5-20 mg/kg 
i.p.), administered 15 min before the first session elicited a dose-de- 
pendent protective effect on benzexol and diazepam amnesia without 
impairing behavior. No effect on step-through latency was observed 
when SM-21 was administered alone. The available data suggest that 
SM-21 possesses cognition-enhancing properties in a variety of ani
mal models.

71.10
ENHANCED SPATIAL LEARNING A N D RECALL IN RATS FOLLOWING 
ADMINISTRATION OF THE NOVEL RANITIDINE ANALOG, JW S USC 75- 
IX. A.V. Terry. Jr1,2. M. Gattu2. J.J. Buccafusco2. J.W , Sowell3, and J.W. Kosh3. 
‘College o f Pharmacy, University o f Georgia, Athens GA, 2Dept. Pharmacology 
and Toxicology, Medical College o f Georgia, Augusta GA 30912, and 3College 
o f Pharmacy, University o f South Carolina, Columbia SC  29208.

W e evaluated the ability o f a novel analog o f ranitidine, JW S-USC-75-IX 
(JWS) to enhance performance o f a spatial memory task - the M orris W ater Maze 
(M W M ) . JW S was previously found to block m uscarinic M2 receptors, to 
inhibit acetylcholinesterase activity and to improve perform ance in a rat delayed 
stimulus discrimination task. Eight groups (n=7-8) o f hooded Long-Evans rats 
(1 yr. old) were adm inistered either saline (sal); scopolam ine (scop) 0.5 mg/kg; 
JWS 0.1, 0.5, or 1.0 mg/kg; or the com bination o f scop (0.5 m g/kg) and one of 
the 3 doses of JW S each day for 8 days. Each animal was trained (4 trials per 
day) in the Morris W ater M aze. On day 9, a transfer test and visual acuity test 
were perform ed, and swim speed was assessed. Scop 0.5 mg/kg significantly 
im paired learning o f the task as indicated by longer latencies to find the 
platform , and none o f the doses o f JW S significantly reversed the deficits. 
However, when administered alone JW S improved learning o f the task over the 
first 4 days o f training (com pared to saline) and significantly enhanced spatial 
recall when assessed by a transfer (prove) test on day 9. W hen assessed on day 
9, scop appeared to induce a slight visual impairm ent, which was not reversed 
by JWS. None of the treatments significantly altered swim  speed. These results 
support the utility o f com bining M 2 receptor antagonism  and acetyl- 
cholinesterase inhibition to enhance learning and memory. The data also 
indicate that scop 0.5 m g/kg (a comm only used dose in the MW M) may have 
v isual effects in some rats and thus may lim it its utility in tests which require 
visual acuity.

71.12
ANTAGONISM OF SCOPOLAMINE-INDUCED BEHAVIORAL CHANGES IN 
SOCIALLY-HOUSED STUMPTAIL MONKEYS BY TRAZODONE: POSSIBLE 
IMPLICATIONS TO BEHAVIORAL DEFICITS OF DEMENTIA. C.K. Fleming*.
R.F. Schlemmer, R. Soni, and C. L. Dean. Department of Pharmaceutics and 
Pharmacodynamics, University of Illinois at Chicago, Chicago, Illinois 60612.

Scopolamine (SCOP), a centrally-active antimuscarinic, is the most 
commonly used drug to model dementia. In selected members of non-human 
primate social colonies, SCOP induces behavioral changes which are 
suggestive of disruptive behavior of dementia. Trazodone (TRAZ), an atypical 
antidepressant, has been used clinically to attenuate this behavioral disruption. 
This study was designed to ascertain the ability of TRAZ to reverse SCOP- 
induced behavioral changes in monkeys. Experiments were conducted in an 
adult stable stumptail macaque (Macaca arctoides) social colony which 
consisted of 4 females and 1 male. The females were divided into 2 
subgroups for drug to be given in a cross-over design fashion. Following 
baseline observations, TRAZ and SCOP were administered alone and in 
combination. Four doses of TRAZ (0.5-4.0 mg/kg, i.m.) were administered 3.5 
hr prior to a 1 hr behavioral observation session. SCOP (0.015 mg/kg, i.m.) 
was given 15 min prior to the session. During each session, a blind observer 
used a checklist of more than 40 social, solitary, and drug-induced behaviors 
to score the behaviors of each monkey in the group. SCOP induced 
significant increases in locomotion, checking (visual scanning), and distancing 
from cagemates. Also, SCOP induced an elimination of social grooming 
initiated by the treated monkey. These behavioral changes represent 
behaviors which are suggestive of dementia-related agitation and social deficit. 
TRAZ significantly reversed SCOP-induced changes in locomotion, checking, 
and distancing. TRAZ restored social grooming in several of the monkeys. 
This paradigm may serve as a potential model for screening drugs which are 
useful in the treatment of dementia-related disrupted behavior.

71.14
EFFECTS OF A COGNIT ENHANCER, T-588, ON PLACE 
LEARNING DEFICITS AND BRAIN ACTIVITY CHANGES IN 
RATS WITH TRANSIENT FOREBRAIN ISCHEMIA. Y. Nakada, 
E. Tabuchi. M. Fukuda*. K. Torii and T. Ono. Dept. Physiol., Fac. 
Med., Toyama Med. & Pharmaceu. Univ., Toyama 930-01,. Toyama 
Chemical Co. Ltd., Toyama 930,. Torii Nutrient-stasis Project, 
ERATO, JRDC, Yokohama 221,Japan.

T-588 ((-)-α -[[2-(Diethylamino) ethoxy] methyl] benzo [b] thiophen- 
5-methanol hydrochloride) is reported to improve learning and memory 
impairments in animals with ischemic brain damage. Effects of T-588 
on place learning impairments were tested in rats with hippocampal 
damage (selective neuronal death in the hippocampal CA1 subfield) by 
transient forebrain ischemia. Place learning ability was evaluated in a 
spatial navigation task in which rats were required to alternate between 
2 circular areas located diametrically in a circular open field to obtain an 
intracranial self-stimulation reward. Three weeks after ischemia, task 
performance of each rat was tested daily following the T-588 
administration. Treatment of T-588 dose-dependently improved the 
impaired task performance of the ischemic rats. However, no apparent 
improvement was histologically found in the rats with T-588 treatment. 
To test a hypothesis in which the T-588 treatment improved place 
learning by activating some residual functions in the damaged brain 
areas, brain activity of ischemic rats was recorded by functional 
magnetic resonance imaging before and after T-588 treatment The 
treatment activated several brain areas, including the hippocampus. 
These results suggest that T-588 may improve learning and memory 
disorders accompanied with ischemic brain damage by, at least, 
activating the residual functions in the damaged areas.
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71.15
INTRASEPT AL 192-SAPORIN PRODUCES DOSE- AND DELAY- 
DEPENDENT WORKING MEMORY DEFICITS AND CHOLINERGIC 
HYPOFUNCTION. T.J. Walsh*, C. Herzog. C. Gandhi. R.W. Stackman, and 
R. G. Wiley1, Department of Psychology, Rutgers University, New Brunswick, 
NJ, 08903. U.S.A and 1VAMC, Nashville, TN.

192 saporin (SAP) combines the 192 IgG monoclonal antibody to the p75 low 
affinity neurotrophin receptor with saporin, a potent ribosome-inactivating 
protein. The immunotoxin targets the p75 receptor localized on cholinergic 
nerve terminals in neocortex and hippocampus and on cholinergic cell bodies 
in the basal forebrain. To further characterize the utility of SAP as a 
cholinergic neurotoxin we examined the dose-dependent behavioral and 
neurobiological effects induced by injection of SAP into the medial septum 
(MS). Adult male rats were injected into the MS with 0, 100 ngs, 237.5 ngs, 
or 375 ngs of SAP. SAP produced a dose and delay-dependent (15 min, 1, 4, 
8 hrs) impairment in a delayed-non-match to sample working memory radial- 
arm maze task which did not recover over the course of testing. The behavioral 
deficits were associated with a 45% to 90% decrease in high affinity choline 
transport in the terminal fields of the MS (hippocampus, cingulate cortex, 
entorhinal cortex). Choline uptake was not affected in the frontal cortex or the 
striatum and HPLC analysis revealed no changes in serotonin, dopamine, or 
their metabolites, in any region examined. Site-specific injection of SAP can be 
used to (i) create localized cholinergic cell loss, (ii) explore the behavioral 
properties of the cholinergic basal forebrain, and (iii) model disorders of 
cholinergic hypofiinction such as Alzheimer’s disease.
Supported in part by NSF (IBN 9222097 to TJW).

71.17
MEMORY-ENHANCING EFFECTS OF AF102B AND THA IN MONKEYS
D Siembieda1,2,LJ Fitten1,3,4J  O ’Neill2,4. KC Crawford2.E Haleren2 5 A Fisher6 and 
KM Perryman*1,3 *VA Sepulveda &2VA West LA Medical Centers 3Dept. of 
Psychiatry and 4Brain Research Institute,UCLA School of Medicine 5CHRU 
Pontchaillou,Rennes,France 6Israel Institute For Biological Research 

M-l selective agonists,such as AF102B,have been suggested as potential 
treatments for age-related memory decline including Alzheimer’s Disease. We 
compared AF102B with the cholinesterase inhibitor THA for their effects on 
memory retention in a computerized Delayed-Matching-to-Sample task 
previously mastered by three healthy adult bonnet macaques. Score (number of 
correct responses) and reaction time (RT) were measured and summed resp. 
averaged over four blocks of ten trials each at delays of 4,8,16,and 24 s in a single 
daily session 1 hr after systemic administration of drug. Results were averaged 
over five consecutive days at each dose with a two-day washout between doses 
and a two-week washout between drugs. Except in a few instances,U-shaped dose- 
response curves were found both for Score and for RT across monkeys and drugs. 
Best dose percent improvement over vehicle-only performance is listed below.
M onk# mg/kg Score,∆%  p mg/kg RT,∆ %  p
1 f 13 yr 1.4 AF102B 8 ns 0.4 AF102B 44 ns
2 f  14 yr 0.4 32 <0.01 0.4 25 <0.001
3 m 5 yr 1.4 31 <0.01 1.4 15 ns
I f  13 yr 1.0 THA 16 ns 0.5 THA 21 ns
2 f 14 yr 2.5 64 <0.05 2.0 27 ns
3 m 5 yr 0.5 28 <0.05 0.5 -12 ns
Overall, AF102B is at least equal to THA in improving memory 
retention.

71.19
THE ENDOGENOUS CANNABINOID RECEPTOR AGONIST 
ANANDAMIDE IMPAIRS WORKING MEMORY BUT NOT 
REFERENCE MEMORY IN RATS. P. E. Mallet* and R. J. Beninger. 
Dept Psychol, Queen's Univ, Kingston, Canada, K7L 3N6.

Anandamide recently was discovered to be an endogenous 
substance that acts as an agonist at cannabinoid receptors in the central 
nervous system. Because exogenous cannabinoids such as 
A-9-tetrahydrocannabinol (THC), the principle psychoactive ingredient 
in marijuana, have been found to impair memory, we undertook the 
present study to examine the mnemonic effects of anandamide. 
Reference memory and working memory memory were assessed 
simultaneously in a two-component instrumental discrimination task. 
Since anandamide has a short metabolic half-life, we examined the 
mnemonic effects o f anandamide (0.0 - 2.0 mg/kg, i.p.) in rats 
pre-treated with the protease inhibitor phenylmethylsulfonyl fluoride 
(2.0 mg/kg, i.p.), serving to increase the metabolic half-life of 
anandamide. As a replication o f past studies, and to verify the methods 
used here, we also examined the mnemonic effects of THC (0.0 - 4.0 
mg/kg, i.p.). A significant impairment o f working memory was found 
following the administration of THC (4.0 mg/kg) and anandamide (2.0 
mg/kg). Reference memory was not significantly impaired at all doses 
of THC and anandamide. This is the first report that anandamide 
impairs memory; results suggest that endogenous cannabinoids may be 
involved in cognitive processes influencing memory. (Funds: NSERC)

71.16
SELECTIVE ATTENTION-ENHANCING EFFECTS OF AF102B AND 
THA IN YOUNG AND MID-AGED MONKEYS
LJ Fitten*1,3,4.J Q ’Neill2,4.D Siembieda1,2.KC Crawford2.E Haleren2-5. A Fisher6 
and KM Perryman1,3 1VA Sepulveda &2VA West LA Medical Centers 3Dept. of 
Psychiatry and 4Brain Research Institute,UCLA School of Medicine 5CHRU 
Pontchaillou,Rennes,France 6Israel Institute For Biological Research 

High-specificity,low-toxicity central cholinergic drugs are candidate therapies 
for age-related attention loss. We compared the partial selective m-l agonist 
AF102B with the cholinesterase inhibitor THA for effects on selective attention 
in a computerized task previously mastered by one young and two mid-aged 
healthy adult bonnet macaques. Score (number of correct responses) and 
reaction time (RT) were measured and summed resp. averaged over two blocks 
of ten trials each in a single daily session 1 hr after systemic administration of 
drug. Means were taken over five consecutive days at each dose with a two-day 
washout between doses and a two-week washout between drugs. Except in a 
few cases,U-shaped dose-response curves were found for Score and for RT 
across monkeys and drugs. Percent improvement at best dose over performance 
on vehicle only is listed below.
M onk# mg/kg Score,∆%  p mg/kg RT,A% p
1 f 13 yr 0.6 AF102B 76 <0.05 0.4 AF102B 48 <0.01
2 f  14 yr 1.4 488 <0.01 0.4 31 <0.05
3 m 5 yr 0.9 32 ns 1.4 59 <0.05
I f  13 yr 1.0 THA 262 <0.01 1.0 THA 20 ns
2 f 14 yr 2.0 174 <0.01 2.5 26 ns
3 m 5 yr 0.5 -40 ns 0.5 27 ns
Overall,AF102B may be more effective than THA in improving selective 
attention. Improvement appears greater for mid-aged monkeys.

71.18
THE NOVEL CANNABINOID ANTAGONIST SR141716A 
BLOCKS ∆9-THC IMPAIRMENT OF WORKING MEMORY IN 
RATS. A.H. Lichtman* and B.R. Martin. P.O. Box 980613, 
Department of Pharmacology and Toxicology, Medical College of 
Virginia-Virginia Commonwealth University, Richmond, VA 23298.

The purpose of this study was to investigate the disruptive effects 
of ∆9-THC on working memory using SR141716A, the first drug 
demonstrated to act as a cannabinoid antagonist both in vivo and in 
vitro. Subjects were administered SR141716A (0, 1, or 10 mg/kg), 
followed by ∆9-THC (0 or 5 mg/kg), and then evaluated in the eight 
arm radial maze. In order to evaluate the relationship between 
cholinergic systems and cannabinoids on working memory, subjects 
were administered SR141716A (0 or 10 mg/kg) prior to scopolamine 
(0, 0.1, or 0.5 mg/kg) or physostigmine (0 or 0.24 mg/kg) prior to 
∆9-THC (0 or 5 mg/kg). As previously reported, ∆9-THC as well as 
scopolamine significantly impaired working memory, as assessed in 
the radial arm maze. SR 141716A at a dose of 10 mg/kg completely 
blocked the disruptive effects of ∆9-THC on maze performance, but 
failed to improve performance in the scopolamine-treated rats. 
Physostigmine failed to improve ∆9-THC-induced disruption in the 
radial arm maze. These results suggest that ∆9-THC and scopolamine 
produce deficits in working memory through separate neurochemical 
systems. Moreover, in addition to its usefulness in investigating the 
mechanisms mediating the pharmacological effects of exogenously 
administered cannabinoids, SR141716A may provide some insight 
into the function of endogenous cannabinoid systems on working 
memory. Supported by NIDA grants DA-08387 and DA-03672.

71.20
EFFECTS OF TWO 5-HT3 ANTAGONISTS ON SCOPOLAMINE- 
AND AF64A-IMPAIRED RADIAL MAZE PERFORMANCE IN 
RATS. H. Morris* and C.A. Boast. CNS Disorders, Wyeth-Ayerst 
Research, CN 8000, Princeton, NJ 08543.

Antagonists at the 5-HT3 receptor have been reported to have 
cognitive enhancing effects. Specifically, Ondansetron has been 
reported to have beneficial effects in human studies of Age 
Associated Memory Impairment (AAMI). We have examined 
Ondansetron and another 5-HT3 antagonist, SEC579 (endo-N-(8- 
methyl-8-azabicyclo(3.2.1 )octan-3-yl)-1 -cyclohexyl-1,4-dihydro-4- 
oxoquinoline-3-carboxamide, hydrochloride, hemihydrate), in animal 
models of cognitive impairment. Specifically, rats were trained on a 
delayed non-match to position radial maze task and were impaired by 
treatment with either scopolamine (0.3 mg/kg sc) or AF64A (3 nmol 
per side intracerebroventricularly). Both drugs significantly 
attenuated the scopolamine impairment, with Ondansetron being more 
potent [SEC Minimum Effective Dose (MED) = 0.03 mg/kg ip; 
Ondansetron active @ 0.0003 mg/kg ip, lower doses not tested]. In 
the AF64A model, only SEC579 was tested. Following acute (0.001, 
0.01, or 0.1 mg/kg sc) or chronic (0.001, 0.01 or 0.1 mg/kg/day via 
osmotic mini-pump) treatment, no significant attenuation of AF64A- 
induced impairment was found. These data suggest that 1) SEC579 
could have beneficial activity in AAMI similar to that of Ondansetron 
but at higher doses and 2) 5-HT3 antagonists are less likely to have 
beneficial effects in disease states in which cholinergic cell death 
underlies a cognitive impairment (eg. Alzheimer's).
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71.21
JTP-4819 : A NOVEL PROLYL ENDOPEPTIDASE INHIBITOR FOR 
ALZHEIMER’S DISEASE. K. Toide 1 T. Fujiwara1. Y. Iwamoto1. M. 
Shinoda1. K. Okamiya l Y. Taked* 2and T. Kato3 1Central Pharmaceutical 
Research Inst, Japan Tobacco Inc., Takatsuki, Osaka 569.,2Dept. of Physiology, 
Keio Univ., Tokyo 160, and 3 Lab. of Molecular Recognition, Yokohama City 
Univ.,Yokohama, Kanagawa 236.

Brain levels of some neuropeptides are reduced in Alzheimer's disease. Prolyl 
endopeptidase (PEP) metabolizes proline-containing neuropeptides, such as 
substance P (SP), arginine-vasopressin (AVP), and TRH, which have a role in 
learning and memory. With the aim of developing therapy for Alzheimer's disease, 
we synthesized a novel PEP inhibitor,(S)-2-H(S)-2-(hydroxyacetyl)-l-pyrrolidinyl] 
carbonyl-N-(phenylmethyl)-l -pyrrolidinecarboxamide (JTP-4819). The previous 
investigation demonstrated that JTP-4819 inhibited PEP strongly and specifically, 
normalized cortical and /or hippocampal SP and TRH levels in aged rats, improved 
memory-related behavior (e.g., Morris water maze task in aged or middle cerebral 
artery-occluded rats, and passive avoidance task in scopolamine-treated rats and CO2- 
treated mice), and enhanced ACh release in the rat frontal cortex and hippocampus. 
The present study investigated SP, AVP, and TRH metabolism in the rat brain. 
JTP-4819 exhibited a strong in vitro inhibitory effect on cortical and hippocampal 
PEP (IC50: 0.6 nM and 0.5 nM, respectively). It inhibited the degradation of SP, 
AVP, and TRH by PEP in rat cortical supernatants (IC50: 3.4, 2.1, and 1.4 nM, 
respectively) and rat hippocampal supernatants (IC50 : 3.3, 2.8, and 1.9 nM, 
respectively). Oral administration of JTP-4819 (1 and 3 mg/kg) significantly 
increased both SP- and AVP-like immunoreactivity (LI) in the rat cerebral cortex 
and hippocampus. It also increased TRH-LI at 3 mgykg. These findings indicate 
that JTP-4819 potentiates neuropeptide activity by inhibiting PEP, a novel 
mechanism of cognitive enhancement.

NEURAL PLASTICITY: SYNAPTIC PROPERTIES

72.1
PLASTICITY O F TH E SIGN O F SYNAPTIC TRANSM ISSION BETW EEN 
INTERNEU RO NS FROM  TH E M OLLUSC LYMNAEA STAGNALIS.
N.S. Maposki* and A.G.M . Bulloch. D epartm ents o f M edical Physiology and 
Neuroscience, University of Calgary, Calgary, A lberta, CANADA, T2N 4N1.

The sign o f transmission at a chemical synapse is normally considered invariant. 
This study reports on the variability of the  sign of transmission between neurons 
from the mollusc Lymnaea stagnate, specifically, interneurons Right Pedal Dorsal 
one (RPeD l) and Visceral Dorsal four (VD4). R P eD l, VD4, and another neuron 
known as the "input three" interneuron, constitute the respiratory central pattern 
generator (CPG) in Lymnaea. The synapses between R P eD l and VD4 have been 
reported as mutually inhibitory; however, the present study shows that the sign 
of transmission between R P eD l and VD4 can vary from preparation to 
preparation. In m ore than half of the preparations (n= 38  o f 63), RPeD l 
inhibited VD4, as expected. In the o ther instances, R P eD l either produced a 
biphasic (excitation followed by inhibition) response in VD4 (n=  13 of 63), or was 
not connected to VD4 (n=  12 of 63). W hen the reciprocal connection was 
examined, results were similar. In almost half of the cases (n= 30  of 63), VD4 
inhibited R P eD l, as expected. For the rem aining cases, VD4 either excited 
R P eD l (n= 16  of 63), o r was not connected to R P eD l (n= 17  o f 63). All types 
of interactions were observed, regardless o f the electrolyte, i.e., KCL or K2SO 4. 
W hen the synapses from R P eD l to VD4, and from VD4 to R P eD l, were 
compared, almost 40% of the preparations displayed mutually inhibitory synapses 
between R P eD l and VD4. For the o ther pairs, the distribution was 3-11% for 
a given combination o f synaptic signs. The functional and behavioral 
consequences of this synaptic plasticity, or absence o f synapses between R PeD l 
and VD4, is unknown. Conceivably, the circuits to which these neurons belong, 
such as the CPG, may be constructed in different ways, and by eliminating a 
synapse, or by altering its sign, neurons may be brought into or out of a circuit.

72.3
NEURAL REORGANIZATION OF MOTOR AND 
SOMATSENSORY CORTICES IN THE RAT. 
M. Oguri* and K. Hayashida. Dept.of Biometrics, 
Faculty of Science, Toho University, Tokyo 

In order to examine whether the connectivity between 
motor and somatsensory neurons can be construct in the 
rat cortex, we applyed micro-conditioning techniques. 
After confirmed forelimb EMG ( Unconditioned and 
Conditioned Responses : UR, CR ) by micro-stimulation 
of motor area ( Unconditioned Stimulous : US), 
somatosensory area (Conditioned Stimulous : CS ) 
irrelevant to motor was conditioned onto forelimb EMG. 
Stimulous properties are 30-60 uA, 200usec duration 
and 2.5msec interval.

As a result, without stimulation of motor neurons, CS 
showed foreleg EMG ( CR ). It seems that the 
connectivity between two different neural area was 
produced and that it showed a kind of neural plasticity.

72.2
POSTSYNAPTIC ACTION POTENTIALS DO NOT ALTER SHORT-TERM 
POTENTIATION IN THE DENTATE GYRUS.
B. Foster* and T.L. Richardson. School of Kinesiology, Simon Fraser University , 
Burnaby B.C., Canada, V5A 1S6.
Recent evidence suggests a postsynaptic component contributes to paired-pulse 
facilitation (PPF) in the hippocampus in addition to a well established presynaptic 
component. We further investigated the possibility of postsynaptic contributions to 
PPF using extracellular recordings in the dentate gyrus in vitro. Orthodromic 
stimulation of the perforant path produced an average facilitation of the test 
population spike (PS) amplitude of 165% (n=16, conditioning response = 100%). 
There was also a small but significant increase in slope of the field EPSP (fEPSP) of 
108%. To determine if increased presynaptic drive could account for this 
facilitation, the relationship between fEPSP slope and spike amplitude (I-O) was 
determined for a range of stimulus intensities. An increase in fEPSP slope of 256% 
was associated with an increase in PS amplitude equal to the facilitation produced by 
paired pulse stimulation (165%). The discrepancy between slope data from PPF 
trials and the 1-0 relationship strongly supports a postsynaptic component in PPF. It 
is reasonable that neuronal spiking could prime the cell for subsequent stimulation 
and account for this postsynaptic component. Dendritic spikes may be particularly 
relevant. Recent evidence shows that hippocampal neurons are capable of 
generating dendritic spikes. These spikes could directly alter perisynaptic membrane 
characteristics and contribute to facilitation. Externally applied electric fields were 
used as a tool to investigate the contribution of postsynaptic spikes to PPF. With this 
tool it was possible to control the presence of action potentials in the postsynaptic 
neuron without altering synaptic drive. Manipulating the number of cells spiking in 
response to the conditioning stimulus had no effect on facilitation, thus the 
postsynaptic component of PPF is not dependent on spiking.

72.4
BIDIRECTIONAL MODIFICATIONS OF SYNAPTIC EFFICACY WITHIN 
THE HORIZONTAL CONNECTIONS OF RAT MOTOR CORTEX (G. 
Hess and J. P. Donoghue* Department of Animal Physiology, Jagiellonian 
University, 30-060 Krakow, Poland and Department of Neuroscience, Brown 
University, Providence, RI 02912, USA

It has recently been demonstrated that horizontal connections within rat motor 
cortex (MI) are capable of long-term potentiation1 (LTP). In the present study 
the possibility for long-term depression (LTD) in horizontal connections 
within layers II/III of MI was investigated using field potential and intracellular 
recordings in rat brain slices. LTD was reliably induced by 2 Hz stimulation 
applied for 10 minutes to sites displaced horizontally by 0.5 mm. Field 
potential amplitude measured 20 min after conditioning stimulation ended was 
79+3% of baseline values (n= 13) at half maximal stimulation and 59+5% 
when 2 Hz stimulation intensity was doubled (n=10). LTD in horizontal 
connections was homosynaptic in most (87%) cases. After stimulation, 
synaptic potentials recorded from 6 neurons decreased 26+9% from control 
responses and the extent of change was well correlated with that of field 
responses. Two different experimental measures produced LTP in previously 
depressed horizontal connections. First, simultaneous theta burst stimulation 
of 2 converging horizontal inputs combined with transient local application of 
GABA receptor antagonist bicuculline methiodide increased field response 
45+8 % (n=6). Second, simultaneous theta burst stimulation of converging 
horizontal and vertical inputs resulted in 31+6 % (n=4) response increase in the 
depressed horizontal pathway. The data indicate a potential for synaptic 
horizontal connections of neurons widely distributed in MI to undergo long- 
lasting, bidirectional changes in the strength of their associations, according to 
temporal activation patterns. These mechanisms could plausibly underlie 
plasticity of MI representations. Support: NS22517. 1Hess, G. and 
Donoghue, J.P. (1994) Neurophysiol. 71:2543-2547.
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72.5
A SITE OF FREQUENCY-DEPENDENT ADJUSTMENT OF BINAURAL 
TUNING PROPERTIES IN THE BARN OWL’S BRAINSTEM AS A RESULT OF 
ALTERED AUDITORY EXPERIENCE. J.I. Gold* and E.I. Knudsen. Dept of 
Neurobiology, Stanford University School of Medicine, Stanford, CA 94305.

Previous studies demonstrated adaptive, frequency-dependent adjustment of 
binaural tuning properties (including interaural level difference, ILD, and interaural 
time difference, ITD) of neurons in the barn owl's optic tectum (OT) as a result of 
altered auditory experience. The binaural tuning properties of these neurons are in 
fact a result of a hierarchy of processing of auditory signals in a series of brainstem 
nuceli - including those found in the inferior colliculus (IC) - which provide input to 
the OT. Therefore, we looked for the site(s) of the adaptive adjustments assayed in 
the OT by comparing the frequency specific tuning properties of neurons in the IC of 
birds raised with altered auditory experience to those found in normal owls.

Juvenile owls were raised for 60d with an ear plug-like device in one ear. The 
resulting frequency-specific adjustments of tectal ILD and ITD tuning were then 
assayed using dichotically presented, narrowband stimuli. The change, if any. in 
binaural tuning properties for frequencies thus shown to be shifted in the OT were 
then determined for neurons in three regions of the IC - the external nucleus (ICX) 
along with two subregions of the central nucleus (ICC core and ICC Is). Normally, 
ITD is systematically represented along the rostro-caudal axis of all three regions. 
Camera lucida reconstruction was used to determine the rostro-caudal location of 
electrolytic lesions placed at recording sites where neuronal tuning properties were 
well-characterized in plug-raised birds. We found that while the representation of 
ITD remained unchanged in ICC core and Is in these birds, the representation of ITD 
was shifted from normal in the lateralmost region of the ICX in these owls, in a 
direction and magnitude consistent with changes assayed in the OT. Thus, the ICX is 
a site of frequency-specific plasticity of binaural tuning properties that results from 
altered auditory experience.

Supported by NIH: R01 DC00155-15.

72.7
FOCAL LO OSE-PATCH RECORDINGS O F IDENTIFIABLE SYNAPTIC 
BOUTONS IN  THE LEARNING M UTANTS DUNCE  A N D RUTABAGA 
SH OW  ALTERED  C A L C IU M  D E P E N D E N C E  A N D  SY N A PTIC  
PLASTICITY. 1.1. Renger*†. B. A. S tew art‡ . H. L. A tw ood†‡. and  C.-F. W u†. 
†Biological Sciences D epartm ent, U niversity  o f Iowa, Iowa City, Iowa 52242. 
‡Departm ent of Physiology, University  of Toronto, Toronto, O ntario , Canada 
M5S1A8

In Drosophila, the iso lation an d  characterization  of m uta tions which 
alter learning an d  m em ory  repea ted ly  detect a lterations in genes w hich are 
involved in  second m essenger system  function . The tw o best s tud ied  are 
rutabaga and dunce w hich  alte r the fo rm ation  a n d  d e g ra d a tio n  of cAMP, 
respectively. Zhong an d  W u (1991) have reported  a ltered  plasticity  of w hole- 
cell excitatory junctional cu rren ts (ejcs) a t larval neurom uscu lar junctions. To 
understand how  these m utan ts a lte r synaptic physiology w ith in  small groups 
of synapses, w e have perform ed focal record ings from  indiv idual boutons at 
identifiable m otor term inals. W e characterized  the calcium  d ependency  of 
evoked release  a t the sin g le  b o u to n  level from  0.7-2.5m M  Ca in  a 
haem olym ph-like (HL3) saline. All th ree g eno types  release m axim ally  at 
1.5mM Ca and  show  no further increase at 2.0-2.5mM Ca. Interestingly, dunce 
ejcs have greater am plitudes than  contro ls below  1.5mM Ca b u t sm aller than 
normal above this level. In con trast, rutabaga ejc s are  m ark ed ly  reduced  
above 0.7mM Ca. Excitatory junctional p o ten tia ls  m easured  in dunce at 
1.5mM Ca show  no d ifference from  con tro ls, w hile  those  m easured  in 
rutabaga w ere significantly  sm aller. W e have also app lied  the paired-pulse  
stimulation paradigm . Indiv idual bou tons of controls show  facilitation below 
l.OmM Ca an d  d epression  a t increasing  calcium  concentrations, rutabaga 
followed this trend  as well, how ever, the m ajority of boutons in dunce showed 
depression a t all Ca levels tested.

72.9
DIFFERENTIAL DISPLAY OF GENE EXPRESSION IN SINGLE 
IDENTIFIED NEURONS SHOWING LONG TERM ADAPTATION 
DUE TO INCREASED ELECTRICAL ACTIVITY.
R. Pekhletski*, R. L. Cooper1. E. Pekhletskaia. D.R. Hampson and 
H. L. Atw ood1. Faculty of Pharmacy and Dept, of Physiology1, Univ. 
of Toronto, Toronto, Canada.

Increased electrical activity of crayfish phasic motor neurons results in the 
adaptation of their physiology and morphology towards a tonic phenotype 
(Lenenicka, eta/., 1986, J . Neurosci. 6: 2252-2258). In this study, we used 
the common excitor neuron to the abdominal extensor muscle because the 
soma is one of the largest (dia. 80-120 μm) in the ganglion, and occurs in 
a characteristic location. One half of a ganglion allows for a symmetrical 
control within the same animal. A symmetric control is an added advantage 
of the crayfish model. After identification of the soma, it was removed for 
mRNA extraction. We than used differential display (DD) to determine which 
proteins are differentially expressed during the phasic to tonic 
transformation. At least 6 experimental and 6 control preparations were 
compared for each pair of PCR primers to compensate for the variability of 
DD. Variability is unavoidable when using a low level of starting material 
from single cells (Liang e t a/., 1993, Nuc. Acid Res. 21: 3269-3275). Our 
preliminary results indicate that down-regulatio- in expression of some 
mRNAs may be a predominate mechanism of the adaptation. We are 
currently sequencing the bands which show reproducible activity-dependent 
changes in expression. Selected sequences will be used for in situ 
hybridization to confirm both the cell specificity and dependence on 
stimulation. (Funded by Medical Research Council of Canada and 
NeuroScience Network of Canada)

72.6
CHANGES IN SEROTONIN MEDIATED SYNAPTIC PLASTICITY 
IN THE CHICKEN SPINAL CORD WITH DEVELOPMENT AND 
AGING. L. Chen, K. Hamaguchi, S. Hamada* and N. Okado. Dept. 
Anat., Inst. Basic Med. Sci., Univ. Tsukuba, Tsukuba, Ibaraki 305, 
Japan.

Previous studies (J. Neurobiol., 24: 687-698; Neurosci. Res., 19: 
111-115) from our laboratory have suggested that serotonin (5-HT) may 
have a trophic-like effect on synapse formation in the developing and 
adult central nervous system. In the present study we have focused on 
chronological changes in the density of synapses and 5-HT positive 
fibers in the ventral and dorsal horns of developing, matured and aged 
chickens. The density of 5-HT positive fibers and synapses 
concurrently changed with development and aging. Following a 
transient increase in the density of synapses and 5-HT positive fibers 
around 1 week posthatching, the density of synapses decreased about 
50 % by 1 month in lamina IX, and 40% between 6months and 2 years 
of age. In contrast 5-HT positive fibers in laminae I and II were more 
numerous at 2 years old compared to those at younger ages. The density 
of synapses in lamina IX was not changed, whereas synaptic density in 
lamina I was substantially decreased following to deplete 5-HT by using 
p-chlorophenylalanine at 2 years old of age. These data have shown that 
there are marked differences between the anterior and posterior horns in 
the magnitude and duration of synaptic plasticity mediated by 5-HT 
during development and aging. Synaptic plasticity mediated by 5-HT 
appeared to disappear in the anterior horn of aged chicken. By contrast 
potentialities for synaptic plasticity in the posterior horn may persist 
even in the aged chicken.

72.8
GROW TH CO NE M ORPHOLOGY A N D BEHAVIOR IN  CULTURED CNS 
NEURONS OF DROSOPHILA MEMORY M UTANTS. Y.-T. K im *†‡, P, Taft‡. 
an d  C.-F. W u‡. †D epartm en t of Biology, Sogang U niversity , Seoul 121-742 
Korea. ‡D epartm ent of Biological Sciences D epartm en t, U niversity  of Iowa, 
Iowa City, Iowa 52242.

C ellu lar m echanism s of learn ing  an d  m em ory  involve various form s of 
neuronal plasticity, including  m odifications in  m orpho logy  of nerve term inal 
a rbors an d  in  efficacy of synap tic  con tacts b e tw een  neurons. Drosophila 
m utan ts of the dunce (dnc) and  rutabaga (rut) genes iso lated  on the basis of 
po o r p erfo rm ance in lea rn in g  tasks a re  k n o w n  to have  a lte red  levels of 
in tracellu lar cAM P. These m u ta tio n s  h av e  been  sho w n  to affect activity- 
d e p en d en t p lasticity  in  synaptic  transm ission  an d  to d isp lay  varied m otor 
axon term inal arbors (Z hong et al., J. Neurosci. 12:644, 1992). Since grow th 
cone plays a critical role in axonal elongation, b ranch ing  and  synaptogenesis, 
cu ltu red  larval CNS n eu ro n s (W u et al., J. Neurosci. 3:1888, 1983) w ere 
observed in video m icroscopy to investigate the  m utational effects on growth 
cone m orpho logy  and  behavior. W e found  th at g ro w th  cone m otility  was 
significantly low ered  by dnc an d  rut m u ta tio n s  w ith o u t obvious changes in 
several m orphom etric  p aram eters  (Kim & W u, J. Neurobiol. 22:263, 1991) of 
g ro w th  cones. F urtherm ore , we fo u n d  th at the  dnc p h en o ty p e  could be 
m im icked by  norm al n eu ro n s in  perfusion  m ed iu m  con tain ing  forskolin, a 
d ru g  stim u la tin g  adeny ly l cyclase, or db-cA M P, a m em b ran e  perm eable  
cA M P a n a lo g . In te r e s t in g ly , th e  p h e n o ty p e  w a s  rev e rs e d  by 
coun terbalancing  effects of the tw o genes in  d o u b le  m u tan ts. The resu lts 
dem onstra te , in the n a tu ra l setting , the  ro le  of cAM P in the regu lation  of 
g ro w th  cone  m o tili ty , w h ich  is  l ik e ly  in v o lv e d  in  m o rp h o lo g ica l 
m odifications of n e u ro n s  resp o n sib le  for d ev e lo p m en ta l and  behavioral 
plasticity.

72.10
S TR U C T U R A L AND FU N C TIO N A L C O R R E LA T ES  OF S YN APTIC  
FACILITATION AND DEPRESSION IN THE CRICKET CNS. M. Malinowski. 
M. DeSalvo and K.A. K illian*. Dept. of Zoology and Center for 
Neuroscience, Miami University, Oxford, OH 45056.

W e have examined the role of the postsynaptic neuron in mediating 
activity-dependent presynaptic neurotransmitter release. In the cricket, 
Acheta domesticus, we can induce the formation of novel synapses by 
transplanting sensory neurons (SNs) on the animal's mesothoracic leg to 
the terminal abdominal segment. The axons of these ectopic leg SNs 
regenerate into the host terminal abdominal ganglion (TAG) where they 
synapse with either sensory intemeuron MGI or 7-1 a.

Electrophysiological analyses have shown that the leg SN synapses in 
the mesothoracic ganglion exhibit synaptic depression when activated 
repetitively at frequencies of 1-120 Hz. In the TAG, MGI's normal synapses 
with cereal SNs always facilitate while the cereal SN synapses with 7-1 a 
always exhibit depression. W e have found that ectopic mesothoracic SNs 
that synapse with MGI can facilitate while ectopic SNs that synapse with 7- 
1a retain their ability to depress. Our results support the suggestion of 
Davis and Murphey (1994) that MGI produces a local, retrograde signal 
capable of modifying its presynaptic contacts, inducing them to facilitate. 
Most neurons, such as 7-1 a, lack this signal and thus will always be 
contacted by presynaptic neurons that express depression. In addition, 
we have utilized intracellular biocytin staining to compare the ultrastructure 
of control and ectopic synapses expressing facilitation and depression in 
this system.
(Supported by an NIH NRSA and a grant from the Committee for Faculty 
Research of Miami University).
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72.11
PRESYNAPTIC REGULATION OF DEPRESSION AT A CENTRAL SYNAPSE IN 
THE CRICKET CERCAL SENSORY SYSTEM. Ping Jin. A.A.V. Hill and
R.K. Murphey*. Neuroscience and Behavior Program, and Molecular and Cellular 
Biology Program, University of Massachusetts at Amherst, MA 01003.

Synaptic depression at the identified synapses between sensory neurons associated with 
wind-sensitive hairs and primary interneurons in cricket cereal sensory system was 
characterized quantitatively. Monosynaptic EPSPs were intracellularly recorded from 
intemeurons MGI and 10-3, while stimulating individual sensory neurons. Two 
parameters, the time constant of depression and the fractional release per impulse, of the 
depletion hypothesis were used to compare synaptic depression among individual sensory 
neuron-intemeuron pairs (Hill et al. 1995 Soc. Neurosci. Abstr.). It was found that 
synaptic depression varied with the identity of presynaptic sensory neurons. Sensory 
neurons associated with long sensory hairs had a short time constant of depression and 
larger fractional release per impulse, compared with those associated with short sensory 
hairs. For example, the sensory neuron 2c had a depression time constant of 261+24 ms 
(n=7) which was significantly different from that of sensory neuron 5p which was 569±38 
ms (n=3). In addition, when a single sensory neuron, SN 3c, contacted two intemeurons, 
MGI and 10-3, synapses had the same time constant of depression (445±81 ms for 10-3 
and 438+1.6 ms for MGI, n=2). Taken together, these results suggest that synaptic 
depression is determined presynaptically. This result contrasts sharply with previous 
study of these synapses which demonstrated that facilitation was regulated by the 
postsynaptic cell. (Davis and Murphey, 1993 J. of Neurosci. 13(9):3827-3838) 
Supported by NSF grant # IBN 9121063 toRXM .

72.12
ADULT AND JUVENILE LOBSTERS (HOMARUS AMERICANUS), 
DIFFER MARKEDLY IN THE NEUROMUSCULAR PHYSIOLOGY AND 
BEHAVIOR OF THE ESCAPE RESPONSE OVER THE MOLT CYCLE.
S.I. Cromarty* and G. Kass-Simon. Department of Zoology, University of 
Rhode Island, Kingston. RI 02881.

Decapod lobsters escape by performing a sequence of tailflips or backward 
swims. Biomechanical experiments with juvenile American lobsters 
(Cromarty et al., 1991, J. exp. Biol.), and more recently in adult lobsters 
(Cromarty et al., in prep.), show that escape behavior parameters change 
dramatically over the molt cycle. The abdominal flexor muscles, innervated by 
the non-giant phasic flexor motor neurons (NGPFMN), are responsible for the 
rapid tail flexing, which propels the animal away from predators and 
conspecifics.

Electrophysiological recordings of the excitatory junction potentials (EJPs) 
produced by the NGPFMNs, facilitation ratios, resting membrane potentials, 
and membrane resistances were monitored in various regions of the oblique 
abdominal phasic flexor muscle AiXVIII of Homarus amcricanus within a 
single molt stage for both juvenile and adult animals. Distal EJPs at all 
stimulation frequencies were significantly larger than proximal EJPs. Regional 
differences in resting membrane potentials and membrane resistances were not 
significant. The differences in synaptic responses are considered to reflect 
regional differences in the functioning of the muscle.

Across the four molt stages within a single muscle region, plasticity of EJP 
size, area, and facilitation ratios reflected whether the animal was soft or hard- 
shelled. For example, soft-shelled juvenile lobsters (stages A and B) tail-flip 
further, showing no decrease of parameters in the latter half of the subsequent 
swims, whereas hard-shelled juvenile lobsters do not tail-flip as far and rapidly 
fatigue. In juvenile soft-shelled electrophysiology experiments, EJPs do not 
fail at high frequencies, while EJPs in hard-shelled lobsters do. Therefore, it is 
likely that modulation at the periphery (neuromuscular junctions) is expressed 
in the behavioral differences observed in the tail-flipping behavior.

72.13
DEGENERATION OF IDENTIFIED PEPTIDERGIC NEURONS INVOLVED IN REPRODUCTIVE 
CONTROL IN A MOLLUSC C. Janse. M. van der Roest. M. de Jeu. H. H. Boer. (SPON: 
European Neuroscience Association). Graduate School of Neurosciences Amsterdam, 
Research Institute Neurosciences Vrije Universiteit, Faculty of Biology, Vrije 
Universiteit, De Boelelaan 1087, 1081 HV Amsterdam, The Netherlands.

In the pond snail Lymnaea stagnalis egg laying is induced by multiple peptides, 
which are released by the neuroendocrine caudo dorsal cells (CDCs). The peptides are 
encoded in at least two precursor genes, CDCH-I and CDCH-II, which are expressed 
immediately after hatching (I) and at about 4 weeks (II). Among the CDCs in the CNS 
the ventral CDCs are important for (simultaneous) activation of the CDCsystem. Egg 
laying in Lymnaea starts at about 8 weeks and increases initially with age to decrease 
again at an age of about 10 months. From that age on the total number of animals that 
cease egg laying increases with age. The maximum age of Lymnaea  is about 22 
months. Lucifer Yellow injections of individual ventral CDCs showed that in animals 
at the age of cessation of egg laying atrophy occurs. Immunocytochemical studies 
showed the occurrence of degeneration in CDCs of old animals. The 
immunocytochemical studies also showed that the tracts of CDC axons crossing the 
cerebral commissure were reduced considerably. Particular peptides occurred in 
abundance in the CDC terminals which were left in the cerebral commissure. Injections 
of homogenized cerebral commissures could indeed induce ovulation in young animals. 
In animals that had ceased egg laying, CDCs could still be electrically activated. The 
activity lasted however considerably longer than normally. Old animals still show 
electrical communication among CDCs of the ipsilateral and contralateral side. This 
indicates that there are still ventral CDCs able to communicate with contralateral 
CDCs. Regeneration studies after crushing the cerebral commissure showed that in old 
animals CDCs still can regenerate connections in the cerebral commissure. Probably 
ventral CDCs in old animals are still able to show outgrowth. It is not known whether 
communication over the cerebral commissure and regeneration is displayed by 
atyrophying ventral CDCs or by the few still intact ventral CDCs. Future experiments 
will be directed to detailed studies of physiological and morphological properties of 
individual atrophying ventral CDCs.

NEURAL PLASTICITY: LESIONS AND RECOVERY

73.1
BEHAVIORAL ANALYSIS OF LOCOMOTOR PLACING FOLLOWING 
LESIONS OF THE RAT SENSORIMOTOR CORTEX: PREOPERATIVE 
PRACTICE EFFECTS ON SLIPS AND MISSES. G.W. Davis*. S.L. Irish, and
T.M. Barth. Dept. of Psych., Texas Christian University, Ft. Worth, TX 76129.

The foot fault test has been used to assess the recovery of locomotor placing 
following unilateral somatic sensorimotor cortex (SMC) lesions in the rat. In this 
test the rat is placed on an elevated grid floor and allowed to freely locomote for two 
minutes. Intact animals use the rungs of the grid floor for footholds but 
occasionally a limb slips through one of the openings in the grid (i.e., a foot fault). 
These foot faults are typically symmetrical and limited to the first few practice 
trials. Rats with unilateral lesions of the SMC make a significant number of foot 
faults with the forelimb contralateral to the lesion. Previous studies have shown 
that preoperative practice with the task limits the severity of the initial deficit 
following unilateral SMC lesions (Soc. Neurosci. Abstr 1994; 20:1429). Video 
analysis o f foot fault performance has recently identified two distinct types of foot 
faults. One type of foot fault occurs during locomotion when the rat misses the 
rung and falls completely through the opening in the grid floor. This type of fault 
may be referred to as a miss. The other type o f fault that has been identified occurs 
when the rat has successfully reached the rung of the grid and supports itself with 
the affected forelimb which then slips off due to some weight shift or postural 
adjustment. This type of fault may be referred to as a slip. The present experiment 
tested the effects of preoperative practice on these differential foot faults. Rats were 
given either 21 days, 7 days, or no preoperative practice on the foot fault test prior 
to unilateral SMC lesions. The results were that rats that received preoperative 
practice on the task made significantly fewer misses than those that received no 
preoperative practice. In addition, 21 days of practice was more beneficial than 7 
days of practice. Tn contrast, there were no differences between groups on the slips.

73.2
A SPECIFIC BEHAVIORAL ROLE FOR NOREPINEPHRINE IN THE 
RECOVERY OF LOCOMOTOR PLACING FOLLOWING CORTICAL LESIONS 
IN THE RAT. S.L. Irish*. G.W. Davis. and T.M. Barth. Dept. of Psych., Texas 
Christian University, Ft. Worth, TX 76129.

Norepinephrine (NE) has been implicated in recovery o f function and motor 
learning. Previous research has shown that preoperative practice on the foot fault test 
(a test of locomotor placing which requires the rat to locomote on an elevated grid 
floor) limits the severity of the contralateral deficit following unilateral SMC lesions. 
Moreover, postoperative practice appears to be critical for recovery. Taken together, 
these data suggest that behavioral compensation through motor learning may be one 
of the mechanisms of recovery of locomotor placing following SMC lesions. When 
rats are given injections of clonidine (.lmg/Kg) following each postoperative testing 
trial on the foot fault test a significant retardation of recovery is observed. Thus, 
depletion of NE may slow the rate of recovery by preventing the acquisition of motor 
and postural compensatory strategies. It was also found that clonidine had its most 
immediate effect on rats that had received preoperative practice while rats receiving no 
preoperative practice showed an initial period of recovery over the first week. Thus, 
there may be two components of recovery on this task one which is influenced by NE 
whereas the other is not. Recent video analysis has revealed two different types of 
foot faults on this task: 1) the rat's forelimb falls completely through the opening in 
the grid floor (miss); 2) the rat is successfully supporting itself on the rung of the 
grid but slips off due to some weight shift or postural change (slip). The present 
experiment tested the effects of NE drugs on the recovery of these different types of 
foot faults following unilateral SMC lesions. Rats were given either clonidine (.1 
mg/Kg; .02 mg/Kg), amphetamine (2 mg/Kg), yohimbine (5 mg/Kg); or saline 
immediately following each postoperative testing trial. The results were that 
amphetamine and yohimbine significantly facilitated the rate of recovery on the slips 
compared to controls but had no effect on the misses. Similarly, clonidine retarded the 
recovery of slips but had no effect on misses. These data support the idea that NE 
may contribute to the acquisition of postural and motor strategies that aid recovery.
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73.3
ROLE OF THE HOMOTOPIC CORTEX IN RECOVERY OF FORELIMB 
PLACING FOLLOWING UNILATERAL LESIONS OF THE ANTEROMEDIAL 
CORTEX IN THE ADULT RAT, T.M .Barth* and B.B. Marks. Dept. of Psych., 
Texas Christian University, Ft. Worth, TX 76129.

Earlier studies have shown that a unilateral lesion in the caudal forelimb area of 
the rat sensorimotor cortex produces transient impairments with the forelimb 
contralateral to the damage. Following recovery, if a second lesion is placed in the 
homotopic remaining cortex (i.e. 2-stage bilateral lesion), forelimb deficits 
contralateral to the second lesion are observed. These data suggest that the 
homotopic forelimb sensorimotor area is not "taking over the function" of its 
damaged counterpart. If the remaining cortex had taken over some of the functions, 
then deficits with both forelimbs might be expected following the second lesion. 
The anteromedial cortex (AMC) may be different from the forelimb areas in regard to 
the role of the remaining homotopic cortex in recovery of function. Rats given 2- 
stage bilateral AMC lesions failed to exhibit effects on two behavioral measures 
(adhesive patch test; circling) following the second lesion. These data left open the 
possibility that the remaining AMC plays a role in recovery from sensorimotor 
asymmetries. However, these data were inconclusive because the behavioral tests 
used to assess functional impairments were not sensitive to bilateral deficits. The 
purpose of the present study was to test the hypothesis that the remaining AMC is 
assuming functions initially lost after the unilateral lesion. In order to test this 
hypothesis, a forelimb placing test that is sensitive to deficits with both forelimbs 
was used. Two-stage bilateral lesions o f the AMC were given to adult rats. After 
the initial unilateral lesion, the animals showed forelimb placing deficits only with 
the forelimb contralateral to the damage. However, following the second lesion 
placing deficits were observed with both forelimbs. These data support the idea that 
the remaining AMC is important for recovery of forelimb placing following 
unilateral lesions.

73.5
REPEATED INJECTIONS OF HALOPERIDOL FACILITATE RECOVERY 
FROM SUBSEQUENT 6-HYDROXYDOPAMINE LESIONS IN THE 
MEDIAL FOREBRAIN BUNDLE. A.M. Schneider*. E. Thomas. J. H. Park. 
G. Baker. C. Williams. W. Klump, D. Rich, and T. Gasperoni, Depts. of 
Psychology, Swarthmore, College, Swarthmore, PA. 19081 and Bryn Mawr 
College, Bryn Mawr, PA. 19010

In neurodegenerative disorders such as Parkinson’s disease and perhaps 
Alzheimer's and Huntington's disease, synaptic adaptations are the likely 
explanation for the symptoms not appearing until the degenerative process is 
almost complete. Thus, the symptoms appear to be "masked" by synaptic 
compensation. In this paper we present an animal model of the "masking" 
effect in the dopaminergic system.

In an earlier study we found that repeated injections of scopolamine (a 
procedure known to produce synaptic supersensitivity in the cholinergic system), 
prior to nucleus basalis lesions, facilitated recovery from the amnesic effects of 
the lesions. The purpose of the present study was to extend the generality of the 
facilitatory effect to the dopaminergic system.

We gave rats repeated injections of haloperidol (2 mg/kg) or saline, 2 
injections per day for 7 days, followed by unilateral 6-hydroxydopamine lesions 
in the medial forebrain bundle (MFB). We then tested the animals 10 days later 
for apomorphine-induced rotational behavior. Repeated injections of haloperidol 
are known to produce synaptic supersensitivity in the dopaminergic system, and 
the results indicated that they also facilitated recovery from the MFB lesions- 
that is, the haloperidol group, relative to the saline group, showed a significant 
increase in rotational behavior 10 days after the lesions.

Supported by a grant from the Howard Hughes Medical Institute.

73.7
REFINEMENT IN TOPOGRAPHIC ORDER IN THE REORGANIZED  
SOMATOTOPIC MAPS OF NERVE-INJURED ADULT PRIMATES WITH  
PROLONGED SURVIVAL. N .M uja2  and P.E. Garraghty*1,2 1prog. in Neural 
Sci.,2Dept. of Psychology, Indiana Univ., Bloomington, IN 47405.

After transection of the median and ulnar nerves in adult squirrel 
monkeys (thereby deafferenting the entire volar surface of the hand), the 
deprived cortex regains responsiveness to intact radial nerve afferents 
(innervating the dorsum of the hand) within two months. However, the 
topography of these reorganized maps was coarse. In the intact area 3b 
hand map of primates, the representation of the dorsum skin is largely split 
medial and lateral of the representation of the volar surface. Close analysis of 
the maps from the nerve-injured monkeys suggested that the reorganization 
was due to the emergence of a “new" dorsum hand representation, 
intercalated between the split dorsum representation.

In the present I.A.C.U.C.- approved experiments, we have examined 
the topography of the reorganized dorsum hand map in animals no less than 
11 months after median and ulnar nerve transections. Data from 
electrophysiological experiments in these monkeys were compared to those 
from monkeys that underwent identical nerve injuries with survival times 
ranging from 2-5 months.

With longer survival times, the dual representation of the dorsum 
hand that is apparent 2-5 months after median and ulnar nerve transection is 
found to be consolidated into a single, highly topographic map. W e  
hypothesize that the dual representation found after shorter survival times 
reflects the expression of available, existing inputs and that the subsequent 
refinement represents a selection of the most “useful” subset of available 
inputs. This late stage of plasticity may be mediated by 
experience-dependent mechanisms.

73.4
THE EFFECTS OF AMPHETAMINE AND CUEING ON RECOVERY FROM 
THE SENSORIMOTOR ASYMMETRY FOLLOWING LESIONS OF THE 
FRONTAL CORTEX IN RATS. B.B. Marks* & T.M. Barth. Department of 
Psychology, Texas Christian University, Fort Worth, Texas 76129.

Following unilateral lesions of the anteromedial cortex (AMC), rats exhibit 
an ipsilateral sensorimotor asymmetry as measured by a bilateral tactile 
stimulation test (e g., contacting an adhesive patch placed on the forelimb 
ipsilateral to the lesion before contacting a simultaneously applied contralateral 
patch). A previous experiment demonstrated that a contralateral tactile cue 
presented 5s prior to the bilateral tactile stimulation test neutralizes this 
asymmetiy; whereas, an ipsilateral cue retards recovery. We have hypothesized 
that cueing may direct attention and thus influence the sensorimotor asymmetry 
following AMC lesions. The purpose of the present study was to demonstrate a 
facilitation of recovery with contralateral cueing and to test the effects of 
amphetamine on recovery from the sensorimotor asymmetry after AMC lesions. 
Rats received unilateral electrolytic lesions of the AMC and the magnitude of the 
sensorimotor asymmetry was assessed beginning 24 hrs after surgery. On 
postoperative days 2, 4 and 6, rats received contralateral, ipsilateral, or no 
cueing and were injected 1 hr later i.p. with either 2mg/kg amphetamine or 
vehicle. Amphetamine was found to have no significant effect on the rate of 
recovery regardless of cueing condition. However, rats that received 
contralateral cueing exhibited an accelerated recovery rate as compared to both 
ipsilateral and no cued rats. These data suggest that amphetamine does not 
significantly affect recovery on some sensorimotor tasks and that recovery from 
AMC lesions can be manipulated using cueing procedures.

73.6
USE-DEPENDENT EXAGGERATION OF BRAIN DAMAGE: VULNERABLE 
PERIODS, BEHAVIORAL EFFECTS AND CORTICOSTEROID ANALYSIS. 
D.A Kozlowsi*, J. L. Humm, A. Krepps, R. Cocke, D. James, & T. 
Schallert. Institute for Neuroscience & Department of Psychology, 
University of Texas at Austin, Austin, TX 78712.

Unilateral injury to the forelimb representation area of the sensorimotor 
cortex in adult rats causes over-reliance on the unimpaired forelimb for 
normal postural-motor movements, as well as overgrowth of layer V 
pyramidal cell dendrites in the homotopic cortex of the non-injured 
hemisphere (Jones & Schallert, 1992). The overgrowth appears to be 
use-dependent because it can be prevented by restricting movements of 
the unimpaired limb, using a one-sleeved cast (Jones & Schallert, 1994).

Recently, we have found that immobilization of the unimpaired limb also 
results in a dramatic deterioration of tissue in the damaged hemisphere, 
presumably due to forced overuse of the impaired limb (Kozlowski,
James, & Schallert, 1994). In the present study, the unimpaired forelimb 
was either noncasted, or casted during postoperative days 1 -7, 8-15, or 
1-15. Limb function was evaluated for 40 postoperative days, after which 
stereological analysis of the extent of brain damage was carried out. 
Ipsilateral (but not contralateral) forelimb immobilization during the first 7 
postoperative days severely exaggerated neuronal injury and disrupted 
recovery of function. Corticosteroid levels from blood samples taken at 1,
7 and 14 days following brain damage were not different between 
ipsilateraily- and contralaterally-casted groups, suggesting that stress 
relating to immobilization of the preferred forelimb does not cause the 
use-dependent exaggeration of brain damage. We conclude that 
although behavioral experience can enhance neuronal growth after brain 
injury, the region surrounding the injury may be vulnerable to behavioral 
pressure during the early post-lesion period.
Supported by NS 23964 & AA 07471.

73.8
PHANTOM LIMB PAIN AS A PERCEPTUAL CORRELATE 
OF MASSIVE CORTICAL REORGANISATION IN UPPER 
LIMB AMPUTEES.
H. Flor*. T. Elbert. S. Knecht, C. Wienbruch, C. Pantev, N. 
Birbaumer, W. Larbig, E.Tauh, Humboldt-University Berlin, 
University of Konstanz, University of Munster, University of 
Tubingen, University of Alabama at Birmingham.

The amount of reorganization in the primary somatosensory 
cortex in thirteen upper extremity amputees with varying degrees 
of phantom limb pain was determined noninvasively by the use 
of neuromagnetic recording techniques. The magnitude of 
cortical reorganization showed a very strong and significant 
positive association (r= .93) with the intensity of phantom limb 
pain experienced by the amputees. These data indicate that 
phantom limb pain is related to and may be a consequence of 
plastic changes in primary somatosensory cortex.
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73.9
RESPONSE PROPERTIES OF REORGANIZED THALAMIC 
NEURONS AFTER PERIPHERAL DENERVATION IN 
RACCOON. D.D. Rasmusson*. Physiology & Biophysics, 
Dalhousie Univ., Halifax, N.S. Canada, B4H 4H7

Digit amputation in the raccoon results in reorganization of the 
ventroposterior lateral thalamus (VPL) as well as of somatosensory 
cortex. The properties of single VPL neurons to electrical 
stimulation of the digits were studied in six normal raccoons and 
four raccoons 4-5 months after amputation of the fourth digit (D4). 
The raccoons were anesthetized with α-chloralose during recording.

Neurons in normal animals responded to stimulation of the digit 
containing the cell’s receptive field (RF) with short latency (on- 
focus mean 13.0 ms), low threshold and high probability of firing. 
Stimulation of the digit adjacent to the one with the RF (off-focus) 
resulted in longer latency responses (mean 27.2 ms); 37% of 
neurons had no excitatory response even with much higher 
intensities of stimulation.

In animals studied after amputation, the deafferented D4 region of 
VPL was identified by the sequence of normal RFs and the 
appearance of larger than normal RFs. Almost all cells in the 
deafferented region responded to electrical stimulation of one 
(91%) or both (68%) of the adjacent digits. The response latencies 
of these cells were significantly shorter than the normal off-focus 
responses (18.1 ms) but longer than normal on-focus responses.

These results indicate that thalamic reorganization involves the 
strengthening of connections at thalamic or pre-thalamic levels, 
rather than the simple unmasking of pre-existing connections. 
Supported by MRC of Canada

73.10
BEHAVIORAL AND NEUROCHEMICAL RECOVERY FROM PARTIAL 
6-OHDA LESIONS OF THE SUBSTANTIA NIGRA IS RETARDED BY DAILY 
TREATMENT WITH THE NONCOMPETITIVE GLUTAMATE RECEPTOR 
ANTAGONIST, MK-801. A, Emmi*. H. Raiabi and J. Stewart. Center 
for Studies in Behavioral Neurobiology, Dept. Psychology, Concordia 
University, Montreal, Quebec, Canada, H3G 1M8 

We studied the effects of MK-801 on recovery of behavioral 
function and normalization of basal dopamine (DA) overflow in 
striatum following partial unilateral 6-OHDA lesions of the substantia 
nigra. Following surgery some animals were treated from days 1-8 
with 0.25 mg/kg MK-801 daily and were compared to animals given 
saline. In behavioral tests conducted on day 3 prior to the daily 
injection, all animals showed rotation ipsilateral to the lesion. On day 
9, saline-treated animals no longer displayed asymmetrical rotation, 
whereas MK-801-treated animals continued to rotate ipsilaterally. 
Microdialysis conducted on days 10-11, and on days 20-21 in 
different groups of animals, confirmed that in saline-treated animals 
there were no differences in basal DA between the lesioned and 
nonlesioned side, indicative of the compensatory changes previously 
shown to accompany behavioral recovery. In contrast, basal levels of 
DA on the lesioned side of MK-801-treated animals were severely 
depressed compared to those on the nonlesioned side. Post mortem 
tissue analysis revealed that DA depletions on the lesioned side range 
from 70 to 81%  in both MK-801- and saline-treated animals. These 
findings suggest that glutamate plays a role in the development of 
the long-term compensatory changes in DA overflow that accompany 
recovery from partial lesions of the nigrostriatal DA pathway.

73.11
LARGE LESIONS OF THE SENSORIM OTOR CORTEX PRODUCE 
"PERMANENT" IMPAIRMENTS IN UNTREATED RATS AND TRANSIENT 
IMPAIRMENTS IN RATS TREATED WITH MK-801, MgCl2, OR PBN. M.R. 
Hoane*. C. Raad. and T.M. Barth. Department of Psychology, Texas Christian 
University, Ft. Worth, TX 76129.

Unilateral lesions restricted to the caudal forelimb area (CFL) produce a transient 
impairment in tactile placing. Previous work from this lab has shown that recovery 
is facilitated by "neuroprotective" drugs (i.e. MK-801, MgCl2, and PBN). In 
contrast, large lesions including the CFL, rostral forelimb area (RFL) and portions 
of the medial agranular cortex produce a more enduring placing deficit that does not 
appear to recover (6 months of post-op. testing). The goal of the present study was 
to determine if these neuroprotective drugs can induce recovery following large 
cortical lesions. Three drugs were studied: magnesium chloride (MgCl2; a voltage 
dependent noncompetitive NMDA antagonist); (PBN; a free radical scavenger); and 
MK-801. Rats received large unilateral electrolytic lesions of the SMC and a 
regimen of MgCl2 (1 mmol/kg), PBN (100 mg/kg), MK-801 (1 mg/kg), or saline 
15 minutes after the lesion and again 24 and 72 hours later. Rats were tested on 
several tactile placing and locomotor placing tasks. Saline treated animals showed a 
severe impairment on the foreIimb>forelimb and vibrissae>forelimb tasks for the 
duration of the experiment (i.e. 3 months) with no apparent recovery. On the 
locomotor placing task these animals initially showed a severe impairment which 
partially recovered. In contrast, rats treated with MgCl2, PBN, or MK-801 showed 
an initial impairment on the forelimb>forelimb and vibrissae>forelimb tasks, but 
showed significant recovery of function. In addition, on the locomotor placing task 
the drug treated groups showed a sparing of function. The results from this 
experiment appear to suggest that early treatment with neuroprotective agents can 
induce behavioral recovery following cortical damage that otherwise would result in 
permanent behavioral deficits.

73.12
BEHAVIORAL RECOVERY AFTER SEVERE CONTUSION INJURY 
TO THE CAT SPINAL CORD.
T. Khan*. M, Dauzvardis. L.S. Liu. S. Savers. J. Myklebust. Rehabilitation 
R&D Center, VA Hines Hospital, Hines, IL 60141 and VAMC, 
Milwaukee, WI 53193.

The purpose of this study was to evaluate functional improvement after 
severe contusion injury to the cat spinal cord, and the implantation of 
carbon filaments, combined with electrical stimulation of the injury site.

The cats were anesthetized, and sustained a severe contusion injury to 
their spinal cord at the T8 level by dropping a 30g weight from a height of 
18 cm. The animals were divided into three groups; in one group 
consisting of six cats injury site was stimulated by an implantable 
stimulator, in another group three cats received carbon filament implants in 
addition to electrical stimulation of the injury site, and in the third group 
six cats served as injury control. The animals received daily care in accord 
with AAALAC guidelines. Electrophysiological and behavioral tests were 
performed before injury and then bi-monthly after injury throughout the 
duration of the six-month experimental period.

Results obtained from the cats which received implantable stimulators 
after severe contusion injury have been very encouraging. Various degrees 
of electrophysiological recovery have been observed in these animals. 
However, behavioral analysis of the three animals which received carbon 
filament implants in addition to electrical stimulation, have consistently 
showed that these cats were capable of weight bearing and minimum 
ambulation, in addition to exhibiting electrophysiological recovery. The 
control animals which received severe contusion injury only have all 
remained paraplegic at the end of the six month experimental period.

Supported by funds from Veterans Administration, Rehabilitation R&D 
Service.

73.13 73.14
THE EFFECT OF MK-801 AND SCOPOLAMINE ON BEHAVIOR AND 
CORTICAL TISSUE FOLLOWING UNILATERAL LESIONS OF THE 
SENSORIMOTOR CORTEX OF THE RAT. RM Saponjic*.MR Hoane. SL 
Irish. Texas Christian University, Ft. Worth 76129 and IMTCI Lenexa 66219. 
Following brain injury there is an excessive release of neurotransmitters that may 
lead to secondary cell death. Research has focused on aberrant glutamate-NMDA 
receptor and acetylcholine-muscarinic receptor interactions as the reason for 
transneuronal degeneration following brain injury. For example, multiple 
behavioral studies have shown the efficacy of treatment with MK-801 (an NMDA 
receptor blocker) and scopolamine (a muscarinic antagonist) for facilitating 
recovery of function. However, few studies have examined the histological basis 
for behavioral recovery following treatment with both MK-801 and scopolamine. 
The present study histologically examined the brains of male Wistar rats which 
had received treatment (ip) with MK-801 and scopolamine alone and in 
combination 15 minutes after unilateral electrolytic lesions of the rat somatic 
sensorimotor cortex (SMC). Following SMC lesions rats exhibited an 
impairment in placing the forelimb contralateral to the lesion. Rats treated with 
MK-801,scopolamine, or MK-801 4- scopolamine showed a reduction in the 
initial magnitude of the contralateral placing deficit as compared to saline 
controls. At the completion of behavioral testing (50 days post-lesion), frozen 
coronal sections (40 microns) were taken throughout the cortex at the following 
coordinates relative to bregma: 1.0,.2,-.3, and -1.3. Area of the damaged cortical 
tissue was derived from a ratio consisting of the area of the lesion site divided by 
the area of the remaining cortex multiplied by 100. . Preliminary analysis of the 
data failed to demonstrate statistically significant differences among groups. These 
preliminary results may suggest that behavioral recovery is not invariably 
associated with neuroprotection. However, the authors acknowledge that more 
precise histological techniques may demonstrate disparate results.

FUNCTIONAL REORGANIZATION OF AUDITORY PROCESSING IN * 
BLINDNESS: THE EFFECT OF AGE OF ONSET. AN ERP STUDY . M.Liotti*, M. 
G. Woldorff, S. Veeraswamy. Res Imag Cntr, UTHSCSA, San Antonio, TX, 78284.

Animal studies have demonstrated anatomical and physiological changes produced 
by unimodal sensory deprivation on other primary modalities. Recently, Event-Related 
Potentials (ERPs) have been employed in two studies involving unimodal sensory 
deprivation. Neville and Lawson (1986) studied visual perception and attention in 
subjects with congenital deafness. They reported faster RTs to peripheral stimuli, 
increased amplitudes of the N1 component over posterior scalp regions; and a different, 
more posterior scalp distribution for both Nl, and a late positive wave in the deaf 
subjects compared to hearing controls. More recently. Alho et al (1993) studied early 
blind subjects (≤2 yrs) when they attended to stimuli delivered to a designated ear under 
dichotic conditions. They found evidence that posterior brain areas participate in 
auditory selective attention in blind subjects in the form of a more posterior distribution 
of the N2b in the "Attend" blocks and of the mismatch negativity (MMN) in the 
"Unattended" blocks.

The present study aims at replicating and extending the findings of Alho (1993) by 
assessing the influence of age of onset orblindness on the compensatory reorganization 
of auditory processing in three groups: Early onset (≤2 Ys old, n=6), late onset (≤ 20 Ys old, 
duration ≥10 Ys, n=b), and sighted controls (n=8). We hypothesized that early onset 
blindness would result in interregional reafferentation, with compensatory recruitment 
of more distant non-auditory regions. In contrast, late onset blindness would result in 
intraregional reorganization, with changes limited to the auditory areas. A dense 
electrode array (64 ch compared to 20 ch in Alho), individual EEG-MkI co-registration, 
and new rendering techniques, will be employed to improve the spatio-temporal 
analysis of connectivity/plasticity in early vs late onset blindness. Dichotic tone 
sequences especially designed to optimize the focusing of auditory attention, by using 
very short ISIs (120-320 msec) were employed (Woldorff et al, 1991). Subjects were 
instructed to attend to one ear during an entire block (90 sec) to detect and respond to 
infrequent deviant tones of slight fainter intensity, and to ignore all stimuli presented to 
the other ear. In one third of the blocks, subjects were instructed to ignore the tones and 
concentrate on reading (normals) or Braille reading (blind subjects). 64 channels of EEC. 
were concurrently recorded.

Preliminary inspection of the data thus far collected indicate that the late onset group 
(n=3) and the control group (n=5) have very similar topographies of their ERP attention 
effects. In contrast, one congenitally blind subject showed a strikingly more posterior 
distribution of ERP components associated with auditory attention to targets 
(MMN/N2b). Detailed analysis of the entire subject sample, included more subtle 
differences in patterns of plasticity in the two groups of blind subjects, will be presented.

*Supported by NIH-Biomedical Research Support # 2SO7RR07187/1
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73.15
TRAINING E X E R C IS E S  IM P R O V E  T E M P O R A L  PR O C E S S IN G  
A B IL IT IE S IN  L A N G U A G E -B A S E D  L E A R N IN G  D IS A B L E D  
CHILDREN (LLDs): USE D E PEN D EN T REO R G A N IZ A TIO N . W  M . 
Jenkins*, M. M. M erzenich, T. Jacobson, S. L. M iller, C. Schreiner and P. 
Tallal. Keck Cntr. for Integrative Neuroscience. UCSF. San Francisco. CA 
94143-0732; and C ntr. for M o lecu lar  and B ehav io ra l N euroscience, 
Rutgers University, Newark 07102.

Learning induced changes in  cortical neuronal responses have been 
the subject o f  m any o f  our p rior anim al studies. W e developed interactive 
multimedia perceptual tra in ing  procedures in  o rd er to  tra in  ch ildren  to 
overcome the tem poral processing  defic its th at characterize  LLD s. Four 
interactive gam es were designed that used m odified speech and speech-like 
sounds and em ployed d iffe ren t standard  p sychophysical m ethods. The 
speech s tim uli w ere a rranged  alo n g  v a rio u s  c o n tin u a  o f  phonetic  
characteristics and tem poral pre-processing so that initial high perform ance 
was easily attainable. In o rd er to m ain tain  successful perform ance, the 
children w ere required  to process and identify  target sounds that were 
presented at increasingly higher p resentation rates and decreasing amounts 
of pre-processing approaching norm al rates o f  tem poral variations. In all 
four games, task difficulty tracked perform ance.

In initial trials, children p layed each  o f  these gam es fo r at least 20 
minutes/day for 20 days. Several- to m any-fold gains were recorded in  time 
order judgm ent abilities (see poster by M iller e t al.); and children were able 
to recognize progressively shorter-duration consonants. W e conclude that 
these 'gam es' can  co n tribu te  p ow erfu lly  to rem ed ia ting  the tem poral 
processing deficits that underlie LLD s. W e hypothesize  that changes in 
speech representation in the central auditory nervous system  underlie these 
performance gains. [Supported by the Charles A. D ana Foundation, and by 
Hearing Research, Inc.]

73.17
MODIFIED SPEECH FOR TRAINING LANGUAGE-BASED LEARNING 
DISABLED CHILDREN (LLDs). S.S. Nagaraian*. X. Wag . M. M. Merzenich. C . 
E. Schreiner. W . M. Jenkins. P.A. Johnston. S.L. Miller. G. Byma, and P. Tallal. 
Keck Center for Integrative Neurosciences, UCSF, San Francisco, CA 94143-0732; 
and Center for Molecular and Behavioral Neuroscience, Rutgers University, 
Newark, NJ 07102.

Perceptual training with coincident and synchronous sensory inputs have been 
shown to enhance the ability to detect and discriminate sensory stimuli. LLDs have 
a temporal processing deficit that results in a poor ability to recognize fast transition 
elements in speech. We asked if training with modified speech could enhance 
reliable recognition and accelerate learning of fast elements in speech by LLDs. 
This modification was achieved by a two-stage processing algorithm. In the first 
stage, the rate of speech signal was prolonged by 50-100% while preserving its 
spectral content and natural quality. This time-scale modification involved linear 
time-scaling, phase-modification and synthesis from the short-time Fourier 
spectrum of the original speech signal. In the second stage, we created an 
enhancement (up to 20dB) of the fast transition elements of speech input, defined as 
the 4-30Hz components of the envelope within narrow-band channels of rate- 
changed speech. This was implemented using a filter-bank summation algorithm to 
separate the speech signal into band-pass channels and by modifying the speech 
envelope within each channel. Speech tracks of speech/language training exercises, 
books-on-tape and educational CD-ROMs were processed by this two-stage 
algorithm and used in training. By the end o f a 4 week training period, 
intelligibility of both processed and normal speech was increased to near age- 
appropriate levels (see poster by Tallal et al.). We conclude that this form of 
processed speech can contribute powerfully to the remediation of speech reception 
deficits in LLDs. [Supported by a grant from the Charles Dana Foundation, and by 
Hearing Research Inc.]

73.16
MODIFICATION OF AUDITORY TEMPORAL PROCESSING 
THRESHOLDS IN LANGUAGE-BASED LEARNING DISABLED 
CHILDREN. S.L. Miller*1, W.M, Jenkins2, M.M. Merzenich2. & P. Tallal1. 
1CMBN, Rutgers University, Newark, NJ, 07102, 2w .M. Keck Center for 
Integrative Neuroscience, UCSF, San Francisco, CA.

Language-based learn ing  disabled  (LLD) children  show  severe deficits in 
th eir ab ility  to perce ive  rap id ly  p re se n ted , b rie f d u ra tio n  in form ation  
(Tallal et al., 1993). Recent behavioral an d  electrophysio logical evidence 
su g g est a u d ito ry  p sychophysica l th re sh o ld s  can  be m odified  th rough  
tra in in g  (Recanzone et al., 1993). The p resen t investiga tion , conducted 
w ith in  the context of a larger four-w eek in te rven tion  s tudy , exam ined the 
ex tent to w hich tem poral processing  th resh o ld s  can be m odified  in LLD 
ch ild ren , as well as the ex ten t to w hich  these changes w ere  rela ted  to 
im provem ents in language skills. At s tu d y  onset, each LLD child (n=7) had 
well docum ented deficits in aud ito ry  tem poral processing, auditory  m em ory 
an d  rela ted  lan g u ag e  skills. A fter the  four w eek tra in in g  program , all 
c h ild ren  sh o w ed  a s ig n ifican t im p ro v e m e n t in  tem p o ra l in teg ratio n  
thresho lds and  sim ilarly on m easures of speech an d  language perform ance 
(see p o s te r  by Tallal e t al.). Im p o rtan tly , p o s t- tra in in g  m easu res  of 
language com prehension  w ere significantly  correla ted  w ith  im provem ents 
in tem poral p ro cessin g  th re sh o ld s  (r=.73) an d  the n u m b er of tra in ing  
sessions (r=.85) on d ifferent a d ap tiv e  non-verbal tra in ing  p rocedures (see 
poster by Jenkins et al.). These resu lts  have im plications for the continued 
application  of m odels of learn ing  and  cortical plastic ity  for the treatm ent 
of deficits of h igher cognition. M oreover, these d a ta  p ro v id e  additional 
em pirical ev idence  th a t sim ila r tem p o ral p ro cessin g  m echan ism s m ay 
underlie  speech and  nonspeech perception . Research supported  by a grant 
from  the C harles A. Dana Foundation.

73.18
TRAINING WITH TEMPORALLY MODIFIED SPEECH RESULTS IN DRAMATIC 
IMPROVEMENTS IN SPEECH PERCEPTION AND LANGUAGE 
COMPREHENSION. P. Tallal*. S.L. Miller. G. Bedi. G. Byma, Ctr. for Molec. & 
Behav. Neuro., Rutgers University, Newark, NJ, 07102, W.M. Jenkins. X. Wang. 
S.S. Nagarajan, and M.M. Merzenich, Keck Ctr. for Integrative Neuroscience, 
UCSF, San Francisco, CA.

Tallal & colleagues have shown that children with developmental language- 
based learning disabilities (LLD) require significantly longer intervals between two 
or more sensory events to discriminate or sequence them accurately. Further, 
they have shown that these children fail to discriminate between speech syllables 
that incorporate brief or rapidly changing acoustic cues that are followed in rapid 
succession by other acoustic cues (such as the formant transitions in stop- 
consonants). However, significant improvement in syllable discrimination was 
found when the duration of the formant transitions within stop-consonant 
syllables were computer extended from 40 to 80 ms. We have now utilized these 
findings to develop a computer algorithm that both “extends in time’’ and 
“amplitude enhances" the brief, rapidly changing portions of speech within 
ongoing, fluent speech (see poster by Nagarajan et al). This algorithm was 
applied to speech perception and language comprehension training materials. 
Seven SLI children participated in a series of speech training experiments in 
which they listened to temporally modified speech a minimum of 2 hours per day, 
5 days a week for 1 month. Highly significant, indeed dramatic, improvements in 
speech perception and language comprehension were found between pre- and 
post-test measures. These findings support the hypothesis that LLD can result 
from a more basic temporal integration deficit which disrupts the ability to 
perceive, and thus provide an adequate neurally representation for, speech 
syllables which are characterized by brief, rapidly changing acoustic spectra. 
Furthermore, these studies demonstrate for the first time that dramatic 
improvement in speech perception and language comprehension can be achieved 
by training with temporally modified speech. supported by the Charles A. Dana 
Foundation

NEURAL PLASTICITY: MOLECULES AND PHARMACOLOGY

74.1
THE INFLUENCE OF CIRCULATING GO N A D A L STEROIDS O N  
ASTROCYTES IN THE CEREBRAL CORTEX OF THE ADULT RAT.
M.L. Forgie*. D. M artens, R. Gibb, an d  B. Kolb. D epartm en t of 
Psychology, U niversity  of Lethbridge, L ethbridge, AB, T1K 3M4.

Alterations in the norm al physiological levels of gonadal stero ids are 
known to produce plastic changes in  the n eurons of a num ber of different 
brain regions (e.g., cortex and  h ippocam pus). For exam ple, S tew art and  
Kolb (Brain Res.. 1994, 654: 149-154) have  rep o rted  that ovariectom y of 
the adult fem ale ra t increases d endritic  b ranch ing  an d  sp ine d ensity  of 
pyramidal cells in  the parie ta l cortex. It is th o u g h t th a t these p lastic 
changes in neurons m ay  be m ed ia ted , in  p a rt, v ia the  influence of the 
gonadal steroids on  non-neuronal cells such as astrocytes. D ensity  of 
astrocytic processes is know n to change in  response to  ovariectom y and 
hormone replacem ent, an d  to fluctuate across the  estrous cycle, in  m any 
brain regions including  the h ippocam pus. The p resen t experim ent w as 
conducted to assess the  effects of circu lating  g onadal stero ids on  GFAP- 
immunoreactive astrocytes in  the  cerebral cortex of ad u lt m ale an d  female 
rats. Animals w ere gonadectom ized  a t 100 d ay s  of age and  w ere sacrificed 
two months later. A stereology system  w as used  to m easure  the surface 
density of GFAP-positive astrocytic processes in  tw o places (superficial 
and deep layers) w ith in  five d ifferent cortical regions. In  general, 
ovariectomy of fem ales, b u t n o t castration  of m ales, enhanced  GFAP 
surface density, particu larly  in  an te rio r  cortical regions. These resu lts  
suggest that plastic changes in  cortical neu ro n s in  response to a lterations 
in circulating gonadal stero ids m ay  be m ed ia ted  b y  their effects on  
cortical astrocytes, an d  fu rtherm ore, th at fem ales m ay  be m ore sensitive 
to the loss of c irculating gonadal ho rm ones th an  m ales.

74.2
SIZE OF SOMATIC SENSORY CORTEX OF THE BLIND MOLE RAT, SPALAX 
EHRENBERGI. M.D. Mann*. G, Rehkämper. H. Reinke. H P. Frahm. R. Necker. 
and E. Nevo. University of Dilsseldorf, Düsseldorf and University of Bochum,
Bochum, Germany.

The blind mole rat has vestigial eyes; lacks a visual cortex; and has a minute lateral 
geniculate body, a large VPM/VPL complex, and a somatosensory cortex that covers part 
of the occipital cortex. There are hints that subterranean life in Spalax may have led to 
expansion of the somatosensory system, but there has been no morphometric confirmation. 
The somatosensory cortex of urethane-anesthetized Spalax was demarcated using single- 
and multi-unit recordings. Stimulation of skin with puffs of air or small-diameter probes 
was used to identify receptive fields. Electrode tracks (0.5 mm apart) were made in rows 
across borders of somatosensory cortex, and pontamine sky blue marks were made just 
outside the medial, anterior and posterior borders Because of its extreme curvature, the 
lateral boundary could not be studied. The positions of the marks were reconstructed in 
frozen sections stained with neutral red, transferred onto photographs of cresyl violet- 
stained paraffin sections from other animals, and found to be just outside the 
cytoarchitectonic boundaries of somatosensory cortex. Therefore, the cytoarchitectonic 
boundaries were used for the lateral edge of this area. The volume of somatosensory 
cortex was calculated from areas within the marked borders, correcting for shrinkage, and 
compared with similar calculations for the lab rat. Allometric comparison showed Spalax 
to have 1.7 times more somatosensory cortex than the lab rat. There was no overlap in the 
cortex volume-body weight spaces occupied by data from the two species; they are 
significantly different. The reduction in the visual system of Spalax is understandable in 
terms of the reduced light conditions of its environment. Possibly, the enhanced 
somatosensory system is involved in intraspecific communication (Spalax communicates 
using non-auditory, low-frequency vibratory signals) or in forming and navigating the 
narrow tunnel systems that are home to this species and the basis of its social and foraging 
behavior. Clearly, the case of Spalax shows the extreme evolutionary plasticity of the 
brain.
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74.3
REVERSIBLE NETWORK RESPONSES TO ELECTRICAL STIMULATION: 
POST-STIMULATION CHANGES IN SPONTANEOUS ACTIVITY IN 
CULTURED MAMMALIAN SPINAL NETWORKS. C.A. Sparks* and G.W. 
Gross. Dept of Biological Sciences/Center for Network Neuroscience, Univ. of 
North Texas, Denton, TX 76203-5218.

Low frequency repetitive stimulation (RS) (0.2-2Hz ~15 min.) caused marked 
decreases in spontaneous network activity in cultured spinal cord neurons. High 
frequency (100 Hz) tetanic stimulation (TS) (three 1 sec bursts over a period of 30 
sec) had minimal effects.

Networks were grown on multimicroelectrode plates (MMEPs) which contain 
64 photoetched electrodes in a 1 mm2 recording array. The MMEPs allowed 
simultaneous extracellular recording and stimulation of neuronal networks. 
Biphasic stimulus pulses (0.5 msec duration) were delivered through one or more 
of the recording electrodes. A convenient parameter used to determine channel 
activity was the total integrated burst area per minute, which represents of the total 
spike production of all units on a specific electrode.

RS has been observed to decrease spontaneous activity on all channels by 100% 
for over 10 min. After activity depression, there was a gradual recovery ranging 
from 7-18 min. The degree as well as length of depression is voltage dependent. 
Preliminary results indicate that RS on single channels is more effective than 
multichannel stimulation in depressing network activity. The effectiveness of the 
alteration in activity also depends on the location of the stimulus site.

In response to TS, we have seen brief periods of increased bursting activity 
immediately following the stimulus. Multichannel TS was more effective than 
single-channel TS. We have observed no prolonged change after TS on single 
channels. High frequency pulse trains (10 pulses @ 100Hz) delivered in a low- 
frequency repetitive fashion (1Hz), showed great response variability. Both 
increases and decreases in activity have been observed. These phenomena were 
observed on many non-stimulus electrodes and do not represent a stimulus artifact. 
Supported by the Texas Advanced Technology Program and the APA-MFP.

74.5
CH OLECYSTOKININ, CO RTICO TRO PIN RELEASING FACTOR, 
AND SO M A TOSTATIN M ODULATE TH E ACTIVITY OF NEURONS 
OF THE CAUDAL PO NTINE RETICULAR NUCLEUS - AN 
ESSENTIAL PART OF TH E PRIM ARY STA RTLE CIRCUIT. M. Fendt, 
M Koch and H.-U Schnitzler*. Tierphysiologie, Universitat Tubingen, A uf 
der Morgenstclle 28, 72076 Tubingen, Germany.

Neuropeptides play an important role in various modulations o f  fear- 
motivated behaviors A valuable model to investigate the neurochemical basis 
o f behavioral plasticity is the acoustic startle response (ASR) in rats. The 
caudal pontine reticular nucleus (PnC) is a key structure for the mediation and 
modulation o f the ASR. Projections from the central nucleus o f  the amygdala 
(cA) and the central gray (CG) to the PnC are essential for the enhancement o f 
the ASR by fear, but the neurochemical basis o f  this effect is largely unknown.

Neuroanatomical techniques revealed that the projection from the cA to the 
PnC contains CRF, whereas the projection from the CG to the PnC contains 
mainly SOM. Extracellular single unit recordings o f  acoustically evoked 
action potentials from PnC-neurons, combined with iontophorctic application 
o f neuropeptides, revealed that CRF and CCK increased spike activity o f  the 
PnC. The SOM -agonist sandostatin had no effect on tone-evoked PnC-activity, 
but reduced the glutamate-evoked activity o f  PnC-neurons, thereby improving 
the signal-to-noise ratio o f these neurons.

An investigation o f the effects o f local administration o f CCK, CRF and 
SOM in the PnC on the ASR is presently conducted

Supported by DFG (SFB 307) and GKN Tubingen. Sandostatin was 
generously supplied by Sandoz Pharma AG (Basel, CH).

74.7
A RO LE FOR SPH IN G O LIPID S IN NEURONAL PLA STICITY
D. R. Abrams1, Y. Dudai1, A. H. Futerman2*, 1 Depts. of Neurobiology and 
2Membranc Res. and Biophysics, Weizmann Institute, Rehovot, Israel.

Sphingolipids (SL), particularly gangliosides, are enriched in neuronal 
membranes where they have been implicated as mediators of regulatory events. We 
recently provided evidence that inhibition of SL synthesis by Fumonisin B1 (FB1) 
affects axonal outgrowth and reduces the number of axonal branches during the 
development of cultured hippocampal neurons [Schwartz et al (1995) JBC in 
press]. The changes that take place during neuronal development may be subserved 
in part by the same mechanisms that support the neuronal plasticity exhibited by 
neurons during learning. Therefore, we are studying the role of SLs in neuronal 
plasticity in an attempt to unveil biochemical changes underlying learning and 
memory. Thus, we study the effect of interfering with SL synthesis on 
conditioned taste aversion (CTA). In this one trial learning paradigm, rats learn to 
associate a novel taste with gastrointestinal malaise. We micro inject FB1,a  
specific inhibitor of ceramide synthesis, into the insular cortex (containing the 
gustatory cortex) and examine its effect on CTA. Our results indicate that FB1 (4- 
8mM, 0.5μ l, bilaterally) dose dependantly interferes with CTA learning when 
injected prior to the introduction of a novel taste, but not when injected prior to 
testing the learned aversion to this novel taste. FB1 micro injection does not act as 
a negative reinforccr itself when substituted for LiCl in CTA training. 
Furthermore, FB1 micro injection into the insular cortex at concentrations that 
inhibit CTA also inhibit ceramide synthesis by as much as 99%, over a period of 
3-5 days. However, FB1 does not inhibit CTA when micro injected 3 days before 
exposure to a new taste. In addition, FB1 produces significant hyperactivity 24, 
but not 48 hours after micro injection into the insular cortex. Thus, our data 
suggest that SL synthesis might play a role in the mechanisms of neuronal 
plasticity subserving taste memory in gustatory cortex.

74.4
M E M O R Y  C A P A C IT Y  C O R R E L A T E S :  M IC R O T U B U L E -  
A S S O C IA T E D  P R O T E IN  (M A P -2 )  A L T E R A T IO N S  IN D U C E D  
BY P O S T N A T A L  T H Y R O ID  H O R M O N E  T R E A T M E N T S  T H A T  
A F F E C T  A D U L T  M E M O R Y  J. D. Oh and N .J. W oolf.*  D ept. of 
Psychology, UCLA, Los A ngeles, CA 90025-1563, U.S.A.

W h ereas  h y p o th y ro id ism  is w ell k n o w n  to  p e rm an en tly  
im p a ir  m em o ry , p o s tn a ta l h y p e rth y ro id ism  h as  been  show n to 
p ro d u c e  a lo n g - la s t in g  im p ro v e m e n t o f  m em o ry  (C ru s io  & 
S ch w eg le r, Physiol & Behav., 50: 259 , 1991). D en d ritic  changes 
on py ram id al ce lls  are p o ssib ly  in v o lv ed  s in ce  the m ajo r h is to 
lo g ica l e ffe c ts  o f  th y ro id  h o rm o n e  m a n ip u la t io n  a re  d e n d ritic  
ch an g es  in co rtica l p y ram id al c e lls  ( Ip in a  e t a l., D ev. Brain
Res., 3 7 :2 1 9 , 1987). Im p lic i t  m em o ry  s to ra g e ,  fo r  e x am p le ,
in v o lv e s  in c re a se d  M A P -2  d e g ra d a t io n  p o s s ib ly  u n d e rly in g  
d endritic  changes related  to m em ory  (W o o lf  et al., N e u ro R e p o r t, 
5 :1 0 4 5 , 1994). The e ffe c ts  o f  p o s tn a ta l th y ro id  tre a tm e n ts  on
M A P ’s w ere ev a lu a ted . R at pups w ere m ade: 1) h y p o th y ro id  by 
p ro v id in g  0.3%  p ro p y lth io u ra c il  in the  d ie t  o f  the  dam s, 2) 
h y p e rth y ro id  w ith 1 m g /k g  tr i io d o th y ro n in e  (T 3 ) in je c te d  i.p.
d a ily , o r 3) in jec ted  w ith an eq u a l v o lu m e  o f  sa lin e . B rain 
sections  from  1, 2, 3, and 4 w eek o ld pups w ere im m unostained  
for M A P-1, M A P-2 o r M A P-5. H y p o th y ro id  tre a tm e n t se lec tive ly
decreased  M AP-2 at 3 and 4 w eeks o f  age. T h y ro id  supplem ents 
increased  M AP-2 in 3 week old pups (p < 0 .0 0 0 1 ), bu t thereafter 
M A P-2 levels dec lined  to be low  co n tro l lev e ls . T h is  last result 
su g g e s ts  th a t t ra n s ie n t  in c re a se s  in d e n d r i t ic  M A P -2  du rin g  
d e v e lo p m e n t cou ld  rep re se n t a c e llu la r  b a s is  o f  the  enhanced
m em ory  c a p a c ity  in h y p e rth y  ro id - tre a te d  a n im a ls .

74.6
FOS INDUCED BY D2 ANTAGONISM IS REDUCED IN CAUDATE-PUTAMEN 
AND GLOBUS PALLIDUS AFTER PREFRONTAL CORTEX DAMAGE.
Varao* and J.F. Marshall. Department of Psychobiology, University of 
California, Irvine, CA 92717-4550.

The nigrostriatal dopaminergic system has been implicated in the behavioral 
neglect and recovery seen following unilateral ablation of AGm, the medial 
agranular region of prefrontal cortex. D1 or D2 antagonists reinstate neglect 
in recovered AGm-lesioned rats, and dopamine agonist induction of Fos, a 
protein product of the immediate early gene c-fos, is temporarily reduced in 
ipsilateral caudate-putamen (CPu) after AGm injury, likely reflecting altered 
function of striatonigral cells. This study examined D2 antagonist induction of 
Fos in CPu and globus pallidus (GP) after AGm injury to determine the effects 
of partial glutamatergic deafferentation on striatopallidal cell function. The 
numbers of Fos-like immunoreactive (Fos-IR) nuclei induced by 0.1 m g/kg  
eticlopride (s.c.) were quantified by image analysis. At 5 days post-injury, in 
the lesioned hemisphere of animals demonstrating neglect, the numbers of 
Fos-IR nuclei were reduced 50% in CPu and 25% in GP compared to the intact 
hemisphere’s values (p’s < .008). At 21 + days post-injury, in recovered rats, 
lesioned hemisphere values were closer to, but still significantly less than, 
intact hemisphere values in both CPu and GP (p’s < .05). Lesion effects were 
restricted to dorsolateral CPu and dorsal GP, matching topographically 
connections from AGm to CPu, and CPu to GP. Since previous reports 
indicate that the effects of AGm removal on dopamine agon/sMnduced Fos in 
striatonigral neurons are no longer evident in recovered rats, the present 
findings of persisting lesion effects on striatal D2 antagonist-induced Fos 
suggest that striatopallidal and striatonigral cell populations may have different 
compensatory responses to glutamatergic deafferentation.

74.8
RT-PCR DIFFERENTIAL DISPLAY IDENTIFIES A NOVEL mRNA THAT 
IS TRANSCRIPTIONALLY UP-REGULATED BY STIM ULATION IN 
BOTH PC 12 CELLS AND HIPPOCAMPUS. G .E. Pickett* and H.A. 
Robertson. Laboratory of Molecular Neurobiology, Dept. Pharmacology, 
Dalhousie University, Halifax, Nova Scotia, Canada, B3H 4H7.

Stimulation of a wide variety o f neurons and neural-derived cell lines results in 
alterations in function. It also results in alterations in transcription of a large 
number of genes, and it has become clear that the functional effects observed are 
mediated by such changes in gene transcription or mRNA translation. In order to 
better understand the link between a stimulus and the long-term response it 
produces, it is necessary to begin identifying the genes involved in the connection. 
Two models under study in our laboratory involve NGF-induced differentiation of 
PC 12 cells, and kainic acid-induced seizures in the rat. Using the differential 
display technique to examine differential mRNA expression in both these 
situations, we have identified a gene which is expressed in the hippocampus of rats 
experiencing seizure-like activity 1 hr following kainate injection ( l 0mg/kg, i.p.). 
Control animals received saline and exhibited no seizure activity; this cDNA 
fragment was not present in these animals. This same gene is expressed in PC 12 
cells 2 hrs following stimulation with NGF (50 ng/mL, added to culture medium). 
The gene was not expressed in control PC 12 cells, or in NGF-treated cells at 15 
min or 6 hrs post-treatment. The cDNA has been isolated, cloned, and sequenced; 
no exact matches were found in GenBank. This gene may represent a novel general 
plasticity-related gene, or perhaps, because of its rapid but transient expression, an 
as yet uncharacterized immediate-early gene. (Supported by the MRC of Canada 
and the Dalhousie Medical Research Foundation.)
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DIFFERENTIAL DISPLAY OF PCR-AM PLIFIED mRNA IDENTIFIES A 
RAT BRAIN mRNA THAT IS TRANSCRIPTIONALLY DOWN- 
REGULATED BY COCAINE BUT NOT BY AM PHETAMINE. J. Babity* 
and H.A. Robertson. Laboratory of Molecular Neurobiology, Dept. of 
Pharmacology, Dalhousie University, Halifax, Nova Scotia, Canada, B3H 4H7.

Psychostimulant drugs such as cocaine and amphetamine share many properties 
including rapid transcriptional activation of expression of a number of genes 
including members of the immediate-early gene family such as c-fos and jun-B. 
Cocaine and amphetamine also differ in a number of their actions. In order to 
better understand the differences between the effects of cocaine and amphetamine, 
it is necessary to identify the changes induced following both the acute and chronic 
use of these psychostimulants. It is important to identify other genes that are 
activated by these agents and especially important to identify genes that are altered 
selectively by either cocaine or amphetamine. We have studied the effects of acute 
injections of cocaine (30 mg/kg, i.p.) or amphetamine (5 mg/kg, i.p.) on gene 
expression and evaluated differential mRNA expression using the differential 
display technique. Using this technique, it is possible to simultaneously examine 
changes in gene expression between control and treated animals following acute 
injections of cocaine or amphetamine. We have examined approximately 2500 
mRNA bands and have observed examples of both up- and down-regulation of 
transcription in control and treated animals. Of particular interest, we have found a 
gene that is expressed in control and in amphetamine-treated animals, but is not 
expressed 1-2 hrs following a single injection of cocaine. The cDNA has been 
isolated, cloned and sequenced. The characterization of this gene and other genes 
that show differential expression between amphetamine-treated and cocaine-treated 
animals should prove useful in understanding the differences between the effects of 
cocaine and amphetamine. (supported by the MRC of Canada and SmithKline 
Beecham Pharma Inc.).

74.11

C-FOS ACTIVATION IN THE OLFACTORY BULB FOLLOWING 
OLFACTORY CONDITIONING IN THE NEONATE RAT. I.H. McLean  
and A. Darby-King. Div. of Basic Med. Sci., Memorial Univ. of 
Newfoundland, St. John's, Nfld., Canada A1B 3V6.

Serotonin (5-HT) input to the olfactory bulb (OB) is required to observe 
conditioned olfactory learning in the neonate rat (McLean et al., 1993). 
The 5-HT2A receptor is involved in this learning and mitral/tufted are likely 
recipients of 5-HT input via the 5-HT2A receptor (McLean et al., 1995). We 
hypothesized that cells in the olfactory bulb might be differentially 
responsive to a conditioned olfactory learning paradigm and that these 
cells may be visualized using c-fos immunocytochemistry.

On PND 2 rat pups were either depleted of 5-HT input to the olfactory 
bulb (5,7-dHT injections in the anterior olfactory nucleus) or they were 
sham operated. On PND 7, the pups were subjected to one of two 
paradigms: peppermint odor (conditioning stimulus) + stroking 
(unconditioned stimulus) or odor only. It is well documented that pups 
show preference for the odor when odor is paired with stroking. On PND 
8, the pups were exposed to the peppermint odor for 30 min followed by 
immediate sacrifice. The results showed that c-fos immunoreactivity (c-fos- 
IR) was present in small cells in all olfactory bulbs observed, regardless of 
whether the animals were subjected to the learning paradigm or not or 
whether the bulbs were depleted of 5-HT. The distribution of c-fos-IR 
cells showed a fairly consistent patchiness, with most cells located in the 
granule cell layer. The density of c-fos-IR cells was less in pups that were 
odor-stroked and 5-HT-depleted, although this was not a consistent 
observation. Supported by MRC of Canada.

7 4 .1 0
V IS U A L  S T IM U L A T IO N  R E G U L A T E S  T H E  E X P R E S S IO N  O F 
T R A N S C R IP T IO N  F A C T O R S  AND M O D U LA TES TH E PR O T E IN  
C O M PO SIT IO N  O F  THE A P -1  C O M P L E X  IN R A T  B R A IN
B. Kaminska, L. Kaczmarek. and A. Chaudhuri*
Dept. of Psychology, McGill University, Montreal, Canada

It is now well established that sensory stimulation has profound effects 
upon gene expression in the brain. The precise details of these changes are 
currently a matter of intense effort largely because of their implications on 
cortical plasticity, both during development and in the adult.

We have investigated the effects of visual input on the DNA-binding 
activities of the transcription factors AP-1 (activator protein-1), ZIF268, and 
CREB (cAMP-responsive element binding protein). Nuclear proteins were 
extracted from rat visual cortex following selective stimulation and their 
expression profiles were determined by electrophoretic mobility shift assay 
(EMSA). Dark rearing of adult Long Evans rats for 7 days was found to 
significantly decrease ZIF268 but not AP-1 levels. When dark-reared animals 
were exposed to brief periods of light (45 m and 2 h), we observed 
significant elevation in Z IF268 and AP-1 levels (2 and 6 h). No effect could 
be found on CRE DNA binding activity.

To ascertain the specificity of the DNA-binding proteins, we conducted 
supershift EMSA experiments using antibodies against the various possible 
components of the AP-1 complex. In the dark-reared cortex, AP-1 was 
found to be composed of FosB and JunD, and to lesser extent JunB. Light 
exposure for 45 m produced a transient induction of c-Fos and JunB, 
although FosB and JunD were still present at detectable levels. After 6 
hours of light exposure, c-Fos was found to be significantly reduced and 
seemed to be replaced by FosB. These results provide further insight on 
the dynamic composition of the AP-1 complex and its regulation by levels of 
sensory stimulation.

Supported by grants from MRC (MA-12685) and NSERC (OGFP0 155482).

7 4 .1 2

INTERACTION OF MULTIPLE PROTEINS W ITH ZIF268 DNA 
BINDING SITES: REGULATION BY NEURONAL STIMULATION. 
K. J. O ’Donovan* and J. M. Baraban. D ep t. of N euroscience, Johns 
H opkins Univ. Sch. of Med. Baltimore, MD 21205.

Zif268 is a transcription regulatory  factor that is rap id ly  induced  in 
brain  neurons by synaptic stim ulation. Accordingly, this im m ediate 
early gene m ay orchestrate changes in gene expression underly ing  
stim ulus-induced  neuronal plasticity. Three o ther m em bers of the 
Zif268 tran scrip tio n  factor fam ily are also in d u ced  by  n eu ro n a l 
stim ulation  and  possess high  affinity for the Zif268 DN A bind ing  
consensus sequence. To exam ine how  binding  of these trans factors 
to the Zif268 site is regu la ted  by n eu ro n a l stim ulation , we have 
conducted gel shift assays on rat h ippocam pal extracts harvested  1, 
2, 4, 6 and 8 hrs following a m axim al electroconvulsive seizure. This 
paradigm  w as selected because all four Zif268 fam ily m em bers are 
ind u ced  as p a rt of the im m edia te  early  gene resp o n se  to this 
stim ulus. A nalysis of these sam ples revealed  th a t the slow est 
m igrating  b and  is e levated at 1 h r and  retu rns to basal levels by 4 
hrs. Supershift studies indicate that this band corresponds to Zif268. 
U nexpectedly, we also no ted  several o ther bands that are elevated 
only later at 4-8 hours. C om petition  s tud ies indicate  th at these 
factors b ind  selectively and w ith high affinity to the Zif268 consensus 
sequence. C urrent studies are aim ed at determ in ing  w hether these 
"late" bands reflect b ind ing  of previously  identified  Zif268 fam ily 
m em bers or novel Zif268 site b ind ing  proteins. In either case, these 
factors m ay play an im portan t role in regulating  the responsiveness 
of this cis elem ent to repeated  stim u la tio n .

74.13
TEMPORAL FACTORS RELATED TO THE THERAPEUTIC EFFECT OF 
LIGHT DEPRIVATION ON MULTIMODAL NEGLECT IN RATS. J. V. 
Corwin* and K.J. Burcham. Psychology Dept., Northern 
Illinois Univ., DeKalb, IL 60115.

Previous studies have found that 48 hours of light 
deprivation (LD) administered at 4 hr postsurgery produces 
recovery of function from neglect induced by unilateral 
medial agranular cortex (AGm) lesions in rats (Corwin and 
Vargo, 1993). The present study extends these findings 
through an examination of: 1) the effects of varying the 
postsurgical delay of LD, and 2) the duration of LD 
necessary to produce recovery from severe neglect.

There were seven groups of unilateral AGm operates with 
severe neglect. The delay groups received 48 hr of LD at 
4, 24, 48, or 96 hr post surgery. Three groups were used 
to examine duration and received 0, 4, or 24 hr of LD.
The subjects were tested for neglect by rating orientation 
to visual, auditory, and tactile stimuli 3 times per week 
for 3 weeks.

The effects of duration of LD differed significantly 
among the groups (p<0.05). Forty-eight hours of LD 
produced complete recovery from neglect which differed 
significantly from all other groups at week one. By week 
2 of testing the 24 hr group demonstrated significant 
recovery from neglect relative to the 0, and 4 hr groups, 
but less recovery than the 48 hr group (p 's<0.05). The 
delay comparisons indicated significant differences in 
recovery among the delay groups (p< 0.01). Delaying LD 
for 24 hr significantly decreased the effectiveness of LD, 
yet both the 24 and 48 hr groups demonstrated significant 
recovery from neglect by week 2 relative to no LD 
controls. Delaying LD for 96 hr precluded any recovery.

The data indicate that delay and duration are critical 
factors in the therapeutic effects of LD on neglect.
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75.1
EFFECTS OF EXCITOTOXIC LESIONS OF THE MEDIAL 
BASAL FOREBRAIN ON MFB SELF-STIMULATION. A. 
Arvanitogiannis*. L. Riscaldino and P. Shizgal. CSBN, 
Concordia Univ., Montreal,, Quebec, Canada H3G 1M8.

In a previous study, rewarding stimulation of the lateral 
hypothalamus (LH) was shown to increase Fos-like immuno- 
reactivity in an ipsilateral, basal forebrain region extending from 
the medial preoptic area (MPO) to the lateral preoptic area 
(LPO) and substantia innominata (SI). We also showed that 
excitotoxic lesions centered around the LPO and the SI produced 
large transient (0.3-0.55 log10 units) or sustained (0.2-0.5 log10 
units) increases in the number of pulses required to sustain half- 
maximal lever-pressing (required number) for MFB stimulation 
in 10 of 13 rats. In the present study, changes in self-stimulation 
of the LH and ventral tegmental area (VTA) were assessed 
following excitotoxic lesions of more medial structures, 
including the MPO. In five rats that self-administered both LH 
and VTA stimulation, post-lesion increases in the required 
number were less common (2 of 5 rats) and more modest in size 
(transient: ~ 0.25 log10 units; sustained: ~ 0.1 log10 units) than 
those seen following the more laterally-centered damage in our 
earlier study. Thus, neurons with somata in the medial portion of 
the basal forebrain may make a smaller contribution to the 
rewarding effect of MFB stimulation than neurons with somata 
in the lateral portion.

75.3
ESTIMATES OF THE AXONAL ABSOLUTE REFRACTORY PERIOD OF 
MESENCEPHALIC DOPAMINE NEURONS. R. Anderson*D. Fatigati and 
P.-P. Romoré . Dé partement de psychiatrie, Université  de Montré al, Montré al 
(Qué bec), Canada, H3C 3J7.

Psychophysical studies have shown that refractory periods (RP) of reward-
relevant neurons in the medial forebrain bundle (MFB) range from 0.4 to 1.2 
msec while estimates for dopamine (DA) neurons obtained from previous 
single unit studies range from 1.2 to 2.5 msec. Such a discrepancy suggests 
that DA neurons do not directly contribute to brain stimulation reward. A major 
concern, however, is that RP measures of DA neurons traditionally obtained 
from single unit studies may have been overestimated as they were based on 
the initial segment/soma rather than the axonal segment response. We 
therefore estimated the RPs of antidromically driven mesencephalic DA 
neurons from stimulation of the dorsal MFB and the ventral striatum using 
Swadlow 's test, and compare the results to estimates obtained with the 
standard double-pulse stimulation technique. Antidromic mesencephalic DA 
responses were obtained from male rats anesthetized with urethane (1.2 g/kg, 
ip). Axonal RP was estimated by delivering a pair of pulses (C and T pulses, 0.5 
msec in duration and at least twice threshold) at a short interval after the 
initiation of a spontaneous action potential and by determining the longest C-T 
interval at which no T-pulse response was observed (Swadlow 's test). 
Estimates obtained with S w adlow ’s test and with the standard test range from
1.0 to 2.1 msec (mean 1.62, S.D. 0.067, n=21) and 1.0 to 3.0 msec (mean
1.74, S.D. 0.13, n=14) respectively. Differences between the two tests range 
from 0.0 to 1.7 msec but in 12 out of 14 units this difference was less than 0.2 
msec These results show that in general RP measures of DA neurons 
obtained with standard double-pulse technique are only slightly overestimated 
and mostly reflect physiological property of the axon. They also further confirm 
that DA neurons are unlikely to constitute a substantial proportion of the 
directly stimulated reward-relevant neurons in the MFB. Supported by NSERC.

75.5
IP S IL A T E R A L  V E N T R A L  T E G M E N T A L  A R E A  E X C IT O T O X IC  
L E S IO N S  D O  N O T  R E L IA B L Y  D IS R U P T  L A T E R A L  
H Y P O T H A L A M IC  S E L F -S T IM U L A T IO N  R E W A R D . J R. Stellar*.

Psychology, N ortheastern University, Boston, M A 02115.
As partially reported previously, excitotoxic lesions w ere m ade 

ipsilateral to a lateral hypothalam ic self-stim ulation electrode in rats 
which were well trained on the standard rate-frequency curve-shift 
m ethod. Curves were run at 4-5 currents starting at 2.2-2.4 log uAm ps 
and proceeding in 0.1 log steps. Extensive ventral tegm ental area dam age 
was produced in 9 subjects. Six subjects had h a lf  m axim al threshold 
increases (rew ard decreases) o f  less than 0.05 log Hz at any tim e after the 
first week. The other 3 subjects showed m odest half-m axim al threshold 
increases o f  about 0.2 log Hz w hich recovered to about 0.1 log Hz by the 
fourth week. Slope o f  the Hz-I curve was not different after the lesion. 
Rank ordering o f  lesion size did not explain the behavioral results, but the 
one subject which had the largest behavioral effect also had extensive 
dam age to the substantia nigra pars com pacta as well as the ventral 
tegm ental area. These general results are supported by sim ilar findings 
after bilateral accum bens and/or ventral pallidum  excitotoxic lesions 
(Johnson & Stellar, Brain Research. 646 . 73-84, 1994).

Results are discussed in term s o f  the recent accum bens core vs. shell 
anatom y and as a challenge to the extensive literature on and conventional 
model o f  dopam ine effects on self-stim ulation and other rewards.

75.2
EFFECTS OF CAUDAL MESENCEPHALIC LESIONS ON REWARD INDUCED  
BY ELECTRICAL STIMULATION OF THE VENTRAL TEGMENTAL AREA.
S.M. Boye*and P-P. Rompré . Dé partement de psychiatrie, Université  de 
Montré al, Montré al (Qué bec), Canada, H3C 3J7.

Several sites within the caudal mesencephalon (CM) support responding for 
electrical stimulation. In addition, behavioral and electrophysiological studies 
have shown that some CM sites comprise reward-relevant neurons with 
anatomical and physiological characteristics suggestive of a common circuitry 
with VTA sites. The purpose of this study was to investigate the effect of 
electrolytic lesions of the CM on for electrical stimulation of the VTA. Male 
Long Evans rats were implanted with bilateral VTA stimulating electrodes and a 
lesioning electrode at different regions within the CM. Rats were trained to 
lever press for 400 msec trains of cathodal rectangular pulses of variable 
frequency. At each VTA site, the function relating the rate of responding to 
the stimulation frequency was obtained at each of three current intensities, 
and the stimulation frequency required to induce half-maximal responding 
(M50) was used as an index of the rewarding effectiveness of the stimulation. 
Once the M50 index was stable, rats were lesioned with direct anodal current 
(500-1000 μA; 30-60 sec) and rate/frequency functions were determined at 
each current intensity for up to 36 days post-lesion. A total of 13 rats (11 
bilateral and 2 unilateral VTA electrodes) were tested. Evidence of a decrease 
in reward was observed both ipsi- and contraleral to the lesion, and was time-, 
site- and current-dependent. Interestingly, within the first 3 days, lateral 
lesions (i.e. near the PPtg nucleus), generally led to a potentiation, whereas 
medial lesions (i.e. near the XSCP) led to an attenuation of reward. These 
results suggest that reward induced by VTA stimulation can be altered by 
destruction of several regions within the CM, findings consistent with previous 
mapping studies showing that reward-relevant neurons within this region are 
widely distributed. Supported by a grant from NSERC.

75.4
FOS INDUCTION FOLLOWING SELF-STIMULATION OF 
THE VENTRAL TEGMENTAL AREA. C. Flores*. A. 
Arvanitogiannis, J. G. Pfaus and P. Shizgal. CSBN, Concordia 
Univ., Montreal, Quebec, Canada H3G 1M8.

Fos-like immunoreactivity (FLIR) was assessed following 
self-stimulation of the ventral tegmental area (VTA) in male 
rats. The 0.5 s stimulation trains were composed of 0.1 msec, 
1000 pA pulses, and the stimulation frequency for each subject 
was chosen so as to fall on the shoulder of the rate-frequency 
curve. The rats were sacrificed 15 m after a final 1 h self-
stimulation session. Following perfusion and debraining, vibra- 
tome sections were cut and processed for FLIR.

Many of the areas known to project to or receive projections 
from the VTA showed FLIR in the three experimental subjects 
but not in unstimulated control subjects. Among the regions 
where FLIR was greater in the stimulated hemisphere are the 
septum, caudate-putamen, olfactory tubercle, cingulate cortex, 
perirhinal cortex, lateral hypothalamus (LH), substantia 
innominata (SI), and VTA. Lesions of at least two of these 
regions, the LH and SI, have been shown to decrease the 
reward effectiveness of VTA stimulation.

75.6
VARIATIONS IN BRAIN STIM ULATION REW ARD AMONG  
FEMALE RATS: EFFECTS OF GONADAL STEROIDS.
E.P. B less*. K.A. McGinnis. A.L. M itchell. A. Hartwell, and J.B. 
Mitchell. Dept. o f Psychology, Boston College, Chestnut Hill, MA 
02167.

Previous studies have shown estrogen effects on the nigrostriatal 
dopamine (D A) system. For example, Becker (Behav. Br. Res., 
1986) has shown that estrogen injections increase rotational behavior 
in 6-OHDA unilaterally lesioned animals both 4 hours and 4 days after 
injections. The aim o f the present study was to examine possible 
estrogen effects on the mesolimbic DA system using brain stimulation 
reward (BSR). It is well known that BSR with electrical stimulation 
o f the medial forebrain bundle (MFB) is dependent on the functioning 
o f the mesolimbic DA system. If estrogen affects this system in a 
manner similar to its effects on the nigrostriatal DA system, reward 
measures would be expected to vary across the estrous cycle. Cycling 
female rats were trained to bar press for stimulation to MFB. Animals 
were tested at each stage of the estrous cycle, after ovariectomy and 4, 
24, 48, 72 and 96 hours after hormone replacement with estradiol (10 
μg, S.C.) or estradiol and progesterone (0.5 mg, S.C.). The rewarding 
value o f the stimulation and the maximum rate o f bar pressing 
increased during estrus but not during proestrus, metestrus or diestrus 
as compared with ovariectomy. Hormone replacement restored the 
pattern observed during the estrous cycle. These results indicate that 
gonadal steroids affect the functioning o f the mesolimbic D A  system. 
Although gonadal steroids are most commonly linked to reproductive 
behaviors, these data demonstrate that they can affect more general 
behavioral processes, such as motivation and reward.
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7 5 .7
EFFECTS OF INDIRECT DOPAMINE AGONISTS AND SUBTYPE- 
SELECTIVE DOPAMINE RECEPTOR AGONISTS AND ANTAGONISTS, 
ON BRAIN STIMULATION REWARD THRESHOLDS A. Markou*,  B..A. 
Baldo. K. Jain, L. Veraldi and G.F. Koob. Dept. of Neuropharmacology, The 
Scripps Research Institute, La Jolla, CA 92037.

The dopaminergic system has long been known to modulate brain stimulation- 
reward; however, the precise dopamine receptor subtype involved remains to be 
elucidated. In the present study, the influence of dopamine reuptake inhibitors, 
and selective ligands for dopamine D l, D2, and D3 receptors on brain stimulation 
reward was assessed using a rate-free, current-threshold procedure. The 
dopaminergic agents employed were the D l receptor antagonist SCH 23390 (2.5- 
20 μg/kg), the D2 receptor antagonist raclopride (5-20 μ g/kg), the Dl receptor 
agonist SKF 81297 (0.125-1.5 mg/kg), the D2 receptor agonist bromocriptine 
(1.0-32 mg/kg), the D3 receptor agonist 7-OH-DPAT (0.01-1.0 mg/kg), the 
monoamine uptake inhibitor cocaine (2.5-20 mg/kg), and the selective dopamine 
reuptake inhibitor GBR 12909 (2.5-20 mg/kg). As expected, both SCH 23390 
and raclopride significantly elevated brain stimulation-reward thresholds, consistent 
with their dopamine receptor blocking effects. Interestingly, the D l agonist SKF 
81297 also elevated thresholds at the highest doses tested. Neither 7-OH-DPAT, 
nor bromocriptine, had any statistically significant effects on thresholds. In 
contrast, both cocaine and GBR 12909 significantly lowered brain stimulation- 
reward thresholds. In general, there was no clear association between the drugs’ 
effects on reward thresholds and response latencies, suggesting a dissociation 
between drug effects on reward and motor processes. These results lend further 
support to the notion that dopamine receptors are critically involved in the 
modulation of brain stimulation-reward. Furthermore, the lack of significant 
threshold-lowering effects of the direct subtype-selective receptor agonists 
distinguishes them from indirect dopamine agonists such as GBR 12909 and 
cocaine, which have consistently been shown to lower reward thresholds. 
Supported by DA00213 (AM), an NSF Predoctoral Fellowship (BAB) and 
DA04398 (GFK).

7 5 .9

THE EFFECT OF STAUROSPORINE INJECTED INTO THE  
NUCLEUS A CCUM BENS ON SELF-STIM ULATION IN THE  
RAT. S. Nakajima* and S. Watanabe, Department o f Psychology, 
Dalhousie University, Halifax, Canada, and Keio University, Mita, 
Tokyo,Japan.

Dopamine receptors in the neurons o f the nucleus accumbens play 
a critical role in the reinforcing effect of brain stimulation, but the exact 
function of the accumbens neurons in this regard is not clear. One 
possibility is that a second messenger, activated by dopamine, may act 
on protein kinases in the accumbens neurons in such a way that the 
sensitivity o f these neurons are altered to m odify subsequent 
behaviour.

We implanted a bipolar electrode into the medial forebrain bundle 
and a cannula into the nucleus accumbens of albino rats. After training 
them to press a bar for electrical stim ulation, we measured the 
threshold o f reinforcement by gradually reducing the frequency of 
stimulation pulses. Staurosporine was d isso lved  in dim ethyl 
sulfoxide, and 1 μl was injected through the cannula. The post- 
injection thresholds, as compared with the pre-injection threshold, 
increased for a period of 1-24 hours after injection, the peak appearing 
at about 2-4 hours. The threshold returned to the pre-injection level in 
48 hours. Within the dose range tested (from 5 to 40  n mol), the effect 
was dose-dependent.

The results are consistent with a hypothesis that protein kinases in 
the neurons o f the nucleus accum bens are critically involved in 
producing the reinforcing effect of stimulation.

75.11

AVERSIVE STIMULATION OF THE MEDIAL HYPOTHALAMUS 
DECREASES DOPAMINE RELEASE IN THE NUCLEUS 
ACCUMBENS, AND STIMULATION-ESCAPE INCREASES IT. B.G. 
Hoebel*. P.V. Rada, and G.P. Mark. Dept. of Psychology, Princeton 
University, Princeton, N.J., 08544.

Dopamine (DA) in parts of the nucleus accumbens (NAc) is released 
during positive reinforcement, and can itself be a positive reinforcer as 
shown by local self-administration. Dopamine’s role in negative 
reinforcement is less clear. Therefore two groups of rats were selected for 
DA microdialysis, one group had lateral hypothalamic (LH) 
"reward/aversion" electrodes that supported self-stimulation (1200 resp/20 
min) and stimulation-escape (60 resp/20 min) and the other group had 
medial hypothalamic (MH) "aversion" electrodes that only supported 
escape-responding (100 resp/20 min). Results showed that during automatic 
LH stimulation, extracellular DA increased in the NAC (+30%) and 
increased significantly more during responding for stimulation-escape 
(+95%). Automatic MH stimulation did the opposite by decreasing DA 
(-20%). Nevertheless, when the animals were allowed to lever press for 5 
sec escape, DA was significantly elevated (+97% ). Thus LH and MH 
stimulation had opposite effects, but during stimulation-escape DA almost 
doubled in both cases. Apparently mesolimbic DA was released by motor 
activity or the negative reinforcement process. MH stimulation creates an 
aversive state characterized by lowered DA, and removal o f that stimulation 
disinhibits DA release which may reinforce escape responding. Supported 
by USPHS grant NS30697.

75.8
DIFFERENTIAL EFFECTS OF THE PUTATIVE DOPAMINE D 3/D 2 RECEPTOR 
AGONIST 7-OH-DPAT ON INTRACRANIAL SELF-STIMULATION USING A  ‘CURVE- 
SHIFT’ PARADIGM OR UNDER A PROGRESSIVE-RATIO SCHEDULE. R . Depoortere*. 
Gh. Perrault and D.J Sanger. Synthelabo Recherche. 31 Av. P  Vaillant-Couturier 92220 
Bagneux, France

We investigated the effects of 7-OH-DPAT. a dopamine (DA) D3/D 2 receptor agonist, on the 
reinforcing effects of electrical stimulation applied to the ventrotegmental area (VTA). Rats 
were trained to press a lever for VTA self-stimulation under 2 different paradigms, the “curve- 
shift “ paradigm, and a paradigm where self-stimulation was available under a  schedule claimed 
to assess the reinforcing efficacy of stimuli, namely the progressive ratio (PR) schedule. In the 
“curve-shift" paradigm, self-stimulation was available under a fixed-ratio 1 (FR1) schedule of 
reinforcement, and the stimulation was tested at 6 frequencies presented in a descending order, 
generating a frequency/response curve. In the PR schedule, periods of self-stimulation were 
available upon emission of a number of presses that increased fo r  access to each successive 
period of self-stimulation. The recorded parameter was the breaking point (BP) the number of 
periods of self-stimulation earned during a session. A  low dose (0 1 mg/kg ip) of 7-OH-DPAT 
shifted the frequency/rate curve to the right under the FRl schedule, and decreased (0.1 and 0.3 
mg/kg) the breaking point under the PR schedule, suggesting that low doses of 7-OH-DPAT 
decrease the reinforcing efficacy of the stimulation Higher doses (1 to l 0mg/kg) dose- 
dependently pulled down the frequency/rate curve at higher frequencies of stimulation This is 
classically interpreted as a  drug-induced motor-incapacitating effect that interferes with operant 
responding, although a concomittant decrease in the reinforcing efficacy of the stimulation can 
not be ruled out In contrast, BP values dose-dependently returned towards baseline with these 
higher doses o f 7-OH-DPAT. These PR data are not in favour of a motor-incapacitating or 
decrease in reinforcing efficacy explanations for the FRl (curve-shift) data with higher doses of 
7-OH-DPAT. Control studies showed that d-Amphetamine (0.25 to 1 mg/kg) dosenfependently 
shifted the frequency/rate curve to the left , and at doses o f 0.125 to 1 mg/kg increased the 
breaking point; both results suggest that d-Amphetamine potentiates the reinforcing efficacy of 
the stimulation. In summary , these present data highlight some potential interpretative problems 
that could be met with a FRl curve-shift paradigm when assessing effects o f DA agonists and 
position PR schedules as aternative/complementary tools for such studies

75.10
STRAIN-SPECIFIC DIFFERENCES IN 2 -T E T R A H Y D R O C A N N A - 
B1NOL (THC)-INDUCED FACILITATION OF ELECTRICAL BRAIN 
STIMULATION REWARD (BSR). Eliot L Gardner*. Xinhe Liu. W illiam 
Paredes. Virginia Savage. Joyce Lowinson & M arino Lepore. Albert Einstein 
College o f  Medicine, New York, NY 10461-1602
W e have previously reported that THC enhances neurotransm itter efflux in 
reward-relevant limbic and forebrain loci and is more pronounced in Lewis (L) 
versus Fischer 344 (F344) rats. Recently, attention has focused on strain- 
specific differences in vulnerability to  abused drugs inherent in the L rat strain 
For example, L rats have lower levels o f  neurofilament proteins and tyrosine 
hydroxylase in reward-relevant nuclei, and show higher conditioned place 
preference behavior to  cocaine than F344 rats W e now examined if strain- 
specific differences in THC-induced enhancement o f  electrical BSR could be 
obtained using a rate-frequency curve-shift paradigm. Groups o f  L, F344 and 
Sprague-Dawley (SD) rats were trained to  lever press for pulse frequencies 
ranging from 25 to 141 Hz presented in descending order. Once stable 
reinforcement thresholds were reached, rats were given 1 0  mg/kg THC or 
vehicle. L rats showed the most pronounced THC-induced enhancement o f 
BSR, SD rats showed h a lf that seen in L, and thresholds in F344 rats were 
unaffected. These results are consistent with previous work showing L rats to 
be highly sensitive to the rewarding properties o f  a variety o f  drugs o f  abuse, 
while F344 rats are highly insensitive They extend such previous findings to 
cannabinoids, and suggest that significant genetic variations to other 
cannabinoid effects m ay also exist Supported by N1DA grant DA03622 
(ELG) and by the Aaron Diamond Foundation (ML).
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76.1
P S E U D O R A B IE S  V IR U S  D IF F E R E N T IA L L Y  IN F E C T S  T H E  V IS U A L  
S Y S T E M  O F  N O R M A L  A N D  O F  " B L IN D " S U B T E R R A N E A N  
M A M M A LS . J. Negroni *, A. Attar. C. Merrouche. N. Bennett. E. Nevo. 
B. Sicard and H . M. Cooper. CERVEAV et VISION, INSERM U-371, 69675 
Bron, FRANCE; Zoology Department. University o f  Capetown, Cape Province, 
SOUTH AFRICA; Lab. Mammalogie, ORSTOM, Bamako MALI; Institute o f  
Evolution, Haifa, ISRAEL.

Both Herpes and Pseudorabies (PRV) viruses show selective neurotropic 
properties of infection within the nervous system: introduction of the live virus 
leads to infection, replication, and anterograde and/or retrograde transport in 
neurons Through a series of intracellular events, the viruses replicate in the 
target neuron and pass via the synapse to subsequently infect afferent cells, 
thus allowing demonstration of synaptically connected chains of neurons. 
Following intraocular injection, we studied the pattern of neuronal infection of 
two strains of PRV. Bartha and Becker, within the visual system of a gerbil 
(Taterillus petteri) and two subterranean "blind" mole-rats: Spalax 
ehrenbergi (Spalacidae) and Cryptomys hottentotus (Bathyergidae). In both 
the mole-rats, the PRV Becker strain infects all retinal ganglion cells and 
leads to infection of neurons in all visual structures (dorsal and ventral 
geniculate nuclei, intergeniculate nucleus (IGL), superior colliculus, 
suprachiasmatic nucleus (SCN). pretectum). In contrast. PRV Bartha strain 
selectively infects neurons in only two nuclei: the SCN and the IGL. In the 
gerbil. the PRV Bartha strain infected cells restricted to the SCN and IGL. 
whereas following injection of PRV Becker, no infected neurons were 
observed in any brain structure. These results illustrate that the infectious 
properties of PRV vary according to both species and to viral strain.

76.3
LOCALIZATION OF PACEMAKER CELLS IN THE HAMSTER SCN:
I) STUDIES USING FOS, ABLATION AND MUTANTS. J .  LeSauter* 
and  Rae Silver. Dept. Psychol. B arnard  Coll. of Colum bia Univ. New 
York. N.Y. 10027.

Many neuroactive substances  have been described w ithin the 
suprach iasm atic  nuclei (SCN) of m am m als. However, th e  identification 
of pacem aker cells w ithin the nuclei h a s  no t been  achieved. Recently, 
we have described a d iscrete subnucleus  of calb indin-D 2 8 K (CaBP)-ir 
cells in the m id-caudal region of the  ham ster SCN (Soc. Neurosci. 
Abstr. 19: 662.5, 1993). We now report on 3 stud ies  of its  function.

(1) Double-label im m unocytochem istry indicates th a t 60-80%  of 
CaBP-ir cells express fos in  anim als exposed to light a t CT 21, 
indicating th a t the CaBP cells receive retinal input. (2) Ablation 
stud ies indicate th a t partial lesions th a t spared  the  CaBP subnucleus 
of the SCN did no t abolish locomotor activity rhy thm s, In con tras t 
lesions th a t destroyed the CaBP cells d isrup ted  rhythm icity, even 
w hen vasopressin and  vasoactive in testina l polypeptide cells and  fibers 
were spared. This suggests a  role for the CaBP subn u c leu s  in 
circadian organization. (3) We then  com pared the  num ber of SCN 
CaBP cells between wild type (tau=24h) and  m u tan t (tau=20h) 
ham sters kept in constan t dark  for 1 week. Cells were counted  by two 
independan t researchers blind to the experim ental groups.
Homozygote m u tan t h am sters  have more CaBP cells th a n  wild type 
ham sters, p<.0001. This is the first description of a  phenotypic 
difference between wild type and  ta u  m u tan t ham sters . It is also the 
first indication of the identity of pacem aker cells in  the  SCN. Support: 
NIH NS 24292 and  AFOSR (to RS).

76.5
ALBINISM AFFECTS LIGHT-INDUCED SLEEP BEHAVIOR AND VISUAL 
SYSTEM ANATOMY IN RATS. A.M. Miller*1. W.H. Obermeyer2. R.M. 
Benca2. Neuroscience Training Program1 and Dept. of Psychiatry2, University of 
Wisconsin-Madison, 53706.

Differences in both light-induced paradoxical sleep (PS) behavior and 
retinohypothalamic tract (RHT) anatomy have been found in albino Lewis (L) and 
Brown Norway (BN) rats (Benca et al, 1991; Steininger et al, 1993). We replicated 
these studies in congenic F344 c/+ albino (A) and pigmented (P) rats in order to 
associate the differences with albinism.

Sleep was recorded over four days in groups of A and P rats maintained on a 12:12 
light-dark cycle with 5min dark pulses (DP) occurring every half hour during the light 
period according to standard procedures (Benca et al, 1991). Consistent with findings 
in inbred strains, A rats showed large increases in PS during the DP, whereas P rats 
did not.

To analyze the RHT of A and P rats, inactive cholera toxin conjugated to HRP 
(CT-HRP) was injected into the left eye. After two days, rats were perfused and brains 
sectioned at 50m. CT-HRP was visualized with tetramethylbenzidine. Camera lucida 
drawings of the RHT of 5 A and 5 P rats were made at 25X by a blind observer. 
Cross-sectional area was determined using a computerized tablet (Summagraphics and 
MacMeasure) and summed through each case. The RHT distribution at the level of 
the suprachiasmatic nucleus (SCN) appeared to be greater in A than P rats.

Light information is transmitted to the mammalian brain by the visual system. 
Albino mammals are known to have anomalies in primary visual pathways (Guillery, 
1974). It is possible that differences in retinal projections related to albinism mediate 
differences in light-induced sleep behavior. Lesion studies may help to determine 
whether the SCN is involved in mediating direct effects of light on sleep in addition to 
its known function as the circadian pacemaker. Supported by NIMH Grants 
MHO 1224 and MH52226 to R.M.B., and NRSA GM07507 to A.M.M.

76.2
LOCALIZATION OF PACEMAKER CELLS IN THE HAMSTER 
SCN: II) TRANSPLANT STUDIES. R. Silver*1, J .  L eS au ter1 and 
M.N. Lehman2. l Dept. Psychol., B arnard  Coll. of Colum bia Univ. 
New York, NY 10027, and  2Dept. Cell. Biol. Neurobiol., & A nat., 
Univ. of C incinnati, OH 45267.

We have previously show n th a t fetal grafts restric ted  to the 
region of the SCN restore circadian activity rhy thm s (Soc.
Neurosci. Abstr. 19: 434.9, 1993). The p resen t study  aim ed to 
localize oscillator cells w ithin the nucleus  by tran sp lan ting  half- 
SCN grafts. T issue from dorsom edial, ventrolateral, ro s tra l or 
caudal SCN of wild type h am ste rs  (tau=24h) w as im planted  into 
the  th ird  ventricle of lesioned adu lt m u tan t h am ste rs  (tau= 20 or 
22h). Twelve weeks after im plantation  the an im als were sacrificed, 
and  serial (50 μm) sections were processed a s  follows: neurophysin  
(NP), calbindin (CaBP), vasoactive in testina l polypeptide (VIP), and  
CaBP, etc. The resu lts  indicate th a t 7 /1 6  dorsom edial, 5 /11  
ventrolateral, 2 /4  rostral and  1 /3  caudal SCN grafts induced 
resto ration  of a 24 h  locomotor rhythm ,. Analysis of peptidergic 
cell types in  half-SCN grafts th a t restored  donor specific 
rhythm icity, indicates th a t some contained  VIP, and  all contained 
NP and  CaBP. Among the  half-SCN grafts th a t did not restore 
rhythm icity, m ost had  bo th  NP and  VIP, some had  NP an d  no VIP, 
none contained SCN CaBP cells. This suggests th a t pacem aker 
cells controlling circadian locomotor activity m ay be localized in 
the CaBP subnucleus  of the SCN. Support: NIH NS 24292 and  
AFOSR (to RS).

76.4
THE HYPOTHALAMIC SUPRACHIASMATIC NUCLEUS REGULATES 
CIRCADIAN CHANGES IN NOREPINEPHRINE TURNOVER IN 
SYMPATHETICALLY INNERVATED TISSUES. Wade S. Warren. Thomas H. 
Champney and Vincent M. Cassone*. Departments of Biology and of Human 
Anatomy, Texas A & M University, College Station, Texas 77843.

Although the mammalian suprachiasmatic nucleus (SCN) is known to be responsible 
for the generation of a wide array of behavioral, endocrine and physiological rhythms, 
the specific output pathways regulating these systems are unknown. The only well 
characterized output pathway of this system is the multi-synaptic connection between 
the SCN and the pineal gland. This pathway includes the sympathetic superior 
cervical ganglia. To ask whether other sympathetically innervated tissues are regulated 
by the SCN, we have determined norepinephrine turnover at 4 different circadian 
times of day (CT 3, 9, 15 and 21) in intact and SCN lesioned (SCNX) Long-Evans 
rats (N=36/group). Lesions were verified by recording wheel-running behavior and 
by histological analysis of the hypothalamus at the conclusion of the experiment. 
Norepinephrine turnover was measured using the α -methyl-p-tyrosine technique in 
cerebral cortex, cerebellum, hypothalamus, pineal, adrenal, right atrium of the heart, 
spleen, kidney, and liver. Samples were alumina extracted and assayed for 
norepinephrine (NE) using high performance liquid chromatography with 
electrochemical detection. Rates of NE turnover were calculated from these data 
(Brodie et al., 1966). No circadian differences in norepinephrine turnover were 
observed in brain tissues, although turnover in the hypothalamus was greatest at CT 
3 (early subjective day). In pineal, heart and kidney, turnover was significantly 
higher during subjective night, but in adrenal, liver and spleen, it was greater at CT 
3 than at CT 15. SCNX abolished these rhythms. No circadian differences in NE 
turnover were observed in any tissue. These data suggest that the SCN uses the 
sympathetic nervous system as a mechanism of communicating rhythmic information 
to peripheral targets. Supported by AFOSR 90-NL-0244.

76.6
APPLICATION OF THE PSEUDORABIES VIRUS (PRV) TO TRACING 
FUNCTIONAL PATHW AYS IN  THE BRAIN R. K. Leak*. J. P. C ard  and 
R. Y. M oore D epartm en t of P sychiatry  an d  C en ter for N euroscience, 
U niversity  of P ittsburgh, P ittsburgh , PA 15261.

PRV is a neurotropic swine herpesvirus used  extensively in transynaptic 
tracing of autonom ic pathw ays (Card et al., 1990; Jansen et al., 1993; 
R inam an et al., 1993) and  v isual pa thw ays (Card et al., 1991; M oore et al., 
1995). In the v isual system , for exam ple, PRV is injected in to  the eye, 
taken up  by retinal ganglion cells, replicated, tran sp o rted  and  released at 
points of synaptic contact, taken up  by postsynaptic neurons and 
replicated. Viral replication enhances the signal and  allow s neurons 
innervated  by the optic tract axons to be dem onstrated  w ith  an an tiserum  
to virus. Once the virus reaches a central nucleus, how ever, all further 
transport appears to be confined to the retrograde direction. In this study, 
we have initia ted  an  analysis of the tran sp o rt of PRV-Bartha injected 
directly into the brain. There are several questions: 1) W ill v irus be taken 
u p  directly by neuronal perikarya or d endrites as w ell as axons at the site 
of injection, by glia? 2) H ow  precise is the injection site? 3) Is up take 
specific w ith  respect to axons that take up  the m odified  strain , PRV- 
Bartha? 4) W hat are the tem poral param eters of first o rd er and  
transynap tic  transport?  W e injected PRV-Bartha w ith  hypo thalam ic  
term inal fields of projections from  the suprachiasm atic nucleus (SCN). 
W ith these, w e find that virus up take  appears confined to axon term inals; 
no somal, dendritic  or glial labeling is apparent. There is specific 
retrograde transport w ith  labeling of SCN neurons. The p a tte rn  of 
labeling indicates that retrograde transport occurs from  a very restricted 
zone. Experim ents are in progress examining the tem poral course of virus 
transport after brain  injections. Supported  by  NS-16304.
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76.7
IDEN TIFICATION O F ELEM ENTS OF THE "C IR C A D IA N " RETINA 
USING THE PSEUDORABIES VIRUS (PRV). J. C. Speh* and  R.Y. Moore. 
Depts. of Psychiatry and  C enter for Neuroscience, Univ. of P ittsburgh, PA

The retinohypo tha lam ic  tract (RHT) is essentia l for the en tra inm ent of 
circadian rh y th m s (Klein an d  M oore, '79; Johnson et al., '88). Recent data 
dem onstrate that the RHT arises from  a d istinct subset of retinal ganglion 
cells (RGCs) that conform  to a type III or W -cell classification (M oore et al., 
'95). In that s tudy  a m odified a lpha herpesv irus, the  Bartha strain  of PRV, 
was injected into one eye w here it w as incorporated  into RGCs projecting to 
the suprachiasm atic nucleus (SCN), tran sp o rted  to axon term inals, released, 
and taken u p  by SCN n eu ro n s and  again  rep licated . It is then  released at 
points of synaptic contact of RHT axons from  the contralateral eye, taken up, 
transported  re trograde ly  and  rep licated  in  the RGCs that give rise to the 
RHT in that eye. This perm its  analysis  of the  RGCs in the  absence of a 
direct viral infection.

In this s tu d y  we have used  the sam e p a rad ig m  to fu rth e r analyze the 
retinal e lem ents involved  in c ircad ian  tim ing. At v arious surv ival poin ts 
after eye injection, the  co n tra la te ra l re tin a  is rem o v ed , sectioned  and 
p repared  im m u n o h is to ch em ica lly  to v isu a lize  v iru s . Tw o p a tte rn s  of 
infection a re  observ ed . 1.) Infected  g an g lio n  cells a rc  associated  with 
isolated co lum ns of infected b ip o la r cells in w hich  bo th  cell bodies and 
processes are  v isualized. 2.) D endritic p rocesses ex tend  from  RGC somata 
across the inner plexiform  and inner nuclear layer, to produce large, club-like 
endings in the distal o u ter plexiform  layer at the  base of the photoreceptor 
cell bodies. This type of RGC, previously  described  in  the prim ate  retina and 
termed a "b ip lexiform " gang lion  cell (M ariani, '82), w ou ld  ap p ear to be 
ideally suited to be involved in the detection  of changes in lum inance that 
form the basis of photic en tra inm ent. Supported  by NS-16304.

76.8
C O N FO C A L M IC RO SCO PIC  AN ALYSIS OF P IN EA L NEURA L 
CIRCUITRY. P. Ekström*. M. Anzelius, T. Yanez and  H. M eissl. 
Departm ent of Zoology, Lund University, Lund, Sw eden

The p h o tosensory  p ineal o rgan  of sa lm onid  fish con ta ins p h o to 
receptor cells, neurons and glial elem ents. P hotoreceptors respond  to light 
w ith  g raded  h yperpo larizations, and  transm it th eir response to second 
order neurons, which relay the neural m essage to various brain  centers. In 
the  d a rk , p in ea l p h o to recep to rs  sy n th es ize  and  release  m ela to n in , 
w hich  is released into the b loodstream , and  m o d u la tes  p inea l n eu ra l 
activ ity . The cen tra lly  p ro jec tin g  n e u ro n s  a re  of tw o  basic types: 
lum inance neurons that respond to light of all w aveleng ths w ith  inhibi
tion of the spontaneous activity, and chrom aticity  neu ro n s th a t respond 
w ith  color coded action potentials. Still, little is know n reg ard in g  the 
neu ra l netw ork  responsib le  for the genera tion  of the d ifferen t type of 
signals. In the p resen t stu d y  we have analyzed  pineal cytoarchitecture  
by use of im m unocy tochem istry , u tiliz in g  specific an tib o d ies  against 
various cytoskeletal elem ents, p h o to transduc tion  pro teins and  serotonin. 
Confocal m icroscopic analysis of single, double  and  trip le  labeling expe
rim en ts revealed  a com plex n eu ro n a l n e tw ork  th at in te rm ing les w ith 
ph o to recep to r pedicles, a lbeit w ith  few d irec t appositions. This ind i
cates th at only p a rt of the pho to recep to r p o p u latio n  is p resynap tic  to 
second-order neurons. We p ropose  th at the in trap in ea l n eu ro n s form 
interconnected neural circuits that synchronize the activity  of "scotopic" 
lum inance n eurons, "m esopic" lum inance  neu ro n s, and  ch rom atic ity  
neurons. We fu rther p ropose that these circu its  receive synaptic  inp u t 
from  a re la tiv e ly  sm all n u m b er of p h o to re c e p to r  cells, w h ile  the 
m ajority of the pho toreceptor cells release m elatonin  th at functions as a 
horm onal signal as well as a local m odu lato r of neural activity.
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77.1
SELECTIVE DESTRUCTION OF 5HT-CONTAINING FIBERS IN THE 

SCN AUGMENT LIGHT-INDUCED PHASE SHIFTS IN MICE. M.J
Bradbury*. W.C. Dement and D M. Edgar, Sleep Research Center, Stanford 
University School of Medicine, Stanford CA, 94305.

Phase shifts of the circadian clock induced by both light pulses and by voluntary 
activity interact, possibly through a serotonergic mechanism (Edgar et al, 
submitted) Systeinically administered 5HT agonist shifts free-running rhythms in 
rat (Edgar et al 1993) and reduces behavioral phase advances to light in hamsters 
(Rea et al 1994), while 5, -7,- dihydroxytryptamine (DHT), a 5HT neurotoxin 
injected iev causes small increases in photic phase shifts (Morin and Blanchard, 
1991). The critical receptors for these serotonergic effects likely reside in the SCN 
where 5HT both decreases retinal glutaminergic release and attenuates SCN c-fos 
expression induced by light pulse (Selim et al 1993). To verify that 5HT in the 
SCN modulates light-induced phase shifts, we compared light-induced phase 
delays (30 min 30 lux light pulses begining from CT14-CT17.30, DD) in male 
mice in which 5HT terminals of the SCN were lesionsed with DHT, (n=12) or in 
surgical controls (VEH, n=7). The presence or absense of wheel running in 30s 
epochs was continually monitored by a digital data collection system. 10-14 days 
before and after the light pulse, free running rhythm was determined by chi- 
squared periodogram. Phase shifts were estimated visually. Completeness of 
lesion was assessed by 5HT immunocytochemistry. DHT mice had larger phase 
delays after light pulses (DHT: 136 ± 13 minutes, VEH: 86 ± 13 mintues ; p= 
0.004, t-test). Free-running period was not affected by either lesion type or light 
pulse Both DHT and VEH mice had robust circadian wheel-running rhythms, but 
the number of epochs containing wheel-running between CT12-24 were greater in 
DHT mice (p=0.001, ANOVA). These results provide direct evidence that 
attenuation of photic phase responses by 5HT is mediated by terminals at the SCN. 
Supported by AG06490.

77.2
COMPARISON OF SINGLEUNIT AND MULTIUNIT CIRCADIAN 
RECORDINGS FROM SUPRACHIASMATIC BRAIN SLICES: EFFECTS OF 
SEROTONIN AND GLUTAMATE. R. A. Prosser.* Department of Zoology, 
University of Tennessee, Knoxville, TN 37996.

Most studies investigating in vitro phase modulation of the mammalian circadian clock 
in the suprachiasmatic nuclei (SCN) have used extracellular singleunit (SUA) recordings 
of SCN neurons. While this technique has proven extremely reliable, it is also very 
labor-intensive. In this study I have used multiunit (MU A) recordings to study SCN 
clock phase in vitro. The purposes were to 1) determine whether similar results are 
obtained using the two recording techniques, and 2) begin investigating possible 
interactions between serotonin (5-HT) and glutamate (Glu) in the SCN in vitro.

Brain slices were prepared 1-3 hrs after lights-on from adult male Sprague-Dawley 
rats and maintained as described previously (J.Biol.Rhyth. 8:1,1993). MUA recordings 
involved techniques adapted from Bouskila and Dudek (PNAS 90:3207,1993). Five 1- 
min samples of neuronal activity were recorded every 15 min using Brain Wave software 
beginning 1 hr after slices were prepared and continuing through zeitgeber time (ZT) 10 
(ZT0=lights-on) of day2. All drugs were bath applied for 1 hr between ZT6-7 of dayl. 
The time of peak MUA was determined by polynomial regression of the raw data.

Results of the MUA experiments (see table) are 
quite similar to previously published SUA data.
One difference found is that time of peak MUA 
on dayl occurred 1 hr later than on day2 (ZT 
6.94± 35(8)). Additional MUA experiments 
showed, as others have found, that Glu ( 1mM) 
does not shift the phase when applied in the day

Time of peak - day2 (ZT)
Treatment SUA MUA
Control 6.0+32(5) 5.97+24(8)
5-HT 2.25+53(3) 3.33+74(3)
Quipazine 2.19± 14(4) 1.58± 41(3)
DPAT 3.17+2(3) 3.5± 1.03(4)

Glu did not block 5-HT-induced shifts (time of peak= ZT2.15 ± . 41(5)). Future 
experiments will characterize the time of peak MUA on day3 in control slices, and will 
investigate the effects of Glu and 5-HT agonists applied together at different times.

77.3
THE EFFECTS OF SEROTONIN DEPLETION ON TRIAZOLAM AND NOVEL 
WHEEL INDUCED PHASE SHIFTS. E.L. Mever*and L.P. Morin. Dept. of 
Psychiatry and Dept. of Neurobiology, SUNY, Stony Brook, NY, 11794.

Novel wheel access (NW) and injections of the benzodiazepine triazolam 
(TRZ) induce phase advances of the circadian rhythm during the subjective day 
and are correlated with an acute increase in activity. This correlation with activity 
in conjunction with anatomical and behavioral evidence has fostered speculation 
that serotonin (5HT) may mediate these non-photic induced shifts. The role of 
5HT in NW induced shifts has not been previously addressed and its role in TRZ 
mediated shifts is still unclear. This experiment evaluates the ability of these non- 
photic stimuli to phase shift the circadian clock in 5HT depleted hamsters.

Hamsters entrained to LD14:10 received bilateral intraventricular 
injections of the 5HT specific neurotoxin 5,7-dihydroxytryptamine (DHT) or 
vehicle. All animals were transferred to constant dark conditions (DD) for 30 
days. During this time half of each surgical group was evaluated for NW  
(circadian time (CT)4-7) and the remaining animals evaluated for TRZ (CT6) 
induced shifts. Hamsters were then re-entrained to LD and returned to DD (30 
days), where the effects of the previously untested stimulus were assessed in 
a similar counterbalanced, cross-over design. Animals were perfused and 
immunohistochemistry was used to evaluate 5HT depletion.

Serotonin depletion did not affect the shift magnitude or the proportion 
of hamsters shifting to NW. DHT animals were able to shift to TRZ with a similar 
amplitude as controls, but the proportion of animals responding was less. In 
response to NW or TRZ, the DHT animals ran significantly less than controls. 
Unlike controls, the amount of running in DHT animals was not correlated with 
shift magnitude. We conclude that an intact 5HT system is not necessary for 
shifts in response to TRZ or NW, but is necessary for the previously observed 
association between the amount of running wheel activity and shift magnitude.

77.4
LESIONS OF THE INTERGENICULATE LEAFLET BLOCK 
SEROTONERGIC POTENTIATION OF LIGHT-INDUCED PHASE 
ADVANCES OF HAMSTER CIRCADIAN ACTIVITY RHYTHMS. 
M.A. Rea*. M. Cato. A-M. Michel and R.L. Gannon. BRAIN Research 
Institute, Armstrong Lab, Brooks AFB, TX 78235 

In a previous study (see Gannon & Rea, this volume), we showed that 
systemic injection of the mixed 5HT1A agonist/ antagonist, BMY7378, 
greatly potentiates light-induced phase shifts, while local injection is 
without effect. In order to characterize the mechanism of action of 
BMY7378, we examined the effects o f chemical lesions o f the 5HT 
projection to the SCN, as well as bilateral lesions of the intergeniculate 
leaflet (IGL), on the potentiation o f light-induced phase shifts by 
BMY7378 and similar drugs. Groups of Syrian hamsters received either 
injections o f the serotonergic neurotoxin, 5,7-DHT, or vehicle into the 
region o f the SCN. Groups o f other hamsters were subjected either to 
bilateral lesions o f the IGL or to a sham procedure. Activity rhythms were 
monitored under conditions o f constant darkness. Within 2 weeks of 
treatment, hamsters in all groups received i.p. injections o f either vehicle, 
or 5 mg/kg BM Y7378, 45 minutes prior to light exposure (20 lux for 10 
min) at CT19. Light exposure at CT19 resulted in stable phase advances 
o f the activity rhythm (1.3 ±  0.2 hr). Systemic injection of BMY7378 
resulted in a 233% increase in the photic phase advance (4.3 ±  0.4 hr; 
p<0.01). Preliminary results indicate the 5,7-DHT lesions of the 5HT 
projection to the SCN do not prevent potentiation o f photic phase shifts by 
BMY7378. However, bilateral lesions o f the IGL completely block the 
potentiating effects o f the drug (Veh + L = 0.9 ±  0.1 hr; BM Y + L = 1.1 ±
0.3 hr). These results indicate that the integrity o f the IGL is required for 
serotonergic potentiation o f photic phase shifts. AFOSR 2312CA (MAR).

Society for Neuroscience, V olume 21, 1995



180 BIOLOGICAL RHYTHMS AND SLEEP: NEUROTRANSMITTERS AND HORMONES I SUNDAY AM

7 7 .5

SEROTONERGIC MIXED 5HT1A AGONISTS/ANTAGONISTS 
POTENTIATE LIGHT-INDUCED PHASE SHIFTS OF HAMSTER 
CIRCADIAN ACTIVITY RHYTHMS. R.L. Gannon* and M. A.  Rea. 
Krug Life Sciences, Inc., and BRAIN Research Institute, Armstrong Lab, 
Brooks AFB, TX 78235

The effects o f systemically injected 5-HT iA and 5-HT7 antagonists on 
light-induced phase shifts o f hamster circadian wheel running activity 
were evaluated. Both 5-HT1A and 5-HT7 receptors have been implicated 
in the regulation o f the circadian pacemaker located in the suprachias- 
matic nucleus o f  rodents. Hamsters were maintained under conditions o f  
constant darkness, and their free running activity rhythm was monitored. 
Antagonists were injected i.p. from 45 - 105 min prior to a 10 min pulse 
o f light (20 lux) at CT 19, a stimulus which is known to phase advance 
circadian rhythms by 1-2 hr. The mixed 5-H T1A agonists/antagonists 
BMY 7378 and N A N -190 potentiated light-induced phase advances by as 
much as 6 hr. Neither the 5-H T1A antagonist (+)W AY100135 nor the 
putative 5-HT7 antagonists ritanserin and clozapine had any effect on 
light-induced phase shifts. BMY 7378 also had no effect when injected 
directly into the region o f  the SCN. These and previous data suggest that 
BMY 7378 and N A N -190 may potentiate light-induced phase advances 
by inhibiting raphe serotonergic cell firing through the activation o f  
somatodendritic 5-H T1A receptors, and removing an inhibitory influence 
o f serotonergic afferent input to the SCN However, the effects o f these 
two compounds could not be attenuated by spiperone or (+)WAY  
100135, antagonists at the somatodendritic 5-HT1A receptors in other 
species. Although the site o f action for BMY 7378 and N A N -190 remains 
to be identified, these compounds illustrate that mixed 5-HT1A 
agonists/antagonists may prove to be a new class o f  highly efficacious 
chronopharmaceuticals. Supported by AFOSR 23 12CA (MAR)

7 7 .7

FOUR HOURS OF TOTAL SLEEP DEPRIVATION INCREASES BRAIN 
SEROTONERGIC ACTIVITY IN DJUNGARIAN HAMSTERS. T. Porkka- 
HeiskanenC M. Asikainena, T. Deboerb, I. Toblerb and D. Stenberg*a. 
aInstitute of Biomedicine, University of Helsinki, Finland and bInstitute of 
Pharmacology, University of Zurich, Switzerland.
Whereas long term (11-20 days) experiments have failed to show significant 
changes in brain levels of monoamines during total sleep deprivation (SD)1, 
we recently found time dependent changes in monoamine concentrations in 
rat brain during REM sleep deprivation and rebound sleep2. Brain serotonin 
levels were also increased during rebound after 24 h SD3. We measured brain 
monoamine concentrations in Djungarian hamsters after a short SD. Short 
day exposed Djungarian hamsters (n=10) were deprived of total sleep for 
four hours using gentle handling of the animals in their home cage. Hamsters 
kept individually in their home cage under the same conditions served as 
controls (n=9). Tissue levels of brain monoamines and metabolites were 
measured using HPLC/EC detection. The ratio 5-HIAA/5-HT was increased 
in the hippocampus, hypothalamus and brain stem, indicating increased 
serotonergic activity in those areas, while no changes were found in the 
frontal cortex and olfactory bulb. Dopamine and DOPAC concentrations were 
elevated in the hypothalamus, but there were no changes in the noradrenaline 
concentrations in any of the measured areas. We conclude that a short 
deprivation of total sleep increases serotonergic activity in certain brain areas.

1. Bergmann, B.M. et al. Sleep. 17 (1994) 583-589.
2. Porkka-Heiskanen, T. et al. Am. J. Physiol. 268 (1995, in press).
3. Borbély, A.A. et al. Behav. Brain Res. 1 (1980) 205-210.

Supported by the Swiss National Science Foundation, grant 31.30046.90.

7 7 .9

LOW-DOSE TREATM ENT W ITH THE SELECTIVE DOPAMINE UPTAKE 
BLOCKER GBR-12909 INCREASES WAKEFULNESS W ITHOUT 
INTENSIFYING M OTOR ACTIVITY IN THE RAT. D M. Edgar.* W.F, 
Seidel. W. C. Dement, and E. Mignot. Sleep Research Center, Stanford University 
School of Medicine, Stanford CA, 94305.

Wake promoting therapeutics that increase dopaminergic transmission typically 
increase motor activity and can elicit dose-dependent stereotypic behavior. 
Although highly selective inhibitors of the presynaptic dopamine uptake site, such 
as the aryl 1,4-dialkylpiperazine compound GBR-12909 (GBR), are also reported to 
increase motor activity, it is unclear if these effects are secondary to increased 
wakefulness. In the present study, male Wistar rats surgically prepared for chronic 
sleep-wake recording were treated with GBR (1 and 10 mg/kg IP; N=8) or 0.25% 
methylcellulose vehicle (N=10). Rats were individually housed, adapted to a 24-h 
light-dark cycle (LD 12:12), and treated at CT-5 (5-h after lights-on). Sleep-wake 
stages, body temperature (Tb) and locomotor activity (LMA) were monitored 
continuously using SCORE, an automated sleep-wake bioassay system, and animals 
were undisturbed 30h before and after treatment. Although GBR 1 mg/kg had non
significant effects on any variable (mean wake increase of 7 minutes only in the first 
hour post-treatment), l 0mg/kg significantly increased wakefulness (+74.8 min; 
p<0.01), and inhibited REM sleep (-18 min.; p<0.01) during the 6h post-treatment. 
Unlike classical psychomotor stimulants such as methamphetamine, GBR-induced 
waking did not invoke a robust compensatory nonREM sleep response anytime after 
treatment. However, a compensatory REM sleep was observed. GBR also produced 
a modest increase in total LMA, but the "LMA intensity" (LMA counts/minutes 
wake) was unchanged or decreased in the 6h post-treatment. These findings 
suggest that dopaminergic activation can selectively induce arousal without 
disproportionately engaging motor activity, or the homeostatic nonREM sleep 
responses typical of acute sleep deprivation. Supported by AG06490 & AG 11084.

7 7 .6

MICROINJECTION OF SEROTONIN IN THE VICINITY OF THE LATERODORSAL 
TEGMENTAL (LDT) NUCLEUS INHIBITS REM SLEEP. R.L. Homer. L.D. Sanford. 
A. I. Pack, and A.R. Morrison*. Dept. of Animal Biology & Center for Sleep and 
Respiratory Neurobiology, University of Pennsylvania, Philadelphia, PA 19104.

The pontine LDT nuclei may have a role in the generation of rapid-eye-movement 
(REM) sleep, and may be inhibited by serotonin (5-HT) presumably via input from the 
dorsal raphe nuclei. The aim of this study was to test the hypothesis that 5-HT at the 
LDT nuclei inhibits REM sleep. Six rats were implanted with bilateral cannulae aimed 
at the LDT nuclei and with electrodes for recording EEG, EMG and PGO waves. 
During REM sleep, microinjections of 5-HT (100nl, 1-1,5mM) or saline were performed. 
Injections were separated by approximately 1 hour; a maximum of 5 injections were 
performed on any one day (mode=4). Following the first injection, the amount of REM 
as a per-cent of the total sleep time was consistently reduced with 5-HT (x %REM= 
16.3±3.9, 23.4±2.5 and 29.0± 1.9 for 1,5mM 5-HT, 1.0 mM 5-HT and saline respectively, 
p=0.01) and the amount of non-REM sleep was increased with 5-HT (x% non-REM= 
80.0±5.0, 71.3±4.2 and 64.6±3.6 for 1 5mM 5-HT, 1.0 mM 5-HT and saline respectively, 
p=0.0l). Median REM duration was reduced by 44% with 5-HT (p=0.009) but the 
number of REM episodes per hour was unchanged (p=0.21). With subsequent injections, 
this same pattern of response was observed but the magnitude of the effects on sleep 
was reduced. An overall analysis of the sleep data from the onset of the first injection 
to 30 mins after the final injection revealed that, compared to saline, the median REM 
duration was reduced by 28% with 1.5mM 5-HT (p<0.05), and the overall amount of 
REM was reduced in 5 of the 6 rats (for n=6, x%REM=20.8±2.1,23.6± 1.0 and 27.3±2.0 
for 1.5mM 5-HT, l .0mM 5-HT and saline respectively). Overall, these data support the 
hypothesis 5-HT at the LDT nuclei inhibits REM sleep and suggest that this effect is 
mediated by an influence on the mechanisms involved in REM sleep maintenance. 
Supported by SCOR HL42236 and MH 42903. RLH is supported by an MRC o f  Canada 
Post-Doctoral Fellowship.

7 7 .8

SEROTONINE IMMUNOREACTIVITY CHANGES IN NEURAL SYSTEMS 
OF CRAYFISH Procambarus clarkii DURING DEVELOPM ENT. Fanjul- 
Moles M. L*, Garcia-Rivera C.C, Escamilla-Chimal E. G. and Morales-Aguilar 
M. Depto de Biologia, Fac. Ciencias, UNAM Mexico D. F. ap 70371. Mexico.

During the ontogeny of crayfish there is a correlation between age and the 
presence of an overt electroretinogram (ERG) circadian rhythm. On the other hand 
some authors have proposed the 5HT as an important modulator of this rhythm in 
the adult crayfish. The aim of this work was to determine possible changes in 5HT 
immunorreactivity in the structures involved in the ERG amplitude rhythm during 
the first postembrionic stages, lacking this rhythm, as well as juvenile instars where 
it is evident. 10 animals from the first postembrionic stages (P01 and P02) as well 
as 5 adults were utilized. All the animals were anaesthetized and decapitated at the 
same hour of day. Isolated cerebroid ganglion and eyestalks were fixed, dehydrated 
and embedded in paraplast. A sliding microtome was used to cut 4pm sections. 
These sections were preincubated in a proteine blocking solution and then 
incubated in anti serotonine polyclonal antibody. Immunoreactivity was detected 
by the avidine-biotine method, labelled with alkaline phosphatase. Results showed 
in the P01 animals a great immunoreactivity both in the rhabdoms and in the 
scarce proximal pigment, already present in the retinal cells. The distal pigment 
cells sourrounding the crystaline cone stain too. There is not a clear separation of 
distal and proximal pigments. A cluster of cells in the protocerebrum and in the 
external and terminallis medulla label strongly. The juvenile stages show a clear 
separation between distal and proximal pigment but the immunoreactivity persists. 
However the adult animals show a paler and localized immunoreactivity in the 
different structures. These changes could indicate a relationship between the 
development of the serotonergic system and the expression of the rhythm.

This work was partially supported by the grant 003007 from PADEP.UNAM.

7 7 .1 0

MONOAMINE RELEASE IN THE HYPOTHALAMIC PVN AS A 
FUNCTION OF PHOTOPERIOD. Patricia P. Baskin* and Lori L. Badura. 
Behavioral Neuroscience, Psychology Department, SUNY at Buffalo, 

Buffalo, NY 14260.
The hypothalamic paraventricular nuclei (PVN) are an integral component 

of the neural network modulating behavioral and endocrinological responses 
to changes in photoperiod for seasonally-breeding mammals. The PVN 
receive input from a variety of neural regions, many of which utilize 
monoamines as the major transmitters. W hile the neuroanatomical 
connections of the PVN are well characterized, little is known regarding the 
potential changes in transmitter release at this site that may contribute to 
seasonal responses. The following experiment employed in vivo 
microdialysis in adult Siberian hamsters to gain preliminary information 
regarding seasonal fluctuations in monoaminergic input to the PVN.

Hamsters were housed in either a long-day (16L.8D) or short-day 
(10L:14D) photoperiod for 8-10 weeks prior to implantation with a 

microdialysis probe. Two days later, the animals were infused with artificial 
CSF and dialysate samples collected every 20 minutes for 4 hours. At the 
completion of data collection, the animals were blood sampled and the serum 
extracted and assayed for circulating levels of anterior pituitary hormones via 
RIA. Dialysate samples were assayed for levels of norepinephrine, 
dopamine, and serotonin, and their respective metabolites, via HPLC. 

Photoperiod-specific differences in release were analyzed.

Society for Neuroscience, V olume 21, 1995
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77.11
PHOTOPERIOD-INDUCED CHANGES IN RESPONSIVENESS OF 
PITUITARY TISSUE TO DOPAMINE. Lori L. Badura*. Behavioral 

Neuroscience, Psychology Dept, SUNY at Buffalo, Buffalo, NY 14260.
Seasonal changes in ambient photoperiod are accompanied by robust 

fluctuations in anterior pituitary secretion of a variety of protein hormones, 
including prolactin (PRL). PRL secretion is largely regulated by the inhibitory 
actions of dopamine (DA) released from the tuberoinfundibular DA system, 
and it has been reported that changes in DA cell activity accompany alterations 
in daylength. The current study sought to investigate whether these changes 
in DAergic tone may also be reflected by changes in the responsiveness of 

pituitary tissue to the inhibitory actions of DA.
Hemi-pituitaries harvested from female Siberian hamsters who had been 

housed either under a long-day (16L:8D) or short-day (10L:14D) photoperiod 
for 8-10 weeks were placed into an Acusyst perifusion tissue culture system 
and perfused with oxygenated medium 199 at a flow rate of 100 μl/min. 
After a one hour equilibration period, the tissue was pulsed with varying 
concentrations of DA (10-6 , 10-7, 10-8. 10-9M). Fractions were collected 
every half hr for a total of 8 hr and frozen until evaluation for PRL content via 

RIA. The results indicate that overall responsiveness of pituitary tissue to the 
inhibitory effects of DA is greatly increased in tissue harvested from short- 
day animals at all doses, whereas tissue from long-day animsl is sensitive 

only at higher molar concentrations.

77.13
EFFECTS OF HISTAMINE RECEPTOR ANTAGONISTS ON CIRCADIAN 
CLOCK PHASE SHIFTS. S.J. Eaton, S. Eoh, M. Seidel, L. McWilliams, and 
M.E.Harrington*. Dept. of Psychology, Smith College, Northampton, MA 
01063.

Histamine can phase shift the circadian clock in a pattern similar to light (1,2). 
Inhibition of histamine synthesis via alpha-fluoromethylhistidine reduces both 
phase advances and delays to light pulses (Eaton, Cote and Harrington, 
submitted). We are attempting to determine the receptor mediating these 
effects. Hamsters were housed under constant darkness in cages with running 
wheels and activity was monitored by computer using Dataquest software.
Phase shifts to monochromatic (514 nm) 15 min light pulses (2.5x1013 photons 
cm-2 sec-1  at circadian time 18 were assessed. Animals received injections of 
either drug or vehicle prior to the light pulses. The H 1 -receptor blocker 
pyrilamine maleate (0.5-5 mg/kg) did not alter the magnitude of light-induced 
phase shifts. Results will be reported from studies with the H2-receptor blocker 
cimetidine (20-200mg/kg) and the H3-receptor blocker GT-2016 ( l0mg/kg; 
light:2.5x 1012  photons cm-2 se c '-1 . Since an H3-receptor antagonist would be 
expected to induce histamine release, we also examined whether injections of 
GT-2016 (10-30mg/kg) or thioperamide (5mg/kg) alone would cause a phase 
shift at CT18.

This research was funded by NIH 26496 and a grant from the Smith College 
Tomlinson fund to SJE. GT2016 was generously supplied by Gliatech, Inc.

References: 1. Cote and Harrington, Brain Research 613 (1993) 149-151. 2. 
Itowi et al., Physiol. Behav. 47 (1990) 549-554.

77.15
CHOLINERGIC AND GLUTAMATERGIC EFFECTS ON RAT VENTRAL ORAL 
PONTINE RETICULAR NEURONS RECORDED IN VITRO: IMPLICATIONS IN 
PARADOXICAL SLEEP GENERATION. A. Nunez1, C. dc la Roza1. M. Rodim y 
Angulo*1. W, Buno2 & F. Reinoso-Suarez1 . l Dept. Morfologia, Fac. Medicina, 
Univ. Autonoma de Madrid, Spain; 2. Instituto Cajal, CSIC. Madrid, Spain.

It has been suggested that cholinoceptive neurons in the ventral part of the oral 
pontine reticular nucleus (vRPO) may participate in the paradoxical sleep (PS) 
generation since injections of the long-acting cholinergic agonist carbachol in vRPO 
induced PS in cats. The aim of the present w ork was to study the effect of this agonist 
on electrophysiologically and morphologically identified vRPO neurons of rats. 
Intracellular recordings were made from vRPO neurons using a standard in vitro 
brainstem slice preparation and current clamp techniques. Neurons were intracellularly 
stained with 2% biocytin in 1 M K-acetate . Recorded cells were classified according to: 
1. the presence of a prominent delayed firing at hyperpolarizing pulse off, probably due 
to the K+ current la (Type I), or, 2, the presence of a depolarizing sag during 
hyperpolanzing pulses, that was probably due to the Na+ and K+ current IQ (Type II). 
Both neuronal types were also differentiated by their morphology. Type I cells often 
had a large somata and exhibited four o more primary dendrites with different 
orientation around the perikarya. Type II cells had medium-size or small somata, 
usually fusiform in shape. The addition of carbachol or acetylcholine elicited a dose- 
dependent depolanzalion in most of the vRPO neurons (100% of Type I and 71.4% of 
Type II cells), associated with an increase in the input resistance. A long-lasting 
hyperpolarization was evoked in the rest of Type II cells (28.6%), associated with a 
decrease in the input resistance. Both effects were blocked by the previous addition of 
the muscarinic antagonist atropine. The addition of glutamic acid or NMDA elicited a 
long-lasting depolanzation in either type, associated with a decrease in the input 
resistance. In contrast, GABA evoked long lasting hyperpolarizations in these cells. 
These results suggest a excitatory role of carbachol and glutamic acid on vRPO which 
could support the findings observed in cats.
Supported by DGICYT PM92-0038 and Cl l*-CT93-0002

77.12
GEORGE SCOTT. GAIL ESKES* & BENJAMIN RUSAK
Dept. of Psychology, Dalhousie University, Halifax, Nova Scotia, B3H 4J1,
CANADA.
MULTIPLE ACTIONS OF HISTAMINE IN THE HAMSTER 
SUPRACHIASMATIC NUCLEUS.

Evidence for the involvement of histamine in circadian function arises 
from the demonstration that histamine induces phase shifts in neuronal 
Firing rate rhythm in hamsters (Cote & Harrington, 1993), rat locomotor 
activity rhythms (Itowi et a l . , 1990), and has been shown to elicit both 
excitations and inhibitions in the rat suprachiasmatic nucleus in vitro (Liou 
et al., 1983; Stehle, 1991). Recently, it has been demonstrated that 
histamine enhances NMDA-evoked currents in rat hippocampal cells, an 
effect which is not mediated by activation of HI, H2 or H3 receptors 
(Bekkers, 1993; Vorobjev et al., 1993). Our studies investigated the effects 
of histamine on spontaneous and NMDA-evoked activity in the hamster 
SCN in vitro. Neuronal activity of SCN cells was monitored using 
extracellular recording and drugs were administered ionophoretically. 
Application of histamine (10-120nA; 30-120s duration) either activated 
(n= 13/27), attenuated (n=6/27) or failed to affect (n=8/27) spontaneous 
Firing in SCN cells. Attenuation o f spontaneous Firing rate by histamine 
was evident at higher ejection currents (60-120nA) than those which 
elicited activations (10-50nA). Application of NMDA (2-50nA; 10s-20min 
duration) increased the Firing rates of single SCN cells in a current- 
dependent manner. Co-application of histamine, at ejection currents which 
elicited no direct response to histamine itself, potentiated NMDA-evoked 
activity by up to 60% (n= 11/18; 61% of cells tested) in a current- 
dependent manner. These results suggest that, in addition to having direct 
effects on spontaneous neuronal activity in the SCN, histamine may 
modulate the activity of NMDA receptors at glutamatergic synapses in the 
hamster SCN. Funded by the US AFOSR and NSERC (Canada).

77.14
DE V ELO P M E N TA L E X P R E S S IO N  OF N IC O T IN IC  A C E TYLCHO LINE  
RECEPTOR SUBUNITS IN THE SCN AND O THER BRAIN REGIONS. B.F. 
O’Hara*. A. Farshian. R. Andretic. V.H. Cao. J. Cho. D A  Clegg. H.C. Heller 

T. S.  Kilduff Ctr. for Sleep & Circadian Neurobiology, Depts. of 
Psychiatry and Biological Sci., Stanford University, Stanford, CA 94305.

We have previously shown that a single injection of nicotine in pregnant rats 
induces c-fos in the fetal but not maternal suprachiasmatic nucleus (SCN). 
One possibility to account for this difference is a change in the expression of 
one or more nicotinic acetylcholine receptor (nAChR) subunits. As an initial 
screen, we have utilized Northern analysis of RNA derived from embryonic 
day 20 (E20), postnatal day 5 (P5) and adult brain regions including SCN, 
hypothalamus minus SCN, thalamus, and rest of brain. W e have also 
examined additional brain regions and developmental timepoints in the 
mouse. Previously, among nAChR alpha subunit mRNAs, only the α 7 has 
been found in the adult SCN using in situ hybridization. Thus far we have 
examined α 2, α 4, and α 7 by Northern analysis and concur that α 7 is most 
prominently expressed in the adult SCN. However, we do find detectable 
levels of both a2 and a4  as well. We have also detected nAChR β2 subunit 
mRNA in the adult SCN. During development, a7  mRNA is detectable in the 
E20 SCN, but is highest in the adult SCN. In the rest of hypothalamus it 
peaks at P5 while in the rest of brain it remains fairly steady. The a4  mRNAs 
are more difficult to interpret since two prominent (and two minor) mRNA sizes 
are apparent. The larger prominent mRNA (about 5.8kb) is substantially 
higher at E20 and P5 in all brain regions, but declines most dramatically in the 
SCN. The smaller m RNA (about 2.6kb) is fairly steady in the SCN and 
hypothalamus, but increases considerably in the thalamus and rest of brain. 
Since α 4 combined with β 2 forms high affinity nicotine sites, the high levels 
of the 5.8kb α 4 mRNA in the fetal SCN as compared to the adult SCN may 
account in part for the dramatic sensitivity to nicotine. The adult SCN, on the 
other hand, with high α 7 m RNA levels may respond much differently. 
(Supported by NIH grants DA00187, HD29732, and A G 11084 ).

77.16
DOSE-RELATED BEHAVIORAL EFFECTS AND EEG PROFILES AFTER 
CHOLINERGIC MICROSTIMULATION IN THE VENTRAL ORAL PONTINE 
TEGMENTUM. M. Garzon. 1. de Andrés and F. Reinoso-Suárez*. Departamcnto de 
Morfologia, Universidad Auto noma. Madrid, 28029, Spain 

Previous studies in our laboratory (Reinoso-Suá rez et al., Eur. J. Neurosci., 
1994) have indicated that the ventral part of the nucleus reticularis pontis oralis 
(vRPO) is the effective site within the oral pontine tegmentum where cholinergic 
stimulation will produce paradoxical sleep (PS). This study examined the 
polygraphic and behavioral effects evoked by small volum e carbachol 
microinjections in vRPO at two different doses. Three cats provided with electrodes 
for cortical and hippocampal EEG, EOG, EMG and PGO chronic recordings were 
used. The animals also had two bilateral implanted guide-tubes stereotaxically 
aimed at the vRPO. Carbachol (0.02 M or 0.2 M; volume 20 nl) was delivered in 
the vRFO while the cats were awake. The frontal, occipital and hippocampal EEG 
characteristics of the carbachol-evoked states were compared with those of 
spontaneous PS episodes by applying the Fast Fourier Transformation routine to 
selected epochs o f the EEG recordings. Both 0.02 M and 0.2 M carbachol 
microinjections in vRPO resulted in sleep behavior associated with the polygraphic 
signs of PS; the PS-inducmg effect after 0.2 M carbachol microinjections in vRPO 
lasted the whole eight hours o f the recording, but the smaller carbachol 
microinjections (0.02 M) only increased PS during the first three hours after the 
micromjection, however, the two doses produced the same latency to PS onset (4.2 
mm.) and a similar amount of time spent in PS during the first hour of recordings 
(mean 54.0 and 53.7 min respectively). The frontal, occipital and hippocampal 
EEG after carbachol delivery in vRPO was similar to cortical and hippocampal 
EEG during spontaneous PS episodes. These results indicate that dose-related effects 
are evident after carbachol microinjections in vRPO, and that the vRPO carbachol- 
induced PS state mimics physiological PS since it has the behavioral and 
polygraphic features present in spontaneous PS.
Supported by PB92-0068 DGICYT and Cl1*-C7T93-0002 EC Grants
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7 8 .1

PARAVENTRICULAR HYPOTHALAM IC NUCLEUS (PVH) LESIONS 
AFFECT PINEAL M ELATONIN BUT N O T ACTIVITY RHYTHMS IN 
THE RAT. R. Y. Moore* and  lanos D ohanics and  Rebecca D an ch en k o . 
D epts. of Psychiatry, N eurology, N euroscience and  M edicine and  the 
Center for Neuroscience, University of P ittsburgh, PA 15261.

The pathw ay for control of the p ineal m elatonin  rhy thm  includes the 
re tin o h y p o th a la m ic  tra c t, s u p ra c h ia sm a tic  n u c le u s  (SCN ), SCN 
pro jec tio n s  to the  PVH, PVH p ro jec tio n s  to  the  u p p e r  th o racic  
in te rm ed io la te ra l cell co lum n and  pro jections from  these th ro u g h  the 
cervical sym pathetic  ganglion  to the p ineal (M oore, 1995). A lthough  
ab la tion  of the SCN resu lts  in loss of c ircad ian  locom otor activ ity  
rhy thm s (Stephen and  Zucker, 1972), it is unclear w hich  SCN efferent 
projections are necessary for that rhythm . In the present study, we used  a 
special retractable knife to produce lesions of the PVH. A dult fem ale rats 
w ere m ain tained  in e ither LD or DD w ith  locom otor activity  m onitored  
continuously . PVH lesions w ere m ade u n d e r general anesthesia  and  
anim als w ere m ain tained  for 2-4 m onths thereafter. The anim als were 
then anesthetized at approxim ately CT2 and p ineals rem oved and frozen 
for m ela to n in  analysis. The lesions to ta lly  ab la ted  the PVH and 
extended variably into the subparaven tricu lar zone, in some cases alm ost 
to the dorsal surface of the SCN. In all cases, SCN projections, as show n 
by VIP+ fibers, were intact rostrally  and  caudally  b u t m arkedly  reduced 
dorsally. N octurnal p ineal m elatonin content is 32.0 ± 19.6 p g /p in e a l in 
controls and 4.5 ± 4.5 in PV H -lesion anim als. A ctiv ity  rh y th m s are 
com pletely intact in PV H-lesion anim als. These d a ta  indicate that SCN 
pro jections to the PVH reg ion  are c ritical to m ain ta in  the p inea l 
m elatonin rhythm  but not the locom otor activity rhythm . Supported  by 
N S -16304.

7 8 .3

NEUROPHYSIOLOGICAL AND PHARMACOLOGICAL PROPERTIES OF S-20098, 
A MELATONIN RECEPTOR AGONIST. S. W. Ying1. E. Mocaë r2. P. Delagrange2 . 
B. Guardiola-Lemaitre2 and B. Rusak*1. 1Dalhousie Univ., Halifax, Nova Scotia, 
CANADA B3H4J1; 2 IRIS, 92415 Courbevoie, FRANCE.

S-20098 is a naphthalenic analog of melatonin which has been reported to 
function as a potent agonist at melatonin receptors in several species. We 
investigated the pharmacokinetic properties and neurophysiological effects of 
S-20098 in rats and hamsters to better characterize the time course and 
mechanisms of its action. Firing rates of single suprachiasmatic nucleus (SCN) cells 
were recorded in urethane-anesthetized Syrian hamsters before and after 
intraperitoneal (IP) injections of 5 mg/kg S-20098 or melatonin dissolved in 20 % 
(v/v) DMSO. Both melatonin and S-20098 suppressed firing rates of photically 
responsive SCN cells with similar latencies (85± 3 and 88±4 sec, respectively), but 
suppression by S-20098 was longer-lasting. Recovery times of firing rates to 50 % 
of control values were 13.1 min (melatonin) and 26.5 min (S-20098). The effects of 
S-20098 given IP were partially reversed by IP injection of the proposed melatonin 
receptor antagonist S-20928 but not by the non-selective serotonin antagonist 
metergoline. In pharmacokinetic studies, the terminal half-life of S-20098 was about 
2h in rat and human after either intravenous or oral administration, while melatonin 
has been reported to have a half-life of 35-55 min in rats and humans.

The longer-lasting neurophysiological effects of S-20098 as compared to 
melatonin may be attributable to the longer half-life of S-20098 following systemic 
treatments.

7 8 .5

SPONTANEOUSLY ACTIVE CATIONIC CHANNELS IN ACUTELY ISOLATED CHICK 
PINEAL CELLS. Theresa D 'Souza* & Stuart E. Dryer. Program in
Neuroscience, Florida State University, Tallahassee, FL 32306-4075.

Melatonin secretion from the chick pineal is regulated by 
interactions between intracellular Ca2+ and cyclic AMP, but the 
regulation of Ca2+ dynamics in chick pineal cells is not well 
understood. We have used patch clamp recordings to characterize a 
novel cationic channel that might contribute to regulation of 
intracellular Ca2 + . Spontaneously active cationic channels were  
present in - 2 0 %  of cell-attached patches on acutely isolated cells. 
One class of channels was unusual in that single openings had long 
durations, in some cases up to 500 ms. Mean channel open-time was 
20 ms, but open-time histograms suggested the existence of at least 
three kinetically distinct open states, including a very long-lived open 
state. Unitary conductance was ~ 15 pS with physiological ionic 
gradients. Reversal occurred 40-60 mV positive to the resting 
potential and divalent cations were permeant. Channel activation was 
not voltage- or stretch-dependent. Moreover, spontaneous activity 
continued in excised inside-out patches in which the membrane was 
removed from direct contact w ith soluble cytoplasmic messengers. 
Channel activity was not altered by application of 15 μ M Ca2+ or 1 
mM M g2 + to the cytoplasmic face of the excised patch membrane, 
and we have not yet identified factors that regulate the gating of this 
channel. This channel may play a role in the regulation of melatonin 
secretion, possibly by controlling Ca2+ influx and thereby modulating 
the ability of. pineal cells to respond to cyclic AMP. Supported by 

AFOSR F-49620.

7 8 .2

TH E E FFE C T S OF M ICRO K N IFE-CU TS SURRO U ND IN G  THE 
SUPRACHIASMATIC NUCLEUS ON SHO RT DAY RESPON SES IN 
SIBERIAN HAMSTERS GIVEN TIMED INFUSIONS OF MELATONIN. 
S ong . C.K.* a n d  T .J .  B a r tn e s s  D epartm ents o f  B io logy  and o f  
Psychology, Georgia S tate  University, A tlanta, GA 30303.

B ilateral electrolytic lesions of the sup rach iasm atice  nuc leus  (SCN; 
SCNx) in male S iberian ham sters (Phodopus sungorus sungorus) block 
re s p o n s e s  to s h o r t  day  (SD) like-M EL s ig n a ls  g iven v ia  th e  tim ed  
in fu s io n  p a ra d ig m  (TIP). In  a s u b s e q u e n t  s tu d y  we fo u n d  th a t  
an im als w ith lesions to the area  dorso lateral to the  SCN, the an terio r 
hypo tha lam us showed clear responses  to SD MEL signals, as  long as 
there w as no ancillary  dam age to the SCN. B ased on these  findings, 
we p o s tu la te d  th a t  SD MEL s ig n a ls  rece iv ed  by  th e  SCN m ay be 
t r a n s m i t t e d  a lo n g  f ib e r s  t h a t  r u n  d o r s o m e d ia l ly  a lo n g  th e  
p eriv en tr ic u la r  n u c le u s  to o th e r  c e n tra l s ite s . The p u rp o se  of th is  
ex p e rim en t w as to te s t  w h e th e r  an im a ls  re s p o n d  to  SD like-M EL 
signals w hen these fibers are cut. Male S iberian h am ste rs  were given 
horizontal m icroknife-cuts ju s t  dorsa l to th e  SCN an d  given daily SD 
like-M EL (10h MEL) in fu s io n s  s u b c u ta n e o u s ly  v ia  th e  TIP. T he 
rep ro d u c tiv e  an d  m etabo lic  re s p o n se s  in th e se  an im a ls  w ere th e n  
co m p ared  w ith  th a t  of a n im a ls  given  s h a m  k n ife -c u ts  a n d  SCNx 
an im a ls  a s  nega tive an d  positive lesion  co n tro ls , respective ly . We 
found th a t an im als bearing  horizontal kn ife-cu ts placed dorsal to the 
SC N , g iv e n  SD  M EL s ig n a l s  fo r s ix  w e e k s  e x h ib i te d  S D -lik e  
reproductive and  m etabolic s ta tu se s . T hus, it would ap p ear th a t SD 
MEL signals  received by th e  SCN are  n o t tra n sm itte d  to o th e r CNS 
s ite s  v ia  a d o rso m ed ia l o r d o rs o la te ra l  ro u te . T h is  re s e a rc h  w as 
supported  by NIMH ROl MH48462 & NIMH RSDA MH00841 to TJB.

7 8 .4
E N T R A IN M E N T  O F  SY R IA N  H A M ST E R  P U P  C IR C A D IA N  RH Y TH M S BY 
POSTN A TA L M ELA TO N IN  IN JECTIO N S. J . Grosse*. A. V elickovic and  F .C. Davis. 
Dept. B iology, N ortheastern U niversity, Boston, M A  02115, U SA.

Prenatal entrainm ent o f  the foetal circadian clock in  Syrian ham sters is m ediated by 
the m aternal suprachiasm atic nucleus (SCN). A blation o f  the m other's SCN  disrupts the 
norm al synchrony o f pups' post-natal behavioural rhythm s. A t least tw o agents are able 
to entrain ham ster pup circadian rhythm s v ia prenatal adm inistration to the dam: the 
pineal horm one m elatonin (M EL), and  the dopam ine agonist SK F 38393. The aim  o f 
this study w as to  assess the ability  o f  one o f  these, M EL, to  entrain activity rhythm s 
w hen given directly  to  pups postnataly. P regnant fem ale Syrian ham sters, housed in 
w heel-running cages in constan t d im  ligh t (>2 lux) received SCN  lesions on day 7 o f 
gestation. Thus pups w ere no t exposd  to any ex ternal o r m aternal entraining stimuli 
before birth. A t birth, litters w ere divided into tw o groups: one received 5 consecutive 
M EL (0.15μ g/g body w eight in 100μl) o r vehicle ( l 0 0 μ l 0.1%  ethanolic saline, SAL) 
injections on postnatal days 1-5 (PN 1-5; PN  l= d a y  o f  birth); the o ther received the 
sam e treatm ents on PN 6=10. Injections were given a t e ither 8am  o r 8pm. Anim als were 
then left undisturbed until w eaning on PN21. T o  assess any effec t o f  tim e o f  weaning 
on phase, h a lf o f  each  litter w as w eaned a t 8am , the other h a lf at 8pm . Free-running 
activity rhythm s w ere then recorded for 3 w eeks, and  the phases at weaning calculated 
(2-6 litters/group, n=14-45).

The phases at weaning o f  anim als w hich received M EL on PN 1-5 w ere related to the 
tim e at w hich the injections w ere given. T he m ean phase o f  the pups w hich received 
M EL a t 8am  w as 09:30b (synchrony r= 0 .89 , R ayleigh  test) w hile that o f  the pups 
w hich received M EL a t 8pm  w as 22:50h (r=0.88). Thus m orning and  evening M EL 
injections entrained the pups to  tw o phases, 10.67h apart. In contrast, the m ean phase 
o f  anim als which received M EL on PN 6-10 w as no t significant for either the am  or pm 
groups, no r was phase related to  the tim e o f  injection. SA L injections failed to entrain 
anim als to opposite phases a t e ither age tested. T im e o f  w eaning had no effect on phase 
in any o f  the groups. These resu lts  dem onstra te that M E L  can ac t d irec tly  on the 
neonatal Syrian ham ster to  cause entrainm ent, and that this entrainm ent disappears by 
PN6. Supported by N IH  G rant H D 18686 to  F.C.D.

7 8 .6
S 20098, A MELATONIN AGONIST, ENTRAINS RAT CIRCADIAN ACTIVITY 
RHYTHMS IN A DOSE AND PLASMATIC CONCENTRATION DEPENDENT 
MANNER. 
L. MARTINET (D- J. SERVIERE (1) - E. MOCAËR (2)
(1) INRA, Centre de Recherches de Jouy-en-Josas, Domaine de Vilvert,
78350 Jouy-en-Josas ; (2) I.R.I.S., 6 Place des Pleiades, 92415 Courbevoie Cédex.

S 20098 is a potent melatonin agonist which has been shown to resynchronize rest-activity 
rhythms in free running rats and to shift the onset of activity in the negative phase-angle 
paradigm or after an 8 hour phase advance. All these studies have been performed after 
subcutaneous or intramuscular injections. The main purpose of the present study was to 
determine the dose-response to daily oral administration of S 20098 and the plasma 
efficacious concentrations in entraining rats free-running in constant darkness.
Male long-Evans were maintained in individual cages equipped with a running wheel. 
Activity was recorded under LD 12:12 for 3 weeks then under constant darkness (DD) until 
stable free running rhythms were established. Rats were handled every day at the same time 
of 7-10 days then given oral administration of S 20098 at the doses of 0.5,1,3,5,8,10 mg/kg 
p.o. The effects of S 20098 were compared to those of melatonin (8 mg/kg p.o.) and vehicle 
for 16 to 21 days. After treatment was discontinued, activity was recorded for a further 10 
to 15 days except in a subset of rats in which blood samples were collected from the 
jugular vein just before and 30' 45' and 120 minutes after the last administration. S 20098 
plasmatic concentrations were determined by an HPLC assay. Responses to the treatment 
were classified as negative, transient effect or true entrainment. The data showed a clear 
dose-dependent response from 3 to 10 mg/kg p.o. of S 20098 (ED50 = 5.7 mg/kg p.o. for 
true entrainment). S 20098 was as effective as melatonin. The most striking result was the 
positive relation between S 20098 exposure (AUC) and its efficacy in entraining free- 
running rhythms.
S 20098 circadian rhythms reentraining efficacy by oral administration supports its 
therapeutic usefulness as a chronobiotic for alleviating sleep-wake circadian rhythms 
disorders in human.

Society for Neuroscience, V olume 21, 1995
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78.7
TEMPERATURE EFFECTS OF LOW DOSES OF MELATONIN IN 
HUMANS. I. V. Zhdanova. R. J. Wurtman. V. R. 
Piotrovska, C. J. Watkins*. and H. J, Lynch. CRC 
and Brain and Cog.Sci., MIT, Cambridge, MA 02139.

The daily patterns of circulating melatonin 
concentration and core body temperature are 
temporally inverse. Pharmacological doses of
melatonin have been shown to depress body 
temperature. A low dose of melatonin (0.3 mg) 
given to 14 healthy volunteers at 11 am elevated 
melatonin levels as measured by RIA
(Buehlmann,Co.) to those normally observed
nocturnally. Subjects were required to stay in
bed on two consecutive days from 9 an to 5 pm 
under constant temperature and illumination and 
were not allowed to nap. Rectal and skin 
temperatures were recorded every minute. Mean 
group core body temperatures (±8D) observed 
between 11 am and 4:30 pm following placebo or 
melatonin were 98.35±0.51°F and 98.34±0.40°F, 
respectively. The difference between the two mean 
temperatures for each individual were small in 
magnitude and the sign of the change was 
independent of treatment (±0.38°F). These data 
indicate that inducing nocturnal melatonin levels 
in the daytime does not cause changes in core 
body temperature among healthy adults examined 
under constant environmental conditions.

7 8 .9

A R H O D O PSIN -B A SE D  M O D E L  F O R  M E L A T O N IN  R E C O G N IT IO N  A T  IT S  
G  P R O T E IN -C O U P L E D  R E C E P T O R . J .T .  L a itin e n . C . N a v a ias . T . K o k k o la , 
A. Poso. N . H o n k a . J .  G yn th e r  a n d  K .S .M . L a itin e n *. D e p t. o f  Physiology, 
D ep t. o f P h arm ac eu tica l C h em istry  a n d  D e p t. o f  P h arm ac o lo g y  & Toxicology, 
U niversity  o f  K uop io , P .O .B . 1627, FIN -70211 K uop io , F in la n d .

T h e pinea l ho rm o n e  m ela to n in  (M E L , N -ace ty l-5 -m eth o x y try p tam in e) conveys 
im p o rta n t in fo rm a tio n  a b o u t a m b ien t l ig h t-d a rk  cycle in to  rh y th m ic  bodily  
functions. M an y  ac tio n s  o f  M E L  a re  m ed ia te d  v ia specific h ig h -a ffin ity  recep to rs  
th a t be long  to  th e  su p erfam ily  o f  G  p ro te in -co u p led  re cep to rs  (G PC R s). F ull o r  
p a rtia l am in o  ac id  sequences o f am p h ib ia n , a v ia n  a n d  m a m m a lia n  M E L  recep-
to rs  w ere recen tly  o b ta in ed  using  m o lecu la r c loning  tech n iq u es . A cu rren tly  
accepted to p o g rap h y  o f th e  G P C R s consists o f  seven tra n sm e m b ra n e  helices 
jo ined  to g e th e r by in tra -  a n d  ex tra c e llu la r  loops, w ith  th e  N -te rm in u s  in  th e  
ex tra ce llu lar side a n d  th e  C -te rm in u s  in  th e  cy to p lasm . A h y d ro p h ilic  pocket 
form ed by  th e  seven tra n sm e m b ra n e  helices is th o u g h t to  b e  th e  dock ing  s ite  fo r  
e.g. th e  biogenic am ines . C u rre n t m odeling  o f lig an d  re co g n itio n  a t  th e  G P C R s 
relies on th e  th ree -d im en sio n a l to p o g ra p h y  o f b a c te rio rh o d o p s in  (B R ), a lth o u g h  
the response o f  B R  is n o t coup led  to  G  p ro te in s . In te res tin g ly , B aldw in  has 
recently  p ro v id ed  a  g enera l m odel fo r  th e  G P C R s, b ase d  on  a  rh o d o p sin  
p ro jec tion  m a p  (E M B O  J. 1993,12 ,1693). B ased  on  th e  B aldw in  m odel, we 
propose how  reco g n itio n  o f  th e  N -acety l a n d  5-m ethoxy g ro u p s  o f  M E L  in  its 
energetically  m in im ized  co n fo rm atio n  occurs by specific in te ra c tio n  w ith  th e  
fully conserved  H is a n d  S er residues in  helices 5 a n d  7 . A n a ro m a tic  in te ra c tio n  
betw een M E L  indole r in g  a n d  a  fu lly  conse rved  P he in  helix  6  is expected  to  
stabilize th e  s tru c tu re . O u r  m odel d iffe rs  co n sid erab ly  fro m  th e  m odel proposed  
by Sugden a n d  cow orkers (Br. J  .Pharmacol. 1995,114,618) a n d  ca n  ex p la in  why 
5-hydroxyl su b s titu tio n  (as in  N -ace ty lse ro ton in ) leads to  such  a  d ra m a tic  loss in  
biological ac tiv ity . S u p p o rted  by th e  A cadem y o f  F in la n d  (G ra n t #17845).

78.11
A STRUCTURE AFFINITY RELATIONSHIP STUDY OF MELATONIN 
BINDING SITES. K.S. Takaki, B.T. Watson,
G.N. Karageorge, R.A. Deshpande, T.A. Montzka,
J.P. Yevich*, R. McGovern, E. Ryan, N. Sarbin, M. Smith, 
C. Mahle. Pharmaceutical Research Institute, Bristol- 
Myers Squibb Co., Wallingford, CT 06492.

A comparative structure affinity relationship study 
of the melatonin binding sites found in hamster hypothal
amus and rabbit parietal cortex has provided evidence 
that these sites represent distinct subtypes of melatonin 
receptors. Numerous indole analogs of melatonin were 
prepared in which the non-aromatic sidechain was system
atically altered to allow an assessment of the effect of 
steric, electronic, and conformational variations on the 
ability of these ligands to displace 2-[125I]-iodo- 
melatonin. The results show that the binding sites in 
these two tissues differ considerably in the region that 
surrounds the N-acyl group of the ligand, supporting the 
premise that these are distinct receptor subtypes. The 
binding site in rabbit parietal cortex shows greater 
steric tolerance for larger acyl groups. Lengthening the 
carbon chain of the acyl group confers increased affinity 
and selectivity for this site. In addition, a comparison 
of these results against the binding affinities observed 
for the cloned human melatonin receptor expressed in 
COS-1 cells gives an initial indication that this human 
receptor is qualitatively similar to the rabbit parietal 
cortex receptor in its ligand structural requirements.

78.8
M O L E C U L A R  C L O N IN G  O F  T H E  G  P R O T E IN -C O U P L E D  M E L A T O N IN  
R E C E P T O R S  F R O M  C H IC K  B R A IN  AN D  R E T IN A . T . K o k k o la . J .-M . 
H y ttin en  a n d  J .T .  L a itin e n *. D e p artm en t o f  P hysiology a n d  A .I . V irtan e n  
In s titu te , U niversity  o f K uop io , P .O .B . 1627, F IN -70211 K u o p io , F in la n d .

T h e p ineal h o rm o n e  m ela to n in  (M E L ) is th e  chem ical expression  o f  dark n ess  
a n d  conveys im p o rta n t in fo rm a tio n  a b o u t a m b ie n t l ig h t-d a rk  cycle in to  rh y th m ic  
bodily  fu n c tio n s . R ecent stud ies have revealed  th a t  m an y  o f th e  ac tions  o f M E L  
a re  m ed ia te d  v ia specific h ig h -affin ity  re cep to rs  th a t  belong  to  th e  su p erfam ily  
o f G  p ro te in -coup led  re cep to rs  (G PC R s). F u ll o r  p a r tia l  am in o  ac id  sequences 
o f one a m p h ib ia n  a n d  fo u r m a m m a lia n  M E L  re cep to rs  w ere recen tly  o b ta in ed  
by m o lecu la r cloning . U sing d egenera tive  p rim e rs  g en e ra te d  to w ard s  conserved  
nucleo tides in  tra n sm e m b ra n e  helices 3 a n d  6 o f  th e  cloned  re cep to rs, we have 
now  em ployed  R T -P C R  to  am p lify  nucleo tide  fra g m e n ts  o f  th e  p re d ic ted  size 
(440 bases) fro m  th e  cD NAs p re p a re d  fro m  several kn o w n  M E L  re cep to r sites, 
includ ing  ch ick  re tin a  an d  op tic  tec tu m . T h e  a m p lified  fra g m e n ts  w ere ligated  
in to  PCR -Script™  cloning  v ec to r in  o rd e r  to  o b ta in  th e  nucleo tide  sequences. A t 
th e  tim e o f  w ritin g , p a r tia l sequence o f  th e  re tin a l clone is av a ila b le . T he 
p re d ic ted  p rim a ry  s tru c tu re  o f th e  ch ick  re tin a l M E L  re c e p to r revealed  un ique  
am in o  ac id  residues th a t  a re  fu lly  conserved  only  in  th e  cloned  M E L  recep to rs 
b u t no t in  o th e r m em bers  o f  th e  G P C R  fa m ily . M E L  re c e p to r  " f in g erp rin ts"  
include th e  m o tif  N -R-Y  a t  th e  in tra c e llu la r  face o f  helix  3 a n d  th e  m o tif  T-I-x-x- 
V -V -x-H -F  in  helix  5. T h e  p re d ic ted  seven-helica l s tru c tu re  o f  th e  cloned 
a m p h ib ia n , av ia n  a n d  m a m m a lia n  M E L  re cep to rs  exh ib its  m a rk e d  conse rvation  
also  in  th e  size a n d  sequence o f th e  helix-connecting  loops. M o lecu la r cloning o f 
th e  M E L  re cep to rs  shou ld  allow  d irec t id e n tifica tio n  o f  th e  am in o  ac id  residues 
involved in  lig an d  recogn ition  as well as in  G  p ro te in  ac tiv a tio n . S u p p o rted  by 
th e  A cadem y o f  F in la n d  (G ra n t #17845).

78.10
Melatonin Modulates Vascular Tone in Rat Anterior 
Cerebral Artery. C.D. Mahle*. G .D.Goggins. and F.D.Yocca. CNS  
Drug Discovery, Bristol-Myers Squibb Co., Wallingford, CT 06492.

Localization of melatonin receptors to the suprachiasmatic nucleus of 
the hypothalamus (the biological clock) suggests a role for melatonin in 
modulation of biological rhythms. Recently, melatonin binding sites were 
shown to exist in vasculature, such as rat caudal artery where melatonin 
potentiates the norepinephrine induced vascular smooth muscle 
contraction. 2-[125l]-lodomelatonin binding sites were also localized to 
arteries forming the circle of Willis in rat where melatonin inhibits cyclic 
AM P production in a  pertussis toxin-sensitive manner (Capsoni et al., 
Endocrinology, 135:373,1994). Therefore, the cerebrovascular melatonin 
receptor might be expected to function similarly to other receptors which 
inhibit cyclic AM P production and contract vascular smooth muscle, such 
as the 5 -H T 1-like receptor. To explore the role of melatonin in the 
modulation of cerebral vascular tone, rat anterior cerebral arteries, (200 
μm in diameter) were cannulated and maintained at a constant pressure 
of 60  mmHg (37°C ). Potassium chloride (80 mM) induced a decrease in 
anterior cerebral artery lumen diameter (Em ax=60% ). as did the 5 -H T |. 
like agonist 5-carboxamidotryptamine (EC5o= 5-10 nM, Emax= 35%). 
Melatonin produced a concentration-dependent reduction in lumen 
diameter (EC50 =1 nM, Emax= 20%). The melatonin analogs 2- 
iodomelatonin and S-20098, also produced potent vasoconstriction in 
pressurized rat anterior cerebral artery, with equal efficacy (Emax = 20%). 
These results demonstrate for the first time a vasoconstrictor response 
produced by melatonin in rat cerebral blood vessels, and thus provide 
further evidence that melatonin may be involved in the regulation of 
vascular smooth muscle tone.

78.12
PHARMACOLOGICAL CHARACTERIZATION OF RECOMBINANT XENOPUS  
LAEVIS  AND SHEEP ML-1 MELATONIN RECEPTORS IN A MAMMALIAN 
EXPRESSION SYSTEM. M.L. Dubocovich*. Natarajan. N.. Mistry. K. and 
Masana. M l. Dept. Molecular Pharmacology and Biolological Chemistry, 
Northwestern University Medical School, Chicago, IL 60611.

The aim of this study was to determine whether amino acid differences (65%) 
between non-neuronal recombinant melatonin receptors cloned from Xenopus 
laevis melanophores and sheep pars tuberalis (Ebisawa et al., PNAS 9 1: 6133, 
1994; Reppert et al., Neuron 13: 1 1 7 7 ,1994) reflect pharmacological variations. 
Melatonin receptors were expressed transiently in COS-7 cells using the DEAE 
dextran method. 2-[125I]-Iodomelatonin binding and pharmacological characteristics 
were determined in cell lysates using Tris.HCI (50 mM) buffer at 25 °C. Specific 
2-[125I]-iodomelatonin binding was reversible, saturable and of high affinity [KD : 215 
± 9 pM and 270 ± 96 pM; B m ax: 255 ± 39 fmol/mg and 775 ± 103 fmol/mg for 
the Xenopus and sheep receptor, respectively]. The receptors appear to be highly 
coupled to G-proteins as GTPγ S (0.01-1 mM) inhibited 2-[125l]-iodomelatonin binding 
with an IC50 of 30 μM, and a maximal inhibition of 80%. Melatonin receptors 
agonists of various chemical clases (e.g., indole, naphthalenyl, amidotetralines) 
competed for 2-[125l]-iodomelatonin (80 pM) binding to the Xenopus and sheep 
receptors with almost identical affinity in the picomolar range. Partial agonists (e.g., 
N-acetyttryptamine, 5-methoxy-luzindole) and competitive melatonin receptor 
antagonists (e.g., luzindole, 4-phenyl-substituted 2-amidotetralins) showed slightly 
higher binding affinities on the sheep than Xenopus receptor. Correlation of binding 
affinities (Ki values) of melatonin receptor agonists, partial agonists and competitive 
antagonists yield a highly significant correlation (r = 0.94, slope = 0.93, n = 22, 
p < 0.001). In conclusion, the similarity in the pharmacological profile of the 
recombinant Xenopus and sheep ML-1 melatonin receptors as determined using 
indolic and non-indolic melatonin analogues suggests that they are species 
homologues. Supported by MH-42922 grant to MLD.
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78.13
CHARACTERIZATION AND REGULATION OF A HUMAN ML-1 MELATONIN 
RECEPTOR STABLY EXPRESSED IN CHO CELLS. P.A. Witt* and M.L. 
Dubocovich. Department of Molecular Pharmacology and Biological Chemistry, 
Northwestern University Medical School, Chicago, IL 60611.

This study reports the characterization and regulation of the human ML-1 
melatonin receptor stably expressed in CHO cells by lipofection (Reppert et al., 
Neuron, 13:1177 ,1994). Clones were selected in the presence of G418 by limit 
dilution. Specific 2-[125I]-iodomelatonin binding to whole cells in Krebs solution 
(100 mM NaCI) at 37°C was reversible, saturable and of high affinity. Association 
of 2-[125I]-iodomelatonin (80 pM) reached equilibrium by 1.5 h and dissociated 
completely by addition of 1 pM melatonin (KD = 82 ± 10 pM, n=2). Saturation 
binding with 2-[125I]-iodomelatonin (1-500 pM) yielded a KO  =84 ± 14 pM and a 
= 642±  113 fmoles/mg protein (n=3). Competition of melatonin (1 pM -1 pM) for 
2-[125I]-iodomelatonin binding in cell lysates (50 mM Tris, pH 7.4, 3 7 °C), revealed 
a biphasic curve [IC50H=20.5± 0.89 pM, 18% and IC50L 1.37 ± 0.25 nM, 82%]. 
GTPyS (0.001-100 μM) inhibited 2 -[125l]-iodomelatonin binding in a concentration 
dependent manner (IC50 = 10 μM ). In competition experiments, the affinity of 
melatonin for 2 -[125I]-iodomelatonin binding was shifted from the high to the low 
affinity state (IC50 = 2.74 ± 1.09 nM) by a concentration of GTPγ S that minimally 
inhibited binding. Competition of melatonin (1 pM -1  μM) for 2-[125I]-iodomelatonin 
(80 pM) binding to cells pretreated acutely (1 h) with 1 pM melatonin resulted in 
monophasic curves (IC50 = 0.71 ± 0.005 nM). Chronic pretreatment (24h) of the 
cells with either 1 pM or 100 pM melatonin resulted in a 25% and 57% reduction 
in 2-[125I]-iodomelatonin (400 pM) binding sites, respectively. This effect was not 
due to residual melatonin bound to the receptor since successive washes 
completely removed exogenous melatonin following acute exposure. In 
conclusion, the human melatonin receptor expressed in CHO cells shows high 
affinity, is coupled to G-proteins and is regulated by both acute and chronic 
exposure to melatonin. Supported by MH 42922 and F32 HL08965.

78.15
M E L A T O N IN  R H Y T H M S  IN  A G E D  D JU N G A R IA N  H A M S T E R S  IN  L O N G  
AN D  S H O R T  D A Y S: A C U T E  M A G N E T IC  F IE L D  E X P O S U R E  E F FE C T S  
SM  Y ellon* C enter for Perinata l Biology, D epartm ents o f  Physiology & Pediatrics, 
Lom a L inda U niversity School o f  M edicine, Lom a L inda, C A  92350

In  the adult D jungarian  ham ster, exposure to  an  acute 60 H z m agnetic field 
(M F= 1 G auss for 15 min. beginning  2 h before dark) reduces the  duration o f the 
nocturnal rhythm  in  pineal and  serum  m elatonin  in  som e but not all replicate 
studies (J . Pin. Res. 16: 136, 1994). O lder an im als (>40 wks) w ith dim inished 
n ighttim e m elatonin levels were m ore likely to  show M F effects. T he present study 
determ ined i f  ag ing  influences the photoperiod control o f  the m elatonin rhythm  or 
the response to  acute M F exposure. M ale an d  fem ale ham sters (m ean > 50 wks 
old) in  long  (16L, n=42) o r short days (10L for 6 wks, n=54) w ere exposed to the 
M F. Sham -controls in  an  adjacent system  were w ithout current. H am sters were 
decapitated a t 2 h  intervals to  define the m elatonin  rhythm  (n=6/tim e/group). 
M ean testes w eights (±  SE) w ere significantly  increased in  long- com pared to 
short-day aged ham sters (946 ±  34 vs 345 ± 7 1  mg, respectively; p>0.05). 
However, 6 o f  33 aged m ales d id  not respond to  short days. M oreover, acute M F 
exposure d id  not reduce the duration  o r am plitude o f  th e  n ighttim e m elatonin rise 
in  the  p ineal or circulation o f  aged ham sters in  either long or short days com pared 
to  that in  sham -controls (p> 0 .05; ANOVA). M elatonin  rhythm s were typical for 
norm al adults; w ith in  3 h  o f  darkness, levels increased and  rem ained  elevated for 
nearly 6  o r 10 h  depending upon day length. T hus in  contrast to initial
observations, the data suggest th a t clock control o f  the m elatonin rhythm  in  aged 
ham sters is unresponsive to  acute M F exposure. T he data ra ise the hypothesis that 
responses to  M F and  photoperiod are com prom ised in  aged ham sters. Adaptation 
to  the  challenges o f  changing  environm ental conditions are  likely to be essential 
for individual survival in  adults but m ay be d im inished in  the  aged D jungarian 
ham ster. (Supported by N IH E S 0 6 137)

78.14
CIRCADIAN VARIATIONS IN MELATONIN RECEPTOR DENSITY IN 
THE SUPRACHLASMATIC NUCLEUS (SCN) OF C3H/HeN MICE. MJL 
Masana*, S Benloucif and M.L. Dubocovich Dept. Molec. Pharmacol, and 
Biol. Chem., Northwestern University Medical School, Chicago, IL, 60611.

The pineal hormone melatonin shifts the phase of circadian rhythms in 
rodents and in humans with periods of sensitivity at CT2 (phase delay) and 
CT10 (phase advance). The aim of this study was to determine whether these 
periods of sensitivity correlate with changes in melatonin receptor density and 
mRNA expression in the SCN and the paraventricular nucleus of the thalamus 
(PVNT) of the C3H/HeN mice. Mice were kept in constant dark and killed 
by decapitation at circadian time (CT12: onset of activity): 2, 6, 10, 14, 18, 
and 22. Brains were dissected and processed for quantitative melatonin 
receptor autoradiography using a saturating concentration (185 pM) of 2- 
[125I]iodomelatonin as radioligand. A significant circadian variation in 2- 
[i25I)iodomelatonin binding (p<0.05) was observed in the SCN, with a peak 
at CT2 (17.7 ±  1.4 fm ol/mg protein, n=6) and a trough at CT10 (12.72 ±
0.84 fmol/mg protein, n=5). No significant difference was detected in the 
PVNT. In situ  hybridization using a melatonin receptor 35S-ribonucleotide 
probe revealed specific hybridization in the SCN and the anterior regions of 
the PVNT. Experiments are in progress to determine whether the rhythm in 
2-[125I]iodomelatonin binding also occurs at the level of the mRNA. These 
results show that the high sensitivity of melatonin receptors in the SCN, 
observed at the beginning of the subjective day, correlates with the period in 
which melatonin induces phase delays. Supported by MH42922 (MLD) and 
T32-NS07140 and F32-AG05608 (SB).

78.16
DIFFERENTIAL EFFECTS OF TH E MELATONIN AGONIST S-20098 ON 
TH E CIRCADIAN RHYTHM  IN ACTIVITY, BODY TEM PERATURE, 
AND CORTICOSTERONE.
J. Tuma. J.M. Koolhaas. J.H . Strubbe. S.F. de Boer* and E. Mocaë
Dept. Animal Physiology, P.O. Box 14, 9750 AA Haren The Netherlands.
+ Inst. de Recherches Internationales Servier, 6, place des Pl6iades 92415 
Courbevoie Cedex, France.

The involvement of melatonin in the entrainment of circadian rhythms is 
well known and mainly based upon experiments measuring behavioral rhythms 
in animals under free running rhythm conditions. The present experiment 
considers the effect of the melatonin agonist S-20098 on three circadian 
rhythms, i.e. activity, core body tem perature and plasma corticosterone in male 
rats housed under skeleton photoperiod conditions (SPP). The SPP condition 
was used to have entrained rhythms without possible masking effects of the 
actual light-dark cycle. S-20098 was supplied with the lab chow in two dosages 
(750 ppm and 1500 ppm). Activity and body tem perature was recorded continu
ously using a radiotelemetry system (Dataquest). The plasma corticosterone 
rhythm was determined in a separate experiment using chronic jugular vein 
cannulated male rats. Blood samples were taken every two hours throughout 
the circadian cycle. The results show that S-20098 causes a significant dose 
dependent phase advance in the corticosterone rhythm, whereas neither the 
activity rhythm nor the rhythm in core body tem perature was affected. These 
data show that under conditions of entrainment, S-20098 causes a phase 
advance of the corticosterone rhythm without affecting other rhythms, suggest
ing that this effect of melatonin is not mediated by the suprachiasmatic 
nucleus.

NEUROETHOLOGY: ELECTRORECEPTION

79.1
P U L S E  T R A IN  C H A R A C T E R IS T IC S  O F  T H E  E L E C T R IC  O R G A N  
D ISC H A R G E  D U R IN G  B E H A V IO R A L  IN T E R A C T IO N S  O F  T H E  SK A T E  
(RAJA OCELLATA) L.D . H aves. B. Bratton*1. D e p t o f B iology, Bates College, 
Lew iston M E 04240 & 1O berlin College, O berlin O H  44074 

M arine elasm obranch fish, com m only known as skates, posses w eak electric 
organs that run bilaterally along the length o f  the tail. Raja ocellata, the "W inter 
Skate" found in the G ulf o f  M aine, produces electric organ discharges (EO Ds) that 
are m onophasic, head-negative and m ay be used during overt and spawning 
behaviors. A lthough it is believed that the E O D  is used during social 
com m unication, the behavioral purpose o f the electric organ is not fully understood. 
EO D s were recorded with buried carbon electrodes in a 1100 1 circular seawater 
tank with closed circulation. EO D s produced in isolation and during interaction with 
R. erinacea and conspecifics w ere recorded with an above tank video cam era that 
synchronized electrical activity  on the audio track. EO D  and behavioral activities 
o f  grouped and isolated skates were recorded during non-spaw ning interactions such 
as aggression (R. ocellata and R. erinacea). R. ocellata produced EO D  pulse trains 
when in contact w ith conspecifics and R. erinacea and increased EO D  frequency 
in  trains during social interactions with both species. R. ocellata EO D  pulse trains 
ranged from 1.0 to  7.5 pulses/sec (pps). V ariation in pulse patterns am ong captive 
individuals w ere observed. R. ocellata consistently produced E O D  pulse trains when 
in contact with o ther skates. R apid pulse rates reached 4.0 - 7.5 pps and occurred 
m ost often during aggressive interactions betw een conspecifics. O ne specimen (R. 
ocellata, 81 cm  long) produced a  continuous pulse rate o f 0.4  to  0 .6  pps even 
during isolation. O ur findings suggest that R. ocellata m ay em ploy the EO D  more 
frequently than previously thought with som e anim als possibly discharging 
frequently during isolation. T hese observations suggest that the EO D  m ay play an 
im portant role in overt and  possibly in the spaw ning activities o f  R. ocellata.

(Supported by an H HM I G rant to  Bates C ollege).

79.2
INFRARED VIDEO RECORDING AND ANALYSIS OF PREY CAPTU RE 
BEHAVIOR IN THE WEAKLY ELECTRIC FISH APT ERO N O TU S  
ALB IFR O N S  M.A. Maclver*, J.L . Lin, V.K. Ego, M E. Nelson.
Beckman Institute, University of Illinois, Urbana, IL 61801.

We are conducting studies on the control of sensory acquisition in weakly 
electric fish during prey search and strike behavior. Our working hypothesis 
is th a t the behavioral strategy used by the fish gives rise to spatiotem poral 
patterns of activation th at are matched to the filtering properties of the sensory 
neurons. To test this hypothesis, we collect and analyze d a ta  on body position, 
velocity and prey distance as the fish searches for and strikes a t prey. This 
information is used to estim ate the patterns of afferent activation th a t are 
generated in the process.

To carry out our studies we have developed an infrared video system for 
recording the behavior of these nocturnal fish. Video sequences are digitized 
and analyzed frame-by-frame using a computer-based m otion analysis system 
from PEAK Performance Technologies to extract information about fish and 
prey trajectories.

We videotape the behavior of individual Apteronotus albifrons (black ghost 
knife fish) while feeding on Daphnia magna (water fleas) in the dark under 
both non-flowing and flowing water conditions—the latter more closely ap
proxim ating the natural situation in flowing streams. We present an analysis 
of distance of detectability, influence of prey size, and patterns of head and 
body movement th at may serve to enhance electrosensory detection and dis
crimination.
Further information http ://som a.npa.u iuc.edu/labs/nelson/prey_strike.html 
(Supported by NIMH R29MH49242)
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LOGARITHMIC TIME COURSE OF SENSORY ADAPTATION IN ELEC- 
TROSENSORY AFFERENTS OF A P T E R O N O T US LEPTO RH YNC H U S  
Z. Xu*, J .R. Payne and M.E. Nelson. Dept. of Physiology and Biophysics, 
Beckman Institute, University of Illinois, Urbana, IL 61801

The first stage of information processing in the electrosensory system in
volves the encoding of changes in transdermal potential into trains of action 
potentials in primary afferent nerve fibers. One method for characterizing 
the dynamics of the encoding process is to analyze the time course of sensory 
adaptation in response to step changes in stimulus intensity.

We have analyzed adaptation to prolonged step stimuli in probability cod
ing (P-type) tuberous afferents in the weakly electric fish Apteronotus lep- 
torhynchus. In response to short stimuli, the time course of sensory adaptation 
can be approximated by one or two exponentially decaying components plus 
a tonic component. However, if the duration of the step is extended, the ap
parent tonic component of the response continues to fall slowly with time. By 
recording responses to prolonged step stimuli of 10 20 minutes in duration, we 
show that the overall time course is better described by logarithmic function 
of the form A /(log(t) + B). This form successfully fits the entire time course 
of the response over 5 log units in time for most units.

The fact that sensory adaptation follows a logarithmic time course has 
important implications. First, it implies that there is no well-defined adapta
tion time constant; time constants extracted from exponential fits to the data 
should not be interpreted as characteristics of underlying biophysical mecha
nisms. Second, it suggests that there may not be a true tonic gain component 
and that afferents may eventually adapt completely to prolonged shifts in stim
ulus intensity such as occur during seasonal variations in water conductivity. 
Further information at http://soma.npa.uiuc.edu/labs/nelson/afferents.html 
(Supported by NIMH R29-MI149242)

7 9 .5

ELECTRORECEPTOR AFFERENT TERMINAL MORPHOLOGY IS 
CONTROLLED BY SENSORY RECEPTOR CELL TYPE. H. Zakon*. P. 
Weisleder. Y.  Lu.  Dept. of Zoology. University of Texas. Austin. TX,78212.

Different classes of electroreceptors of the brown ghost (Apteronotus) possess 
distinct afferent terminal types: tuberous type I afferents form a large calyx that 
envelops the tuberous organ; tuberous type II axons form a small bouton beneath 
each sensory cell; ampullary afferents terminate in a large bouton beneath each 
receptor cell. Only tuberous type I afferents label with antibodies against calbindin 
D 28K. It is not known whether the receptor cell influences afferent terminal 
identity, the terminal influences receptor cell identity, or both differentiate 
independently. We tested these hypotheses by cross-innervating ampullary organs 
with tuberous axons.

Under MS-222 anesthetic, a small patch of cheek skin containing 2-7 tuberous 
organs was removed and a patch containing an ampullary organ and a few tuberous 
organs was put in its place (tub/amp transplant). In control Fish, an ampullary- 
bearing patch was removed and a similar one replaced (amp/amp transplant).
Three, 4, or 6 weeks later, a larger piece of skin with the transplant in its center 
was removed, fixed, double-labeled with Ab 3A 10 far neurofilament-associated 
protein and Ab R8701 for calbindin D 28K (courtesy of Dr. K. Baimbridge), 
sectioned on a cryostat and examined with fluorescence microscopy. At all time 
points ampullary organs in the tub/amp transplants had normal-looking ampullary 
receptor cells and a calbindin-positive afferent terminal with large boutons (N = 31 
fish). Ampullary organs in the amp/amp transplant were innervated by calbindin- 
negative terminals (N= 7 Fish). Thus: 1) ampullary organs accept tuberous 
afferents when no ampullary afferents are available 2) tuberous afferents are 
capable of trophically supporting ampullary receptor cells 3) afferent terminal 
morphology is plastic and is dictated by the sensory receptor 4) not all aspects of 
the afferent phenotype are transmformed (i.e.-tuberous terminals are still calbinin- 
positive). Supported by NIH grant # DC01522.

7 9 .7

ANATOMICAL CORRELATES OF SPECIES-SPECIFIC ELECTRIC ORGAN 
DISCHARGES IN THE MORMYRID FISHES FROM MALL C.D, Hopkins*. 
G. D. Hamed. and M. Hope Le NB&B Cornell University, Ithaca, NY 14853.

Mormyrid electric fishes are of great interest because their electrogenic and 
electroreceptive abilities permit electrical communication and active electrolocation. 
Little is known of their behavior in the field. We analyzed Electric Organ 
Discharges (EODs) of mormyrids from Mali collected during the annual floods of 
the Niger R., sampling 11 species from 8 genera: Brienomyrus, Pollimyrus, 
Petrocephalus, Marcusenius, Mormyrus, Hyperopisus, Hippopotamyrus and
Mormyrops. All produced weak EODs. Seven had sex-differences in EODs, two 
lacked differences, data are missing for two. Juvenile and female EODs could not 
be distinguished. Only male EODs were species-specific. Under light microscopy 
Electric Organs (EOs) fell into four categories and the EOD waveform correlated 
with EO morphology. One species, M. anguilloides, had two EOD phenotypes 
which are polarity inversions of each other , unrelated to sex. Thus, phylogeny 
constrains EO morphology and resulting EOD waveforms but sex differences 
overwhelm species differences with only minor changes in morphology. Supported 
by NIMH grant MH37972. We thank P.Jacob, B.Bénech & R.Bigome.

Penetrating stalk, 
front innervation

Penetrating stalk, 
rear innervation

Non-penetrating, 
rear innervation

Doubly-penetrating, 
rear innervation

M. anguilbides I H. 
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M. senegalensis

M. anguill- 
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P. bovei (s.e.) 
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79.4
O N T O G E N E T IC  R E T E N T IO N  AND S H IF T S  IN R E SP O N S E  FE A T U R E S 
O F  PR IM A R Y  A F F E R E N T  E L E C T R O S E N S O R Y  N E U R O N S IN T H E  
C L E A R N O S E  SK A T E , R A JA  E G L A N T E R IA . J .A . S isn e ro s*1. T .C . T r icas1 
an d  C .A . L u e r2 1 D ep t. o f  B iological Sciences, F lo rid a  In s titu te  o f Technology, 
M elb o u rn e , F L  32901 an d  2 M ote M arin e  L a b o ra to ry , S a ra so ta , FL  34236.

Skates are electrogenic elasmobranchs known to use their electric discharge 
organs during social interactions as adults. This study determined the response 
properties of electrosensory primary afferent neurons in embryo, juvenile, and adult 
skates to examine whether the frequency response of the electrosensory system 
changes with age. Single unit discharges were recorded from 195 neurons in 14 
skates from three size classes: prehatch embryos (8-11 weeks: x TL= 11.5 ± 0.8 SD 
cm; n = 3), juveniles (1-8 months: x TL= 18.0 ± 3.9 SD cm; n = 7), and adults (>2 
yrs:x  TL= 52.4 ± 2.0 SD cm; n = 4). Resting discharge rates did not differ among 
juveniles ( x = 45.1 ± 8.2 SD spikes/sec, n= 26) and adults ( x = 45.5 ± 8.5 SD 
spikes/sec, n= 15) but were approximately 3 times greater than prehatch embryos (x 
= 13.5 ± 2.8 SD spikes/sec, n = 13). Neural sensitivity at best frequency for 
embryos, juveniles, and adults ranged from 1-6, 4-19 and 7-18 spikes/sec per 
μV/cm, respectively. Frequency response properties were determined by sinusoidal 
modulation of a bipolar transverse or longitudinal uniform electric Field at 
frequencies from 0.01 to 20 Hz and intensities from 0.5 to 9.5 μ V/cm. Peak 
sensitivity was 3-4 Hz for embryos, 4-6 Hz for juveniles and 2 Hz for adults. All 
size classes show a narrow -3dB bandwidth: 0.2-6.5 Hz for embryos, 0.4-10.9 Hz 
for juveniles, and 0.4-5.2 Hz for adults. Phase lag at peak sensitivity was 66° for 
embryos, 39° for juveniles, and 20° for adults. Thus the narrow tuning peak in the 
skate is established before emergence from the egg and retained with age.
Increased resting discharge rate with age likely represents convergence of primary 
afferents with electroreceptor organs during ontogeny while increased sensitivity 
reflects increased canal length. We suggest that narrow tuning peak retention, 
increased neural sensitivity, and decreased phase lag at best frequency function to 
optimize electric communication during social interaction as adults.

79.6
PARALLELS BETWEEN THE FREQUENCY FILTERING 

CHARACTERISTICS OF AMPULLARY NEURONS AND THE 
TEMPORAL FILTERING PROPERTIES OF TUBEROUS 
NEURONS IN THE TORUS OF EIGENMANNIA. G. J. Rose*and 
E. S. Fortune. Dept. Biology, Univ. of Utah, Salt Lake City, UT 
84112.

In its jamming avoidance response (JAR), the weakly electric fish, 
Eigenmannia. changes its frequency of electric organ discharges 
(EODs) to increase the frequency difference (beat rate) between its 
EODs and those of a jamming neighbor. Beat rates of ca. 4 Hz 
maximally impair electrolocation performance and evoke largest 
JARs, whereas rates above 20 Hz have little effect. A neural correlate 
of this filtering process is found in the torus semicircularis, where 
most neurons respond well to low beat rates. This modulation 
‘window’ is essential to the operation, and possibly evolution, of the 
JAR. These findings raise the question of whether this filtering 
process might have predated and served as a preadaptation for the 
evolution of the JAR. Since the ampullary system (most sensitive to 
frequencies of 10-30 Hz) is the phylogenetically older part of the 
electrosensory system, it is of interest to determine the frequency 
selectivity of ampullary neurons in the torus. ‘Whole-cell’ 
intracellular recordings with patch-type pipettes, revealed that psp 
amplitude declined markedly as the frequency of a sinusoidal stimulus 
was increased beyond ca. 10 Hz. The low-pass properties and 
morphology of these ampullary neurons are similar to tuberous 
neurons in the torus, suggesting that central filtering mechanisms may 
have predated the evolution of the tuberous system and JAR. 
Supported by NSF grants IBN-9421039, -01156789.

79.8
THE NUCLEUS PRAE-EMINENTIALIS OF MORMYRID ELECTRIC FISH: 
FIELD POTENTIALS, SOMATOTOPY AND SINGLE UNIT ACTIVITY.
G. von der Emde* and C. C. Bell. Zool. Inst., Univ. Bonn, 53115 Bonn, Germany 
and R. S. Dow Neur. Sci. Inst., Portland, OR 97209.

The n. prae-eminentialis (PE) is a large structure that receives input from the 
electrosensory lobe (ELL, the primary target of electroreceptive afferents) and from 
later stages of the electrosensory pathway. It projects back directly and indirectly to 
ELL, thus forming a central feedback loop. We have recorded Field potentials and 
single unit activity in PE evoked by the electric organ corollary discharge and by 
electrosensory stimuli. Two types of negative-going corollary discharge-evoked Field 
potentials were found in PE: (1) a shallow, long-lasting negative wave with a latency 
of 11 ms; and (2) a more sharply falling and larger negative wave with a shorter 
latency of 9ms. The long latency wave was predominant in the dorso-lateral and 
posterior parts of PE whereas the short latency wave was predominant in the medial 
and rostral regions. Electrosensory stimuli evoked characteristic field potentials in 
both regions of PE. The responses to such stimuli were strongly facilitated by the 
electric organ corollary discharge. Responses to the electric organ corollary discharge 
were markedly plastic. Responses to the corollary discharge plus a paired 
electrosensory stimulus decreased over time and the response to the corollary discharge 
alone was markedly enhanced following a period of such pairing. Local electrosensory 
stimulation of the skin showed that the caudal-rostral body axis is mapped from 
dorsal-medial to ventral-lateral in PE. Two main types of units were recorded in PE: 1) 
I (inhibitory)- cells with a corollary discharge response that was inhibited by an 
electrosensory stimulus to the center of their receptive Fields; and (2) E (excitatory)- 
cells with an excitatory response to electrosensory stimuli that was facilitated by the 
corollary discharge. Some of the E cells responded to the corollary discharge alone and 
some did not. Most units appeared to be responding to input from mormyromast 
electroreceptors but a few units were driven by ampullary electroreceptors and a few by 
Knollenorgan electroreceptors. The results provide an initial overview of a major 
component in the control of electrosensory information processing by recurrent 
feedback from higher stages of the system.
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79.9
PERCEPTION OF ELECTRIC PROPERTIES OF OBJECTS BY THE WEAKLY 
ELECTRIC FISH GNATHONEMUS PETERSII. A. Caputi, R. Budelli*, K. Grant and 
C. Bell. Inst. Inv. Biol. C. Estable and Inst. Biol., Fac. Ciencias, Montevideo, Uruguay, 
C.N.R.S., 91198 Gif-sur-Yvette, France and R.S. Dow NSI, Portland OR 97209.

Weakly electric fish detect objects by the distortions such objects cause in the 
distribution of electric currents that are generated through their skin by the electric organ 
discharge (EOD). To estimate the characteristics and the magnitude of these distortions, 
we have calculated the electric field and the flow of currents produced in the presence (or 
absence) of resistive and capacitive objects, using a model of the fish Gnathonemus 
petersii.

To establish the parameters of the model, the resistivity of the fish internal medium 
and the transcutaneous resistance were measured. Fish body geometry was modeled from 
measurements of the body perimeter and the cross-sectional area at different points along 
the body length. Internal and skin resistivity were found to be considerably less than the 
resistivity of the surrounding water.

The presence of a small object distorts the electric field in the same way as a dipole 
located at that position. When the object acts as a resistor, the magnitude of the dipole 
is proportional to the EOD. When it acts as a capacitance, it behaves as a dipole with a 
magnitude proportional to the EOD filtered by a low pass filter.

Simulation indicates that objects located at one side of the animal distort the current 
mainly through the ipsilateral skin; if the object is close to the fish, electric field changes 
are restricted to the ipsilateral half of the environment. Thus the position of the fish’s chin 
process (which has a very high density of electroreceptors) relative to nearby objects will 
strongly affect the currents which pass through these electroreceptors. This feature may 
be of great importance in the determination of object position by electrolocation using the 
mobile chin process. (Supported by EEC grant CII * -CT92-0085)

79.11
GABAERGIC INHIBITION IN ELECTROSENSORY PROCESSING AND 
COMMON MODE REJECTION IN THE DORSAL NUCLEUS OF THE LITTLE 
SKATE. C.H. Duman* and D. Bodznick. Biology Department, 
Wesleyan University, Middletown, CT 06459.

In the little skate, Raja erinacea, the electrosensory 
primary afferents are responsive to electrical potentials 
created by the animals own ventilation, while second- 
order neurons (AENs) in the dorsal nucleus of the medulla 
suppress responses to ventilatory potentials but retain 
their extreme sensitivity to electric signals in the 
environment. A common mode rejection mechanism is one way 
the AENs suppress ventilatory noise. The dorsal nucleus 
commissural pathway is important to this noise 
suppression and may be a component of the inhibitory 
circuitry mediating common mode rejection. We tested the 
hypothesis that the subtractive circuitry that reduces 
common mode signals in AENs utilizes GABA and that a 
GABAergic component of the dorsal nucleus commissural 
pathway mediates crossed inhibition of AENs.

We have pressure injected the GABA-A receptor 
antagonist SR95531 while extracellularly recording from 
AENs. Local application of SR95531 increased the 
spontaneous activity and the responsiveness of AENs. 
SR95531 selectively increased responses to a common mode 
compared to a localized stimulus. Contralateral 
inhibition of AENs was blocked by SR95531, indicating 
that GABAergic commissural cells may inhibit AENs when 
the contralateral side of the body is stimulated, as with 
common mode stimulation. Temporal responses of AENs were 
also changed. We conclude that GABAergic inhibition 
contributes significantly to the shaping of AEN responses 
including common mode rejection.

79.13
CODING OF STOCHASTIC TIME-VARYING AMPLITUDE 
MODULATIONS IN THE ELECTROSENSORY SYSTEM OF A 
WAVE-TYPE ELECTRIC FISH. F. Gabbiani (1). R. Wessel (2). W. 
Metzner* (3). and C. Koch (1). (1)Div. of Biol., Caltech 139-74, 
Pasadena, CA 91125, (2) Dept. of Biol., UCSD, La Jolla, CA 92093- 
0357, and (3) Dept. of Biol., UCR, Riverside, CA 92521-0427.

For orientation purposes, the wave-type electric fish, Eigenmannia, 
analyzes distortions of the electric field generated by continuous, 
nearly sinusoidal electric discharges of its electric organ. The coding of 
time-varying electric fields was studied in spike trains of both afferents 
from P-type electroreceptors and their target neurons, the pyramidal 
cells in the electrosensory lateral line lobe (ELL). The activity of single 
units was recorded while the amplitude of an externally applied sinu
soidal electric field was stochastically modulated. Part of the time- 
varying amplitude modulations (i.e., the stimulus) was reconstructed 
using mean square stochastic estimation methods. In P-type afferents, 
coding occured at firing rates 20-40 Hz above their spontaneous ac
tivity. The fraction of the stimulus encoded increased with mean firing 
rate and with the contrast of the stimulus. In contrast, it decreased with 
increasing cut-off frequency of the stimulus. The effective temporal 
bandwith of frequencies encoded ranged from 0 to 200 Hz. At optimal 
firing frequencies, more than half of the amplitude modulations was en
coded in a single spike train. Intracellular recordings from E-type ("on") 
and l-type ("off") pyramidal cells in the ELL indicate that coding occurs 
at firing frequencies close to or as in l-type cells, lower than their 
spontaneous activity. Preliminary results indicate that in the centro- 
medial segment of the ELL, and especially in E-type pyramidal cells, 
the effective temporal bandwith of frequencies encoded is significantly 
lower than in P-type afferents. This suggests that the transformation of 
amplitude information by this part of the ELL circuitry discards a 
substantial range of temporal information present in the afferent input.

79.10
PHYSIOLOGY AND MORPHOLOGY OF CELLS IN THE MORMYROMAST 
ZONES OF THE MORMYRID ELECTROSENSORY LOBE. C.C.Bell*. A. Caputi 
and K. Grant. R.S.Dow Neur. Sci. Inst.,Portland, OR 97209.

The electrosensory lobe (ELL) is a cerebellum-like structure in the medulla of 
electroreceptive teleosts that receives primary afferent input from electroreceptors as well 
as input from various central sources. This study uses intracellular recording and 
labeling to examine the responses of morphologically identified cells in the medial and 
dorsolateral zones of the mormynd ELL to electrosensory stimuli and to the electric organ 
corollary discharge (EOCD). These zones receive afferent fibers from mormyromast 
electroreceptors, the type responsible for active electrolocation.

Four different cell types have now been identified both morphologically and 
physiologically: large fusiform cells (‘beard’ cells); small fusiform cells; large ganglion 
cells; and small ganglion cells. All four types have apical dendrites in the molecular layer. 
Both types of fusiform cells have somas and basilar dendrites in the granule layer and 
below, where primary afferent fibers terminate. These fusiform cells are excited by 
electrosensory stimuli in the center of their receptive fields (‘E-cells’). The two types of 
ganglion cells have somas and basilar dendrites in the ganglion and plexiform layers just 
external to the region of afferent termination. These ganglion cells are inhibited by 
electrosensory stimuli in the center of their receptive fiields (‘I-cells’). The afferent 
inhibition of ganglion cells must be mediated by as yet unidentified intemeurons.

All four cell types respond to the EOCD. The EOCD evokes a large excitatory 
synaptic potential in the small ganglion cells and a mixture of inhibitory and excitatory 
effects in the fusiform and large ganglion cells. Responses to electrosensory stimuli are 
facilitated by the EOCD. Finally, responses to the EOCD alone are not constant but 
depend on previous pairing with electrosensory stimuli or with intracellular current 
pulses. Such pairing results in both rapid changes in the EOCD response that take only 
a few seconds and more slowly developing changes that take several minutes.

The results indicate that the ELL is a good site to examine the roles of central control 
and plasticity in sensory processing. (Supported by NSF, NIH and the French CNRS)

79.12
TIM ING  CO M PARISON C IRCU IT IN THE ELL O F THE AFRICAN WAVE- 
TYPE ELECTRIC FISH, Gymnarchus niloticus. M. Kawasaki* and Y.X. Guo. 
Department of Biology, University of Virginia, Charlottesville, VA 22903.

A behavioral study on the jamming avoidance response in the African 
wave-type electric fish, Gymnarchus niloticus (Kawasaki J. Comp. Physiol. 
173:9-22), indicated that the sensory computation for the jamming avoidance 
response involves timing comparison between electrosensory signals from 
different body surfaces. In this study, a neural circuit responsible for this 
timing comparison has been revealed in the electrosensory lateral line lobe 
(ELL) by intracellular recording and labeling techniques.

Terminal branches of the S-type primary afferent fibers, which fire an 
action potential in response to each cycle of electric organ discharges, project 
to the somata of giant neurons and to the inner cell layer in the medial zone 
of the ELL ipsilaterally. The giant neurons have an adendritic soma and their 
axon ramifies into two major branches. The ipsilateral branch further ramifies 
and terminates at the inner cell layer. The other branch crosses the mid line, 
further ramifies and terminates at the contralateral inner cell layer. This 
innervation pattern of phase-locked inputs to the inner cell layer suggested 
that timing comparison takes piace at this location. Accordingly, pyramidal 
neurons in this layer showed responses to timing differences between 
different body surfaces. Their firing rate modulated when timing difference 
was sinusoidally modulated at 1 Hz. The timing-difference threshold was 
typically around several microseconds but some neurons exceeded this 
value. These neurons adapted to steady state changes of timing differences 
over a wide range. These neurons project to the torus semicircularis in the 
midbrain.

An independently evolved South American electric fish, Eigenmannia, 
exhibits the same jamming avoidance response using the identical 
computational algorithms including timing comparison as Gymnarchus. 
Eigenmannia performs the timing comparison computation in the midbrain 
(Carr et. al. J. Neurosci. 6:1372). These data suggest that an identical 
neuronal computation for the same behavior can be performed by different 
brain structures.

79.14
PYRAM IDAL CELL PLASTICITY M EDIA TED BY PROPRIO CEPTIV E 
AND ELECTROSEN SORY INPUTS TO TH E ELECTROSENSORY 
LATERAL LINE LOBE. J. Bastian*. D ept. of Zoology, Univ. of Oklahoma, 
Norman, OK 73019.

Pyramidal cells, ou tput neurons of the electrosensory lateral line lobe of 
Apteronotus leptorhynchus, adaptively filter or reject certain patterns of 
electrosensory input. These cells learn to  reject repetitive electrosensory stimuli 
such as changes in the electric organ discharge field that result from cyclical 
changes in an anim al’s posture. Pyramidal cells’ ability to reject repetitive 
stimuli results from the appearance of "negative image" inputs that cancel 
inputs from the periphery. Pyramidal cell plasticity is long-term; negative image 
inputs can persist for in excess of 30 minutes. Proprioceptive and 
electrosensory signals descending from higher centers provide the information 
needed for the generation o f negative image inputs. Proprioceptive or 
descending electrosensory signals alone are sufficient for the adaptive filtering 
of inputs from the periphery, however the magnitude o f the effect due to either 
input alone is approximately 60% of that seen when both m odalities participate. 
The descending electrosensory input consists o f direct and indirect pathways. 
The latter, along with the proprioceptive input, term inates in a granule cell 
mass and the granule cell axons project to m ore distal regions of the pyramidal 
cell apical dendrites. The direct descending input projects to the proximal 
region of the apical dendrites and electrical stim ulation of this pathway paired 
with hyper- o r depolarization of pyramidal cells also induces plasticity. 
Intracellular recordings from pyramidal cells show that m odulation of the 
amplitude of fast EPSPs plus changes in the magnitude of slower 
hyperpolarizing potentials contribute to the generation o f the negative image 
inputs underlying pyramidal cell adaptive filtering. Supported by NIH Grant 
NS-12337.
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79.15
O S C IL L A T O R Y  D IS C H A R G E  A C R O S S  M U L T IP L E  S E N S O R Y  
MAPS IN THE E LE C TR O S E N S O R Y  LA TE R A L LIN E  LO B E  (E LL ) 
OF W EAKLY E LEC TR IC  FISH . R W ..  Turner.* *L_Plant and L- M a le r . † 
*Depts. Anatomy & Medical Physiology, Univ. Calgary, Calgary, AB T2N 4N1, 
and †Dept. Anatomy and Neurobiology, Univ. Ottawa, Ottawa, ON K1H 8M5.

The ELL is a laminar medullary structure comprised of 3 distinct topograph
ic maps (CMS, CLS, LS) that receive input from electroreceptors encoding 
amplitude modulations in the electric organ discharge (EOD) during electrolo
cation. ELL pyramidal cells in each map are tuned to EOD amplitude modula
tions of differing frequencies, ranging from low (1-10 Hz; CMS), to intermedi
ate (15-35 Hz; CLS) and high (50-120 Hz; LS). We used an in vitro slice prep
aration to examine the potential role of oscillatory discharge in determining 
the frequency selectivity of pyramdial cells across ELL segmental maps.

Intracellular recordings and stochastic single unit analysis revealed 2 forms 
of oscillatory dicharge. One is a circuit-derived slow oscillation (period ~1/3-5 
s) that is recorded as a 10-20 mV shift in membrane potential in non-basilar 
pyramidal cells, and as recurring IPSPs (250 ms) in basilar pyramidal cells. 
Slow oscillations arise from rhythmic activity in endogenous bursting neurons 
in the granule cell layer. Pyramidal cell spike bursts generated by the slow os
cillation vary across the segments, with a decrease in burst duration and an in
crease in mean spike frequency from the CMS to LS. Each spike burst is 
comprised of a second, intrinsic fast oscillatory spike discharge arising from a 
soma-dendritic interaction in Na+ spike discharge (Turner et a l., J Neurosci. 
14:6453, 1994). Preliminary data suggest that the frequency of fast oscilla
tions increases, while threshold decreases from the CMS to the LS; differ- 
ences that result in part from the properties of K+ conductances distributed 
over pyramidal cell somatic and dendritic membranes. These data suggest 
that oscillatory spike bursts may tune pyramidal cells to afferent input encod
ing specific frequencies of EOD amplitude modulations, thus representing a 
cellular mechanism for frequency selectivity across ELL sensory maps in vivo.

79.17
MOLECULAR CHARACTERIZATION OF NMDA RECEPTORS IN 
THE ELECTRIC FISH APTERONOTUS LEPTORHYNCHUS.
D. Bottai. L. Maler* and R. J. Dunn. Centre Res. Neuroscience, McGill 
Univ., Montreal PQ, H3G1A4; Dept. Anatomy and Neurobiol.
Univ. of Ottawa, Ottawa Ont. K1H8M5 

NMDA receptors have a crucial role in mediating certain forms of 
long term synaptic potentation and depression. An increasing body 
of evidence has show n that these receptors also have an important 
function in the ongoing processing of sensory input. The weakly 
electric fish Apteronotus leptorhytichus is a useful model for the study  
of sensory transmission; in particular NMDA receptors are found 
throughout the electrosensory pathway. NMDA receptors are 
believed to be pentamers made up of the combination of NR1 and 
NR2 subunits. In this work we have started the molecular 
characterization of the NMDA receptors using a cDNA library from 
Apteronotus leptorhynchus brain. We have screened the library using 
cDNAs for the mammalian NR1 and NR2 subtypes and have 
identified cDNAs for both subtypes. Two of the NR2 cD N As have 
been sequenced using the standard methods. These two clones have 
been used to screen further the library using a PCR approach. DN A 
sequence analyses is being completed and used to compare the 
structural properties of the fish and mammalian channels. In situ 
hybridization of these cDNAs is now  underway to map the cellular 
localization within the electrosensory system.

79.19
AFFERENT AND EFFERENT CO NN ECTIO NS OF THE DIENCEPHALIC 
PREPACEMAKER NUCLEUS IN THE WEAKLY ELECTRIC FISH, 
Eigenmannin virescens. C .J.H. W ong*. The N eu ro b io lo g y  U nit, Scripps 
Institution of Oceanography, UCSD, La Jolla, CA 92093-0202.

The prepacem aker nucleus (PPn) an d  the m ed ially  ad jacen t central 
posterior nucleus of the thalam us (CP) together represent a key node of the 
electromotor system in gym notiform  fishes. S tim ulation of PPn cells, which 
project to the pacem aker nucleus, elicits frequency m o d u la tio n s  of the 
electric organ d ischarge (EOD), m im icking those found in both  jam m ing 
avoidance and social encounters. Im m ediately m edial an d  projecting into 
the PPn is CP, which had previously been show n to be sexually d im orphic 
and afferent to the  p itu ita ry . In o rd e r  to ex p lo re  the  an a to m ica l 
organization of electrom otor control, the low m olecu lar w eig h t tracer, 
Neurobiotin was injected into CP and PPn.

Following discrete m icroiontophoretic injections encom passing  both  CP 
and PPn, retrogradely-labeled  cells and  an te ro g rad e ly -lab e led  term inal 
fields were found in several b rain  reg ions inv o lv ed  in rep ro d u c tiv e  
behavior, including the ventral telen cep h alo n , the  p reo p tic  area  and  
various hypothalam ic nuclei. A dditionally , labeled cells w ere located in 
the nucleus electrosensorius (nE), the nuc leus of the lateral valvula, and 
the inferior lobe.

These results com bined w ith  p rev ious s tud ies  w hich  show ed  th at nE 
relays electrosensory in fo rm ation  to the h y p o th a la m u s , su g g est th at 
electrocommunicatory behavior both  on the sensory  an d  m oto r side, is 
intimately linked w ith  the neuroendocrine axis.

This work was supported  by NIM H M H 26149-19 to W. Heiligenberg.

79.16
C LO N IN G  OF PO TASSIUM  C H A N N E L S  FROM C N S OF 
ELECTRIC FISH AP TE R O N O TU S LEPTO RH YNCH U S.
A. R ashid , R. Turner and R.L D u nn * C entre Res 
N eu roscien cs , M cG ill U niv ., M ontreal, PQ; D ept of 
A n atom y , U niv o f C algary, C algary, AB.

N eu ron al resp on ses  are regulated  by the properties and  
d istr ib u tion s o f their con stitu en t ion ch an n els. V o ltage-
gated  p otassiu m  ch an n els are particularly im portant 
b ecause they d isp lay  a broad spectru m  of properties. It is 
likely that the typ es, relative am ou n ts  and su b c e llular 
loca liza tion s o f the d ifferen t p o tass iu m  ch an n els  are 
correlated w ith  sp ecific  roles in a g iv e n  neural circuit. We 
h ave b egu n  the m olecu lar  ch aracterization  o f p o tass iu m  
ch an nels from  the central n ervou s sy stem  o f the w eak ly  
electric fish A pteronotus lep torhynchus , a m od el for the 
stu d y  of sen sory processin g. A cD N A  library has been  
constructed  from  w h o le  brain and several p otassiu m  
ch an nel cD N A s id en tified  u sin g  m am m alian  probes. For 
exam p le , a cD N A  has been id en tified  w hich  has h igh  
h o m ology  to the rat Kv3.4 ch an nel. T he com p le te  D N A  
seq u en ces  for severa l of these cD N A s are now  b ein g  
ob tain ed . Future w ork  w ill in clu d e in situ  h ybrid ization  to 
lo ca lize  the ch an nel m R N A s w ith in  the e lectrosen sory  
system  and fu nction al characterization  in X en o p u s  oocytes.

79.18
THE PROJECTION WITHIN THE NUCLEUS EXTERO- 
LATERALIS IN THE KNOLLENORGAN PATHWAY OF 
MORMYRID FISH. M. A. Friedman*. Section of Neurobiology 
and Behavior, Cornell University, Ithaca, New York 14853.

The knollenorgan pathway of mormyrid fish is involved in 
discrimination of species-typical electric organ discharge wave-
forms of neighboring fish. Behavioral studies have shown that 
discrimination is based on temporal cues. Midbrain units in the 
nucleus exterolateralis pars anterior (ELa) phase-lock precisely to 
electrical stimuli in the periphery. The output cells of ELa, the 
small cells, are implicated by anatomy in temporal recoding. Units 
in the nucleus exterolateralis pars posterior (ELp), the only target 
of ELa, show tuning to square pulses of different durations and 
lose precise phase-locking. To test for a coherent projection 
between ELa and ELp, I used focal injections of biotinylated 
dextrans and analyzed the projection pattern of the small cells.

Small cell axons from the ELa travel towards the center of the 
border with ELp. Upon crossing over, they fan out radially and 
acquire varicosities along their entire length, which in other 
systems indicate en-passant synapses. The axons continue to the 
extreme edges of the ELp. Topographically, lateral ELa projects to 
lateral ELp and medial ELa projects to medial ELp. This suggests 
that important computational parameters are mapped along the 
lateral-medial axis, which await further physiological exploration. 
This work was supported by NSF Fellowship and NIMH 37972.

79.20
Antagonistic Actions o f Androgen and Estrogen on the Intrinsic Firing Rate of a 
Specialized M otoneuron. J. E. Schaefer* and H. H. Zakon. Dep t. of Zoology. 
University of Texas, Austin, Tx 78712.

The South American knife fish, Apteronotus leptorhynchus emits a high 
frequency (600-1000 Hz) quasi-sinusoidal electrical field from a neurogenic electric 
organ (EO). The electric organ discharge (EOD) is sexually dimorphic in A. 
leptorhynchus with males discharging at higher frequencies than females. Implants of 
17-β -Estradiol (E2) and 11-keto-testosterone (1 lkT- a non-aromatizable piscine form 
of androgen) induce long term shifts in the EOD frequency, but in opposite directions. 
The EOD frequency is set by an autorhythmic medullary nucleus called the 
pacemaker nucleus (PMN). Impulses from the pacemaker cells are carried by relay 
neurons to electromotor neurons (EMN) of the spinal cord whose axons comprise the 
adult EO. Previous research demonstrated that EMNs acutely deprived of descending 
input in a spinal cord slice preparation fire spontaneously at rates near the individual 
fish’s EOD frequency. This study asked whether after chronic deafferentation EMNs 
still oscillate at a rate closely related tp the EOD frequency and whether that rate is 
sensitive to plasma steroid levels. Spinal transection was used to cause degeneration 
of the relay afferents (verified by histology), thus synaptically isolating the EMNs. 
Fish received either spinal transection alone (control) or spinal transection with an 
implant of l lk T , E2, or an empty control capsule. In vitro spinal slice recordings 
were made two weeks after the treatment. Spontaneous EMN firing rates of 
transected fish in both control groups were found to remain closely correlated to each 
individual's pre-operative EOD frequency (r=.72; p=.01; n = ll) . The in vitro EMN 
firing rate was then subtracted from the pre-operative EOD frequency for each fish 
and averaged for each group to give the total change in frequency due to each 
treatment. A comparison of hormone implanted fish to controls indicated that 1lkT 
raised EMN firing rates (p=.008; n=12) while E2 lowered them (p=.03; n=9). We find 
that EMNs are intrinsic oscillators whose rate of firing can be modulated in opposite 
directions by chronic changes in the plasma levels of the gonadal hormones 
androgen and estrogen, independent of supraspinal input.

This research was supported by an NIH developmental training grant
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79.21
NETWORK PROPERTIES OF A HIGHLY REGULAR NEURONAL 
OSCILLATOR IN A WEAKLY ELECTRIC FISH. K.T. Moortgat1* and C.H. 
Keller2. 1Physics Department, University of California, San Diego, CA 92093; 
2Institute of Neuroscience, University of Oregon, Eugene, OR 97403.

We investigated the network properties of the medullary pacemaker nucleus (Pn) 
of the weakly electric fish Apteronotus leptorhynchus. The Pn commands each 
discharge of the electric organ with the synchronous firing of its 100 to 200 
electrotonically coupled neurons. The electric organ discharge of an individual fish 
may be modulated under various behavioral conditions, but generally remains stable 
at a frequency within the species specific range for A. leptorhynchus of 600-1000 
Hz. The coefficient of variation (cv = std/mean) of the discharge period can be as 
low as 10-4 in a behaving fish (Bullock, 1970), remarkably low compared to other 
biological oscillators.

In vivo intracellular recordings from the two neuronal cell types of the Pn, 
pacemaker and relay neurons, revealed that individual neurons can exhibit a 
similarly low period variability (cv = 6.5 x 10-4). Our long-term goal is to combine 
physiological and modeling studies to understand the cellular and network basis for 
this extreme regularity. To investigate the connectivity among pacemaker and relay 
cells, we injected Neurobiotin into a single neuron in an in vitro Pn preparation and 
examined dye-coupling to the directly filled neuron. Our results suggest first that 
pacemaker cells dye-couple with neurons throughout the Pn and not solely with 
nearest neighbors. Second, although there are many more pacemaker cells than 
relay cells in the Pn (ratio of 4:1; Dye, 1987), each pacemaker cell was dye-coupled 
to fewer pacemaker cells (2-3) than relay cells (6-7). Supported by NINDS, NIH 
grant to Walter Heiligenberg, and NIGMS training grant to KTM.

HORMONAL CONTROL OF REPRODUCTIVE BEHAVIOR: RECEPTORS, CHEMISTRY, AND ANATOMY

80.1
EFFECTS OF PROGESTERONE IMPLANTS INTO THE VENTROMEDIAL 
HYPOTHALAMUS ON SEROTONIN TURNOVER IN RATS PRIMED WITH 
ESTROGEN. K. Renner*. R. Hitchcock. J. Stoller and T. Isakson, Department of 
Biology, University of South Dakota, Vermillion, SD 57069.

In an earlier study we demonstrated that serotonin (5HT) turnover was decreased 
in the ventromedial hypothalamus (VMH), midbrain central grey (MCG) and the 
periventricular region (PVE, anterior hypothalamic region) in rats primed with 
dilute estrogen (E) implants into the VMH followed by systemic progesterone (P; 
Gereau et al., Brain Res. Bull., 32:293, 1993). This study suggested the possibility 
that steroid mediated actions in the VMH may alter 5HT activity in the MCG and 
PVE. To further examine the effects of localized hormone applications to the VMH 
on 5HT activity at the implant site and other portions of the neural circuit regulating 
lordosis we investigated the effect of P implants directed towards the VMH on 
serotonin turnover in rats primed with systemic E (5 μg, s.c.).

Two days after implantation of guide cannulae, rats were primed with E, 
implanted with P and pretested for lordosis behavior. After a 72 hr recovery period, 
rats exhibiting lordosis quotients ≥ 60 were treated with E and implanted with either 
P or cholesterol-filled (C) cannulae 21 hrs later. Four hrs after implantation, the 
rats were treated with either saline or pargyline (75 mg/kg). P-treated rats had a 
marked decrease in pargyline-induced 5HT accumulation in the VMH (p<0.01) 
when compared to C-implanted rats. In contrast, 5HT accumulation rates in the 
MCG or PVE were unaffected by P treatment. The results are consistent with 
earlier work that suggests that P-influenced decreases in serotonergic activity in the 
VMH play a role in the facilitation of female sexual behavior. However, the 
hypothesis that localized actions of steroid hormones in the VMH alters 5HT 
activity in other portions of the lordosis circuit requires further evaluation. 
(supported by NSF grant IBN-9596009)

80.3
NEURA L AN D N O N-NEURA L ESTRO G EN  SYNTH ESIS IN THE 
BROW N-H EAD ED CO W BIRD (M O LO THRUS ATER). B.A. Schlinger* 
D ept.of Physiological Science and the Laboratory o f Neuroendocrinology o f 
the Brain Research Institute, UCLA, Los Angeles, CA  90024.

Estrogens exert considerable influence on brain and behavior in song 
birds. In the male zebra finch, arom atase (estrogen synthetase) is 
undetectable in peripheral tissues, but is abundant in brain, sufficient to 
enrich circulating estrogen levels. How ever, in adults, arom atase is 
expressed in brain regions with and w ithout estrogen receptors, and is 
expressed poorly, if at all, in song control nuclei. Thus, a direct linkage 
between arom atase and brain estrogen action is not established in this 
species. Songbirds exhibit considerable species diversity in neural and 
behavioral properties o f song. Thus, anatom ical differences in aromatase 
expression across species may help reveal the function o f this enzyme in 
brain. I have m easured arom atase activity in wild and in captive brown-
headed cowbirds. Unlike zebra finches, arom atase was detected in the 
testes o f adult, breeding males, but activity was m uch lower than that seen 
in the ovary o f adult females. Like zebra finches, arom atase was present in 
the telencephalon and hypothalam us in both sexes. Also, 5 mins after a 
peripheral injection of 3H-androgen in males, 3H-estrogen levels were 4-fold 
greater in jugular than in carotid plasm a, and levels o f 3H-estrogen in the 
telencephalon, but not testes or adrenals, were increased. These results 
show high arom atase expression in the cow bird telencephalon. However, a 
balance between brain and peripheral arom atization m ay be required to 
achieve significant concentrations o f estrogen in estrogen-dependent neural 
circuits of different songbird species. Supported by NSF: IB N -9120776.

80.2
A GOLGI ANALYSIS OF CELL TYPES IN THE M EDIAL PREOPTIC 
NUCLEUS OF ADULT HOODED RATS C.L.M oore*. P, Sey moure 
and J. M. Juraska. Depts. o f Psychology, Univ. M assachusetts, Boston. 
MA 02215 and Univ. Illinois, Cham paign, IL 61820.

The medial preoptic area (M POA) contains several functionally and 
cytoarchitecturally diverse nuclei, including the medial preoptic nucleus 
(MPON). The morphology o f individual neurons within the M POA as 
visualized by the Golgi-Cox m ethod was exam ined in 38 adult male and 
female Long-Evans rats. A system atic, random sam ple o f  30 neurons 
from five 150 μm coronal sections was selected in each anim al, drawn at 
400x, and quantified. The M POA was characterized by the heterogeneity 
o f  neuronal features, but this variance was reduced by focusing on 
particular regions. Neurons within the M PON, defined relative to 
landmarks identified in N issl-stained brains o f  age-m atched anim als, were 
more uniform in size and structure than those in surrounding regions 
They were small to medium in size and had a sim ple bipolar or 
m ultipolar dendritic arbor. Unlike the long bipolar neurons typical o f  the 
M POA, bipolar neurons in the M PON were short (longest dendritic 
extent < 400 μm) and often unbranched. M PON m ultipolar neurons were 
more spiny and/or more varicose than M PON bipolar neurons. They had 
3-4 primaries and a median total o f  7 branch segm ents term inating within 
800 pm o f the soma. A m ore complete descriptive categorization o f 
M POA neurons is in progress as a step toward quantitative developm ental 
studies. Supported by NSF IBN 91-21238 and RII 89-05498.

80.4
L O R D O S IS -A S S O C IA T E D  S Y N A P T IC  P L A S T IC IT Y  IN THE  
VENTROMEDIAL HYPOTHALAM US (VM H ). B.W. Bakkum .* D.W . Pfaff 
and R.S. Cohen. Dept. of Anatomy, National Coll. of Chiropractic, 
Lombard, IL 6 0 1 4 8 , Dept. of Neurobiology and Behavior, The Rockefeller 
Univ., New York, NY 10021 and Dept. of Anatom y and Cell Biology, 
Univ. of Illinois at Chicago, Chicago, IL 6 0 6 1 2 .

Lordosis-relevant neurons in the VM H undergo marked changes in 
responsiveness to incoming signals. This may be due, in part, to estrogen 
(E)-induced alterations in synaptic efficacy in this region, which may be 
reflected by changes in synaptic structure. We, therefore, investigated 
various plasticity-associated synaptic parameters in the ventrolateral 
subdivision of the VM H of ovariectomized rats given E {10μ g) or sesame 
oil for tw o weeks. A t this time point, only the E-treated rats exhibited 
lordosis. E-treated rats showed an increase in the mean number of 
synapses per field (9 .9  ± 6 .7 ) compared to the controls (4 .7  ± 2 .5) 
(p < 0 .0 0 0 5 ). Most of these synapses appeared to be axodendritic. No 
significant differences were seen in synaptic curvature nor in the number 
of perforated postsynaptic densities (PSDs) between the tw o groups. 
When expressed as categorical data, E-treated rats had significantly 
shorter synaptic contacts than controls (p < 0 .0 3 ) .  There was a 
significant difference in the numbers of asymmetric (excitatory) versus 
symmetric (inhibitory) synapses between the tw o groups (p < 0 .0 1 9 ).  
This difference appeared to be the result of a large increase in the number 
of asymmetric synapses in the E-treated group (n =  81) when compared 
to the controls (n = 27). There was little difference in numbers of 
symmetric synapses between E-treated (n = 3 8 ) and control (n = 2 9 ) rats. 
The appearance of new asymmetric synapses may result in an increased 
ratio of excitatory to inhibitory synapses in the V M H . Our morphological 
results are, therefore, consistent w ith other electrophysiological data 
showing a facilitory effect of estrogen on VM H neurons. Supported by 
NIH grants HD 2 4 5 5 3  to R.S.C. and HD 05751 to D.W .P.
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8 0 .5

THYROID HORM ON E A N D ESTRA D IO L A LTER OX YTOCIN GENE 
EXPRESSION IN TH E PA RA V EN TRICU LA R NU CLEU S. T.L. 
Dellovade*. Y-S Zhu. and D .W . Pfaff. N eurobiology and Behavior 
Laboratory, Rockefeller U niversity , New Y ork, NY 10021.

Estrogen-induced lordosis behavior in fem ale rats is modified by 
changes in plasm a thyroid horm one concentration (D ellovade et al, Endo. 
Soc. abstr., 1995). Recently it was dem onstrated that the oxytocin gene has 
a composite horm one response DNA elem ent such that several members of 
the steroid/thyroid horm one superfam ily o f  nuclear receptors can interact in 
vitro (Adan et al, JBC, 1992). In the present study we used in situ 
hybridization to examine the interaction o f  estradiol (EB) and thyroid hormone 
(T3) on the regulation o f oxytocin mRNA in ovariectom ized (OVX) female 
rats. Females treated with EB (2μg/day) for 10 days had increased levels of 
oxytocin mRNA in the paraventricular nucleus (PVN ) as com pared to vehicle 
treated controls. OVX females treated with high doses o f  T3 (500/zg/kg 
b.w ./day) had an even greater increase in oxytocin m RNA as compared to 
O V X +E B  in the PVN. C o-adm inistration o f  high doses o f  T3 and EB 
attenuated the T3 induction o f oxytocin m RNA . In addition, prelim inary data 
collected in thyroidectom ized/O V X  fem ales indicates that even in the complete 
absence o f thyroid horm one EB treatm ent can increase oxytocin gene 
expression. Using imm unocytochem istry, we saw estrogen receptor (ER) and 
thyroid receptor (TR) containing cells in the PV N. These data indicate that 
oxytocin gene expression is regulated by both thyroid horm one and estrogen 
in vivo. Further, competition for DN A response elem ent binding by liganded 
TR and ER or protein-protein interactions betw een these receptors may be 
important for regulation o f oxytocin mRNA.

8 0 .7

NALTREXONE INCREASES CHOLECYSTOKININ (CCK) mRNA  
EXPRESSION IN TH E LIM BIC-H YPO TH A LA M IC  CIRCUIT OF  
THE ESTROGEN-TREATED FEM ALE R A T . C . B. Fe kprsell* and 
P. E Mirpvych. Department. o f  Neurobiology and Laboratory of 
Neuroendocrinology, Brain Research Institute., UCLA School o f  
Medicine, Los Angeles, CA 90095.

Reproductive behavior in the female rat has been correlated with the 
estrogenic regulation o f both endogenous opioids and CCK in the 
hypothalamus and the limbic system. To better understand the 
interactions o f CCK and endogenous opioids, rats were ovariectomized, 
allowed to rest for two weeks and divided into four treatment groups: 
ovariectomized females (Ovx); Ovx females implanted with β-estradiol 
(E) filled Silastic capsules (10 mm) for 72 hours; Ovx females given 
three s.c. injections o f  the opioid antagonist naltrexone hydrochloride 
(NALT) ( l0mg/kg body weight; 24, 48 and 72 hours prior to perfusion); 
and Ovx females treated with both E and NALT. In situ hybridization 
was performed using a 527 b.p. 35S-labeled cRNA complementary to the 
coding sequence for preproCCK. The central portion o f the Medial 
Preoptic Nucleus (M PNc), Bed Nucleus o f  the Stria Terminalis (BST) 
and Posterodorsal Medial Amygdala (MeApd), showed significantly 
higher levels o f  CCK mRNA expression in the E treated group than in 
either the Ovx or the NALT groups and the E +  NALT group had 
significantly higher levels o f  CCK mRNA than any o f  the other groups. 
These results suggest that elevation o f CCK expression in the limbic- 
hypothalamic circuit o f estrogen primed female rats, is among the 
mechanisms by which the opiate antagonist NALT may facilitate sexual 
behavior. Supported by NIH grant NS21220 and training grant HD- 
07228.

80.9

CONNEXIN-43 m R N A  IN  T H E  R A T  B R A IN : R E G U L A T IO N  BY 
OVARIAN ST E R O ID S  AND E X P R E S S IO N  D U R IN G  E A R L Y  
DEVELOPM ENT. L.A. P uy. D.A. Bow lby. A. Orsino. S. J. Lye and N. J. 
MacLusky*. Div. O f  Reproductive Science, The Toronto H ospital Research 
Institute, and the Samuel Lunenfeld Research Institute, M ount Sinai Hospital, 
University o f  Toronto, Toronto, ON T M 5G 2C4 

The connexins (Cx) com prises a fam ily o f  gap junction  structural proteins. 
Connexin-43 (Cx-43) is highly expressed in the brain, prim arily  in astrocytes. 
Regulation o f Cx-43 by ovarian steroids has been reported in the rat uterus 
where estrogen increases and progesterone decreases Cx-43 expression. We 
used in situ  hybridization to exam ine the expression o f  the Cx-43 gap 
junction gene in the rat brain at different stages o f  developm ent and under 
different hormonal conditions: ( 1) newborn m ale and fem ale rats; (2) adult 
female rats one week after ovariectom y (OV X); (3) OV X rats that received 
5ug estradiol (E2) s.c. 12 h prior to sacrifice; and (4) OVX rats treated 
simultaneously with estradiol (5ug) and progesterone (P; l 0m g) 12 h prior to 
sacrifice. Cx-43 m RNA was expressed in num erous regions o f  the adult rat 
brain, with particularly strong expression in the hippocam pus, preoptic area, 
amygdala and hypothalamus. E2 treatm ent m arkedly increased Cx-43 m RNA 
expression above that observed in oil-treated OVX controls. C oncurrent P 
treatment had no effect on the E2 response. The brains from  the newborn rats 
showed high expression o f  Cx-43 m RNA in the neuroepithelial cells o f  the 
ventricle, contrasting with the adults in w hich little ependym al periventricualr 
labelling was observed. Expression o f  Cx-43 m RNA in the fem ale newborn 
was higher than in the male, particularly in the periventricular regions. These 
results demonstrate that Cx-43 is selectively expressed in certain regions o f  
the brain and that this expression is subjected to regulation by estrogen. 
During development, regulation o f  Cx-43 expression m ay play a role in 
sexual differentiation o f  the brain, perhaps through effects on glial-neuronal 
gap junctional com m unication (Supported by M RC Canada).

8 0 .6

INTERACTIONS OF ESTROGEN AND THYROID HORMONE ON THE 
REGULATION OF PREPROENKEPHALIN (PPE) GENE EXPRESSION IN 
THE HYPOTHALAMUS AND STRIATUM OF FEM ALE RATS. D .W .P faft*1, 
Y.-S. Zhu1, T.L. Dellovade1. P. Yen2 and W .W . Chin2. 1Lab. o f Neurobiol. & 
Behav., Rockefeller Univ., NY 10021 & 2Harvard Medical School, Boston, MA.

We have found that estrogen (E)-induced lordosis behavior in female rats is 
modified by thyroid hormones (T3). PPE is one o f the neurochemical systems 
related to this behavior and E is known to induce PPE gene expression in the 
ventromedial hypothalamus (VMH). We have now examined the interaction of 
E and T3 on the regulation o f PPE mRNA in ovariectomized (OVX) and 
thyroidectomized/OVX (TX) female rats. As measured by in situ hybridization, 
estradiol benzoate (EB; 2μg/day x 10) increased PPE mRNA in the VMH, but 
not in the striatum in both OVX and TX females as compared to vehicle controls. 
Treatment with T3 (20 μg or 500μg/day x 10) had no substantial effect on VMH 
PPE mRNA, but significantly increased PPE mRNA in the striatum. Co- 
administration of T3 and EB mutually attenuated the EB and T3 inductions of 
PPE mRNA in the VMH and striatum, respectively. The attenuation of EB 
induction o f VMH PPE mRNA by T3 was further confirmed in 
hypophysectomized females. Immunocytochemistry shows that VMH has both E 
receptor (ER) and T3 receptor (TR) containing cells. Gel mobility shift analysis 
indicates that both ER and TR can bind to a consensus ERE and the promoter 
region o f PPE gene. Co-transfection study in CV-1 cells revealed that E induction 
o f CAT activity in a construct containing minimum TK promoter and a copy of 
ERE was attenuated by T3. These data show that PPE gene expression is 
differentially regulated by E and T3 in VMH and striatum. Interactions of their 
receptors on regulation o f PPE gene expression in these neuronal tissues may be 
mediated through protein-DNA or protein-protein interactions.

8 0 .8

ESTROGEN ELEVATES C H O LEC Y STO K IN IN  (CCK) mRNA IN 
TH E LIM BIC AND H Y PO TH A LAM IC  N U C LEI O F FEM ALE  
R A TS: EFFECTS O F D O SE A ND TR EATM ENT. A . Sm ith, C 
Eckersell, K. Vink and P. Mirpvych* Dept. o f Neurobiology and Lab 
o f Neuroendocrinology, UCLA Sch. o f  M ed., Los A ngeles, CA 90095.

The expression o f CCK within cells o f the reproductively important 
limbic-hypothalamic circuit is dependent on the adult steroid milieu. 
Estrogen elevates levels o f  CCK mRNA and the numbers o f CCK- 
immunoreactive cells in the posterodorsal medial amygdala (MeApd), the 
bed nucleus o f  the stria terminalis (BST) and the central part o f the 
medial preoptic nucleus. To examine this regulation, female rats were 
ovariectomized, allowed to survive two weeks and treated with either a 
10 mm estradiol benzoate (EB) capsule, single injection o f 50 ug EB, 
2ug injection o f EB every 4 days for 16 days or a 25 gauge cannula filled 
with EB aimed at the BST or MeApd. Rats were examined at time points 
up to 96 hours after treatment. Intracranially implanted animals were 
examined at 72 hrs to determine whether estrogen had a local effect or 
stimulated the expression o f CCK mRNA at sites distal to the implant. 
Tissue was processed for in situ hybridization histochemistry using a 527 
b.p. 35S-labeled cRNA probe complementary to the coding region of 
CCK mRNA. EB capsules and 50 ug injections increased CCK mRNA 
levels 12 hrs after EB treatment; while the 4 X 2 ug EB treatment group 
showed an increase at 3 hrs post-injection. Both the 50 ug and 4 X 2ug 
groups had peaks o f  CCK mRNA levels at 24 hrs and then declined to 
control values by 96 hrs, but the EB capsule treatment produced a 
constant high level through 96 hrs. Site specific implants o f  EB induced 
a local up-regulation o f CCK mRNA levels. There was no up-regulation 
in efferent nuclei o f the limbic-hypothalamic circuit. Supported by grant 
NS-21220.

8 0 .1 0

A nesthesia  during horm one a d m in is tra tion  abolishes th e  estrogen  
induction o f preproenkephalin  m R N A  in v en tro m ed ia l hypothalam us  
o f fe m a le  rats. V . Q uino n e s -J e n a b '. C . Z h a n g . S . J en a b . H .E . Brow n. 
and D .W . P fa ff. N eurobiology and B ehavior, R o c k efe ller University , 
1 2 3 0  York A v e , N Y , N Y  1 0 0 2 1 .
Estrogen tre a tm e n t increases p reproenkephalin  (PPE) m R N A  levels  
in the  ventrom edia l nucleus of the  hypo th a lam u s  (V M H ) M o l. Endo. 
(1 9 8 8 )  2 :1 3 2 0 - 1 3 2 8 ) .  Roy e t al. (Brain Res. (1 9 8 5 )  3 3 7 :1 6 3 -1 6 6 )  
discovered th a t anesthes ia  during estro gen  prim ing could reduce  
fem ale  rat sexual re cep tiv ity . In th e  p resen t s tu d y  w e  te s ted  w hether  
the  action  of estrogen to  induce PPE m R N A  in th e  V M H  could be 
sim ilarly a ffe c te d  by anes thes ia . By q u a n tita tiv e  in situ  hybrid ization  
and slot blot analysis  techn iq ues  w e  found a 1 .8  fo ld  increase in PPE 
m R N A  levels in the  V M H  a fte r  1 hour o f estro gen  tre a tm e n t in 
ovariectom ized  (O V X ) S p ra g u e -D a w le y  fe m a le  ra ts . Anesthetizing  
the  rats  w ith  pentobarb ita l for 1 hour during the  exposure to  
estrogen blocked the  estrogen induction  o f PPE m R N A  in the  V M H . 
By w a y  of c on trast no changes in th e  PPE m R N A  levels w ere  
observed in the  c au d a te /p u ta m en . A  sim ilar trend  w a s  seen using 
chloral hydrate, but high in te r-ra t variab ility  w ith in  th e  choral hydrate  
results perm its  them  only to  support th e  pen tobarb ita l experim ent. 
Thus, it appears th a t neuronal a c tiv ity  m a y  be required for the  early  
phase of estrogen induction of PPE m R N A  leve ls  in th e  V M H , w hich  
in turn could lead to  an early  action  o f enkephalin  on fem ale  
sociosexual behaviors.
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80.11
EFFECTS OF ESTROGEN (E) ON OXYTOCIN (OT) M ESSENGER RNA 
IN THE ESTROGEN PRIM ED PROGESTERONE (P) W ITHDRAW N RAT. 
J.A. Am ico*. D.J. Hollingshead. A. Thomas. University o f  Pittsburgh School 
o f  Medicine and VA M edical Center, Pittsburgh, PA 15261.

Sequential exposure to E and P and subsequent withdrawal o f  P increases 
OT mRNA in the female rat hypothalamus. Rats experience this steroid 
exposure prepartum, coincident with a prepartum  increase in OT mRNA. In 
contrast, im m ediately postpartum , E levels are low, P levels rise, and OT 
mRNA levels decline. Decreased OT mRNA postpartum  m ay be due to 
decreased E. We questioned 1 -if  sustaining E postpartum  increases OT 
mRNA; and 2-if sustaining E after P withdrawal in ovx rats is essential to an 
increase in OT mRNA. In experiment 1, day 18 pregnant rats were implanted 
with E or empty capsules, allowed to deliver, and sacrificed on day 2 
postpartum. In situ hybridization o f  OT mRNA in the paraventricular nucleus 
(PVN) revealed no significant differences between E and sham treated groups. 
In experiment 2, ovx rats were implanted with 2 mm E or em pty capsules on 
day 1. Three 30 mm P or sham capsules were implanted on day 3 and 
rem oved on day 14. In one o f  the steroid treated groups, E was withdrawn 
with P and in the other, E was sustained. Rats were sacrificed on day 16. 
Nothern blot analysis o f  OT mRNA in the PVN showed no differences 
between the two steroid treated groups, yet OT mRNA in both groups was 
higher than in sham treated anim als (P<0.05). We conclude that 1-E 
supplementation does not sustain OT mRNA levels in early lactation; and 2-P 
withdrawal is critical to the increase in OT mRNA irrespective o f  w hether E 
is maintained (as occurs prepartum in the rat) or simultaneously withdrawn (as 
occurs at delivery in the primate).

80.13
TWO GENES ENCODING GONADOTROPIN RELEASING HORMONE (GnRH) 
IN A MAMMAL. TUPAIA GLIS S.A. White*. T.L. Kastcn and R.D. Fernald. 
Program in Neuroscience. Stanford University, Stanford, CA, 94305.

In addition to the gonadotropin releasing hormone (GnRH) found in the 
hypothalamus and responsible lor regulating reproduction, there have been numerous 
reports of a second distinct GnRH peptide form (cGnRH II) in midbrains of mammals 
(e g. Dellovade et al. ‘93). In eclothermic vertebrates, multiple forms of GnRH have 
been reported in most species investigated, and in a cichlid fish three genes encoding 
distinct forms of GnRH have been reported (While et al. ‘95). However, there have 
been no reports of a separate gene encoding a second form of GnRH in any mammal. 
Here we report the cloning and sequencing of two genes for GnRH from an euthenan 
mammal, the tree shrew, 7. glis and their localization to specific brain regions using 
in situ hybridization. Their gene products were co-localized to the corresponding 
regions using immunocytochemistry. Although tree shrews were once considered 
insectivore-likc primates, they arc now classified in a separate order which shares a 
common ancestor with primates. Both of the GnRH encoding genes encode a 
preprohormone comprised of a signal sequence. GnRH decapeptidc and a GnRH- 
asscxiated peptide (GAP). The 7. glis hypothalamic GnRH gene sequence show s 
significant similarity with other mammalian hypothalamic forms. In contrast, the 
gene encoding the midbruin form shows greatest similarity to GnRH genes which code 
lor midbrain forms in eclothermic vertebrates. The discovery of two genes in this 
squirrel-like mammal suggests that a second gene for GnRH may exist in many 
mammalian species and possibly in primates. Supported by NIH T32 GM 08327 to 
S.A.W and NIH HD 23799 to R.D.F.

80.15
SEX DIFFERENCES IN F S TROGEN RECEPTOR AND ESTROGEN-INDUCED 
PROGESTIN RECEPTOR IN THE GUINEA PIG BRAIN. T.J. Brown. J. Yu. M.J. 
Walters*, and N.J. MacLusky. Div. of Reprod. Sci., The Toronto Hospital Research 
Institute, Toronto, ON M5G 1L7 and Imaging Res. Inc., St. Catharines, ON L2S 3A1 

We have previously reported higher levels of estrogen receptors (ERs) in the 
female rat and mouse periventricular and medial preoptic area (PVP, mPO), and 
ventromedial nucleus of the hypothalamus (VMN) than in the corresponding regions 
of the male brain. A least in the rat, these sex differences are reflected in regional 
sex differences in progestin receptor (PR) induction, an estrogenic response. In the 
present study, we determined if sex differences in ER and estrogen-induced PR exist 
in the guinea pig brain. Adult, age-matched male and female guinea pigs were 
gonadectomized one week before injection of 10 μg estradiol benzoate (EB) / Kg b. 
wt. or the oil vehicle. Animals were killed 44 hr after injection and unoccupied and 
occupied ER, and unoccupied PR, were measured in 11 brain regions by quantitative 
in vitro autoradiography. In oil-injected controls, a higher level of ER was found in 
the arcuate (ARC), dorsal medial nucleus, and VMN of females as compared to 
males. In the absence of EB treatment, no occupied ER were detected. At 44 hr 
after injection, 30-40% of the ERs detected were occupied; however, EB treatment 
caused a marked down-regulation of total receptor in most o f the brain regions. In 
EB treated animals, PR binding was detected in the PVP, mPO, ARC, and VMN, 
with higher levels of binding observed in the female PVP, mPO, and VMN than in 
the male. No PR binding was observed in oil-injected control animals. These results 
provide the first demonstration of region-specific sex differences in ER as well as of 
estrogen-induced down-regulation of ER in the guinea pig brain. Because the 
regional distribution of sex differences in ER and estrogen-induced PR are not 
identical, further sex differences in estrogen receptor dynamics or in subpopulations 
of estrogen target cells may exist. These differences may play an important role in 
sex differences in estrogen regulated behavior and gonadotropin secretion.

80.12
DEVELOPMENTAL EXPRESSION OF MULTIPLE GENES FOR 
GONADOTROPIN RELEASING HORMONE (GnRH). R .B.
White , S.A. White and R.D. Femald.*Program in Neuroscience, 
Stanford University. Stanford, CA 94305.

In most vertebrates, GnRH-containing cell bodies have been 
localized to three brain areas by immunohistochemistry: the forebrain 
terminal nerve, the hypothalamic-preoptic area and the midbrain 
mesencephalon. Previous work (Schwanzel-Fukuda et al. 89; Wray 
et al. ‘89) has shown that the GnRH-containing cells found in two of 
these regions, the forebrain and hypothalamus, arise from a common 
embryonic source and migrate together into the brain from the 
olfactory placode. We have recently demonstrated in an African 
cichlid fish, Haplochromis burtoni, that each o f the three brain loci 
contains a distinct form of GnRH decapeptide and that these three 
forms are each encoded by a different gene (White et al., 1995). Here 
we have measured message abundance during ontogeny for the three 
GnRH forms using RNase protection assays. H. burtoni develops 
from fertilized egg to free swimming fry in ca. 14 d. We collected 
eggs and fry from females at one day intervals during the 14 day 
period, isolated RNA and probed for the three different GnRH 
mRNAs. In addition, we mapped cell location at at the time of first 
expression using in situ hybridization.
Supported by a Hitchings-Elion Fellowship to R.B.W., NIH T32 GM 
08327 to S.A.W . and NIH HD 23799 to R.D.F.

80.14
EFFECT OF FOOD DEPRIVATION ON PROGESTIN RECEPTORS IN 
FEMALE SYRIAN HAMSTER BRAIN. Y. Du. J. D. Blaustein. G.N. Wade 
and J.B. Powers*. Neuroscience and Behavior Program, Univ. of 
Massachusetts, Amherst, MA, 01003

Food deprivation (FD), as well as treatment with metabolic inhibitors, 
suppresses steroid hormone-induced estrous behavior in ovariectomized (OVX) 
Syrian hamsters. Previous work in this laboratory has revealed that 48 h FD 
decreased the number of detectable estrogen-receptor immunoreactive (ERIR) 
cells in the ventromedial hypothalamus (VMH), increased the number of ERIR 
cells in the medial preoptic area (mPOA) and had no effect on the number of 
ERIR cells in the nucleus of the solitary tract in OVX hamsters. In the present 
study we examined the effect of FD in estradiol-primed, OVX hamsters on (a) 
progestin receptor (PR) binding using an in vitro binding assay, and on (b) 
progestin receptor immunoreactivity (PRIR). Parallel behavior tests were also 
performed in both experiments. OVX hamsters received 2.5 μ g EB and were 
food deprived at the same time. Forty-eight h later, animals were killed in 
preparation for the immunocytochemistry or progestin receptor assay. Binding 
assays indicated that 48 h FD decreased PR levels in the preoptic area and had 
no effect in the mediobasal hypothalamus, an area which includes the VMH. 
Immunocytochemical analysis confirmed these findings. FD caused a decrease 
in the number of detectable PRIR cells in the mPOA but had no effect on the 
number of PRIR cells in the VMH. These results suggest that FD modulates 
PR binding and PRIR in a site-specific manner. In addition, the effects of FD 
on neural ERIR and PRIR are significantly different.

80.16
REGULATION OF ESTROGEN RECEPTORS IN THE FEMALE 
RAT BRAIN BY GONADAL STEROIDS D. A. Bowlby. T. J. Brown. R. 
B. Hochberg. H. Yuan* B. Scherz and N. J. MacLusky . Depts. of 
Physiology, Zoology and OB/GYN, University o f Toronto, M5G 2C4, 
CANADA and Dept. of OB/GYN Yale Univeristy, CT 06510.
The regulation of estrogen receptor (ER) concentrations in the brain is a 
critical component of the neural mechanisms controlling reproductive 
function. ER mRNA levels appear to be down-regulated by gonadal steroids; 
but whether or not these changes in mRNA are reflected in tissue ER 
concentrations remains unknown. In vitro  autoradiographic methods, 
combined with a 125I - l belled ER ligand, were used to characterize the 
contributions from estradiol (E), testosterone (T) and progesterone (P) to ER 
regulation in discrete regions of the adult female rat brain, throughout the 
estrous cycle and during hormone replacement therapy in ovariectomized 
(OVX) rats. ER occupation in the estrous cycle primarily reflects circulating 
E, with a small contribution from local aromatization of circulating T. Rising 
E levels during the day of proestrus down-regulate total ER throughout the 
brain over the night of proestrus, an effect that is reversed by the morning of 
estrus, in all brain regions except the ventromedial nucleus (VMN) of the 
hypothalamus. The delayed recovery of ER in the VMN probably reflects a 
specific inhibitory effect of progesterone on ER synthesis, since this delay 
can be completely prevented by administration of the progesterone 
antagonist, Ru486. E replacement in OVX rats results in down-regulation of 
ER expression in all regions of the brain, commencing between 12 and 24h 
after the initiation of the estrogen treatment. Continued E exposure for up to 
8 days results in a profound (44-60%) and sustained reduction in ER levels. 
These data indicate that physiological regulation of ER expression in the 
brain of the female rat is a complex process, involving contributions from E, 
T and P that are both time- and brain region-dependent. (Supported by MRC 
Canada).
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80.17
DO MUSCLE-DERIVED FACTORS REGULATE ANDROGEN 
RECEPTOR EXPRESSION IN RAT PERINEAL M OTONEURONS? H.A. 
Al-Shamma* and A.P. Arnold Dept. of Physiological Science and Laboratory of 
Neuroendocrinology, Brain Research Institute, UCLA, Los Angeles, CA 90095.

In adult male rats, axotomy of the spinal nucleus of the bulbocavernosus 
(SNB) motoneurons transiently down-regulates androgen receptor (AR) 
immunoreactivity. We have studied the importance of target reinnervation in the 
recovery of AR expression in axotomized SNB motoneurons after short (up to 
five days) and long (one to six weeks) periods of recovery. In the long term 
recovery experiment, animals were divided into two groups. In one, the two 
stumps of the cut pudendal nerve, which carries the axons of the SNB 
motoneurons, were sutured together immediately after axotomy. In the second 
group, the proximal stump was ligated immediately after axotomy to prevent 
target reinnervation. Axotomy caused a significant down-regulation in the 
number of densely stained and the total number of AR-immunoreactive SNB 
motoneurons. These two measures were lowest five days after axotomy, reaching 
15 and 50% of control, respectively (ps<0.05). At six weeks, AR 
immunoreactivity was still depressed in ligated animals, but had recovered to 
control levels in resutured animals. This recovery was coincident with the first 
signs of reinnervation of the target perineal muscles. SNB soma size was 
significantly reduced two weeks after axotomy (p<0.01 for resutured group), and 
returned to control levels after six weeks of recovery only in the resutured 
animals. In contrast, SNB soma size remained significantly reduced in ligated 
animals to 76% of control after six weeks of recovery (p<0.01). These findings 
suggest that the target perineal muscles play a role in the regulation of AR 
expression and androgen sensitivity in the SNB motoneurons, perhaps mediated 
by muscle-derived trophic factors.

80.19
ESTROGEN RECEPTOR IN CELLS AND FIBERS WITHIN THE 
LATERAL HABENULA. C.K. Wagner* and J.I. Morrell, Center for Molecular 
and Behavioral Neuroscience, Rutgers University, Newark, NJ 07102

The habenular complex is involved in several estrogen dependent 
behaviors in female rats, maternal behavior and sexual behavior, including 
postpartum sexual behavior. W hile it is known that estrogen acts in other brain 
regions to mediate these behaviors, we do not know whether estrogen also acts 
directly on the habenular complex. To address this possibility, we examined the 
habenular complex for the presence o f estrogen receptor in separate experiments 
using immunocytochemistry (ER-2I antibody) and in situ  hybridization in 
pregnant females and males. Controls confirmed the specificity o f  both methods. 
There is a population o f  cells that contain ER immunoreactivity (ER-ir) within 
their nuclei, and an equal-sized population o f cells that express ER mRNA 
within in a discrete, limited portion o f  the medial aspect o f  the lateral habenula. 
These cells become more ventral in the posterior lateral habenula. In addition, 
a subset o f ER mRNA expressing cells are found in the most dorsal aspect of 
the habenular complex where the medial and lateral habenula abut the medial 
aspect of the stria medullaris. No cells that contain either ER-ir or mRNA were 
found in the medial habenula, or within the fibers o f  the stria medullaris or 
fasciculus retroflexus. ER-ir fibers were also found within a discrete region of 
the lateral habenula, which rostrally overlaps with the ER-ir cells, while caudally 
is mostly in an adjacent, non-overlapping area. Electron microscopy will be 
required to determine if  the ER-ir in fibers is in neuronal processes. Supported  
by HD 22983 to JIM  and NRSA H D  07594 to C K W  a n d  JIM.

80.18
F O R E B R A IN  C E L L U L A R  IM M U N O R E A C T IV IT Y  F O R  S T E R O ID  
R E C E P T O R S  A N D  A R O M A T A S E  IN  T R A N S G E N IC  E S T R O G E N  
R E C E P T O R  K N O C K O U T  M A L E  M IC E  Sonoko O g aw a1*, V, Q uinones- 
Jenas1. D. B.Lubahn2. K. S, Korach2 , & D.W . P faff1 1Lab. Neurobiology & 
Behavior, The R ockefeller University, NY, NY 10021 & 2 Lab. Reproduction 
& Developmental Toxicology, NIEHS, Research Triangle Park, NC 27709 

W e have recently  reported that gonadally  intact m ale estrogen receptor 
knockout (ERK O) mice show ed m arkedly d ifferent behaviors in com parison 
to  w ild-type mice: i) ER K O  m ice rarely  e jaculated, a lthough they show ed 
equivalent levels o f m ounts as w ild-type m ice, and ii) aggressive behaviors 
with severe attacks and biting against a m ale opponent were never seen in 
ERKO m ice (Ogawa et al., Endocrine Society A bstract, 1995). In the present 
study, we com pared brain  d istribution  and stero id  regulation  o f androgen 
receptor (AR)-, estrogen receptor (ER)-, and arom atase-like imm unoreactive 
(IR) cells o f  ERKO m ice with those o f wild-type m ice. Conventional strong 
ER im m unostaining with three d ifferent prim ary antibodies (H222, ER21 or 
1D5) was not apparent in ERKO m ice (although staining with ER 2I was 
som etim es detected  in the hypothalam us) in any brain  regions in which 
abundant ER positive cells were found in wild-type mice: lateral septum  (LS), 
medial preoptic area (mPOA), bed nucleus o f  stria term inalis (BNST), arcuate 
(Arc) and ventromedial (VM N) nuclei o f hypothalam us, and medial (MA) and 
cortical (CA) nucleus o f  amygdala, m idbrain central gray (M CG), and lumbar 
spinal cord (luSC). Intact ER K O  m ice had sim ilar levels o f AR-IR cells as 
intact wild-type mice in all the brain regions studied: LS, m POA, BNST, Arc, 
VM N, M A, ventral prem am m illary  nucleus, M CG , and luSC. Castration 
c o m p le te ly  e lim in a ted  nu c lea r AR im m u n o sta in in g  and tes to ste ro n e  
propionate  (200μ g, s.c., I2h) restored  AR -IR  cells in those brain regions 
equally  in both ERKO and w ild-type mice. D istribution o f arom atase-IR  
cells, which w ere detected m ainly in the lim bic system  (BNST, LS, central 
nucleus o f amygdala), was also sim ilar betw een ERKO and wild-type mice.

80.20
IMMUNODETECTION OF ESTROGEN RECEPTOR IN NUCLEAR MATRIX 
OF THE FEMALE MOUSE BRAIN. S.E. McKenna-Repsher*, N.G. 
Simon, and S. Lu. Biological Sciences, Lehigh University, 
Bethlehem, PA 18015.

Estrogen receptors (ER) exhibit specific high affinity 
interactions with the nuclear matrix (NM) of hormone- 
responsive peripheral tissues. Until recently, neural ER- 
NM binding had not been established. We previously 
reported NM-associated ER in limbic tissue of the female 
mouse utilizing an exchange assay technique (McKenna- 
Repsher and Simon, 1994, Soc. Neurosci. Abstr. 20, 376). 
To further assess neural ER-NM interactions, proteins of 
hypothalaarlc-preoptic-septal (HPS) NM prepared from 
estradiol benzoate-treated female mice were separated by 
SDS-PAGE, transferred to nitrocellulose, and probed with 
polyclonal antisera raised against a peptide correspond
ing to the hinge region of the rat ER (ER712; a gift from 
NHPP). Preliminary data reveal a single immunoreactive 
band that migrated to the same position as mouse uterine 
ER. The ability to examine ER-NM interactions in neural 
tissue establishes another level of analysis for the 
physiological actions of steroid hormones in the central 
nervous system.

MONOAMINES AND BEHAVIOR: MENTAL D ISO R D ERS, MODELS, AND TREATMENTS

81.1
REPEATED MATERNAL SEPARATION OF PRE-WEANLING RATS 
ATTENUATES BEHAVIOURAL RESPONSES TO PRIMARY AND 
CONDITIONED INCENTIVES IN ADULTHOOD
K. Matthews*. L.S. Wilkinson and T.W. Robbins.
Dept. of Experimental Psychology, Cambridge University,
England, UK. CB2 3EB

Acute separation of rat pups from their dam during the early neonatal period 
causes perturbation of neuroendocrine and physiological status. The chronic 
sequelae of separation have been less extensively described. We have examined the 
effects of a regimen of brief, repeated separations during the pre-weaning period on 
the behaviour of mature Lister-Hooded rats. Specifically, we have assessed the 
locomotor response to a novel environment, the acquisition of locomotor 
hyperactivity conditioned to the presentation of food whilst on a restricted feeding 
schedule and also the responses to successive negative and positive incentive 
contrast shifts with palatable sucrose solutions.

Measures of general consummatory behaviour and locomotor activity failed to 
distinguish between separated animals and handled controls. However, separated 
animals exhibited enhanced weight gain, a blunting of the locomotor response to a 
novel environment, a profound attenuation of the acquisition of incentive 
hyperactivity in response to food presentation and a blunting of the behavioural 
response to both positive and negative contrast shifts. Repeated early maternal 
separation alters behavioural responses to reward and reward-related stimuli in 
adulthood and, therefore, may represent a useful animal model for aspects of 
human depression.
K. Matthews is supported by a Wellcome Trust Clinical Fellowship

81.2
REWARD DEPENDENCE IS POSITIVELY RELATED TO URINARY 
MONOAMINES IN NORMAL MEN. F. Curtin. J.P. Walker. L. Peyrin. 
V. Soulier. M. Badan and P. Schulz*. Dé partem ent de psychiatrie, 
IUPG, 1225 Chene-Bourg, Switzerland and UA CNRS 1196, Faculte 
de m edecine, 69373 , Lyon, France.

The three basic personality d im ensions o f novelty  seeking (NS), 
harm avoidance (HA) and reward d ep en d en ce  (RD) m ight be 
u n d er the d ep en d en ce  o f  d iffer en t cen tra l m on oam in ergic  
system s (C loninger, Arch. Gen. P sych iat. 4 4 ,5 7 3 ,1 9 8 7 ) . This 
study on 50  normal young m en exam ined the relations between  
the urinary levels  o f  d opam in e (DA), n o rep in ep h rin e  (NE), 
ep inephrine (E), norm etanephrine (NMN), m etanephrine (MN), 3- 
m eth oxy-4 -h yd roxyp h en y lg lyco l (MHPG), va n ilm a n d elic  acid  
(VMA), h om ovanilic acid (HVA), 5-h ydroxy in d olacetic  acid (5- 
HIAA) and the above personality d im ensions, evaluated  through  
C lon in ger’s T rid im en sional P ersonality  Q u estion n aire  (TPQ). 
Significant correlations existed betw een RD and NE, E, MHPG, DA 
and 5-HIAA, with Pearson’s r= 0 .41 , 0 .5 2 , 0 .5 3 , 0 .2 8 , and 0.32  
resp ectively . NS was correlated  w ith  5-HIAA w ith  Pearson’s 
r=0.35. Cluster analysis show ed 3 groups o f subjects presenting  
specific patterns of m onoam ines excretion . Using the TPQ scales 
results, it was possib le to d iscrim inate am ong subjects belonging  
to th ese clusters (d iscrim inant analysis, fu nction  1 p < 0 .0001 , 
function 2 p<0.02).
Grant 32-27 780  from the Fonds National Suisse de la Recherche 
Scientifique, additional support from Bon Port, Switzerland.
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81.3
THE NEUROCHEMICAL ANALYSIS OF PEMOLINE-INDUCED SELF- 
INJURIOUS BEHAVIOR MEASURED BY IN VIVO MICRODIALYSIS. H. T. 
Ly. S. P. Behrstock. B. H. King and N. T. Maidment.* Neuroscience Ph.D. 
Program and Dept. of Psychiatry, UCLA, Los Angeles, CA 90024.

The biological processes underlying self-injurious behavior (SIB) are poorly 
understood. An animal model would facilitate the study of neurochemical 
mechanisms and would suggest appropriate pharmacotherapy. A current model that 
shares both behavioral and biochemical aspects with SIB in humans employs a 
single administration of a high dose of pemoline to young rats. In vivo 
microdialysis was used to determine the temporal relationship between SIB and the 
concentrations of extracellular dopamine and pemoline in the striatum following 
peripheral pemoline administration. Male Sprague-Dawley rats (170-200g) were 
implanted with dialysis probes in the striatum. Following an overnight recovery 
period, pemoline was injected (200 mg/kg, s.c.) and dialysates were collected at 15 
min intervals. Concentrations of dopamine, amino acids and pemoline were 
determined by HPLC with electrochemical, fluorescence and U.V. detection, 
respectively. Stereotypy, locomotion and biting behavior were scored from video 
recordings taken for 1 min at 15 min intervals. Controls injected with peanut oil 
vehicle (n=4) exhibited normal behavior. Rats injected with pemoline (n=8) showed 
a bi-phasic increase in striatal extracellular dopamine over a 40 h period. The onset 
of the first phase immediately after injection coincided with the onset of stereotyped 
behaviors. SIB began approx. 24 h after injection and coincided with the secondary 
rise in striatal extracellular dopamine. However, dopamine levels returned to control 
levels whilst SIB remained apparent at the end of the 40 h recording period. No 
significant changes in amino acid levels were observed. Temporal changes in striatal 
extracellular pemoline mirrored those of dopamine. These data are suggestive of a 
role for sustained elevated striatal extracellular dopamine in the initiation, but not 
maintenance, of pemoline-induced SIB.

81.5
Hallucinogen Flashbacks: Reality or Myth?

Shelly Watkins. Thomas J. Carter. Lin S. M yers*
California State University, Stanislaus, Turlock, CA 95382  

Evidence about drug effects and long-term consequences, especially 
flashbacks, have not been clearly supported in the literature. This study 
examined the phenomenon of drug flashbacks and psychological factors 
which might be related to them. One thousand participants were solicited 
from concerts, shopping malls, and universities with 360 subjects, 157 
males and 203 females, returning the research materials. Measures  
included a Medical and Drug History, an Experience Checklist including 
symptoms from DSM -IV  criteria, the NEO Personality Inventory, and the 
Stanislaus Chemical Effects Survey which measures the respondents' 
attitudes toward potential harm or benefit of various drugs. Drug users 
were categorized as anyone having ever used a hallucinogenic drug 
(n=207). Of these, 21.6%  reported having had a  drug flashback. Of non- 
hallucinogen users (n=153), 3.3%  reported drug flashbacks. Two or 
more symptoms associated with Hallucinogen Persisting Perception 
Disorder (HPPD) were reported by 47.9%  of hallucinogen users and 
6.7% of nonusers. A Manova indicated users reported significantly more 
symptoms associated with HPPD, Panic Disorder, PTSD, and Acute 
Stress Disorder. Nonusers reported significantly more symptoms 
associated with Major Depression. High scores on fantasy, depression, 
anxiety, and impulsivity account for a significant 16% of the variance in 
HPPD reports, whereas drug history variables of time from last use, 
frequency, and total uses failed to predict reported HPPD symptoms. 
This study confirmed past estimates of flashback incidence but found 
personality variables to be a  better predictor of flashback symptoms than 
past hallucinogen use.

81.7
Behavioral sensitization to dopamine agonist quinpirole: influence of 
environment-drug pairing on distribution of locomotion in time and 
space. Haim Einat*. Hazel Talangbayan. Tamar Tzafnat. and Henry 
Szechtman. Dept Biomedical Sciences, McMaster University, 1200 Main St. 
West, Hamilton, Ontario, CANADA L8N 3Z5

When rats are treated chronically with quinpirole, those that received 
all their injections in the test environment (Paired group) locomote significantly 
more in 90 min than animals that received an equivalent number of injections 
in an alternate apparatus (Unpaired group), although both groups show 
locomotor sensitization compared to an acute quinpirole injection. To examine 
whether the difference between Paired and Unpaired animals is related to 
development of path stereotypy1, the test environment of the present study was 
a large open field (1.6 x 1.6 m, with 5 objects in it) and the behavior of Paired, 
Unpaired, and Acute groups on the test injection with quinpirole (0.5 mg/kg) 
was analyzed from videotape records. Results indicated that during the 1 hr 
test in the enriched open field, Paired and Unpaired groups were sensitized 
compared to acute quinpirole, but did not differ from each other in the total 
distance travelled, or in path stereotypy. However, the distribution of 
locomotor activity differed between Paired and Unpaired animals in 3 respects: 
(1) Paired rats locomoted more in the last 15 min of the test; (2) the initial 
inhibitory phase of quinpirole1,2 peaked faster and finished earlier in the Paired 
rats; and, (3) Paired rats locomoted extensively through the central regions of 
the open field while the Unpaired animals continued to prefer edges. Results 
indicate that environment-drug pairing alters the distribution of sensitized 
locomotion in time and space. (HS is a Research Associate of the OMHF. 
Supported by MRC).
1. Szechtman e t  al (1994) Psychopharmacology 115:95-104.
2. Eilam, D and Szechtman, H (1989) Europ J Pharmacol 161:151-157

81.4
EFFECTS OF PARTIAL DEPLETION OF DOPAM INE IN MEDIAL 
PREFRONTAL CORTEX ON LOCAL EXTRACELLULAR DOPAMINE. 
D. King*. M.J. Zigmond. D.A. Lewis & J.M. Finlay. Department of Neuroscience, 
University of Pittsburgh, Pittsburgh, PA 15260.

Hypofunction of dopamine (DA) terminals in the prefrontal cortex has been 
suggested to be a component of the pathophysiology of schizophrenia (Jaskiw and 
Weinberger, 1992). However, it is not known whether partial damage to the DA 
innervation of the prefrontal cortex is reflected in changes in extracellular DA in this 
region. The present experiments examine the impact of partial loss of DA terminals 
in the medial prefrontal cortex (mPFC) of the rat on local extracellular DA measured 
by in vivo microdialysis. Rats were pretreated with a norepinephrine (NE) uptake 
blocker, desipramine (2 injections of 25 mg/kg, i.p., 60 and 15 min prior to 
anesthesia), and then 6-hydroxydopamine (6-OHDA; 0.25 μg in 1 μ l 0.03% 
ascorbate/site) was bilaterally infused into both a dorsal and ventral site in mPFC. 
This treatment produced a 76 ± 6% loss of tissue DA and an 11 ± 11% loss of 
tissue NE in both the dorsal and ventral portions of the mPFC. In a separate group 
of rats, 6-OHDA or vehicle was infused into the mPFC and then 3-4 weeks later a 
microdialysis probe (250 μm O.D., 4 mm active length) was placed into this 
region. Extracellular DA was measured 14-20 hours later. In preliminary studies, 
basal DA efflux was 34% lower in lesioned rats (0.64 ±0.12 pg/20 fil; n=5) than in 
vehicle-infused controls (0.97 ± 0.17 pg/20 μl; n=4). However, stress (30 min of 
tail pressure) increased extracellular DA to a similar absolute level in control and 
lesioned rats (1.38 ± 0.26 and 1.30 ± 0.32 pg/20 μ 1, respectively). We are currently 
using immunocytochemistry to quantify the extent of DA axon loss in individual 
rats and will determine the effects of a broad range of lesion sizes on extracellular 
DA in the mPFC. [Supported by National Alliance fo r  Research on Schizophrenia 
& Depression and USPHSMH 45156 and MH10773 ].

81.6
EFFECTS OF QUINPIROLE ON REGIONAL DOPAMINE (DA) ACTIVITY 
IN SENSITIZED AND NONSENSITIZED RATS. R.M. Sullivan*. H. 
Talangbayan, H. Einat and H. Szechtman. Dept Biomedical Sciences, 
McMaster University, Hamilton, Ontario, CANADA L8N 3Z5.

The DA (D2/D3) receptor agonist quinpirole (QNP) stimulates locomotor 
activity acutely, and chronically induces pronounced behavioral sensitization. 
The present study examines regional post mortem neurochemistry to study the 
changes in DAergic systems associated with these drug effects. Thirty-six male 
Long Evans rats were injected daily for 12 days with either Saline or QNP (0.5 
mg/kg, s.c., n= 18/condition) and placed immediately in activity monitors for 90 
min. On the final test day, half the rats in each chronic condition received 
Saline and half QNP (n= 9/group). Groups were thus SS (control), SQ (acute 
QNP), QS ("conditioned''QNP) and QQ (sensitized QNP). Thirty min. after the 
final injection, rats were taken from the activity monitors, decapitated and DA 
terminal regions dissected and frozen for HPLC analysis. It was found that a 
normal asymmetry (L > R) in prefrontal cortical DA in SS rats was abolished 
in all three groups receiving QNP either acutely or chronically. Acute QNP 
(SQ) significantly increased DA content in n. accumbens, while decreasing DA 
turnover (DOPAC/DA) in n. accumbens and amygdala, relative to all other 
groups. Rats conditioned to expect QNP (QS) showed a selective decrease in 
striatal DA. As well, both groups receiving chronic QNP had significantly higher 
DA turnover in striatum and amygdala than either chronic Saline group. The 
results suggest that while changes in n. accumbens and striatum are associated 
with acute and chronic QNP respectively, amygdala mechanisms may modulate 
both drug states, and their resulting behaviors. Supported by the Medical 
Research Council of Canada.

81.8
TOWARDS AN ANIMAL MODEL OF OBSESSIVE-COMPULSIVE 
DISORDER (OCD): SENSITIZATION TO DOPAMINE AGONIST 
QUINPIROLE. D. Eilam and H. Szechtman*. Dept. Zoology, 
Tel-Aviv Univ, Ramat Aviv, ISRAEL, and Dept. Biomedical 
Sciences, McMaster Univ, Hamilton, Ont. CANADA L8N 3Z5.

In previous studies we have shown that chronic treatment with 
quinpirole produces profound sensitization with compulsive and 
rigid locomotion along a few paths occupying a small region of a 
large open field. Our present results indicate that in addition to 
stereotyped locomotion, quinpirole sensitized rats display repeating 
motor rituals when objects are placed in the open field. These 
rituals are comprised of an inflexible sequence of movements and 
are performed at specific locations in the open field. Several 
additional parallels exist between this behavior of 
quinpirole-sensitized rats and motor rituals of OCD patients. The 
number of elements comprising sensitized behavior of rats and the 
compulsive behavior of OCD patients is limited. For both rats and 
patients, the elements are repeated increasingly more often, 
occupying a greater portion of total time. Finally, both sensitized 
and compulsive behaviors persist for a long period of time. These 
observations suggest that the behavior of quinpirole-sensitized rats 
has face validity as a plausible animal model of OCD motor 
compulsions. (Supported by the Ontario Mental Health Foundation. 
HS is a Research Associate of the OMHF).
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MOUSE M O D E L O F H Y P E R K IN E S IS  IM P L IC A T E S  S N A P -2 5  IN 
MONOAMINE-REGULATED LO CO M O TO R A C TIV ITY  E .J. Hess* and M.C. 
Wilson. Department of Neuroscience & Anatomy, The Pennsylvania State University 
College of Medicine, Hershey Medical Center, Hershey, PA 17033 and Department 
of Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037.

Hyperkinesis is expressed in several neurologic disorders, however the biologic 
basis of this phenotype is unknown. The mouse mutant coloboma (On/+) exhibits 
profound spontaneous locomotor hyperactivity resulting from a deletion mutation. 
This deletion encompasses several genes including Snap which encodes SNAP-25, a 
presynaptic nerve terminal protein involved in neurotransmitter release. Because 
monoamines are important in regulating locomotor activity and because presynaptic 
function is likely perturbed in coloboma mice, behavioral responses to the indirect 
acting dopamine agonists amphetamine and methylphenidate were assessed. 
Amphetamine, a catecholamine reuptake blocker and release enhancer, administered 
at low doses markedly reduced the locomotor activity in coloboma mice without 
inducing stereotypy. In contrast, the same doses of amphetamine produced an 
increase in locomotor activity in control mice. At higher doses of amphetamine, 
stereotypy was induced in parallel in both control and coloboma mice. Conversely, 
administration of methylphenidate, a dopamine reuptake blocker, increased the 
activity of both control and coloboma mice at all doses tested with comparable 
induction of stereotypy at higher doses. These results suggest that abnormalities in 
neurotransmitter release resulting from the loss o f SNAP-25 might be responsible for 
the abnormal locomotor response observed in coloboma mice. In fact, when a 
transgene encoding SNAP-25 was bred into the coloboma strain to complement the 
Snap deletion, the hyperactivity expressed by these mice was rescued, returning these 
corrected mice to normal levels of locomotor activity and restoring the amphetamine 
response. These results demonstrate that the abnormalities in spontaneous and drug- 
induced locomotor activity in coloboma mice are the result of abnormal presynaptic 
function specifically attributable to deficits in SNAP-25 expression. Supported by 
the Klingenstein Foundation (EJ.H.) and MH48989 (M.C.W.).

81.11

BILATERAL C O R T IC A L  L ESIO N S E N H A N C E  P E M O L IN E -IN D U C E D  SELF- 
BITING BEH A V IO R  IN  PR E-PU B ER TA L RA TS. B. H . K in g . H . C . C ro m w e ll. E. 
Epstein. J.T. M cC racken*. M.S. L ev in e . D iv is io n  o f  C h ild  a n d  A d o le sc e n t 
Psychiatry, U C LA  N e u ro p sy c h ia tr ic  In s ti tu te , a n d  U C L A  M e n ta l R e ta rd a tio n  
Research C en ter . L os A n g e le s , C A  90024-1759.

The d o p a m in e  ag o n is t, p e m o lin e , w h e n  a d m in is te re d  a t  h ig h  d o se s , re lia b ly  
produces se lf-b iting  b e h a v io r  (SIB) in  th e  ra t. C o rtic a l d a m a g e  is  c o m m o n  if n o t  
obligatory in  sev e re  a n d  p ro f o u n d  m e n ta l  re ta rd a tio n , a n d  in d iv id u a ls  w ith  
profound c o g n itiv e  d e f ic its  a re  m o s t lik e ly  to  e x h ib it  re p e t i tiv e  se lf- in ju ry  
irrespective o f th e  u n d e r ly in g  c a u se  o f m e n ta l  re ta rd a tio n . A d d it io n a lly , sev e ra l 
studies h av e  d e m o n s tra te d  th a t  co rtic a l le s io n s  a l te r  D 2 r e c e p to r  p o p u la t io n s  in  
the neo stria tu m , a  re g io n  p re v io u s ly  s h o w n  to  b e  in v o lv e d  in  th e  e x p re s s io n  o f 
pem oline-m edia ted  SIB. In  th e  p re s e n t  s tu d y  w e  w e re  in te re s te d  in  d e te rm in in g  
the effect o f co rtica l le s io n s  o n  th e  e x p re s s io n  o f  p e m o lin e - in d u c e d  se lf-b itin g  
behavior in  th e  ra t. T w e n ty  m ale , S p ra g u e -D a w le y  ra ts  w e ig h in g  b e tw e e n  60- 
65 gram s received  sm all a s p ira tio n  le s io n s  o f  s e n s o r im o to r  c o r te x  b ila te ra lly . 
Twenty an im als  re c e iv e d  k e ta m in e /x y la z in e  a n e s th e s ia  o n ly . A n im a ls  s u r 
vived for on e  ("early") to  se v e n  ("d e la y ed ") d a y s  a n d  th e n  re c e iv e d  a n  in jec tio n  
of pem oline (250 m g /k g  s.c.). B eh av io ra l r a tin g s  w e re  o b ta in e d  o v e r  th e  e n s u in g  
24 hours. A n im als  w ith  co rtic a l le s io n s  h a d  s ig n if ic a n tly  h ig h e r  ex p re s s io n  of 
SIB than  con tro l a n im a ls , b u t  o n ly  w h e n  th e  p e m o lin e  c h a lle n g e  w a s  d e la y e d  for 
one w eek p o s t o p e ra tiv e ly . N o  d iffe re n c e s  fro m  c o n tro ls  e m e rg e d  in  th e  
expression o f o th e r  b e h a v io rs  a t  e i th e r  t im e  p o in t . T h e se  re s u lts  m a y  b e g in  to  
provide an  ex p la n a tio n  fo r th e  e x p re s s io n  o f  SIB a c ro s s  a  v a r ie ty  o f  m e n ta l 
retardation s y n d ro m e s  w h ic h  s h a re  co r tic a l p a th o lo g y  a s  a  c o m m o n  fea tu re . 
Supported b y  N IM H  G ran t N o . K20 M H  00917 to  BHK.

81.13

REGIONAL CEREBRAL METABOLISM AFTER PIM OZIDE AND 
AMPHETAMINE. J.T. Metz*. H. de Wit. J. Roemer. T. Brown. L.H. Brauer. M. 
Clark. M. Cooper. PET Center, The University of Chicago, Chicago, IL 60637.

In order to examine the effects of amphetamine and the dopamine antagonist 
pimozide on regional cerebral metabolism of glucose (rCMglu), we used PET 
(PETT VI) with FDG as the metabolic tracer after administration of pimozide 
and amphetamine.

Subjects were 8 normal, healthy males aged 21 to 30. Each subject took part 
in four PET sessions with double-blind crossover administration of amphetamine 
and pimozide alone and in combination. Subjects were studied while performing 
a standard behavioral task and changes in mood were assessed in each session. 
Pimozide capsules (4 mg) were administered 4 hours before FDG injection; 
amphetamine capsules (20 mg) 90 minutes before FDG. Subjects received 
placebo capsules with no active drug (PL), pimozide paired with placebo (PIM), 
amphetamine with placebo (AMPH), and pimozide with amphetamine (PIM- 
AMPH). After z-score normalization, PET data sets for each subject were 
correlated with anatomical MRIs, transformed to standard volumes based on the 
Talairach atlas, interpolated, and averaged across subjects for each condition. 
Each of the three drug conditions was compared to the PL condition by repeated 
measures voxel to voxel t-tests.

Performance and mood were comparable under all conditions. Relative to 
placebo, both PIM and AMPH reduced rCMglu in regions of the frontal cortex. 
PIM reduced rCMglu largely in the left hemisphere and in portions of the left 
basal ganglia. AMPH reduced rCMglu largely in the right hemisphere. Both 
drugs also increased rCMglu in regions of the occipital cortex. The PIM-AMPH 
combination attenuated the separate effects of each drug in frontal cortex.

Both pimozide and amphetamine have been implicated in behaviors involving 
the frontal cortex. These results add to our studies on the effects of drugs on 
rCMglu and confirm that different drugs affect rCMglu in ways related to 
behavioral effects of the drugs outside the controlled laboratory condition.

81.10
PEMOLINE TREATMENT ALTERS EVOKED SYNAPTIC RESPONSES IN THE RAT 
NEOSTRIATAL SLICE. H.C. Cromwell* M.S. Levine and B.H. King. Mental 
Retardation Research Ctr., UCLA, School of Medicine, Los Angeles, CA. 90024.

Pemoline, a dopamine agonist, administered at high doses (200 mg/kg) reliably 
produces self-biting behavior in rats. Pemoline-induced self-injurious behavior 
shares many characteristics with several human disorders which are characterized 
by the occurrence of self-injury (e.g., Cornelia de Lange and Lesch-Nyhan 
syndromes). Recent evidence has shown that alterations in neostriatal 
neurochemistry are involved in pemoline-induced self-biting behavior in the rat. 
The present study used sharp electrode electrophysiological techniques to identify 
alterations in neostriatal cellular physiology which accompany the behavioral 
changes. Depolarizing postsynaptic potentials (DPSPs) were examined in the 
neostriatal slice from rats that received pemoline and had been engaging in self- 
biting and from two control populations; rats that received pemoline and did not 
engage in self-biting, and rats that received the vehicle alone (peanut oil). Data 
were acquired in standard artificial cerebral spinal fluid (ACSF). DPSPs were 
evoked by local electrical stimulation in the slice. An estimate of the DPSP area 
(peak amplitude X half-amplitude duration) was used to evaluate changes. In 
neurons from slices from rats that received peanut oil only and from rats that 
received pemoline but had not been engaged in self-biting, dopamine (DA, 20uM) 
application produced a decrease in the locally evoked DPSP (-55± 11% for 
vehicle controls and -43 + 9% for non-biters). In contrast, DA application 
produced an increase in DPSP area in neurons from rats which had been engaged 
in self-biting behavior (+ 55 ± 16%). The results of this experiment indicate that 
pemoline which produces self-biting alters the ability of DA to modulate of the 
DPSP evoked by local neostriatal stimulation. Mechanisms which produce this 
change may involve alterations in both dopaminergic as well as excitatory amino 
acidergic systems. Supported by USPHS HD05958.

81.12
T H E  E F F E C T S  O F  S E R O T O N IN  A N D  O C T O P A M IN E  O N  P O S T U R A L  
M O T O R  S Y S T E M S  O F  T H E  S Q U A T  L O B S T E R  M U N ID A  
QUAD RISPINA. B. L. A ntonsen* and  D. H . P au l. D e p t. o f  B io logy , U niversity  
o f  V ictoria , V ictoria  B. C. C anada V 8 W  2Y 2. em ail; B A N T O @ U W M .U V lC .C A  

Serotonin and octopam ine produce postural changes in M unida quadrispina 
w hich are sim ilar, bu t not identical to , those p roduced  in lobste rs (A ntonsen  and 
Paul, N eurosci. A bst., 20: 379 , L ivingstone et al., S cience, 208: 76-79). To 
identify  the changes in m otor output w hich  are responsib le  fo r changes in M unida's 
posture and behavior, and  to  determ ine the source o f  the d ifferences in  the induced 
postural changes in M unida  and lobsters, w e recorded  E M G  and in tracellu la r 
activity  from  leg and  abdom inal postural m uscles and  efferen t m otor activity  in in 
vitro neurom uscular prepara tions. B ehavioral changes, m easu red  by  response to  a 
s tandard  stim ulus, and changes in resting  poten tials o f  all postu ra l m uscles w ere 
induced by doses o f  e ither am ine too low  to  p roduce sustained  changes in m otor 
output o r posture. This indicates that low  concentra tions o f  the am ines sensitize . 
the anim al both  centrally  and periphera lly  to  produce fa s te r o r m ore intense 
responses to  the stim ulus. D oses o f  sero tonin  and  octopam ine suffic ien t to produce 
postural changes increase excita tory  m otor output to  an tagon istic  groups o f  
postural m uscles concurrently , bu t w ith  d ifferen t b iases: sero tonin  produces 
elevated  postures w ith  a flexed  abdom en, w hile  octopam ine induces re la tive ly  more 
activity  in the m uscles resposib le fo r low ering  the an im al and  ex tending  the 
abdom en. O ften, excita tory  activity  occurs in bu rs ts  o f  vary ing  frequency  and 
dura tion , w hich m ay expla in  the rhythm icity  o r unsteadiness o f  som e o f  the 
postural and  behavioral changes. W e are  cu rren tly  looking at am inerg ic affects on 
inhibitory m otoneurons to  identify  their ro le in  these  induced  behav io ra l states.
This w ork  w as supported by  N SE R C .

81.14
THE EFFECTS OF SLEEP DEPRIVATION ON SEROTONERGIC 
NEURONAL ACTIVITY IN THE BEHAVING CAT. J .P. Gardner*. C A. 
Fornal and B.L. Jacobs. Program in Neuroscience., Dept. of Psychology, 
Princeton University., Princeton, NJ 08544.

The majority of current pharmacological treatments for depression 
appear to affect the serotonergic brain system. One intervention that 
temporarily alleviates depressive symptoms in human patients is one 
night of total sleep deprivation. The present study examined the effects of 
sleep deprivation on the firing rate of serotonergic neurons in the dorsal 
raphe nucleus of the behaving cat. Single serotonergic neurons were 
identified and recorded using methods previously described (Fornal et al., 
JPET 270:1345-1358, 1994). Cats were prevented from sleeping for a 
24-hour period by the experimenter, who monitored behavior and EEG 
activity continuously. Activity of single neurons during quiet-waking 
(QW) and active-waking (AW) behaviors was recorded at 3-hour intervals 
for the duration of the deprivation period and during a 6-hour recovery 
sleep period. Loud white noise (100 dB) was also presented for 30 s. at 
6-hour intervals as an additional experimental arousal condition. Mean 
neuronal activity increased during the deprivation period by 
approximately 25% during QW, AW, and the white noise conditions. This 
effect reached its maximum on avg. at the 12-hour time point and 
recovered to near baseline levels by the end of the 24-hour deprivation 
period. Individual neurons showed increases in firing rates of up to 100% 
during AW, QW, and white noise conditions. The time of the peak increase 
in the firing rates of individual neurons ranged from 9 to 21 hours into the 
deprivation period. These results suggest that sleep deprivation can 
increase brain serotonin by causing an increase in the firing rate of 
serotonergic neurons. Supported by grants from the AFOSR and NIMH.
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81.15
ACUTE DEPLETION OF BRAIN SEROTONIN DOES NOT MODIFY 
BEHAVIOR IN RATS. C.M . Brown.1,3*. J .W . Cham bers1. P .J . Fletcher1,2’3 and 
D.V. Coscina1,2,3. Sect. of Biopsychol.1, C larke Inst. of Psychiat., and Depts. of 
Psychiat.2 and Psychol.3, Univ. of Toronto, Toronto, ON, Canada M5T 1R8.

Acute depletion of brain serotonin (5-HT) can be induced in both rats and 
hum ans by giving an amino acid (AA) load deficient in tryptophan (Tp). Since 
this treatm ent is non-invasive and short-acting, it seems well suited for studying 
mood and/or behavioral changes linked to aberran t 5-HT functioning in humans. 
Rats receiving such loads display regional 5-HT depletions ranging from  about 
25% to 50%. Using sim ilar AA m ixtures, Delgado et al. (Psychopharm. Bull. 27, 
321-330, 1991) report depressive relapses in patients who respond to an ti
depressant treatm ent. However, other hum an studies find little or no reliable 
mood or behavioral effects with this technique. To further probe the ability of 
such 5-HT depletion to induce behavioral changes, the present work determined 
if intragastric Tp-deficient A A loads a lter ra ts’ paw-lick latencies on a 54° C hot-
plate, open-field activity, or operant responding on a DRL-20 sec schedule of food 
reinforcement. AA loads decreased hippocampal 5-HT and 5-hydroxyindoleacetic 
acid levels by 23% and 39%, respectively, compared to controls 3-hr after 
infusion; however, they produced no abnorm al effects on behavior. In contrast 
to these results, chlordiazepoxide (10 mg/kg) increased DRL responding, decreased 
the num ber of reinforcers earned, and lowered inter-response times. The same 
rats still behaved normally on DRL after another Tp-deficient A A load 3 wk 
following an intracisternal dose of 5,7-dihydroxytryptam ine that chronically 
reduces 5-HT by 50%. We conclude that while Tp-deficient AA loads can reliably 
lower brain 5-HT, they do not a lter certain behaviors already shown to be 
changed by more severe 5-HT depletion methods. These findings question the 
mechanism(s) by which this treatm ent may alter mood or behavior in humans. 
(Supported by NSERC and MRC)

81.17
M O O D R E S P O N S E  TO T R Y P T O P H A N  D E P L E T IO N  A N D  
V U L N E R A B IL IT Y  TO D E P R E S S IO N . F. M o re n o . L. S tra y e r, 
G .R . H e n in q er. P .L . D e lg a d o * . D e p a rtm en t o f P s y c h ia try , 
U nivers ity  o f A rizona C o lleg e  o f M e d ic in e , 1501 N o rth  
C am pbe ll A ven ue, T ucson , AZ 85724  

Brain serotonin (5-HT) is dependent on plasma levels of tryptophan (TRP). 
Rapid and transient depletion of TRP, causes a brief depressive relapse in 
most patients successfully treated with and taking SSRIs, but little change in 
drug-free, symptomatic depressed patients. This study investigates the  
effects of TRP depletion in drug-free subjects in clinical remission from a 
prior major depressive episode (MDE). M E T H O D : Twelve subjects with a 
prior MDE (DSM-IV), currently in clinical remission and drug-free for >3  
months, and 12 age- and gender-matched healthy subjects (without 
personal or family history of any AXIS I Disorder), received TRP depletion. 
Testing involves two 2-day tests one week apart in a double-blind, 
controlled (full strength and quarter strength drink) crossover fashion. Each 
test includes a TRP-free, 15 amino acid drink day and a follow-up day. 
Hamilton Depression Scale (HAM-D) ratings and plasma TRP levels are 
obtained prior to, during and after testing. R E S U L T S :  10/12 subjects with 
history of MDE had an >5 pt. increase in HAM-D during TRP depletion (mean 
6±5 prior and 14±9 after the drink). None of the healthy controls had 
clinically significant mood changes (mean HAM-D scores 1±1 prior and 3±1 
after the drink). IM P L IC A T IO N S : In the context of prior TRP depletion 
studies with antidepressant-treated and drug-free, symptomatic depressed  
patients, these results suggest that depression may not be caused by an 
abnormality of 5-HT function, but rather by dysfunction of other systems or 
brain regions modulated by 5-HT. TRP depletion may be useful for 
identifying individuals at high risk for depression, with or without previous 
history.

81.19
PET FDG MEASUREMENT OF CEREBRAL METABOLIC 
CORRELATES OF DEPRESSIVE RELAPSE
J. D. Bremner*. R,B. Innis, L. Staib. C.K. Ng. H, Miller. R.A. Bronen. D.S. 
Charney
Depts of Psychiatry & Diagnostic Radiology, Yale Univ. School of Medicine, 
Yale/VA PET Cntr, & West Haven VAMC (116a), West Haven CT 06516 

PET FDG studies have found a decrease in brain metabolism in middle 
frontal gyrus, caudate, thalamus and orbitofrontal cortex in patients with 
untreated major depression. The purpose of this study was to measure cerebral 
metabolic correlates of depressive relapse induced by acute tryptophan 
depletion, which is associated with a reduction in brain serotonin. Patients 
with the diagnosis of major depression who had remitted on serotonin reuptake 
inhibitors underwent two test days involving either tryptophan depletion or 
placebo followed six hours later by PET scanning with [18F]2-fluoro-2- 
deoxyglucose (FDG) and coregistered MRI. There was no effect of depletion on 
brain metabolism in the patient group as a whole. However, tryptophan 
depletion was associated with a decrease in brain metabolism in middle frontal 
gyrus (dorsolateral prefrontal cortex) (-18%), thalamus (-33%), and orbital 
cortex (-34%) in patients with a depletion-induced depressive relapse (N=6), and 
an increase in middle frontal gyrus (+29%), thalamus (+27%), and orbital 
cortex (+45%) in patients without a depletion-induced depressive relapse 
(N=l1) (significant group by drug interaction: p<0.05). In addition, there was a 
correlation between increases in Hamilton Depression Scale score and decreases 
in brain metabolism in middle frontal gyrus (r=-0.54; p<0.05), thalamus (r=- 
0.67; p<0.05), and orbital cortex (r=-0.49; p<0.05) with depletion. These 
findings suggest that specific brain regions are involved in depressive relapse.

81.16
ELEVATION OF TYROSINE HYDROXYLASE IN THE LOCUS COERULEUS OF 
SUBJECTS W ITH MAJOR DEPRESSION. M .-Y . Zh u *. J .W . Haycock, V. 
Klimek. S.N . Luker, C.A. Stockmeier, G. Dilley . H .Y . Meltzer. J. Overholser, 
G.A. Ordway . Dpt. Psychiat. & Human Behavior, U. Mississippi Med. Ctr., 
Jackson, MS; Dpt. Biochem. Molec. & Biol., Louis. State U., New  Orleans, 
LA; Dpts. Psychiatry & Psychol., Case Western Reserve U., Cleveland, OH.

For many years, the central noradrenergic system has been thought to 
play a role in the pathophysiology of major depression. Recently, we 
reported elevation of levels of tyrosine hydroxylase (TH), the rate-limiting 
enzyme in the biosynthesis of norepinephrine, in the locus coeruleus (LC) 
of victims of suicide compared to age-matched, sudden-death control 
subjects. The present study extends and clarifies our previous findings by 
measuring LC TH in 10 suicide victims with a firm diagnosis of major 
depression, confirmed by retrospective psychiatric autopsy, and 10 age- 
matched control subjects having no Axis I psychiatric diagnosis. 
Furthermore, TH was measured at numerous levels along the rostral-caudal 
extent of the LC. TH was quantified immunochemically by transferring 
protein from 16 μ m thick sections of LC tissue onto Immobilin-P, followed 
by incubations with TH antibody and [125l]secondary antibody. Images of 
TH protein in the LC were generated by exposing 3H-Ultrofilm to transfer 
membranes. Optical densities (reflecting levels of TH protein) of LC in 
major depressives were greater than those of control subjects in 8 out of 
10 age-matched control-major depressive pairs. Similar experiments are 
underway using antibodies to DOPA decarboxylase and dopamine 0- 
hydroxylase. Changes in levels of enzymes related to the biosynthesis of 
norepinephrine in the LC of major depressive suicide victims strongly 
associate major depression with central noradrenergic pathophysiology. 
(Supported by M H 46 69 2  (GAO), M H 4 5 4 8 8  (CAS), and M H 96 7  (JWH)].

81.18
THE EFFECTS OF ELECTROCONVULSIVE SHOCK  
SEIZURES ON BEHAVIOR INDUCED BY DOPAMINERGIC  
AGONISTS AND ON IMMOBILITY IN THE PORSOLT TEST. 
G.A. Cottrell*. M.R. Zarrindast and W.M. Burnham. Bloorview 
Epilepsy Research Program, Dept. Pharmacology, Univ. 
Toronto, Toronto, ON Canada M5S 1A8.

Male, Wistar rats were given a course of 8 electroconvulsive 
shock seizures (ECS group) or matched handling (control 
group). Seven days post-seizure, the ECS group showed 
significantly more locomotion following injections of 
apomorphine (0.2 mg/kg, IP), but not following injections of 
amphetamine (1 mg/kg, IP). Drug-induced rearing was not 
different. Nine days post-seziure, the ECS group showed 
significantly more grooming induced by the D-1 dopamine 
receptor agonist, SKF 38393 (1 mg/kg, IP), but no difference 
in yawning induced by the D-2 dopamine receptor agonist, 
quinpirole (0.5 mg/kg, IP). In the Porsolt test, immobility was 
decreased in the ECS animals at 7 and 14 days post ECS. It 
is concluded that ECS increases activity in the dopaminergic 
systems of the rat brain for at least 1-2 weeks post-seizure. 
This work was supported by the Ontario Mental Health 
Foundation. Dr. Cottrell is a fellow of the Bloorview Epilepsy 
Research Program.

81.20
D3 DOPAMINE RECEPTOR AND ANXIETY-RELATED BEHAVIOR IN 
DEVELOPING AND ADULT RATS M. V.  Pletmcov1. Z.I. Storozheva1. 
T.D.Sotnikova2. K.S.Rayevsky2. R.RGainetdinov*2. 1 P.K.Anokhin Institute of 
Normal Physiology, Hertzen 6 , Moscow, 103009, Russia; 2 Institute of Pharmacology 
Russian Acad. Med. Sci., Baltiyskaya 8, Moscow, 125315, Russia.

D3 type of dopamine (DA) receptors preferentially distributed in the brain limbic 
system and therefore might participate in the mechanisms of fear and anxiety. An 
variety of symptoms of anxiety which developing as a function of age prompts us to 
study a possible role of D3 DA receptor by simultaneous testing of different 
components of the fear-related behavior in pups and adult rats. Thus, we studied the 
effects of the putative D3 DA receptor agonist 7-OH-DPAT on habituation of 
acoustic startle response (ASR) and the freezing behavior in the rats 16, 30 and 90 
days of age. The responses were assesed according to Z.I.Storozheva et al. 
(Neuroreport, 1994, 5, 2065-2068). 7-OH-DPAT was injected i.p. 30 min. before the 
training session at putative D3 DA receptor “selective” doses: 0.01; 0.025; 0.05 
mg/kg (Gainetdinov et al., 1994 Soc. Neurosci. Abstr. 20,1355). The drug did not 
affect the initial amplitude of the ASR and the latency of the peak amplitude 
irrespective of rats age. However, it significantly improved acquisition of habituation 
in the 16- and 90-day-olds and did not change it in the 30-day-old rats. 7-OH-DPAT 
inproved expression of habituation of the ASR only in the 90-day-old animals. The 
freezing behavior during training was not affected by the drug in all rats, although 
during the test session the treated 16- and 90-day-olds froze significantly less than 
did the controls. It is suggested that D3 DA receptor might be involved in the brain 
mechanisms of the anxiety-like states across the rat ontogeny .
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81.21

DISCRIMINATIVE STIMULUS PROPERTIES OF mCPP. J. Gommans, T. 
Hijzen, R. A. Maes1, B. Olivier*. Dept. of Psychopharmacology, Dept. of 
Toxicology1, Faculty of Pharmacy, Rudolf Magnus Institute for 
Neurosciences, Utrecht University, Sorbonnelaan 16, 3584 CA Utrecht, The 
Netherlands.

The phenylpiperazine metachlorophenylpiperazine (mCPP) is often used 
as a challenge to determine the status of brain 5-HT function in patients 
with neuropsychiatric disorders. In addition it is reported that mCPP has 
anxiogenic effects in both humans and rats. The types of receptors involved 
in the mode of action of mCPP are not clear. It has affinity for at least five 
different 5-HT receptors (5-HT1A,1B,2A,2C,3) and for adrenergic and 
dopaminergic receptors. We investigated the in vivo effects of mCPP using 
a drug-discrimination procedure. Rats were trained to discriminate mCPP 
(2.0 mg/kg p.o.) from water. Complete generalization was obtained with 
metatrifluoromethyl-phenylpiperazine (TFM PP), partial generalization with 
eltoprazine and 1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane (DOI), and 
no generalization with quipazine, methiothepine, haloperidol, idazoxan and 
clonidine. Mianserin but not methiothepine completely antagonized the 
mCPP-induced discriminative stimulus. TFM PP has a similar receptor affinity 
profile as mCPP, eltoprazine reflects 5 -H T1B receptor agonistic properties 
and DOI S-HT2C receptor agonistic properties. Thus both 5 -H T1B and S-HT2C 
receptors seem to be involved in the discriminative stimulus properties of 
mCPP. Mianserin is a potent S-HT2C and α2-adrenergic receptor antagonist. 
Since clonidine did not substitute for mCPP α2-adrenoceptors do not seem  
to play a role. The discriminative stimulus properties of mCPP are therefore 
most likely mediated by the 5 -HT2C receptor.

81.23

NEUROCHEMICAL AND BEHAVIORAL EFFECTS OF 
HALOPERIDOL AND RISPERIDONE: EVALUATION OF
URIDINE COADM INISTRATION W ITH ANTIPSYCHOTIC  
DRUGS
C. S. M ye rs * , L. M ichna, N. Aknay, H. Fisher and G. C. 
Wagner. Dept. of Psychology, Rutgers University, New  
Brunswick, NJ 0 89 0 3 .
To determine if uridine's potentiation of conditioned avoidance response 
(CAR) disruption induced by haloperidol but not the atypical antipsychotic, 
risperidone, reflects exacerbation of extrapyramidal effects, acquisition of 
CAR was assessed in 70  massed trials. Haloperidol-treated rats (0 .05  
mg/kg) reached asymptote (50%  avoidances) at 30  trials, while rats 
coadministered uridine (6 4 .0  mg/kg) w ith haloperidol exhibited enhanced 
acquisition rates w ith peak performance of 7 2%  avoidances in trials 60- 
70. Dissociation of learning vs performance suggests enhanced 
antipsychotic efficacy, one aspect of which is facilitation of latent 
inhibition wherein CS preexposure retards subsequent CS/US conditioning. 
In untreated rats, conditioned lick suppression was unaffected by 40  CS 
preexposures but retarded in rats administered risperidone (0 .8  mg/kg), 
haloperidol plus uridine (0.1 & 3 2 .0  mg/kg), and to a greater extent, 
haloperidol alone. Thus, each drug treatm ent appears to decrease 
attention to irrelevant stimuli. In neurochemical analyses of rats 
decapitated 1 hr after drug treatm ent, risperidone (0 .8  & 1.6  mg/kg) 
increased 5-HT turnover to a greater extent than haloperidol (0.1 & 0 .2  
mg/kg) in the frontal cortex, while striatal dopamine turnover was greater 
with haloperidol, congruent w ith increased incidence of extrapyramidal 
side effects.

81.25

THE 5HT1A AGONIST 8-OH-DPAT ATTENUATES THE 
EFFECTS OF INESCAPABLE SHOCKS ON ACTIVITY, FLUID 
INTAKE, AND BODY WEIGHT IN RATS. J. E. Kelsey* and R. L. 
Bitner. Dept. Psychology, Bates College, Lewiston, ME 04240.
To examine the effects of exposure to inescapable shocks on several 

key symptoms of depression including psychomotor retardation, 
anhedonia, and depressed appetite, we exposed approximately half of 
the rats to 3 days of 100 5-s 1.0 mA inescapable tail shocks/day, 
while the remaining half were restrained. The inescapable shocks 
decreased locomotor activity, measured for 1 hr/day in an open field, 
for at least 11 days following the shocks. Although these shocks did 
not significantly alter the ratio of 0.4% sucrose to water intake during 
ad lib access, they did suppress total fluid intake for 6 days and 
decreased body weight. Thus, although the inescapable shocks did 
not produce significant anhedonia, they did produce several long 
lasting symptoms characteristic of depression. To examine the role of 
5HT in these effects, beginning on the day following the inescapable 
shocks, we injected the rats with either isotonic saline, the SSRI 
fluoxetine (10 mg/kg), or the selective 5HT1A agonist 8-OH-DPAT (1 
mg/kg) for 7 days. Fluoxetine tended to suppress activity, intake, and 
body weight in the unshocked rats, while having little effect on the 
shocked rats. On the other hand, 8-OH-DPAT ameliorated all the 
effects of inescapable shock by increasing activity, intake, and body 
weight only in the shocked animals. These data implicate the 5HT 1A 
receptors in the mediation of these effects of inescapable shocks and, 
by analogy, implicate these receptors in depression.

81 .22
THE ALPHA-2A NORADRENERGIC AGONIST, GUANEACINE, IMPROVES 
VISUAL OBJECT DISCRIMINATION REVERSAL IN RHESUS MONKEYS. 
J.C. Steere and A.F.T Amsten*. Section of Neurobiology, Yale Medical School, 
New Haven, CT 06510-8001.

The α -2A agonist guanfacine (GEC) has previously been shown to improve 
dorsolateral prefrontal cortical (dlPEC) function in aged monkeys. Both low 
(0.0001-0.001 mg/kg) and higher (0.1-0.5 mg/kg) doses of guanfacine improved 
performance of the spatial delayed response task (J Neurosci 8: 4287-4298, 1988), 
the test most linked to dlPEC function in monkeys. In addition to enhanced 
performance, monkeys treated with the higher guanfacine doses appeared calmer and 
less disinhibited, suggesting enhanced ventromedial/orbital PEC (vmPFC) 
function. To test this hypothesis, the current study examined the effects of low vs 
high doses of GEC on reversal of a visual object discrimination task, a test 
sensitive to vmPFC lesions in monkeys. This task required the animals to 
determine which of three distinct objects is consistandy associated with food 
reward, irrelevant of spatial location. Following two consecutive daily test scores 
of >36/40 correct, the reward contingencies were reversed, and selection of a 
previously unrewarded object was reinforced. Each week the monkeys were 
presented with a new discrimination problem involving 3 novel objects. Drug or 
vehicle was administered i.m. 2 hours prior to testing, and there was at least a two 
week washout period between each drug treatment. The results of this experiment 
supported the hypothesis: high doses of GFC improved reversal performance, 
while low doses of GFC produced no change in performance. This pattern is 
consistent with high, but not low, doses of guanfacine improving vmPFC 
function in primates. These results may have clinical significance, as the same 
guanfacine dose range has been found to reduce impulsivity and disinhibition in 
patients with Attention Deficit Hyperactivity Disorder.

Supported by PUS grant NIA 06036.

81 .2 4
MODELLING ANXIETY AND PANIC IN THE MOUSE. D.C. Blanchard*. 
G. Griebel1. J.A. Henrie. A. Jung, and R.J. Blanchard. Pacific Biomedical 
Research Center, Univ. of Hawaii, Honolulu, HI 96822

The Mouse Defense Test Battery (M/DTB) elicits a wide range of 
defensive behaviors of Swiss-Webster mice to approach and contact with a 
predator including flight/ avoidance; (brief) immobility; sonic vocalization; 
defensive attack, and a variety of risk assessment behaviors. Mouse defenses 
in these tests are generally similar to those previously measured in rats but 
differ in including predatory or risk assessment behaviors while the mouse is 
chased by the predator. Sedative and myorelaxant effects of drugs are also 
evaluated during the test procedure.

Drugs effective against generalized anxiety (GABA/BZP receptor full 
agonists; the 5-HT1A partial agonist gepirone; 5-HT reuptake inhibitors given 
on repeated basis) selectively (i.e. at nonsedative/myorelaxant doses) reduced 
risk assessment and defensive threat/attack. Drugs effective against panic 
(alprazolam; 5-HT reuptake inhibitors when given on a repeated basis) 
selectively reduced flight/avoidance. The panicogenic yohimbine and single 
doses of 5-HT reuptake inhibitors increased flight/avoidance. The GABA/BZP 
receptor inverse agonist Ro 19-4603, and single doses of 5-HT reuptake 
inhibitors failed to reduce risk assessment. No drugs o f demonstrated efficacy 
against anxiety have failed to reduce risk assessment and defensive 
threat/attack, and no drugs effective against panic have failed to reduce 
flight/avoidance. A number of drugs not yet tested clinically produce selective 
effects permitting predictions that they may be effective against particular 
defensive psychopathologies. Supported by a grant from the Howard Hughes 
Med. Inst. through the Undergrad. Biol. Sci. Educ. Prog. and NIH RR03061.

8 1 .2 6

W IT H D R A W A L  SUPERSENSITIVITY T O  APOMORPH1NE: A 
COM PARISON OF CLO ZA PINE A N D  L O W  DOSES OF 
HA LO PER ID O L W .Z . Bligh-Glover*. G.E. Jaskiw Psychiatry Service, 
Cleveland VA M C (541), Brecksville, O H  44141 and Dept of Psychiatry, 
Case W estern Reserve University, Cleveland, O H  44106.

In contrast to  haloperiol (HAL), clozapine (C LO Z) exerts 
preferentially affects mesolimbic dopamine (D A ) systems. Rats 
withdrawn from chronic HAL treatment, but reportedly not from 
C LO Z, have augmented apomorphine (APO)-induced stereotypies, 
believed to  reflect supersensitivity of nigrostriatal D A  systems. In-vivo 
binding studies demonstrate, however, that at doses traditionally 
chosen for behavioral comparisons, HAL has a much higher central DA  
type 2 (D2) receptor occupancy than C L O Z  W e  posited that if the 
degree of D2 antagonism is the main determinant of CLOZ's atypical 
behavioral actions, then behavioral differences between C L O Z and 
HAL would not be evident, at doses of HAL and C L O Z  comparable 
with respect to  the degree of central D 2 occupancy. Groups of male 
rats were treated for 2 1 d with vehicle, C L O Z  (20 mg/kg/d) or HAL 
1.0, 0.5, 0.25 o r 0.05 mg/kg/d administered in drinking water. Three 
days after withdrawal they w ere placed in photocell chambers with 
wire grid bottoms and challenged with APO  0.75 mg/kg SC. Animals 
treated with low doses of HAL had an overall behavioral profile which 
was still different from that of C L O Z  The degree of D2 receptor 
occupancy alone cannot account for atypical effects of C L O Z
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82 .1

RABBITS DEMONSTRATE AGE-DEPENDENT HETEROGENEITY IN 
LEARNING ABILITY IN TRACE EYEBLINK CONDITIONING. L.T. Thompson*. 
J.R. Moyer. Jr. & J.F. Disterhoft. Department of Cell and Molecular Biology, 
Northwestern University Medical School, Chicago, IL 60611.

Considerable variance in age, in behavioral paradigms used, and in stimulus 
relationships within eyeblink conditioning paradigms are reported in the rabbit 
eyeblink conditioning literature, with the result that an operationally useful 
definition of 'aging' has not been clearly demonstrated. The severity of the age- 
dependent deficits reported vary considerably across studies, even from the same 
laboratories. In thcurrent study, rabbits 2 to 41 mo of age were 500 ms trace 
eyeblink conditioned to cross-sectionally define the age of onset and the severity 
of age-associated impairments in acquisition of this hippocampally-dependent task.

Using a strict behavioral criterion of 80% conditioned responses (CRs), novel 
information about progressive age-dependent behavioral heterogeneity was 
obtained. Age-associated learning impairments were significant at 24 mo of age. 
Among rabbits that successfully reached this criterion, impairments in acquisition 
plateaued at 30 mo of age. However, the proportion of severely-impaired rabbits 
(i.e. those that failed to reach the 80% criterion) continued to increase age- 
dependently. Using a simpler criterion of 8/10 CRs, behavioral impairments 
were not detected until 30 mo of age, and cases of severe impairment (failure to 
reach criterion) were exteremely rare. Additional control experiments 
demonstrated that the deficits observed were not attributable to non-associative 
changes that might have artefactually skewed the data. Even severely-impaired 
rabbits were able to reach a criterion of 80% CRs when switched from a trace to 
a delay conditioning task. The results are discussed in terms of operationally 
defining and predicting behavioral effects of aging, hypothetical neural 
mechanisms, and efficient experimental design. S upported  by 1 R01 DA07633 and 
1 R01 AG08796.

82 .3

FACILITATION OF LEARNING IN THE AGING RABBIT AFTER CHRONIC 

METRIFONATE TREATMENT M.A. Kronforst*, P.L. Moriearty, M. Ralphs, R.E. 
Becker, B. Schmidt. L .T. Thompson, and J.F. Disterhoft CM Biology, Northwestern 

University Med. Sch., 303 E. Chicago Ave., Chicago, IL 60611 USA.
The cholinergic system is known to show deterioration during aging and Alzheimer’s 

disease. In response, a therapeutic approach to Alzheimer’s disease has been to attempt 
compensation for the decrease in central cholinergic function by potentiating the 
activity of the remaining functional cholinergic cells with cholinesterase inhibitor 
treatment. This study evaluated the effect of the irreversible cholinesterase inhibitor 
metrifonate on learning in aging rabbits. Three metrifonate dosage groups (6, 12, and 
24 mg/kg), and a vehicle control group (100 mM sodium citrate) were investigated. 
Metrifonate was administered to aging adult (mean age 33.7 mo; n=24) female albino 
rabbits for one week prior to the start, and throughout the duration of training in the 
eyeblink conditioning task with a 500 ms trace interval. Metrifonate treated subjects 
taken as a whole showed behavioral improvement over the control group, with 
maximal behavioral benefits obtained by a dose of 12 mg/kg. Metrifonate produced 
predictable, dose-dependent central and peripheral ChE inhibition. Associative learning 
in the aging rabbit was improved by metrifonate-induced steady state ChE inhibition 
within a range of 30 - 80%. Metrifonate was behaviorally effective in the absence of 
the severe side effects which typically plague cholinesterase inhibitors, suggesting that 
metrifonate may be a possible treatment for the cognitive deficits resulting from normal 
aging and Alzheimer’s disease. Supported by NIH R01 AG08796 and Bayer Inc. to 
JFD.

82 .5

AGE-RELATED DIFFERENCES IN HIPPOCAMPAL AND BEHAVIORAL 
RESPONSES DURING CLASSICAL JAW MOVEMENT CONDITIONING.
M.A. Seager, R.L. Borgnis and S.D. Berry* Center for Neuroscience Research and 
Department of Psychology. Miami University, Oxford, OH 45056.

Aged rabbits are known to have deficits in acquisition of the aversive NM 
response in a trace paradigm. We have been developing a reward conditioning 
paradigm (conditioned jaw movement; CJM) in order to examine how differences in 
motivation and incentive may be affected by the aging process

Hippocampal unit responses were recorded in two groups of New Zealand White 
rabbits (young =4-7 mos. old =38-42 mos) during CJM training. Rabbits were 
trained in a trace paradigm with a 350 ms tone CS. followed by a 450 ms stimulus 
free trace period, followed by a 200 ms intraoral water US. Upon reaching criterion 
(8 CRs on any 9 consecutive trials on 2 consecutive days) they were transferred to a 
delay paradigm in which the CS and US overlapped by 200 ms.

Analysis of the behavior indicates that the old rabbits were much more variable in 
their response latencies Even though there was no significant difference in trials to 
criterion between the two groups, this increased variability in latency scores could 
manifest itself as a learning deficit if more stringent criteria were placed on the 
animals’ performance.

Both groups showed significant rhythmic increases in hippocampal unit activity 
following paired stimulus presentations on the first day of conditioning However, 
the young animals’ increased activity in the CS period (as compared to their baseline 
pre-CS period) was of a much greater magnitude than the old animals' hippocampal 
response This relationship continued through the last day of the trace phase 
(criterion day) Upon transfer to delay training, a different relationship between the 
two groups emerged While both groups displayed significant hippocampal CRs, the 
difference histogram reveals major differences in timing between young and old 
groups.

8 2 .2

A LONGITUDINAL ASSESSM ENT OF MEMORY, SENSORIMOTOR SKILLS, 
BLOOD GLUCOSE LEVELS AND GLUCOSE TOLERANCE IN FISCHER-344 
RATS: EFFECTS OF DIET RESTRICTION. A.L. Markowska'. M.E. Barra. S.J. 
Breckler, and D.S. Olton. Dept. of Psychology, The Johns Hopkins University, 
Baltimore, MD 21218.

This study was undertaken to examine the progression of age-related declines 
in measures of spatial memory, sensorim otor functions, alterations in blood 
glucose levels, and glucose tolerance. Fischer-344 rats were maintained either 
on an ad libitum diet or on a restricted diet (40% of ad libitum levels) and were 
assessed every 6 months from 6 months of age (6 MO) to 30 months of age (30 
MO). Cognitive tasks included place learning and repeated acquisition in the 
Morris water maze, and a match-to-position task in the shock-motivated T-maze. 
Sensorimotor tests included a straight-swim task in the water maze and several 
other measures of sensorim otor coordination. Age-related impairment in 
cognitive tasks was attenuated by the repeated testing. Sensorim otor functions 
showed age-related impairments, with the time of onset and the magnitude of the 
impairment depending upon the type of diet. At the beginning of longitudinal 
testing, performance in behavioral tasks at 6 MO and 12 MO were comparable 
to that in cross-sectional studies. However, the performance of the 24 MO rats 
assessed longitudinally was substantially more accurate than that of 24 MO 
assessed cross-sectionally, and strongly suggests that an effect of practice, 
garnered through repeated exposure to the tasks, underlies the observed 
attenuation in age-related decline of performance. Glucose levels in 40% calorie- 
restricted rats were lower than in age-matched, ad-libitum fed rats, except in the 
24 MO rats. Increasing age in both diet groups was significantly associated with 
decreased blood glucose levels. The longitudinal design employed here proved 
to be a useful tool for exam ining the progression of age related changes in 
functional and physiological capacities.

8 2 .4
AGED ANIM ALS SHOW IMPROVEMENT IN A  MORRIS W ATER MAZE 
TEST FOLLOWING ADM INISTRATION OF GM1 GANGLIOSIDE. T.G. 
Fong * . N.H. N e ff, and M. Hadjico n s ta n tin o u . D epartm ents o f 
Pharm acology, Psychiatry, and the  N euroscience Program, The Ohio 
S tate Un ivers ity  College o f M edicine, Colum bus, OH 4 3 2 1 0  

We have previously dem onstrated tha t GM1 ganglioside can co rrec t 
neurochem ical d e fic its  o f high a ff in ity  choline uptake  and choline 
ace ty ltrans fe rase  a c tiv ity  in aged anim als. To assess w h e th e r these 
changes are reflected in a functiona l change, w e  have investigated the 
e ffe c ts  o f adm inistering GM1 on behavioral perfo rm ance  in a M orris 
w a te r maze (M W M) task. Anim als were in itia lly  tested using a h idden 
p la tfo rm  to  assess baseline ab ility . A  probe te s t w as also g iven to  
consider exte n t o f spatia l learning. Aged rats (2 2 -2 4  m onths old) 
dem onstra ted  cogn itive  im pa irm ent as com pared to  young  rats (3-4  
m onths old), shown by increased escape la tency and increased sw im  
distance to  find the hidden p latfo rm . Anim als were then adm inistered 
G M 1, 30  m g /kg  ip, or saline, daily fo r 45  days. Some anim als were 
d iscontinued from  GM1 treatm ent a fte r 30  days and then in jected w ith  
saline. Animals were retested in the M W M  at va rious in terva ls  during 
GM1 tre a tm e n t to  m on ito r fo r co gn itive  changes. Young anim als 
w h ich  received GM1 treatm ent did not perform  d iffe re n tly  from  young 
con tro ls . H ow ever, aged anim als treated  w ith  GM1 did show  
s ig n ifican tly  reduced escape la tencies and sw im  d is tances w hen 
com pared to  aged con tro ls . A nim als d iscon tinued  from  tre a tm e n t 
m aintained the ir im provem ent in the M W M  when tested 15 days a fte r 
the  last in jection  o f G M 1. We conclude th a t GM1 can im prove the 
behavioral perform ance o f aged anim als in the  M W M . These stud ies 
were supported in part by NIA grant AG 1 05 30 .

8 2 .6
E X P R E S S IO N  O F B R A IN  N G F AND N G F -R E C E P T O R  m R N A  IN 
RELATION TO MAZE PERFORMANCE DEFICITS IN AGED RATS. R.U. 
Hasenöhrl1*. S. Söderström2. A.H. Mohammed3. T. Ebendal2, J.P. Huston1. 1Inst. 
Physiol. Psychology, Univ. Düsseldorf, Germany; 2Dept. Dev. Neurosci., Uppsala 
Univ., Sweden; 3Dept. Clin. Neuroscience, Karolinska Inst., Sweden.

Recent findings indicate that growth factor-related mechanisms are altered 
in the course of brain aging and that deficits in associative functioning seen with 
senescence may be based in part on a decreased sensitivity to and/or availability of 
neurotrophic factors. In the present study expression of mRNA for NGF and its 
receptors, p l4 0trk (trkA) and p75LNGFR (LNGFR), was examined in different brain 
regions of adult (3-month-old) and aged (26-28-month-od) rats using quantitative in 
situ hybridization. Prior to hybridization histochemistry behaviorally impaired and 
severely impaired animals were selected form the group of old rats on the basis of 
their performance in the Morris water maze. Inspection o f the hippocampus (CA3, 
dentate gyrus) revealed no age- or performance related changes in NGF mRNA. The 
expression of trkA mRNA was decreased in the basal forebrain (medial septum, 
diagonal band, striatum) of impaired as well as severely impaired aged rats, whereas 
a significant increase in LNGFR mRNA was found in the basal forebrain of the 
impaired rats compared to both severely impaired rats and adult controls. These 
findings suggest that age-related deficits in learning and memory functions are 
associated with a decrease in the expression of trkA mRNA in the basal forebrain. 
The increase in LNGFR mRNA expression observed for impaired, but not severely 
impaired aged rats, may reflect a restorative and/or compensatory mechanism that 
serves to improve function in the aged rat brain. Furthermore, the present study did 
not reveal age-related differences in hippocampal NGF mRNA, suggesting that 
alterations of post transcriptional processes might account for the reported decrease 
of hippocampal NGF levels in the aged rat brain.
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82 .7

SPATIAL LEARNING AND LOCOM OTORY ACTIVITY IN 
AGED MALE AND FEMALE DEER MICE. T. S. Perrot-Sinal*
M. Kavaliers and K.-P. Ossenkopp. Neuroscience Program, 
Univ. Western Ontario, London, Canada, N6A 5C2.

The effects of aging have been primarily studied in laboratory 
rats and mice. However, deer mice (Peromyscus maniculatus) 
may provide a better model of aging. They are long-lived, show no 
overt signs of physical deterioration, and display photoperiodic 
dependent sex differences in behaviour. In the present study 
spatial learning in a Morris water maze task and spontaneous 
locomotor activity were recorded from male and female deer mice 
(breeding and non-breeding) of three different age groups (very 
young=3-6 mo.; young =12-18 mo.; and old > 42 mo.). Hormonal 
(testosterone, estradiol) and neuroanatomical (hippocampal vol
ume) correlates were also determined. Old male mice showed 
deficits in the water maze when compared to young breeding 
males, but were indistinguishable from young non-breeding 
males. Similarly, old male mice and young non-breeding males 
displayed similar levels of spontaneous activity which was signifi
cantly lower than in young breeding males. Thus, breeding status 
may be an important factor when comparing young animals and 
old animals. (Supported by NSERC)

82.9

CHOLINERGIC INTEGRITY IN THE STRIATUM  OF AGED RATS IS 
RELATED TO DEFICITS IN PLACE-LEARNING AND REFERENCE 
MEMORY, BUT NOT W ORKING MEM ORY. P.J. Colombo* and M. 
Gallagher. Department of Psychology, Univ. of North Carolina, Chapel Hill, 
NC 27299.

This study examined the relationship between 3 measures of age-related 
memory impairment and cholinergic activity in the striatum. 6- and 24-month- 
old Long-Evans rats were trained on a place-learning task in the Morris water 
maze after which aged rats were divided into aged-impaired (AI) and aged- 
unimpaired (AU) groups. Two weeks later, acquisition of working and 
reference memory among young, AI, and AU rats was examined using a 
radial maze apparatus in a water tank, and choline-acetyltransferase (ChAT) 
activity was measured in the dorsolateral and ventromedial striatum of all 
subjects. AI-grouped rats showed impaired reference memory compared to 
AU-grouped rats; thus measures of place learning and reference memory 
reflect consistent impairment among aged rats. In contrast, no significant 
difference in working memory was observed between AI and AU grouped 
rats: both groups were impaired in comparison with young rats. ChAT 
activity in the ventromedial, but not the dorsolateral striatum, was 
significantly correlated with both place-learning and reference memory 
performance. No relationship was found between ChAT activity in the 
striatum and working memory. These results suggest that memory impairment 
among individual aged rats may be segregated using reference and working 
memory tasks, and may reflect the integrity of independent neural systems.

Supported by NIA P01-AG09973 and a Research Scientist Award (K05- 
MH01149) to MG.

82.11

THALAMIC REORGANIZATION IN AGED RATS - EMERGENCE AND LOSS 
OF SKIN REPRESENTATIONS PARALLEL USE- AND DISUSE OF BODY 
PARTS BUT ARE INDEPENDENT OF LATENCY SHIFTS. R E. Zepka and H.R. 
Dinse. (sponsor EBBS) Institut für Neuroinformatik, Theoret. Biol. Ruhr-Univ. 
Bochum RUB, D-44780 Bochum, Germany

We have previously shown an age-related deterioration of cortical somatosensory 
maps in the hindpaw representation of old rats that was correlated with the individual 
degree of their sensorimotor deficits (NeuroReport 1995, 6: 469). The present study 
addresses the question of age-dependent changes in the ventral posterior lateral 
nucleus (VPL) of the Thalamus. The experiments were performed in adult rats (3 to 5 
months) and old rats (24 to 32 months) anaesthetized with Urethane. Neurons within 
the hindpaw representation of the VPL were recorded with glass microelectrodes. As 
markers of possible use-dependent reorganizational processes, we measured receptive 
fields (RFs). To analyze aging effects related to conduction velocity and synaptic 
transmission, we measured response latencies following tactile stimulation.

We found highly enlarged RFs in the hindpaw representations in old rats compared 
to control rats 3-5 months old. However, RFs recorded in the forepaw representation 
of the same animals were normal compared to young controls. In contrast, latencies 
for both the fore- and the hindpaw were similarly lengthened independent of the 
sensorimotor performance and use. In addition, in old rats we observed a systematic 
shift of represented skin portion towards the more proximal paw region paralleled by 
the emergence of newly represented skin fields on the very base of the paw, while 
exclusive digits representations were seldom encountered. This overall shift of 
representational topography was highly correlated with the individual walking 
patterns that mainly engages the base of their paw.

Besides degenerative processes the aging nervous system seems to maintain the 
capacity of use-disuse-dependent plasticity. The question of maintained functional 
neural plasticity in aged systems is an important aspect for therapeutical or 
pharmacological treatments of age-dependent syndromes.

We acknowledge the supply of old rats by Tropon, Bayer Supported by Coordenadoria de 
Aperfeicoamento de Pessoal (CAPES - Brazil)

8 2 .8
PERINATAL ENVIRONMENT AND COGNITIVE AGING A 
LONGITUDINAL STUDY IN RATS. M. Vallée, S. Maccari, M. Darnaudéry, F. 
Dellu, M. Le Moal, H. Simon and W. Mayo*. Lab. de Psychobiologie des 
Comportements Adaptatifs, INSERM U.259, 33077 Bordeaux Cedex, France.

There are considerable interindividual differences in the severity of age-related 
impairments in both humans and animals. The origin of these differences could be 
partly explained by early life events. It is well established that the perinatal period is 
critical for the maturation of physiological systems, particularly for the hypothalamo- 
pituitary-adrenal (HPA) system whose implication in age-related cognitive 
impairments has been suggested (Sapolsky et al., Endocrine Revs., 7.284, 1986). 
Prenatal stress and postnatal handling have been shown to affect in opposite ways the 
HPA activity in adult rats; whereas prenatal stress prolongs stress-induced 
corticosterone secretion (Maccari et al., J. Neurosci., 15:110, 1995), postnatal 
manipulation reduces it (Meaney et al., Science, 239:766, 1988).

In order to evaluate the long-term behavioral consequences of early HPA axis 
modifications we studied, throughout their life, 3 groups of rats : prenatally stressed 
(PS), postnatally handled (HAND) and control (CON) groups. A large battery of 
cognitive and emotive tasks was used.

The results show that perinatal manipulations: 1) differentially affect the 
corticosterone response to stress and the behavioral reactivity of adult rats : PS 
animals showed an endocrinological and behavioral hypereactivity, whereas HAND 
animals were less reactive than CON rats and 2) differentially affect the cognitive 
performance of aged rats. Compared to CON rats, HAND animals showed better 
performances, as previously described by Meaney et al. Conversely, SP animals 
exhibited poorer performances than the two others groups.

This study demonstrates the importance of the perinatal environment upon the 
aging of cognitive processes with particular emphasis on the critical role of the HPA 
axis.

82 .10
SPATIAL AND TEMPORAL INTEGRATION PROPERTIES OF CORTICAL 
SOMATOSENSORY NEURONS IN AGED RATS - LACK OF AGE-RELATED 
CORTICAL CHANGES IN BEHAVIORALLY UNIMPAIRED INDIVIDUALS OF 
HIGH AGE. M. Jürgens and H.R. Dinse. (sponsor ENA) Institut für Neuroinformatik, 
Theoret. Biol. Ruhr-Univ. Bochum RUB, D-44780 Bochum, Germany 

We have shown that rats older 24 months display a number of age-related changes in 
the cortical organization which were correlated with the individual degree of 
sensorimotor deficits (NeuroReport 1995, 6: 469). Here we address the question of 
age-dependent changes of functional transfer properties of neurons recorded in the 
somatosensory cortex of aged rats and we study the relationship between the degree of 
individual behavioral impairment and cortical changes. Temporal integration was 
affected in many aspects including a shift of the cut-off frequencies towards lower 
temporal frequencies and a differential effect on the number of the subsequent stimuli, 
indicating changes in the overall input sequence and timing representation. Spatial 
integration in old rats revealed receptive field (RF) enlargement independent from the 
degree of inhibition, but the distance from where inhibition could be elicited was 
shifted away from the center of RFs and summation was much more pronounced.’ 

During our studies we encountered a number of rats of high age without any of the 
described sensorimotor deficits or reduced agility. In the case of old_rat_52 that was 
31.5 months old, all cortical parameters tested were normal or only slightly affected 
except response latencies that were significantly lengthened. These data recorded in 
unusual fit and unimpaired animals of very high age indicate that some neural 
properties (RF size and integration properties of single neurons) are not subject to 
simple age-dependent changes, while others such as response latencies were 
correlated with the chronological age. The results provide further evidence that aging 
modifies the way in which sensory information is processed, suggesting a parallel 
deterioration of related perceptual abilities during normal aging. The fact that 
behaviorally unimpaired individuals of high age lack the described age-related 
cortical deterioration despite parallel shifts of latencies support the hypothesis of 
additional use-disuse dependent factors involved in the process of aging.

We acknowledge the supply of old rats by Tropon. Bayer

82 .12
MEDIAL ENTORHINAL CORTEX LESIONS AS A MODEL FOR AGING  
H N. Fugger*# . J.M. Lichtenvoort+ and T.C. Foster#+ . #Neuroscience 
Grad. Prog. and +Dept. of Psychology, Univ. of Virginia, Charlottesville,
VA 22903

Aged animals show poor retention of spatial information, loss of perforant 
path (pp) input, and changes in pp physiology To determine if loss of 
medial pp input contributes to spatial memory deficits, the medial 
entorhinal cortex (EC) was lesioned. Spatial memory and hippocampal 
physiology were examined in young (3 mo) Fischer 344 rats with 
electrolytic bilateral (Bi) or unilateral (Uni) medial EC lesions and sham (Sh) 
controls. Three weeks post-surgery all animals were tested on the Morris 
water maze. No differences in cue task performance were observed 
between groups, suggesting intact sensory-motor functioning. Sh and 
Uni but not Bi lesioned animals exhibited learning of spatial tasks 
immediately after training. Only shams exhibited significant retention of 
the task after 24hr.

Following behavioral characterization, pp physiolgy was examined in a 
hippocampal slice preparation. Synaptic responses from the middle third 
of the molecular layer of the dentate gyrus were measured. Paired-pulse 
stimulation (50ms ISI) was applied in order to measure changes in the fiber 
potential (fp) amplitude and EPSP slope. Perforant path fp amplitude and 
EPSP slope were decreased for lesioned animals across the I/O curve. 
These results support the hypothesis that similar changes during aging 
are due to loss of pp input. Changes in spatial memory and hippocampal 
physiology were found; similar processes may be occuring during aging. 
Supported by NS31830 to TCF.
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82 .13

IMPAIRED SPATIAL MEMORY ON THE BARNES CIRCULAR M AZE IN 
AGING C57 MICE. M. E. Bach*, M. Zhuo, L. Varshavsky, and R. D. 
Hawkins. Ctr. Neurobiol. & Behav., Columbia Univ., HHM I, NY, NY 10032.

We have assessed the spatial memory of middle-aged (12 months) 
and young (12 weeks) male C57 mice using the Barnes circular maze. The 
maze has 40 holes around the perimeter, one of which leads to  a tunnel 
where the mouse can escape from bright light and a buzzer. Mice w ere  
tested once a day to a criterion of 7 out of 8 days w ith  3 or few er errors. 
Most of the young mice acquired the task w ithin 40 days whereas most 
of the middle-aged group did not. The young mice developed a spatial 
strategy for finding the escape tunnel, whereas the middle-aged mice 
continued to use a serial search strategy. In addition, the middle-aged  
mice displayed an initial performance deficit, making more errors and 
perseverations. To test whether severe sensory, m otivational, m otor or 
attention deficits produced the impairment on the spatial version of the  
Barnes maze, a second group of middle-aged (12 months) and young (12 
weeks) mice are being tested on a cued version of the task. Our results 
suggest that an age-related spatial memory deficit occurs as early as 12 
months.

An age-related decline in performance on spatial memory tasks has 
been correlated w ith changes in neurotransmitter levels and neuronal 
degeneration  in the  hippocam pus in roden ts . F u rth e r, in th e  
hippocampus, age-related changes in synaptic plasticity have also been 
observed (Zhuo et al., 1995). To elucidate which changes in synaptic 
plasticity contribute to the memory deficits observed during aging, w e  
have begun to correlate performance on the Barnes circular maze w ith  
in vitro electrophysiological measures in the same mice.

82 .15

SPONTANEOUS AND INDUCED CHANGES IN HEMATOLOGIC VARIABLES 
IN AGED RATS: RELATIONSHIP TO DEFICIENT LEARNING 
PERFORMANCE. E. L. Spangler*1, O. Abugo1. J. Rifkind1. N. Patel1. D. Speer1. D. 
Danon2. and D. K. Ingram1. 1Gerontology Research Center (NIA/NIH) Baltimore, MD 
21224 2The Weizmann Institute, Israel

We initially evaluated the relationship of red blood cell (RBC) variables- hematocrit 
(HCT), mean cell volume (MCV) and density distribution of cells (DDC)-to the ability 
to perform in two learning tests (to meet a criteria of 13/15 correct shock avoidances in 
a straight runway and to complete testing in a shock-motivated 14-unit T-maze) in 22- 
24-mo old male F-344 rats. Compared to young rats, HCT was lower, MCV was larger, 
and the DDC of the old rats was significantly shifted to the right, indicating a younger, 
but larger population of cells. This shift to the right in the DDC was especially 
pronounced in a subpopulation of aged rats. Ability to complete the two learning tasks 
was negatively correlated with HCT. In a second study 21-mo old F 344 rats were 
injected s.c. twice weekly for 3 mo with human recombinant erythropoietin (EPO 15 
U) to stimulate erythropoiesis or physiological saline (SAL;inject.vol. = 0.15 cc). Rats 
were bled monthly (1 ml) and HCT assayed. At 24 mo the rats were tested in the two 
learning tasks, then anesthetized and bled via tail vein and cardiac puncture before 
sacrifice. HCT was elevated above baseline for EPO-treated rats across the 3-mo 
period, but was most elevated at 1 mo. Mean HCT, equivalent at baseline, was higher 
for EPO rats across the 3-mo test period. EPO treated rats had higher errors in the 14- 
unit T-maze than SAL rats. Higher error performance was positively but not 
significantly correlated with change in HCT score in EPO rats at 3 mo from baseline 
(r=0.63) and MCV was lower for EPO rats, but not significantly. The data suggest that 
changes in RBC variables with age may contribute to deficient learning.

82 .17

SHORT-TERM PBN TREATMENT FACILITATES SPATIAL 
PERFORMANCE OF AGED MICE BUT FAILS TO REVERSE 
BRAIN OXIDATIVE PROTEIN DAMAGE. A. D ubey. M .J. Forster, D. 
Krug. K .M. Dawson. H. Lai*, and R.S. Sohal. Department o f Biological 
Science, Southern Methodist Univ., Dallas, TX 75275 and Department of 
Pharmacology, University o f North Texas Health Science Center at Fort 
Worth, Fort Worth, TX 76107-2699.
The spin-trapping agent, α  phenyl-tert-butyl nitrone (PBN) has been re

ported to reduce brain protein damage and reverse memory impairment in 
aged gerbils. In the current studies, the effects o f PBN  were evaluated in 
aged C57BL/6JNia mice. Groups aged 23 mo. were injected twice daily with 
PBN (32 mg/kg) or saline for five weeks. After the second week, the mice 
began tests for cognitive and motor capacities and, subsequently, protein 
oxidative damage was determined in brain tissue by measuring carbonyl 
content. Relative to saline-treated young controls (5 mo.), the aged saline 
control mice were impaired on spatial swim maze, discriminated active 
avoidance, and motor performance tasks. PBN  failed to reverse deficits in 
motor performance or active avoidance, but significantly improved perform
ance and recall for the spatial water maze task. PBN treatment was without 
significant effect on brain carbonyl content. The current findings suggest 
species differences in the biochemical response to PBN. Furthermore, the 
results indicate that the ability o f PBN to modify behavioral performance o f 
aged mice is independent o f its ability to modify whole brain carbonyl con
tent. [Supported by NIH-NLA. grants AG07695 and AG07657].

82 .14
POLYAMINE MODULATION OF NMDA RECEPTORS AS A 

STRATEGY FOR COGNITIVE ENHANCEMENT IN AGED RATS 
A. Shimada* 1, E.D. London2, A. Mukhin3, E. L. Spangler1 . and D. K. 
Ingram1. 1Gerontology Research Center, NIA, NIH, 2 Addiction Research 
Center, NIDA, NIH, Baltimore, MD 21224 and 3Dept. Neurology & 
Pharmacology, Georgetown Univ., Washington, DC 20007

We have been examining the relationship of age-related memory 
impairment to changes in the N-methyl-D-aspartate (NMDA) glutamate 
receptor (Ingram et al. Life Sci. 55:2037, 1994). In receptor binding studies 
using F344 rats, we found no evidence of age-related decline in densities of the 
glutamate recognition sites or channel binding sites on the NMDA receptor, as 
analyzed with [3 H]CGP39653 and [3H ]dizocilpine as radioligands, 
respectively. NMDA receptors bear recognition sites for polyamines that can 
facilitate NMDA receptor activation, as evidenced by enhancement of 
[3H]dizocilpine binding and by potentiation of electrophysiological responses 
to NMDA (Robinson et al. Mol. Pharmacol. 1:31,1990). In a behavioral assay, 
we have shown that i.p. injection of a polyamine, spermidine (80 mg/kg), could 
potentiate a dizocilpine-induced learning impairment of young rats in a 14-unit 
T-maze (Shimada et al. Eur. J. Pharmacol. 263:293, 1994). This result 
indicated that systemic spermidine treatment could modulate maze learning by 
activating the NMDA receptor. In the present study, we assessed whether 
systemic injection of spermidine itself could enhance performance of aged 
F344 rats in the 14-unit T-maze. Spermidine injected i.p. at doses of 40 mg/kg 
or higher appealed to be toxic to aged rats, as evidenced by impaired motor 
responses. However, when spermidine was presented at 30 mg/kg i.p. 30 min 
prior to maze training, the total number of errors made was reduced compared 
to age-matched rats receiving vehicle injections. We are testing the 
replicability of this finding using lower doses of spermidine.

82 .1 6
THE H3 RECEPTOR ANTAGONIST, THIOPERAM IDE, REVERSES 
SPATIAL LEARNING DEFICITS IN AGED C57BL/6J MICE. D . 
Krug*, H. Lal, and M. Forster. Department o f Pharmacology, University 
o f North Texas Health Science Center at Fort Worth. Fort Worth, TX 
76107-2699.

Neuropharmacological studies have identified neural histamine (HA) as a 
positive modulator o f cognitive processes in mature rodents. The current 
study evaluates the hypothesis that pharmacological modulation o f neural 
HA could effect improvement in age-related cognitive deficits in 
C57BL/6NNia mice. Groups aged 23 months were injected twice daily 
with thioperamide (2 or 10 mg/kg) or saline for 5 weeks. A group 5 months 
old received saline concurrently. After 2 weeks, the mice began tests for 
cognitive and sensorimotor capacities. Spatial learning and memory was 
assessed using a water maze task. In a second task, mice were tested for 
their ability to learn a discriminated avoidance response in a T-maze. 
Relative to the younger mice, the older mice were less accurate in locating 
the hidden platform during the initial learning and reversal phases o f the 
water maze task, and exhibited impairments in their abilities to learn the 
active avoidance response. Short-term chronic treatment with 10 mg/kg 
thioperamide effectively reversed impaired performance by the old mice in 
the initial learning phase o f the water maze task, but failed to modify 
deficient performance in the other behavioral tasks. The current findings 
suggest that pharmacological modulation o f neural histamine may be an 
effective palliative strategy against age-related cognitive impairments.

82 .1 8
EFFECTS OF DIETARY RESTRICTION ON SPATIAL LEARNING IN THE 
AGED F344 X BN F1 RAT. C.F. Mactutus*. C. A. Gilbert. J.M. Caraey and R.M. 
Booze. College of Pharmacy, THRI, Graduate Center for Toxicology, and University 
of Kentucky College of Medicine, Dept. of Pharmacology, Lexington, KY 40536 

Dietary restriction has been shown to increase life span and reduce disease 
incidence across a variety of species. Recent research suggests that lifelong dietary 
restriction may also retard cognitive decline. The purpose of this study was twofold:
1) to examine the potential deficits in spatial learning ability in the aged F344 X BN 
FI rat with specific attention regarding contributory effects of motoric impairments and
2) to determine the influence of lifelong dietary restriction on any such impairments. 
Three groups of male rats were employed: 37-month-old fed ad libitum, 37-month-old 
dietary restricted, and 4-month-old fed ad libitum. The Morris water maze task was 
employed with-a 1.8m diameter tank, 10cm2 escape platform, 28°C water, and an 
automated collapsing central starting platform. All animals received 8, 8, and 4 
training trials on three consecutive days followed immediately by a 60-second probe 
test trial on the third day. An elevated two-tiered platform was subsequently used to 
assess potential motoric impairments. Spatial learning impairments in the aged rats 
were evident on all dependent measures during training and the probe test trial. 
Although preservation of function by dietary restriction was suggested by the 
dependent measures of training, a significant correlation between escape latency and 
motoric impairments (r=0.72) was noted. Preservation of function by dietary 
restriction was also noted on latency and distance measures during the probe test, 
however, measures of accuracy (centroid and platform crossings) provided no evidence 
for a protective effect of dietary restriction. The present data thus replicate previous 
reports indicating that dietary restriction preserves performance in the Morris water 
maze as indexed by a latency measure, but more importantly indicate that the most 
plausible interpretation of such improvements is the preservation of motoric, and not 
cognitive, function. (Supported by AG10747, AG10836 & ES06259)
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82.19
CALORIC RESTRICTIO N  A M ELIO RATES SYN A PSIN  
PHOSPHORYLATION D EFICITS IN  AGED  FISCH ER 344 
RATS. E. M. Dudek *, K.E.Eckles, P.C. Bickford and M .D. Browning. Dept. of 
Pharmacology, UCHSC and Medical Research, VAMC, Denver CO 80262 

Aged Fischer 344 rats have been shown to exhibit deficits in some learning tasks 
and also to have deficits in long term potentiation (LTP) a putative cellular substrate 
for learning and memory. The molecular mechanisms of LTP are not known, although 
we have recently shown that synapsin phosphorylation is correlated with LTP 
induction. As synapsin is widely thought to modulate neurotransmission, synapsin 
could play a role in the synaptic potentiation seen with LTP and potentially be 
involved in learning and memory. We have previously demonstrated that aged 
Fischer 344 rats have deficits in norepinephrine stimulated synapsin phosphorylation 
and in the present report we show that aged Fischer 344 rats (24 mos) have marked 
deficits in phorbol ester stimulated synapsin phosphorylation. Taken together these 
data lead us to hypothesize that deficits in synapsin phosphorylation might play a role 
in some of the learning deficits seen in old animals. As a further test of this hypothesis, 
we have examined PdBu-stimulated synapsin phosphorylation in aged Fischer rats that 
have been reared on a caloric restricted diet. Previous work has suggested that caloric 
restriction ameliorates some of the learning deficits seen in old animals. We assessed 
the effects of PdBu (1.0 μM) on synapsin phosphorylation at its CAM kinase II sites 
using a back phosphorylation procedure. The data show that the PKC activator 
produced a significant increase in the phosphorylation state of synapsin. Thus caloric 
restriction, which has been reported to ameliorate age-related deficits in learning in 
aged animals also reverses an age related deficit in synapsin phosphorylation. 
Supported by PHS grant AG04418.

8 2 .20
CHANGES IN MAZE PERFORMANCE AND NORADRENERGIC REUPTAKE 
SITES IN FRONTAL CORTEX AFTER NUCLEUS BASAL1S LESIONS IN 
ADULT AND AG ING  RATS. C.L. W ellman* and M.A. Pelleymounter. 
Department of Neurobiology, Amgen, Thousand Oaks, CA 91320.

Age-related neuronal alterations may interact with degenerative  
processes to produce unique neuropathologies. W e have shown that 
lesions of the nucleus basalis m agnocellularis (N B M ) alter frontal 
cortical morphology in an age-dependent manner. W e are now using 
lesions of the NBM in adult and aging rats to begin to exam ine the 
effects of age and loss of NBM afferents on frontal cortical 
pharmacology and learning. Young adult and middle-aged rats received 
sham or ibotenic acid lesions of the NBM. O ne month after surgery, 
rats were trained on a radial arm m aze task. Middle-aged rats took 
significantly longer to reach criterion than did young adult rats and 
m ade significantly more perseverative errors. Overall, lesions 
significantly increased trials to criterion and perseverative errors, 
but produced a more pronounced deficit in middle-aged rats. Five 
months after surgery, rats w ere killed and their brains removed. 
Sections w ere incubated with [3H]desm ethylim ipram ine (D M I) and 
processed for autoradiography to assess alterations in noradrenergic 
reuptake sites. Quantitative densitometry revealed a 12%  increase in 
DM I binding in frontal cortex of middle-aged rats, and DM I binding in 
both young adult and m iddle-aged sham -lesioned rats was significantly 
correlated with m aze performance. Lesions decreased DM I binding in 
frontal cortex by 10%  at both ages, but this decrease was not 
correlated with m aze performance. Thus, while both NBM lesion and 
aging altered noradrenergic function in frontal cortex, only age- 
related changes were associated with deficits in m aze performance.

GENETIC MODELS OF HUMAN NEUROPSYCHIATRIC DISORDERS II

83.1
ALTERED HYPOTHALAMIC-PITUITARY ADRENAL FUNCTION IN 
FAWN-HOODED RATS. C. S. Aulakh, P . M azzola-Pomietto, G. Bagdy, 
A. E. Calogero. and D. L. M urphy* . Lab. of Clinical Science, National 
Institute of Mental Health, Bethesda, MD 20892-1264.

In rodents, marked evening elevations of corticosterone follow the circadian 
elevation of adrenocorticotropic hormone (ACTH), and these increases are 
positively correlated with those of ACTH. It is well known that glucocorticoid 
hypersecretion is a frequent accompaniment of primary depressive disorders. The 
purpose of the present study was to investigate whether Fawn-Hooded (FH) rats 
(a strain suggested to represent a genetic model of depression and alcoholism) 
have normal or altered hypothalamic-pituitary-adrenal function. Therefore, we 
measured unstimulated and stimulated plasma adrenocorticotropic hormone 
(ACTH) and corticosterone concentrations in FH and control Wistar rats. 
Unstimulated levels were measured three times (09:00, 13:00, and 18:00 h) 
during the day.

Corticosterone but not ACTH concentrations were significantly higher at 
09:00 h and had a significantly suppressed diurnal variation in the FH compared 
to the Wistar rats. Arecoline (0.2 mg/kg, i.v.), which stimulates ACTH via a 
central action on corticotropin releasing hormone (CRH), or exogenous CRH 
(2 ug/kg, i.v.) led to elevations in plasma ACTH and corticosterone levels which 
had a significantly longer duration in FH vs Wistar rats. Peak hormone 
concentrations, however, were generally not different between the two strains. 
Our data support earlier findings that FH rats have higher unstimulated 
corticosterone concentrations at least during the diurnal nadir and, furthermore, 
suggest that FH rats have altered hypothalamic-pituitary-adrenal function at the 
central as well as the peripheral level.

83.3
GENOMIC STU D IES O F C H R O M O S O M E  18 AND B IPO LA R  
AFFECTIVE DISO RDER. J. I. Numberger, Jr.*, D.K. Lahiri, T. Foroud+, 
P.M. Conneally+, T. Guscar, E. Bowman, A. Mayeda, M. Miller, L. Rau, and C. 
Smiley. Institute of Psychiatric Research, Depts. of Psychiatry, +Med.& Mol. 
Genetics, 791 Union Drive, Indiana Univ. Sch. of Med., Indianapolis, IN-46202.

Genetic factors are strongly believed to contribute to the development of both 
bipolar (BP) and unipolar (UP) affective disorders. The mapping of genetic loci for 
these disorders has been difficult due to the presence of genetic heterogeneity as 
well as nongenetic forms of the disorder. We have used a molecular genetic 
approach to localize gene(s) for affective disorder in clinically well characterized 
families. As part of the NIMH Genetics Initiative we have systematically 
ascertained probands with bipolar illness (BP) and assessed them and their families. 
Subjects were interviewed using the Diagnostic Instrument for Genetic Studies 
(DIGS) and all-sources best estimate diagnoses were derived. An initial genotyping 
effort has been directed toward the chromosome 18p 11 area implicated by Berrettini 
and colleagues. The D18S32 locus was genotyped in 11 completed Indiana 
families with at least 2 bipolar I (BPI) first degree relatives.

Three hierarchical diagnostic schemes for affection were tested. Affection status 
model I included subjects with either schizoaffective disorder, BP type or BPI. 
Model II diagnoses included bipolar II and those included in model I. Model III 
diagnoses included unipolar recurrent' depression and all illnesses included under 
model II. Linkage to chromosome 18p11 was tested using both affected sib-pair 
and affected relative pair methods. Preliminary affected sib-pair and affected relative 
pair analyses showed non-random allele sharing at this locus using the narrowest 
disease definition. Affected sib-pair results using the other two disease definitions 
were suggestive. Our results warrant further investigation in this region of 
chromosome 18. Supported by grants from NIH (NIMH Genetics Initiative 
Diagnostic Center on Bipolar Illness) and Indiana Division of Mental Health.

8 3 .2
L O N G -T E R M  A N T ID E P R E S S A N T  T R E A T M E N T  R E STO R ES 
CLO N ID IN E’S EFFECT ON  GROW TH H O RM ON E SECRETION IN  A 
GENETIC ANIM AL MODEL OF DEPRESSION. P. M azzola-P om ietto* , 
C.S. Aulakh,  and D .L  Murphy. Lab. of C lin ical Science, N ationa l 
Institu te  of M ental H ealth , Bethesda, M D 20892-1264.

W e h ave  recently  d em o n s tra ted  th a t c lo n id in e  s tim u la te s  g ro w th  
horm one (GH) secretion by activation  of α 2-ad ren e rg ic  h e te ro recep to rs  
present on 5-HT nerve term inals w hich, in  tu rn , enhances 5-HT activity 
via stim ulation of postsynaptic 5-HT2C receptors to p rom ote GH release in 
W istar rats. In Faw n-H ooded (FH) rats, a rat stra in  suggested  to represent 
a genetic m odel of depression , w e have  observed  th at c lonid ine fails to 
increase GH  secretion. W e have  recen tly  d em o n s tra ted  res to ra tio n  of 
c lonidine’s effect on GH secretion follow ing lith ium  trea tm en t in FH rats. 
In the present s tudy, w e investigated w hether long-term  treatm en t w ith  a 
variety  of other antidepressants w ould  also restore clonid ine’s effect on GH 
secretion in FH rats.

L ong-term  (16 days) tre a tm e n t w ith  the tricyclic an tid e p re ssa n t, 
im ip ram ine  (5 m g /k g /d a y ) ,  the 5-HT u p tak e  in h ib iting  an tid ep ressan t, 
fluoxetine (2.5 m g /k g /d a y )  an d  the n o rad re n e rg ic  u p tak e  in h ib itin g  
an tidepressant, desipram ine (5 m g /k g /d a y )  accentuated  c lonid ine’s effect 
on GH levels. O n the o th er h a n d , lo n g -te rm  tre a tm e n t w ith  the 
m o n o am in e  o x id ase  ty p e-A  in h ib itin g  a n tid e p re s s a n t,  c lo rg y lin e  
(1 m g /k g /d a y )  an d  the  α 2-ad re n e rg ic  a n ta g o n is ts ,  y o h im b in e  an d  
1-phenylpiperazine (1 m g /k g /d a y ,  each) d id  n o t m odify c lonid ine’s effect. 
These findings d em onstra te  enhancem ent of 5-HT2C recep to r-m ed ia ted  
fu n c tio n  fo llo w in g  lo n g -te rm  tre a tm e n t  w ith  u p ta k e  in h ib itin g  
an tidepressants in a genetic anim al m odel of depression.

8 3 .4
CLASSICAL GENETIC ANALYSIS OF STARTLE AND PREPULSE 
INHIBITION OF STARTLE IN MICE A.E. Bullock*, B.S. Slobe and A.C. 
Collins Institute for Behavioral Genetics, University of Colorado, Boulder CO 
80309.

Sensorimotor gating deficits, which can be measured by prepulse inhibition (PPI) 
of the startle reflex, have been observed in schizophrenic patients as well as 
relatives of patients with schizophrenia. These deficits are normalized by nicotine. 
Animal models which exhibit deficiencies in PPI may be useful in studying the 
underlying causes of abnormal sensorimotor gating. Male mice from 7 inbred 
strains that vary in sensitivity to nicotine and in hippocampal nicotinic receptor 
binding were tested for their acoustic startle response and prepulse inhibition of 
tactile startle. Acoustic startle response amplitude differed significantly among the 
mouse strains tested. The rank order of response amplitude was: BALB/cByJ ≥ 
BUB/BnJ > C3H/2Ibg > ST Ad = A/J/Ibg = C57BL/6Ibg > DBA/2J/Ibg. PPI 
also differed among mouse strains with C3H/2Ibg mice demonstrating the greatest 
amount of inhibition and DBA/2J/Ibg demonstrating the least. Neither of these 
measures correlated significantly with hippocampal nicotinic receptor binding.

To determine the mode of inheritance for the startle response (tactile) and 
prepulse inhibition of startle, a classical genetic analysis was conducted using 
C3H/2Ibg and DBA/2J/Ibg mice as the parental strains, their F 1, F2 and backcross 
generations. For PPI, the hybrid generations exhibited a phenotype resembling the 
C3H/2Ibg strain. In contrast, the startle score for the hybrid generations fell 
directly between the parental strains. A quantitative assessment of the pattern of 
inheritance for PPI and startle response using a weighted least-squares regression 
approach indicated that a simple additive-dominance model explained both PPI and 
startle response. The results of these analyses suggest that prepulse inhibition of 
the startle reflex, but not the startle reflex itself, is transmitted in a dominant 
matter. (Supported by DA05131, DA00197 and HD07289-09.)
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83 .5
CO LOBOM A HY PER A CTIV E M U TA N T EX H IB ITS DELAY ED 
NEUROBEHAVIORAL DEVELOPMENTAL MILESTONES AND ALTERED 
OPERANT RESPONDING FOR FOOD M.C. W ilson. C.J. Heyser. S. 
Jacobson*. L.H. Gold. Dept. of Neuropharmacology , The Scripps Research 
Institute, La Jolla, CA 92037; Dept. of Anatomy, Tufts University, Boston, MA 
02111

The coloboma mutation (Cm) is a neutron-irradiation induced gene deletion 
including a region encoding the synaptic vesicle docking fusion protein, 
synaptosomal-associated protein of 25 kD (SNAP-25). The resulting mutation is 
semi-dominant with heterozygote mice exhibiting a triad o f phenotypic 
abnormalities that comprise profound spontaneous hyperactivity, head bobbing and a 
prominent eye dysmorphology. SNAP-25 is expressed as two isoforms which are 
differentially regulated during synaptogenesis and maturation of neural circuitry. 
Because the expression pattern of these SNAP-25 isoforms switches around the first 
postnatal week, neurobehavioral developmental milestones were examined during 
postnatal development. In addition, adult coloboma mice (3 months of age) were 
tested for the acquisition of a discriminated operant (nosepoke) task for food. The 
coloboma mutation resulted in delays in achieving the milestones of righting reflex 
and bar holding. In addition, coloboma mutants were characterized by body weight 
differences (first appearance day 7) and hyperreactivity to touch (day 11) and head 
bobbing (day 14). Male coloboma mice exhibited more rapid acquisition of the 
discrimination than controls, whereas female coloboma mice exhibited a significant 
delay in acquisition. Although no differences were observed between coloboma and 
control mice during extinction, both male and female coloboma mutants were 
significantly delayed in the acquisition of a reversal. These data demonstrate 
disruptions in the time course of attaining developmental milestones and operant 
responding in coloboma mutants and provide further evidence supporting the 
hypotheses that alterations in Snap gene expression are associated with functional 
behavioral consequences. Supported by grant NS48989 (M.C.W.)

83 .7

H E R IT A B IL IT Y  FO R  D E G R E E  A N D  D IR E C T IO N  O F 
HUM AN HAND PREFERENCE. M.P. B ryden* , M. S ingh † and
T.T. R ogers. Depts. o f Psychology, Univ. of W aterloo, W aterloo, 
O nt., N 2L 3G1 Canada and †C haudhary Charan S ingh Univ. 
M eerut, U.P. 250 004 India.

Hand preference inventories were adm inistered to 208 nuclear 
fam ilies (874 respondents) in Canada and 475 nuclear fam ilies 
(2034 respondents) in India. In contrast to m ost previous studies 
of fam ilial handedness, in w hich a  single propositus responded 
for all fam ily m em bers, responses w ere obta ined  from  each 
individual concerned. Subjects indicated degree and direction o f 
hand preference on a 5-point scale. An analysis o f the 10 items 
com m on to the two inventories indicated that the odds o f being 
left-handed if one had a left-handed parent were 1.80 times those 
of being left-handed if  one had a righ t-handed  paren t in the 
C anadian sam ple, but 6 .75  in the Indian sam ple. T hese data 
indicate a significant heritability for direction of hand preference. 
The higher value in the Indian sample can be accounted for by an 
increased frequency o f the dextral a llele that leads to right- 
handedness in India, and by highly non-random  m ating in the 
Indian sample. For the degree o f hand preference, collapsing the 
data into strongly and w eakly handed individuals, the relative 
odds ratios w ere 3.03 in the C anadian sam ple and 4 .48  in the 
Indian sam ple. Thus, strongly preferent parents tend to produce 
s trong ly  p referen t progeny. T he data  p rov ide  ev idence  for 
separate heritable com ponents for degree and direction o f lateral 
preference.

8 3 .9

DEVELOPMENT OF A POTENTIAL ANIMAL MODEL FOI  POST 
TRAUMATIC STRESS DISORDER (PTSD). K. Johnson1, L.Pellerin2,
S. A bend2, J.A. King2, S. Johnson1, C. Eccles* and E.Edwards1 .1D epartment of 
Pharmaceutical Sciences, Pharmacology and Toxicology Program, University of 
Maryland, Baltimore, MD 21201; 2Departm ent of Psychiatry, Bet. M oral 
Neurosciences Division, University of Massachusetts Medical School, Worcester, 
MA 01655.

PTSD is a disorder characterized as a reaction to uncontrollable and 
unpredictable stress. To develop an animal model of PTSD, we studied three 
strains of rats in a similar stress paradigm: Sprague Dawley (SD) rats from 
Charles River Laboratories, congenital Learned Helpless (cLH) rats, i. strain 
bred in our laboratory with consistent inability to escape stress, and conge tital 
Non-Learned Helpless (cNLH) rats, a strain characterized by the ability to 
escape stress despite exposure to an uncontrollablestressor. We compared their 
anxiety behavior in the elevated plus maze; opioid-mediated pain tole an c as 
measured by tail flick test; spatial memory in the Morris water maze, and 
plasma corticosterone (CORT) levels after the behavioral paradigms. Exposure 
to footshock stress with or without an associated cue resulted in an i n r u se in 
the tail flick latency in the cLH rats, indicating an analgesic response. rats 
exhibited a 55% increase anxiogenic behavior compared to 30% and b z i i the 
cNLH and SD rats. Jn the spatial memory test, 80% of the cLH rats mai tested 
a decrease in performance after exposure to stress. Unlike SD and cNLI 1 rats, 
cLH rats had a blunted post-stress rise in plasma CORT. We observed no 
correlation between severity of stressor and plasma CO RT response in t c cLH 
rats. Since humans with PTSD exhibit anxiety, cognitive deficits, and endocrine 
responses similar to those noted in cLH rats, we conclude that the cl H  strain 
may be useful to study the neurobiological mechanisms mediating PTSD.

8 3 .6
EFFECTS OF CHRONIC DESIPRAMINE TREATMENT ON AFFECTIVE  
AND COGNITIVE DEFICITS IN TRANSGENIC MICE WITH IMPAIRED TYPE 
II GLUCOCORTICOID RECEPTOR FUNCTION. J. Rousse*1.S . Beaulieu2.
J. Glowa2. W. Rowe1, M. Meaney1, N. Barden3 and J. Rochford1. 1Dept. 
Psychiatry, McGill Univ., Montreal, Que., 2National Institutes of Health, 
Bethesda, MD, 3Dept. Physiology, Laval Univ., Quebec City, Que.

Transgenic mice with impaired type II glucocorticoid receptor (GR) function 
display deficits in tests of anxiety (Thatcher-Britton conflict paradigm, 
elevated plus maze, startle paradigm and cognitive performance (Morris 
water maze, step-down passive avoidance, Porsolt forced swim test). 
Chronic administration of the tricyclic antidepressant desipramine has been 
shown to restore GR function in these animals. Consequently, the present 
experiments were conducted to assess whether chronic desipramine 
treatment would normalize the deficits observed in tests of anxiety and 
cognitive performance. Transgenic (TG) and control (CTL; B6C3F1) mice 
were administered desipramine (20 mg/kg/day, i.p.) or vehicle for two to 
four weeks. Chronic desipramine treatment to TG mice tended to normalize 
behavior in all three tests of anxiety to levels observed in vehicle-treated 
CTLs. Chronic desipramine treatment also exerted an anxiolytic effect in 
CTLs. In contrast, chronic desipramine failed to influence performance in 
both TG and CTL mice in any of the tests assessing cognitive function. 
These data suggest that the affective and cognitive deficits displayed by 
TG mice are differentially sensitive to chronic desipramine treatment, and 
that the neurobiological deficits responsible for the affective and cognitive 
impairments are dissociable. (Funded by MRC, FCAR).

8 3 .8
LONG TERM POTENTIATION IN THE HIPPOCAMPUS OF MICE WITH 
FMRI GENE INACTIVATION. J.M. Godfraind *1. E. Reyniers2. K . Dc Boullc2.
K. Bakker3. B Oostra3 and P. Willems2. (1) Départm en t de Physiologie ct 
Pharmacologic, Systémc nerveux. UCL-Woluwé, Brussels, (2) Department of 
Medical Genetics. University of Antwerp, Belgium and (3) Department of Clinical 
Genetics. Erasmus University of Rotterdam, The Netherlands.

Mutations in the FMRI gene arc responsible for the Fragile X Syndrome, a 
human disease. FMRI gene inactivation has been obtained in mice by gene 
targetting techniques, and FMRI deficient mice (MT) show impaired performance 
in the Morris maze test (Cell 78. pp 23-33, 1994).

A possible link between learning and LTP, and between impaired learning and 
FMRI gene inactivation prompted a series of experiments in MT mice to see if 
LTP could be easily induced in MT hippocampus, compared to wild-type (WT).

Extracellular field-EPSPs were recorded in CA1 hippocampal slices, maintained 
in vitro at the interface of an air mixture of 95% O2/ 5% CO2 and ACSF.
Recording electrodes were positionned in the stratum radiatum at about 400-550 
pm distance from the stimulating site. Schaffer collaterals were stimulated with a 
monopolar tungsten electrode using currents of 25 to 150 μA (60-70 μs duration) 
applied regularly with a constant current stimulator module. High frequency 
stimulation (HFS: a series of 20 pulses delivered at 50 Hz and grouped in 2 or 3 
trains separated by 10 s interval) was used to induce LTP. Five or ten successive 
sweeps were averaged with a CED 1401 computer to measure EPSP’s amplitude 
(mV) and slopes (mV/s). Means of control slope responses (WT : n=6 ; MT : n=7) 
and those obtained after HFS were submitted to an ANOVA-2 Way analysis (two-
tailed); this revealed a strong effect of HFS (P<0.001), however no difference 
between MT and WT (P=0.3798). and no interaction between factors (P=1.5644).

Judged by field-EPSP recordings and with the present experimental paradigm, 
MT and WT mice seem to be able to express similar amounts of LTP.

8 3 .1 0
EVALUATION OF TS65DN M ICE, A PUTATIVE DOWN SYNDROME MODEL, 
IN SENSORIMOTOR, EM OTIONAL AND SPATIAL LEARNING TASKS. 
R.M. Escorihuela2. I.F. Vallina1, C. Baamonde1, J.J. Montero1, M. Dierssen1, A. 
Fernández-Teruel2. A. Tobeña2. J. F1órez*l.  1Dept Physiol Pharmacol, Div Pharmacol, 
Univ Cantabria, Santander; 2Med Psychol Unit, Autonomous Univ Barcelona, 
Barcelona; Spain.

Male Ts65Dn mice (16 weeks old) were compared to their control (CO) littermates 
in the following behavioral procedures: 1) sensorimotor tasks (ST) (including tests for 
visual acuity reflex, prehensile reflex, traction capacity, motor coordination and 
equilibrium); 2) hole board test (HB); 3) open field (OF) and elevated plus-maze (PM) 
tests; and 4) Morris water maze (MWM), both for place learning and cued learning. 
Echocardiographic studies revealed no cardiac anomalies in either group. In the ST no 
sensorimotor deficits appeared in Ts65Dn as compared to the CO group (n=  16/group). 
By contrast, head-dipping behavior in the HB was increased in Ts65Dn (53.7±2.5) 
with respect to CO (35.6±2.5; t= 5 .12, P <  .001), showing a higher repetition rate of 
previously explored boles (P <  .05 vs CO group). Ambulation in the OF, as well as total 
and open arm entries in the PM, were higher (P c .0 5  in all cases) in Ts65Dn 
(245.1 ±17.1, 27 .4±6.5 , 12.2±3.7, respectively) with respect to CO (147.5±11.8. 
10.6±0.7, 4 .7 ± 0 .9 , respectively) under red light (dark phase of the cycle) but not 
under white light (light phase; 2x2 design, n = 8/group). In the MWM, Ts65Dn showed 
impaired place learning (mean asymptotic latency: 29.5 sec vs 18.1 sec of CO group; 
n=9/group) whereas they were able to reach the same performance as CO in cued 
learning (mean latency: 7.29 and 5.64 sec, respectively; n=6-7/group). Thus, Ts65Dn 
young adult mice do not show impaired sensorimotor performance, they show 
hyperactive behavior in some testing conditions and present a moderate deficit for 
spatial learning. (Supported by Areces and Botin Foundations and FISSS 92/0712).
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83.11

DISTRIBUTION OF MOUIPHINK IN BRAIN REGIONS, AND I LASMA 
FOLLOWING INTRAVENOUS AND INTRAPERITONEAL INJECTION 
OF MORPHINE TO CONGENITAL LEARNED HELPLESS (cLII) RATS.
E. Edwards*and L.A. Ifeanyi. Departm ent of Pharmaceutieal Sciences, 
Pharmacology & Toxicology Program, University of Maryland, Baltimore MD 
21201.

We have demonstrated that cLH rats show a consistent 3 to 5 old up- 
regulalion of the Mu opiate receptor in selected brain regions. In addition, 
these rats exhibit a differential m odulationof the endogenousopioid pe ptides 
under baseline and m orphine self-administration. We have postula ted that 
the above findings may explain the increased opioid receptor n e u ro s i t iv i ty  
displayed by the cLH rats. We now present data on the pan in of 
distribution of morphine after intraperitoneal or intravenous ipioid 
administration in the cLH rats. Following administration of morphine, rats 
were sacrificed at various time points (0-240 min; 3/rats/strain/time point). 
With both routes of adminstration, plasma levels of m orphine rose rapidly 
and peaked after 5min (10 to 35 fold increase from the 0 tim e point ) in the 
cLH rats. These levels remained significantly elevated during the en re 4 hr 
time course (5 to 8 fold increase from 0 tim e point).This was  sharp 
contrast with the cNLH rats where plasma levels peaked at 30 min and 
quickly decreased toward baseline. At the 4 hr time point, plasma levels of 
morphine were significantly higher in the cLH rats as compared to the cNLH 
rats (50% 1). We also observed differential patterns of m orphine distribution 
in specific brain regions of the two strains. It is concluded that the enhanced 
response to morphine in cLH rats may in part, be related to greater levels 
of morphine in brain regions. This is in addition to the greater Mu cpo id  
receptor density in the brain of cLH rats which was dem ontrated I y our 
laboratory.

83.13

A CYTOCHROME OXIDASE IMAGING ANALYSIS OF THE 
NEURAL SUBSTRATES OF ADHD IN AN ANIMAL MODEL
M. Papa1*, F. Florenzano2, A.G. Sadile2, D.F. Berger3, T. Sagvolden3, and J.A. 
Sergeant4. 1Inst. Human Anatomy & 2Lab. Neurophysiol. Behav. & Neural 
Networks, SUN, Naples, Italy; 3lnst. Neurophysiol., Univ. Oslo, Oslo, Norway; 
4lnst. Clin. Psychol., UVA, Amsterdam, The Netherlands.

The spontaneously hypertensive (SHR) rats are thought to be a 
genetic model for studying attention deficit hyperactivity-disorder (ADHD) in 
children. The aim of this project was to investigate by molecular imaging 
techniques the neural substrates of ADHD in animal models. Behavioral and 
histochemical techniques have been employed using the neurogenetic 
approach on the brain of the SHR-rats and normotensive Wistar-Kyoto (WKY) 
controls. In a first series of experiments, SHR and WKY-rats were trained on 
a multiple fixed interval 120-sec extinction 5-min paradigm or non trained. Rat 
brains were perfused and analyzed by cytochrome oxidase (CO) histo-
chemistry. Optical densities values were transformed in actual enzyme activity 
units by using tissue calibrated standards. Trained WKY-rats showed a 
marked staining in the striatum, n.accumbens, hippocampal CA1 and dentate 
gyrus, entorhinal, frontal, pyriform cortices, and amygdaloid nuclei. In the n. 
accumbens, trained WKY-rats showed a marked CO staining restricted to the 
anterior portion of the shell, whereas trained SHR-rats showed a diffuse 
staining along the extension of the shell. In the frontal and pyriform cortices, 
trained SHR-rats showed a lower staining than WKY-rats. In the amygdala, 
trained WKY showed a stronger staining in the basal nuclei, whereas trained 
SHR-rats showed very little staining in the lateral nuclei. (Supported by EC  
grant ERBCHRXCT930303).

EPILEPSY:

8 3 .1 2

DOPAM INE D-1 RECEPTOR DISTRIBUTION IN THE C AUDATE-PUTAM EN  
AND NUCLEUS ACCUMBENS AFTER METHYLPHENIDATE SUBCHRONIC  
TREATM EN T IN AN ANIM AL MO DEL OF ADHD.
M.P.Carey1. M .Papa2, F.Esposito1. A.G.Sadile1. T.Saovolden3. and J.A. 
Sergeant4. (SPON: European Brain and Behaviour Society). 1Lab. Neurophy
siol. Behav. & Neural Networks, and 2lnst. Human Anatomy, SUN, Naples, I; 
3lnst. Neurophysiol., Univ. Oslo, N ;4lnst. Clin. Psychol., UVA, Amsterdam, NL.

The aim of this project was to investigate the neural substrates of 
attention deficit hyperactivity-disorder (ADHD) in children by dopamine D-1 
receptor autoradiography using the Spontaneously Hypertensive (SHR) rats 
as a model system. In a first series of experiments, 4-week-old male SHR and 
normotensive Wistar-Kyoto (WKY) controls were given methylphenidate (MP; 
3 mg/kg, i.p.) or vehicle daily during a 15 day period. The brains were frozen 
and stored at -80°C. Twenty-mμ  cryostat coronal sections across the caudate- 
putamen (CPU) and accumbal complex (AcB) were incubated with 1.0 nM 
[3H]-SCH 23390 in presence or absence of excess cold ligand to exclude non 
specific binding. Slides were apposed to [3H]-sensitive films and exposed for 
18 days. Films were developed and optical density (OD) of sections were 
measured by a PC-assisted image analysis system (M4: MCID) with reference 
to co-exposed [3H]-microscale standards to convert OD to receptor 
concentration. The dopamine transport blocker MP decreased the D-1 
receptor binding density in the most anterior parts of the CPU in the WKY rats 
only. In the ventral striatum, MP decreased D-1 receptors in the middle 
portions of the core and in the middle dorsal portions of the shell of the AcB 
in WKY rats with no effect in the most polar portions. There was no effect on 
SHR rats. Thus, the differential discrete downregulation of D-1 receptors by 
MP in the CPU and AcB supports the involvement of the nigrostriatal and 
mesolimbic dopamine systems in ADHD. (Supported by EC grant 
ERBCHRXCT930303).

8 3 .1 4

NOVELTY-INDUCED REARING DURATION IN TWO ANIMAL 
MODELS OF ATTENTION DEFICIT HYPERACTIVITY DISORDER.
A.G.Sadile1*. R.Aspide1. T.Sagvolden2. and J.Seraeant3, 1Lab. 
Neurophysiol. Behav. & Neural Networks, SUN, Naples, l; 2lnst. 
Neurophysiol., Univ. Oslo, N; 3lnst.Clin.Psychol., UVA, Amsterdam, NL.

The frequency and duration of two theta-related activity 
components in a novelty situation have been measured in two animal 
models of attention deficit hyperactivity-disorder (ADHD) in rats, the 
Spontaneously Hypertensive (SHR) and the Naples High-Excitability 
(NHE) rat lines (Neurosci. Biobehav. Rev. 17; 295-303,1993). In a first 
experiment, adult male rats of the NHE line, and two control lines the 
Naples Low-Excitability (NLE) and the Naples random-bred (NRB) were 
tested for 10-min in a Lát-maze. In a second experiment adult male 
rats of the SHR line and of the Wystar Kyoto (WKY) normotensive 
control line were measured similarly. During testing the behavior was 
monitored by a CCD videocamera and analyzed off-line for frequency 
of corner-crossings and rearings on hindlimbs and duration of rearings 
per 30-sec blocks. Both NHE and SHR-rats showed a higher frequency 
of both activity components than controls. In addition, both SHR and 
NHE showed rearing episodes of shorter duration. With time of testing 
the duration of rearings was lower in SHR and NHE than in controls. 
In fact, WKY and NLE-rats increased the average duration of rearing 
episodes but SHR and NHE-rats remained constant throughout the 
testing period. Thus, the duration of rearings might be assumed to 
index attention, which is defective in both animal models of ADHD. 
(Supported by EC grant ERBCHRXCT930303).

DRUGS I

84.1

C O M P A R A T IV E  A N A L Y S IS  O F  T H E  A N T IC O N V U L S IV E  
PROFILE O F T IA G A B IN E , L A M O T R IG IN E , V IG A B A T R IN  A N D  
GABAPENTIN. Nils O le D alby and Erik B. Nielsen*, Novo Nordisk A /S, 
Health Care Discovery, Neuroscience, Novo Nordisk Park, D K -27 6 0  
Máiløv, Denm ark.

The anticonvulsant profile of tiagabine, lam otrigine, gabapentin  and  
vigabatrin was com pared with respect to seizures in N M R I mice  
induced by m ethyl 6 ,7 -d im ethoxy-4-e thy l-ß -carboline-3 -carboxyla te  
(DMCM) (18 mg/kg, i.p.), pentylenetetrazol (P T Z ) (1 6 0  m g/kg, i.p.), 
maximal electroshock (M E S ) (50  m A, 1s), threshold electrical 
stimulation and audiogenic seizures in DB A /2  m ice. M otor side-effects  
of the drugs w ere furtherm ore evaluated in the rotarod and traction 
models. Each com pound had a  distinct anticonvulsive profile. 
Tiagabine w as the most potent drug in antagonizing seizures induced  
by PTZ, D M C M  and audiogenic seizures in DB A /2  m ice w hereas  
gabapentin and vigabatrine only show ed m oderate efficacy in DBA/2  
mice. Lamotrigine show ed som e efficacy in D M C M  and audiogenic  
induced seizures. H ow ever, lam otrigine w as shown to be the most 
potent drug in antagonizing electrically induced seizures, w here  other 
drugs showed w eak  or no activity. Finally, tiagabine displayed the  
highest ratio of E D 50 value for producing ataxia  on the rotating treadmill 
test (rotarod) against E D 50 value for D M C M  induced seizures, w hereas  
gabapentin showed the highest ratio in audiogenically induced seizures  
in DBA/2 mice w here tiagabine, lam otrigine and vigabatrine show ed  
comparable low er values.

8 4 .2
TIAGABINE PREVENTS SEIZURES, NEURONAL DAMAGE AND  
M EM O RY IMPAIRM ENT IN EXPERIMENTAL STATUS EPILEPTICUS.
T. Halonen*. J. Nissinen. J.A. Jansen1. H.B. Menael2 and A. Pitkä nen. 
Department of Neurology and A.I.Virtanen Institute, University of Kuopio, 
P.O.Box 1627, FIN-70211 Kuopio, Finland and 1 Department of 
Pharmacokinetics and 2Clinical Development CNS, Novo Nordisk A/S, 
Novo Nordisk Park, DK-2760 Malov, Denmark.

W e studied the efficacy of a novel antiepileptic drug, tiagabine (NO-328  
or (R(-)-N-[4,4-bis(3-methylthien-2-yl)but-3-enyl]-nipecotic acid, 
hydrochloride), in preventing seizures, seizure-induced neuronal damage 
and the impairment of spatial memory in the perforant pathway stimulation 
model of status epilepticus. Subchronic treatment with tiagabine (Alzet 
pumps, 50 mg/kg/day) that was started 3 days before the induction of 
seizures and continued 4 days thereafter, completely prevented the 
appearance of generalized clonic convulsions during the stimulation 
(p<0.001). in the same rats, tiagabine treatment reduced the loss of 
pyramidal cells in the CA3c and CA1 fields of the hippocampus (p<0.05) but 
not the loss of somatostatin immunoreactive neurons in the hilus. Two 
weeks after the perforant pathway stimulation, tiagabine-treated rats 
performed better in Morris water-maze test than the vehicle-treated rats 
(escape latency and distance, p<0.001). Our results show that tiagabine 
treatment reduces the severity of seizures in perforant pathway stimulation 
model of status epilepticus. Possibly associated with the reduction in 
seizure number, tiagabine treatment also reduced the seizure-induced 
pyramidal cell damage in the hippocampus as well as the impairment of 
spatial memory associated with the hippocampal damage.
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8 4 .3

REM ISSIO N  OF C H R O N IC  S P O N TA N E O U S  S E IZ U R E S  IN THE  
PILOCARPINE MODEL AFTER TREATM EN T W ITH OXCARBAZEPINE. 
M.S. Franca, C M. Kohmann*, A.A.Goraulho, E.M.Bastos, D.K. Arashiro and
L.E.A.M.Mello, Depto. de Fisiologia, Escola Paulista de Medicina-UNIFESP, 
04023-900 São Paulo, Brazil.

The brain damage, neurological deficits and spontaneous recurrent 
seizures (SRS) that may be associated to epilepsy, lead to a constant search 
for new therapeutic agents. Here we have used adult, male, Wistar-EPM 1 
rats divided into 4 different groups: A) received methyl-scopolamine (Me) (1 
mg/kg, i.p.) followed by pilocarpine (Pilo) (350 mg/kg, i.p.); B) injected with 
Me and Pilo (as above) and with 10-20 mg/kg/day, i.p., over the next 6 days, 
of the anticonvulsant drug Oxcarbazepine (Oxcz); C) injected with Oxcz (20- 
60 mg/kg, i.p.) and 30-240 min later with Me and Pilo; D) injected with Oxcz 
(20-60 mg/kg, i.p.), 30-240 min later with Me and Pilo, and with Oxcz (10-20 
mg/kg/day) over the next 6 days. Even though Oxcz pre-treatment protected 
against Pilo-induced status epilepticus (SE), several of the animals that 
received it developed SE that seemed behaviorally and electrographically as 
intense as that of the animals that received Pilo only. Behavioral 
observations for the assessment of SRS were done thereafter for over 40 
weeks, 3-8 h/day, 5 days/week. Mean seizure frequency of groups B and D 
(0.36 and 0.59 SRS/rat/week, respectively) was significantly lower than that 
of groups A and C (1.20 and 1.92 SRS/rat/week respectively). Two animals 
of group B never developed SRS even though they had developed SE. 
Furthermore 3 rats of group C had remission of SRS. Group A rats tended to 
show an increase in SRS frequency over time (r=0.5 , p = 0 .0 0 0 1 ) .  
Conversely, Oxcz administration lead to an stationary pattern of SRS over 
time (all groups). We suggest that Oxcz administration might affect the 
epileptogenic effect of Pilo-induced SE.
Acknowledgements: Oxcarbazepine was kindly supplied by Biogalê nica 
(CIBA-Brazil). Research supported by: FAPESP, CNPq and FINEP (Brazil).

84 .5

GENETICAL INFLUENCE ON THE OCCURRENCE OF PHENYTOIN 
RESPONDERS AND NONRESPONDERS IN AMYGDALA-KINDLED RATS.
U. Ebert*. S. Maier and W . Löscher. Dept. Pharmacology, Toxicology & 
Pharmacy, School of Veterinary Medicine, D-30559 Hannover, Germany.

Phenytoin is considered to be of low or inconsistent efficacy in excerting 
anticonvulsant activity in amygdala-kindled rats. Recently, we found evidence that 
the anticonvulsant response to phenytoin is an individual characteristic of each rat 
and that phenytoin nonresponders also exhibit less efficacy to other anticonvulsants 
(Löscher et al., Epilepsy Res. 15: 207, 1993). The procedure for selecting 
responders and nonresponders included four applications of 75 mg phenytoin/kg 
body weight in fully-kindled rats with stereotaxically implanted electrodes in the 
right basolateral amygdala. Thresholds for eliciting afterdischarges (ADT) were 
determined 1 h after application and compared to control ADTs obtained three days 
before. Phenytoin responders consistently showed an increase in ADT of 100% or 
more while phenytoin-nonresponders did not show a significant increase in any of 
the four test trials. About 25 % of Wistar rats were responders and nonresponders, 
respectively, while the remaining rats show variable responses to phenytoin.

In a first step we excluded technical and environmental influences on the selection 
result of a  group of 101 female and 38 male Wistar rats. As the selection process is 
time-consuming we then tried to breed phenytoin responders and nonresponders. In 
the F2-generation the frequency of selected responders and non-responders did not 
change significantly compared to the parental generation. However, the incidence of 
responses in individual trials increased in the offspring of responders and decreased 
in the offspring of nonresponder by about 20%, respectively. These data indicate 
that the ability to respond to phenytoin is genetically influenced although it does not 
follow a simple scheme of inheritance. In a third step we selected Sprague-Dawley 
rats as well as rats from the five inbred strains, Lewis, F344, WKY, BN and ACI, 
in order to find strains with a more homogeneous response to phenytoin than Wistar 
rats. Preliminary selection results from these experiments indicate that most Fischer 
rats are phenytoin responders while phenytoin had a low anticonvulsant efficacy in 
Lewis and BN rats which may therefore be well suited for obtaining phenytoin 
nonresponders. Supported by the Deutsche Forschungsgemeinschaft
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MDL 27,192 5-(4-CHLOROPHENYL)-2,4-DIHYDRO-4-ETHYL- 
3H -1,2,4-TRIAZOL-3-ONE, A POTENTIAL BROAD-
SPECTRUM  ANTICONVULSANT. J.H . K ehne*. B.M . Baron. 
J. E lands1, J.M. Kane, A.M . Ogden, C.J. Rogers, G. Vargas2, 
H.S. White2, H .H. W olf2, J.H . W oodhead2. T .C . M cC loskey.Y  
Senyah, S .F . Chaney, and G. M etcalf. M arion Merrell Dow 
Research Institute, Cincinnati, OH and Strasbourg, F rance1, and 
Anticonvulsant Drug Development Program , University o f U tah2, 
Salt Lake City, UT.

M DL 27,192 reduces chemically-, electrically- and sound- 
induced seizures in rodents, w ith a long duration o f action (>12 h) 
seen following oral administration to rats. MDL 27,192 's activity 
against maximal electroshock- and metrazol-induced seizures and its 
ability to raise i.v. metrazol threshold suggests that M DL 27,192 
exerts its anticonvulsant action by affecting seizure spread and by 
raising seizure threshold. Anticonvulsant tolerance (15 days 
administration) was not seen, and neuroprotective activity was 
demonstrated in a rat stroke model. MDL 27,192 inhibited 
harmaline-stimulated cerebellar cGM P, inhibited in vivo  [3H]Ro 15- 
1788 binding in m ouse cortex (0.1 - 3 m g/kg), and enhanced 
GABA-stimulated chloride currents in rat cortical neurons, actions 
suggestive o f GABAa positive modulation. Overall, M DL 27,192 
has a valproate-like preclinical anticonvulsant profile. MDL 27,192 
may prove effective against a range o f human seizure disorders and 
may be differentiated by properties that include minimal tolerance, 
activity against chronic neurodegeneration, and a mechanism 
involving a novel interaction with the G ABA a receptor complex.

8 4 .4

EFFECT OF NIM OD IPIN E AND N ICA RD IPIN E ON EEC, ACTIVITY 
AND EEC POW ER SPECTRA IN KAINIC ACID -IN D U C ED  SEIZURES 
IN RATS. J. Križ*, G. Ž upan, A. S im onić . D ept. of Pharmacology, School 
of M edicine, Univ.of R ijeka, 51000 Rijeka, Croatia.

Kainic acid (KA) is an excitatory glutam inergic agonist that given intra- 
hippocam pally induces seizures. The EEC changes show spike activity 
originating in limbic system  associated with the increase in EEC power 
spectra. The aim  of our study was to investigate whether nim odipine and 
nicardipine could prevent KA-induced changes in EEC activity. Experiments 
were performed on adult W istar rats. They were anesthetized and placed in a 
stereotaxic apparatus.Vehicle, nim odipine or nicardipine ( 1 ,3 ,  10 and 30 
m g/kg) had been given 30 m inutes prior to intrahippocam pal injection of KA 
(15 nmol). In each rat four screw electrodes were placed over the frontal and 
parietal cortex. The EEC was recorded in basal conditions and 5, 10, 15, 30 
and 60 m inutes after KA adm inistration. In order to obtain EEC samples for 
frequency analysis, the output o f EEC m achine was amplified and was 
transm itted to an IBM AT-com patible m icrocom puter via ar log-to-digital 
converter. The system  was calibrated using 500 μV. In order to obtain power 
spectra between 0-30 Hz, two 7.5 s samples o f artefact free EEC were 
analysed. Spectral averages were computed using Fast Fourier Transform. 
Individual power of each frequency bin was normalised to average total 
power of baseline. EEC frequencies were collapsed in 1 Hz bins. Our results 
dem onstrate that nicardipine was not effective while nim odipine in doses of 
10 and 30 mg/kg prevented KA-induced excitatory changes in EEC and 
EEC power spectra.

8 4 .6
MICROINJECTION OF PHENOBARBITAL BUT NOT CLONAZEPAM INTO 
ANTERIOR VENTRAL LATERAL THALAMUS (VLa) PRODUCES BIPHASIC 
EFFECTS ON ABSENCE SEIZURES IN LETHARGIC (lh/lh) MICE D.A. Hosford*. 
Y. Wang . Duke & Durham V.A. Med. Ctrs., Durham, NC 27705.

Absence seizures represent synchronized burst-firing of thalamocortical 
neurons, which are driven by tonic GABAergic output of nucleus reticularis 
thalami (NRT). Activation of GABAa receptors on NRT neurons reduces NRT 
output and retards thalamocortical burst-firing. Although this mechanism in NRT 
may underlie antiabsence effects of the benzodiazepine clonazepam (Huguenard 
& Prince, J. Neurophysiol. 71, 1994), it does not explain observations that 
barbiturates worsen absence seizures. W e have shown that microinjection of 
clonazepam, phenobarbital and muscimol into NRT suppressed absence 
seizures in lh/lh mice (Epilepsia 35 [Suppl. 8], 1994). In this study we tested the 
hypothesis that clonazepam and phenobarbital produce disparate effects on 
absence seizures in lh/lh mice after microinjection into VLa, a prototypic relay 
nucleus containing thalamocortical neurons.

On successive days we microinjected vehicle and phenobarbital (.16 - 1600 
nmoles), clonazepam (16 pmoles - 2.2 nmoles), or muscimol (88 fmole - 88 
pmole) bilaterally into VLa of 8-week-old male lh/lh mice. W e analyzed effects 
on seizure frequency after histologic confirmation that cannulae were in V La

Phenobarbital (1.6 nmoles) and muscimol (.88 pmoles) increased seizure 
frequency, whereas higher doses (160 nmoles and 88 pmoles, respectively) 
significantly suppressed seizure frequency. In contrast, clonazepam produced 
no effect on seizure frequency even at a dose of 2.2 nmoles; this same dose 
significantly suppressed absence seizures after microinjection into NRT.

These findings suggest that phenobarbital may worsen absence seizures 
through actions on thalamocortical cells (VLa). Region-specific GABAa receptor 
isoforms may underlie the contrasting effects of clonazepam after microinjection 
into NRT and V L a  (Supported by V.A. Merit Review & NIH-NS30977 to D.A.H.)

8 4 .8
NEUROACTIVE STEROIDS PROTECT AGAINST PILOCARPINE- AND KAINIC 
ACID-INDUCED LIMBIC SEIZURES AND STATUS EPILEPTTICUS IN MICE.
T.G. Kokate*. A. Cohen. E. Carp and M .A. Rogawski. Neuronal Excitability 
Section, ERB, NINDS, NIH, Bethesda, MD 20892.

We previously reported that several structura lly related metabolites of 
progesterone (3α -hydroxy-pregnane-20-ones) and deoxycorticisterone (3α - 
hydroxy-21-diol-20-ones) are e ffective anticonvulsants against metrazol- 
induced clonic seizures in mice (Kokate et at., JPET, 270, 1994). In this 
study, we evaluated the activ ity  of these neuroactive steroids for protection 
against pilocarpine-, kainic acid- and NMDA-induced seizures in mice. Steroids 
w ith  the 3-hydroxy group in α -position and 5-H in α /β-configuration were 
highly e ffective  in protecting against pilocarpine (416 mg/kg, s.c.(-induced 
limbic seizures and status epilepticus (ED50 values, 7 .0 -18 .8  mg/kg, i.p.). The 
corresponding epimers w ith  the 3-hydroxy group in β-position were also 
e ffective  but less potent (ED50 values, 33 .8 -63 .5  mg/kg, i.p.). A lthough 
neuroactive steroids tested were considerably less potent than the 
benzodiazepine clonazepam in protecting against pilocarpine seizures, steroids 
w ith  3a, 5a configuration had comparable or higher protective index values 
(TD50/ED50) than clonazepam, indicating lower relative tox ic ity  o f steroids. 
Steroids w ith  3a, 5a/p configurations also produced a dose-dependent delay 
in the onset of the limbic seizures induced by kainic acid (32 mg/kg, s.c.), but 
did not completely protect against the seizures. However, when a second 
dose o f steroid was administered 1 hr a fter the firs t dose, complete protection 
from  the kainic acid-induced limbic seizures and status epilepticus was 
obtained. The steroids also caused dose-dependent delay in NMDA (257 
mg/kg, s.c.)-induced lethality, but did not completely protect against NMDA 
seizures or lethality. We conclude tha t neuroactive steroids are highly 
e ffective  in protecting against pilocarpine- and kainic acid-induced seizures 
and status epilepticus in mice, and may be of u tility  in the treatm ent of some 
forms of status epilepticus in humans.
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8 4 .9

A N T IC O N V U L S A N T  E F F E C T  O F  V A R IO U S  N E U R O S T E R O ID S  
SOLUBILIZED IN 2 -HYDRO XYPRO PYL-β -CYCLODEXTRIN. M. Brewster*, 
W. Anderson, E. Pop, A. Webb§ and A. Biegon¶ . Pharmos, Corp. Alachua, 
FL 36215, § Coliege of Veterinary Medicine, University of Florida, Gainesville, 
FL 32610 and ¶ Pharmos, Corp. Rehovot, ISRAEL

Various synthetic and naturally occurring progesterone derivatives exert 
significant pharmacological activity which in many cases are associated with 
rapid modulation of neuronal excitability, most likely via potentiation of GABA 
interaction with the GABAA'benzodiazepine receptor complex. As a result, 
various progesterone A-ring reduction products including pregnanolone (1) 
and pregnenolone (2) as well as alfaxalone (3) may be useful in seizure 
attenuation. One problem in testing these derivatives is their extremely poor 
water solubility which can be overcome through complexation with water- 
soluble chemically modified cyclodextrins, in particular, 2-hydroxypropyl-β- 
cyclodextrin (HP(3CD). Complexes of H P β CD with (1), (2) and (3) were 
prepared and tested i.v. in various murine models of epilepsy, including 
maximum electroconvulsive shock (MES, 70 mA, 0.2 sec, 60  Hz, pinnae 
electrodes), threshold pentylenetetrazol seizures (PTS, 85 mg/kg, s.c.), 
maximum pentylenetetrazol seizures (MPS, 150 mg/kg, i.p.), and picrotoxin 
(3.15 mg/Kg, i.p.), bicuculline (2.7 mg/Kg, i.p.) and strychnine (1 2  mg/Kg, i.p.) 
induced seizures (PIS, BIS and SIS, respectively). All chemical convulsants 
were administered 15 min. subsequent to drug administration. Significant 
protection against MES was provided by both (1) and (3) with ED50 values of
23.0  and 13.8 mg/kg, respectively. Compound (2) was ineffective in this 
assay. On the other hand, (2) did inhibit PTS at a dose of 21 mg/Kg. 
Compounds (1) and (3) were significantly more effective with ED50 values of
4.1 and 8.4 mg/kg respectively. In MPS, (2) did not protect animals while both 
(1) and (3) inhibited convulsions at median doses of 14.2 and 17.0 mg/kg, 
respectively. Finally, none of the three progesterone derivatives were  
effective in preventing seizures due to picrotoxin, bicuculline or strychnine.

84 .11

ANTICONVULSANT EFFECTS OF CCD 1042 IN A 4-AMINOPYRIDINE 
SEIZURE MODEL IN MICE. K. E. Vanover* Department of Pharmacology, 
CoCensys, Irvine, CA 92718.

4-Aminopyridine (4-AP) is a voltage-gated potassium channel blocker used for 
studying seizures in mice and rats in vivo and for studying epileptiform activity 
in hippocampal slices in vitro. The purpose of the present study was to evaluate 
the protective effects of the neuroactive steroid CCD 1042 against 4-AP-induced 
convulsions and lethality in vivo and compare its effects to those of clinically- 
effective anticonvulsants. The effects of test compounds were measured first on 
traction reflex in mice. Loss of traction on a horizontal wire indicated general 
behavioral toxicity. Immediately following the traction test, 17.0 mg/kg 4-AP, 
i.p., was administered. This dose of 4-AP alone caused clonic convulsions 
followed by tonic convulsions and death. Survival or protection against 4-AP- 
induced lethality was measured 20 min following injection of 4-AP. Similar to 
carbamazepine (10.0-30.0 mg/kg, i p., 15 min pretreatment interval) and 
valproic acid (100.0-300.0 mg/kg, i.p., 15 min), the novel anticonvulsant CCD 
1042 (10.0-100.0 mg/kg, i.p., 15 min) caused dose-related protection against 4- 
AP-induced lethality. Moreover, CCD 1042, carbamazepine, and valproic acid 
produced anticonvulsant effects at doses that did not decrease traction reflex. In 
contrast, the endogenous neuroactive steroids 3α-hydroxy-5α-pregnan-20-one 
(3α ,5α-P; 3.0-30.0 mg/kg, i.p., 15 min) and 3α-hydroxy-5β-pregnan-20-one 
(3α ,5β-P; 3.0-56.0 mg/kg, i.p., 15 min), and the benzodiazepines clonazepam 
(0.3-10.0 mg/kg, i.p., 30 min) and diazepam (0.3-3.0 mg/kg, i.p.,15 min) were 
effective only at doses which also caused general behavioral toxicity. These 
results support previous reports of anticonvulsant activity by neuroactive steroids 
and suggest that CCD 1042 may represent a novel class of compounds for the 
treatment of seizure disorders.

8 4 .1 3
POTASSIUM CHANNEL OPENING PROPERTIES OF D-23129, AN 

.ANTICONVULSANT WITH POTENT EFFECTS IN RODENT MODELS FOR 
GENERALISED AND FOCAL SEIZURES
C. Rundfeldt. C. Tober. A. Ganquly2, H. H. Wolf2 and H. S. White*2. 
Arzneimittelwerk Dresden GmbH, Department o f Pharmacology, Meißner Str. 191, 
01445 Radebeul, FRG; 2Anticonvulsant Screening Project, Department. of 
Pharmacology & Toxicology, University o f Utah, SLC, UT 84112, USA

The broad effectiveness of the new anticonvulsant D-23129 (N-(2-amino-4-(4- 
fluorobenzylamino)-phenyl) carbamic acid ethyl ester) in animal models of epilepsy 
has been shown previously (C. Tober et al., Soc. Neurosci. Abstr. 20, 1641, 1994). 
The goal of this study was to demonstrate the time course of activity using the rapid 
hippocampal kindling and to elucidate the possible mode o f anticonvulsant action. In 
fully kindled male rats peak anticonvulsant effects were seen within 15 min after ip. 
administration o f 3.75 and 5 mg/kg and the protection could be observed for 60 and 
120 min, respectively. To determine D-23129's mechanism of action, its influence on 
potassium (K+) channels in differentiated NG108-15 cells was examined using the 
whole cell configuration of the patch clamp technique. D-23129 dose dependently 
(0.1-100 μmol/1) initiated an outward conductance when pressure applied to cells 
clamped at -40 mV; the current was reversed in cells held at -120 mV. At the reversal 
potential of K+ no current could be elicited. The conductance could be blocked if K+ 
was replaced with caesium; 4-aminopyridine (500 μmol) had no effect. A different 
effect on voltage-activated K+ channels was observed: pressure application of D- 
23129 ( 1, 10 and 100 μmol/1) for 1 min reduced the peak current initiated by a voltage 
step from -40 mV to +20 mV by 3, 17 and 32%, respectively. Potassium channel 
openers represent a novel target for anticonvulsant drug development. D-23129 exerts 
potent effects on K+ channels, which are open in resting cells; the block o f voltage- 
activated channels is present only at higher concentrations. The results indicate, that 
D-23129 is a potent anticonvulsant with a novel mode of action.

84 .1 0
G A B A a RE C EPTO R -M ED IA T ED  A N TIEPILEPTIC  EFFECTS OF 

NEUROSTEROID, 20-HYDROXY ECDYSONE, IN SPONTANEOUSLY 
EPILEPTIC RATS (SER) . R. Hanaya*, M. Sasa#, T. Serikawa##, T. Akimitsu,
K. l ida, K. Kurisu. Depts. of Neurosurgery and #Pharmacology, Hiroshima 
University School of Medicine, Hiroshima, 734, ##Inst. of Laboratory Animals, 
Faculty of Medicine, Kyoto University, Kyoto, 601-661, Japan.

The spontaneous epileptic rat (SER) , a double mutant (zi/zi, tm/tm) , exhibits 
both tonic convulsion and absence-like seizures characterized by a sudden 
appearance of 5-7 Hz spike-wave-like complexes. We have previously reported 
that 20-hydroxy-ecdysone (20-OH ED) , a novel neurosteroid, found in insects, 
potentiates GABA-induced currents mediated by GABAa receptor in rat cultured 
hippocampal neurons. Since the receptor for this neurosteroid is found in mammalian 
brain, 20-OH ED may inhibit convulsive seizures. Using chronically implanted 
electrodes in the cerebral cortex and hippocampus, we thus examined whether or 
not this compound would inhibit convulsion in SER. Blowing stimulus was given 
to the SER during EEG recording every 5 min to induce tonic convulsion and to 
keep alert. Intraperitoneal injection of 20-OH ED (50 mg/kg) in SER inhibited 
frequency and total duration of tonic convulsion without any significant effects on 
absence-like seizures and back ground EEG. However, dose lower than 25 mg/kg 
did not suppress seizures. Bicuculline (1 mg/kg; i.p.) significantly antagonized 
the inhibitory effects of 20-OH ED in SER. These results suggest that 20-OH ED 
exhibits an anticonvulsive effect that is probably mediated by the GABAa receptor.

84 .1 2
ADMINISTRATION OF THE CALCIUM AGONIST BAY K 8644 AND ANTAGONIST 
NIMODIPINE BOTH SHORTEN THE LATENCY TO SEIZURE OBSERVED BY EXPOSING 
RATS TO HYPERBARIC OXYGEN. T.M. Kerr. S.T. Ahlers, C.R. Auker, and J.R. Thomas*. 
Naval Medical Research Institute, Bethesda, MD 20889-5607.

Intracellular and extracellular calcium are thought to play a modulatory role in the 
propagation of seizure activity in the brain. The latency to seizures induced by 
pentylenetetrazol (PTZ) has been shown to be increased by administration of Ca2+ antagonists 
and decreased by administration of Ca2+ agonists. The aim of the present investigation was 
to examine the effects of the voltage-sensitive L-type calcium channel drugs Bay K 8644 and 
nimodipine on seizures produced by exposing rats to 100% hyperbaric oxygen (HBO). Adult, 
male, Long-Evans rats were injected ip with 10.0 mg/kg nimodipine (n=7), 1.0 mg/kg Bay K 
8644 (n=7), or an equivalent volume of vehicle (n=8) 30 minutes prior to exposure to 6 
atmospheres absolute (165 feet of seawater) HBO. The latency to overt behavioral seizure 
was recorded. Raters were blind to the experimental conditions. Rats treated with the vehicle 
demonstrated a mean seizure latency of 516 (± 101 SEM) seconds. The HBO seizure was 
characterized by facial/forelimb clonus and forelimb tonic components. Pretreatment with the 
Ca2+ agonist Bay K 8644 shortened the mean latency to seizure to 275 (± 41 SEM) seconds. 
Nimodipine also decreased the latency to 349 (± 90 SEM) seconds. In general, seizures 
induced by Bay K 8644 tended to be more severe than controls, whereas those induced by 
nimodipine were indistinguishable from controls. The results suggest that Ca2+ is modulated 
differentially in HBO versus PTZ-induced seizures. (Supported by NMRDC Work Unit 62233N 
343P30.004-1519)

8 4 .1 4
AWD 140-190: A NEW ANTICONVULSANT WITH SODIUM CHANNEL 
BLOCKING PROPERTIES
A. Rostock. C. Rundfeldt*. C. Tober and R. Bartsch Arzneimittelwerk Dresden 
GmbH, Department of Pharmacology, MeiBner Str. 191, 01445 Radebeul, FRG;

AWD 140-190 (4-(4-bromophenyl)-3-morpholino-pyrrole-2-carboxylic acid 
methyl ester) is one of the most potent anticonvulsants from a series of 150 3- 
aminopyrroles, selected in primary screening. While the drug is effective against 
electrically induced seizures (ED50 in the maximal electroshock (MES) seizure test: 
2.5 mg/kg po in rats), it is not active against metrazole-induced convulsions. The drug 
exerts potent effects in a predictive model for complex partial seizures, the amygdala 
kindling in rats; the afterdischarge threshold is potently elevated after 15 mg/kg po. 
Using the MES threshold test in mice during chronic treatment, no development of 
tolerance was observed; the acute elevation of threshold after 10 mg/kg po of 49,8% 
was preserved during 14 day treatment. On withdrawal, no proconvulsive reduction of 
threshold was observed indicating no dependence liability. To determine AWD 140- 
190's mechanism of action, its effect on voltage gated sodium channels in 
differentiated NG108-15 cells was examined using the whole cell configuration of the 
patch clamp technique. The drug (1 and 30 μmol/1) significantly reduced the sodium 
current elicited by a depolarising step from -60 to 0 mV by 7.4 and 36,3%, 
respectively. Like phenytoin, a strong voltage dependence of the block was observed. 
The effect of 10 μmol/1 AWD 140-190 was highly frequency dependent. At 10 Hz 
stimulation, the block was 21% at the first depolarisation and increased to 70% after 
10 depolarisations; with phenytoin (100 μmol/1) a 20% block at the first depolarisation 
was only doubled. With both drugs, no potentiation was seen at 1 Hz stimulation.

AWD 140-190 is a potent anticonvulsant which is currently undergoing further 
development. While showing a similar profile to phenytoin in primary screening 
models, it is more effective in predictive models of complex partial epilepsy. This can 
be explained by its potent effects on sodium channels.
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A CUTE EFF EC TS O F A T P-SEN SITIV E PO TASSIU M  CHANNEL 
O PEN ER , LEV CR O M A K A LIM  ON H IPPO CA M PA L KINDLING 
SEIZURES. K. Em ori1  H. Katsumori1. H. Higashida1,2. Y. Ito2 . M. 

Hasihii1,2 and Y. Minabe1*  1Division of Conical Function Disorder, National 

Institute of Neuroscience, NCNP, Kodaira, Tokyo 187, Japan; 2Dept. of Biophysics, 
Neuroinformation Research Institute, Kanazawa Univ. School of Med., Kanazawa 
920, Japan.

In this study we assessed the effect of levcromakalim(BRL38227), ATP-sensitive 
K+ channel opener, on the seizure threshold and severity in the hippocampus of 
partially kindled, freely moving, male Wistar rats. For comparison ATP-sensitive 

K+ channel blocker, glibenclamide, K+ channel blocker, tetraethylammonium(TEA), 
calcium channel antagonist, nimodipine and calcium slow channel agonist, Bay K 
8644 were also tested. The seizure threshold was determined using the pulse number 

threshold(PNT) and seizure severity was ascertained using the afterdischarge duration 
(ADD). Levcromakalim decreased ADD at 10nmol i.c.v. and decreased PNT at 

100nmol. TEA( 10nmol i.c.v.) increased AD duration selectively. Glibenclamide) 1- 
l 00nmol i.c.v.) failed to change PNT and ADD. Nimodipine(40mg/kg i.p.) decreased 
ADD and PNT. BAY K 8644(1 mg/kg i.p.) decreased PNT and increased ADD. In 
addition, voltage-clamp recording from neuroblastoma hybrid cells indicated that 

cromakalim inhibited calcium dependent K+ current. These results suggest that anti- 
and proepileptic action of levcromakalim may be caused by inhibiting calcium 
channel or calcium dependent K+ channel, not by activating ATP-sensitive K+ 
channel.

84 .17

FOCAL INTRACEREBRAL GLUTAMATE ANTAG ONISTS AS 
ANTICONVULSANT TREATM ENT IN A MODEL O F CO M PLEX PARTIAL 
SEIZURES IN NONHUMAN PRIMATES. K. Gale. D. Olson. M. Mihali, L. 
Keough, V. Gunderson, and M. Dubach*. Georgetown University, Washington 
DC; University Washington, Seattle W A 98195

We have previously identified a small epileptogenic zone, in the 
vicinity of the deep anterior piriform cortex of the monkey, from which 
repetitive complex partial seizures are evoked by the unilateral application of 
nanomole doses of the GABA antagonist bicuculline. This region, area 
tempestas (AT), with a diameter less than 3 mm in the pigtailed macaque, is 
located 2-3 mm dorsal to the anterior amygdala, and 2-3 mm posterior to the 
sphenoid wing, in the narrow anterior junction between temporal and frontal 
cortex. In the present study we examined the effect of focal glutamate 
antagonists in AT on seizures evoked at this site by bicuculline (5 nmol). The 
AMPA antagonist NBQX (2.5-5.0 nmol), when applied to AT 5 minutes before 
bicuculline, completely protected all animals (n=4) against complex partial 
seizures. The NMDA antagonist AP7 (5.0-10.0 nmol) was less effective and 
shorter-acting than NBQX. Our data indicate the feasibility of local glutamate 
antagonist administration to control complex partial seizures in the primate 
brain. A new device for intracerebral treament is now being used for 
maintaining long-term, adjustable perfusion at this site with glutamate 
antagonists. The device is a Local Extended Access Fiber (LEAF), a semi- 
permeable dialysis fiber implanted in a minimally invasive fashion, along a 
geometrically complex trajectory through a targeted region. Both ends are 
accessible, either subcutaneously, or from a cranial platform. Glial scarring 
adjacent to the implant is barely detectable even after several weeks. The 
ability to administer glutamate antagonists over prolonged periods to a 
restricted brain region should allow anticonvulsant actions to be maintained 
while avoiding many behaviorally toxic side effects of these drugs.

8 4 .1 9

A COMPARISON OF THE EFFECTS OF CPP AND PHENYTOIN ON  
TRANSFER FROM APPETITIVE TO AVERSIVE CONTEXTS IN ADULT 
RATS. M.K. Banks*1,2, N.L. Mohr2. E.A. Bernard2. S.F. Logue1,2 J .E. 
Steinmetz1,2. and P.E. Garraghty 1.2, 1prog. Neur. Sci., 2Dept. Psych., Indiana 
University, Bloomington, Indiana, 47405.

W e have previously reported that phenytoin treatment impairs 
performance in the transfer from a signalled appetitive bar press to an active 
avoidance response in adult rats (Mohr et a l., 1994). W e hypothesized that 
this deficit resulted from phenytoin's actions at NMDA receptors or their 
associated ion channels.

In the present experiments, we have tested this hypothesis using CPP, 
a highly specific, competitive NMDA antagonist, in the same behavioral 
paradigm. Using I.A.C.U.C.-approved methods, we first trained rats to obtain 
food reinforcement with a barpress (CR) in the presence of a tone (CS) for 21 
sessions of 100 trials each. When the animals acquired this response, 
osmotic minipumps containing CPP  (18mg in 2ml saline dispensed at 
approximately 27 μ g/hr for 4 weeks) were implanted subcutaneously, and 
appetitive training continued for 3 days. The rats were then transferred to 
the avoidance task. The CPP-treated animals were run in the avoidance task 
for 25 days with 300 tone-signalled avoidance trials per daily session. As for 
the phenytoin-treated rats, the rats treated with CPP showed an inability to 
acquire the avoidance response. These results suggest that the learning 
deficits associated with phenytoin maintenance are also found in rats treated 
with CPP, and thus may very well be due to actions at NMDA receptors.

8 4 .16
ACUTE EFFECTS OF VARIOUS GABA AND GLUTAM ATE 

RE C EPTO R  AGONISTS AND ANTAGONISTS ON HIPPOCAM PAL 
KINDLING SEIZURES. H. Katsumori1,2*. K. Emori1  C.R. Ashby3, M. 

Osawa2. and Y. Minabe1. 1Division of Cortical Function Disorder, National Institute 

of Neuroscience, NCNP, Kodaira, Tokyo 187, Japan; 2Dept. of Pediatr., Tokyo 

Women’s Med. Collage, Shinjuku, Tokyo 162, Japan; 3Med. Dept. Brookhaven 

National Lab., Upton, NY 11973.

In this study we assessed the effect of the following compounds on the seizure 

threshold and severity in the hippocampus of partially kindled, freely moving, male 

Wistar rats; muscimol, bicuculline, baclofen, CGP35348, MK-801, CGS19755, D- 

serine, 7-chlorokynurenic acid(7-CKA),YM90K(AMPA antagonist),1S,3R-ACPD and 

MCPG. The seizure threshold was determined using the pulse number threshold)PNT) 

and seizure severity was ascertained using the afterdischarge duration) ADD). Muscimol 

(lnmol i.c.v.) decreased AD duration whereas lOnmol had no effect. CGP35348 (50,

10 0 mg/kg i.p.) decreased PNT selectively. MK-801(0.3mg/kg i.p.) increased PNT 

selectively. CGS19755(5mg/kg i.p.) and MCPG(50nmol i.c.v.) increased PNT and 

ADD. Bicuculline) I , 5mg/kg i.p.), baclofen(2, 5mg/kg i.p.), D-serine(0.1, l μ mol 

i.c.v.), 7~CKA1 0 , 100nmol i.c.v.) and 1S,3R-ACPD(5, 50nmol i.c.v.) failed to alter 

the PNT or ADD. YM90KG0, 20mg/kg i.p.) decreased ADD and increased PNT. In 

conclusion, GABAB receptors may play a role in seizure initiation and AMPA 

antagonists might be useful in treating partial seizures generated in the hippocampus.

84 .18
ANTICONVULSANT STR U CTU RE-A CTIV ITY  RELATIONSHIPS 
O F A SERIES O F N OV EL NMDA R EC E PT O R /G L Y C IN E SITE 
ANTAGONISTS IN THE M AXIM AL ELECTRO SH O CK  SEIZURE 
(M ES) M OD EL IN M IC E. M. T ran*1. K. Lutfy2, Z. Xu1. S.X. Cai1 
a n d  E. W e b e r 2. 1 Acea P harm aceuticals, Inc., a subsidiary of 
CoCensys, Inc., 213 Tecnology Drive, Irvine, CA 92718; 2Dept. of 
Pharmacology, University of California, Irvine, Irvine, CA 92717.

The N-methyl-D-aspartate (NMDA) receptor is involved in epilepsy. In 
the present study, the anticonvulsant structure-activity relationship of a 
series o f novel NMDA receptor/glycine site antagonists, that all had 
substitutions at positions 5, 6, and 7 o f the arom atic ring of 
quinoxalinedione, was tested in the MES test in Swiss Webster mice. Mice 
(n ≥ 8 mice/dose) were injected i.v. with either these novel agents or an 
appropriate vehicle. Seizures were then induced by applying a rectangular 
pulse, 50mA, 60-70 pulses/sec, 0.8msec pulse width and 0.2 sec train 
length  at 2, 15, 30, and 60 min. 5-N itro-6 ,7-d ichloro-2 ,3- 
quinoxalinedione (ACEA-1021) showed a dose-dependent protection 
against MES-induced seizures in mice with an ED50 o f 4.0 (3.18-5.02) 
mg/kg. Substitution o f a chloro with a methyl group at the position 6 of 
ACEA-1021 significantly increased the potency of the drug by 5-fold. 
However, replacement of both chloro by methyl groups had no significant 
effect on the potency of ACEA-1021. Furthermore, replacement of 
dichloro by difluoro at positions 6 and 7 increased the potency by 3-fold. 
In contrast, substitution of a nitro group by N-oxide at the position 5 
decreased the potency o f  the drug by approximately 2-fold. All 
compounds showed anticonvulsant activity at 2 min following i.v. 
administrations, which lasted for approximately 1 hr; except the N-oxide 
and difluoro subsituted compounds, that displayed a relatively shorter 
duration of action. (Supported in part by NIDA Grant DA 06726)

84 .20
PHENYTOIN BLOCKS THE REVERSAL DISCRIMINATION OF A 
CLASSICALLY CONDITIONED EYEBLINK IN RABBITS. J.D. Churchill*. J.E.
Steinmetz. and P.E. Garraghty. Program in Neural Science, Department of 
Psychology, Indiana University, Bloomington, IN 47405.

We have previously reported that phenytoin maintenance blocks transfer 
from a signalled appetitive bar press to an active avoidance response in rats 
(Mohr et al., 1994). We suggested that this deficit resulted from phenytoin's 
antagonistic actions at NMDA receptors. Here, using I.A.C.U.C.-approved 
methods, we have investigated the effects of phenytoin in rabbits required to 
learn a stimulus discrimination reversal in a classical eyeblink conditioning 
paradigm. Discrimination training consisted of two tones, one paired with an air 
puff to the cornea (CS+), and an unpaired tone (CS-). Discrimination criterion 
was established at >75% conditioned responses (CRs) to the CS+ and <25%  
CRs to the CS-. In the reversal task, the initial CS+ became CS- and vice versa. 
In six rabbits, phenytoin was delivered directly into the area of the 
hippocampus via an indwelling cannula on the first day of the reversal task. 
Additional rabbits received daily intramuscular injections of fosphenytoin (a 
phenytoin prodrug provided by Parke-Davis) prior to reversal training.

Berger & Orr (1983) have reported that high response rates to the new CS+ 
emerge within the first 4-6 days of reversal training in normal rabbits, followed 
by suppression of responsiveness to the new CS- shortly thereafter. In the 
phenytoin-treated rabbits, response acquisition to the new CS+ follows a 
similar time-course, but responsiveness to the new CS- fails to diminish over 
the ensuing 10 days of drug treatment. Thus, phenytoin treatment does not 
impair acquisition of a CR to the new CS+, but it does prevent a reduction in 
responsiveness to the results in a comparable deficit (Berger & Orr, 1983), 
these detrimental effects of phenytoin may be due to its actions at NMDA  
receptors in that structure.
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85.1

PERLECAN mRNA LEVELS IN CONTROL AND ALZHEIMER’S DISEASE 
BRAIN USING REVERSE TRANSCRIPTION-POLYMERASE CHAIN 
REACTION (RT-PCR). G.A. Maresh. D. Nochlin*. and A.D. Snow. Dept. of 
Pathology, Neuropathology Labs Box 356480, Seattle, W A 98195-6480.

Our previous studies have implicated a specific heparan sulfate proteo
glycan, known as perlecan, in the pathogenesis of beta-amyloid protein (A3) 
accumulation in Alzheimer’s disease (AD) brain. Perlecan is present in 
amyloid plaque cores derived from AD brain, binds with high affinity to A3 and 
beta-amyloid precursor proteins, coaccumulates early with A3 in AD and 
Down’s syndrome brain, and appears necessary for A3 amyloid persistence 
in vivo. In the present study, perlecan mRNA levels in human non-demented 
control and AD brains were analyzed to determine whether 1) perlecan is 
expressed in human brain and, 2) perlecan accumulation observed in AD 
brain may be partly due to increased perlecan expression and synthesis.
Early attempts by us to determine mRNA levels in human brain by Northern 
analysis employing different specific perlecan cDNA probes were 
inconclusive, primarily due to degradation of the Iarge14 kb mRNA of 
perlecan following even short (2-4 hours) postmortem intervals. In order to 
circumvent this problem, a region of domain I of perlecan (503 base pairs) 
containing the unique heparan sulfate glycosaminoglycan attachment sites 
was amplified by PCR. For RT-PCR, total RNA was isolated from human 
control and AD cortex and hippocampus, reverse transcribed into ssDNA 
using random hexamers and amplified by PCR using perlecan domain I 
specific primers. The results demonstrate that perlecan mRNA is indeed 
present in both control and AD cortex and hippocampus. Quantitative 
competitive RT-PCR is currently being employed to determine if perlecan 
mRNA levels are increased in AD brain. This study therefore demonstrates 
that perlecan mRNA is present in human brain tissue and can be quantified 
using appropriate molecular biology techniques.

85.3

A m y lo id  P r e c u r s o r  P r o t e i n  h e a t  s h o c k  r e s p o n s e  in  
ly m p h o b la s to id  c e ll l i n e s  d e r iv e d  f ro m  c h ro m o s o m e  14 
linked  A lz h e im e r 's  d is e a s e  f a m ilie s .
J. A. Johnston*, L. Lannfelt, B. W iehager and  R. F. C ow burn .
Kardmsha Institute, Dept of Geriatric Medicine, Novum, 141 8b Huddinge, Sweden

The prom oter region of the am yloid precursor pro tein  (APP) gene contains 
a sequence hom ologous to the hea t shock con tro l e lem ent. W e have 
investigated APP expression  follow ing hea t shock in Epstein-B arr virus 
transformed lym phoblasto id  cell lines from  8 affected and  8 non-affected 
members of chrom osom e 14-linked A lzheim er's d isease families.

Lymphoblastoids were cu ltured  in RPMI m edium  supp lem ented  w ith 10% 
foetal bovine serum . Cells w ere placed in a w ater bath  at 42°C for 35 min, 
allowed to recover at 37°C for 1, 3, 8, 24 and  48 h, and  com pared  w ith  cells 
harvested im m ediately prio r to heat shocking. APP RNA w as quantified  
using a sensitive so lu tion  h ybrid isation  assay w ith  35S labelled antisense 
RNA probes that d istingu ished  K unitz pro tease inhib itor contain ing  (KPI) 
from non-KPI APP. In addition, APP levels in cell lysate w ere determ ined  
by western im m unoblotting w ith the m onoclonal an tibody 22C11.

Significant, reversible, ca. 40% increases in APP m RNA levels w ere seen 
at 1 and 3 h post heat shock. 90-95% of the APP m RNA detected  contained 
the KPI insert. The pro tein  response follow ed the RNA response, w ith  the 
greatest, ca. 50%, increase in non-KPI APP seen at 3 h  and  in KPI APP at 3 
and 8 h. Both m RNA and protein had  reverted  to basal levels or below  by 
24 h after the heat shock.

This study revealed no gross differences in the profiles of the APP mRNA 
or protein responses to heat shock in the affected, as com pared  to non- 
affected family m em bers.

85.5

THE CHONDROITIN SULFATE ATTACHMENT SITE OF APPICAN IS 
FORMED BY SPLICING OUT OF EXON 15 OF THE AMYLOID PRECURSOR 
GENE. M.N.Panealos, S.Efthimiopoulos, J.Shioi , C.Mvtilineou1* and N.K.Robakis. 
Dept. of Psychiatry and Dept. of Neurology1, Mt. Sinai Medical Center, 1 Gustave
L. Levy Place, New York, NY 10029.

Appicans are secreted and cell-associated chondroitin sulfate proteoglycans 
containing Alzheimer amyloid precursor (APP) as their core protein. Appicans are 
found in brain tissue, and in cell cultures their expression depends on both cell type 
and growth conditions. Here we report that the core protein of appicans derives from 
an APP mRNA lacking exon 15. Splicing out of this exon creates a new consensus 
sequence for the attachment of a chondroitin sulfate (CS) chain in the resulting APP 
product. Transfection of C6 glioma or 293 kidney fibroblast cells with APP cDNAs 
containing exon 15 produced no appican, while transfection with an APP cDNA 
lacking this exon induced high levels of appican production. Polymerase chain 
reactions indicated that appican-producing cells contained an APP mRNA species 
without exon 15, whereas cells without this mRNA produced no appican. Site directed 
mutagenesis, in addition to immunoreactivity experiments, showed that the chondroitin 
sulfate chain is attached to a serine residue 16 amino acids upstream of the amino- 
terminus of the Aβ sequence of APP. The attachment of a glycosaminoglycan chain 
close to the Aβ sequence of APP may affect the proteolytic processing of APP and 
production of Aβ .

The proteoglycan nature of appicans suggests that the CS chain is important 
for the implementation of the biological function of these proteins. Appicans appear 
to be strong cell adhesion molecules, since cells expressing appican adhere more 
strongly to their substrate than cells expressing unmodified APP. In addition we have 
found evidence suggesting that appican may play an important role in cell 
arborization.

8 5 .2

TISSUE DISTRIBUTION AND DEVELOPMENTAL EXPRESSION OF  
THE AMYLOID PRECURSOR PROTEIN HOMOLOGUE, APLP1. G. 
Thinakaran*12. H.H. Slunt2. L.Spitzer2, M.K. Lee1,2, and S.S. Sisodia1,2. 
1Department of Pathology, 2Neuropathology Laboratory, The Johns 
Hopkins University School of Medicine, Baltimore, MD 21205.

Amyloid precursor-like protein 1 (APLP1) is a member of a family of 
homologous proteins that includes amyloid precursor protein (APP) 
and amyloid precursor-like protein 2 (APLP2). We have employed 
quantitative reverse transcriptase-polymerase chain reaction assays 
and in situ hybridization to assess the expression of transcripts 
encoding each of the known members of the APP family during mouse 
development and differentiation of pluripotent stem cells. W é  report 
that, unlike APP and APLP2 mRNA, APLP1 transcripts are expressed 
primarily in the nervous system. Furthermore, APLP1 is highly 
expressed in postmitotic neurons at the onset of neurogenesis.

To assess the expression of APLP1 polypeptide, we have developed 
polyclonal antibodies that are exquisitely specific for APLP1. We  
demonstrate that these APLP1 antibodies recognize polypeptides of 
~85 and 95 kD in immunoblot studies of mouse brain extracts. Our 
current immunocytochemical studies will clarify the distribution and 
cellular localization of APLP1 during development and in the adult 
nervous system.

Supported by NIH, NINDS, AHAF, and the Adler Foundation.

8 5 .4

ALTERATIONS IN MESSENGER RNA'S ENCODING MAJOR ISOFORMS OF 
AMYLOID PRECURSOR PROTEIN IN ALZHEIMER’S DISEASE 
NEOCORTEX. W.Wiehton-Benn*. E.Vardy. P.R.Hcath and R .C .A .Pearson. 
Department of Biomedical Science. University of Sheffield, Sheffield S10 2TN, UK 

Deposition of β amyloid (PAP) in the neuropil and around blood vessels in the 
brain is central to the pathology of Alzheimer's disease (AD). pAP is a fragment of 
amyloid precursor protein (APP) occurring in multiple isoforms via differential 
splicing. Full-length APP (APP770) is derived from the 18 exons of the gene and 
includes a protease inhibitor domain (KPI; exon 7) and an adjacent domain reactive 
to the OX-2 antigen (OX2, exon 8). APP751 lacks the 0X 2 domain; APP695 lacks 
both 0X2 and KPI domains. We have used four synthetic oligonucleotide probes 
for in situ hybridization (ISH) to localize and quantify the mRNAs encoding these 
major APP isoforms in visual and temporal neocortex. l.APPj is complementary to 
15 bases at the 3' end of exon 6 and the first 15 bases of exon 9 and is specific for 
the mRNA encoding APP695. 2. APPi is complementary to 30 bases in the centre 
of the KPI domain and detects the mRNA's encoding both APP770 and APP751. 3 
0X 2 is complementary to the 0X2 sequence, and detects APP770 mRNA. The 
final probe is complementary to the last 30 bases of the KPI domain and the first 30 
bases of exon 9. This probe detects APP751 mRNA but also the mRNA encoding a 
related cellular protein (APLP2). Specificity of the probes was confirmed by 
Northern analysis. Cellular localization of ISH signal indicates that APP695 and 
APP751 mRNA's are principally neuronal, whereas APP770 mRNA is mainly 
found in glia. In end-stage late onset AD compared with controls, there is a 
significant increase in APP751 mRNA relative to APP695 mRNA in the primary 
visual cortex. In mid-temporal cortex a smaller non-significant increase is seen, 
and APP770 mRNA is significantly reduced. It is proposed that APP 751 is likely 
to be the source of PAP deposited in cortex in AD

8 5 .6

INTERFERON-GAMMA REGULATION OF THE AMYLOID 
PRECURSOR PROTEIN PROMOTER, mRNA, AND PROTEIN.
G.E. Ringheim*. W. Petko. F. Cavalieri*. J.A. Heroux. and S. Sahasrabudhe.
Neuroscience Product Group Unit, Hoechst-Roussel Pharmaceuticals, Inc., 
Somerville, NJ 08876. #Oncogene Sciences, Inc., Uniondale, NY 11553.

The effects of interferon-gamma (IFN-γ ) on the promoter activity, mRNA, and 
protein levels of the amyloid precursor protein (APP) were investigated in 
SKNMC human neuroblastoma cells. These cells were found to express mRNA 
for the 770 and 751 KPI domain-containing isoforms as well as the 695 isoform. 
The 770 and 751 isoform mRNA's were both present at levels greater than that 
of the 695 mRNA. To investigate the promoter regulation of the APP gene, a 3.8 
kb genomic DNA fragment immediately upstream from the transcriptional start 
site was cloned into a luciferase reporter gene construct and stably transfected 
into SKNMC human neuroblastoma cells. The transfected cell line was then 
tested for promoter responsiveness to IFN-γ . After 24 h of cytokine treatment, 
there was a significant dose-dependent decline in the APP promoter activity with 
maximal inhibition occurring at a dose of 1 nM IFN-γ . The results were specific 
in that antibodies to IFN-γ were able to block this effect. Possible effects of 
endotoxin were ruled out since treatment of the cells with lipopolysaccharide did 
not affect promoter activity. Western blot analysis of nontransfected SKNMC 
cells treated with IFN-γ for 24 h revealed that the protein levels of the full length 
APP isoforms were also significantly reduced compared to untreated cells and 
remained at these lower levels out to at least 48 h. Thus, IFN-γ was shown to 
play a role in the down- regulation of APP in human neuroblastoma cells at both 
the level of promoter activity and protein expression.
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85 .7

USF IS COVALENTLY MODIFIED TO ALLOW INTERACTION WITH THE 
APP PROMOTER . D. M. Kovacs* and R. E. Tanzi. Genetics and Aging Unit, 
Massachusetts General Hospital, Charlestown, MA 02129.

One of the common pathological hallmarks of AD is the deposition of the 
Aβ peptide in β -amyloid plaques in the brain and around cerebral blood vessels. 
Overexpression of the amyloid β -protein precursor (APP) due to a third copy of the 
gene located on chromosome 21 correlates with early-onset AD in Down syndrome 
patents. Conversely, selective downregulation of APP synthesis could conceivably 
slow down the onset of AD-related neuropathology. Thus, we have engaged in the 
study of factors and cellular mechanisms regulating transcription of the APP gene. 
Our previous work has focused on an E-box element (at -45 bp) within the APP 
promoter region that is sufficient for transcription of the gene. Using gel shift assays 
we have shown that a transcription factor, called upstream stimulatory factor (USF), 
interacts specifically with the E-box element. In vitro transcription and in vivo 
transfection showed that USF not only activates the APP gene, but is necessary for 
maintaining constitutive expression of APP.

The molecular mechanisms activating USF are not well known. USF is 
developmentally regulated, undergoes differential spicing, and redox conditions affect 
its binding to promoter elements. Here, we report that reducing conditions, which 
break disulfide bonds between the two cysteines in the USF protein, increase USF’s 
binding to the APP promoter approximately 100-fold. Interestingly, oxidative stress 
has been shown to be involved in the pathogenesis of Alzheimer's disease. 
Preliminary experiments also indicate that dephosphorylation of USF dramatically 
decreases the binding of the factor to the APP promoter. Surprisingly, 
[32P]orthophosphate-labeled USF immunoprecipitated proteins from H4 neuroglioma 
cells did not exhibit detectable levels of phosphorylation. Phosphorylation events may 
also be a part of post-transcriptional regulation of USF’s interaction with the APP 
promoter.

8 5 .9

IN  VITRO  TRANSCRIPTION FROM  TH E APP PROM OTER: THE 
SEQUENCE OF TH E IN ITIA TOR ELEM EN T DETERMINES THE 
TRANSCRIPTIONAL START SITE AND INFLUENCES 
TRANSCRIPTIONAL ACTIVITY.
W.W. Quitschke* and J.P. Matthews. Department o f Psychiatry, State 
University o f  New York at Stony Brook, Stony Brook, NY 11794-8101.

The human amyloid β-protein precursor [APP] promoter was analyzed by 
in vitro transcription in HeLa cell nuclear extract The APP promoter lacks a 
recognizable TATA box but contains a prominent initiator element with the 
sequence CGTCA(+1)GTT. Primary transcriptional start sites were identified at 
positions +1 and -4. Deletion of the two upstream activator elements APBβ and 
APBα did not affect the selection of transcriptional start sites although total in 
vitro transcriptional activity was reduced in a similar manner as observed in 
vivo. Mutations within the initiator element shifted the transcriptional start sites 
while reducing in vitro transcriptional activity. Mutations between positions -5 
and -35 changed the relative utilization of start sites +1 and -4 without 
changing the total level of transcriptional activity. Conversely, a ten base pair 
deletion between position -40 and -31 increased in vitro transcriptional activity 
and resulted in the almost exclusive utilization of the start site at position -4 In 
contrast, a twenty base pair deletion between position -40 and -21 resulted in a 
reduction in transcriptional activity and in the primary utilization of the start 
site at position +1. These results are consistent with the notion that the 
preinitiation complex in TATA-less promoters is formed by factors that 
interact with the initator element as well as with sequence elements in the 
vicinity of position -30. [supported by NS30994],

85 .11

E X P R E S S IO N  A N D  P U R IF IC A T IO N  O F  
R E C O M B IN A N T  A M Y L O ID -B E T A  P E P T ID E .

L. M u , F. S a lle s . A. L . S c h w a rz m a n ^ , P . T o n g e , M . 
Z a g o rs k i# , D. G o ld g a b e r^ a n d  M . P . V ite k *
T h e  P ico w er In s ti tu te  fo r  M ed ica l R e s e a rc h , M a n h a s s e t ,  
NY 11030, # C ase  W e ste rn  R ese rv e  U n iv e r s i t y ,  
C le v e la n d , O H  44106 a n d  ^ D ep t. o f  P sy c h ia try  a n d  
P h a rm a c o lo g y , S U N Y , S to n y  B ro o k , NY 11794

T he 4 kD a A m ylo id -B eta  p e p tid e  (AB) e x t ra c te d  
fro m  AD b ra in s  consis ts  o f  a  40 to  42 a a  p e p tid e  w h o s e  
c o m p le te  am in o -a c id  a n d  cD N A  s e q u e n c e s  hav e  b e e n  
re p o r te d . U sing  th e se  cD N A s a n d  P C R , we h av e  c lo n e d  
th e  seq u en ce  e n c o d in g  A ß 1-40 a n d  A ß  1-42 in to  p E T  
(N o v ag en ) a n d  p G E X  (P h a rm a c ia )  e x p re s s io n  v e c to r s .  
In  th e  p E T  system , a s ing le  m e th io n in e  w as fu sed  to  th e  
am in o -te rm in u s  o f  AB g iv ing  a M et-A ß p e p tid e  s e q u e n c e  
as co n firm ed  by DNA a n d  a u to m a te d  p ro te in  seq u en c in g . 
In  th e  pG E X  sy s te m , 3 d if fe re n t c leav ab le  s ite s  w e re  
e n g in ee red  be tw een  G S T  a n d  AB allo w in g  p u r if ic a tio n  o f 
th e  fu s io n  p ro te in  on  g lu ta th io n e -s e p h a ro s e .  F o llo w in g  
c leavage , re c o m b in a n t AB w as p u r if ie d  by re v e rs e  p h a s e  
ch ro m a to g ra p h y . T h is  r e c o m b in a n t AB h as  now  b e e n  
la b e led  w ith  a  v a r ie ty  o f iso to p e s  fo r  f u r th e r  
c h a ra c te r iz a t io n  in  s t r u c tu r a l  a n d  fu n c t io n a l assay s .

8 5 .8
REGULATION OF THE RAT AMYLOID PRECURSOR PROTEIN (APP) GENE 
INVOLVES SP1 AND USF DNA RECOGNITION SEQUENCES AND PROTEINS. 
P. W. Hoffman* and J. M. Chernak. Molecular Physiology and Genetics Section, 
National Institute on Aging, Gerontology Research Center, Baltimore, MD, 21224.

Control of the levels of amyloid precursor protein (APP) expressed in individuals 
with either wild-type or mutant APP genes may impact upon the presentation and/or 
progression of Alzheimer's Disease and Down Syndrome in humans. We are 
interested in investigating both physiological and nonphysiological means of 
influencing APP gene expression. Expression of the rat APP gene is influenced by 
two DNA elements which we have termed SAA and GAG, and the region containing 
the SAA element has been shown to interact with nuclear proteins (Hoffman and 
Chernak, 1994). Electrophoretic mobility shift assays indicate that nuclear proteins 
from rat PC12 cells bind specifically to an oligonucleotide containing the SAA 
element, forming four complexes designated C25, C30, C35 and C40. On the other 
hand, nuclear proteins isolated from rat cortex appear to form only the C25, C30, and 
C35 complexes. Experiments with oligonucleotides containing consensus 
transcription factor binding sites or mutations within the SAA element demonstrate 
that the C25, C30 and C40 complexes involve binding of proteins to an SP1 
recognition sequence, and the C35 complex involves binding of nuclear proteins to an 
upstream stimulatory factor (USF) recognition sequence. Super-shift experiments 
with antibodies to the human SP1 protein or the human USF protein confirm that the 
C25 complex contains a protein antigenically related to SP1 and the C35 complex 
contains a protein antigenically related to USF. Furthermore, preliminary evidence 
suggests that a specific SP1 -related protein is involved in formation of the C40 
complex. Using wild-type and mutant APP promoter/luciferase reporter gene 
constructs, we have shown that both the SP1 and the USF sites can influence 
transcriptional activity of the APP gene. However, the relative contribution of each of 
these sites can be different in different cell lines. In addition, the contribution of the 
entire SAA element relative to that of the GAG clement may be cell line-specific. 
Thus, we have demonstrated the importance of two specific transcription factor 
recognition sequences in regulation of the rat APP gene.

8 5 .1 0

STRU CTU RAL FEATURES O F THE PRO M O TER REGION OF 
TH E G EN E FO R M ONKEY BETA-A M YLOID  PRECU RSOR 
P R O T E IN . W. Song* and D.K.Lahiri. Laboratory of Molecular 
Neurogenetics, Institute of Psychiatric Research, Indiana University School 
of Medicine, Indianapolis, IN-46202

Abnormalities in gene regulation of ß-amyloid precursor proteins (BAPP) 
might be an important factor in the neuropathology of Alzheimer’s disease. 
We have cloned the 5 ’-upstream regulatory region of the monkey ßAPP 
gene. It lacks both a TATA box and a CAAT box, has a high G+C content 
(65%) and is about 90% homologous to the corresponding region of the 
human ßAPP gene. Two copies of the GGGCGC sequence are present in the 
monkey promoter. It lacks the complete consensus sequence for binding of 
the AP-1 protein, though the promoter contains the sequence for the AP-2 
protein. Two stretches of 12-16 G sequence have been localized in the 
upstream region of the promoter. Recombinant plasmids containing regions 
of the promoter gene linked to a reporter gene, chloramphenicol acetyl 
transferase (CAT), were constructed. The promoter activity was tested by 
transient expression in PC 12 cells and the transfected cells were assayed for 
CAT activity. An 1.2 kb fragment of the monkey promoter displayed a 
significant increase in basal promoter activity in PC 12 cells.

Unlike that of the human promoter, there was no significant change in 
promoter activity when the cells were transfected with a deleted fragment of 
the promoter (0.5 kb). On comparing sequences in the promoter region of 
the human (LaFauci et al., 1989), mouse (Izumi et al., 1992) and rat 
(Chernak, 1993), we observed that although the overall structure of the 
promoter is conserved across different species, a significant variation in the 
number and location of various regulatory elements was revealed. These 
differences may be functionally related to the vulnerability of certain species 
for deposition of the amyloid beta-peptide. We thank Mr. Steve Bye for his 
technical help and NIH for supporting this research (PHS R01-AG10297).

85 .12

TWO NOVEL AND POTENTIALLY AMYLOIDOGENIC ENZYME 
CDNAS FOUND IN ALZHEIMER’S DISEASE BRAIN.
E.M. Johnstone. E .P. Dixon. F. Norris. D. Snyder* and _S.P . 
L i tt le . CNS/GI/GU /M olecular B iology D ivision, Eli Lilly and 
Company, Indianapolis, IN, 46285.

Two novel serine proteases given the name Zym e and 
L ittlease  have been iden tified  from  A lzhe im er's  d isease 
brain. We have discovered these new serine proteases by 
polym erase chain reaction  (PCR) am p lifica tion  o f DNA 
sequences representing  ac tive site hom ologous regions of 
c h y m o try p s in -lik e  enzym es. C h ry m o try p s in - lik e  enzym es 
have been thought to cleave the brain am yloid precursor 
pro tein  (A PP) to generate AB. Two cDNA clones were 
iden tified  which encode serine p ro teases. G enom ic DNA 
hom ologous to Zym e was highly  hom ologous to hum an, 
m onkey, cat and dog by h y b rid iza tion  under s tringen t 
conditions. Human, monkey and dog species have been found 
to accum ulate am yloid plaque. L ittlease was found to be 
hom ologous to only humans and monkey DNA sequences. 
Zym e is expressed  p redom inan tly  in hum an brain  and 
Littlease messenger RNA is found in brain and pancreas by 
N orthern b lo t analysis. Both p ro teases are localized  to 
chrom osom e 19. W hen Zyme or L ittlease cDNAs are co 
exp ressed  tra n sien tly  w ith A PP cD N A  in 293 ce lls , 
am yloidogenic fragm ents are generated. These novel serine 
proteases may be involved with am yloid peptide generation 
or clearance.
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85 .13

ANALYSIS OF GENE EXPRESSION IN PRIMARY CORTICAL CULTURES 
AFTER TREATMENT WITH Ap PEPTIDE USING DIFFERENTIAL DISPLAY. 
P. Sander*. P. Yamdagni. M. Merriman. M.A. Fortes, and E.K. Dutton. 
Neuroscience Product Group Unit, Hoechst-Roussel Pharmaceuticals Inc., 
Somerville, NJ 08876

Amyloid plaques are one of two striking pathological hallmarks of 
Alzheimer's disease. ß-amyloid, the major component of these plaques, is a 3.9-
4.3 kDa peptide resulting from alternative cleavage of a larger precursor protein. 
β-amyloid aggregates to form fibrils and has been shown to be toxic to neurons in 
vitro and in vivo. The nature of β-amyloid toxicity, however, is not well 
understood. It has recently been demonstrated that the application of β-amyloid to 
primary cortical cultures induces changes in neurotransmitter uptake and in the 
overall content of cellular glutathion (A. Giovanni and J. Clark, per. com.). In 
addition, it has been shown that populations of specific mRNAs required for the 
maintenance of the neuronal cytoskeleton and the synapse are different in cells 
isolated from the temporal lobe neocortex of Alzheimer's diseased brains.

We decided to take an additional approach to identify factors that are involved 
in the cellular response to β-amyloid treatment. Using a fairly new technique 
known as differential display, experiments were conducted to identify mRNAs of 
genes increasingly transcribed or significantly inhibited after addition of β-amyloid 
to  primary rat cortical cultures. Cultures were incubated with the peptide for 24 hr 
prior to mRNA isolation. The pool of mRNAs was then compared to mRNAs 
isolated from control cultures treated with the peptide solvent (DMSO) for the 
same period of time. Approximately 5000 mRNAs have been compared, resulting 
in 0.5% of these messages being differentially transcribed. Analysis of these 
differentially transcribed mRNAs will be presented.

BETA-AMYLOID: PROTEIN INTERACTIONS

86.1
BETA AMYLOID (Aß) PEPTIDE, 1-42, ACTIVATES AND TIGHTLY 
ASSOCIATES WITH SERUM COMPLEMENT PROTEINS IN VITRO . M. D. 
Watson1*. A. E.. Roher2 & M. R. Emmerling1. 1Paike-Davis Pharmaceutical 
Research, 2800 Plymouth Rd., Ann Arbor, MI 48105. 2Department of Anatomy and 
Cell Biology, Wayne State University School of Medicine, Detroit, MI 48201 

Activation of complement by plaque AB peptide has been implicated as a potential 
mediator of synaptic loss and neuronal death in Alzheimer's disease (AD), AB 
peptide containing residues 1-42 is the predominant amyloid peptide found in senile 
(neuritic) plaques, whereas fragment 17-43 is found mainly in diffuse amyloid 
plaques. We have studied the interaction of serum complement proteins with AB 
peptides of various lengths, and have found that AB peptides containing residues 1- 
42 support the binding of complement proteins better than peptides of residues 1-28, 
17-43, or 1-40. However, all the peptides bound C lq  and could activate the 
complement protease C ls to varying degrees. We have shown that following 
incubation of AB 1-42 in vitro with normal human serum, the complement cascade 
becomes activated, C3 forms a covalent bond with the AB peptide, and complement 
proteins C l through C6 become tightly associated with the 1-42 peptide. A covalent 
interaction between C3 and the Aß 1-42 was indicated by the release of a novel C3 
fragment from the serum-treated amyloid with hydroxylamine. The binding of 
complement proteins beyond C6 was not detected. The association of the 
complement proteins with the Aß 1-42 peptide can be prevented by inhibiting serum 
complement activation by the addition of EDTA or by making serum deficient in the 
complement proteins C lq  and C2. Restoring the deficient complement component, 
enables the complement proteins in serum to bind once again to AB. These results 
show that AB can activate complement, and that activation leads to and is required 
for modification of the AB peptide. The association and modification of AB by 
complement proteins, especially C3, could enhance interactions with microglia and 
promote the assembly of the toxic, complement membrane attack complex in AD 
brain regions in which neuritic plaques are present.

86.3

ASSOCIATION OF THE AMYLOID PRECURSOR PROTEIN, B-50(GAP-43) 
AND Go IN NEURONAL MEMBRANES. S.L. Borowicz and L.A. Dokas*. 
Depts. of Biochemistry & Molecular Biology and Neurology, Medical College of 
Ohio, Toledo, OH 43699.

Alzheimer’s disease is characterized by abnormal neuritic sprouting, during 
which expression of the amyloid precursor protein (APP) and B-50(GAP-43) is 
increased. The APP associates in neuronal membranes with Go, a GTP-binding 
protein which couples to transmembrane receptors. Like the APP, B-50 is related 
to phosphoinositide metabolism, is a substrate for protein kinase C and interacts 
with Go. Thus, the APP, B-50 and Go may conjointly serve a function in signal 
transduction. By immunoblotting, the APP, B-50 and Go co-distribute to 
membrane-containing fractions prepared from rat brain. Multiple forms of the APP 
(103 to 92 kDa) were detected with the N-terminal mAb 22C11. Larger forms 
were enriched in membranes, while the smallest band predominated in soluble 
fractions. Detection of the latter in the medium from brain slices incubated in vitro 
identify it as the secreted N-terminal fragment of the APP. Chemical cross-linking 
with disuccinimidyl suberate (DSS) was used to demonstrate association among 
these proteins. The validity of this method was confirmed by detecting binding 
between B-50 and calmodulin as previously reported (DeGraan et  al., 1990). When 
a synaptosomal fraction from cortex was incubated with DSS, immunoreactivity for 
the APP was reduced, suggesting that cross-linking converted it to a higher Mr 
complex. Similar results were obtained with B-50 and Go. These results are 
supportive of a cooperative role for the APP, B-50 and Go in neuronal signaling. 
Supported by a grant from the Alzheimer’s Association.

86.2

ISOLATION OF POTENTIAL BETA AMYLOID 
RECEPTORS. A. Lorenzo and B .A . Y ankner* . 
D epartm ent o f N eurology, H arvard M edical School and the 
C hildren’s H ospital, Boston, M A 02115.

W e have recently dem onstrated that β  am yloid (β A) neurotoxicity 
requires amyloid fibril form ation (Lorenzo and Y ankner, 1994). To 
determ ine if fibrillar β A neurotoxicity is receptor-m ediated, we have 
examined the interaction o f fibrillar β A with specific cell m em brane- 
associated proteins and receptors. M em brane-associated proteins in 
prim ary rat hippocam pal neurons were extracted w ith T riton  X-100 
and assayed for binding to fibrillar β A, am orphous aggregated β A 
and soluble β A by co-precipitation and analysis by gold staining and 
W estern blotting on 4-20%  SDS gels. Several proteins were 
identified that bound specifically to fibrillar β A but not to amorphous 
aggregated β A. Two proteins o f  M r 65-70 kD and ~ 6 0  kD bound 
to both β A and am ylin fibrils, suggesting that these proteins may 
interact w ith amyloid fibrils irrespective o f the constituent protein. 
These proteins were not enriched in cell lines that overexpress APP, 
indicating that they are not derived from  APP. Identification o f these 
proteins and their role in the neurotoxic m echanism  is in progress. 
These results suggest that some m em brane-associated proteins bind 
specifically to amyloid fibrils, an interaction that m ay alter normal 
signal transduction.

8 6 .4

<X2 MACROGLOBULIN AS AN AMYLOID p PEPTIDE (Ap) BINDING 
PROTEIN AND POSSIBLE PATHOLOGICAL CHAPERONE IN ALZHEIMER’S 
DISEASE. Y. Du. B. Ni. Z. Zhang, P. Hyslop and S. M. Paul*. Lilly Research 
Laboratories, Eli Lilly and Company, Indianapolis, IN 46285.

α 2 Macroglobulin (α 2M), a major plasma panproteinase inhibitor, binds a 
variety of peptides and proteins, including cytokines and virtually all proteinases. 
The activation of α 2M by proteinases and primary amines (e.g., methylamine) 
generates novel peptide binding sites and results in the Ca2+-dependent binding and 
clearance of α 2 M via the α 2M/low density lipoprotein receptor-related protein 
(LRP). Given that α 2M, as well as other LRP receptor ligands (e.g., apolipoprotein 
E), are "upregulated" in AD brain, we examined the binding of the amyloid-forming 
Ap peptide to activated α 2M. 125I-A β1-42 (Spec. Act ~2200 Ci/mmol) was 
prepared by chloramine T-labeling and incubated with methylamine-activated human 
α 2M (10-100 μg). Non-denaturing and denaturing SDS-PAGE revealed significant 
non-covalent (and some covalent) binding of 125I-Aβ1-42 to activated α2M. (The 
latter was inhibited by β mercaptoethanol.) The 125I-Aβ1-42 /α2M binding complex 
could be readily immunoprecipitated using anti-α 2M antisera, resulting in a rapid and 
reproducible binding assay. Characterization of 125I-Aβ1-42 binding to α 2 M 
revealed increased binding in the presence of Zn2+ (0.01-0.1 mM) but not Ca2+ 
(Higher [Zn2+] non-specifically precipitated the 125I-Aβ1-42/α2M complex.) Due 
to the rapid degradation of 125I-Aβ1-42 by trypsin-activated α2M little to no specific 
binding of 125I-Aβ1-42 to trypsin-activated α 2M could be demonstrated. The latter 
observation confirms recent data of Zhang and Hyslop (in preparation) that trypsin- 
activated α 2M rapidly degrades  Aβ1-40 thus preventing its neurotoxicity. However, 
the binding of 125I-Aβ1-42 to trypsin-activated α 2M could be readily demonstrated 
in the presence of certain protease inhibitors. Taken together, our data demonstrate 
that α 2M is an Aβ binding protein and may function as a pathological chaperone in 
Alzheimer's disease.
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8 6 .5

IN TERA CTIO N  O F TH E A PP CY TO PLA SM IC D O M A IN  W ITH  
C E L L U L A R  PR O T E IN S. I. P. Shapiro* . G. H. M urdoch. N .J. 
Kaplinsky . Departm ent o f Pathology L -113, Oregon Health Sciences 
University, Portland, OR 97201.

In tra ce llu la r  p ro te in s  w hich  in te rac t w ith the 0 - a m y lo id  
precursor protein (A PP) cy toplasm ic dom ain (A P P C) may be involved 
in the subcellu la r loca liza tion , p rocessing  or/and  function  o f APP. 
M oreover, these  p ro te in s  m ight be in vo lved  in p h o sp h o ry la tio n - 
regulated  APP processing  and /o r in the neurotoxicity  o f  the 100 C- 
term inal residues o f APP ( C l00). W e are using the yeast tw o-hybrid 
system  (F ields and Song, N a t u r e  3 4 0 : 245-246 , 1989) to identify  
cellular proteins which interact with the cytoplasm ic dom ain o f the APP 
m olecule .

An adult rat brain cD N A  library (C lontech) was screened with 
A P P C "bait" encod ing  A P P 6 4 9 -6 9 5 - cD N A s for at least two unique 
A P P C -in teracting  proteins ("prey") have been isolated (called N JK 10 
and NJK26). Several genetic controls dem onstrated that these "positive" 
colonies in the tw o-hybrid screens were due to specific in teractions of 
A P P C "bait" with library "prey" fusion pro teins: 1) A P PC bait alone 
failed to activate the lacZ  reporter; 2) both NJK 10 and NJK 26 failed to 
ac tiva te  lacZ  in the absence o f A PPC bait and 3) "irre levan t" baits 
(lam in, id l, or "empty" bait vector) also failed to activate lacZ  with NJK 
10 or 26 and other interacting cD N A s. O ne o f these A PPc -in te rac tin g  
species, N JK  10, encodes a protein identical to a previously  described 
developm entally  regulated, rat b rain /neuronal, nuclear transcrip tional- 
activating protein. W hether NJK  10 or N JK 26 (or o ther cD N A s from  
the two-hybrid screen) interacts with APP in m am m alian cells and alters 
APP localization, processing ,, or function (physio logic  or pathologic) 
rem ains to be determ ined.

8 6 .7

ISOLATION AND CHARACTERIZATION OF M OUSE cDNA 
FUSION-PROTEINS TH AT INTERACT W ITH HUM AN β - 
AM Y LO ID . S. L. B ressler. M. D. G ray. K.-I. Fukuchi. and G.
M. M a rt in * . A lzh e im er's  D isease  R esea rch  C en ter, 
D epartm en t o f  P a th o lo g y  Box 3 57470 , U n iv ers ity  o f  
W ash ing ton  School o f  M ed ic in e, S ea ttle , W A 98195-7470.

W e have recen tly  used  the yeast tw o -h y b rid  system  
(L exA /V P 16) to se lec t from  a m ouse  em bryo  cD N A  library  
sev era l p ro te in s  by v irtu e  o f  th e ir  a b ility  to  in te rac t w ith 
the 106 am ino acid  c a rb o x y l-te rm in u s  o f  the  hum an  β - 
am ylo id  p rec u rso r  p ro te in  (P P P ) . 2-3 x 10-6 c lo n e s  w ere 
sc reened  and e lev en  H is+ , lacZ + c lo n es  w ere iden tified . 
T hree c lones w ere found to be fa lse ly  p o sitiv e , and o f  the 
rem ain ing  eig h t c lo n es  we w ill p resen t d a ta  on four. W e 
are now  id en tify in g  and  iso la tin g  the g en es  en co d in g  
these p ro te ins in both  m ice and hum ans. T hese  p P P -  
in te ra c t in g  p ro te in s  are  b e in g  b io c h e m ic a lly  v e rif ie d  and 
ch a ra c te rize d  acco rd in g  to  a v a rie ty  o f  g en e tic  and 
fu n ctio n al c rite r ia  th at w ill e n a b le  us to  e v a lu a te  th e ir  
re la tiv e  im p o rta n c e  in the  p a th o g e n e s is  o f  A lz h e im e r's  
d isease  as w ell as to  fu rth e r  in v es tig a te  th e ir  p o ten tia l 
ro les in the com plex  b io logy  o f  β -am y lo id . (S u p p o rte d  by 
NIH gran t A G 10917)

8 6 .9

APP-BP1, A NOVEL PROTEIN THAT BINDS TO THE CARBOXYL- 
TERMINAL REGION OF THE AMYLOID PROTEIN PRECURSOR. N. 
Chow. J. R. Korenberg, X.-N. Chen. R. L. Neve*. Department of Genetics, 
Harvard Medical School, McLean Hospital, Belmont, MA 02178; Genetics, 
Ahmanson Department of Pediatarics, Cedars-Sinai Research Institute, CA. 
Amyloid precursor proteins (APPs, 695-770 amino acids) are the source of the 
39-43 amino acid β -amyloid polypeptides which are found in diffuse and fibrillar 
deposits in the cerebral cortex and vasculature of Alzheimer’s disease brains. 0- 
amyloid is thought to play a role in the pathogenesis of Alzheimer’s disease, but 
this presumptive role remains incompletely understood. We need to clarify the 
normal neuronal function of the APPs in order to understand the processes that 
go awry to generate pathological amyloidogenic fragments from the normal 
precursor. APP is a cell surface protein with a large extracellular amino- 
terminal domain, a single transmembrane domain, and a short cytoplasmic tail. 
Its location and structural features that are characteristic o f receptors relaying 
signals from the external milieau into the cell led us to search for proteins 
capable of binding to and interacting with its cytoplasmic domain. Here, we 
report the cloning of a human cDNA, APP-BP1, that encodes one such protein. 
This 59 kDa APP binding protein is, like APP, expressed widely in human 
tissues, showing particularly robust expression in the brain. APP-BP1 is 61% 
homologous to a protein encoded by the AXR1 gene that is required for the 
normal auxin response in Arabidopsis and is a relative of ubiquitin activating 
enzyme. Pull-down assays using GST fusions with sub-fragments o f APP 
establish that the carboxyl-terminal 60 amino acids of APP, distinct from the 
domain encoding β-amyloid, specifically interacts with APP-BP1. Supported by 
NIH grant AG 12954.

86.6
β-AMYLOID PEPTIDE INTERACTS WITH ZETA AND S4 SUBUNITS OF 
THE PROTEASOME COMPLEX. S. R. Hughes*. N. G. Riedel, and 
S. R. Sahasrabudhe. Neuroscience PGU, Hoechst-Roussel Pharmaceuticals Inc.. 
PO Box 2500, Somerville, NJ 08876.

The β-amyloid peptide (A0) is a 39-43 amino acid peptide derived post- 
translationally from a larger Amyloid Precursor Protein (APP). We have used the 
yeast interaction-trap system to clone genes whose proteins are capable of 
interacting with A0. Briefly, a LexA-A0 protein bait occupies LexA binding sites 
in the upstream DNA region of lacZ and LEU2 genes to inhibit their expression. 
Expression of an A0-interacting protein from a B42 fusion library with the bait 
allows the activation of lacZ and LEU2 genes by virtue of bringing the activator 
sequence B42 in close proximity to the LexA binding sites. In this paper we 
report the identification of clones encoding the two independent subunits S4 and 
zeta part of the cytosolic 26S proteasome complex. These two proteasome 
subunits were capable of interacting with the A0 peptide, but failed to interact 
with LexA-bicoid or LexA-Cl00 fusion proteins indicating that the observed 
interaction with the proteasome subunits was specific. When yeast cells 
expressing each of the subunits were subjected to immunoprecipitation with LexA 
followed by immunoblotting with hemagglutinin antibody, the epitope of wiich is 
contained within the prey fusion protein bands corresponding to the fusion 
proteins predictive of proteasome subunit(s)-B42 complexes were detected 
indicating in vivo interaction between A0 and S4, and Aβ and zeta subunit. 
These results suggest that zeta and S4 subunits of the proteosome interact with 
and perhaps regulate the levels of 0-amyloid peptide.

86.8
IN TERA CTIO N  OF TRA N STH Y RETIN  VARIA N TS W ITH  
A M Y LO ID  BETA  PROTEIN . M .T s ip e r1, A L  Schwarzman1, 
M  P . Vitek2, H. W ente1, R .B hasin1*, A. W ang1 , D. Goldgaber.1 
1Dept. o f  Psychiatry and Behavioral Science, Sch. o f  M ed., State 
Univ. o f  N ew  York at Stony Brook, Stony Brook, N Y  11794; 
2The P icow er Inst. for M edical Research, M anhasset, N Y  11030.

W e previously dem onstrated that transthyretin  (TTR), a main 
transporter o f  retinol binding protein (RBP) and thyroxine in the 
brain prevents am yloid ß protein (A ß) aggregation (Schwarzman 
et al., 1994). In order to determine genetic differences in the 
ability o f  TTR to influence A13 aggregation 49 recom binant T T R  
m utants corresponding to known human TTR variants were 
tested for their interaction w ith A ß . Tw o TTR variants (G42 and 
P55) com pletely failed to  form com plexes with A ß . Several T T R  
variants revealed decreased binding to A ß . W e found that 
im pairm ent in the ability o f TT R  to  interact w ith Aß does not 
affect binding o f  thyroxine and RBP. H ow ever, m olar excess o f 
RBP inhibited A ß binding to TTR. W e hypothesize that 
abnormal interaction between TTR  and Aß could contribute to  
am yloidosis in A lzheim er’s disease.

86.10
PO LYSULFATED CO M PO UNDS FOR THE TR EATM ENT OF 
ALZHEIM ER’S DISEASE: II - Inhibition of heparin binding to the 
ßA4-peptide by low m olecular w eight heparin fragm ents.
Fillit H .M .* , D ina W . Leveug le B. D epartm ent of G eriatrics, the  
M ount Sinai M edical Center, N ew  York, U S A

Th e  binding of heparan sulfate proteoglycan to ß A 4-pep tide  is 
believed to play a fundam ental role in the process of am yloidosis in 
A lzheim er’s d isease. W e  have previously shown that heparan  
sulfate glycosam inoglycan and its highly sulfated structural 
hom ologue heparin bind with high affinity to ß A 4-pep tide  (Leveugle  
e t al., 1994, NeuroReport, 5, 1 3 8 9 -92 ). A fter chem ical
depolym erization of heparin, the fragm ents generated  (2 -8  
saccharides) show ed a considerably low er affinity for the ß A 4- 
peptide as indicated by their elution from  the ß A 4-affin ity  column at 
low er concentration of NaC I. How ever, com petition experim ents  
dem onstrate that these  heparin derivatives, paricularly heparin  
disaccharides, efficiently inhibit the binding of full length heparin to 
ß A4-peptide . S ince these  heparin derivatives cross the  blood-brain  
barrier they m ay inhibit the function of heparan  sulfate as a 
pathological chaperone in am yloid form ation in vivo. T hese  data  
support the hypothesis that low m olecular w eight polysulfated  
com pounds m ay be of interest for the treatm ent of A lzhe im er’s 

disease.
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86.11
POLYSULFATED COM PO UNDS FOR THE TR EATM ENT OF 
ALZHEIM ER’S DISEASE: I - Effect o f heparin derivatives on 
APP m etabolism  and passage of these low m olecular w eight 
heparin fragm ents through the blood-brain barrier.
Leveug le B .*1. Dina W .† Dehouck M .-P . ‡. Cecchelh'R .‡. Fillit H .M .†. † 
Departm ent of Geriatrics, The M ount Sinai M edical Center, N ew  
York, USA; ‡ S ER LIA , Institut Pasteur, Lille, France.

W e  have previously dem onstrated that full length heparin  
stimulates the synthesis and secretion of A P P  through an 
amyloidogenic pathw ay in neuroblastom a cells (Fillit et a l , 
Neurobiol. Aging 1 9 9 4 ,1 5 ,S 62). In the present study, heparin w as  
chemically depolym erized and the effect of low m olecu lar w eight 
(LMW ) heparin on A P P  m etabolism  investigated. In opposition to 
full length heparin, L M W  heparin (2 -4  saccharides) inhibited the  
secretion of A P P  by neuroblastom a cells. Com petition experim ents  
demonstrated that L M W  heparin fragm ents, especially  heparin  
disaccharides, efficiently inhibit the stim ulatory effect of full length  
heparin on A P P  secretion. Im portantly, by using an in vitro m odel of 
the blood-brain barrier, w e provide evidence of the passage of L M W  
heparin through the blood-brain barrier. Th e se  heparin derivatives  
also inhibit the binding of heparin to the ß A 4-peptide  and m ay be 
effective as therapeutic  agents to prevent or slow the process of 
amyloidogenesis in A lzhe im er’s d isease.

ISCHEMIA: ENZYMES

87.1

FOCAL CEREBRAL ISCHEMIA-INDUCED ACTIVATION OF 
LYSOSOMAL PROTEOLYTIC SYSTEM AND DEGRADATION OF 
CEREBRAL PROTEINS. D. Muno1.T. Nitatori2. Y. Karasawa3 and H. 
Araki3  Y. Uchivama*4. and E. Kominami1. 1Dept. Biochem. Juntendo 
Univ. Sch. of Med., Tokyo 113, Japan, 2Dept. Cell Biol. & 
Neuroanato., Iwate Med. Univ. Sch. of Med., Morioka 020, Japan, 
3Research Center Taisho Pharma.Co., Ltd., Ohmiya 330, Japan, 4Osaka 
Univ. Med. Sch. Dept. Anato., Osaka 565, Japan

We have examined activation of autodigestion by lysosomal 
proteolytic system in rat brain cortex after permanent middle artery 
(MCA) cerebral occlusion. Infarction area, peri-infarct zone and 
contralateral corresponding area of the cortex were isolated at 1, 3, 5, 7 
and 14 days after MCA occlusion. In infarction area, lysosomal 
cathepsins B, L, S and D activities and their proteins began to increase at 
3 days after MCA occlusion and reached a maximum after 7 day (more 
than 10 fold increase). Elevation of cathepsin activities in peri-infarct 
zone was much less than in infarct area, showing 2-3 fold increase at 7 
and 14 day after MCA occlusion. Immunohistochemically, increased 
reactivity for cathepsins was detected in cortex pyramidal neurons even 6 
h after ischemia and reactivity increased with shrinkage of neurons. 
Intense invasion of cathepsins- and cystatin β-positive phagocytic cells 
appeared in infarct area 3 day after MCA occlusion and this period was 
consistent with sharp increase in cathepsin activities. Focal persistent 
ishemia induced a significant breakdown of tubulin, 150kDa- 
neurofilament and S-100, but a only slight decrease in mitochondrial 
proteins involved in oxidative phosphorylation. Our data suggest that 
MCAO-induced activation of lysosomal proteolytic system is associated 
with abnormal neural protein degradation.

87.3

BIOLOGICALLY -ACTIV E R E C O M B IN A N T  H U M A N  C A LP A IN  I 
PRODUCED U SIN G  TH E BA CU LOV IRUS E X P R E S S IO N  SYSTEM . 
Sheryl L. M eyer* . D o n n a  B ozvczko-C ovne . S a t is h  K. M a llya . 
Chrysan the M. S pa is. Ron B ih o v sk y, Jo h n  K. K aw ooya . D ian e  M. 
Lang. R ichard W. S co tt, a n d  R o b ert S im an . C ephalon , Inc., W est 
Chester, PA 19380

Calpain I is a  h e te ro d im e ric  p ro te in  t h a t  is  p a r t  o f  a  fam ily  o f  
caldum -activated in tra c e l lu la r  cyste ine  p ro te a ses  p re su m e d  to  p lay  a  
role m ediating s ig n a ls  in d u ced  by  calcium . E x p re ss io n  o f  b ioactive 
recom binant h u m a n  c a lp a in  I h a s  b e e n  a c h ie v e d  u s in g  th e  
baculovirus expression  system  b y  e ith e r  co-infection w ith  tw o v iruses, 
each expressing one o f th e  su b u n its , o r  in fec tio n  w ith  a  sin g le  v iru s  
containing b o th  su b u n its . T h e  ~80 k D a  c a ta ly tic  s u b u n it  e x h ib ited  
calcium-dependent p ro teo ly tic  ac tiv ity  w h en  ex p re sse d  a lo n e  o r w ith  
the ~30 kDa reg u la to ry  su b u n it. B acu lo v ira l rec o m b in a n t ca lp a in  I 
appeared fully active in  th a t  a ll o f  th e  c a ta ly tic  s u b u n it  in  u n p u rif ied  
cell extracts exh ib ited  c a lc iu m -d ep en d en t a u to c a ta ly t ic  c leavage a t  
the correct locus. T he a m o u n t o f  ~80 k D a  s u b u n it  a c cu m u la te d  a t  
steady-state w as g re a tly  in c re a se  by  co -expression  o f th e  ~30 k D a  
subunit, suggesting  a  p o ssib le  ro le  fo r en zy m e s ta b iliz a tio n  b y  th e  
latter subunit. The reco m b in an t h u m a n  ca lp a in  w as p u rif ie d  to  n e a r  
homogeneity an d  com pared  w ith  p u rif ie d  n a tiv e  h u m a n  e ry th ro cy te  
calpain I. The rec o m b in a n t a n d  n a tiv e  en zy m es h a v e  e q u iv a le n t 
inhibition c o n s ta n ts  fo r s t r u c tu r a l ly  d iv e rse  c a lp a in  in h ib i to rs ,  
identical calc ium  a c tiv a tio n  p ro file s ,  a n d  c o m p a ra b le  sp ecific  
activities, d e m o n s tra tin g  th e  s u ita b il ity  o f  u s in g  th e  rec o m b in a n t 
protein for s tudies o f  th e  n a tiv e  enzym e.

8 7 .2
IMMUNOLOCALISATION OF CALPAIN I-MEDIATED SPECTRIN 
PROTEOLYSIS IN A PHOTOTHROMBOTIC MODEL OF FOCAL CORTICAL 
ISCHAEMIA
W.P.Bowen. N.I.Wood. S.J.Smith. R.Simai1 . D.Bozvczko-Coyn&l and 
A.J.Hunter*- . SmithKline Beecham Pharmaceuticals, Harlow, Essex, CM19
5AW, U.K. 1Cephalon, Inc., 145 Brandywine Parkway, West Chester, PA 19380, 
U.S.A.
Excessive elevation of intracellular calcium following episodes of brain 
ischaemia, and the subsequent activation of the calcium-dependent cysteine 
protease calpain I has been suggested to play a pivotal role in neuronal death. To 
further our knowledge concerning the involvement of calpain proteolysis in 
cerebral ischaemia, we have studied the time course of calpain I activation 
following unilateral photothrombotically-induced focal cortical ischaemia in rats, 
using an antibody selective for calpain-degraded spectrin. Neuronally-localised 
calpain I-mediated spectrin breakdown was evident as early as 15 min post-
ischaemia, suggesting a rapid response to elevation of intracellular calcium. The 
immunostaining became increasingly more intense with time, until at 2 hours post 
ischaemia, neuronal necrosis was evident. At 4 hours, neuronal loss was 
complete, with the lesion core being devoid of neuronal elements. Selective 
immunostaining persisted up to 24 hours after the onset of ischaemia, but was 
gone by 7 days. No positive immunostaining was seen distant to the ischaemic 
lesion in either brain hemisphere. The results suggest that calpain activation is 
intimately localised to ischaemic tissue. Since this event occurs rapidly post-
ischaemia, immunolocalisation of such activation may serve to demarcate the 
lesion before neuronal death has occurred. Calpain activation may indeed be a 
harbinger of cell death.

8 7 .4
ISC H E M IA  IN D U C ED  C H A N G ES IN  PR O T E IN  K IN A SE 
A CTIV ITIES A R E M ITIG A TED  BY  H Y PO TH ER M IA  A ND 
A U G M E N T E D  BY  H Y P E R T H E R M IA . M . G isse lsson . K . 
K atsura* and T. W ieloch. Lund U niversity, Lab. for Exp. Brain 
Research, 221 85 Lund.

C h an g e s  in  th e  le v e ls  o f  p ro te in  k in a se  C (P K C ), 
ca lcium /ca lm odulin -dependen t k inase  II (C aM K II), m itogen 
activated protein k inase (M A PK ) and tyrosine phosphorylation 
(PTyr) after 1, 2, 3, 5 and 10 m in. o f  com plete global ischem ia 
w ere studied in synaptosom al, crude m em brane and cytosolic 
fractions from rat cortical tissue. Brain tissue was collected from 
rats exposed to global ischem ia and w ith body tem peratures o f 
33°C, 37° and 39°C. The m ost tem perature-dependent enzym e is 
PK C, translocated  to the ce ll m em branes during  ischem ia, a 
process enhanced in hypertherm ia. H ypotherm ia o f 33°C alm ost 
co m p le te ly  in h ib its  th is  tra n slo ca tio n . C aM K  II is a lso  
translocated from  the cytosol to the m em brane during ischemia. 
H ere, especially  the d isappearance o f  the enzym e from  the 
cytosolic fraction appears to be strongly tem perature-dependent. 
T he tyrosine phosphorylation  o f tw o prote ins w ith m olecular 
w e ig h ts  o f  ab o u t 95  and  145 k D a , p o ss ib ly  th e  tw o 
g lycopro teins encoded  by the trk  b  gene, and  found  in the 
sy n ap to so m a l and c ru d e  m em b ran e  frac tio n s , d ec reases  
d ram atically  already after 1 m in. o f  ischem ia. T his effec t is 
delayed at 33 °C. The observed  p reven tion  o r de lay  o f  the 
translocation/decrease could  be w ays in w hich  hypotherm ia 
exerts its protective effect in brain ischemia.
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8 7 .5
RECOVERY OF CALCIUM CALMODULIN KINASE II IMMUNOREACTIVITY 
IN THE HIPPOCAMPAL CA3 REGION FOLLOWING 5-MIN TRANSIENT 
ISCHEMIC INSULT IN THE GERBIL. A.M. Babcock1. J. Nollkamper2. W C. 
Lynch*1 and C M. Paden2. Dept. of Psychology1 and Biology2, Montana State 
University, Bozeman MT, 59717.

The present study evaluated regional changes in immunocytochemical labeling of 
alpha and beta CaM kinase subunits in the hippocampus at 0 and 24 hrs following a 
standard 5-min occlusion ischemic insult. Previous studies have reported a loss of 
CaM kinase immunoreactivity at 24 hrs following surgery using either a monoclonal 
antibody against the beta subunit or an antibody that recognized both subunits. The 
change in alpha and beta subunit immunoreactivity has not been evaluated separately 
in the same study. Although the gerbil is a commonly used model, the effects of 
ischemia on the alpha subunit of CaM kinase has not been investigated in this 
species. Immediately following the 5-min ischemic episode, immunoreactivity for 
both the alpha and beta subunits was markedly reduced in the hippocampal CA1 and 
CA3 regions. At 24 hrs following surgery, CaM kinase-like immunoreactivity in the 
CA1 remained significantly reduced while the CA3 region exhibited a recovery of 
staining. Our data suggest that the effects of ischemia on CaM kinase-like 
immunoreactivity are identical for both subunits. This reduction in CaM kinase-like 
immunoreactivity may reflect an uncharacterized posttranslational modification that 
alters the epitope recognized by the antibodies used. Although the relationship 
between reduction in CaM kinase-like immunoreactivity and subsequent neuronal 
death has not been established, these data are congruent with the hypothesis that the 
loss of this enzyme participates in subsequent hippocampal CA1 cell death.

This research was funded by the American Heart Association Grant-in-Aid and 
NIH (P20 RR09192-01) to A M. Babcock & NINDS (R01-NS32507) to C M. Paden.

87 .7
SPECIFIC INDUCTION OF PKC δ SUBSPECIES FOLLOWING MIDDLE 
CEREBRAL ARTERY OCCLUSION S. Miettinen. R. Roivainen*. I. Pyykönen. R. 
Keinänen. K, Puurunen. J . Sivgnius and. J. Koistinaho a .i . virtanen institute, 
University of Kuopio, FIN-70211 Kuopio, Finland.

Protein kinase C (PKC) is a family of enzymes that can be divided into three groups: 
conventional (cPKC; α , β l , β2 and γ); novel (nPKC; δ ,ε ,η  and θ); and atypical 
(aPKC; ζ  and λ ). Increased cPKC activity has been suggested to cause neuronal 
degeneration following ischemic insult. On the other hand, feed-back inhibition of 
NMDA receptors by PKC may be neuroprotective, and PKC is also involved in trophic 
factor signaling and regenerative responses of neurons, indicating that PKC activity 
may also be beneficial to the injured brain. Therefore, we screened long-term changes 
in expression of multiple PKC subspecies following focal brain ischemia. MCA 
occlusion in halothane-anesthetized rats were produced using an intraluminal suture. 
The rats were decapitated Oh, lh ,4h , 12h, 24h, 3 or 7 days following 30 min or 90 min 
of ischemia. In in situ hybridization and Northern blot experiments with 
oligonucleotide probes mRNA levels of PKCα ,  β , γ , δ , ε  and ζ  were found to be 
decreased in the infarct core 4 h, and completely lost 12 h following the ischemia. In 
areas adjacent to the core, PKCδ mRNA was specifically induced 4 h following the 
ischemia, and still 7 days following the insult the infarct core was surrounded by a rim 
of PKCδ mRNA. mRNA levels of all PKC subspecies studied were decreased in the 
infarct core 4 h, and completely lost 12 h following the ischemia. In areas adjacent to 
the core, δ -PKC mRNA was specifically induced 4 h following the ischemia, and still 
7 days following the insult the infarct core was surrounded by a rim of strong mRNA 
expression of δ-PKC. The induction was more prominent following 90-min than 30- 
min of ischem ia. Not any other subspecies showed gene induction. 
Immunocytochemical results showed increased levels of PKCδ protein in neurons and 
possibly endothelial cells. The study demonstrates that subspecies-specific gene 
induction can occur in the injured brain. The selective localization of the PKCδ 
induction to the penumbral neurons indicates that it is more likely to be involved in 
neuroprotective responses that neuronal degeneration after ischemic brain injury.

8 7 .9

RAT HIPPOCAMPAL NEURONS RESPOND TO  MODERATE HYPOXIA  
DIFFERENTLY AFTER PHORBOL ESTER EXPOSURE. J.C. Fowler 1and Z -  
W. Liu. Department of Physiology, Texas Tech Health Sciences Center, 
Lubbock, TX, USA, 79430

The effect of 1 hr preincubation with the protein kinase C activator, 4β- 
phorbol-12,13-clibutyrate β -PDBu, 10 μ M) on electrophysioiogical properties 
of hippocampal pyramidal neurons during exposure to moderate hypoxia was 
examined. The responses were compared to those in untreated neurons and 
In neurons exposed to hypoxia in the presence of an A1 adenosine 
antagonist 8-cyclopentyttheophylline (8-CPT, 10 μM) in an attempt to mimic β- 
PDBu’s known effect to uncouple A1 receptor mediated events.

Standard techniques for hippocampal slice preparation and intracellular 
recording were used. Hypoxia was maintained by vigorous bubbling of the 
superfusion medium with 95%  N2/5%  CO2

Untreated neurons exposed to hypoxia exhibited a  reversible adenosine- 
dependent loss of synaptic transmission, a  reduction in hyperpolarizing 
holding current required to maintain a  membrane potential at -65 mV, a  
decrease in membrane resistance, and a measurable increase in threshold 
current necessary to trigger an action potential. In contrast, β-PDBu 
preincubated neurons displayed an adenosine independent loss of synaptic 
transmission, an increase in hyperpolarizing holding current, an increase in 
membrane resistance and a loss of measurable threshold current. In addition, 
β-PDBu treated neurons were less likely to recover synaptic transmission 
upon reoxygenation. None of these responses were mimicked in the 
presence of 8-CPT. It is concluded that β -PDBu, perhaps through PKC  
activation, alters neuronal responses to hypoxia through some mechanism 
other than uncoupling of the A1 receptor. In addition, the poorer quality 
recovery of synaptic transmission M ow ing  hypoxia may have Implications for 
postisChemic neuronal vulnerability to otherwise moderate metabolic stress.

8 7 .6
EFFECTS OF HYPERGLYCEMIA AND HYPERCAPNIA ON THE 
TRANSLOCATION OF PROTEIN KINASES DURING AND FOLLOWING 
CEREBRAL ISCHEMIA. J.Kurihara*. K.Katsura. B.K.Siesjö and T.Wieloch. 
Lab.Exp.Brain Res., Lund Univ.Hospital, 221 85 Lund, Sweden.
Protein kinase C (PKC) and Ca2+  /calmodulin-dependent protein kinase II 
(CaMKII) are suggested to play an important role in the ischemic brain damage. 
Present study was conducted to investigate the influence of hyperglycemia and 
hypercapnia, which may aggravate acidosis-related damage, on the translocation 
of PKC and CaMKII to the crude synaptosomal fraction of rat cerebral cortex. 
Fasted male Wistar rats were anesthetized with halothane and N 2O/O2 (70:30), 
and subjected to 10 min global cerebral ischemia. The brain was frozen in situ 
before ischemia, at 10 min ischemia, and 30 min and 3 h of reperfusion. 
Subcellular fractions were prepared from the cingulate and parietal cortex and 
analyzed by western blot. Plasma glucose levels in normoglycemic and 
hyperglycemic animals were ~ 5 and ~ 19 mM, respectively. Hypercapnia was 
induced by breathing 45% CO 2 (PCO2 ~ 300 mmHg). Both PKCγ and CaMKII 
immunoreactivity in the synaptosomal fraction increased during ischemia, while 
those in cytosolic fraction decreased. Therc was no difference among the 
experimental groups in the extent of translocation during ischemia. 
Hyperglycemia prolonged the translocation of PKCγ in the cingulate cortex, while 
hypercapnia prolonged PKCγ  translocation both in the cingulate and parietal 
cortex. In contrast, translocation of CaMKII was not significantly affected by 
hyperglycemia or hypercapnia. Effects of hyperglycemia and hypercapnia on 
PKCγ  tanslocation were in accord with their aggravating effects on histological 
damages. Present results suggest that persistent PKCγ  translocation to the 
synaptosomal fraction during early recovery period following cerebral ischemia 
may be well related to the final brain damage.

8 7 .8
REMOTE ALTERATIONS IN PROTEIN KINASE C ACTIVITY AFTER CORT
ICAL INFARCTION ARE INHIBITED BY MK-801. R. Busto*, 
W.D. Dietrich, O. Alonso, E. Martinez, B.D. Watson, 
R. Prado and M. Y.-T. Globus. Department of Neurology, 
University of Miami School of Medicine, Miami, FL U.S.A.

Thrombotic cortical infarction leads to repetitive waves 
of cortical spreading depression (CSD) and prolonged meta
bolic depression within remote cortical regions. We 
evaluated the effects of cortical infarction on protein 
kinase C (PKC) activity in remote cortical regions. In
farction was induced by a rose bengal-mediated photochemi
cal insult and CSD frequency assessed by the number of 
transient hyperemic episodes (THEs) measured by laser 
Doppler flowmetry. Four groups of rats (n=6 in each group) 
were studied: I: brains were frozen in situ following 7 
THEs (approximately 1 hr after injury); II, brains were 
frozen 24 hr after infarction; III, brains of MK-801 pre-
treated rats (0.5 mg/kg) were frozen at 1 hr, IV, sham 
operated rats. Cytosolic and membrane PKC activity was 
determined in both ipsilateral and contralateral frontal 
cortices. Bilateral reductions in cytosolic PKC activity 
were observed at 1 hr. For example, cytosolic PKC activity 
in the ipsilateral frontal cortex of the sham and ex
perimental groups was 49.4 ± 8.9 and 37.2 ± 3.0, respec
tively (means ± S.D., p < 0.05 by ANOVA). By 24 hr, 
cytosolic PKC was normal in both hemispheres. In the 
MK-801-pretreated group, the appearance of THEs was almost 
completely abolished and no significant reductions in PKC 
activity were observed. Transient decreases in PKC ac
tivity in remote cortical areas after thrombotic infarction 
are concomitant with repetitive episodes of CSD.

87 .1 0
PHOSPHOLIPASE-MEDIATED EXCITATORY NEUROTRANSMITTER 
AMINO ACID RELEASE FROM THE ISCHEMIC RAT CEREBRAL 
CORTEX. M.H. O'R egan. L.M. Perkins and J.W. Phillis*. D ept. of 
Physiology, Wayne S tate Univ., Sch. of Med., Detroit, MI 48201.

Cerebral ischemia evokes a  massive accumulation of g lutam ate and 
aspartate  into the extracellular space, which contributes to the 
development of neuronal damage. However, the m echanism s by which 
these excitotoxic amino acids (EAAs) are released during ischemia have 
not been determined. Topical adm inistration of dimethyleicosadenoic 
acid (20 pM) or bromophenylacyl bromide (0.5 pM), inhibitors of 
phospholipase A2 (PLA2), or U-73122 (10 μM), a  phospholipase C (PLC) 
inhibitor, potently suppressed the accumulation of EAAs into cortical 
superfusates during and following a 20 min. period of four vessel 
occlusion. Selective inhibition of the calcium-dependent cytosolic PLA2 
with AACOCF3 (50 μM) blocked the ischemia-evoked release of EAAs. 
Chelerythrine chloride (5 μM), a selective PKC inhibitor, also 
attenuated  the ischemia-evoked EAA release. However, neither the 
nonspecific protein kinase inhibitor staurosporine (10 nM to 2 μM) nor 
H-89 (0.1 μM), a  PKA inhibitor, significantly altered the  release of EAAs 
during or following ischemia. These resu lts  suggest th a t cerebral 
ischemia activates both PLC and cPLA2, which are linked through a 
PKC dependent pathway. Activated phospholipases can then  alter the 
integrity of the plasm a membrane by metabolizing integral 
phospholipids, allowing for the redistribution across the mem brane of 
compounds present in high intracellular concentrations, including EAAs.
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87.11

EXOGENOUS PHOSPHOLIPASE A2 IS GLIOPROTECTIVE  
DURING COMBINED GLUCOSE-OXYGEN DEPRIVATION. 
JE Segeleon, SE Haun*. VL Trapp, and LA Horrocks. Depts. 
of Peds. and Med. Biochem., The Ohio State University, 
Columbus, OH 43210.

We have previously shown that nordihydroguaiaretic acid, a 
phospholipase A2 (PLA2 ) and lipoxygenase inhibitor, inhibits 
release of [3H]arachidonic acid metabolites ([3 H]AAM) and 
potentiates cellular injury in astroglial cultures exposed to 
combined glucose-oxygen deprivation (CGOD). W e tested 
the hypothesis that exogenously added bee venom PLA2 (0.3, 
1, 3, 10, and 30 mU/ml) would increase the release of 
[3H]AAM and decrease cellular injury in rat cortical astroglial 
cultures subjected to CGOD. In prelabeled astroglial cultures 
exposed to CGOD, 1, 3, 10, and 30 mU/ml PLA2 significantly 
increased the release of [3 H]AAM when compared to the 
untreated group. Interestingly, the addition of 0.3, 1, and 3 
mU/ml PLA2 significantly reduced LDH efflux, whereas 10 
mU/ml had no effect and 30 mU/ml increased LDH efflux 
when compared to untreated cultures during CGOD. W e  
speculate that arachidonic acid or its metabolites may have a 
glioprotective role during CGOD. Supported by NIH K08 NS 
01523 and CHRF 020-886.

87.13
ORNITHINE DECARBOXYLASE ACTIVITY AND EDEMA FORMATION 
IN CEREBRAL ISCHEMIA OF GERBILS. A. M. Rao*, M. K. Baskaya. M. 
E. Maley. M. R. Prasad and R. J. Dempsey . Division of Neurosurgery, 
Department of Surgery, University of Kentucky Medical Center, Lexington, 
Kentucky, 40536-0084.

General anesthetic agents often affect many of the biochemical and 
physiologic changes triggered by cerebral ischemia. This study examined 
the regional activities of ornithine decarboxylase (ODC) in gerbils 
subjected to 5 min of bilateral carotid occlusion by a remote occluder. At 
2 h reperfusion after 5 min ischemia, no induction of ODC activity was 
found in the cortex and hippocampus. At 4 h and 6 h reperfusion, a 
significant induction of ODC activity was observed in both the regions. 
Pretreatment with a-difluoromethylornithine (DFMO) significantly blocked 
the ischemia-induced increase of ODC activity in the cortex and 
hippocampus at both 4 h and 6 h reperfusion. Although a significant 
edema formation was found in both the cortex and the hippocampus at 2 
h and 4 h reperfusion, it was observed only in the hippocampus at 6 h 
reperfusion. At 2 h reperfusion, edema formation was unaffected by the 
administration of DFMO. However, DFM O treatment reduced later edema 
formation both in the cortex and hippocampus at 4 h reperfusion, and in 
the hippocampus at 6 h reperfusion. These results demonstrate the 
delayed induction of ODC activity and of edema formation in the cortex 
and hippocampus in gerbils after the induction of transient ischemia in this 
model. The observations that DFM O treatment reduced both the ischemia- 
induced ODC activity and edema formation indicate a role for polyamines 
in post-ischemic edema formation.

8 7 .1 2
BRAIN PYRUVATE DEHYDROGENASE (PDH) FOLLOWING CARDIAC 
ARREST AND RESUSCITATION. 1Y.E. Bogaert*. 2P.R. Hof. 2J H. Morrison. 3K - 
F Rex Sheu. 1R.E. Rosenthal. and 1G. Fiskum. 1Depts of Biochem. and Emerg. 
Med., George Wash. Univ., Wash. DC 20037, 2Fishberg Res. Ctr. for Neurobiol., Mt. 
Sinai Sch. Med., NY 10029, and 3Burke Rehab. Ctr., Cornell Univ., NY 10021.

Post-ischemic mitochondrial impairment can contribute to prolonged cerebral lactic 
acidosis and may be an important causative mechanism in selective neuronal 
vulnerability following ischemia/reperfusion (I/RE). This study tested the hypothesis 
that failure to re-establish normal energy metabolism may be due to inhibition of 
PDH. Our cardiac arrest (CA) model consists of subjecting anesthetized beagles to 
either sham surgery, 10 min CA or 10 min CA followed by resuscitation and 0.5, 2, 4 
or 24 hr of RE. There is a 72% reduction in maximal PDH activity in frontal cortex 
homogenates following only 30 min of RE and a 65% inhibition following 24 hr of 
RE, although there was no change in activity following I alone. These changes are 
specific as neither the activity of lactate dehydrogenase nor of α-ketoglutarate 
dehydrogenase are altered following I/RE. The in vivo results correspond well with 
the differential susceptibility of these enzymes to in vitro free radical generating 
systems, as only PDH is inhibited. Results of Western immunoblots performed on 
frontal cortex homogenates demonstrate decreases of up to 45% in the 
immunoreactive level of PDHC subunits following 2 hr of RE and a 35% inhibition 
following 24 hr of RE. Fluorescent immunohistochemical labeling with a rabbit 
polyclonal antibody to PDH was performed in sections of frontal cortex. The normal 
distibution of labeling demonstrates that PDH is enriched in the large pyramidal 
neurons in layers III and V. Following 2 hr of RE, there is a dramatic loss of PDH 
immunoreactivity. A less dramatic loss of immunoreactivity is still apparent following 
24 hr of RE. Preliminary quantification of fluorescence intensity with a confocal 
system demonstrates a 50% reduction in intensity following 2hr of RE. These results 
suggest that post-ischemic loss of PDH activity and protein is either an early causative 
factor or a sensitive marker of selective neuronal vulnerability to delayed death 
following global cerebral ischemia and reperfusion. Supported by NIH NS34152, 
Emerg. Med. Foundation and Souers Stroke Fund.

ISCHEMIA: GLIA AND EDEMA

88.1
THE EFFECTS OF ANOXIA AND SIMULATED ISCHEMIA ON THE 
VIABILITY OF CULTURED RAT HIPPOCAMPAL ASTROCYTES 
Christopher A. Pappas* and Bruce R. Ransom Department of Neurology, Yale 
University School of Medicine, New Haven CT 06510 USA 

Astrocytes, like neurons, do not survive in the absence of oxygen and glucose. The 
pathophysiology of glial injury under these conditions is not well understood. We 
studied the effects of anoxia or simulated ischemia on the viability of cultured rat 
astrocytes using retention of a fluorescent dye (BCECF) to assess membrane integrity. 
Astrocytes were loaded with BCECF, and dye retention was monitored by exciting at 
440 nm (isosbestic point). Astrocyte death was defined as the abrupt loss of dye 
emission. Astrocytes (7-14 DIV) were studied in a perfused chamber at 37° C over a 3 
hr period. No significant cell death occurred during 3 hrs of perfusion under control 
conditions, or in the presence of 500 pM glutamate. Na+pump blockade with 1 mM 
ouabain killed the majority of cells (81.5 ± 8.8%). Anoxia or antimycin A (AA), 
which block oxidative phosphorylation, did not kill astrocytes during the 3 hr 
observation period. Removal of glucose caused a loss of ~ 51% of the cells after 3 hrs, 
and if glycolysis was inhibited by 2-deoxyglucose (10 mM) or NaF (10 mM), which 
caused 70.6 ± 4.7% and 96.5 ± 2.3% cell loss, respectively. Ischemia, simulated by 0- 
glucose + anoxia or NaF + AA, caused 95.5 ± 1.3 % and 92.6 ± 4.4 % cell loss, 
respectively. Fluo3 was used to measure intracellular Ca2+, [Ca2+]i, in these astrocytes. 
During simulated ischemia, [Ca2+]i increased markedly in astrocytes, suggesting that 
death in these cells was Ca2+-dependent. This was supported by the fact that removal 
of extracellular Ca2+ significantly reduced cell loss due to NaF treatment (57.6 ±
12.1%; p<0.001). In the presence of NaF, Ca2+ appeared to enter astrocytes via 
voltage-gated Ca2+ channels because these cells were protected from death by the Ca2+ 
blocker diltiazem (50 μM). Our data indicate that rat hippocampal astrocytes are 
resistant to 3 hrs of anoxia if sufficient glucose is available. In the absence of glucose 
or when glycolysis is inhibited, these cells die rapidly in a Ca2+-dependent manner. 
(Supported by NIH grant NS 15589 to BRR)

88.2
HALTING GLIA FUNCTION IN SITU IMITATES NEURON DETERIORATION SEEN 
IN PENUMBRA OF FOCAL CEREBRAL ISCHEMIA C. Largo1, P. Cuevas1. R. Martin 
del Rio1. G.G. Somien2 and O. Herreras1* (1)Hosp . Ramó n y Cajal, 28034-Madrid, 
Spain. (2) Duke Univ. Med. Ctr., Durham, NC 27710.

We studied the role of glia in ion homeostasis and neuron 
survival. 4 hours of fluorocitrate (FC) administration by microdialysis 
to CA1 of urethane anesthetized rats selectively damaged glial cells, 
confirmed by histology. Recurrent waves of spreading depression 
(SD) started after 3-4 hours in most cases, accompanied by steep 
increase of Tau, Glu and GABA in the dialysate. Once recurrent SD 
begun, antidromic spikes were gradually depressed, and were 
completely blocked after 7-8 hr FC dialysis, signaling irreversible 
damage of neurons later confirmed by histology. When a smaller 
dialysis fiber was used, FC did not provoked recurrent SD, and 
neurons were spared even though glia was injured. Recurrent SD 
induced by high [K+] (without FC) caused no neuron damage. 
Dialysis of 125 mM K+ raised tissue [K+]0 only by 1-2 mM at 200 
μ m from the dialysis membrane in normal hippocampus and also 
when FC treatment did not induce recurrent SD, but after FC- 
induced recurrent SD waves similar K+ administration raised [K+]o by 
20 mM. W e conclude that (1) neurons can regulate [K+]0 even when 
neuroglia is damaged; (2) without glial support, neurons succumb to 
recurrent severe depolarization. Neuroglia probably plays a 
protective role also in hypoxic and ischemic depolarization. 
Supported by grant 93/661 of the Spanish FISSS.
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8 8 .3
CULTURED ASTROCYTES SUFFER OXIDATIVE STRESS DURING GLUCOSE 
DEPRIVATION. M,C. Papadopoulos*. I.L. Koumenis. Xiao-Yun Sun and R.G. 
Giffard. Department o f Anesthesia, Stanford University Medical Center, Stanford CA 
94305

Glucose deprivation is an important component o f ischemia. Since free radicals are 
implicated in ischemic cell injury, we asked whether glucose deprivation alone 
generates oxidative stress. Monochlorobimane fluorescence was used to measure 
reduced glutathione (GSH) in primary astrocyte cultures from neonatal mice. GSH 
was normalized to total cell protein measured by the bicinchinonic acid method. The 
percentage of lysed cells was determined by assaying lactate dehydrogenase activity 
in the culture medium. Fluorescence anisotropy of liposomes prepared from lipid 
extracts of cultures was measured with the fluorescent probe diphenylhexatriene. After 
12h of glucose deprivation, GSH fell from 18.6±0.8 SD to 8.6± 1.2 nmol/mg protein 
(n=4, p<0.01). The free radical scavenger dimethylthiourea ( 10mM) protected 
astrocytes from glucose deprivation and decreased the number of lysed cells from 
71+4.8% to 46+4.8% (n=4, p<0.01) after 24h of glucose deprivation. Exposure of 
astrocytes to the glutathione synthesis inhibitor buthionine sulfoximine (BSO) at 
100uM for 12h led to a reduction in the GSH levels by 75%. BSO pretreatment caused 
an increase in cell death from 49+2.9% to 70+5.2% (n=4, p<0.01) after 18h of glucose 
deprivation. Anisotropy increased after 8 hours of glucose deprivation from 
0.1577±0.0025 to 0.1666+0.0025 (n=4, p<0.01), consistent with membrane 
rigidification due to free radical mediated crosslinking. All experiments were repeated 
three times with similar results. Glucose-deprived astrocytes suffer oxidative stress. 
This may reflect either increased production of free radicals or decreased scavenging 
capacity.

Work supported in part by GM49831 and NS1425.

88 .5
REACTIVE GLIA EXPRESS CYTOSOLIC PHOSPHOLIPASE A2 
FOLLOWING CEREBRAL ISCHEMIA IN THE RAT. D.T. Stephenson*. E. B. 
Smalstig. E.F. Roberts, E. Johnstone. S.P. Little. R.M. Kramer. J.A. Clemens.
Eli Lilly and Company, Lilly Research Laboratories, Indianapolis, IN 46285.

Cytosolic phospholipase A2 (PLA 2) is activated by submicromolar 
concentrations of Ca++ and is thought to control receptor-mediated eicosanoid 
production and to participate in intracellular signal transduction processes. Because 
of increases in free fatty acids, eicosanoids and products of lipid peroxidation, PLA2 
has been proposed to be one of the factors contributing to neuronal cell death after 
cerebral ischemia. We investigated the cellular localization of PLA2 in the brain 
following ischemia using an highly selective antiserum to purified PLA2 . 
Immunohistochemistry was performed in sections through the dorsal hippocampus 
in rats subjected to thirty min of transient global forebrain ischemia. At 72 h 
postischemia, the time point of neurodegeneration in the hippocampus, PLA2 
immunoreactivity was distinctively and selectively increased throughout the CA1 
region in cells that resembled glia. This staining pattern was not observed in sham- 
operated controls and immunoreactivity in the ischemic animals was abolished by 
labeling sections with antiserum preadsorbed with excess purified PLA2 . Double 
labeling experiments demonstrated CPLA2  expression in activated microglia and 
astrocytes. PLA2 co-localized with the astrocyte markers, GFAP and S-100 and 
with the microglial cell markers, 0X42 and ED1. Only a subset of PLA2 
immunoreactive cells were co-labeled with each of these markers. At 24 h 
following ischemia, prior to the onset of histologic damage, numerous PLA2 
immunoreactive astrocytes but not microglia were observed. Furthermore, we 
observed that the enzymatic activity of PLA2 was increased several-fold in cytosolic 
extracts prepared from microdissected hippocampus of ischemic rats compared to 
sham-operated controls. These results suggest that PLA2 in reactive glia may 
contribute to the pathophysiology of delayed neuronal death following ischemia.

8 8 .7

INJURY IN DU CED  EX PRESSIO N  O F CY TO KIN ES IN CU LTU RED  
A S T R O C Y T E S . L.T . Lau. W .Y . Fu. A .C .H . Y u* . D epartm en t o f 
B iology, Hong Kong U niversity o f Science & Technology, C lear W ater 
Bay, K owloon, Hong Kong.

Cytokine is a group o f cell m ediators that involves in brain im m une 
responses. It is know n that cytokine has many effects on astrocytes such 
as induced astrocytic proliferation and other cytokines expression. It is 
also know n that astrocytes can be reactivated  under different injuries, 
such as m echanical traum a and stroke induced ischem ia. R eactive 
astrocytes are know n to express and release cytokines. In this study, we 
have m easured the expression o f cytokines - interleukin 1 (IL 1), tum our 
necrosis factor α  (TNF α ), interleukin 6 (IL 6) and interferon γ  (IFN γ) in 
prim ary culture w ith enriched population o f cerebral cortical astrocytes 
under various injury conditions. Tw o in vitro  in jury  m odels w ere 
studied. In a m echanical injury model w hich w as created by scratching 
a confluent astrocyte culture with a plastic pipette tip and resulted in a 
40%  injury, w e w ere able to stain IL l α  and TN F α  in cells along the 
scratch. U sing slot blot, we w ere able to detect the release o f  IFN γ  and 
IL  6 in  culture m edia from  scratch cultures w ithin tw o hours after the 
scratch. The releases w ere increased w ith tim e after scratch. In an 
ischem ic m odel by incubating cultures in an anaerobic cham ber from  
Form a Scientific, we were able to detect an increase o f IFN γ  and IL  6 in 
the m edium  w ithin tw o hours o f incubation. The TN F a  release w as 
detected earlier than IFN  γ  and IL 6. A lthough we could detect the 
expression o f IL  l α  in scratch astrocytes intracellularly, w e w ere unable 
to detect IL l α  release in the m edium  under sim ilar m echanical injury 
nor under ischem ia. (S upported by G rants from  U G C , N O R A M  and 
D epartm ent o f Biology, HKUST)

8 8 .4
ISCHEMIC GLIAL DAMAGE AFTER FOCAL ISCHEMIA REVEALED BY 
g f a p -a n t ib o d ie s  IN THE RAT. H. Weigel (1). St. Smith (2). R. Schmidt- 
Kastner (1), U.T. Eysel (1) and B. Meldrum (2 ). (SPON: European 
Neuroscience Association). (1) Dept. of Neurophysiology, Ruhr-University 
Bochum, D-44780 Bochum, Germany, (2) Dept. of Neurology, Inst. of 
Psychiatry, London SE5 8AF, UK

Astrocytes are resistant to short term global ischemia. However, in focal 
cerebral infarctions due to local ischemia, both neurons and glia are lost. W e  
studied the alterations of astrocytes in two models of focal brain ischemia 
(arterial occlusion and photochemically induced thrombosis) by 
immunohistochemistry for glial fibrillary acidic protein (GFAP). In the first series 
of experiments, the middle cerebral artery (MCA) was occluded in 
anaesthetized Fischer rats, and brains perfusion-fixed after 2, 4, 6, 8 h, and 1 
or 3 d (n=3, each). Nissl-staining showed infarction in the piriform, insular and 
parietal cortex and in the striatum. At 6 and 8 h, these areas displayed 
increased GFAP-labeling with polyclonal antibodies, associated with the acute 
disintegration of astrocytic processes in the penumbra. Lateron (at 1 and 3 d), 
typical reactive astrocytes were found around the infarction.

In the second experimental approach, focal cortical ischemia was elicited in 
rats by photochemically induced thrombosis (local illumination of the cortex 
after systemic injection of rose bengal) and brains were studied 30 min, 1 , 2 , 4  
h and 1, 3, 8, and 30 days after lesioning. Already at 30 min, astrocytes 
showed swelling, first signs of disintegration and enhanced GFAP-labeling. At 
1 to 4 hrs disintegration of astrocytic processes increased. Like after arterial 
occlusion, reactive astrocytes were seen after 1-3 days.

We suggest that the acute increase in GFAP-labeling with polyclonal 
antisera and the presence of disintegrating astrocytes reflects irreversible 
tissue damage and thus the onset of infarction.
Supported by the Deutsche Forschungsgemeinschaft (Ey 8/13, Ey 8/23).

88.6
CH A N G ES IN A TP C O N TEN T IN CU LTU R ED  N EU R O N S A N D  
A STROCY TES U ND ER ISCH EM IA  A ND  POST-ISCH EM IA . W .Y . 
Fu and A. C. H. Yu. (SPON: The Hong Kong Society o f N euroscineces) 
D epartm en t o f  B io logy , H ong K ong U n iv e r s i ty .o f  S c ience  & 
Technology, C lear W ater Bay, Kowloon, Hong Kong.

Study the changes in the ce llu lar energy state  is im portan t in 
understanding the m echanism  o f cell dam age under m etabolic related  
pathological insults such as stroke induced ischem ia in the C entral 
Nervous System. W e had previously shown that cultures o f  astrocytes 
under ischem ia expressed c-fos and heat shock protein. The uptake o f 
glucose and glutam ate was also altered by ischem ia and post-ischem ia 
incubation. The goal o f this study is to determ ine the effects o f ischem ia 
and post-ischem ia on the energy level o f  neurons and astrocytes in 
prim ary cultures. In a m ineral oil induced ischem ia m odel, we showed 
that the ATP levels in astrocytes and neurons w ere deceased drastically 
w ithing one hour o f ischemia. Under post-ischem ia, astrocytes afetr two 
hours o f ischem ia incubation were able to replenish the A TP content but 
neurons could  not. In another in vitro  ischem ic m odel crea ted  by 
incubating cultures in an anaerobic cham ber (Form a Scientific), the A TP 
levels in astrocytes w ere also decreased w ith tim e under ischem ia. In 
eight hours o f ischemia, the ATP level was low ered to  alm ost 17% o f the 
controls. Some o f these astrocytic cultures w ere put under post-ischem ic 
incubation after various period o f ischem ia. The A TP levels in these 
astrocytes w ere returned to a level close to the control w ithin four hours. 
These results dem onstrated that astrocytes are more tolerance to ischem ia 
induced dam age in energy m etabolism  than neurons. (Supported  by 
G rants from UGC and Departm ent o f Biology, HKUST)

88.8
MEMBRANE FLUIDITY AND GLUTATHIONE CHANGES WITH OXYGEN 
GLUCOSE DEPRIVATION AND REPERFUSION OF ASTROCYTE CULTURES 
Iphigenia L Koumenis*. Marios C. Papadopoulos. Rona G. Giffard Department of 
Anesthesia, Stanford School of Medicine, Stanford, CA 94305

Free radicals have been postulated to be important mediators of ischemic brain injury, 
particularly during reperfusion. We sought evidence for oxidative stress during sublethal 
combined oxygen glucose deprivation (in vitro ischemia) and after reoxygenation and 
refeeding of primary mouse cortical astrocyte cultures. Astrocytes were chosen because 
they are thought to contain the majority of the GSH in brain parenchyma. Fluorescence 
anisotropy was used to measure membrane fluidity o f cell extracts. Fluidity was correlated 
with measurements of the level o f the cellular antioxidant glutathione (GSH) using 
monochlorobimane fluorescence.

Lipids were extracted from cultures after 3 hr ischemia, after 1 hr reperfusion, and from 
control washed cells. Liposomes were then made incorporating the fluorescent probe 
diphenylhexatriene (DPH). Fluorescence anisotropy was measured in a Perkin Elmer 
LS50B fluorimeter equipped with polarizers. We observed significant (p<0.05) membrane 
fluidization during ischemia (R = 0.1527 ± 0.003 SD) compared to control (R = 0.1601 ± 
0.002). In four experiments this represented a 4-6% change. Significant (p<0.05) 
rigidification is observed after reperfusion (R = 0.1584 ± 0.004). Glutathione levels 
remain unchanged after 3 h of ischemia at 13.8 ± 1.4 nmol/mg protein, compared to 
control, 14.4 ± 1.8. After 1 h reperfusion GSH decreased significantly to 11.4 ± 1.2 
(p<0.05, n=12) . We are currently investigating the effect of free radical scavengers 
during reperfusion in this system. These findings are consistent with the activation of 
phospholipases previously reported by others during ischemia, and production of free 
radicals first upon reperfusion. Increased free radicals result in loss of intracellular GSH 
and crosslinking of unsaturated lipids. This crosslinking could account for the membrane 
rigidification observed after reperfusion.
Work supported in part by GM49831 and NS1425.
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8 8 .9

HYPO-OSMOLALITY EXACERBATES HYPOXIC NEURONAL DAMAGE 
IN THE RAT HIPPOCAMPAL SLICE PREPARATION. R.S. Payne. A. Schurr 
and B.M. Rigor*. Department of Anesthesiology, University of Louisville, School 
of Medicine, Louisville, KY 40292.

Cerebral edema results, presumeably, from an influx of Na+, Cl- , Ca2+ and 
water, and occurs within minutes of the onset of numerous neuropathological 
phenomena including hypoxia-ischemia, seizure and excitotxicity. This cellular 
swelling may be induced rapidly and reversibly in the rat hippocampal slice 
preparation by reducing the osmolality of the perfusion medium (ACSF). A 
concomitantly rapid increase in the amplitude of the evoked orthodromic CA1 
population spike (PS, neuronal function) which indicates an increase in extracellular 
tissue resistance, provides a reliable monitor of cellular swelling. The present study 
was designed to evaluate the combined effects of hypo-osmolality and hypoxia (95 % 
N2 / 5 % CO2) on neuronal function in the rat hippocampal slice preparation.

Transverse hippocampal slices prepared from male Sprague-Dawley rats (200-350 
g) were maintained and monitored electrophysiologically in a dual interface chamber 
as described elsewhere (Brain Res., 614:10, 1993). After recording a baseline of 
neuronal function in iso-osmotic ACSF (293±  3 mOsm), slices were perfused with 
hypo-osmotic (reduced NaCl) ACSF (233± 3 to 273 ± 3 mOsm) for 15 min prior to 
and during 15-min hypoxia. At the end of the hypoxic period, slices were allowed to 
recover for 30 min in iso-osmotic ACSF and normal oxygenation (95 % )2/5 % CO2 ) 
before testing for the presence of neuronal function. Of control slices (iso-osmotic), 
60% recovered their neuronal function after 15-min hypoxia compared to 52%, 
36%, and 15% recovery rate in hypo-osmotic slices (273, 253, and 233 mOsm. 
respectively).

These results suggest an increased sensitivity of edematose neuronal tissue to 
hypoxia-ischemia.

88.10
HYPERTONIA SAVES HYPOXIC NEURONS AND PREVENTS SD-LIKE 
DEPOLARIZATION. R. Huang. P.G. Aitken. G.G. Som ien*. Dept. Cell 
Biol., Duke Univ., Durham, NC 27710

The vulnerability of neurons to hypoxia and other noxae has been blamed 
on increase of intracellular free calcium or on cell swelling. Osmotic swelling 
depresses but does not kill CA1 pyramidal neurons in tissue slices (Huang et 
al., Brain Res., in press). We now tested whether hypertonic shrinkage can 
protect neurons. Oxygen was withdrawn for 6.5-8 min from hippocampal 
slices bathed in normal artificial cerebrospinal fluid (ACSF) and, 
simultaneously, from slices cut from the same hippocampus but bathed in 
strongly hypertonic ACSF. Extracellular osmolarity (πo) was raised by adding 
100 mmol/1 mannitol to ACSF. Slices in normal πo underwent spreading 
depression (SD)-like depolarization. The hypertonic slices usually showed no 
SD, only a small, gradual negative voltage shift. When oxygenation and 
normal πo were restored, synaptic transmission in the previously hypertonic 
slices recovered completely, but three hours following reoxygenation 
orthodromically transmitted population spikes of the control slices recovered 
only 25.1% of the initial control amplitude. We conclude that hypertonia 
protects against acute hypoxic neuron failure. The protection is probably due 
to the prevention of calcium uptake mediated by SD-like depolarization, with 
the prevention of hypoxic cell swelling playing a lesser role.

Supported by a fellowship to R.H. from the Canadian Heart and Stroke 
Foundation and grant NS 18670 of the NINDS.
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8 9 .1

OVEREXPRESSION OF THE G LUCOSE TRANSPO RTER GENE W ITH A 
HERPES SIM PLEX VIRAL VEC TOR PRO TEC TS STRIATAL NEURO NS  
AGAINST FOCAL ISCHEMIA. M. S. Lawrence. G. H. Sun. D. M. Kunis*. T. C. 
Saydam , R. Dash. R. M. Sapolsky , G. K. Steinberg. Dept. of Neurosurgery 
and Biological Sciences, Stanford University, Stanford, CA 94305.

W e have generated herpes simplex virus (HSV) vectors bearing the rat 
brain glucose transporter gene (GT) with the hope of alleviating the metabolic 
imbalances associated with neurologic insults. In previous studies 
microinfusion of the bicistronic vector vα 2 2 βgalα 4GT, bearing the GT gene 
and the lacZ  marker gene under the control of the HSV immediate early α 4 
and α 22 promoters, respectively, protected rat hippocampal CA3 neurons 
from kainate-induced seizure damage. In the present investigation G T  
overexpression was also shown to protect against an ischemic insult. The  
vector vα 2 2 β ga lα 4G T, or a control vector vα 2 2 β ga lα 4gts bearing a 
truncated dysfunctional GT gene, were microinfused bilaterally into the 
striatum (AP 0; ML 3.5; DV 4.5 from bregma) 6 hours prior to the unilateral 
occlusion of the middle cerebral artery by the insertion of an intraluminal 
suture. Animals were sacrificed 48 hours later and brains were sliced and 
stained with X-galactosidase and cresyl violet to allow the identification of 
healthy intact virally targeted neurons and to assess the extent of stroke 
induced damage. Rats receiving the G T vector vα 2 2 βgala4G T exhibited a
67.4 ± 13.4 % survival of virally targeted neurons in the ischemic hemisphere 
compared to the contralateral control (n = 7), whereas rats receiving a control 
vector exhibited only 32.8 ±  6.0%  survival (n = 9). This significant difference 
in survival (p=0.022) suggested that energy availability is an important 
contributor to the neuropathology of ischemic damage in the striatum, and 
that GT overexpression can serve to reduce this metabolic distress and 
prevent neuron death. From a broader therapeutic perspective, the results 
suggest that gene transfer may offer a novel means of alleviating stroke- 
induced damage.

8 9 .3

CHANGES OF 5-HYDROXYTRYPTAMINE RELEASE BY DIFFERENT 
CONCENTRATIONS OF GLUCOSE FROM HIPPOCAMPAL SLICES 
EXPOSED TO HYPOXIA. Y S. Ahn, D.W Kang and K.H. Kim* Dept 
of Pharmacology, Yonsei Univ. College of Medicine, Seoul 120-752, Korea 

We have previously reported that the spontaneous release of [3H]5- 
hydroxytryptamine(5-HT) was markedly decreased by hypoxic insult in rat 
hippocampal slices (Soc. for Neurosci. Abst. 681.3, 1993). In the present 
study, the effect of glucose on 5-HT release was examined. Fractional release 
of [3H]5-HT was measured from incubation media exchanged every 10 min 
for 140 min, and after stabilization of [3H]5-HT release, 10 or 20 min period 
of hypoxia was induced by exchanging the media which have been previously 
saturated by 95% N2/5% CO2 gas. In the media containing 1, 2, 5, 10 or 20 
mM glucose, [3H]5-HT release was stabilized after 40 min incubation. 
Exposure to hypoxia decreased [3H]5-HT release up to 60% of the control 
level in a glucose concentration-dependent manner, and recovered gradually 
after hypoxic periods. In the media containing no glucose at all, however, the 
spontaneous release of [3H]5-HT increased continuously during incubation. 
Moreover, when hippocampal slices were exposed to hypoxia, the [3H]5-HT 
release increased more up to 150% of the control level and recovered 
gradually to the control level after hypoxic periods. These results demonstrate 
that hypoxia inhibits or enhances 5-HT release in the presence or absence of 
extracellualr glucose, and suggest that the availability of extracellualr glucose 
is a key factor to determine the direction of 5-HT release under hypoxic 
condition.

8 9 .2
WHEN GIVEN A CHOICE, HIPPOCAMPAL SLICES PREFER LACTATE 
OVER GLUCOSE FOR THEIR AEROBIC RECOVERY FROM HYPOXIA.
A. Schurr*. R.S. Payne and B.M. Rigor. Dept. of Anesthesiology, University of 
Louisville, School of Medicine, Louisville, KY 40292.

The ability of lactate alone to support neurenal function in vitro was 
demonstrated by us in 1988 (Science, 240:1326) and was confirmed repeatedly by 
others since then. In our original paper we speculated on the possibility that 
following conditions of energy deprivation lactate is the preferred substrate over 
glucose in the formation of pyruvate, the glycolytic product that enters the 
tricarboxylic acid cycle. The present study was set to test this possibility.

Hippocampal slices were prepared from adult male Sprague-Dawley rats and 
incubated in a dual, interface chamber as described elsewhere (Brain Res., 614:10, 
1993). Slices were perfused with 10 mM glucose in artificial cerebrospinal fluid (10 
mM glucose-ACSF) under an atmosphere of 95% O2/5% CO2 . Extracellular 
population spike (PS) was evoked in the CA1 pyramidal cell body layer by 
stimulating the Schaffer collaterals (neuronal function). To achieve conditions of 
glucose deprivation, slices were first perfused with ACSF containing no glucose (0 
mM glucose-ACSF) until a PS could not be evoked (30-45 min); slices in one 
compartment of the dual chamber were then perfused with 3 mM glucose-ACSF 
while those in the other compartment were perfused with ACSF containing 1.5 mM 
glucose + 3 mM sodium lactate. Under both conditions the PS recovered to its 
original amplitude within 10 to 15 min. After 30 min of these conditions, slices in 
both compartments were exposed to 5 min of hypoxia (95% N2 /5% CO2) followed 
by 30 min of reoxygenation and perfusion with 10 mM glucose-ACSF.

Of the slices exposed to 3 mM glucose, 40.6± 6.0% (mean± S.D. of the mean) 
recovered their neuronal function upon reoxygenation. In contrast, significantly 
higher recovery rate (69.8± 5 .1 %; P<0.01) was observed for slices that were 
exposed to 1.5 mM glucose + 3 mM lactate.

These results strongly support our notion that following conditions of cerebral 
energy deprivation, and possibly following other conditions that induce anaerobic 
glucose utilization,lactate is the preferable substrate for aerobic energy metabolism.

8 9 .4
HYPERGLYCEMIC CARDIAC ARREST: CEREBRAL BLOOD FLOW AND 
PERFUSION PRESSURE ARE MARKEDLY ELEVATED EARLY DURING 
RECIRCULATION. K.R. Wagner*. G. Xi. Y. Hua. M. Kleinholz. G. de Courten-
Myers. R.E. Myers. Dept. of Veterans Affairs Medical Center; Depts. of 
Neurology and Pathology, Univ. Cincinnati Coll. Med., Cincinnati, OH 45220.

Hyperglycemia during global cerebral ischemia exacerbates brain injury 
producing neurological deterioration (myoclonus, seizures, coma), blood-brain- 
barrier (BBB) breakdown, edema and tissue necrosis. Since hyperemia may 
underlie the early BBB opening in postischemic hyperglycemic animals 
(Dietrich et al., 1993), we tested the hypothesis that cerebral blood flow (CBF) 
is significantly higher following hyper- versus normoglycemic cardiac arrest.

W e induced cardiac arrest in normo- (6 mM) or hyperglycemic (20 mM) cats 
by i.v. KCI (0.75 mEq/kg). W e monitored brain temperature with a microtherm
istor probe and maintained it at 37.7± 0.2°C during arrest (core temperature = 
38.5±0.3°C). W e monitored arterial blood and cerebral tissue pressures (CTP) 
and blood gases and pH. W e employed a standard resuscitation protocol with 
administration of oxygen, epinephrine, bicarbonate and defibrillation if required.

Clinically, all hyper- but no normoglycemic cats remained comatose and 
developed myoclonus, forelimb extensor hypertonus and opisthotonic posturing 
and died within 2 days postexposure with evidence of brain edema (CTP>100  
mmHg, hemispheric and cerebellar herniation). CBF and cerebral perfusion 
pressure (CPP) were significantly higher at 10 min of recirculation following 
hyper- versus normoglycemic cardiac arrest. This higher CBF is likely due to 
the greater tissue acidosis that develops during hyperglycemic cardiac arrest. 
The higher CPP likely represents the Cushing response to a significantly higher 
CTP that follows hyperglycemic cardiac arrest. These results suggest that 
marked hyperemia and elevated CPP during the early minutes of reperfusion 
may underlie the early BBB opening that follows hyperglycemic global 
ischemia. Supported by Merit Review funds of Department of Veterans Affairs.
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8 9 .5
EFFECTS OF HEMATOMA VOLUME AND HYPERGLYCEMIA ON 
INTRACRANIAL PRESSURE IN EXPERIM ENTAL INTRACEREBRAL  
HEMORRHAGE. G. Xi*, K.R. Wagner. Y. Hua, G. de Courten-Myers, R. E. 
Myers. Depts. of Neurology and Pathology, Univ. Cincinnati College of 
Medicine; Dept. of Veterans Affairs Medical Center, Cincinnati, OH 45220.

Marked elevations in intracranial pressure (ICP) due to large hematomas 
and edema development following intracerebral hemorrhage (ICH) can cause 
death from herniation and brain stem compression. Hyperglycemia, which is 
correlated with a poorer clinical outcome from ICH, may contribute to post-ICH 
edema formation. In the present study, we examined the effects of hematoma 
volume and hyperglycemia on ICP in an experimental ICH model.

We produced lobar hematomas in 20 pigs (7-9 kg), by infusing autologous 
blood (1.7 or 2.5 ml, comparable to 30 or 50 ml hematomas in man, respec
tively) into the frontal hemispheric white matter over 15 minutes. We monitored 
blood pressure and controlled blood gases and pH. We monitored cerebral 
tissue pressure (CTP) with an intraparenchymal Millar microtip catheter 
pressure transducer. We froze brains of normo- (6 mM) and hyperglycemic 
(18 mM) pigs in situ (1-8 h) and examined coronal slices for tissue herniation.

With 1.7 ml blood infusions, CTP increased to 6 mmHg by 2 h in both glyce-
mia groups In hyperglycemic pigs, CTP then increased to 8 mmHg (5 h) and 
fell sharply to 3 mmHg (6 h). In normoglycemics, CTP remained at 6 mmHg. 
With 2.5 ml blood infusions, CTP peaked in normoglycemics at 10 mmHg (4 h) 
and then fell to 5 mmHg (by 8 h). In contrast, CTPs were significantly (P<0.01) 
higher in hyperglycemics (19 mmHg at 5 h), thereafter falling to 10 mmHg (7-8 
h). Bilateral herniation of cerebral hemispheral tissue and compression of 
superior colliculi were observed particularly in 2.5 ml hyperglycemic ICH. Thus, 
elevated ICP and tissue herniation during the early hours following ICH are 
correlated with blood volume and glycemia level. Supported by NIH NS-30652.

89 .7

EXTRACELLULAR ACIDITY INDUCES APOPTOSIS DEATH OF CULTURED 
CORTICAL NEURONS. L.M.T. Canzoniero*. S.L.Sensi, H S.Ying, J.W. 
McDonald, J.K. Muir and D.W. Choi. Dept. of Neurology and Center for the 
Study of Nervous System Injury, Washington Univ. School of Medicine, St. Louis, 
MO 63110.

The extracellular lactate acidosis associated with brain ischemic insults has been 
implicated in the pathogenesis of ischemic brain damage, although a protective 
reduction of NMD A receptor activation has also been described. Previous in vitro 
experiments have focused on the relatively high vulnerability of astrocytes to death 
induced by low pH. Here we examined the ability of extracellular acidity, at levels 
found in the ischemic brain, to induce neuronal death in murine cortical cell 
cultures lacking glia.

Cortical cultures exposed for 24-48 hours to extracellular bicarbonate buffer 
medium at pH 6.2-6.4 developed substantial neuronal cell dea th , associated with 
shrinkage of cell bodies, and fragmentation of nuclear chromatin. This death was 
partially attenuated by addition of cycloheximide (1 μg/ml), anisomycin (3 μM), or 
IGF-1 (100 ng/ml). These observations suggest that prolonged exposure to 
extracellular acidity can induce cortical neuronal apoptosis, and raise the 
possibility that extracellular acidity may be a factor promoting neuronal apoptosis 
after ischemic insults in vivo.

Supported by NIH NINDS grant NS 32636 (DWC).

8 9 .9

N E U R O N A L  A C ID O S IS : A P O T E N T IA L  S T IM U L U S  O F 
A PO PTO SIS IN C ER E B R A L ISC H E M IA ? H.J. F ed ero ff1,2,3. B . 
M ukherjee1. S.B. Lee4. M. Esteban4. T.-S. L iu.5 I.S. K ass5. J. C han6 
and P .J. B erg o ld 5* D epartm en ts  o f  N e u ro lo g y 1, M ed ic in e2, 
M icrobiology and Im m unology3, U niversity o f R ochester School of 
M edicine, R ochester, N Y  14642; D epartm ents o f  B iochem istry4 , 
N eurology6 and Pharm acology5, SUN Y -HSCB, Brooklyn, NY 11203.

During cerebral ischemia, the pH o f the brain rapidly and transiently 
ac id ifies from  pH  7.3 to approx im ate ly  6.5. U sing  cu ltu red  
hippocam pal slices as a m odel system , acid ification  o f  a sim ilar 
magnitude induced apoptosis w ithin 16 hours. N euronal loss could be 
detected by TU N EL staining and DNA fragm entation. N euronal loss 
was blocked using recom binant vaccinia virus vectors that inducibly 
express the b c l -2  gene. A poptosis was observed if  bcl-2 expression 
was uniduced or in cultures transduced with vectors that express E . 
c o li  β -galactosidase, suggesting that transduction o f the vector alone 
did not influence apoptosis. A potential m echanism  for apoptosis was 
sought by pharm acological in tervention: α -tocophero l, N -acety l 
cysteine and desferrioxam ine were effective blockers suggesting that 
acidosis led to the generation o f reactive oxygen species, perhaps by 
an iron-catalyzed  Fenton  reaction . RN A  syn thesis  and protein 
synthesis inhibitors also blocked cell death. Experim ents in progress 
are exam ining w hether reactive oxygen species trigger apoptosis by 
producing alterations in gene transcription. A sim ilar m echanism  
may contribute to cell death following cerebral ischem ia. Supported 
by HD31300.

8 9 .6
DOW N-REGULATION OF TISSUE PLASM INO G EN ACTIVATO R AT THE 
BLOOD-BRAIN BARRIER OF DIABETIC RATS IS ASSOCIATED WITH  
INCREASED INFARCTION VOLUME FOLLOW ING MIDDLE CEREBRAL 
ARTERY OCCLUSION. M. Kittaka. L. Wang . N. Sun. S. S. Schreiber and B.
V. Zlokovic Depts. of Neurosurg. and Neurol., and Divn. of Neurosurg. 
Childrens Hospital Los Angeles, USC Sch. Med., Los Angeles, CA 90033.

We have recently shown that tissue plasminogen activator (tPA) is 
expressed at the blood-brain barrier (BBB) suggesting that the BBB may have 
a possible role in promoting plasmin-dependent fibrinolysis in brain 
microcirculation. In this study we used streptozotocin (STZ) diabetes model 
in rats to determine the pathophysiologic consequences of 1 hr reversible 
middle cerebral artery (MCA) occlusion in relation to the expression of tissue 
plasminogen activator (tPA) in cerebral microvessels. STZ was injected 65 
mg/kg i.p., and all rats developed a stable hyperglycemia (approximately 350 
mg/100 ml) throughout entire period of study. After 7 days, a significant 
increase in the infarction volume by 52.9% was determined in diabetic rats in 
comparison to control animals. This was associated with significant worsening 
in motor neurologic score, but no changes were observed in other physiologic 
parameters including arterial blood pressure, pO 2, pCO 2, pH, and glucose 
level. Quantitative Western blot analysis indicated complete tPA depletion in 
brain capillaries of diabetic rats, and quantitative competitive PCR analysis 
confirmed down-regulation at the mRNA level, suggesting that tPA at the BBB 
in this model may be controlled in a trascriptional manner. W e conclude that 
downregulation of tPA expression in cerebral capillaries of diabetic rats may 
reduce fibrinolytic function of the BBB that in turn could be related to 
enhanced focal ischemic injury in these animals.
Supported by NS31945 and the Hoover Foundation.

8 9 .8

pH dependence of neuronal injury during recovery from 
simulated ischemia in tissue culture J.J. Vornov ,* A.G. Thom as 
and S.C. Jo Depts. o f N eurology and N euroscience Johns Hopkins 
School o f Medicine, Baltimore, M D 21287

W e have described a unique tissue culture m odel o f ischem ia 
using potassium cyanide to reversibly block oxidative metabolism and 
2-deoxyglucose to block glycolysis. N eurons can be protected by 
N M D A  receptor blockade a fte r  ju s t as well as d u r in g  sim ulated 
ischemia, allowing delayed treatm ent o f injury. Based a report using 
cardiac m yocytes (Bond et al, Am J. Phys, 1993) we tested the 
hypothesis that return to norm al in tracellu lar pH after sim ulated 
ischem ia w as the trigger for neuronal injury. N euronal injury was 
assessed by LDH release after 24 hours o f recovery. Intracellular pH 
w as measured with the pH-sensitive fluorescent dye BCECF.

N euronal intracellular pH reversibly dropped during m etabolic 
inhibition. M aintaining intracellular acidosis during the first hour of 
recovery  reduced in jury  by 80% . A cidosis w as m aintained  by 
extracellular acidosis or blockade o f the sodium /proton exchanger 
with harmaline, dimethylamiloride (DM A) or removal of extracellular 
sodium. H armaline and DM A did not directly block NM DA receptor 
toxicity . W e dem onstrated  tha t the p ro tection  by acidosis was 
independent of N M D A  receptor blockade by increasing the duration 
of m etabolic inhibition from  20 to  30 m inutes. This rendered glu
tamate receptor blockade alm ost ineffective, but the effect o f acidosis 
w as unchanged. In addition, intracellular acidosis during recovery 
partia lly  pro tec ted  aga in st b rie f N M D A  exposure, suggesting  
excitotoxicity involves similar mechanisms o f injury as ischemia.

89 .1 0
MODULATION OF EXTRACELLULAR pH INHIBITS PROTEIN SYNTHESIS 
RATES IN THE RAT HIPPOCAMPAL SLICE AND FAILS TO PREVENT 
ISCHEMIA-INDUCED CHANGES IN ATP LEVELS AND PROTEIN SYNTHESIS 
J. Kaja. J. Barnes and K.M. Raley-Susman*. Dept. of Biology, Vassar College, 
Poughkeepsie NY 12601.

Recent work in cultured neurons has indicated that extracellular pH modulates the 
response of neurons to energy insults like hypoxia and glutamate excitotoxicity. In 
addition, evidence from other cell types demonstrates that brief changes in extracellular 
pH alter protein metabolism. Thus, in this study, we investigated the effect of changes 
in extracellular pH alone and together with simulated ischemic conditions on protein 
synthesis in CA1 pyramidal neurons of the rat hippocampal slice in vitro.

We exposed 400 μm hippocampal slices from adult male Sprague-Dawley rats to 
acidic (15 min) and alkaline (12 min) pH alone or together with a brief (2 min or 5 
min) in vitro ischemia episode. New protein synthesis was measured 
autoradiographically 2 hr after the insults. Autoradiographs of the CA1 pyramidal 
neurons were digitized and analyzed using NIH Image. In other studies, slices were 
exposed to pH alteration and/or in vitro ischemia and the rate of depletion of ATP 
during the insults was determined using the luciferin-luciferase assay procedure.

Exposing slices to either acidic (6.0, 6.5) or alkaline (8.0, 8.5) pH environment 
alone markedly inhibited the protein synthesis in the CA1 pyramidal neurons two 
hours after the pH change, but had no significant effect on basal ATP levels. The 
closer the extracellular pH was to physiological pH, the less damaging/ inhibitory it 
was to protein synthesis. Manipulation of extracellular pH during the in vitro 
ischemia insult had no discernible effect on the ischemia-induced inhibition of protein 
synthesis in these cells. Further, the rate of ATP depletion during in vitro ischemia 
was not altered by pH manipulation. These results suggest that extracellular pH does 
not modulate these metabolic responses to in vitro ischemia. Further, the brief and 
transient pH change evokes a persistent inhibition of protein synthesis that is ATP- 
independenl
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89 .1 1
MODERATE HYPOTHERMIA DURING HYPERGLYCEMIC CEREBRAL 
ANOXIA PREVENTS DIFFUSE BRAIN INJURY DESPITE MARKED LACTIC 
ACIDOSIS. R.E. Myers*, K.R. Wagner. G. X i. Y. Hua. M. Kleinholz. G. de 
Courten-Myers. Department of Veterans Affairs Medical Center and Depts. of 
Neurology and Pathology, Univ. Cincinnati Coll. Med., Cincinnati, OH 45220.

Hyperglycemia during cerebral anoxia/ischemia exacerbates brain injury 
producing neurological deterioration (myoclonus, seizures, coma), blood-brain- 
barrier (BBB) breakdown, edema and pan-necrosis. Hypothermia, even during 
hyperglycemic anoxic/ischemic insults, remarkably protects the brain permitting 
intact survival. Presently, we tested whether moderate hypothermia reduces 
the marked tissue lactic acidosis that develops during cerebral anoxia/ischemia 
in hyperglycemic animals.

W e exposed normothermic or moderately hypothermic (brain temperatures 
= 37.5 and 32°C, respectively) hyperglycemic (25-30 mM) cats to cerebral 
anoxia/ischemia by respiring them with 100% nitrogen for 8 minutes. We 
monitored blood pressure and controlled blood gases and pH through 
respirator adjustments prior to arrest. W e froze brains in situ at the end of 
exposure, sampled gyral gray matter lying directly beneath the skull, and 
determined high energy phosphate and lactate concentrations by standard 
enzymatic-fluorometric methods. W e calculated intracellular pH (pHi) using the 
creatine kinase equilibrium. No significant differences were present between 
normo- and hypothermic animals for brain tissue lactate accumulation (>25 
μmoles/g), ATP and phosphocreatine (<0.4 and 0.1μmoles/g, respectively) or 
for pHi (5.5 to 6.0). These results demonstrate that moderate hypothermia 
does not reduce the marked tissue lactic acidosis that develops during 
hyperglycemic anoxia, but rather, it modifies the tissue response to the lactic 
acidosis. Supported by Merit Review funds o f Department o f Veterans Affairs.

89 .1 3

HYPOTHERMIA PREVENTS NADPH DIAPHORASE STRIATAL AND  
CORTICAL CHANGES INDUCED BY PERINATAL ASPHYXIA IN PUPS 
AND ADULTS RATS. C.F. Loidl, F .Capani, J.J. López Costa and J.Pecci 
Saavedra. * Instituto de Biologia Celular y Neurociencias "Prof. E. De Robertis" 
Fac.de Med . Univ. de Buenos Aires Argentina 1121

Nitric oxide (NO) is involved. among other functions. in neuropathological 
mechanisms triggered by excitatory aminoacids as glutamate and aspartate In 
the brain, NO + neurons can be detected histochemically by the NADPH  
diaphorase reaction (NADPH-d) because NADPH-d is NO synthase (NOS) in 
CNS.

Sections o f striatum and cortex stained for NADPH-d were studied in male 
Sprague-Dawley rats exposed to severe perinatal asphyxia (PA) (at 37°C) and in 
rats subjected to PA under hypothermic condition (15°C) immediately and 6 
months after birth Sections stained with the antibody to NOS gave similar 
results. A quantitative image analysis was performed in this experiment in order 
to compare the pattern o f staining between the different groups o f animals. 
Asphyctic pups showed NADPH-d + neurons in striatum and cortex with long 
processes in contrast to the controls and hypothermic treated pups After 6 
months NADPH-d + neurons in striatum and cortex showed a significant 
increase (about 75%) in the dendritic processes and size o f the soma in 
comparison with the controls and hypothermic treated animals.

These findings show that changes in NO are involved in the early and chronic 
post-ischem ic brain alterations as produced by PA and can be prevented by 
hypothermic treatment. The participation o f  the system glutamic acid /  NO /  free 
radicals in explaining the mechanism o f cell damage is still a subject o f  further 
study.

This work was supported by grants o f CONICET and UBACYT. Argentina

89 .1 5
FEVER AFFECTS BRAIN DAM AGE PRODUCED BY HYPOXIC-ISCHEMIC  
INSULT. M .C . Chubb*, E. W est. and J. Thornhill. Physiol. Dept. and Vet. 
Physiol. Sci. D ept., U niv. o f  Saskatchewan, Saskatoon, SK S7N 5E 5, Canada.

To test the possibility that fever elicited by lipopolysaccharide (LPS) increases the 
brain damage follow ing hypoxic-ischemic (H-I) insult, male rats were given a single 
intraperitoneal injection o f  either LPS (E. Coli, 60  μg/K g) or saline. In prelimi- 
nary experiments the LPS elicited an average fever o f  38 .5°C  five hours after the 
injection, which was significantly higher than the 37°C temperature o f  controls.

To test the effects o f  fever on the extent o f  brain damage follow ing H-I insult, 
four groups o f  rats were used. Rats were injected with either saline or LPS and 
five hours later were given H-I insult (modified Levine method) w hile anesthetized 
with halothane. Because the body temperature w ill fall during halothane anesthesia, 
the rat’s rectal temperature was servo-controlled to maintain it at either 37°C or 
39°C. Seven days after the H-I insult each rat was anesthetized and its brain 
prepared for histological examination. Rats that seizured were quickly anesthetized 
and their brains included in the histological analysis. Two rats died, and their 
brains were not analyzed. There were no significant differences between groups in 
the frequencies o f  seizures or deaths, although seizures tended to be more frequent 
in the rats injected with saline and held at 39°C during hypoxia.

Brain damage in the rats injected with LPS and held at 39°C  during hypoxia was 
significantly greater than in control rats that were injected with saline and held at 
37°C . Rats injected with saline and held at 39°C  also had significantly greater 
damage than controls. There were no significant differences between the rats 
injected with LPS and held at 37°C  and the three other groups. Within the group 
injected with LPS and held at 37°C , the rats with brain damage had temperatures 
before and after H-I insult that were significantly higher than those o f  rats with no 
brain damage. These results show that a fever during H-I insult worsens the brain 
damage. (Supported by Can. Heart and Stroke Fdtn.)

89 .1 2
HYPOXIA-INDUCED DAMAGE IN THE HIPPOCAMPAL SLICE AT 38°C BUT 
NOT 35°C AS REVEALED BY INTRINSIC OPTICAL SIGNALS. A.S. Obeidat* and 
R.D. Andrew, Dept. of Anatomy and Cell Biology, Queen's Univ., Kingston, 
Ontario, Canada K7L 3N6

Brain cell swelling is a purported early event in ischemia although it is poorly 
documented. W e studied superfused hippocampal slices where the O 2 gassing 
the artificial CSF was replaced with N2. At 22°C, a slice exposed to hypoxia for 
10 min showed no change in light transmittance (T). The same hypoxic period 
at 35°C evoked a slow T increase in dendritic regions of the slice (n -  10) 
particularly in the CA1 radiatum (RAD). The signal did not completely reverse 
upon reoxygenation and could increase to between 16 and 24% even as the 
evoked CA1 field potential returned. The glutamate antagonist kyurenate (2 mM) 
did not block nor slow the signal. At 38°C, the T increase in dendritic regions 
developed rapidly, particularly in CA1 and dentate regions (50 to 70%). In all 6 
slices tested, this signal then rapidly decreased to baseline levels. At the same 
time, T increased in the CA1 cell body region. Within 10 min, T was irreversibly 
decreased by -40 to -50% from baseline in CA1 RAD and irreversibly elevated in 
CA1 PYR by 45 to 68%. A similar sequence was also common in the upper 
dentate gyrus. Based on our previous imaging work (Andrew and MacVicar, 
1994, Neuroscience 62,371-383) we interpret the initial response (seen at both 
35 and 38°C) to represent dendritic swelling. At 38°C, this progresses to cell 
body swelling, apparently at the expense of pronounced dendritic shrinking. Bath 
pre-application of 2 mM kyurenate protects the neurons from this irreversible 
'swell-shrink' sequence. Based on this preliminary evidence, we conclude that 
hypoxic neuronal death as imaged in the slice preparation at 38°C may be 
prevented by lowering temperature or by pre-application of a glutamate 
antagonist.

8 9 .1 4
EFFECT OF BRAIN TEM PERATURE ON BR A IN  EDEM A A N D  BLOOD  
FLOW AFTER ASPHYXIAL CARDIAC ARREST IN RATS 
JW Kulu z *. Y Wang. CS Schleien.Dept o f  Pediatrics, U niv. o f  Miami School o f  
Medicine, M iami, FL 33101

We studied the effects o f  post-ischem ic brain temperature changes on brain 
edema formation and cerebral blood flow after 6  min o f  asphyxial cardiac arrest in 
rats. Asphyxial cardiac arrest was induced in fentanyl-anesthetized rats by stopping 
mechanical ventilation. After 6  min o f  asphyxia, epinephrine and bicarbonate were 
given and CPR instituted. In over 90% o f  rats, return o f  spontaneous circulation 
(ROSC) occurred within 60-90 seconds. Post-ischem ic sedation was maintained 
with 70% N 0 2 . CBF was measured continuously in the left frontal and parietal 
cortex using laser-Doppler flowmetry. Brain edema was measured 3 hrs after cardiac 
arrest using 1-125 labelled albumin (RISA) and wet:dry ratio. 15 min after ROSC 
brain temp was reduced to 30-31°C in grp 1 (n=8), kept at 37-38°C in grp 2 (n=8), 
and increased to 39-40°C in grp 3 (n=8). These brain temperatures were maintained 
for the remaining 3 hrs o f  the study. Rectal temp was maintained at 37-38°C in all 
groups. After 2 hrs ROSC, l 0uCi RISA was given iv and allowed to circulate for 
1 hr. After 3 hrs ROSC rats were sacrificed. Data (m ean±SE) were analyzed by 
ANO V A  for repeated measures and Student's t-test. R esu lts: There were no 
differences in PaCO2 or MAP between groups after ROSC. Selective brain cooling 
in group 1 completely prevented hypoperfusion in the parietal cortex at 1 and 2 hrs 
ROSC (CBF=106.1±16.9 and 103.6±20.7%  o f  baseline), whereas CBF was lower 
than baseline at 1 and 2 hrs ROSC in grp 2 (60.3±5.8 and 69.1±6.4% ) and in grp 
3 (60.8±3.7 and 65.2±4.6% ). Water content was not elevated above that o f  non
ischem ic control rats in any group, however, the amount o f  RISA per gram dry 
weight o f brain was significantly lower in group 1 (8.9±1.8) compared to grp 2 
(17.1± 2.4, p<0.02) but not different from grp 3 (12 .0±2 .7). C onclusion : These 
results agree with our previous finding in non-ischem ic rats that selective brain 
cooling increases parietal CBF, and conoborate many others that have demonstrated 
a beneficial effect of hypothermia on the ischemic blood brain barrier.
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90.1
INTRAVENTRICULAR INJECTION OF DISODIUM-CALCIUM-EDTA BLOCKS 
Zn2+ TRANSLOCATION AND DELAYED NEURONAL DEATH IN THE RAT 
HIPPOCAMPUS AFTER TRANSIENT GLOBAL ISCHEMIA. S. W. Suh*, J. Koh, 
B. J. Gwag, C. Y. Hsu, and D. W. Choi. Dept. of Neurology and Center for the Study 
of Nervous System Injury, Washington Univ. Sch. of Med., St. Louis, MO 63110 

Substantial amount of chelatable zinc (Zn) is present in the presynaptic vesicles of 
central glutamatergic neurons, and released with depolarization, seizures or ischemia. 
Previous studies indicating that presynaptic Zn translocates across synapses into 
degenerating hippocampal hilar neurons after transient global ischemia, and that 
excess Zn entry can be toxic to central neurons, have raised the interesting possibility 
that transynaptic Zn translocation may contribute to ischemic hippocampal neuronal 
death. To test this idea, we used the metal chelator, disodium-calcium-EDTA 
(CaEDTA), to trap extracellular Zn in a rat model of transient global ischemia.

5 μl of 100 mM CaEDTA in saline, or saline alone, was injected into the lateral 
ventricles of Long Evans rats, 30 min prior to onset of 10 min global ischemia (by 
ligation of both common carotid arteries combined with hypotension). Hippocampal 
sections staining with the Zn-sensitive dye, TSQ, showed that Zn translocated from 
presynaptic inputs to hilar neuronal cell bodies between 3-24 hr after the ischemia. 
CaEDTA blocked not only this Zn translocation, but also subsequent hilar neuronal 
degeneration as assessed 3 d later. TSQ staining also revealed the delayed 
appearance of Zn in CA1 pyramidal neuronal cell bodies 24-72 hr post ischemia. 
Injection of CaEDTA prior to ischemia onset attenuated both the appearance of Zn in 
CA1 pyramidal neurons, and CA1 neuronal degeneration at 72 hr.

These findings suggest that the transynaptic translocation of Zn into hippocampal 
neurons (early in hilar neurons and later in CA1 pyramidal neurons) may contribute 
to the delayed hippocampal neuronal death induced by transient global ischemia. 

Supported by NIH NINDS grant NS32636 (DWC).

90.3
C a 2+ CHANNELS IN CNS W H ITE M ATTER: RO LE IN ANOXIC 
AND C d2+-M EDIATED IN JU R Y . R. FERN1,2 B. R. RANSOM1 and S. G. 
WAXMAN1,2. Department of Neurology1, Yale University School of Medicine, New 
Haven, and Neuroscience Research Center2, VA Medical Center, West Haven. CT.

The onset of anoxia triggers a gradual influx of Ca2+ into CNS white matter that is 
associated with non-reversible loss of function. The major source of Ca2+ influx is 
thought to be reverse Na+/Ca2+ exchange. However, reverse Na+/Ca2+ exchange first 
requires elevated intracellular Ca2+ and the source of the initial Ca2+ rise is unknown. 
It was previously reported that Ca2+-dependent anoxic injury was not prevented by 
inorganic Ca2+ channel blockers such as Cd2+, or by dihydrpyridine Ca2+ channel 
blockers at high concentrations. However, dihdyropyridines will interfere with the 
GABA and adenosine mediated autoprotive system present in CNS white matter, 
while Cd2+ is known to be toxic to the CNS. We therefore re-examined the role of 
Ca2+ channels in anoxic injury of white matter using the isolated rat optic nerve, a 
white matter tract. Supramaximal compound action potentials (CAP) were recorded 
before and after a 60 min anoxic period to assess the extent of injury. Verapamil and 
diltiazem, two non-dihydropyridine Ca2+ channel blockers, and low but not high 
concentrations of nifedepine, protected the rat optic nerve from anoxic injury. 
Simultaneous block of L-type and N-type Ca2+ channels with diltiazem + SNX-124 
(synthetic ω-conotoxin GVIA), resulted in CAP recovery of over 70%, significantly 
greater recovery than in diltiazem alone. Concentrations of Cd2+ known to block Ca2+ 
channels non-re versibly blocked nerve conduction. Cd2+-induced conduction block was 
potentiated by 30 mM K+; this effect was blocked by nifedepine. We conclude that L- 
type and N-type Ca2+ channels are involved in the development of anoxic injury in 
CNS white matter, and that Cd2+-mediated white matter injury results from actions at 
an intracellular site following Cd2+ entry through Ca2+ channels. The sensitivity of 
white matter to Cd2+ is interesting since Cd2+ is a common environmental 
contaminant that preferentially injures white matter. Supported by grants from the NIH 
(B.R.R) and the VA Med. Res. Serv. (S.G.W).

90.5
SNX-111 IN A RAT MODEL OF TRANSIENT FOCAL CEREBRAL ISCHEMIA 
USING DIFFUSION MRI. J. Palmer. M. Yenari, G.H. Sun*, A. de Crespieny, M. 
Moseley and G. Steinberg. Depts. of Neurosurgery, Neurology and Radiology, 
Stanford Medical Center, Stanford, CA 94305 

We studied the time course of ischemia and response to treatment with SNX-111, 
a novel N-type calcium channel antagonist, using serial diffusion weighted (DWI) 
and T2-weighted (T2W) MRI, in an intraluminal suture occlusion model of focal 
ischemia in rats. Right ICAs of 19 rats were occluded using a 3-0 nylon suture for 
90 minutes followed by 22.5 hours of reperfusion. Physiological parameters 
including temperature and mean arterial pressure were maintained in the normal 
range during occlusion. Baseline DWI and T2W scans were obtained 25 minutes 
following occlusion. Intravenous SNX-111 (5 mg/kg) (n=8) or saline (n=l 1) was 
infused over 1 hour beginning 30 minutes after occlusion. MRIs were obtained at 1 
& 22 hours following treatment. Lesions seen on DWI were measured and 
normalized to the baseline scan. Apparent diffusion coefficient (ADC) was also 
computed. Brains were harvested and stained with 2,3,5-triphenyl tetrazolium 
chloride (TTC) to delineate infarct. Preliminary analysis revealed no significant 
difference in normalized area fractions by the final DWI scan between treated and 
control groups. TTC correlated well with areas of increased signal intensity on DWI 
and T2W scans and preliminary analysis showed no significant difference in TTC 
measured infarcts between groups. ADC measurement showed progressive 
decreases of 45-60% compared to the non-ischemic hemisphere within 25-90 
minutes following ischemia. By 22 hours, however, ADC values were decreased by 
only 30-35% with corresponding 40-45% increases in T2W signal intensity. DWI 
in conjunction with T2W MRI is a useful technique in studying stroke therapy as 
sequential images can be obtained and compared to follow the evolution of stroke 
and response to treatment.

90.2
TEM PO RAL PROFILE O F EXTRACELLULAR ION CO NCENTR ATIO NS  
FOLLOWING TRA NSIENT MIDDLE CEREBRAL ARTERY O CCLUSION IN 
THE RAT
T. Kristian*, G. Gidõ . B.K. Siesjö . Laboratory for Experimental Brain  
Research. University Hospital. Lund. S -211 85 Sweden

Cortical tissue supplied by the middle cerebral artery (MCA) undergoes 
repetitive spontaneous transient increases in extracellular potassium  
concentration ([K+]e) and reductions in extracellular calcium concentration 
([C a 2+]e) during MCA occlusion (M CAO ). However, little is known about 
cellular ion homeostasis during reperfusion. It seems of particular interest to 
study changes in [K+]e and [Ca2+]e during the first hrs of reperfusion, when 
partial recovery of energy metabolism is followed by secondary deterioration.

The objective of this study was to provide information on this issue. To that 
end, rats were subjected to 2 h transient MCAO, and [K+]e and [Ca2+]e were 
recorded by means of ion-selective microelectrodes during ischemia and 
recovery. The animals were then allowed to survive for 48 h before their 
brains were stained with TTC, to asses whether or not tissue infarction was 
present at the recording place.

After the occlusion of MCA [K+]e increased to 60-80  mM and [Ca2+]e 
decreased to about 0 .05 mM. Immediately upon reperfusion [K+ ]e and 

[Ca2+]e started to recover and reached baseline levels within 10 and 35 min, 
respectively. During the first 6  h of reperfusion [K+]e was upheld at about 2 
mM and [Ca2+]e was stable at about 1 mM. There were no changes in [K+]e 

or [Ca2 + ]e during this time. However, after a recovery period of 6 h a 

moderate increase in [K+]e (5-6 mM) was observed.
The data suggest that delayed neuronal damage occurs after about 6 h of 

reperfusion. This could represent a therapeutic window for salvage of 
ischemic tissue.

90.4
EARLY TREATM EN T FOR FOCAL CEREBRAL ISCHEMIA IN RATS  
A.D. Perez-Trepichio*, J. L. Joyce and S.C. Jones Cerebrovascular Research 
Laboratory, Cleveland Clinic Foundation, Cleveland OH 44195  

Control of calcium homeostasis and modification of rheological factors are two 
important targets in the treatment of cerebral ischemic events. Therefore we 
investigated the effectiveness of nimodipine, a calcium channel blocker, and 
10% hydroxyethyl starch 200/0.5 (HES), a hemodilutant, in experimental 
cerebral ischemia. Sprague-Dawley rats were anesthetized (isoflurane, N20 ,  
O 2). The middle cerebral artery (MCA), and both common carotid arteries were 
permanently occluded. Thirty minutes after the MCA occlusion animals were 
randomly assigned to: nimodipine (NM; n=6), HES and nimodipine (HN; n=6), 
HES alone (HS; n=5), or control (CT; n=6). Nimodipine was administered via 
subcutaneously implanted pellets (15 mg/24 hr release). HES treated animals 
received 12 mg/kg iv for 1 hr and an equal amount of blood was withdrawn. 
Control animals received saline solution for 1 hr, but no blood was withdrawn. 
Anesthesia was discontinued VA hr after the MCA occlusion. Twenty four 
hours after MCA occlusion, while anesthetized, animals were decapitated and 
brain slices were stained with triphenyltetrazolium to determine the edema- 
corrected infarct volume. A significant reduction in infarct volume (Mean ± 
SEM ) was observed in the NM (101 ± 1 2  mm3) when compared to CT (193 ± 
17 mm3) group (p < 0.05). However no significant reduction was observed in 
HS (147 ± 13 mm3) or in HN (149 ± 29 mm3) animals. These results indicate 
that nimodipine is effective in reducing infarct volume by 48%  from control 
values when administered one half hour after the ischemic insult. Although not 
statistically significant, a reduction of 24% and 23%  in infarct size was 
observed in the HS and HN groups, respectively. Thus, HES shows minor 
effectiveness and somehow hampers nimodipines's beneficial effect, although 
there were no differences in edema to explain this. (Supported by AHA 
91013150 and Miles, Inc.).

90.6
ω-AGA-IVA PROTECTS RAT HIPPOCAMPAL SLICES EXPOSED TO AN IN  
VITRO HYPOXIC-HYPOGLYCEMIC INSULT. D. L. Small*.,R . Monette, G. 
Mealing. P . Morley. and A. M. Buchan National Research Council of Canada, and 
University of Ottawa, Ottawa, Canada.

The excessive accumulation of Ca2+ in neurons and the release of glutamate are 
thought to be involved in neuropathological processes including hypoxia-ischemia 
Given that P-type Ca2+ channels are coupled to glutamate release we have investigated 
the protective effects of ω -Aga-IVA (a P-type Ca2+ channel blocker) on rat brain slices

Hippocampal slices (400 μm) from male Sprague Dawley rats (150-175 g) were held 
at 35 °C in normal ACSF with 10 mM glucose and 2 mM MgSO4, bubbled with 95%
O2 / 5% CO2. The insult (10 min exposure to ACSF with 4 mM glucose, bubbled with 
95% N2 / 5% CO2), was effected after a 90 min equilibration and followed by 4 hr 
recovery. Treated slices were incubated with ω -Aga-IVA for 30 min prior to and during 
the insult. Slices were tested electrophysiologically by measuring the amplitude of the 
evoked response, population spike or fEPSP (larger of the two), in the stratum 
pyramidale of the CA1 hippocampal region The response to a constant current stimulus 
was maximized by positioning the recording electrode to varying depths within the slice.

The electrical responses were significantly (p<0.01) depressed from 3.7±0.5 mV to 
0.6±0.2 mV following the hypoxic-hypoglycemic insult. Over half (55%) of the 
ischemic slices did not respond at all. Responses from slices treated with 200 nM ω- 
Aga-IVA were not significantly different (3.3±0.5 mV) from control slices. Slices 
treated with 20 nM ω-Aga-IVA (1.0±0.4 mV) showed no protection. In addition to 
electrophysiological measurements a fluorescent viability assay was performed by 
imaging slices loaded with ethidium homodimer and calcein using confocal microscopy. 
The viability of CA1 neurons as revealed by fluorescent staining strongly correlated with 
the electrophysiological viability measurements.

ω -Aga-IVA, at concentrations which block all P-type Ca2+ channels and suppress 
glutamate release and synaptic transmission, fully protected the CA1 pyramidal neurons 
of rat hippocampal slices exposed to a lethal in vitro hypoxic-hypoglycemic insult.
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90.7
MITOCHONDRIA AND ENDOPLASMIC RETICULUM ARE MAJOR SOURCES 
OF INCREASED CYTOSOLIC CALCIUM DURING ISCHEMIA IN THE RAT 
HIPPOCAMPUS. Y.-L. Zhang and P. Lipton*. Department of Physiology and 
Center for Neuroscience. Univ. Wisconsin, Madison, WI, 53706 

Calcium green-1 confocal fluorescence microscopy was used to study the rise in free 
intracellular calcium, [Ca2+]i, in CA1 of the rat hippocampal slice during in vitro 
ischemia (deprivation of glucose and oxygen) at 36°C.

MK-801 ( l 0μM) and D-APV (50μ M) reduced the elevation of [Ca2+]i during the 
first half of 10’ ischemia, by 60%, but did not affect the final increase at 10’. 
Dantrolene (50μ M) had a similar effect. The drug effects were not additive, suggesting 
that the early increase in [Ca2+]i results largely from Ca2+ entry through NMDA 
receptors and subsequent Ca2+-induced Ca2+ release from ER. The mitochondrial 
Na+/Ca2+ exchanger inhibitor, CGP37157(10μM ), greatly reduced the elevation of 
[Ca2+]i throughout the 10’ ischemia, as did 50μ M lidocaine, which blocks Na+ entry 
into neurons during ischemia. This suggests that Na+ entry activates Ca2+ release from 
the mitochondria via the Na+/Ca2+ exchanger.

The importance of the above process is accentuated during ischemia in the absence of 
extracellular Ca2+. The rise in [Ca2+]j is the same as in normal Ca2+ medium and it is 
largely blocked by CGP37157 and almost completely blocked by lidocaine.

The source of Ca2+ is very important in determining electrophysiological damage to 
the CA1 region. Ca2+ from intracellular stores cannot permanently damage synaptic 
transmission during 7.5’ ischemia, while Ca2+ entering via NMDA channels does. 
Intracellular Ca2+ sources do cause damage when ischemia is extended to 10’.

90.9
IP3 R E C E P T O R  m R N A  IN R A T  FO C A L  C ER E B R A L  
ISCHEM IA: A  C O M P A R ISO N  B E T W E E N  T R A N SIE N T  A N D  
PE R M A N E N T  ISC H EM IA . J.P. Z hang, A. Sim onvi, H.C. Scott*, 
and G .Y . Sun B iochem . D ept., U niv. M issouri, C olum ia, M O 65212 

R ecent studies from our laboratory indicated a high sensitivity of 
the inositol 1,4,5-trisphosphate receptor (IP3R ) m R N A  expression to 
focal cerebral ischem ic insult induced by ligation  o f m iddle cerebral 
artery (M C A ) together with both com m on carotid arteries (CCAs) 
(Zhang et al., M ol. Brain R es. in press). Since the decrease in IP3R 
m RNA occurred during the early phase o f reperfusion with little 
changes in neuron m orphology, this event was thought to play a role 
in alteration o f  neuronal calcium  hom eostasis underlying the 
neuronal cell death process. In this study, in situ hybridization of  
IP3R m R N A  together with cresyl v io let staining was used to 
compare cerebral ischem ic dam age after transient and permanent 
MCA ligation. Long Evans rats w ere subjected to M C A  ligation for 
1 hr after w hich they w ere either reperfused by releasing the MCA  
and CCAs (transient) or the CCAs alone (perm anent). Animals 
were decapitated at 0, 4 and 16 hr after transient or permanent 
ischemic insult. In situ hybridization o f  brain coronal sections with 
cRNA probe for IP3R  m R N A  indicated that anim als subjected to 
transient focal ischem ia show ed a greater decrease in m R NA  
expression in the ischem ic M C A  cortex as com pared to ones that 
were subjected to perm anent ligation. (Supported by N S 30178).

90.11
DY-9760, A NOVEL CALMODULIN ANTAGONIST, PROTECTS AGAINST 

ISCHEMIC BRAIN DAMAGE. T.Sato, M.Sugimura, S.Kawajiri*, Y.Shirasaki and 
K.Fukunaga#, Exploratory Res. Lab. II, Daiichi Pharmaceutical Co., Ltd., Tokyo 134, 
Japan and #Kumamoto Univ. Sch. of Med., Kumamoto 860, Japan.

It has been suggested that the elevation of Ca2+ levels in neuronal cells is one of the 
mechanisms for brain injury by ischemic insults. Such elevation in neuronal Ca2+ may 
lead overactivation of Ca2+/calmodulin(CaM) pathways. DY-9760 is a potent CaM 
antagonist with strong cytoprotective action against the calcium ionophore A23187- 
induced cell death. Furthermore, DY-9760 attenuated neuronal damage in hippocam
pus of gerbils with transient global ischemia. In the present study, we examined the 
effect of DY-9760 on brain injury in rat transient focal ischemic models. Reversible 
middle cerebral artery(MCA) occlusion(lhr) was induced using an intraluminal thread 
technique. DY-9760 infusion(Img/kg/hr for 6hr) was started immediately before MCA 
reperfusion. The expanse of brain edema was assessed by magnetic resonance 
imaging(MRI, T2-weighted imaging) 24 hr after reperfusion. After MRI experiment, the 
brain was immediately removed from animals treated with or without DY-9760 for 
measuring the water content of the cerebral hemispheres. DY-9760 apparently reduced 
the expanse of edema in cortical region, and also attenuated the increase in brain water 
content and a disturbance of ionic homeostasis(Na+ and K+) in the brain. The present 

results suggest that DY-9760 has cerebroproteclive actions in transient focal ischemic 
models. Since we have confirmed DY-9760 alters little cerebral blood flow in rats, its 
ameliorative effect on cerebral damage may be ascribed to the inhibition of over-
progressive CaM-dependent events after cerebral ischemia.

90.8
Ischcmia-Induced Inhibition of Calcium Uptake into Microsomes Isolated from the Rat 
Whole Brain. J. T. Parsons*1, S. B. Churn2, and R. J. DeLorenzo1,2, Departments of 
Biochemistry1 and Neurology2, Medical College of Virginia, Richmond, VA 23298.

Stroke is a leading cause of mortality and morbidity in the United States. It has been 
demonstrated by this lab and others that delayed neuronal cell death is dependent on excessive 
and prolonged levels of intracellular Ca2+ Several mechanisms exist in the neuron for the 
removal of high intracellular Ca2+. These mechanisms include Ca2+ binding proteins, Na+- 
dependent Ca2+ exchange in the plasma membrane, and Mg2+ -dependent Ca2+-ATPases 
located in the plasma membrane and the endoplasmic reticulum (ER). The rat decapitation 
model of ischemia was employed to investigate the effect of ischemia on the Ca2+ sequestering 
ability of the Mg2+-dependcnt Ca2+-ATPase in microsomes (ER vesicles). Ischemic duration 
varied from 5 minutes to 60 minutes at 37°C. Microsomes were then isolated in parallel via 
differential centrifugation from the whole brains of control and ischemic rats. The Ca2+ 
sequestering ability of microsomes was then examined by oxalate supported 45Ca2+ uptake in 
a buffered medium at 37 °C and pH 7.4. 45Ca2+ uptake was demonstrated to be due to the 
Mg2+-dependent Ca2+-ATPase of the ER by its Mg2+ and ATP dependence as well as its 
inhibition by 100 η M Thapsigargin (N=2). It was shown that 5, 10, 20, and 40 minutes of 
ischemia caused inhibition of the equilibrium calcium loading in microsomes over a 10 minute 
period (N=2) and that maximal inhibition of the calcium equilibrium loading rate was not seen 
until 60 minutes of ischemia (N=6). Furthermore, it was shown that 60 minutes of ischemia 
caused inhibition of the initial rate of calcium uptake studied between 5 and 75 seconds of 
45Ca2+ uptake (N=:2). The data suggest that the deregulation of Ca2+ homeostasis as a result 
of ischemia may be partially due to inhibition of the ER Mg2+-dependent Ca2+-ATPase.

90.10
D A N T R O L E N E  INH IBITS N E U R O N A L  D E A T H  IN  VIVO A FT E R  
C E R E B R A L  ISC H EM IA  A N D  IN  VITRO A FT E R  T H A PSIG A R G IN  OR  
C AFFEINE. H . W ei*, D .C . P erry, W . W ei and D .E . B redeserf . D ept. o f  
Pharm acology, G eorge W ashington U niversity, W ashington, D .C . 20037 , & 
+La Jolla Cancer Research Foundation, La Jolla, CA 92037.

For the in vivo study, cerebral ischem ia w as induced in M ongolian  gerbils 
by 5 m in bilateral carotid artery occlusion. R ectal tem perature w as maintained  
at 3 7 °C -3 8 °C  during and 4  hours after cerebral ischem ia. A nim als w ere  
treated with vehicle or dantrolene intravenously im m ediately fo llow ing  cerebral 
ischemia. Seven days later, normal hippocampal CA1 pyram idal neurons w ere  
counted. The number o f  normal neurons in ischem ic controls w as 39% o f  that 
in sham controls ( P < 0 .0 1 ). Dantrolene at 10, 25 and 50  m g/k g  significantly  
increased the num ber o f  norm al CA 1 pyram idal neurons (65% , 75%  & 82%  
o f  sham controls respectively , P < 0 . 0 l v s . ischem ic control for each  group). 
For the in vitro study, thapsigargin (50  nM ) or caffeine (1 0  m M ), w as utilized  
to induce death in G T1-7 hypothalam ic neurosecretory ce lls , either alone or 
with 120 μ M dantrolene (30  m in  pretreatm ent). V iability  w as determ ined by 
the trypan blue exclusion  assay. A fter 24  hours treatm ent w ith thapsigargin  
or caffeine alone, ce ll viability decreased  to 61 or 59% , respectively . A t 48  
hours, viability fell to 16 or 23% , respectively. W ith dantrolene pretreatm ent, 
cell viability was 93% and 90% respectively ( P < 0 .0 1 ) at 24  hr treatm ent and 
79% or 76% respectively ( P <  0 .0 1 ) at 48  hr treatm ent. Our results indicate 
that dantrolene inhibits both ischem ic death in gerbil hippocam pus and G T1-7  
cell death induced by thapsigargin or caffeine in  a dose-dependent m anner. Its 
neuroprotective m echanism  m ay be due to inhibition o f  ca lcium  release from  
intracellular stores. Supported by the Souer Stroke Fund and N IH  A G 12282.

90.12
D IF F E R E N T IA L  E F F E C T S  O F  ANOX IA AND G L U TA M A TE ON 
CU LTURED CO RTICA L NEURONS. J .E. Friedman*, A.S. Chidekel, E.J. 
Chow and G.G. Haddad, Dept. of Pediatrics, Section of Respiratory Medicine, Yale 
Univ. School of Medicine, New Haven, CT 06520 

Anoxia causes several cellular events in the CNS resulting in neuronal damage or 
death. One event is the release of the excitatory neurotransmitter glutamate, which 
alone is capable of causing nerve cell death. Thus, glutamate excitotoxicity has been 
used as a model for anoxia-induced cell death in culture systems. Since we have been 
investigating the effects of anoxia on cultured neurons, we have had to differentiate 
between the responses due solely to anoxia and those due to glutamate. Using cultured 
rat neocortical neurons perfused at 35 C, monitored with a confocal microscope and 
time-lapse recording, we applied either anoxia (PO2=0) or glutamate for 10 min. 
Changes in intracellular calcium (Caj2+), as demonstrated by changes in Fluo-3 
fluorescence, and morphology were recorded. Anoxia caused a rapid rise in Caj2+ 
(Af/f=213%±77), with a latency of 2±0.5 min (n=8). Modeling the soma as an 
ellipse, there was a rapid decrease in eccentricity (de/dt) of 28±8(xl0-3) (n=4), 
demonstrating somal rounding. Glutamate (0.2-200μM) caused a more rapid increase 
in Cai2+, latency=1.3±0.3min, Af/f=251±51% (n=7). However, the morphological 
change induced by glutamate was slower by an order of magnitude, de/dt=4.5±l(xl0-3) 
(n=4). Application of glutamate antagonists MK-801 (20μ M) and CNQX (15μ M) 
prevented the early, rapid glutamate induced increase in Caj2+ , and swelling. These 
blockers, however, did not inhibit the anoxia-induced changes. Finally, Propidium 
Iodide staining was used as a test of cell viability and membrane integrity. Neurons 
exposed to anoxia for 10 min, exhibited staining within 13.6±4.4 min (n=7) from the 
onset of anoxia. However, a 10 min exposure to 200μ M glutamate failed to cause 
staining for up to 30 min afterwards. We conclude that, in our system, (1) the early, 
rapid events that occur during anoxia are not due to glutamate excitation and (2) 
glutamate excitotoxicity is not necessarily a valid model for studying anoxia-induced 
neuronal damage. Supported by grants from UCP Foundation, HD352573 and 
HL39924.
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90.13
THE ROLE OF EXTRACELLULAR SODIUM IN ANOXIA-INDUCED 
INJURY IN RAT NEOCORTICAL NEURONAL CULTURE. A .S.
Chidekel*, J.E. Friedman and G.G. Haddad. Dept. of Pediatrics (Section of 
Respiratory Medicine), Yale Univ. School of Medicine, New Haven, CT 06510- 
8064.

Using video microscopy and fluorescence imaging, we have previously shown 
that Na+i increases during anoxia in acutely dissociated rat CA1 cells, and that 
entry of Na+ into neurons during anoxia is important in inducing cell injury. 
Anoxic injury is associated with an increase in Ca++i(Fluo-3), blebbing, process 
retraction and rounding of the soma(loss of eccentricity). To elucidate the role 
of Na+o in anoxic injury, and to determine its mode of entry, we did the 
following experiments. Removal of Na+o protected against observable cell injury 
for up to 20min after the start of anoxia(PO2< ITorr), despite a 60% increase 
in Ca++i with the removal of Na+o, and a 200% increase with anoxia. Addition 
of Na+o after anoxia caused blebbing and a 50% loss of eccentricity in l0min. 
To determine if Na+ enters via glutamate receptors/channels, we used 
CNQX(15uM) and MK801(20uM) before and during anoxia. Glutamate receptor 
blockers had no protective effect. Since ion transporters or exchangers may be 
routes of Na+ entry, Amiloride effect was tested. Amiloride(lmM) caused a 
100% increase in Ca ++i that was not accompanied by morphologic deterioration. 
We conclude that a) Na+ removal protects cultured rat neocortical neurons from 
observable anoxic injury, and b) Glutamate receptor-mediated Na+ entry may 
not be important in anoxia-induced nerve injury. Further studies to define the 
role of ion transporters and Na+ channels are underway. (Supported by 
T32H107272 and HL39924)

90.15
TETRODOTOXIN AND PHENYTOIN DELAY CELL DEATH FROM  
OXYGEN AND GLUCOSE DEPRIVATION IN RAT NEOCORTICAL 
CULTURES. C.P. Taylor*, A.W. Probert and F.W. Marcoux. Dept. Neuro- 
science Therapeutics, Parke-Davis Res. Div., W arner-Lambert Co., Ann Arbor, 
MI 48105.

Neocortical cultures containing neurons and glia were used to study cell death 
from oxygen and glucose deprivation as a model o f  ischemic neuronal injury. 
Previous studies using mixed neocortical cultures have shown little neuro-
protection with tetrodotoxin (TTX), leading to the conclusion that cell death 
depends mostly on calcium inf lux via glutamate- and voltage-gated calcium 
channels. We used a different method with a series o f  graded periods o f  oxygen 
and glucose deprivation rather than a single endpoint. Cell death was measured 
by release o f  the cytosolic marker enzyme, lactate dehydrogenase (LDH) into 
bathing media. In separate experiments, cellular calcium influx was measured 
with exposure to tracer amounts o f 45Ca during the deprivation period and 
quantitation o f cellular 45Ca immediately after oxygen deprivation.

Periods o f  150 to 240 min deprivation caused graded increases in LDH 
release and 45Ca influx that were plotted as a function o f deprivation interval. 
The resulting curves were shifted to the right (to longer intervals) by incubation 
together with TTX (3, 30, or 300 nM), phenytoin (10, 30 or 100 μ M), lidocaine 
(1 0 ,3 0  or 100 μ M) or the NM DA antagonist CPP (3(2-carboxypiperazine-4- 
yl)propyl-l-phosphonic acid, 100 μM). Combined treatment with both CPP and 
TTX caused pronounced rightward shifts in the deprivation-LDH curve, with 
only 30% o f maximal LDH release after a deprivation interval o f  390 min, the 
longest duration studied. There results indicate that sodium channel modulation 
provides significant neuroprotection, additive to that from NM DA blockade.

90.17
A COMPARATIVE STUDY O F TH E PROTECTION O F CNS W HITE 
MATTER FROM  SIMULATED ISCHAEMIA BY NA+ CHANNEL 
INHIBITORS. G. Garthwaite, G. Wightman. A. M. Batchelor and J. Garthwaite, 
SPON: Brain Research Association - Wellcome Research Laboratories, Beckenham, 
Kent BR3 3BS, UK.

Following ischaemia in the CNS, white as well as grey matter can become 
damaged. In some cases the white matter is preferentially affected. In common with 
many types of cell death, axonal injury is Ca2+-dependent, however it has been 
hypothesized that a primary intra-axonal accumulation of Na+ initiates the process of 
degeneration. Using optic nerve as a model of CNS white matter and quantitative 
histopathological techniques, we tested the possible protective effect of 3 different 
Na+ channel inhibitors (619C89, 1003C87 and lamotrigine), previously shown, 
albeit with different degree of potency, to be neuroprotective in both focal and global 
models of cerebral ischaemia in vivo (Graham et al. J. Pharmacol. Exp. Ther. 1994, 
269,854-9). Optic nerves from adult Wistar rats were excised and incubated at 37°C 
in an oxygenated artificial CSF (aCSF) solution. Ischaemia was simulated by 
transferring the nerves into aCSF solution lacking glucose and oxygen for 1 hour, 
after which the nerves were allowed to recover for 90 mins. Histological analysis 
revealed that after the simulated ischaemia, most axons degenerated. This damage 
was significantly reduced if, during the ischaemic lesioning, 1 μM tetrodotoxin 
(TTX) was present or Ca2+ was removed from aCSF. All the 3 test compounds had 
protective ability and showed an order of potency comparable to that shown in grey 
matter in vivo. The most efficaceous was 619C89 which, at the highest concentration 
tested (100 μM) produced complete protection. Furthermore, unlike TTX, it did not 
impair axonal conduction, as judged by measurements of the compound action 
potential. Na+ channel inhibitors like 619C89, with their ability to protect both grey 
and white matter, are likely to have broader-spectrum protective effects in stroke 
than glutamate receptor antagonists.

90.14
ALTERATIONS IN MEMBRANE POTENTIAL AND INTRACELLULAR Ca2+ 
AND Na+ CONCENTRATIONS OF MAMMALIAN BRAIN SYNAPTOSOMES 
BY HYDROPEROXIDES
V. Adam-Vizi, H. Sershen* and L. Tretter. Department of Biochemistry II., 
Semmelweis University of Medicine, H-1088 Budapest, Hungary and *The 
Nathan Kline Institute for Psychiatric Research, Orangeburg, NY 10962, USA.

Free radicals are involved in a number of neurodegenerative disorders as well 
as in the ischemic-reperfusion damage of the central nervous system. Several of 
the long-term effects of free radicals have been described. The aim of the present 
work was to reveal some of the alterations of the function of the nerve terminals 
caused by a relatively short-lasting free radical insult. The following parameters 
were followed in synaptosomes, i/  membrane potential, ii/  intracellular Ca2+ 
concentration, iii/ intracellular Na+ concentration and iv/ lipid peroxidation. 
Synaptosomes were incubated in the presence of H2O2 or an organic 
hydroperoxide (cumene hydroperoxide) for a different length of time. Up to 15 
min they caused only a slight lipid peroxidation. In spite of this there was an 
immediate hyperpolarization of the membrane (3-5 mV from the resting 
potential) which was followed by a slow and gradual depolarization. 4- 
Aminopyridine depolarized the membrane but did not prevent the 
hyperpolarization caused by hydroperoxides. After applying the K+-ionophore, 
valinomycine which, itself caused hyperpolarization, there was no further 
hyperpolarization by hydroperoxides, however the slow depolarization was not 
influenced. Parallel to the depolarization, the intracellular Na+ and Ca2+ 
concentrations were also increased. The latter was only observed in the presence 
but not in the absence of extracellular Ca2+. These changes may indicate that the 
ion homeostasis of nerve terminals is very sensitive to free radicals. The 
alterations observed appear to be relevant to some of the early post-ischemic 
damage of the neurons.

90.16
VOLTAGE- AND USE-DEPENDENT INHIBITION O F RAT BRAIN SODIUM 
CHANNELS BY THE NEUROPROTECTIVE AGENT 619C89. X.M. Xie* 
and J. Garthwaite. Neuroscience Group, Wellcome Res. Lab., Beckenham, Kent, UK

The novel compound 619C89 [4-amino-2-(4-methyl-l-piperazinyl)-5-(2,3,5- 
trichlorophenyl) pyrimidine] has neuroprotective effects in both focal and global 
ischemia models (Neuroreport 4:1339, 1993; J. Pharmacol Exp. Ther 269:854, 1994). 
619C89 blocks veratrine-induced glutamate release, suggesting that it may act on the 
voltage-gated Na+ channel (Stroke 24.1063, 1993). To test this, the compound has 
been studied on native Na+ channels in acutely dissociated rat hippocampal CA1 
neurons and on rat brain type IIA Na+ channels expressed in Chinese hamster ovary 
(CHO) cells using whole-cell voltage clamp recording techniques.

In neurons, bath application of l 0μM 619C89 caused a reversible inhibition of Na+ 
currents in a voltage-dependent manner; 47±15% (mean±SD, n=4) at a holding 
potential (Vh) of -60mV and 9±6% (n=10) at a Vh of -90mV. In CHO cells, the half 
maximal inhibitory concentration (IC50) of 8μM was obtained at a Vh of -60mV, 
whereas, at a Vh of -90mV, the IC50 was 50μM. The tonic inhibition was further 
augmented by a use-dependent action which was observed in both neurons and CHO 
cells. In the presence of l 0μM 619C89, trains of 20 pulses (10Hz) with varying 
duration (3.5-20ms) caused a significant extra inhibition (5-20%, n=7), whereas 
trains of 60 pulses with short duration (0.7ms) to minimise inactivation produced no 
use-dependent drug action. 619C89 ( l 0μM) caused a small (3mV) but significant 
negative shift in the fast inactivation curve (prepulse duration 8ms), and produced a 
substantial ( l 0mV) negative shift in the slow, steady-state inactivation curve 
(prepulse duration 60s). A considerable delay in the recovery from inactivation 
caused by the compound may account for these effects, since the voltage dependence 
of activation was unaffected. These results suggest that 619C89 inhibits the 
inactivated state selectively over open or resting states. The affinity for the 
inactivated channel was estimated at ~3μM.

90.18
THE CEREBRAL BLOOD FLOW (CBF) RESPONSE TO INCREASED EXTRA
CELLULAR POTASSIUM IS STRONGLY IMPAIRED IN SPONTANEOUSLY 
HYPERTENSIVE RATS: A.Görner, U. Dirnagl, K, Körner, T.Back, W. Muller*, 
J.Dreier. Dept. of Neurology and Dept. of Neurophysiology, Humboldt University, 
Berlin, Germany

It has been reported by McCarron and Halpern (Circ Res 1990 67:1035-1039) that 
the potassium-induced dilation of isolated cerebral arteries from stroke-prone sponta
neously hypertensive rats (SHRSP) to extracellular potassium concentrations ([K+]o) 
of more than 7 mM is absent. This phenomenon may result from the disappearance of 
vascular smooth muscle inward rectifier K+ channels. Interestingly, the development 
of these channels is negatively correlated with the density of sympathetic innervation 
(Edwards et al., J Physiol 1988 404:455-466) We have tested whether the CBF re
sponse of SHRSPs in vivo  to elevated [K+]o is attenuated consistently with the in vitro 
findings. For this purpose the response of regional CBF (laser-Doppler flowmetry) to 
brain topical superfusion of artificial cerebrospinal fluid (ACSF) with a K+ concentra
tion ([K+]acsF) of 20 mM was characterized in a closed cranial window preparation in 
barbiturate anaesthetized and ventilated SHRSPs and compared to the reponse of 
normal Wistar rats. In normal Wistar rats increasing [K +]ACSf induces a rCBF eleva
tion of +85 ± 37% from baseline (n = 19, p ≤ 0.01). In SHRSPs increasing [K+]ACSF 
does not change rCBF significantly (+10 ± 18%, n = 6). In order to test whether in 
SHRSPs a more general failure of the ability of rCBF to increase exists superfusion of 
elevated [K +]Acsf was followed by superfusion of adenosine (10-4 M) with physiologi
cal [K +]Acsf of 3 mM. Adenosine elevated rCBF to 163 ± 40% (p ≤ 0.05, n = 6), a 
normal response (Dirnagl et al., Am. J. Physiol. 1994 267: H296-H301), suggesting a 
more specific cause of the failure of K+ to elevate rCBF in SHRSPs.
Conclusion: The failure of K+ to elevate rCBF in vivo is consistent with the in vitro 
finding of impaired K+ induced dilation of cerebral arteries in SHRSPs The rCBF 
response to adenosine is not attenuated.
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90.19
FIELD POTENTIALS ASSOCIATED WITH "ISCHEMIC" INJURY 
IN RAT HIPPOCAMPAL SLICES. E.W. Harris*, CNS Biology,
Fisons Pharmaceuticals, Rochester, NY 14603.

In hippocampal slices, anoxia/hypoglycemia leads to rapid loss o f  
synaptic transmission; reintroduction o f  normal buffer within 1-3 
minutes permits full recovery. With more prolonged anoxia/hypo
glycemia, there is a decline in antidromic spikes and re-emergence o f  
synaptic responses (RSR), culminating in a fulminant DC field shift 
(FD), and a persistent depolarization; recovery worsens at this point. 
The pharmacology o f  these events, and their role in the transition to 
irreversible "ischemic" injury have been investigated.

Hippocampal slices were subjected to anoxia/hypoglycemia 
(0.5mM) at 36°C. Returning oxygen/glucose quickly after RSR led 
to full recovery o f  synaptic and antidromic responses. Only if  
metabolic deprivation lasted beyond FD was recovery incomplete.

Low-Ca++ (0.2mM) buffer blocked RSR, but not FD, and was 
protective. Antagonism o f  AMPA receptors or Na+-channels blocked 
RSR, but not FD, and was not protective. Neither NMDA antagonism 
nor mild hypothermia blocked RSR or FD, but either was protective. 
L-type Ca++-channel antagonism did not block RSR or FD, and did not 
improve recovery from anoxia/hypoglycemia.

Neither RSR nor FD are sufficient for Ca++-dependent "ischemic" 
injury in brain slices. Also, FD is not mediated by ionotropic 
glutamate receptors, nor voltage-gated sodium and calcium channels.

90.20
HYPOXIA AND ISCHEMIA INDUCE A N  INCREASE IN A 
VOLTAGE-INDEPENDENT CURRENT OF DORSAL VAGAL  
MOTONEURONS. R.L. Martin and A.I. Cowan* Australian National 
University, Canberra, ACT 0200, Australia.

Within 15-90 s of an hypoxic or ischemic episode all neurons begin to 
show a change in membrane potential. The contribution o f a voltage- 
independent current to this change in membrane potential has not been 
thoroughly investigated. Brainstem slices were prepared from 35-45 day 
old halothane anesthetised male rats. Single-electrode voltage-clamp 
recordings were made from dorsal vagal motoneurons (DVMs) in slices 
maintained in standard bicarbonate buffer at 33.8-34.2 °C. When the 
perfusate was switched to one bubbled with 95% N 2/5% CO2 either in 
the presence (hypoxia) or absence of glucose (in vitro ischemia) there was 
an increase in a voltage-independent current measured at -100 mV using 
voltage steps of ±2, ±4 and ±6 mV. The responses persisted in the 
presence of tetrodotoxin. The hypoxia-induced increase in voltage- 
independent current was not blocked by the calcium channel blockers, 
Ni2+ and nifedipine, nor reduced by intracellular Ca2+ chelation. Several 
potassium channel blockers including apamin and tolbutamide were also 
without effect. However, in 10/14 trials the increase in the voltage- 
independent current was blocked by 100 μ M carbachol, a cholinergic 
agonist. Prior application of either d-tubocurarine or atropine did not 
prevent the increase in leak conductance, suggesting that carbachol was 
not occluding the response o f DVM s to endogenous release of 
acetylcholine during hypoxia. Carbachol itself increased the voltage- 
independent current at -100 mV, partly via a d-tubocurarine insensitive 
mechanism. Thus, hypoxia may activate the same channels or second 
messengers which are activated by occupation of muscarinic receptors.

ISCHEMIA: INFLAMMATION AND COAGULATION

91.1

THE EFFECT OF CH RO NIC IN JEC TIO N S O F LPS (E .C oli) ON NEURA L  
DAMAGE CAU SED B Y  H Y PO X IA /ISC H EM IA  J. Thornhill*  and E . W est 
Dept. o f Physiology, U niv. o f  Saskatchew an, Saskatoon, SK . C anada, S7N 5E5.

Infection is considered an im portant risk factor in cerebrovascular disease. 
Other work in our laboratory has show n that fever due to an  acute injection  
of LPS (E.Coli) significantly increased the neural dam age seen in saline injected  
animals given the sam e hypoxia-ischem ia (H I). T his study w as designed to  
compare the neural dam age, colonic (T)  and brain  (To) tem peratures, and  
rheological changes o f  m ale, L ong Evans rats g iven  chronic injections (twice 
daily for 4  days) o f  sterile saline or 60  μg /k g  or 120 μg /k g  L PS (E .C oli, 
serotype 055:B5), w ith  H I (ligation  o f  right com m on carotid  artery w ith  12% 
O2 for 35 m in ., m odified  L evine m odel) 4  hours a fter the last injection. 
Hematocrit, w hite blood cell count (W B C ), prothrom bin tim e, and biochem ical 
tests (plasma g lucose, b icarbonate, urea, creatin ine, total protein, sodium , 
potassium) were m easured from  sam ples taken from  an indw elling fem oral 
catheter. Brain (Tb, tem poralis m uscle) tem peratures during HI o f  anesthetized  
rats were m onitored on  the com puter via therm istor probes and a tem perature 
controller. After H I, an im als recovered for 7 days, w ere then sacrificed and 
the brains perfusion-fixed for h istopathological assessm ent. o f  both LPS  
groups significantly rose, com pared to sa line group, a fter the first injection, 
but were not different from  controls after the last injection. W BC s decreased  
in both LPS groups, com pared to their ow n control levels after the first 
injection. H em atocrit o f  both LPS groups tended to decrease from  levels seen  
in the saline injected group, whereas prothrom bin tim es increased in both LPS  
groups after the first injection. Significantly greater neural dam age 
(hippocampus >  striatum  =  cortex >  thalam us) occurred in both LPS groups 
following the H I insult com pared to dam age seen in  the saline injected group  
after HI. (Supported by C anadian H eart and Stroke Foundation).

91.3
INVOLVEM ENT O F  IL-1 IN  IS C H A E M IC  B R A IN  D A M A G E  IN  T H E  
MOUSE L .A . R othw ell, I. D avies, C . Davies. A . F otheringham , N .J. 
Rothwell and P. S troem er* School o f  Biological Sciences, Neuroscience 
Division, 1.124, U niversity  of M anchester, M anchester M l3 9PT, U .K .

Ischaemic brain dam age (IBD), caused by a severe reduction in cerebral 
blood flow, results in a com plex cascade of events leading to cell death. W e 
have previously been proposed that IL-1 is involved in IBD, since central 
administration o f recom binant human IL-1 receptor antagonist (rh lL -lra , 
Synergeń , USA) reduces IBD induced by focal cerebral ischaem ia in the rat.

The aim of the present study was to test the effects o f both central and 
peripheral adm inistration o f rh lL - lra  on infarct size, oedema, neuronal 
counts and glial activation, induced by perm anent occlusion of the m iddle 
cerebral artery (MCAo) in male C57 black mice. Stereological methods 
were used to quantify cell num bers in both the core and the penum bral 
region of the lesion, in brain slices that had been previously exam ined to 
measure infarct size.

Injection of EL-lra (2 x 2 .5μ g, icv) 30 m in before and 10 m in after 
MCAo, significantly inhibited (40% , p <  0.001) ischaemic damage (infarct 
volume) measured 24 h after M CA o, but had no effect on oedem a (swelling 
factor). Peripheral I L -lra  (5 x l 0mg/kg) given at 0, 30, 60, 90 and 180 
min, did not affect IBD.

These data suggest that IL-1 plays a role in the pathogenesis of IBD in the 
mouse.

91.2
TH E TR A N SCRIPTIO N  FA CTO R N F-K B IS A C TIV A TED  DU RING 
ISCH EM IC BRAIN INJURY IN RATS. E.P. Dixon. D.T. Stephenson. 
S.P. L ittle  and J.A . C le m e n s * .  C N S /G I/G U /M o le c u la r  B io logy  
D ivision, Eli Lilly and C o., Indianapolis , IN 46285

A fter g lobal fo rebrain  isch em ia  by 4 -vesse l occ lu sio n  (4-V O ) 
in fla m m a to ry  c e lls  in a re a s  o f  n e u ro d e g e n e ra t io n  g e n e ra te  
c y to k in e s  and  rea c tiv e  o x y g en  in te rm e d ia te s  (R O I). In  v i t r o  
s tu d ie s  h av e  sh o w n  th a t  th ese  p ro d u c ts  can  a c tiv a te  the  
t r a n s c r ip t io n  f a c to r  N F -k B . B e c a u s e  o f  th e  in c re a se  in 
c y to k in e s  an d  h y d ro g e n  p e ro x id e  le v e ls  a f te r  4 -V O , w e 
in vestiga ted  the effec ts  o f 30 m in of 4-V O  on ac tiva tion  o f NF- 
kB 72hr afte r reperfusion . The N F-kB  com plex  that b inds DNA 
c o n s is ts  o f  a p50  and  a p65 h e te ro d im e r  c o m p lex  to an 
in h ib ito ry  su b u n it I-k B . N F -kB  p 5 0  is d e riv e d  from  an
in a c t iv e  p r e c u r s o r  p r o te in  p l 0 5  th ro u g h  an u n k n o w n
pro cessin g  enzym e. An in crease  in the am ount o f  N F -kB  p50 
o r its p recu rso r p 105 is ind ica tiv e  o f N F -kB  ac tiv a tio n . U sing 
s p e c i f ic  C - te r m in a l  a n t ib o d ie s  to  a c t iv e  N F -k B  p 5 0 , 
im m u n o c y to c h e m is try  sh o w ed  e x te n s iv e  lo c a liz a t io n  to n uc le i 
w i th in  d e g e n e r a t in g  C A 1 n e u ro n s  o f  i s c h e m ic  ra t 
h ip p o cam p u s. W este rn  b lo t and  gel sh if t  an a ly s is  co n firm ed  
th e  in d u c t io n  o f  th e  a c t iv a te d  p 5 0  s u b u n it .  S p e c if ic  
im m u n o s ta in in g  o f  th e  in a c t iv e  p l0 5  e p ito p e  e x h ib i te d  
c y to p la s m ic  s ta in in g  o f  a c tiv a te d  m ic ro g lia .  T h e se  r e su lts  
d em o n s tra te  that the  tra n sc rip tio n  fac to r  N F -kB  is a c tiv a ted  in 
n e u ro n s th a t a re  in the  p ro ce ss  o f  u n d e rg o in g  d e la y e d  ce ll 
d e a th .

91.4
T H E  NEU RO PRO TEC TIV E ACTION O F  IN TER LEU K IN -1 R E C EPTO R  
A N TA G O N IST IN C E R EB R A L ISC H A EM IA . S. Loddick and N .J .
Rothwell. (SPON: Brain Research Association).
School of Biological Sciences, Neuroscience Division, 1.124 Stopford 
Building, University of M anchester, M anchester M13 9PT, U.K.

We have previously proposed a role for the cytokine interleukin-1 (IL-1) in 
ischaemic brain damage, since pretreatment (central administration) with 
recombinant human interleukin-1 receptor antagonist (rh lL -lra) potently 
inhibited ischaemic damage 24h after perm anent middle cerebral artery 
occlusion (MCAo). This affect could not be attributed to a change in body 
tem perature, (Loddick and Rothwell, Soc. Neurosci., Abstr., 20 (1994) 424.9). 
However clinically relevent compounds should be effective when administered 
after ischaemia, and protection should be sustained and not transient.

rh lL - lra  (10μ g, icv, Synergen, USA) administered either 30 min before, or 
at the time of ischaemia caused significant inhibition of total infarct volume 
when assessed 24h after MCAo (54% and 56% , respectively). Inhibition of 
damage was seen in cortex (55% and 60% , respectively) and striatum (52% 
and 41% , respectively). Delayed administration of rh lL -lra , 30min after 
ischaemia, significantly reduced total infarct volume (26%), and cortical infarct 
volume (29%), but did not significantly protect striatal tissue. The protective 
effects of rh lL - lra  (administered at the time of ischaemia) were still evident 
7 days after ischaemia, in both cortex (55% inhibition) and striatum (37% 
inhibition).

Thus IL -lra  causes a significant inhibition of ischaemic damage in both 
cortical and striatal tissue when administered upto the time of ischaemia, 
though only cortical protection is evident with delayed administration. 
Protection with rhIL-ra is still evident 7 days after ischaemia, indicating that 
inhibition of IL-1 does not simply delay neurodegeneration.
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91.5
POLYM ORPHONUCLEAR NEUTRO PHILS (PM N s) INJURE CULTURED  
CEREBROVASCULAR ENDO THELIAL CELLS (CECs) W HEN PRESENT  
DURING REO XYG ENATIO N FO LLO W ING  ANO XIA. A.R. Shah. J.M. 
Gidday, R.G. Maceren, J.W. Beetsch, R. Hu*. J. Xu. C.Y. Hsu. T.S. Park. 
Department of Neurology and Neurological Surgery, Washington University 
School of Medicine, St. Louis, MO 63110  

The inflammatory response to stroke, particularly the adherence of PMNs 
to CECs and their subsequent migration into the parenchyma, may 
contribute significantly to brain edema and injury. W e developed an in vitro 
model to study the mechanisms underlying this phenomenon. Monolayers of 
confluent CECs from piglet cortical microvessels were grown on 24-well 
plates, and exposed to 2 h oxygen-glucose deprivation (anoxia); immediately 
upon reoxygenation (with normoglycemia), PMNs isolated from piglet blood 
by density centrifugation were added (1x108 PMNs/well) and nonadherent 
PMNs were washed away after 2 h of incubation. Lactate dehydrogenase 
levels measured in duplicate 48 h later, normalized to total kill induced by 
A23187, served as an index of CEC injury. Anoxia alone (n=4 wells) caused 
a 8.7±1.2 % (p<0.05 vs normoxia without PMNs) increase in CEC injury, and 
exposure of CECs to PMNs under normoxic conditions only increased CEC 
injury 11±2 % (n=5 wells; p<0.05 vs normoxia without PMNs). However, 
when PMNs were added to CECs previously rendered anoxic, injury was 
increased dramatically to 58±1 % (n=6 wells; p<0.05 vs both conditions 
above). These findings indicate that an anoxia/reoxygenation insult, which 
alone causes little injury to CECs, can activate CECs and/or PMNs and 
result in PMN-mediated CEC injury. Such a model of ischemia-induced 
microvascular injury may be useful in future studies of the mechanisms 
responsible for endothelial injury by PMNs. (Supported by NIH NINDS 
grants 21045 and 28995).

91.7
TREATMENT OF FOCAL CEREBRAL ISCHEMIA WITH A LECTIN DOMAIN 
OLIGOPEPTIDE OF SELECTIN. E. Morikawa*, S.M. Zhang, Y. Seko, T. 
Tovoda. T . Kirino. Depts of Neurosurgery and Third Internal Medicine. University 
of Tokyo Faculty of Medicine, Tokyo 113. Japan 

An adhesion molecule P-selectin mediates a initial step of leukocytes' adhesion to 
endothelium This interaction may be blocked by a synthetic lectin domain 
oligopeptide (LDO) of selectin. We examined the effects of administering this LDO 
on the histological outcome and on the cerebral blood flow (CBF) in focal cerebral 
ischemia of rat.

72 male spontaneously hypertensive rats were anesthetized with halothane. 
Ischemia was introduced by electrocoagulation and section of the left middle 
cerebral artery (MCA) together with ligation (permanent ischemia) or two hour 
clipping (ischemia-reperfusion) of the ipsilateral common carotid artery (CCA). 
LDO (residues 2.3-30 of N-terminal) of selectin was dissolved in physiological 
saline and IV injected at the dose of 2 mg/kg or l0mg/kg 5-10 minutes before 
occlusion. Control animals received equivalent volumes of physiological saline. 24 
hours after occlusion. 7 coronal brain slices were stained with 2.3.5- 
triphenyltetrazolium chloride and infarct volume was calculated. Using laser- 
Doppler flowmetry. regional CBF was monitored at dorsolateral cerebral cortex 
during two hour ischemia and 30 min reperfusion.

Infarct volumes did not differ among groups in permanent ischemia. In ischemia- 
reperfusion. LDO significantly reduced infarct volume [mean±SEM (n) mm3; 
95±13 (11), 73±11 (10) and 48±7 (10) for control. 2 mg/kg and 10 mg/kg groups. 
respectively; p < 0.05 by ANOVA followed by Tukey’s test]. Laser-Doppler 
flowmetry demonstrated higher regional CBF (% of baseline) after reperfusion in 10 
mg/kg group as compared to controls (54±7% vs 29±3%. p<0.05 by Student's t test) 

These data demonstrate that therapeutic strategy aimed at blocking cell adhesion 
molecules reduce brain injury following ischemia-reperfusion.

91.9
D EXA M ETH ASO N E BLOCKS M A C RO PH A G E-TR IG G ER ED  
APOPTOSIS IN CONTROL A N D  POST-HYPOXIC HIPPOCAMPAL 
NEUR O N S. M.P. F lav in + , L.S. Jakobson*++ . and L.T. H o + , D ept. 
Pediatrics+ and Psychology ++, Queen's University, Kingston, Canada.

M acrophages (m ø ) m ay be in v o lv e d  in p o st-isch em ic  n euronal 
death. We stud ied  the effects of m ø con d ition ed  m ed iu m  (CM) on  
control and hypoxia-exposed neurons in culture. Fetal rat hippocampal 
cells w ere d ispersed, plated w ith  10% FC S-supplem ented m edium . 
Cytosine 10-6M w as applied early for 48 h. Subsequent serum removal 
and bFGF supplementation provided > 95% neurons. CM w as devel
oped over 36 h from peritoneal m ø cultures. CM w as applied to con
trol and p ost-h yp ox ia  n eu ron s for 24 h at 5-9 DIV. O u tcom e w as  
determ ined by cell counts under eth idium  b rom id e/acrid ine orange 
fluorescence, by agarose gel electrophoresis of extracted D NA, by acid 
phosphatase activity of adherent cells and by neuronal process scoring. 
Viable neurons (VN) had normal chromatin distribution and excluded  
eth id iu m  brom ide. CM redu ced  V N  by a m ean o f 42% in control 
neurons. APV did not block this effect. Hypoxia alone reduced VN by 
28% w hile CM applied post-hypoxia reduced V N  by 56%. Apoptosis 
was the predominant process resulting from CM, based on morpholo
gy and D N A  laddering. N euron CM caused no change. CM from m<|) 
w hich had prior 36 h exposure to dexamethasone 100 nM blocked this 
process - in control VN increased by 6% w hile  p ost-hypoxia V N  d e- 
creased by on ly  5%. A cid phosphatase activ ity  and process scores 
show ed parallel patterns of altered integrity. We conclude that soluble 
m ø factors can trigger apoptosis. This m ay be d ue to inflam m atory  
m ediators overw h elm in g  other m ø factors w hich  favour neuronal 
survival. Supported by the Heart and Stroke Foundation of Ontario.

91.6
REDUCTION IN ASPHYXIA-INDUCED LEUKO CYTE ADHERENCE TO 
PIGLET CEREBRAL VENULES BY PRETREATM ENT W ITH SUPER-
OXIDE DISMUTASE (SOD) AND CATALASE (CAT), OR THE 
ADENOSINE AGO NIST CGS 21680. T.S. Park*. E.R. Gonzales. R.G. 
Maceren. A.R. Shah, J.M. Gidday, Department of Neurological Surgery, 
Washington University School of Medicine, St. Louis, MO 63110  

Accumulating evidence suggests that leukocytes may contribute to injury in 
stroke. To evaluate mechanisms underlying the adherence of leukocytes to 
cerebral venules, we have used isoflurane anesthetized piglets outfitted with 
closed cranial windows, wherein venular endothelial adherence of leukocytes 
labelled with rhodamine 6G is quantified by videomicroscopy during reper
fusion following 9 min asphyxia (Park et al., Soc. Neurosci. Abstr. 20:1762, 
1994). In the present study, we tested the hypotheses that pretreatment 0.5 
h before asphyxia with SOD (PEG-SO D [10,000 U/kg iv] and SOD [60 U/ml 
window superfusion]) and CAT [10,000 U/kg iv and 1200 U/ml window 
superfusion]), or with the A2 adenosine receptor agonist CGS 21680 (5 µM 
window superfusion), would reduce leukocyte adherence during reperfusion 
following asphyxia. Shown below are the number of leukocytes adherent to 
cerebral venules > 30 sec within the 0.55 mm2 videofield, relative to baseline.

1 h reperfusion 2 h reperfusion
Non-asphyxia (n=4) -1±1 -1±2
Asphyxia (n=6) 29±5 * 56±8 *
SOD + CAT (n=5) 11±3 *† 20±9 †
CGS 21680 (n=5) 7 ± 5 † -1 ± 1 0 †

(*p<0.05 vs baseline and non-asphyxic control group; † P<0.05 vs asphyxia). 
These results indicate that the cerebroprotective effects of free radical 
scavengers and adenosine in cerebral ischemia may result, in part, from their 
inhibition of leukocyte adherence. (NIH NINDS 21045 and NINDS 32568).

91.8
PERSISTENT MACROPHAGES IN THE RAT BRAIN 2 
MONTHS AFTER ISCHEMIA C.G.Coimhra. R.Sinigaglia.
M.G.N.Maxxacoratti* and E.A.Cavalhciro, Laboratory for 
Experimental Neurology, UN1FESP - Escola Paulista de 
Medieina, R. Botucatú, 862, 04023-900 São Paulo - SP, Brazil.

Macrophages are recognized sources of excitotoxins (Piani et 
al, 1991) and microglia express antigens characteristic of active 
macrophages in the rat brain within 24h after ischemia (Gehrmann 
et al, 1992). This work studies the microglial reaction in the rat 
brain at a longer survival phase. Male Wistar rats were allowed to 
survive for 2 months following 10 min of 2-VO ischemia (bilateral 
common carotid occlusion associated with hypotension to 
50mmHg), when they were killed by perfusion-fixation with 
4.0% paraphormolaldehyde. The brains were processed for 
immunocytoehemistry according to Sloviter and Nilaver (1987). 
Monoclonal mouse antibodies that recognize rat CR3 receptors 
(OX-42) or rat MHC. antigens (OX-6) [Serotec, U .K .] 
demonstrated the presence of immunoreactive microglia arranged 
in clusters or as isolated cells in the cerebral cortex. Scattered or 
patchy immunoreactive cells were consistently found throughout 
the CA1 region of hippocampus. These findings point to a 
persistent inflammatory process that may be responsible for 
neurodegenerative phenomena sustained long after brain ischemia.

Supported by CNPq and FAPESP (Brazil).

91.10
IMMUNOCYTOCHEMICAL ANALYSIS OF PROSTAGLANDIN 
ENDOPEROXIDE SYNTHASE-IMMUNOREACTIVITY IN RAT HIPPOCAMPUS. 
M.L.Holtz (1,3), J.W.Geddes (1), H.H.Tai (2). and L.C.Pettigrcw (1,3)*. (1) Sanders- 
Brown Center on Aging and (2) College of Pharmacy, University of Kentucky, (3) 
Department of Veterans Affairs Medical Center, Lexington, Kentucky.

Prostaglandin endoperoxide synthase (PGHS) catalyzes the rate-limiting 
conversion of arachidonic acid into vasoactive eicosanoids. Previous studies have 
indicated that increased levels of eicosanoids may contribute to delayed neuronal death 
following cerebral ischemia. We hypothesized that neurons displaying selective 
vulnerability to ischemic injury may also demonstrate upregulation of intracellular 
PGHS. We examined the distribution of PGHS-immunoreactivity (PGHS-IR) in 
hippocampi of rats subjected to 30 min of reversible cerebral ischemia by 4-vessel 
occlusion. In sham-ischemic animals, PGHS-IR was confined to CA3 mossy Fibers 
and the neuropil in the strata oriens, radiatum, and molcculare. Staining was not 
evident in the stratum pyramidale of CA1. A similar distribution of staining was 
observed for tau protein, a microtubular element associated with axons. The intensity 
of PGHS-IR in CA1 was reduced concomitantly with maximal loss of pyramidal 
neurons after 72 hrs of postischemic reperfusion. Staining of CA3 mossy fibers 
remained unchanged. We also examined PGHS-IR in rats subjected to unilateral, 
intrahippocampal injection of colchicine or kainate. Hippocampi from colchicine- 
treated rats exhibited reduction of PGHS-IR in CA3 mossy fibers with some increase 
in CA3 somal staining. Animals treated with kainate showed loss of CA3 mossy fiber 
staining accompanied by intensified PGHS-IR in CA1 pyramidal cells. The mossy 
fiber patterns were again duplicated by tau immunostaining. We conclude that 
alteration of PGHS-IR does not precede delayed neuronal death after ischemia, but that 
the PGHS antigen colocalizes with tau in the axonal compartment.
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91.11
EFFECTS OF TTC-909 ON DELAYED NEURONAL DEATH OF CA 1  
PYRAMIDAL NEURONS FOLLOWING BRIEF ISCHEMIA; AN  
AUTORADIOGRAPHIC STUDY. T. N itatori1 * , Y. Ka rasawa2 , H . 
Araki2 , S. H iguchi2 , E. K om inam i3 and Y. Uchiyama4 . Dept. of 
Cell B iol. & N euroanat.l, Sch. of Med. Iwate Med. Univ., M orioka  
020, Japan, Lab. of Pharmacol.2, Taishou Pharm aceutical Comp. 
Ltd., Ohmiya 330, Japan, D ep t. of Biochem.3, Juntendo Univ., Sch. 
of Med., Tokyo 113, Japan, and Dept. of Anat.4, Osaka Univ. Med. 
Sch., Osaka 565, Japan

Effects of TTC-909, a prostacyclin analogue, on delayed neuronal 
death occurring in the hippocampal CA1 pyramidal neurons were 
examined in gerbil brain after 5 minutes ischemia. In the damaged 
animals treated with TTC-909, almost all CA1 pyramidal neurons 
remained intact on day 3 when nuclei of the neurons started to be 
positively stained by the TUNEL method. In some cases, even on 
days 5 and 7, no damage was shown in the CA1 area, where the 
pyramidal neurons still survived. To exam ine whether TTC-909 
directly acts on the CA1 pyramidal neurons, autoradiography was 
applied to the brains of gerbils treated with [3H ]TTC-909 (1000
μ C i/kg, i.v.) immediately or 24 hours after ischemic in su lt. The 
animals were perfused with fixative 5 or 30 minutes after in je c tio n .  
Brain sections processed for autoradiography were observed at the 
light and electron microscopic level. In the control sham operated 
animals, positive grains were detected within the capillaries and the 
neurons to some extent. At 24 hours after recirculation positive  
grains were densely deposited on the neurons, especially on pyram idal 
and granular neurons in the hippocampal area. These results su g g est  
the possibility that the neuro-protective effects of TTC-909 on the 
ischemia-treated CA1 pyramidal neurons is attributed to its direct 
actions on the neurons.

91.13
DEPLETION OF TISSUE PLASMINOGEN ACTIVATO R IN CEREBRAL 
MICROVESSELS CORRELATES W ITH ENHANCED FOCAL CEREBRAL 
INJURY IN RATS CHRONICALLY TREATED W ITH  N ICO TINE. N. Sun. L. 
Wang. M. Kittaka. M. J. Fisher*. S. S. Schreiber and B. V. Zlokovic Depts.of 
Neurol. Surg. and Neurol., and Divn. of Neurosurg. Childrens Hospital Los 
Angeles, USC School of Medicine, Los Angeles, CA 90033.

W e have recently presented the evidence that blood-brain barrier 
(BBB) may be an important mediator of brain regulation of hemostasis, and 
that this role is enhanced in the presence of stroke risk factors. In this study 
we used nicotine model in rats to determine the pathophysiologic 
consequences of 1 hr reversible middle cerebral artery (MCA) occlusion in 
relation to the expression of tissue plasminogen activator (tPA) in cerebral 
microvessels. Nicotine treated rats were implanted with osmotic mini pumps 
(Alzet 2002) s.c. for continuous 14-day delivery of nicotine tartrate in 0.9% 
NaCI (4.5 mg/kg of nicotine free base/day). After 14 days the plasma levels 
of nicotine and its major metabolite cotinine were 57 and 232 ng/ml, 
respectively. A significant 61.6 % increase in the infarction volume was 
determined in nicotine treated animals in comparison to vehicle-treated 
controls. This was associated with significant increase in the neurologic motor 
score, while other physiologic parameters including arterial blood pressure, 
pO 2, pCO2, pH and glucose remained normal during M CA procedure. The 
Western blot analysis of cerebral cortical capillaries revealed complete tPA 
depletion by nicotine. W e conclude that downregulation of tPA expression in 
cerebral capillaries of nicotine treated rats may reduce fibrinolytic function of 
the BBB that in turn could be related to enhanced focal ischemic injury in 
these animals.
Supported by TRDRP 2RT0071, NS31945 and the Hoover Foundation.

91.12
PO S T -H Y P O X IC -IS C H E M IC  TR EA T M E N T  W ITH  THE  
G IN K G O LIDE PL A T E LET -A C T IV A T IN G  FACTO R (PAF) 
ANTAGONIST BN52021 DECREASES THE SEVERITY OF 
BRAIN INJURY IN THE IM MATURE RAT. X.-H. Liu*. F.S. 
Silverstein. J.D.E. Barks. Depts. of Pediatrics and Neurology, Univ. of 
Michigan, Ann Arbor, MI 48109-0646.

The lipid mediator PAF is overproduced in ischemic brain and has several 
biologic activities which may contribute to cerebral ischemic injury. Although 
post-ischemic PAF antagonist administration protects the mature CNS from 
ischemic injury (Stroke 23:98), little is known about the effects of PAF 
antagonists in the immature brain. We hypothesized that the PAF antagonist 
BN52021 (gift of Dr. N. Bazan) would attenuate perinatal cerebral hypoxic- 
ischemic injury. To elicit focal ischemic brain injury, seven day old (P7) rats 
(n=25) underwent right carotid ligation, followed by 2.5h hypoxia 
(FiO2=0.08). P7 rats received BN52021 25 mg/kg/ dose i.p. (n=12, 2 died 
during hypoxia) or vehicle (n=13; 4 died during hypoxia), immediately and 2h 
after hypoxia. On P12, bilateral cross-sectional areas of hemisphere (HEMI), 
cortex (CORT), striatum (STR) and hippocampus (HIP) in 6 standardized 
coronal sections/brain were compared between groups by ANOVA. In 8/9 
vehicle controls, there was marked right cerebral infarction with atrophy. 
BN52021 post-treatment significantly reduced the incidence and severity of 
cerebral infarction; 7/10 treated rats had no histopathologic damage (p<0.02, 
Fisher exact test); in 2/10, infarction and atrophy of right-sided structures were 
markedly attenuated (mean % right-left (R-L) difference in areas [100*(R-L)/L] 
(BN v s .  vehicle): HEMI -7.8 v s .  -20.2, p<0.02; CORT -18.8 v s .  -69 
p<0.001; STR -13.3 v s .  -35.3, p<0.001; HIP -16.4 v s .  -54.9, p<0.001}. 
Percent protection ranged from 59.6% in STR to 73.2% in CORT. "Rescue" 
administration of PAF antagonists may thus offer an effective pharmacologic 
approach to decrease the incidence and severity of brain injury after an episode 
of perinatal cerebral hypoxia-ischemia.

91.14
ANTIPHOSPHOLIPID ANTIBODIES AND COGNITIVE FUNCTION IN 
SYSTEMIC LUPUS. S. Denburg. R. Carbotte. J. Ginsberg. A.J. McComas*. 
and J. Denburg. McMaster University, Hamilton, ON, Canada, L8N 3Z5

Antiphospholipid antibodies (APLAs) have been associated with various 
neurologic presentations, both in the presence or absence of diagnosed systemic 
lupus erythematosus (SLE). The objective of the current study was to examine 
the relationship in SLE between APLA positivity, detected by the lupus 
anticoagulant (LA) test, and cognitive dysfunction, a marker of subclinical CNS 
compromise.

The study involved cross-sectional comparisons of LA positive and negative 
patients and controls. The patient sample consisted of 118 females with SLE 
which included 75 patients without current or previous history of 
neuropsychiatric events (Never NP-SLE). A battery of cognitive tests was 
selected to measure a range of functions including verbal and visuospatial 
reasoning, memory, and productivity, and motor speed. Five assays were 
performed for LA.

A significant association was found between LA positivity and an overall 
designation of cognitive impairment. In addition, LA positive patients 
demonstrated significantly lower performance than both LA negative patients and 
controls, primarily in verbal cognitive areas and on tasks of speeded oral and 
manual output. Similar analyses involving only the Never NP patients yielded 
the same results.

In summary, LA positivity is associated with both clinical and subclinical 
nervous system compromise, the latter manifesting as cognitive dysfunction. 
The mechanism accounting for this compromise is hypothesized to be ongoing 
LA-related microthrombotic events.

ISCHEMIA: IMAGING

92.1
COMBINED MR-IMAGING AND MR-SPECTROSCOPY OF 
PATIENTS WITH ACUTE ISCHEMIC STROKE. A. Wägner*. S. 
Amardottir, H. Billing*. H. Grahn* and C.-E. Söderströ m. Dept of 
Clin. Neuroscience, Sect. of Neurology and Dept. Surgery Science*, 
MR-Center, Karolinska Inst., Karolinska Hosp., Stockholm, Sweden.

In this study patients with acute ischemic infarctions in the 
middle cerebral artery (MCA) territory were examined with MRI 
(magnetic resonance imaging) and magnetic resonance spectroscopy 
(MRS). Patients undervent a standardized MRI/MRS protocol after 
informed consent. All of them showed onset of hemiparesis < 24 h. 
A computed tomographic (CT) scan was performed prior to the MR- 
investigation. The patients were examined at three time points, that 
is < 24 h of onset of stroke, after 3-4 days, and 10-14 days. 
Neurological deficits were assessed by neurological examination and 
rating scales. Combined MRI/MRS investigations were conducted 
with a General Electric Signa 1.5 T actively shielded system 
equipped with a standard circularly polarized head coil. The MR 
spectroscopy was performed by a CSI (Chemical Shift Imaging) 
sequence. The imaging protocol consisted of a sagittal T1-weighted 
multislice-spin-echo sequence and a multislice proton (PD)/T2 
weighted double-echo sequence. The results suggest that MR is a 
sensitive metod for detection of early ischemic brain damage. The 
biochemical alterations in the infarction area will be discussed in 
relation to clinical changes.

92.2
Staging ischemic brain injury in acute h u m a n  stroke using diffusion- 
weighted (DWI) AND PERFUSION MR imaging: W Koroshetz*. G Sorenson. 
F Bunnnano. U Can. N Suwanwela. M. Lev. J Moreira. F. Hellinger. L 
Srhwam m. B. Rosen G. Gon z a le z. Neurology/Neuroradiology, Massachusetts 
General Hospital, Harvard Medical School, Boston Ma. 02114.

Neuroprotective agents have been developed from studies in animal stroke 
models. Their effectiveness is limited to specific time- and blood flow-dependent 
stages. Recently, MR techniques allow staging of human ischemic brain injury. 
Using echoplanar MR we obtained diffusion-weighted images in over 20 
emergency stroke patients; more than 6 studied by perfusion MR. In animal 
stroke, DWI abnormality occurs minutes after onset of ischemia. Brain regions 
with abnormal apparent diffusion coefficient (ADC) were seen in all developing 
infarction. Abnormalities occur in a temporal order: Stagel:abnormal perfusion; 
normal DWI, T2, and CTscan; Stage2:ahnormal perfusion and DW I; normal T2 
and CT; Stage3:ahnormal perfusion. DWI. and T2: normal CT or with sulcal 
effacement; Stage4:abnormal perfusion. DWI. T2 and low density on CT.

Patients differed in the stage of stroke upon acute presentation. Importantly, 
we found regional variation in the stroke stage in individual patients. Cerebral 
blood volume map abnormalities could be more extensive than DWI 
abnormalities. In some the stroke enlarged into the initially poorly perfused 
region; in others the stroke was confined to the region of initial abnormal DWI. 
These data suggest: 1) 4 pathophysiological stages o f early, human, ischemic brain 
damage can be identified; 2)individuals present in various identifiable stroke 
stages; 3)an individual can present with ischemic brain regions in various stages of 
stroke; 4)ischemic but salvageable brain tissue can be identified in some patients. 
Using these techniques, a "time window" of effectiveness for neuroprotective 
agents can be established in animal studies for cross application to humans.
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92.3
DETECTION AND QUANTIFICATION OF THE ISCHEMIC PENUMBRA OF 
HUMAN STROKE. S Warach*, V Thangaraj, A Benfield. RR Edelman. 
Depts. of Neurology and Radiology, Beth Israel Hospital, Harvard Medical 
School, Boston, MA 02215.

The so-called ischemic penumbra has been postulated to be an essential 
feature in the pathologic evolution of ischemic infarction, and it has been one 
of the rationales for the development of neuroprotective therapies for stroke. 
The penumbra surrounds a core of ischemic injury in which membrane 
homeostasis (Na+-K+ ATPase) has been disrupted and is an area of 
dysfunctional and hypoperfused, but intact, cells that are at risk for imminent 
infarction. The existence of the penumbra in human stroke has been implied 
by PET studies, but no marker of cellular injury from energy failure is 
possible with PET to distinguish core from penumbra. Diffusion weighted 
MRI detects, within minutes after onset, ischemic neuronal injury as a 
consequence of the disruption of Na+-K+ ATPase activity. A redistribution 
of water from extra- to intracellular compartments is measurable as a 40-50% 
drop in the apparent diffusion coefficient of water in brain and a clearly 
demarcated region of hyperintensity is seen in acute ischemic lesions. MRI 
perfusion methods permit relative quantification of cerebral blood volume, 
transit time, and cerebral blood flow indices. The combination of diffusion 
and perfusion MRI at serial time points after onset of ischemic symptoms in 
human stroke has permitted the identification of the ischemic penumbra 
(confirmed by documenting the evolution of infarction in areas initially 
identified as symptomatic hypoperfusion), estimates of core and penumbra 
volumes, and, potentially, determination of perfusion thresholds to predict 
evolution of infarction. Supported by NIH NS 01634 and Harcourt General 
Charitable Foundation.

92.5
SINGLE SUBJECT ANALYSIS OF COREGISTERED BRAIN IMAGES IN 
STROKE J. Chmielowska , N. Makris. D.N. Kennedy . J. Mever. V.S. 
Caviness, J.M. Maisog. R.P. Woods. M.A. Chmielowski. N. Patronas, N. 
Sadato. E M. Wassermann*, M. Hallett. HMCS, NINDS, NIH, Bethesda, MD 
20892, Depts. of Radiology and Neurology, Massachusetts General 
Hospital, Boston, MA, SFBI, LPP, NIMH, NIH, Bethesda, MD, UCLA, Los 
Angeles, CA, ARC, Landover MD.

We applied the method of cortical parcellation (1) to coregistered MRI 
and PET data (2) from a patient with a large right cerebral hemisphere 
infarction. The following cortical parcellation regions were involved in 
lesion: frontal lobe, lateral surface :FP, F1, F2, F3t, F3o, PRG, and medial 
surface: SMC; parietal lobe, lateral surface: POG.SPL, Sga,SGp, and 
medial surface:PCN ; medial paralimbic cortices,medial surface: 
PAC,CGa,CGp. 150 PET scans were acquired during rest and sequential 
finger movement on each side and subtracted. Cluster analysis (3) was 
applied to the PET data. Clusters of voxels in the Z-score map above the 
threshold of 2.58 and p< 0.05 were considered to be significant. With right 
hand movement activation was found in the following regions of the 
contralateral, intact hemisphere: primary motor cortex, lateral premotor 
cortex, SMA, cingulate cortex, and lateral parietal cortex. Left hand 
movement produced bilateral activation. In the contralateral, lesioned 
hemisphere: the primary, motor cortex and lateral premotor cortex were 
activated, while in the ipsilateral, hemisphere the primary motor cortex, 
lateral premotor cortex, SMA, lateral parietal cortex, cingulate cortex, and 
cerebellum were activated. Parcellation and cluster analysis of coregistered 
MRI-PET images may be useful for the study of functional recovery in 
individuals after stroke.
1. Rademacher.J.et al.,J Cogn Neurosci.4:392,1992 2.Woods,R.P.et al.,J Comput 
Assist Tomogr. 17:536,1993. 3.Friston, K.J. et al„ Hum Brain Mapp. 1:210.1994

92.7
EARLY ASSESSMENT OF THE “AREA AT RISK” FOLLOWING 
OCCLUSION REDUCES STROKE SIZE VARIABILITY IN BABOONS. C.S. 
Ogilvy*, K.I. Maynard, G.J, Hunter, L M. Hambenz. E. Lo, P.P. Morris. R.G. 
Gonzales. F.M. de Bros. S. Tatter & G.L. Wolf, Neurosurgery, Center for Imaging 
& Pharmaceutical Research, Radiology & Anesthesiology at Massachusetts General 
Hospital & Harvard Medical School, Boston, MA 02114.

Non-human pnmate models of stroke are the most comparable to humans, but 
produce highly variable infarcts. Variability was reduced in a baboon model of stroke 
by comparing the infarct size with the “area at risk”, measured early after stroke 
onset using a novel dynamic computerized tomography (dCT). Three adult 20-35 kg 
male baboons were anesthetized (15 mg/kg ketamine, IM, followed by 1-2% 
halothane), and the middle cerebral artery (MCA) was occluded using an intravascular 
balloon catheter. Cerebral angiography confirmed 3 hours of MCA occlusion and 
subsequent repertusion. dCT (10 frames/s for 50 s with 1-2 ml/kg, Omnipaque 
bolus tracking) measured the cerebral blood volume and flow (CBF). Maps, at a 
MCA slice level, were taken before, 30 and 150 min after MCA occlusion, and 
during reperfusion. After 48 h, the animals were perfused fixed (10% formalin) and 
infarct sizes obtained by ex vivo magnetic resonance imaging (MRI), and confirmed 
using hematoxylin and eosin staining. dCT data from CBF maps were obtained by 
drawing a region of interest encompassing the stroke, with threshold values below 
normal white matter perfusion.

Animal # 1 2 3 Mean Coefficeent 
±SD of variation

dCT / “Area at risk” (mm2) 2953 813 3120
MRI / infarct size (mm2) 3287 815 1807 1970±1244 63%
dCT/MRI 0.89 0.99 1.73 1.20±0.43 36%

The coefficient of variation shows that the high stroke size variability, measured by 
MRI, appears to be reduced in our model, due to the early measurement o f the “area 
at risk” by dCT; and the subsequent calculation of the dCT/MRI index.

92.4
BRAIN LESIONS IN CONDUCTIVE vs. R E C E P T IV E  
APHASIA: LOCALIZATION EVIDENCE FROM THREE- 
DIMENSIONAL RECONSTRUCTIONS OF CT SCANS.
Zhang*. 2Surong Gao. 3Gerald S. Wasserman & 4Huimin Lu. 1&3Dept. of Psychological 
Sciences, Purdue University, W. Lafayette, IN 47907, 2Beijing Medical University, Beijing, 
100083, P.R. China & 4Institute of Biophysics, Academia Sinica, Beijing 100101, P.R. China.

T h o u g h  co m p u te r  to m o g ra p h  (C T ) sc a n s  g iv e  in fo rm a tio n  about 
brain p a th o lo g y , it h elps to  h ave three d im en sio n a l (3 D )  d isp la y s o f  brain  
le s io n s .  C o m p u ter  a id e d  3 D  re c o n s tr u c t io n  w a s  th e r e fo r e  u sed  to  
e sta b lish  a standard brain  d er iv e d  from  C T  s l ic e s  o f  a n orm al ( i .e . ,  
unrem arkab le) hum an  brain. L e s io n s  w ere  com pared  am o n g  p atien ts b y  
m a p p in g  them  o n to  th is  standard brain. T h e m a p p in g  p ro ce ss  u sed  an 
ap propriate m a th e m a tica l tr a n sfo rm a tio n  o f  p a tien t C T  g ra p h ic s , as 
fo l lo w s :  A ) m a jo r  a n a to m ic a l la n d m a r k s  id e n t if ie d  c o r r e sp o n d in g  
se c tio n s  in  the variou s brains; B ) the le s io n  data w ere  transferred  onto  
th eir eq u iv a le n t standard C T  se c tio n s . D ata  from  4 7  p atien ts  w ere  then  
su m m arized  b y  co m p u tin g  le s io n  fr eq u e n c y  at e v e r y  lo c a tio n . L es io n  
f r e q u e n c y  w a s d isp la y ed  in  c o lo r  d e n s ity  p lo ts , and th e  re g io n  m o st  
ty p ica l o f  a p articu lar d iso r d e r  w a s tak en  as th e  area co n ta in in g  the 
largest num ber o f  cases .

W e studied  3 4  con d u ction  aphasia p atien ts (aneurism : 13, infarct: 2 1 )  
and 13 re ce p tiv e  ap h asiacs  (an eu rism : 2 , infarct: 11). L e s io n s  lin k ed  to  
th ese  ty p es are o ften  loca ted  near ea c h  other. T herefore  tw o -d im en sio n a l 
C T  scans m igh t n ot iso la te  the th e tw o  ty p es o f  le s io n s . B ut exh ib itin g  the 
d om ains o f  th ese  d isorders in  th e standard brain  d ist in c tly  d ifferen tiated  
the typ ica l le s io n  p o s it io n s  lin k ed  w ith  the tw o  ap hasias. C o lo r  graphic  
ev id e n c e  in  support o f  th is co n c lu s io n  w ill  be presented .

92.6
CT STUDY OF THE RELATIONSHIP BETWEEN VERTEBROBASILAR 
INSUFFICIENCY AND CERVICAL TRANSVERSE FORAMEN. B.-Z. Sun, 
B. He, D.-H. Liu, J.-M. Zhang and G. Huang*. D epartm ent of CT, Zibo 
Central Hospital, Gong Qing Tuan Xi Lu, Zibo, S handong 255036, P.R.C. and 
D epartm ent of Surgery & Anesthesiology, Yale U niversity School of 
M edicine, 333 Cedar Street, N ew  Haven, CT 06510.

O ur aim  was to study  the relationships betw een vertebrobasilar 
insufficiency and the narrow ing of the cervical transverse foram en, w hich 
is thought to be related to dizziness. We stud ied  100 cases (60 m ales and 40 
females) of dizziness diagnosed clinically and 100 norm al subjects (52 males 
and 48 females). The internal diam eters of the transverse foram en from  C 1- 
C7 were m easured by com puterized tom ography (CT). O ur results show ed 
that there was no significant difference in the average internal diam eter 
betw een experim ental and control groups (P > 0.05, stu d en t t-test). There 
was a significant difference in the diam eters betw een m ales and  fem ales (P 
< 0.01, t-test) as well as betw een the left and  right sides (P < 0.01, paired t- 
test). No osteophyte was found on the wall of the transverse foram en nor 
stenosis of transverse foram en itself. H ow ever, 81.5% of the experim ental 
group showed osteophyte on ham ate bone and articular process in contrast 
to only 10.4% observed in the control group. O ur results indicate that 
dizziness caused by vertebrobasilar insufficiency is not because of the 
stenosis due to the form ation of osteophyte on the wall of the transverse 
foram en. Vertebrobasilar insufficiency w as a resu lt of the form ation of 
osteophyte on ham ate bone and articular process that indirectly caused the 
stenosis of transverse foramen, resulting in com pression to vertebral artery.

92.8
E F F E C T  O F  K +  H Y P O T O N IC  S O L U T I O N , G L U T A M A T E , A M P A  
A N D  N M D A  O N  T H E  D IF F U S IO N  P A R A M E T E R S  IN  IS O L A T E D  
R A T  S P IN A L  C O R D  D U R IN G  D E V E L O P M E N T  E. S y k o v á * . L. 
V argová  Z. Š im o n o v á and C. N ich o lso n . Inst. E xp. M ed. A S C R , 14200  
Prague 4 , C zech  R ep.; N Y U  M ed. Ctr., N e w  Y ork, N Y  10016.

G lial sw e llin g , lead ing to  d im in ished  extracellu lar sp ace (E C S ), is  a 
co m m o n  finding during ischem ia . S tu d ies u sin g  the io n -se lec tiv e  electrodes  
to  m easure d iffu sion  o f  tetram ethylam m onium , revealed  that progressive  
h ypox ia  alters the E C S d iffu sion  param eters (S y k o v á et al., JC B FM  14:301. 
1994). V o lu m e fraction (a) decreases, tortuosity  (X) increases, fast recovery  
occurs in  n orm oxic con d ition s, and 10 m in  or m ore after recovery a is 
increased. H ere w e studied  the e ffec ts  on  α  and λ o f  treatm ents that cause  
ce ll sw e llin g  in  the iso lated , d ev elo p in g , rat sp inal cord. In p hy sio lo g ica l 
sa lin e contain ing  5 0  m M  K + , or in  h y p o o sm o tic  so lu tion , a  decreased  from  
0 .2 3 -0 .2 6  to  0 .1 0 -0 .0 5  and λ increased  from  1 .5 -1 .6  to  1 .9-2 .3  in all three 
studied  age groups (P 5, P 10 , P 20). A n  increase in  a to  0 .3 0 -0 .4 0  after w ash-
out o f  K +  w as found  o n ly  at P 1 0  and P 2 1 ; after w ash out o f  h ypoton ic  
so lu tion , a lso  at P5. G lutam ate (1 - 3 M ), N M D A  (1 0 -5 M ), and A M P A  (1 0 -6  
M ), w h ich  d oes not increase K + in  E C P  ab ove 5 m M , ev o k ed  at P 5  a fast 
decrease in  a to  0 .1 0 -0 .0 5 , an increase in  X to  1 .6 -1 9 , but a did  not increase  
above 0 .3 0  after w ashout. A t P 10-P 21  (after e x te n s iv e  g lio g e n e s is )  the 
effec ts  o f  glutam ate and A M P A  becam e sm aller , and N M D A  w as in e ffe c 
tive. W e con clu de that, 5 0  m M  K + leads to  sim ilar E C S vo lu m e changes as 
isch em ia  in vivo, w h ile  effec ts  o f  am ino acids are sim ilar o n ly  in  im m ature 
sp inal cord. Funded by G A Č r  gr. 3 0 9 /9 4 /1 1 0 7 ; U S -  C Z  S & T  gr. 9 2 0 4 8 .
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92.9
MRI OF HYPOXIC-ISCHEMIC INJURY IN THE NEONATAL RAT BRAIN: 
CORRELATION WITH HISTOPATHOLOGY. B. C. Albensi5*, F. M. Filloux1, 2,5. 
T. Rarick1 2, K. E. Clash1 2 and M. P. Schweizer3,4. Depts. of Neurol.1, Pediat 2, 
Radiol.3, Med. Chem.4 andNeurosci. Program5, Univ. of Utah Sch. of Med., Salt 
Lake City, UT, 84132.

Despite extensive use of neonatal rat models for the investigation of perinatal 
Hypoxic-ischemic (HI) brain injury, in vivo assessment of brain damage in this 
setting has been limited. We now extend our previous descriptions of magnetic 
resonance imaging (MRI) for the evaluation of HI brain injury in the neonatal rat

7 day old rats underwent ligation of one vs. both common carotid arteries followed 
by hypoxic exposure (8.2% O2, 2.5 hrs for unilateral and 9% O2, 0.75 hrs for 
bilateral ligations, respectively). Surviving animals (n=23, unilat.; n=9 bilat.) were 
serially imaged between 2 and 72 hrs following HI. Animals not subjected to HI 
served as controls (n=8). T2 scans (TR=2000, TE=100 ms) were acquired with a 2.0 T 
magnet and a birdcage head coil. A 256X256 matrix and a FOV of 50 mm (in plane 
resolution of 0.2 mm) were used. Brains were then prepared for histopathological 
analysis.

T2 scans from all animals revealed remarkable anatomic detail, identifying structures 
such as hippocampal laminae. In ligated animals, tissue injury, evidenced as 
hyperintensity, could be identified as early as 2 hrs after HI, and by increased lesion 
extent subsequendy, peaking between 24 and 48 hrs. The % cross-sectional area of 
injured tissue as measured by MRI at 72 hrs. correlated highly with the % area of 
tissue injury as m easured in postm ortem  brain sections stained with 
hematoxylin/eosin (r=0.95, for unilat. lig.; r=0.98, for bilat. lig.). Finally, with the 
unilateral model, ip administration of the glutamate antagonist MK801 1/2 hour 
before hypoxia (n=16), reduced the area of hyperintensity measured on T2 scans as 
compared with vehicle (n=19) (4.58% +/- 2.29 vs. 9.10 % +/- 2.27, p<0.05).

These results confirmed the correlation between MRI T2 changes in vivo and actual 
tissue injury in the HI neonatal rat brain. Furthermore, the utility of this approach for 
neuroprotective experiments is also demonstrated.

92.11
THROMBOLYSIS AND MRI IN AN ACUTE MODEL OF EMBOLIC STROKE. 
M. Yenari*. A. de Crespigny, H. D'Arceuil. J. Palmer. S. Roberts. G. Albers. S. 
Schrier. M. Moseley and G. Steinberg. Depts. of Neurology, Neurosurgery, 
Radiology and Hematology, Stanford Medical Center, Stanford , CA 94305 

The use of embolic stroke models is valuable for assessing thrombolytic agents 
but also limited because of lesion variability. Diffusion-weighted MRI (DWI) is an 
imaging technique which can distinguish areas of ischemia minutes from stroke 
onset. Perfusion MRI (PMR) can identify regions of impaired blood flow. We 
conducted a study using sequential DWI and PMR to evaluate thrombolysis in an 
embolic stroke model with tissue plasminogen activator (tPA) and hirulog, a novel 
direct-acting antithrombin. Right ICAs of 30 rabbits were embolized using aged 
heterologous thrombi. Baseline DWI and PMR scans were obtained to confirm 
successful embolization. Treatment with tPA (5 mg/kg over 30 min ), tPA plus 
hirulog (6 mg/kg over 1 hour) or placebo was begun 1 hour after stroke induction. 
These doses prolonged activated partial thromboplastin times 2 (tPA) and 4 (tPA 
plus hirulog) times the baseline. This tPA dose decreased fibrinogen by 73%. 
MRIs were performed at 2, 3 & 5 hours following embolization. Brains were 
perfusion-fixed and gross sections examined for hemorrhage, then prepared for 
histologic analysis DWI at 5 hours post embolization showed excellent correlation 
with histopathology. PMR reliably showed areas of decreased perfusion in medium 
to large lesions. Hemorrhage was seen in some brains on gross section, but was not 
reliably visualized by DWI. Some animals treated with tPA and hirulog showed 
decreased lesion size and return of perfusion, but wound site hemorrhage was 
increased. DWI and PMR are useful techniques in studying stroke therapy to follow 
the evolution of stroke and response to treatment. These methods are especially 
suited to embolic stroke models due to the inherent variability in lesion size 
between animals. Therapy with tPA and hirulog is promising; but further studies 
are needed.

92.13
LOCAL ISCHEMIA IN RAT BARREL CORTEX: RECRUITMENT 
AND GROWTH OF ARTERIOLAR COLLATERALS. L  Wei*. C. 
Rovainen. TA . Woolsey Departments of Neurology & Neurological 
Surgery and Cell Biology & Physiology, Washington University School of 
Medicine, St. Louis, MO 63110
After occlusion of the middle cerebral artery (MCA) arteriolar collaterals 

can provide alternative flow acutely and can grow to restore flow 
chronically (Coyle, 1984). Barrel cortex was targeted by intrinsic signals 
through cranial windows in Wistar rats anesthetized with ketamine and 
xylazine. We recorded the distribution and flow in the collateral network by 
in vivo videomicroscopy. Small proximal and distal branches of the MCA 
and identified collaterals were deliberately ligated to minimize blood flow 
to this <3mm cortical region. Transits of 1 mM fluorescein from the 
ipsilateral external carotid outlined the region of ischemia and filled 
arteriolar collaterals that were recruited. Diameters of arteriolar collaterals 
and flow through them was measured before and during ischemia.
Twenty to 60 days after ligation, identified arteriolar collaterals grew larger 
in diameter and more tortuous, indicative of vascular remodeling. The 
immediate microcirculatory changes and long-term vascular and neural 
plasticity, which can be related to the standard barrel template, are 
relevant to transient ischemic attacks and ministrokes in humans.

Supported by NIH Grants NS 07057, NS 28781 and HL 41075, the McDonnell Center for 
Studies of Higher Brain Function and an award from the Spastic Paralysis Foundation of the 
Hnois-Eastern Iowa District of the Kiwanis International.

92.10
E V O L U T IO N  O F  A C U T E  E M B O L IC  S T R O K E : M R  IM A G IN G  
D U R IN G  T H E  F IR S T  F O U R  H O U R S . K. H . T a b er*. R .C . Herrick. 
S. R. Northrup. L .A .. H a ym a n .. Baylor C o lleg e  of M edicine, 
Houston T X  7 7 0 3 0

M agnetic  resonance (M R ) im aging m ay  provide insight into the 
pathophysiological processes that occur as an a re a  of ischem ia  
evolves into an a rea  of infarction. In this study changes in signal 
intensity (S I) on spin echo (S E ) and g rad ient echo (G E ) M R  
im ages w ere  com pared . Em bolic stroke w as  induced in rabbits  
by intracarotid injection of autologous clot. M R  im ages w ere  
obtained from  3 0  m inutes to 6  hours a fter clot adm inistration. 
Induction of stroke w as confirm ed by T T C  staining.

Regions that lacked T T C  staining a t 4 -6  hours contained areas  
of d e creased  S I on G E  M R  im ages acquired within 1 hour of clot 
adm inistration. C ore  a reas  w ere  usually da rke r than m argins, 
and the largest strokes d isp layed  the g reates t decreases. 
C ontrary to previous reports, m any of these  a rea s  also had  
reduced S I on S E  M R  im ages acquired within the first hour. 
Th e se  results indicate the sensitivity of M R  to the level of 
deoxygenation  of R B C s and to the s ta te  of blood flow.

Evolutionary changes in S I w ere  presen t on both G E  and S E  
M R  im ages. S evera l distinct patterns w ere  seen  tha t w ere  
consistent w ith the a lterations in b lood flow, tissue oxygenation, 
cellu lar integrity and e d e m a  form ation that have  b een  identified  
in other experim ental m odels of stroke. Thus M R  im aging m ay  
provide a  m ethod for v isualizing these  dynam ic  changes.

92.12
HIGH RESOLUTION 13C -N M R  SPECTRA OF HYPOXIC NEONATAL RAT 
BRAIN SUCES TREATED W ITH  FR U C TO SE -1 ,6-B IPH O S P H A TE . M .T. 
Espanol. L. L i t t * . K. Hasegawa. J.  MacDonald. L .-H . Charm. G A  
G regory . P.R. W e in s te in . T.L. Jam es, and P .-H . Chan. University  of 
California, San Francisco, California 9 41 43  
In a previous study we showed that pretreatm ent of re s p ir in g  
neonatal cerebrocortical slices with 2 mM f r u c to s e -1 ,6 -  
bisphosphate (FB P) prevented ATP reduction during 3 0 - m in  
hypoxia .1 W e hypothesize that FBP's energy protection involves a 
shift in m etabolic em phasis from glycolysis to the pentose phosphate 
pathway (P P P). To test this hypothesis we first perfused re s p ir in g  
slices with glucose having a 13C label in the 2 position, and then  
induced hypoxia, as in previous studies. At the end of hypoxia, the  
tim e of maxim um  protection, slices w ere freeze-c lam ped in liqu id  
nitrogen. Metabolites, extracted with perchloric acid and dissolved 

in D 2 O  solution, were studied at 11.75 Tesla with high resolution 1H 

and 13C NM R  spectroscopy. A distinct resonance peak appears in the  

13C spectra at a location corresponding to C-1 of either fructose o r  
fructose-6-phosphate. Natural abundance 13C studies w ere done 
with ordinary glucose. Spectral contributions from potentia l
artifacts w ere excluded. The data are consistent with f r u c to s e -6 -  
phosphate production via the PPP. Supported by NIH Grants  
G M 3 4 7 6 7 , NS 2 2 0 2 2 , N S 1 4 5 4 3 , N S 2 5 3 7 2 , and R R 0 3 8 4 1 .
R e fe re n c e s : ( 1 )  Litt L, Espanol M T, MacDonald J, et al. Soc. 
Neurosci. Abstr., Vol. 20, Part 2, p. 147 9 , 1 9 9 4  ( 2 )  Espanol M T , 
Litt L, Xu, Y  et al. J C ereb  Blood Flow Metab. 14:269-278 , 1994.

92.14
O P T IC A L  IM A G IN G  O F  P H Y S IO L O G IC A L  C H A N G E S  IN  
H IP P O C A M P A L  SLIC E S: S P R E A D IN G  D E P R E S SIO N  (S D ) A N D  
H Y P O X IA . P .G .A itken*. D .A . T urner. G .G . S om ien . D ept. C ell B io l, and 
D iv . N eu ro su rg ., D u ke U n iv . M ed. C tr., D urham , N C  2 7 7 1 0 .

V arious p h y sio lo g ica l p rocesses  are accom panied  by changes o f  translucence 
o f  C N S  tissu e . W e used  th is to  map the p rogress o f  S D  and the response to 
h yp ox ia  in rat hippocam pal s lic e s  m aintained at 36°C in an interface cham ber, 
illum inated  from  b e lo w  w ith  w h ite ligh t. Im ages w ere  obtained  every  2 .6 -3 0  
se c , 0 .1  sec  exp osu re, w ith  a coo led  C C D  cam era. P ixel-b ased  subtraction  
provided  fa lse  co lor  im ages o f  ligh t intensity  d ifferen ces betw een  control and 
experim ental im ages. O rthodrom ic evok ed  p oten tia ls and D C  vo ltage  w ere  
recorded in C A 1 st. pyram idale. S D  w as p rovoked  by tou ch ing the surface 
w ith  thread soaked in KC1 so lu tion . H y p o x ia  w as induced by replacing O2 by 
N 2 in th e gas phase . S D  induced b y h yperton ic KC1 w as m arked b y initial 
d ecrease o f  translucence fo llo w ed  b y increase; iso sm o tic  KC1 provoked on ly  
increase . T he SD -related  translucence ch an ge spread at 4 -5  m m /m in , usually  
rem aining w ith in  C A 1 , h igh est in tensity in st. radiatum , sparing st. oriens, 
C A 3 and dentate gyru s. H ypox ia -in du ced  n egative  D C  sh ift w as accom panied  
by m arked increase in translucence, in itia lly  sharp ly lim ited  to CA1 st. 
radiatum , but later in v o lv in g  other areas to a lesser  d egree. On tw o  occasions  
s lic es  that had p rev io u sly  been  exp osed  to  h igh  KC1 responded to  hypox ia  with  
decreased  translucence appearing as a "negative im age" o f  the m ore usual 
increase. T he increased  translucence during S D  and h y p o x ic  S D -like  
d epolarization  is probably d ue to ce ll sw e llin g .

[Supported by a V A  M erit R e v ie w  A w ard and grant N S  1 8 670  from  the 
N IN D S ].
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92.15
NONINVASIVE NEAR INFRARED SPECTROSCOPY (NIRS) MONITORING OF 
SPONTANEOUS CORTICAL BLOOD OXYGENATION CHANGES (BOC) AFTER 
EXPERIMENTAL FOCAL CEREBRAL ISCHEMIA T.Wolf. U.Dirnagl. T.Back. 
U.Lindauer. G.D.Borasio* . J.Dreicr. A.Villringer. Depts. of Neurology, Humboldt 
University, Berlin, and Ludwig-Maximilians University, Munich, Germany

'Periinfarct depolarizations’ (PID) have been implicated in the cascade of cerebral 
ischemic damage. We tested whether PIDs are associated with BOC in the brain, which 
might be used to detect PIDs in humans. In male anesthetized Wistar rats (n=5) BOC 
of the parietal cortex were measured through intact skull using NIRS (Hamamatsu 
NIRO 500). The DC-potential was monitored epiduraliy. Focal cerebral ischemia was 
induced via thread occlusion of the middle cerebral artery (MCA) while monitoring 
cerebral blood flow (CBF) in the MCA-territory with Laser-Doppler flowmetry. CBF 
dropped below 30 % of baseline in all animals. During a 2 hour observation period, a 
mean of 8 + 3 PIDs occured. PIDs did not induce CBF changes in the penumbra, but a 
decrease in oxyhemoglobin (HbO) and an increase in deoxygenated hemoglobin (HbR) 
was detected by NIRS. This is in contrast to the hemodynamic pattern of depolariza
tions elicited with KCI in nonischemic cortex ('spreading depression’, SD), which 
consists of an increase in CBF and HbO and a reduction in HbR (data from previous 
series). Typical examples presented in the figures. Left elicitation of SD with KCI in 
normal cortex, right spontaneous PID after MCA-occlusion.

Spreading Depression Periinfarct Depolarization

time in min intervals time in min intervals

We conclude that PIDs can be identified noninvasively in rats and possibly in humans. 
(Supported by the DFG)

92.16
OXYGEN FREE RADICAL PRODUCTION (OFR) MEASURED ONLINE DURING 
CORTICAL SPREADING DEPRESSION (CSD): SPREADING HYPEREMIA VS. 
SPREADING ISCHEMIA U.Dimagl. T.Back, C.A.White*. T.Wolf. A.Villringer.
J.Dreier. Dept. of Neurology, Humboldt University, Berlin, Germany, and Harvard 
Medical School, Boston, USA

Brain nitric oxide synthase (NOS) inhibition combined with an elevation in brain 
extracellular fluid (ECF) [K+] reverses the cerebral blood flow (CBF) hyperemia ac- 
companying CSD to ‘spreading ischemia’ (Dreier et al., this volume). We investigated 
whether normal or ‘spreading ischemia’ type CSDs produce OFRs. Five pentobarbital 
anesthetized Wistar rats were equipped with a closed cranial window. OFR production 
was measured continuously by enhanced chemoluminescence (CL) (1 mM lucigenin 
applied topically to the brain, animal in darkbox, photon counting from the cranial 
window with a cooled photomultiplier; Dimagl et al., J  Cereb Blood Flow Metab in 
press). CSD was triggered by KCI at a distant cortical site. Control CSDs 
(accompanied by a CBF hyperemia of 200 - 300 % in this model) did not affect brain 
CL (n=19 CSDs, fig.A). After NOS blockade (1 mM L-NA topically to the brain, 
which alone did not affect CL) for 1 h and an increase in ECF [K+ ] (to 20 mM), CSD 
produced a dip in the CL signal (-56 * 22 %) followed by an increase above baseline 
(+284 ‡ 58 %), n=23 CSDs, fig.B).
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We conclude that CSD in normal brain tissue, which induces ‘spreading hyperemia’ 
and does not lead to detectable brain damage, is not associated with OFR production. 
In contrast, under conditions where CSD produces ‘spreading ischemia’, a burst of 
OFRs is produced. (Supported by the DFG)

92.17
LASER DOPPLER FLOWMETRY IN PENUMBRA DURING FOCAL 
ISCHAEMIA AND REPERFUSION. I.M. Macrae*, D. Oluoch-Olunva and 
D.I. Graham. Wellcome Surgical Institute and Dept. of Neuropathology, 
University of Glasgow, GLASGOW, G61 1QH, U.K.

Laser Doppler Flowmetry (LDF) was used to monitor changes in the cortical 
microcirculation during proximal occlusion and reperfusion of the middle 
cerebral artery (MCA) with bilateral common carotid artery occlusion (CCAO).

Adult, male Sprague Dawley rats (300-400g, n= 10) were anaesthetised (1- 
2% halothane in 70% N2O:30% O2 ) tracheotomised and ventilated with 
physiological monitoring throughout. Both CCAs were encircled by slings, the 
MCA was exposed and a 0.4 mm LDF probe (Moor, DRT4) was postioned on 
the dural surface of the parietal cortex. The MCA was occluded with a 
Codman-Sundt # 1 AVM microclip applied below the olfactory tract and was 
followed by bilateral CCAO. LDF monitoring began prior to MCAO, 
continued for 2 hrs ischaemia and 2 hrs reperfusion and data expressed as a % 
of baseline pre-ischaemia levels.

MCA occlusion was associated with a rapid reduction in flow to 42 ±. 6% of 
baseline (mean ±  SEM) followed by a further reduction to 24 ±  5% after 
CCAO. Flow values remained stable during the 2 hrs of ischaemia and on 
removal of clip and slings, reperfusion was characterised by a transient 
overshoot above baseline in 6 of the 10 animals (107-145%, mean 104 ±  8%). 
By 2 hrs reperfusion, mean flows had declined to 77 ±  10%. Subsequent 
quantitative histopathology revealed evidence of early infarction in both cortex 
and caudate nucleus (hemisphere 38 ±  9; cortex 22 ±  7 and caudate 13 ±  
2mm3). These data illustrate that LDF combined with histopathology provides 
a powerful means to investigate the relationship between insult and subsequent 
ischaemia and reperfusion-related injury.

92.18
H IS T O P A T H O L O G IC A L  A N A L Y S IS  O F  C E R E B R A L  IN F A R C T IO N  
U S IN G  C O M P U T E R -G E N E R A T E D  F R E Q U E N C Y  D IS T R IB U T IO N  
M A P S  IN  T H E  R A T  B R A IN . W. Zhao*, M.D. Ginsberg, R. Prado 
and L. Belayev Cerebral Vascular Disease Research Center, Univ. of Miami, Sch. 

of Med., Miami, FL, 33101.
Light-microscopic histopathology is routinely used to localize and define areas of 
abnormality in models of cerebral ischemia and traum a. A common approach to 
analyze patterns of focal cerebral ischemic injury in paraffin-embedded histological 
material is to use a camera lucida attached to a light microscope to trace the con
tours of histological sections and to outline regions affected by infarction and/or 
selective ischemic cell changes in individual animals. It is advantageous, however, 
to map corresponding histological sections from animals of a replicate series into a 
common template and to produce a frequency map which directly depicts the distri
bution of infarction or selective neuronal alterations for the entire senes. We have 
designed a new analytical procedure for this purpose: Lesion outlines on individual 
coronal sections are traced via a camera lucida attachm ent. These drawings are 
then video-digitized. Alternatively, one can digitize histological sections directly 
by means of a CCD video camera and use computer methods to perform tracing 
procedures. A value of 1 is assigned to each pixel inside an infarcted region and 
to the overall section contour; the remaining pixels are assigned a value of 0. A 
well-characterized linear affine transform ation model (Zhao et al, IEEE Trans Med 
Imag 12:782-91,1993) is used to map these sections into a pre-selected tem plate. 
The transformation model is based on a point-to-point disparity analysis between 
section contours. The frequency distribution m ap is then defined as the pixel-by-
pixel summation of these matched corresponding coronal sections. This aggregate 
infarction distribution can to used to correlate local histological alterations with 
localized disturbances of glucose metabolism or blood flow in autoradiographic 
studies from matched animal series. In addition, it is possible to co-map and su
perimpose a standardized brain atlas upon the histological frequency maps, and to 
produce statistical param etric maps comparing two different experimental series 
by applying the Fisher exact test or other procedures on a pixel-by-pixel basis.

92.19
EEG ANALYSIS OF FOCAL ISCHEMIC INJURY IN THE RAT. X -C. M. 
Lu*, P. Britton, L. Clapp. J. Johnston1 and F. C. Tortella. Div. Med. 
Neurosci., Walter Reed Army Inst. of Res., Washington, DC, 20307 and 
1Neurodata, Inc. Pasadena, CA 91103.

Spatiotemporal patterns of brain activity were studied during cerebral 
ischemia in male S.D. rats (n=6) prepared with cortical electrodes placed 
bilaterally over the frontal (FC), parietal (PC), and temporal (TC) regions. 
Each rat sustained a right middle cerebral artery occlusion (MCAO) via the 
intraluminal filament method. Three rats were reperfused by withdrawing the 
filament after 2 hr of MCAO. EEG analysis was done prior to and during the 
first 6-8 hr post-occlusion and/or reperfusion and once daily for 7 days at 
which time the animals were euthanized and brain infarcts analyzed using 
TTC staining. The first 2 hr of MCAO were marked by severe reductions in 
EEG amplitude and increased slowing primarily in the ipsilateral TC with 
generalization to PC and FC. Coherence Analysis revealed that the FC was 
least affected by the injury. Epileptoid activity developing primarily in the PC 
during the first hr post-occlusion persisted up 24-48 hr. In reperfused animals 
the epileptoid activity was enhanced and propagated to the FC. The 
contralateral hemisphere showed increased EEG complexity marked by 
intermittent rhythmic activity (4-6 Hz) primarily in the FC and PC, and 
increased beta activity in the TC. While moderate recovery was observed 
during the first 72 hr post-injury ipsilateral EEG activity never returned to 
normal. Pathologically, there was good correlation between EEG dysfunction 
and injury as TTC staining revealed severe infarcts in the TC, moderate PC 
injury and sparing of the FC. To conclude, EEG analysis clearly revealed 
differential patterns of injury associated with infarcted versus "penumbral" 
tissue. Importantly, the enhanced EEG complexity of the uninjured cortex may 
reflect functional compensatory mechanisms during recovery.
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9 3 .1

SIMULATED ISCHAEMIA IN ORGANOTYPIC HIPPOCAMPAL 
SLICE CULTURES L .E .Sundstrom. A.K. Pringle. 
G.J.C. Wilde. and F. Iannotti. Clinical 
Neurosciences, Southampton Univ. Southampton S016 
6YD U.K. SPON:Brain Research Assn. . We have
investigated the relative contributions of oxygen 
and glucose deprivation on the survival of 
hippocampal neurons in 2 week old organotypic 
slice cultures, measured by uptake of the 
fluorescent exclusion dye propidium iodide (PI). 
The results are expressed as a percentage of the 
total fluorescence observed in CA1/CA3 and 
dentate areas. 24 hours exposure to glucose free 
medium produced no detectable damage. 3 hours 
exposure to culture medium equilibrated with 
5%N2/95%CO2 resulted in 12.1±5.1%SD (N=10,
P < 0 . 05) of the neuronal cell areas exhibiting PI 
fluorescence with the highest levels in the CA1 
region. Neuronal damage was vastly potentiated if 
glucose was not present in the medium during 
exposure to hypoxia (simulated ischaemia). One 
hour exposure to ischaemic conditions resulted in 
labelling over 31.1±11.2%SD(N=10, P<0.001) of
neuronal cell areas with the highest levels in 
CA1. Neuroprotective effects against this 
ischaemic insult were observed by pre-incubation 
with 10μ M TTX, 30μ M MK801, 10μ M CNQX or exposure 
to 1 hour ischaemia in calcium free medium.

93.2
P H Y S IO LO G IC A L  A N D  M O R P H O L O G IC A L  C H A N G E S  IN R A T  
CA1 P YR A M ID A L N E U R O N S  IN D U C E D  BY T R A N S IE N T  
ISC H E M IA . N. Hori, K. Suzuki. Y. leiri, T. Kosaka and D .O . 
Carpenter* Fac. Dent. & M ed., Kyushu Univ., Fukuoka, Japan and 
W C L& R , N Y S  Dept. Health, Albany, NY  12201  

Transient ischem ia causes delayed neuronal death in CA1 
pyramidal neurons. W e  have investigated effects of in vitro 
ischem ia applied to hippocam pal slices obtained from young m ale  
rats using extracellular population and intracellular recordings with 
Lucifer Yellow  injection. After recording stability w as achieved the 
slice w as perfused with Ringers lacking glucose and oxygen. The  
population response upon stimulation of the S chaffer collateral 
pathway w as suppressed with 6 -7  min in this solution, leaving only 
the presynaptic volley, although there w as often a transient 
rebound. At 10 min or longer a large spreading depression-like  
depolarization w as observed. A fter the spreading depression, 
Lucifer injection in single neurons dem onstrated extensive beading 
of the dendrites. This beading of the dendritic tree w as not found 
after ischem ia prior to the spreading depression. The beading w as  
prevented by perfusion of A P -5  (1 0 -4M), and w as attenuated by 
perfusion of low Ca/high Mg Ringer or calpain inhibitors. W e  
conclude that transient ischem ia causes a variety of effects. Entry 
of Ca through NM D A -activated channels followed by protease  
activation m ay be a m ajor cause of the m orphological changes  
observed.

9 3 .3

EFFECTS OF ISCHEMIA AND ISCHEMIC FACTORS ON HISTOLOGY, 
ADENYLATES, WATER AND Ca++ KINETICS IN HIPPOCAMPAL BRAIN  
SLICES. F.E.Hospod*, H.Qi, H.Patel, S.Trowbridge, G.C.Newm an. Dept. of 
Neurology, SUNY at Stony Brook, NY and VAMC at Northport, NY.

Our goal is to understand the neurochem istry of the ischemic  
penumbra. Our model employs 500μ m thick rat hippocam pal slices 
exposed to buffer with varying hypoxia, pH, K+ and glutam ate or slices 
prepared with thickness of 1000μ m. Thick slices provide a com plex  
ischemia model with many features of the ischem ic penumbra in vivo.

Brain slices are studied histologically or by m easurem ent of wet 
wgt. / protein, 14C-PEG kinetics, adenylates or 45Ca++ kinetics. Two Ca++
kinetic compartments are distinguished, a large fast space and a sm aller 
space with slower exchange.

Histologic injury is evident in slices exposed to hypoxia and 
acidosis and in thick (ischemic) slices. Injury correlates well with 
reduction in energy charge and total tissue adenylates. Intracellular 
water uptake is stimulated by glutam ate and K+, as well as by hypoxia.
In thick slices, intracellular water increases while the extracellular space 
shrinks dramatically. Every condition has a unique pattern of Ca++
kinetics. Raising K+ increases Ca++ uptake into the large, fast space 
while acidosis reduces the am ount of Ca++ in the small, slow  
compartment. Although glutam ate, hypoxia and ischem ia all increase the 
amount of Ca++ in the slowly equilibrating space, they differ because 
glutamate stimulates influx, hypoxia reduces efflux, and ischem ia is 
complex. Each factor uniquely affects tissue histology and metabolism, 
Including Ca++ kinetics. Thick slices provide an excellent model for 
studying the complex interactions of ischemia. The support of grants 
from VA Merit Review and NIH #NS28429 are greatfully appreciated.

93.4
CARDIAC ARREST-INDUCED GLOBAL CEREBRAL ISCHEMIA IN THE 
RAT AND ITS OUTCOME AS EXPRESSED IN HIPPOCAMPAL SLICES 
M.M. Li A. Schurr. R.S. Payne, K.H. Reid, V. lyer. M.T. Tseng*. S.A. Chan, C. 
Young. J.J. Miller and B.M. Rigor. Depts. of Anesthesiol., Anat. Sci. and Neuro- 
biol., Neurol., and Pathol., Univ. of Louisville, Sch. Med., Louisville, KY 40292.

The purpose of the present study was to characterize the non-invasive model of 
chest compression-induced global cerebral ischemia in the rat. The effects of global 
cerebral ischemic iasult in vivo were evaluated using the hippocampal slice 
preparation and its electrophysiology in vitro.

Long-Evans male rats (200-300 g) were used. Each rat was given 0.5 g/kg 
glucose (i.p) 15 min prior to chest compression, anesthetized with ketamine (100 
mg/kg, i.p.) and was subjected to 7 min of chest compression sufficient to stop the 
pumping action of the heart. The rat was revived by cardiopulmonary resuscitation. 
Evaluation of ischemic cerebral damage was performed on hippocampal slices 
prepared from 5 groups of rats (N =3) 1 h, 24 h, 48 h, 72 h and 1 wk after chest 
compression by measuring their neuronal function (extracellularly-recorded, CA1- 
evoked population spikes). Sham-control animals were used for the preparation of 
control slices.

Slices prepared from sham-control rats showed a typical distribution of evoked 
response amplitude; 67% of the them produced a CA1 population spike (PS) of 10 
to 15 mV with the remainder exhibited PS of 15 to 20 mV. Postischemic changes 
were observed 1 h after chest compression as the proportion of slices exhibiting a 
PS amplitude of 15 to 20 mV increased to almost 60% and about 1/5 of all slices 
produced an amplitude of > 20 mV. Slices prepared 24 h post ischemia were even 
more potentiated (~50% exhibited a PS greater than 20 mV), however, ~10% of the 
slices showed a diminished PS (3 to 10 mV). From 48 h and up to 1 wk post-
ischemia, the proportion o f slices with increased PS amplitude declined while that o f  
diminished PS amplitude increased. The increase in PS amplitude over the first 48 h 
postischemia could be the result of anoxic long-term potentiation while the 
diminished amplitude later could indicate a delayed ischemic neuronal damage.

93.5

ETOMIDATE D O E S  N O T  A TTE N U A TE  T R A N S M IS S IO N  D A M A G E  OR  
ATP LEVELS A FTER A N O X IA  IN RAT H IP P O C A M P A L  S U C E S  
E Amadeu, IS Kass*, JE Cottrell, G  C ham bers . Anesthesio logy & 
Pharmacology Dept, S U N Y  Health  S cience Ctr, Brooklyn, NY  11203.

We examined etom idate, an intravenous anesthetic , to  determ ine if 
it has a direct protective effect against anoxic neuronal transmission  
damage. The recovery of the am plitude of the evoked  post synaptic  
population spike in CA1 pyram idal cells w as m easured  after 6  min of 
anoxia. Etomidate w as present 2 0  m inutes before, during and 10 min 
after anoxia. ATP levels w ere  m easured  in the  CA1 region of slices 
frozen in liquid N 2 im m ediately fo llow ing anoxia.

The postsynaptlc population sp ike  from  untreated  slices recovered  
to 32 ±  10 % (X ±  S EM , n =  13) after 6  min of anoxia. Slices treated  
with 0.5μg/ml etom idate(d issolved in propylene g lycol) recovered to  24  
± 16% of their predrug, preanoxic  level, w hile those  treated  with 3  and  
30 μg/ml etomidate recovered to  3 5  ±  19%  and  13 ±  13%  respectively. 
No concentration of etom idate  caused  a s ignificant difference from  
untreated anoxic slices. P ropylene glycol a lone, at its equivalent 
concentration in the 3  and 30  μg/m l e tom idate  preparations, a llow ed 46  
± 17% (n =  4) and 12 ±  7%  (n =  8) recovery respectively; neither was 
statistically different from  untreated  anoxic slices. ATP levels fell 
significantly from 5.1 to  2 .4  nM /m g  during 6  min of anoxia. W ith 3 and  
30 μg/ml of etom idate they fell to  2 .6  and  2 .7  n M /m g  respectively. 
Etomidate did not significantly a ttenuate  the  fall in A TP during anoxia.

Thus etomidate does not im prove electrophysio log ical recovery from  
or ATP levels during in vitro anoxia.

93.6
CORTICAL SPREADING ISCHEMIA (CSI): A NOVEL PHENOMENON IN
DUCED BY CORTICAL SPREADING DEPRESSION (CSD), NOS INHIBITION 
AND ELEVATED EXTRACELLULAR POTASSIUM: J. Dreier*. K.Körner, T . 
Back, T . Wolf, A. Görner, U. Lindauer. A. Villringer. U, Dirnagl . Dept. of Neurology, 
Humboldt University, Berlin, Germany

A controversy exists about the role of nitric oxide for the response o f  regional cere
bral blood flow (rCBF) to CSD. We tested the effect of brain topical superfusion with 
nitroarginine (L-NA, 1 mM) on rCBF to CSD (rat cranial window, CSD elicited out
side of window with high K+, n = 25). A broad spectrum of effects appeared: (1) No 
change compared to control (n = 4), (2) CSD hyperemia reduced by L-NA (n = 18) 
and (3) initial hypoperfusion plus small hyperemia with L-NA (n = 7). Subsequently, 
we found a protocol with coapplication of L-NA and increased [K+] (20 mM) where a 
longlasting extreme hypoperfusion is regularly produced (n = 10, fig ). Aa Control 
(rCBF response (2 laser-Dopplers) and DC-potential). Ab L-NA and [K+] = 3 mM. Ac 
L-NA and elevated [K+]: rCBF reduction below 30% of baseline level = CSI. Ad CSI 
reversible with nitrosoacetylpenicillamine (500 μM, NO-donor). B different experi- 
ment, same protocol as in A. Be CSI for more than 30 min. After CSIs of such dura
tion no further CSD can be elicited under the cranial window suggesting neuronal

% damage (see also Dir- 
a nagl et al. this vol- 
L. ume). Effect of NOS- 
t  inhibition on rCBF re- 
y sponse to CSD may 
% depend on K+ during 
8 CSD.
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93.7
SPREADING DEPRESSION-LIKE DEPOLARIZATION AGGRAVATES 
NEURONAL INJURY DURING MODERATE HYPOXIA.
L E. Arlinghaus* and K.S. Lee. Department of Neurological Surgery and 
Neuroscience Graduate Program, University of Virginia, Charlottesville, VA
22908.

The mechanisms of ischemic/hypoxic neuronal damage are the focus of 
substantial investigation. One prominent candidate for the elaboration of ischemic 
neuronal injury is a severe form of depolarization, variously termed ischemic 
depolarization, hypoxic depolarization or spreading depression-like depolarization 
(SD). This event is thought to result in a sustained depolarization in densely 
ischemic core regions during focal ischemia but only transient depolarization in 
penumbral regions. The present experiments investigated the effects of SD on 
synaptic recovery in an in vitro model of moderate hypoxia which mimics an 
ischemic penumbra.

Moderate hypoxia which was subthreshold for eliciting hypoxic depolarization 
was administered to submerged hippocampal slices while field excitatory 
postsynaptic potentials (fEPSPs) were monitored in stratum radiatum of CA1. The 
magnitude of post-hypoxic injury to fEPSPs increased as a function of the duration 
of hypoxia. The recovery of fEPSPs was worsened significantly by administration 
of a single SD event elicited by injecting high potassium in a distant part of the 
slice. In contrast, SD elicited under normoxic conditions did not result in lasting 
damage to fEPSPs. The results are consistent with the concept that SD aggravates 
hypoxic injury. In addition, these experiments provide a model approach for 
discriminating between pathological mechanisms activated by hypoxia alone and 
hypoxia accompanied by SD. (Supported by NS30671)

93.8
RAT STRAIN/VENDOR DIFFERENCES IN DORSAL CEREBRAL 
ARTERIAL COLLATERALS MAY NOT EFFECT THE OUTCOME OF 
FOCAL CEREBRAL ISCHEMIA. H.S. Oliff* and E. Weber. Department of 
Pharmacology. University of California, Irvine. CA 92717.

In a recent study (Oliff et al. 1995) we found that cortical infarct volumes in 
a middle cerebral artery occlusion model differed not only between rat strains 
but also between the same rat strain supplied by different vendors Variations 
in anastomosing collaterals may account for the differences in cerebral 
infarction between the strains/lines. Thus. the objective of the present study 
was to compare the internal diameter and the number of middle cerebral 
artery-anterior cerebral artery (ACA-MCA) anastomoses between each 
strain/line. Simonsen Laboratories Sprague-Dawley rats (SL SD), Simonsen 
Laboratories Wistar rats (SL WIS), Taconic Laboratories Sprague-Dawley 
rats (Tac SD) and Charles River Laboratories Sprague-Dawley rats (CR SD) 
were injected with papaverine to dilate the arteries and Vultex (a white latex) 
for arterial visualization. A Tukey-Kramer post-hoc analysis indicated that 
the SL SD and SL Wis rats each had significantly fewer anastomoses than the 
Tac SD and CR SD rats. In addition, there was no significant difference in 
the number of anastomoses between the SL SD and SL Wis rats nor between 
the Tac SD and CR SD rats. The internal diameter did not significantly differ 
between the strains/lines. Even though the rat strains/lines had different 
numbers of MCA-ACA anastomoses. its effect on the infarct volume may be 
negligible since there was a negative correlation between the number and 
internal diameter of anastomoses in each individual rat. Thus, a larger 
internal diameter may compensate for a smaller quantity of anastomosing 
vessels and vice versa. Supported by NIDA grant DA 06726.

93.9 93.10
TRANSIENT HYPOTENSION AFTER NON-OCCLUSIVE COMMON CAROTID 
ARTERY THROMBOSIS EXACERBATES CEREBRAL INJURY IN RATS. 
W .D. Dietrich*, R. Prado, C, Pravia, I . Garcia, 
M.D. Ginsberg, B.D. Watson.

toradiographically 1.5 hrs after injury 
13.4±3.9mm3 , mean±SEM, p<0.01, ANOVA).

Department of Neurology, 
University of Miami School of Medicine, Miami, FL.

Abnormalities in hemodynamic reserve may be a risk fac
tor for stroke. We determined whether a 30 min period of 
hypotension (60 mmHg) induced 1 hr after photochemically 
induced non-occlusive common carotid artery (CCA) throm
bosis would aggravate hemodynamic and/or histopathological 
outcome. Compared to normotensive CCAT rats (n=5), in
duced hypotension after CCAT (n=5) significantly increased 
volumes of severe ischemia (<30% control flow values) in 
ipsilateral and contralateral hemispheres determined au-

(68.7+21.1mm3 vs 
p<0.01, ANOVA). Histopathological 

data also demonstrated a significantly larger volume of 
ischemic damage with secondary hypotension 3 days after 
CCAT (n=5). Both hypotension-induced decreases in local 
cerebral blood flow (1CBF) and ischemic pathology were 
commonly detected within the cortical forelimb and 
hindlimb regions (watershed areas) and within the ipsi
lateral striatum and hippocampus. In contrast, mechanical 
ligation of the CCA plus hypotension (n=5) failed to sig
nificantly worsen histopathological outcome compared to 
normotensive rats (n=5). Non-occlusive CCA thrombosis 
thus appears to predispose the brain to secondary hemo
dynamic insults and aggravate histopathological damage 
with secondary hypotension. These findings indicate that 
this thromboembolic model incorporates an important clini
cal feature of stroke that may be investigated experimen
tally.

USE OF A NEURONAL DAMAGE ASSESSMENT SCALE (NDAS) IN 
GOLGI-IMPREGNATED BRAINS TO EVALUATE CORTICAL ISCHEMIC 
INJURY FOLLOWING MIDDLE CEREBRAL ARTERY OCCLUSION IN 
RATS. Ronald F. Mervis1*, Aphrodite Papadakis1, Jaina Lindauer1, Robert M. 
Dvorak1, William C. Heyl2, and George S. Miller2. 1NeuroMctrix Research. Inc. 
2109 W. Fifth Ave.. Columbus. OH 43212 and 2Zivic-Miller Labs. Pittsburgh, PA.

Lengthy periods of cerebral ischemia (e g., >8 hrs) result in widespread neuronal 
damage in the region supplied by the occluded vessel. Shorter periods of ischemia 
(e g., 2-4 hrs) produce significantly less neuro-injury. The penumbra -- the region 
surrounding the infarctcd zone — may contain many only mildly (reversibly?) 
damaged cells. Most histopathological techniques can only poorly define the effects 
of shorter periods of ischemia. However, Golgi staining permits visualization of 
dendritic branching and spines (which constitutes about 95% of the neuronal 
surface). Using these parameters we have devised a Neuronal Damage Assessment 
Scale (NDAS) which permits far more sensitive assessments of neuronal damage.

Cerebral ischemia was produced in adult rats by occlusion of the right middle 
cerebral artery for 2, 4, 8, or 24 hrs, followed by immediate sacrifice. The soma and 
dendritic branching and spines from both the apical and basilar trees of cortical 
pyramidal cells throughout the frontal neocortex were evaluated using a semi- 
quantitative method (NDAS). In the NDAS format, ischemia-induced damage to 
five different parameters in each neuron was scored as either: none (0), mild (1.0), 
moderate (2.0), or extensive (3.0). Branching changes included gross atrophy with 
dendritic Webbing, varicosities, or membrane breakdown and dendritic discon
tinuities. Spine changes were characterized by widespread or patchy spine loss or 
changes in spine configuration. Scores generated by the NDAS show a strong 
correlation with respect to location of the neuron (infarct zone, penumbra, non
ischemic region) and to duration of ischemic occlusion. The NDAS may be a 
valuable tool in evaluating both ischemia-induced damage and neuroprotection.

93.11
A MODEL OF ISCHEMIA BY CAROTID OCCLUSION IN MICE: ASSESSING 
NEURODEGENERATIVE AND BEHAVIORAL EFFECTS. J M . H engem ihle. M . 
Jucker, P. B ialobok. M . Tian. D  K. Ingram *. G R C , NLA, N IH , 4 9 4 0  Eastern  
A ve. Baltim ore, M D  2 1 2 2 4 -2 7 3 5  and F isons Corp. R ochester, N Y  14624.

T he 4-vesse l occlusion  (4 -V O ) m odel o f  isch em ia  in rats has b ecom e a 
w idely used  and accepted  m odel to  exam ine m echanism s o f  and treatm ent 
strategies for cerebral ischem ia. T his m odel u ses b ilateral carotid  occlusion , in 
addition to  cauterizing tw o  vertebral arteries. T h is latter requirem ent m akes it 
difficu lt to  apply to  m ice. Past m ouse studies have dem onstrated the feasib ility  
o f  applying a 2-V O  m odel using  on ly  bilateral carotid occ lu sio n  (B arone et al. 
J. Cereb. Blood Flow Metab. 13 3 :6 8 3 , 1993). In the current study, w e  a s
sessed  sp ecific  parameters o f  behavior and neurodegeneration fo llow ing  15 
m in 2-V O  in 2 -4  m o old  m ale C 57B L /6J m ice. T w o  w k  after 2 -V O , m ice were  
tested  in a series o f  m otor and cogn itive tasks. B rains w ere exam ined for neu
ronal degeneration and intensity o f  stain ing to  an ti-glial fibrillary acid ic pro
tein (G FA P) in several h ippocam pal (H C ) fields. C om pared to  controls, 2-V O  
m ice w ere significantly im paired in strength, balance and m otor coordination  
and a lso  in their spatial learning ab ility  as m easured  in a  M orris sw im  m aze. 
G FA P densitom etry revealed higher leve ls o f  reactive g lia  in the C A 1, but not 
C A 3 region, suggesting that C A 1 w a s selec tively  vulnerable to  ischem ic dam 
age. In 90%  o f  m ice receiving 2 -V O , H C  dam age w a s generally  lateralized. 
M oreover, in a sam ple o f  m ice provided  1-V O , w e  cou ld  induce exclusive  
unilateral dam age to  H C. W e are analyzing w h y  th is lateralization  o f  dam age 
occurs, but presently it appears that both 2 -V O  and 1-V O  m ethods provide 
highly effective m odels o f  h ippocam pal ischem ic dam age for u se in m ice.

93.12
CARDIOVASCULAR RESPONSES TO STRESS FOLLOWING MIDDLE 
CEREBRAL ARTERY OCCLUSION IN THE RAT. R.T.F. Cheung*. V.C . 
Hachinski and D.F. Cechetto. Robarts Research Institute, University of 
Western Ontario, London, Ontario, Canada, N6A  5K8.

Previously, w e have shown cardiovascular and autonomic disturbances 
in anesthetized male Wistar rats following experimental middle cerebral 
artery occlusion (M CAO). Using this stroke model, neurochemical 
changes were observed in the insular cortex within the peri-infarct zone 
and in the ipsilateral amygdala. These neurochemical changes have a 
specific time-course after MCAO , being maximal around days 3 to 5 and 
subsiding by day 10. The amygdalar neurochemical changes may be 
related to the stroke-induced cardiovascular disturbances, and the 
amygdala is critical in mediating the cardiovascular responses to stress.
In the present study, the cardiovascular responses to intermittent and 
continuous noise (1 10dB), and air-jet stimulation of the face were 
examined at days 2, 3, 5, 7 and 10 after MCAO  (n = 14) or sham MCAO  
(n = 13). Compared to the sham animals, intermittent noise elicited 
significant tachycardia on days 5 and 7 after M CAO. Air-jet stimulation 
also elicited significant tachycardia on day 5 whereas continuous noise 
produced significant tachycardiac and pressor responses at days 5 and 
7, respectively. Analyses on the heart rate variability using fast Fourier 
transformation revealed significant increases in the power of the 
intermediate frequency spectrum (0 .1 9 5 -0 .6 0 5  Hz) that is presumed to 
reflect on-going sympathetic activity. These results indicate a time- 
course of altered cardiovascular responses to stress similar to 
neurochemical changes in the amygdala and suggest a state of 
susceptibility to cardiac perturbations following experimental stroke in 
rats. (Supported by the Heart & Stroke Foundation of Ontario)
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93.13
ISOFLURANE IS NEUROPROTECTIVE IN A RODENT MODEL OF 
NEONATAL ISCHEMIC-HYPOXIA: BEHAVIORAL AND MORPHOLOGICAL 
ANALYSES. E. M. Jansen* and W.C. Low. Departments of Neurosurgery and 
Physiology, Grad. Prog. in Neuroscience, Univ. of Minnesota, Mpls., MN 55455.

A myriad of drugs are being studied as potential neuroprotective agents for 
ischemia in adult and immature model systems. Other possible protective drugs are 
anesthetics. It is important to establish if anesthetics are neuro-protective, since 
certain paradigms require anesthethesia while inducing ischemia. Volatile anesthetics 
have been shown to be protective in some adult models. Therefore, in this study we 
used an rat model of neonatal ischemic-hypoxia (Rice, et al.,Ann.Neurol.,9:131- 
41,1981) to investigate whether isoflurane could provide neuroprotection. 
Neuroprotection was determined by a sensorimotor task (Jansen and Low, 
Soc.Neurosci.Abst.,1993) as well as quantitative histological measurements of 
brain area. Seven day-old Wistar rat pups underwent unilateral carotid artery ligation 
and were then exposed to 2.5 hrs of hypoxia (8%O2/92%N2,34-35°C) while also 
receiving 1-2% isoflurane (experimental animals, n=l 1). Control animals underwent 
the same protocol without anesthesia (n=12). Animals were reared normally. 
Sensorimotor ability was assessed weekly, from 3-9 weeks of age, using a rotating 
treadmill (Rota-Rod, Ugo Basile). Experimental animals were able to remain on the 
treadmill significantly longer than the control animals at weeks 6-9 (p<O.05, 
Student’s t-test). The animals were then perfusion fixed. Brains were removed, 
cryosectioned (40μm), and Nissl-stained. Cross-sectional area (mm2) of different 
regions of the brains, at three levels, was measured using NIH Image (W. Rasband, 
NIH). This quantitative analysis revealed that brains of experimental animals were 
significantly larger than those of control animals (p<0.05. Student's t-test), 
reflecting a less severe ischemic infarct. These behavioral and morphological data 
provide evidence that a volatile anesthetic (isoflurane) is neuroprotective in this 
model of neonatal ischemic-hypoxia. (Supported by NIH predoctoral NRSA- 
MH10617 (EMJ), PHS grant (ROl-NS-24464), an Established Investigator Award 
from the American Heart Association, and a grant from United Cerebral Palsy.)

93.15
LACK OF M YOCARDIAL DAMAGE IN THE CONSCIOUS RAT 

FOLLOWING SLOW INFUSION OF BLOOD INTO THE SUBARACHNOID 
SPACE. Cory G. Acuff*, R. W. Rockhold, and J. Sherman. Department of 
Pharmacology & Toxicology, Univ. of MS Medical Center, Jackson, MS 39216.

The relationship between introduction of blood in the subarachnoid space 
(simulated subarachnoid hemorrhage, SAHs) on the production of cerebral infarction 
and myocardial damage was examined in the conscious spontaneously hypertensive 
rat. Autologous heparinized arterial blood or saline was infused over 20 min. into 
the subarachnoid space. A single (0.30 or 0.45 ml) or a double SAHs (0.45 ml 
followed 48 hrs later by 0.30 ml) was examined. Intracranial pressure (1CP) was 
measured for 60 min. from the start of SAHs and neurological exams (motor activity 
and reaction tests) were conducted 12, 24, 48, and 72 hrs thereafter. Blood samples 
were taken following each neurological exam for creatine kinase (CK) total and 
isoenzyme quantitation as a measure of myocardial damage. Brains were stained with 
2,3,5 triphenyltctrazolium chloride (TTC) 72 hrs following SAHs to visualize 
cerebral infarction. The ICP increased during infusion in a dose dependent manner. 
Peak ICP in single SAHs were 166±8 and 23+3 mm Hg and double SAHs were 
135±8 and 45± 10 mm Hg for blood and saline infusions, respectively. Motor 
activity and reaction scores, respectively, were significantly decreased in both the 
single (0.45 ml blood only, 42% and 55% of control) and double SAHs groups (49% 
and 51% of control) 24 to 48 hours following SAHs with subsequent recovery. No 
increase in specific CK isoenzyme markers (CK-MB band) or evidence of gross 
cerebral infarction by TTC staining was found. Slow subarachnoid infusion of blood 
produces transient neurological deficits and increases in ICP that are not associated 
with the production of cerebral infarction. The presence of blood in the subarachnoid 
space, even when accompanied with acute increases in ICP, does not produce cerebral 
infarction and myocardial damage in the conscious rat. (Supported by AHA-MS 
affiliate)

93.17
SENSITIVITY OF BEHAVIORAL TESTS TO NEUROLOGICAL DEFICITS IN RATS 
WITH ACUTE MIDDLE CEREBRAL ARTERY INFARCTS. F. Chen. O. Zhai,*R.L. 
Hannon. D .Z . Wang. N. Futrell. Cerebrovascular Laboratory and Department o f Physical 
Medicine and Rehabilitation, Medical College o f Ohio, Toledo, OH 43614  

Clinical assessment o f neurologic function following stroke, which provides the major 
endpoint for clinical trials in humans, is not as widely used in animal studies. Adding 
measures o f functional outcome, which is most important for the patient, to pathological and 
molecular measures should strengthen the applicability o f  animal studies o f  therapeutic 
intervention. We studied the correlation o f  several behavioral tests with infarct volume 
following right middle cerebral artery (MCA)occlusion. Five male Fisher rats, 8-9 weeks 
of age, were handled two times daily for 3 days. They were trained in the beam walking task 
for 2-5 days. Scores were obtained for beam walking, tape test (removal o f  adhesive tape 
from forepaw), coat hanger (hang from all paws on a hanger) and tail test (forearm 
movements when held by tail). Occlusion o f  the right MCA was produced using a 
craniotomy and cauterization o f  the MCA distal to the penetrating branches. All behavioral 
tests were repeated and scored 24 hours later. Animals were immediately sacrificed. 
Coronal microtome sections were cut at 400μ m intervals and stained with H&E, and infarct 
volume was measured by computerized image analysis. Infarcts involved the cortex 
supplied by the M CA, with minimal extension into the caudate. Mean infarct volume was 
33.1 ± 1 3.91 mm3. Beam walking, coat hanger and tail tests did not produce a statistically 
significant difference between pre-stroke and post stroke scores. Following MCA occlusion 
the median tape removal time increased by 223.4 ± 125.5 sec from the left paw (p<0.02 by 
paired t-test) and by 168.0± 135.2 sec in the right paw (p O .0 5 ). We conclude that the tape 
removal task is sensitive for detecting deficits in acute MCA stroke in the rat, as the MCA 
supplies the sensorimotor area for the forepaw. Contributions o f  hind paw function to 
performance o f  the beam walking and coat hanger tests appear to limit their usefulness 
following MCA occlusion. The tail test may be more sensitive to more proximal MCA 
lesions, which produce infarction o f  basal ganglia, from ischemia o f  penetrating branches.

93.14
ACUTE VASOCONSTRICTION AND CORTICAL BLOOD FLOW IN LETHAL 
AND SUBLETHAL SUBARACHNOID HEMORRHAGE (SAH). J. B. Bederson*. 
A. L. Jenkins, L. Guarino. Dept. of Neurosurgery, Mt Sinai Sch. of Med., New 
York, N.Y. 10510

To evaluate the causes of brain injury and early mortality after SAH, bilateral 
cortical blood flow (CBF), intracranial pressure (ICP), and cerebral perfusion pressure 
(CPP) were measured acutely and 60 min after SAH produced by an endovascular 
suture in 20 rats comparing 24 h survivors with non-survivors. In a second 
experiment (n = 15) vessel circumference was quantified in coronal histological 
sections of perfused rats 90 min after lethal vs sub-lethal SAH (as defined by CBF 
changes 60 min after SAH).

24 h mortality rate was 11 /2 0  (55% ). CBF decreased acutely to 17.5 + 3 % of 
baseline in both fatal and non-fatal SAH. 60 min later CBF remained low (27.2 ±
6%) in fatal SAH and rose to 76.3 ± 9% in non-fatal SAH (p < .0005). Acute 
elevations in ICP were greater in fatal SAH (97.1 ± 12.9 mmHg) than non-fatal 
SAH (54.5 ±  8.4, p < .05), but returned equally toward baseline 60 min later in both 
groups (20.3 ±  5.1). CBF reductions to < 40% 60 min after SAH had a 100% 
predictive value for 24 h mortaltiy wheras ICP and CPP did not predict survival. In 
the second experiment, basilar artery circumference was significantly smaller (787 ± 
261um) in lethal SAH (defined by CBF < 40, n = 8) than in sublethal SAH v (1516 
±117 um, p < .001), and similar changes were found in the internal carotid and 
anterior cerebral arteries.

The etiology of acute ischemia after SAH is multifactorial. Decreased CPP and 
elevated ICP are transient, and cannot account for persistent reductions in CBF. In 
lethal SAH acute vasoconstriction is independent of ICP and CPP changes, is seen 
histologically within 90 min of the bleed, and causes significant bilateral cortical 
ischemia. If acute vasoconstriction could be attenuated pharmacologically, ischemia 
and possibly early mortality could be reduced.

93.16
ACUTE AND CHRONIC LOCOMOTOR PATTERNS AS 
PREDICTORS OF ISCHEMIC OUTCOME. S. Nurse* and D.
Corbett. Basic Med.Sciences, Fac. Med., Memorial Univ., St. John's, 
NF, Canada A 1 B  3V6.

We have previously shown that forebrain ischemia in the gerbil results 
in a persistent increase in activity (for as long as 6 months after the isch- 
emic insult, Colboume and Corbett 1994) if the animals are tested in a 
novel open field. This deficit is not due to simple motor hyperactivity 
since it is not observed if gerbils are habituated to the environment prior 
to ischemia. The requirement o f novelty to elicit this behaviour suggests 
that it may be due to a memory impairment, which is supported by the 
strong correlation between heightened acitivity and C A 1 cell loss.

This chronic increase in activity triggered by novel environments has 
never been directly compared to the acute hyperactivty induced by 
ischemia. During the initial 24-48 hrs after ischemia we observe an 
increase in activity which is approximately 5 times the level of sham 
controls, regardless o f the testing environment. This acute behavioural 
activation (measured by telemetry in a cage the animals have been habit
uated to 2 days prior to ischemia) is graded depending on the degree of 
ischemia. We measured activity levels in animals exposed to sham sur
gery or 1 .5 ,3  or 5 min of ischemia. All ischemic durations lead to an 
acute increase in activity, however, chronic changes in a novel open field 
and CA 1 cell loss were only observed following 3' and 5' o f ischemia. 
The latency to the onset o f hyperactivity following occlusion and the 
magnitude o f the response was 1.5' < 3' < 5'. Acute locomotor hyper
activity can reliably indicate the severity of ischemia, as well as the 
success o f therapeutic interventions such as intraischemic hypothermia.

93.18
LONG-TERM BEHAVIORAL DEFICIT AFTER MIDDLE CEREBRAL 
ARTERY OCCLUSION (MCAO) IN THE RAT. L.B. Goldstein*. D.S. Warner.
S. Bullman. P. Ludwig. Duke University & Durham VAMC, Durham, NC

Measurement of a long-term behavioral deficit after MCAO in the rat has been 
hampered because rats frequently recover despite histologic evidence of infarction 
However, most behavioral studies include repeated testing. This post-lesion 
experience may result in “re-learning” that could.reduce the neurological deficit.

To determine whether a long-term behavioral deficit reflecting infarct size could 
be measured, we studied male Wistar rats that had either 90 min. filament right 
MCAO (n=6) or sham MCAO (n=6). Temperature was not controlled to increase 
the variation in infarct size. Behavior was measured with a 10-test battery [beam-
walking (BW) score (BWS) and run time; forelimb reach (FR); visual placing (VP 
tactile placing (TP); grasp (FG); grasp time; spontaneous activity (SA); and sensor 
asymmetry (SA)) by a blinded observer 21 days later. The rats were then sacrificed 
the brains sectioned and H&E stained, and the infarct volumes measured. 
Univariate correlations were determined between each behavioral variable and 
cortical (CV), sub-cortical (SV) and total (TV) infarct volumes. Stepwise 
regression analyses were then used to determine the independent relationships 
between highly correlated behavioral variables (r>0.5, p<0.05) and infarct size.

TV varied from 0-277mm2. FR (r=0.78) and FG (r=0.52) correlated with CV; FI 
(r=0.89), FP (r=0.50), SA (r=0.64), TP (r=0.55) and FG (r=0.61) correlated with 
SV; FR (r=0.82), TP (r=0.53) and FG (r=0.56) correlated with TV. Stepwise 
regression analyses showed that the variances in infarct size were independently 
explained by FR (CV: r2=0.61, p=0.003; SV: r2=0.77, p=0.002; TV: r2=0.75, 
p=0.003). FR, VP, TP and FG differentiated MCAO rats from shams (Mann 
Whitney U, p<0.05, respectively) with no misclassifications based on FR.

When tested at a single time-point, a variety of behavioral variables are correlate 
with infarct volume after MCAO. FR proved the single best measure. These 
preliminary results are currently being validated.

Supported by the VA and NIH (GM39971)
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THE USE OF A ‘REVERSE’ STAIRCASE TEST TO ASSESS SPATIAL 
NEGLECT AND MOTOR IMPAIRMENT FOLLOWING FOCAL CEREBRAL 
ISCHEMIA IN THE MARMOSET. J. W. B. Marshall and R.  M. Ridley. MRC 
Comparative Cognition Team, Dept. of Exp. Psychol., University of Cambridge, CB2 
3EB, United Kingdom. Spon: EBBS

Whilst examining the neurological deficits produced by permanent middle cerebral 
artery occlusion (pMCAO) in the marmoset, a staircase test as described by Annett et 
al. (1992) was used to assess independent forelimb use. It was realised that an 
additional design of staircase, a reverse design (see diagram), could help determine the 
involvement of spatial neglect in this type of task. The present study reports on the

performance of marmosets in these 
tests following pMCAO.

Prior to surgery, the ability of 
marmosets to retrieve marshmallow 
pieces from the steps of both styles 
o f sta ircase  was m easured. 
F o llo w in g  cran io to m y  and 
retraction of the frontal lobe, 
unilateral focal ischem ia was 

Original Staircase Reverse Staircase produced by electocoagulation of
the proximal portion of the MCA. 

The animals were well within 1 week of surgery and were capable of self-care despite 
exhibiting unilateral neurological symptoms. Following a convalescence period, the 
subjects were retested.

Preoperatively both arms were used to retrieve food rewards, with each arm used on 
its corresponding side in the original test and on the opposing side in the reverse task. 
Post operatively only the ipsilateral arm was used in either test. Although the ability to 
retrieve rewards from the ipsilateral side was good in the original test, some animals 
were poorer when the same arm was required to reach into contralateral space in the 
reverse staircase task. These results suggest that both motor and spatial deficits can be 
seen by the combined use of both styles of staircase following pMCAO.

ISC H EM IA : T R O P H IC  F A C T O R S , P E P T ID E S  A N D  HORM ONES

9 4 .1

NEUROTROPHIC RECEPTOR RESPONSE DURING POSTISCHEMIC CELL DEATH Leah 
Shawn Stern1*. A. Jane Roskams1. K. Joseph Hurt3  Gary Fiskurt4  and Gabriele V. 
Ronnett1,2 1 Dept. of Neuroscience and 2Neurology, 3Johns Hopkins Univ. Sch. of
Med., Baltimore, MD 21205, and 4Dept. of Biochem. and Mol. Biol., and Emergency 
Medicine. George Washington Univ. Med. Center, Washington, D.C. 20037.

Global cerebral ischemia produces two forms of post-ischemic cell death—acute 
and delayed. The mechanisms which distinguish one selectively vulnerable 
population of neurons from another have yet to be elucidated. A canine model of 
ischemic neuronal death has been established to examine mitochondrial parameters 
associated with postischemic cell death. In preparing the tissue for study, the dogs 
underwent ten minutes of cardiac arrest followed by periods of systemic reperfusion 
ranging from 30 min. to 24 hrs. The canine model of global cerebral ischemia and 
reperfusion serves as a biologically relevant paradigm in which the regulation and 
expression of growth factors and their receptors can be studied. We are specifically 
examining those areas of the striatum, cortex, and hippocampus which exhibit 
differential vulnerability or resistance to ischemic damage at time 0, 30 min., 2 hr., 
and 24 hrs. postischemia. Using antibodies against individual members of the 
receptor tyrosine kinase (Trk) family of neurotrophin receptors, we are studying how 
expression of these receptors at the macroscopic and microscopic level may 
influence the ability of a neuron to resist postischemic cell death. In addition, we are 
monitoring growth factor production of NGF, BDNF, NT3, NT4/5, and bFGF by 
quantitative competitive RT-PCR and immuno-histochemistry. In the hippo
campus, where both types of cell death are present at different times, we see an 
immediate up-regulation of Trk A and neuronal NOS following ischemia. 
Concurrently, the level Trk B expression appears to decrease immediately, and return 
to normal within 24 hrs. Together, these observations will provide insight into how 
production of these growth factors and responsiveness to them may influence cell 
death or survival following a period of global cerebral ischemia.

9 4 .3

GLIAL CELL LINE-DERIVED NEUROTROPHIC FACTOR 
(GDNF) AND BRAIN-DERIVED NEUROTROPHIC FACTOR 
(BDNF) mRNA EXPRESSION IN HIPPOCAMPUS AFTER 
BRAIN ISCHEMIA. R.Schmidt-Kastner* and A.Hakim. 
Neuroscience Res. Inst., Univ. of Ottawa, Ottawa, Canada.

Trophic factors carry great potential to protect several 
neuronal types against acute damage. Here, GDNF and BDNF 
mRNA expression were investigated in hippocampus after 
transient global brain ischemia using in situ hybridization. 
Halothane-anesthetized rats were subjected to 10 min of four- 
vessel occlusion and 1, 3, 6, 12, 24 and 72 h of recirculation 
(n=4, each; n=2 controls). Delayed neuronal death of CA1 
neurons was evident by 72 h. GDNF mRNA was absent in 
controls, and increased in dentate gyrus at 1, 3 and 6 h. In CA1, 
positive GDNF mRNA signals were found only at 72 h in the 
pyramidal layer. BDNF mRNA was seen in control dentate 
gyrus and CA3, but less in CA1. BDNF mRNA signals were 
increased in all areas from 1 h to 24 h. At 72 h, signals were 
still increased in dentate gyrus and CA1 and declined in CA3. 
Increased expression of GDNF and BDNF mRNAs may reflect 
mechanisms of autoprotection after ischemia. In the 
vulnerable CA1 neurons differential regulation was observed, 
whereby BDNF mRNA increased from early stages on, 
whereas GDNF expression was mobilized at late stages.

9 4 .2

T E M P O R A L  E X P R E S S IO N  O F  G R O W T H  F A C T O R S  A N D  
M A R K E R  G E N E S  F O L L O W IN G  F O C A L  IS C H E M IA . CG Caday, 
T Do, M Klagsbrun & SP Finklestein*. Massachusetts General 
Hospital, Harvard Medical School, Boston, MA 02104 and Louisiana 
State University Medical Center, Shreveport, LA 71130.

In previous studies, we detected (by differential screening 
method) at least six different temporal patterns of gene expression alter 
global ischemia. In this study, we used Northern blot analysis to 
show concerted cascades of gene expression following focal ischemia. 
Briefly, total RNA samples from ipsilateral cortex of rats [subjected to 
MCA occlusion (Tamura model) and allowed to survive for "0" to 14 
days] were analyzed by Northern blot analysis. The study showed 
early induction of growth factors [basic fibroblast growth factor 
(bFGF), heparin-binding epidermal growth factor (HB-EGF), and 
vascular endothelial growth factor (VEGF)]. These growth factors 
showed peak expression at about 1 day. However, each factor 
revealed a characteristic temporal expression pattern possibly 
indicative of their specific functions following ischemia. Other genes, 
such as β-actin and glial fibrillary acidic protein (GFAP), were 
induced much later following ischemia. While many genes were 
induced, some genes (e.g., calbindin) were temporally inhibited alter 
focal ischemia. Evidence from our laboratory suggests that the late 
phase induction of GFAP may be controlled by bFGF and coincides 
with reactive gliosis following ischemia. The use of differential 
screening and confirmatory studies such as Northern blot analysis 
should lead to further understanding of the cascades of expression of 
growth factors and other marker genes triggered following ischemia.

9 4 .4

Acidic F ibroblast G row th Factor (aFG F) Protection from  Ischem ic CA1 
Hippocam pal Dam age Requires Heparin. J. N. Davis* and A. M. Loizides. 
Dept. of Neurology, SUNY at Stony Brook, Stony Brook, NY 11794-8121.

aFGF protects hippocampal neurons from hypoxia or hypoglycemia insult 
in vitro and from ischemia in vitro. Heparin potentiates the actions of aFGF. 
W e studied the effect of adding heparin to intraventricular infusions of aFGF  
in animals undergoing transient forebrain ischemia. Male gerbils were 
continuously infused (osmotic pump) with either 10 ng/h or 100 ng/h of aFGF  
and either 5 U/mL of heparin (n=12) or no heparin (n=30). Two days later 
both carotid arteries were occluded for 5 minutes under nitrous oxide 
anesthesia. Seven days later the gerbils were sacrificed and their brains 
sectioned for Nissl staining (hippocampus) and aFGF immunohistochemistry. 
Damage was evaluated by blinded counts of live CA1 neurons. The aFGF + 
heparin treated group showed protection of CA1 neurons (p <  .05 vs. 
ischemic controls). The aFGF only group showed statistically insignificant 
protection. aFGF staining neurons were found in the same locations as des
cribed for rat with few exceptions. Animals infused with aFGF alone showed 
no immunocytochemical evidence of increased aFGF levels, while those 
receiving aFGF + heparin had increased levels In a restricted periventricular 
zone. There were no increased levels of aFGF seen in the hippocampus of 
any treated animals. Heparin is required for CA1 protection by aFGF infu- 
sions. There was no increase in hippocampal aFGF immunoreactivity 7 days 
after continuous aFGF. This suggests that the effects of aFGF and heparin 
are either 1) due to a remote action of the factor, for example, uptake by hip-
pocampal axons passing near the ventricles or 2) due to a highly potent 
effect of aFGF such that the level of the factor was not detected by 
immunohistochemistry.

(Supported by the VA and the NIH, NS 30559)
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94.5
EFFECTS OF ISCHEMIA ON NEURO TRO PHIN AND G SH  
Mchael Quast. Thomas Kent. G iulio Taglialatela. Neng Huang. Don P izza  
Claire Hulsebosch. David Rassin* and Regino Perez-Polo Univ. of Texas Med. 
Branch at Galveston, TX  77555-0652

While some physiological elements responsible for cerebral ischembia have 
been described, less is known about underlying mechanistic causes of cell 
death and dysfunction at a cellular and molecular level. Ischemia disrupts 
availability of neurotrophic factors to neurons, shifts local oxidant-antioxidant 
balance, and impairs cellular energy homeostasis, and so increases reactive 
oxygen species, an important cause of damage. We  have applied non-invasive 
multimodal magnetic resonance imaging 31P-nuclear magnetic resonance 
(NMR) were applied to a rat ischemia model that uses middle cerebral artery 
(MCA) ocdusion to produce a core of irreversible cell death, surrounded by a 
region of ischemic penumbra, where cell death occurs after 24 hr. In these 
experiments groups of 6  rats were either exposed to M CA ocdusion or sham  
treated for NGF or GSH measurements. We  also carried out 31P-NM R on 
these same animals. In preliminary determinations of NGF protein levels, we 
found that NGF increases in hippocampus by 6 hours after M CA ocdusion; 
while G SH in basal forebrain decreases by 3 hours with no detectable changes 
in the very low GSSG  levels measured in all areas; and 31P-NMR  
determinations of pH changes are prompt and drastic but appear to be 
transient albeit perhaps prognostic of later changes. These results are 
consistent with the hypotheses that (1) a significant component of the 
pathophysiology of the lesions present in the ischemic penumbra region is due 
to the disruption of glutathione (GSH) and antioxidant homeostasis and (2) 
neurotrophin-based manipulation of GSH and antioxidants can ameliorate cell 
death. Supported in part by NINDS grant NS33288.

94.7
MECHANISM OF KAPPA OPIOIDS IN CEREBRAL ISCHEMIA: 
STUDIES IN THE VASOPRESSIN (AVP) DEFICIENT RAT. K.K. 
Hoffmann. J.L. Browning. M.A. Widmayer and D.S. Baskin* Dept. of  
Neurosurgery, VAMC Houston and Baylor College o f Medicine,
Houston, TX 77030.

There is increasing evidence that kappa opioid agonists (KOA) limit 
brain edema (BE), reduce infarct size, and improve neurological function 
(NF) in focal cerebral ischemia. KOAs have also been shown to decrease 
levels o f AVP. We investigated the hypothesis that the reduction of BE 
and consequent beneficial effects produced by KOA are due to suppres
sion of central AVP levels. Twenty male Long Evans (LE) control rats 
and forty-nine male LE derived, genetically AVP deficient Brattleboro 
(BR) rats were studied. Focal cerebral ischemia was induced by occlusion 
of the middle cerebral artery. At 6 h after occlusion, the animals received 
an i.p. bolus and continuous drug infusion via an osmotic pump. The LE 
were treated with saline or U-50,488 (U50); the BR were treated with 
saline, the KOA U50, AVP, U50 + AVP, or dDAVP. At 24 h after 
occlusion, NF was assessed, the animals were sacrificed, their brains 
sliced in 4 mm sections, and BE in each section determined using a percoll 
gradient. The brain sections were then stained with triphenyltetrazolium 
chloride (TTC) for infarct volume assessment. There were no differences 
in the NF among any of the animal groups. LE treated with U50 had 
smaller infarcts (p < 0.02) and lower BE (p<0.05) than LE treated with 
saline. BR did not exhibit a decrease in infarct volume when treated with 
U50 as compared to saline treated. BE was higher in the BR group treated 
with dDAVP (p<0.05). These results suggest that the reduction in BE and 
infarct size seen with administration of KOA are due, in part, to the central 
suppression of AVP.

94.9
PROTECTIVE EFFECT OF NEUROPEPTIDE Y IN CEREBRAL 
ISCHEMIA. M.J. Hogan*. D. Jangra Neuroscience Research 
Institute, University of Ottawa, Ottawa, Ontario, ONT, CANADA, 
K1H 8M5.

Excess glutamate release during acute cerebral ischemia is thought 
to be a major mechanism of ischemic neuronal injury. Neuropeptide 
Y (NPY), an endogenous neuropeptide, attenuates glutamate mediated 
activation of hippocampal CA1 neurons, presumably through inhibition 
of presynaptic glutamate release. The present study was undertaken to 
assess the potential of NPY to protect hippocampal neurons during 
transient forebrain ischemia produced by 4 vessel occlusion in male 
Wistar rats. Rats received either 0.4 μ M NPY in artificial 
cerebrospinal fluid (ACSF) (n=15) or ACSF alone (n = ll )  
administered by continuous intrathecal infusion (1μ l /hour). Infusion 
was started 24 hours prior to 10 minutes of transient forebrain ischemia 
and continued for 3 days following reperfusion. Four normal rats were 
also studied. Compared to ACSF infu sion NPY therapy increased cell 
survival, expressed as a percentage of normal hippocampal cell counts, 
from 12 ±  9% to 33 ±  23% (p<0.02) in CAla and 30 ±  25% to 55 
± 26% in CAlb (p<0.03) after 72 hours of reperfu sion. These data 
support the hypothesis that intrathecal NPY therapy partially delays or 
prevents ischemic CA1 injury in transient forebrain ischemia.

Supported by the Medical Research Council o f Canada and the Heart and 
Stroke Foundation of Ontario.

94.6
TH E μ O PIA TE AGONIST B IP R E N O R P IIIN E  EXACERBATES 
DENTATE HILA R NEURONAL LOSS BUT PR OTECTS THALAM IC 
R ETIC U LA R NEURONS AFTER CARDIAC ARREST IN RATS. E, 
Everly. M.K. Sabol Jones. J. Brasko.* and D.T. Ross. University of Pennsylvania, 
Philadelphia. PA 19104.

Several GABAergic neuronal populations are selectively vulnerable to degeneration 
following transient global cerebral ischemia including hippocampal dentate hilar 
neurons, cerebellar Purkinje cells, and thalamic reticular (RT) neurons. Vulnerability 
of these neurons has been ascribed to the presence or absence of various calcium 
binding proteins including calretinin (CR), parvalbumm (Parv), and calbindm. 
Paradoxically, calretinin positive RT neurons are relatively resistant to ischemic 
degeneration while CR+ dentate hilar neurons are highly vulnerable. This study 
examined whether the partial μ opiate agonist buprenorphine (BUP), protective for RT 
neurons, also protected dentate hilar neurons.

Hilar neuronal density was determined in normals, rats resuscitated after 10 minute 
duration cardiac arrest (sacrificed 7 days later), and a similar group of arrested animals 
that received BUP (0.5mg / kg) 45 minutes after resuscitation. The hilus was drawn 
at 100X and Parv*, CR* or unlabeled (Nissl stained) hilar neurons were plotted and 
neuronal density / mm2 hilar surface area determined for each case.

Cardiac arrest did not affect Parv* hilar neuronal density but profoundly decreased 
hilar CR* neuronal density by 45%. Buprenorphine treatment after arrest had no effect 
on Parv* neuronal density but significantly decreased the density of CR+ hilar 
neurons by an additional 55%, for a mean 75% loss of CR* hilar neurons.

The basis of buprenorphine's paradoxical effects are not known but may reflect 
differences in postischeraic activity in hippocampal and thalamic networks. The 
hyperpolarizing effect o f µ agonists may directly decrease excitability in the thalamo- 
reticular-cortical circuit hut indirectly increase excitability of dentate granular neurons 
in the hippocampal circuitry. Due to the adverse effect on dentate hilar neuron survival 
and systemic side effects, buprenorphine is contraindicated for use as a clinical 
neuroprotective agent. (Supported by NS-28852. NS-08803, and RR-07032).

94.8
MECHANISM OF KAPPA OPIOIDS IN CEREBRAL ISCHEMIA: 
REDUCTION OF CEREBRAL EDEMA. J.L. Browning*. M.A. 
Widmayer and D.S. Baskin Dept. o f Neurosurgery, VAMC Houston and 
Baylor College of Medicine, Houston, TX 77030.

Kappa opioid agonists (KOA) increase survival, limit brain edema (BE), 
reduce infarct size, and improve neurological function (NF) in focal cere
bral ischemia (FCI). KOAs also induce diuresis via reduction of release o f 
vasopressin (AVP). The effects o f KOAs, AVP agonists, and AVP antag
onists were studied in a cat model o f FCI. Cats were treated with saline, 
U50488 (U50), a KOA, at 10 mg/kg + 0.4 mg/h, U50 + dDAVP (U+D) 
at 30µ g/kg, or OPC-31260 (OPC), an AVP V2 antagonist at 2 mg/kg + 
128µ g/h starting 6h after occlusion of the middle cerebral, anterior cere
bral and internal carotid arteries. NF and urine output (UO) were followed 
for 6h after initiation of drug treatment. At 12h after occlusion, surviving 
cats were sacrificed. The brains were sliced in 5 mm sections, hemisected, 
and immersed in a percoll gradient for measurement o f BE. The slices 
were then stained with triphenyltetrazolium (TTC) for infarct volume de
termination. No difference was found in UO. However, plasma sodium 
(Na) revealed increased Na in U50 and OPC treated animals, but not 
U+D. At lh  after drug, the U50 and U+D cats scored lower in NF, 
whereas the U50, U+D and OPC groups had higher NF scores at later 
time points. Survival was increased from 33% in saline cats to 80%, 80% 
and 89% in U50, U+D, and OPC groups respectively. BE was reduced in 
all three drug treatment groups. Likewise, infarct volume was decreased 
by 26.5%, 27.0%, and 22.4% by U50, U+D, and OPC respectively. 
These results support the hypothesis that KOA exert their neuroprotective 
actions in part by reduction of BE via central inhibition of the AVP 
system, and that the subsequent diuresis itself does not affect BE.

94.10
EXPERIMENTAL ENDOTHELIN ISCHEMIA SELECTIVELY DAMAGES  
DIABETIC AXO NS. D .W . Zochodne*. Chu Cheng, Hong Sun. 
University of Calgary, Calgary, Canada

Endothelin-1 (ET) is a potent vasoconstrictor of vasa nervorum, the 
vascular supply of peripheral nerve trunks, and elevated circulating 
levels may promote microangiopathy in human diabetes. In previous 
work, w e observed that sciatic nerve trunks of rats exposed to 
epineurial ET develop transient dose-dependent endoneurial ischemia 
that may be associated w ith reversible motor conduction block. In the 
present study we explored the possibility that ET ischemia might have 
particularly deleterious consequences on axons in diabetic nerve 
trunks. W e exposed the sciatic nerves of rats w ith STZ diabetes of 6-8  
weeks duration and age matched nondiabetic controls to maximal 
vasoconstrictive concentrations of epineurial ET and studied serial 
regional RBC flux (laser doppler flowm eter) and sciatic tibial motor 
conduction for up to 14 days. In diabetics, but not controls ET 
infarcted the sciatic trunk, predicted in each instance by focal motor 
conduction block across the site of ET application and eventual loss of 
distal motor nerve excitability. Histological studies confirmed the 
presence of severe axonal degeneration in diabetic sciatic nerves 
exposed to ET. Part of the susceptibility to ET in diabetes was 
accounted for by more intense and prolonged vasoconstriction but in 
nondiabetic rats, similar levels of acute ischemia from yet higher doses 
of ET did not reproduce infarction.

Diabetic nerve trunks have enhanced susceptibility to ET mediated 
ischemia and infarction.
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9 4 .1 1

REVERSIBLE CHANGES OF PARVALBUMIN IMM UNOREAC- 

TIVITY IN THE RAT RETINA INDUCED BY INTRAOCULAR HY- 

PERTENSION J . F. H u an g , Y. P. C hu, X. G. Luo* ,Z . H. Liu. Hunan 

Medical U niversity , Changsha, H unan , PRC. 410078.

We used im m unocytochem istry to detect the changes of Parval- 

bum in[PV ]im m unoreactivity  [ IR ]in  the neurons of the inner nuclear 

layer [IN L ]of the rat retina caused by ischemia following induced in

traocular hypertension. The intraocular pressure of the right eyes of 

24 rats (6 in each group) was raised to 110mmHg for 90 min and the 

rats were sacrificed 0d , 2d, 7d and 14d later. The left eyes served as 

controls. The retina was removed and frozen cross sections were ob

tained. Adjacent sections were alternatively stained with anti — PV 

and Nissl stains. PV — 1R and Nissl — stained neurons were counted 

separately in a segment of 1100um long of the INL in 3 sections of 

each animal. The resu lts showed that in normal re tin a , 20% of neu

rons were PV —IR. Ischemic insult caused immediate drop of PV —IR 

to only 3% without changes in total neurons. A fter 2 days, some 

neurons regained PV —IR gradually. By 14th day , the percentage of 

PV —IR neurons were twice the normal value while half of the neu

rons in the INL had disappeared. This suggests that P V — containing 

neurons in the INL may belong to the sensitive a n d /o r reversible sub

sets to ischemia under the condition of this experiment.

9 4 .1 3

Reduction o f Ischem ic CA1 H ippocam pal Dam age in Gerbils Following  
Org 2766 Treatm ent F. J. Antonawich*. P. W u. J. N. Davis.
Dept. of Neurology, SUNY at Stony Brook, Stony Brook, NY 11794-8121.

Transient ischemia results in delayed selective neuronal death of 
pyramidal cells of the hippocampus. The rate of hippocampal death can be 
slowed by decreases in circulating glucocorticoid levels. However, these 
decreases are accompanied by an increase in adrenocorticotropic hormone 
(ACTH) secretion. In order to determine if ACTH can regulate the rate of CA1 
cell death, we studied Org 2766, a nonsteroidogenic ACTH 4-9 analog. Male 
Mongolian gerbils were subjected to 5 minutes of bilateral carotid artery 
occlusion. Brain and body temperature were monitored with a rectal and 
temporalis muscle probes and maintained between 37.0 and 38.0°C. 
Animals were injected with either physiological saline (n=24) or Org 2766 
(10pg/kg) (n=24), beginning just prior to the occlusion and every 24 hours 
until being sacrificed at either day 4 or 7. Blood was collected for serum 
glucose and cortisol analysis. Coronal brain sections were stained for nissl 
substance and damage was evaluated by blinded counts of CA1 neurons. 
Org 2766 treatment significantly (p<0.05) reduced hippocampal CA1 damage 
at day 4, without effecting temperature, serum glucose or glucocorticoid 
levels. On day 7 there was no effect of Org treatment. The ACTH 4-9 analog, 
Org 2766 appears to mimic the effect of removing glucocorticoids by 
regulating the rate of CA1 death. The ability of Org to affect this rate strongly 
suggests that ACTH is the active regulatory hormone rather than 
glucocorticoids. Synergistic administration of ACTH fragments, and the 
glucocorticoid receptor antagonist, RU 38486, to combat the detrimental 
surge in endogenous glucocorticoids, may be useful in prolonging the 
"window" of therapeutic intervention following instances of transient forebrain 
ischemia.

(Supported by the VA and the NIH, NS 30559)

9 4 .1 2

IS CORTICOTROPIN-RELEASING HORMONE NEUROTOXIC  
DURING FOCAL CEREBRAL ISCHEMIA? M.-L. W ong*, S. A. 
Loddick. P. B . Bongiorno, P. W. Gold. E. De Souza. J. Licinio. and
N. J .  R othwell. Clinical Neuroendocrinology Branch, NIMH, NIH, 
Bethesda, Maryland 20892-1284; the School o f Biological Sciences, 
U niversity o f  M anchester, M 13 9PT, United Kingdom , and 
Neurocrine Biosciences, Inc., San Diego, CA 92121-1102.

Two series of experiments were conducted to test the hypothesis 
that corticotropin-releasing hormone (CRH) may be involved in the 
pathophysiology o f focal cerebral ischem ia. W e examined CRH 
mRNA levels in a well-characterized rat model o f focal cerebral 
ischemia caused by permanent middle cerebral artery occlusion  
(MCAo); we also studied the effects o f CRH antagonism on MCAo- 
induced ischemic brain damage. In ischem ic cortex CRH mRNA  
levels, measured by in situ hybridization, using a 35S-labeled antisense 
riboprobe, were elevated 2.5 fold 60 min after M CAo, when 
compared to sham operated animals (67.6±3.2 counts/field of CRH 
mRNA [mean± SEM] in MCAo and 179.0± 9.4 counts/field in sham 
operation). Interestingly, we also found induction o f  CRH mRNA in 
the amygdala, 60 min follow ing ischemia, in a pattern which was 
qualitatively different from that o f  sham operated animals. The 
administration o f the CRH antagonist, D-Phe C RF912-41 twice, 15 
min before and 10 min after M CAo, significantly decreased the 
volume of lesion by 50% in cerebral cortex and in striatum. This rapid 
and profound increase in CRH mRNA levels during focal cerebral 
ischem ia and the marked neuroprotection achieved by CRH 
antagonism lead us to propose that, in the context of cerebral ischemia, 
increased CRH gene expression may be associated with neurotoxicity.

9 4 .1 4

INCREASED NEUROSTEROID SYNTHESIS IN THE RAT BRAIN 
INDUCED BY GLOBAL ISCHEMIA. D.Lekieffreo. J. Benavideso, F. di 
Micheleoo E. Fernandez*. E. Romeooo. CNS Research Dep. Synthélabo 
Recherche. BP 110, 92225 Bagneux Cedex (France)o; Dep Med 
Sperimentale,"Tor Vergata" Univ. °°and Dep.Neurochirurgia, "Cattolica” 
Univ., Roma (Italy)

It is now well established that nervous cells can synthesize steroids. The 
function of these neurosteroids is not well established yet, but it is thought 
that they may have a neurotrophic action and may also modulate synaptic 
transmission.We have now studied the production of progesterone (PROG) 
and its metabolites 5-dehydroprogesterone (DHP) and allopregnanolonc 
(ALLO) in the ischemic rat brain. Rats were sacrificed 1, 3, and 7 days after 
global ischemia episode (4 vessel occlusion, with 20 min of carotids 
clamping) and three discrete brain regions (hippocampus, striatum and 
neocortex) were dissected by hand. Rats received a pregnenolone sulfate 
infusion (20mg/kg,iv) 30 min before sacrifice. Steroids were measured by 
gas chromatography with mass spectrometry detection. PRO levels in 
ischemic rats were dramatically increased (50 fold as compared to sham- 
operated) at the three post-ischemia times studied. The concentration of the 
PRO metabolites DHP and ALLO was similar in sham and ischemic animals 
at 1 and 3 days post-surgery. In contrast, the concentrations of these 
metabolites at day seven was increased by 5-10 fold in ischemic rats. 
Similar results were obtained after fluid percussion brain and spinal cord 
injury. These results support the view that neurosteroids may play a role in 
the neural response to injury.

9 4 .1 5

GENDER DIFFERENCES IN BRAIN ASCORBATE CONTENT AND 
LOSS IN ISCHEMIA ARE ALTERED BY GONADECTOMY.
J. Kume-Kick*. D. C. Ferris. I. Russo-Menna. and M. E. Rice. Depts. of 
Physiology & Neuroscience and Neurosurgery, NYU Medical Center, New 
York, NY 10016.

Previously we reported that male rat brain has higher cerebral ascorbate but 
not glutathione (GSH) content compared to females. We also found that male 
rat brain loses significantly more ascorbate than females during 1 h 
decapitation ischemia (Ferris et al., Soc. Neurosci. Abstr. 20:610, 1994). 
Greater ascorbate loss in males is indicative o f greater oxidative stress. In the 
present study, we addressed the question of whether sex hormones play a direct 
role in the regulation of basal ascorbate levels and ascorbate loss during 
cerebral ischemia. Using HPLC, we determined basal and post-ischemic 
ascorbate and GSH content in the brains of normal and gonadectomized male 
and female rats. Gonadectomy had little effect on ascorbate levels or loss in 
cerebellum (CB) or prefrontal cortex (PFC) in either gender. In female 
hippocampus (HPC), however, ascorbate levels increased significantly after 
gonadectomy to reach normal male levels. Moreover, ascorbate loss in female 
HPC was exacerbated, so that the gender difference in loss was also 
eliminated. Gonadectomy did not alter GSH in males or females. In summary, 
whereas ascorbate regulation in CB and PFC were unaffected by the removal 
of circulating sex hormones, ascorbate content and loss in female HPC appear 
to be hormonally influenced. Although all three regions are sexually dimorphic 
in rats, the HPC has been shown to be particularly responsive to sex steroid 
manipulation (Woolley and McEwen, J. Comp. Neurol., 336:293, 1993). 
These data suggest that female sex hormones do influence ascorbate levels and 
severity of oxidative stress, but with regional dependence.
(This study was sponsored by NINDS grant NS-28480.)
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95.1
T H E  R E SP O N SE  O F  A ST R O C Y T E S TO  SP IN A L  C O R D  IN JU R Y  IN  
H U M A N S. W R  Puckett. E  H iester. A E  M arcillo. A  R ao. R P  Bunge* The Miami 
Project to  Cure Paralysis, U niv. o f M iam i School o f  M edicine, M iam i, FL  33136

Injuries to  CN S tissue are known to  provoke a robust astrocytic response in 
experim ental animals. W e used  antibodies to  glial fibrillary acidic protein (G FA P) 
on  paraffin em bedded tissue sections to  detect astrocytes and standard histological 
stains to  determ ine the general tissue status in injured hum an spinal cords at tim es 
after injury that ranged from  eight days to  22 years. Twenty-seven spinal cords 
w ere obtained post-m ortem  from  persons w ho had suffered  closed  contusion  spinal 
cord injuries resulting in cavity form ation within the cord. T hese w ere immersion  
fixed in 10% buffered form alin and stained for general histology, myelin, axons, 
and connective tissue com ponents. Im m unohistochem ical staining was d one using 
anti-G FA P (Incstar Laboratories, Stillwater, M n) with an H R P  labeled secondary 
which was developed using D A B , enhanced with 1% aqueous osm ium  tetroxide 
and counterstained with cresyl violet. From  this m aterial w e w ere able to  assess 
th e m agnitude o f  the astrocyte response at the ep icenter o f  the lesion  and the  
events associated with related regions o f  W allerian degeneration. W e found that 
in areas o f  W allerian degeneration there was no dem onstrable response from  the  
astrocytes until four m onths after injury. The areas undergoing W allerian 
degeneration evolved  into regions o f  condensed  astrocyte processes (the result o f  
loss o f  the axon/m yelin units) which w ere hypointense in G FA P staining com pared  
to  adjacent regions o f  normal w hite matter. T he astrocytes at th e epicenter o f  the  
lesion did not form  thick, dense scars even after 22 years. Lim ited hyperplasia was 
found around cavities in the cord and the boundary region was often  a narrow 
zone o f  very loosely interw oven astrocyte processes. Thus at the border o f  cavities 
resulting from  contusive injuries in hum an spinal cords, th e astrocyte response is 
m odest and does not provide a continuous barrier at the lesion  margin.

[Supported by N S28059 and T he M iami Project]

95.3
M O R P H O L O G IC A L  C H A R A C T E R IZ A T IO N  O F  E X C IT O T O X IC  
IN J U R Y  IN  T H E  R A T  S P IN A L  C O R D  H A . D ancausse*. J.P. B runschwig. 
M .B. Bunge and R .P . Y eziersk i. T he M iam i Project to  Cure Paralysis and D e p t. 
o f  A natom y and Cell B iology, Univ. o f  M iami, M iam i, F L  33136.

It is well docum ented  that tissue levels o f  glutam ate and aspartate increase 
follow ing traum atic and ischem ic spinal cord injury (SC I). T o study the  
pathological consequences o f  activating specific subpopulations o f  excitatory 
am ino acid (E A A ) receptors th e technique o f  intraspinal m icroinjection has been  
used  to  sim ulate neurochem ical changes associated  with SCI. In th e present 
study m orphological changes w ere evaluated 5-73 days after injection o f  the 
m ixed A M PA /kainate and m etabotropic receptor agonist quisqualic ad d  (Q U IS). 
Sections 1-10m m  above and/or below  the ep icenter o f  injection sites were 
evaluated with light (LM ) and electron  m icroscopy (E M ), This evaluation was 
com plem ented  with im m unostaining for glial fibrillary ad d ic factor (G F A P ). A  
significant result o f  this study was th e reprodudbility o f  changes occurring at 
different tim e points after injection and at d ifferent d istances from  th e epicenter 
o f  injection sites. M orphological changes observed w ith th e LM  included: (a) 
neuronal loss; (b) cavitation o f  gray matter; (c) increased vascularization; and (d) 
the presence o f  reactive astrocytes in th e area o f  tissue dam age. Differential 
staining for G FA P at d ifferent distances from  th e  injection ep icenter was also 
observed. Ultrastructural characteristics at d ifferent survival tim es and distances 
from  injection sites included: (a) dem yelination; (b) Schwann cell remyelination; 
and (c) interconnecting astrocytic processes lining parenchymal cavities. In  
conclusion, intraspinal injection o f  Q U IS  results in a reprodudble profile o f  
m orphological changes surrounding th e  epicenter o f  injections. T hese results 
provide support for th e involvem ent o f  n on-N M D A  and m etabotropic receptor 
subtypes in the E A A  com ponent o f  secondary tissue dam age com m only  
assodated  with SCI. Supported by N S28059 and T he M iam i Project.

95.5

D IF FE R E N T IA L  E X P R E S SIO N  OF B -5 0  (G A P -43) IN T H E  
L U M B O SA C R A L  S P IN A L  G R A Y  A N D  IN T H E  N U C L E U S  
G R A C IL IS FO L LO W IN G  A  L O W  T H O R A C IC  S P IN A L  C O R D  
H EM ISE C T IO N  IN T H E  A D U L T  R A T . T. S app ok 1. W . N acim iento* 1. 
G .A . Brook 1. L. T o th 1. A  B. O estreicher2 . W .H . G ispen2 , J. N o th 1, and  
G .W . Kreutzberg 3 . D ept. o f  N eurology, Techn. Univ. Sch . o f  M ed., 
5 2 0 5 7  A achen, FR G  1, R u d olf M agnus Institut, U niv. o f  Utrecht, 3508  
T A  Utrecht, Netherlands2 , and D ept. o f  N eurom orphology, M ax  Planck  
Institute for Psychiatry, 8 2 152  M artinsried, FR G 3 .

Q uantitative im m unohistochem ical analysis o f  B -5 0  (G A P -4 3 ), a  protein  
associated  w ith axon  grow th and synaptic p lastic ity , w as used  to  test the 
hypothesis o f  sprouting and reinnervation by  undam aged system s in  the 
lum bosacral spinal gray and in the nucleus gracilis 3 , 10, 2 1 , 4 2 , and 90  
days fo llow ing lo w  thoracic spinal cord hem isection  in adult rats.

T he constitutive, bilaterally sym m etrical distribution pattern and density  
o f  B -5 0  im m unoreactivity (B -5 0 -IR ) rem ained unchanged in  all 
lum bosacral segm ents b elow  the hem isection  at all survival tim es. This 
finding does not support the concept o f  intraspinal sprouting fo llow ing  the 
rem oval o f  supraspinal descending pathw ays.

In the nucleus gracilis, how ever, an increase o f  B -5 0 -IR  w a s observed  
ipsilateral to  the hem isection  at 10 and 90  days postoperatively , indicating  
synaptic rem odelling fo llow ing dorsal colum n section.

T he differential expression  o f  B -5 0 -IR  in target regions o f  supraspinal 
descending and ascending system s after sp inal cord hem isection  suggests  
that sprouting and reinnervation b y  unlesioned system s m ay be a  
regionally sp ecific  phenom enon rather than a  generalized  response to  
partial denervation in  the C N S .

95.2
D O S E -D E P E N D E N T  N E U R O N A L  L O S S  P R O D U C E D  B Y  T H E  
IN T R A S P IN A L  IN J E C T IO N  O F  A M P  A: B L O C K A D E  B Y  N B Q X  B U T  
N O T  M K -8 0 1  O R  A M E T A B O T R O P IC  A N T A G O N IS T  S. Liu*. G .L. 
R uenes. R .P . Y eziersk i T he M iam i Project, U niv. o f  M iam i, M iam i, F L  33136.

T he involvem ent o f  glutam ate in excitotoxic cell death  o f  spinal neurons is 
well docum ented. There is, however, controversy over th e involvem ent o f  
different receptor subtypes in this process. In  th e present study th e  technique  
o f  intraspinal m icroinjection was used  to  evaluate th e neurotoxic effects o f  
A M PA /kainate receptor activation in th e rat. Varying concentrations o f  A M P A  
hydrobrom ide (75-500µM ) or A M P A  com bined with N B Q X  (A M PA  
antagonist), M C PG  (m etabotropic antagonist) or M K -801 (N M D A  antagonist) 
w ere evaluated 48 hours follow ing injection. D rugs w ere injected intraspin ally 
(total volum e 0 3 -0 .6 µ l) betw een spinal segm ents T13-L4. Spinal segm ents with  
injection sites w ere cut (75µm ) o n  a freezing m icrotom e. Serial cross-sections 
w ere collected  and stained w ith cresyl violet. T he rostrocaudal extent o f  cell loss 
and the area o f  gray m atter dam age at th e ep icenter o f  injection sites were  
evaluated quantitatively w ith light m icroscopy and/or im age analysis. T he results 
have show n a positive d ose response relationship b etw een  tissue dam age and 
increasing concentrations o f  A M PA . Furtherm ore, th e  longitudinal extent o f  cell 
loss with A M P A + N B Q X  w as significantly less than w ith A M P A + M K -801 or 
A M P A + M C PG . T he area o f  gray m atter dam age with A M P A + N B Q X  was also 
significantly sm aller than that found with A M P A  plus N M D A  or m etabotropic  
antagonists. In  conclusion, th e  results support th e  involvem ent o f  AM PA /kainate  
receptors in glutam ate induced excitotoxic injury o f  neurons in th e  rat spinal 
cord. Furtherm ore, th e results support th e u se o f  intraspinal m icroinjection as 
a technique to  study th e pathological consequences and pharm acological 
m echanism s o f  selective neurochem ical changes associated  w ith traum atic or 
ischem ic spinal cord injury. Supported by N S28058 and T he M iam i Project.

95.4
FURTHER INVESTIGATION OF THE SYNAPTIC PLASTICITY OF 
GLUTAMATERGIC AND GABAERGIC TERMINALS IN THE 
PHRENIC NUCLEUS AFTER C2 SPINAL CORD HEMISECTION.
Q. Tai * and H. G. Goshgarian. Dept. o f Anatomy & Cell Biology, 
School of Medicine, Wayne State University, Detroit, MI 48201

Quantitative analysis on EM postembedding immunochemically stained material 
indicates that 48% of all terminals in the rat phrenic nucleus are glutamatergic and 33% 
are GABAergic. Among the 48% glutamatergic terminals, S1, Ss, and NFs-types are 
27%, 65%, and 8% respectively. A  significant decrease in both total number of 
terminals and total number o f labelled glutamate or GABA-like terminals in the phrenic 
nucleus was observed after a 30 day C2 spinal cord hemisection. Furthermore, there is 
a significant increase in the ratio o f  synaptic active zones to the mean number o f both 
labelled and unlabelled terminals after spinal cord hemisection (1.45 ±  0.03) as compared 
to controls (1.34 ±  0.03). There was a significant increase in the ratio o f synaptic active 
zones in glutamate labelled terminals after injury (1.73 ±  0.08) as compared to controls 
(1 .41± 0.04). One o f the most important findings in this study is that we observed a very 
significant increase in the mean length o f  the synaptic active zones in glutamatergic 
terminals after injury (0.37 ± 0.013 µm) as compared to controls (0.24 ±  0.008 pm). In 
addition, there was a significant increase in the mean length of the synaptic active zones 
of GABAergic terminals after hemisection (0.36 ±  0.022 pm) as compared to controls 
(0.28 ± 0.014 µm). However, the number of double/multiple synapses, the percentages 
of SI, Ss, and NFs-type terminals, and the percentages o f total active zones postsynaptic 
to distal dendrites and proximal dendrites/soma do not change significantly after injury. 
These results are important in a complete understanding o f  the synaptic plasticity which 
occurs in the phrenic nucleus after spinal cord injury and how the plasticity may relate to 
functional recovery.

Supported by NIH grant HD 31550

95.6
A C TIV ITY  DEPEN D EN T PL A STIC ITY  IN TH E RAT SPIN A L CO RD  
USING  A C O LD  B L O C K  REVER SIBLE H EM ISPIN A LIZA TIO N  M O D EL.
Federico Castro-Moure* and Harry G. Goshgarian Department o f  Anatomy and 
Cell Biology, Wayne State University, School o f  Medicine, Detroit. MI 48201 
(USA)

Following an upper cervical (C2) spinal cord hemisection, rapid morphological 
changes occur in the ultrastructural organization o f  the rat phrenic nucleus. It is 
not clear whether the cause o f  the changes is the generalized effect o f  spinal cord 
injury (edema, ischemia, etc.) or the more specific effect o f  blocking the 
descending bulbospinal respiratory drive to the phrenic nucleus. In this study w e 
create a method that can differentiate between these two possible inductors of 
plasticity-related changes in the spinal cord. Complete reversible hemispinalization  
at the C2 level was achieved by cold block o f  axon conduction in the respiratory 
pathways running in  the ventral as well as in the lateral funiculus. The 
temperature which achieved total block was between 7 and 9° centigrade and was 
maintained by a cold recirculated alcohol system . The efficacy o f  the reversible 
block was assessed by bilateral EMG activity recording from the ipsilateral 
hemidiaphragm. Complete recovery o f  the hemispinalization was achieved after 4 
hours. The Crossed Phrenic Phenomenon (CPP) was induced in 2 rats during cold  
hemispinalization. Ultrastructural morphological quantitative analysis o f the 
phrenic nucleus was performed in control and experimental rats. Differentiation 
between traumatic and electrical induced plasticity in different systems has been a 
challenge to neuroscientists in the past. This method offers a solution for this very 
important problem since it allows reversible block o f  the electrical drive to the 
target cells without axonal disruption. M orphological plasticity in this system may 
have important implications in the recovery o f  function.

Supported by NIH grant H D31550
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95.7
REDUCTION OF RETROGRADE NEURONAL LABELING IN DISTINCT 
BRAIN NUCLEI AFTER MID-THORACIC SPINAL CORD CONTUSION IN 
ADULT RATS. X. Liu*. C Y. Hsu. Dennis W. Choi and X. M. Xu Dept. of 
Neurology and Center for the Study of Nervous System Injury, Washington 
Univ. Sch. of Med , St. Louis, MO 63110. Dept Anat. & Neurobiol., St. Louis 
University School of Medicine, St. Louis, MO 63104

We report here calibration studies aimed at defining the relationship 
between insult severity, and survival of descending long-tract axons, in the 
weight-drop model of rodent spinal cord injury developed by W. Young and 
colleagues at NYU. Adult female Long Evans rats (4 per group) weighing 
250 - 270 gm received no injury (control) or a 10 g weight drop injury from 
the heights of 6.25 mm, 12.5 mm, and 25.0 mm at T10. Two days after this 
insult, bilateral injections of 2% fast blue (4 µl/animal) were made two 
segments (6-7 mm) caudal to the lesion site. One week after dye injection, 
animals were perfused and the brains examined for fast blue labeled neurons 
in seven brain regions: raphe (Ra), lateral vestibular(LVe), locus coeruleus 
(LC), subcoeruleus alpha (SubCA), caudal pontine reticular (PnC), rubral 
(RN) and cortex (Ctx). We found that: 1. axons sustained injury in all lesioned 
groups, with different magnitudes of de-efferentation in different brain 
regions; 2 the overall percentage of neuronal labeling in all measured regions 
decreased with increasing insult severity (% control: 6.25 mm, 41; 12.5 mm, 
22; 25 mm, 15) Results suggest the FB retrograde labeling technique maybe 
a convenient and quick measure to quantitatively assess the extent of spinal 
cord injury. Supported by a grant from the American Paralysis Association 
(CYH), and the Daniel Heumann Fund for Spinal Cord Research (XMX).

95.9
MORPHOLOGICAL EVIDENCE SUGGESTING APOPTOTIC NUCLEI IN 
SPINAL CORD INJURY. M.J. Crowe*. S.L. Shuman. J N. Masters. J .C.
Brcsnahan, M.S. Beattie. Neuroscience Program, Department of Cell Biology, 
Neurobiology & Anatomy, The Ohio State University, Columbus OH 43210 

Apoptosis has been observed in several pathologic states and can be distinguished 
from necrosis by the characteristic manner in which the chromatin is broken down. 
To determine the extent of chromatin condensation in spinal cord injury, rats (300- 
400 gm) were anesthetized and the spinal cord was contused at T10 using the NYU 
device. A 10 gm rod was dropped 2.5 cm onto exposed dura. The wound was closed 
and animals allowed to survive for 30 min, 6, 18, 24, or 46 h. Animals were then re-
anesthetized and perfused with 4% paraformaldehyde/PBS. Spinal cords were 
sectioned (20 µm) and stained with the nuclear dye H0342 (10µg/ml). Spinal cord 
tissue from a rat with 30 min survival time showed no evidence of chromatin conden
sation. Most damage to spinal cord integrity was contained within 6 mm rostral (R) 
and caudal (C) to the lesion center. After 6 h, a few nuclei had condensed chromatin 
typical of apoptosis. Such nuclei were found mainly in the dorsal funiculi (DF) 
within ±6 mm of the lesion center. Disruption of spinal cord integrity extended 10-11 
mm R and 17 mm C to the lesion center. After 18 h, numerous apoptotic cellular 
profiles were evident. Most were observed in the DF, but several were found in the 
dorsal (DH) and ventral (VH) horns and lateral funiculi (LF). Apoptotic nuclei were 
observed 6 mm R and 12-13 mm C from the lesion center, however cord damage 
extended 17 mm away from the lesion center both R and C. After 24 h, apoptotic 
nuclei were present in DF, DH and VH and were visible 6 mm R and 13 mm C to the 
lesion center. After 46 h, numerous apoptotic profiles were seen extending about 6 
mm R and 11 mm C to the lesion center. In rats which were allowed to survive 22 
days post-injury (.625 cm wt), little chromatin condensation was observed, although 
tissue damage was readily apparent. A spatio-temporal gradient of cells with 
apoptotic nuclei is evident at least up to 46 h post-contusion. (NS10165 & NS07291).

95.11
EXPERIMENTAL SPINAL CORD INJURY. INFLAMMATORY  
REACTIONS AND CYTOKINE EXPRESSION PATTERN. D. Bartholdi. 
J.P. Kapfhammer* and M. E. Schwab. Brain Research Institute, University 
of Zurich, August Forel Str. 1 8029 CH-Z0rich, Switzerland.

Injury of the spinal cord triggers a complex sequence of molecular and 
cellular reactions which are probably regulated by growth factors and 
cytokines. Analysis of the time course of the local cellular events following 
partial transection of the cord in the adult rat showed that the area of 
lesion is massively enlarged by secondary cell death and that pronounced 
inflammatory reactions take place; peripheral cells (polymorphonuclear 
granulocytes, macrophages) invade the injured spinal cord tissue in high 
numbers (Dusart I., Eur. J. Neurosci., 6, 712-724, 1994).

In order to investigate the specific features of the local inflammatory 
response we studied by in situ hybridization the expression of several 
cytokines and chemokines (TNFα , II-1, II-6, M IP-1α ,β and 2) in the 
lesioned adult mouse spinal cord. The results showed an early and high 
expression of chemokine mRNA (M IP-1α  and M IP -1β) but undetectable 
levels of the proinflammatory cytokines (TNF a and II-6). Interestingly, this 
pattern differs markedly from that observed in a bacterial meningitis model 
where II-6 and TNFα  were highly expressed. Cytologically, the same 
types of inflammatory cells are recruited in the trauma and the meningitis 
model. The different cytokine profiles indicate different effector functions 
of the inflammatory cells. By completing the cytokine profile for other 
cytokines (IL-10, TGF β) we hope to obtain further insight into the 
complex cellular interactions taking place at spinal cord lesion sites.

95.8
ACUTE SPINAL CORD INJURY-INDUCED CHANGES IN THE 
STAINING OF ASTROGLIAL GLUTAMINE SYNTHETASE.
Ashraf El-Bohy*, Katherine L. Palazzolo and Harry G. Goshgarian. Dept. 
o f  Anatomy & Cell Biology, School o f  Medicine, Wayne State University, 
Detroit, MI 48201

Glutamine Synthetase (GS), an astroglial enzyme implicated in the 
degradation o f the neurotransmitter glutamate, is also suggested to receive 
a feed back regulation by glutamate. This regulation o f  GS may be 
associated with rearrangement o f  the astrocytic processes around 
glutamatergic synapses. The phrenic nucleus has a major glutamatergic 
input and we have previously described specific ultrastructural changes 
involving astroglia occurring within hours after spinal cord hemisection 
(Goshgarian et al.189). In this study w e examined the effect o f  spinal cord 
hemisection on GS immunoreactivity in the phrenic nucleus. Anesthetized 
rats were hemisected at the C2 level and perfused four hours later. 
Detection o f  the GS immunolabelling was carried out using the avidin- 
biotin technique and diaminobenzidine. Phrenic neurons were identified by 
retrograde HRP labeling in adjacent sections. Preliminary LM results 
indicate an increase o f  GS immunolabelling in the phrenic nucleus within 
four hours following an ipsilateral spinal cord hemisection rostral to the 
nucleus. Analysis o f  these changes at the ultrastructural level is currently 
underway. These results are important in understanding the neuron-glia 
interaction in response to injury, how it might affect the synaptic 
microenvironment and consequently functional recovery. NIH #HD 31550

95.10
AMINO ACID RELEASE UPON SPINAL CORD INJURY: RESULTS 
FROM AN IMPROVED MICRODIALYSIS PROCEDURE. G. Xu, M.G. 
Hughes. G. Robak and D.J. McAdoo*. Marine Biomedical Institute, 
University of Texas Medical Branch, Galveston, TX 77555-1069.

Microdialysis is widely used for in vivo sampling of extracellular 
substances, including released neurotransmitters. However, microdialysis 
depletes substances in the extracellular space over time if the concentrations 
inside the probe are lower than those on the outside. This depletion might 
affect the release of substances sampled in microdialysis experiments. To 
determine whether it influences the release of amino acids sampled by 
microdialysis upon spinal cord injury, we perfused the lumen of the 
microdialysis probe with artificial cerebrospinal fluid containing amino acid 
concentrations equal to those estimated in the extracellular fluid. Glutamate, 
aspartate and glycine were released upon impact injury to the spinal cord, but 
other amino acids were not. Since the latter were released in previous 
microdialysis experiments lacking amino acids in the perfusing fluid, we 
conclude that the releases of non-neurotransmitter amino acids previously 
observed upon spinal cord injury were largely an artifact of abnormal amino 
acid concentration gradients across the cellular membranes created by 
depletion by microdialysis. However, the neurotoxic amino acids glutamate 
and aspartate were still released following correction of this problem, 
sustaining the possibility that they contribute to secondary damage upon 
spinal cord injury.

95.12
THE PRESENCE OF INDUCIBLE NITRIC OXIDE SYNTHASE AFTER 
SPINAL CORD INJURY. N. A. Di Prospero and H. M. Geller*. 
Department of Pharmacology, UMDNJ-Robert Wood Johnson Medical 
School, Piscataway, NJ 08854.

These experiments were designed to evaluate the potential role of 
nitric oxide (NO) following spinal cord trauma. It has been reported that NO 
production by macrophages and/or astrocytes may be significantly elevated 
through cytokine induction o f the calcium/calmodulin independent isoform of 
the enzyme nitric oxide synthase (iNOS). A spinal cord compression lesion 
in Sprague-Dawley rats was utilized to provide a model of spinal injury. 
Animals were euthanized by intracardiac perfusion with 4% paraformaldehyde 
(for immunocytochemistry) or cold saline (for Western blotting) at 2, 3 and 
7 days following injury. At all time points, immunohistochemical staining 
using a polyclonal antibody to iNOS revealed numerous cells immedately 
adjacent to the area of the lesion with significantly smaller numbers of cells 
both rostrally and caudally. Western blotting, performed on tissue 
homogenates from the lesion site, revealed a 120 kD band in tissue samples 
from lesioned animals 48 and 72 hours post-injury; no band was observed in 
untraumatized or 1 week post-injury samples. Overall, formation of NO by 
iNOS may be involved in the pathogenesis of spinal cord trauma and 
treatments designed to inhibit iNOS function may ultimately enhance the 
efficacy of drug therapy.
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95.13
REGENERATION AND DIEBACK FOLLOWING ACUTE NEURITIC TRAUMA IN AN IN- 
VITRO CELL CULTURE MODEL. Imran Fayaz and Charles H. Tator* , Div. o f  Neurosurgery an 
Playfair Neuroscience Unit, The Toronto Hospital - Western Division, University o f  Toronto, Canada.

To characterize and understand the early events in acute injury to the spinal cord, our 
laboratory has developed an in vitro model of axonal injury. This approach has given us the 
ability to examine and assess individual cellular injury mechanisms, especially as they relate 
to initiation and progression of axonal injury. Superior cervical ganglia from newborn rats 
were enzymatically dissociated and plated on a collagen matrix in plastic culture dishes. The 
matrix was scratched prior to plating, yielding 20 parallel tracks, each 250 µm wide (as per 
R.B.Campenot, Alberta). The dissociated cells were plated in the center of the dish using a 
specially designed compartmented chamber, which served to direct neuritic growth towards 
the periphery. Also, the tracks guided the neurites to grow linearly along the tracks, yielding a 
dense population of neurites on each track, some with fasciculation. Neuritic injury was made 
by a custom designed rubber impactor mounted on a magnetically driven, vertically moving 
shaft. The force of injury was varied by shaft velocity. The device consistently produced 
complete transection of the neurites at pre-determined locations from the cell somata, the 
average length of neurite injury being 416.7 ± 42.5 pm. Following neurite injury, the 
proximal neurite segments initially became thickened, progressed to retrograde degeneration 
or dieback within the first 30 minutes, and continued to regress for up to 2 hours. The extent 
of retrograde degeneration averaged 116.2 ± 34.5 pm in 15 tracks with a range of 36.8 to 
147.0 µm. Anterograde neurite degeneration started as early as one hour following injury, 
consisting of initial thickening, with progression by 6 hours to a pattern of vacuolation and 
fragmentation. Regeneration ensued only when dieback had stopped. In all transected tracks, 
growth cones emerged from the proximal segments at 2 hours following injury, with further 
growth by 6 hours. This regenerative process occurred in approximately 75% of the transected 
neurites. By 18 hours, all injured tracks showed at least partial neuritic regrowth into the 
injury site, and by 36 hours there was complete regeneration across the entire length of the 
injury site. These readily observed and quantifiable degenerative and regenerative changes in 
post-traumatic neurites in vitro makes this model of acute axonal injury ideal for examining 
various physiological and pathological post-traumatic changes following acute traumatic 
injury, and for elucidating the mechanisms by which neuroprotection and regeneration 
following injury can be modulated. (Supported by NCE Canada Fellowship)

95.14
RADIOFREQUENCY AS A LESIONING MODEL IN 
EXPERIMENTAL SPINAL CORD INJURY. S.S. Haghiehi*. M.A. 
Perez-Espeio. F.Rodriguez. Division of Neurosurgery, Univ. Missouri. 
Sch. of Med., Columbia, MO 65212.

Many models have been developed to study spinal cord injury (SCI), 
such as cryogenic lesioning, hot water injury, scalpel lesioning, 
compressive trauma using clips, electromechanical devices, extradural 
cuffs, and weight-drop techniques. In this study, the radiofrequency (RF) 
lesion was used for inducing an experimental penetrating spinal cord 
injury in cats. The neuropathology was correlated with magnetic resonance 
(MR) images. Four animals were injured at the thoracic (T11-T12) spinal 
cord with a lesion of 65oC for 1 minute using a micromanipulated 
penetrating RF electrode. MR images of the lesions after 2, 3, 5, and 6 
weeks post-injury as well as the correlative histological changes were 
obtained.

The RF-induced lesion was remarkably discrete with little spreading 
across the spinal cord. There was a good correlation between the 
histopathology findings and the MR images. We concluded that the 
experimental RF lesioning of spinal cord can produce a consistent lesion 
with predictable histopathological changes in experimental animals. The 
RF lesioning should be considered as a new model to study SCI, 
particularly those with a penetrating component were obtained.

INFECTIOUS DISEASES: HIV—PATHOGENESIS

96.1
VIRAL A N D  HOST GENE EX PR ESSIO N  D U R IN G  HIV  
ENCEPHALITIS. C.A. W iley *. M. Baldwin. R. D orsey . R. 
Bowser and C.L. A chim . Division o f Neuropathology, University o f  
Pittsburgh School o f Medicine, Pittsburgh, PA 15261.

A neurodegenerative disease resulting from HIV infection in the 
CNS is observed in approxim ately one quarter o f  severely  
immunosuppressed AIDS patients. While most investigators would 
agree that CNS macrophages are the predominant infected cell, there 
remains substantial controversy regarding viral and host gene 
expression in HIV encephalitis. We examined this issue using 
polymerase chain reaction and immunocytochemistry on CNS tissues 
from AIDS autopsies. Both double and single spliced viral mRNA  
were detected in autopsies with HIV encephalitis, while no viral 
messages were detected in seropositive non-HIV encephalitis controls. 
We found no evidence for selective expression o f the NEF regulatory 
gene. Quantitative com parison o f numbers o f  infected ce lls  
determined by immunocytochemistry was in the same range as the 
number o f copies o f proviral D NA  determined by quantitative PCR. 
These data suggest that HIV encephalitis is a chronic permissive 
infection of the CNS, without evidence o f restricted expression o f  
viral transcripts. Changes in host cell gene expression were examined 
using Differential Display. Elevated expression o f select neurotrophic 
factors (e.g. Hepatocyte Growth Factor) was identified in the CNS of  
autopsies with HIV encephalitis by RT-PCR. The role o f  increased 
expression o f neurotrophins in this neurodegenerative disease is 
unknown.

96.3
STUDIES OF THE MECHANISM OF THE AIDS DEMENTIA 
COMPLEX IN THE SIV MODEL: MICROGLIAL ACTIVATION IS 
HIGHEST AT THE BASE OF THE BRAIN. N.E.J. Berman*1. E.B. 
Stephens2. S. Joag2 and O. Naravan2 1Dept. of Anatomy and Cell Biology 
and 2Dept. of Microbiology, Molecular Genetics and Immunology, Univ. 
Kansas Medical Center, Kansas City, KS 66160 

The Simian immunodeficiency virus (SIV) infects microglia and 
macrophages in the brain and causes neurological disease in infected 
macaques. In order to examine the pathogenesis of this encephalopathy, we 
studied the brains of juvenile Rhesus monkeys inoculated with a virus 
passaged to increase neurovirulence, 7F. Microglial activation was assessed 
by expression of MHC-II. Activated microglia and microglial nodules were 
concentrated in the pons, midbrain, and extended laterally into parietal 
cortex. Few were found in the temporal lobe, and few were found in 
medial cortical areas including motor and somatosensory cortex. Large 
pyramidal neurons of layer V in motor cortex, however, showed 
cytoplasmic swelling and other abnormal morphologies. The axons of 
these neurons pass through areas of intense virus replication at the base of 
the brain, suggesting that the morphological changes are a retrograde effect. 
The concentration of activated activated microglia at the base of the brain 
in SIV cases is similar to the distribution of HIV-1 positive microglia in 
the brains of patients with subacute AIDS encephalitis (Kure et al., 1990). 
Kure et al. (1990) proposed that this distribution occurs because the blood 
vessels at the base of the have a unique ablility to allow virus or infected 
monocytes to cross them. Our results in the SIV model are consistent with 
this hypothesis. Supported by HD02528, NS32203 and NS32202.

96.2
HIV IN D U C E D  SY N A PTIC  D A M A G E IN H U M A N  CNS  
CULTURES. R. R. Hammond† . C. L. A chim ‡  W. W ang‡ . R.S 
M cLachlan‡* and C. A. W iley‡ . †University o f Western Ontario, 
London, Canada, N6A 5C1 and ‡ University o f Pittsburgh, Pittsburgh, 
PA, 15213.

AIDS dementia complex (ADC) is a progressive and debilitating late 
com plication o f  HIV encephalitis. Synaptic degeneration is a 
neuropathological correlate of ADC and is directly proportional to the 
CNS viral burden. Productive HIV infection appears to be limited to 
cells o f monocyte/macrophage lineage. In the absence o f productive 
infection o f neurons, it has been hypothesized that the neurotoxic effect 
associated with HIV is mediated indirectly by a toxin, a toxic cell-cell 
interaction, a loss o f neurotrophic support or a combination o f these. 
Candidate neurotoxins are the virus, viral proteins (eg. gp l20 ), and 
cytokines (eg. IL lβ ) or metabolites (eg. quinolinic acid) secreted by 
activated macrophages / microglia. Other evidence suggests that direct 
contact with infected macrophages /  microglia is necessary for the 
neurotoxic effect to take place. W e have established a primary serum- 
free human CNS culture system suitable for long term exposure to HIV 
or HIV-related factors to assess their relative contribution to neuronal 
damage. Quantitative measures o f neurotoxicity are based on confocal 
scanning laser m icroscopy for expression o f neuronal, glial and 
macrophage / microglial proteins. Results show that this model can 
quantify subtle neurotoxicity over tim e through changes in 
synaptophysin (SYN ) and microtubule associated protein (MAP) 
expression. Ther is also evidence to suggest that macrophage-secreted 
toxin(s) play an important role in HIV-associated neurotoxicity in vitro, 
independent of direct contact between macrophages and CNS cells.

96.4
NEURONAL AND GLIAL ABNORMALITIES IN LP-BM5 INFECTED MICE: A 
MODEL OF AIDS DEMENTIA. Y. Kustova. J-H. Ha. Y. Sei and A. S. 
Basile*. Lab of Neuroscience, NIDDK, NIH, Bethesda, M D 2 08 92 .

The murine acquired immunodeficiency syndrome (M AIDS) caused by 
the LP-BM5 murine leukemia virus (MuLV) mixture consists of fatal 
immunodeficiencies and neurological disorders in susceptible C57BL/6 
mice. Previous investigations observed significant spatial memory 
impairment in these mice (Sei et al., FASEB J. 6 :3 0 0 8 ). However, the 
pathogenic mechanisms underlying this cognitive deficit are unknown. 
We have investigated the contribution of glial and neuronal changes to 
the pathogenesis of MAIDS dementia. Immunohistochemical and Western 
blot techniques demonstrated significant microglial activation in the 
striatum and cortex (140  and 4 0 0 % , respectively) as early as 10-14  days 
after MuLV infection, and by 4 -5  weeks in the hippocampus (HPC, 
2 90 % ), as indicated by increased F4 /8 0  immunoreactivity. Astrocytic 
hypertrophy was manifested as a 1 90%  increase in GFAP 
immunoreactivity in the striatum 2 weeks after infection. The glial 
hypertrophy proceeded a 59%  decrease in met-enkephalin in the striatum 
and HPC and a 62%  decrease in striatal substance-P beginning 6 weeks 
after MuLV infection and becoming maximal by 12 weeks. Striatal 
somatostatin levels were unchanged. These results suggest that glial 
activation, via direct virus infection or in response to peripheral cytokines, 
may alter peptidergic neuron function in the striatum and HPC, 
contributing to the cognitive deficits observed in these mice. Moreover, 
the pattern of neurotransmitter alterations in the striatum are consistent 
with neuronal hyperactivation by excitatory neurotransmitters.
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96.5
Neuroimmune activation in FIV encephalopathy enhanced by 
in vivo viral passage C. POWER, J. PEELING, D. 
MAGNUSON*, P-A. KONG and T. MOENCH, University o f  
Manitoba, Winnipeg MB; Johns Hopkins University, Baltimore
MD

Chronic infection by the lentivirus. Feline Immunodeficiency 
Virus (FIV). has been associated with AIDS-like syndrome and 
neurological and neuropathological changes in cats. To examine 
the effects of serial in vivo passage of FIV on neurovirulence, a 
blood-derived strain of FIV was serially passaged in 
experimentally infected (El) cats by intramarrow or intracranial 
inoculation of bone marrow from a subsequently infected (El) cat. 
The clinical and neuropathological findings were compared in SPF 
control uninfected (UI) [n-4] and experimentally infected (EI) cats 
[n=4J and in FIV-seropositive street infected (SI) cats [n=4]. 1 of 
4 El (1 year post inoculation) and 3 of 4 SI animals showed 
neurological abnormalities including ataxia, psychomotor slowing, 
and irritability. Histopathological analysis revealed white matter 
gliosis, perivascular cuffing and neuronal dropout in the brains of 
SI and El cats, but not in Ul cats Immunocytochemical studies 
displayed abundant reactive astrocytes, macrophages and 
microglia in both the white and grey matter of SI and El cats but 
rarely in UI cats. NMR spectroscopy showed significantly 
increased levels of glutamate in the cerebral cortex of EI animals. 
Serial in vivo viral passage enhances the neurovimlence of FIV 
which may be mediated by excitotoxicity

96.7
HIV-1 TAT INDUCES LONG-LASTING DEPOLARIZATIONS IN 
C U LTU R ED  H U M A N  FETA L N E U R O N S  TH A T  ARE 
ATTENUATED BY KYNURENATE. J. Cheng*. D.S.K.Magnuson, 
C. Martin & A. N a th . Departments o f Physiology and Medical 
Microbiology, Univ. o f Manitoba, Winnipeg, Manitoba, Canada R3E 
0Z3.

Our recent studies have shown that the HIV-1 protein Tat, that 
is released from infected cells, depolarizes neurons in rat and human 
brain slices by activating excitatory amino acid receptors (Magnuson et 
al. 1995, Ann Neurol). To determine if Tat can act directly on neurones 
to cause excitotoxicity, cultures o f cortical neurones were established 
from human fetal brain (12-15 weeks gestation). After 4-10 days in 
culture, whole-cell patch recordings were made from isolated neurons. 
Drugs were applied to the recorded neurons by pressure ejection (10-35 
psi), the duration o f which (5-800 ms) controlled the amount o f drug 
applied. Dose-dependent reversible depolarizations were induced by 
NMDA (100 µ M), kainate (100 µ M) and Tat (70 µ M) in 12 neurons 
investigated with or without TTX (1 µ M). NMDA responses in the 
presence or absence o f exogenous glycine were abolished by AP5 (50 
µ M). Kainate effects were attenuated by CNQX (10 µ M) and 
kynurenate (1 mM). Tat-induced depolarizations were long-lasting 
(>10 s) and were partially blocked by kynurenate (1 mM). These 
results show that HIV-1 Tat acts directly on human neurons and causes 
depolarization through activation of glutamate receptors. These long- 
lasting depolarizations may result in Tat-induced cell death. Supported 
by the National Health Research Development Program, Canada.

96.9
STUDIES ON THE MOLECULAR MECHANISM OF LATENT HIV-1 
INFECTION IN HUMAN GLIOBLASTOMAS. M. Grilli* A Favalli. B. 
Bossini. F. Goff i. M. Memo .and P.F. Spano. Div. Pharmacology, Dept. Biomed. 
Sci & Biotech . Un. Brescia, 25123 Brescia, Italy.

At least 60% of AIDS patients develop symptoms of neurologic disease and 90% 
demonstrate ncuropathologic abnormalities at authopsy. In some cases neurologic 
complications dominate the clinical course or are the only manifestation of AIDS. 
Within the CNS. HIV-1 infection has been observed predominantly in microglia, 
but also in oligodendroglia, astroglia and even neurons. Evidences suggest that 
HIV infects CNS-dcrived cells latently, yet expression can be reactivated by 
specific cytokines This latent infection may serve as a large viral reservoir which 
contributes to significant neurological phatology upon reactivation. Our 
knowledge on the molecular mechanisms underlying latent HIV infection is still 
very limited. An intriguing ipothesis is that in CNS viral latency results from a 
mutated balance among cellular and viral regulatory proteins from whom 
coordinated interaction HIV-1 gene transcription is dependent. In order to 
establish an in vitro model to study molecular mechanisms of latent HIV -1 
infection we have stably transfected the human glioblastoma U87MG with an 
expression vector for tat, the major viral regulatory protein. Clones producing 
functionally active tat protein have been obtained and we are now analyzing them 
for qualitative or quantitative modifications in cellular activities involved in HIV- 
1 transcription Major candidates are in particular proteins belonging to the 
NFκB/rel family of transcriptional factors since it has recently been proved that 
these proteins may contribute to a "glia specific" tat-mediated HIV transcription.

96.6
HIV-1 REGULATORY PROTEIN TA T INCREASES LEVELS OF 
INTRACELLULAR CALCIUM  IN HUM AN CU LTU RED  BRAIN 
CELLS. N. Haughey, A. Nath and J.D. G eiger* . Depts o f  Pharmacology, 
and Med. M icro., U. o f  M anitoba, W innipeg, R3E 0W3

Cultured hum an fetal brain cells (neurons and astrocytes) were used to 
determine effects on intracellular calcium levels ( [C a2+ ]j) o f  full length 
T a t1-86- three Tat peptides, Tat31-71, Tat3 1-61. and Tat48-85 Basal 
levels o f  [Ca2 +]i were 156 ± 4 nM (mean + SEM). W hen Tat peptides 
were pressure injected using m icropipettes, the rank order o f  potency for 
increases in [Ca2+ ]i was Tat31-61 > Tat3 1-71 > Tat48-85 . For T at31-61. 
peak increases in [Ca2+ ]i o f  955 ± 280 nM  were reached within 0.21 ±
0.06 min after m icroinjection o f  a 100 µ M solution (n=19). NBQX (10 
µM), a non-NM DA antagonist o f  excitatory am ino acid receptors, did not 
itse lf affect [Ca2+ ]i, but alm ost com pletely blocked responses to Tat3 1- 
6 1; tim e to peak was delayed to 1 .0± 0.14 min and increases in [Ca2+ ]i 
were reduced to 69 ± 26 nM. After NBQX wash out. Tat3 1-5 1-induced 
increases in [Ca2+]i o f  770 ± 256 nM were not significantly different from 
values obtained prior to NBQX treatm ent, how ever tim e to peak was still 
delayed at 1.3 ± 0.4 min. M icroinjection o f  buffer or 700 pM  Tat48-85 
increased [Ca2+ ]i by only 17 ± 2 nM  and 11 ± 4 nM , respectively. Thus, 
HIV-1 Tat-induced neurotoxicity may be caused by non-NM DA receptor 
activation and large increases in [Ca2+ ]i. T a t3 1-6 1 appears to contain the 
neurotoxic epitope o f  Tat. (Supported by grants from the M edical 
Research Council o f  Canada and the National Health Research 
Development Program.)

96.8
EXPRESSION OF mRNA ENCODING HIV-TAT 
BINDING PROTEIN-1 (TBP-1) IN THE RODENT.
Takahiro Nakamura . Hiroshi Takagi and Makoto Satc*. Dept. of 
Anat. I , Osaka City Univ. Med. Sch., Osaka 545, Japan.

The human immunodeficiency virus-1 (HIV-1) protein Tat is a 
positive regulator of HIV gene expression and replication in 
infected cells. Several observations suggest that some cellular 
factors cooperate with Tat in the overall transactivating process. 
Recent studies indicate that Tat binding protein-1 (TBP-1) is one of 
such cellular factors and specifically suppresses Tat-mediated 
transactivation o f HIV-1 replication (Science: Vol 248, 1650-1653, 
1990). However, localization o f mRNA encoding TBP-1 in vivo 
has not been elucidated. Therefore: (1) We have cloned a partial 
fragment o f rat TBP-1 homolog by RT-PCR method and examined 
its expression pattern in the rat central nervous system by in situ 
hybridization histochemistry. TBP-1 mRNA is distributed in a 
region-specific manner in the brain. (2) We have cloned full-length 
cDNA of mouse TBP-1 homolog. Upstream region o f the cloned 
mouse TBP-1 cDNA is longer than reported human TBP-1 cDNA. 
Other possible initiation sites have been found in the cloned mouse 
upstream region. (3) TBP-1 mRNA expression is confirmed in the 
brain, liver, kidney, heart, and the testis o f mouse by the Northern 
blot analysis.

96.10
ASTROCYTES PRODUCE TNF-α  DE NOVO UPON HIV-1 COAT PROTEIN 
STIMULATION. A. Buriani*, L. Petrelli, L. Facci, M. Fabris, R. Dal Toso, A. Leon 
and S D. Skaper. Researchlife S.c.p.A., 31033 Castelfranco Veneto, Italy.

AIDS Dementia Complex (ADC) is a chronic infectious/inflammatory CNS 
pathology with features of a subcortical dementia, and whose etiopathogenic agent is 
the HIV-1 virus. One of the histological characteristics of ADC is reactive 
astrogliosis, an event unrelated to direct infection of astrocytes. Activated astrocytes 
may be of particular importance in the pathogenesis of ADC, as they produce 
inflammatory cytokines like tumor necrosis factor-α  (TNF-α ). Viral cofactors 
involved in astrocyte activation could include the viral envelope protein gpl20, 
which induces cytokine release by immune cells. Here we show that gpl20 is, in 
fact, able to induce TNF-α  gene expression, and TNF-a protein synthesis and 
release by cultured astrocytes. Mouse astrocytes from cerebral cortex, hippocampus 
and cerebellum were incubated for 6 h and 18 h with 8.3 nM recombinant gpl20. In 
situ hybridization showed TNF-α  mRNA induction in gpl20-treated astrocytes, and 
TNF-α  by immunocytochemistry. The stimulated astrocytes released bioactive TNF- 
α , as assessed by anti-TNF-α  neutralizable cytotoxic activity for L929 cells. Further, 
induction of TNF-α  activity was blocked by inhibitors of macromolecule synthesis. 
The results show that astrocytes are highly sensitive to gpl20 and thus might 
contribute to TNF-α  levels in ADC brains. TNF-α  can induce viral replication in 
infected cells, and a positive feed-forward loop might be generated between 
productively infected cells, HIV-1 shed proteins and astrocytic TNF-α . Such a loop 
could be responsible, in part, for the slowly progressing infective-inflammatory and 
neurodegenerative events in ADC.
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96.11
HIV-1 gp120 INDUCTION OF pp59fyn PROTEIN TYROSINE  

KINASE ACTIVITY IN HUMAN NEUROBLASTOMA CELLS. 
R. J. Ziegler* and M. Sneve. Dept. of Microbiology/lmmunology, 
School of Medicine, University of Minnesota, Duluth, Duluth, MN 
55812.

Varying degrees of neurological dysfunction result from HIV-1 
invasion of the central nervous system. The mechanism(s) 
responsible for the neurological disease (AIDS dementia complex or 
ADC) associated with this invasion is unclear. Several theories 
exist. One theory contends that HIV-1 gene products are involved in 
neuronal toxicity and/or cellular dysfunction. For several years we 
have been studying the possibility that gp120 can cause neuronal 
dysfunction without necessarily causing death. We have previously 
reported that recombinant gp120 induces a two to three fold 
increase in protein tyrosine kinase (PTK) activity in SKNMC and SH- 
SY5Y human neuroblastoma cells. The increased PTK activity 
appears rapidly (peak at one minute) following cellular exposure to 
10-11M gp120 and results in increased tyrosine phosphorylation of 
two prominent proteins with molecular weights of ≈ 60 and 115 kDa. 
Recent data indicate that the ≈ 60 kDa protein is the src-family PTK 
known as pp59fyn and suggest that its activation is responsible for 
the increased PTK activity induced by gp120. The identity of the ≈
115 kDa protein and the mechanism by which gp120 induces fyn 
PTK activity are unknown, but under investigation. We believe these 
data suggest a role for gp120 in mechanisms of ADC since PTKs 
are known to be important for pre- and post-synaptic neuronal 
function. (Supported by NIH grant NS-29320 and a Duluth Clinic 
and Research Foundation grant.)

96.13
EFFECTS OF HIV PR OTEINS/PEPTIDES AND ARACHIDO NIC ACID 
ON M ONOVALENT CATION TR A N SPO R T IN U251 ASTRO GLIOM A 
CELLS. J.J. Kort*. and T.O. Jalonen . D epartm ents o f  M edicine and 
Surgery, Albany M edical College, A lbany, NY 12208.

Astrocytes have been im plicated in the neuropathogenesis o f  HIV 
encephalopathy but their precise roles are not well understood. Cytokines, 
eicosanoids, and other factors from H IV -infected m acrophages/m icroglia 
may contribute to activation and impairm ent o f  astrocyte functions including 
uptake o f K+ and excitatory amino acids necessary to m aintain neuronal 
functioning. Alternatively, HIV proteins m ay directly  affect functions o f  
astrocytes. Therefore, we studied the effects o f  g p l2 0 , Nef, a 19mer 
amphipathic peptide from the C-term inus o f  gp41, arachidonic acid (AA), 
tumor necrosis factor alpha, and interleukin 1ß on potassium  transport and 
cation channels in U251 astrogliom a cells. Total 86Rb+ uptake was reduced 
by 25% by the gp41 peptide (10 μ M ) and 32%  by 10 μM AA, due to a 
marked reduction o f  bum etanide-sensitive N a+,K +,2C l--cotransport (gp41: - 
41%, AA: -48%). N e f  increased 86Rb+ efflux in preloaded U251 cells, and 
was found to inhibit a large-conductance K + channel from the inside o f the 
cell membrane, m easured by the patch-clam p technique. Interestingly, HIV- 
infected U251 cells expressed high levels o f  Nef. Steady state accum ulation 
studies with 86Rb+ and 22N a+ indicate that the am phipathic gp41 peptide 
increased intracellular N a+, which is consistent with the recently reported 
pore-forming capacity o f  a hom ologous, 21m er gp41 peptide. Results 
indicate that HIV proteins/peptides and arachidonic acid alter m onovalent 
cation transport in U251 cells and m ay im pair the K+ buffering capacity o f 
astrocytes in HIV infection o f  the central nervous system .

96.15
CONDITIONED MEDIA FROM HIV-INFECTED MACROPHAGES ALTERS 
GLUTAMATE INDUCED CHANGES IN INTRACELLULAR CALCIUM IN 
SK-N-MC NEUROBLASTOMA CELLS. T.C. Pappas*, S. Alagarsamy1. R.B. 
Pollard and M. Nokta. Dept. of Internal Medicine, 1Dept. of Pharmacology and 
Toxicology, University of Texas Medical Branch, Galveston TX 77555-0882.

To examine the effects of cytokines from HIV-infected macrophages (Mø ) on 
neuronal cell signalling, we measured glutamate- (GLU) induced changes in [Ca2+]i 
in neurons exposed to culture supernatants from infected Mø . The human 
neuroblastoma SK-N-MC responds to GLU (125 μM-5 mM) with an increase in 
[Ca2+1i, as measured by fura-2 and spectrofluorimetry. The GLU receptor agonist 
NMD A (300 μM) was partially effective at eliciting intracellular Ca2+ increase. 
Phencyclidine (3 μM) blocked the NMDA response, but did not block the GLU 
response in its entirety, indicating that the GLU receptor population in SK-N-MC 
is mixed. We used conditioned media (CM) from mock-infected (MI) or HIV- 
infected Mø to mimic exposure to cytokines produced in HIV infection. SK-N-MC 
cells were treated (48 hr) with CM from MI or HIV-infected Mø  harvested 4 d or 
7 d post infection (PI). In cells treated with 20% CM harvested 4 d PI, there were 
no differences in peak GLU-elicited Ca2+ levels among MI, HIV-infected or 
untreated controls, however, there was a 28% decrease in total stimulated [Ca2+]i 
(measured over 200 s) in groups treated with HIV-infected Mø  CM. SK-N-MC 
cells treated with CM from HIV-infected Mø  harvested 7 d PI showed an 83% 
decrease in peak and an 85% decrease in total GLU-stimulated [Ca2+]i when 
compared to untreated controls. Cells treated with CM from MI Mø  also showed 
a smaller (60%) decrease in peak and total (60%) GLU-stimulated [Ca2+]i when 
compared to untreated controls. These changes were evident in as low as 10% 
CM. These results indicated that HIV may mediate its effects on the central and 
peripheral nervous systems by altering or impairing cellular signalling.

96.12
DISSECTION OF IN VIVO MECHANISMS OF HIV-I -INDUCED CENTRAL 
NERVOUS SYSTEM TOXICITY. S. M. Toggas*. E . Masliah, C. Epstein. and L. 
Mucke. Department of Neuropharmacology, Division of Virology, The Scripps 
Research Institute, La Jolla, CA 92037; Departments of Ncurosciences and Pathology, 
University of California at San Diego, La Jolla, CA 92093; Department of Pediatrics, 
University of California at San Francisco, San Francisco, CA 94143.

CNS expression of HIV-1 gpl20 in transgenic (tg) mice induces pathologic effects 
on neurons, astrocytes, and microglia that closely resemble those in infected humans 
Two approaches have been undertaken to dissect the in vivo mechanisms of gpl20- 
induced CNS damage using these mice, i) administration of drugs that block specific 
pathogenetic pathways, and ii) generation of bigenic mice coexpressing gpl20 and 
neuroprotective factors. Therapeutic efficacy was assessed by laser scanning confocal 
microscopic and light microscopic analysis of brain sections immunostained for cell 
type-specific markers. Tg mice treated with the NMDA receptor antagonist 
memantine were protected from neurotoxicity; mice bigenic for gpl20 and human 
amyloid precursor protein showed neuroprotection as well as reduced gliosis. These 
results are consistent with the postulate that gpl20 induces aberrant NMDA receptor 
stimulation and derangements in neuronal calcium homeostasis. Mice bigenic for 
superoxide dismutase and gpl20 were protected from presynaptic terminal loss, 
suggesting free radical-mediated damage in vivo. On the Balb/cByJ background, 
gpl20 tg mice show growth retardation, which may reflect potential gpl20-induced 
hypothalamic/pituitary neurotoxicity. Glucose and weight measurements throughout 
development revealed lack of a normal rise in glucose at 7 weeks and growth 
retardation at 4 weeks of age, which may be reminiscent of the failure-to-thrivc 
syndrome in pediatric AIDS. The identification of critical neuropathogenic pathways 
in these experimental models may point toward important therapeutic targets in HIV- 
infected humans and facilitate the development of better treatments for HIV- 
associated CNS impairment. Supported by NIH grants MH47680 and NS33056.

96.14
HIV INFECTION OF HUMAN NEURAL CELLS VIA GLYCOSYLATED 
LIGAND/RECEPTOR AND DEGLYCOSYLATED MECHANISMS.
H.-N. Hao. F -C. Chiu. W.E. Grever , K. M. Weidenheim. L A. Mattiace* and 

W.D. Lyman. Pathology Depart., A. Einstein Coll. Med., Bronx, NY 10461.
The human immunodeficiency virus type-1 (HIV) infects human neural cells 

both in vivo and in vitro. There is however, controversy about the receptor for 
HIV on these cells. Also, the nature of the ligand for neural cell HIV infection 
is undefined. To address these points, this study examined the effects of 
alterations in glycosylation of HIV on the ability of treated virus to infect 
human fetal microglia and astrocytes. Central nervous system (CNS) 
organotypic cultures established from human fetal brain were exposed to either 
untreated HIV or virus treated with endoglycosidases (Endo H, Endo F or 
PGNase F). HIV infection o f cultures was determined by binding studies using 
radiolabeled virus, immunocytochemistry for HIV proteins and cell-type 
specific markers, DNA PCR for HIV proviral sequences and p24 antigen 
capture ELISA. These studies showed that Endo H, which cleaves terminal 
mannose residues, reduced infection by 10-20 percent. Endo F treatment, 
which cuts at GlcNAc β(l,4) sites, correlated with a 30 percent reduction and 
PGNase F treatment, which cleaves bonds between asparagine and sugars, 
resulted in a 70 percent decrease. Because there was still a residual 30 percent 
infection of HIV-exposed cultures, these results suggest that HIV infection of 
susceptible neural cells may be mediated by receptors for glycosylated ligands 
and other mechanisms.

(Supported, in part, by USPHS grants MH 47667 and MH 46815)

96.16
EFFECT OF SYSTEMIC KYNURENINE LOADING ON QUINOLINIC ACID 
AND THE PROGRESSION OF DISEASE IN THE MURINE MODEL OF AIDS. 
MG Espey,* Y Tang,† HC Morse III,† JR Mofffett, and MAA Namboodiri. 
Department of Biology, Georgetown University, Washington, DC, 20057; 
†Laboratory of Immunopathology, NIAID, NIH, Bethesda, MD, 20892.

The potent neurotoxin quinolinic acid (Quin) has been implicated in a number 
of infectious and neurodegenerative disorders. Plasma and CSF Quin levels 
increase significantly during retroviral infections; however, the cellular source of 
Quin in the CNS has been a matter of dispute. Using MAIDS as a model of 
retrovirus-induced immunodeficiency, we have tested the hypothesis that Quin in 
the CNS is derived primarily from cells of the systemic immune system. We 
determined Quin’s relationship to the histopathological changes associated with 
MAIDS, using immunohistochemical techniques. The results demonstrated a 
dramatic increase in the number of Quin-immunoreactive cells in the peripheral 
lymphoid organs in mice with MAIDS, while only modest perivascular infiltrates 
were noted in the brain adjacent to, and in some cases, in the choroid plexus of 
mice with end-stage disease. No Quin positive cells were detected in the 
parenchyma of the brain at any time point. The results suggest that the bulk of 
CNS Quin in MAIDS is derived from extracerebral sources.

To augment the synthesis of Quin, mice with MAIDS were administered l 0mM 
kynurenine (Kyn) in their drinking water for 4 and 6 weeks. Chronic systemic 
Kyn loading did not change the paucity of Quin immunoreactivity in the CNS, but 
did elicit a substantial increase in viral titer (2 logs) as assessed by the infectious 
center assay. This observation is consistent with a previous study in which we 
demonstrated the addition of 10μM Quin to acutely HIV-infected U937 cells 
enhanced p24 levels 7- to 10-fold. These studies suggest that kynurenine pathway 
metabolites may play a role in the pathogenesis of retroviral infection and 
represents a new perspective in their relationship to the etiology of diseases.
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97.1
NEUROPSY CHO LO GICAL DEFICITS IN TESTS OF EXECUTIVE 
FUNCTION IN ASYM PTO M A TIC AND SYM PTOM ATIC HIV-1 
SEROPO SITIV E MEN B J Sahakian→1. R Ellio tt1. N Low2. M M ehta1.
R T Clark2 and A L. Pozniak2 1Department o f  Psychiatry, University o f 
Cambridge School o f  Clinical Medicine, Cambridge CB2 2QQ, UK. 
2Academic Unit o f  Genitourinary Medicine, King’s College Hospital, London 
SE5 9RS, UK

There has been much debate about the exact nature and time o f onset o f  
the cognitive impairments associated with infection by the human 
immunodeficiency virus type 1 (HIV-1). Studies to  date have not reached 
consistent conclusions The present study was o f 22 asymptomatic and 18 
symptomatic HIV-1 seropositive men, whose only risk factor for contraction 
o f the virus was sexual intercourse, and 18 seronegative controls matched 
for age and IQ Subjects were given computerised neuropsychological tests 
from the CANTAB battery, which assessed visuo-spatial memory, attention 
and executive function Both the asymptomatic and symptomatic HIV-1 
seropositive groups showed a selective pattern o f  deficits relative to  controls. 
They were subtly but significantly impaired on tests o f  executive function, 
but unimpaired on certain tests o f  visual memory This pattern o f 
impairment and relative sparing is akin to  that seen in neurosurgical patients 
with frontal lobe excessions and patients with basal ganglia disorders, such 
as Parkinson’s disease and Huntington’s disease

These findings support an hypothesis o f  fronto-striatal dysfunction 
occurring in HIV-1 infected individuals even prior to  the expression o f 
clinical symptoms

97.3
DOPAMINE DEFICITS IN THE CAUDATE NUCLEUS OF AIDS 
PATIENTS A M. Sardar, C. Czudek and G.P. Reynolds. (SPON: Brain 
Research Association) Dept. Biomedical Science, University of Sheffield, 
Sheffield S10 2TN, U.K.

HIV-associated dementia is a common consequence of HIV infection and 
may relate to the neuronal deficits observed in AIDS brain tissue. In AIDS, 
HIV-infected macrophages have been described in the basal ganglia, 
particularly the putamcn and caudate nucleus. AIDS and Parkinson's disease 
have certain similar clinical features, such as bradykinesia, rigidity, and 
tremor. It has been suggested that these sy mptoms may be ameliorated in 
AIDS patients following treatment with levodopa (Kieburtz et al., Arch. 
Neurol., 1991, 48: 1281-4).

We have therefore measured dopamine and homovanillic acid (HVA) 
concentrations in caudate nucleus taken post-mortem from AIDS patients. 
Dopamine concentrations were significantly reduced (p< 0.005) in 20 AIDS 
patients (1.68 ± 0.38 μg/g tissue) vs 5 control (3.16 ± 0.65 μg/g tissue); HVA 
showed equivalent reductions (controls 4.30 ± 0.67 μg/g tissue and AIDS 2.80 
± 0.49 μg/g tissue; p< 0.05). These reductions were more profound in 8 
patients exhibiting HIV-associated dementia (dopamine 1.04 ± 0.37 μg/g 
tissue and HVA 2.37 ± 0.63 μg/g tissue).

These results would be consistent with damage to nigrostriatal dopaminergic 
neurons which may contribute to the Parkinsonian motor dysfunction apparent 
in some AIDS patients. This work was supported by the MRC and we thank 
Dr J. Bell of the MRC AIDS Brain Bank in Edinburgh.

97.2
PCR/IN SITU HYBRIDIZATION FOR THE DETECTION OF 
HIV IN THE HUMAN BRAIN M. Peralta* and F. J . 
Denaro, TTUHSC, Lubbock, TX 79430

The identification of the cell types which 
are infected with HIV are important for 
understanding the neuropathophysiology of HIV- 
central nervous system infection. The very 
sensitive technique of PCR/in situ 
hybridization has been used to demonstrate 
with great sensitivity the presence of HIV in 
the brain and in other cell samples. In the 
present study we examine human CNS tissue by 
this technique. Using this methodology it has 
been possible to demonstrate HIV in the 
following cell types: Lymphocytes (CD-4 
positive T cells, monocytes and microglia). 
Positivity of endothelial like structures were 
also noted. However, it was not possible to 
differentiate the structures as endothelial 
cells or microglia/pericytes. Steps are being 
taken to observe these structures at the EM 
level. It is hoped that the sensitivity of 
PCR/in situ with the resolution of EM will 
help answer these questions. NS31857

97.4
AGE-DEPEND EN T A ID S-EN CEPH  A LO PA TH  Y IN FIV-MD 
INFECTED CATS. M. Podell*. L. Mathes. M. Oglesbce, K. Hayes, and K. 
Beachy. Dept. Vet. Clin. Sciences and Vet. Biosciences, The Ohio State Univ., 
College of Vet. Medicine, Columbus, OH 43210 

The ability of the Maryland isolate of the feline immunodeficiency virus (FIV-MD) 
to rapidly infect the CNS of cats offers an experimental model to study the age- 
dependent neuropathogenic mechanisms similar to HIV-1 infection. Experimental 
intravenous challenge (1000 TCID50 units) of 8 week-old kittens (n=6) and adult cats 
(n=8) with FIV-MD was compared to 6 age-matched cats in respective control groups 
for a one-year period post-infection (PI). Neurologic examination revealed an 
abnormal stereotypic, motor behavior consisting of repetitive, compulsive roaming 
in 3/6 neonatal infected cats only. Semi-quantitative EEG analysis revealed a 
significant difference from control cats at 12 months PI in the neonatal infected 
group. The difference was attributed to the asymmetric frontal cortical slow wave 
activity. At 3 and 10 months PI, no statistical difference in the basic pattern was 
determined in the adult infected cats. Abnormalities in BAEP were detected only in 
the neonatal FIV-MD group at 3 and 12 months PI. Both the neonatal and adult 
infected cats had prolonged peak VEP latencies compared to control cats. A 
significant increase in the cerebrospinal fluid albumin quotient was present in infected 
neonatal and adult cats. Morphometric histopathologic analysis demonstrated a 9% 
reduction in cortical thickness, a 12% mean reduction of neuron number per area, and 
trend for loss of larger neurons (>200 μ 2) in neonatal FIV-MD infected cats. Thus, 
neonatal infected FIV-MD cats exhibited consistent, more pronounced neurologic 
impairments associated with a more rapid onset of immunodeficiency as compared to 
adult infected FIV-MD cats.

97.5
FIV-PPR MOLECULAR CLONE CAUSES CNS ELECTROPHYSIOLOGICAL 
ABNORMALITIES IN CATS O. Prospéro-García * 1. T. R. Phillips1. D. H.
Wheeler2. 1. J. H. Elder3
and S. J. Henriksen1. Dept. Neuropharmacology and 3Molecular Biology, The 
Scripps Res. Inst. La Jolla, CA and 2Anatomy and Neurobiology, Colorado State 
Univ., Fort Collins, CO.

We have previously reported that the feline immunodeficiency virus 
Maryland strain (FIV-MD) causes visual, brainstem auditory evoked potentials 
(VEP and BSAEP) and sleep alterations in the infected cats. These changes are 
comparable to the neurological deficits observed in HIV-1 positive patients. The 
present study describes VEP, BSAEP, spinal cord and peripheral nerve 
conduction velocity (SCPNCV) disturbances as well as sleep architecture 
disorganization caused by the infectious molecular clone FIV-PPR in cats, 3 
months after the viral inoculation. Eight specific pathogen free cats were divided 
into 2 groups (n=4). One group was systemically infected with 300 TCID50 units 
of FIV-PPR. A separate group was employed as age matched control. Eight to 10 
weeks post-infection, all infected cats developed a FIV antibody response. 
Sixteen weeks after the inoculation, virus was isolated from the FIV-PPR- 
infected felines. Three months after the inoculation, the FIV-PPR group, showed 
prolonged latency waves of BSAEP (P4 and P5) and VEP (P3), compared to 
control. These findings remainded after 10 months. The SCPNCV was also 
reduced in the FIV-PPR-infected cats. The sleep-wake cycle, as assessed by 3 
consecutive 7 hour recordings, exhibited disorganized patterns in the FIV-PPR 
group, consisting of a long latency sleep and REM sleep onset and a significant 
reduction in REM sleep. These findings indicate that FIV-PPR is able to cause 
CNS pathophysiology early in the time course of the disease. These results 
validate our electrophysiological approaches as a useful technique to detect early 
FIV-induced pathophysiological changes, and further substantiate the FIV model 
as suitable to assay drugs with potential therapeutic properties. Supported by 
MH47680 granted to SJH

97.6
TREATM ENT OF CHRONIC RETROVIRAL ENCEPHALITIS WITH 
ZIDOVUDINE (AZT) IN A MURINE MODEL. R.L. Hamilton*. R.J. Bodnar. G. 
Wang. W. Klunk. C.A. Wiley. Division of Neuropathology, Univ. of Pittsburgh, 
Pittsburgh, PA 15213

Background: Approximately 30% of terminally ill patients with acquired 
immunodeficiency syndrome (AIDS) develop a central nervous system (CNS) 
disorder known as AIDS-associated dementia complex (ADC) which is associated 
with neuronal loss and increased CNS viral burden. The pathogenesis of this CNS 
damage is unknown and it is uncertain whether AZT can prevent or ameliorate 
ADC. Using a temperature-sensitive neurotropic retrovirus (ts-1) infection in mice 
as a model of chronic retroviral infection, we tested whether AZT could decrease 
CNS damage. When inoculated into newborn mice, ts-1 causes a non-inflammatory 
spongiform encephalopathy characterized by loss of the hindlimb abduction reflex 
(splay reflex) at age 10-14 weeks, progressing to severe paralysis by 24-28 weeks.

Design: AZT (1mg/ml) in drinking water was administered beginning at age 4 
weeks. Weights, hematocrits and symptoms were recorded. Mice were sacrificed at 
6, 10 and 14 weeks. Spongiform change in five areas of CNS was graded in H&E 
stained paraffin embedded sections. Gliosis, viral antigen and macrophages were 
identified with immunocytochemistry. Levels of cytokines IL-6, TNF-alpha, and IL- 
1 were measured in brainstem homogenates using ELISA kits. Using magnetic 
resonance spectroscopy (MRS), the level of n-acetyl aspartate (NAA) in 
homogenates of the brainstem and cortex was assessed.

Results: AZT-treated infected mice showed delay of symptoms as well as 
decreased spongiosis and gliosis in the brainstem and deep gray matter compared to 
those not receiving AZT. At age 10 weeks, mice treated with AZT showed normal 
levels of NAA in the brainstem, while infected mice without AZT showed 
significant decreases. These findings indicate that this model may be useful in 
assessing the ability of antiretroviral drugs such as nucleoside analogs to protect the 
CNS during chronic retroviral infection.
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97.7
WILL ENHANCING CALCIUM BINDING PROTEINS EXPRESSION BE THE 
TREATMENT OF NEURODEGENERATION INDUCED BY HIV 
INFECTION? A.G Diop+, C.Dussartre°, M.Lesort°. J.Hugon°
+:SPON : Society of Neuroscientists of Africa. Dpt o f Neurology, Fac. o f Medicine, 
B.P 5035, Dakar-Fann - SENEGAL ° Cellular Neurobiology Unit, Fac. o f Medicine, 2 
Rue Dr. Marcland, 87025 Limoges FRANCE

The final pathway o f  neurotoxicity  o f  g p l2 0 , the HI V envelope protein, in 
neuronal cell cultures is a dramatic rise in intracytosolic calcium level such as 
the one detected in other neurogenerations. It produces a slow  neuronal death 
probably via the release o f  neurotoxic factors by CN S m onocytoid cells, 
activation o f the m acroglia, impairm ent o f  cell contact, and cytokines 
production After confirm ation o f the neuroprotective effects o f 
hyperdepolarization blockade by TTX, a N a+ channel blocker, o f  Ca2+-free 
medium and o f  N M D A  antagonists (M K 801 and Riluzole), we used 
lmmucytochemistry m ethods and protein imm unoelectrophoresis to study the 
role o f calcium binding proteins. O ur results have shown the neuroprotection 
of gpl20-in toxicated  cells when their cytoplasm  contain Calbindin D 28K or 
Calretinin (which have 50 % o f structural hom ology with Calbindin). These 
results are not established for Parvalbum in-containing neurons. The 
expression o f a stress protem  such as H SP70 by heating cell cultures before 
gp120 intoxication did not protect them from neurogeneration.

In conclusion, favorating the presence o f  certain types o f  calcium binding 
proteins could have a neuroprotective effect against the HI V envelope toxicity 
in cortical cell cultures in vitro.
Supported by a "Agence Nationale de Recherche sur le SIDA" (ANRS) grant

MENTAL ILLNESS— SCHIZOPHRENIA I

98.298.1
TEMPORAL LOBE PATHOLOGY IN SCHIZOPHRENIA: AN EVIDENCE 
OF DEVELOPMENTAL ORIGIN. J.-S . Cheon*. Dept. of Neuropsychiatry, 
Kosin Univ. Sch. of Med., Pusan 602-702, South Korea.

Structural changes discovered in the schizophrenic brains suggest 
abnormalities during the process of brain development. In order to verify 
the hypothesis of developmental origin of schizophrenia, asymmetries of 
sylvian fissures and temporal structures related to the planum temporale, 
which begin to appear approximately 20 weeks of gestation during normal 
human brain development, were estimated in this study.

MRIs were taken as coronal section(TR/TE=3000ms/30ms) with 7mm 
width, and sagittal section(TR/TE=500ms/20ms) with 5mm width, using 1.0 
Tesla SMT-100 scanner. Transferring stored data in the magnetic tape 
into the optical disk, the morphology and length(mm) of sylvian fissures 
(SF), areas(mm2) of superior temporal gyrus(STG) and middle temporal 
lobe(MTL) were measured, and compared Rt-Lt asymmetries by the 
automated image analysis system.

1. H&V-type was prevalent(P<0.005) in schizophrenics. Length of SF 
was longer in Rt hemisphere without significant Rt-Lt asymmetries.

2. Areas of STG were smaller in Lt hemisphere of schizophrenics 
(P<0.005). Areas of Rt STG were larger among schizophrenics born in 
cold seasons(P<0.005). Rt asymmetries were in schizophrenics(P<0.0001).

3. Schizophrenics had broader Rt MTL & Rt asymmetries(P<0.0005).
4. Lengths or areas of temporal structures were not correlated with 

age, intelligence, sex, seasons of birth, clinical symptoms & subtypes.
The above results reflected reversed asymmetries of temporal structures 

like SF and planum temporale in schizophrenics, which suggest a 
developmental origin of etiology in schizophrenia.

98.3
REDUCTION IN DENDRITIC SPINE NUMBER ON CORTICAL 
PYRAMIDAL NEURONS IN SCHIZOPHRENIA. L.J. Garey*. W.Y Ong. T.S. 
Patel. M. Kanani. A. Davis. C. Homstein and M. Bauer- Dept. of Anatomy, 
Charing Cross and Westminster Medical School, London W6 8RF, England 

We have studied the distribution of dendritic spines on pyramidal neurons in 
layer III of the human cerebral neocortex in autopsy material from a group of 
schizophrenic patients and a matched series of non-schizophrenic controls. This 
forms part of the Charing Cross Prospective Schizophrenia Project in which 
authorisation is obtained in life for neuropsychological evaluation of long-stay 
schizophrenic patients and subsequent neuropathological study of their brains 
post-mortem. This report concerns 15 schizophrenic patients (5 females, average 
age 77 years: range 54-94; 10 males, average age 74 years: range 56-97) and 19 
non-schizophrenic controls (5 females, average age 70 years: range 66-78; 14 
males, average age 65 years: range 50-80). Brains were obtained at autopsy 3-30 
hours post-mortem, and blocks of multiple cortical areas taken and fixed in 4% 
paraformaldehyde. Blocks from various areas of all lobes were then trimmed to 
about 10x10x5mm and impregnated with a modified Rapid Golgi method. Spines 
were counted on pyramidal neurons of which the soma was in layer III and which 
met strict criteria for impregnation quality. Altogether 38 blocks were studied in 
the schizophrenic group and 30 in the controls. All measurements were made 
blind: diagnoses were only revelead by a third party after all measurements were 
complete. The average spine count in the control series was 245 per mm of den
drite (SD 137.5) and in the schizophrenics 108 (SD 62.8 ). This large reduction 
(p<0.0002) in dendritic spines on layer III pyramidal cells in schizophrenic cortex 
was found in all cortical areas examined in all lobes. Our results support the con
cept of there being a defect in glutamatergic neurons in schizophrenia, as deter- 
mined from this population of such cells in layer III which take part in cortico- 
cordcal connectivity. Supported by the Stanley Foundation.

STRIATAL PATHOLOGY IN SCHIZOPHRENIA: A POSTMORTEM ULTRA- 
STRUCTURAL STUDY. R.C. Roberts1*. L.A. Gaither1. F. Peretti2 R. Conley1 
and B. Lapidus1. Maryland Psych. Res. Cntr.1, Univ. of MD School of Medicine, 
Baltimore, MD 21228 & Arkansas State Crime Lab2, Little Rock, AR 72215.

The striatum, a complex structure involved in motor, cognitive and emotional 
behavior, is implicated in the pathology of schizophrenia. The striata from 
schizophrenics [n=5, mean age of 54±13y] and controls [n=6, mean age of 
46± 18y] were obtained from the Maryland Brain Collection. Two of the schizo
phrenics were off medication at the time of death, while three were on neuro
leptics. The autopsy specimens, with postmortem intervals of less than 3.5 hours, 
were fixed in 4 % paraformaldehyde and 1 % glutaraldehyde and prepared for 
electron microscopy. Random micrographs of striatal neuropil from both groups 
were analyzed. Synaptic proportions, synaptic lengths and areas of axon terminals 
and spines were calculated from the caudate and the putamen. The striatum of 
schizophrenics was similar to that of controls for all of the aforementioned 
measures except for the proportion of perforated synapses and the size of 
dendritic spines. Perforated synapses, which are thought to signify synaptic 
turnover and plasticity, increase in number following neuroleptic treatment in 
experimental animals. The percent (16%) of perforated synapses in the striatum 
of schizophrenics was lower (p < .05) than that of controls (23 %). The proportion 
of perforated synapses was 13.5% in the caudate of schizophrenics off drug, 
while it was 21 % in the cases on neuroleptics. In the putamen, this value was the 
same (16%) regardless of drug treatment. The length of the perforated synapses 
and the size of the axon terminals forming them were normal. The area of spines 
(0.437μm2) in the striatum of schizophrenics was 20% smaller (p< .05) than that 
of controls (0.568μm2). Together these data suggest that in the striatum of 
schizophrenics there may be a diminished capacity for plasticity and altered 
synaptic efficacy. Supported by grants from HDSA, Scottish Rite & MH40279.

98.4
TEMPOROLIMBIC OR HIPPOCAMPAL CELL LOSS IN RATS: EFFECTS 
ON THE RESPONSE TO DOPAMINERGIC AGONISTS. R.M. Chase* and 
G. Mittleman. Dept. of Psychology, University of Memphis, Memphis, TN 
38152.

Many schizophrenics show evidence of cell loss in temporolimbic areas, 
including the hippocampus, and additionally exhibit a heightened behavioral 
response to psychostimulants. Rats with hippocampal lesions that include 
damage to temporolimbic areas show a heightened behavioral response to 
dopaminergic agonists. However, the relationship between these neural and 
behavioral abnormalities is unknown. This research attempted to 
investigate this relationship by refining previous studies that relied on 
extensive lesion damage. Rats received restrictive neurotoxic lesions of 
either the hippocampal formation or its specific subfields (CA3/4 area, 
dentate gyrus, and subiculum), aspirative lesions of the entorhinal cortex, 
electrolytic lesions of the fimbria-fornix pathway, or served as unoperated 
controls. The functional contribution of these specific temporolimbic 
structures on the behavioral response to amphetamine (doses 0.0, 0.32,
1.0, and 3.2 mg/kg), and the dopaminergic D1 and D2 agonists, SKF 38393 
(doses 0.0, 2.5, 5.0, and 15.0 mg/kg) and Quinpirole (doses 0.0, 0.025,
0.15, and 0.5 mg/kg) respectively, was assessed through measures of 
locomotor activity. Results indicated that cell loss in the dentate gyrus, 
fimbria-fornix pathway, and subiculum was associated with an increased 
drug response at the D2 receptor level. These results are therefore 
suggestive that the neural and behavioral abnormalities observed in 
schizophrenics are related and may provide direction for future 
investigations of this disorder.
*Supported by a grant from the Scottish Rite Schizophrenia Foundation
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98.5
Schizophrenia-Like Hippocampal Neuropathology in Rats: A 
Developmental Study. E-M. E. Montgomery*. M. E. Bardgett. D. 
Brenner. & J. G. Csernansky . Department o f Psychiatry, Box 8134, 
Washington Univ. Sch. o f Med., St. Louis, MO 63110.

Although systemic injections o f kainic acid (KA) do not 
produce neuronal loss in neonatal rats, we found that 
intracercbroventricular injections o f KA. at postnatal day 7 (P7) rats 
produces cell and receptor loss within the dorsal hippocampus. 
Animals were given 10 nmol ICV infusion o f KA or control media 
into each lateral ventricle. Coronal sections were cut at the level of  
the dorsal hippocampus and processed for Nissl staining and 
immunohistochemistry. Computer-assisted image analysis was 
used to quantify cell and receptor loss.

Nissl stained sections indicated that KA treated animals had 
significant cell loss within the CA3 and CA1. Contiguous sections 
were labeled with antibodies to the GluR2/3 subunit proteins. 
Results indicated a significant reduction in GluR2/3 expression 
within CA3. These findings extend our studies in adults, which 
have yielded similar results.

Developmental pathology o f hippocampal glutamatergic 
input into the mesolimbic dopaminergic system has been implicated 
in neuropsychiatric disorders such as schizophrenia. More 
specifically, etiology o f neuropathologies associated with 
schizophrenia may stem form developmental disruption o f  
hippocampal efferents that alter mesolimbic glutamate-dopamine 
interaction. (Conducted under NIH Guide for the care and use of Laboratory 
Animals).
Supported by a grant from Theodore and Vada Stanley Foundation and MH01109

98.7
SCHIZOPHRENIA-LIKE HIPPOCAMPAL NEUROPATHOLOGY  
IN RATS: ENHANCED SENSITIVITY TO STRESS, D- 
AMPHETAMINE, & MK-801. M. Bardgett*, P. Jacobs. A. 
Ratanasadudi. & J. Csernansky Department o f Psychiatry, Box 
8134, Washington Sch. o f Med., St. Louis, MO 63110.

Numerous studies have revealed the presence o f hippocampal 
deficits in individuals with schizophrenia. We have endeavored to 
develop an animal model of these anatomical deficits in order to study 
their biochemical and behavioral consequences. Intracerebro- 
ventricular administration o f kainic acid (KA) produces graded 
hippocampal cell loss in rats, which we have shown also produces 
alterations in dopamine and glutamate receptor densities analogous to 
that reported in schizophrenia. We now report that KA-induced cell 
loss enhances behavioral sensitivity to stress, d-amphetamine and 
MK-801. Two-three weeks following KA administration, lesioned 
and control rats were placed in a novel cage and locomotor activity 
was recorded. Thirty minutes later, KA rats were injected 
subcutaneously with either saline, d-amphetamine, or MK-801, and 
locomotor activity continued to be recorded for the next hour. During 
the first ten minutes o f testing, KA rats demonstrated increased 
locomotor activity relative to controls. KA rats also demonstrated 
enhanced locomotor responses to each injection relative to controls. 
These data indicate that KA-induced cell loss may produce a 
repertoire o f behavioral sensitivity analogous to that observed in 
schizophrenia, and provide additional evidence that both 
dopaminergic and glutamatergic systems are disrupted after KA- 
induced cell loss. Supported by M H 01109 to MB.

98.9
DECREASED NEURONAL DENSITY IN SUPRA GRA NU LAR 
LAYERS OF AREA TPT O F TH E SU PERIO R TEM PO RA L 
GYRUS OF SCHIZOPH REN ICS. D.P. Holinger*. G.D. Rosen, and A.M. 
Galaburda. Beth Israel Hospital and Harvard Medical School, Boston, MA 02215.

Schizophrenia is a debilitating disorder characterized by auditory hallucinations 
and thought disorder. Functional and structural studies have shown a number of 
temporal lobe abnormalities in schizophrenia. For example, schizophrenic males 
have shown lateralized voltage reductions and topographic asymmetries of the 
auditory P300 evoked-potentiai over the temporal region (Holinger et al., Electro. 
Clin. Neurophys, 84:532,1992). Also, tissue reduction in the left superior temporal 
gyrus (STG) demonstrated by MRI was found to be correlated with auditory 
hallucinations (Barta et al., Am. J. Psychiat. 147:1457,1990) and with thought 
disorder (Shenton et al., NEJM  327:604,1992), which points to possible cellular 
abnormalities in the STG. We present histological data on the posterior STG in 
schizophrenia, an area that includes auditory and language-related cortex.

We measured the cell packing densities and cross sectional neuronal areas in 
Layers I, II, IIIa, IIIc, IV, Va, and VIb of both the left and right temporoparietal 
(Tpt) area of the STG (Galaburda et al., J. Comp. Neurol. 190:597,1980) in six 
schizophrenic and three control male brains. Tissue from the left and right was 
blocked, cut ut at 20 μm, and stained with cresylechtviolett. Neuron packing density 
and cross-sectional neuronal areas were measured using a stereology-derived system 
(Williams and Rakic, J. Comp. Neurol. 278:344,1988).

Repeated measures ANOVA showed a significant Layer x Diagnosis interaction 
indicating a lower cell packing density in schizophrenics in the supragranular layers. 
The decreased STG neuronal density in schizophrenia may underlie the functional 
and structural abnormalities of the temporal lobe reported in schizophrenia.

Supported by the EJLB Foundation, Grant 92-4-SP-102. Tissue provided by the 
BTRC, McLean Hospital, Belmont, MA 02178.

98.6
SCHIZOPHRENIA-LIKE HIPPOCAMPAL NEUROPATHOLOGY  
IN RATS: DOPAMINERGIC RESPONSE TO ACUTE  
CLOZAPINE IN THE ACCUM BENS SHELL. S. Salaris. M. 
Bardgett. J. Jackson. & J. Csernansky * Department o f  Psychiatry, 
Box 8134, Washington Sch. o f Med., St. Louis, MO 63110.

The shell region o f the nucleus accumbens may play an 
important biochemical role in antipsychotic efficacy. Biochemical 
responses to antipsychotic drugs may be qualitatively altered in 
individuals with hippocampal neuropathology, such as that observed 
in schizophrenia, since hippocampal neurons project to the 
accumbens shell. We have recently shown that the dopaminergic 
response to acute haloperidol is diminished in the accumbens shell of 
rats with kainic acid-induced hippocampal cell loss. The present 
study was designed to determine if the dopaminergic response to 
acute clozapine was altered in the accumbens shell o f  rats with KA- 
induced hippocampal cell loss. Rats received intracerebroventricular 
infusions o f KA (4.5 nmol) or vehicle. At 15 days post-lesion, rats 
from both groups received a subcutaneous injection o f clozapine 
(17.2 mg/kg) or saline, and were killed three hours later. While 
dopamine amounts in the shell were unaltered by acute clozapine 
treatment, the magnitude o f clozapine-induced increases in DOPAC  
and H VA amounts were similar in both lesioned and unlesioned 
animals. These results indicate that, while the dopaminergic response 
to acute haloperidol may be attenuated in the accumbens shell of 
animals with hippocampal cell loss, the dopaminergic response of the 
shell to acute clozapine remains intact. Supported by MH01109 to 
MB.

98.8
NEURONAL DENSITY IN LEFT AND RIGHT HIPPOCAMPUS 
IN SCHIZOPHRENIA AND NORMAL SUBJECTS. D. W. Zaidel*1 ,
M. M. Esiri2 . S. L Eastwood2 ,3 . & P. I. H arrison2 ,3 
1Dept. o f  Psychology, UCLA, Los A ngeles, CA; 2 Clinical D ept. 
o f  N europathology, R adcliffe Infirm ary, Oxford; 3D ept. o f  
Psychiatry, Warneford Hospital, Oxford, UK.

We m easured neuronal d en sity  b ilaterally  in th e h ippocam pi 
from  18 control and 15 chronic sch izop h ren ic  subjects to allow  
com parisons betw een  sid es and th e  tw o d iagn ostic  groups. 
N ucleolated  n eurons w ere cou n ted  in  h ip p ocam p al subfie lds  
d entate gyrus, CA4, CA3, and CA1 on  th e  left and right sides. In 
the norm al group th ere w ere s ign ifican t p o sitiv e  correlations  
betw een  pairs o f  subfie lds in  th e le ft h ip p ocam p u s  
but no sim ilar re lation ships w ere fou nd  on  th e  right. We 
in terpret th is asym m etry as su g g estiv e  o f  le ft-r igh t  
d ifferen ces in h ip p ocam p al co n n ectiv ity  or circu itry  in the  
norm al h ippocam pus (Zaidel et al, 1 995 ). In contrast, in the  
sch izop h ren ic  group th ere w ere s ign ifican t p o sitiv e  
correlations on  both  sides, in  k eep in g  w ith  su ggestion s  
that th e d isease m ay be associated  w ith redu ced  cerebral 
asym m etry.
R efere n c es
Zaidel, D. W., Esiri, M. M., Eastwood, S. L , & Harrison, P. J. 
A sym m etrical h ip p ocam p al c ircu itry  in  sch izop h ren ia .
Lancet. 345, 656-657, 1995

98.10
THE CATECHOLAMINERGIC INNERVATION OF THE HUMAN  
ENTORHINAL CORTEX: ALTERATIONS IN SCHIZOPHRENIA.
M. Akil* and D.A. Lewis. Depts o f Psychiatry and Neuroscience, 
University of Pittsburgh, Pittsburgh, PA 15213 

The catecholamines have been implicated in the pathophysiology of 
schizophrenia, and the entorhinal cortex (ERC) has been suggested as 
a site of dysfunction in this disorder.We have previously characterized 
the catecholaminergic (CA) innervation o f the normal human ERC 
(Neuroscience 60:857). In this study, we used immunohistochemical 
methods and an antiserum against tyrosine hydroxylase (TH), the rate 
limiting enzyme in the biosynthesis of catecholamine, to examine the 
density and laminar distribution o f TH-immunoreactive (IR) axons in 
the ERC of schizophrenics (Sc). Each of 7 Sc subjects was matched to
1-3 normal C on the basis of age, sex, race and postmortem interval. 
We identified subdivisions o f the ERC in all subjects using 
cytoarchitectonic criteria and compared the rostral ERC subdivision ER 
in the Sc and C. The density of TH-IR axons was decreased in the 
majority of Sc in all layers with relative sparing of layer I. Quantitative 
analysis confirmed this finding and revealed that the number of TH-IR 
varicosities, potential sites o f neurotransmitter release, were also 
significantly decreased in layers I, III, and VI o f area ER in the Sc. 
Preliminary studies suggest that the prefrontal cortex, may be similarly 
affected in Sc. In addition, the results o f comparisons between non-
schizophrenic psychiatric subjects and matched C indicate that these 
changes may be specific to schizophrenia. These data suggest that the 
CA innervation of ERC is reduced in Sc due to either a decrease in the 
number or TH content of CA axons.
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98.11
ASSESSM ENT OF SPINE DENSITY ON LA YER III PY RAM IDA L CELLS 
IN THE PREFRO NTA L CORTEX OF SCHIZOPH REN IC SUBJECTS. L.A. 
Glantz* and D.A. Lewis. Departm ents o f  Neuroscience and Psychiatry, 
University o f  Pittsburgh, Pittsburgh, PA 15260.

Findings from a variety o f  studies have implicated the prefrontal cortex as a 
site of dysfunction in schizophrenia. Evidence o f  decreased neuropil volume and 
decreased levels o f  synapse-associated m arkers in the prefrontal cortex o f 
schizophrenic subjects suggests that this dysfunction may be related to a decrease 
in the num ber o f  prefrontal cortical synapses. In order to determine whether 
these abnormalities are associated with alterations in the integrity o f  postsynaptic 
structures, we examined the dendritic morphology and spine density o f  layer III 
pyramidal neurons. These neurons are o f  particular interest given their role in 
both intra- and inter-areal cortical connectivity. The Rapid Golgi procedure was 
used to label layer III pyramidal neurons in the prefrontal and primary visual 
cortices o f  schizophrenic and control subjects. Cases were matched, as closely 
as possible, for age, sex, race and post-mortem interval on a pair-wise basis. 
Qualitative assessments did not reveal any obvious differences between 
schizophrenics and controls in the dendritic m orphology o f  layer III pyramidal 
neurons in either region. However, the results o f  preliminary quantitative 
analyses indicated that dendritic spine density on these neurons was decreased 
by 35% in area 46 o f  prefrontal cortex, and by 14% in prim ary visual cortex, o f  
the schizophrenic subjects compared to their matched controls. Although these 
preliminary results need to be confirmed in a larger sample o f  subjects, these 
findings are consistent with the hypothesis that prefrontal cortical dysfunction 
in schizophrenia is related to alterations in synaptic input to layer III pyramidal 
neurons.

98.13
ANALYSIS OF GLIAL SIZES IN PREFRONTAL CORTEX OF 
SCHIZOPHRENICS; COMPARISON TO HUNTINGTON BRAINS.
G. Rajkowska*. L.D. Selemon and P.S. Goldman-Rakic. Dept. Psychiatry, Univ. 
Mississippi Med. Ctr., Jackson, MS 39216 and Sect. Neurobiol. Yale Univ. School 
of Med., New Haven, CT 06510

Controversy continues to exist on the issue of whether or not schizophrenia 
involves active gliosis, an issue of direct relevance to the neurodevelopmental vs. 
neurodegenerative etiologic theories of schizophrenia. A number of histochemical and 
morphometric studies have reported significant gliosis in periventricular regions, 
brainstem, corpus callosum and temporal lobe of schizophrenic brain. However, 
GFAP immunoreactivity or astrocyte counts are not changed in the medial temporal 
lobe, mediodorsal nucleus, cingulate or hippocampal regions of schizophrenics. Glial 
cell density was estimated recently in our ongoing study on the prefrontal cortex of 
schizophrenics (Sch) and late-stage Huntington's diseased (HD) brains. Using a direct 
unbiased 3-dimensional cell counting method we found increased neuronal density and 
slight cortical thinning in Sch. A modest increase in glial density was commensurate 
with decrease in cortical volume. In sharp contrast, in the same prefrontal region of 
HD brains dramatic increases in glial density and markedly decreased cortical 
thickness were observed. These changes are accompanied by a decrease in mean 
neuronal size in both diseases. In the present study glial sizes were estimated by 
using the same 3-D technique in prefrontal area 9 in the same sample of 10 normal 
controls (NC), 10 Sch, and 7 HD brains and in occipital area 17 in a subset of 7 Sch 
and 7 NC . No differences were observed in mean glial size between Sch and normal 
controls brains in either area 9 or 17. In contrast, in HD the density of large (5-6μm) 
and/or x-large (6-12μm) glial cells was elevated 100-200% throughout all cortical 
layers. The increased size and density of glial cells in HD suggest that reactive gliosis 
in the prefrontal cortex is a marked feature of this disease; in contrast, the presence of 
normal size glia in Sch brains suggests that glial hypertrophy is not a feature of the 
schizophrenic cortex and further supports the hypothesis that active neurodegenerative 
processes do not underlay the cortical dysfunction in schizophrenia. Supported by 
MH 44866.

98.15
A PROTOCOL FOR MOLECULAR AND CELLULAR STUDIES OF HUMAN 
BRAIN TISSUE FOR NEUROPSYCHIATRIC RESEARCH. G. Dixon*1. X.-F. 
Huang1. T. Garrick2. C. Harper3, S.C. Catts2. P.B. Ward2. I. H idden2 G.M.

and Psychiatry2, The University of NSW, NSW 2052, The Prince of Wales 
Medical Research Institute4, High St, Randwick NSW 2031 and Department of 
Pathology3, The University of Sydney, NSW 2006, Australia.

A protocol has been established to investigate the neurobiology of severe 
psychiatric disorders, testing specific aetiological hypotheses with regard to 
schizophrenia (altered NMDA receptor gene expression in temporal lobe) and 
melancholic depression (reduced dopaminergic functioning in basal ganglia). Brains 
from suicide victims with a history of either schizophrenia or an affective disorder 
are obtained, in addition to control brains with no psychiatric history. The volume 
of each fresh brain is determined using saline displacement. The brainstem is 
removed at the level of the mamillary bodies and the cerebrum bisected through the 
corpus callosum. The left hemisphere is cut into 1cm coronal slices, specific tissue 
blocks (hippocampus, superior temporal gyrus, caudate nucleus) dissected from 
relevant slices and frozen on an aluminium plate pre-cooled to -75°C. Slices and 
blocks are individually bagged, stored at -75°C and used for Northern analyses and 
both in situ hybridisation and immunohistochemical studies. The brainstem and 
right hemisphere are fixed in buffered 15% formalin for 2 weeks before being cut 
into 3mm transverse and coronal slices, respectively. Each slice is photographed for 
detailed regional volume analysis. Tissue blocks are paraffin-processed and 8μm 
sections stained (H&E, Garvey silver, Congo Red, ubiquitin) for a detailed 
neuropathological assessment. This system for collection, handling as well as 
detailed molecular and cellular analyses provides a method for combining a diverse 
array of research techniques to define pathophysiological processes in major 
psychiatric disorders.

98.12
COM PARISON OF CALBINDIN- AND CALRETININ- 
IM M UNOREACTIVE LOCAL CIRCUIT N EURO NS IN THE 
PREFRONTAL CORTEX OF SCHIZOPHRENIC AND CONTROL 
SUBJECTS. A.S. Soloway*. T.-U. W oo and D.A. Lew is. Depts. o f 
Neuroscience and Psychiatry, Univ. o f  Pittsburgh, Pittsburgh, PA 15260.

M ultiple lines o f  evidence have implicated the prefrontal cortex as a site o f 
dysfunction in schizophrenia. Recent studies suggest that this dysfunction may 
be related to abnormalities in GABAergic neurotransm ission. Understanding 
the functional consequences o f  these abnorm alities depends upon a knowledge 
o f  which populations o f  GABA neurons are affected in this disorder. 
Immunocytochemical techniques with antibodies against the calcium-binding 
proteins calretinin and calbindin were used to identify separate subpopulations 
o f  local circuit neurons in areas 46 and 9 o f schizophrenic and control brains. 
Subjects were m atched on a case-by-case basis for age, sex, and postmortem 
interval. Initial comparisons in a subset o f  cases confirmed the findings o f  a 
previous study (Daviss and Lewis, Psychiatry Research, 1995) that the density 
o f  calbindin-imm unoreactive nonpyramidal neurons is increased in prefrontal 
areas 9 and 46 o f schizophrenic subjects compared to matched controls. In 
contrast, the density o f  calretinin- immunoreactive nonpyram idal neurons did 
not differ between schizophrenics and controls. In concert with other data, 
these findings suggest that the expression o f  calbindin is increased in the 
prefrontal cortex o f schizophrenic patients, and they are consistent with the 
hypothesis that the function o f  a specific population o f  GA BA neurons is 
altered in this disorder.

98.14
QUALITATIVE AND QUANTITATIVE ANALYSIS OF THE ENTORHINAL 
CORTEX CYTOARCHITECTURAL ORGANIZATION IN SCHIZOPHRENIA. 
L.S.Krimer. M.M. Herman*, R.C. Saunders. J.C. Boyd**. J.E. Kleinman ,T.M. 
Hyde. and D.R. Weinberger. CBDB, NIMH Neuroscience Center at St. 
Elizabeths, NIH, Washington, DC 20032, and **Dept. of Pathology, Univ. of 
Virginia Health Sciences Ctr., Charlottesville VA 22908.

Changes in the entorhinal cortex (ERC) have been related to schizophrenia in 
recent years. In an attempt to more fully explore subtle anatomical 
abnormalities, we have analyzed the ERC in serial sections of seven sex-and 
age-matched pairs of schizophrenic patients (DSM lll-R criteria) (mean age 48 
years) and normal controls (mean age 47 years). Brains were collected at 
autopsy during a 15-month period, fixed in formalin and stained for nerve cells 
(Nissl) and fibers (Galiyas silver). The ERC was analyzed regionally using 
subarea designations as described for the human brain (Saunders et al., 1995). 
Qualitative differences were not noted in laminar or regional cytoarchitectonic 
organization. Quantitatively, no significant differences were detected in the 
distance of the bottom of these layers from the pial surface or in the volume of 
most cortical layers. A modified dissector method was applied in which only 
neurons with discrete nucleoli were counted. Mean neuronal density was lower 
in several layer and subarea combinations in schizophrenics as compared to 
controls. Mean total neuronal numbers in schizophrenics were also decreased 
in most layers and subareas in schizophrenics but did not reach statistical 
significance; nevertheless a decrease in neuronal number is most likely 
responsible for the neuronal density changes. Although subtle, these findings 
support other ongoing studies which demonstrate cytoarchitectural changes in 
the ERC of schizophrenics.

98.16
DELAYED EFFECTS OF PHENCYCLIDINE ON HIPPOCAMPAL 
GLUTAMATE TRANSPORTER PROTEIN (GLT-1) 
IMMUNOREACTIVITIES.
O. Shirakawa*. Y. Kajimoto. Y. Shirai. C-O. Yang. N. Kitamura.
T. Nakai. T. Hashimoto. N. Saito and N.Nishino.

Department o f Psychiatry and Neurology, Kobe University School o f 
Medicine, Kobe 650 JAPAN

Phencyclidine (PCP), a non competitive glutamate (NM DA) receptor 
antagonist, induces schizophrenia-like symptoms in humans. We 
studied in the discrete rat brain regions the effect o f PCP treatments on 
GLT-1 immunoreactivities (GLT-1-IR), one of the glutamate 
transporter proteins specifically expressed in the brain, by western blot 
analysis. Single dose o f PCP (8 mg/kg, s.c.) produced no changes in 
GLT-1-IR in all brain regions studied one hour after the injection. 
Whereas, 24 hr after the injection GLT-l-IR  decreased significantly in 
the hippocampus by about 30 % (p <  0.005) and increased in anterior 
cingulate cortex (p <  0.01) by 129 %, with no changes in 
immunoreactivities o f glial fibrillary acidic protein (GFAP), a cell 
marker for astroglia.

The delayed response of GLT-1-IR in the hippocampus to PCP 
treatment may w ell explain the involvement o f hippocampal 
glutamatergic abnormalities in the pathophysiology o f schizophrenia as 
w ell as the time latency in the development o f human PCP psychosis.
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98.17
REPETITIVE METHAMPHETAMINE ADMINISTRATION  
INCREASES STRIATAL GLUTAMATE TRANSPORTER PROTEIN 
(GLT-1) IMMUNOREACTIVITIES. N. Nishino. Y. Shirai.
Y. Kajimoto. C-O. Yang. N. Kitamura. H. Kaneda*. T. Hashimoto.
T. Nakai. N. Saito and O.Shirakawa. Department of Psychiatry and 
Neurology, Kobe University School of Medicine, Kobe 650 JAPAN  

To determine the possible involvement o f glutamatergic abnormalities 
in the pathology o f schizophrenia, we studied in the discrete rat brain 
regions the effect of methamphetamine (MAP) treatment on GLT-1 
immunoreactivities (GLT-1-IR), one of the glutamate transporter 
proteins specifically expressed in the brain, by western blot analysis. 
Single dose of MAP (4 mg/kg, s.c.) produced a significant decrease 
(32%, p<0 .01) in GLT-1-IR in the thalamus one hour after the injection, 
while no significant changes in GLT-1-IR occurred studied 24 hours 
after the injection in all brain regions. Repetitive injections o f MAP 
(each dose of 4  mg/kg, s.c., 5 times per week for three weeks) to rats in 
which we confirmed the development o f behavioral reverse tolerance to 
MAP produced a significant increase in GLT-l-IR  in the caudate- 
putamen by about 51 % (p < 0.05), with no changes in 
immunoreactivities of glial fibrillary acidic protein (GFAP), a cell 
marker for astroglia. The increased GLT-1-IR in the caudate-putamen 
of rats which developed behavioral reverse tolerance to MAP suggests 
the relation o f brain region-specific changes in glutamatergic 
neurotransmission to vulnerability to relapse in schizophrenic patients.

98.19
REDUCED VOLUME OF ANTERIOR HIPPOCAMPUS IN 
HYPONATREMIC SCHIZOPHRENIC PATIENTS. D.J. Luchins*1,2. 
M B. Goldman1,2. K.W. Nettles2. 1Department of Psychiatry, University of Chicago 
Pritzker School of Medicine, Chicago, IL. 2Psychiatric Institute, University of 
Illinois at Chicago in affiliation with the University of Chicago.
Hyponatremic polydipsic schizophrenics (HPS) have enhanced secretion of the 

antidiuretic hormone, arginine vasopressin (AVP). Since the anterior hippocampus 
and third ventricle have been implicated in the pathophysiology of schizophrenia, 
fluid intake, and AVP regulation, we undertook an MRI examination (1.5 Tesla 
magnet) of these brain regions in male HPS (n=7), normonatremic polydipsic 
schizophrenics (NPS)(n=6), and normals (n = ll). Anterior temporal lobe, subicular 
and hippocampal volumes were determined from four T1 weighted coronal images 
beginning from the rostral pole of the hippocampus (slice thickness of 3 mm and 1 
mm interslice thickness). Third ventricle area was measured from the slice in which 
the 3rd ventricle was largest. Hippocampal volume was diminished bilaterally > 
35% in the HPS versus the NPS (ANOVA with Tukey comparisons, p<0.02). 
Normals’ values were intermediate, but not significantly different from either 
group. Third ventricle area, temporal lobe and subicular volume appeared lower in 
hyponatremics, but p values were all >0.20. The direct effects of hyponatremia 
appear to increase brain volume, and thus cannot account for the diminished 
hippocampal volume. While the sequalae of hyponatremia (e g. seizures) might be 
responsible, these data are also consistent with the hypothesis that both the 
enhanced AVP secretion, and the psychiatric illness in this subset of schizophrenics 
are a consequence of structural changes in the hippocampus. Furthermore, these 
data provide an explanation for why hyponatremia and AVP abnormalities occur 
in only some polydipsic schizophrenics.

98.18
IN VITRO PROTON-M AGNETIC RESONANCE SPECTRO SCO PY OF  
POST-MORTEM BRAINS WITH SCHIZOPHRENIA. M.Omori1, J.Pearce2, 
R.A.Komoroski1,2,3, W .S .T .G riffin 4, R .E .M rak3, M .M .H usa in3, C .N. 
Karson1,3*. Dept. of Psychiatry1, Radiology2, Pathology3 and Pediatrics4, 
Univ. of Arkansas for Medical Sciences, Little Rock, AR 72205.

To investigate the neurochemical basis of schizophrenia, the absolute 
concentrations of amino acid metabolites of the frontal pole, temporal 
cortex, thalamus, amygdala and cerebellum vermis were measured from 
m ethanol-H20  extracts of post-mortem brains of 8 schizophrenics and 
10 controls using a General Electric GN-300W B FT NMR spectrometer 
at 300.5 MHz. The experimental groups were similar in age but the 
mean post-mortem interval (PM I) was significantly longer in the 
schizophrenic group than the control group (p=0.011). No significant 
differences were obtained between any metabolite concentrations of two 
groups for the five brain regions. Aspartate tended to be reduced 
(p=0.091), inositol tended to be increased (p=0.076) in the frontal 
pole. Glutamate tended to be reduced (p=0.062) in temporal cortex, 
N-acetyl aspartate (NAA) (p=0.076), glutamate (p=0.062) and valine 
(p=0.091) tended to be reduced in thalamus, glutamine tended to be 
reduced (p=0.059) in amygdala and taurine tended to be increased 
(p=0.091) in vermis in the schizophrenic group compared to the control 
group. There was no significant correlation between PMI and the 
concentration of each metabolite. W hile it is difficult to ascribe 
significance to these "tendencies”, the reduction of NAA concentration 
in thalamus, may be consistent with other data suggesting decreased 
thalamic volume or neuronal number in schizophrenia.

98.20
BRAIN MORPHOMETRIC CORRELATES OF AGE AND AGE OF ONSET IN

ArrhihalH, M.i Harris, DI Braff, & DV Jeste. Geriatric Psychiatry Clin. Res. Ctr., 
Univ. of Calif.,San Diego (UCSD) Sch. of Med., La Jolla, CA 92093.

Subjects were 72 patients from the UCSD Geriatric Psychiatry and Outpatient 
Clinical Research Centers. Ages ranged from 18 to 70 years (average 41 years). 
Age of onset was defined by the patient's report of the onset of prodromal 
symptoms, and verified by medical records whenever possible. Subjects were 
excluded if they had current substance dependence, neurological disorder or 
head injury with loss of consciousness greater than 20 minutes. Brain 
volumes examined included ventricular and sulcal fluid, subcortical abnormal 
white matter, thalamus, caudate and lenticular nuclei, and anterior 
diencephalon. All brain volumes were corrected for age and headsize; therefore 
significant correlations with age indicate age effects over and above the effects 
of normal aging. Pearson correlations were computed between age and age of 
onset and each brain measure.

Results and Discussion: Increasing age correlated with less sulcal fluid, less 
abnormal white matter, and larger thalamic volumes. Scatterplots of the data 
indicated that younger subjects deviated more from normal than did older 
subjects (they had relatively more sulcal fluid, more abnormal white matter, and 
lower thalamic volumes), while older schizophrenic patients were closer to 
normal levels on these measures. Later age of onset was correlated with higher 
thalamic and lower caudate volumes. Scatterplots revealed that early onset 
patients had decreased thalamic volumes, while later onset patients had 
increased thalamic volumes. Caudate volumes were normal in earliest onset 
patients, but were reduced in later onset patients. The data are suggestive of 
differing neuropathological profiles in younger and older onset patients. These 
morphometric findings in early onset schizophrenics are consistent with other 
reports that have suggested neurodevelopmental etiologies in this group.

NEUROTOXINS I

99.1
DOPAMINE OR HYDROGEN PEROXIDE CAUSE APOPTOSIS AND DNA 
STRAND BREAKS IN NEURONS. Kan R. Hoyt*. Teresa G. Hastings, and Ian J.
Reynolds. Depts. Pharmacol. & Neurol., Univ. Pittsburgh, Pittsburgh, PA 15261.

Excessive generation of reactive oxygen species (ROS) has been implicated in the 
pathogenesis of both acute and chronic neurodegenerative disorders. We have 
characterized delayed death of cultured forebrain neurons caused by oxidation of the 
catecholamine, dopamine (DA) (250 μM for 2 h) and by the direct ROS source, hydrogen 
peroxide (H2O2) (25 μM for 5 min). At 20 h, dying cells appeared apoptotic; the cells 
became shrunken and chromatin appeared clumped. We used the fluorescent dye 
Hoechst 33442 (0.2 mg/ml for 15 min) to stain nuclei and count the fraction of neurons 
with apoptotic nuclei after DA or H2O2 treatment. We found that 9.3 ±  0.7 % of 
neuronal nuclei were segmented or clumped 20 h after 250 μM DA treatment compared 
with 2.9 ± 0.3 % in control cells. For neurons treated with 25 μM H2O2 for 5 min, 16.6 
± 1.1 % had apoptotic nuclear morphology compared with 3.2 ±  0.5 % in untreated 
neurons. We also investigated the time course of DNA strand breaks after toxic DA or 
H2O2 treatment. We monitored the DNA polymerase-mediated incorporation of 
fluorescent nucleotides into broken DNA in single fixed neurons at Oh, 12h and 20h after 
oxidant exposure, and quantitated single neuron fluorescence as a measure of DNA 
damage. We found that there was no difference between oxidant treated cells and 
controls immediately after oxidant exposure. At 12 h, we measured significant increases 
in fluorescent signal for DA or H2O2 treated neurons ( for DA, mean 
fluorescence/neuron = 1190 ± 49 a.f.u. compared to control = 818 ± 40 a.f.u.; for 
H2O2, fluorescence = 1225 ± 92 a.f.u. compared to untreated = 803 ± 55 a.f.u.; p<0.00

l, t-test). Finally, at 20 h there were also significant differences between DA or 
H2O2 treated neurons and their respective controls (for DA, mean fluorescence/neuron 
= 1039 ±  40 a.f.u. compared to control = 601 ± 24 a.f.u.; for H2O2 = 1317 ±  49 
a.f.u. compared to control = 727 ± 29 a.f.u.; p< 0 .0 0 l, t-test). It appears that DNA 
damage is not the initiating event in this oxidant-induced apoptosis, but occurs later in 
the apoptotic process. Understanding the mechanisms by which neurons die when 
exposed to ROS may lead to a greater understanding of the pathologic process of 
neurodegeneration in vivo. Supported by the American Heart Association.

99.2
1-M E TH Y L-4-PH EN YL-1,2,3,6-TETR A H YD R O PYR lD IN E-lN D U C ED  
NEUROTOXICITY IN THE RAT BRAIN IS NOT MAO-B MEDIATED F .
Cardozo-Pelaez* and L. Wecker. Dept Pharmacology and Therapeutics, 
University of South Florida, College of Medicine, Tampa, FL 33 6 1 2  

The purpose of this study was to  characterize the neurotoxicity 
produced by the direct unilateral intranigral injection of 1-m ethyl- 
4 -p h e n y l-1 ,2 ,3 ,6 -te tra h y d ro p y r id in e  (M P TP ) or 1 -m e th y l-4 -  
phenyl pyridinium  (MPP+ ) in the rat, as well as to  determine 
whether the dopamine (DA) depletion induced by the local injection of 
MPTP is mediated through its conversion to  MPP+ via monoamine 
oxidase type B (MAO-B). MPTP or MPP+ were injected in the right 
substantia nigra (SN) of male Sprague Dawley (SD) rats. One week 
afte r surgery, DA levels in the right striatum were reduced in a dose- 
dependent manner; a maximal 8 5 -9 0 %  depletion was achieved by 500  
μg MPTP or 2 0  μg MPP+. Time-course studies indicated th a t the  
effects of MPTP were maximal a t 1 week, followed by recovery during 
the following three weeks. In contrast, the DA depletion induced by 
MPP+ did not recover, suggesting a different mechanism. Selegiline, a 
MAO-B inhibitor, failed to  alter the neurotoxicity produced by the 
intranigral injection o f MPTP, suggesting th a t the effects of MPTP in 
the ra t did not involve oxidation to  MPP+. This idea was further 
substantiated by studies indicating th a t although brain from SD and 
Fisher x 3 4 4  BN rats has equivalent MAO-A and MAO-B activities, SD 
rats were more susceptible to  the DA-depleting effects of MPTP, but 
not MPP+  Thus, results suggest th at the neurotoxic effects induced by 
the local injection o f MPTP are independent of its metabolism to  MPP+ 
via MAO-B.
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99.3
EFFECTS OF AGE ON M ETH A M PH ETA M IN E-IN D U CED  
NEUROTOXICITY AND BODY TEMPERATURE IN RATS.
T Taraska and KT Finnegan*. Depts of Psychiatry and Pharmacology, Univ. of 
Utah Sch. Med. and the VA Med. Ctr., Salt Lake City, UT 84148.

Bowyer and colleagues (1993) compared the effects of repeated dosing with 
5 mg/kg methamphetamine (METH) in 6 month and 12 month old female rats, 
and found that the older group appeared to be more susceptible to the long-
term, dopamine-depleting effects of the stimulant. This observation is 
interesting because the neuronal-damaging effects of several other amine- 
selective neurotoxins, for example, 6-hydroxydopamine, 5,7- 
dihydroxytryptamine, DSP-4, or MPP+) do not increase with age. To further 
characterize the possible age-related neurotoxic effects of METH, we 
systematically explored the dose-related, amine-depleting effects of METH in 
1, 2, 3, and 6 month old rats. Groups of different aged rats were injected 4 
times with METH (each injection separated by an interval of 2 h); the effects 
of 4 different doses of METH were explored in each age group (7, 10, 13, or 
16 mg/kg/injection). Body temperature was monitored every 30 min throughout 
the multiple-dosing regimen. One week later, rats were killed for the assay of 
DA, 5HT and their metabolites in the striatum and hippocampus.

No evidence of toxicity was noted in 1 month old rats after any dose of 
METH, despite the fact that all doses significantly increased body temperature 
compared to controls. By contrast, 2 and 3 month old rats displayed an 
increasing susceptibility to the amine-depleting effects of METH, and all 6 
month old rats died shortly after drug administration. The hyperthermic 
actions of METH were also observed to increase as a function of age. The 
data indicate that the neurotoxic and hyperthermic effects of METH increase 
with age, at least during the first 6 months of the rat life span.

99.5
DIFFERENTIAL GENE EXPRESSION IN MOUSE STRIATUM 
FOLLOWING A SINGLE EXPOSURE TO 1-METHYL-4-PHENYL-1,2,3,6- 
TETRAHYDROPYRIDINE (MPTP). P.M. Martin*1. J.P. O'Callaghan2, and 
M.J. Mass3. Curriculum in Toxicology1, Univ. of North Carolina, Chapel Hill, 
NC 27599, Neurotoxicology Division2 and Genetic Toxicology Division3, U. S. 
Environmental Protection Agency, RTP, NC 27711.

Neural injury from diverse insults to the CNS is marked by changes in the 
expression of a variety of neuronal and glial-specific proteins. The signaling 
mechanisms associated with these responses remain largely unknown. The purpose 
of this study was to examine changes in gene expression at early time points after 
damage induced by the known dopaminergic neurotoxicant, MPTP. MPTP was 
chosen because its neurotoxicity profile is well defined. In mice, a single exposure 
to MPTP causes a loss of tyrosine hydroxylase within 6 hrs of administration, 
followed by a large increase in glial fibrillary acidic protein (GFAP) mRNA and 
protein within 24 and 48 hrs, respectively, effects thought to reflect a rapid loss of 
striatal dopaminergic terminals, and an ensuing reactive gliosis. In the present 
study, we used differential display to examine gene expression in female C57BL/6 
mice injected subcutaneously with MPTP (12.5 mg/kg) or saline vehicle. Mice 
were killed 24 hrs after injection, and total RNA was extracted from the striata. 
Aliquots of the expressed mRNAs were reverse transcribed with anchored H-T11M 
primers, and amplified with PCR using random 13-mer primers. Both anchored 
and random primers were synthesized to contain Hind III restriction sites. PCR 
products were separated by polyacrylamide gel electrophoresis. Most labeled bands 
representing cDNAs were similar between lesioned and control samples. Several 
bands, however, were present only in lesioned or control samples. These 
differentially expressed bands are being sequenced to determine their identity. 
These results indicate that mRNA differential display is a useful technique in 
identifying changes in gene expression at early time points after injury. (Supported 
by U.S. EPA Training Agreement T901915.)

99.7
AGE-SELECTIVE EFFECTS OF DOPAMINE OXIDATION ON MUSCARINIC- 
G PROTEIN INTERACTIONS: PROTECTION BY THE NITRONE SPIN-
TRAPPING AGENT n -TERT-BUTYL-α-PHENYLNITRONE (PBN). S. Erat1. 
R. Villalobos-Molina2 and J.A. Joseph*1. 1USDA-ARS Human Nutrition 
Research Ctr. on Aging, Boston, MA 02111, 2Dept. of Pharmacol. & Toxicol, 
CINVESTAV-IPN, Mexico City, Mexico.

Exposure of young rats to radiation or hyperbaric oxygen produces similar 
decrements in striatal muscarinic receptor (mAChR) signal transduction (ST) to 
those seen in aging, suggesting that these declines may be the result o f oxi- dative 
stress (OS). The striatum contains high cone, of oxidizable dopamine (DA), and 
the aged organism shows a decreased ability to respond to OS insult, making this 
area extremely vulnerable to these perturbations. Thus, striatal slices (6 and 24 
mo animals) were incubated (30 min, 37°C) in a modified Krebs medium 
containing 0 to 500 μM DA with or without a pre-incubation (15 min) in 1 or 5 
mM PBN and A carbachol-stimulated low KM GTPase activity (CSGTPase, an ST 
index) assessed. As shown before, age-related reductions (28% p < 0.001) were 
seen in CSGTPase. Incubation in 5 mM PBN reversed these age deficits (e.g., ∆ 
G young 13.9 ± 0.7; old 15.3 ±  .7 p >0.05). Effects seen following DA 
incubation were opposite to those seen previously with H2O2, or NO application. 
DA induced selective increases in conjugated dienes (56%) and decreases in 
CSGTPase activity only in the young, [e g., 500 μM DA 45% p <0.01 ] which 
were prevented by either: (a) PBN (e.g., ∆ G cont.13.6 ± 0.8, 1 mM PBN + 500 
pM DA = 13.88 ± 0.8). or (b) DA uptake blockade with 10 μM nomifensin (∆ 
G cont. 13.1 ±0.1 ; nom + 500 μM DA, 12.1 ± 1.2). These results suggest that: 
(a) PBN may reverse or prevent age- or DA-induced deficits in ST and (b) age- 
related declines in uptake may protect against the OS effects of DA.

99.4
STUDIES ON THE IN VITRO GENERATION OF THE 
HYDROXYL FREE RADICAL BY 6-HYDROXYDOPAMINE AND 
ITS ANALOGS. S. Ma*. S. Baloul. R.E. Lehr and C.L. Blank. Department 
of Chemistry & Biochemistry, University of Oklahoma, Norman, OK, USA, 
73019.

In an attempt to uncouple the importance of the multiple possible 
neurotoxic effects involved in the mode of action of 6-HDA, we have synthesized 
a number of analogs and are investigating their properties. The analogs are all
2,4,5- trisubstituted phenethylamines or α -methylphenethylamines in which the 
substitution is of the trihydroxy- or aminodihydroxy- variety. In the current 
investigation, the production of hydroxyl free radical, formed from the Haber- 
Weiss reaction, is quantitated for each of these analogs.

in vitro production of hydroxyl radical by 6-HDA, 6-aminodopamine (6- 
ADA), 5-amino-2,4-dihydroxyphenethylamine (5-ADA), 4-araino-2,5-dihydroxy- 
phenethylamine (4-ADA), and and the α -methyl derivatives of each of these 
congeners was studied by high performance liquid chromatography with electro- 
chemical detection (LCEC), utilizing salicylate as the trapping agent 2,3- and
2.5-dihydroxybenzoic acid, used as indices of hydroxyl radical generation, were 
completely separated from the autoxidation intermediates of the 6-HDA analogs 
and related species under the conditions employed. The total analysis time was 
less than seven minutes, and the detection limit was approximately 10 picograms.

Among all the analogs, we found that only 6-HDA rapidly produced 
significant hydroxyl free radical during its autoxidation at physiological pH. Trace 
levels of ferrous or cupric ions greatly enhanced production of hydroxyl radical by 
all the 6-HDA analogs.

One of the analogs, namely a-5-ADA, produces more complete and more 
selective destruction of noradrenergic neuronal pathways than the parent 6-HDA. 
Further, uptake studies reveal less affinity of the α -5-ADA for both the NE and 
DA transport sites. In combination with the current results, this would indicate 
that hydroxyl radical production is not the singular important phenomenum in the 
mode of action of these agents.

99.6
INTERACTIONS BETWEEN BUTHIONINE SULFOXIMINE AND DOPAMINE 
ON BRAIN GLUTATHIONE LEVELS AND PSYCHOMOTOR BEHAVIORAL 
DEFICITS. B. Shukitt-Hale* and J.A. Joseph. USDA, Human Nutrition Research 
Center on Aging at Tufts Univ., Boston, MA 02111.

It has been shown that administration of buthionine sulfoximine (BSO) selectively 
inhibits glutathione (GSH) biosynthesis, thereby inducing a GSH deficiency. Since 
GSH plays a critical role in intracellular antioxidant defense, decreased GSH levels 
in the brain may result in free radical-induced neuronal damage. Administration of 
dopamine (DA) when GSH levels are compromised has been found to increase 
oxidative stress, since DA rapidly auto-oxidizes to form reactive oxygen species. 
However, the behavioral consequences of reducing GSH brain levels with BSO in 
conjunction with DA administration have not been examined. In the present study, 
BSO (3.2 mg in 30μl), followed by 6μl Ringers solution, was administered every 
other day for 12 days to male Fischer 344 rats via a cannula implanted in the right 
lateral ventricle. In addition, DA (15μl of 500μM) was administered every day; in 
half the rats, it was administered lh after BSO (BSO + DA group), in the other half, 
lh before BSO (DA + BSO group). Tests of psychomotor behavior - rod walking, 
wire suspension, and plank walking - were performed at five different intervals 
during the experiment. BSO + DA administration impaired performance by 
decreasing latency to fall in the rod and plank walk tests compared to a vehicle only 
(Ringer's) group. In contrast, the performance of the DA + BSO group was not 
different from that of the vehicle group on any of the tests. Therefore, DA seemed 
to exhibit pro-oxidant activity when given after BSO and antioxidant activity when 
given prior to BSO. Interestingly, depletion of GSH with BSO followed by DA 
treatment produced deficits in psychomotor behavior which are similar to those seen 
in aged rats, suggesting that the auto-oxidation of DA coupled with a reduced 
capacity to respond to oxidative stress may be responsible for the induction of age- 
related motor behavioral deficits.

99.8
STRAIN VARIABILITY OF MPTP-DEPENDENT INDUCTION OF HEAT 
SHOCK PROTEIN SYNTHESIS CORRELATES INVERSELY WITH 
SUSCEPTIBILITY TO MPTP-INDUCED NEUROTOXICITY. T.E.
Frevaldenhoven*. J.L. Cadet and S.F. Ali. Neurochemiatry 
Laboratory, Div. of Neurotoxicology, National Center for 
Toxicological Research/FDA, Jefferson, AR 72079 and 
NIH/NIDA Addiction Research Center, Baltimore, MD 21224 

We showed previously that a single injection of 
MPTP (50 mg/kg) in CD-I, but not C57BL/6N, mice causes 
hyperthermia with consequent induction of heat shock 
protein 70 (HSP-70) 24 and 48 hours later as determined 
by immunoblotting. The present study was designed to 
determine whether multiple smaller doses of MPTP might 
also lead to a differential induction of HSP-70 in the 
two strains of mice. The inclusion of earlier time 
points (4 and 12 hours after each dose) in animals dosed 
three times with 30 mg/kg MPTP once every 24 hours for a 
total of three doses revealed that there is an initial 
induction of HSP-70 in both strains of mice. HSP-70 
induction was of greater magnitude in the CD-1 strain at 
all time points examined, however, HPLC/EC analysis 
revealed that C57BL/6N mice experience a more rapid and 
marked dopamine depletion. Body temperature, which did 
not appear to affect MPTP pharmacokinetics, was increased 
in the CD-1 strain but not in C57BL/6N mice. These 
results suggest that HSP induction may be an important 
parameter in the susceptibility to MPTP-induced 
neurotoxic ity.
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99.9
ROLE OF DOPAMINERGIC AFFERENTS IN 3- 
NITROPROPIONIC ACID-INDUCED STRIATAL DAMAGE. Y.T. 
Fu. M-E. Corthesy. D.W. Laske, A.C. Cummins. O. Sanchez. Y.Sun*. I.J. Kopin. 
Surgical Neurology and Clinical Neuroscience Branches, NINDS, and Laboratory 
of Cerebral Metabolism, NIMH, Bethesda MD 20892

3-nitropropionic acid (3-NPA) selectively damages the striatum after 
systemic administration. We report that, not unlike ischemia, 3-NPA- 
induced striatal damage is attenuated by dopaminergic deafferention.

Six hemiparkinsonian rats (unilateral 6-OHDA intranigral injection) were 
intraperitoneally dosed with 10 mg/kg of 3- 
NPA, six times a day at an interval of 0.5 
hours for 2-4 days and sacrificed after five 
hours recumbence (Hamilton et al. ‘87).
The volume of the striatal lesion, 
determined by reconstructions of the 
lesioned areas on 40 um coronal sections 
was significantly decreased on the nigra- 
lesioned side (6.37+3.06 mm3- left side on 
fig.) as compared with that on the intact 
side (13.07+5.1 mm3, P<0.01, right side on fig.). In a second experiment, 
chronic subcutaneous administration (2ML2 Alzet pump) of 
chlorpromazine, a D1 and D2 antagonist, was unable to attenuate the 
striatal damage induced by direct intrastriatal infusion of 300 nmol of 3- 
NPA. These results indicate that dopaminergic afferents play a complex 
role in 3-NPA-induced striatal damage, perhaps by modulating glutamate 
excitotoxicity.

99.11
THE SPIN TRAPPING AGENT a-PH ENYL-n-tert-BUTYL NITRONE 
(PBN) ATTENUATES METHAMPHETAMINE-INDUCED  
DEPLETION OF STRIATAL DOPAMINE. G D. Cappon*. H.W. 
Broening, C. Pu. L. Morford and C.V . Vorhees. Div. ofB asic Sci. Res., 
Children’s Hosp. Res. Foundation, Neuroscience Program and Dept. o f  
Pediatrics, Univ. o f  Cincinnati, Cincinnati, Ohio 45229. 
Methamphetamine (MA) administration to adult rats ( 4 x 1 0  mg/kg s.c.) 
induces neurotoxicity predominately characterized by a reduction o f  
striatal dopamine (DA) tissue content. Hyperthermia following MA  
administration potentiates the resulting striatal DA depletion. DA- 
derived free radicals are postulated to be a mechanism through which 
MA-induced neurotoxicity is produced. The spin trapping agent PBN  
reacts with free radicals to form stable nitroxyl adducts, thereby 
preventing damaging free radical reactions with cellular substrates. MA 
with saline pretreatment reduced striatal D A  by 55% (P<0 01 vs. Sal- 
Sal). MA with PBN pretreatment at 36 or 60 mg/kg reduced striatal DA  
by 36% (P<0.05 vs. Sal-MA) and 22% (P<0.01 vs. Sal-MA), 
respectively. PBN pretreatment did not alter MA-induced hyperthermia. 
Thus, PBN does not block MA-induced neurotoxicity by attenuating 

MA-induced hyperthermia. These results support a central role for free 
radicals in the generation o f  M A neurotoxicity.

99.13
DIFFERENTIAL EFFECTS OF MAOIS ON [3H]PAROXETINE 
BINDING IN THE STRIATUM, HIPPOCAMPUS, AND FRONTAL 
CORTEX FOLLOWING TREATMENT WITH M DM A OR PCA. Jon 
E Sprague. S.T. Wasti and D.E. Nichols*. Depts. Pharmacology and 
Toxicology, and Medicinal Chemistry and Pharmacognosy, Purdue Univ., 
West Lafayette, IN 47907.

The effects o f  the nonselective MAOIs, pargyline and nialamide, and 
the MAO-A inhibitor, clorgyline, on the serotonergic neurotoxicity 
induced by MDMA and PCA were studied. Sprague-Dawley rats were 
treated with pargyline (50 mg/kg), nialamide (100 mg/kg), or clorgyline 
(1 mg/kg) 4 hours before treatment with MDMA (40 mg/kg) or PCA (10 
mg/kg). Seven days after treatment, the animals were sacrificed by 
decapitation. The striatum, hippocampus and frontal cortex were 
removed and the number o f  5-HT uptake sites was measured with 
[3H]paroxetine. MDMA and PCA resulted in 35-40% and 40-70%  
decreases, respectively, in [3H]paroxetine binding sites in all three 
regions. Pretreatment o f  the animals with pargyline protected against the 
neurotoxicity o f  MDMA in the striatum and hippocampus, but had no 
effect on the decrease in [3H]paroxetine binding sites following PCA 
Both clorgyline and nialamide protected only against the neurotoxicity o f 
MDMA in the hippocampus. None o f  the MAOIs studied had any effect 
on [3H]paroxetine binding when given alone. The results support the 
hypothesis that MDMA and PCA produce selective serotonergic 
neurotoxicity by different mechanisms.

99.10
PRAM IPEXOLE REDUCES LEVODOPA-INDUCED DOPAMINE NEURON 
TOXICITY IN TISSUE CULTURE. Z. D. Ling* and P.M . Carvey. Research Center 
for Brain Repair, Rush-Presbyterian-St. Luke's M. C., Chicago, IL 60612.

Pramipcxole (Pram) is a D3-preferring, direct-acting, dopamine (DA) agonist 
potentially useful in the treatment o f  Parkinson's disease. We evaluated its ability 
to prevent levodopa-induced DA neuron toxicity in mesencephalic cultures. E 15 
mesencephalic cultures were plated out using established techniques. Pram (10-4 
to 10 -10M) was immediately added to the cultures with and without varying doses 
o f  levodopa (10-3-10-7M). After 72 hours, the cultures were processed and the 
number o f tyrosine hydroxylase immunoreactive (THir) neurons was assessed as 
an index of DA neuron survival. Levodopa induced a sigmoidal, dose-dependent 
reduction in the number o f THir neurons (F11,35=434.291) suggesting neurotoxicity. 
In contrast, Pram was not toxic by itself and, at higher concentrations (10-4M), 
actually increased the number o f  THir neurons (F6 ,13= l 1.38). In a second set of 
studies, 10 nM Pram shifted the levodopa toxicity curve (TD50=10-45) laterally to 
the right (TD50=10-52; t=1 0.68; p<0.001) suggesting neuroprotection. Similarly, 
varying doses o f Pram reduced the neurotoxic effect o f  l 0uM levodopa in a dose- 
dependent and saturable fashion (IC50=10-9.9M) with 100 pM offering no 
protection while concentrations greater than 1 uM completely prevented the loss 
o f THir neurons (F7,23=47.42). In a final study, cultures were established for 1 day 
in complete media and then switched to defined media containing various 
concentrations o f Pram for 6 days. The conditioned media from the donor cultures 
was then transferred to freshly harvested cultures growing in defined media (1:1) 
for 72 hours. The survival o f  THir neurons incubated with the conditioned media 
increased with the dose o f  Pram used in the donor cultures (F7,l5=6.27; p<0.01), 
suggesting that Pram increased the production o f a trophic activity. Heat- 
inactivation o f the conditioned media (68°C for 1 hour) abolished this activity in 
all cases (F1,6= 12.55; p<0.01). These data suggest that Pram prevents levodopa- 
induced neurotoxicity by increasing the production o f  a soluble trophic activity.

99.12
NOVEL FIXED SIDE CHAIN CATECHOLAM INES AS 
SE R O T O N E R G IC  N E U R O T O X IN S . R.J. L ew is. C .A .
Francis. R.E. Lehr. C.L. B lank*. Department o f  Chemistry & 
Biochemistry, University o f Oklahoma, Norman, OK, USA, 73019.

Current serotonergic neurotoxins, such as 5,7-D H T and 5,6-DHT, 
while producing substantial neurotoxicity, exhibit low  selectivity. 
Preliminary testing o f  a fixed side chain catecholam ine showed  
substantially more serotonergic depletion in mouse brain than with 
the generally accepted 5-HT neurotoxins but with only moderate 
selectivity. Preliminary results warranted further examination o f  
these novel neurotoxins. Thus, we have synthesized and tested a 
series o f  fixed side chain neurotoxins in an attempt to establish a 
relationship between the physical and/or chemical nature o f  these 
toxins and the observed neurotoxicity. The importance o f chirality in 
this class o f neurotoxins has also been investigated. The extent o f  
neuronal destruction afforded by these toxins was measured by their 
ability to elicit long-term depletion o f  endogenous transmitters, i.e., 
NE, D A , 5-HT, using LCEC. In an attempt to establish a 
relationship between the physical and/or chemical nature o f these 
toxins and the observed neurotoxicity, in vitro experiments have 
been em ployed such as (1) ability to effect transport o f select 
transmitters, (2) ease o f  oxidation o f  the toxin and (3) autoxidation o f  
the toxin and determination o f  resultant reactive oxygen species. 
Preliminary results indicate that, w hile this class o f compounds is 
neurotoxic, there is a lack o f  correlation between a toxin's uptake 
blockade and/or ease o f oxidation and their neurotoxic potency.

99.14
E F F E C T S  O F ANTIOXIDANTS ON T H E  NEUROTOXICITY 
IN D U CED  BY OXYGEN-RADICALS S.T.  P a rk , Y.J . _M un, M.K. 
Choi, Y.T. Chung*, S.U . K im  . D ep t. of A natom y, School of M edicine, 
W onkw ang U niversity , Iri C ity , K orea, Div. of Neurology, D ep t. of 
M edicine, Univ. of B ritish  C olum bia, V ancouver, C an ad a

O xygen rad ica ls  a re  know n to induce neurotoxicity  in  th e  
cen tra l nervous system  (CNS) in  an im a ls  and  hu m an . R ecent work 
has been  also d e m o n stra ted  th a t  oxygen rad ica ls  cau se  cell d ea th  
by s tim u la tin g  th e  secretion  of excitotoxic am ino acids (EAA). 
E specially , oxygen rad ica ls  an d  EAA re su lt  in  d ea th  of m otor 
neurons by ac ting  in  an  add itive  m an n er in fam ilial am yolateral 
sclerosis (ALS). In  o rd er to  ch a rac te rize  th e  m echan ism  of 
oxidant-induced  neurotoxicity  in m otor n eu ro n s, th e  c u ltu res  of 
NSC-19 cells w ere exposed to  20m M /m l x a n th in e  oxidase(XO)/0.1m M  
hypoxan th ine (HX)-oxygen rad ical g en e ra tin g  system  a fte r  2 hours 
of p rein cu b atio n  w ith  several an tio x id an ts . Cell v iab ility  w as 
de te rm in ed  by M TT assay  an d  n eu ro filam en t ELISA  assay . T he 
reaction  w as s ta r te d  a t  20U/m l XO by add ing  0.1 mM HX. 
N eurotoxicity  w as blocked by g lu ta th io n e  (0.1-10mM ) and  v itam in  E 
(l-200uM ) in  a  dose-dependan t m an n er, w hile  ascorbic acid (1 0 -l00μ 
g/ml) an d  CNQX (10-50μM ) w ere n o t effective.

T hese re su lts  in d ica te  th a t  a n tio x id an ts  such as g lu ta th io n e  and  
v itam in  E  a re  effective in  blocking oxidant-induced  neurotoxicity  in 
CNS.
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99.15
SPINAL NM DA/NON-NMDA RECEPTORS ACTIVATION EVOKE 
SECONDARY AMINO ACID AND PGE2 RELEASE: A SPINAL 
MICRODIALYSIS STUDY. L-CH.Yang*. M.Marsala. and T.L. Yaksh. Dept. of 
Anesthesiology, Univ. of California, San Diego, CA 92093-0818, USA and 
Dept. of Anesthesiology,Chang Gung Mem.Hosp,Taiwan.

Several lines of evidence have indicated that activation of NMDA, non-NMDA 
classes of receptors and cyclo-oxygenase systems are implicated in the processing 
of nociceptive information within the spinal cord. To investigate this phenomena, 
rats were implanted with IT loop dialysis catheters for perfusion and an additional 
lumbar intrathecal IT (PE-10) catheter for drug delivery. Two days after 
implantation, kainic acid (KA; lug) or N-methyl-D-aspartate (NMDA; 5ug) was 
injected IT under light (0.5%) halothane anesthesia and the spinal release of several 
amino acids (glutamate, aspartate, serine, taurine, glycine) and PGE2 was 
examined. IT KA and NMDA produced similar, significant signs of arousal in the 
rat. KA evoked a significant increase in aspartate (445±127%) and glutamate 
(221 ±35%). PGE2 concentration was increased in the second post-injection sample 
(180±36%). In contrast, IT injection of NMDA evoked only modest increases in 
aspartate (139±14%) and glutamate (143±17%) release and had no effect on PGE2 
release (101±6%). Pretreatment with CNQX (3ug, IT, a non-NMDA antagonist) 
blocked amino acid but not PGE2 release after IT KA. Indomethacin ( l 0ug, IT, a 
cyclo-oxygenase inhibitor) pretreatment suppressed KA evoked aspartate, taurine 
and PGE2 release but had no effect on the concentration of glutamate after kainic 
acid injection. These data suggest that activation of non-NMDA receptor provides 
a powerful stimulus for secondary excitatory amino acid release and, consistent 
with the concurrent appearance of PGE2, that this release is partially potentiated 
by the release of a cyclo-oxygenase product. (This work was supported by NIH- 
NS32794, M.M., NS16541,T.L.Y)

99.17
N O R M O B A R IC  H Y P E R O X IA  E L IC IT S  C H A N G E S  IN  CNS 
FU N CTIO N  T H A T  R E S E M B L E  N O R M A L  A G IN G  P. C. B ickford1,*G. 
Taglialatela2 and J. Joseph3 1D ept. o f  Vet. Affairs M ed. Ctr., D enver CO; 
2Dept o f  Human Biol. Chem  & Genetics, Univ. Texas M ed Branch, 
Galveston, TX; 3USDA, RAS HNRCA at Tufts University, Boston MA.

Oxidative stress and reactive oxygen species have been proposed as a 
major contributor to the aging process and to m any neurodegenerative 
diseases such as A lzheim er’s disease and Parkinson’s disease. A decline in 
the capacity o f  normal antioxidant defense m echanism  has been postulated 
as a causative factor in aging related declines in the function o f  biological 
systems. However, a causative link between increased oxidative stress and 
aging has not been dem onstrated. To further investigate this link we 
exposed young F344 rats to norm obaric 100% O2 for 48 hours and then 
examined 3 param eters o f  CNS function that show age-related declines; 
cerebellar β-adrenrgic receptor physiology, striatal dopam ine (DA ) release 
and NGF levels. O 2 exposure resulted in a decline in the ability o f  
isoproterenol (ISO) to m odulate GA BA responses in cerebellar Purkinje 
neurons m easured with extracellular electrophysiological recording. W hen 
striatal slices were stim ulated with oxotrem orine the increase in potassium  
evoked DA release over baseline was dim inished in O2 treated rats versus 
controls. A dditionally, there was a significant decline in NG F in the 
hippocampus, basal forebrain and frontal cortex, whereas no change was 
observed in the cerebellum , striatum  or hypothalam us. Together, the results 
suggest that treatm ent o f  8 m onth old F344 rats with norm obaric hyperoxia 
for 48 hours produces significant alterations in the CNS which resem ble in 
many ways those observed with normal aging.

99.19
TRIM ETHYLTIN PR ODU CES M ORPHO LOG IC CHANGES AND 

REACTIVE OXYGEN SPECIES IN A GLIAL CELL CU LTU RE M ODEL 
V. Hardy. C L. Eyer*. Department o f  Pharmaceutical Sciences, University o f  
Montana. M issoula, M T 59812.

Trimethyltin (TM T) is a potent neurotoxin. Symptoms manifest in 48 hours 
with irreversible damage concentrated in the hippocampal area. Astroglia 
may play a role in mediating TM T neurotoxicity.

The rat C6 glioma cell line was used as a  glial cell culture model. Time and 
concentration effects o f  TM T toxicity were examined. Three parameters: 
morphologic change, cytotoxicity, and generation o f  reactive oxygen species 
were investigated.

Discernible morphologic change had occurred by 48 hours with 2.5 μM 
TMT and as early as 24 hours with 5 μM TM T. These changes involved 
cell swelling , loss o f  processes and loss o f  adhesion to culture flasks. In 24 
hours, 5 μM TM T produced cytotoxicity' (increased LDH release), and 
increased production o f  reactive oxygen species m easured by 
dichlorofluorescein fluorescence. 5 μM and higher TM T concentrations 
produced a time-dependent increase in cytotoxicity up to 72 hours. 2.5 μ M 
TMT did not show cytotoxicity or increased reactive oxygen species over a 72 
hour period. Morphologic changes occurred at times and concentrations that 
did not show significant cytotoxicity or elevated reactive oxygen species.

These results have led to investigations o f  events prior to  24 hours and 
comparative studies in a  prim ary astrocyte cell culture model.

99.16
CHRONIC INTRATHECAL INFUSION OF NMDA EVOKES SECONDARY 
EX CITA TO RY  AM INO ACID RELEA SE AND PR O G R ESSIV E 
DEGENERATION OF SPINAL CORD NEURONS: A SPINAL MICRODIALYSIS 
STUDY IN AWAKE ANIMALS. M.Marsala*. L.CH.Yang. and T.L. Yaksh.. Dept. 
of Anesthesiol., Univ. of Calif., San Diego, and Chang Gung, Mem.Hosp.,Taiwan.

Several experimental studies indicate that chronic activation of spinal NMDA 
receptors may lead to a degeneration of exposed neurons and corresponding loss of 
motor and/or sensory function. To investigate the effect of prolonged intrathecal 
infusion of NMDA on the secondary AAs release and corresponding neurological and 
histopathological changes rats were implanted with intrathecal (IT) loop dialysis 
catheters for perfusion and an additional lumbar IT (PE-10) catheter for drug delivery. 
Two days after implantation IT PE-10 catheter was connected to the miniosmotic 
pump and NMDA was infused ( 1ug/hr) over period o f  4 days. During this interval 
neurological function (motor/sensory) was assessed and spinal release of amino acids 
(glutamate, aspartate, serine, taurine, glycine) was examined. After 4 days, rats were 
perfusion-fixed for light microscopic analysis. In control animals saline was infused 
IT. Infusion of NMDA led to development of tactile allodynia and thermal 
hypersensitivity with the peak response seen on first day. This behavioral effect 
disappeared over time and was no longer present at 4 day, when animals displayed 
bilateral motor weakness of the hind limbs and decreased sensitivity to tactile and 
thermal stimuli. Concentration of several AAs was significantly increased, with the 
highest increase seen in glutamate (200±27%), aspartate (311±62%), taurine 
(314±73%) and with relatively modest increases in glycine (157± 17%) and serine 
(146±36%). Histopathological analysis revealed advanced state of neuronal 
degeneration expressed as the presence of "dark" staining neurons, neuronal 
vacuolization and/or perineuronal edema, typically affecting A-motoneurons and 
medium-sized interneurons. These data suggest that prolonged, low level activation of 
spinal NMDA receptors provides a powerful stimulus for secondary amino acid release 
and, consistent with the concurrent neurological dysfunction, this release potentiates 
neuronal degeneration initiated primarily by NMDA receptor activation. (This work 
was supported by NIH-NS32794, M.M.)

99.18
ADMINISTRATION OF M PP+ BY IN VIVO MICRODIALYSIS IN RAT BRAIN 
AS A MODEL OF OXIDATIVE STRESS. L. Ste-Marie. D. Boismenu L. Vachon* 
and J. Montgomery. Research Centre, Notre-Dame Hospital, Montréal, Québec, 
Canada.

In rat striatum, the neurotoxin, l-methyl-4-phenylpyridinium ion (M PP+), elicits 
dopamine (DA) release with a concomitant increase in hydroxyl radical ( '  OH) 
formation. We investigated * OH formation by administering M PP+ to the antero- 
dorsal striatum. * OH radicals were trapped with 4-hydroxybenzoate (4HBZ) which 
is converted to 3,4-dihydroxybenzoate (34DHBZ). In our study, microdialysis probes 
were implanted bilaterally in the striatum and infused with artificial CSF ( 1μl/min). 
After 75 min equilibration, 4HBZ (300 mg/kg) was injected intraperitoneally (IP). 
At 90 min, MPP+ was infused unilaterally (5 mM; 20 min), followed by a 90 min 
period where M PP+ was replaced by CSF. A second series of microdialyses were 
performed to determine the effect of monoamine oxidase B inhibitors (deprenyl and 
MDL 72,974A ([E]-4-fluoro-ß-[fluoromethylene]benzenebutanamine) on • OH 
production. The rats were injected IP with deprenyl or MDL 72,974A just prior to 
starting the experiment. Microdialysate samples were analysed for DA, dihydroxy- 
phenylacetate, norepinephrine and homovanillate by HPLC with electrochemical 
detection (EC) and 34DHBZ (formed by 4HBZ hydroxylation) was assayed by 
HPLC-EC or by GC-MS. Results show that M PP+ alone did not augment the 
production of 34DHBZ compared to controls (CSF). However, 34DHBZ normalized 
to 4HBZ release to account for regional differences in 4HBZ cerebral concentration, 
indicated that the M PP+ side had a higher ratio of 34DHBZ/4HBZ. Deprenyl caused 
a decrease in 34DHBZ production both with and without M PP+ but its effect was 
more pronounced without M PP+. Again, the ratio 34DHBZ/4HBZ indicated a 
greater proportion of 34DHBZ with M PP+ treatment. Our results confirm that MPP + 
exerts some of its neurotoxic effect via a free radical mechanism. (Support from the 
Medical Research Council and Heart and Stroke Foundation of Canada.)

99.20
ROLE OF THE GLUTATHIONE PATHWAY IN OXIDATIVE STRESS 
OF CULTURED NEURONS. P A. Boxer1 O Ben-Yoseph*2. J. Levy2 and
B.D. Ross2. 1Parke-Davis Pharm. Res., Warner-Lambert Co., Ann Arbor, MI 
48105 and 2Depts. of Biological Chemistry and Radiology, Univ. of Michigan, 
Ann Arbor, MI 48109.

Free radicals have been shown to play a role in the etiology of various 
neurodegenerative disorders. Hydrogen peroxide (H2O2), a pro-oxidant 
generated as a product of normal metabolism, is detoxified by glutathione 
peroxidase (GPx) or converted to cytotoxic hydroxyl radicals via the Fenton 
reaction. We have previously shown that exogenous H2O2 is toxic and that the 
glutathione pathway is activated by H2O2 in cultured neurons and glia, as 
evidenced by stimulation of the enzymatically linked pentose phosphate 
pathway (PPP). The present experiments sought to inhibit the glutathione 
pathway and evaluate the toxicity of endogenously produced H2O2. The GPx 
inhibitor, mercaptosuccinate (MS), (1 hr incubation, 3 mM) was partially toxic 
and caused a 50% inhibition of H2O2-induced stimulation o f the PPP. MS- 
induced toxicity was reversed by the iron chelator, deferoxamine, implicating 
the Fenton reaction. In the presence of 6-aminonicotinamide (24 hr incubation,
1 mM), an inhibitor of the PPP enzyme 6-phosphogluconate dehydrogenase, a 
75% inhibition of PPP was obtained with concomitant toxicity. Depletion of 
glutathione levels with diethyl maleic acid (1 hr incubation, 1 mM) was toxic 
and markedly suppressed H2O2-induced stimulation of the PPP. Inhibition of 
catalase by aminotriazole (3 hr incubation, 30 mM) resulted in no toxicity. 
These results indicate that endogenously produced H2O2 is capable of inducing 
oxidative stress when the glutathione pathway is impaired and indicates the 
pivotal role of GPx in protection of the CNS from oxidative challenges.
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99.21
INTERACTIONS OF MEMBRANE LIPIDS AND OXIDATIVE STRESS ON Ca2+ 
TRANSLOCATION IN PC-12 CELLS. N .A. Denisova’, J.G. Strain 
and J .A. Joseph. USDA Human Nutrition Research Ctr. on 
Aging at Tufts University, Boston, MA 02111.

Research suggests that interactions between oxidative 
stress and altered brain membrane lipid composition in 
senescence [e.g., increased: cholesterol (cho)/phospholipid 
ratios, sphingomyelin (Spm) levels] may be responsible for 
the age-related deficits seen Ca2+ activity [e.g., 
increased: levels and post-stim. (Ca2+ clearing) recovery 
time (Ca2+RT)]in the hippocampus and other brain areas. 
Studies from our lab have shown that exposure of PC-12 
cells to non-lethal H2O2 conc , in a growth media for 30 min. 
increased pre-K*-stim Ca2+ levels, Ca2+RT, and conjugated 
dienes (CD), while decreasing the K*-stimulated Ca2+ 
depolarization levels. Present experiments were carried out 
to determine the nature of these interactions in PC-12 
cells: (a) incubated with 0, 600 μM Cho or 500 μM Spm for 
lh, (b) exposed to 0 or 300 pM H2O2 for 30 min., (c) loaded 
with Fura-2 and (d) Ca2+ flux imaged. Neither Cho nor Spm 
altered H2O2 effects on pre-K*-stim Ca2+ levels, Ca2+ 
depolarization, or Ca2+RT. However, SPM increased (p <0.02) 
CD and reacted synergistically with H2O2 to further 
increase Ca2+RT (p <0.05). Cho decreased increases in H2O2- 
induced CD but did not alter H2O2 effects on Ca2+RT. 
Interactions with other phospholipids are being examined, 
but these results suggest that certain membrane lipids such 
as sphingomyelin may dramatically increase Ca2+RT and the 
efficacy of proxidants. Higher Ca2+ levels in the cells 
could have direct neurotoxic effects on the cells and could 
also have indirect effects on signal transduction.

99.22
MILDLY ELEVATED GLUCOSE CONCENTRATION ACCELERATES 
DEPLETION OF ATP IN RAT HIPPOCAMPAL SLICES UPON 
INHIBITION OF SUCCINIC DEHYDROGENASE M. W. Riepe*, A. 
Raupach, D. Megow and A. C. Ludolph. Department of 
Neurology, Humboldt University, 10098 Berlin, Germany.

3-Nitropropionate (3-np) is a selective inhibitor of 
succinic dehydrogenase. In CA1 pyramidal cells of rat 
hippocampal slices a transient hyperpolarization is 
followed by terminal depolarization when superfusing the 
slices with Ringer solution containing 10 mM glucose and 
1 mM 3-np. However, no hyperpolarization is induced when 
glucose is reduced to 4 mM. In control situations, ATP 
levels are not different when incubated for up to 90 min. 
with 4, 10 and 25 mM glucose. However, after 30 min. of 
treatment with 3-np, ATP levels of slices declined to 72 
(9) % (mean(SD)) in 10 mM glucose, 47 (8) % (p<0.01) in 0 
mM glucose, 93 (9) % (p<0.01) in 4 mM, and 105 (11) % 
(p<0.01) in 25 mM glucose. At 90 min., ATP levels were 
more preserved in 4 mM (53 (12) %, p<0.05) and 25 mm 
(66 (8) %, p<0.01) than in 10 mm glucose (38 (5) %) while 
in the continued presence of 1 mM 3-np.

We conclude that mildly elevated glucose concentration 
accelerates depletion of ATP in rat hippocampal slices 
compared to physiologic glucose concentrations or highly 
elevated glucose concentration.

Supported by a grant from the Deutsche Forschungsgemein- 
schaft to MWR and ACL.

HISTORY OF

100.1
THE LIG H TER SIDE OF NEUROSCIENCE: A COLLECTION 
OF NEUROSCIENCE-RELATED COMICS ET AL., Jeffrey S. M ogil*. 
Oregon Health Sciences University, Portland, O R 97201.

This collection of over 75 comics and other assorted humorous items were 
culled over the past three years largely from the syndicated comic pages of the 
Los Angeles Times and The Oregonian, and various magazines including The 
New Yorker. Topics deemed relevant to this collection include: brains, 
scientists, graduate school, laboratory animals, M.D. vs. Ph D. degrees, and 
the scientific method. Admittedly, the sample is biased by the personal 
humorous sense of the author; this fact may hinder generalization to the wider 
population of neuroscientists. Nationwide, 74% of daily newspaper readers 
peruse the comic pages (Simmons Market Research Bureau, The 1993 Study 
of Media and Markets. 1993), and the excellent comics in The New Yorker 
may be the only reason this publication is read at all (J.S. Mogil, personal 
observation). Thus, we as neuroscientists should be concerned about our 
portrayal in this powerful medium just as we are about our portrayal on 
television and in the cinema. Furthermore, comics provide an interesting 
representation of how neuroscientific concepts filter down to the lay level. A 
brief examination of these comics revealed the following topics to be of 
particular interest to cartoonists and humor columnists: 1) "brain" as "mind"; 
2) brains vis-a-vis intelligence, especially of animals; 3) percentages of 
cortical tissue devoted to different concerns; 4) the social inadequacies and 
self-absorption of scientists; 5) the poverty and misery of graduate students; 6) 
the status of Ph D.'s versus that of M.D.'s; 7) brain transplants; 8) the thoughts 
of laboratory animals; 9) brain lateralization; 10) neurobiological sex 
differences; 11) "mad" scientists; and. 12) counterintuitive research findings.

100.3
ON THE FUTURE HISTORY OF NEUROSCIENCE. S .
Zamenhof.* Dept. o f  Microbiology and Immunology, and Brain 
Research Institute, UCLA School o f  Medicine, Los Angeles, CA  
90024.

The traditional history o f  any branch o f  science is a report on a 
segment o f  evolution o f  an idea as seen through the brain o f  a scientist 
or a chain o f  scientists. Such a classical approach is now fraught with 
difficulties (especially for neuroscience) mostly derived from 
limitations o f  published space: modem neuroscience is such a difficult 
subject that comprehensible explanations o f  mechanisms involved (in 
anatomy, biochemistry, physiology, molecular biology, biophysics, 
and genetics) are needed to apprehend and appreciate the progress 
achieved. Thus, popularization and up-dating are often a necessary’ 
part o f  recorded history. Next, one must realize that in neuroscience 
the boundaries between present and immediate future are often fluid 
and (science fiction excluded) such proximal future, too, requires 
inclusion. M odem history o f  neuroscience should also give due credit 
to “silent partners”: brain prostheses (e.g. computers, biochemicals) 
without which the progress would be slow and clumsy: their progress 
is involved in our progress. The future Historian o f  Neuroscience 
may have to decide what does he want most: to put on record our 
past slow progress in evolution o f  Neurosciences, or modem  
explosive developments in brain understanding, or written contact 
with fascinating scientific minds, past, present, or future.

NEUROSCIENCE

100.2

NEUROSCIENCE DEPARTMENTS: THE SEARCH FOR 
AUTONOMY. S. E. Cozzens*. D. Shichtman. S. Solomon, and X. Xie, 
Dept. of Science and Technology Studies, Rensselaer Polytechnic 
Institute, Troy, NY 12180-3590

The neurosciences are one of the major institutional developments in 
twentieth century biomedicine. Over the last three decades, the inter
disciplinary studies of the brain took on new institutional forms, 
including the formation and development of neuroscience departments. 
The study reported here is part of a larger project on autonomy and 
power in the neurosciences. Since historically the process of 
institutionalization of a new discipline has not been considered 
complete until it is anchored in university departments, this study asks 
the question “what allows neuroscience departments to form and 
develop” and focuses on the impetus for and process of the formation of 
neuroscience departments and their developments. We treat 
departmental status as a sign of autonomy and power for neuroscientists 
on campus, and attempt to explain the source of that autonomy and 
power. Using results from interviews with key figures in selected 
neuroscience departments, we discuss the places of university structures 
and the roles played by neuroscience entrepreneurs in the formation and 
development of neuroscience departments. Supported by a grant from 
the National Science Foundation (to SEC).

100.4
NEUROSCIENCE JOURNAL OFFPRINTS AND REPRINTS. R.A. Johnson1,2* 
and L.H. Marshall1. Neuroscience History Archives', Brain Research Institute, 
UCLA, Box 951761, Los Angeles, CA 90095-1761; and Cataloging Department2, 
University Research Library, UCLA, Box 951575, Los Angeles, CA 90095-1575.

The first two scientific periodicals appeared in 1665; the descendants of one, the Royal 
Society of London’s Philosophical Transactions, continue publication today. In the early 
nineteenth century, simultaneously published offprints and republished and often repaginated 
reprints of individual papers which first appeared in journals began to make their mark as 
intellectual calling cards, communicating research to colleagues who constructed working 
libraries that were free of the bulky annoyance of unrelated articles in issues of journals to 
which they might (or might not) have subscribed. A curious altruism dictated from the start 
that authors were obliged to supply offprints gratis to all requesting parties. Members of 
David Hubei and Torsten Wiesel’s Neurophysiology Laboratory were among the first to pub
licly voice the disgruntlement of high-profile authors and challenge the tradition, presenting 
in Science in 1964 the Application for Reprints they sent to reprint requesters.

An evaluation of the informational and evidential values of neuroscience offprints/reprints 
will include a discussion of the variables involved in collecting rare individual items (e.g., 
offprints of Wilhelm Roentgen’s 1895 announcement of eine neue Art von Strahlen are still 
available on the antiquarian market). The Neuroscience History Archives’ 10,000+ item 
Ranson-Krieg-Windle Offprint Collection will be used to illustrate the research value of such 
collections (a) as aids in identifying the origins and emergence of new lines of inquiry (e.g., 
stereotaxy), (b) as resources which reflect the interests and expertise of particular collectors, 
(c) as testimonials to the importance of journal and other serial literature in the com- 
munication of neuroscientific information, (d) as snapshots of the variety of personal relation
ships of researchers with their competitors, and (e) as convenient repositories of researchers’ 
personal outputs, especially with respect to publication in obscure or ephemeral serials. 
Appraisal guidelines for the long-term library or archives disposition of offprint files will 
also be considered. Finally, in light of the success of emerging technologies such as 
electronic document storage and publishing, the social and archival roles of published-on- 
demand "offprints" will be suggested.
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100.5
THE WAVE THAT CRESTED IN THE SOCIETY FOR NEURO
SCIENCE. L.H. Marshall* and R.A. Johnson. Neuroscience Histo
ry Archives, Brain Research Institute, & Cataloging Dept., Univ. 
Res. Library, Univ. o f  California, Los Angeles, CA 90024-1761.

Four decades ago, the neural basis o f  behavior was presented at 
four separate conferences in as many countries. At the "Moscow 
Colloquium" in 1958 the call to organize was felt as a ground 
swell that created the International Brain Research Organization 
(IBRO). Five years later the Committee on Brain Sciences o f  the 
NRC-NAS became aware o f  the critical mass o f  U.S.neuro- 
scientists and appointed one o f  its members, Ralph Gerard, to 
explore formation o f  a society. Gerard invited an ad hoc steering 
committee o f  20 scientists representative o f  national clusters o f  
active research in brain sciences to assess the climate for an orga
nization. The response was bright and sunny, and the ground 
swell had become a tsunami, whereupon Gerard selected an "exec
utive group" which Edward Perl chaired. When the executive 
group met with the Committee on Brain Sciences, its chair, Neal 
Miller, ordained the 21 individuals around the boardroom table as 
the founding members o f  the Society for Neuroscience. As the 
wave crested, acting officers and councilors, a first headquarters at 
the NAS building, a constitution and by-laws burst forth. Addi
tional members were quick to join and the wave rolled up the 
beach with nothing to slow it but its own weight.

100.7
LEWELLYS F. BARKER AND HIS TEXTBOOK " THE  

NERVOUS SYST E M " (1899). B. Quinn*. Div. o f Neuropathology, 
NYU .School o f Medicine, New York, NY 10016.

L.F. Barker’s encyclopedic textbook The Nervous System (1899) 
provides an exceptional resource for understanding the exponential 
development of neuroscience shortly after 1880. Barker him self was a 
remarkable figure, who trained in medicine, pathology, and anatomy at 
Johns Hopkins before becoming Chair o f Anatomy at the University of 
Chicago in 1900. Remarkably, in mid-life Barker returned to clinical 
medicine, serving as president o f the American Neurological 
Association, succeeding William Osier at Hopkins, and becoming known 
in his sixties as one of North America's foremost internists.

The Nervous System provides an exhaustive yet lucidly written 
summary of neurocytology, neuroembryology, and neurologic anatomy, 
with digressions on neurotechnique, toxicology, and philosophy of brain 
function; it comprises 1122 pages with roughly 700 figures, citing over 
700 authors and probably more than 1500 individual papers. Highlights 
from the book will be presented, including a description o f medical 
student Gertrude Stein's work on neonatal rhombencephalon and 
examples of Barker's prose style ("The raison d ’etre o f the centrosome 
in the nerve cell is at first thought difficult to find.") Sponsored by the 
CorText Institute.

100.9
EXCERPTS FROM THE PROFESSIONAL CORRESPONDENCE OF 
RALPH WALDO GERARD
Scott J. Cruikfihank*CNLM- and Dept. Psychobiol, UC Irvine, CA 92717 

Ralph Waldo Gerard was a prominent figure in neuroscience 
during the middle part of this century. His 50 year career (from about 1924 
to 1974) resulted in over 535 publications that covered topics ranging from 
the development of the intracellular microelectrode to a taxonomy of 
Schizophrenia. He was a member of the National Academy of Science, 
first honorary president of the Society for Neuroscience, and nominated for 
the Nobel Prize. His prominent position over a wide range of the field put 
Gerard in the position to interact and correspond with many of the great 
minds in neuroscience during his time.

Upon his death in 1974, Gerard’s professional correspondence, as 
well as other materials (lab books, biographical notes, experimental ideas, 
etc.), were donated to the Department of Special Collections of the Library 
at the University of California, Irvine.

In order to provide a flavor of the Gerard Papers, this poster will 
present excerpts from Gerard's professional correspondence. Included will 
be exchanges between Gerard and (1) Alan Hodgkin, addressing the first 
experiments to utilize the intracellular microelectrode, (2) Lorente de No', 
relating to the nerve sheath/diffusion barrier controversy of the late 1940’s, 
(3) Karl Lashley, dealing with notions about the Neurophysiology of 
perception around 1950, and (4) some British scientists, including A.V. Hill, 
discussing some effects of W.W.II on science. It is suggested that the 
Gerard Papers are a valuable resource for the history of science, providing 
insight into the thinking of some important neuroscientists on critical issues 
of the middle 20th century.

S. Cruikshank supported by NIMH #MH10432-03

100.6

WOMEN AND/IN THE HISTORY OF THE NATURAL AND NEURAL 
SCIENCES. S. R. Ginn*  Department of Psychology, East Carolina 
University, Greenville, NC 27858-4353.

The establishment of science as a profession rather than a hobby had 
serious implications for women. Until the Age of the Enlightenment women, 
while not exactly encouraged to study science, were not excluded from its 
study either. Indeed, many women (e g., Elizabeth Blackwell, Jane Marcet, 
and Margaret Bryan) enjoyed both fame and fortune because of their 
scientific studies. Women published their own scientific journal ( The Ladies 
Diary,...) and enjoyed the patronage of royal sponsors (e g., Caroline 
Herschel). However, in an attempt to explain social policies greatly at odds 
with the priniciples of equality established by 18th century revolutions, 
particularly those in America and France, philosophers and politicians 
turned to science to address The female problem.” It is not a coincidence 
that research directed at elucidating the differences between women and 
men was conducted during and since these events. Science, which 
incidently had always been depicted as female, was considered to be 
nonbiased in the search for truth Thus, results obtained using the scientific 
method were considered to be valid and reliable, irregardless of the 
unsound scientific reasoning predicating the hypothesis. For example, it 
was conclusively “proven” that women were intellectually inferior to men. 
This was because of their larger cranial capacity which housed a large 
brain-a large brain exactly like that of young children, ergo women must be 
intellectually similar to children as well. Such results, showing that women 
were intellectually similar to young children, served to limit women’s 
participation, not only in the sciences, but in all matters not related to home 
and children. This paper thus explores the issues related to the exclusion 
of women from science, a problem that persists even unto today

100.8
"...MISS CROSBY HAS FOLLOWED HER OWN LEAD, ON THE WHOLE 
VERY INDEPENDENTLY", ELIZABETH CAROLINE CROSBY, OCTOBER 
25, 1888-JULY 28, 1983. D.E. Haines*  Department of Anatomy, The 
University of Mississippi Medical Center, Jackson, MS 39216.

Certainly the most famous graduate student of the great American 
neurologist C.J. Herrick, the accomplishments and contributions of Elizabeth 
Caroline Crosby equalled or eclipsed those of her mentor. Born on October 
25, 1888 in Petersburg, Michigan, Crosby received her B.S. in 1910. After 
a somewhat negative reception by Herrick, Crosby started graduate work at 
the University of Chicago in the fall of 1910 eventually receiving the M.S. 
(1912) and Ph.D. (1915) degrees. Family matters brought Crosby back to 
Petersburg where she served as Principal of the High School (1915-1918), 
Superintendent of Schools (1918-1920) and, for a period, basketball coach. 
In 1920, with the support of G. Carl Huber, Crosby joined the Department of 
Anatomy at the University of Michigan as an Instructor. She rose through the 
ranks, being promoted to Professor of Anatomy in 1936. Crosby’s successes 
were significant and long-lived. She published large manuscripts and in 1926 
began, along with Huber, a translation of C.U. Ariens Kappers book on Die 
vergleichende Anatomie des Nervensystems der Wirbeltiere und des 
Menschen. Although listed as the third author, the completion of this work 
fell to Crosby when Huber died in December of 1934. Crosby went on to 
make numerous contributions, 110 publications in all, in basic and clinical 
sciences. Her well-known textbook, Correlative Anatomy of the Nervous 
System, was published in 1962, and she was co-author of three editions of 
Correlative Neurosurgery. Crosby’s contributions covered the range of 
vertebrates from lower forms to human and had an important impact on the 
field of comparative neurology. This poster covers a wide range of personal 
and professional aspects of Crosby’s life.

100.10

E.Th. v. BRÜCKE (1880-1941) AND A. FORBES (1882-1965): 
CHRONICLE OF A TRANSATLANTIC FRIENDSHIP.
Ernst-August Sevfarth. Zoologisches Institut, J.W. Goethe-
Universität, D -60054 Frankfurt am Main, Germany.

Ernst Theodor von Brü cke was Chair o f Physiology at the 
University of Innsbruck/Tyrol where he established an internationally 
renowned lab in neurophysiology in 1916. When Austria was annexed 
by Nazi Germany in March o f 1938, Brücke was immediately removed 
from his position because his mother and his w ife were o f Jewish 
ancestry. He was not allowed to enter his lab and desperately searched 
for ways o f leaving Austria.

Brü cke had known Alexander Forbes, Professor o f Physiology at 
the Harvard Medical School, since 1921. The two men shared an 
interest in the electrophysiology o f nerve and muscle, in particular 
excitability and inhibition in the central nervous system.

When Forbes learned o f Brü cke's dismissal after Austria's 
"Anschluss", he campaigned among his American colleagues to collect 
funds necessary to secure a research position for Brü cke at Harvard. 
He also met with Brü cke in Munich in Aug. 1938. In Oct. 1938, 
Harvard provided a temporary position (financially backed by Forbes), 
but it took almost another year until Brü cke was allowed to leave Nazi 
Germany. He arrived in the USA on Aug. 15, 1939 and successfully 
resumed his work on reflex inhibition and fatigue in nerve. -  Brü cke 
unexpectedly died in his Boston exile in June 1941.

Society for N euroscience, V olume 21, 1995



246 HISTORY OF NEUROSCIENCE SUNDAY AM

100.11

SO RAN US O F  EPH ESU S AND HIS IN S IG H T  IN T O  PE R IN A T A L  
N E U R O L O G IC  P R O B L E M S . T . N. K. R a ju* Dept. o f P ed ia tr ic s , U ni
versity  of Illinois, Chicago, IL 60612.

Soranus was one o f th e  m ost learned  and  lucid m edical w rite rs  of a n tiq 
uity. T his Greek physician p rac ticed  in Rom e a t th e  tim es o f em perors 
T ra jan  (98-117) and H adrian  (117-138). O f th e  20 works a scribed  to  
him , th e  G ynecology , devoted  en tire ly  to  th e  care  o f wom en an d  children , 
rem ains m ost im p o rta n t. Som e of th e  neurologic top ics he deals w ith 
include hy ste ria  and  epilepsy d u rin g  p regnancy, b o th  o f w hich he clearly  
d istingu ished , and  ec lam psia-induced  seizures. He is one o f th e  earliest 
to  advocate  ra tio n a l steps in resu sc ita tio n  of a sp h y x ia ted  new born  at 
b irth . He w arns aga inst im m ersing  th e  in fan t in cold w ater, and  advises 
th a t  “ the  cold of th e  delivery room  is enough to  s tim u la te  th e  in fan t 
to  cry.” He describes th e  clinical ch a rac te ristic s  o f new born  in fan t who 
is “w orth ra rin g .” His d iagnostic  m eth o d s and  cran io to m y  techn ique 
for th e  delivery o f fetuses w ith  h y drocephalus  rem ained  in vogue for 17 
centuries. He d ifferentia tes “enlarged  h ead ” (m acro cep h a lu s) from  hy 
drocephalus, describes n eonata l m en ing itis  and  n eo n a ta l seizures. T h e  
sto ry  of Soranus is a  su p erb  exam ple o f a  g rea t sc ien tis t. T h e  s tu d y  of 
the  Gynecology reveals a  vivid p ictu re  o f m edical care o f wom en and 
children in an tiqu ity . In th is  p o ste r  (using  illu s tra tio n s) , I will describe 
the  “ M eth o d is t” sect to  which Soranus belonged, h igh ligh t how th e  ex
ta n t  Greek original Gynecology was reco n s tru c ted , and  give excerp ts 
from its  English tra n s la tio n , from  sections dealing  w ith  p e rin a ta l and  
neonatal neurology.

100.13
HEBB’S THEORY: FROM SYNAPSE TO CONSCIOUSNESS. R. V  Hernandez*. 
S.E. Glickman. and J.L. Martinez. Jr.† Dept. of Psych., Univ. of Calif., Berkeley, 
CA 94720; †Div. Life Sci., Univ. of Texas, San Antonio, TX 78249.

The Organization o f  Behavior by Donald O. Hebb was published in 1949. Based 
on physiological and psychological evidence of the day this brief work outlines a 
general theory of the neurophysiology of learning and memory. The elementary unit 
of neural function in Hebb’s theory of behavior is the strengthened synapse; a 
synapse-specific induced association between two or more neurons, in what is now 
referred to as a "Hebbian Synapse". Strengthened synapses from interconnected 
neurons form cell assemblies, and the operation of cell assemblies produce phase 
sequences, or networks of stored primary and associational cortical information. The 
description of cortical recurrent neural fibers by Lorente de No (1935) contributed 
to Hebb’s hypothesis of the reverberating circuit, or cell assembly, as a mechanism 
of short-term memory storage. However, recurrent fibers also provided evidence that 
information flow through the cortex is not simply a stimulus-response reflex 
arc. There fore, Hebb argued that subjective experiences such as “perception” , 
“attention”, and “set” might result from the activity of recurrent circuitry occuring 
independent of sensory input, and thereby put forth a neurophysiological theory of 
mind. Hebb’s major goal was to show that psychological constructs such as 
motivation, neurosis, emotion, and intelligence could be explained by biological 
learning theory. Hebb’s premise that learning and memory form the basis of all 
perception provided behavioral neuroscientists with a theoretical paradigm for testing 
new hypotheses. His emphasis on early learning experiences contributed to the 
inception of the Head Start Program. Today, many of Hebb’s ideas still influence 
how researchers think about brain function. Supported by MH 18882 (RVH), and 
the Ewing Halsell Endowment (JLM.Jr.).

100.15

THE PIONEERING EXPERIMENTAL STUDIES ON SLEEP 
DEPRIVATION. G. Grassi-ZucconU and M . Bentivoglio2 *,
1Dept. o f Cell Biology, University o f  Perugia and 2Inst. Anat. 
Histol., University o f Verona, Italy

The studies on experimental insomnia started one century ago. 
These investigations, which were performed in dogs, represent the 
first attempts, in the 'neuronal' era, to relate sleep and neural centers, 
through the detection of structural damage after prolonged sleep 
deprivation. This line of research was initiated in 1894 by Marie de 
Manacéine, who studied sleep-deprived puppies, which had been 
kept in constant activity for several days. She published in 1897 that 
the complete absence o f sleep was fatal in a few days, resulting in 
irreparable lesions in the organism which included cerebral 
hemorrhages. Italian investigators (Lamberto Daddi in 1898, Cesare 
Agostini in the same year, and Giulio Tarozzi in 1899) also kept 
dogs awake by continuously walking them. The animals died after 9- 
17 days and their survival was unrelated to food consumption. 
Chromatolytic changes were observed in neurons throughout the 
nervous system, and were especially pronounced in the frontal lobes. 
Agostini emphasized this state of ’autointoxication’ in the brain and 
provided a striking description o f the 'psychic phenomena' caused by 
prolonged insomnia in humans. Although the mixture o f sleep 
deprivation with stress and fatigue made difficult the interpretation 
of these experimental findings, altogether these studies provided the 
20th century with unequivocal evidence that sleep is a vital function.

100.12
LASALLE ARCHAMBAULT (1879-1940) AND THE INFERIOR 
GENICULOCALCARINE TRACT IN THE TEMPORAL LOBE.
A.P. Knox. R.I. Moore and N.L. Strominqer*.
Albany Medical College, Albany, NY 12208.

LaSalle Archambault, Albany Medical College 
class of 1902, was born in Cohoes, NY. Following 
graduation, he studied in Berlin and Graz before 
going to Paris as assistant to Pierre Marie. He 
was the first to clearly identify the fibers 
which arise from the lateral geniculate body and 
pass into the temporal lobe before turning 
caudally lateral to the inferior horn of the 
lateral ventricle to terminate in both the upper 
and lower lips of the calcarine fissure, but more 
particularly in the latter. His monograph was 
published in 1906 (Nouvelle Iconographie de La 
Salpetriere, No. 1, p.103 and No. 2, p. 178). 
Adolf Meyer cited Archambault in his subsequent 
publication. However, most textbooks refer to the 
tract as the loop of Meyer. Steelman's Dictionary 
refers to it as the Meyer-Archambault loop.

LaSalle Archambault served as neurologist-in- 
chief at the Albany Hospital. He wrote on the 
anatomy of the nervous system and published on 
poliomyelitis, aphasia, cerebellar atrophy, etc.

100.14
H IP P O C A M P A L  G E N E A L O G Y : A N A L Y S IS  O F  A 

P R O LIF IC  S EM A N TIC  LINEAG E. R. Olry and M G. M artinoli*. 
Departm ent of Chemistry and Biology, University of Quebec, 
Trois-Riviè res, Québec, Canada G 9A 5H7.

The Italian anatomist Arantius was the first to use the  
term Hippocampus in its current neuroanatom ical meaning  
(1 5 8 7 ). S in ce  that tim e, the genea log ica l tree  of the  
hippocam pus grow ed with no less than  fourteen  new  
branchings: the hippocampi accessorius, anterior (O benchain  
1925), dorsalis (Zem an and Innes 1963), inversus (Sm ith  
1898), minor (Vicq d'Azyr 1786), major, nudus (Smith 1901), 
pericallosalis (Macchi 1968), praecallosalis (Filimonoff 1965), 
praecom m issuralis (Sm ith 1897), proper (Lorente de No 
1 9 3 4), retrocom m issuralis (S m ith  1897), supracallosalis  
(S tephan  1 9 6 1) and supracom m issuralis  (S m ith  1897). 
Moreover, the number of designations which contain either 
the term Hippocampus, or the adjective hippocam pal, has  
gone to over sixty if w e take  both classical and Latine  
term inologies into consideration. O ur investigation w as  
undertaken in an attempt to analyze the determinism of these  
semantic extrapolations through the history of neuroanatom y  
and the evolution of its nomenclatures.

100.16
HISTORICAL PERSPECTIVE ON DEAFNESS A N D  BLIND
NESS. W.J. Ranasinehe and C.D. Clemente*, Anat. & Cell Bio.- 
Medical History, Univ. o f  Calif., Los Angeles, CA 90024-1761.

Sensory deprivation can occur due to loss o f  vision, hearing, 
touch, taste, or equilibrium in combination or alone. The loss o f  
vision and the loss o f  hearing are deprivations that have been most 
widely studied throughout the centuries. Schools for the deaf were 
founded in America in the early 1800s. Teachers o f  the deaf, such 
as Alexander Graham Bell, contributed to the advancement o f  
education for the deaf and blind. Students like Helen Keller who 
were both deaf and blind, kindled a new belief in the education o f  
the sensory-deprived. My paper traces the people who have 
contributed to the education o f  the sensory-deprived, the schools 
that were established, the students who have succeeded in those 
schools, and the evolution o f  this type o f  education from the past 
to current issues o f  people with sensory deprivation at UCLA.
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100.17
FRONTAL LOBE SYNDROME AS STUDIED BY C. GOLGI. P.
Libenni*. A. Valerio and P.F. Spano Sec. of Pharmacol., University of Brescia 
School of Medicine and Camillo Golgi Foundation, 25123 Brescia, Italy.

One of the most unrecognized aspects of Golgi's life was his deep interest in 
neuropsychiatry. From 1866 to 1868 he was involved in researches on the 
etiology of psychiatric ailments at the Clinic for Nervous and Mental Disease 
in Pavia directed by C. Lombroso, the founder of modem criminology. He 
deeply criticized the nosological system proposed by his academic mentor as "it 
lacked of an experimental basis". This disagreement pushed him to search for 
a more rational method for studying brain functions and diseases. He started his 
seminal work on the fine structures of the CNS for which he was awarded the 
Nobel Prize in 1906. In spite of his anatomical approach to the CNS, he always 
maintained curiosity in the phenomenology of functional and organic mental 
disorders. In addition, he was sometimes able to relate clinical observations with 
neuropathological findings. An outstanding example of this correlation is given 
by the case of B.A., an active, upper-class, 48-year-old woman ("Nobildonna") 
slowly changing personality and reducing her cognitive and social skills: "B. A. 
became childish and capricious, irreverent and foulmouthed, unable to sustain 
attention in the execution of even simple tasks, incapable of abstract thinking, 
and devoid of concern and interest". Golgi attended this patient for over three 
years providing a paradigmatic description of the frontal lobe syndrome, only 
one year after the famous case of Phineus Gage, described by Harlow. B.A. 
died in 1869 and the autopsy performed by Golgi himself revealed the presence 
of a "an orange-sized fungoid mass arising from the arachnoid layer of the 
meninges and severely compressing the left frontal lobe". The histology 
revealed the mass nature: a psammomatous meningioma. Camillo Golgi left us 
an early example of integration of disciplines and knowledge.

100.19
HOW TOURETTE FOUND TOURETTE'S SYNDROME S. Finger*. C.
Lajonchere. M. Nortz. Dept. of Psychology, Wash. Univ., St. Louis, MO 63130.

In 1885, Georges Gilles de la Tourette characterized the movement 
disorder that now bears his name. In this paper, he described several patients who 
suffered from spontaneous tics, echolalia, echopraxia and coprolalia. But what led 
Gilles de la Tourette to ’Tourette's Syndrome?"

The answer does not lie in the few earlier descriptions of Tourette's 
Disease, but rather can be found in an article published by Gilles de la Tourette in 
1884. Sparked by an interest in movement disorders, he first wrote a paper citing 
several conditions from the literature that he thought shared common features: 
"jumpers" of Maine (USA), "latah" of Malaysia, "myriachit" of Siberia, and 
possibly "schlafftrunkenkeit" of Germany. These disorders were characterized by 
some of the same symptomatology that he observed in his later Tourette's cases, 
namely echolalia, echopraxia, and extreme startle reactions. After presenting these 
syndromes as they had been previously described by others, Gilles de la Tourette 
very briefly mentioned a boy "who seems in many ways to have the same singular 
condition." This boy was under the care of his chief, Jean-Martin Charcot. He 
then wrote an addendum in which he said that he found a second case under 
Charcot's care. Gilles de la Tourette concluded his 1884 paper with the promise of 
an additional article dealing with these patients and possibly others like them.

It was only after his 1885 paper was published that Charcot convinced 
Gilles de la Tourette that the disorder they were observing in Paris was different 
from the hysterical disorders he had described in 1884. In essence, Charcot 
believed that Tourette was now dealing with a separate disease entity about which 
little was known Charcot later honored his pupil by calling the new disorder 
"Tourette's Syndrome." In order to achieve a more thorough understanding of the 
events that led Gilles de la Tourette to his classic 1885 description of Tourette's 
disease, we here present background information and an English translation from 
Gilles de la Tourette's 1884 paper.

100.18
Alois A lzheim er, W illibald Scholz and the H istory o f Cerebrovascular 
Pathology in A lzheim er’s Disease.
R .P . Friedland* and R .N . K alaria . D epartm ent of N eurology and 
Laboratory o f N eurogeriatrics, Case W estern Reserve U niversity , Cleveland, 
Ohio 44106, USA

The extent o f cerebrovascular involvem ent in A lzheim er’s disease (AD) has 
been debated since the original report o f Alzheim er in 1906. Earlier 
investigators including C erletti, Sarteschi, and Gellerstedt had described 
specific vascular abnorm alities associated with dem enting illnesses. In his 
original paper Alzheim er said, "There is a total absence o f infiltration of the 
vessels; by contrast, one sees endothelial proliferation and 
neovascularization." In 1938 Scholz found congo red staining of vessels 
which he term ed "D ruisige Entartung" meaning "dyshoric" angiopathy, a 
"glandular" vessel disease with abnorm al perm eability [according to Morel 
(1952)]. Scholz employed A lzheim er’s lab technician, M rs. Grum bach. 
Cerebrovascular amyloid has been an im portant source o f am yloid for 
isolation and sequencing o f the amyloid ß protein. The pathology described 
by Scholz and M orel affected largely arterioles and cortical capillaries.
Even today this is not distinguished from Pantelak is’ angiopathy affecting 
meningeal and perforating arterioles o f the cerebral and cerebellar cortex, 
excluding veins. Scholz and others believed that cerbrovascular pathology in 
AD affected vascular function. A bnorm alities o f vascular physiology, 
how ever, have not yet been clearly defined in the disease.

100.20

TH E DO PAM INE HYPOTHESIS OF SCHIZOPH REN IA : ORIGINS 
TO  CU RR EN T STA TUS. A .J. T ie rn e y *. N eurosc ience  Prog., 
D e p t. o f P sychology, C o lga te  U niv., H am ilton , NY 13346.

T h e  d isc o v e ry  o f  a n tip s y c h o tic  d ru g s  in  1952 
r e v o l u t io n i z e d  b o th  th e  t r e a tm e n t  an d  s tu d y  o f
sc h iz o p h re n ia , fo cu s in g  a tte n tio n  on d ru g  th e ra p ie s  and  
n eu ro c h e m ic a l th eo r ie s  o f  c a u sa tio n . S in ce  its  in ce p tio n  
in the  early  1960 's , the d opam ine  h y p o th esis  has been  the 
d o m in a n t  n e u ro c h e m ic a l  e x p la n a t io n  fo r  s c h iz o p h r e n ia  
and  has in sp ired  an en o rm o u s am o u n t o f  th eo re tic a l and 
e m p ir ic a l  re s e a rc h . T h e  h y p o th e s is  in i t ia l ly  p ro p o se d  
th a t  s c h iz o p h r e n ia  r e s u l te d  f ro m  h y p e r a c t iv i ty  in 
d o p a m in e rg ic  m e c h a n is m s ,  a n d  a c c o u n te d  fo r  th e  
p h e n o m e n a  o f  a m p h e ta m in e  p s y c h o s is  an d  n e u ro le p tic  
th e r a p ie s .  T h e  h y p o th e s i s  h as  sh o w n  r e m a rk a b le  
v iab ility  in a rap id ly  d ev e lo p in g  fie ld , tho u g h  it has been  
re p e a te d ly  c r i t ic iz e d , re fo rm u la te d  and  ex p a n d ed . T h is  
p re s e n ta t io n  tra c e s  th e  d e v e lo p m e n t o f  th e  d o p a m in e  
h y p o th e s is  from  its  o r ig in  to  its  p re s e n t  s ta tu s . T he 
i n te r p la y  o f  i d e a s ,  e m p i r ic a l  r e s e a r c h ,  t e c h n ic a l  
a d v a n ce s , and  d ru g  d e v e lo p m e n t p ro v id e s  a fa s c in a tin g  
e x a m p le  o f  a f ie ld  u n fo ld in g  fo llo w in g  a p a ra d ig m a tic  
sh if t  in  resea rch  focus. D esp ite  decad es  o f  re se a rch , the 
p r im a r y  n e u r a l  m e c h a n is m s  u n d e r l y i n g  a n y  o f  
s c h iz o p h r e n ia 's  d iv e r s e  s y m p to m s  re m a in  a m y s te ry . 
H e n c e  an im p o r ta n t  q u e s tio n  m ay b e  p o se d : can  an 
u n d e rs ta n d in g  o f h is to ry  shed  l ig h t  on c u rre n t  a tte m p ts  
to id en tify  the  n e u ro ch em ica l b asis  o f  s c h iz o p h ren ia ?

TEACHING OF NEUROSCIENCE: CURRICULUM DEVELOPMENT

101.1
SURVIVAL SKILL TRAINING: FORM AL IN STR U C TIO N  FO R SU CCESS 
IN SCIENCE. B.A. F ischer and  M .J. Z igm ond*D e p artm en t of N eurosci
ence, University of P ittsb u rg h , P ittsb u rg h , PA, 15260.

Success in science req u ires  a stro n g  scientific background, usually  
accompanied by extensive p rac tica l experience. How ever, for investig a to rs  
to succeed as professionals, ad d itional sk ills  a re  needed, including  the  
ability to com m unicate effectively, bo th  orally  and  in w riting ; acquire  and 
sustain grants and  em ploym ent; teach , m en to r, and  superv ise  others; and 
behave responsibly. For th e  p a s t 10 years , we have  ta u g h t  occasional 
workshops on such "survival skills." In  1994-95 a t  th e  U n iversity  of 
Pittsburgh we in au g u ra ted  a  series of e ig h t all-day  w orkshops in  w hich we 
provide formal instru ctio n  in  th ese  and  o th er skills. Som e of th e  im p o rtan t 
features of our program  a re  (1) an  em p h asis  on th e  use of active sc ien tists  
rather than individuals from  o th er discip lines as in s tru c to rs , (2) d iscussing  
ethical issues w ith in  th e  context of th e  sk ills  to w hich th ey  a re  re lev an t 
(see accompanying abstract), (3) in te g ra tin g  topics of special relevance to 
women, minorities, physically  challenged, and  o th ers  w ith  special needs, (4) 
providing inform ation reg a rd in g  a  b road  ran g e  of em ploym ent opportun ities 
and emphasizing th e  va lue  of such  work, (5) concurren tly  providing 
"training-of-trainer" sessions to senior facu lty  a t  o th er in s titu tio n s  so as to 
facilitate the d issem ination  of such  w orkshops, and  (6) ex tensive m onitoring  
by a independent team  of educational ev a lu a to rs . (S upported  in  p a rt  by 
NSF grant IBN 94-13145, N IM H  g ra n t  M H18273, and  a g ra n t from the 
University of P ittsburgh .)

101.2
A  N E W  W A Y  TO  TEA C H  N E U R O SC IE N C E . W .R . Klem m .* 
College of Veterinary Medicine, Texas A&M  U niversity, College 
Station, Texas 77843-4458.

After 30 years of teaching, I realize that it is tim e for a new  
approach to teaching neuroscience. Today's textbooks have grown  
so large and so crammed w ith  detail that they are reference books - 
not effective vehicles for teaching. The explosive grow th o f infor
mation tempts professors to  teach more and more about less and 
less. H ow  can w e help students discern the "must know" from  the 
"nice to  know?" W e start by identifying in our ow n minds what is 
essential. A n d  the first essential is principle. Identifying the princi
ples o f neuroscience is not trivial. It comes at a cost: less fact is 
taught, and there is inevitable arbitrariness, uncertainty, and con
troversy over what the principles are. B u t th e search for p rinci
ples is th e  H o ly  Grail o f  science - and o u g h t also to  be th at o f  
pedagogy.

I have formulated about 80 principles of neuroscience, w hich I 
present as modules in w hich there is an explicit statement of the 
principle, a brief explanation, a few  examples, definition of terms, 
and some key references, including ISI "Citation Classics." Empha- 
sis in the teaching is on principles and concepts. Facts are on ly  to  
be used as necessary to illustrate the principles. I believe that this 
“m inim alist” approach helps assure that students master the central 
issues of neuroscience and allows a teaching emphasis on  h ow  to  
manage and integrate ever-expanding neuroscience inform ation.

Society for N euroscience, V olume 21,1995



248 TEACHING OF NEUROSCIENCE: CURRICULUM DEVELOPMENT SUNDAY AM

1 0 1 .3
DEBATING: A TEACHING TOOL FOR NEUROSCIENCE 
GRADUATE STUDENTS. F. Moody-Corbett* Division of Basic 
Medical Sciences, Memorial U niversity of N ewfoundland, St. John’s, 
Newfoundland A1B 3V6

One im portant aspect of graduate training is to teach students how 
to critically evaluate a topic. Often this takes the form of writing 
term papers on research topics or giving oral presentations evaluated 
by a single faculty member. We have used formal debating as a 
means of teaching both current arguments in Neuroscience and the 
skills involved in critical evaluation. Students are involved as both 
debaters and judges. Two teams (affirm ative and negative) are 
established, each consisting of two students and a faculty "coach", and 
five judges are chosen. The debate topics are assigned in advance 
allowing each team to work together. The judges also meet in 
advance of the debate to learn skills for evaluation of the 
presentations. By using a formal debate we have found that the 
debaters acquire a good background knowledge of both sides of an 
argument, they cannot rely on a didactic form of presentation and 
they must be prepared to "think on their feet". The student judges 
must learn to evaluate presentation, content and refutation without 
a great deal of prior knowledge of the topic. We have found this to 
be both an entertaining and valuable learning experience.

1 0 1 .5
PROBLEM BASED LEARNING FOR MEDICAL STUDENTS IN 
MEXICO. E. Gijón*. A. Lastiri. X. Garcia. A. Hamabata . S. Morales. 
M. Rodriguez, and E. Pifi a. Sch. o f Medicine, Research Center and 
Educational Services CISE, UNAM, and Research Center of Advance 
Studies, CINVESTAV, IPN. México D.F. 04510, México.

Since 1992 problem based learning (PBL) was adopted as a change in 
teaching method for medical students in the school o f medicine at the 
National Autonomous University of Mexico. From the many formats for 
PBL we have chosen our own format in accord to our students age and 
background (18 years old and high school). Several changes in the 
curriculum have been introduced: since 1991 (1) a diagnostic exam was 
applied to the students of that promotion, the students with higher scores 
in this diagnostic examination were selected to form the cores of 
educative quality, NUCE (Núcleos de Calidad Educativa), as the high 
academic demand program, PAEA (Programa de Alta Exigencia 
Académica), (2) PBL has been introduced replacing traditional teaching 
in 25% of the available time, (3) instead of traditional laboratory 
practices, an introduction to research has been implanted, (4) tutorial 
program: a small group of students was tutored by a) an upper class 
student, b) a professor, c) a researcher, and d) an actually working 
physician. It is still to early to withdraw formal conclusions, however 
partial results obtained are in accord to this teaching method, it is 
basically promoting a student-centered active learning.

10 1 .7
INTEGRATION OF AN INTERDISCIPLINARY NEUROSCIENCE MINOR INTO A 
LIBERAL EDUCATION CURRICULUM. Stephen D. Berry*. Center for Neuroscience 
Research and Department of Psychology, Miami University, Oxford, OH 45056

As part of a major curriculum revision, we have attempted to structure a minor in 
neurosciences that corresponds to the regulations and spirit of the Miami Plan for Liberal 
Education. This plan involves three major types of courses in a liberal education sequence:
(a) Foundation courses, (b) a Thematic Sequence and (c) a Capstone course. Briefly, after 36 
semester hours of foundation courses (distributed over composition, humanities, mathematics, 
social and natural sciences), the student takes a thematic sequence of at least 9 hours outside 
his/her department of major. The sequence is comprised of related courses that move in-depth, 
systematically and focus on a theme or subject in a developmental way. Each course builds 
upon or expands the knowledge or perspective gained in the previous course of the sequence. 
During senior year, a capstone course or experience is required, usually within the department 
of the student’s major.

The minor in neuroscience provides students with an interest in brain and behavior an 
opportunity to progress through a thematic sequence shared by the departments of Psychology 
end Zoology under the supervision of faculty associated with the Center for Neuroscience 
Research. As with most minors at Miami University, it consists of 18 semester hours 
beginning with Introduction to Biopsychology (PS Y 251, 3 cr.) and Animal Physiology (ZOO 
305, 5 cr.) An additional 10 hours is required from the following list, with at least one course 
from each department: Advanced Biopsychology (PSY 351,4 cr.), Psychopharmacology 
PSY 356, 3 cr ), Nerve & Muscle Physiology (ZOO 452, 4 cr ), Endocrinology (ZOO 454, 4 
„t ), neuroanatomy (ZOO 457, 4 cr ), Neurophysiology (ZOO 459, 4 cr.) and Ethology (ZOO 
465, 4 cr.)

In addition to recommending that our students take related courses in statistics, chemistry, 
computer science, and philosophy of science, we strongly recommend participation in 
rndergraduate research. The Minor in Neuroscience has proven to be an attractive 
specialization for students who are planning graduate or medical education after their 
bachelor’s degree. We currently have more than 50 minors in our program.

1 0 1 .4
PROBLEM SOLVING IN NEUROSCIENCE. J. Koski, J. Hastings 
and J. Quattrochi*. Dept. Molecular and Cell B iol., Harvard College, 
Cam bridge, MA 02138  and Lab. o f  N eu ro p h y sio l., Program in 
Neuroscience, Harvard Medical School, Boston, MA 02115.

As the rapid proliferation o f  neuroscience research continues, it 
becomes ever more important to educate students both at the college  
and secondary school level in the basic concepts o f the field. In order 
to assim ilate this information, it is critical for students to develop  
their own understanding o f the material and discover their potential in 
neuroscience. We have developed an undergraduate honors tutorial 
sem inar based on a problem  so lv in g  approach to neu roscience. 
Students (n =  18) in this tutorial acquire and learn to accelerate the use 
o f  new information by working through a problem grounded on a 
fu n d am en ta l n e u r o s c ie n c e  c o n c e p t. T h ey  d eve lop  their ow n  
conceptual framework in which to understand neural system s and 
integrative principles beyond the level o f  the individual neuron. The 
goal is for students to educate them selves to becom e skilled and 
motivated learners.

This problem solving approach has shown that students learn: 1) to 
formulate questions and define what learning objectives are important 
to the problem; 2) to articulate their ideas in a collaborative reciprocal 
learning environment; and 3) to apply these skills to develop cogent 
hypothesis testing paradigms. Thus, problem solving is an educational 
tool that develops the student’s ow n understanding o f neuroscience 
concepts, and teaches them to develop their own logical approach to 
complex problems. These skills harbor the springboard for students to 
approach problems throughout the sciences.

101.6
AN INTEGRATED NEUROSCIENCE PROGRAM IN THE NEW KENTUCKY 
MEDICAL CURRICULUM. H. Trauriq*1. E. Kaaarskis2. K. Hanley3 
and Giulia Bonaminio3. 1Anatomy and Neurobiology, 
2Neurology & 3Kentucky Medical Curriculum Office, Univ. 
of Kentucky College of Medicine, Lexington, KY 40536.

Basic neuroscience is presented as a block of related 
content in the first year of many medical curriculums. We 
developed an eight week Neuroscience Block (NSB) with the 
following objectives: 1)integrate basic neuroscience 
components, 2)correlate neuroscience with previous 
curriculum content and 3)employ teaching and learning 
stratagies that develop self-learning and clinical 
problem-solving skills.

NSB is placed in the first year and follows integrated 
blocks on Human Structure (anatomy, histology, 
embryology) and Cellular Structure and Function 
(biochemistry and genetics) and precedes Human Function 
(physiology). Other ongoing courses during the first year 
address human development, psychosocial, and preventive 
issues, and develop interviewing and physicial diagnosis 
skills. NSB integrates neuroanatomy and neurophysiology 
and includes introductions to neuroimaging, neurology and 
psychiatry. NSB features significantly less scheduled 
class time. Teaching methods include large group 
lectures, self-study units and laboratory, problem-based 
clinical cases, TV-tapes and computer-based programs. 
Teaching and learning methods used require more self- 
directed learning by students compared to the previous 
curriculum.

Student performances on in-house neuroscience and 
USMLE examinations were equal to, or exceeded, past 
performances. Analysis of student responses on instructor 
and course evaluation questionnaires demonstrate high 
levels of approval for almost all aspects of the course.

101.8

“TH E  LESIO N -H U N T” : SM ALL-G RO UP R EVIEW  SESSIO NS IN A  
TRADITIONAL M EDICAL NEURO SCIENCE CO URSE. J.C. Eldridge 1*.
J.M . P aris1, an d  J.K. B runso-Bechto l2d. Departments of Physiology- 
Pharmacology1 and Neurobiology-Anatomy2 , Bowman Gray School of 
Medicine, W ake Forest University, Winston-Salem, N.C. 27157  

Our first-year medical students encounter a separate 9-week course in 
neuroscience. The course follows a traditional format, with 35 lectures 
and 20 laboratory sessions. In addition, a series of small-group, case- 
based sessions, called “Lesion Hunt”, is included to enhance correlation 
of structure and function. Cases examined include tabes dorsalis, Brown- 
Sequard syndrome, amyotrophic lateral sclerosis, diabetes insipidus, and 
various episodes of cerebrovascular ischemia. Each group has a 
facilitator who leads a very sparse description of clinical signs and 
symptoms, and then moves into identification (the “Hunt”) of the anatomic 
location of the problem (the "Lesion”). These review sessions are very 
effective and well-received largely because of strategies adopted from our 
Parallel Curriculum, an alternative, non-didactic, medical basic science 
program that is totally case-based and centered in small group sessions. 
Among our recommendations: restrict group size to no more than 7, 
group facilitators should not serve as expert resources, encourage the 
students to bring and use their books and materials, present simplified 
but realistic patient scenarios, and promote student interaction in data 
collection and problem solving. This approach works well because it 
enables students to put knowledge to work in a self-directed, problem-
solving manner that more closely resembles diagnosis and treatment. It 
also provides an important contextual aid to understanding complexities 
of the nervous system.
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101.9
INTEGRATION OF SPINAL CORD, SPINAL ROOT AND 
PERIPHERAL NERVE FUNCTIONAL ANATOMY IN A CHART 
FORMAT FOR TEACHING AND REFERENCE. K. H. Taber*. L. A. 
Hayman. S. A. Berman. Baylor College of Medicine, Houston, TX 
77030 and Harvard Medical School, Boston, MA 02115 

The goal of this project was to create a set of “user friendly” 
schematics of the spinal cord utilizing the rules derived from 
information design theory. [1,2] These charts are designed to 
enrich teaching of neuroscience by providing a link between the 
disciplines of neurology, anatomy and radiology. The format is 
oriented to match the imaging procedure (myelography and 
computed imaging), rather than the “upside-down” format of other 
sources. Layers of increasing complexity are built into the design 
so that it can be used as an overview or a detailed reference. 
Multiple, serial images of the vertebral and neural anatomy were 
drawn in correct relative scale from radiographs and spine 
specimens. They convey internally consistent anatomic information 
which is correlated with clinical deficits. Clinical deficits from cord 
and root lesions are clearly illustrated for every level. Only the 
clinically most reliable reflexes and physical signs are included. 
Features that distinguish root lesions from peripheral nerve lesions 
are illustrated.
1. Tufte ER. Envisioning Information. Cheshire, CT: Graphics Press, 
1990. 2. Tufte ER. The Visual Display of Quantitative Information. 
Cheshire, CT: Graphics Press, 1983.

101.11
CLINICAL AND BASIC N E U R O SC IEN C ES: A  CASE S TU D Y IN 
PLANNING AN D  IM P LE M EN TIN G . R.M. Kriebel* R. Fogel, F. 
Goldstein. R. Kanoff, J. Lubeck and R. Ravetz. Depts. of the 
Neurosciences, Philadelphia College Osteopathic Medicine, 
Philadelphia, PA 19131.

The neurosciences have naturally led to integrated courses of clinical 
and basic science disciplines. This is a case report of the integrating 
process of nearly all neuroscience-related content into a major course 
offering to second year medical students at PCOM. The ground work for 
the process was laid by compiling topic, teacher, and timing of 
information in Microsoft Project*. This software, as other "planner" 
software assists in cataloging, indexing, and real time planning. The 
program was helpful in identifying overlap in topic coverage and by 
vtfiom. With introduction of dates, the program compiles a preliminary 
calendar. With this information a proposal was made to integrate 
neuroscience (anatomy, physiology, pharmacology, pathology), 
neurology, neurosurgery, and psychiatry into a single course presented 
in an eleven week time block. Formal meetings were kept to a minimum, 
with encouragement of individuals to meet one on one when overlap of 
topics was identified to discuss content and who should present. In this 
fashion we conserved in the first year of the course 15+ hours compared 
to the hours when each discipline presented separate courses. Course 
objectives were based on section themes; some of which are readily 
identifiable, others departed from traditional identifiers. It should be 
noted that with all expert planning and scheduling collegial cooperation is 
the most important ingredient in successfully achieving a product viewed 
as effective by both faculty and students.

101.13
INCORPORATING SERVICE-LEARNING INTO A PHYSIOLOGICAL 
PSYCHOLOGY COURSE. M.D. Kelland*. Department of 
Psychology, St. Anselm College, Manchester, NH 03102.

Service-learning, an integration of community service 
with academic material, provides a means for exposing 
students to real-life experiences which can be related to 
their classroom studies. Prior use of service-learning in 
psychology courses has emphasized clinical and/or 
developmental issues. It was intended that incorporating 
service-learning would make physiological psychology seem 
more relevant within the psychology major, a particularly 
important task at a small, private liberal arts college. 
Seven students participated in service-learning as an 
alternative to a standard term paper. The St. Anselm 
College Center for Volunteers helped to coordinate the 
placement of students with the Manchester Mental Health 
Center (NH). Each student was required to perform at 
least 10-20 hours of volunteer service. The students 
maintained a journal of their experiences and submitted a 
final report regarding what they had learned. During an 
informal reflection session, over supper at a popular 
pizza parlor, we discussed the student's experiences and 
thoughts for future application of service-learning in the 
psychology program. There was unanimous agreement that 
service-learning had provided a meaningful and, at times, 
eye-opening experience. One student is continuing to 
participate on their own, and several others plan to 
participate again in the abnormal psychology course being 
taught in the next semester. Based on the journals, 
reports and reflection sessions, service-learning appears 
to be a valuable addition to a physiological psychology 
course.
(MDK is supported by PHS Grant MH51706)

101.10
"DRUGS IN  TH E N E R V O U S SYSTEM”-A  RESEARCH-STYLE  
C O U R SE FO R  FRESHM EN. Ann P. M cN eal* Sch. o f Natural 
Science, Hampshire College, Amherst MA 01002.

In this introductory, interdisciplinary course, students learn the 
basics o f neuropharmacology (with Julien’s Primer of D rug A ction as 
text). More im portantly, they are introduced to the primary 
literature in a sequence o f readings from epidemiological to  cellular 
levels. Active-learning collaborative classroom techniques help both  
to  cement basic learning and to foster critical thinking.

As the final project, each student defines a specific question and 
researches it. A fter finding the appropriate primary and secondary 
literature, the student writes a structured, critical paper attempting to 
answer the question using evidence from the literature. This course 
leads to high levels o f both m otivation and cognitive growth. Specific 
skills fostered include: critical analysis, interpretation o f quantitative 
data, w ritten and oral com m unication o f science, synthesis o f ideas.

101.12
AN INTRODUCTION TO N EUROSCIENCE  
“ U NDERSTANDING YO U RSELF ”. L E . W h ite. J r *  and R B
C h ro n is te r . U niversity  o f  So u th  A labam a, M obile, Al. 36688

W e have d ev e lo p ed  a “ s e l f ’ cen te red  p ro g ram  fo r high 
schoo l, co llege  and first year M edical S tu d en ts . T h e  p ro g ram  is 
desig n ed  in a co n v ersa tio n a l m ode  and in an tic ip a tio n  o f  the 
d ecad e  o f  the  brain  T he  b asic  co n cep t p ro p o se d  is that 
u n d e rs tan d in g  the  brain  g ives an u n d e rs tan d in g  o f  o u r  b io logical 
selves. T h e  design  ap p ro ach es  th e  s tru c tu re  o f  th e  C N S  and basic 
p h y sio logy  in an in teg ra ted  fash ion  s tressin g  bo th  serial and 
parallel p ro cessin g  arrays. T he co u rse  s tre sses  th e  c o n cep t that as 
th e  p ro cessin g  o f  th e  brain  p ro v id es  b io log ical significance, it is 
fu nction ing  in b o th  ana log  and digital m o d es w ith  the  p rocessing  
o f  th e  in fo rm ation  p ro v id ing  th e  p rim ary  g e n e ra tio n  o f  In p u ts  and 
O u tp u ts  T he goal o f  the  co u rse  is to  begin  to  u n d e rs tan d  your 
“ s e l f ’ as you begin  to  u n d e rs tan d  basic  neural s tru c tu re  and 
function  T he m aterial is p rep a ra to ry  for th e  advanced  s tud ies in 
the  n e rv o u s system  as they  apply  to  public health  and w elfare

101.14
M odels for N euroscience Education at U ndergraduate Institutions
Carol Ann Paul, Wellesley College, Wellesley, MA 02181; Lin 
Aanonsen*, Macalester College; St. Paul, MN55105; Gary Dunbar, 
Central Michigan University, Mt Pleasant, Ml 48859 and Jeff Wilson, 
Indiana-Purdue University at Fort Wayne, IN 46805.

At the Association for Neuroscience Departments and Programs 
(ANDP) spring 1995 meeting, four Faculty for Undergraduate 
Neuroscience (FUN) members participated in an interactive panel 
discussion on issues and concerns for neuroscience training at the 
undergraduate level. Of the four panel members, two were from 
Liberal Arts colleges and two were from public universities. Our 
programs ranged from a very rigorous major with many prerequisites, 
through less demanding majors, to no major but a concentration of 
courses.

In discussing our programs it became apparent that each had 
strengths and weaknesses; however, despite the differences in 
structure between the programs there were many similarities. This 
presentation outlines the relative merits of each program and attempts 
to address such questions as: what is the role of undergraduate 
neuroscience education? what are the key elements of an effective 
program? how can the need for broad, liberal arts training be balanced 
with preparation for rigorous graduate programs in neuroscience? are 
less prepared students excluded by having stringent requirements at 
this level? how can programs be effective with only one or two 
neuroscientists?
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101.15
BIOPSYCHOLOGY AT VASSAR: TWENTY-FIVE YEARS AS A DEGREE-
GRANTING PROGRAM. J.M. Gray* and K.M. Susman, Program in 
Biopsychology, Vassar College, Poughkeepsie, NY 12601.

This year marks the 25th anniversary of the beginning 
of Biopsychology as a degree-granting program at Vassar 
Colleae. During that time, we have graduated 282 majors 
in Biopsychology and have seen the Program faculty grow 
from 2 to 10 members (5 Biology and 5 Psychology faculty 
of a total of 28 in the two departments).

This poster traces the changes in the Program curri
culum over the 25 years, including syllabi from current 
core courses in both Biology and Psychology. Special 
attention is given to the two inter-departmental courses 
offered by the Biopsychology faculty: the senior seminar 
in Biopsychology and a new intermediate-level course 
exploring models and theories in the field.

Finally, we explore the important role which student 
research has in the Biopsychology Program, and we 
describe examples of work done in courses, independent 
study and summer research work. Many of these projects 
have culminated in student co-authored papers in journals 
and/or presentations at professional meetings.

101.17
A U N IQ U E  A P P R O A C H  T O  T E A C H IN G  B E H A V IO R A L  
N E U R O S C IE N C E  A T  T H E  C O M M U N IT Y  C O L L E G E  LEV EE
C .A .C o h en * . Division of Liberal Arts and Business, M assachusetts Bay 
Com m unity College, 50 Oakland Street. W ellesley Hills. MA 02181 USA.

In the past severa l y ea rs  the a m o u n t o f  in fo rm a tio n  lin k in g  
N euroscience with the field o f  P sychology has dram atically  increased. 
At traditional four year schools there has been an attem pt to keep up 
with this growing field through the addition  o f  new courses and creating 
academ ic departm ents in N euroscience. H ow ever, at the C om m unity  
College level, the top ic  o f  behavioral neuro sc ien ce  is rarely  tau g h t 
o u tsid e  o f  a b rie f  sectio n  in an in tro d u c to ry  su rv ey  co u rse  in 
P sycho logy , B io logy , o r A natom y and P h y sio lo g y . S in ce  m any  
Com m unity  C ollege students are "nontraditional" in term s o f age and  
educational background , it is o ften  necessary  to turn to a lte rn a tiv e  
teaching m ethods which include the use o f  audiovisual aids, com puter 
sim ulations, in-class dem onstrations and field assignm ents. Presently , a 
new course is being in tegrated  in to  our L iberal Arts cu rricu lum  as a 
sophom ore level, post in troductory  course in behavioral neuroscience. 
This course will contain a small "laboratory" com ponent as part o f  the in- 
class curriculum  that will bring students into direct contact with hum an 
brain tissue in order to facilitate learn ing  o f neuroanatom y, along  with 
the latest in com puter sim ulations and educational videos o f  neuronal 
and behavioral processing. Lectures will reinforce the topics experienced 
d u ring  "laborato ry" com ponen t. T h is  very  in te rac tive  app ro ach  to  
learn ing  shou ld  en tice  stu d en ts  in to  fu rth e r  s tudy  in the f ie ld  o f  
Neuroscience. B ehavioral N euroscience shou ld  be an integral part o f  
com m unity  co llege study since it is applicable  to m any career related 
disciplines such as nursing, physical and occupational therapy as well as 
traditional undergraduate Liberal Arts education.

101.19
UCLA KIDS JUDGE! NEUROSCIENCE FAIR. Undergraduate1 and Graduate2,3 
Students, and D. L. Colbem.*4 Undergraduate1 and Graduate2 Interdepartmental 
Programs in Neuroscience, School of Education and Information Studies,3 and 
Brain Research Institute,4 University of California, Los Angeles 90024-1761.

What is neuroscience? What do neuroscientists do? Why is neuroscience 
important? Would a general audience understand or be interested in learning 
about neuroscience? Can neuroscientists explain what they do and why it's 
important in ways that can be meaningful as well as engaging?

Four hours one morning, a total of 46 undergraduate students, graduate 
students, research associates, faculty, and administrative staff volunteered to 
create a carnival-like atmosphere in which concepts in neuroscience were 
translated to 230 fourth and fifth grade children. The children were bused to 
UCLA from four public schools in the Los Angeles area, given clipboards 
containing evaluation sheets, and asked to judge the quality of 18 exhibits 
presented by the UCLA participants. In addition to the judged exhibits, children 
also took part in four group activities: examining marine animals used in 
neuroscience research, building brains out of modeling clay, watching the video 
"Why I Should Stay Awake in Science Class," and exploring a 50 foot balloon 
sculpture of a neuron. Because the demonstrations were activity-based and 
multi-sensory, they were fun, effective, and accessible to all children including 
the 15% of students with vision, hearing, or motor impairments who attended the 
UCLA fair with their classmates.

To partially measure the effect of the event on children, teachers were asked 
to direct a 45 minute activity in their classrooms before and after participation in 
the fair. Children were given a piece of paper and a box of multicultural-colored 
crayons and asked to draw a "neuroscientist at work." On the other side of the 
paper they were asked to answer the question, "Do you think you can be a 
scientist? Why or why not?" Descriptions of the research, exhibits, group 
activities, fair format, budget, and press coverage will be presented at the poster.

101.16
TEACHING STRATEGIES OF NEUROSCIENCE AND BASIC 
PROCESSES. A. Lastiri. X.Garcia*. E L. Garcia, and E. Gijón 
Research Center and Educational Services CISE, Sch. o f  M edicine and 
Sch. o f  Psychology, UNAM. M éxico D.F. 04510. M éxico.

We have the purpose o f  improving the process o f  teaching-learning o f  
basic processes for psychology degree o f licenciate by using several 
teaching activities and didactic resources. It has been developed a 
professors teams o f  basic processes subjects with emphasis on 
neuroscience related subjects. In a first stage the professors participate 
in a workshop on methodology for teaching, homogenizing their 
didactic knowledge and reviewing their programs and objectives.
These teams were conformed according to their interests on several 
teaching strategies, on this sense the teaching results o f  the project are 
mainly didactic. A team w ill be in charge o f  promoting the computer 
use as resource for teaching, by using in their classes educative 
software specifically developed by themselves, by means o f  diverse 
author tools, other w ill developed audiovisual sets to support their 
classes. Among the resources for teaching w e propose to elaborate first 
on paper and later on computer laboratory practices design, practices 
simulators, tutorials, different types o f  instruments for evaluation or 
autoteaching units.

101.18
TEACHING OF OPHTHALM OLOGY AND STRUCTURE AND FUNCTION 
OF THE EYE TO HIGH SCHOOL STUDENTS. J. Cocozza†. F. Walonker and 
J.C. Blanks*. †Francisco Bravo Medical Magnet High School, *Doheny Eye 
Institute and Dept. Ophthalmology. USC School of Medicine, Los Angeles, CA.

A successful two-semester course entitled "Ophthalmic Technology" has been 
developed by Bravo High School science teacher. J. Cocozza, Ph.D. in collaboration 
with faculty and staff at the Dohcny Eye Hospital and Vision Research Center. The 
course introduces students to the specialized field of ophthalmology and research in 
the visual sciences. Course objectives include: increasing interest in biomedical 
science: integrating elements of chemistry, physics, biology, and math in one 
course, demonstrating the relationship between lecture materials and clinical 
applications: training in clinical techniques. Biomedical scientists, 
ophthalmologists, ophthalmic technicians and research technicians from Doheny 
conduct lectures and/or laboratory sessions on the anatomy, physiology and 
pathology of the eye. The relationship of the eye to the brain and recent findings in 
the molecular biology of the retina are studied. New technological advances in 
patient care are presented. Visits to the Doheny Vision Center and Doheny Eye 
Hospital to observe specialized laboratory procedures and patient examinations arc 
included. To date one hundred students have enrolled and successfully completed 
the course during the past four years.

Eight of Dr. Cocozza’s students were awarded stipends for a six-week summer 
experience to "shadow" third-year ophthalmology residents. They accompanied the 
residents to seminars, clinic, and grand rounds.and participated in the orientation 
program for the first-year Ophthalmololy residents. Students observed surgeries, 
visited clinics, rotated through the various clinical departments in the Eye hospital, 
and spent time in a vision research laboratory.

101.20
BrainLinkSM: NEUROSCIENCE MATERIALS FOR ELEMENTARY A N D  
M IDDLE SCHOOL STUDENTS. J.H. D resden . N.P. M oreno , B.Z. Tharp  
and  T. W. Patrick*. Baylor College of M edicine, H ouston , TX 77030.

Follow ing three years of developm ent and  field-testing  of instructional 
m ateria ls  for teaching  neuroscience concepts to e lem en tary  an d  m idd le  
school ch ild ren , the  BrainL inkSM p ro ject h as  p ro g ressed  to  a n a tio n a l 
d issem in a tio n  phase. Both d ev e lo p m en t an d  d issem in a tio n  ac tiv ities 
have been su p p o rted  in p a rt by the N ational Institu tes of H ealth , Science 
Education Partnersh ip  A w ards program .

The B ra inL inkSM m ateria ls , d e v e lo p ed  by  sc ien tis ts, c lin icians and  
e d u c a to rs  a t Baylor C ollege of M edicine, a re  read y -to -u se  an d  a re  
designed  to prom ote the fun and  excitem ent of "do ing" science in  schools, 
m useum s or com m unity  settings, or at hom e. Topical u n its  include Brain 
Com parisons, M otor H ighw ays, Sensory System s and  M em ory & Learning. 
Each u n it contains three in te rre la ted  com ponents: a g u ide  to classroom  
activities, an adven tu re  storybook and  a m ini-m agazine for g roup  o r take- 
hom e use.

These in teg ra ted  m ate ria ls  a re  n ow  b e in g  u tilized  successfu lly  by 
th ousands of ch ildren  all over the nation. They p rov ide  a un iq u e  vehicle 
for use  by scientists in outreach  p ro g ram s w ith  stu d en ts , as w ell as for 
en richm ent of the science cu rricu lum  in schools. The fo llow ing reg ional 
d issem in a tio n  cen ters h av e  been  estab lish ed  to  p ro v id e  in fo rm atio n , 
m ateria ls  and  w ork sh o p s for assistance in  u s in g  BrainL inkSM : Baylor 
College of M edicine in  H ouston, Boston University  School of M edicine, the 
U n iv e rs ity  of K entucky C ollege of M edic ine  an d  the  U n iv e rs ity  of 
C alifornia, San Francisco.
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101.21

AN OVERVIEW OF THE COLORADO COLLEGE ELEMENTARY SCHOOL 
OUTREACH PROGRAM FOR NEUROSCIENCE EDUCATION. J. Ferguson. 
I. Driscoll. K. Coums. K. Rattenbury. S. Baca. L. Larsen, and B. Jacobs* 
Laboratory of Quantitative Neuromorphology, Psychology, The Colorado College, 
Colorado Springs, CO 80903.

The Colorado College (CC) Elementary School Outreach Program for 
Neuroscience Education was developed in 1993. It introduces Colorado Springs 
elementary school children (Grades 1-5) to basic neuroscience by providing them 
with hands-on experience with human and non-human brain tissue at the gross and 
microscopic level. The belief behind the program is that a well-rounded education 
at any level must include knowledge of how the brain works, and that this 
knowledge relates directly to how humans interact with each other as social beings. 
Twice a year, CC Neuroscience students visit local elementary schools in pairs to 
present a variety of interactive exercises for the children, including activities on 
comparative neuroanatomy (i.e., comparing the brains of different species), 
functional neuroscience (i.e., the functions of different lobes), and basic aspects of 
neuropharmacology (i.e., how drugs affect the brain). CC students also answer 
children's questions about the brain, often dispelling popular misconceptions. In 
addition to their neuroscience studies, CC students prepare for their presentations 
by studying the Society for Neuroscience’s material on "How to talk to children in 
schools."

In the past two years, we have visited 32 elementary schools, 90 
individual classrooms, and over 2,250 children. At the end of each visit, CC 
students hand out pamphlets from the Explorations in Neuroscience series 
(BrainLinkSM M aterials, Houston, TX) so that the children have educational 
material to take home with them, thereby encouraging continued interaction with 
their parents. The program has received overwhelming community support, and 
provides a valuable "learning through teaching" experience for CC students. 
(Human brain tissue for this program is generously provided by Dr. D. Bowerman, 
El Paso County Coroner.)

101.22

TE A C H IN G  EARLY MATH AND S C IE N C E  U SIN G  RATS IN A 
MAZE. S.R. Kelso* and J. Knight. Dept of Biological 
Sciences, University of Illinois at Chicago, Chicago IL 60680, 
and Beye Elementary School, Oak Park IL 60302

Training rats to find food rewards in an eight-arm radial 
m aze has provided an interesting (and fun) activity around 
which a number of educational objectives for 5th/6th graders  
could be organized. Students learned the scientific principles 
of making and testing hypotheses. They learned how to 
interpret evidence leading them to conclude that rats "learned" 
something. They also learned basic mathematics ideas 
regarding randomness and the rudiments of statistics in trying 
to decide when or if the rats performed better than chance. 
Thus, they were exposed in another context to working with 
fractions -  a major goal in grade 5 -6  mathematics. The  
random nature of the task made the students realise the  
necessity for repeating experiments and the nonpredictablity 
that is often a part of doing science.

The m aze activity also provided an opportunity for young 
students to touch, feel and repsectfully handle animals. 
Although initially a  bit squeamish at touching a rat, they quickly 
learned to pick them up and work with them calmly. Hopefully 
these noninvasive experiments will give them an 
understanding of the value of animals in answering the  
questions of science.

TEACHING OF NEUROSCIENCE: COMPUTER PROGRAMS AND INTERNET

102.1
THE CELL-SIGNALLING NETWORK: AN INTEGRATED, MULTI-
DISCIPLINARY DISTRIBUTED INFORMATION INDEX OPERATING OVER 
THE WORLD WIDE WEB OF THE INTERNET. E.C. Conley and I . D. 
Forsythe *. Centre for Mechanisms of Human Toxicity and Department of Cell 
Physiology and Pharmacology. University of Leicester, LEI 9HN. U.K.

Work has begun on a prototype cell-signalling molecule database index designed 
to disseminate 'consensus' properties of molecules involved in cell signal 
transduction. The Cell-Signalling Network (CSN), operating over the World Wide 
Web of the Internet will aim to provide a single point of reference for data 
resources of relevance to cell-signalling phenomena. Initially, information from 
over 10,000 papers pertaining to over thirty separable gene families of ion channel 
molecules have been indexed into 57 database fields to allow unlimited cross- 
referencing and ease of updating. These fields are grouped into seven sections 
incorporating (i) official nomenclatures (ii) cell-type expression, phenotypic and 
developmental properties (iii) primary sequence analyses (iv) molecular structure- 
function analyses (v) electrophysiological properties (vi) pharmacological 
properties and (vii) information retrieval. By acting as a single point of reference, 
the project aims to develop new interfaces for systematic logging of each data type 
and thereby facilitate cross-disciplinary interaction. Updates on molecular-type 
entries are intended to be supported by co-operative contributions from specialist 
groups world-wide: In preference to a monolithic' (single database) repository 
model, a novel 'distributed database' architecture permits electronic 'pointing' to 
single 'consensus' datasets (accessible from participating Web sites at specialist 
centres following protocols established by free document-exchange software). 
Multi-disciplinary and 'non-specialist' access is aided by expandable support files 
which include glossaries of technical terms/concepts as well as indexes to 
compounds and proteins, cell-types and 'updatable' reviews. The relational linking 
inherent to the CSN may help with the common problem of 'keeping pace' with 
important developments in parallel fields, and the continual task of integrating new 
information. To contribute to the CSN project, contact ecc@le.ac.uk.

102.3
WORLD W ID E  W EB S U R F IN G , IN T E R N E T  
SEARCHING A N D  H O M E  PA G E  P U B L ISH IN G : N EW  
METHODS TO  E N H A N C E  L E A R N IN G  O U T C O M E  IN  
NEUROSCIENCE IN ST R U C T IO N . E.P. W iertelak*. D ept. 
of Psychology, Macalester College, St. Paul, MN 55105.
The resources of the internet present almost unlimited opportunities 

for curricular enhancement in the sciences as in other academic 
disciplines. College students have a great deal o f curiosity about 
using the “information superhighway”, and at many schools, have 
already adapted to regular use o f the internet, particularly with e- 
mail, gopher services and newsgroups.

The goal o f the curricular program discussed here was to set up 
mechanisms to provide for motivated learning experiences within a 
behavioral neuroscience class, through allowing the students to 
indulge their interest in the world wide web (W W W ) while also 
pursuing the instructional goals o f a behavioral neuroscience class. 
Initially, a number o f exercises were designed to introduce students 
to WWW searching. This was followed by the development and 
posting o f sequential “diary” entries into each student’s home page 
hierarchy.

The final exercises developed were to provide students with 
hands-on experience in programming HTTP to develop unique sites 
based on inquiries related to neuroscience. Future plans already in 
development include an electronic undergraduate-level neuroscience 
research journal, and an archive site for previous semester’s diaries 
and student home pages.

1 0 2 .2

HIPPOWEB: NEUROBIOLOGY OF THE HIPPOCAMPUS ON THE WORLD 
WIDE WEB. Ricciardi.T.N,*1 and Owens. J,1,2 1Neurological Surgery RI-20, and 
2Physiology and Biophysics, University of Washington, Seattle, WA 98195.

Recent initiatives to expand the scope and function of the internet have 
increased both the number and the quality of information resources available to 
scientists and educators. For example, new tools for use on the World-Wide Web 
allow teachers and researchers to design documents ("home pages") that integrate 
graphics, text, and other media related to the scientific content of the neuroscience 
curriculum. Such home pages are readily accessible to students via generally- 
available Web browser software. As teaching tools, Web home pages can 
supplement course laboratory and lecture materials, and there is increasingly 
available support for Web home page development. Thus, advanced computer 
programming skills are not required to assemble a home page. The required 
freeware may be downloaded by anonymous FTP to a desktop computer. We have 
developed a home page called HippoWeb, which presents recent research on the 
neurobiology of the hippocampus. HippoWeb also features an interactive tutorial 
covering the basic principles of anatomy and physiology of the hippocampus. The 
tutorial was designed to provide a basic orientation to undergraduate researchers 
and rotating graduate students in our laboratory group. The tutorial is punctuated 
by hypertext links to integrated modules of graphics and text which cover specific 
content areas of anatomy, physiology, development, and epilepsy. HippoWeb 
contains self-test questions that provide students with immediate feedback on their 
understanding of the content. Its modular design and use of hyperlinks allow self- 
paced learning and ftexibility of content. The HippoWeb server is provided by the 
University of Washin ton computing center, and can be accessed by entering the 
following URL: http://weber. u. Washington.edu:80/~tnr/hippoweb/hippoweb.html. 
Supported by NIH-T32NS-07144-15 (T.N.R.) and the MSTP program (J.O.)

102.4
SENEX: A PERSONAL CONSULTANT FOR MOLECULAR 
NEUROSCIENCE. S.S. Ball and V.H. Mah.* Depts. of Pathology, 
Medical College of Pennsylvania and Thomas Jefferson University, 
Philadelphia, PA.

SENEX is an evolving computer application currently used as a 
personal consultant by the authors. It serves: 1) to cross reference or 
correlate information while reading the literature or attending seminars; 2) 
to organize materials for scientific presentations or publications; 3) as a tool 
for making predictions upon which experiments could be based. SENEX 
contains information about molecules, molecular interactions, and disease 
and presents this information graphically in an interactive mouse-oriented 
environment. Much of the molecular information in SENEX deals with 
signal transduction although more basic information, for example protein 
synthesis and glycosylation, metabolic pathways, etc. is also contained 
within SENEX. SENEX is customizable, that is a user has the capability of 
adding proprietary information to the application that either modifies 
existing information or adds new information. Through a combination of 
object-oriented and standard techniques, SENEX provides a facility for 
finding something without being certain of what to look or ask for. When 
new information is added, objects created to store that information inherit 
default information. This provides one a means by which SENEX displays 
intelligent behavior. One of the particularly useful features of SENEX is a 
facility for computing graphical presentations of proteins and molecular 
complexes from symbolic (word) representations, thus freeing the authors 
and potential users from the task o f creating graphical presentations for 
newly added macromolecules. SENEX maintains a history of user 
interactions, so that responses are context sensitive. SENEX currently runs 
on Macintosh computers, including laptops with 32 MB of RAM. The 
authors will demonstrate SENEX.
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102.5
THE INTERACTIVE BRAIN: A MULTIMEDIA INTRODUCTION TO THE 
NEUROBIOLOGY OF BEHAVIOR. T J Voneida*. Neurobiology Department,
N.E. Ohio Universities College o f Medicine, Rootstown, OH 44272, and R.
Vardaris. Psychology Department, Kent State University, Kent, OH 44242.

This is the second in a series of neurobiology texts using computer technology to 
present 3 dimensional brain anatomy in a manner which is more easily comprehended 
than is possible in conventional text format. The emphasis is upon the correlation 
between brain structure and behavior, and unlike its predecessor, “The Graphic Brain 
- Neuroanatomy,” which was designed primarily for medical and graduate students, 
this is designed for those who are studying the central nervous system for the first 
time. It is particularly well suited for undergraduate physiological psychology and 
related courses in nursing, occupational and physical therapy programs.

Fully animated, interactive graphics are used to illustrate text material presented 
in conventional, “hard-copy” format. Thus information presented on the computer 
screen contains a minimum of text, except for figure labels and summary statements 
related to each figure. An audio narration is presented at the end o f each unit, in 
which a brief summary review o f material covered in the unit is given. This review 
is presented in a didactic manner, and really represents an ongoing quiz of that which 
has been covered. For example, viewers are asked to “drag” labels from a list at the 
bottom of the screen to their appropriate place in each figure. Errors result in 
automatic returns of the label to the list. Other ongoing self-testing is also 
incorporated, thus allowing students to proceed at their own pace, but also to test 
themselves as they do. Our experience with “The Graphic Brain - Neuroanatomy” 
has demonstrated the efficacy of this animated, interactive approach to learning, and 
the 2 programs will be compared in this presentation.

This program is designed to run on any Macintosh or 486 DOS computer fully 
equipped for multimedia performance.

102.7
CAI TUTORIALS ON NEUROLOGICAL ANATOMY. P.A. Young*. P.H. Young. 
S.L. McClain. J.C . Young. Department of Anatomy and Neurobiology, St. 
Louis University School of Medicine, St. Louis, MO 63104.

In te rac tive  com puter-based  tu to ria ls  using ana tom ica l 
relationships, animated connections, and clinical simulations to enhance 
the understanding of the neuroanatomical basis for CNS disorders, have 
been praised by our medical students in the past three neurosciences 
courses, as the overwhelming favorite and most helpful learning aid. 
Similar comments have been received from some of the over 25 health- 
related schools using these tutorials. Although intended to be a 
supplemental learning aid in neuroanatomy and systems neuroscience 
courses, the tutorials are being used in some schools as a substitute for 
lectures.

The central theme of all the tutorials, which now include the motor 
and sensory systems, the cerebral cortex, and the limbic system, is to 
demonstrate the principal anatomical structures, their connections, and 
the clinical disorders associated with the system. The anatomy sections 
feature digitized images of gross specimens (intact, dissected and 
sliced), magnetic resonance images, myelin stained sections, and 
anatomical illustrations. Animations and graphics are used to 
demonstrate the connections of the structures and the organization of the 
system. The clinical correlation sections include illustrations, video 
captured simulations, and where applicable, animated renditions of the 
abnormal circuitries in the neurological disorders. Also included in all 
the tutorials are interactive review quizzes. (Supported in part by 
Practical Anatomy and Surgical Technique Workshop of St. Louis, a non-
profit institution dedicated to innovative medical education.)

102.9
SYNAPSE: A CO M PU TER SIM ULATION O F  SYNAPTIC TRANSMISSION. 
M.S. Letinsky* and N. Jurisic, Physiology D epartm ent, Jules Stein Eye Institute, 
UCLA, Los Angeles, CA 90024.

The physiological processes of synaptic transmission are non-linear, and their 
dynamic, time dependent nature are difficult to  grasp by visualizing figures or by 
reading textbooks or the literature. Understanding of synaptic transmission 
requires observing these cellular and m em brane processes in an experimental 
fashion where the dynamic interactions of potential, ionic currents, transm itter 
release, and the postsynaptic response can be observed and analyzed. W e have 
developed SYNAPSE, a com puter simulation o f synaptic transmission that 
generates time and voltage dependent graphical solutions describing the 
physiological processes involved. Synaptic transmission is m odeled using two 
different preparations, the squid giant synapse and the vertebrate neuromuscular 
junction. The basic pre- and postsynaptic mechanisms of synaptic transmission 
are simulated. The relationship between m em brane potential changes and nerve 
term inal calcium channel activation is m odeled to  produce physiological changes 
in nerve terminal calcium concentration. Presynaptic calcium current, as in living 
animals, is sensitive to changes in nerve term inal properties and the external 
environment. This nerve term inal calcium then elicits release of synaptic vesicles 
according to the quantal hypothesis. T ransm itter release and its postsynaptic 
response behave similarly to living preparations; and actual experiments can be 
performed. With SYNAPSE we have produced data under a variety of 
experimental conditions and have repeated several classical experiments. We 
have used SYNAPSE as a presentation tool to  dem onstrate the time dependent 
behavior of synaptic transmission in lectures to  medical and graduate students, 
and as a computer laboratory where students can m anipulate variables to  simulate 
actual physiological experiments.

102.6
BRAIN ANATOM Y - IN TEG RA TED  CO M PU TER ASSISTED LEARNING. 
M. Rydm ark, C.-H. Berthold. D. H övik, H. Persson and T. Kling-Petersen*. 
M EDNET, Göteborg University, M edicinaregatan 7B, S-413 90 Gö teborg, 
Sweden.

We develop a multimedia prototype for studies of brain anatomy. This 
program is not intended to be a replacem ent but a complement to traditional 
training. We also prepare similar programs for i) brain histology, ii) 3-D 
visualization of the brain and iii) radiology of the brain.

A conceptual 3-D-view of the b ra in 's  gross anatomy is hard to accomplish 
from the flat view of pictures in anatom ical textbooks. Therefore, the exterior 
of human brains were photographed in various projections. Subsequently, the 
brains were sliced in one millimeter thick horizontal o r frontal slices. After each 
section the cut surface o f the brain was photographed. The films where 
digitized. The images of sections were aligned with an autom atic procedure. 
Light micrographs were also digitized. Digital angiograms, CT- and MR-images 
were also used. 3-D reconstructions were made on a Silicon Graphics 
workstation. A Macintosh Power-PC and the authoring tool M acromedia 
Director was used for the basic programming. Animations were m ade with 
QuickTime-VR. The Macintosh versions are to be ported to Windows. The 
images were equipped with triggerfields so that when pointed at the name of 
the structure is displayed at the screen. In designing the user interface our goal 
was to make the user interface as simple and easy to use as possible. All menu 
options and other functions are accessed by pointing and clicking with the 
mouse. The images are close to full-screen to give a full view of all the struc
tures when working in a group situation with two or three students. In the 
animation of the sequences it is anywhere possible to place a "cut" and transfer 
to the corresponding perpendicular image in the other sequence of sections. 
There is also a shortcut to a particular structure through a wordbook that lists 
all the structures in alphabetical order.

102.8
NEUROWIZ A SOCRAT1C COMPUTER DIALOG FOR INTEGRATING 
BASIC AND CLINICAL NEUROSCIENCES IN PHYSICIAN TRAINING B.W . 
Chopko*. J. Z. Little. F. M. Chen and R. Stoll-Chopko Division of Neurosurgery, 
UCSD Medical Center, San Diego, CA 92103. Neurobiology Dept , NEOUCOM, 
Rootstown. OH 44272, Department oF Internal Medicine, Scripps Clinic and 
Research Foundation, La Jolla, CA 92037 

Neurologic disease is often perceived by medical students and non-neuroscience 
specialists as an overwhelming or hopelessly complex realm of medicine Interactive 
computer programs are promising self-study tools in that large amounts of data can 
be retrieved and integrated in a convenient format, such programs are thus well- 
suited for neuroscience teaching We developed a computer program, NeuroWiz 
(IBM based), that presents the user with a clinical scenario followed by a selection of 
options Once an option has been selected, new data is presented and the user again 
faces a choice of options The process continues until all of the salient teaching 
points have been discussed Based on the user's selections at decision nodes, a 
scenario can be completed via multiple pathways Each decision, correct or 
incorrect, generates a commentary designed to present relevant basic and clinical 
teaching points In addition to factual content, the commentaries also attempt to 
relay a sense of the process, or logic, underlying the clinical decision algorithm. 
Every choice, no matter how incorrect, is utilized as a springboard for teaching, 
thereby increasing efficiency of time use and potentially exposing errors of logic in 
the user's analysis. The Socratic, self-study nature of the program should make 
NeuroWiz useful to a spectrum of physicians, from preclinical medical students to 
experienced practitioners who desire a review of clinically relevant neuroscience 
topics The program should especially appeal to medical students at the onset of 
clinical training, at time when the clinical decision-making process is still relatively 
foreign while the demands of patient care are swiftly approaching

102.10
A DIGITAL ANATOMIST INTERACTIVE BRAINSTEM ATLAS 

J.W. Sundsten*, J.F. Brinkley and K.R. Eno. Dept. of Biological Structure, 
University of Washington, Seattle, WA 98195-7420.

The Digital Anatomist Program has as one of its goals the preparation of 
anatomical databases for stand-alone applications, and for client-server 
access over the Internet. The software framework for viewing the images is 
the same for both cases, and is demonstrated here in the CD-ROM version of 
the Interactive Brainstem Atlas (Macintosh platform). The database was made 
by digitizing objects from a serial set of our own brainstem transverse sec
tions (alternate Weil and Nissl stains). Surface contours of Weil sections were 
traced at 0.2 mm intervals. Internal structures were outlined at closer inter
vals, using the Nissl sections where needed for estimating boundaries of 
nuclei. The digitized co-ordinates were aligned with internal fiducials and 
objects extracted and reconstructed in three dimensions using our in-house 
Skandha software, running on SiliconGraphics workstations. Some of this 
material has appeared in our CD-ROM Interactive Brain Atlas (Health Sci
ences Center for Educational Resources, University of Washington, Seattle, 
1994). Here, we present the complete brainstem set with its tracts and nuclei. 
The images in the Interactive Atlas are of three types: 3-D computer-graphic 
animations in digital movie format, still-frames of the 3-D reconstructions 
selected from the movies, and scans of the serial tissue sections. The mate
rial is organized into chapters that cover functional nucler groups, and white 
matter organized into ascending, descending and cerebellar tracts. Our soft
ware framework enables interactive navigating for named structures, selec
tion of animations and quizzes. Portions of the Interactive Atlas are available 
on the Internet for educational use and evaluation (anonymous ftp from 
ftp.biostr.washington.edu:/pub/browser). Supported in part by NLM Grant 
LM04925 and the Human Brain Project Grant DC/LM02310.
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102.11
LEARNING NEUROANATOMY WITH A HYPERMEDIA PROGRAM: USERS’ 
EVALUATION OF INTERACTION EXPERIENCE AND SATISFACTION IN 
LEARNING. H-L Hsu. G. Coppa. E. Tancred*. P. Dev*. Stanford Univ. Sch. of 
Med., Stanford, CA 94305, *Sch. of Anatomy, Univ. of New South Wales, 
Sydney, N.S.W. 2052, Australia.

With its random access and multidimensional characteristics, hypermedia is 
believed to enhance students’ learning experience. We conducted a study to 
determine student perception of their experience with an interactive neuroanatomy 
learning program called BrainStorm.

Questionnaire surveys were conducted in three neuroscience classrooms at two 
universities (Stanford University, IJ.S.A., and University of New South Wales, 
Australia). A total of 140 students reported their experiences and evaluation of 
using BrainStorm as a learning aid for neuroanatomy at the end of the courses. 
Factor analysis was employed to identify the main constructs that underlie users’ 
interaction experience and satisfaction in learning. Correlation analysis was used to 
examine relationships between various factors of interaction experience and 
satisfaction in learning.

The results from this analysis suggest a positive relationship between the main 
factors of user interaction experience and the extent to which students find the 
program enhances their learning of neuroanatomy. Most students found the 
hypermedia program useful in facilitating their learning by satisfying their 
information needs, supporting active exploration and integration, and enhancing 
visual imagination. Lower levels of satisfaction were reported on the function of 
the hypermedia program in enhancing the creative aspects of learning that involve 
perspective development and idea testing. The perceived match between hypermedia 
charateristics and student learning style as well as active engagement with the 
interactive features of hypermedia are factors in student satisfaction with hypermedia 
such as BrainStorm.

102.12

MORPHING STILL IMAGES INTO MOVIES OF BRAIN 
PATHWAYS. H. F. Martin III*. W. C. Wise. R. Heil. Dept. of 
Physiology, The Medical Univ. of South Carolina,Charleston, 
SC 29425

Students find difficulty visualizing the changing three- 
dimensional orientation of principal sensory and motor tracts 
in the brain as they ascend or descend long distances along the 
neuraxis. We are creating a series of concise movies from 
sequences of brain sections which depict each tract as it 
travels through the neuraxis. Synapses in sequential nuclei, 
decussation and changes in relationships to other structures 
are dynamically presented. The process of making the movies 
involves: 1) videocapture of each original image as a digitized 
computer file; 2) modification by a paint program (Photoshop) 
to add color or drawings; 3) combination of frames using a 
morphing program (Morph) to create the transitional movie 
frames which transform each modified still image into the next 
one in the series; and then 4) compilation using a movie editing 
program (Premier) to finish each self-teaching movie by adding 
text, sound track and transitional special effects. The series of 
units are being compiled as self-playing movies (Quicktime) on 
CD-ROM to play on Macintosh computers. In a pilot test with 
64 first-year medical students, 84% found them very to 
moderately helpful in studying the organization of brain tracts. 
Examples of these movies will be demonstrated as well as the 
techniques used in creating them.

102.13
DESIGN, CREATION AND D ELIVERY OF CO M PU TER -G EN ER A TED  
ANIMATIONS IN NEUROSCIENCE EDUCATION. Corev Cleland*
Dept of Physiology and Biophysics, University of Iowa, Iowa City, IA 52242

Computer-assisted instruction is becoming an important tool in 
neuroscience education. Computer-based lecturing, digital neuroanatomical 
atlases, self-paced tutorial and quiz software and neuronal simulations are 
some of the many applications of computer approaches. Animations are a 
particularly important component in these types of educational software. The 
goal of this presentation is to provide practical information for the design, 
creation and delivery of animations, especially in computer-based lectures.

Design: Animations continuously unfold, yet the concepts that we try to 
convey to students are discrete. Consequently, “key" frames should be 
created within the animations that correspond to specific concepts. Dazzling 
animations can also have the undesirable effect of distracting students from 
the content: use static graphics if they are likely to be equally effective.

Creation: Animations can be created in several ways. 1) Transition 
effects, found in presentation software, are a simple but effective technique 
for “faking” traditional animation. 2) Path-based animation, found in some 
presentation and authoring software, is easy to use and combined with 
transition animation can produce a wide range of animation. 3) Specialized
2- and 3-dimensional animation software is progressively more complex, but 
can produce nearly any animation imaginable.

Delivery: The primary criticism from students is that animations move but 
their notes do not, making studying after the lecture difficult. Apart from 
providing the students access to the animations after lecture, handouts can 
be distributed that contain static representations of the animation at each 
"key frame " In addition, the speed and duration of the animation should be 
carefully matched to the amount and difficulty of the material presented.

TEACHING OF NEUROSCIENCE: LABORATORY COURSES AND EXERCISES

103.1
A HYPERTEXT ENVIRONMENT FOR PRESENTING  
SIMULATION EXERCISES IN A N  UNDERGRADUATE  
NEUROSCIENCE LABORATORY. D. P. Bashor*. D ept. o f  Biology, 
University o f  North Carolina at Charlotte, NC 28223.

Some o f  the goals o f  this first-semester introductory neuroscience 
laboratory are to (1) teach the basic principles o f  neuron excitability,
(2) encourage thinking about experimental design in science, (3) 
expose the students to the concept o f  models as predictive devices, (4) 
allow study o f  some models o f  excitability, (5) teach how models are 
built and explore their limits as prediction tools, and (6) promote 
computer literacy. To reach these goals, I have created hypertext 
documents using GUIDE™, a Microsoft Windows™-compatible 
product o f  Info Access™, and simulations written in Microsoft Visual 
Basic™. Students launch the simulations from within the hypertext 
document by clicking on "buttons". The first lab introduces the 
Windows™ environment, followed by a lab on electrophysiological 
principles. The third lab contains experiments exploring threshold, 
refractoriness, and accomodation, using a Kemell/MacGregor model. 
Next, students do experiments with the Hodgkin-Huxley model to 
enhance the concept o f  threshold and observe the effect o f  ion channel 
type and density on the voltage change during an action potential. The 
last lab in the series leads the students to explore the idea that channel 
type and density determine neuron firing properties, using a simulation 
which shows pacemaker and bursting behavior.

103.2
INTEGRATED LABORATORY EXPERIENCE IN HUMAN AND  
ANIMAL BEHAVIORAL NEUROSCIENCE. D. C. Rojas*. A. J. 
Bane. T. L. Bennett. and D. D. Avery . Dept. o f Psychology, Colorado 
State Univ., Ft. Collins, CO 80523.

In response to growing demand for training in the behavioral neuro-
sciences, two hands-on laboratory experiences for upper-division, 
undergraduate psychology majors were developed to supplement 
learning in a physiological psychology lecture course. Each laboratory 
focuses on human or non-human animal techniques. The human 
oriented laboratory includes experiences in human brain anatomy 
(computer and real brain), neuropsychological assessment, 
electroencephalography (EEG), and application o f the EEG to 
experiments on sleep, event related potentials and topographic mapping. 
The animal oriented laboratory provides experience with live animal 
(rat) handling, injections o f anesthetics and other drugs, stereotaxic 
surgery, and three experiments: a) the effect o f cholecystokinin on 
operant responding for food reward, b) the effect o f dextromethorphan 
on water maze performance, and c) in vivo induction o f long term 
potentiation in the rat hippocampus. Student response to the 
laboratories has been very positive. In the lecture course, the 
undergraduates who take the laboratories perform above the level o f  
those who do not. A ll laboratory exercises and the equipment needs for 
both labs are described.
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103.3
U SING C O M P U TE R -A S S IS TE D  P H Y S IO LO G Y  E X P E R IM E N TS  
IN ALL LEVELS O F AN U N D ER G R A D U A TE  B IOLO GY  
C U R RIC U LU M . Clark A. Lindgren*. Department of Biology, 
Grinnell College, Grinnell, IA 50112.

As part of an ongoing effort to introduce students more 
effectively to the process of science at all levels of our biology 
curriculum, 8 Macintosh™ computers and MacLab™ data 
acquisition systems were purchased, along with a variety of front- 
end amplifiers, transducers, and accessories (ADInstruments Inc). 
Laboratory exercises and experiments using these workstations 
were introduced into three courses: (1) "Structure and Function of 
Organisms," the first course in our introductory biology sequence, 
(2) "Animal Physiology," an intermediate-level course, and (3) 
"Advanced Research in Neurophysiology," semester or year-long  
research projects for advanced, undergraduate students.

The ability to introduce the workstations at all levels of the 
curriculum was a primary impetus for this project and MacLab™  
proved ideal in this regard. The MacLab™ software, Scope and 
Chart, allow many of the controls and menus to be hidden and/or 
locked from the students. This feature allowed the experiments in 
the introductory course to be greatly simplified. On the other hand, 
the extensive capabilities of MacLab™ for data acquisition, 
analysis, and presentation made it ideal for even the most 
advanced and demanding research applications.

(This project was supported by NSF-ILI grant D U E-9352801.)

103.5
AN E X P E R IM E N T A L  N E U R O B IO L O G Y  C O U R S E  F O R  
UNDERGRADUATES USING ELECTROPH YSIOLO GY . M. M ynlieff*. 
Department o f  Biology. M arquette University, M ilwaukee, WI 53201-1881.

I have developed an undergraduate laboratory course centered around 2 
electrophysiological preparations: the frog neurom uscular junction and the rat 
hippocampal slice preparation. The philosophy behind the course is to allow 
the students time to become very fam iliar with these two preparations so they 
can investigate various principles o f  neurobiology and ask more in-depth 
questions rather than have a "survey" type course which exposes them to m any 
preparations but little in-depth study. Intracellular recording in the frog 
neurom uscular junction is used to study the ionic basis o f  the resting 
m embrane potential, to characterize evoked potentials and to investigate the 
quantal nature o f  neurotransm itter release. Extracellular recording o f  evoked 
field potentials in the hippocampal slice is used to study both short term and 
long term -synaptic plasticity. During the final week o f the course I use 
sim ulation software which allows the students to become fam iliar with voltage 
clamp recording for which the teaching laboratory is not equipped. This 
course meets for 4 hours laboratory and 1 hour lecture every week for the 
entire semester. I require the students to write 5 full length laboratory reports 
and one outline on an experimental approach they would use to determine 
whether a compound acts pre- or post-synaptically.

The laboratory is equipped with 6 electrophysiological set ups which include 
a binocular microscope, 2 m icrom anipulators, a Dagan IX 1 intracellular 
am plifier including an AC coupled extracellular headstage, a M acintosh LCIII 
and the M acLab 2e data acquisition system and software.

Supported by the Howard Hughes Medical Institute.

103.4
A VOLTAGE C LAMP LABORATORY FOR UNDERGRADUATE NEUROBIOLOGY
D A Hanck*. R. L. Martin, C. L. Drum. T. M Egan , J. W. Kyle University of 
Chicago. Chicago. IL 60637 and St Louis University. St Louis. MO 63104

As part o f an upper level undergraduate course in cellular ncurobiology. the 
University o f Chicago offers students the opportunity to current clamp and 
voltage clamp mammalian cells and to perform two microelectrodc experiments 
using Xcnopus oocytes Apple Macintosh Ilci and Power PC' computers, 
equipped with GW Instruments MACAdios boards and SuperScope II. are paired 
with cost effective amplifiers (Warner), inverted microscopes (Zeiss), isolation 
units and micro-manipulators (Newport). A variety o f readily available neuronal 
cell lines have been used, including N1E 115 and RT4B cells (Na channels). 
PTC'3 cells (Na and outwardly rectifying K channels), and murine macrophage 
cells J774 I (inwardly rectifying K channels) In our environment, we could also 
take advantage o f a variety o f cell lines stably expressing recombinant channels 
These cell lines are easily maintained and readily form high resistance seals with 
patch pipettes, thereby maximizing the probability that students will obtain data 
In addition to directly recording current-voltage relationships and assessing 
voltage-dependent channel availability for the voltage-gated channels, students 
use basic pharmacology to isolate channel activity and to distinguish channel 
isoforms from each other Students also prepared cRNA (encoding K channels) 
for injection into oocytes and assayed expression with two microelectrodc voltage 
clamp Because computers are networked, data files are accessible and data 
analy sis and graphics can be carried out outside the laboratory using such tools 
as IGOR and MATLAB. This lab gives students practical experience with both 
molecular biology and cellular electrophysiology, two state o f the art 
technologies in concert. Supported by an undergraduate biological science education 
program grant from the I toward Hughes Medical Institute

103.6
IN SITU ON A SHOESTRING . S.E. Bachus*. CBDB, NIMH at St.
Elizabeths, Wash., DC, 20032 & Dept. Psychol., Hood College, Frederick, 
MD, 21701.

Many of us trying to combine research with teaching are grappling with 
the challenge of attempting to set up state of the art research facilities at 
small liberal arts colleges with severely restricted sources of funding for 
laboratory set-up. I have had the opportunity to test, in a laboratory 
utilizing in situ hybridization histochemistry (in rat and human samples), 
the adequacy of a number of substitutions in the necessary supplies and 
equipment in the course of setting up a functioning laboratory at Hood 
College. Many of these substitutions can be purchased from local grocery 
and hardware stores, or recycled from other laboratories, for prices ranging 
from 0-5% of those listed in scientific supply catalogs. Information about 
obtaining these items will be provided. In addition, a variety of strategies 
will be described that have been utilized to obtain even major pieces of 
equipment at markedly discounted rates, and to obtain (modest) funding 
for supplies for student projects. It can be done, and it may be that one 
silver lining to the current climate of limited job opportunities and funding 
sources is that even students at small colleges will enjoy opportunities to 
become exposed to and involved in state of the art neuroscience research.

SYMPOSIA SUNDAY PM

104
S y m p o s i u m . P a t t e r n s  o f  a c t i v i t y  s h a p e d  b y  l o c a l  c i r c u i t r y

IN MAMMALIAN VISUAL CORTEX. Jennifer S. Lund. U niversity of London 
(Chairperson); Keyan M artin . Oxford University; Ulf Eysel, U niversity  of 
Bochum; D av id  F itzpatrick . Duke University; G ary B lasdel, H arv a rd  
M edical School.

Recent advances in optical im aging have revealed functional architectures 
of visual cortex in unprecedented  detail. This sym posium  will focus on recent 
studies that com bine optical im aging w ith  conventional anatom ical and 
physiological techniques to study  the role of local circuits in generating 
these patterns.
Kevan M artin  will discuss evidence that local circuits u tilize recurrent 
excitation to shape the response properties of cortical neurons.
U lf Eysel will discuss the horizontal connections of py ram idal cells and 
large basket cells in layers 2 and 3 of cat visual cortex, and  how  they are 
organized w ith  respect to m aps of orientation selectivity inferred from  
optical and single unit recordings.
D avid  F itzpatrick  will discuss correlations betw een orien tation  preference 
and the axial elongation of horizontal connections in layer 2 /3  of tree shrew  
striate cortex that m ay suggest an anatom ical substra te  for orientation 
selectivity in some, and possibly all, species.
G ary  B lasdel will discuss pa tte rns of activity and  lateral connectivity  in 
m onkey striate cortex, and  correlations betw een them  w hich suggest 1) that 
u pper layer neurons project laterally to only a subset of regions that respond 
to the same orientation, 2) that m any  of these regions prefer o rien tations 
that are slightly  different, and  3) th at the o rien tation  p referred  m ay 
correlate w ith  the d istance and  axial direction  of lateral connections.

105

SYMPOSIUM. FR O M  FOS TO PR O TEO LYSIS: M O LECU LA R  
EVENTS IN BRAIN ISCHEM IA. F.R. Sharp. Univ. California, San 
Franciso (Chairperson); M.A. Moskowitz. Harvard University; D.E. 
Bredesen, LaJolla Cancer Fdn; G.A. Rosenberg. Univ. New Mexico.

Ischemia initiates a cascade of molecular events that continues for days. 
Though translation of most genes decreases markedly, selected genes are 
induced by ischemia. Some of these genes mitigate injury and others mediate 
injury. Manipulation of these genes may prevent neuronal apoptosis, necrosis 
and tissue infarction. Immediate early genes are rapidly induced by ischemia 
and activate target genes, including growth factors, GFAP and HSPs. Frank 
Sharp will describe the cloning and induction of HSP70, HO-1, grp75, 
methyl malonyl CoA mutase and other genes following ischemia, hemorrhage 
and seizures. These genes can be used as markers of cellular injury in animals 
and possibly man, and likely protect cells. The neurobiology of nitric oxide 
will be reviewed by Michael Moskowitz. The role of neuronal, endothelial 
and macrophage NOS in mediating vascular changes in normal brain and 
neuronal injury in cerebral ischemia has been dissected using NOS knockouts 
and pharmacological probes. Free radical damage from nitric oxide and 
oxygen will be placed in the context of ischemia. Dale Bredesen will outline 
rapid progress in the molecular biology of apoptosis including the roles of 
bcl-2, p35, growth factors, p75NTR and oxidative stress. Induction of 
apoptosis and its associated genes in ischemia and disease will be shown. 
Blood brain barrier breakdown occurs fairly late after ischemia. Gary 
Rosenberg will describe how this process is programmed, how proteinases 
produce this barrier breakdown and the consquences for injured brain.
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108.1
ISOLATION OF MULTIPLE PHOSPHOPROTEIN PHOSPHASTASES 

FROM HUMAN BRAIN. L.-Y. Cheng. J.-Z. Wane, C.-X. Gone. I. 
Gnmdke-Iqbal* and K. Iqbal. New York State Institute for Basic Research 
in Developmental Disabilities, Staten Island, NY 10314.

Chromatography of human brain extract on DEAE-Sephacyl and affi-gel 
blue resolved phosphoprotein phosphatase activity into two main groups, 
namely affi-gel blue-binding phosphatases and -nonbinding phosphatases. 
Approximately 40% and 60% of the phosphatase activity was present 
respectively in the bound and the unbound fractions. The bound enzymic 
activity was further resolved into four different phosphatases, P1, P2, P3 and 
P4 by Calmodulin- Sepharose and Poly-lysine agarose chromatographies. 
One of these phosphatases, P1, bound to Calmodulin-Sepharose, had 
approximately 55% of the affigel bound enzymic activity and was 
markedly similar to calcineurins reported from bovine brain and rabbit 
muscle. The enzyme required the synergistic action of Ca2+ calmodulin 
and Ni2+ Mn+ or Mg2+ for maximal activation. It also crossreacted with 
rabbit anti-bovine brain PP2B antibody. Phosphatases P2, P3 and P4 
constituted approximately 10%, 11%, and 23% o f the enzymic activity, 
respectively. Phosphatases P2 and P3 did not show any immunoreactivity 
against antibodies to PP2A, PP2B, PP2C or PP1, whereas P4 was labelled 
with PP2A antibodies. Apparent molecular masses o f P1, P2, P3 and P4 
based on activity peaks from gel permeation chromatography were 97, 45, 
42 and 125 kDa, respectively. The four phosphatases differed in pH 
optimum, divalent cation requirements, inhibitors and in protein substrate 
affinities.

108.3
RELATIVE PHOSPHORYLATION OF TAU AT TAU-1 AND PHF-1 

SITES IN ALZHEIMER DISEASE AND CONTROL BRAINS. 1T.Kudo*. 
1Y. Ikura. 2T. Tanaka. 2I. Grundke-Iqbal. 2K. Iqbal. lM . Takeda and 1T. 
Nishimura. 1Department o f Neuropsychiatry, Osaka Univ. Medical Sch., 
Osaka, Japan, and 2New York State Institute for Basic Research in 
Developmental Disabilities, Staten Island, NY 10314, USA.

Microtubule-associated protein tau is abnormally hyperphosphorylated 
at several sites in Alzheimer disease (AD). It is unlikely that all of the 
sites are equally phosphorylated. Identification o f the degree of 
phosphorylation at the abnormal sites will help reveal their role in the 
pathogenesis o f AD. Towards this goal phosphorylation o f tau at Tau-1 
(Ser 199/Ser 202) and PHF-1 (Ser 396/Ser 404) sites were determined by 
a radioimmunoslot-blot assay. Homogenates and cytosols (100,000 x g) of 
temporal gray matter from AD and age-matched control brains were 
assayed using monoclonal antibodies Tau-1 and PHF-1 as described 
previously (J. Neurochem. 59:750-753, 1992). In AD brains the 
phosphorylation both at Tau-1 and PHF-1 sites was markedly greater than 
in control brains. However, in both AD and control homogenates 
phosphorylation at the Tau-1 site was significantly higher than at the PHF- 
1 site, whereas in cytosol the PHF-1 site was phosphorylated more than the 
Tau-1 site.

108.5
ADVANCED GLYCATION ENDPRODUCTS (AGE) IN SENILE 

PLAQUES (SP) A N D  NEUROFIBRILLARY TANGLES (NFT) OF 
ALZHEIMER'S DISEASE (AD): A DOUBLE-LABELING IMMUNO- 
CYTOCHEMICAL STUDY. P.W . Dickson*. S. Sinicropi, F. Salles†, 
M. Vitek+, S.-H. Yen, H. Vlassara+ and R. Bucala+ Albert Einstein 
College of Medicine, Bronx, NY 10461 and † The Picower Institute for 
Medical Research, Manhassett, NY 11030.

AGE are non-enzymatic, covalent modifications of macromole- 
cules due to reaction w ith glucose. Glycation is com m on in molecules 
with long half lives and is associated w ith their acquisition of novel 
properties, such as macrophage chemotaxis. In acetone-fixed, 
proteinase-K treated, frozen sections of AD hippocam pus (N=10), 
double-labeling immunofluorescent analysis w as performed w ith a 
monoclonal antibody to AGE combined w ith thioflavin-S (to label 
amyloid), a rabbit antibody to Ap (to label dense core and diffuse 
amyloid deposits, and preamyloid), Alz-50 [to label intracellular NFT 
(NFTi)] or Ab69 [to label both NFTi and extracellular NFT (NFTe)]. 
AGE-immunoreactivity w as specific, since it could be absorbed with  
AGE-modified albumin. AGE w ere present in some, but not all SP 
and NFT. SP with dense amyloid cores w ere AGE+, w hile diffuse 
amyloid deposits and preamyloid were usually AGE-. NFT with  
morphology, distribution and immunoreactivity profile of NFTe were 
AGE+, but most NFTi were AGE-. Lesions that are AGE+ are also 
known to be associated w ith microglia, w hich raises the possibility 
that AGE contributes to the microglial reaction to these lesions and 
subsequent deposition of other m olecules, such as apolipoprotein-E.

108.2
PHOSPHATASE INHIBITORS INCREASE TAU PHOSPHORYLATION 

AND INDUCE CYTOTOXICITY IN SH-SY5Y NEUROBLASTOMA 
CELLS. T. Tanaka*. K. Iqbal. E. Trenkner and I. Grundke-Iqbal. NYS 
Institute for Basic Res in Develop Disab, Staten Island, NY 10314 

A large percentage of microtubule associated protein tau has been 
previously shown by us to be phosphorylated at Tau-1 (Ser 199/202) and 
PHF-1 (Ser 396) sites in SY5Y cells. In the present study, we investigated 
the effects on cytotoxicity and tau phosphorylation o f inhibitors to protein 
phosphatase (PP) -1, -2A (10 nM okadaic acid, 10 nM calyculin A and 1 
μM tautomycin) and PP-2B (10 μ M cyclosporin A and 100 nM 
deltamethrin). Cytotoxic effects were observed after 6 hours in the cells 
treated with the PP-1 and -2A inhibitors, but not even up to 48 hours in the 
cells treated with PP-2B inhibitors. Okadaic acid and cyclosporin A 
induced in 200k x g cell extracts additional ~100% and ~50% 
phosphorylation of tau, respectively, at the PHF-1 site and increased 
phosphorylation o f tau at Tau-1 site from ~80% to ~95% and ~90%, 
respectively. The 200k x g cell pellets contained a ~ 15 kDa tau fragment. 
Treatment for 48 hours with okadaic acid increased the immunoreactivity 
of the PHF-1 site in pellets by 230%, whereas cyclosporin A did not 
induce hyperphosphorylation of tau at the PHF-1 site. These results show 
that PP-1, -2A and -2B are involved in the regulation of phosphorylation 
of tau, and the inhibition of the former two enzymes leads to cytotoxicity 
and hyperphosphorylation o f a tau fragment. A similar situation apparently 
exists in Alzheimer's disease brain which contains hyperphosphorylated tau 
and a C-terminal fragment reactive with the PHF-1 antibody.

108.4
ROLES OF PHOSPHORYLATION AND GLYCATION IN 

ALZHEIMER NEUROFIBRILLARY PATHOLOGY. J.-Z. Wang. C.-X. 
Gone. T. Zaidi. I. Grundke-Iqbal and K. Iqbal*. New York State Institute 
for Basic Research in Developmental Disabilities, Staten Island, NY 10314.

Microtubule-associated protein tau is abnormally modified in Alzheimer 
disease (AD) brain and is the major protein subunit o f paired helical 
filament (PHF). In the present study, roles o f tau phosphorylation and 
glycation in Alzheimer neurofibrillary pathology were investigated. Both 
soluble abnormally phosphorylated tau (AD p-tau) and PHF-tau isolated 
from AD brains were incompetent in promoting in vitro microtubule 
assembly. Dephosphorylation o f the abnormal tau with protein 
phosphatases PP-1, PP-2A and PP-2B differentially restored its biological 
activity. The net amount o f phosphate released from AD p-tau was by PP- 
2A > PP-2B > PP-1. Dephosphorylation both by PP-2A and PP-2B 
inhibited the resistance o f PHF-tau to proteolysis by the brain calcium- 
activated neutral proteases. Furthermore, dephosphorylation of PHF with 
PP-2A or PP-2B dissociated the PHFs and the tangles. Approximately 
25% of the total tau was released from PHF on dephosphorylation by PP- 
2A. Both AD p-tau and PHF-tau but not normal tau were glycated. 
Deglycation of PHF-tau and AD p-tau did not restore their microtubule 
assembly promoting activity. Unlike dephosphorylation, which caused 
dissociation o f tangles and PHF, deglycation o f PHF induced bundling of 
PHF into strands. These data suggest that hyperphosphorylation probably 
leads to the biological inactivity o f tau and the formation of PHF, and 
deglycation induces bundling of PHF in the tangles.

108.6
CIRCULATING ANDROGENS APPEAR TO PROTECT MALE RATS 
FROM THE HEAT SHOCKING-INDUCED HYPERPHOSPHORYLATION 
BUT NOT DEPHOSPHORYLATION OF TAU PROTEIN. IMPLI
CATIONS FOR ALZHEIMER’S DISEASE (AD). S. Ch. Papasozomenos*. 
Dept. of Path., Univ. of Texas Med. Sch., Houston, TX 77030.

We have shown that heat shocking induces rapid dephosphorylation of tau 
in both female and male rats followed by hyperphosphorylation only in 
female rats. As a first step, to investigate whether estrogens stimulate or 
androgens prevent the hyperphosphorylation of tau, we heat shocked 32 adult 
male rats 4 wk after castration. At various time points post heat shocking 
(phs), SDS cerebral extracts were analyzed by qualitative and quantitative 
immunoblotting using 4 monoclonal anti-tau antibodies which recognized 
phosphorylated and non-phosphorylated epitopes, i.e., Tau-1, Tau-5, Tau-46 
and PHF-1, and the peroxidase-antiperoxidase technique or l25I-labeled 
protein A. At 0 h phs, tau was dephosphorylated but became 
hyperphosphorylated between 3 and 6 h phs. Experiments after ovariectomy 
and castration followed by replacement therapy with non-aromatizable 
androgens are in progress. As has been shown, the concentration of 
circulating estrogens remains unchanged following castration and 
aromatization of androgens to estrogens occurs only in certain hypothalamic 
and limbic nuclei. These data then suggest that androgens protect male rats 
from the heat shocking-induced hyperphosphorylation of tau. Since tau is 
abnormally hyperphosphorylated in AD and the age-specific prevalence, 
perhaps the incidence, and severity of dementia of AD appear to be higher 
in women than men, these findings also suggest that sex hormones play a role 
in its etiopathogenesis and androgens may exert a protective effect.
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108.7
PHOSPHORYLATION OF TAU PROTEIN AND INTERACTION W ITH  
M ICROTUBULES IN STABLY TRANSFECTED CHO CELLS.
U. Preuss. S. lllenberg er. F. Doering . E.-M . M andelkow *.
Max-Planck-Unit for Struct. Mol. Biol., Hamburg, Germany.

Tau protein, a neuronal m icrotubule associated protein is 
phosphorylated on several sites in native tau extracted from brain 
tissue and is a substrate for many protein kinases in vitro. In 
A lzheim er’s disease it becom es hyperphosphorylated, mainly at Ser-Pro 
or Thr-Pro motifs, and forms the paired helical filam ents (PHFs). To 
get further insights about the phosphorylation state of tau protein in 
vivo we have stably transfected CHO  cells with the largest hum an tau  
isoform (htau40). Double im m unofluorescence staining with the antibody  
Tau-1, which only reacts with a dephosphorylated epitope of tau  
protein and the anti-tubulin antibody YL1/2 showed that tau  
co-localized with microtubules in interphase cells. However, no 
discernible Tau-1 staining was observed in the transfected cells 
during mitosis. By contrast, the phosphorylation- dependent antibody  
AT8 (which is com plem entary to the epitope of Tau-1 and recognizes  
Ser202 and Thr205 when phosphorylated) showed a strong reaction with 
tau protein during mitosis. A sim ilar effect is seen with the antibody  
PHF-1 (which recognizes phosphorylated Ser396 and Ser404). W e found 
that only a fraction of tau protein was bound to mitotic microtubules. 
Furthermore, im m unoblot analysis of total extracts from transfected  
cells revealed a set of three bands recognized by the phosphorylation- 
independent antibodies T46 and Tau-1, whereas the antibody PHF-1 
strongly labeled the slow migrating tau band. AT8 showed only weak 
reaction with total cell extracts but im munoreactivity increased 
strongly on western blots of extracts from mitotically arrested cells.
The com parative im m unoblot and im m unofluorescence analysis revealed a 
cycle of phosphorylation/ dephosphorylation of tau protein upon entry  
into and exit from mitosis. These data suggest that kinases belonging 
to the fam ily of Ser/Thr-Pro-directed kinases can phoshorylate tau  
during mitosis and induce the PHF-tau mobility shift and the antibody  
staining with the Alzheim er specific antibodies AT8 and PHF-1. - 
Supported by DFG.

108.9
SABELUZOLE, A DRUG TARGETTED AT THE CYTOSKELETAL 
INSTABILITY IN ALZHEIMER'S DISEASE. H. Geerts. R. N u ydens. 
R. Nuyens, M . De long, F- C om elissen and Mike  Pontecoryo *. Dept of 
Cellular Physiology, Life Sciences, Janssen Research Foundation, Beerse 
Belgium and * Clinical Development, Janssen US, Titusville, NJ 08560.

Sabeluzole, an experimental com pound in the treatment of Alzhe
imer's disease, has been show n to slow  dow n the clinical progression 
of the disease. The mechanism of action of this drug has been studied 
with particular relevance to the cytoskeletal instability in Alzheimer's 
disease, associated with the appearance of aberrant tau phosphoryla
tion. Evidence is presented that a hyperstimulating medium  of kinase 
activators induces tau phosphorylation at Ser202 and Ser396 in human 
TR14 neuroblastoma cells and in rat hippocampal neurons, leading to 
decreased microtubule stability and neurotoxicity. This report shows 
that sabeluzole attenuates this form of neurotoxicity. Furthermore, in 
mouse N4 neuroblastoma w e show that sabeluzole decreases the 
spontaneous retraction tendency of neurites, lowers the lateral mobil- 
ity of the cells over the substrate and attenuates the nocodazole- 
induced microtubule depolymerization. We therefore propose that 
sabeluzole has a stabilizing effect on the neuronal cy toskeleton and that 
this mechanism provides a completely new  approach for treatment in 
Alzheimer's disease.

108.11
THE HUMAN NUCLEUS COERULEUS IN ALZHEIMER'S DISEASE - A 
NUMERIC, SPATIAL AND TEMPORAL ANALYSIS 
J.Bohl (1). Ch.Busch (2)  E.Braak≠ (2) and T.G.Ohm (2 ,3)
(1) Neuropathologie. J. Gutenberg-Univ. 55131 Mainz,
(2) Zentrum der Morphologie, J.W.Goethe-Universität, 60590 Frankfurt,
(3) Institut für Anatomie., Charité , Humboldt-Univ. 10098 Berlin, Germany 

The recent studies on the effect of Alzheimer’s disease (AD) on the nucleus
coeruleus are detracted either from the lack of a detailed neuropathological 
characterization of the used control cases or because no unbiased modem 
stereological tools were applied. Moreover, the time course and the detailed 
distribution of the changes, i.e. the development of tangles and cell loss, was not 
analyzed. The present analysis of 24 staged (Braak and Braak (1991)) female 
brains (stage 0 /I n= 7 , stage II n = l ,  stage III n = 6 , stage IV n = 4 and stage V 
(AD) n= 6) revealed a significant cell loss between AD-cases (stage V, mean 7774 
± 3046 SD) and clinically unimpaired individuals (stages 0, I, II, III, mean 18913 
± 3023; p < 0 .0 l) .  Between stages 0-III there is virtually no difference in total cell 
numbers. Stage IV, however, already showed a decline in cell numbers (14269 ± 
648) but does not reach statistical significance. A gross distribution analysis 
demonstrated that there is a dorsal >  ventral and a medial >  lateral gradient (about 
40% or 70%, respectively, p< 0 .0 5 ), whereas there is virtually no rostral/caudal 
difference. A detailed analysis showed that the tangle formation starts in the 
central portion of the nucleus coeruleus which will also result in the severest 
impairment in AD. Although it is relatively early that the coeruleus displays 
tangles in AD, i.e. from stage II on, significant cell loss is a late event, ie. at least 
30 years later when correlated with the dynamics of the stages (Ohm et al., 1995). 
Supported by the DFG (Oh48/l-2)

108.8
CYSTEINE 322 IN THE REPEAT DOMAIN OF M ICROTUBULE- 
ASSO CIATED PROTEIN TAU IS ESSENTIAL FOR THE ASSEMBLY OF 
PAIRED HELICAL FILAMENTS.
O. Schw eers, E.-M . M andelkow. J. Biernat, D. R ichter*. E. M andelkow . 
M ax-Planck-Unit for Struct. Mol. Biol., Notkestr. 85, and 
‘ Institute for Cell Biology, Univ. of Hamburg, Germany.

One of the hallmarks of A lzheim er’s disease is the pathological 
aggregation of tau protein into paired helical filam ents and 
neurofibrillary tangles. W e had shown earlier that PHF-like filam ents  
can be assembled from recom binant tau constructs in vitro, and that 
antiparallel dim ers of tau were an interm ediate step (Wille et al.,
JCB 118:573, 1992). Here we describe the role of tau dom ains and 
sulfhydryl groups in the assembly of synthetic PHFs. W hile whole tau  
with three or four repeats assem bles poorly, constructs containing  
just the three internal repeats form PHFs reproducibly and in large 
quantities. This ability depends on in te rm o d u la r  disulfide bridges  
formed by cysteine 322. Blocking the SH group or keeping tau in a 
reducing environm ent all inhibit PHF assembly. Addition of the second  
repeat of tau which contains a second cysteine (residue 291) also  
inhibits PHF assem bly because Cys291 and Cys322 interact within the  
m olecule. The synthetic PHFs bind the dyes thioflavin S and C ongo red 
used in Alzheim er diagnostics. The data imply that the redox potential 
in the neuron is crucial for PHF assembly, independently or in 
addition to pathological phosphorylation reactions. - Supported by 
DFG.

108.10
14-3-3 IMMUNOREACTIVITY IS ASSOCIATED WITH 

ALZHEIMER NEUROPATHOLOGY. R J. Ferrante, A.C. 
McKee. N.W. Kowall*. Geriatric Research Education & Clinical 
Center, Bedford VAMC and Dept. of Neurology and Pathology, 
Boston University School o f Medicine, Bedford MA 01730.

The 14-3-3 family are highly conserved, multifunctional, 
proteins present in high concentrations in the brain. Their putative 
functions include regulation of signal transduction, intracellular 
protein translocation, phosphorylation and ribosylation. Specific 
isoforms have unique regional and cellular distributions in rodent 
brain. For example, the zeta and eta isoforms are enriched in grey 
matter throughout the brain while theta is present in hippocampus, 
cerebellum and white matter. We examined the distribution of 14-
3-3 in the medial temporal and occipital lobes obtained from a 
series of Alzheimer's disease (AD) patients using a polyclonal 
antibody raised against a 12 amino acid peptide shared by the zeta, 
gamma and eta isoforms. This antisera specifically recognizes 14- 
3-3 immunoreactivity on Western blots o f lysates from several 
human and rodent cell lines. In postmortem human brain, 
immunoreactivity was localized to grey matter and was most 
intense in pyramidal neurons and neuropil, consistent with reports 
in rodent brain. There was a striking association o f intense 
immunoreactivity with PHF tau immunoreactive neurofibrillary 
tangles and abnormal neuropil neurites. The colocalization of 14- 
3-3 with aberrant accumulations of phosphorylated neuronal 
proteins suggests a potential role for 14-3-3 in the pathogenesis of 
neurodegeneration in AD.

108.12
PROFOUND LOSS OF LAYER II ENTHORINAL CORTEX NEURONS 
IN VERY MILD ALZHEIMER DISEASE. T. G om ez Isla. I.H. Growdon*
J. Price, D.W. McKeel and  BT. H ym an . N eurology Service, Mass. Gen. 
H osp, Boston, MA & Depts. A n a to m y  an d  Pathology, W ashington  
University St. Louis, MO.
Entorh inal co rtex  (EC) p lay s  a crucial ro le  a s  a "gatew ay" o f  
connections be tw een  the  n eocortex  and  the h ip p o cam p a l form ation. 
Layer II gives rise to  the perforant pathw ay, the  m ajo r so u rce  of the 
excitatory input to  the  h ippocam pus, an d  lay er IV rece ives a m ajor 
h ippocam pal-co rtica l afferent. EC is sev ere ly  a ffected  in A lzheim er 
disease (AD), likely contributing to  m em ory  im pairm ent. W e have now 
applied  stereological princip les of n eu ro n a l cou n tin g  to  d e te rm in e  
w hether neuronal loss occurs in EC in very mild AD cases, when clinical 
sym ptom s are prim arily rela ted  to  m em ory  im pairm ent. W e studied  23 
individuals w ho h ad  b e e n  ev a lu a ted  in the W a sh in g to n  U niversity  
cohort, and w ho at death  had  a Clinical D em entia Rating (CDR) score  
of 0 (cognitively normal), 0.5 (very mild), 1.0 (mild), 2.0 (m oderate) o r 
3.0 (severe cognitive impairm ent). Lamina specific neuronal counts were 
carried out on  sections rep resen ting  the  en tire  EC. In th e  cognitively  
norm al individuals, th ere  w ere  700 000 n e u ro n s  in lay e r II a n d  
approxim ately 7 million n eurons in the  entire EC. In th e  CDR 0.5 group 
the num ber of neurons in layer II d ecreased  b y  70% , in layer IV by  50% 
an d  in layers I, III, V an d  VI b y  20%; th e r e  w e re  su ffic ien t 
neurofibrillary tangles and  senile p laq u es  for the  d iagnosis of AD. By 
CDR 30  the loss in layer II w as g rea te r than  90%, in layer IV was 70% 
an d  in layers I, III, V an d  VI 40%. T hese  resu lts  ind ica te  th a t a 
pro found  loss of n eurons in layer II of EC o ccu rs  early  in the disease 
process, in very mild AD cases.
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109.1
EXPERIMENTAL DEPOSITION OF ALZHEIMER AMYLOID ß 
PROTEIN IN CANINE LEPTOMENINGEAL VESSELS 
R. Prior*. D. D’Urso. R. Frank. I. Prikulis and G. Pavlakovié  Dept. of 
Neurology, University of Düsseldorf, D-40225 Düsseldorf, Germany

Cerebral amyloid angiopathy (CAA) is a neuropathological feature of 
Alzheimer’s disease and Down’s syndrome and represents the major cause 
of non-hypertensive cerebral hemorrhage in the elderly. CAA is caused by 
the deposition of amyloid ß-protein (Aß) within the walls of small cortical 
and leptomeningeal vessels. The origin of AB in the cerebrovascular 
deposits is unknown, but soluble AB contained in the cerebrospinal fluid or 
in the blood serum may represent a major source. Aging dogs develop 
severe CAA. Therefore, we used organ cultures of canine leptomeninges 
obtained from old dogs to study the pathogenesis of CAA. The living 
leptomemiges were incubated with fluorescein-conjugated AB (FAB, 
residues 1-40, 10 nM to 1 μM). Fluorescence microscopy showed focal 
and dose-dependent FAB binding to blood vessels affected by CAA. FAß 
partially colocalized with Apolipoprotein E (ApoE) immunostaining as 
revealed by confocal laser scanning microscopy, suggesting that ß-protein 
in situ binds to ApoE. FAß did not colocalize with a variety of other 
vessel wall antigens or amyloid plaque associated proteins, suggesting the 
presence of another binding site for amyloid ß-protein in the lesions of 
CAA. Our results suggest that the physiological CSF concentration of 
soluble AB (10 nM) may be sufficient to sustain its further deposition and 
therefore the progression of CAA. (Supported by DFG)

109.3
IN VIVO BINDING OF SYNTHETIC 6-AMYLOID (A6) TO 
ENDOGENOUS Aß IN AGED MONKEYS. L.C. Walker*. J. Ghilardi. S. 
Rogers. M. Catton, J.E. Maggio. P.W. Mantyh. Neuropathology 
Laboratory, The Johns Hopkins Univ. School of Med., Baltimore, MD; 
Dept. of Neurology, Univ. of Greifswald, Germany; VAMC,
Minneapolis, MN; Dept. Biol. Chem. Mol. Pharmacol., Harvard Med. 
School, Boston, MA.

Synthetic A61-40 binds with high affinity to human Aß in vitro 
[Maggio et al., PNAS USA 89:5462, 1992], and AB is transported 
across the endothelium by a specific, saturable mechanism [Zlokovic 
et al., Biochem. Biophys. Res. Commun. 197:1034-1040, 1993]. To 
determine whether blood-borne AB can reach and bind to cerebral AB 
deposits in aged nonhuman primates, we performed the following in 
vitro and in vivo studies. First, we applied physiological concentrations 
(100 pM) of human [125l]Aß1-40 to cerebral cortical tissue sections from 
aged rhesus monkeys (M acaca muiatta) and squirrel monkeys (Samiri 
sciureus) and visualized binding autoradiographically. [125l]Aß1-40 
bound with high specificity to vascular and parenchymal AB in vitro, 
producing high-quality images of tissue amyloid. Next, we infused 
radiolabeled AB (final concentration in blood=100 pM) intraarterially 
into aged squirrel monkeys; brain tissue was removed two hours 
following infusion and processed for immunohistochemical and 
autoradiographic analyses of AB deposits. A number of amyloidotic 
cerebral vessels were selectively labeled in vivo by blood-borne, 
radiolabeled AB. These results indicate that radiolabeled AB is a 
useful probe for studying ß-amyloid deposits in vivo and that circulating 
AB could contribute to amyloid deposition in the cerebral vasculature of 
aged human.

109.5
INCREASED GLIAL MM P-9 EXPRESSION IND U CED  BY  HIV  
gpl20. IMPLICATIONS FOR APP-M EDIATED NEUROPROTEC
TION AGAINST gpl20-IN D U C ED  CNS DAM AGE. C.R. Abraham*. 
D.C.L. Marshall. M.F. Pietropaolo. T. W yss-Coray . H. Lee. E. Masliah. 
L. Feng and L. Mucke. Boston Univ., Boston, M A 02118, Scripps Res. 
Inst. La Jolla, CA 92037 and Univ. Calif., San Diego, CA 92093.

Significant neurodegenerative alterations have been observed in the 
CNS of patients with AIDS. Similar changes have been identified in 
brains of transgenic (tg) mice expressing the HIV-1 envelope protein 
gpl20 (Nature 365:188). Recently, w e have described that neuronal ex 
pression of the human amyloid precursor protein (APP) reduced the 
gpl20 neurotoxicity in brains o f gpl20/A PP bigenic mice (J. Exp. Med. 
181:1551). To identify critical pathogenic mediators o f HIV-induced brain 
damage and to further assess the neuroprotective role o f APP w e started 
to search for factors whose detrimental activities may be influenced by 
APP. Host factors that could contribute to neurodegeneration include pro
teases which degrade the extracellular matrix and may impair the func
tioning of neurons and other CNS cells. Here w e demonstrate that C6 
glioma cells stably transfected to express HIV-1 g p l2 0  show prominent 
increases in the secretion of the 92kD gelatinase (M M P-9), whereas 
mock-transfected controls show low levels o f MMP-9 expression. Neuro
degenerative alterations in g p l20  tg mice are associated with increased 
CNS levels of MMP-9 mRNA and brains of humans with HIV encephal
itis show prominently increased immunostaining with antibodies raised 
against MMP-9. These results indicate that gpl20-induced overexpression 
of MMP-9 may contribute to HIV-associated CNS damage. Mechanisms 
by which APP could interfere with this process are being investigated. 
Supported by the NIH and the Alzheimer's Association.

109.2
THE DISTRIBUTION OF p-AMYLOID FORMATION IN THE 
BEAGLE BRAIN. M. J. Russell*, R. G. White, M. Bobik, Y. Hou, 
and J. W. Geddes1. Dept. o f Anesthesiol., Univ. Calif., Davis, CA 
95616. Center on Aging1, Univ. Kentucky, Lexington, KY 40536.

Distribution of P-amyloid in the aged laboratory beagle is similar to 
that seen in Alzheimer’s disease. We have surveyed select regions of 
more than one hundred formalin fixed beagle brains with a modified 
Bielschowsky, immunohistochemistry, and thioflavine stains. In 
addition, coronal serial sections o f four brains have been analyzed in like 
fashion to delineate topographical distribution. The dogs ranged from 9- 
18 yrs o f age. We have found a significant deposition o f amyloid in 
entorhinal, pyriform, cingulate, and ectosylvius cortices. β-amyloid 
predominates in layers two through six o f the cortex. The hippocampus 
appears to be affected later in life. Within the hippocampus the dentate 
molecular layer is the most significantly affected region. Both severity 
and density o f plaque formation appears to increase with age. Three 
subtypes o f β-amyloid plaques are described, and these are: 1) diffuse, 2) 
cloud-like, and 3) mature. A spectrum o f change from diffuse to 
mature plaques is seen with age suggesting a maturation process of 
formation. Neurofibrillary tangles were not observed in any sections 
evaluated. When compared to other breeds, the beagle demonstrated a 
mid-range incidence o f β-amyloid plaque formation.

109.4
ßA 4 1-40 IS A MAJOR SPECIES OF ß-AMYLOID IN RHESUS 
MONKEYS. M. Gearing*. H. Mori. J. T igges. and S.S. Mirra. Dept. 
of Pathology and Laboratory Medicine, VA Medical Center, and 
Yerkes Regional Primate Research Center of Emory University, 
Atlanta, GA 30322; Tokyo Institute o f Psychiatry, Tokyo, Japan.

Recent work suggests that the majority of plaques in the brains of 
Alzheimer's disease (AD) patients are comprised o f ßA 41-42, and that 
ßA4 1-40, prominent in vascular amyloid deposits, is present in only a 
subset of plaques (Iwatsubo et al, Neuron 1994; 13:45). We investi
gated BA4 peptides in aged rhesus monkeys, an animal model in which 
amyloid deposits in neuritic plaques and blood vessels increase with 
advancing age. Immunohistochemistry using C-terminal specific BA4 
antibodies was performed on paraffin-embedded sections of neocortex 
from three monkeys aged 28 to 31 years. In all three monkeys, the 
frequency of BA4 1-40-immunoreactive plaques equaled or exceeded 
that of ßA 4 1-42-positive plaques. In contrast, on sections of AD 
neocortex included as positive controls in each immunohistochemistry 
experiment, BA41-42-positive plaques predominated and were 
approximately three times more frequent than BA41-40-positive 
plaques. In both human AD and aged rhesus monkey tissues, vascular 
amyloid deposits tended to label more heavily with anti-ßA4 1-40, 
although ßA 4 1-42 also labeled amyloid-containing blood vessels in both 
species. These preliminary findings suggest that BA4 processing 
differs in rhesus monkeys and individuals with AD. Alternatively, 
carboxy-terminal proteolysis, proposed to occur in vessel walls and 
some mature plaques in AD, may be a more widespread phenomenon 
in nonhuman primates. Supported by VA Merit Award and NIH grants 
AG 10130 and RR-00165.

109.6
STRAIN DEPENDENCE O F LO NGEVITY AN D  BEHAVIOR IN  
TRAN SG EN IC  M IC E EXPRESSING M U TA N T A LZH EIM ER  AM YLOID  
PRECURSO R PROTEIN . K. K. Hsiao*. J. Loh. S. Nilsen. and R. 
Johannsdottir. Department of Neurology, University of Minnesota, 
Minneapolis, MN 55455

W e have determined that host genetic backgrounds influence clinical 
manifestations in transgenic (Tg) mice expressing mutant Alzheimer amyloid 
precursor protein (APP). W e used different inbred mouse strains to create 
Tg mice expressing human (Hu) APP695 containing mutations, M670N/K671L  
(SWE), associated with familial Alzheimer’s disease. APP expression was 
driven in a copy number-dependent fashion by a hamster prion protein 
(PrP) cosmid vector in which the PrP open reading frame was replaced with 
HuAPP695 SWE. When HuAPP695 SWE was expressed in FVB/N mice 
harboring > 4 0  transgene copies, 7/9 mice died by 100 days of age after 
exhibiting behavioral abnormalities including inactivity, agitation, neophobia, 
or seizures. When the same transgene was expressed in C57BI6 x 
(C57BI6/SJL)F1 mice harboring > 9 0  transgene copies, 2 /20 mice were dead 
by 100 days of age. Comparing 28 Tg and 40 non-Tg C57BI6 x 
(C57BI6/SJL)F1 mice, there was no significant difference in mortality during 
the first 100 days, and there was no significant difference in neophobic 
behavior in mice tested between 35 and 170 days of age. W e concluded 
that host genetic backgrounds exert significant effects on mortality (Yate’s 
corrected χ 2= 10.344, p =0.001) and some forms of behavior of Tg mice 
expressing HuAPP695SWE. The greater longevity of C57BI6 x 
(C57BI6/SJL)F1 compared with FVB/N mice expressing mutant APP may 
permit us to examine the effects of advanced age on APP/Aß processing in 
the murine brain.
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109.7
Age-related 3-am yloid Immunoreactivity in APP Transgenic Mice. G. M. 

C o le 1.%F. Yang1.S.A. Frautschy1.T. C. Saido2 and K. Hsiao3. 1Sepulveda VAM C, 
G R E C C  11E, Sepulveda, CA. 913 4 3  and Dept. M ed., UCLA ., 2Dept. Mol. 
Biol..Tokyo Metropolitan Inst. Science, Tokyo113 Japan and 3Dept. Neurol., 
Univ. Minn., Mpls, Mn. 55455

C e re b ra l d ep o s its  of 3 -a m y lo id  p ro te in (A 3 ) a c c u m u la te  with  
Alzheim er's d isease(A D ) and normal aging in som e species, but not mice. 
Control FVB mice and mice in 3 lines transgenic(Tg) for hum an amyloid  
precursor protein (H u A P P 695) bearing a fam ilial AD linked 7 1 7 I mutation 
and an age and H U A P P 695-re la ted  neurobehavioral syndrom e described  
elsewhere were perfusion fixed at different ages and paraffin sections taken 
for im m u nocytoch em istry . S trong n euro sta in ing  for C -te rm in a l A PP  
epitopes was found in Tg A PP mice. A panel of antibodies to different A3  
epitopes was used to stain accumulated A3. Roughly fifty percent of Tg mice 
showed age-related A 3 imm unoreactivity. Perineuronal and diffuse clusters 
of punctate or process staining was found in hippocampus, especially in the 
outer m olecu lar layer. P laq u e-like  A 3 stain ing w as found in cortex, 
hippocam pus and often in periventricula r locations. T h e  la tter strongly 
resem bled amyloid plaques found in prion inoculated rodents and TG  mice 
expressing prion proteins. Labeling was strongest for the 31 epitope, but 
also found for 3 4 2 /4 3  using an A3 C -term inal m onoclonal. Deposits did not 
show c le a r A P P  C -te rm in a l im m u n o reactiv ity . A ß im m u n o reactiv ity  
co rre la te d  b e tte r w ith ag e  than  with T g A P P  ex p re s s io n  or the 
neuro behavioral syndrom e and is in terp reted to reflect an a g e-re la ted  
decline in the ability to clear A 3 or A ß im m unoreactive A P P  C-term inal 
fragm ents in anim als expressing the 7 1 7 I mutant A PP linked to increased  
A 342 production. Supported by N IH grants A G 11125 (G M C ), N S 33 249  (KH)

109.9
(3APP P R O C ESSIN G  A N D  A β P R O D U C T IO N  IN T R A N S G E N IC  
M O U S E  B RAIN H O M O G E N A T E S . L. M c C o n lo g ue. K. Jo hnson- 
W o o d . H . T an . M . G ordon. H . D o v e y . I. L ie b e rb u rg *. R. B arbour.
D . G am es. S . S inha . D. S ch e n k. P. S eu b ert and B. S a m a n t. 
A th e n a  N euro sciences, 8 0 0  G a te w a y  B lvd., S o u th  San Francisco, 
C A  9 4 0 8 0 .

The d e v e lo p m en t of a tran s g en ic  m ouse line th a t d isplays A D -lik e  
patho logy w as  rece n tly  reported  (PD A P P line 1 0 9 , G am es , e t. a l., 
N atu re  3 7 5 : 5 2 3 ) .  In th is line, th e  p la te le t derived  g ro w th  fa c to r  β
-chain  (P D G F -β) p rom o ter drives expression o f a m u ta n t fo rm  o f β 
am yloid precursor protein  (βA P P V 7 1 7 F ). βA P P  is th e  precursor to  
th e  m ajor c o m p o n en t o f A lzh e im e r’s disease p laqu es, th e  A β 
peptid e  (AP). Th e  stab ility  o f th e  in teg ra ted  tran s g en ic  D N A  and  
of th e  phen o typ e  o f path o lo g y has been estab lished  fo r over four  
generations o f anim als. A β and anoth er pro d u ct o f β-sec retase  
c leavage of th e  βA PP, s -A P Pβ , have been d e te c te d  in brain  
h om o genates o f PDAPP line 1 0 9 . s -A P Pβ , th e  tru n c a te d  secreted  
ecto d o m ain  o f βA PP released by β-s ec re tase , is seen by W este rn  
analysis. S pec ific  ELISA m ea su rem en ts  reveal th a t th e  A β in 
brain of PDAPP line 1 0 9  accu m u la tes  w ith  ag ing , and th a t th e  
PDAPP line 1 0 9  has g rea ter am ou nts  o f A β in brain h o m o g en ates  
than  th a t in o th er trans gen ic  lines derived  using th e  neural 
spec ific  enolase p ro m o ter driving w ild  ty p e  and m u ta n t  
(K M 6 9 5 /6 9 6 N L ) fo rm s o f βAPP.

109.11
INCREASED AMYLOIDOGENIC PROCESSING OF A PP  
BY ß-SECRETASE IN BRAINS OF GENE-TARGETED  
MICE "HUMANIZED" FOR AB AND THE SWEDISH FAD 
MUTATION. D.S. Howland. M.J. Savage*. A .G . R eaum e, S.P. 
Trusko. D.M. Lang. B.D . Greenberg. R. Sim an. and R.W. Scott. 
Cephalon, 145 Brandywine Parkway, West Chester, PA 19380.

We have used gene-targeting to replace the sequence o f mouse AB 
with that o f human (gly5 to arg; p he10 to tyr; arg13 to his) and 
simultaneously introduce the Swedish familial Alzheimer's disease 
(AD) mutation (NL at codons 670 and 671) into the mouse genome (see 
Reaume et al. abstract). Immunoblot analysis using antibody 6E10, 
specific for human AB 1-17, revealed that full length "humanized" APP 
is expressed at approximately endogenous levels throughout the gene- 
targeted mouse brain. To determine the effect o f the Swedish FAD  
mutation and humanizing AB changes on APP processing, we have 
quantitatively compared levels o f the 12 kD and 9 kD carboxyl- 
terminal APP derivatives resulting from cleavage by mouse brain ß- 
secretase and α-secretase, respectively. In gene-targeted mouse brains, 
a significant increase in the 12 kD fragment, along with a concurrent 
decrease in the 9 kD fragment, was observed relative to that measured 
in control mouse brain. This increase in the ratio o f  12 kD: 9 kD 
represents a shift towards increased amyloidogenic processing o f  APP. 
Immunoprecipitation followed by immunoblot has revealed that human 
AB peptide is produced in the gene-targeted mouse brain. High level 
human AB production in the absence o f APP overexpression mimics the 
situation found in the Swedish familial AD kindred. These mice may 
therefore be useful as models to study the role o f  human A ß in 
development of AD neuropathology.

109.8
LEVELS AND ALTERNATIVE SPLICING OF AMYLOID PRECURSOR 
PROTEIN (APP) TRANSCRIPTS IN BRAINS OF TRANSGENIC MICE AND 
HUMANS WITH ALZHEIMER’S DISEASE (AD). L . Mucke*. E. Rockenstein, H.
Tan. M. Gordon. M. Power. E. Masliah, and L. McConlogue. Dept. of 
Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037, Athena 
Neurosciences, South San Francisco, CA 94080, Depts. of Neuroscience & Pathology, 
University of California, San Diego, CA 92093 

Recently, a transgenic (tg) model was established in which platelet-derived growth 
factor (PDGF B chain) promoter-driven neuronal expression of mutated human APP 
(hAPP) resulted in the development of prominent AD-type neuropathology (Nature 
373: 523). In contrast, previous tg models with neuron-specific enolase (NSE) 
promoter-driven hAPP expression showed no or only minimal pathology. As part of 
our ongoing investigation to determine which specific aspects of the PDGF-hAPP 
model are critical in the induction of AD-type CNS alterations, we used RNase 
protecion assays to compare the relative levels and alternative splicing of APP 
transcripts in brains of PDGF-hAPP tg, NSE-hAPP(695 or 751) tg and non-tg mice 
as well as humans with and without AD. PDGF-hAPP mice expressed approximately 
5-fold higher total APP mRNA levels than non-tg controls and at least 20-fold higher 
hAPP mRNA levels than most NSE-hAPP tg mice. While NSE-driven hAPPs 
expression did not affect the levels of murine APP (mAPP) mRNAs, PDGF-hAPP tg 
mice showed a significant 30% decrease in mAPP transcripts. This alteration should 
further augment the excess of mutated hAPPs over wildtype mAPPs in this model. 
While the relative abundances of mAPP770:751:695 mRNAs in non-tg mouse brains 
were roughly 1:1:35, the corresponding hAPP mRNA levels in PDGF-hAPP tg brains 
were 5:5:1. The above findings will be related to results obtained in human AD cases 
and their pathogenetic relevance discussed.
Supported in part by NIH grant AG 11385 (LM) and Athena Neurosciences.

109.10
P R O G R ESSIO N  OF A L Z H E IM E R -T Y P E  N E U R O P A T H O L O G Y  IN  
PDAP P 7 1 7  V - > F T R A N S G E N IC  M IC E . D . G a m e s * . T . C arr, T . 
Guido. K. K han. F. S oriano, H . T a n , L. McConlogue. I. Lieberburg.
D. Schenk and E. M a s lia h # . A th e n a  N euro sc ien ce s , 8 0 0  G a te w a y  
Blvd., S outh  San Francisco, C A  9 4 0 8 0 .  # U n ive rs ity  o f C alifo rn ia , 
San D iego , D ep a rtm en t o f N euro sciences, La Jo lla , C A . 9 2 0 9 3 .

O ngoing evaluation  o f th e  progression o f A lzh e im er (A D )-ty p e  
n eu ro patho logy in th e  PDAP P tran s g en ic  m ouse in d ic a tes  am yloid  
deposition and aggre g atio n , neuritic  abno rm alities , s yn a p tic  and  
dendritic  loss, astro cytosis  and m icrogliosis occu r in a tim e  and 
brain reg io n -d ep en d e n t m ann er. O th er fa c to rs , such as A poE and  
pro teo g lycan s w e re  found  asso ciated  w ith  th e  am y lo id  p laques. 
A nalyses o f h o m o zyg o te  m ice and old h e te ro zy g o te  m ice revealed  
th e  cons is ten t d eve lo p m en t o f e x te n s ive  p a th o lo g y  in th e  term inal 
zones o f th e  p erfo ran t p a th w a y , as w ell as th e  d e v e lo p m e n t of 
am yloid  depos ition in th e  a m y g d a la , sep tu m  and s tria tu m . 
C om p ared  to  o th er brain regions, th e  co n s is ten t v u ln e rab ility  of 
the  h ippo cam pus and c o rte x  to  early  am ylo id  d epos ition  and  
aggregation  suggest spec ific  regional fac to rs  m ay  co n trib u te  to  
th e  depos ition  of am ylo id  in th e  PDAP P m ouse and A D .

109.12
TRANSPLANT BASED MODELS OF ALZHEIM ER'S DISEASE. T. E. 
G olde*1. E. Y. Snyder2. S. Leight1. J. Loring. V. M-Y. Lee1, and J. Q 
Trojanowski1. 1Dept. of Pathology and Laboratory Medicine, Univ. of 
Pennsylvania. Philadelphia, PA 19104-4283, 2Depts. of Neurology 
and Pediatrics, Harvard Medical Schiool, Children's Hospital, Boston, 
MA. 02115.
As an alternative to transgenic approaches to generate mouse models 
of Alzheimer's disease (AD), we are evaluating a transplant based 
approach to modeling AD pathology. This approach utilizes a 
multipotent immortalized mouse CNS stem-like cell line, C 17-2  
(Snyder et al., Nature 374:367 and Snyder et al., Cell 68:33), that 
can be engineered in vitro and subsequently engrafted in large 
numbers throughout mouse brains. Upon engraftment the cells 
disperse throughout the brain, differentiate into glia and neurons, and 
are not rejected. Stable C17-2 cell lines overexpressing the double 
mutant ß amyloid protein precursor (ßAPP695 ∆NL+∆I) have been 
generated. Utilizing a hybrid CMV enhanced, chick ß actin/rabbit ß 
globin prom oter (AG prom oter) individual C 1 7 -2  clones  
overexpressing full length mutant ßAPP at levels -1 0  fold higher 
than endogenous ßAPP have been isolated. In addition similar 
constructs enabling high level of expression of APOE2, E3, and E4 as 
well as alpha-1 -antichymotrypsin (A1ACT) have been developed. 
Cell lines expressing either ßAPP, APO E, or A1ACT will be 
transplanted into both wild type and ßAPP YAC transgenic mice. These 
mice will be periodically sacrificed, their brains evaluated for C17- 
2 cell engraftm ent, foreign protein expression, and amyloid 
deposition as well as other AD like pathology.

Society for N euroscience, Volume 21, 1995



SUNDAY PM BETA-AMYLOID: ANIMAL MODELS 259

109.13
A N A L Y S IS  OF M IC E  W IT H  T A R G E T E D  A P LP 2 A N D  A P L P 2/A P P  ALLELES. 
C .S . von K o ch 1 *. A .-J . R o sk am s1. G .V . R o n n e tt1. S. G insberg2. V .E . 
K olia tsos1,2. D .L . P rice1,2. H . Z h e n g 3. H , C h e n 3. M . T ru m b a u e r3. L .van d e r  
Ploeg3. and S .S . S iso dia2. D e p a rtm e n ts  o f N e u ro s c ie n c e 1, P ath o lo g y2, The  
Johns H opkins U n ive rs ity  School o f M e d ic in e , B altim ore, M D  2 1 2 0 5  and  
M erck Research Labs3, R a h w a y , NJ 0 7 0 6 5  

APLP2 is a m em b er of a larger gene fa m ily  th a t includes APP and 
A P L P 1. In order to  exam in e  p o ten tia l biolog ical roles o f A P LP 2 during  
d eve lopm ent or ag ing , w e  have used g ene ta rg e tin g  stra te g ies  to  g ene rate  
mice devo id  o f A P LP 2 expression . W e  have co n firm ed  th a t A PLP 2 m R N A  
and protein  are absent in ad u lt an im als . No o v e rt p h en o typ ic  abnorm alities  
w ere observed  in h om o zygous m ice up to  7 w e e k s  o f ag e. Present studies  
are aim ed a t analyzing  th e  expression  o f A PP and APLP1 in APLP 2  
defic ien t m ice . O ur earlier s tudies h ave ind ic a ted  th a t A P L P 2 -7 5 1  is 
m odified by chond ro itin  s u lfa te  g ly c o sam in o g lycan  chains and th a t this  
isoform is enriched in o lfa c to ry  sensory neuro ns. Th es e  studies suggest 
that A PLP 2 m ay have a role in cell adhesion a n d /o r m igra tion  and  
regeneration. To te s t th is hypo th es is , w e  are perfo rm in g  lesioning studies  
of centra l- and peripheral nerves o f w ild -ty p e  and h o m o zygous m ice. 
Results from  bu lb e cto m ies , o lfa c to ry  ep ithe lia l ab la tio n s , en torh inal cortex  
lesions, and sc ia tic  nerve lesions w ill be p res en ted .

F inally, to  s tu d y  th e  fu n ctio n  o f A P LP 2 and o th er m em bers o f this  
gene fam ily  in vivo, w e  are curre n tly  g en e ra tin g  m ice w ith  ta rg e te d  A PLP 2  
and APP genes. P relim inary analysis o f th e s e  m ice w ill be presented  to  
define th e  n o rm a tive  roles o f th ese  hom o logous pro te ins during  
deve lopm ent and aging . In para llel, w e  w ill p resent th e  analysis o f lesions 
of central and peripheral axons in doub ly  hom o zyg o u s  anim als.

Suppo rted  by N IH , N IN D S , A H A F , and A d ler F ound ation .

MENTAL ILLNESS I

110.1

BIPOLAR A FFEC TIVE  D ISO R D ER  IN PATIEN TS D IA G N O SE D  W ITH  
V ELO -C A R D IO -FA C IA L SYN D R O M E: D. F. Papolos.*G. L. Faedda. S. 
Veit. R. Goldberg. B. Morrow. R. Kucherlapati. and R. J. Shprintzen. Dept. 
of Psychiatry, Albert Einstein Coll. of Med., Bx, NY 10467.

We conducted a systematic assessment of psychiatric illness in 
patients diagnosed with velo-cardio-facial syndrome (VCFS), a 
genetic syndrome that involves over 40 somatic anomalies, learning 
disabilities and behavioral disorders, and is associated with a 
microdeletion on chromosome 22q11. Hemizygosity of one or more 
genes at the 22q11 locus is likely responsible for the phenotypic 
anomalies of VCFS. Each patient was refered for psychiatric 
evaluation randomly without regard to age or previous psychiatric 
history. The Diagnostic Interview for Children and Adolescents - 
Revised (DICA-R) or the Standardized Clinical Diagnostic Interview 
(SCID) were used to elicit symptoms of psychiatric disorders in the 
sample which ranged in age between 5-22. In addition to a review 
of available medical and psychiatric records, a clinical interview 
performed by two research psychiatrists to validate specific 
symptoms and syndromes reported in the DICA-R, and to elucidate 
their chronological appearance, duration and intensity, served to 
establish DSM-lll-R consensus clinical diagnoses. 66% (10/15) of 
the VCFS patients studied received consensus clinical DSM-lll-R 
diagnoses of bipolar affective disorder (BPD). Most cases met criteria 
for a rapid-cycling variant of the condition.These VCFS patients 
commonly presented with prodromal features of attention deficit 
disorder with hyperactivity, obsessive compulsive symptoms and 
other anxiety disorders.The unexpectedly high incidence of BPD in 
this series strongly suggests that a gene deleted at the 22q11 
chromosomal locus is involved in its pathogenesis, and therefore 
may represent the first firm link between a genetic deletion and an 
early onset major psychiatric disorder.

110.3
WHERE THE VOICES COME FROM: IMAGING OF SCHIZOPHRENIC 
AUDITORY HALLUCINATIONS. M.S. Cohen* & M.F. Green. Brain Mapping 
Division, UCLA Sch. of Med., Los Angeles, CA 90095

Auditory hallucinations (AH’s) are a common symptom of schizophrenia, 
occurring in about 70% of patients (1), usually taking the form of a voice speaking 
to or about the subject. Though these “voices” certainly must arise internally, the 
subjective experience is of “hearing” the voice of another. We predicted, as did 
Cleghom (2) that a mechanism for the production of AH’s may be the activation of 
cortical pathways of language, either auditory koniocortex or, more likely, the 
classical receptive speech areas of Wernicke (Brodmann’s areas 22 in the superior 
temporal gyrus, and 39 and 40 in the supramarginal & angular gyri.). To test this 
hypothesis we performed functional Magnetic Resonance Imaging (f MRI) (3) during 
spontaneous auditory hallucinations in three subjects under current medical treatment 
for schizophrenia, collecting one image every seven seconds (TR=70ms; TE=50ms; 
FA=45°; 128x256; 0.75 NEX). During the seven minute scanning period, the 
subjects indicated the presence of voice-like AH’s with a finger. In half of the trials 
the subjects also listened to audio tapes of voices designed to have manifest content 
similar to that of the AH’s. Pixel-wise statistical (t-test) comparisons of the MR 
signal intensity during the AH (or direct stimulation) were made with rest images to 
indicate regions of altered signal. Functional images of direct stimulation showed 
well-localized activity primarily in the superior temporal gyrus (STG). During the 
AH’s the MR signal was elevated more diffusely in left STG, as well as in left 
angular gyrus and inferior frontal gyrus. We suggest that it is the activity in primary 
auditory receptive areas that results in the voice-like quality of AH’s and that may 
differentiate them from ordinary language-based thought that lacks the subjective 
experience of “hearing”.

1. P. D. Slade, R. P. Bentall, Sensory deception: a scientific analysis of 
hallucination. Johns Hopkins University Press, Baltimore, 1988.

2. J. M. Cleghom, et al., Am J Psychiatry 149, 1062-9 (1992).
3. K. K. Kwong, et al., Proc Natl Acad Sci U S A 89, 5675-9 (1992).

110.2

A SHIFT IN TYROSINE HYDROXYLASE-IM M UNOREACTIVE  
VARICOSITIES (TH-IRV) FROM PYRAMIDAL (PN) TO NONPYRAMIDAL 
(NP) NEURONS OCCURS IN LAYER II OF THE ANTERIOR CINGULATE 
CORTEX OF SCHIZOPHRENICS. F M. Benes*. M S. Todtenkopf and J.B, 
Taylor. Lab. for Structural Neuroscience, McLean Hospital, Belmont, MA; 
Dept. of Psychiatry, Harvard Medical School, Boston, MA.

Recent postmortem investigations of the anterior cingulate cortex 
(ACCx) in schizophrenic (SZ) brain have suggested that there may be an 
impairment of inhibitory interneurons in layer II, and this could secondarily 
result in a relative increase of dopaminergic inputs to GABAergic neurons. 
To test this hypothesis, an immunoperoxidase localization of TH-IRV has 
been undertaken in ACCx and prefrontal cortex (PFCx) of 15 normal controls 
(CON) and 10 SZs. Overall, there was no significant change in the density 
of TH-IRV in apposition with PNs or NPs. When the density of varicosities 
on the two neuronal subtypes was compared within each group, both CONS 
and SZs showed a strong tendency for NPs to have a higher density of TH- 
IRV in apposition with their cell bodies. In ACCx, but not PFCx, this pattern 
was much more pronounced in SZs both with and without neuroleptic 
exposure, particularly in layer II where the density on NPs was 3-fold higher 
than that for PNs (p = 0.01). Age and PMI do not explain these differences 
in SZs. A significant reduction in the density of TH-IRV was also observed 
in the europil of layer V in the SZs, however, this difference was not 
observed in two neuroleptic-free cases. Overall, these results suggest that 
there is a significant shift in the distribution of TH-IRV from PNs to NPs in 
layer II of ACCx in SZs. Taken together with other findings in layer II, these 
data are consistent with a model in which a "mis-wiring" of DA inputs to 
ACCx results in a relative, though not absolute, increase of DA effects on 
impaired GABAergic neurons. Funded by MH00423, MH42261 and 
MH31154.

110.4
INVESTIGATIONS OF NEURODEGENERATION IN ELDERLY 
PATIENTS WITH SCHIZOPHRENIA AND DEMENTIA. S.E. Arnold*.
B.R. Franz. K. Pasquale. J.O. Trojanowski. U. Pennsylvania School of 
Medicine, Philadelphia, PA.

Clinical and neuropsychological studies of chronically institutionalized 
patients with schizophrenia indicate a high prevalence of severe cognitive 
impairment and functional disability in late life. Diagnostic 
neuropathologic investigations have revealed little evidence of recognized 
disease states (e.g. Alzheimer's disease) in these individuals. Hence, the 
biological substrates of this dementia are not known. In this preliminary 
study, we monitored various markers of neurodegeneration and neural 
injury in a cohort of prospectively accrued elderly schizophrenics, the 
majority of whom exhibited severe dementia, and compared them to normal 
elderly and Alzheimer disease controls. Blind quantitations of 
immunohistochemically labeled neurofibrillary tangles, senile plaques, 
Lewy bodies, ubiquitinated neurons, and GFAP and vimentin positive 
astrocytes were conducted in frontal, occipital and ventromedial temporal 
cortices. As a whole, the schizophrenic group showed no significant 
differences for any marker relative to the normal elderly controls. When 
patients with schizophrenia were divided into demented and non-demented 
subtypes, those patients with dementia demonstrated significantly greater 
numbers of GFAP positive astrocytes than those without dementia.
Regional analyses identified the largest differences in the subiculum and 
orbitofrontal cortex. No differences for other markers were observed.
These data may reflect an up-regulation o f GFAP in normal astrocytes or 
the presence of reactive astrocytosis in a subgroup of schizophrenics. In the 
absence of any diagnostic neuropathologic findings in this subgroup, the 
implications of these observations for the pathophysiology of schizophrenia 
remain to be determined.

Society for Neuroscience, Volume 21, 1995



260 MENTAL ILLNESS I SUNDAY PM

110.5
IPSAPIRONE-INDUCED CORTISOL RESPONSE AND ITS RELATION TO 
NEGATIVE SYMPTOMS IN SC H IZO PH REN IA  H.Y. Meltzer*. R. Ranjan. 
D ept. of Psychiatry, Case W estern Reserve Univ. School of Medicine, Cleveland, 
Ohio, U.S.A.

Schizophrenic patients have been reported to have increased Bmax of 5-HT1A 
receptors in some cortical areas (Life Sci. 48:135, 1991). We have further studied 
S-HT1a  receptor function in schizophrenia by comparing the placebo-adjusted, 
ipsapirone-(Ip) (0.3 mg/kg, p.o.)-induced increase in plasma cortisol and decrease 
in tem perature in 34 unmedicated schizophrenics (27M, 7F) and 25 normal controls 
(16M, 9F). Basal cortisol levels were increased in the schizophrenic patients. The 
placebo-adjusted Ip-induced increase in cortisol secretion but not the decrease in 
body tem perature were significantly blunted in the female but not the male schizo
phrenic patients. Feeling 'high’was reported by the schizophrenic patients (combin
ed male and female) significant more than by controls while the controls reported 
feeling less good and more restless on a visual analog scale. The cortisol response 
in the patients was significantly negatively correlated with the BPRS Total score 
(rho=  -0.46,p =0.03), Positive (rho=  -0.60,p =  0.004) and W ithdrawal-Retardation 
(WR) subscales (rho=  -0.50,p=0.02), the SANS Global rating (rho=  -0.46,p =0.04) 
and SAPS Delusion item (rho=  -0.55,p =0.01, N=  21). It was also negatively corre
lated with SANS Alogia, Attention, and nearly so with the Affective Blunting Global 
items. The BPRS WR subscale was also positively correlated with the placebo- 
adjusted tem perature response to Ip (rh o =0.64,p =0.006). The Ip-induced increase 
in cortisol was positively correlated with feeling dizzy, 'high’, depressed and aroused 
in the schizophrenic patients. The cortisol response was correlated with nausea in 
the control group. These results suggest that some measures of 5-HT1A receptor 
function may be decreased in female schizophrenic patients and a direct or indirect 
relationship between 5-HT1A receptor stimulation and some dimensions of psycho
pathology in schizophrenia. The putative antipsychotic benefit of 5-HT1A agonists 
may be related to enhancing diminished 5-H T1A function.

110.7
RELATIONS BETWEEN SEMANTIC PROCESSING AND THOUGHT 
DISORDER IN SCHIZOPHRENIA: RESULTS FROM STUDIES OF FLUENCY 
AND PRIMING. T. E. Goldberg*. M, S. Aloia. M. Gourovitch. J. M. Gold. D. 
Missar. D. Pickar and D. R. Weinberger. Clin. Brain Disorders Branch, IRP, NIMH 
Neurosciences Center at St. Elizabeths, Washington, DC 20032

Disorganized speech or thought disorder, which includes loosening of 
associations, poor use of pronominal referents, tangentiality, and illogicality, has been 
considered to be a hallmark symptom of schizophrenia. Such deficits have frequently 
been referred to impairments in working memory or attention. However, in recent 
studies of patients with schizophrenia, we have found selective deficits in semantic 
but not phonologic fluency and evidence for a disorganized semantic network. These 
findings implicate the semantic system. In the present series of studies we assessed 
the relation between certain types of semantic memory processing and thought 
disorder in 20 patients with schizophrenia and 21 normal controls. In the first study 
we found a high and significant correlation (r= -.61) between a measure of thought 
disorder from the Thought, Language, and Communication Scale (Andreasen, 1986) 
and the magnitude o f the difference between semantic (animals, fruits, vegetables) 
and phonologic fluency (the letters f, a , and s). In a second study we assessed 
priming in the same subjects for highly semantically related, moderately related, and 
distantly related words. Patients with thought disorder displayed negative priming for 
highly related and moderately related words, while normals displayed expected 
priming (greater for highly than moderately related words). These results indicate that 
abnormalities in the semantic network in schizophrenia may be an important 
determinant of disorganized speech and that these abnormalities may involve 
imbalances in the inhibitory and excitatory processing involved in word recruitment.

110.9
3D DIGITAL ATLAS-BASED SEGMENTATION FOR THE 
STUDY OF SCHIZOPHRENIA. J. W. Haller*. G. E.
Christensen. A . Joshi, M .I . M iller, M . W . Vannier
Y. I. Sheline. J. G. Csernansky Washington University School of 
Medicine/ Mallinckrodt Institute o f Radiology, St. Louis, MO 
63110.

Neuromorphometric studies o f schizophrenia require methods 
that are efficient and repeatable. Toward the realization o f  this goal, 
an 3D digital atlas transformation method for the segmentation and 
volumetry of magnetic resonance (MR) neuroimages is being 
developed. 3D MR images o f brain were repeatedly segmented 
using an 3D digital atlas-based transformation in schizophrenics 
and controls. In preliminary experiments, hippocampal volumes 
were determined using manual segmentation, and interrater 
differences after multiple volumetric measurements was 
approximately 16%. In contrast, the difference between atlas- 
transformation measurements o f the hippocampus was less than 
5%. These data suggest that atlas-based 3D transformations may 
provide more reliable measurements than manual segmentation o f  
small brain structures, because reliance on human operators is 
reduced. Atlas-based 3D transformations may also be used to 
construct composite (i.e. representative) images for populations o f  
schizophrenics and controls, so that hypotheses regarding 
population differences can be generated and tested with greater 
statistical power.

110.6
A PET STUDY OF WORKING MEMORY IN SCHIZOPHRENIA: EFFECTS OF 
PERFORMANCE LEVEL. K.F. Berman*. J. M. Gold. J.T. Noga. A. Abi-
Dargham. J.D. Yan Horn. D.R. Weinberger. pet  unit, cb d b , n im h , irp , nih ,
Bldg. 10/4N-317, Bethesda, MD 20892.

Previous regional cerebral blood flow (rCBF) studies in schizophrenia have 
emphasized prefrontal cortex (PFC) dysfunction. This dysfunction is particularly 
apparent during behaviors, including working memory, that in normal subjects 
provoke physiological activation in PFC. Attempts to draw firm conclusions 
about this pathophysiology have been hampered by concerns that differences in 
brain function may be a consequence of differences in performance on tasks 
that are used. To investigate further the roles of performance and working 
memory, we measured absolute rCBF with the H 215O PET method in patients 
and normals matched for performance on two working memory tasks, delayed 
response alternation (DRA) and Wisconsin Card Sorting (WCS), as well as a 
matched sensorimotor control task for each. Subjects were, for DRA 10 patients 
(four women, six men; mean age 32 years) and 10 normals (three women and 
seven men; mean age 27), and for WCS 13 patients (six women, seven men; 
mean age 35) and 13 normals (six women and seven men; mean age 35). 
Patients were treated with haloperidol 0.4 mg/kg/d. Both patient and control 
groups achieved 52% correct on DRA and 56% correct on WCS. Data were 
analyzed with Statistical Parametric Mapping (SPM94) with a significance 
threshold of p≤O.01. During both tasks normal controls showed robust bilateral 
activations in large portions of PFC (orbital, dorsolateral, and anterior cingulate). 
In contrast, PFC activation in the patients during DRA was largely confined to 
the frontal eye felds, and during WCS occurred only in a small portion of the left 
dorsolateral (DL) PFC. Direct comparison of PFC activation in patients and con
trols revealed normals to have greater activation in right DLPFC (BA 9&46) and 
anterior cingulate (BA 32) during both tasks as well as in left DLPFC (BA 9) dur- 
ing DRA. These data indicate that physiological differences in PFC activation 
during these tasks cannot be accounted for by performance differences per se..

110.8
MULTISLICE PROTON MAGNETIC RESONANCE SPECTROSCOPIC 
IMAGING IN SCHIZOPHRENIA: REGIONAL REDUCTION OF A 
MARKER OF NEURONAL DENSITY
A. Bertolino. S. Nawroz, V.S. Mattay. J.H.Duyn. C.T.W. Moonen. 
A.S. Barnett. K. Kotrla*. I.A. Frank. G.Tedeschi. D.R. Weinberger, 
Clinical Brain Disorders Branch, NIMH, NIH Bethesda, MD 20892 

We stud ied  7 patien ts w ith chronic schizophrenia  
(according to DSM-IV) and 7 healthy age-matched controls by 
long echo tim e (TE 272 m sec) m ultislice proton magnetic 
resonance spectroscopic im aging. This technique permits 
sim ultaneous acquisition of signal intensities of metabolites 
such as N-Acetyl-aspartate (NA, a marker of neuronal density), 
c h o l i n e  c o n t a i n i n g  c o m p o u n d s  ( CHO) ,  
creatine/phosphocreatine (CRE) and lactate from four 15 mm 
slices with a nom inal voxel volum e o f 0 .8 4  mL. Regions of 
interest were drawn blindly on coplanar T1 weighted images 
for hippocampal region (HIPPO), putamen, thalamus, superior 
temporal gyrus, calcarine cortex, parietal cortex, dorsolateral 
prefrontal cortex (DLPFC), orbitofrontal cortex, anterior and 
posterior cingulate, centrum sem iovale and prefrontal white 
m atter. Statistica l analysis  show ed sign ifican t bilateral 
reductions o f NA/CRE and NA/CHO ratios exclusively in HIPPO 
and DLPFC in patients with schizophrenia. No significant 
difference for CHO/CRE and no asym m etry in patients or 
controls were found. The findings o f reduced NA in absence of 
increased CHO (a marker of active proliferation o f glial cells) 
in  patien ts w ith sch izop h ren ia , is co n sisten t w ith the 
neurodevelopmental hypothesis of schizophrenia.

110.10
METABOLIC ABNORMALITIES IN THE SUBGENUAL PREFRONTAL CORTEX 
AND VENTRAL STRIATUM IN MOOD DISORDERS W.C.Drevets*. J.L.Price. 
T.O.Videen. R.D.Todd. M.E.Raichle. Wash. Univ. Sch. Med. St.Louis, MO 63110 
We previously demonstrated reduced blood flow in the right subgenual prefrontal 
cortex (SGPFC) in bipolar depression (BP-D). To better characterize this abnormality, 
PET images of metabolic rates for glucose (MRglu) were acquired with a Siemens 
953B/31 and l8FDG in a control group (n = 14; age=36± l l )  and 3 bipolar groups: 
BP-D (n=6; age= 37± 9), BP-manic (BP-M;n = 3;age = 32± 3) and BP-remitted (BP- 
R; n = 5 ; age= 37 ± 7). Two unipolar depressed groups were selected, one with 
familial pure depressive disease (FPDD;n= 11 ,age = 39± 6) and one who did not meet 
FPDD criteria ( n = l l ;  age=43± 13). Only the BP-R group was medicated. Regional 
MRglu/global MRglu was measured in right SGPFC in unfiltered images (FWHM 
=5mm) using a one cm (diameter) spherical ROI centered at x = 6 ,y = 2 4 ,z= -6  
(Talairach and Toumoux, 1988). MRglu was also measured in a one cm ROI in the 
right ventral striatum (x = 12,y = 9 ,z  = -6). In the SGPFC, MRglu in BP-D was 
decreased 21% relative to control (p<.0005). MRglu in BP-M was increased 9.4% 
relative to control (p <0.1) and 42% relative to BP-D (p < .02). In BP-R, MRglu was 
decreased 14% relative to control (p< 0 .1 ). In FPDD, MRglu in SGPFC was de
creased 18% (p < .005) relative to control. In the striatum, MRglu was increased rela
tive to control in BP-D (12%; p <  .005) and BP-M groups (12% ,p< 0.1); acomparble
9.3 % increase was seen in BP-R, but this was not significant. Right striatal MRglu did 
not differ between unipolar depressives and controls. In post hoc compar- isons MRglu 
was measured in homologous left hemisphere ROI. In left SGPFC and striatum, 
MRglu did not significantly differ between bipolar and control groups. MRglu-right 
SGPFC was 11% less than left SGPFC in BP-D (p < 0 .1 ). In FPDD, MRglu was de- 
creased in left SGPFC (-13% ,p< .05). Differences between non-FPDD unipolar dep- 
ressives and controls were not significant in any ROI. Thus in right SGPFC, metabolic 
activity is abnormally decreased in BP-D and FPDD and appears increased in mania. 
In right ventral striatum, activity may be increased in all phases of bipolar disorder.
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110.11
M O DU LA TIO N  OF A N  A N T E R IO R  C IN G U L A T E  
D Y SFU N C TIO N  B Y  A D O P A M IN E  A G O N IST  IN  
UNTREATED SCHIZOPHRENIA. P.C.FIetcher. P.M. Grasbv.
C.D. Frith. K.J. Friston. R.S.J. Frackowiak and R.J. Dolan*. 
Wellcome dept. of Cognitive Neurology and MRC Cyclotron Unit, 
Hammersmith Hospital, Ducane Road, London, W12 OHS. 
Dopaminergic dysregulation remains an empirical cornerstone for 
theories concerning the causation o f schizophrenia. Evidence for a 
dopamine system  dysfunction in schizophrenia includes the 
psychosis inducing effects o f  dopaminergic agonists and the 
antipsychotic potency o f dopaminergic antagonists. In a positron 
emission tomography (PET) experim ent we exam ined the 
regulatory role o f dopamine on cortical function in 12 normal 
subjects and 12 unmedicated schizophrenic patients. Using a 
factorial experimental design we compared the effect o f a 
dopaminergic manipulation, with apomorphine ( 10mcg/kg s.c.), 
on a neural response to a cognitive task (orthographic verbal 
fluency). In the schizophrenic patients, relative to controls, 
impaired activation o f the cingulate cortex during verbal fluency 
was seen. This impaired activation was significantly modulated by 
a manipulation o f dopaminergic neurotransmission. Following 
apomorphine the schizophrenic subjects, relative to the controls, 
displayed a significantly enhanced activation o f the cingulate 
cortex. These data provide direct in vivo evidence o f a regional 
functional deficit in schizophrenia that can be significantly  
modulated by dopamine.

110.13
PRESYNAPTIC SEROTONIN INDICES IN DORSOLATERAL PREFRONTAL 
CORTEX OF SUICIDE VICTIMS. J.J. Mann* Y. Huang V. Arango. S. Li. T.F. 
Lagattuta and R.A. Henteleff. Dept of Neuroscience, New York State Psychiatric 
Institute and College of Physicians & Surgeons, Columbia University, New York, N.Y. 
10032.
Numerous studies have suggested impaired serotonergic function in the brain of suicide 

victims and suicide attempters, independent of type of psychiatric illness. We have 
reported that altered serotonin function in suicides tends to be localized to orbital and 
lateral prefrontal cortex (PFC). There is a lack of agreement as to whether presynaptic 
serotonin indices (transporter binding and serotonin or metabolite levels) are reduced in 
dorsolateral PFC. Accordingly, we measured serotonin, 5-hydroxyindoleacetic acid (5- 
HIAA), and its precursor, tryptophan (TRY), and the presynaptic binding sites (5-HT1D 
receptor and 5-HT transporter) in DLPFC from cases with negative toxicology including 
24 suicides and 34 controls. 5-HT, 5-HIAA, and TRY were assayed by high 
performance liquid chromatography (HPLC). Binding indices for 5-HT10 receptor and 
serotonin transporter were determined with [5H]-5-HT (sumatriptan as displacer), and 
[5H]-paroxetine (sertraline as displacer). Level of 5-HIAA, 5HT and TRY did not differ 
between these groups. We found no difference in B-lx or KD, of 5-HT1D, binding in 
suicides versus non-suicides (27.4 ±  13.0 and 27.9 ±  6.9 fmol/mg protein; 1.4 ±  0.8 
and 1.1 ± 0 .6  nM, respectively). There was a trend (p<0.08) for lower transporter 
binding in suicides, but not KD (94.4 ±  45.3 and 128.1 ±  98.4 fmol/mg protein; 0.90 
± 0.6 and 1.1 ± 0 .7  nM, respectively). However, there were significant correlations 
between levels of 5-HT, 5-HIAA and TRY (p< 0.014) but not with receptor indices in 
Don-surcides. In suicide victims, there was a significant correlation between 5-HIAA and 
TRY (p<0.022). We conclude: 1. Serotonin presynaptic indices, except for a trend in 
transporter binding, do not differ in DLPFC between suicide and non-suicide victims. 
2. Indices of serotonin turnover and presynapptic binding sites do not correlate and so 
both must be measured. This study provides further evidence that the alterations in 
cortical serotonergic function in the PFC of suicide victims are localized to subregions 
such as the lateral and orbital PFC (Arango et al. Brain Research). (Supported by PHS 
grants MH40210 and MH46745).

110.12
SPECT IMAGING OF SYNAPTIC DOPAMINE ACTIVITY IN 
DRUG FREE SCHIZOPHRENIC PATIENTS. M. Laruelle*. A. 
Abi-Dargham. R. Gil. C. H. van D yck. J. Erdos. D. D'Souza. W. 
Rosenblatt, S, Kruger, E. McCangg-Katz, L. Brenner. Y, Zca-Ponce. 
S. S . Zoghbi. D. Abi-Saab. C. Fingado. R. M. Baldwin. P. B. 
Hoffer, J, Krystal. P , S, Cbarney. R.P, Innis, Yale University and 
VA Medical Center, West Haven, CT 06516.

Single exposure to amphetamine induces psychotic reactions in 
schizophrenic patients at doses that are not psychotogenic in healthy 
subjects. Since amphetamine is a potent dopamine (DA) releaser, this 
observation is consistent with the DA hypothesis o f schizophrenia. 
However, the neuronal mechanism underlying this vulnerability is 
unknown. Synaptic D A  activity following amphetamine can be 
measured with SPECT as the displacement o f the specific binding o f 
the DA D 2 radiotracer [123I]IBZM. W e compared the displacement of 
[123I]IBZM induced by amphetamine (0.3 mg/kg, i.v.) in 10 drug 
free schizophrenic patients without axis I comorbidity and 10 healthy 
controls, matched for age, sex, race and parental socioeconomic 
status. None o f the controls exhibited psychotic reactions after 
amphetamine. Six out o f ten schizophrenic patients experienced 
transient but clinically significant increases in psychotic symptoms. 
Amphetamine-induced [123I]]IBZM displacement was significantly 
larger in schizophrenics (14 ±  6%, SD) than in controls (9 ±  3%, 
p=0.03). This was particularly true for the six patients whose 
psychosis worsened (18 ±  5%). No group differences were observed 
in amphetamine plasma levels or D2 receptors at baseline. These data 
suggest that schizophrenia might be associated with dysregulation at 
the level o f the presynaptic dopaminergic neurons.

LONG-TERM POTENTIATION: PHARMACOLOGY I

111.1

HOW DOES 2-DEOXYGLUCOSE (DOG)-INDUCED LTP 
COMPARE WITH SOME OTHER KINDS OF LTP?
K. KrnieviS* and S. Tekkok Anaesthesia Research Dept., 
McGill Univ., Montreal, PQ H3G 1Y6, Canada.

As reported elsewhere (Tekkok and Kmjevi6 Soc. Neurosci. 
Abstr. 1995) temporary suppression of glycolysis by 10 mM 2- 
deoxyglucose (DOG) is followed by an LTP-like enhancement 
of CA1 EPSPs and population spikes in hippocampal slices. 
Like most types of LTP, it requires activation of NMDA 
receptors, its induction being abolished by 50 μM 
aminophosphonovalerate and 80% reduced by MK-801 (20 
μM). Nevertheless it differs significantly in some important 
respects. In contrast to "anoxic" LTP (Hammond et al TINS 17: 
497,1994), the post-DOG effect enhances only the early AMPA 
component of EPSPs, and not at all the NMDA component 
(recorded in presence of CNQX or DNQX and Mg reduced to 
0.3 mM). Unlike tetanic LTP (induced by 1 s tetani at 100 Hz), 
post-DOG LTP was not suppressed by inhibition of NO 
synthase (with 200 pM L-NAME). There was no evidence of 
occlusion between tetanic and post-DOG LTP: tetanic induction 
of LTP did not prevent further potentiation by a subsequent 
DOG application; nor did DOG-induced LTP prevent induction 
of further LTP by subsequent tetanic stimulation. DOG- 
induced LTP must differ from other forms of LTP in some of 
the underlying mechanisms. (Supported by Canadian M .R.C.)

111.2
LTP CAN BE INDUCED IN HIPPOCAMPAL SLICES BY 2- 
DEOXYGLUCOSE. S. Tekkok* and K. Krnievic Anaesthesia 
Research Dept., McGill Univ., Montréal, PQ H3G 1Y6 Canada.

In slices (at 33°) from Sprague-Dawley rats, CA1 population 
spikes (PS) and EPSPs were evoked by stimulating str. 
radiatum (l/3 0 s) and recorded simultaneously with two NaCl 
microelectrodes from str. pyramidale and str. radiatum 
respectively. The suppression of glycolysis by 10 mM 2- 
deoxyglucose (DOG) causes a progressive transmission block: 
after *13 min PSs disappear and EPSPs are reduced by half, 
but afferent volley is unaffected. Upon washing, responses are 
fully restored - EPSPs after *5 min and PSs after *10 min - 
and then markedly potentiated to a stable level ≈100% above 
initial base-line (sustained for > 1 hr). This post-DOG form of 
LTP is a) seen also at room temperature; b) graded - at 33°, 
increasing duration of DOG application between 7 and 20 min 
causes increasing LTP; c) not accompanied by changes in 
afferent volley; d) evident over wide range of stimulus 
intensities - as shown by much steeper EPSP v. afferent volley 
curves; e) associated with a shift to left of PS v. EPSP relation; 
and f) fully reversible by low frequency (1 Hz) stimulation. 
Though resembling other forms of LTP, the post-DOG variety 
differs in several ways (Krnjevié and Tekkök Soc. Neurosci. 
Abstr. 1995). (Supported by Canadian M edical Research Council)

Society for Neuroscience, Volume 21, 1995



262 LONG-TERM POTENTIATION: PHARMACOLOGY I SUNDAY PM

111.3
EFFECTS OF DOPAMINE D1 AGONISTS AND NEUROTROPHINS ON AGE- 
RELATED CHANGES OF SYNAPTIC PLASTICITY IN THE HIPPOCAMPUS. 
M.Zhuo1,2*. w.-Q. Gao.3 R. D. Hawkins,1 and E. R. Kandel1,2, 1Ctr. 
Neurobiol. & Behav., Columbia Univ., 2HHMI, NY, NY 10032, 3Dept 
Neurosci., Genetech, Inc., South San Francisco, CA 94080.

A decline in explicit forms of memory w ith aging has been 
consistently observed not only in humans but also in subhuman primates 
and rodents. Since hippocampal long-term potentiation (LTP) is a well- 
established cellular model for memory storage, we have systematically 
examined LTP in the CA1 region of hippocampal slices from mice of four 
different ages: young (3-7 weeks); adult (10-12 weeks);middle-aged 
(6-8 months); and old (18-30 months) Early-phase (1 -hr) LTP induced by 
a single tetanus was not affected in old mice, but late-phase (more than 
3-hr) LTP induced by multiple tetani was significantly decreased in old 
mice as compared with young or adult mice. In an attempt to reverse the 
late-phase defect we examined various neurotrophins and found that 
NGF, NT-4/5, and NT-3, but not BDNF, compensated for the loss of late- 
phase LTP in old mice. These neurotrophins did not produce 
potentiation when given alone. However, application of a D1/D5 
dopamine receptor agonist, which alone produced significant late-phase 
LTP in young mice, also did so in old mice. These results demonstrate 
that old mice are capable of late-phase LTP but may not express it 
because they have reduced levels of neurotrophins or dopamine. A 
number of other aspects of synaptic transmission were disturbed in old 
mice, including the maximum EPSP, LTD, depotentiation, and paired- 
pulse facilitation. (Supported by the Charles A. Dana Foundation and 
the NIA.)

111.5
RAPID NUCLEAR CREB PHOSPHORYLATION DURING BOTH LTD- 
AND LTP-INDUCING PATTERNS OF SYNAPTIC ACTIVITY.
Karl Deisseroth*. Haruhiko Bito. and Richard W. Tsien. Dept. o f Molecular 
and Cellular Physiology, Stanford University, Stanford CA 94305.
The transcription factor CREB has been implicated in the formation o f long-
term memory in Aplysia, Drosophila, and mice. CREB is activated by 
phosphorylation but the rules governing CREB phosphorylation in neurons are 
not known, and the signalling pathway from synapse to nucleus is 
uncharacterized. By combining electrophysiology in cultured hippocampal 
neurons and immunocytochemistry with an antibody specific for Ser-133- 
phosphorylated CREB, we were able to determine the information about 
synaptic activity encoded in CREB phosphorylation and outline the signal 
transduction mechanism CREB phosphorylation is rapidly induced in >80% 
of neurons during both LTD and LTP, but not during high frequency spike 
firing. Thus, synaptic plasticity-inducing stimuli in general will trigger CREB 
phosphorylation; furthermore, this signal is specific to the postsynaptic cell 
and occurs within 30 s. CREB phosphorylation induced by strong 
depolarization was sensitive to removal of external Ca2+ and to 10 mM 
internal BAPTA but not to 10 mM internal EGTA, suggesting that entering 
Ca2+ can act near the surface membrane and employ a downstream 
messenger to convey the signal triggering nuclear phosphorylation of CREB.

111.7

INTRACELLULAR APPLICATION OF ACTIVATED CaM-KII 
ENHANCES SYNAPTIC TRANSMISSION. R. C. Malenka. P.-M. 
Lledo. D. A . Brickey†. T. R. Soderling†. and R. A. N icoll*. Depts. o f  
Cell. & Mol. Pharmacol & Psychiatry, UCSF, San Francisco, 
†Vollum Institute, Oregon Health Sciences University.

Ca2+ regulated protein kinases are required for the NM DA  
receptor-dependent form o f long-term potentiation (LTP) in the CA1 
region o f the hippocampus. To examine the role o f α -Ca2+/calmodulin 
kinase II (CaM-KII) in synaptic transmission, neurons were recorded 
in the whole-cell configuration with a pipette solution containing the 
pre-activated α -subunit o f CaM-KII (200 nM) and the protein 
phosphatase inhibitor microcystin-LR (10 μ M). Using this pipette 
solution, a gradual and robust increase in the amplitude o f currents 
induced by ionophoretically applied AMPA was observed (53 ±  15%; 
n = 9). AM PA responses remained stable in ce lls  recorded with 
pipette solution lacking CaM-KII. More importantly, when EPSCs 
were simultaneously recorded with AM PA-evoked currents, CaM-KII 
induced a gradual but significant increase in EPSC amplitudes (65 ±  
26% compared to ce lls  recorded with pipette containing only 
microcystin and heat-inactivated CaM-KII; n = 6). An analysis o f  
spontaneous EPSCs revealed that both amplitude (50.1%; n = 3) and 
frequency (45.4% ; n = 3) were enhanced by the intracellular 
application o f CaM-KII w hile, sim ilarly to evoked EPSCs, their 
kinetics were not modified. These results are consistent with a role for 
postsynaptic CaM-KII in strengthening glutamate receptor responses 
during LTP. Supported by NATO, the CNRS and the NIMH.

111.4
CALCIUM/CALMODULIN-DEPENDENT PROTEIN KINASE II  REGULATES 
DEVELOPMENTAL CHANGES IN NEURAL PLASTICITY. J. Wang* and 
M. Mayford. Ctr. Neurobiol. & Behav., Columbia Univ., HHMI, NY, NY 
10032.

Neural plasticity characteristically changes w ith age During 
maturation of the hippocampus, the capacity for long-term depression 
(LTD) decreases while that for long-term potentiation (LTP) increases 
Calcium/calmodulin-dependent protein kinase 11 (CaMKll), known to be 
important for the generation of LTP, also is able to to regulate the 
frequency threshold of presynaptic activity required for the production 
of LTP or LTD. Since CaMKII activity changes with age, it is possible that 
the developmental changes of C aM K II ac tiv ity  lead to  the  
developmental changes in neural plasticity. To examine this hypothesis, 
we generated transgenic mice that have one copy of the endogenous 
CaMKII gene and one copy of a mutant transgene, CaMKII-Asp286, 
whose product is enzymatically active even in the absence of Ca2 +. The 
adult transgenic mice have a low total CaMKII activity with a high 
proportion of the CaMKII subunits in the Ca2 +-independent state. This 
mimics CaMKII activity found in neonatal wild-type animals. In adult 
transgenic mice, several forms of neural plasticity are similar to that 
found in neonatal wild-type animals. Thus, high-frequency stimulation 
failed to induce LTP in the hippocampus of both transgenic adults and 
neonatal wild-type mice, whereas LTD could be generated by low- 
frequency stimulation Moreover, there was no paired-pulse facilitation 
(PPF) in either the transgenic adults or neonatal wild-type mice. These 
results suggest that the developmental changes in CaMKII activity may 
underlie the developmental changes of neural plasticity.

111.6
SIGNALING PATHWAYS REGULATING NUCLEAR CREB 
PHOSPHORYLATION IN HIPPOCAMPAL NEURONS.
Haruhiko Bito*. Karl Deisseroth. and Richard W. Tsien. Dept. of Molecular 
and Cellular Physiology, Stanford Univ. Sch. of Med., Stanford, CA94305.

Synaptic stimulation of various kinds, including those which induce LTP 
and LTD, gives rise to a prominent and rapid phosphorylation of the 
transcription factor CREB in neurons (see Deisseroth et al., Neurosci Abs., 
this issue). Using a CA1-CA3 hippocampal neuronal culture system, we 
explored the signaling pathways regulating this rapid change in the 
phosphorylation state of nuclear CREB. Phospho-CREB (pCREB) formation 
induced by electrical field stimulation as well as by 90 mM K+-stimulation 
could not be prevented by PKA inhibitors. On the other hand, the CaM 
antagonist calmidazolium blocked pCREB induction under both field 
stimulation and 90 mM K+, and electrically-induced CREB phosphorylation 
was abolished by the CaM kinase inhibitor KN-62. These data are most 
consistent with a Ca2+/CaM-dependent kinase pathway lying upstream of 
rapid nuclear CREB phosphorylation in neurons. A further site of action of 
PKA downstream of, or in parallel with this pathway remains to be identified.

The kinetics of dephosphorylation of pCREB was also examined. With 
either electrical stimulation or a prolonged 90 mM K+-stimulation, we 
observed a persistence of nuclear pCREB even after the end o f stimulation, 
whereas short high K+-stimulation produced a more transient rise in pCREB. 
The time-dependent decrease in pCREB was unaffected by 20 nM okadaic 
acid (OA), but was inhibited by calyculin A and by 5 μM OA, suggesting a 
possible involvement of a nuclear form of PP1 in CREB dephosphorylation.

111.8
INTRACELLULAR PERFUSION OF PHOSPHATASE INHIBITOR REVERSIBLY 
POTENTIATES SYNAPTIC TRANSMISSION AND BLOCKS IAHP IN 
HIPPOCAMPAL CA1 PYRAMIDAL NEURONS. N. Otmakhov*. J. Lisman. 
Department of Biology and CCS, Brandeis University, Waltham, MA 02254

Constituitive activation of kinases may be responsible for maintenance of LTP. 
Consistent with a role for kinases, intracellular phosphatase inhibitors potentiate 
glutamate-receptor currents (McGlade-McCulloh et al., 93; Wang et al., 94; Figurov 
et al., 93 ). Here we examine the reversibility of this potentiation using a method 
that allows the reversible introduction of substances into a cell through the patch 
electrode. The technique was tested by using fluorescent dye (Carboxyfluorcscein 
25uM) and optical imaging of the dendrites in slices. Dye reaches it’s saturating 
concentration within 20-30min in the main dendritic shaft and in 40-60 min in the 
very distal thin dendrites. When dye is then removed from the patch pipette, the 
fluorescence is lost from the dendrites within 30-40 minutes.

After l0min of whole-cell recording, phosphatase inhibitor (Microcystin 50uM, 
MC) was introduced through the patch electrode while evoked and spontaneous 
glutamatergic synaptic currents, Ca spikes and Iahp were monitored every 30 sec at 
Vh =-40mV. Both evoked and spontaneous synaptic currents were greatly increased 
in amplitude while Iahp and the Ca spike were greatly reduced. All these effects 
persisted during application of MC. Subseqent perfusion with control intracellular 
solution reversed the effect of MC on synaptic currents and partly reversed the effect 
on Iahp. The effect on Ca spike was not reversible. Pharmacological isolation of 
AMPA and NMDA components revealed that both were upregulated by MC. KN-62 
(CaMKII inhibitor) or lowered intracellular Ca2+ levels ( l 0mM BAPTA, 
hyperpolarization of Vm) decreased the effect of MC on synaptic currents. The 
results suggest that CaMKII is reversibly activated by MC and potentiates 
glutamatergic synaptic transmission. Additional factors may be necessary to convert 
this potentiation to a constituitive form.
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111.9
INHIBITION OF PHOSPHOTASES RESCUES HIPPOCAMPAL 
CA1 LTP IN MUTANT MICE DEFICIENT FOR aCAMKII. C. Chen* 
and S. Toneqawa. Ctr. for Learning & Memory, E 17-358, Howard 
Hughes Medical Inst., Mass. Inst. of Tech., Cambridge, MA 02139.

The induction of long-term potentiation (LTP) in the CA1 region of 
the hippocampus is blocked by agents that inhibit 
calcium/calmodulin-dependent kinases (CaMK). In the gene 
knockout mutant mice lacking specifically the a  isoform of the type 
II kinase (αCaMKII), the CA1 LTP is deficient (Silva et al., 1992, 
Science 257, 206; Stevens et al., 1994, Curr. Biol. 4, 687). In the 
present study, we report that the LTP deficiency in the mutant 
hippocampus can be corrected by inhibiting phosphotases type I 
and II (PP1, PP2A and PP2B) with okadaic acid, calyculin A or 
MK520 prior to the high frequency tetanic stimulation, while 
inhibition of those phosphotases in wild-type slices does not seem 
to influence characteristics of LTP. The rescued LTP appears to 
depend on the activation of NMDA subtype of glutamate receptors. 
This study raises a possibility of calcium-dependent interactions 
between kinases and phosphotases during the induction of LTP in 
contrast to a previous hypothesis that CaMKII underlies LTP while 
phosphotases underlie the down-regulation of synaptic strength like 
LTD. We are currently investigating the synaptic localization 
(presynaptic vs. postsynaptic) in which the inhibition of 
phosphotases lead to LTP in the mutant hippocampus.

111.11
NITRIC OXIDE AND CALCIUM RISE MUST COINCIDE TO INDUCE 
CEREBELLAR LTD. V. Lev-Ram*1, L.R. Makings1, J.P.Y. Kao2, P.F. Keitz2, 
R.Y. Tsien13. 1Dept. of Pharmacology and 3HHMI, University of California San 
Diego, La Jolla, CA 92093-0647; 2MBC and Dept. of Physiol., School of Med., 
Univ. of Maryland, Baltimore MD 21201.

Long-term depression (LTD) in the cerebellum is a prolonged reduction in the 
efficacy of the parallel fiber (PF) synapse onto Purkinje cells (PCs). LTD can be 
induced by simultaneous presynaptic activation and postsynaptic depolarization. 
Because the possible involvement of nitric oxide (NO) in LTD remains contro
versial, we synthesized CNO-4, a totally organic, membrane-impermeant form of 
caged NO. CNO-4 was loaded by the whole-cell patch-clamp technique into PCs 
of acute cerebellar slices from rats of age 18-26 days. UV photolysis of CNO-4 
delivers NO with much higher temporal resolution and cell specificity than pre
viously possible. Uncaged NO completely mimicked and replaced PF activation, 
synergizing with depolarization to induce maximal LTD. LTD induction required 
accurate temporal coincidence, less than 50 ms delay, between the end of NO 
release and the onset of depolarization. Depolarization acted by raising [Ca2 + ]i. 
because synergism with NO lasted about 100 ms after repolarization and because 
BAPTA blocked LTD induction. NO synthase inhibitionor extracellular myoglobin 
as an NO trap prevented LTD induction via PF stimulation but not that from 
intracellularly uncaged NO. However myoglobin delivered into the PCs prevented 
LTD induction by either protocol. Uncaging of carbon monoxide (CO) from NV- 
CO, a novel norbomadienone derivative, also induced LTD when paired with 
depolarization, suggesting a role for guanylate cyclase, the common target of NO 
and CO. PF activity probably generates NO outside the PCs as an anterograde 
messenger whose target is inside the PCs. Biochemical detection of coincidence 
between NO and depolarization-elevated [Ca2 + ]i might underlie the physiological 
Hebbian rule for LTD induction.

HYPOTHALAMIC-PITUITARY

111.10
PHOSPHOLIPASE A2 AND THE CONVERSION OF SHORT-TERM TO LONG-
TERM SYNAPTIC DEPRESSION IN THE CEREBELLAR PURKINJE NEURON.
D.J. Linden* Department of Neuroscience, Johns Hopkins University School of 
Medicine, Baltimore, MD 21205.

Cerebellar LTD is a phenomenon in which a persistent attenuation of the parallel 
fiber-Purkinje neuron (PN) synapse is induced by conjunctive stimulation of parallel 
fiber and climbing fiber inputs. It may be reliably (15/16 cells) induced in the cultured 
mouse PN when glutamate pulses and PN depolarization, which mimic the effects of 
parallel and climbing fibers respectively, are applied together for 6 pairings. Using this 
culture system, it has been shown that at least 3 events are necessary for LTD induc
tion: mGLURl activation, AMPA receptor activation and consequent Na influx, and 
Ca influx via voltage-gated channels, and that these initial signals are followed by 
stimulation of PKC, which is also required. With 2 pairings, a short term depression 
(STD) lasting 20-40 min was induced in 4/12, no change in 3/12 and LTD in 5/12 
cells. In an effort to understand the switch between these two phenomena we have fo
cused upon a Ca-sensitive enzyme, phospholipase A2 (PLA2), which cleaves the 2- 
acyl group from phospholipids resulting in the liberation of free unsaturated fatty acids 
such as oleate and arachidonate. These are known to synergistically activate PKC 
when present with diacylglycerol and Ca. Application of oleate (5 μM) with 2 pair
ings resulted in 0/12 STD, 4/12 no change and 8/12 LTD. Bath application of the 
PLA2 inhibitors, manoalide ( lμM) or mepacrine (50 μM) during 6 pairings converted 
LTD to STD. These compounds do not appear to exert their effects through attenua
tion of voltage-gated Ca channels or mGLURl as assessed by fura-2 imaging. The 
conversion of LTD to STD by PLA2 inhibitors could be completely reversed by co-
application of either free arachidonate or oleate. Application of PLA2 inhibitors 5 min 
after pairing was without effect. Induction of an LTD-like effect by phorbol ester, 
which strongly activates PKC, was not altered by co-application of PLA2 inhibitors. 
These findings suggest a model in which liberation of unsaturated fatty acids by PLA2 
contributes to a synergistic activation of PKC, the full activation of which is neces- 
sary for LTD induction, and the partial activation of which results in STD. Supported 
by PHS MH51106, and the Sloan, Klingenstein and McKnight Foundations.

111.12
INTRACELLULAR CALCIUM IS REQUIRED FOR THE 
MAINTENANCE BUT NOT INDUCTION OF LONG-TERM 
DEPRESSION IN NUCLEUS TRACTUS SOLITARIUS. Z. Zhou, J. 
Champagnat and C.-S. Poon*. Harvard-MTT Division of Health Sciences and 
Technology, M.I.T., Cambridge, MA 02139 and Institut Alfred Fessard, 
C.N.R.S., Gif-sur-Yvette, France.

Low-frequency stimulation (LFS; 5 Hz, 3-5 min) of the tractus solitarius (TS) 
elicited a desensitization and post-LFS short-term depression (STD) of synaptic 
transmission in NTS neurons under GABA* receptor blockade and chelation of 
intracellular Ca2+ (Zhou et al., FASEB J. 9:A3283, 1995). The STD, if any, 
typically recovered in < 30 min. To examine whether intracellular Ca2+ may 
influence the development of STD, whole-cell recordings were obtained in NTS 
neurons in transverse brainstem slices from rats (1-3 weeks of age) using a 
micropipette filled with an electrolyte solution low in EGTA to preclude Ca2+ 
chelation. Synaptic efficacy was assessed by measuring the mono-synaptic 
EPSPs evoked by a brief TS pulse every 20 sec under bicuculline (20 μM). 
During LFS, there was a progressive decrease in the EPSP amplitude (to < 50% 
of control) in all neurons. After LFS, synaptic efficacy was restored almost 
immediately in one group of neurons (n = 9) but in another group (n = 7) the 
synaptic depression continued for > 30 min. Pre-treatment with the NMDA 
receptor antagonist AP5 (50 pM) had no effect on the synaptic depression 
during LFS but resulted in a complete recovery of the post-LFS depression 
within 20 min (n = 4) with a time course reminiscent of the STD in Ca2+ 
chelated neurons. Results suggested that NMDA receptor mediated Ca+ influx 
is important for the maintenance of LFS induced long-term depression in NTS 
neurons, but neither NMDA receptors nor intracellular Ca2+ are required for the 
induction of such depression. Supported by ONR contract N00014-95-0414, 
NSF grant BES-9216419, and NIH grants HL45261 and HL50641.

-GONADAL REGULATION II

112.1
HYPOTHALAMIC PEPTIDES IN RELATION TO PUBERTY ONSET, 
ESTROUS CYCLE, AND GENDER. S .F. Leibowitz*. A. Akabavashi. 
J.T. Alexander. The Rockefeller University, New York, N.Y., 10021.

Galanin (GAL) and neuropeptide Y (NPY) have distinct physiological and 
endocrine effects. After hypothalamic injection, these peptides differentially 
affect the release of various hormones which, in turn, differentially regulate 
the gene expression and synthesis of GAL and NPY. The present studies 
examined natural shifts in the levels of these peptides (via RIA), in relation 
to gender, puberty and across the estrous cycle, when there are dynamic 
changes in circulating hormones. In female rats, these peptides dramatically 
increase, both at puberty and during proestrous, in an anatomically distinct 
fashion. Levels of GAL sharply rise specifically in the medial preoptic 
nucleus (MPO) and the lateral portion of the paraventricular nucleus (IPVN), 
where GAL-synthesizing neurons and estrogen receptors exist, and in the 
median eminence (ME), to which these two areas project. These shifts in 
GAL, not detected in other sites, can be distinguished from those seen for 
NPY. While this peptide also rises at both stages in the MPO, the other 
areas exhibiting a change at proestrous are the arcuate nucleus (ARC) where 
NPY-synthesizing neurons exhibit estrogen immunoreactivity and the medial 
portion of the PVN (mPVN) to which the ARC NPY neurons project. 
Gender comparisons at puberty show, in female rats, higher levels of GAL in 
the MPO, IPVN and ME and of NPY in the MPO. These findings reveal 
natural peptide shifts, at puberty and proestrous, when gonadal steroids 
normally rise, and they differentiate possible neural projections involved in 
the physiological, endocrine and perhaps behavioral responses controlled by 
these peptides.

112.2
EVIDENCE THAT GALANIN (GAL) MAY PARTICIPATE IN 
STIMULATION OF LH SECRETION BY NEUROPEPTIDE Y (NPY). 
Sahu*1. B. Xu. T. Horvath2. C. Leranth2. W.R. Crowley3. and S.P. Kalra. Dept. 
Neuroscience, Univ. Fla., Gainesville, FL 32610; 1Dept. Cell Biol. & Physiol., 
Univ. Pitt., Pittsburgh, PA 15261; 2Dept. OB-GYN, Yale Univ., New Haven, CT 
06510; 3Dept. Pharmacol., Univ. TN, Memphis, TN 38163

Hypothalamic NPY and GAL are two key excitatory signals in the neural circuitry 
controlling hypothalamic GnRH and pituitary luteinizing hormone (LH) secretion. 
Recently, we observed synaptic contacts between NPY boutons and GAL cells in the 
arcuate nucleus (Abst. Soc. Neurosci., 19:1693, 1993), thereby suggesting that some 
of the NPY’s physiological functions may be mediated through GAL release. To test 
this hypothesis, we employed galantide (GLN), a specific GAL receptor antagonist 
which inhibits GAL-induced, basal and cyclic LH release (Endo. 134:529, 1994). 
Adult female rats were ovariectomized and implanted with cannulae in the lateral 
cerebroventricles. Rats were treated with estradiol benzoate (30 μg ) and 
progesterone, 15 mg (day 0), a week later. On day 2, these rats were injected icv 
with either saline (SAL, 3μl) or GLN (5 nM in 3μl SAL) alone followed 30 min later 
by either NPY (0.5 nM) or SAL. Blood samples were collected for LH determination 
by RIA before and at 10, 20, 30 and 60 min after NPY or SAL injections. Results 
showed that whereas SAL or GLN injection alone did not influence basal LH levels, 
NPY injection elicited LH release with peak levels at 10 min (165% over preinjection 
range) and significantly higher levels were sustained for 30 min. Furthermore, pre-
treatment with GLN markedly attenuated the NPY-induced LH release, plasma LH 
in these rats were marginally (46%), but significantly elevated over the baseline only 
at 10 min. Overall, the LH response in the GLN + NPY group was significantly less 
than that in SAL + NPY group. Thus, the morphological evidence of possible 
communication between NPY and GAL together with the ability of GAL antagonist 
to attenuate NPY-induced LH response show that excitatory effects of NPY may, in 
part, be exerted via GAL release. (Supported by NIH HD 08634 & HD 13587).
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112.3
EXERCISE-INDUCED FOS EXPRESSION IN HYPOTHALAMIC 
NEUROPEPTIDE Y (NPY) NEURONS OF FEMALE CYNOMOLGUS 
MONKEYS: A SEARCH FOR NEURAL SYSTEMS WHICH MAY MEDIATE 
EXERCISE-INDUCED REPRODUCTIVE DYSFUNCTION. AL Caston*. 
GE Hoffman. MS Smith and JL Cameron. Depts. of Psychiatry, Cell Biology & 
Physiology, Neuroscience, and Neurobiology, Univ. of Pittsburgh, Pittsburgh, PA 
15213 and the Oregon Regional Primate Research Center, Beaverton, OR 97006.

Chronic vigorous exercise training is associated with an increased incidence of 
reproductive dysfunction, resulting from a decrease in hypothalamic drive to the 
reproductive axis. We previously demonstrated that exercise-induced amenorrhea in 
adult female cynomolgus monkeys (Macaca fascicularis) can be reversed by 
increasing energy intake, thereby suggesting that the energy utilization of exercise 
causes the suppression of the reproductive function. In this study, we examined Fos 
expression in hypothalamic NPY neurons in response to exercise in order to 
determine whether NPY neurons are activated by exercise. We chose to study NPY 
neurons because at least some NPY neurons have been shown to respond to 
changes in energy availability and NPY is a known modulator of the reproductive 
axis. Brains were collected from (1) a sedentary control group that sat on the 
treadmill 2 hr/day (n=4), (2) a group of eumenorrheic exercising monkeys that ran 
8-10 miles/day and maintained regular menstrual cycles (n=2), and (3) a group of 
amenorrheic exercising monkeys that ran 6-9 miles/day and had developed 
amenorrhea (n=2). Monkeys were sacrificed 1 hr after their daily treatment 
(exercise or sitting). Intense activation of NPY neurons (i.e., NPY neurons 
expressing Fos) was observed in the amenorrheic runners in the SON, PVN and 
along the ventral surface of the hypothalamus (VHT) with 10-20 fold greater 
activation in all areas when compared to sedentary monkeys. Moreover, 
amenorrheic runners showed 3-fold greater NPY activation compared to 
eumenorrheic runners in the PVN and VHT, but NPY neuronal activation in the 
SON was similar in the two groups of exercising monkeys. These data indicate that 
several populations of hypothalamic NPY neurons are activated by exercise. Our 
finding that some NPY neuronal populations are more activated in amenorrheic 
compared to eumenorrheic monkeys supports the hypothesis that NPY may play a 
causal role in mediating exercise-induced reproductive dysfunction.

112.5
M E C H A N IS M  OF E X C IT A T O R Y  EFFE CTS O F N E U R O P E P T ID E  Y  (N P Y ) O N  
E P IS O D IC  LH S E C R E TIO N : C R IT IC A L  ROLE O F N E W L Y  S Y N T H E S IZ E D  
N P Y . B. Xu, P.S. Kalra, W.R. Crowley and S.P. Kalra*. D ep ts . o f 
N euro science and P hysio logy, U n ive rs ity  o f Florida, G ain esville , 1D ept. 
Pharm acology , U n ive rs ity  o f T enne ssee, M em p h is  

Previous studies sh o w  th a t N P Y  produced locally in th e  arcu ate  nucleus  
exerts  an e x c ita to ry  in fluence on hypo th a lam ic  LHRH and p itu ita ry  LH 
secretion . T o  evalu ate  th e  physio logical m ode o f N P Y  in vo lvem en t in 
pulsatile  LH release, rats w e re  ovariec to m ize d  (ovx) and rece ived  a 
p erm anent cannula in th e  th ird  ventric le  o f th e  brain . T w o  w ee ks  later, 
purified IgG , e ither from  norm al rabb it serum  or from  serum  conta in ing  
N P Y  antibo dy (N P Y -A b , d ilu ted 1 :5  or 1 :1 ), w a s  infused in trav en tricu la rly  
b etw e en  0 6 0 0 - 1 5 3 0  h w ith  th e  aid o f an A lzet® pum p (8  μ l/h ). Blood  
sam ples from  in trajugular cannulae p laced th e  day b e fo re , w e re  d ra w n  at 
5 min intervals b e tw e e n  1 2 3 0 - 1 5 3 0  h. T h e  resu lts o f th ese  passive  
im m u nization  studies sh o w ed  th a t N P Y -A b  d o s e -d ep en d en tly  reduced  all 
param eters  o f LH p u lsa tility  (C luster analysis); m ean  LH, pulse am plitude  
and freq u e n cy w e re  sign ificantly  d ecreased . T hese find in gs im plied th a t 
N PY release w as  essential in susta in ing to n ic  episodic LH re lease. To  
address the  question of w h e th e r n e w  synth esis  o f N P Y  w a s  essential for 
pulsatile  LH release, in th e  nex t exp e rim en t o vx  rats w e re  in jected  
in traventricu la rly  w ith  e ither antisense or m issense o lig o d eo xyn u c leo tid es  
to  NPY rnR N A  (4  nmol/3/wl) at 0 9 0 0 ,  1 1 0 0  and 1 3 0 0  h. A nalys is  o f LH 
pulsa tility  b e tw e en  1 3 0 0  to 1 6 0 0  h sh o w e d  th a t all para m eters  o f 
episodic LH secretion w e re  s ign ificantly  suppressed in an tis en se-trea ted  
rats as com p ared to  contro l rats rece iving m issense or saline a lone. These  
results dem o n stra te  th a t N P Y  is a phys io log ica lly  im p o rta n t signal in th e  
hypothalam ic  p u lse -generato r c ircu itry  and n e w ly  syn th esized  N P Y  is 
critical for rh y th m ic  LHRH d ischarge. (S u p p o rted  by N IH  H D  0 8 6 3 4 ) .

112.7

REGULATION OF NITRIC OXIDE (NO) RELEASE BY ENDOGENOUS 
OPIOID PEPTIDES (EOP) IN THE MEDIAL PREOPTIC AREA (MPOA): 
CORRELATION W ITH LH SECRETION S. Pu. S.P. Kalra. and  P.S. 
Kalra *. Depts. of Physiology and Neuroscience, University of Florida, 
Gainesville

Recent studies show that NO, a novel gaseous neurotransmitter, is 
involved in hypothalamic stimulation of pituitary LH release. Previous 
observations have demonstrated that hypothalamic EOP exert a tonic 
inhibitory control on LHRH-LH secretion. To test the hypothesis that 
NO may be involved in the opioidergic control of LH release, we 
examined the effects of the opiate receptor antagonist, naloxone (NAL), 
on NO release in awake, freely-moving male rats (150-200g). Rats 
were implanted with a microdialysis guide cannula in the MPOA where 
LHRH and NO-producing neurons are coextensive. Forty-eight hours 
later, a microdialysis probe was inserted into the guide cannula and 
perfused with artificial cerebrospinal fluid at a rate of 5 μl/min. 
Dialysates were collected at 20  min intervals before and after a s.c. 
injection of either saline or NAL (2 mg/kg). Levels of cyclic GMP 
(cGMP) in the dialysate, an indicator of NO release, were unchanged 
after saline injection. However, injection of NAL stimulated cGMP 
release which peaked immediately and stayed higher than basal levels 
for the duration of the experiment (100  min). Examination of plasma 
LH levels in the next experiment showed that NAL stimulated LH 
release coincident with elevated cGMP levels in the dialysate from the 
MPOA. These results show for the first time that the release of NO in 
the MPOA is regulated by EOP and this mechanism may underlie the 
tonic inhibitory opioidergic control of hypothalamic LHRH release 
(supported by NIH HD 11362  and HD 08634 ).

112.4
NEUROPEPTIDE Y1 RECEPTOR (NPYlr) GENE EXPRESSION DURING 
THE RAT ESTROUS CYCLE. J.H. Urban* & J.E. Levine. Dept. Neurobiology 
and Physiology, Northwestern University, Evanston, IL 60208.

We have previously demonstrated that activation of NPYlr plays a significant 
role in the generation of preovulatory luteinizing hormone (LH) secretion in 
female rats. Our molecular analyses have also revealed the presence of NPYlr 
transcripts within the anterior pituitary. These studies used quantitative reverse 
transcriptase-polymerase chain reaction (RT-PCR) to determine whether NPYlr 
gene expression is regulated during the estrous cycle of female rats. RNA was 
isolated from anterior pituitaries dissected from female rats at various times 
during the estrous cycle. Using amplimers specific for regions of the NPYlr, 4 
dilutions of the resultant cDNAs were subjected to PCR. Tubulin levels were also 
assessed as a control for the amount of RNA added per reaction. Data were 
analyzed using a phosphorimager, normalized to tubulin values and reported as 
fold changes from metestrous (MET) 0900 values. NPYlr mRNA levels remained 
relatively constant from MET 1800 to proestrus (PRO) 0900 where a steady, step-
wise decline occurred reaching a nadir at 2200h (0.122 _+ 0.027 relative units). 
Thereafter, on estrus day (E), an abrupt and dramatic increase in NPYlr gene 
expression (p<0.01) occurred reaching a peak at 0900 h (1.660±  0.220 relative 
units). The PRO LH surge occurred between 1600-2000h. These data clearly 
demonstrate that NPYlr gene expression is regulated during the estrous cycle 
with a significant increase in NPYlr gene expression occurring after the 
gonadotropin surge. Studies are in progress to elucidate mechanisms responsible 
for inducing these cycle-dependent changes in NPYlr gene expression.

• (NIH HD20677, HD 219121, HD28048 and AHA-MC Grant-in-Aid)

112.6
EFFECTS OF L-ARGININE ON PULSATILE LHRH RELEASE IN VIVO 
AND IN VITRO IN THE RHESUS MONKEY. C. L. Nyberg. K. L. Keen. F. 
Marzban and E. Terasawa*. Wisconsin Regional Primate Research Center, 
University of Wisconsin, Madison, Wisconsin 53715-1299.

Recent evidence suggests that nitric oxide (NO) is involved in the cascade 
of events culminating in LHRH release. To elucidate the role of NO in 
pulsatile LHRH release, and in the mechanism of puberty in primates, the 
effects of L-arginine (L-arg) on LHRH release were examined in vitro and in 
vivo in the rhesus monkey. Study I: L-arg, the substrate required for NO 
synthesis, or D-arginine (D-arg), the inactive form of the molecule, at 1 nM 
were perifused into tissues from the medio-basal hypothalamus (MBH) and 
medial preoptic area (MPOA) of adult monkeys using a perifusion system. L- 
arg induced a significant increase (p<0.01, n=12) in LHRH release from both 
MBH and MPOA tissues, while D-arg failed to induce a stimulation (n=8). 
Study II: Using a push-pull perfusion method the effects of L-arg on LHRH 
release in vivo were examined in female monkeys at various pubertal stages. 
L-arg at 0.1 nM, 10 nM and 1 μM was infused into the stalk-median eminence 
for 10 min at 90-min intervals and perfusates were collected in 10-min 
fractions for 14 h. In prepubertal monkeys (15.3±2.0 mo, n=3) L-arg at all 
doses resulted in significant increases (p<0.01) in LHRH release peaking at 
10 min after infusion. Similarly, in monkeys at early and midpubertal stages 
(35.0±2.8 mo, n=16) L-arg at all doses stimulated LHRH release (p<0.05) at 
10 min after infusions. The LHRH responses to L-arg at all doses tested were 
similar within pubertal stage and the magnitude of the L-arg-induced LHRH 
release was comparable in both stages. Infusion of vehicle as a control did 
not induce any significant effects. These results suggest that L-arg does 
stimulate LHRH release and NO may be important for the pulsatility of LHRH 
release in the non-human primate. However, the fact that L-arg induces 
similar LHRH responses in animals at both prepubertal and pubertal stages 
suggests that NO may not be critically involved in the mechanism triggering 
puberty. (Supported by NIH grants HD11355, HD15433 & RR00167).

112.8

DEVELOPMENTAL CHANGES IN MOUSE GONADOTROPIN-
RELEASING HORMONE (GnRH) GENE EXPRESSION: 
TRANSCRIPTIONAL AND POST-TRANSCRIPTIONAL 
REGULATION. A.C. Gore*. M. Blum and J.L. Roberts. Fishberg Res 
Ctr for Neurobiology, Mt. Sinai Med Ctr, N Y, NY 10029.

The release o f GnRH peptide from neuroterminals in the median 
eminence has been reported to increase during postnatal development.
We were interested in ascertaining the mechanism by which GnRH 
mRNA and primary transcript levels (an index o f transcription o f the 
proGnRH gene) change. Male mice from postnatal day 5 (P5) to P60 
were sacrificed and the preoptic area-anterior hypothalamuc (POA-AH) 
was dissected out. Cytoplasmic and nuclear RNA were extracted 
separately. Levels o f GnRH mRNA in the cytoplasm and GnRH primary 
transcript in the nucleus were quantitated in individual POA-AH  
dissections by RNase protection assay. Results: GnRH mRNA levels in 
the cytoplasm increased from P5 to P30, with the greatest increase 
occurring between P25 and P30, which corresponds to the period shortly 
before or at the onset of puberty. GnRH primary transcript levels in the 
nucleus changed in a completely different manner developmentally, with 
a dramatic increase (>100 fold) occurring between P5 and P10. Levels 
o f primary transcript were then unchanged from P10 to P60. Because 
most changes in GnRH mRNA levels in the cytoplasm occur after P10, 
when transcription has reached a steady-state level, these changes are 
most likely due to a post-transcriptional mechanism such as mRNA  
stability. Studies are currently under way to examine whether GnRH 
mRNA poly (A) tail length, an index o f mRNA turnover, changes 
developmentally. [DK-08743 (ACG), DK -39029 (JLR) and AG08538 
(MB)].
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112.9

IN VIVO  R ELEA SE OF G O N A D O T R O P IN -R E L E A SIN G  
H O R M O N E (G N R H ) IN S O C IA L L Y  S U B O R D IN A T E , 
A NO V U LA TO R Y  FEM ALE M ARM OSET M O NK EYS. W .
Saltzman*. N.J. Schultz-Darken. E. Terasawa. and D.H. Abbott. 
W isconsin  R egional Primate Research Center, U niversity o f  
Wisconsin, Madison, Wisconsin 53715.

Among female common marmoset monkeys (Callithrix jacchus), 
social subordination induces anovulation and suppression of luteinizing 
hormone (LH) release. To determine whether this social suppression 
of ovulation is due to inhibited or altered GnRH release from the 
hypothalamus, we performed push-pull perfusion of the pituitary stalk- 
median em inence (S-M E) in anovulatory subordinate fem ale 
marmosets (N =5) and fem ales in the m id-follicular phase o f the 
ovarian cycle (N=3). Subjects were implanted with a cranial pedestal, 
and a push-pull cannula was inserted into the S-ME. A modified 
Krebs-Ringer phosphate buffer solution was infused at 23 μ l/min. 
collected in 10-min fractions for 3-7 hours, and assayed for GnRH by 
RIA. GnRH pulses were identified by the PULSAR program. GnRH 
release did not differ significantly between cycling and acylic females 
(interpulse interval: 40.9 ±  5.6 vs. 38.6 ±  3.5 min, respectively, mean ±  
SEM; pulse amplitude: 1.9 ±  1.4 vs. 1.8 ±  0.8 pg/ml; baseline 
concentration: 4.5 ±  3.3 vs. 2.0 ±  0.9 pg/ml; peak concentration: 6.4 ±
4.7 vs. 3.8 ±  1.8 pg/ml). These results suggest that GnRH release is not 
markedly altered in subordinate, anovulatory fem ale marmosets. 
Instead, other factors, such as reduced gonadotrophic responsiveness to 
GnRH or impaired ability to generate an ovulatory LH surge, may be 
responsible for social suppression of ovulation. (Supported by grants 
RR00167 and HD07678 from NIH and IBN 92-22771 from NSF.)

112.11

MOLECULAR CLONING OF RECEPTORS FOR GnRH AND GTH 
FROM THE AFRICAN CATFISH, CLARIAS GARIEPINUS 
CP Tensen*E Andersson. J Bogerd. K Okuzawa  RAH Adan† and HJTh Goos 
Research Group for Comparative Endocrinology, Research School for 
Developmental Biology, †Rudolf Magnus Institute, University of Utrecht, 
P.O. Box 80.058, 3508 TB Utrecht, The Netherlands.

Events important in the regulation of pituitary gonadotropin (GTH) synthesis 
and release occur at different levels in the brain-pituitary-gonadal axis. The 
mechanisms that control the synthesis of gonadotropin releasing hormone 
(GnRH) in the brain, its receptor, transcriptional activation and desensitization 
events in the pituitary as well as synthesis and release of GTH are unclear. 
Moreover, both the brain and the pituitary are subjected to feedback mecha
nisms by gonadal hormones, thereby controlling the onset of puberty.
In recent years we have investigated several aspects of pubertal development 

of the African catfish. The morphological development of the gonads as well 
as the sex hormone synthesis and its GTH sensitivity during development has 
been analysed. The GTH secretion, the GTH subunit gene expression and the 
response to GnRH during development has been monitored.
In a next step towards the identification of factors involved in the regulation 

of puberty in the catfish, we turned our attention to the isolation of cDNAs 
encoding receptors for GnRH from the pituitary and GTH from the testis. We 
used combinations of degenerate oligonucleotides corresponding to amino acid 
sequence motifs conserved in their mammalian counterparts to perform PCR 
on catfish cDNA; PCR fragments seemingly encoding parts of the receptors 
were used to isolate full-length clones from catfish cDNA libraries. To demon- 
strate the functionality of these receptors, the first isolated from a non-mam
malian species, we are currently expressing the cDNAs transiently in HEK293 
cells for binding experiments or stably in CHO cells to study their signal 
transduction properties.

112.10
DYNAMIC RELATIONSHIPS BETWEEN LHRH NEURONAL TERMINALS 
AND THE END-FEET OF TANYCYTES IN CYCLING RATS REVEALED 
BY CONFOCAL MICROSCOPY. L .C .King*. and P.M. Ronsheim and B.S. 
Rubin. Dept. of Anatomy and Cellular Biology, Tufts University Health 
Sciences Campus, Boston, MA 02111.

Secretion of LHRH from hypothalamic neurons occurs within the median 
eminence. We have examined the relationship between LHRH terminals and 
non-neuronal elements, tanycytes and astrocytes, in the external zone of the 
median eminence of rats sacrificed at three time points on proestrus: 1) in the 
morning (1030); 2) during the afternoon (1430); and 3) during the evening 
(1830); and, on the mornings of estrus and metestrus. Animals were perfused 
with a mixture of 4% paraformaldehyde and 2% acrolein in 0.1 M Sorensen’s 
phosphate Buffer, pH 7.2. Vibratome sections were simultaneously incubated 
with polyclonal antisera to LHRH and monoclonal antisera to Vimentin, to 
reveal tanycytes, or antisera to glial filamentous acidic protein (GFAP), to 
reveal astrocytes. Sections were subsequently incubated in a mixture of 
secondary antisera, goat anti-rabbit IgG labelled with Texas Red and goat anti-
mouse IgG labelled with FITC. Confocai microscopy (Noran Instruments) was 
used to visualize each antigen separately. Images collected with different 
excitation wavelengths and barrier filters were superimposed to reveal the 
relationship between neuronal and non-neuronal elements. In general, LHRH 
terminals were prevented from directly contacting portal capillaries, as they were 
encased by the end-feet of tanycytes. An "unsheathing" of LHRH terminals was 
observed in rats sacrificed on proestrus, such that LHRH terminals were freed 
from encasement by tanycytic end-feet. The dynamic character of these 
relationships may be important to the preovulatory surge of LHRH, which 
occurs on the afternoon and evening of proestrus. IBN-9310267 (JCK) and HD 
19174 (BSR).

112.12
CHANGES IN THE GnRH RECEPTOR mRNA LEVELS IN THE RAT 
HIPPOCAMPUS AND MEDIOBASAL HYPOTHALAMUS DURING THE 
ESTROUS CYCLE. L. Jennes1 *, T. M. McShane2 . A. Centers1 and C. B. 
Brame1. 1 Dept. Anatomy & Neurobiology and 2Physiology, Univ. 
Kentucky , Coll. Med., Lexington, KY 40536.

Gonadotropin releasing hormone receptor (GnRH-R) mRNA and protein 
levels in the hippocampus are regulated by gonadal steroids in both, male 
and female rats. The goal of the present study was to determine if 
changes in the GnRH-R mRNA levels occur under physiological conditions 
during the estrous cycle and if different brain regions expressing the 
GnRH-R respond uniformly to the cyclic changes in estrogen and 
progesterone. Quantitative in situ hybridization followed by 
autoradiography and image analysis were used to determine the relative 
levels of GnRH-R mRNA in areas CAl , CA3 and dentate gyrus of the 
hippocampus and in the hypothalamic arcuate and ventromedial nuclei. 
The results show that GnRH-R mRNA levels in area CA1 and the dentate 
gyrus of the hippocampus are relatively constant throughout the cycle 
except for a sharp decline at 1700 hrs of proestrus while area CA3 does 
not exhibit significant variations in GnRH-R mRNA content. In the 
mediobasal hypothalamus, biphasic changes occur during proestrus when 
GnRH-R mRNA levels increase dramatically at 0800 hrs followed by a 
steep decline at 1700 hrs. During estrus, the GnRH-R mRNA levels return 
to intermediate diestrous levels. The results suggest that GnRH-R mRNA 
levels are regulated in a region-specific manner and that in the mediobasal 
hypothalamus, the synthesis of GnRH receptors is increased during early 
proestrus in preparation for, and not in response to the GnRH-LH 
preovulatory surge. Supported by NIH HD24697 (LJ) and AG 02224 
(P.M.Wise).

112.13

ESTRADIOL UPREGULATES PROSTAGLANDIN E2 (PGE2) RECEPTOR GENE 
EXPRESSION IN LHRH NEURONS VIA GLIAL INTERMEDIACY. F. Rage. M.E. 
Costa and S.R. Ojeda*. Division of Neuroscience, Oregon Regional Primate 
Research Center., Beaverton, OR 97006.

It is well established that PGE2 mediates neurotransmitter-induced LHRH 
release in the hypothalamus. The LHRH-producing cell line GT1-1 expresses the 
gene encoding the EP1 PGE2 receptor subtype, which is linked to calcium 
mobilization, and two alternatively spliced forms of the EP3 gene (EP3a and 3). 
linked to inhibition of cyclic AMP formation (Rage et al., Soc. Neurosci. Abstr. 
20:637,1994). Changes in the relative prevalence of these receptors may 
contribute to regulating the LHRH response to neurotransmitters acting via PGE2- 
mediated pathways, such as norepinephrine. Hence, the ability of estradiol to 
facilitate the LHRH response to both NE and PGE2 may involve selective 
modulation of PGE2 receptor gene expression. Direct exposure of GT1 -1 cells to 
estradiol (1nM) did not alter the mRNA levels of either EP1 or EP3a/EP33 
receptors, as assessed by RNase protection assay and reverse transcription- 
quantitative PCR. In contrast, treatment of hypothalamic astrocytes with estradiol 
for 48h yielded a conditioned medium that, when applied to GT1-1 cells, 
upregulated EP1 mRNA levels without affecting the prevalence of EP3a or EP33 
mRNAs. This estradiol-conditioned medium also upregulated the expression of a 
third EP3 isoform (EP3γ ), which we identified in GT1-1 cells by 3  cloning and 
sequencing. This isoform is known to be linked to stimulation of cyclic AMP 
formation. The facilitatory role of EP1 receptors in LHRH release was suggested 
by the ability of the EP1 receptor agonist 17-phenyl trinor PGE2 to stimulate LHRH 
release from GT1-1 cells in a dose-related manner. Thus, estradiol may facilitate 
neurotransmitter-induced LHRH release via a glial-mediated upregulation of PGE2 
receptors linked to facilitation of calcium mobilization and cyclic AMP formation. 
Supported by grants from NIH (HD-25123, HD-18185, and RR00163), and by an 
INSERM (France) Fellowship to FR.
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113.1

IN  VIVO  IM A GING OF SEROTO NIN (5H T-2A) RE C EPTO R S W ITH 
P O S IT R O N  E M IS S IO N  T O M O G R A P H Y  (P E T ) AND 18F- 
ALTANSERIN IN HUMAN BRAIN
G. Smith* J, Price. M. Mintun. C. Mathis. N. Simpson. K. Urso. C. Cidis 
Meltzer. Y. Huang. B. Lopresti. PET Facility, Departments of Radiology and 
Psychiatry, University of Pittsburgh School of Medicine, Pittsburgh, PA 15213.

The important role of serotonin in CNS function and its involvement in many 
neuropsychiatric conditions (e.g. schizophrenia and depression) support the 
development of an in vivo marker of serotonergic activity in humans.

The present study represents the initial step in the validation of ^F-altanserin as a 
radiotracer for the 5HT-2A receptor for human imaging studies. The regional 
distribution and the test-retest variability of 18F-altanserin binding were measured. 
Two high specific activity (> 500 Ci/mmole) 18 F -altanserin PET studies were 
performed in normal male subjects (n=3), separated by a 48 hour interval. The PET 
data were acquired for 120 min and arterial plasma samples were collected throughout 
the study and corrected for radiolabeled metabolites. A 3-compartment (3C) model and 
a linear method (Logan plot) were used to determine regional distribution volumes 
(DV). The regional distribution of  18F-altanserin was consistent with the regional 
distribution of 5HT-2A receptors determined by post-mortem autoradiographic studies. 
Levels of binding were highest in cortical and limbic areas and relatively lower in 
basal ganglia, thalamus and cerebellum. For the three subjects, the mean percent 
difference [I(retest-test)/testl] in the 3C DV values were 11.1% ± 2.1% for the middle 
frontal cortex, 4.2% ± 3.7% for the medial temporal cortex, 14.0% ± 12.2% for the 
basal ganglia and 12.1% ± 10.5% for the cerebellum. Similarly, a test-retest 
difference of about 10% was found across regions with the Logan plot. These data 
support the use of 18F-altanserin for the imaging of cortical and limbic 5HT-2A 
receptors. These test-retest studies will be used as a basis for the interpretation of 
subsequent studies to assess the sensitivity of 18 F -altanserin binding to 
pharmacologic-induced alterations in serotonin activity .

113.3

[ 123I]R93274: A  NEW  SPECT TRACER FOR THE SEROTONIN  
5HT2a RECEPTORS. A. Abi-Dargham*. Y. Zca-Ponce. M . Laruelle, 
M. Al-Tikriti. R. Baldwin. P. Hoffer. D. Charne y . J.E. Leysen ***; D. 
Terriere**. J. M ertens***. R. Innis. Y ale U niversity/V A  Medical 
Center, W est Haven, U SA , **VUB-Cyclotron, Brussels, Belgium and 
***Janssen Research Foundation, Beerse, Belgium  

[125I]-4-am ino-N-[1-[3-(4-fluorophenoxy)propyl]-4-methyl-4- 
piperidinyl]-5-iodo-2-m ethoxybenzam ide ( [125I]R 93274) is a new  
ligand with high affinity and selectivity for the 5HT2a  receptors (KD = 
0.11 nM, Mertens et al, J Labelled Comp. Radiopharmac., 1994, 9, 
795-806). This study examined the potential o f [123I]R93274 as an in 
vivo SPECT radiotracer for visualization o f the 5HT2A receptors. Three 
baboons were injected with 10 mCi [123I]R93274 and scanned for 6 h 
on the CERASPECT camera. Continuous arterial blood sampling was 
performed and free parent compound measured. Maximum brain uptake 
(0.7% o f  injected dose) was observed at 30 min. R egional uptake 
peaked at 30 min in the cortex and at 5 min in the cerebellum, then 
washed out rapidly. Maximal occipital to cerebellar ratio was 1.6 ±  0.1 
and was reached at 120 min post injection. An i.v. injection o f  
ketanserin (4 m g/kg at 150 min) induced a rapid displacem ent o f  
activity in till regions except for the cerebellum. Brain regional and 
blood data were fit to a three compartment model to estimate transfer rate 
constants and calculate the binding potential. [123I]R93274 displayed a 
regional distribution consistent with that o f 5HT2a  receptors in primate 
brain (cortex > striatum > cerebellum), and might be used to visualize 
5HT2A receptors with SPECT in humans.

113.5

THE PSYCHOPROTECTIVE ACTIO N  OF ESTRO GEN IS 
M EDIATED BY CENTRAL SEROTONERGIC AS WELL AS 
DOPAMINERGIC M ECHANISM S. G. F in k *  M RC Brain 
M etabolism  Unit, U niversity Departm ent o f Pharm acology, 
1 George Square, Edinburgh, EH8 9JZ, UK  

Estrogen exerts profound effects on mood and mental state. Low 
levels of estrogen in women are associated with the premenstrual 
syndrome, postnatal depression and post-menopausal depression. 
Sex differences in schizophrenia have also been attributed to 
estrogen. Previous studies have shown that estrogen stimulates a 
significant increase in dopamine2 (D2) receptors in the striatum and 
w e have shown for the first time that estrogen stim ulates a 
significant increase in the density o f 5-hydroxytryptamine2A  
(5-HT2a ) binding sites in anterior frontal, cingulate and primary 
olfactory cortex and in the nucleus accumbens, areas o f  the brain 
concerned with the control o f mood, mental state, cognition, emotion 
and b eh avior. T h ese  fin d in g s  p ro v id e  a ra tion a l, 
neuropharmacological explanation for the efficacy  o f estrogen  
therapy or 5-HT uptake blockers, such as fluoxetine ("Prozac"), in 
treating the depressive symptoms o f the premenstrual syndrome and 
major depression, and suggest that the psychoprotective effects of 
estrogen in schizophrenia may be mediated by 5-HT2A as w ell as D2 
receptors. Anorexia nervosa too may involve a vicious cycle in 
which the disorder is made worse by a decrease in 5-HT2A receptors 
in forebrain consequent on reduced estrogen levels produced by 
starvation and a massive reduction in body weight.

113.2

SEX DIFFERENCE IN 5HT2 RECEPTORS IN THE HUM AN  
BRAIN : A PET STUDY WITH [F-18]ALTANSERIN.
F . Biver, F . L o t s t r a ,  M.Monclus. D.W ik ler,.P . Dam haut and S.
Goldman*. Psychiatry Department and PET/Biomedical Cyclotron 
Unit, ULB-Hôpital Erasme, Brussels, Belgium.
C onsidering the im plication  o f  the serotonergic system  in 
psychiatric diseases with major gender difference in incidence, we 
investigated sex differences in human brain 5HT2 receptors using a 
specific PET radiotracer, [F-18]altanserin ([F-18]ALT). W e carried 
out 90-min dynamic PET studies in 22 healthy subjects, 11 men 
(mean age: 36.1±12) and 11 women (mean age: 38.6±12), after IV 
injection o f 0.1 mCi/kg [F -18]ALT (specific activity: 2-3 Ci/μM). 
[F -18]ALT concentration (count/s/p ixel) was measured in 10 
cortical regions o f interest (ROI) in the cerebrum and cerebellum. 
To quantify [F -18]ALT distribution, we used a four-compartment 
model which provided quantitative evaluation o f rate constants (K 1 
to k6) by non-linear regression. The binding capacity (Bmax/Kd) 
was estimated by the ratio k3/k 4 . W e performed a two-way  
repeated measures analysis o f  variance on k3/k4 values, with a 
group factor (sex) and a repeated measure (ROI), and post-hoc 
unpaired Student's t-tests. 5HT2 specific binding was significantly 
higher in men than in women (p<0 .02), except in the occipital 
cortex where the difference was not significant. The difference was 
the most pronounced in the left and right frontal cortex where it 
reached ±30% (p=0.008 in both hemispheres) and in the limbic 
cortex (p=0.01). Distinct susceptibility o f men and women to suffer 
from some psychiatric diseases responding to serotonergic agents 
may be related to the difference found in brain 5HT2 receptors.

113.4

DYSREGULATION OF SEROTONIN-2A RECEPTORS PREDICTS 
TREATMENT RESPONSE TO NORTRIPTYLINE IN MAJOR 
DEPRESSIVE DISORDER. D. C. Frakes.. J. L. Kunovac. S. A.

Psychiatry, School of Medicine, University of California, San 
Diego, La Jolla, CA 92093-0603

The 5HT-releaser d,l-fenfluramine raises body temperature as 
well as plasma concentrations of ACTH, cortisol, and prolactin 
due to actions at 5HT-2A receptors. In this study we use the 
fenfluramine challenge paradigm to assess serotonergic 
neurotransmission in patients w ith  major depression both before 
and after treatment with nortriptyline.

Twelve subjects meeting DSM-lll-R criteria for major 
depression were treated with nortriptyline in a flexible-dose open- 
label manner. Fenfluramine challenges were performed twice at 
baseline (100 mg orally or placebo), once after acute treatment 
(24 hrs after initiation of nortriptyline), and tw ice after chronic 
treatment (3 weeks and 5 weeks post initiation). Patients who 
improved > 50 %  on nortriptyline treatment demonstrated a 
significantly greater blunting (p = .049) of their cortisol response 
at baseline when compared to nonresponders. ACTH, prolactin, 
and temperature followed similar trends.

Our data suggest that there are differences in 5HT-2A 
receptors between clinical responders and nonresponders to 
nortriptyline which can be detected prior to treatment through 
the fenfluramine challenge paradigm.

113.6

REGULATION OF 5HT2A RECEPTORS BY DEXAMETHASONE AND 
CORTICOSTERONE IN BRAIN AND PLATELETS OF RATS 
G.N. Pandey*. X. Ren. S.C. Pandey. Y. Dwivedi and S. Goel 
Psychiatric Institute, Department of Psychiatry, University of Illinois at 
Chicago, Chicago, Illinois 60612

Several studies indicate an increase in SHT2A receptors in the postmor- 
tem brain of suicide victims and platelets of suicidal patients. However, 
the mechanism for this upregulation of 5HT2A receptors remains unclear. 
One possibility is that a disturbance in HPA function might cause 
upregulation of 5HT2A receptors both in platelets as well as in brain. To 
examine this possibility, we have studied the effect of treatment with 
corticosterone (COR) and dexamethasone (DEX) on 5HT2A receptors in 
rat brain and platelets. Male Sprague-Dawley rats (225-250 gms) were 
treated with COR (20 mg/kg) or DEX, subcutaneously, for 12 days. 
Control rats received the same volume of vehicle. The animals were 
sacrificed 24 hrs after the last injection of the drugs and platelets and 
brain were removed. 5HT2A receptors were determined using 125I-LSD as 
ligand. Bmax and KD were calculated by Scatchard analysis. In a 
preliminary study, we found that the 125I-LSD Bmax in the cortex of DEX- 
treated and COR-treated rats were 20 and 23% higher, respectively, as 
compared to the control rats. In platelets, the Bmax in COR-treated rats 
was 25% higher as compared to control rats. However, no significant 
differences in 125I-LSD binding were observed between the control, DEX-, 
and COR- treated rats in the hippocampus. These studies suggest that 
the upregu- lation of 5HT2A receptors observed in the postmortem brain 
of suicide victims and the platelets of suicidal or depressed patients may 
be related to a dysregulation of the HPA axis.
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113.7

HALLUCINOGENS INTERACT WITH 5-HT2A RECEPTORS TO MODULATE 
NMDA-INWARD CURRENT ON THE MEDIAL PREFRONTAL CORTICAL 
(mPFC) NEURONS OF RAT. V.L. Arvanov* and R.Y. Wang. Dept. Psychiatry, 
SUNY/SB, Stony Brook, NY 11794-8790.

Psychedelics appear to produce their action through the central 5-HT system. 
Little is known about the interaction of hallucinogens with the excitatory amino 
acids systems. Using intracellular recording in brain slice preparation, we have 
examined the effect produced by the hallucinogens (-)-DOB (a selective 5-HT2 
receptor agonist) and (+)-LSD on NMDA- and AMPA-induced inward currents on 
presumed pyramidal cells in the mPFC. When experiments were performed in 
voltage clamp mode, 0.3 μM TTX, 1 μM glycine and 5 μM bicuculline were 
included in the superfusion solution. We found that DOB potentiated AMPA- 
induced inward current on 30% of the cells tested, whereas it invariably inhibited 
NMDA-induced inward current in a dose dependent manner. MDL 100907 (a 
highly selective 5-HT2A antagonist), but not (+)-WAY 100635 (a selective 5-HT1A 
antagonist), totally blocked DOB-induced inhibition of NMDA responses with a Kd 
value of 0.5 nM (Schild regression analysis). In the presence of (+)-WAY 100635, 
LSD potentiated and inhibited NMDA-induced current at low (.5-5 μM) and high 
(20-40 μM) concentrations, respectively. Interestingly, the changes of l-V 
relationship of NMDA responses induced by low concentrations of LSD were 
almost identical to that of NMDA response in a Mg2+ -free solution and in Mg2+ -free 
solution, LSD lost its potentiating effect, suggesting that low concentrations of LSD 
might have inhibited the Mg2+ blockade of the NMDA receptors. MDL 100907 
totally blocked the inhibitory action of LSD. In contrast, BOL and BL 3912A, 
purported non-hallucinogenic analogs of LSD and DOB, respectively, produced 
little or no effect on NMDA-induced inward current. These results combined 
suggest that DOB- and LSD-induced modulation of NMDA responses on mPFC 
cells via 5-HT2A receptors is an in vitro model for studying the action of 
hallucinogens. (Supported by USPHS grants MN-41440 and DA-07193).

113.9

SPATIAL LEARNING DEFICIT AND ELEVATED MOTOR ACTIVITY IN 5- 
HT2c RECEPTOR MUTANT MICE. L.H. Tecott*. H.V.S. Peeke. A. Salamy. 
and L. Guh. Dept. of Psychiatry, University of California, San Francisco, CA 
94143-0984.

The 5-HT2C receptor is an abundant CNS receptor subtype that has been 
implicated in many of the physiological effects of serotonin and 
psychotherapeutic drugs. To evaluate the functional significance of 5-HT2c 
receptors, a gene targeting approach was used to generate animals lacking 
this receptor subtype. Initial characterization of the mutant mice revealed an 
eating disorder and an enhanced predisposition to seizures (Tecott et al„ 
Nature, 374: 542 1995). To determine whether the loss of 5-HT2c receptors 
resulted in compensatory increases in the activity of the related 5-HT2a 
receptor subtype, behavioral responses to the 5-HT2 receptor agonist 1- 
(2,5-dimethoxy-4-iodophenyl)-2-aminopropane (DOI) were assessed. 
Mutant mice did not exhibit increases in head twitch and ear scratch 
responses to DOI (2.5 mg/kg, i.p.), indicating a lack of 5-HT2a receptor 
hypersensitivity in mutant animals. In an open field, mutant animals were 
more than twice as active as wild-type mice, as revealed by numbers of line 
crossings and rearings. Mutant mice were also more active in the Dashiel 
maze assay of exploratory activity. In addition, Morris water maze 
paradigms were used to assess spatial memory in the mutant animals. In 
the visible platform phase of the task, mutant and wild-type animals reached 
equivalent levels of performance. In contrast, mutant animals exhibited a 
marked impairment in the hidden platform phase of the task, in which 
animals learn to relate the position of the platform to extra-maze cues. 
Furthermore, following removal of the platform, wild-type mice exhibited a 
greater preference for the quadrant that had contained the platform (transfer 
phase). These results indicate that serotonin systems may modulate 
baseline activity levels and spatial learning through actions at 5-HT2C 
receptors.

113.11

Dorsal Raphe 5-HT1B Receptor mRNA is Downregulated in Learned 
Helpless Rats. J. F. Neumaier*. F. Petty. G. L. Kramer. and M. W. Hamblin. 
Harborview Medical Center, GRECC, SVAMC, Department of Psychiatry and 
Behavioral Sci., University of Washington, Seattle, WA 98104 and University 
of Texas Southwestern Medical School and VAMC, Dallas, TX 75216.

Learned Helplessness (LH) is an animal model for depression that has 
been associated with reduced serotonin neurotransmission in the frontal 
cortex in rats. One possible explanation of this observation is that LH leads 
to increased 5-HT1B autoreceptor activity in serotonergic projections to the 
forebrain. To test this hypothesis we measured the level of presynaptic 5- 
HT1B mRNA in the dorsal raphe nucleus (a major source of serotonin 
projections to the forebrain) and other postsynaptic regions that also express 
5-HT1B mRNA.

Male Wistar rats were exposed to either inescapable tail shock stress or 
sham stress. On the following day the rats were tested using a shuttle box 
shock avoidance paradigm and the animals were scored as to whether they 
demonstrated LH. Stressed animals with poor shuttle box performance were 
designated as helpless and those with near normal performance scores were 
designated as nonhelpless. The sham stressed rats had normal scores and 
were used as controls. The animals were sacrificed and the brains were 
removed and frozen at -70°C. 5-HT1B mRNA was measured using in situ 
hybridization to frontal sections, and treatment group assignment was blinded 
until after analysis of autoradiograms. There were no between-group 
differences in postsynaptic 5-HT1B mRNA levels in the frontal cortex or 
hippocampus. Presynaptic 5-HT 1B mRNA levels in the dorsal raphe were 
significantly increased in LH rats (129% of control, ANOVA 99% confidence 
level, F=7.25). These data support the hypothesis that increased 5-HT1B 
autoreceptor activity may be important in animal models of depression.

113.8

PRETREATMENT OF RATS WITH (+)-LSD BUT NOT LISURIDE REDUCES 
THE ABILITY OF (-)-DOB TO INHIBIT NMDA-INDUCED INWARD CURRENT 
IN MEDIAL PREFRONTAL CORTICAL (mPFC) NEURONS. R.Y. Wang and 
V.L. Arvanov. Dept. Psychiatry, Sch. of Med., SUNY/SB, Stony Brook, NY 
11794-8790

We have demonstrated that the hallucinogens (-)-DOB and (+)-LSD, but not 
their nonhallucinogenic congeners BL 3912A and lisuride, inhibit NMDA-induced 
inward current in a dose-dependent fashion in mPFC cells. This effect is blocked 
by the highly selective 5-HT2A receptor antagonist MDL 100907. The aim of the 
present study was to determine if the pretreatment of rats with (+)-LSD (.2 
mg/kg/day, i.p. for 5 days; experiments began 24 hr after the last injection), 
mianserin (10 mg/kg, i.p. 48 - 72 hr prior to experiments), which have been 
shown to cause down-regulation of 5-HT2A receptors in the cortex, or lisuride 
(the same pretreatment paradigm as that of (+)-LSD) reduces the ability of (-)- 
DOB to inhibit NMDA-induced effect in presumed mPFC pyramidal cells. The 
techniques of single electrode intracellular recording and voltage-clamp in in 
vitro brain slice preparations were used. One pM glycine, 0.3 TTX and 5 μM 
bicuculline were included in the superfusion solution. The dose-response curves 
for NMDA to increase the inward current and for (-)-DOB to inhibit NMDA- 
induced inward current were shifted significantly to the right in (+)-LSD and 
mianserin pretreated groups, compared to those of the untreated rats. Moreover, 
compared to controls, a marked reduction of the cationic h current (lh) was seen 
in these rats. In contrast, no such changes were observed in lisuride pretreated 
rats; in fact, the NMDA-induced inward current was potentiated. It is concluded 
that the pretreatment of rats with (+)-LSD but not lisuride produces a functional 
desensitization of mPFC cells to hallucinogens, which could partially account for 
the phenomenon of hallucinogen-induced tolerance and cross-tolerance 
(Supported by USPHS grants MH-41440 and DA-07193)

113.10

DO 5-HT IB RECEPTORS PLAY A ROLE IN BEHAVIORAL 
INHIBITION ? AN EXPLORER MUTANT MOUSE STORY. M.-C. 
Buhot*. D. A'it Amara. 1R. Hen. L. Segu Lab. Neurosci. 
Comportementales & Cognitives, CNRS-URA 339, Univ. Bordeaux 
I, Talence Cedex, France. 1Center for Neurobiology & Behavior, 
Columbia University, 10032, New York, USA.

Serotonin (5-HT) plays a modulatory effect on neural systems 
particularly involved in mood disorders as anxiety or impulsivity. 
Mutant mice lacking the 5-HT1 B receptor have been found 
particularly aggressive, with no change in their basic locomotor 
activity. In an attempt to further characterize the contribution of the 5- 
HT1B receptor subtype to the cognition/emotion balance, we decided 
to observe these mutant mice in a spontaneous behavior. The object 
exploration task, thus, allows the measure o f changes in locomotor as 
well as exploratory activities, habituation, and reactions to novelty. 
When confronted to a new environment, mutant mice displayed a 
lower tendency to tygmotaxis, an index of anxiety in mice. They 
furthermore displayed a higher level o f object exploratory activity 
than wild-type mice and a lack of exploratory habituation. Otherwise, 
wild-type and mutant mice did not differ in locomotor activity. In a 
cognitive context, these results are in agreement with the neophobic 
reactions found in rats sustaining intrahippocampal microinjections of 
a 5-HT1B agonist (Buhot and Naili, Hippocampus, in press) and with 
the impulsive tendency shown by the mutant mice in a social context 
They support the hypothesis of the involvement of the serotonergic 
system, via 5-HT1 B receptors, in the modulation of behavioral 
inhibition, a function which regulates subject-environment 
relationships. Supported by CNRS, MRT, CEE, NATO, NIH.

113.12

MODULATION OF 5-HT RELEASE BY 5-HT1D RECEPTORS IN GUINEA PIG 
BRAIN: EFFECT OF N-ETHYLMALEIMIDE AND PAROXETINE.
M. El Mansari* and P. Blier. Neurobiological Psychiatry Unit, Department of 
Psychiatry, McGill University, Montreal, Quebec, Canada H3A 1A1.

To further characterize the pharmacology of 5-HT1D receptor modulating 
5-HT release, the electrically-evoked release of [3H]5-HT was studied in 
preloaded brain slices. In mesencephalon (containing dorsal and median raphe 
nuclei), hippocampus and frontal cortex slices, the 5-HT1[v1B receptor agonist 
sumatriptan, but not the 5-HT1B agonist CP93129, inhibited the evoked release 
of [3H]5-HT in a concentration-dependent manner. This effect was antagonized 
by the 5-HT1D/1B antagonist GR127935 in the three structures, but not by the 
5-HT1A antagonist (+)WAY100135 in the mesencephalic slices. These results 
confirm the presence of functional 5-HT1D receptors controlling 5-HT release 
within the raphe nuclei as well as in terminal regions. The in vitro treatment 
with the alkylating agent N-ethylmaleimide (NEM) was used to determine 
whether these 5-HT1D receptors are coupled to G-proteins. The inhibitory effect 
of sumatriptan on evoked [3H]5-HT release was attenuated in NEM-pretreated 
slices from hippocampus and frontal cortex but not from raphe slices, indicating 
that the 5-HT1D receptors activated by sumatriptan in hippocampus and frontal 
cortex, unlike those in the raphe nuclei, are coupled to G-proteins. Following 
a three-week treatment with the selective 5-HT reuptake inhibitor paroxetine 
(10 mg/kg/day) and a 48h washout period, the evoked release of [3H]5-HT was 
enhanced in raphe, hippocampus and frontal cortex slices. There was an 
attenuation of the capacity of sumatriptan to inhibit the evoked release of 
[3H]5-HT from raphe slices but not from hippocampus slices where only the 
suppressant effect of 5-methoxytryptamine was attenuated. The enhancement 
of [3H]5-HT release by long-term paroxetine treatment could be explained by 
the desensitization of different subtypes of 5-HT1D receptors in raphe nuclei and 
hippocampus.

Society for Neuroscience, Volume 21, 1995



268 SEROTONIN RECEPTORS I SUNDAY PM

113.13
VISUALIZATION OF 5-HT 3H-SUMATRIPTAN BINDING SITES IN THE 
HUMAN BRAIN. A. Pazos*, C. del Arco, T. Romón, E. del Olmo 
and J. Pascual. Depts Physiol. and Pharmacol. and Medicine 
Univ. Cantabria, Santander, Spain.

We have studied by means of quantitative autoradiogra
phy the distribution and properties of 3H-sumatriptan 5-HT 
binding sites in postmortem human brain. It exhibited an 
uneven anatomical distribution, with high levels over glo
bus pallidus , substantia nigra and neocortex and more 
moderate densities in areas such putamen, hippocampus and 
some nuclei in the brain stem. 3

From the pharmacological point of view, 3H-sumatriptan 
binding in number of areas, including globus pallidus and 
substantia nigra was inhibited with nanomolar affinity by 
5-CT, demonstrating its nature as 5-HT1d receptors. In con
trast, in other areas, such as the internal layers of neo-
cortex and the putamen, most of 3H-sumatriptan binding was 
not recognized with high affinity by 5-CT, suggesting the 
presence of relevant densities of 5-HT1F in such regions.

The autoradiographic localization of 3H-sumatriptan 
binding sites in the human brain allows the direct visuali
zation and discrimination of both 5-HT1D and 5-HT1f recep- 
tors, suggesting functional implications for those two 
subtypes.

(Supported by a FIS grant (94/1382) and by FAES S.A.).

CONTROL OF POSTURE AND MOVEMENT: MOTOR CONTROL I

114.1
ELECTROPHYSIOLOGICAL CHARACTERISTICS OF THE EFFECTIVE 
STIMULUS FOR THE MODIFICATION OF MUSCLE TONE AND 
VOLITIONAL ACTIVITY IN HUMANS WITH SPASTIC HAND AFTER 
STROKE. MM Dimitrijevic. FE Polio, N Soroker. DS Stokić , MR 
Dimitrijevic*. Division of Restorative Neurology and Human Neurobiology, 
Baylor College of Medicine, Houston, TX 77030 

We have previously shown that it is possible to reduce muscle 
hypertonia and enhance residual volitional activity in 40 patients with 
upper motor neuron dysfunctions after mesh-glove whole-hand afferent 
stimulation (1). In this report we shall describe the electrophysiological 
characteristics of the cortical evoked responses which are elicited by 
mesh-glove whole-hand electrical stimulation. Single stimuli are applied 
through the conductive mesh-glove acting as a diffuse anode over the 
whole-hand in conjunction with a pair of cathodes, 4x3 cm koraya- 
padded carbon rubber electrodes, placed over the dorsal and volar 
surfaces of the forearm proximal to the wrist. We demonstrate that 
effective stimulus strength for the modification of spasticity and volitional 
motor activity can elicit cortical evoked responses even at levels below 
the threshold for paraesthesia sensation. This finding supports the 
hypothesis that effective stimulus strength used in the mesh-glove 
stimulation method is the result of selective depolarization of the hand’s 
large afferents.
1. Dimitrijevic, MM. Mesh-glove. 1. A method for whole-hand electrical 
stimulation in upper motor neuron dysfunction. Scand J Rehab Med, 
26:183-186, 1994.
This work was supported by the V.L. Smith Foundation for Restorative 
Neurology, Houston, Texas USA.

114.2
IDENTIFYING STABLE PATTERNS OF COORDINATION IN AN UPPER 
EXTREMITY ARTIFICIAL LIMB. S. A. Wallace*. P. Foo and D.L, Weeks. 
Dept. of Kinesiology, Univ. of Colorado at Boulder, Boulder, CO 80303.

While the mechanical design of an upper extremity prosthesis is simple, the 
coordination required by the amputee to control the terminal device (prehensor) is 
not. It is commonly recognized that relative body motions are required to control 
the cable tension necessary to open and close the prehensor, yet little is known 
about how these relative body motions are coordinated. A scanning procedure was 
used (Wallace, Stevenson, Spear and Weeks, 1994), that required the subject to 
perform a variety of relative phasing relations (16 to 160 deg) between the arm 
transport and initiation of final hand closing during a cyclical (continuous) 
reaching and grasping task. The subject was a 44 year old male unilateral 
amputee equipped with a voluntary close, upper extremity prosthesis on the left 
arm. He had been using a conventional prosthesis for 16 years and the above 
prosthesis for nine years. Seated at a table, the subject reached forward, 
momentarily grasped a stationary dowel, and returned to the start position, 
synchronizing each grasp with an auditory metronome set at .6 Hz, the total 
transport cycle time. The subject performed 10 cycles of grasping at each of 11 
relative phasing conditions. The phasing conditions were manipulated by 
requiring the subject to attempt to follow different visual templates of the 
trajectories for the prehensor ‘fingers’ or anatomical fingers of his sound side. 
The subject performed the scanning procedure with his artificial and anatomical 
hand. Shoulder, elbow and hand motions were measured using a WATSMART 
motion analysis system with a sampling frequency of 200 Hz. The results 
showed a negative sloping relationship between constant error and the required 
relative phasing, with the intersection of the line at 0 constant error indicating the 
most stable relative phasing pattern, later in transport for the prosthetic arm. The 
relative motions of the shoulders and elbow confirmed the existence of only one 
stable temporal pattern of reaching and grasping coordination for each arm.

114.3
WHAT IS SPARED FOLLOWING A SPINAL HEMISECTION IN THE 
MACAQUE? M.P.Galea* and I. Darian-Smith. Dept. of Anatomy & Cell Biol. and 
School of Physiotherapy, Univ. of Melbourne, Parkville, Victoria, 3052. Australia.

A spinal bemisection interrupts both ascending projections from and descending 
projections to the spinal cord below the hemisection. We observed a remarkable 
recovery of manual performance following such lesions made between C3 and C5 in 
newborn macaque monkeys and in monkeys between 8 months and 2 years of age. A 
range of investigative procedures was used to examine the remaining projections in 
these animals following survival periods of 3 days to 3 years. Retrogradely 
transported fluorescent dyes and anterogradely transported dextrans were used to 
label the corticospinal (CST) projections to the spinal cord below the lesion. In some 
monkeys the changes in sensory capacity were examined using multi-unit recording 
in the primary somatosensory cortex bilaterally in response to a brushing stimulus.

Our results show that: a) each animal recovered postural and manual skills quite 
rapidly. A precision grasp with the hand on the side of the lesion was possible within 
2 months and was performed with very little difference in speed but considerably 
reduced force compared with the other hand; b) there was considerable “die-back” of 
corticospinal axons in the dorsolateral column above the lesion, c) no CST axons 
penetrated the lesion site, but segmental innervation of the spinal cord grey matter on 
the side of the lesion was made by CST axons descending in the remaining dorso
lateral column and decussating at the appropriate levels. These projections arose 
from neurons in both hemispheres; d) rubrospinal projections to the spinal cord below 
the lesion were interrupted by the lesion; e) receptive fields in somatosensory cortex 
in the hemisphere contralateral to the lesion were expanded compared to those in the 
ipsilateral hemisphere. These results demonstrate the complexity of the projections to 
and from the spinal cord, and the fact that the structural basis for the significant 
recovery of sensorimotor function in both infants and older monkeys is not mediated 
by regeneration, but by the remaining corticospinal and spinothalamic projections.

114.4
MOTOR UNIT RECRUITMENT INFLUENCES ON THE FIRING RATES OF 
PREVIOUSLY-RECRUITED MOTOR UNITS. -  Duke C.C. Du and Gary 
Kamen* Motor Control Laboratory, Department of Physical Therapy, Boston 
University, Boston, MA 02215.

There are few reports regarding motor unit recruitment influences on 
firing rate modulation in regulating force output. We conducted a detailed 
study of recruitment/rate coding by examining the firing rates of 325 motor unit 
pairs in the first dorsal interosseus muscle of six subjects (age 23±2 years) 
during isometric contraction. Subjects followed a constant slope ramp 
trajectory at the rate of 4% of maximum voluntary contraction (MVC) per 
second to 40% MVC. Motor unit firing rates were studied before and after the 
recruitment of new units up to 37% MVC using a high-frequency response 
boxcar algorithm. The results demonstrated that the firing rates of active 
motor units were not altered during periods of new motor unit recruitment 
(Figure 1), with firing rate differences clustering around zero. The scattergram 
(Figure 2) confirms there were minor but inconsistent variations in the firing 
rates of active motor units during intervals of new recruitment. We conclude 
that during tasks requiring precise force control, motor unit recruitment has 
little effect on the firing rate of active motor units.

Figure 1 Figure 2 
~  y = 0.68x + 4.04 r2 = 0.529
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Supported by NIH AG09662
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114.5
POWER SPECTRA OF TREMOR, EMG AND MUSCLE VIBRATION 
DURING HUMAN FINGER MUSCLE CONTRACTION CONTAIN 
MULTIPLE FREQUENCY PEAKS OF CENTRAL NERVOUS ORIGIN. J.H. 
McAuley & J.C. Rothwell*. Movement & Balance Unit, Institute of 
Neurology, Queen Square, London, U.K..

Many studies have indicated that the output from the central nervous system 
in controlling muscle activity is rhythmic in nature. A way to investigate these 
rhythms in the human is to look for peripheral manifestations of such central 
rhythmicity. This study simultaneously measures oscillations in tremor, EMG 
and muscle vibration by means of a steady strong finger muscle contraction 
against an elastic resistance. With local Ethical Committee approval, series of 
brief contractions were made by 10 normal subjects. Tremor was measured by a 
miniature accelerometer on the end of the finger, EMG by surface electrodes 
and muscle vibration by a heart sounds monitor.

Fast Fourier Transforms of the tremor revealed three distinct frequency peaks 
at around but not exactly 10Hz, 20Hz and 40Hz. Coherent peaks were present 
in the EMG and muscle vibration, the phase relation indicating a fixed time lag 
of tremor behind EMG of around 6.5ms. The lack of effect of changing 
contraction strength on the peak values and the presence of multiunit needle 
EMG bursts in association with large magnitude tremor fluctuations suggested 
that the peaks represent externally synchronized oscillations of numbers of 
units. The peaks were not mimicked by mechanical perturbations and were not 
changed in frequency by moderate loading of the finger or by limb anaesthesia.

It is concluded that motor unit activity is entrained so that unit firing is 
synchronized by the central nervous system at a number of oscillation 
frequencies. These frequencies may represent multiple central oscillators or 
subharmonics of a single oscillator running at a much higher frequency.

114.7
KINESTHETIC ILLUSIONS INDUCED BY NON-BIOLOGICAL STIMULI.
§$P. Viviani*. $M. Redolfi. and §G.Baud-Bovy. §Faculty of Psychology and Educational 
Sciences, University of Geneva, Carouge, Switzerland and $Department o f Cognitive 
Science, Scientific Institute S. Raffaele, Milan, Italy.

Curvature and velocity of voluntary hand movements covary according to the so- 
called Two-thirds Power Law (Viviani & Schneider, 1991). Dynamic light stimuli that 
do not comply with this biological signature give rise to visual illusions concerning 
both their shape (Viviani & Stucchi, 1989) and velocity (Viviani & Stucchi, 1992). 
The present study demonstrates that similar illusions occur also when the hand is 
driven passively through a motion violating the power law that normally constrains 
active movements. In one experiment a robot arm (Siemens, R15) was used to drive 
the dominant hand of blindfolded right-handers through elliptic trajectories in the 
fronto-parallel plane. The subjects had to indicate whether the major axis o f the 
trajectory was vertical or horizontal. The accuracy of kinesthetic discrimination was 
tested in three conditions, each corresponding to a specific modulation of the velocity 
along the trajectory. In condition 1 and 2 the velocity varied as though the subject had 
traced actively an ellipse of eccentricity 0.9 with a vertical and horizontal major axis, 
respectively. In condition 3 the velocity was constant. In condition 1 subjects perceived 
as vertical ellipses that were in fact horizontal. Condition 2 produced the converse 
illusion. No bias was observed in condition 3. In a second experiment, using the same 
stimuli, blindfolded subjects had to reproduce with the left hand the motion impressed 
to the right one. Movements of the left hand, recorded with the ELITE system, were 
found to be accurate reproductions of right-hand movements only when the latter 
complied with the Two-thirds Power Law. Violations of this biological constrain 
resulted into gross distortions both in the trajectory and in the phase relationship 
between hands. Together, the results of the two experiments demonstrate that 
kinesthetic perception, like visual perception, is influenced by implicit, procedural 
knowledge that the motor system has concerning the properties o f its own productions.

114.9
NEURAL SUBSTRATES FOR THE CONTROL OF HUMAN REACHING. 
M. Rizzo.* W. Darling & H. Damasio. Dept. Neuro., U. IA, Iowa City 52242.

We studied reaching behavior in 21 human subjects with damage to the occipital 
lobes and adjacent temporal and parietal regions. Lesion localization depended on 
anatomical analysis o f MR images using a standard technique. Measurements of 
reaching used an optoelectronic system. Experimental protocols assessed reaching 
to external targets with and without visual guidance. Reduction of the digitized 
data gave information on hand paths and trajectories, movement durations and 
accuracy, and sensorimotor transformations between target and limb coordinates.

Defective reaching behavior was noted in 11 cases. The lesions affected the 
inferior parietal lobule (n=4), the occipital/occipitotemporal region (n=6), or 
overlapped both territories (n = l) . Ten subjects performed normally. Of these, 9 
had occipital lobe lesions (2 with temporal components) and one had a right 
superior parietal lesion. One subject with occipital lobe lesions had normal 
reaching despite severe tunnel vision. Detailed analysis showed extensive bilateral 
supracalcarine and infracalcarine damage but no abnormality in area 19. 
Interestingly, in the 11 subjects with abnormal reaching, distance and direction 
errors were dissociable (n=6), and so were azimuth and elevation errors (n=8).

Thus, it appears that localization of a target with reaching movements depends 
on a network o f structures in the visual association cortex. The role of 
Brodmann's areas 5, 7, 39 and superior 19 has been previously emphasized, but 
we suspect that more ventromesially located structures (e.g, inferior 19, 37, 21) 
also play a role, probably in conjunction with motor and premotor cortex and 
subcortical structures such as cerebellum. We hypothesize that the sensorimotor 
transformations between object centered and viewer centered coordinates systems 
do not occur before area 19. There may also be separate neural mechanisms for 
controlling the distance and direction (azimuth, elevation) o f reaches, analogous 
to the known separation for horizontal and vertical eye movements. Supported by 
NIH PO NS 19632.

114.6

NEURONAL ACTIVITY IN MONKEY SOMATOSENSORY 
CORTEX RELATED TO MANIPULATION OF OBJECTS OF 
DIFFERENT TEXTURES, WEIGHTS AND FRICTIONS. Iran Salimi, 
Samira Mellah and Allan M. Smith*. Centre de recherche en sciences 
neurologiques, Université de Montreal, Quebec, Canada, H3C 3J7 
Three monkeys were trained to grasp, and lift an object between the 
thumb and forefinger and hold it stationary within a position window for 
one second. A total of 343 single cells recorded in postcentral areas 3b, 1, 
2, 5, and 7 showed modulated task-related activity on blocks of trials 
using different combinations of object textures, weights, and surface 
lubricants and adhesives designed to alter the object friction against the 
skin. All of these cells had cutaneous receptive fields of varying sizes on 
the thumb, or index finger which contacted the object surface during 
grasping. More than 80% of the fully-tested cells showed modulated 
activity related to either texture, weight or friction. The majority of cells 
increased activity with object weight associated with both increased 
normal (grip) and tangential (load) forces on the skin. Many neurons were 
sensitive to changes in all 3 parameters: object friction, texture and 
weight. Although many cells demonstrated consistent monotonic increases 
or decreases in activity with roughness or friction, others showed more 
complex relationships. Some cells showed statistically significant activity 
modulation with texture as well as texture x weight interactions. The 
neurons in more posterior postcentral areas 2, 5 and 7 were thought to 
relay texture and friction information to the motor cortex for use in grip 
force control. Research supported by the Medical Research Council of 
Canada.

114.8

IMAGERY OF TRAJECTORIAL M OVEM ENTS ACTIVATES PARIETAL 
BUT NOT MOTOR CORTEX. A.G.M. C anavan. R. J. Seitz*. L. Yágüez , U. 
Knorr, L. Tellm ann, H. Herzog. V. H öm berg . D epartm ent of N eurology and 
N eu ro lo g ica l T h erap y  C en ter, U n iv e rs ity  of D ü sseld o rf; In s titu te  of 
M edicine, Research Center Julich, Germany.
There is controversy in h u m an  m ap p in g  s tud ies as to w hether the m otor 
co rtex  is in v o lv e d  in m o v em en t im ag ery . W e u sed  q u a n ti ta t iv e  
m easurem ents of regional cerebral blood flow (rCBF) w ith  [15O ]-butanol 
an d  p o s itro n  em iss io n  to m o g ra p h y  in e ig h t h ea lth y , r ig h t-h a n d e d  
volunteers for m ap p in g  of learn ing  and im agery of righ t-hand  trajectories 
(ideographic writing). Areas of significant rCBF increases (p < 0.001) were 
identified in g roup (Thurfjell et al. 1993, IEEE Trans N ucl Sci 40: 1187-1191) 
and  indiv idual data (Knorr et al. 1993, J C om put Assist Tom ogr 17: 517-528). 
During learning significant m ean rCBF increases occurred in left m otor cortex 
and  bilaterally  in p rem otor and  frontom esial cortices. They progressed  in 
m ag n itu d e  and  spa tia l ex tent d u rin g  learn in g  in para lle l to enhanced  
m ovem ent speed  and  accuracy. In add ition , there  w ere significant m ean 
rCBF increases in inferior and  su p e rio r  parie ta l cortex of both  cerebral 
hem ispheres. During im agery of new  trajectories that had not been executed 
before, sign ifican t m ean rCBF increases w ere ob serv ed  b ila tera lly  in 
p arie ta l cortex w ith identical topography  as d u rin g  learning. In addition, 
there w as a significant m ean rCBF increase in left an terior c ingulate gyrus. 
In d iv id u a l d a ta  an a ly sis  co n firm ed  the  g ro u p  d a ta  an d  rev ea led  
add itional rCBF increases in prem otor cortex in ind iv id u a l subjects during  
im agery. N either in g roup n or in in d iv idua l d a ta  there w as a significant 
rCBF increase in m otor cortex (area 4).
O ur d a ta  suggest that im agery of trajectorial h and  m ovem ents involved 
kinem atic processing in parietal cortex in absence of m otor cortex activation.

114.10

CORTICAL NETWORKS FOR CONTROL OF VOLUNTARY ARM MOVE
MENTS UNDER VARIABLE FORCE CONDITIONS. P. Cisek*, S. Grossberg, 
D. Bullock. Boston University, D epartm ent of Cognitive and Neural Systems, 
Boston, MA 02215.

A neural m odel of voluntary m ovem ent and m otor proprioception is de
veloped to explain da ta  from  neurophysiology and m otor psychophysics. The 
m odel incorporates a trajectory generator capable of synchronously shifting 
the equilibrium  point of m ultiple m uscles at variable speeds. Additional cir
cuitry clarifies how  these p lanned m ovem ent trajectories m ay be accurately 
realized under variable force and  tension conditions. Both outflow  corollary 
discharges and inflow from  static and dynam ic m uscle spindle feedback are 
used to com pute a representation of lim b position that is sensitive to obstacles. 
Both position-sensitive and  position-and-force-sensitive m odel cells work to 
com pensate for variable force conditions. M odel elem ents correspond to ob
served cell types in cortical areas 4 and 5, basal ganglia, and spinal cord. 
Simulations com pare the m odel's  performance to experimental results under 
deafferentation, m uscle tendon vibration, illusory limb m otion, and various 
loading scenarios, am ong others. Cell activities are also predicted in various 
untested situations.

Supported in part by the Office of Naval Research (ONR N00014-92-J-1309, ONR 
N00014-93-1-1364) and The Advanced Research Projects Agency (ONR N00014-92-J- 
4015).
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114.11

MUSCLE MODELS, SPINAL MODELS, and SUPRA-SPINAL STIMULA
TION Loeb, E.P.*; Galagan, J.; Bizzi, E. Dept of Brain and Cognitive Sci
ences, MIT, Cambridge, MA 02139
Recent experiments have dem onstrated th a t the spinal cord of the frog con
tains a limited number of “modules”. T h a t is, we measured the forces pro
duced by the hindlimb during spinal stim ulation and observed th at the orien
tations of the evoked fo r ces occurred in a few discrete clusters. This result is 
unexpected because forces which result from random  activation of the frog’s 
hindlimb muscles do not fall into discrete clusters. The structure of the 
hindlimb musculature does not, therefore, predict the striking regularity we 
observed after thousands of microstimulation experiments. The small num
ber of force patterns suggests th a t the spinal cord preferentially represents 
a limited number of classes of muscle combinations. We theorize that the 
limited number of modules serve as the basic building blocks of posture and 
movement. Descending fibers from supra-spinal structures could conceivably 
activate simple combinations of the spinal modules in order to produce forces 
th at are not directly represented in the spinal cord’s modules. In order to 
test this theory, we have constructed statistical models of the forces produced 
by the frog’s hindlimb muscles and by the spinal modules (Loeb, 1995). We 
have used these models to test our theory indirectly. We measured the forces 
produced by the hindlimb during supra-spinal stimulation of deafferented 
frogs. We expressed those forces as non-negative linear combinations of 17 
hindlimb muscles and as non-negative linear combinations of 5 spinal mod
ules. We have thus far found th at the spatial variation in the supra-spinal 
evoked forces is ju st as well accounted for by the 5 spinal modules as by 
the 17 hindlimb muscles. Thus, the spinal modules may indeed be used as 
building blocks by supra-spinal structures.
ACKNOWLEDGEMENTS: NIH NS09343, and ONR N00014/90/J/1946.

114.12

Planning for movement and planning for posture. A synthesis of force and equilibrium 
control. G. L. Gottlieb . NeuroMuscular Research Center, Boston University, Boston, Mass.

Different compliant loads differentially alter the trajectory, net muscle torque and 
EMG patterns of voluntary elbow flexions. These effects also depend upon whether 
the load is correctly known to the subject in advance of the movement. With 
accurate prior knowledge, subjects reduce the influence of load upon trajectory by 
adjusting the central command. Lacking such knowledge, visco-elastic muscle 
properties and load dependent reflexes provide a smaller degree of compensation.

We propose that central planning of voluntary movement has three components; 
First (a) is for the excitation pattern of motoneuron pools that can generate forces 
expected to produce a desired trajectory using an internal model of dynamics 
constructed from prior experience. Second (λ ) is a moving, instantaneous 
equilibrium command, an approximate model of the desired trajectory. It provides a 
reference for reflex action during the current movement and correction and updating of 
the model used to generate α . Third (γ) is a reflex gain command that adjusts the 
degree and manner in which multiple reflex mechanisms may contribute to the 
muscle activation patterns.

This triad control model incorporates aspects both of “equilibrium point" kinematic 
models and kinetic “motor program" models but stresses different features as well as 
adding features those models lack. Among these is the insufficiency of elastic 
muscle models; the non-stereotypical, load dependent action of reflex mechanisms in 
shaping muscle activation patterns; and direct radier than feedback accommodation to 
changes in load compliance. Although a unitary plan for both the dynamic 
movement and the final posture might also account for the data, the separation of the 
plan into positional (postural) and force (movement) components provides a simpler 
and more complete model than current alternatives

This work was supported by NIH grants AR 33189, NS 28176 and NS 28127

CEREBELLUM

115.1

PROCEDURAL LEARNING IN PA TIENTS W ITH FO C A L CEREBELLA R 
LESIONS. M. M olinari*. A. Solida. M .G. Leggio. L. Petrosini, R. C iorra and 
G. Gainotti. Experimental Neurology Lab, N europsychology Service, Institute 
o f N eurology, Catholic University, Largo A. Gem elli 8, 00168 Roma, Italy.

Experimental and clinical evidence have focused the importance of 
the cerebellar circuits in learning and cognition. O f the different aspects 
reported to be altered in cerebellar pathologies procedural functions seem  to 
be particularly impaired. Procedural im pairm ents have been reported in spatial 
data m anagem ent of hem icerebellectom ized rats, in verbal perform ances of a 
right cerebellar lesioned patient and in m otor learning o f patients with 
cerebellar atrophy. To pursue a better com prehension o f the cerebellar role in 
cognitive functions, the present study was planned to investigate procedural 
learning in patients w ith circumscribed cerebellar lesions. Only subjects with 
lateralized cerebellar lesions, w ith no evidence o f extracerebellar damage, 
were included in the present study. Selected patients, w ith right or left focal 
cerebellar lesion, and age-m atched controls have been tested in a serial 
reaction time task planned to evaluate procedural learning, translation of 
procedural knowledge into declarative knowledge and use o f declarative 
knowledge. Preliminary data indicate that right and left cerebellar patients are 
severely impaired in procedural learning and that providing declarative 
knowledge o f the procedures does not improve the perform ance. Furthermore, 
patients will be grouped according to the side o f  the cerebellar lesions and 
their performances will be compared. Finally, for each patient results obtained 
with right and left hand will be analyzed.

115.3

CEREBELLAR DENTATE-NUCLEUS ACTIVATED BY SENSORY AND 
PERCEPTUAL DISCRIMINATION, IMAGINED HAND MOVEMENT, AND 
MENTAL ROTATION OF OBJECTS.
J.-H. Gao#. L.M. Parsons#. J.M. Bower^ . J . Xiong#. J . Li#. S. Brannon*#. & P.T. 
Fox# #Research Imaging Center, University of Texas Health Science Center at San 
Antonio, San Antonio, TX. 78284 Ĉ om putation & Neural Systems, California 
Institute of Technology, Pasadena, CA. 91125

Functional magnetic resonance imaging (fMRI) was used to gauge the participation 
of the cerebellum in behaviors requiring different amounts of motor, sensory, 
perceptual, cognitive, and discrimination judgment activity. Each of the following 
tasks was performed by six to nine healthy humans; (1) grasping objects without 
sensory or perceptual discrimination, (2) grasping objects with perceptual 
discrimination (tactile and proprioceptive perception of shape), (3) perceptual 
discrimination without movement (passive cutaneous perception of texture), (4) 
imagined hand movement with a perceptual discrimination (left-right judgment of a 
visually-presented hand), (5) mental rotation of an abstract object with a perceptual 
discrimination (judging between visually-presented identical and mirror shapes), and 
(6) eyes-closed rest (control). In the tasks requiring a discrimination, subjects made 
only a covert judgment. An axial plane through the dentate nuclei of each subject 
was identified with a T2 scout image and then functionally mapped with T2* 
gradient-echo images. Task-induced changes (task minus rest) were detected by a 
pixel-clustering analysis evaluating both response intensity and extent. There was 
significant activation (p<.05) in bilateral dentate-nuclei on all tasks except grasping 
without a perceptual discrimination and rest control. The activation tended to vary 
across tasks (from 11% mean change for the tactile proprioceptive task to 5% for the 
passive cutaneous task). This variation may have been influenced both by differences 
in modality (motor, tactile, visual, etc.) and task difficulty (e.g., sensory acquisition). 
Overall, these data suggest that the cerebellum, as indexed by the dentate-nucleus, is 
less activated by coordinating movement for its own sake than by the process of 
building representations of object properties (either by real movement, imagined 
movement, or mental rotation) to allow sensory or perceptual discriminations. These 
results are consistent with other recent findings suggesting that the cerebellum is not 
only, or not primarily, involved in coordinating movement

115.2

A POSITRON EMISSION TOMOGRAPHIC (PET) STUDY ON  
THE EFFECT OF ALCOHOL IN ALCO HOL-RESPONSIVE  
ESSENTIAL TREMOR. H. Boecker. A.J. W ills. A. Ceballos- 
Baumann. M. Samuel. P.D. Thompson. L.J. Findley . and D.J. 
Brooks*. MRC Cyclotron Unit, Hammersmith Hospital, London, 
England.

W e investigated the effect of ethyl alcohol on regional cerebral 
blood flow  (rCBF) in six patients with alcohol-responsive essential 
tremor (ET) and six age-matched controls with H2 15O PET. ET 
patients were scanned w hile at rest (R) and during involuntary 
postural tremor (T) of the extended right arm while normal subjects 
were scanned at R and during passive wrist oscillation (O) of the 
right arm at tremor frequency. The R, T, and O conditions were 
investigated before and after oral administration o f 2-3 units of  
alcohol. Similar to previous PET studies on ET patients, T 
compared with R was associated with bilateral cerebellar activation 
including the cerebellar vermis. In contrast, O was associated with 
mainly ipsilateral cerebellar activation. Ethanol ingestion led to 
bilateral decreases o f cerebellar rCBF in both, tremor patients and 
normals. The abnormal activation o f the contralateral cerebellar 
hemisphere in ET was suppressed by alcohol administration along 
with resolution o f the tremor. Alcohol associated increases o f rCBF 
were observed in the region o f the inferior olivary nuclei (ION) in 
the ET patients while the control group showed a more diffuse 
supratentorial increase. W e con clud e that alcohol-induced  
suppression o f ET is mediated via a primary reduction o f cerebellar 
synaptic overactivity.

115.4

PREDICTION AND SET-D EPEN D EN T PO STU R A L GAIN 
C O N TR O L IN CEREBELLA R PA TIENTS. D .Tim m ann and F.B. 
H o ra k * . Posture Control Lab., R.S. Dow N eurological Sciences 
Institute, Portland, OR 97 2 0 9 .

The aim  o f this study was to  investigate whether the known deficit in 
set-dependent am plitude scaling of early postural responses in 
cerebellar patients was based predom inantely  on cerebellar pa tien t’s 
inability 1) to predict perturbation  am plitudes on the basis o f  p rio r 
experience, 2) to habituate postural responses, o r 3) to use am plitude 
prediction to scale the gain o f  upcom ing postural responses.

A total o f  twelve patients with chronic, isolated lesions o f  the 
cerebellum  and 18 sex- and age-m atched controls were tested. 1) “ S e t-  
dependent am plitude p red ic tio n ” : Both control and cerebellar subjects 
overresponded when larger am plitudes were expected and u n d e r-
responded when sm aller am plitudes were expected. 2 ) ” H a b i tu a t io n ” : 
Like controls, cerebellar subjects overresponded to novel velocities and 
habituated responses over the first few trials. 3 )”Scaling  response 
g a in ” : Control, but not cerebellar subjects scaled their initial to rque  
response to  anticipated d isplacem ent am plitudes when they were 
presented serially. C erebellar subjects showed increased trial-to-trial 
variability in response gain, which correlated with the severity o f  their 
postural hyperm etria.

In conclusion, the role o f  the cerebellum  in set-dependent am plitude 
scaling o f  early  postural responses relates to  its im portance in 
accurately m odify ing  the response gain. The ability to predict am p litu 
des seem ed unaffected, but the use o f  predictive inform ation to  regulate  
postural gain is im paired. The cerebellum  seem ed not to be critical fo r  
habituation o f postural responses. (Supported  by NIA grant R01- 
A G 06457 and Deutsche Forschungsgem einschaft Ti 239/1-1)
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115.5

CEREBELLAR NMDA RECEPTOR ANTAGONISM BY AP5 BLOCKS 
VESTIBULO-OCULAR REFLEX ADAPTATION IN THE GOLDFISH.
T.L. Carter* and J. G. McElligott. Dept. of Pharmacology, Temple University School of 
Medicine, Phila., PA 19140,

Previous work from our lab has show n that cerebellar NM DA antagonism  by 
MK-801, a non-com petitive NM DA channel blocker d id  not alter vestibulo- 
ocular reflex (VOR) adaptation. Since there are m any subtypes of the NMDA 
receptor, this study was carried out to investigate the influence of a competitive 
NMDA antagonist (D -2-am ino-5-phosphonopentanic acid; D-AP5) on VOR 
adaptation. Along w ith MK-801, this antagonist has been show n to interfere 
with learning and m em ory as well as w ith  o ther in vitro n e u ro p la s tic  
phenomena. Goldfish restrained in a cylindrical aquarium  w ere sinusoidally 
rotated about the vertical axis (1 /8  Hz ± 20°). Fish w ere tra ined  to increase 
(towards a gain = 3) or decrease (tow ards a gain = 0) gain by altering the phase 
an d /o r am plitude of the visual stim uli pro jected  onto  the wall of the test 
aquarium. Fish were trained to change VOR gain over a 3 ho u r period during  
which time the VOR was m easured. After initial calibration m easurem ents, 
D-AP5 was infused bilaterally into the vestibulo-cerebellar region (0.25ul/side 
@ 250 pm oles/side). D-AP5 inhibited the acquisition of both VOR adaptive 
gain increases and decreases w ithout a ltering the norm al pre-adap ted  VOR 
gain in the light or the dark. D-AP5 also blocked VOR retention w hen injected 
after the 3 hours of adaptive training. The effect of D-AP5 on VOR adaptation 
was concentration dependent (range = 5.0 nmoles-5.0 pmoles). O ur previous work 
has demonstrated that non-NM DA antagonism  in the cerebellum  also inhibits 
VOR adaptation. This past w ork coupled w ith the present study shows that 
both non-NMDA and NMDA cerebellar-antagonism  affects VOR adaptation. In 
addition, the w ork  p resen ted  h ere  ind icates th a t the cerebellar NM DA 
antagonism of adaptive VOR gain changes is acting by a MK-801 insensitive 
NMDA receptor subtype. (Supported by a grant from NIDCD-NIH DC 01094)

115.7

DIFFERENTIAL MODULATION OF OLIVARY RHYTHMICITY BY THE 
K-CHANNEL BLOCKERS APAMIN, CHARYBDOTOXIN AND TEA. E. J. 
Lang*. I. Sugihara. and R. Llinás. Dept. of Physiology & Neuroscience, 
NYU School of Medicine, 550 First Avenue, New York, NY 10016.

Inferior olivary neurons display 10 Hz rhythmic activity, which has been 
proposed to allow the IO to act as a timing device in the generation of 
movement. This rhythmicity results from an interplay between the Ca and 
Ca-dependent K (K(Ca)) conductances present in olivary neurons. In order 
to investigate the roles of these K conductances in the rhythmic activity of 
the olivocerebellar system in vivo, multiple electrode recording of complex 
spike (CS) activity from crus 2a Purkinje cells was combined with micro-
injection of apamin, charybdotoxin (CTX) and TEA into the IO.

Injection of CTX, which blocks the BK class of K(Ca) channels, produced 
an ≈4-fold increase (p<.001) in the rhythmicity of CS activity as 
determined by the rhythm index (RI) (control=.017-.027, CTX=.070-.117) 
(Sugihara et al,1995,Eur J Neurosci). CTX also produced small increases in 
the CS oscillation frequency. Similar effects were observed following TEA 
injections into the IO. In contrast following apamin injections, which block 
the SK class of K(Ca) channels, into the IO CS rhythmicity decreased 
significantly (p<.005) (RI, control=.030, apamin=.021). Further, following 
all injections the average CS firing rate increased (p<.01). However, in all 
cases there was little change in the pattern of synchronous CS activity.

These results suggest that the different K(Ca) conductances found in IO 
neurons play distinct roles in determining the rhythmic activity of these 
neurons. As has been found in other neurons our results suggest that the SK 
channels may generate the long afterhyperpolarization in IO neurons. In 
contrast BK channels in IO neurons may be active during the low threshold 
Ca spike and serve to modulate its effectiveness. Support: NIH-NS13742.

115.9

DYNAMIC MODULATION OF OLIVOCEREBELLAR RHYTHMICITY 
DURING ARM-TONGUE MOVEMENT SEQUENCES. J.P. Welsh. E.J. 
Lang. R. Marquez and I. Sugihara , Department of Physiology and 
Neuroscience, New York University Medical Center, New York, NY 
10016.

Multiple microelectrode recordings of complex spike activity were 
obtained while rats performed rhythmic sequences of forepaw and tongue 
movement. The behavioral paradigm required rats to press a lever 3 to 7 
times with their left forepaw in order to receive a drop of water presented 
from a spout 4 mm in front of the mouth. Recordings were obtained from 
14 to 22 Purkinje cells within a 2 mm2 area of the left Crus IIa while rats 
made as many as 3000 lever presses. The rhythmic tongue movements 
occurred in two distinct modes - the well-recognized mode of 7 Hz that 
occurs during drinking, and at 4 Hz when synergistic movements of the 
forepaw and tongue were performed in between water reinforcements. As 
previously reported (Welsh, Lang, Sugihara & Llinás, Nature, 1995), the 
olivocerebellar system showed an ensemble rhythm of 7 Hz during 7 Hz 
licking. During 4 Hz repetitive sequences of arm and tongue movement, 
the rhythm of the population complex spike activity was modulated 
downward to 4-5 Hz so as to preserve its temporal relationship to licking. 
Lever presses almost never occurred when the olivocerebellar system was 
in the 7 Hz rhythmic state but had a high probability of occurring during 4 
to 5 Hz olivocerebellar activity. The results support the hypothesis that 
when independent effector systems are used synergistically, they may 
entrain to a common time base that is provided by the inferior olive. 
NINDS NS-31224 and the Office of Naval Research.

115.6

EFFECT OF LIDO CA IN E M ICRO DIALY ZED IN TO  THE VESTIBULO- 
CEREBELLUM ON THE VESTIBULO-OCULAR REFLEX. LG. M cElligott* 
D ept. of Pharmacology, Temple Univ. School of Medicine, Phila., PA 19140 

Lidocaine was m icrodialyzed (dialysis flow rate = 1 μl/m in .; intra-probe cone. 
= 4% solution) into the vestibulo-cerebellum  of goldfish in o rder to rem ove 
inhibitory cerebellar Purkinje cell influence on brainstem  neurons for an extended 
period of time (4-5 hr.). After m icrodialysis of lidocaine for 1 hour, goldfish 
w ere still able to m odulate vestibulo-ocular reflex (VOR) gain in the light. 
Thus, norm al VOR gain in the light could be m odulated  from  0.3-0.4 (gain 
condition = 0) to 1.6-1.7 (gain condition = 3) depending  on the visuo-vestibular 
stim ulating conditions. However, VOR gains under all conditions in the light 
(gain conditions = 1, 3, or 0) or dark  w ere elevated above the pre-dialyzed 
values. Goldfish were then trained to m odify VOR gain (sinusoidal waveform 
@ 1 /8  Hz ± 20°; training to a gain of 3) for 3 hours during  continued application 
of lidocaine by m icrodialysis. D uring the adap ta tion  period , elevated VOR 
gains in  ligh t and  d a rk  rem ain ed  co n stan t an d  unm odified . C ontrol 
microdialysis d id not produce any changes in the normal pre-adapted  VOR nor 
did it affect the developm ent of adaptive VOR gain increases. Microinjection of 
a single lidocaine dose produced similar results on the normal pre-adapted VOR 
but inhibited adaptive gain change only during  the first hour of training. This 
study provides a m eans of reversibly rem oving cerebellar outflow for extended 
periods of time and presents results consistent w ith acute cerebellectomy studies 
in the goldfish. Previous work by our laboratory has show n that antagonists to 
several classes of glu tam ate receptors (NMDA and non-NM DA) w ithin the 
cerebellum  inhibit the acquisition of adap tive vestibulo-ocular reflex gain 
increases. Since cerebellar glutam ate antagonism  acts w ithout altering normal 
VOR gain  p rio r  to ad ap ta tion , its effect on VOR a d ap ta tio n  cannot be 
a ttrib u ted  to the tonic rem oval of Purkinje cell inh ib ition  sim ilar to that 
produced by lidocaine. (Supported by a grant from NIH-NIDCD DC 01094).

115.8

TEMPORAL LOCKING OF RHYTHMIC ARM AND TONGUE 
MOVEMENT: A RODENT MODEL OF MOTOR BINDING THAT 
REQUIRES THE INFERIOR OLIVE. R. Marquez and J.P. Welsh*. 
Department of Physiology & Neuroscience, New York University Medical 
Center, New York, NY 10016.

Five restrained rats were operantly conditioned to press a lever with their 
left forepaw in order to receive drops of water from a target in front of the 
mouth on a fixed ratio (FR) schedule. The number of presses required to 
receive a water drop was increased over sessions until pressing occurred 
continuously on a FR-10 schedule. The method generated a high degree of 
responding, producing 3351 ± 824 presses over 90 min. Lever pressing 
was highly rhythmic and had a modal frequency of 4.1 ± 0.4 Hz (range 3 to 
5 Hz). Repetitive licking after the delivery of water occurred at a faster and 
nearly constant frequency of 7 Hz. It was found that 41% of the non- 
reinforced lever presses were followed within 300 ms by a lick at the target. 
Between reinforcements, licking often became entrained to the pressing and 
adopted a 4 Hz rhythm. The interval between the press and lick was highly 
stereotypical and averaged 120 ± 11 ms. Selective removal of the inferior 
olive by 3-acetylpyridine, harmaline, and niacinamide weakened the 
temporal synergy between the arm and tongue movements without changing 
the probability that a lick followed a press. The paradigm demonstrates 
"motor binding" - a condition in which independent movements become 
unified in time to comprise a single motor act - and the importance of the 
inferior olive for this phenomenon. Slow-motion video will demonstrate 
the temporal robustness of the behavior. NINDS NS-31224

115.10

SINGLE-UNIT ACTIVITY OF CEREBELLAR NUCLEAR CELLS IN THE 
AWAKE GENETICALLY DYSTONIC RAT. M.S. LeDoux*. J.F. Lorden 
and David C. Hurst. Depts. of Psychology & Biostatistics, Univ. of 
Alabama at Birmingham, Birmingham, AL 35294.

The genetically dystonic (dt) rat, an autosomal recessive mutant, 
exhibits a progressive motor syndrome that resembles  the generalized 
idiopathic dystonia seen in humans. Previous work has identified the 
cerebellum  of the dt rat as a site of biochemical, metabolic and 
functional abnormality. Lesion studies have established the deep 
cerebellar nuclei (DCN) as critical for the expression of the dt rat motor 
syndrome. Single-unit recordings were obtained from the DCN cells of 
awake dt and normal neonatal rats to determine the cellu lar correlates 
o f the dystonic motor syndrome. Ratemeter histograms, interspike 
interval (ISI) histograms and autocorrelograms were generated for 
each cell's spike train. Nonlinear regression was used to curve fit the 
ISI histograms and establish the presence of bimodality. Cells from 
the medial, interpositus and lateral cerebellar nuclei in the dt rat 
demonstrated bimodal ISI histograms and rhythmic autocorrelograms 
reflecting bursting patterns of activity. Bursting increased with 
increasing postnatal age. Average spike frequency was not different 
between normal and dt rats. Analysis of the firing pattern revealed 
abnormal DCN output that may contribute to the pathophysiology of the 
disease. (Supported by NIH K08 NS01593-01 and the Dystonia 
Medical Research Foundation)
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115.11
BEHAVIORAL AND NEUROPHYSIOLOGICAL ANALYSIS OF 
CEREBELLAR EN-2 MUTANT MICE. Gerlai R.1. Agopvan N .1*. 
Millen K, J2  Herrup k 3  Joyner A. l 4  Roder J1 1Mt. Sinai Hosp. 
Neurobiology, Toronto, Canada, 2Rockefeller Univ., New York, U.S.A., 
3Alzheimer Research Lab., Case Western Reserve Med. School, 
Cleveland, U.S.A., 4 Skirball Inst., New York Univ, New York, U.S.A.

The temporal and spatial expression pattern of the En-2 (engrailed) gene 
suggests a possible cerebellum specific involvement in mice. Mice 
homozygous for a null mutated allele of En-2 exhibit cerebellar 
neuroanatomical alterations including absence and misplacements of 
specific fissures and size reduction. In the present study we investigated 
cerebellar function by comparing the behavior of age-matched 
homozygous, and heterozygous En-2 mutant and wild type mice. Motor 
function of the mutants was found normal in several situations including 
the open field, bar cross, tilting plain, bar hanging, and weight pulling 
tests. Habituation to novelty in the open field was also normal in the 
mutants. However, on the rotating rod, a motor learning paradigm, the 
performance of homozygous mutant mice improved significantly less than 
that of the heterozygous mice which were also significantly impaired 
compared to wild type mice. Heterozygous mutant mice were not found to 
exhibit neuroanatomical alterations suggesting that the observed 
behavioral abnormality is, at least in part, due to other factors. One such 
factor may be altered cerebellar neurophysiology. We investigate this 
possibility and analyze synaptic currents and LTD induction at the parallel 
fiber-Purkinje cell in cerebellar slices using the whole-cell patch clamp 
technique.

Finally, unlike other cerebellar mutants in which severe motor or sensory 
defects are obvious, the En-2 mouse model offers a unique tool to study 
the role of cerebellum in complex behavioral phenomena, including motor 
leaming,without confounding effects.

115.12
CONDITIONED NICTITATING M EM BRANE RESPONSES IN 
DECEREBRATE RABBITS ARE ABOLISHED BY CEREBELLAR 
INACTIVATION. C H. Yeo*, M J Hardiman, D H. Lobo and G. Hesslow† 
Dept. Anatomy & Developmental Biology. University College London, 
London WC1E 6BT. U K and †Dept Physiology and Biophysics. University 
of Lund. S-223 56 Lund. Sweden.

Cerebellar lesions can abolish classically conditioned responses (CRs) of the 
nictitating membrane (NM) of rabbits There have been two main 
interpretations of these findings - cerebellar lesions impair the learning or they 
impair the performance o f these responses. The performance deficit hypothesis 
was supported by the finding that, under some training conditions. cerebellar 
lesions did not abolish CRs established in decerebrate rabbits (Kelly et a l . 
Behav. Brain Res 38:7-18. 1990) Here we established NM CRs in 
decerebrate rabbits and tested the effects of reversible cerebellar inactivations 
using lidocaine and muscimol
Rabbits were implanted with guide cannulae to the interpositus nucleus. 
Conditioning to a 1 kHz tone CS was established over a minimum of 4, daily 
sessions of 100 trials. CRs were then reversibly abolished with lidocaine (1- 
3μl. 4%) or muscimol ( l-2 μl. 1.54 mM) for about 15 minutes and 3 hours 
respectively. On the following day. the rabbits were decerebrated at the pre- 
coliicular level under halothane anaesthesia and CRs were re-established over 
100 to 400 consecutive trials and the same dose of lidocaine or muscimol was 
infused Results to date show CRs were reversibly abolished for durations 
equivalent to those in the intact state NM CRs in the decerebrate rabbit are 
critically dependent upon the cerebellum

COGNITION I

116.1
NEURAL BASIS OF MENTAL ROTATION.
L.M. Parsons* and P.T. Fox. Research Imaging Center, University of Texas 
Health Science Center, San Antonio, TX. 78284.

Brain locations of mental representations enabling the mental rotation of abstract 
objects were mapped using positron-emission tomography (PET). Six healthy 
humans discriminated between identical and mirror image pairs of simple, visually 
presented, Shepard-Metzler objects. Each subject was scanned three times in two 
tasks: (1) when the objects in a pair were separated by a rotation about their long 
central segment and (2) when corresponding pairs were not separated by a rotation. 
Subjects made only covert judgment responses. PET images, obtained by the 015 
bolus method, were coregistered on each subject’s MRI image and spatially 
normalized. Activations specific to the mental rotation process were dissociated 
from activations for encoding, comparison, and judgment processing by subtracting 
activations in (2) from those in (1).
Activations (p<.005) associated with mental rotation were strongest and most 

extensive in the cerebellum: e.g., overall nearly three times that of parietal cortex, 
twice that of occipital cortex, and twice that of temporal cortex. Cerebellar 
activations were observed bilaterally in superior vermis, deep nuclei, and inferior 
and superior lateral areas. This finding shows that the cerebellum can be intimately 
involved in cognitive tasks that are unrelated to coordinating or imagining motor 
behavior. Further research must determine the extent to which this activity 
implements a “kinematics engine” for rotation and /or aids in better learning of the 
cognitive skill of mental rotation. The fairly strong multifocal activations in 
bilateral occipital and temporal areas presumably reflected the processing of visual 
object properties. The significant but weaker activations observed bilaterally in 
cingulate and superior parietal regions were likely supporting attention and the 
spatial information processing of object and viewpoint. In addition, there were 
activations in bilateral frontal areas (Brodmann 6,44,4), left insula, and right 
subcortical structures.

116.3
IMPAIRED SPATIAL LOCATION - ABSTRACT OBJECT PAIRED 
ASSOCIATE LEARNING IN HYPOXIC SUBJECTS.
R.O. Hopkins*. M.C. Pasker1 and R.P. Kesner1. Department of 
Hyperbaric Medicine, LDS Hospital, S.L.C., Utah 84143 and 
1Dept. of Psychology, University of Utah, S.L.C, Utah 84112.

Previous research has demonstrated that an hypoxic episode frequently 
results in a variety of memory impairments and concomitant hippocampal 
atrophy. Amnesic subjects with hippocampal damage, including individuals 
who have experienced a hypoxic episode, Alzheimer's Disease, temporal 
lobe resections, exhibit deficits on paired associate word learning tasks.
Nine hypoxic subjects and nine demographically matched control subjects 
were tested on a spatial location - abstract object paired associate learning 
task. Subjects were shown a grid of 16 possible locations on a computer 
screen. In each location a unique abstract object (16 spatial-object pairs) was 
presented for 3 seconds, one at a time, in a random order. Subjects were 
instructed to remember each object and its location on the grid. Following 
the study phase, each abstract object was presented to the right of the grid 
and the subjects were asked to remember the exact location in which the 
object was presented in the study phase. Each study and test phase 
represented one learning trial. Three learning trials were administered. The 
objects and their locations were randomized in each of the three learning 
trials to prevent sequential learning. The order of presentation of the spatial- 
object pairs in each learning trial was the same for all subjects. Twenty 
minutes following the third trial, a single recall trial was administered. Hypoxic 
subjects were significantly impaired relative to control subjects in the spatial 
location-object paired associate learning task. Hypoxic subjects were also 
impaired on the delayed recall trial relative to control subjects. These data 
are consistent with models of memory that emphasize the importance of the 
hippocampus in mediating the learning of specific associative relationships, 
in this case place and object.

116.2
MAZE NAVIGATION ACTIVATES THE HIPPOCAMPAL FORMATION 
DURING LEARNING AND RECALL: A fMRI STUDY. GK Aguirre. JA Detre. 
M D'Esposito , D Alsop. AC Rosenquist.* Depts. of Neurology and Radiology, 
Univ. of Pennsylvania School of Medicine, Philadelphia, PA 19104

The importance of the hippocampus in maze learning has been demonstrated in 
both animal and human lesion studies. Prior investigations of hippocampal function 
in imaging paradigms have largely employed classic declarative memory tasks such 
as super-span list learning. We have created a task which exploits the demands of 
maze learning upon the hippocampus by modifying a video game to provide a 
textured, first-person, 3D environment. During successive fMRI runs subjects freely 
explored a “virtual” maze of simple geometric design and were required to draw a map 
of the maze between runs. Ss were exposed to the maze until they were able to 
produce an accurate map. In addition, Ss were required to note the location of four 
objects in the maze. These objects were used during a subsequent recall session, in 
which Ss were required to navigate from each object back to an initial starting point.

Echoplanar fMRI was performed in 24 contiguous 5mm axial slices (TR=3000 
msecs, TE=50 msecs). Areas of activation were identified by correlation with task as 
well as by interrogation of signal change in predefined volumes of interest. In each of 
five Ss studied, task-correlated signal changes in the parahippocampal gyrus were 
observed during the encode and retrieve conditions. Signal changes in predefined 
parahippocampal regions were significant across Ss during encode and retrieve 
(p =.008, t-test), were greater during the encode than the retrieve condition 
(p = .004), and displayed no significant laterality. Bilateral, superior parietal 
activation was associated with both components of the task. Frontal activation was 
also observed during encoding sessions. We conclude that the hippocampal formation 
is actively involved in both the learning and recall of a recently explored maze. This 
work demonstrates the use of virtual environments for studying behaviors previously 
tractable only to animal models. This technique is especially useful in imaging 
paradigms where actual subject motion is not permissible.

Supported by the McDonnell-Pew Program in Cognitive Neuroscience

116.4
EFFECTS OF TOBACCO SMOKING ON INTERHEMISPHERIC PROCESSING 
AND PSYCHOPHY SIOLOGIC AL RESPONSES DURING VERBAL AND 
SPATIAL TASKS: GENDER DIFFERENCES. O. Algan* J. J. Furedy S 
Demirgoren. A. Vincent. S. Pogun. Center for Brain Res. and Dept. of Physiology, 
Ege Univ., Sch of Med. Bornova Izmir 35100. Turkey; Dept. of Psychology, Univ of 
Toronto, Toronto,Ontario. Canada M5S 1A1

We studied the effects of nicotine, taken in the form of tobacco smoking, on 
interhemispheric (IH) processing of verbal (Vb) and spatial (Sp) information and 
psychophysiological (PP) responses during mental effort with emphasis on gender 
differences. IH processing was assessed using Vb and Sp stimuli presentation based 
on a method modified from M. Banich. Right handed male and female smokers and 
non-smokers were given Vb and Sp tests, each consisting of two sets of 56 trials 
separated by a 15 minute interval during which the smokers smoked a standard 
cigarette. A computer program was used for stimuli presentation, data recording and 
analysis. Reaction times, electrodermal responses (EDRs), heart rate (HR) and T- 
wave amplitudes (TWA) were evaluated during and after stimuli presentation. 
Stimulus duration was 350 msec. for Sp and 600 msec, for Vb tests; stimulus interval 
was 8 sec. Two letter syllables or geometric shapes were presented to the right or left 
visual fields (RVF or LVF) or across RVF or LVFs in matching or mismatching 
patterns. The responses were identical vocalizations for both types of tests.

In general, reaction times (RTs) to Sp stimuli were lower than those to Vb and 
there were more wrong responses to Vb stimuli. No sex differences were observed in 
RTs to Sp stimuli, but women had a significant Vb advantage. When responses to Vb 
stimuli were compared between trial types, women had the shortest FCTs in across 
RVF types of presentations No intertrial difference was apparent in Sp tests. 
Smoking shortened the RTs in Vb tests in all trial types in females and more 
prominently in the RVF and LVF type of presentations in males.

Tonic and phasic EDRs were lower in the 2nd sessions and tonic responses were 
lower in females compared to males. HRs were initially higher than basal levels and 
higher in females. During the course of the 1st session, HR decreased approximately 
10 beats/m and stayed relatively stable during the 2nd session. In non-smokers, HR 
was initially lower in the 2nd session compared to the end of the 1st session in 
nonsmokers but higher in smokers. During each stimuli presentation, after 
responding, as phasic EDR started to rise, TWA decreased.

Our results point to nicotine-gender-lateralization interactions in 
interhemispheric processing. These effects may be modulated by PP responses.
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116.5

FUNCTIONAL MRI IN SURGICAL PLANNING . S.Y. Bookheimer*.
M. Cohen, M. Dapretto. I. Fried, A-Shewmon, K. Black, J . Engel. J .
Mazziotta. *Brain Mapping Division, UCLA School of Medicine, Los Angeles, 
CA 90095.

Functional MRI has been proposed as a non-invasive tool to identify 
eloquent cortex prior to surgery. Six patients under surgical evaluation for 
epilepsy (N=5) or tumor (N=l) received functional MRI scans to localize critical 
brain functions. Four patients had occipital seizure foci and received visual 
stimulation paradigms (flashing lights); two patients performed motor tasks 
(finger opposition), having lesions in near primary and supplementary motor 
cortex. Images were acquired from 1 or 2 slice locations through the area of 
cortex planned for resection using a GE 1.5 Tesla Signa MR scanner. An SPGR 
sequence (256x256; TR=70; TE=50; FOV= 24; Flip=45; NEX=.75; imaging 
time=7 sec.) was used. Rest blocks were interspersed with 3 or 4 activation 
blocks for each 60 image scan, and four scans were performed for each subject to 
insure reliability of results. Pixel-wise comparisons between rest and activation 
images were made using the t-statistic; clusters of pixels with significant T- 
values were superimposed on co-planar T-2 weighted high resolution images for 
localization and to rule out effects due primarily to large blood vessels.

One patient produced no reliable activation to the visual stimulation 
paradigm, and was operated on without subsequent deficit. The remaining 5 
subjects showed significant activation attributed to the experimental task near the 
tissue scheduled for resection. One did not receive surgery; 2 had resections 
which spared tissue found active using fMRI and had no post-operative deficits. 
Two patients had activated tissue resected (1 occipital, 1 primary motor) and both 
had post-operative deficits predicted by the activation tasks. We conclude that 
high resolution functional MRI can accurately map visual and motor functions 
in patients scheduled for surgery, and that resection of tissue showing increased 
blood flow will produce post-operative deficits.

116.7

THREE-DIMENSIONAL BOLD fMRI AND 0-15 WATER PET 
NEUROACTIVATION MAPS ARE HIGHLY CORRELATED. DR. 
Weinberger*. N.F. Ramsey. B. Kirkby. P. van Gelderen . K. Berman, V.S. 
Mattay. J.A. Frank. J. van Horn. G. Esposito  and C.T.W. Moonen. Clinical 
Brain Disorders Branch, NIMH Neuroscience Center at St. Elizabeths, 
Washington, D.C. 20032 and In Vivo NMR Center, NIH, Bethesda, MD 
20892.

“BOLD" contrast fMRI is being widely used for functional brain mapping, 
though the relationship of the BOLD effect to cerebral perfusion is unclear. 
We compared directly cerebral perfusion changes as measured with 0-15 
water PET and BOLD signal changes determined with 3-D "PRESTO" fMRI in 
nine subjects performing repetitive sequential finger movements. Both sets 
of functional scan volumes were registered to a common anatomical scan for 
each individual (reconstructed FWHM = 7.5 mm isotropic for both 
techniques). Difference images from paired rest/movement functional scans 
(PET = eight 4 min scans, i.e. four difference volumes; fMRI = thirty-two 30 s 
scans, i.e. 16 difference volumes) were analyzed with a rigorous Bonferroni- 
corrected z-statistic. Significantly “activated" voxels (z threshold = 4.45) were 
found in contralateral sensorimotor (SM) cortex in every subject with both 
techniques. On average, 37/50 (74%) activated voxels were in SM with PET, 
compared with 46/55 (84%) with fMRI. Remarkably, mean z values of 
activated voxels in SM were 5.5 with both techniques. The number of 
activated voxels in SM cortex correlated highly between the techniques (r = 
.94, p<.001). The mean distance between corresponding centers-of-mass of 
SM activation was 6.4 mm (range 2.4-10.8). Sensorimotor activation maps 
based on BOLD-sensitive 3-D fMRI correspond very well to changes in 
regional cerebral perfusion.

116.9

COGNITIVE AND MOTOR SEQUELAE OF ANTICONVULSANT 
THERAPY. M. Vinette, G. Leonard*, A. Ptito, S. 
Daigneault, C. Schopflocher, J. Crane, E. 
Andermann, K. Silver. Department of Neurology 
and Neurosurgery, McGill University, Montreal, 
Quebec, Canada, H3A 2B4.

In North America approximately 425,000 women 
of childbearing age have epilepsy. The majority 
of these individuals take anticonvulsant 
medication, but the effects of these drugs on 
the fetus and on the mothers are not understood.
We studied the motor and cognitive abilities 

of 50 epileptic women and their children (6-15 
yrs), and compared them to control groups 
matched for age, education, and economic level.

We found that the women had significantly 
lower Full Scale and Performance IQ ratings than 
the control subjects, but that these differences 
were entirely explained by slowness on the Digit 
Symbol subtest. This slowness was also observed 
on the Grooved Pegboard, and on Trails A & B. 
These preliminary results suggest that long-term 
use of antiepileptic drugs does not impair 
cognitive abilities per se, but does affect 
speed of motor response. The children exposed 
in utero demonstrated no motor deficits but were 
significantly different than their controls on 
some cognitive measures (Silver et al, 1995).

116.6

HUMAN LANGUAGE AND MEMORY; CORRELATION OF ELECTRICAL 
STIMULATION MAPPING AND OPTICAL IMAGING OF THE INTRINSIC 
s ig n a l . M. M. Haglund*. G, A. Ojemann. and D. W, Hochman- Depts of
Surgery (Neurosurgery) and Neurobiology, Duke Univ. Medical Center, 
Durham, NC 27710; Department of Neurological Surgery, Univ. of 
Washington, Seattle, WA 98195.

Awake neurosurgical procedures that expose eloquent cortex provide a 
unique opportunity to study the functional organization of human language 
and memory. Previously, these localization studies could only be 
accomplished in eloquent cortex by cortical stimulation mapping or in 
nonessential cortex with single unit recordings (Haglund et al., J Neurosci. 
1994); however, through the use of optical imaging of the intrinsic signal, 
cortical maps of language have been obtained (Haglund et al., Nature, 1992).

In eleven patients undergoing awake surgery for intractable epilepsy, a CCD 
camera was attached to the skull and the exposed cortex stabilized with a 
glass plate and illuminated with far red light (>690 nm). Optical images of the 
reflected light were obtained during a baseline task and then during a naming 
task or a short-term memory naming task.

Electrical stimulation mapping identified specific sites that when stimulated 
disrupted the patient’s ability to name objects. Optical imaging in these same 
patients demonstrated a close correlation with the stimulation mapping, but 
involving more widespread areas of cortex. Optical imaging during naming as 
part of the memory task showed shifts in the areas of cortex activated 
compared to naming objects without any memory component. The cortical 
areas of interest also showed large negative shifts toward baseline as the 
subject prepared to begin a new trial of the memory task. Optical imaging 
supports the cortical stimulation maps that shows a large variance in the cortical 
organization of language in the human temporal lobe and provides evidence 
for moving cortical mosaics during different cognitive tasks. [MMH suppt: 
Klingenstein and American Assoc. Neurological Surgeons Research 
Foundation Fellowships; GAO suppt: NIH NS21724.17111, and 20482]

116.8

C om parison o f fM R I with E lectrocortical Stim ulation  Language  
M apping. R.R. Benson. B.R. Buehbinder. H. Jiang . R. Cosgrove†. R. Gollub* 
R.R. Rosen M assachusetts  G en era l H osp ita l D epts. o f  Radiology & 
Neurosurgery†† Charlestown, MA 02129
Introduction: Noninvasive functional brain imaging techniques such as fMRI are 

being used to map essential cortical regions preoperatively. The clinically validated 
standards for this purpose, the sodium amytol test and electrical cortical stimulation, 
rely on a deficit model of localizing function, whereas fMRI relies on a change in 
blood deoxyhemoglobin concentration and subtractive methodology. In this study we 
report the first systematic study comparing whole brain fMRI and cortical stimulation 
mapping of language in light of the obvious benefits of a noninvasive technique and 
the proven utility of the invasive method. M ethods: 8 patients (6M, 2F) with 
dominant hemisphere brain lesions (tumors, epilepsy) underwent both echo-planar 
fMRI language mapping and also cortical stimulation mapping in addition to amytol 
testing. Language testing included visual and auditory language paradigms with an 
emphasis on semantic tasks (verb generation) for brain lesion involving frontal cortex, 
and phonologic tasks if the lesion involved parietal or temporal cortex. fMRI 
statistical parametric mapping results were rendered on a high resolution 3-D image 
which included blood vessels and were displayed in the O.R. for easy comparison 
between the operative site and the MRI. Most of the exposed brain was explored for 
language function using standard neurosurgical methods. Sensorimotor cortex was 
explored prior to language cortex to reduce false positive error rate. R esu lts : 
Generally, for the 8 patients there was excellent correspondence between the two 
modalities. For a given study, there were regions of significant overlap, but fMRI 
consistently revealed more areas of activation. Only once was a speech arrest obtained 
in a region which was not activated by fMRI. None of the 8 patients has suffered an 
irreversible language deficit postoperativcly although two had transient aphasia likely 
due to edema. Conclusions: Despite different underlying physiological mechanisms, 
there was good agreement between these two methods. Additionally, the results 
suggest that fMRI may be a more sensitive technique for mapping language as well 
possessing all of the advantages of non-invasive techniques.

116.10

DYSCALCULIA AND DYSLEXIA AFTER INFANTILE RIGHT 
PARIETAL INJURY: A CASE STUDIED WITH FUNCTIONAL 
MRI. H.S. Leyin*J .  Scheller. T. Rickard. J. Grafman. K. 
Martinkowski. M. Winslow. S.E. Mirvis. Division of Neurosurgery, 
University of Maryland Medical School, Baltimore, MD 21201 

The purpose of studying this case o f infantile unilateral right 
hemisphere injury was to elucidate mechanisms of reorganization of 
function. Neuropsychological and magnetic resonance imaging 
(MRI) findings were obtained in a 17-year-old, right-handed male 
who sustained extensive right parietal injury at age 7 months. 
Visuospatial skills were generally well developed and commensurate 
with his normal intellectual function, whereas he had dyscalculia 
associated with deficiencies in reading and spelling. Functional MRI 
(fMRI) while performing calculations disclosed predominantly left 
hemisphere activation involving the frontal and posterior parietal 
regions, whereas this task produced bilateral activation of the 
supramarginal gyrus in seven of nine normal subjects. The results, 
which are consistent with early interhemispheric transfer of 
visuospatial skills normally committed to the right parietal area to the 
left parietal region, are discussed in view of Teuber’s postulation of 
crowding effects following early unilateral hemispheric injury.
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116.11

ELECTROCORTICOGRAPHIC GAMMA BAND AUGMENTATION  AN INDEX 
OF CORTICAL ACTIVATION IN HUNMANS N EC rone,D . Boatman, J.Hart, 
R .P . Lessor*. B. Gordon. Department of Neurology The Johns Hopkins University 
School of Medicine. Baltimore MD 21287

Neurophysiological investigations in animals have detected local field potential 
oscillations in the so-called "gamma band" (> 35 11/) which appear to be correlated 
with cortical processing Related phenomena have been proposed as potential 
mechanisms for "binding" within and between functional units of cortex (Singer. 1 993). 
We therefore studied the functional correlates of gamma band oscillations m the human 
elcclrocorticogrum (ECoG ). in order to use dynamie changes in ECoG gamma band 
activity as an index of cortical activ ation for functional neuroimaging in humans 

Subdural electrode arrays were neurosurgieally implanted in patients solely for the 
medical purpose of diagnosing and treating epilepsy, vascular malformations, and/or 
brain tumors In those patients whose electrode arrays covered cortical regions of 
interest for research. ECoG recordings were made during the following cognitive tasks 
visual object/non-object discrimination, visual word/non-word discrimination, auditon 
tone discrimination, and auditon sellable discrimination Dynamic changes in the 
ECoG gamma band (range .35-100 Hz  were identified by statistical comparisons 
(p< 0001) of its power spectral density before and after stimulus presentation, using 
time segments of no greater than 200 msec

During tasks m which a visual stimulus was emploved gamma band augmentation 
occuned rehably over vision-related areas in the occipital and occipitotemporal 
cortices, but not over auditory-related areas in the superior temporal gyrus During 
tasks m which an auditory stimulus was employed. gamma band augmentation occur ed 
over auditory-related areas in the superior temporal gyrus. but not ov er vision-related 
areas These data provide further e v idence of a role for gamma band oscillations in the 
neurophysiology of cognition and suggest that ECoG spectral analysis can utilize this 
phenomenon for imaging human brain function with high temporal resolution

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS I

117.1

CEREBRAL BLOOD FLOW INCREASES IN LEFT MOTOR AND  
PREMOTOR AREAS DURING PRACTICE. M. Iacoboni. R.P. 
Woods, and J.C. Mazziotta*. UCLA Brain Mapping Division, 
Neuropsychiatric Institute, UCLA School o f Medicine, Los Angeles, 
CA 90024.

In a wide variety o f sensorimotor tasks, from choice reaction time 
tasks to complex perceptual-motor behaviour, human performance 
improves with practice. Practice effects show the same, ubiquitous 
pattern in all sensorimotor tasks, They are initially large and become 
progressively smaller, reaching eventually an asymptote. To 
investigate the human brain regions subserving practice effects in the 
pre-asymptotic stage, we measured cerebral blood flow (CBF) 
changes with positron emission tomography and H215O in six normal 
subjects performing a choice reaction time task, the spatial stimulus- 
response compatibility. Twelve CBF measurements were performed 
per subject Reaction times decreased as a function o f  the number of  
trials performed by the subjects, showing a significant linear trend 
(p<0.001, two-tailed). Serial CBF measurements showed CBF 
increases fitting a linear slope (p<0.05, two-tailed, after correction for 
multiple spatial comparisons) only in primary motor and premotor 
areas o f the left hemisphere. No significant linear CBF decreases were 
observed. Our data suggest that the functional locus o f early, large, 
pre-asymptotic practice effects in sensorimotor tasks is at the response 
selection and response execution stage and argue for a left hemisphere 
specialization o f these effects.

117.3

SEMANTIC ENCODING AND RETRIEVAL OF WORDS AND PICTURES: A 
FUNCTIONAL MRI (fMRI) STUDY OF FRONTAL CORTEX. A.D. Wagner*. 
J.D.E. Gabrieli. J.E. Desmond. J.B. Dcmb. G.T. Stebbins. D.A. Turner. and G.H. 
Glover. Depts. of Psychology and Radiology, Stanford University, Stanford CA 94305; 
Depts. of Neurological Sciences and Radiology, Rush Med Center, Chicago IL 60612.

Recent neuroimaging (fMRI and PET) studies have suggested that left inferior 
frontal cortex (LIFC; Brodmann’s areas 45, 46, 47) is part of a memory system 
that encodes and retrieves semantic information. Previously, we have reported 
greater LIFC activation during semantic relative to non-semantic analysis of 
words and during initial relative to repeated semantic analysis of words. Here, we 
investigated frontal cortical activation during two tasks: (a) Initial followed by 
repeated semantic analysis of words and (b) Initial followed by repeated semantic 
analysis of pictures. In each task, subjects made semantic judgments ("Is this a 
living thing?") for an initial block of 20 items and then repeated these judgments 
for the same 20 items. Subjects received 4 cycles of initial/repeated stimuli for the 
word task and for the picture task. During each task, functional images were 
collected continuously from 4 coronal slices in frontal cortex using a T2*- 
weighted gradient echo spiral sequence (1.5T, 5 mm thick slices, 1.5 mm inter-
slice spacing, TR=300 ms, TE=40 ms, flip angle=40). Preliminary results from 3 
subjects revealed greater LIFC activation during initial relative to repeated 
semantic analysis of words, thus replicating and extending previous results. 
Similarly, LIFC areas exhibited increased activation during initial relative to 
repeated semantic analysis of pictures. These Findings provide further evidence 
that LIFC areas contribute to the encoding and retrieval of semantic information 
and that its contributions are independent of stimulus form (word or picture). 
Increased activation in right middle frontal cortex (RMFC; Brodmann’s 46 and 9) 
was also observed during initial relative to repeated analysis of pictures suggesting 
that, in contrast to LIFC, RMFC’s activation may be sensitive to stimulus form. 
Supported by the NSF, NIH (F32NS09628), Stanford Office of Technology and 
Licensing, Lucas Foundation, and ADCC Pilot Grant.

117.2

CONSCIOUS AND UNCONSCIOUS MEMORY EVALUATED WITH PET: 
EPISODIC, SEMANTIC, AND UNCENSORED FREE ASSOCIATION 
N.C. Andreasen*. D. S. O'Leary. T. Cizadlo. S. Arndt. L.L.Boles Ponto ,_G. L . 
Watkins. R.D. Hichwa. Dept. of Psychiatry, The Univ. of Iowa Hospital, Iowa City, 
IA 52242

Recollection of past experiences calls on a variety of different memory systems, 
which have largely hitherto been defined using techniques of experimental cognitive 
psychology. This PET study examines three systems in order to determine the 
circuitry employed when individuals use these three systems: episodic, semantic, and 
uncensored free association. The episodic task consisted of describing an event from 
the individual's past; the semantic task consisted of recalling words that begin with 
the letter "C"; the uncensored free association task consisted of lying with eyes closed 
and thinking of whatever came to mind. Thirteen subjects were studied using the 
[150] H20 radiographic technique. Three conditions were subtracted and their 
relative relationships examined: episodic minus free, semantic minus free, and 
episodic minus semantic. The first two subtractions isolate the differences between 
uncensored free association and the two conscious memory conditions, while the third 
subtraction isolates the differences between episodic and semantic memory. The free 
association condition produces activations in widely distributed association cortex 
(right and left frontal, parietal, angular/supramarginal, and posterior inferior temporal 
regions, as well as the precuneus medially). Episodic and semantic memory both 
involved verbal production and activated distributed language circuits (right and left 
motor cortex and Heschl's gyrus), as well as the anterior cingulate and the cerebellum 
(R>L). The major difference between these two was activation of Broca's area and 
the left frontal operculum by semantic, in contrast to activation of the inferior medial 
frontal lobes and the precuneus by episodic memory. These results indicate that 
uncensored mental activity produces large activations in association cortex and may 
reflect both active retrieval of past experiences and planning of future experiences. 
Episodic memory shares some components of this circuit (inferior frontal and 
precuneus), which may reflect the personal time-related components of both memory 
systems.

117.4

A PARAMETRIC STUDY OF FRONTAL CORTEX INVOLVEMENT 
IN HUM AN WORKING MEMORY USING FUNCTIONAL MRI. 
T.S. Braver , J .D. Cohen, J . Jonides*E.E. Smith. E. Awh. E. Schumacher. E . 
Lauber, D.C. Noll. Dept. of Psychology, Carnegie Mellon; Dept. of Psychiatry, 
University of Pittsburgh; Dept. of Psychology, University of Michigan, Ann Arbor, 
MI 48109; Dept. of Radiology, University of Pittsburgh, Pittsburgh, PA 15213 

Regional brain activity was examined in a non-spatial working memory task with 
functional MRI (fMRI). In previous studies using PET and fMRI (Cohen et al, 1994, 
Jonides & Smith, 1994), frontal activation was observed in Broca's area (BA 44) and 
dorsolateral prefrontal cortex (BA 46) during performance of a sequential letter memory 
task. The present study was conducted to investigate possible changes in activation 
intensity of these regions as working memory load was varied. Eight coronal slices 
were imaged on a 1.5T convential scanner using a spiral k-space pulse sequence. Six 
subjects monitored for the occurence of target events in a continuous sequence of single 
letters presented every 3 seconds, in the center of a visual display. There were four 
conditions of increasing working memory load -  0-back, 1-back,2-back and 3-back. In 
the 0-back condition the target was a single, pre-spccified letter. In the 1-back 
condition, the target was any letter that was identical to the one immediately preceding 
it (i.e, 1 trial back). In the 2-back and 3-back conditions, the target was any letter that 
was identical to the one presented 2 or 3 trials back, respectively. Thus, working 
memory load increased progressively from the 0-back to the 3-back conditions. 
Scanning occurred during pseudo-randomly ordered blocks of each condition. Regions of 
activation were determined using a pixel wise ANOVA test with the four load conditions 
as levels of the memory factor. In addition to replicating the previous findings, 
strikingly consistent patterns of activation were observed across subjects. Furthermore, 
in a number of regions -  including Broca's area and BA 46 -  the intensity of activation 
increased monotonically as memory load increased (0.5% increase in the fMRI signal 
per item of memory load). These findings support the hypothesis that the frontal 
lobes play an important role in the maintenance of information in working memory 
tasks. Further, they demonstrate the sensitivity of the fMRI signal to parametric 
changes in cognitive load, and the benefit of parametric designs in activation studies.

Society for Neuroscience, Volume 21, 1995



SUNDAY PM LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS 275

117.5

THE N E U R A L  S U B S T R A T E  F O R  W O R K IN G  M E M O R Y  
EXTENDS B E Y O N D  P R E F R O N T A L  C O R T E X  CE Stern*. S 
Corkjn, CA. Carr, RM Sugiura, AR Guim araes, JR B aker, b r  Rosen, 
RG Gonzalez. Harvard M edical School and M GH-NMR Center, 
Charlestown, MA 02129 and Dept. of Brain and Cognitive Sciences and 
the Clinical Research Center, MIT, Cambridge, MA 02139.

Working memory requires neuronal activity across a distributed 
network o f cortical areas. However, to date functional MRI (fMRI) 
studies of working memory have focused on the role o f the prefrontal 
cortex alone. Using fMRI techniques coupled with high speed echo- 
planar imaging (EPI) capabilites, w e evaluated fMRI signal changes 
thoughout the whole brain. W e studied young normal subjects while 
they performed verbal (n = 6) and non-verbal (n = 3) working memory 
tasks. To assess working memory, subjects were asked to look at a 
series of visually presented letters, and detect letters that repeated with 
one intervening letter (for exam ple, CBC). As a control condition, 
subjects were asked to detect the letter X. In the non-verbal working 
memory task, subjects were shown a series o f false font stimuli and 
asked to detect stimuli that repeated with one intervening stimulus. 
During the control condition, subjects were asked to detect the 
appearance of a single visual stimulus. A comparison of the memory 
and control conditions revealed significant signal intensity increases in 
the prefrontal cortex (area 46), parietal lobe (areas 40 and 7), and lateral 
and medial premotor cortex (areas 6 and 8) during both the verbal and 
non-verbal conditions. This fMRI experiment, together with previous 
PET studies, provides evidence that a distributed cortical network 
extending beyond prefrontal cortex supports the com putations 
underlying working memory in humans.

117.7

AGE-RELATED EFFECTS OF PH YSO ST1GM INE (PHYSO) O N  REGIONAL 
CEREBRAL BLOOD FLOW  (rCBF) D U R IN G  A W OR K IN G  M EM ORY (WM) 
TASK. U. Freo*. P. Pietrini. 1. Van M eter. H.-C. Lee. A. Dani. G.E. A lexander. 
U. Shettv. B. H o rw itz . S.I. R ap o p o rt. M. B. Schapiro  an d  M.L. F u rey . 
Laboratory of Neurosciences, NIA, NIH , Bethesda, M D 20892, U.S.A.

To determine the functional relevance of cholinergic neurochem ical changes 
during aging, we m easured  rCBF effects of PHYSO d u rin g  a WM task. rCBF 
was determ ined by po sitro n  em ission  to m o g rap h y  (PET) w ith  H 215O in 12 
young (Y) (mean age=27 yr; 6 F /6  M) and  12 old (O) (m ean age=67; 3 F /9  M) 
subjects using a Scanditronix PC2048-15B PET scanner. Four pairs of scans were 
acquired sequentially  and  consisted  of a rest scan (ey e s /ea rs  open) and  an 
activation scan (WM for faces, m atching-to-sam ple task). The first scan pair 
was acquired w ithou t d ru g  in  all subjects. The su bsequen t three p a irs  w ere 
acquired without d ru g  in 9 subjects (5 Y, 4 O) an d  d u rin g  infusion of PHYSO (1 
mg/hr) in 15 subjects (7 Y, 8 O). PET im ages w ere in terpolated , registered and 
stereotactically norm alized . A bso lu te  rCBF w as d iv id ed  by each subject’s 
mean global CBF and scaled to the g ro u p ’s m ean baseline CBF. Reaction time 
(RT), accuracy and  p lasm a d ru g  levels w ere also de te rm ined . Sim ilar blood 
concentrations of PHYSO w ere achieved in Y and O  (2.0 and  2.2 n g /m l, n.s). 
RT consistently was slow er in O vs. Y (p < 0.05) and  w as decreased by PHYSO 
to the same degree in both  age groups. In the absence of d ru g , the WM task 
increased rCBF in occ ip ito tem p o ra l a reas  in  b o th  Y an d  O, in a right 
prefrontal area in  Y and in the supram arg ina l g y rus  in O. D uring PHYSO the 
task produced sim ila r rCBF a c tiv a tio n  in  the  tw o age g ro u p s  th a t w as 
restricted to o cc ip ito tem p o ra l a reas. T hese d a ta  su g g e st that, d e sp ite  
differences at baseline, cholinergic stim ulation  d u rin g  the WM task produced 
a similar functional response in  both  age groups.

117.9

PET STUDY OF RECOGNITION AND HABIT MEMORY. R. Vanden- 
berahe*. P. Dupont. G. Bormans. L. Mortelmans. G. O rban. Labora- 
torium voor Neuro- en Psychofysio logie, K.U. Leuven M edical 
School, Campus Gasthuisberg, Herestraat 49, B-3000 Leuven 

We compared the functional anatomy of long-term recognition and 
"habit" memory in a group of 10 women who gave their written 
informed consent. First, they learned to discrim inate a choice from 
a non-choice Fourier-shape by tria l and e rro r using auditive 
feedback (concurre n t d isc r im in a tio n  le a rn in g ). T hen, five 
experimental conditions matched for sensorim otor aspects and a 
passive viewing condition were studied with an ECAT931-12-08: 
1: the concurrent discrim ination (habit) task learnt prior to PET; 
2+3: two tasks requiring recognition of the shapes seen prior to 
PET; 4+5: a delayed nonmatching to sample (DNMS) task with 1 
sample phase and 150 test trials, once perform ed exclusively with 
stimuli seen prior to PET and once with novel stimuli. Subtraction 
of DNMS from  the  hab it ta sk  y ie ld e d  a n te rio r c in g u la te  
(-10,16,28) activation which was also observed after subtraction 
of the long-term recognition from the habit task. Subtraction of 
DNMS from long-term recognition revealed activation bila terally in 
the fusiform and the middle occipital gyri, the .left superior occipital 
gyrus and the right in ferio r fron ta l su lcus (42,16,28). These 
areas except the right lingual and m iddle occipital gyri were also 
found in the subtraction o f hab it from  long-term  recognition, 
together with the right hippocampus. To sum marize, the anterior 
cingulate was more active in habit than in long-term  recognition 
memory while the right hippocampus was exclusively revealed by 
the inverse comparison.

117.6

REGIONAL CEREBRAL BLOOD FLOW (rCBF) A N D  REACTION TIM E (RT) 
DURING W ORKING MEMORY (WM) ARE ALTERED BY CHOLINERGIC 
M OD ULA TION IN HEALTHY H U M AN S. M.I.. Furey . P. P ietrin i. J. 
VanM eter. H .C .Lee. G.E. Alexander, C.L, G rady. A. Dani*. S.I. R apoport, 
M.B. Schapiro and  U. Freo. L aboratory of N eurosciences, NIA, NIH ,
B ethesda M D  20892, USA

To investigate  w h eth er cholinerg ic m od u la tio n  m odifies W M  in  h ealthy  
subjects, we studied  effects of physostigm ine (physo) on task perform ance and 
on the task activation pa tte rn  of rCBF using  positron  em ission  tom ography 
(PET) and  H 215 O. For each subject, 8 scans were ob tained  alternating  betw een 
rest and  a W M  delayed  (6 sec) m atch-to-sam ple face recognition  task  . RT and 
accuracy w ere recorded. 21 hea lthy  subjects w ere s tudied , 9 in  the  control 
g roup (m ean age=40yr; 6F/3M: all saline-contro l scans) an d  12 in  the 
experim ental g roup (45yr; 3 F/9M: 2 p rio r to and  6 scans d u rin g  physo 
infusion). The desired  physo  p lasm a levels w ere o b tain ed  w ith  a load ing  
dose and  m ain tain ed  by  a slow  d rip  (total of 1 m g/hr) P harm acodynam ic 
effects on RT and rCBF w ere stab le by 20 m in  after o b tain ing  steady plam a 
physo  co n cen tratio n . PET im ages w ere in terpolated , reg istered  and 
stereotactically  norm alized . A bsolu te  rCBF w as d iv id ed  by  the  sub ject's  
m ean g lobal flow  and scaled to the  g ro u p 's  m ean base-line  g lobal rCBF.W ith 
task, physo  reduced  scaled rCBF in  righ h ippocam pus and  in  a task-specific 
r igh t p refro n ta l area (p<0.01). RT also w as decreased  (p<0.05) d u rin g  physo, 
and  th is  reduction  correlated w ith  rCBF decrease in  r igh t p refro n ta l cortex 
(r=.59, p  < 0.05) b u t not hippocam pus. No significant change in  rCBF or RT 
occurred in the control group. Thus during  WM, physo im proved perform ance 
and  altered  rCBF in  righ t h ipp o cam p u s and  righ t p refro n ta l cortex in 
h ea lth y  hum ans. The rela tion  be tw een  righ t p refron ta l cortex and  RT 
indicates that speed  of p rocessing is related  to function  in  prefron tal cortex.

117.8

H ip p o c a m p a l -C in g u l a t e  F u n c t io n a l  In t e r a c t io n s  d is t in g u is h  
R e c o g n it io n  o f  n o v e l  a n d  Fa m il ia r  S e n t e n c e s .
AR McIntosh*. L Nyberg. E Tulying. Rotman Research Institute o f Baycrest 
Centre, University o f  Toronto, Toronto, ON, Canada, M 6A 2E1

The present study examined the functional networks that distinguish 
recognition o f novel and familiar verbal material using covariance structural 
equation modeling. Twenty-four hours prior to being scanned, subjects were 
auditorily presented with a list o f  sentences. The next day, subjects were 
presented with sentences and PET scanned to measure rCBF three times in 
each o f the two conditions. In the first condition (OLD), all o f  the sentences 
had been heard before, and in the second condition (NEW ) all o f  the sentences 
were novel. The overall pattern o f functional interactions was similar for both 
conditions, but the influences from the prefrontal and parietal cortices on the 
anterior cingulate were stronger in the OLD functional network. This may 
reflect recognition o f verbal material in the OLD condition. A  key difference 
was noted in the influence o f the left hippocampal gyrus (HG) on the anterior 
cingulate. The hippocampocingulate influence was near zero in the OLD 
network, but in the NEW  network it was strong and negative. Among other 
regions, the left anterior cingulate showed less rCBF in the NEW  condition 
compared to OLD. Thus, during the NEW  scans, the left HG may have acted 
to suppress the anterior cingulate, signaling nonfamiliarity o f  verbal material. 
The analysis revealed a central role for the anterior cingulate and left HG and 
adds to recent theoretical developments postulating that brain function results 
from changes in interactions among neural systems.

117.10

N EU R O N A L A CTIV ITY  IN H U M A N  H IPPO C AM PU S  
DURING PRESENTATION AND  RECOGNITION OF FACES 
AND OBJECTS I. Fried*. K.A. M acDonald. C.L. W ilson and 
R.C. Frysinger. D ivision o f Neurosurgery and Departments of 
Neurology and Psychiatry & Biobehavioral Sciences, UCLA  
School o f Medicine, Los Angeles, C A 90095

The hippocampus and its associated structures are a central 
part of human memory; yet the underlying neuronal mechanisms 
remain unknown. Extracellular recordings were carried out in 
seven patients with intractable epilepsy undergoing intracranial 
electrophysiologic monitoring to identify seizure focus for possible 
surgical ablation. U sing magnetic resonance imaging guidance, 
depth electrodes were stereotactically placed in the hippocampus, 
entorhinal cortex, parahippocampal gyrus, and amygdala. Subjects 
were shown a collection o f 98 faces and objects, each for one 
second, and were later ( 1-10 hours) given a recognition task from a 
larger collection o f stimuli. Analysis o f  the activity o f 76 units 
during presentation o f stimuli revealed neurons which responded 
differently to faces and objects as w ell as units that discriminated 
between female and male faces. In some cells these differential 
responses persisted or arose de novo in the delay period between 
two consecutive stimuli. When stimuli were presented during 
long-term recognition, 14.7% of hippocampal units discriminated 
between old and new stim uli. These results suggest time- 
dependent stimulus selectivity o f human hippocampal neurons, that 
may extend beyond stimulus presentation. Furthermore, neuronal 
traces of stimuli may persist in the human hippocampus for at least 
10 hours.
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117.11

N O N IN V A S IV E  D E T E C T IO N  O F T H E T A  A C T IV IT Y  IN H U M AN  
H IP P O C A M P A L  F O R M A T IO N  W IT H  A W H O L E -H E A D  
M A G N E TO EN C EP H A LO G R A P H IC  A R R AY. C laud ia  D. Tesche* Low 
Tem perature Lab., Helsinki University of Tech., 02150 Espoo, Finland.

A lthough h ippocam pal theta  rhythm  has been s tud ied in tens ive ly  in 
animals, ethical considerations have lim ited reports of hum an hippocam pal 
theta to invasive m easurem ents perform ed on patients who are surgical 
candidates. In this study, four healthy adult subjects (two fem ale) perform ed 
an arithm etic calculation cued by printed w ords during the p resentation  of 
randomly interspersed auditory oddball tones (interstim ulus interval 0 .3 -0 .6  
s, 85% at 1 kHz 15% at 1.2 kHz). M agnetic fields generated by spontaneous 
and evoked responses in neuronal p op ula tio n s w ith in  the  brain w ere 
recorded non-invasive ly w ith an array of 122 m agnetoencepha lograph ic  
(MEG) detectors. Data was also recorded in the absence of the tones during 
m ental ca lcu lation  and passive view ing of a p icture . F requency-dom ain  
signal-space projection (Tesche et al. in press 1995) was used to com pute 
spectra l com ponents  of g en erato rs  of spon tan eo u s  ac tiv ity  at source 
locations in and adjacent to a nte rior h ippocam pus. The dependence  of 
source strength on location was used to d istingu ish spectra l com ponents 
consistent with activation w ithin anterior hippocam pus from  those generated 
by other brain areas. Theta activity (3 -6  Hz) was observed in data from three 
of the four subjects with a topography recorded by the array which was 
consistent with neuronal population activity w ithin anterior hippocampus..

The non-invasive detection of theta activ ity  w ith the excellent tem poral 
resolution of MEG provides a valuable opportun ity to investigate the role of 
theta activity in learning and memory in humans.

Support: NINDS National Research Service Award 3 F33 NS09623-01S1.

117.12

AN fMRI STUDY OF HUMAN VISUAL CORTEX PLASTICITY A. Karn i*. J.
W eisberg , F. Lalonde & L.G. U ngerleider NIM H, NIH, Bethesda MD 20892.

Psychophysical studies have shown that daily practice o f  a sim ple orien
tation “pop-out” discrim ination task leads to large im provem ents in perform 
ance (Kam i & Sagi PN AS  1991; Nature  1993). Such perceptual learning was 
found to be orientation-specific to background elem ents, retinotopically  local, 
and, for m ost observers, m onocular, suggesting experience-dependent 
changes in striate cortex (V 1) as a possible locus o f  learning. To test this 
possibility, we studied the effects o f  m onocular training on the BOLD fMRI 
signal evoked by orientation-gradient defined targets in V 1 and extrastriate 
cortex (Kam i et al., Soc N eurosci Abstr  1993) by com paring the activation 
maps induced by stimuli presented to a trained vs. an untrained eye.

Four, 4mm thick, coronal slices centered 12mm from the occipital pole 
were acquired using gradient echo EPI on a 1.5T scanner. Stim uli were 
textures composed o f  parallel oriented line elem ents (baseline intervals) 
which alternated with sim ilar textures but with two small “pop-out” targets (6 
orthogonal elem ents) em bedded in the lower quadrants o f  the display (test 
intervals). Fixation was enforced by a letter discrim ination task.

Results (2Ss): Before training, a discrete MR signal was evoked in ex
trastriate areas by the “ pop-out” target (test vs. baseline) when viewed mo- 
nocularly. A V 1 signal was found only on binocular presentation. Following 
4 weeks o f m onocular training on the discrim ination o f orientation-gradient 
defined targets, the evoked cortical signal had increased in extent, and could 
be consistently evoked in both extrastriate cortex and V 1 when the stimulus 
was presented to the practiced eye. These prelim inary results support the no
tion o f slowly evolving, experience-dependent plasticity  in adult visual cor
tex. We conjecture that practice leads to expansion o f  orientation-gradient 
based segm entation processing in V 1. This is in agreem ent with recent 
m onkey electrophysiological data (Bertini et al., Soc N eurosci A bstr  1995).

117.13

A BEHAVIORAL AND ELECTROPHYSIOLOGICAL STUDY OF MONKEY 
VISUAL CORTEX PLASTICITY G. Bertini. A. Kami. P. De Weerd. R. 
Desimone* and L. G. Ungerleider NIMH, NIH, Bethesda MD 20892.

Prolonged training improves the ability o f  human subjects to detect a “pop- 
out” texture target embedded in a background (Kami & Sagi PNAS 1991; Nature 
1993), and neuronal mechanisms for figure-ground segmentation in V 1 have been 
proposed as a substrate for the learning. To test this, a monkey was trained to 
discriminate the shape o f a small parafoveal target consisting of 3 oblique line 
elements embedded in a background texture o f horizontal line elements. Targets 
were presented briefly, followed by a mask after a variable interval (SOA).

Several weeks of training resulted in a fourfold decrease in threshold SOA. 
As in human studies, learning did not transfer to untrained visual quadrants or to 
targets embedded in a background texture with vertical (untrained) line elements. 
After training, the responses o f 41 V 1 neurons with receptive fields (RF) located 
in the trained portion of the visual field were recorded while the monkey fixated a 
spot and performed an irrelevant task on stimuli in the opposite hemifield. The 
neuronal response difference between the target in background and the back
ground alone was taken as a measure o f target detection. Most cells responded 
better to the target in the background than to the same background presented 
alone, even when the target was outside the RF. Target detection was better when 
background texture elements were orthogonal in orientation to the cell’s preferred 
orientation. Target detection was also better for targets embedded in the trained 
than in the untrained background, but only for targets located beyond the RF. 
Since vertically oriented and unoriented cells were mainly responsible for this 
effect, a sampling bias cannot be ruled out. The difference between trained and 
untrained conditions was, however, observed even when the time window in 
which the differential response was analyzed was as short as 130 ms - an SOA in 
which the monkey could perform the task only with the trained background.

These preliminary results are consistent with our fMRI findings that training 
leads to an expansion o f the representation of orientation-gradient based targets in 
V 1 of humans (Kami et al. Soc Neurosci Abstr 1995). Further, the data suggest 
neural mechanisms that may account for perceptual learning in the adult.

PATTERN FORMATION, COMPARTMENTS AND BOUNDARIES I

118.1

POSITIONAL MARKERS IN THE M AM M ALIAN NERVOUS SYSTEM. Z  
Kaprielian*† S. A. Banerjee‡  S. K. O u‡ and P.H. Patterson‡ †Departm en t of 
Pathology, A lbert Einstein College of M edicine, Bronx, NY 10461 and 
‡Division of Biology, Caltech, Pasadena, CA 91125.

Hom eobox (HOX) genes and other transcription factors specify position in 
the Drosophila em bryo and play key roles in pattern ing  the m am m alian 
neural tube. Dow nstream  targets of such regulatory genes are good 
candidates for m ediating region-specific, cell-cell interactions. The hum an  
em bryonal carcinoma cell line, N T 2/D 1, represents a potentially  rich source 
of such targets, as retinoic acid induces the expression of HOX genes and 
neuron-specific m arkers in these cells. In an effort to identify  putative 
dow nstream  targets of the HOX genes, we used  the cyclophospham ide 
im m unosuppression m ethod to generate m onoclonal antibodies (mAbs) that 
preferentially recognize antigens present w ithin RA-treated N T 2/D 1 cells. 
We identified 4 mAbs, CARO 1-4 (for CA udalROstral), that delineate 
position along the anterior-posterior axis of the developing rat central 
nervous system  (CNS). CARO 1-4 label the E15.5 rat CNS from  the extrem e 
caudal end of the spinal cord to rostral lim its in the m idbrain. CARO 1, 3, 
and  4 also define dorsoventral position in the CNS of these em bryos; each 
labels the ventral, bu t not the dorsal, spinal cord. Im m unoblo t analyses 
perform ed w ith m em brane/cytoskeleta l fractions derived  from  E15.5 rat 
spinal cord and hindbrain  show that CARO 2 recognizes a single, detergent- 
soluble 26 kD band, while CARO 1 and  3 each label m ultip le bands that are 
enriched in detergent-insoluble extracts. In addition, CARO 2 labels the cell 
surface. The positionally-restricted expression of the CARO epitopes 
suggests the corresponding antigens as candidates for participating  in 
region-specific, cell-cell interactions w ith in  the developing m am m alian 
neural tube.

118.2

THE FORSE-l/LeX CARBOHYDRATE RECOGNITION 
MOLECULE IS REGIONALLY EXPRESSED ON PHOSPHACAN 
AND ON NEUTRAL GLYCOLIPIDS IN PARTICULAR 
PROLIFERATIVE ZONES OF THE DEVELOPING BRAIN. K.L. 
Allendoerfer*. R.K. Margolis†. J.L, Maenani‡ and P.H. Patterson. Div. 
of Biology, Caltech, Pasadena, CA 91125; †SUNY Hlth. Sci. Ctr., 
Brooklyn, NY 11203; ‡GlycoTech Corp., Rockville, MD 20850.

The FORSE-1 antibody labels a cell-surface carbohydrate epitope on a 
subset of neural precursor cells in embryonic rat brain. We have shown 
that the epitope recognized by FORSE-1 is the LeX oligosaccharide, 
also known as Lew is-X , X, CD 15, or SSE A-1. This epitope has been 
implicated in adhesive interactions during the compaction of 8-cell 
embryos, and may interact with a receptor protein in the hematopoietic 
system. Immunoblots of proteoglycans purified from postnatal rat brain 
extract show that the FORSE-1/LeX epitope is found on phosphacan, a 
chondroitin sulfate proteoglycan synthesized by glial cells that has been 
shown to bind to neural cell adhesion molecules (Milev et al. JCB 127: 
1703, '94). The proteoglycan antigen is much less abundant in 
embryonic than in the postnatal brain, and comparison of the 
immunostaining patterns of FORSE-1 and anti-phosphacan (3F8) shows 
that their expression patterns are not identical. However, FORSE-1 - 
immunoreactive neutral glycolipids can be extracted from embryonic 
brain and visualized by immunostaining thin-layer chromatograms. 
Moreover, the embryonic immunohistochemical staining can be abolished 
by extracting tissue sections with the organic solvents MeOH or 
MeOH/CHCl3 (1:1). Thus the FORSE-l/LeX epitope is expressed on 
several distinct carrier molecules in a developmentally-regulated fashion. 
Its expression on phosphacan and on glycolipids suggests that it may 
modulate the cell-cell interactions mediated by these surface molecules.
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1 1 8 .3

F IB R O B L A S T  G R O W T H  F A C T O R S  (F G F s)  IN  N E U R O M E R IC  
B O U N D A R IE S . I .M a s o n * . R .M a h m o o d . N .C o h e n . N .M o rto n  & 
K .R o b e r ts o n . MRC Brain Development Programme, Div. of Anatomy & Cell 
Biology, UMDS Guy's Hospital, IxMidon SE1 9RT, UK..

D u rin g  its d e v e lo p m e n t, the  v e rteb ra te  neura l tu b e  b eco m es o rgan ised  
into a  series o f  m o rp h o lo g ica l bu lg es  called  n eu ro m eres . A n tero p o ste rio r 
axial l im its  o f  g ene  e x p re ss io n  f re q u e n tly  co rre sp o n d  to  the  positio n  o f 
n eu ro m eric  b o u n d a rie s  an d  su ch  b o u n d a rie s  d e fin e  c o m p a rtm e n ts  o f  
lin eag e  re s t r ic tio n  in  th e  h in d b ra in  an d  d ie n c e p h a lo n .  T h e  la t te r  
o b s e rv a tio n s  p ro m p te d  s p e c u la t io n  c o n c e rn in g  th e  e x is te n c e  o f  
"boundary  ce ll"  p o p u la tio n s  d is tin c t fro m  cell p o p u la tio n s  in  the bodies 
o f  n e u ro m e re s . W e h a v e  re c e n tly  d e m o n s tra te d  th e  e x is te n ce  o f a  
popu lation  o f  n e u ro m e re  (rh o m b o m e re ) b o u n d a ry  ce lls  in  the  av ian  and 
m u rin e  h in d b ra in  w h ic h  a re  d is t in g u is h e d  b y  e x p re s s io n  o f  F g f-3  
(D e v e lo p m e n t 121: 1 3 9 9 -1 4 1 0 , M a h m o o d  e t al su b m itte d ) .  T issu e  
grafting  e x p e rim en ts  in d ica te  th at F g f-3  e x p re ss io n  is d irec tly  linked  to 
the fo rm a tio n  o f  m o rp h o lo g ic a l b o u n d a rie s  an d  is reg u la te d  by  a  cell - 
surface p ro p e r ty  o f  rh o m b o m e re s  th a t has a  tw o -se g m e n t perio d icity . 
Spatial and tem poral s tud ies su g g est ro le s  fo r  F G F -3  in axon  path find ing  
and a n g io g e n e s is  in  b o u n d a ry  reg io n s . A n a ly s is  o f  o th e r  F g fs  f o r  
boundary ex p ress io n  id en tified  F g f-8  a t the m id b ra in -h in d b ra in  ju n ctio n  
in both m ouse  and  ch ick en  em b ry o s (C urr. B iol, in p ress, M orton  e t al in 
prep.), a  reg io n  im p lica ted  in  reg io n a lisa tio n  o f  the  p o s te r io r  m idbrain . 
W e h ave  id en tif ie d  the h ig h  a ff in ity  r e c e p to r  fo r  F G F -3  a s  F G F R -2  
(J.B io l C h e m  in  p re s s )  a n d  s im ila r  s tu d ie s  o n  F G F -8  a re  b e in g  
com ple ted . T h e se  d a ta  have  fac ilita te d  the  id en tif ic a tio n  o f  ta rg e t cell 
p o p u la tio n s  fo r  b o th  F G F s  in  th e  d e v e lo p in g  n e u ro e p ith e l iu m  and  
functional an a ly ses  a re  in p ro g ress . In  ad d itio n , s tu d ie s  c o n c ern in g  the 
interaction o f  F G F -8  w ith  wnt-1 an d  En genes w ill be  p resented .

1 1 8 .5

GENETIC ANALYSIS OF BRAIN DEVELOPMENT IN THE 
ZEBRAFISH
M. Harvey*, A. Schier, S. A bdelilah, S. N euhauss, L. Solnica-Krezel,
D. L. Stemple, J. Malicki, F. Z w artkru is, Z. R anging D. Stainier and  W. 
Driever. C ard iovascular Research Center, M assachusetts General 
Hospital, H arvard  M edical School, 149, 13th Street, C harlestow n, MA 
02129

A large scale m utagenesis screen for em bryonic lethal m utations in 
the zebrafish has resu lted  in the recovery of 195 m utations affecting 
brain developm ent. Of these m utations, fifty affect the m orphology of 
the whole brain  w ithin the first 30 hours of developm ent. M utual 
phenotypes have allow ed us to classify these m uta tions into three m ain 
categories. The fullbrain category contains fourteen m utan ts all of 
which d isp lay  defects in ventricle inflation. The ph en o ty p e  can be 
distinguished by 28 hours post fertilization. P leio tropy exists w ithin 
this class of m utations. All m utan ts d isp lay  either reduced  or lack of 
circulation and four m utan ts d isp lay  reduced  or lack of pectoral fins.
The fala category, w hich consists of eight m utan ts, develops an 
abnormal folding p attern  in the h indbrain , and  can be d istinguished  
during early  som itogenesis stages. All of the m utan ts in this class 
display neural tissue degeneration. M utants in the mindbomb class 
display hyper inflated ventricles, a shortened  body  axis, and  later onset 
of brain degeneration. The pheno type  is distinguishable  by  early 
somitogenesis and is accom panied by a dorsal shifting of lateral 
structures. Future analysis of the fullbrain, fala, and  mindbomb m u tan ts  
should provide a pow erful, in vivo approach  to s tudy ing  brain 
morphology and the genetic control of cell surv ival in the CNS.

11 8 .7

RETINOIC ACID VENTRALIZES THE ZEBRAFISH 
EMBRYONIC RETINA. E.A. Schmitt1*. G.A. Hyatt1 . P. 
M c’Caffery 2 . N.R. Marsh-Armstrong1. K.E. Cunningham1. U .C.. 
Draper2 and J.E. D ow ling1: Deptartment o f Molecular and Cellular 
Biology, Harvard University, Cambridge, MA 021381; E.K. Shriver 
Center, Waltham, MA 021542

Application o f retinoic acid (RA) during the formation o f the eye 
primordia in zebrafish induces an expansion o f ventral retinal 
characteristics and a suppression o f features localized to the dorsal 
retina. For example, systemic RA treatment causes an enlargement 
and persistence o f the optic stalk, a ventral retinal structure. 
Futhermore, RA induces an expansion in the expression o f the ventral 
gene, Pax 2 into dorsal eye regions. On the other hand, the 
expression o f  a dorsal gene, M sh-c  is completely suppressed by RA. 
Finally, local application o f RA using bead implantations induces an 
infolding resembling the ventral fissure at any location around the 
eye.

RA is synthesized in the retina by two retinaldehyde 
dehydrogenases, one localized ventrally and the second dorsally. The 
ventral enzyme arises during the initial stage o f eye differentiation, 
whereas the dorsal enzyme arises after the eye is formed. A 2 hr RA 
treatment during the formation o f  the eye suppresses the activity o f the 
dorsal enzyme when examined at 36 and 48 hrs, with no change in 
the activity o f the ventral enzyme. Older embryos treated later with 
RA (e.g. 24 hrs) showed only a partial decrease in dorsal enzyme 
activity suggesting that the ventralizing effect o f RA is time 
dependent.-

1 1 8 .4

EM BRYO NIC PA TTER N IN G  OF TH E CH IC K  V EN TR A L M IDBRAIN. 
C .W . R agsda le*  and A .G .S . L u m sd en . D ept. Pharm . P hysio l. S c i., 
U n iv . C h ic a g o , C h ic a g o  IL 6 0 6 3 7 ; M R C  B ra in  D e v e lo p m e n t
Program m e, UM DS, G uy's H ospital, London, UK SE1 9RT.

B e g in n in g  d u r in g  e m b ry o n ic  day  3 (E 3 ), w h o le -m o u n t
a c e ty lc h o l in e s te r a s e  (A C h E ) h i s to c h e m is t r y  d e m o n s t r a te s  a 
se rie s  o f lo n g itu d in a l s tr ip es  in c h ick  v en tra l m id b ra in . By 
s tage 26, four w ell-d efin ed  A C hE -rich  s tr ip es , 80 -160  pm  across , 
can be d is tin g u ish ed  b ila tera l to the  f loo r p la te  reg ion . A fifth  
A C h E -d en se  te rr ito ry  w ith  a m ore p o o rly  d e fin e d  la te ra l b o rd er 
is a lso  e v id en t. The A C h E -p o o r tis su e  b e tw een  th e  s tr ip es  is 
narrow  ex cep t be tw een  the th ird  and fo u rth  m ost la te ra l A C hE-
r ich  s tr ip e s ,  w h ich  a re  w e l l- s e p a ra te d  c a u d a l ly  b u t n e a rly  
c o n flu e n t ro s tra lly . In te re s t in g ly , w ith  ag e  the  o th e r  la te ra l 
A C h E -p o o r in te rs tr ip e s  b ro ad en  as w ell. T h is  s ta in in g  p a tte rn  
p e rs is ts  at least th rough  s tage 30 (to E7). B ecause  the c ran ial
f lex u re  im poses an a rcu a te  shape  on th ese  A C h E -rich  s tr ip es  o f 
the ventral m idbra in , we give them  the nam e m id b r a in  a r c s .

The m idbrain  arcs have a gross m orp h o lo g ica l co rre la te . W e 
h a v e  fo u n d  th a t  th e  v e n tr ic u la r  s u r f a c e  o f  th e  v e n tra l  
m id b ra in  is d e lic a te ly  fu rro w e d  by a s e rie s  o f  lo n g itu d in a l  
r id g e s  th a t lie  in r e g is te r  w ith  the  a rc s  d e fin e d  by A C hE  
h isto ch em istry . C o rre la tiv e  stu d ies  fo r D M -G R A S P  ex p ress io n  in 
v e n tra l  m id b ra in  id e n t i fy  th e  m o st m e d ia l  a rc  w ith  th e  
te r r i to ry  o f  th e  o c u lo m o to r  n u c le u s . T h is  c o rre s p o n d e n c e  
su g g ests  that the m idbra in  arcs m ay co n s titu te  a d ev e lo p m en ta l 
p a t t e r n in g  m e c h a n is m  by w h ic h  m id b r a in  n e u ro n s  a re  
a llo c a te d  to d iffe re n t n u c lea r fates.

1 1 8 .6

PATTERNING MUTANTS OF THE ZEBRAFISH RETINA
J. M alicki* L. Solnica-Krezel. S. Neuhauss. D. Stainier and W.
Driever. Harvard Medical School/MGH; CVRC; 13th. St., Bldg.
149; Charlestown, MA 02129

In the course of a large scale mutagenesis screen in 
zebrafish we recovered over sixty mutations affecting eye 
development. At least four of these mutants oko meduzy, glass 
onion, nagie oko and pandora  exhibit drastic disarrangement of 
the retinal neurons. Using cell-type specific m olecular markers 
we show that at least six types of neurons are present in the 
mutant retinas but are localized in abnormal positions.
Positioning of retinal neurons is not identical in all mutants. In 
nagie oko and oko meduzy, photoreceptor cells appear to be 
randomly scattered throughout the retina whereas in glass onion 
they are aggregated in clusters.

In oko meduzy, the mutant phenotype becomes apparent 
before the first neuronal birthdays. In this mutant, mitotic 
divisions are not confined to the ventricular surface of the eye 
neuroepithelium. Reconstructions of individual neuroepithelial 
cells in the mutant show that many of them do not come into 
contact with the ventricular surface. Genetic mosaics indicate that 
loss of the apical contact of the mutant neuroepithelial cells is non 
autonomous. In addition, the number of cell divisions in the 
mutant eye neuroepithelium is two times higher than in the wild 
type. The oko meduzy phenotype suggests that regulation of the 
apical integrity in the developing eye neuroepithelium may play 
an essential role in patterning of the vertebrate retina.

1 1 8 .8

HINDBRAIN PATTERNING IN THE ZEBRAFISH EMBRYO. C. B. Moens 
and C. B. Kimmel*. Inst. of Neuroscience, University of Oregon, 
Eugene, Oregon, 97403-1254 U.S.A.

We are interested in understanding the genetic control of segmen
tation in the vertebrate embryo. Segmentation is evident in the ver
tebrate hindbrain, which is divided into seven or eight reiterated 
units or rhombomeres. By screening mutagenized zebrafish embryos 
for mutations that alter the normal segmental patterns of expression 
o f specific marker genes, we have isolated two mutations at the 
va le n tin o  locus, va lb 3 3 7  and v a lb 3 6 1 , both of which lack visible 
segmentation in the caudal hindbrain. This abnormality is due to the 
absence of almost all of rhombomere 5, and to an apparent alteration 
o f regional identity in rhombomere 7. Valb337‘  ce lls  transplanted 
into wild-type host embryos at the early gastrula stage do not con
tribu te to rhom bom ere 5, and conversely, w ild-type cells trans

planted into va lb337  gastrulae proliferate and form  a cluster of 
ce lls  expressing rhom bom ere 5-specific  m arkers in the mutant 
hindbrain where rhombomere 5 would norm ally be. These mosaic 
analyses suggest that the normal v a le n tin o  gene acts in a cell- 
autonomous manner to cause the proliferation o f cells that would 
normally give rise to rhombomere 5. Our results also indicate that 
va len tino  functions very early in the process o f hindbrain segmen
tation, well before rhombomeres are visible. However, segmental 
divisions seem to be established even prior to valentino  function and 
are maintained in spite of the absence of intervening segments. 
Supported by NIH grants N 517963 and HD22486, and a fellowship 
from the Human Frontier Science Program to C. B. M..
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118.9
DEVELOPMENT OF THE CEREBELUM: REGULATION BY 
RETINOIC ACID SYNTHESIZED IN THE CHOROID PLEXUS.
P. McCaffery *. M. Yamamoto and U. C. Dräger. E.K. Shriver Center, 
Waltham, MA 02254 and Harvard Medical School, Boston, MA 02115 

The developing cerebellum is known to be vulnerable to the 
teratogenic effects of retinoic acid (RA). A high susceptibility to 
exogenous RA points to a normal role of endogenously synthesized 
RA, possibly indicating that a precisely regulated spatial and temporal 
distribution of the endogenous compound is essential for normal 
cerebellar development. In assays for expression o f RA synthesizing 
enzymes in the region of the developing rodent cerebellum, we find that 
the cerebellum itself exhibits very low RA synthetic capability, but the 
closely associated choroid plexus of the fourth ventricle expresses high 
levels of retinaldehyde dehydrogenase. RA synthesis by the choroid 
plexus shows two pronounced maxima, the first peak occurring at 
embryonic day 18 in the mouse and the second peak at postnatal day 6- 
8, suggesting that it may correlate with two, distinct developmental 
events in the cerebellum. To determine whether the biphasic nature of 
RA synthesis in the choroid plexus relates to neuronal differentiation, 
we set up choroid plexus and cerebella cocultures. These cultures 
demonstrate that a diffusible factor is released from the choroid plexus 
which promotes neurite outgrowth from the cerebellum. Neurite 
induction by the choroid-plexus has the same biphasic time course as 
the RA-synthetic enzyme, and the effect can be mimicked by 
exogenous RA. These observations point to a role o f the choroid 
plexus in addition to its known function in CSF production: it exerts a 
neurite-outgrowth promoting activity which may be mediated through 
RA secretion. Supported by R01 EY03819 and a gift from Johnson & 
Johnson.

118.11
GENOMIC ORGANIZATION OF THE REELER GENE REGION. C. Lambert de 
R ouvro it, I. Bar, I. Royaux, B. Bernier, A.M. G o ffin e t*  Dept. 
Physiology, FUNDP Med. Sch. B5000 Namur, Belgium

A stron g  candidate fo r the  gene a ffe c te d  by the  mouse 
neurological m u ta tio n  ree le r, dubbed re e lin , has re ce n tly  been 
cloned using a transgenic insertion m u ta tio n  (D 'A rcange lo  e t al 
Nature 374 : 7 1 9 -2 3 , 1 99 5). We have cloned the corresponding 
genomic region as a YAC contig  from  which several gene fragm ents 
are being characterized, including exons o f the  reelin  gene. The 
reelin  cDNA is encoded by a genomic interval extending over 250- 
300 kbp, between m icrosatellites D5Mi t 61 and D5M it72. The 5' end 
of the gene is close to  D 5M it72 , associated w ith  a CpG island mapped 
by the clustering of BssHII and Sall sites. The 3' end maps distally to  
D 5 M it6 1 , w ith in  an interval o f ≈ 150 kbp which is dele ted in r l / r l  
m utant mice. A lte ra tions in the reelin gene have been dem onstrated 
in at least four alleles o f the  ree le r  m u ta tion , suggesting s trongly 
th a t d e fe c ts  o f reelin are indeed responsib le  fo r th e  re e le r  
phenotype. A t least tw o  exons th a t belong to  a gene d is tinct from  
reelin have been isolated from  the  genomic region th a t is deleted in 
r l/r l  DNA. There is evidence th a t one o f these exons corresponds to  a 
gene which is embedded in an in tron  from  the  reelin  gene. These 
exons are not homologous to  any expressed sequence tag described in 
databases. Using a com bination o f cDNA a ffin ity  capture and exon 
trapping, several o ther candidate gene fragm ents have been isolated 
from the YAC contig. One o f them  corresponds to  the mouse gene for 
subunit 7 o f the  26S proteasom e. The o ther fragm ents have no 
significant homologs in databases. The characterization o f those genes 
is in progress in order to  build a transcriptional map o f the region.

NEUROTROPHIC

118.10

A N E W  W R I N K L E  O N  C E R E B E L L A R  
C O M P A R T M E N T  A T I O N :  G R A N U L A R  L A Y E R  
P A T C H E S  R E V E A L E D  T H R O U G H  IN T R I N S I C  
FO L D IN G  P A T T E R N S
R. Hawkes* and K. O zol. (1) Dept. Anatomy and Neuroscience 
Research Group, U. o f Calgary, Calgary, Alberta T2N 4N1, Canada.

The cerebellum has a stereotyped and com plex topography. 
Zebrin II is a 35 kDa antigen confined in the cerebellum to a subset of 
Purkinje cells that form 14 parasagittal bands interposed by non- 
immunoreactive bands o f Purkinje cells. Functional mapping o f the 
granular layer suggest that much finer compartmentation is present. 
Frontal and sagittal sections o f mouse cerebellum perfused with 70% 
ethanol and paraffin-embedded wrinkle elaborately when rehydrated. 
Wrinkles are confined to the granular layer, and the pattern of 
wrinkling is symmetrical about the midline and reproducible from 
section to section and between individuals. 3-D reconstruction 
reveals that the granular layer throughout the cerebellum is subdivided 
both rostrocaudally and mediolaterally into hundreds o f small 
patches. When wrinkled sections are zebrin II immunostained, 
boundaries in the granular layer align with the Purkinje cell 
compartments, but also reveal that the topography of the cerebellum is 
significantly more elaborate than zebrin immunoreactivity alone 
suggests. The patches revealed by the wrinkling may be the 
anatomical counterparts o f the fractured somatotopic map.

118.12
MULTIPLE SILENCERS REGULATE EXPRESSION OF THE GENE FOR 
THE NEURON-GLIA CELL ADHESION MOLECULE, Ng-CAM: P. Kallunki. S. 
Jenkinson, G.M. Edelman*, and F S. Jones. Department of Neurobiology, The 
Scripps Research Institute, La Jolla, California 92037.

Ng-CAM is a cell adhesion molecule of the immunoglobulin superfamily 
whose expression is restricted to the nervous system. Ng-CAM plays an initial 
role in axonal guidance and fasciculation during neural development. The 
factors that regulate the expression of neural CAMs such as Ng-CAM are 
largely unknown. To identify such factors, we have characterized several DNA 
sequences that control the expression of the Ng-CAM gene. Ng-CAM genomic 
clones were isolated, a single RNA start site was mapped, and the sequence 
of the proximal promoter and the first intron was determined. The proximal 
promoter region contained SP1 and CRE motifs. Regulatory elements were 
also identified in a 305 base pair segment of the first intron. These included 
five neuron-restrictive silencer elements (NRSEs) and a sequence resembling 
a binding site for Pax gene products. Ng-CAM gene reporter constructs were 
examined for activity after transfection into N2A neuroblastoma and NIH3T3 
fibroblast cells. Constructs containing the Ng-CAM proximal promoter together 
with the entire first intron were active in N2A cells but were silenced in 
NIH3T3 cells. This silencer activity was mapped to the segment of the first 
intron containing the NRSEs and the Pax motif. In gel mobility-shift 
experiments, a DNA probe containing the Pax motif bound to a member of the 
Pax protein family, Pax-3. Mutations introduced in the ATTA within the Pax 
motif but not its GTTCC sequence eliminated this binding, suggesting that 
paired homeodomain interactions are important for Pax-3 recognition of this 
DNA target sequence. The combined data suggest that neuron-restrictive 
silencers and Pax proteins may be important regulators of Ng-CAM gene 
expression during neural development and prompt a search for similar control 
elements in other neural CAM genes.

I: BIOLOGIC EFFECTS I

119.1
INDUCTION OF SCHWANN CELL HYPERPLASIA IN VIVO AFTER 
INTRACEREBROVENTRICULAR ADMINISTRATION OF NERVE GROWTH 
FACTOR. J. Winkler. G.A. Ramirez. H.G. Kuhn. D.A. Peterson. M.H. 
Tuszynski. F.H. Gage and L.J. Thal*. Dept. of Neurosciences, UCSD, 
San Diego, CA 92093.

Nerve growth factor (NGF) acts as a neurotrophic factor for 
cholinergic neurons of the basal forebrain. To define NGF actions on 
other cells in the CNS we examined the medulla oblongata and the 
upper cervical spinal cord of rats with quisqualic induced nucleus 
basalis lesions (n=72; control, n=31) which were trea ted w ith 7 
weeks of in tracerebroventricu la r (iev) NGF (5 μ g/day) or cyto 
chrome c (cc). At the end of treatm ent both structures were sur
rounded by atypical hyperplastic tissue with numerous vessels. This 
tissue was com posed of cells which were im m unohisto logica lly  
characterized as Schwann cells. Abundant sensory and sympathetic 
neurites were observed associated with Schwann cells. The mean 
thickness of this Schwann cell layer was 202.3±17.9 μ m, whereas 
the thickness of the pia-arachnoid in cc-treated and control animals 
was 42.0±2.1 μ m (p<0.05). Following NGF withdrawal for 2, 8, 12, 
and 52 weeks, the Schwann cell hyperplasia decreased significantly at 
8 and 12 weeks and disappeared completely by 52 weeks. No neurites 
could be detected 8 weeks after NGF withdrawal. These data indicate 
that NGF caused a significant, but transient Schwann cell hyperplasia 
and sprouting of sympathetic and sensory neurites in adult rats. These 
data im ply tha t chronic icv adm in is tra tion  of NGF m ay e lic it 
unexpected responses which might have possible detrimental effects.

119.2

HYPERPLASTIC CHANGES W ITHIN THE LEPTOM ENINGES IN 
RESPONSE TO CHRONIC ICV INFUSION OF NERVE GROWTH  
FA C T O R . G.R. Stewart*. P.A . Day -L ollin i. M.J. Tay lor. R.M. 
Johnson and G.J. Chellman. Syntex Research, Palo Alto, CA 94303.

The clinical use o f nerve growth factor (NGF) in the treatment of 
Alzheimer's Disease may require chronic administration directly to the 
brain using intracerebroventricular (icv) infusion. As a preclinical model, 
recombinant human nerve growth factor (rhNGF) was delivered for four 
to six months icv to CD rats and cynomolgus monkeys. For continuous 
icv delivery, a cannula was implanted into the lateral ventricle and 
connected to a subcutaneously implanted osm otic minipump that was 
changed monthly. Rats received doses o f 0 (vehicle), 6 , 60, or 300 
ng/day; monkeys received 0, 0.6, 6 , or 60 μ g/day rhNGF.

Animals tolerated six months o f icv infusion with no overt behavioral 
signs attributable to rhNGF treatment, although body weight gain was 
transiently depressed in rats at the highest dose. At the completion of 
dosing, histological examination in rats and monkeys revealed an increase 
in the thickness of the leptomeninges along the ventral and lateral surfaces 
of the hindbrain and extending over the dorsal aspects o f the spinal cord. 
Within the pia-arachnoid, there were numerous myelinated and unmyelin
ated axons traversing through layers o f well-differentiated cells of 
presumptive glial origin. The morphology suggested hyperplasia of 
normal cellular elements restricted to the meninges and without evidence 
of similar changes in the brain parenchyma. Leptomeningeal thickening 
was present to varying degrees in animals at all rhNGF doses, but tended 
to be more severe at higher doses. These unanticipated findings suggest 
that chronic icv delivery o f NGF has stimulated axonal sprouting which 
has induced a proliferation of glial-like support ce lls within the pia- 
arachnoid.
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CNTF GENE TRANSFER TO THE BRAIN USING AN ADENOVIRUS VECTOR 
INDUCES ASTROGLIAL DIFFERENTIATION. M. Peschanski*. F. Lisovoski. E. 
Peltékian. S. Akli. E. Vigne. G. Haase. P.A. Dreyfus and A. Kahn. INSERM U421, 
94010 Créteil ; INSERM U129, 75014 Paris ; CNRS/RPR 1301, 94805 Villejuif, 
France.

CNTF is a neuroactive cytokine with neuroprotective potential. It is present in the 
central nervous system, along with its specific receptor. The biological role of the 
protein is, however, poorly characterized and intracerebral injections of the recombinant 
protein have led to variable results. In order to analyze more precisely the biological 
effect of a continuous release of CNTF in the CNS, we have constructed, using a 
plasmid generously provided by Drs Sendtner and Thoenen, a replication deficient 
adenovirus vector, recombinant for the CNTF gene attached to a sequence encoding the 
NGF signal-peptide.

Injection of the viral suspension into the striatum (total of 6.107 pfu, in 6 μ1) was 
followed by expression of the transgene in neurons and a few glial cells in an area 
immediately surrounding the needle track, as previously described for adenoviral transfer 
to the brain (Akli et al., Nature Genet, 1993). W ithin 48 hours, astroglial 
differentiation -characterized by increased GFAP and CNTF content and moderate 
morphological changes- was observed in large portions of the striatum, but also in 
projection sites of striatal neurons such as the globus pallidus and the substantia nigra 
pars reticulata. This was blocked by intraventricular injection of colchicine, confirming 
that the effect was due to a transported protein. These effects of CNTF-adenovirus 
infection were still present after 6 weeks. Using various immunohistochemical and 
histochcmical markers, it was verified that neurons, microglia and endothelial cells 
were unaltered. There was no labeling for MHC antigens.

It is concluded that long term expression of a transgene encoding a sccretable form of 
CNTF induces persistent phenotypic differentiation of astrocytes. These results suggest 
that CNTF may play a role, in the CNS, as an astroglial signal for astrogliosis, when 
released into the extracellular space. It remains to be defined under which conditions 
this molecule, which does not have a signal peptide, can be released.

119.5

GDNF, A N EU R O TR O PH IC  FA C TO R  FOR C EN T R A L  
NORADRENERGIC NEURONS IN VIVO. Ernest Arenas*. M iles 
Trupp. Peter Akerud and Carlos Ibáñez . Lab Molecular Neurobiology, 
MBB, Karolinska Institute, S-17177 Stockholm, Sweden.

The locus coeru leu s (LC), the m ain  n orad ren ergic n u c leu s  in  
the brain, p a rtic ip a tes  in  m a n y  n eu ra l fu n c tio n s  an d  it is  
severely affected  in  m an y  n eu ro d eg en er a tiv e  d isord ers . W e 
have fou n d  that g lia l ce ll lin e -d e r iv e d  n eu ro tro p h ic  factor  
(GDNF), a factor in itia lly  id en tified  as d op a m in o tro p h ic  and  
expressed in target tissu es  o f m idbrain  d op am in erg ic  n eu ron s, 
is a lso  e x p r e ss e d  in  s e v e r a l ta r g e ts  o f  a d u lt  c e n tra l 
noradrenergic neu ron s. In ad d ition , w e  h a v e  tested  the ability  
of GDNF to regu la te th e p h e n o ty p e  an d  p rev en t the d eath  o f 
LC n o rad ren erg ic  n e u r o n s  in  v iv o  u s in g  tr a n sp la n ts  o f  
genetically en g in eered  fibroblasts exp ress in g  h igh  le v e ls  o f the  
factor. G D N F  p r ev e n ted  th e  6-h y d r o x y d o p a m in e -in d u c e d  
degeneration o f n oradrenergic n eu ron s in a m o d el resem b lin g  
the cell lo ss  o f A lzh eim er's d isea se  in the LC. W e p r e v io u s ly  
reported  th a t N T 3  a ls o  p r o m o te d  s u r v iv a l  o f  b ra in  
noradrenergic n eu ron s, h o w ev er , o n ly  G D N F  in d u ced  a robust 
sprouting and  a d ram atic  in d u c tio n  o f th e  n ora d ren erg ic  
p h en o ty p e . O u r f in d in g s  r e v e a l a n o v e l  a n d  p o te n t  
neurotrophic a c tiv ity  o f  G D N F , th at m a y  h a v e  p o ten tia l 
application in  th e treatm ent o f n eu ro d e g e n e r a tiv e  d isea ses  
affecting central noradrenergic neu ron s.

119.7

NEUROTROPHIC FACTORS PREVENT THE LOSS OF CHOLINE 
ACETYLTRANSFERASE (ChAT) AND EXPRESSION OF NITRIC 
OXIDE SYNTHASE (NOS) FOLLOWING AXOTOMY OF MOTOR 
NEURONS IN ADULT RATS. A.Y. Chiu*. S. Loera. A. Rosenthal1, S. 
Mever2 and M.A.Glicksman2. Beckman Res.Inst., City of Hope, Duarte, CA, 
1 Genentech, South San Francisco, CA, 2 Cephalon, West Chester, PA.

Trophic molecules can rescue immature motor neurons that normally die 
during development or after injury. Mature motor neurons survive axotomy, 
but show a loss of ChAT mRNA and protein, and a rise in NADPH 
diaphorase activity reflecting the expression of NOS. We compared the 
ability of different trophic factors to abrogate these injury-induced changes 
in adult rats. All the neurotrophins prevented the loss of ChAT, but to 
different extents. NGF rescued ChAT-immunoreactivity in a small number 
of neurons at all dosages tested. Equivalent doses of NT-3 were more 
effective; however, BDNF and NT4/5, two ligands of the trk B receptor, 
protected up to 70% of neurons from loss of ChAT in a dose-dependent 
manner. Neuroprotective activity was not restricted to this family of 
polypeptides. IGF-I also prevented the loss o f ChAT-immunoreactivity. Two 
members of the neuropoietin family that share the same receptor system 
differed in their ability to prevent the loss of ChAT. While CDF/LIF had a 
positive effect, CNTF may accentuate the loss of ChAT that accompanies 
axotomy. At higher doses, BDNF and NT4/5 also prevented the rise in NOS 
normally seen in injured motor neurons. These results demonstrate that 
mature motor neurons respond to neurotrophic agents in vivo in a selective 
and dose-dependent manner. Supported by NICHHD RO1 HD26810 (AYC).

119.4
BONE MORPHOGENETIC PROTEINS INDUCE THE ELABORATION OF 
DIFFERENT MACROGLIAL LINEAGE SPECIES FROM DISTINCT 
PROGENITOR CELL STAGES. M F. Mehler*. A L  Papavasiliou. P C. Mabie. 
R. Marmur. S. Qingbin. R. Cohen. R. Gross. J.A. Kessler. Depts. 
Neurology/Neuroscicnce, Albert Einstein Coll. Med., Bronx, NY 10461

The organization of lineage intermediates and the patterns and 
mechanisms of actions of inductive signals that orchestrate astroglial development 
in the mammalian brain are poorly understood. Application of four subclasses of 
bone morphogenetic proteins (BMPs; 1-20 ng/mi) o f the TGFβ superfamily to 
multipotent embryonic subventricular zone (SVZ) progenitor cells results in the 
preferential elaboration of glial fibrillary protein-immunoreactive astrocytes. To 
investigate the direct cellular targets of the BMPs, SVZ progenitors and two clonal 
0-2A progenitor cell lines at different stages o f cellular maturation were examined. 
When SVZ cells were pre-treated with basic fibroblast growth factor to induce 
early 0-2A progenitor cells and subsequently exposed to the BMPs, a larger 
complement of more advanced 0-2A cells (A2B5-04+) was generated. BMP 
treatment of one cell line with an earlier developmental phenotype (O4-) 
potentiated the expression of more mature oligodendroglial (OL) progenitor 
species, while treatment of the more advanced (04+) line, preferentially induced 
the elaboration of advanced astrocyte species. Early BMPs treatment of purified 
postnatal 0-2As promoted the development of mature astrocytes and down- 
regulated the expression of OLs. By contrast, delayed BMP application attenuated 
the astrocyte inductive effect. Early neural stem and progenitor cells express 
transcripts for activin-like kinases (ALKs) 3 and 6, two putative BMP type I 
receptors, while immature OLs only express ALK3. These observations suggest 
that the BMPs selectively program the elaboration of the astroglial lineage by 
direct actions on two developmental windows: pre-0-2A progenitors and early OL 
lineage forms.

119.6

GDNF AND BDNF INHIBIT THE INDUCTION OF NOS AND 
PREVENT THE DEATH OF ADULT RAT SPINAL MOTONEURONS 
FOLLOWING ROOT AVULSION. W. Wu*1. L. Li2. J.O.Penix1. Y . Gu1. 
H. Liu1. D.M.Prevette2. L.J.Houenou2. R.W.Oppenheim2. 1Neurosurgery, 
Eastern Virginia Medical School, Norfolk, VA 23501, 2Neurobiology and 
Anatomy, Bowman Gray School of Medicine, Winston-Salem, NC 27157.

Our previous studies have demonstrated that following root avulsion 
adult rat spinal motoneurons express NOS prior to their degeneration. 
Although a number of studies have shown that neurotrophic factors can rescue 
motoneurons from axotomy-induced cell death in neonatal mammals, it is not 
known whether any of these factors can promote motoneuron survival 
following injury in the adult. The present study investigated effects of GDNF, 
BDNF, CNTF, and IGF-I on adult motoneuron survival following spinal root 
avulsion. Expression of NOS, c-jun, and LNGFR following treatment with 
these neurotrophic factors was also examined. In control animals, about 80% 
of spinal motoneurons were NOS positive by 3 weeks following the lesion. In 
GDNF or BDNF treated animals no NOS positive motoneurons were found at 
the same post-injury time. Most motoneurons in GDNF or BDNF treated 
animals, however, were c-jun and LNGFR positive. By 6 weeks following the 
lesion, only about 25% of motoneurons survived in control animals while 
about 90% of motoneurons survived following treatment with either GDNF or 
BDNF. CNTF and IGF-I were ineffective either in inhibiting NOS expression 
or in rescuing motoneuron death. These data indicate that the survival of 
injured adult mammalian motoneurons can be promoted by known 
neurotrophic factors, and that this effect is associated with altered expression 
of molecules such as NOS.

119.8

WHISKER-RELATED PATTERNING IN THE CEREBRAL CORTEX 
OF trkA, trkB, OR trkC KNOCKOUT MICE. T.A. Henderson*. T.M.
Mosconi. D.R. Foschini. I. Silos-Santiago. M. Barbacid & M.F. Jacquin. 
Neurology, Washington University School of Medicine, St. Louis, MO 
63110; Molecular Biology, Bristol-Myers Squibb, Princeton, NJ 08543.

It has recently been suggested that neurotrophins have an important role in 
CNS pattern formation. For example, Henderson et al. (J. Neurosci. 14, ’94) 
found that excess NGF during a critical prenatal period interrupts pattern 
formation in the rat whisker-barrel neuraxis and hypothesized that the NGF 
effect is due to preservation of supernumerary ganglion cells. To further 
examine this issue, the "converse" paradigm was pursued in mice 
homozygous for gene deletion of the neurotrophin receptors trkA, trkB, or 
trkC . Animals were sacrificed at various postnatal ages when cortical patterns 
are normally present and tissues were also obtained for PCR. Tangential 
sections through the somatosensory cortex were processed for cytochrome 
oxidase activity. In all PCR-confirmed homozygotes, cortical whisker-related 
patterns, cytochrome oxidase staining intensity, and single patch dimensions 
were indistinguishable from those of heterozygotes and wild-type controls. 
Barrel-like patterns were also present in similarly prepared cortices from p75 
(low-affinity neurotrophin receptor) knockout mice. These results suggest that 
deletion of the gene for a single neurotrophin receptor mediating actions of 
NGF, BDNF, NT-3, and/or NT-4 does not prevent the formation of whisker- 
related patterns in the barrel cortex, despite the loss of large numbers of 
trigeminal ganglion cells. This is reminiscent of the normal barrel patterns 
that develop in NGF autoimmune guinea pigs (Sikich et al., J. Neurosci. 6, 
’86). We view the presence of normal patterns in the cortices of knockout 
mice as reflecting redundancy in functional neurotrophin receptors in whisker- 
projecting ganglion cells. Supported by NIH DE07734, NS17763.
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119.9

RAPID EFFECTS OF BDNF ON RETINAL GANGLION CELL AXON 
REMODELING IN VIVO. S. Cohen-Cory* and S. E. Fraser. Division of 
Biology, California Institute of Technology, Pasadena, CA 91125.

Previous studies suggest an important role for BDNF in the development of the 
visual system in Xenopus. BDNF promotes the survival and differentiation of 
retinal ganglion cells (RGCs) in culture, and is expressed in the eye and tectum of 
developing tadpoles. In addition, specific, full-length TrkB receptors are expressed 
by developing RGCs (Cohen-Cory and Fraser, Neuron 12, 747-761, 1994). Our 
recent in situ hybridization studies indicate that in the retina, BDNF is expressed 
by RGCs, suggesting autocrine/paracrine modes of neurotrophic control. In the 
tectum, BDNF is expressed by the cells that give rise to the dendritic neuropil in 
which RGC axons arborize, suggesting a target-derived role for this neurotrophin.

To examine the potential target-derived roles of BDNF during retinotectal map 
formation, we analyzed the dynamics of RGC axon arborization in live tadpoles in 
which BDNF tcctal levels were experimentally altered. Individual RGCs were 
labeled with Dil and the branching patterns of their axons were followed in vivo by 
confocal microscopy after injection of BDNF or anti-BDNF into the subpial space 
overlying the optic tectum. Analysis of the dynamics of axon branching showed 
that BDNF significantly increased retinal axon arbor remodeling, promoting an 
increase in the rate of branch addition and elongation. These effects were observed 
after the first 2 hrs of treatment and were maintained throughout the total 
observation period (24 hrs). In contrast, treatment with antibodies to BDNF that 
specifically block its function (a gift of J. Carnahan, AMGEN; Ghosh et al., 
Science 263; 1618-1623; 1994) resulted in a significant decrease in arbor 
remodeling and complexity over time. Together, our results provide evidence for a 
role for BDNF as a target-derived neurotrophic factor for RGCs and show, for the 
first time, a rapid effect in arbor remodeling and the involvement of this 
neurotrophin in the dynamic elaboration of axon terminals. These results suggest a 
direct role for neurotrophins during map formation in the developing CNS 
(Supported by the Helen Hay Whitney Foundation and NIMH grant MH49176).

119.11

NGF REPLACES VISUAL EXPERIENCE IN THE DEVELOPMENT OF 
THE RAT VISUAL CORTEX. T Pizzorusso‡† V. Porciatti‡  J. Tseng§, P.
Aebischer§. L. Maffei‡†. † Scuola Normale Superiore, Pisa, Italy; ‡ ‡Istituto di 
Neurofisiologia CNR, Pisa, Italy; §Division Autonome de Recherche Chirurgicale, 
CHUV Lausanne, Switzerland (SPON: European Brain and Behaviour Society).

Visual experience during early postnatal life plays a crucial role in the 
development of the visual system. As in other mammals, dark rearing (DR) from 
birth impairs the normal maturation of the visual cortex of the rat (Vis. Res., 34 
709-720). The neural correlate of visual experience is electrical activity. Recently, 
it has been shown that neurotrophins (NGF, BDNF) are involved in the activity- 
dependent plasticity of the visual cortex. We have tested the hypothesis that 
chronic treatment with NGF can prevent the visual deficits induced by dark 
rearing. NGF was administered by implantation into the lateral ventricles of a 
thermoplastic hollow capsule containing fibroblasts genetically engineered to 
produce NGF, or control fibroblasts. Electrophysiological recordings were 
performed in three groups of animals; rats reared in a normal environment, DR 
rats implanted with control capsules and DR rats implanted with NGF producing 
capsules. DR rats were reared in total darkness from birth, implanted with the 
capsules at P I4, and recorded at P45. Either single cell activity or Visual Evoked 
Potentials (VEPs) in response to alternating gratings of various spatial and 
temporal frequency were recorded. We found that in rats transplanted with control 
capsules the properties of the cells remained, as expected, immature; orientation 
selectivity was poor and 80% of the cells showed response adaptation to repeated 
stimulation. VEP latency, and VEP spatial and temporal resolution were also 
impaired. In DR rats transplanted with NGF producing capsules, these parameters 
were in the range of normality. We conclude that NGF allows the development of 
the response properties of the visual cortex in DR animals.

119.10

BRAIN-DERIVED NEUROTROPHIC FACTOR RAPIDLY ENHANCES 
SYNAPTIC TRANSMISSION IN HIPPOCAMPAL NEURONS VIA 
POST-SYNAPTIC TRK RECEPTORS. E.S. Levine*. C.F. Dreyfus. I.B. 
Black, and M.R. Plummer. Dept. Neuroscience & Cell Biology, Robert 
Wood Johnson Medical School, Piscataway, NJ 08854 and Dept. 
Biological Sciences, Rutgers Univ., Piscataway, NJ 08855.

Although neurotrophins are primarily associated with long-term 
effects on neuronal survival and differentiation, recent studies have 
shown that acute changes in synaptic transmission can also be 
produced. In the hippocampus, an area critically involved in learning 
and memory, we have found that brain-derived neurotrophic factor 
(BDNF) rapidly enhanced synaptic efficacy through a novel 
mechanism, increased post-synaptic responsiveness via a 
phosphorylation-dependent pathway. Application of BDNF (10-50 
ng/ml) produced a two-fold increase in the firing rate of cultured 
hippocampal neurons. Whole-cell voltage clamp recordings revealed a 
similar enhancement in the frequency and amplitude of excitatory 
post-synaptic currents (EPSCs), which was blocked by bath 
application of the trk receptor tyrosine kinase inhibitor K-252a. The 
increased EPSC frequency was a consequence of the change in 
presynaptic firing. The increased amplitude, however, appeared to be 
post-synaptic in origin since it was selectively blocked by intracellular 
injection of K-252a in the post-synaptic cell, and potentiated by 
intracellular injection of the phosphatase inhibitor okadaic acid. These 
results suggest a central role for BDNF in the modulation of synaptic 
transmission in the hippocampus. (Supported by NICHD grant #HD- 
23315 and AHA Grant in Aid #93-G53)

119.12

SYMPATHETIC NEURONS IN NEONATAL RATS REQUIRE 
ENDOGENOUS NEUROTROPHIN-3 FOR SURVIVAL X.-F. Zhou* 
and R. A. Rush. Dept. Physiol. Flinders Univ., Adelaide, Australia.

Gene deletion of neurotrophin-3 (NT3) in mice results in severe 
sensory and sympathetic deficits that are incompatable with post-natal 
life . We have now addressed the question of what role NT3 plays in the 
post-natal animal. An antiserum specific for NT3 and capable of 
blocking the survival effect of the factor in vitro has been generated and 
given to neonatal rat. Antiserum administration during either or both of 
the first two post-natal weeks resulted in a 54 to 74% reduction in the 
size of the superior cervical ganglia, reflecting a loss of as many as 80% 
of all neurons. Immunohistochemical analysis revealed that the NT3 
antiserum affected neuropeptide Y (NPY)-ir neurons within the ganglia 
and immunoreactivities of NPY, tyrosine hydroxylase (TH) and the low 
affinity NGF receptor (p75LNGFR) o f nerve terminals within the 
mesenteric artery. Calcitonin gene related peptide (CGRP)-ir in this 
tissue was also slightly affected. These results demonstrate that the 
majority o f sympathetic neurons of the neonatal rat are dependent on 
endogenous NT3 for their survival and expression o f TH, NPY and 
p75LNGFR, at a time when they are also dependent on another survival 
factor, NGF. Thus the present study has provided a clear example of a 
population of neurons requiring for their survival the simultaneous 
supply of more than one trophic factor.

VISUAL CORTEX: EXTRASTRIATE— DORSAL STREAM I

120.1
MOTION PROCESSING IN EXTRASTRIATE CORTICAL AREAS 
IN THE CALIFORNIA GROUND SQUIRREL. M Paolini*. N. Freel- 
ing and M. I. Sereno. Cognitive Science Department, University of Califor
nia San Diego, La Jolla CA 92093-0515.

Previous work, mostly in cats and primates, has established that visual 
motion is processed in several sequential stages in extrastriate cortex. Much 
less is known about the role of extrastriate cortical areas in visual motion 
processing in rodents. We wanted to characterize the physiological 
properties of neurons in cortical areas involved in motion processing in the 
ground squirrel (Spermophilus beecheyi)— a fast-moving, highly visual 
rodent with an extensive visual cortex that is 3 to 4 times the size of rat 
visual cortex. Several areas lateral to V2 and V3—areas ML, L, and TP— 
had previously been identified using a combination of electrophysiological 
mapping and cytoarchitectural features (Sereno et al., 1991). Observations 
during mapping suggested that these areas might be involved in motion 
processing. Also, the position, myelination, and dense cytochrome oxidase 
staining of TP suggested similarities to primate MT and, perhaps, MST.

Acute extracellular recordings were made in areas ML, L, and TP in 
urethane-anesthetized animals. The speed, shape, texture, and size of an 
object, and the speed and direction of a textured background were varied. 
Moderately rapid serial visual presentation (2-6 stimuli/sec) was employed 
to allow the collection of a wider set of parameters combinations from each 
cell. In areas L and ML, we found cells with sharp direction tuning and 
preference for moderately high object speeds (20-50 deg/sec). These cells 
have rather large receptive fields (20 deg dia. near the visual streak). 
Direction tuning is consistently maintained with changes in the size, shape, 
and receptive field position of the object, but the response is often inhibited 
by the presence of background motion. In TP, we have not yet found 
substantial direction tuning for object motion. However, vigorous visual 
responses throughout large receptive fields that encompass much of the 
visual field suggest that this area may be involved in processing flow fields.

Supported by MH47035 and UCSD McDonnell-Pew Cognitive 
Neuroscience Center.

120.2
THE EFFECT OF MT LESIONS ON DIRECTION DISCRIMINATION AND ON 
ORIENTATION DISCRIMINATION OF KINETIC GRATINGS IN THE 
MACAQUE. K. Lauwers (1). R.C. Saunders (2). B. De Bruyn (I). R. Vogels (1). 
E. Vandenbussche*( 1) and G.A. Orban ( I ) . (l)Laboratorium voor Neuro- en 
Psychofysiologie, K.U.Leuven, B-3000 Leuven, Belgium (2)Clin. Brain Disorders 
Br., NIMH, Bethesda, MD 20892

Lesions that involve MT and neighbouring areas produce an impairment in motion 
tasks. We examined the effects of restricted MT lesions on direction discrimination 
and on orientation discrimination of kinetic gratings. The rhesus monkeys initially 
received complete transsection of the corpus callosum and the anterior comissure. 
Both monkeys were trained for different motion tasks. In the first task the monkeys 
had to discriminate the direction of a moving random dot field (speed 8 deg/sec). In 
the second task, they had to discriminate the orientation of a grating, defined by 
relative differences in direction. The monkeys then received a unilateral MT lesion 
made by aspiration of the posterior bank of the STS. Postoperatively a motion 
segmentation task (Schiller P., 1993, Vis Neurosci, 10, 717) was used to map the 
lesion effect within the visual field in order to confine the stimuli presentation to that 
specific location of the visual field (12.5 deg and 20 deg eccentricity at the 45 deg 
diagonal of the lower visual field). As a result both monkeys were tested on the 
motion tasks at two eccentricities in both quadrants of the lower hemifield. The 
restricted removal of MT greatly increased the Just Noticeable Differences (JNDs) for 
direction. The increase of the JNDs was larger for a stimulus diameter of 5 deg than 
for 10 deg. The orientation discrimination of the kinetic boundaries (diameter 10 
deg) for one monkey were severely affected at 12.5 deg eccentricity. The impairment 
in the second monkey was only visible for a smaller diameter (5 deg at 12.5 deg 
eccentricity and 7 deg at 20 deg eccentricity). In contrast, performance on 
orientation discrimination defined with luminance boundaries was not impaired. 
These findings suggest that area MT is involved in direction discrimination and in 
processing of boundaries defined by relative differences in direction.
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SEGMENTATION BY COLOR DOES NOT ENHANCE MOTION 
DISCRIMINATION BY MT NEURONS
Lisa J. Croner* and Thomas D. Albright. Salk Institute, La Jolla, CA 92037.

Color vision facilitates the segmentation of complex retinal images into con
stituent objects of the visual scene. The use of color as a segmentation cue strongly 
enhances human subjects' ability to discriminate direction of targets moving in the 
presence of dynamic noise (Croner & Albright, 1994, I.O.V.S. (Suppl.), 35:1643). 
Because cortical area MT is known to be important for perceptual choice based on 
motion signals, we investigated whether activity of MT neurons can account for this 
chromatic influence on motion perception.

We recorded activity of single neurons in area MT of fixating rhesus monkeys 
while visual stimuli were presented in the neurons' receptive fields. Stimuli were dy
namic displays of bright dots, a variable fraction of which moved in the same direc
tion at the same speed (motion signal), while the remaining dots were displaced 
randomly (noise). Two stimulus configurations were used. In the homochromatic 
condition, all dots were the same color, as in previous studies (Newsome et al., 1989, 
Nature, 341:52). In the novel heterochromatic condition, signal dots were a different 
color from noise dots. These stimuli were identical to those used in our human psy
chophysical experiments, but animals were not required to indicate perceived motion 
direction. ROC analysis generated neurometric functions expressing each neuron's 
capacity to discriminate motion in its preferred versus anti-preferred direction.

Neuronal direction discrimination improved with signal strength, with homochro
matic thresholds in the same range as those previously reported (Ibid.). For the ma
jority of cells, homochromatic and heterochromatic discrimination thresholds were 
indistinguishable. Thus, in monkeys not making directional judgements, the capacity 
of individual MT neurons to discriminate direction (1) is not influenced by color seg- 
mentation cues, and (2) does not reflect enhanced human performance in discrimi- 
nating direction of color-segmented stimuli. Supported by EY 06530 and EY 07605.

120.5
MICROSTIMULATION OF AREA MT AFFECTS BOTH SACCADES AND 
SMOOTH PURSUIT EYE MOVEMENTS. J. M. Groh*. R. T. Born. and W. T. 
Newsome. Dept. of Neurobiology, Stanford University, Stanford CA 94305.

To track a moving target that appears in the periphery, we make two kinds 
of eye movements, saccades and smooth pursuit. Both kinds of movements 
require a signal of target velocity. The saccadic system must use a target 
velocity signal to compensate for the motion of the target, and the pursuit 
system must use such a signal to match eye velocity to target velocity. We 
conducted a microstimulation experiment in two rhesus monkeys to examine 
the contribution of motion signals in MT to saccades and pursuit.

We stimulated extrafoveal MT while monkeys performed a tracking task in 
which a target appeared in the multiunit receptive field of the site and moved 
either in the preferred direction of the site, the null direction, or not at all 
(saccade trials). We stimulated (40 μamps, 200 Hz) from target onset until 
the monkey made a saccade to the target. We examined the effects of 
microstimulation on the endpoint of the saccade and on the average eye 
velocity over the first 60 ms of pursuit after the saccade.

Stimulation could alter either the direction or the speed of pursuit, or both. 
These effects were specific to target direction for a given experiment, but 
could occur in either the preferred or the null directions. Reductions in the 
speed of pursuit occurred more often than did increases. Increases in 
pursuit speed (by as much as 7°/s) were found for both preferred and null 
direction target motions in different experiments, but almost never in the 
same experiment. Stimulation also induced pursuit (as much as 6°/s) on 
trials in which the target was stationary (saccade trials) in some experiments.

Stimulation affected the endpoints of saccades as well. These effects 
were quantified in terms of the velocity compensation, or the target velocity 
for which the saccade would be appropriate. The effects were similar to 
those seen for pursuit, and within a given experiment, the effects on 
saccades and pursuit were correlated.

Supported by H. H. Whitney (JMG), Klingenstein (RTB), and NEI (WTN).

120.7
INACTIVATION O F  M A C A Q U E  A R EA  L IP  D IS R U P T S  SA C C A D IC  
EYE M O V EM EN T S C.-S. Li*. P. M azzoni. & R.A. Andersen Division of 
Biology, 216-76, California Institute of Technology, Pasadena, CA 91125

Previous studies from our laboratory showed that area LIP carries signals 
related to the planning of saccadic eye movem ents. In this study we further 
explored the role LIP plays in processing saccades by observing the effects of 
reversible inactivation of this area. Tw o m acaque monkeys were trained to 
make visual and m em ory saccades in darkness and, in a double saccade 
paradigm, a visual saccade and subsequently a mem ory saccade to a target 
briefly flashed prior to the first saccadic eye movement. To inactivate area 
LIP, we injected 1 m icroL of m uscimol(8 mg/mL) at locations where saccade- 
related activities are recorded. At several injection sites we obtained strong 
effects on saccadic eye movements, compared to control trials including those 
in which saline was used. The effects usually took place in 10 minutes and 
disappeared in 3 to 4 hours. These m ajor effects are: 1) the end points of 
memory saccades to the contralesional side are shifted ipsilaterally whereas 
visual saccades are usually accurate; 2) The latency for visual and memory 
saccades to the contralesional and upper visual field are increased and the 
velocity of these saccades are decreased com pared to equal am plitude 
saccades made before m uscimol injection. 3) In the double saccade task, the 
accuracy of the second saccadic eye m ovem ent is im paired and its latency 
increased if the first saccade stepped into the contralesional field; this is true 
even when the second saccade is in the ipsilesional direction.

In conclusion, reversible lesions of area LIP produced deficits in the metrics 
and dynamics o f saccadic eye movements. These findings do not appear to be 
a result of sensory deficits and are consistent with area LIP playing a role in 
processing saccadic eye movements.
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T E M P O R A L  G A T IN G  O F  N E U R A L  S IG N A L S  D U R IN G  
P E R F O R M A N C E  O F  A V IS U A L  D IS C R IM IN A T IO N  TA SK . E 
Seidem ann E Zohary & W T New som e*. D ept. o f  Neurobiology, Stanford 
University, Stanford, CA 94305.

The effec t o f  a sensory stim ulus on beh av io r can be strongly 
m odulated by the context in w hich the stim ulus occurs, suggesting that 
powerful gating m echanism s control the flow o f sensory signals to decisional 
and prem otor circuitry. W e em ployed electrical stim ulation techniques to 
determine w hether the flow o f  m otion signals from area M T is governed by 
such gating mechanism s.

Tw o rhesus m onkeys perform ed a direction d iscrim ination task in 
which a delay period was inserted betw een offset o f the visual stimulus and 
execution o f the operant response. E lectrical stim ulation  was applied to 
direction colum ns in M T before, during and after presentation o f the visual 
stimulus. M icrostim ulation exerted m axim al effects during presentation o f 
the v isual stim ulus, but was com pletely  ineffec tive  p rio r  to stim ulus 
presentation , suggesting that the flow o f signals from M T to prem otor 
circuitry is sharply enhanced when the visual stim ulus appears. During the 
delay period, m icrostim ulation yielded sm aller but highly significant effects, 
indicating that the decision can be influenced by M T stim ulation even after 
cessation  o f  the v isual stim ulus. The delay  period  e ffects  dim inished, 
however, with increasing intervals betw een offset o f the visual stimulus and 
onset o f e lectrical stim ulation, suggesting that signal flow from M T to 
prem otor circuitry is m odulated downw ard slow ly during the delay period. 
The existence o f delay period stim ulation effects does not imply that MT 
itself participates in holding the outcom e o f the decision; elcctrophysiological 
recording in M T on nonstimulated trials revealed no delay period activity that 
was predictive o f the m onkey's decision.

The gating m echanism s underlying the m odulation o f signal flow 
from M T are a subject o f  considerable in terest for future experim ents. 
Supported by N.E.I.

120.6
FUNCTIONAL ARCHITECTURE OF PRIMATE AREA MT PROBED WITH 
MICROSTIMULATION: EFFECTS ON EYE MOVEMENTS. R.T. Bom*, J.M. 
Groh, and W.T. Newsome. Dept. of Neurobiol., Stanford Univ., Stanford CA 94305

Primate visual area MT appears to be columnarly organized with respect to both 
preferred direction of motion and different types of center-surround interaction. 
The latter organization consists of slab-like clusters of cells whose receptive fields 
have motion opponent surrounds (interbands) interdigitated with clusters of cells 
whose receptive fields have additive surrounds (bands). Given that the receptive 
field properties of interband neurons seem better suited for representing the motion 
of small targets, we hypothesized that microstimulation in these regions might be 
more likely to influence eye movements than would microstimulation in the bands.

To test this hypothesis, we electrically stimulated direction columns in bands and 
interbands while the monkeys performed a saccade task to a target that appeared 
in the receptive field of the neurons at the stimulation site. We stimulated (40uA, 
200 Hz) firom target onset until the monkey made the saccade, then examined the 
effects of stimulation on the endpoint of the saccade and on the smooth eye velocity 
at times within the first 60 ms after the saccade.

Microstimulation affected the endpoints of the saccades and the eye velocity after 
the saccades despite the fact that the target was stationary. In general, the 
directional component of both types of effect correlated well with the preferred 
direction of neurons at the stimulation site. Although statistically significant 
microstimulation effects for both saccades and pursuit occurred with approximately 
equal frequency in band and interband compartments, the effects in interbands were 
significantly larger and, for pursuit effects, more strongly correlated with the 
preferred direction of the neurons at the stimulation site.
Supported by NIH K11EY00320, Klingenstein Fellowship (RTB), H. H. Whitney 
(JMG), NIH (WTN).

120.8

The temporal-spatial properties of LIP neurons for sequential eye movements 
simulated in a neural network model. J.Xing* C-S.Li & R.A.Andersen Division 
of Biology, 216-76, California Institute of Technology, Pasadena, CA 91125

M any neurons in macaque area LIP m aintain elevated activity induced by 
visual or auditory stimuli during a task in which the m onkey is required to 
w ithhold planned eye movements. Furthermore, activity o f  LIP neurons dur
ing the delayed-double-saccade task, where the monkey plans and executes a 
sequence o f two saccades to rem em bered targets, suggest that LIP codes the 
next intended saccade. In this study, we investigated the m echanism  for such 
tem poral-spatial activity through neural netw ork m odeling.

Previously we set up a three-layered netw ork m odel to explore the spatial 
properties o f LBP neurons (Xing et al. Neurosci. Abstr. 1994). The input layer 
corresponded to visual, auditory, and eye position inputs to LIP; the middle 
layer was LIP; and the output layer was sim ilar to superior colliculus. In 
order to sim ulate the tem poral features o f  LIP neurons, we added recurrent 
connections among the sim ulated LIP neurons in the middle layer. The 
weights o f the recurrent connections were com puted using an optim ization 
procedure to produce desired outputs in single- and double-m em ory-saccade 
tasks. After the network was well trained, we found that excitatory connec
tions were developed among recurrent units with sim ilar m otor tuning fea
tures, and inhibitory connections for units with dissim ilar ones. Such a sim 
ple "push-pull" m echanism  enables the network to encode the next intended 
eye movement. The sim ulated LIP neurons exhibited sensory responses and 
m em ory activities sim ilar to those recorded in LIP neurons. We propose that 
the excitation-inhibition recurrent connections m ight be the basic structure 
mediating the tem poral activity o f area LIP in planned eye m ovements.
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120.9
NEURONAL CORRELATES OF REMEMBERED LOCATION IN MACAQUE 
LATERAL INTRAPARIETAL CORTEX (LIP) EXIST WHETHER OR NOT THE 
ANIMAL MUST REMEMBER A LOCATION. A.B. Sereno* and J.H.R. 
Maunsell. Div of Neuroscience, Baylor Coll Med, One Baylor Plaza S603, Houston, 
TX 77030.

We examined single-unit activity in LIP of two monkeys while they performed 
spatial and featural attention (short-term memory) tasks. After the monkey fixated a 
central spot, a sample shape was briefly presented in 1 of 3 eccentric positions. After 
a short delay, 3 test shapes appeared simultaneously. In the spatial attention task, 
the animal had to make a saccade to the test position in which the preceding sample 
had appeared (regardless of what shape was now in this location). In the featural 
attention task, the animal had to make a saccade to the test shape that matched the 
sample shape (regardless of where it appeared). The only difference between the two 
tasks was what the animal was attending. The majority (60%) of 117 units recorded 
showed significant differences in delay period activity depending on whether the 
sample had appeared in the receptive field. Surprisingly, about a third of the units 
showed significant sensory shape differences (during both the sample and test 
periods), and about a third of the units showed significant differences in delay period 
activity depending on the shape of the sample, suggesting these units might also 
contribute to memory of shape features. Importantly, the spatial and shape selective 
delay period differences were independent of the attention task that the animal was 
performing. That is, when a sample had appeared in its receptive field, a unit was 
equally active during the delay period for spatial trials and shape trials. The absence 
of differences in the delay period effects across the attention tasks calls into question 
the notion that delay period activity specifically represents information that the 
animal is actively attending or remembering.
Support: NIH R01 EY05911 & F32 NS09476, NARSAD, and McDonnell-Pew

120.11
OBJECT-CENTERED DIRECTION SELECTIVITY IN RHESUS 
MONKEY SUPPLEMENTARY EYE FIELD. C.R. Olson* and 
S.N. Gettner. Dental School, University o f Maryland, Baltimore, 
MD 21201.

Many mental processes and behaviors necessitate the use of 
spatial information defined in an object-centered reference frame.
To characterize cortical mechanisms underlying object-centered 
spatial operations, we recorded from neurons in the supplementary 
eye field of rhesus monkeys performing a task in which the orbit- 
centered direction of eye movements (left or right in the orbit) could 
be dissociated from object-centered direction (to the left or right end 
of a horizontal target bar). A cue, a spot superimposed on the left 
or right end of a horizontal sample bar, was presented early in each 
trial. Following a delay, the target bar was presented at a 
unpredictable location and the monkey was required to make an eye 
movement directly to the cued end. In more than half of the 
neurons studied, the rate of activity varied significantly as a 
function o f the end of the bar to which the eye movement was 
directed. This effect was observed both during the interval 
between presentation of the cue and the target bar, when the 
monkey was remembering the instruction, and following 
presentation of the target bar, when the monkey was preparing and 
executing an eye movement These results imply that neurons o f  
the supplementary eye field encode not only the orbital direction o f  
an impending eye movement but also its direction as defined with 
respect to an object-centered frame.

NIH (ROl NS27287); NSF (IBN 9312763); NIH (NRSA 1 F32 NS09452)

120.10
SUPRAMODAL ENCODING OF MOVEMENT SPACE IN THE VENTRAL 
INTRAP ARIET AL AREA OF MACAQUE MONKEYS. F Bremmer*. J.-R  
Duhamel- S. Ben Hamed and W. Graf. CNRS - College de France, F-75270 Paris 
Cedex 06, France.

The ventral intraparietal area (VIP) of macaque monkeys has recently been shown 
to contain neurons responding selectively and in a spatially congruent manner to the 
direction of motion of visual as well as tactile stimuli. We tested the responses of 
VIP neurons for their three-dimensional frames of reference employing visual, 
vestibular and somatosensory stimuli in order to characterize more completely their 
multisensory coding and functional role.

Single cell responses were recorded cxtracellularly in one awake rhesus monkey 
(Macaca mulatta) trained on a variety of oculomotor tasks. Visual stimuli as well as 
targets for fixation and pursuit were back-projected onto a translucent tangential 
screen subtending 140 by 100 deg at a viewing distance of 57 cm. Vestibular 
stimulation was delivered by horizontal (vertical axis) rotation of a turntable.

Most VIP neurons were spatially tuned regarding all investigated sensory and 
oculomotor modalities. Preferred directions for optokinetic stimuli (large random dot 
patterns moving in the fronto-parallel plane) and somatosensory stimuli were always 
in register. Optokinctically driven direction-selective cells also responded selectively 
to optic flow stimuli simulating either forward or backward self-motion (expansion 
or contraction, respectively). Some of these neurons also had a strong eye position 
sensitivity during active fixation in darkness and in light, and also responded during 
smooth pursuit eye movements. Neurons encoding horizontal visual movement 
components often responded vigorously to horizontal whole body rotation in light 
and in darkness, as well as during suppression of the vestibulo-ocular reflex. 
Surprisingly, vestibular and optokinetic preferred directions were always in the same 
and not in opposite directions, as present in vestibular nucleus neurons. The observed 
visual-vestibular interactions therefore suggest a supramodal representation of 
movement space in area VIP of macaque monkeys.

120.12
NEURONS IN RHESUS MONKEY SEF EXHIBIT OBJECT- 
CENTERED DIRECTION SELECTIVITY ACROSS A WIDE 
RANGE OF CONDITIONS. S.N. Gettner* and C.R. Olson. 
Dental School, University o f Maryland, Baltimore, MD 21201.

In monkeys making eye movements to the cued end o f a 
horizontal target bar, neurons of the supplementary eye field  
(SEF) exhibit object-centered direction selectivity, firing 
differentially on bar-right vs. bar-left trials (see preceding 
abstract). We have carried out a series o f experiments to elucidate 
the nature o f this effect In experiment 1, colored as opposed to 
configurational cues were used. Neurons continued to exhibit bar- 
centered direction selectivity, displaying identical directional 
preferences across the cue sets. We conclude that neuronal 
activity reflects the object-centered direction o f the intended 
response rather than the properties o f the visual cue. In 
experiment 2, the monkey made an eye movement to a target spot 
superimposed on the end of a behaviorally irrelevant bar. 
Strikingly, bar-centered neuronal activity was present even though 
the monkey was not required to use object-centered locational 
information. In experiment 3, the size o f the target bar was 
doubled. Bar-centered direction signals persisted unchanged 
across this manipulation. This implies that object-centered activity 
is related to categorical rather than metric aspects of target choice. 
These results, taken together with findings presented in the 
previous abstract, strongly indicate that signals carried by SEF 
neurons encode the object-centered direction o f eye movements.

NIH (ROl NS27287); NSF (IBN 9312763); NIH (NRSA 1 F32 NS09452)

POTASSIUM CHANNEL STRUCTURE, FUNCTION AND EXPRESSION I

121.1
SHAKER K+ CHANNELS FOLD AND ASSEMBLE IN THE ENDOPLASMIC 
RETICULUM. N. Nagaya* and D. M Papazian Department of Physiology, UCLA 
School of Medicine, Los Angeles, CA, 90024-1751.

The voltage-dependent K + channel encoded by the Shaker gene of the fruit fly is 
a tetrameric membrane protein. In a transiently transfected mammalian cell line, 
HEK 293T, Shaker protein is made as a partially glycosylated precursor (immature 
form) that is converted to a fully glycosylated product (mature form) (Schulteis et al., 
1995, Biochemistry 34, 1725-1733). To test the hypothesis that maturation of 
Shaker protein requires transport from the endoplasmic reticulum (ER) to the Golgi 
apparatus, transport between the two compartments was blocked by incubation at 15 
°C or treatment with brefeldin A. Analysis of metabolically labeled protein by SDS- 
PAGE revealed that blockade of ER to Golgi transport results in the production of 
only immature protein. In addition, endoglycosidase H digestion of Shaker protein 
resulted in a decrease in the apparent molecular weight of the immature form but not 
of the mature form, indicating that the immature protein is core-glycosylated in the 
ER whereas the mature protein is further modified in the Golgi. The state of 
assembly of Shaker channels has been assessed by sucrose density gradient 
centrifugation and the tetrameric composition of the channel has been confirmed by 
chemical crosslinking. To test the hypothesis that Shaker channels assemble in the 
ER, Shaker protein was solubilized from cells incubated at 15 °C and sedimented on 
sucrose gradients. Blockade of ER to Golgi transport did not prevent assembly of 
Shaker channels. This finding was confirmed by chemical crosslinking in intact cells 
incubated at 15 °C. Together, these results indicate that maturation of Shaker 
protein requires ER to Golgi transport and that assembly of the channel occurs in the 
ER. Supported by the NIH (GM43459) and The Pew Charitable Trusts to DMP and 
NIH (NS0710115) to NN.

121.2
S u b ce llu la r  T a rg e tin g  and L o ca liza tio n  o f  th e D elayed  
R ectifier  K + C hannel K v2.1 in PC 12 C ells. R.H. Scannevin, 
J.S. Trimmer*. Dept. Biochem. and Cell Biol., SUNY, Stony Brook, 
NY, 11794.

Different K+ channels have been found to have highly distinct 
subcellular localizations, indicating that precise cellular mechanisms 
exist for the sorting and retention o f K+ channel proteins. Kv2.1, a 
member o f the Shab  subfamily o f  K+ channels, is found in high 
density plaques exclusively on the cell body and the proximal portions 
o f dendrites of central neurons. W e have used the PC 12 cell line to 
study the mechanisms by which Kv2.1 is targeted and retained to 
specific plasma membrane domains. Undifferentiated PC12 cells 
localize endogenous Kv2.1 exclu sively  to the ce ll-ce ll adherent 
junction, while NGF differentiated cells redistribute Kv2.1 to the 
growth cones o f extending neurites. We have tested for co-localization 
with a number o f PC 12 membrane and cytosolic proteins, and of 
these, we find pronounced co-localization with fodrin and actin. 
Interestingly, a related K+ channel, K v l.5 , exhibits a very different 
localization. In order to define the regions o f Kv2.1 necessary for this 
specific localization, we have transfected PC 12 cells with a mutant 
version o f Kv2.1 lacking the C-terminal 318 amino acids. We find 
that the truncated channel does not localize to the cell-cell adherent 
junction, and is localized nonspecifically throughout the plasma 
membrane. Thus, the C-terminal 318 amino acids o f Kv2.1 appear to 
be necessary for targeting specificity o f this channel polypeptide. 
Studies are underway to further define the minimal domain necessary 
for localization.
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1 2 1 .3

ALTERNATIVELY SPLICED CARBOXYL-TERMINI DETERMINE THE 
TARGETING OF KV3.2 CHANNELS IN MDCK CELLS.. A.Ponce. E. Vega- 
Saenz dc Miera. H. Moreno. E. Bueno. V. Aleman"*. B. Rudy. Dept of Physiology 
and Neurosciences New York University Medical Center, New York NY 10016, 
"Dept of Physiology and Neurosciences. CINVESTAV, Mexico 07000, Mexico.

We are seeking to study the signals and mechanisms that determine the 
distribution of potassium channel subunits in neuronal membranes. We have 
focused on the study of Kv3.2, a Shaw related potassium channel gene that encodes 
four products by alternative splicing (Kv3.2a, Kv3.2b, Kv3.2c and Kv3.2d). 
Studies on the distribution of Kv3.2 proteins in rat brain, with an antibody against 
all Kv3.2 isoforms, show predominant expression in axons and terminals in some 
brain neurons (thalamic relay neurons) and somatic distribution in others (dorsal 
cochlear nucleus). Such pattern may depend on the presence of different Kv3.2 
isoforms in distinct neuronal populations, raising the possibility that different 
spliced products have different targeting signals. To test this hypothesis we use the 
MDCK model, an epithelial cell line that does not express Shaw-related K+ 
channel subunits. The membrane of MDCK cell is polarized in an apical and a 
basolateral domain. Previous work has shown similarities in the sorting 
mechanisms of MDCK cells and neurons.The somatodendritic membrane of 
neurons is tought to be similar to the basolateral domain of MDCK cells, whereas 
the axonal membrane resembles the apical domain. We transfected MDCK cells 
with Kv3.2a, Kv3.2b and Kv3.2c cDNAs. Transfected cells show potassium 
currents similar to the currents obtained from oocytes. Using immunocytochemistry 
with confocal microscopy we found that Kv3.2a shows a basolateral pattern, 
whereas Kv3.2b and Kv3.2c are apical. Since Kv3.2a, Kv3.2b and Kv3.2c differ 
only in the carboxyl end, this suggests the presence, in this part of the protein of 
domains that influence the membrane targeting of K+ channels. (Supported by 
NIH grant NS30989 and HFSPO fellowship to A. Ponce)

1 2 1 .5

MOLECULAR DETERMINANTS THAT MEDIATE THE 
SUBFAMILY-SPECIFIC ASSOCIATION OF VOLTAGE
GATED POTASSIUM CHANNELS. J. Xu. W. Y u.T . W o o lf ,  
and M. Li. Department o f Physiology, The Johns Hopkins 
University School o f Medicine, Baltimore MD 21205.

Voltage-gated potassium channels are composed o f four identical 
or compatible pore-forming membrane-bound alpha subunits.
Their functions can be modulated by interacting with other 
proteins, such as the hydrophilic beta subunit(s). Most of the 
cloned genes for functional alpha subunits are classified into five 
subfamilies: K vl (Shaker), Kv2 (Shab), Kv3 (Shaw), Kv4 (Shal) 
and Kv5. Subfamily-specific assembly o f different alpha-subunits 
contributes to the diversity of K+ currents. However, the molecular 
codes that mediate this interaction remain unknown. Our previous 
work has indicated that the hydrophilic amino(N)-terminal domains 
of Kvl channels are capable of forming tetramers. Substitution of 
N-terminal domain o f DRK1 o f the Kv2 subfamily with that of 
ShakerB (K vl) allows the chimera to coassemble with ShakerB.
In this work, we demonstrate that the associations of different N- 
terminal domains are strictly subfamily-specific. Furthermore, we 
have identified conserved structural motifs in each of the four 
subfamilies that mediate the subfamily-specific associations. They 
are named N A BKvl, N A BKv2, N A B Kv3, and N A B Kv4. Mutational 
analysis of NAB regions is likely to provide information on 
residues that are important for the subfamily-specific association.

121 .7

INTERACTIONS BETWEEN VOLTAGE GATED 
POTASSIUM CHANNELS AND MEMBRANE 
ASSOCIATED GUANYLATE KINASES DETECTED BY  
YEAST TWO HYBRID SYSTEM Morgan Sheng*. Lily Jan+. 
and Eunjoon Kim. Howard Hughes Medical Institute, and 
Dept. of Neurobiology, Mass General Hospital and Harvard 
Medical School, Boston, MA 02114; (+ Howard Hughes 
Medical Institute, Dept o f Physiology and Biochemistry,
UCSF, CA 94143).

A wide variety of K+ channel subtypes are differentially 
distributed in mammalian neurons, with some targeted to 
dendrites and others sorted to axons and terminals. At different 
subcellular locations, K+ channels are likely to interact with 
distinct intracellular molecules involved in cytoskeletal 
anchoring or ion channel signalling. Using the yeast two- 
hybrid system to screen a brain cD N A  library, we have 
identified members of the discs large (dlg) family of membrane 
associated guanylate kinases as proteins that interact specifically 
with the C-terminal intracellular domain o f the shaker subfamily 
of voltage-gated K+ channel subunits. This family of proteins 
(which includes PSD95/S AP90 and ZO -1) are concentrated at 
the inner face of the membrane at specialized sites o f cell-cell 
contact. Since dlg proteins contain SH3 domains and may be 
involved in guanosine nucleotide metabolism, such an 
interaction could potentially couple voltage gated K+ channels to 
many signalling pathways in neurons.

1 2 1 .4

COMPARATIVE DISTRIBUTION OF SHAKER K+ CHANNEL a -  AND 
B-SUBUNIT POLYPEPTIDES AND [ 125I]α -DENDROTOXIN BINDING SITES IN 
ADULT RAT BRAIN. K.J. Rhodes* M.M. Monaghan. N.X. Barrezueta. L.E. 
Schechter. and J.S. Trimmer. CNS Disorders, Wyeth-Ayerst Research, Pearl River, 
NY 10965 and Dept. Biochem. and Cell Biol., SUNY, Stony Brook, NY 11794.

Alpha-Dendrotoxin (DTX), a 56 amino acid peptide isolated from the venom 
of the African green mamba, binds selectively and with high affinity to voltage-gated 
K+ channels in mammalian brain. Recently, Scott et al. (Biochem. 331:1617, 1994) 
demonstrated that DTX acceptors isolated from bovine brain are heteromeric K + 
channel complexes, containing multiple distinct subunit polypeptides. To better 
understand the subunit composition of DTX sensitive K+ channels in specific brain 
regions, we used immunohistochemical and autoradiographic techniques to compare 
the distribution of K + channel a - and ß-subunit polypeptides and DTX binding sites 
in adult rat brain. We used monoclonal and affinity-purified polyclonal antibodies 
specific for the rat K v l.l, K v l.2, Kvl.4, K vl.6, Kvß l and Kvß2 polypeptides for 
immunohistochemical analyses of α - and ß-subunit distribution, and [125I]DTX as a 
radioligand for autoradiographic analyses of DTX acceptor sites.

The areal and laminar distribution of DTX acceptor sites corresponded most 
closely to the pattern of immunoreactivity for K vl.2 and Kvß2. In the cerebral and 
cerebellar cortices, hippocampus, and in many fiber pathways, DTX binding also 
corresponded closely to the pattern of immunoreactivity for K v l.l and K vl.6. In 
general, DTX binding did not correspond closely to immunostaining for Kvl.4 or 
Kvß l, except in the hippocampus and entorhinal cortex, where the distribution of 
DTX acceptor sites did overlap with these subunits. Together, these results indicate 
that the subunit composition of DTX acceptors varies across brain regions, and that 
K v l.2 and Kvß2 are likely to be present in virtually all of these sites. Moreover, 
these studies suggest that K v l.l, Kvl.4, K vl.6, and Kvß l are also present in DTX 
acceptor sites, but within limited and specific projection systems.

121.6
IDENTIFICATION OF A CRITICAL AMINO ACID FOR SHAKER SUBUNIT 
ASSEMBLY. N.V. Shen* and P.J. Pfaffinger. Baylor College of Medicine, 
Houston, TX 77030.

Recently, we have shown that the A subdomain of the wild type Shaker 
AKv1.1a T1 domain plays an important role in subfamily specific mul- 
timerization. Substitution of this region with the homologous Shaw sequence 
abolishes assembly with Shaker subunit proteins. The critical A subdomain 
amino acids were renumbered 1 through 30 in the AKv1.1a and AKv3.1a T1 
domains. A chimeric AKv1.1a T1 domain was then made by substituting in 
Shaw A amino acids 1 through 13, a chimera we call Shaw A(1-13). Shaw 
A(1-13) does not co-immunoprecipitate with the Shaker wild type T1 domain; 
thus these two T1 domains do not heteromultimerize. There are two amino 
acid substitutions within this 13 amino acid stretch that are not found in any 
published Shaker sequence: Shaw G7 and Shaw H11, whereas the AKv1,1a 
wild type sequence is Shaker S7, and Shaker F11. The double reversion mu
tation of G7S and H11F allows the chimera Shaw A(1 -13) to assemble with . 
the wild type Shaker T1 domain. In the wild type Shaker T1 domain, the sin
gle mutation F11H does not disrupt assembly with Shaker T1 domains. On 
the other hand, the S7G mutation in the Shaker T 1 domain disrupts assembly 
with the wild type Shaker T1 domain. We next tested the function of the fol
lowing full length AKv1.1a and Shaw A(1-13) constructs: Shaker H11F, 
Shaker S7G, and Shaw A(1-13) G7S. The full lenth mutants Shaker H11F 
and Shaw A(1 -13) G7S were able to form functional channels when ex
pressed in oocytes. However, the full length Shaker S7G did not form func
tional channels, thus showing that S7 is crititcal in Shaker channel assembly. 
Supported by NIH ROI-NS 31583, Baylor Mental Retardation Center 
P30-HD24064, Klingenstein Fellowship Award, NRSA F30 MH10511

121.8
PHYSIOLOGICAL EFFECTS OF THE D ROSO PHILA  (3 
SUBUNIT, HYPERK IN ETIC , O N  K C H A N N EL FU NCTIO N. 
G.F. Wilson*. S.W. C hou inard . and  B. G anetzky . Lab. of 
Genetics, Univ. of W isconsin, M adsion, WI 53706

The presence of β subun its  that associate w ith  the p o re-
form ing a  subunits  of K channels an d  are m em bers of the aldo- 
keto reductase  superfam ily  suggests add itional m echanism s 
that contribute  to the functional d iversity  of K channels. 
Expression of Hyperkinetic (H k ), a recently  identified  β subun it 
from  Drosophila, w ith  Shaker (S h ) α  sub u n its  in Xenopus 
oocytes resu lts  in  effects on Sh channel function that are distinct 
from  the effects reported  for m am m alian  β subunits. In the 
presence of Hk, tw o electrode voltage c lam p recordings reveal an 
~ 2-fold increase in the am p litu d e  of Sh cu rren ts com pared  to 
cu rren ts observed w hen Sh is expressed alone. In addition , 
expression  of H k  w ith  Sh resu lts  in an acceleration of activation 
an d  inactivation  kinetics, and  an  ~10 mV shift of the voltage- 
dependence of activation and  inactivation  in the 
h y perpo lariz ing  direction. The changes in  am p litu d e  and  
activation kinetics, b u t not voltage-dependence, persist w hen 
Hk is expressed w ith  Sh su bun its  w hose fast inactivation  
d om ain  has been  deleted . These physiological effects can 
account, in p art, for the pheno typ ic  sim ilarities of m uta tions of 
the H k  and  Sh loci in Drosophila.
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121.9
T H E  K v β 2 β -S U B U N IT  A F F E C T S  K + C H A N N E L  
S U R F A C E  E X P R E S S IO N  A N D  S T A B IL IT Y  G. Shi*. K . 
Nakahira. S. Hammond. K. J. Rhodes. L.E. Schechter. and J. S. 
Trimmer. Department o f Biochemistry & Cell B iology, SUNY, Stony 
Brook, NY 11794, and CNS Disorders, W yeth-Ayerst Research, Pearl 
River, NY 10965

W e have studied the effects o f co-expression o f the Kv(32 p-subunit 
on the biochemical properties o f the K v l.2  α-subunit in transfected 
mammalian cells. We find that stable association o f  the Kvp2 and 
K vl.2  polypeptides occurs early in biosynthesis, presumably while 
K vl.2  is in the ER. Immunofluorescent staining shows that in cells 
expressing K v l.2  alone, the majority o f  the expressed protein is 
trapped within the cell. However, co-expression with Kvp2 promotes 
the transport o f K v l.2 to the cell surface. W e find that the K vl.2  pool 
associated with Kvp2 has a lower turnover rate, perhaps related to the 
observed change in subcellular distribution. Coordinate with the higher 
cell surface expression o f  K v l.2  observed by immunofluorescence is 
an increase in the level o f binding o f [125I] α-dendrotoxin in cells co
expressing Kvp2. The increased binding in cotransfected cells is due to 
an increased Bmax without affecting the Kd. These studies show that 
while Kvp2 has no effect on the kinetics o f α -subunit inactivation 
(Rettig et al., Nature 369:289, 1994), it can profoundly affect the 
surface expression o f K v l.2  through interactions occurring early in 
channel biosynthesis. Thus Kvp2 has an important role in determining 
the surface expression and stability o f  K + channel α -su b u n it  
polypeptides.

121.11
D R O S O P H IL A  H Y P E R K IN E T IC  MUTATIONS AFFECTING K 
CHANNEL (3 SUBUNITS ALTER FIRING PATTERN AND K 
CURRENT PROPERTIES IN CULTURED "GIANT" NEURONS. 
W.-D.Yao and C.-F.Wu* . Department of Biological Science, University of 
Iowa, Iowa City, IA 52242.

Mutations of the Hyperkinetic  (H k) gene in Drosophila  cause leg-shaking 
behavior under ether anesthesia. Previous intracellular recording revealed 
rhythmic bursts of spontaneous activity in motor neurons of the adult 
thoracic ganglion. Recently, H k  has been shown to code for a D rosophila  
homologue (S.W.Chouinard, et al. PNAS, in press) of the mammalian K 
channel β (Kvβ) subunit that is thought to regulate the principle a  subunit 
and, therefore, the neuronal activity.

We performed whole-cell patch-clamp recording on cultured Drosophila  
"giant" neurons differentiated from division-arrested neuroblasts to 
investigate the in vivo  role of the Hk subunit on neuronal activity and K 
currents. Under current clamp, two types of sustained (>5 min) 
spontaneous firing occurred in a subset of H k, but not wild-type, neurons, 
even at potentials more negative to resting. One type of action potentials 
showed.little undershoot and prepotential, while the other type displayed a 
strong undershoot and pronounced prepotential. We succeeded in voltage 
clamping from the same neurons that displayed the abnormal spontaneous 
firing, and found reduced I a  in H k  when compared to wild-type neurons 
with all-or-none action potentials under current injection. In addition, Ia  in 
Hk showed slower recovery from inactivation. Most interestingly, I a  in Hk 
was not suppressed by a-dendrotoxin, a K channel blocker specifically 
bound to vertebrate β subunits, whereas Ia  in subsets of wild-type neurons 
were reduced significantly by the toxin. Our results support the idea that 
the Hk β subunits regulate the amplitude and kinetics of potassium currents 
and influence the neuronal firing patterns .

121.10
IN VIVO FUNCTIONAL ROLE OF THE K CHANNEL ß SUBUNIT 
(HYPERKINETIC) IN GATING AND INACTIVATION. J. Wang* and C.-F. Wu. 
Dept. of Biol. Sci., Univ. of Iowa, Iowa City, IA 52242.

The Hyperkinetic (Hk) gene encodes a Drosophila homologue of mam
malian K channel ß subunit (Kvß , Chouinard et al., PNAS, in press), suggest
ing that the Shaker current (I a ) might be modulated by Hk. We studied I a  in 
Drosophila larval muscle and found that the amplitude of Ia  was reduced and 
its kinetics of channel activation, inactivation and recovery were substantially 
slower in Hkthan normal. The voltage dependence of activation and steady- 
state inactivation of Ia  were shifted to more positive potentials. In contrast, no 
significant defects in Ik  were detected. Alterations in a null mutation were no 
more extreme than other alleles, indicating a modulatory role for the ß subunit 
in channel gating and conductance. Thus, our in vivo results are consistent 
with previous biophysical investigations in the oocyte expression system. A 
number of mutant alleles of Hyperkinetic and Shaker exist, providing excel
lent opportunities to analyze the mechanism and the functional role of the ß 
subunit in K channels in a variety of excitable tissues in Drosophila.______

lA (nA/nF) IK (nA/nF) tp (ms) tau (ms)
Normal 5.3 ±0.3 3.6 ±0.3 9.3 ±0.2 10.4 ±0.3
Hk1 3.2 ±0.3 3.2 ±0.2 13.6 ±0.4 14.9 ±0.4

Vhni/2 Vm slope Vh1/2 Vhstope
(mV) (mV/e-fold) (mV) (mV/e-fold)

Normal -13.5 8.0 -39 4.5
Hk1 -11.0 6.5 -33 4.5

Muscle fibers (n=9 to 15, meanlsem) were depolarized from -80 to 0 mV at 
11°C to obtain I a , Ik  and tp (time to peak) and tau (inactivation time constant) 
of l a - Vm 1/2 , Vh 1/2 : voltages for half conductance and half inactivation of I a , 
respectively. Vmslope , Vhslope : limiting slopes for activation and inactivation 
curves.
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122.2122.1
SPLICED FORMS OF NEURONATIN mRNA IN BRAIN DEVELOPMENT. 
Rajiv Joseph , Dexian Dou and Wayne Tsang . Lab. of Mol. 
Neuroscience, Henry Ford Hospital, Detroit, MI 48202.

Neuronatin is a novel brain-specific mammalian gene 
that we recently cloned from neonatal rat brain (BBRC 1994; 
201:1227-1234). Further studies were carried out to 
investigate the role of neuronatin in brain development. Two 
alternatively spliced forms, α and ß , of neuronatin mRNA 
with the same open reading frame were identified. 
Neuronatin-α encoded a novel protein of 81aa, and the ß -form 
encoded 54aa. The difference between the two was limited to 
the presence of an additional 81bp sequence inserted in the 
middle of the coding region of the α -form. On northern 
analyses, neuronatin mRNA was relatively selective for the 
brain. It first appeared at Ell-14, a time when the neural 
tube has closed and neuroepithelial proliferation initiated, 
became pronounced at E16-19 with a surge in neurogenesis, 
and declined postnatally to adult levels by the second 
postnatal week. In order to determine whether there are 
other forms of neuronatin mRNA, and to study the expression 
of the α and ß  forms separately during development, RT-PCR 
was carried out using primers flanking the coding region of 
the α and ß  forms. The results indicate that there were only 
two forms of neuronatin. The 0-form first appeared at Ell- 
14, whereas the α-form was present even earlier at E7-10. 
The appearance of the 0-form at mid-gestation, coinciding 
with the onset of neurogenesis, may suggest that splicing of 
neuronatin mRNA has importance in brain development.

STRUCTURE AND EXPRESSION OF A NOVEL HUMAN BRAIN 
DEVELOPMENTAL GENE. Dexian Dou and Rajiv Joseph. Lab. of 
Mol. Neuroscience, Henry Ford Hospital, Detroit, MI 48202.

A novel . gene involved in brain development was 
isolated from a human genomic library. Southern 
hybridization of genomic DNA from human, monkey, rat, mouse, 
dog, cow and rabbit indicated that this gene is highly 
conserved in mammals. The gene has been localized on human 
chromosome 20 by somatic cell line hybrid analysis, and 
mapped on 20qll.4 using PCR of partial deletions of human 
chromosome 20 and fluorescence in situ hybridization. The 
gene spans 3.9 kb and has 3 exons. The exact sizes of the 
exon were determined, and all splice donor and acceptor 
sites conformed to the GT/AG rule. A single transcription 
start cap site was determined by primer extension. The 
promoter did not contain a canonical TATA or CAAT box within 
1.5 kb of its 5'-flanking region. A sequence homologous to 
neural restrictive silence element (NRSE) was observed in 
the 0.3 kb region upstream of the cap site. The cDNA library 
screening and RT-PCR results indicated that this gene is 
expressed as two mRNA species, α and ß . When the genomic and 
cDNA sequences were compared, the two forms of mRNA were 
determined to be due to differences in splicing of the 
second exon. Northern hybridization showed both mRNA forms 
to be specifically and abundantly expressed in human fetal 
brain. The putative translation products were estimated to 
be small proteins of 81 and 54 amino acid residues, 
neuronatin-α and 0, with striking homology to their 
counterparts in rat and mouse.
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1 2 2 .3

NEUREGULINS REGULATE THE PROLIFERATION AND DIFFERENTIATION 
OF OLIGODENDROCYTE PROGENITORS. P. Canoll1, R. Reynolds2 , 
M. Marchionni3 *and J. Salzer4 . Dept. of 1Pharmacology 
and 4cell Biology, NYU Medical Center, NY, NY; 2Dept. of 
Anatomy, Charing Cross and Westminster Med. School, London 
UK; and 3Cambridge NeuroScience, Inc., Cambridge, MA.

We have investigated the effects of the neuregulins on 
the proliferation and differentiation of oligodendrocyte 
progenitors. We added a soluble recombinant form of human 
neuregulin, corresponding to glial growth factor 2 (Marchi- 
onni et_ al. , 1993, Nature 362 :312) , to purified A2B5+/04- 
oligodendrocyte progenitors derived from a neonatal rat 
cerebral cortex. Within a few minutes, we detected robust 
tyrosine phosphorylation of pl85. Consistent with this 
finding, rhGGF2 is a potent mitogen for these cells, 
increasing their labeling index and rate of proliferation 
in defined media. Cells maintained in the presence of 
rhGGF2 in defined media progressed to the 04+/01- stage. 
rhGGF2 was also mitogenic for cells grown in the presence 
of serum and affected their morphology and expression of 
GFAP. Finally, two affinity purified antibodies, generated 
against neuregulin sequences, inhibited the mitogenic ef
fect of cortical neuron conditioned media on oligodendro
cyte progenitors (Hardy and Reynolds, 1993, J. Neuroscience 
Res. 34:589). These results indicate that the neuregulins 
are physiologic mitogens for oligodendrocyte progenitors 
and have potent effects on their differentiation (supported 
by NS26001 and ST32 GM07308).

122.5

DIFFERENTIATION OF IONIC CURRENTS IN CNS PROGENITOR CELLS. 
D.H. .Feldman*, J.S.. Thinsctmndt .A.L. Peel, R.L .Papke, and P .J .  Reigr. Depts. of 
Neuroscience and Pharmacology, Univ. of Florida, Gainesville, FL 32610.

Multipotential progenitor cells can be grown from pre- or postnatal CNS tissues in 
defined media supplemented with epidermal growth factor (EGF). When proliferating 
spheres of undifferentiated cells are plated onto polyamine- or laminin-treated 
coverslips, the cells migrate, develop processes, and express neuronal and glial 
markers. Little is known about the functional properties of these cells, or the factors 
that affect their functional differentiation. We have studied by whole-cell patch methods 
the expression of voltage-gated Na+ and K+ currents (INa, IK) in EGF-generated 
progenitors raised from postnatal rat forebrain.

Recordings were made from 36 cells with K+ -containing pipettes 3-22 days after 
plating progenitor spheres on polylysine/laminin-treated coverslips. Fast INa and 
delayed-rectifier type IK were detected together in 58% of these cells, INa alone i n  11 %, 
and IK alone in 19%. INa was studied in isolation with Cs+-containing pipettes in 42 
cells 1-25 days after plating on treated coverslips. INa up to 45 pA/pF was observed in 
some cells within 1 day after plating, and rangeo From 0 to 250 pA/pF thereafter. 
Inward tail currents, sensitive to [K+]out, were observed upon repolarization after the 
10 ms test pulse, suggesting the expression of K+ channels in 75% of cells. Little or 
no INa or IK-tail currents were detected in recordings from 25 undifferentiated cells 
acutely dissociated from spheres. Thus, in the presence of EGF, ionic currents develop 
early during differentiation. Cells switched from EGF to basic fibroblast growth factor 
(bFGF, 20 ng/ml) when plated onto coverslips showed greatly reduced proliferation, 
and developed different, mostly non-neuron-like morphologies compared to cells plated 
in EGF. The INa.  of bFGF-treated cells rarely exceeded 20 pA/pF. Thus, in contrast to 
reports that bFGF promotes neuronal differentiation in some CNS progenitor 
populations, our EGF-generated postnatal rat CNS progenitors do not develop neuronal 
characteristics in the presence of bFGF. Antibodies against GFAP labeled most 
differentiated cells grown either in EGF or bFGF, including cells with long, thin 
processes. Antibodies against neuronal markers sometimes co-labeled GFAP+ cells 
grown in EGF' (see Peel et al, this volume.) Thus, progenitors can express a mix of 
neuronal and glial biochemical, morphological, and electrical properties, consistent 
with a highly plastic capacity for differentiation.
Supported by Brain and Spinal Cord Injury Rehabilitation Trust Fund.

122.7

SEQUENTIAL EXPRESSION OF NEURONAL AND GLIAL MARKERS IN 
DIFFERENTIATING RAT EGF GENERATED STEM CELLS. A.E. Rosser*. S.B. 
Dunnett. P. Tvres and C.N. Svendsen. MRC Centre for Brain Repair and 
Department of Experimental Psychology, Cambridge University, UK.

Rat CNS stem cells continually divide as free floating spheres when grown in B27 
supplemented, serum free, substrate free culture conditions in the presence of 
epidermal growth factor (EGF) forming free floating spheres of cells (Svendsen et al, 
Exp. Brain Res., 102:407-414). Once plated onto a suitable substrate without EGF 
and maintained in B27 serum free medium, these cells differentiate into a population 
of neurons and glia. We hope to manipulate the neurons so that they are suitable for 
transplantation therapy in a variety of neurodegenerative disorders. However, to date 
only a limited range of neuronal chemical phenotypes have been obtained from this 
system. To understand better the development and differentiation of stem cells 
under these well-defined conditions, we have followed their fate using a number of 
immunochemical markers, including isoforms of MAP-2 which are developmentally 
regulated. Immediately after plating or within growing spheres most, but not all 
viable cells were nestin positive and approximately one third were MAP-2c positive. 
Initially, only a few cells in growing spheres or plated down showed GFAP 
immunoreactivity and a proportion of these co-localised with MAP-2c. MAP-2ab 
was initially negative in all cells but over the course of 7 days a few large cells with 
neuronal morphology become positively labeled. However, even after 14 days most 
neuronal-like cells remained immature in that they showed MAP-2c but no MAP- 
2ab activity. Over the first three weeks absolutely no TH or ChAT positive neurons 
were found in differentiating stem cell cultures generated from either the striatum or 
mesencephalon which were rich in neuronal like cells, but by four weeks a few TH 
positive cells could be found in cultures derived only from the mesencephalon. 
These data suggest that neurons derived from EGF expanded stem cells are very slow 
to differentiate into mature .neurons possibly due to some missing factor yet to be 
discovered. Efforts to uncover this factor are currently underway.

122.4

INCREASED APPEARANCE OF NEURON-LIKE CELLS IN LA TE  
PASSAGE CNS PROGENITOR CELLS. M. Schinstine* and L. Iacovitti. 
Dept. of Anatomy & Neurobiology, MCP/Hahnemann Univ., Philadelphia, PA 
19102.

Several growth factors and cytokines have been used to establish and maintain 
cultures of progenitor cells isolated from the embryonic CNS. Initial cultures 
possess cells that can give rise to astrocytes, oligodendroglia, and neurons; 
however, progenitor cells that can develop into neurons appear to decrease with 
increased passage. In this study, EGF (20 ng/ml) was used to establish progenitor 
cell cultures from E14 mouse striatum and mesencephalon. After several months of 
continuous passage, clusters of cells were plated onto a PORN-treated substratum 
and grown in either a defined medium containing 20 ng/ml of EGF (growth 
medium) or growth medium supplemented with 8-10 μ M of 5-azacytidine. After 3- 
5 days, cultures were characterized immunocytochemically In growth medium, 
most striatal cells exhibited a bipolar or simple stellate morphology and were 
nestin, Tau, and 04 positive. Very few GFAP imm unoreactive cells were 
detectable. In contrast, mesencephalic cultures contained cells that were 
predominately Tau positive. In both cultures, Tau immunoreactivity appeared 
evenly distributed throughout the cell. In azacytidine-treated cultures, the amount of 
Tau and GFAP immunoreactivity increased. Some cultures were grown in defined 
medium supplemented with aFGF (20 ng/ml) after azacytidine treatment. After 7- 
12 days, the immunocytochemical profile of many striatal and mesencephalic 
progenitor cells was similar to that described previously. One striking difference 
caused by aFGF treatment was the appearance of neuron-like cells that possessed 
long, varicose processes. These processes were intensely Tau immunoreactive. In 
contrast, the cell bodies exhibited weak Tau staining, but were positive fo MAP2. 
This pattern of microtubule-associated protein staining is reminiscent of cultured 
neurons. These preliminary findings suggest that progenitor cells can be primed to 
form neuron-like cells in response to particular growth factors. Supported by NIH- 
NS32519.

122.6
CO-LOCALIZATION OF GLIAL AND NEURONAL MARKERS IN EGF- 
GENERATED CULTURES OF PLURIPOTENT CNS STEM CELLS. A.L. Peel*D. 
H. Feldman and P. J. Reier -  Depts. of Neuroscience and Neurosurgery, University of 
Florida, Gainesville, FL 32610

Several studies have shown that cultured progenitor cells derived from the fetal and 
adult murine CNS, in particular the subventricular layer of the lateral ventricle, can 
give rise to both neurons and glia. Statements regarding the phenotype of these cells 
have been primarily based upon the immunocytochemical staining patterns in these 
cultures. We have focused on generating and characterizing similar cells from the 
forebrains of neonate rat pups with the intent of using them in an already well-estab
lished paradigm of transplantation into acutely and chronically lesioned spinal cords of 
adult rats. Although we use similar culture conditions (N2 supplemented with EGF) 
our immunocytochemical characterization of these cells varies somewhat from what 
has been documented with the murine cultures. Proliferating spheres arise within 5-7 
days in neonate rat cultures. Once plated on poly-lysine and laminin-coated coverslips, 
the spheres attach to the substrate and the cells begin to spread out and differentiate. 
Consistent with other reports, the cells initially are all nestin positive and show little 
evidence of the presence of other intermediate filament proteins. Glial fibrillary acidic 
protein (GFAP) staining appears within 3 days and is followed within 2-3 weeks by 
weak NFM staining which heightens over time. Unlike other reports, we find at least 
half of the cells co-expressing these proteins and we, consequently, confirmed an
tibody specificity using primary hippocampal cultures where we found no double 
labeling of primary cells. We have subsequently found co-localization of GFAP with 
neuron specific enolase. Additionally, we find cells of similar morphologies with 
dissimilar staining patterns, i.e. cells with long thin processes staining strongly with 
either neuronal or glial markers. In the presence of bFGF, and in contrast to other 
reports, we see a predominance of strong GFAP staining and glial-like morphology. 
These data suggest that, in our in vitro system in the presence of EGF, the divergence 
of neurons and glia may occur later than lineage studies would predict, and may be 
preceded by a period of shared phenotype. It remains to be seen whether, once 
committed in culture, these cells are able to maintain their immunocytochemical 
profile following transplantation into the CNS and under what conditions, post- 
transplant, these cells will assume a specifically neuronal or glial phenotyi>e.
Supported by The UF Center fo r  Neurobiological Sciences

122.8
EFFECTS OF B27 AND SERUM ON THE DIFFERENTIATION AND SURVIVAL 
OF EXPANDED EGF GENERATED STEM CELLS EXPOSED TO A GROWTH 
PERMISSIVE SUBSTRATE. C.N. Svendsen*. A.E. Rosser and S.B. Dunnett. 
MRC Centre for Brain Repair and Department of Experimental Psychology, 
University of Cambridge, England.
Rat CNS stem cells continually divide when grown in B27 (GIBCO) supplemented, 
serum free, substrate free culture conditions in the presence of epidermal growth 
factor forming free floating spheres of cells (Svendsen et ah Exp. Brain Res., 
102:407-414). These free floating spheres continue to divide as largely nestin and 
MAP-2c immunoreactive pluri-potent stem cells until a suitable substrate is provided 
and EGF is removed, whereupon they attach and begin to differentiate down 
neuronal and glial lineage’s. Under basal conditions of DMEM alone all of thes 
differentiating cells died within the first few days. Addition of increasing amounts 
of serum (0.01 - 10%) increased cell survival in a dose dependant manner which 
saturated at 1%. By 7 days in 1-10% serum cultures were dominated by a GFAP 
positive glial monolayer with a few MAP-2abc positive neuronal like cells on top. 
When the stem cells were plated into B27 supplemented medium there was a 
dramatic increase in the number of MAP-2abc positive cells relative to the serum 
supplemented cultures and no glial monolayer developed. When 1-10% serum was 
added to B27 supplemented cultures there was a large decrease in the number of 
MAP-2abc positive cells after 7 days suggesting that the serum was either (i) toxic to 
these MAP-2abc cells or (ii) forcing them down a glial lineage - we are currently 
establishing which by looking at rates of cell death in these cultures. There was no 
indication of increased numbers of mature neurones (MAP-2ab +ve) in cultures 
treated with serum. We have previously found poor neuronal survival when EGF 
generated stem cells are transplanted into the lesioned CNS. As damaging the 
mature brain may release factors similar to those found in serum these may be 
partially responsible for the low number of neurons found in these stem cell grafts.
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122.9
A Non-Transformed Multipotential Stem Cell Line From Transgenic Mice 
Carrying The Human BCL-2 Gene Under The NSE Promoter Control. A
Gritti. E.A.Parati*. SL. Stoppini. #J.C. Martinou. P.Frolichsthal. R.Galli, 
L.Cova, and A.L. Vcscovi. N eurol.Inst."C .B csiaM ilan. Italy; SCMU, U of 
Geneva; #Glaxo Inst.of Mol.Biol.. Geneva. Switzerland.
It has been shown that the developing mammalian brain contains 

multipotential stem cells that proliferate in vitro when exposed to EGF. Under 
these conditions, stem cell progeny can be extensively cultured, expanded in 
number and differentiated into mixed neuronal/astro-/oligodendroglial cultures. 
We have now used this technique to isolate stem cells from the striata of 
embryonic day 13 transgenic mice which carry the human BCL-2 (h-BCL2) 
gene under the control of the mouse neuron specific enolase (NSE) promoter. 
We have weekly subcullured these EGF-responsive "transgenic" stem cells 20 
times and observed a 100.000 fold increase of their number in culture. As 
expected, these blast cells did not express detectable levels of h-BCL2 protein; 
however, when induced to differentiate by removal of EGF and exposure to 2% 
fetal calf serum, approximately 5 to 10% of the cells were found to exhibit h- 
BCL2 immunoreactivity (IR), as assessed by immunolabelling with an anti-h- 
BCL2 monoclonal antibody. Double labeling immunofluorescence assays 
showed that h-BCL2- and GFAP-immunoreaetivity never colocalized. On the 
contrary, the h-BCL2 protein was found in cells that also expressed the 
neuronal markers NSE or MAP2. Interestingly. h-BCL-2 was occasionally 
found in O4-IR oligodendroglial cells. Expression of the h-BCL2 protein was 
never observed in cultures of EGF-responsive stem cells from non-transgenic 
mice under the experimental conditions tested. Thus, we have established a 
stem cell line which provides a plentiful, continuous source of non-transformed 
transgenic” h-BCL2 CNS cells to be used for intracerebral grafting and for in 

vitro investigations on the mechanisms that control neuronal survival and 
programmed death.

122.11
CO-EXISTENCE OF SYMMETRIC AND ASYMMETRIC CELL DIVISION DURING 
NEOCORTICAL DEVELOPMENT IN MOUSE: "FAMILY-TREE" ANALYSIS OF 
RETROVIRALLY IDENTIFIED CLONES. R.S. Nowakowski*. L. Cai and N.L. 
Haves. Department of Neuroscience and Cell Biology, UMDNJ-Robert Wood 
Johnson Medical School, Piscataway, NJ 08854.

We have studied the proliferative and post-mitotic fractions of neocortical 
clones during early neocortical development by making single injections of a 
replication-incompetent retrovirus encoding alkaline phosphatase (AP) into the 
lateral ventricles of CD-1 mice on embryonic day 11 (E11), E12 or E13. Two, 
three, and four days after the injections at different developmental stages, 
embryos were sacrificed and the brains processed for AP activity. A total of 
386 clones were found in 11 embryos. Clone size ranged from 1 to 24 cells. 
Approximately 55% of these clones had nuclei in the VZ only, approximately 
30%  of the clones had nuclei in the more superficial layers only, and 
approximately 15% had nuclei in both the VZ and more superficial layers. The 
clones with nuclei in both the VZ and more superficial layers were identified 
based on their radial (almost linear) distribution across the width of the wall 
of the cerebral hemisphere. For each injected embryonic stage and survival 
time, we have constructed simple, possible "family-trees" for these clones, 
based on the numbers of generations between the time of infection by the 
retrovirus to the time of sacrifice, calculated from knowledge of the length of 
the cell cycle at each age. The reconstructed family-trees indicate that 
symmetric and asymmetric cell divisions can occur at the end of any of the 
11 cell cycles that comprise the neocortical neuronogenetic interval in mouse.

Supported by NIH grant NS28061

122.13
STRIATUM MODULATES NEOCORTICAL CYTOGENESIS IN 
MICE. S. Miyam a*1,2. P.G. Bhide1. T. Takahashi1,2 & V.S. 
CavinessJr.1 1 Neurology, Mass. Gen Hospital & Harvard Med Sch, 
Boston, MA 2 Pediatrics, Keio Univ Sch. M edicine, Tokyo, Japan.

Explants o f  embryonic day 13 mouse cerebral wall were cultured in 
collagen and DMEM/F12. The explants included the neocortical 
domain, that is, the dorsomedial and lateral cerebral wall, as w ell as 
the subjacent ganglionic (striatal) em inence. The control set of 
explants was cultured without further alteration. In the experimental 
set, the neocortical and striatal domains were separated by a cut at the 
caudato-pallial angle immediately after explantation. The excised  
striatum was removed and the cerebral wall cultured alone. The S- 
phase marker bromodeoxyuridine (BUdR) was added to the medium 
in both sets o f explants after an initial 5-hr incubation. 4 hrs later, the 
explants were fixed, cut coronally and stained immunohistochemically 
to reveal BUdR. The BUdR labeling index (LI) in the ventricular zone 
was determined at lateral, intermediate and medial zones o f  the 
cerebral wall. In the control set, there was a lateral-to-m edial 
ascending gradient in the LI consistent with the known lateral-to- 
medial decrease in cell cycle length in vivo. In the experimental set the 
LI at the lateral, intermediate and medial zones was virtually equal to 
that at the medial zone in the control explants. That is, the separation 
o f striatal and neocortical domains eliminated the normally robust LI 
gradient by increasing the LI in lateral and intermediate zones. Thus, 
the continuity o f  striatal and neocortical domains modulates the LI in 
cerebral ventricular zone and establishes an ascending lateral to medial 
gradient. This gradient might reflect the action o f  either a diffusible 
substance or that o f  a cascade o f  adjacent ce ll-cell interactions.

122.10
SYNCHRONIZED INTERKINETIC NUCLEAR MOVEMENT DURING EARLY 
NEURONOGENESIS IN MOUSE NEOCORTEX. L. Cai#. N.L. Haves and R.S. 
Nowakowski. Dept. of Neuroscience and Cell Biology, UMDNJ-Robert Wood 
Johnson Medical School, Piscataway, NJ 08854.

We have analyzed cell proliferation and interkinetic nuclear movement in 
the proliferative ventricular zone (VZ) in mouse neocortex with a replication- 
incompetent retrovirus encoding alkaline phosphatase (AP). The retrovirus 
was injected into the lateral ventricles on embryonic day 11 (E11). On E14, 
animals were sacrificed, and the brains were processed for AP activity. 106 
AP-positive clones w ith nuclei in the VZ were found in the neocortex. 37% 
of these clones had 3 or more cells, and the largest clone contained 24 cells 
(15 nuclei in the VZ and 9 in the more superficial layers). In the VZ the nuclei 
of AP-positive cells were almost always clustered within a single level of the 
VZ, i.e., next to the ventricular surface, near the border of the VZ with the 
subventricular zone (SVZ), or in the middle part of the VZ. A few  clones (< 
5%) were composed of tw o clusters, the smaller of which always occupied 
the part of the VZ immediately adjacent to the ventricular surface. It is 
important to emphasize that no clones were found in which the nuclei were 
distributed throughout the full radial extent of the VZ. From previous results 
we know that the 3 day survival period from El 1 to E14 is sufficient for just 
over 6 cell cycles (5 cell cycles after allowing for the integration of the 
retroviral genome into a single proliferating cell) and that during this time 
period the range of the cell cycle length for this proliferative population is 
small. Therefore, we conclude that during early neuronogenesis of the 
developing mouse neocortex interkinetic nuclear movements are 
synchronized, and clonally related nuclei remain physically close to one 
another for several cell cycles.

Supported by NIH grant NS28061

122.12
A COMPUTATIONAL MODEL OF NEOCORTICAL NEURONOGENESIS
T. Takahashi12*. R.S. N ow akow skf. and V.S. Caviness. J r.1 1Departm ent of 
Neurology, M assachusetts General Hospital, Harvard M edical School, Boston, 
M A 02114 2Department o f Pediatrics, Keio University School o f Medicine, 
Tokyo 160, 3Department o f Neuroscience and Cell Biology, UM DNJ-Robert 
W ood Johnson M edical School, Piscataway, NJ 08854

Cerebral neuronogenesis has two principal agenda; 1) production of appropriate 
number o f neurons and 2) creation of cellular diversity. W e dissociate these two 
agenda in a computational neuronogenetic model which is based upon 
experimental measures of proliferative behavior of neuronal precursor cells in the 
mouse cerebral wall. These measures include, over the neuronogenetic interval 
(NI; E l 1-El 7, representing 11 cell cycles in mice), the progression of the two key 
parameters of cell proliferation; the output fraction Q (the proportion o f daughter 
cells to leave the cell cycle) and cell cycle length (Tc).

Q is the regulator of the first agenda. Thus, the pattern of Q progression over the 
course of 11 integer cell cycles determines the total num ber o f neurons to be 
produced (ultimately brain size) and the rate at which they are produced. Direct 
m easurements o f Q show that it increases non-linearly from 0 to 1; from this 
progression we have calculated that a single proliferating cell at the outset of NI 
will, on average, give rise to 254 progeny. Therefore, the proliferative ventricular 
epithelium subtended by 1 mm2 ventricular surface will form 56 mm2 cortical area 
(allowing 105 neurons under 1 mm 2 surface area after a correction for cell death 
and cell dilution by growth). Note that this output function has no time 
dimension; it is associated neither with Tc nor with the length o f the overall NI. 

The progression of the second parameter, Tc, determines in the time domain the 
length o f the overall NI and has no direct effect on the cell number. We suggest 
that changes in this param eter reflects mechanisms which regulate the second 
agenda, that is, cellular diversity and differentiation among the progeny.

122.14
CELL CYCLE PARAMETERS A N D  NUCLEAR MIGRATORY  
PATTERNS IN EARLY EM BRYONIC M O USE STRIATUM. 
Pradeep G. Bhide* and Ami N. Sheth. Neurology, Harvard Medical 
School & Massachusetts General Hospital, Charlestown, MA 02129.

Cell cycle length (Tc), S-phase length (Ts) and growth fraction 
(GF) o f striatal progenitors were determined on embryonic day 11 by 
a bromodeoxyuridine labeling method at 3 rostrocaudal levels o f the 
lateral ganglionic eminence. The proliferative zone is essentially a 
pseudostratified ventricular epithelium (PVE). Tc is 9.5, 10.4 and
9.3 hrs; Ts is 4.5, 5.4 and 4.3 hrs, at the rostral, middle and caudal 
levels, respectively. GF is 1.0 at all levels. Based on cell cycle 
parameters alone the PVE appears homogeneous. Yet, interkinetic 
nuclear migration o f dividing cells betrays a heterogeneity within the 
PVE. A double-S-phase-labeling paradigm confirmed that nuclei of 
the PVE cells segregate into two zones during G2-phase. The wider 
first zone lies along the lateral ventricular border and the narrower 
second zone adjacent and parallel to the first. Nuclei in the second 
zone belong to the earliest members o f  the secondary proliferative 
population (SPP). The size o f  the second zone varies along the 
rostrocaudal axis. The first zone has two overlapping components; 
nuclei at the ventricular border belong to the PVE w hile those 
immediately adjacent to the ventricular border (but still within the 
PVE) belong to cells that “seed” the neighboring SPP. Thus, the 
nuclei o f  PVE cells segregate into distinct G2-phase zones implying 
that at least some aspects o f  cell fate, such as assignment to SPP or 
PVE may be apparent in G2-phase, prior to m itosis. Postmitotic 
migratory patterns o f  the progeny also appear to be heterogeneous as 
cells in the primordial striatum are spatially segregated.
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122.15
TEMPORAL AND SPATIAL EXPRESSION OF CYCLINS B AND E IN THE 
DEVELOPING MURINE CORTEX. I. Delalle1, L-H. Tsai2 , E. Harlow3 & V.S. 
Caviness Jr*1. 1 Neurology, 3Cancer Center, Massachusetts General Hospital, 
2Pathology, Harvard Medical School, Boston, MA.

Cyclin (eye) B controls both mitotic entry and exit. In vertebrate cell lines eye 
B is synthesized during S phase, accumulates as cells approach the G2/M 
transition and is degraded as cells exit mitosis. Activity of eye E is periodic, peaks 
at the Gl/S transition and is necessary for the initiation o f S phase. Here we 
correlate with in situ hybridization of S35 labeled riboprobes for mRNA, the 
spatial and temporal patterns of expressions of eye B and E in the embryonic 
murine cerebral wall at the 12th and 15th gestational days (E12 and E15). At both 
dates there is a medial to lateral gradient in the state of histogenesis. At E12 and 
E15, both eye B and eye E mRNAs are present in the proliferative ventricular 
epithelium (PVE). Cyc E mRNA in particular and eye B mRNA to a lesser extent 
are also expressed at overlying levels of the cerebral wall where little or no cell 
proliferation is occurring. At E12 cyc B mRNA expression is maximum in the 
outer half of the PVE with a decreasing lateral to medial gradient in intensity. At 
E15 there is a bimodal distribution of expression in PVE with peaks at the 
ventricular margin and in the outer half of the PVE. Overlying layers of the 
cerebral wall contain very low levels of cyc B mRNA. No lateral to medial 
gradient is present at this age. mRNA for cyc E, by contrast, has a low level 
uniform expression across the PVE at E12. At E15 the level of expression is 
diminished some 30% from that at E12 and there is a radial gradient with 
maximum expression in the outer 2/3 of the PVE and in the cortical plate with no 
evident lateral to medial gradient. These patterns o f expression of mRNA for cyc B 
at both ages and cyc E at E l5 in the PVE are those that would be predicted from 
the established roles of the two proteins in regulation of cell cycle progression. 
The expression of mRNA for both cyclins in postproliferative cells indicates that 
these proteins may play roles in cell differentiation not previously evident from 
studies of their roles in cell proliferation.

122.17
CHARACTERIZATION OF PRE-O-2A PROGENITORS CULTURED FROM 
MOUSE EMBRYONIC SUBVENTRICULAR ZONE PROGENITOR CELLS: 
EFFECTS OF NEUROTROPHIN 3. R .Marmur*. M F Mehler. P.Mabie. 
A.K.Papavasiliou. R.I, Cohen. K.J. Chandross, and J.A . Kessler. Dept of  
Neuroscience Albert Einstein CoL of Med Bronx, NY, 10461

Although factors which promote oligodendroglial (OL) development from O- 
2A progenitor cells have been extensively characterized, the mechanisms governing 
OL development from earlier progenitor cell species are unclear. We used 
complement mediated immunocytolysis o f late embryonic subventricular zone 
mouse progenitors to select for enriched GD3AA2B5- progenitor population. 
Following this treatment, we recognized clusters of GD3-/A2B5- cells that bear no 
processes and show immunoreactivity for vimentin and for polysialated E- 
NCAM as suggested by Grinspen et al. (Soc. Neurosi. abstract, 1994). 30-65% of 
the E-NCAM+ clusters are co-labeled with antibody to the carboxy terminal of 
proteolipid protein that also recognizes its embryonic isoform, DM-20. 20%-35% 
of the E-NCAM-t cluster progenitors acquire a subsequent 0-2A phenotype. 
Neurotrophin-3 treatment generated a dose dependent increase in the number and 
the size of E-NCAM+ clusters and in the subsequent number o f O4+ progenitors. 
Platelet derived growth factor (PDGF) treatment similarly increased the number 
and size of the E-NCAM+ clusters. Co-application o f NT-3 and bFGF but not 
NT-3 and PDGF had an additive effect on the number and the size of the E- 
NCAM+ clusters. However both NT-3\bFGF and NT3\PDGF treatments 
significantly increased the number of GD3+ progenitors suggesting that both factor 
combinations affect this early 0-2A progenitor stage. RT-PCR analysis 
demonstrated expression of trk C, the high affinity NT-3 receptor,in the pre-02A 
cultures. Our data provide evidence that NT-3 affects OL development from the 
pre-02A to the 0-2A lineage stage and provide an in vitro model system for 
further isolation and characterization o f pre-0-2A progenitors.

122.19
PROLIFERATION OF NEUROBLASTS DESTINED FOR THE RAT 
OLFACTORY BULB. C. M. Smith* and M. B. Luskin. Dept, of Anatomy & 
Cell Biology, Emory Univ. Sch. of Med., Atlanta, GA 30322.

The anterior portion of the neonatal telencephalic subventricular zone (SVZa) 
generates an enormous number of intemeurons that traverse a highly restricted 
pathway to reach their destination in the olfactory bulb (OB) (Luskin, Neuron. 
11:173, 1993). Within this pathway the SVZa-derived cells have a neuronal 
phenotype, as evidenced by their long, leading processes and their expression of 
a neuron-specific tubulin (recognized by the antibody TuJl). Nevertheless,these 
cells continue to divide (Menezes et al., J. Neurosci. Abst.. 24, 1994). Since the 
leading processes of >90% of these cells point toward the OB, we wished to 
determine whether their mitotic figures show a similar uniformity of orientation. 
We analyzed the orientation of the mitotic figures, visualized by 4,6-diamidino-2- 
phenylindole (DAPI) staining, along the rostral-caudal extent of the pathway in 
sagittal sections from postnatal day 1-2 rat pups. Our results indicate that these 
cells do not have a preferred orientation of division; all orientations are found in 
roughly similar proportions. Future studies will examine whether the dividing 
cells retain their leading processes. We also investigated the location of mitotic 
figures across the width of the pathway to ascertain if the dividing cells are 
differentially distributed. We find that the mitotic cells are evenly dispersed 
between the inner third and the outer two thirds of the pathway, indicating that the 
pathway is not subdivided into regions within which the cells are either 
predominantly dividing or migrating. Our work suggests there is no correlation 
between the position of a SVZa-derived cell in the pathway and the phase of its 
cell cycle. Supported by the NINDS and the Pew Charitable Trusts.

122.16
CELL BIRTH IN THE INTERMEDIATE ZONE AND SUBPLATE OF 
THE DEVELOPING FERRET CEREBRAL CORTEX. R.M, Klein*, J. K. 
Johnson, and N.E.J. Berman. Dept. of Anatomy and Cell Biology, 
University of Kansas Medical Center, 3901 Rainbow Blvd., Kansas City 
KS, 66160

Macroglial cells of the cerebral cortex are thought to be generated in two 
waves, one occurring before, the other after most of the neurons are 
generated. In a previous study (Berman et al., Soc. Neurosci. Abstr. 19:28, 
1993), we found that cells divide in the intermediate zone and subplate of 
the developing ferret cerebral cortex at postnatal day 1, before the 
completion of cortical neuronal cell birth. We have extended our findings 
on glial cell birth by examining earlier (prenatal) and later (postnatal) 
times. Prenatal injections of 3H-thymidine were made into the amniotic sac 
after exteriorizing the uterine horns. Postnatal injections were made 
intraperitoneally. Survival time was 1-2 hours. Sections of embryonic and 
postnatal brains were immunostained using markers for neurons and glial 
cells and were processed for autoradiography. The dividing cells in the 
intermediate zone and subplate were identified as glial cells because they 
express S I00. At embryonic day 28, when the intermediate zone has just 
begun to develop, 98% of cells 3H-thymidine labeled cells were located in 
the ventricular zone. However, a small population of dividing cells, 
comprising approximately 2% of the total, were located in the intermediate 
zone. Since dividing cells were present in the intermediate zone at E28, 
E34, and in the intermediate zone and subplate at PI and P8, we can 
conclude that generation of glial cells occurs throughout the period of 
neuron generation. Supported by MH38399.

122.18
CHARACTERIZATION AND IM M ORTALIZATION OF OLFACTORY 
RECEPTOR NEURON PROGENITOR CELLS FROM MOUSE OLFACTORY 
EPITHELIUM. Nobuko Hagiwara*. Jeff S. Mumm. and Anne L. Calof. Dept. of 
Anatomy & Neurobiology, Univ. California Col. Med., Irvine, CA 92717 

We are interested in molecular mechanisms regulating the developmental 
progression of progenitor cells (PROs) that give rise to olfactory receptor neurons 
(ORNs). An immunological panning technique is used to isolate PROs from 
suspensions of embryonic mouse olfactory epithelium (OE) cells. In defined medium 
(and the absence of added growth factors) cultured PROs survive a maximum of 3 
days; PROs divide and differentiate into ORNs within 24 hours, and these ORNs theu 
undergo apoptosis. However, when PROs are plated over feeder layers of fibroblasts 
isolated from stroma underlying the OE, a fraction (1/2000) survive and continue to 
proliferate for at least a week in culture, forming colonies of small round cells. 
When removed from the stromal feeder layers and replated over OE explant cultures, 
these colony forming progenitors (CFPs) give rise to cells with morphological 
characteristics of ORNs. Our current hypothesis is that CFPs may be the stem cell 
of the OE neuronal lineage. To facilitate molecular characterization of PROs/CFPs, 
conditional alleles of oncogenes (m ycER , tsA58 T) were used to immortalize 
proliferating cells from OE primary cultures. A total of 46 such lines have been 
established. These immortalized cell lines continue to divide and resemble CFPs 
when maintained on stromal feeder layers. RT-PCR analyses indicate that some of 
these cell lines express M ashl (Mammalian achaete-scute homologue 1) at low 
levels. Other studies from our lab indicate that MASH1 is expressed in progenitor 
cells that are downstream from the OE neuronal stem cell, but upstream of the 
Immediate Neuronal Precursors of ORNs [Calof et al., this meeting, Gordon et al., 
1995, submitted]. We are currently characterizing Mashl* and M ashl cell lines using 
molecular markers (Otx-1 and 2; Emx-1 and 2; Pax-3 and 6 ; Notch 1, 2 and 3) to try 
to establish a developmental hierarchy of gene expression for ORN progenitor cells. 
This work was supported by grants to ALC from the Council for Tobacco Research (CTR 
3663) and a Basil O'Conner Starter Scholar Research Award from the March o f Dimes.

122.20

NEU RO G EN ESIS IN THE DEN TA TE GY RU S O F THE A D U L T R A T  
DECLINES DURING AGING. H.G- Kuhn*. H. Dickinson-Anson. F.H. Gage. 
Laboratory of Genetics, The Salk Institute, La Jolla, CA 92037-1099, U.S.A.

In most regions of the mammalian brain the production of neurons is largely 
confined to the perinatal period. But postnatal neurogenesis in the hippocampus of 
rodents is well preserved throughout adulthood. Neural precursor cells, that reside 
at the border between the hilus and granule cell layer (GCL) of the dentate gyrus, 
proliferate, migrate into the GCL and differentiate into granule cells. Although 
neuronal birth has been observed in rats of up to 11 months o f age, it is unclear 
whether neurogenesis continues throughout the lifespan of an animal.

The present study analyzed dentate gyrus neurogenesis in 6 month old (adult) 
and 24 month old (aged) Fischer rats using bromodeoxyuridine (BrdU) immuno- 
histochemistry. Six weeks after BrdU labeling, when newborn cells were given time 
to differentiate, a drastic decline in the number of BrdU-positive nuclei in the GCL 
was observed in aged rats when compared to adult rats. This decreased 
neurogenesis was accompanied by reduced immunoreactivity to polysialylated 
NCAM, a molecule that is involved in migration and process elongation of 
developing neurons. When animals were analyzed 1 day after BrdU labeling a 
decrease in proliferative activity in aged rats was detected in the subgranular zone 
and GCL but not in the hilus region. The relative proportion of glial and neuronal 
cells amoung the newborn cell population is currently being determined. These 
results lead to the conclusion that due to reduced proliferation of neuronal precursor 
cells neurogenesis declines during aging o f the dentate gyrus. Further experiments 
aim towards identifying stimuli that could reestablish proliferation of dentate gyrus 
neuronal precursor cells in aged animals and behavioral correlates o f altered 
neurogenesis.
Supported by DFG and NIH.
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123.1
DYNAMIC BEHAVIORS OF CORTICAL GROWTH CONES EXTENDING 
ACROSS MEMBRANE STRIPES FROM THE DEVELOPING SPINAL 
CORD. M. Nagashima*, X .Z. Shi. E. Dent and K. Kalil. Neuroscience Training 
Program and Dept of Anatomy, University of Wisconsin, Madison, WI 53706 

In previous in vitro studies we found that corticospinal connections formed in 
explant cocultures were highly specific as in vivo. We also found that cortical 
growth cones collapsed and retracted upon direct contact with inappropriate 
targets but extended smoothly into appropriate spinal cord explants To 
determine whether inhibitory cues or lack of permissive cues prevent cortical 
growth cones from extending into inappropriate targets, we investigated 
behaviors of growth cones responding to target derived membrane bound cues 
of different attractiveness in a membrane stripe assay We visualized growth cone 
behaviors with high resolution video microscopy by first transferring the 
membrane preparations to glass coverslips and then culturing newborn hamster 
sensorimotor cortical explants on the membrane stripes for 24-48 hours prior to 
video microscopy Since previous studies showed that membrane carpets from 
adult hamster spinal cord white matter were non-permissive for cortical neurite 
outgrowth, our initial assay consisted of laminin lanes alternating with lanes of 
white matter membranes from 3 week old spinal cord. Cortical growth cones 
extended smoothly on laminin lanes but upon contact with the white matter 
membranes growth cones either stopped extending and stalled in place for 
several hours or exhibited complete collapse and withdrawal. Although growth 
cones were sometimes capable of extension on the membranes, growth rates were 
considerably slower than on the laminin lanes. Video enhanced Nomarski optics 
revealed that single membrane particles were able to inhibit growth cone advance 
or induce their collapse, suggesting that the spinal cord white matter may 
contain cues inhibitory to cortical neurite outgrowth. To determine whether 
similar inhibitory mechanisms arc involved in selection of spinal targets by 
cortical neurites. we are currently investigating behaviors of cortical growth cones 
as they encounter alternating stripes of membranes prepared from appropriate and 
inappropriate targets Supported by NIH Grant NS 14428 to K.K

123.3
INH IBITORY PR OTEO GLY CA N IS AB U N D A N T IN REGEN ERA TIN G 
PERIPHERAL NERVE. J. Hernandez. V. Obremski and D. M uir* Departments 
of Pediatric Neurology and Neuroscience, University of Florida College of Medicine, 
Gainesville, FL 32610.

Axonal regeneration by peripheral neurons is promoted within basal lamina 
tubes. Schwann cells secrete and assemble basal lamina constituents including 
laminin-2 (LN) which expresses potent neurite-promoting activity. Cultured 
Schwann cells also secrete a heparan- and chondroitin-sulfate proteoglycan (NIF) that 
binds to and inhibits the neurite-promoting activity of LN (D. Muir, 1989. J. Cell 
Biol. 109: 2353). In the present study we examined NIF content and distribution in 
normal and regenerating adult rat sciatic nerve. Seven days after nerve crush, total 
proteoglycan/GAG content increased 3-4 fold and NIF content and activity increased 
over 7-fold in nerve segments distal to the crush site. NIF levels remained elevated 
for up to 4 weeks. Immunolocalization indicated NIF accumulated within nerve 
interstitium, not within basal lamina, and was most abundant at the crush site.

In vitro, NIF-LN substrates were de-inhibited by proteoglycanases, including 
glycosidases and matrix metalloproteinases. Additionally, DRG and PCl2+NGF 
neurons expressed proteoglycanases that were inducible by NGF. Furthermore, 
proteoglycanase-dependent, long-term neuritic growth was achieved by DRG neurons 
and, to a greater extent, by PC12+NGF on NIF-LN substrates. NIF-degrading activities 
produced by PC12+NGF include heparanase, transin and plasminogen activators). 
These findings suggest pathfinding may involve proteolytic activities and the ability 
of neurons to selectively degrade inhibitory proteoglycan which is upregulated during 
nerve regeneration. Supported by grants from NIH/NINDS.

123.5
N EUR O N A L G R O W TH  CO N E C O LLA PSE M ED IATED  BY  
PLATELET-ACTIVATING FACTOR RECEPTORS. G. D. Clark*. 
R .S . McNeil. G. J. Bix. J. W. Swann: Depts. o f  Pediatrics, Neurology, 
& Division o f Neuroscience; Baylor College o f  Medicine; Houston, TX 

Lis-1, the gene implicated in Miller Dieker Lissencephaly, encodes an 
abnormal subunit o f a platelet-activating factor (PAF) acetylhydrolase. 
It is possible that the abnormal accumulation o f  PAF in 
neurodevelopment leads to this disorder. We have examined the effects 
o f  a nonhydrolyzable PAF, methyl carbamyl PAF (mc-PAF), upon rat 
hippocampal neuronal growth cones. Growth cones collapsed when 
briefly exposed (<60sec) to mc-PAF at concentrations as low as 100nM, 
but activity in growth cones typically returned at low concentrations 
(< 1μM mc-PAF). There were statistically significant retractions o f  
neurites exposed to l μM mc-PAF (N=13) as compared to 1μM lyso- 
PAF (a similar lipid which is a biologically inactive precursor o f  the 
PAF molecule) (N=5, p < 05 , Mann Whitney U). BN-52021, a
ginkolide with PAF receptor antagonist activity, blocked the growth 
cone collapse and neurite withdrawal initiated by mc-PAF (50μM BN- 
52021 + 10μM mc-PAF, no significant change in length [N=7]; 10μM 
mc-PAF, significant retraction as compared to both pretreatment length 
and to BN-52021 +mc-PAF treated growth cones [N=6, p< .01]). The 
abnormal cytoarchitecture o f  the brain in Miller Dieker Lissencephaly 
could, in part, be explained by an abnormal pattern o f  connectivity 
resulting from premature neuronal growth cone collapse mediated by 
PAF receptors.

123.2
SELECTIVE BRANCHING OF CORTICAL NEURITES ON MEMBRANE 
STRIPES FROM THE DEVELOPING SPINAL CORD E.Dent. M. Nagashima, 
X Z. Shi and K Kalil * Neuroscience Training Program and Dept. of Anatomy, 
University of Wisconsin, Madison, WI 53706.

During development of the corticospinal pathway in vivo, axons from the 
sensorimotor cortex innervate the spinal cord by selective branching of collaterals 
at appropriate spinal levels. In corticospinal explant cocultures cortical neurites 
also form terminal arbors in appropriate spinal targets, suggesting that axon 
branching is mediated by axon target interactions Results showing robust 
cortical neurite outgrowth on uniform membrane carpets from newborn spinal 
cord but not on membranes from inappropriate cerebellar targets suggest that 
membrane bound cues influence target specificity In the present study we used 
membrane stripe assays to determine the influence of membrane cues on formation 
of axon collaterals. In these membrane assays, which were transferred to glass 
coverslips to permit visualization of cortical neurites and their branches with phase 
microscopy, explants from newborn hamster forelimb sensorimotor cortex were 
positioned on alternating lanes of membranes prepared from newborn spinal cord. 
After 48 hours neurite branching was assessed in fixed cultures Branches, 
identified as such if they grew at right angles from the cortical neurites and were 
at least lOu in length, were counted only on neurites that grew perpendicular to 
and across at least 2 lanes. In initial assays we used stripes of membranes from 
newborn cervical spinal cord alternating with lanes of laminin. Examination of 70 
cxplants showed that cortical neurites extended well across both membrane and 
laminin lanes but branched preferentially on the membrane lanes Of 320 neurites 
examined, approximately half extended at least one branch and 80% of these 
branches occurred on the membrane lanes. These results suggest that membrane 
bound cues from spinal targets elicit branching from coitical neurites. 
Experiments are in progress to determine whether cortical neurites branch 
preferentially on membranes from appropriate spinal targets Supported by NIH 
Grant NS 14428 to K.K

123.4
GLUTA M ATE IND UCED G R O W TH  CO N E COLLAPSE IN AN 
IDEN TIFIED M OLLUSCAN N EURO N. O. Nesic. N.I. Syed. W.C. Wildering. 
N.S. Magoski, K. Lukowiak and A.G.M . Bulloch*. Neuroscience Research 
G roup, Faculty of M edicine, University of Calgary, Calgary, AB, Canada.

A  large body of evidence supports the role o f neurotransm itters in growth cone 
collapse, however, evidence for the role of glutam ate in this context is limited. 
Glutam ate is a neurotransm itter in the molluscan CNS and can m odulate the 
regeneration and sprouting of identified neurons. In this study we. used a 
molluscan neuron to examine the effect of glutam ate on growth cone collapse.

The identified Lymnaea neuron, C erebral neuron one (C l), makes synaptic 
connections with buccal neurons controlling feeding and is integrated into the 
feeding central pattern  generator. W e investigated the effect o f glutam ate on the 
growth cones of neuron C l, cultured for 24 hours in the presence of brain 
conditioned medium. During visual and electrophysiological m onitoring of 
neuron C l, the cell was continuously perfused in defined medium.

W hen glutam ate was pressure applied (1 mM in the pipette) on neuron C l 
growth cones, in vitro, it induced growth cone collapse. Furtherm ore, pressure 
application o f glutam ate on the soma of neuron C l produced hyperpolarization. 
W hen the pressure application vehicle (0.1% fast green in defined medium) was 
applied on neuron C l growth cones, collapse was not observed. W hether or not 
the glutam ate induced growth cone collapse was reversible depended on the 
duration o f glutam ate exposure. W hen glutam ate was pressure applied every 3 
minutes (pulse duration 5 seconds) over a 30 m inute period, the growth cone 
collapse was irreversible. However, if the  duration of glutam ate application was 
decreased to a 15 m inute period (with the same frequency of pressure 
application), the growth cone partially recovered. Collectively, this evidence 
suggests that glutam ate could have a role in the regulation of neurite outgrowth 
by inducing growth cone collapse. Supported by N CE (Canada) and M RC 
(Canada).

123.6
ISO LATIO N  OF A G R O W T H  C O N E  C O L L A PSE -IN D U C IN G  
ACTIVITY IN  A D U L T  C H IC K EN  GREY M ATTER. A. Sandvig. 
G.M .W . C ook, M.S. Gordon, A.R. Tohnson. A .J. Larner and R .J. 
Keynes*. Department of Anatomy, University of Cambridge, Cambridge 
CB2 3D Y, U.K.

Adult avian grey matter contains a protein fraction that causes growth 
cone collapse in vitro. This fraction was purified by a protocol involving 
detergent-solubilization of chicken grey matter (forebrain), follow ed by 
fractionation by chromatography on im m obilized reactive dyes (used in 
both positive and negative modes) in com bination with non-denaturing 
gel electrophoresis (Abstr. Soc. Neurosci. 18, 399.12, 1992). Growth cone 
collapse activity was electroeluted from a single silver-staining protein 
band running close to a BSA marker. We have subsequently modified the 
purification schedule to obtain increased yields for structural analysis. The 
use of immobilized dyes in a negative mode has been replaced successfully 
by hydrophobic interaction chromatography (HIC). Six LHC media were 
screened, and optimal results obtained w ith a butyl ligand. A protein 
band was identified on non-denaturing gel electrophoresis, migrating in 
the same position as the previous band in relation to BSA. SDS-PAGE of 
material electroeluted from this position shows that the fraction prepared 
by HIC has a major band at approximately M r 60K, whereas additional 
components are present using the earlier protocol. Microsequencing of the 
N-terminus o f this protein indicates that it is novel, and we hypothesize 
that it may be involved in inhibitory interactions between growth cones 
and their environment in the developing and adult brain.

Society for Neuroscience, Volume 21, 1995



SUNDAY PM AXON GUIDANCE MECHANISMS AND PATHWAYS 289

123.7

GROWTH CONE LAMELLAR REMODELLING: INTRINSIC AND 
TARGET RELATED FACTORS. G. Gallo and E. D. Pollack* Dept. 
Biological Sciences, U. of Illinois at Chicago, Chicago, I I60608 

The expanse of growth cone lamellae exhibits fluctuations over time, or 
"lamellar cycling”, the magnitude of which is modulated by 
developmentally appropriate target (limb bud) (Dev. Brain Res. 85:140). 
Growth cones of neurites from larval frog spinal cord explants are used to 
characterize lamellar cycles. The behavior of growth cones in the 
presence of the target tissue was analyzed at one minute intervals from 
enhanced video images. Changes in the rate of lamellar protrusion, but 
not retraction, occur during lamellar cycles. The rate of lamellar protrusion 
is greater during lamellar size expansion than during periods of lamellar 
size decrease. The rate of lamellar retraction does not vary during the 
lamellar cycle. During periods of lamellar increase more of the lamellar 
perimeter engages in protrusion than during periods of lamellar decrease. 
These fluctuations in lamellar protrusion account for lamellar cycles. In 
the presence of target tissue, 80% of growth cones undergo a slow loss of 
lamellar area over one hour. The remainder maintain their size but exhibit 
decreased lamellar remodelling. In both instances, lamellar cycling 
persists. The increase in lamellar protrusion rate during cycling is 
attenuated in the presence of the target. Although the percentage of 
lamellar perimeter remodelling is decreased in the presence of target 
tissue, the proportion of perimeter undergoing protrusion relative to 
retraction doesn't differ from that in growth cones in the absence of target 
tissue. The loss in lamellar area in 80% of the growth cones is due to a 
decrease in the time spent in the cycle phase during which lamellar area 
increases relative to that in which lamellar area decreases. Thus, the 
protrusive behavior of growth cone lamellae is regulated by intrinsic 
mechanisms and target tissue derived factors.

123.9

DEVELOPMENT OF BASAL FOREBRAIN CHOLINERGIC NEURONS 
ON SLICES OF CEREBRAL CORTEX IN VITRO: A TECHNIQUE 
COMBINING DISSOCIATED AND ORGANOTYPIC SLICE 
CULTURES. R.T. Robertson*. J. Baratta. C.E. Perez. G.S. Hollrigel and J. 
Yu. Depts. of Anatomy and Neurobiology and of Physical Medicine and 
Rehabilitation, College of Medicine, Univ. California, Irvine, CA 92717.

Investigations addressing developmental questions commonly have 
employed either dissociated cell or organotypic slice cultures. Emerling 
and Lander (Development, 1994) recently studied cell adhesion patterns 
using a technique in which dispersed cells are exposed to acutely prepared 
brain slices. We have adapted this approach in long term cultures to 
address issues of cell attachment and neurite outgrowth. Slices of cerebral 
cortex were prepared from postnatal rats aged P0 to P6 and cultured on 
membranes. Basal forebrain (BEB) tissue was collected from septum and 
diagonal band regions of E l7 rat fetuses, dissociated in DMEM, and 
exposed to the cultured brain slices. Some dissociated cells were labeled 
with Dil, horseradish peroxidase, or biocytin prior to plating. After 1-14 
days in vitro, cultures were fixed in aldehydes and processed for AChE 
histochemistry, biocytin immunocytochemistry or fluorescence 
microscopy. AChE labeled BEB neurons attached or survived with greater 
frequency on cingulate cortex than on parietal. Labeled cells occurred 
with greatest frequency on the molecular layer and subplate region of 
parietal cortex, but were distributed more evenly through layers of the 
cingulate region. Dendritic outgrowth of AChE labeled BFB cells showed 
a multipolar pattern, similar to that seen for these neurons in vivo. Axonal 
outgrowth was profuse, with multiple branches extending over much of 
the cortical territory. No clear laminar preferences were seen in patterns 
of axonal outgrowth. These combined dissociated and slice cultures may 
be a useful technique to study patterns of cell adhesion and neurite 
outgrowth. Supported by NIH grant NS 30109 and the Roosevelt Warm 
Springs Foundation.

123.11

OLFACTORY EPITHELIUM ORGANOTYPIC SLICE CULTURES: AXON OUTGROWTH 
AND CELL MIGRATION

W-L Liu*. Q-Z Gong. M. Srodon and M. T. Shipley. Dept. of Anat. Univ. of Maryland, 
Baltimore, MD 21201.

Several extracellular matrix, cell surface molecules and cell types are present 
along the developing olfactory pathway. However, as it is technically difficult to 
manipulate embryonic mammals in vivo, the functional roles of these molecules and 
cells in olfactory axon outgrowth, pathfinding and targeting are unknown. The 
purposes of this study were to: (1) develop an organotypic olfactory epithelium (OE) 
slice culture from E13 rat embryos; (2) investigate the functions of molecules and 
cells present along the developing olfactory pathway in vitro. Heads of E13 embryos 
were embedded in 3% low melting point agarose in L15 medium at 37°C and cut into 
400 pm parasagittal slices with a vibratome. The OE was dissected from the slice 
and placed in Millicell-CM insert membranes coated with either type I collagen, 
laminin, fibronectin or matrigel. Slices were incubated in serum-free medium for 5 
days.

Nearly all slices were healthy and extended abundant processes identified as 
axons with neuronal specific tubulin (NST) or growth associated protein (GAP 43). 
Axons extended for 250-500 pm from the OE slices on all membranes coated with 
collagen, laminin and fibronectin, but grew best on membranes coated with matrigel 
which contains several growth factors and extracellular matrix molecules. Axons 
grew in the direction away from the mucosal side of the nasal cavity. The majority of 
neurons and growing axons expressed OMP indicating that they became mature 
ORNs. Numerous cells migrated out of the slices. Some migrating cells were 
positive for NST or Hu proteins indicating that they were neurons; migrating neurons 
were always associated with axons. Many more migrating cells were identified as glia 
based on their expression of S-100, GFAP and the low affinity NGF receptor.

Embryonic OE slice cultures exhibit the major organotypic features of in vivo 
OE, including vigorous axon outgrowth, cell type specificity and cell migration. This 
culture system will be useful for investigating: (1) growth factors and substrates that 
regulate olfactory axon outgrowth and targeting; and (2) the influence of olfactory 
axons on the induction and differentiation of the olfactory bulb. Supported by NIH NS 
29218 & DC 00347.

1 2 3 .8

NEURITE GROWTH IS DIRECTED AND GROWTH CONE 
MORPHOLOGY IS ALTERED BY AN ASTROCYTIC BOUNDARY IN 
CULTURE, E. M. Powell*. S. Meiners. and H. M. Geller. Department of 
Pharmacology, UMDNJ-Robert Wood Johnson Medical School, Piscataway, 
NJ 08854

We have developed a cell culture model to investigate changes in 
neurite outgrowth as growth cones encounter repulsive cues. Two astrocyte 
cell lines, A7, which is highly permissive to neurite outgrowth, and neu7, 
which is inhibitory were utilized in these experiments. The ECM molecules 
tenascin and CS-6-PG are high in the neu7 cells, whereas A7 cells are low. 
A7 and neu7 cells were individually labelled with the vital dyes C18PyPO and 
Dil, respectively, and then co-cultured on glass coverslips. Dissociated 
embryonic rat cerebral cortical neurons were then plated onto the mixed 
monolayers. After 24 hours, neurons were labelled with the vital dye 
carboxyfluorescein diacetate. When visualized with fluorescent optics, A7 cells 
are blue, neu7 cells are red and neurons are green. On pure monolayers, mean 
neurite length is 80 μm on A7 cells and 40 μm on neu7 cells. On mixed 
monolayers, neurites extend normally on the A7 cells but avoid the neu7 cells, 
either by extending around the perimeter of the neu7 cell, or stopping at the 
A7/neu7 boundary. When neurites do cross the boundary, neurite outgrowth 
is retarded on the neu7 cells. In addition, growth cone morphology is altered 
at the boundary, from a small and simple shape, to a large, complex structure 
characteristic of decision points during development. These data are the first 
to demonstrate that neurons recognize boundaries formed between cultured 
cells of different permissivity. They thus represent a model of boundary 
formation by astrocytes during development in the nervous system. Supported 
by NIH R01 NS-25168 to H.G. and NIH F31 MH-10815 to E.M.P.

1 2 3 .1 0

CHOLINERGIC PROJECTIONS TO C EREBR A L CORTEX: 
SUSTAINED BASAL FOREBRAIN AND TRANSIENT STRIATAL 
PROJECTIONS IN ORGANOTYPIC SINGLE SLICE CULTURES. 
J. Baratta*. D. Ha. J. Yu and R.T. Robertson. Depts. of Anatomy and 
Neurobiology and of Physical Medicine and Rehabilitation, C ollege of 
Medicine, University of California, Irvine, CA 92717.

S lices of entire forebrain hemispheres were taken from early 
postnatal rat pups and maintained as organotypic slice cultures. Basal 
forebrain cholinergic neurons, identified by histochemical staining for 
acetylcholinesterase (AChE), develop axons that grow rapidly into 
cerebral cortex. Ingrowth occurs by two routes: laterally from the basal 
forebrain to innervate lateral neocortex and dorsally from the septum to 
reach medial cortex. By 1-2 weeks in vitro, basal forebrain axons have 
grown throughout most o f the cortical territory. In addition, the 
normally local circuit cholinergic neurons o f the striatum also send 
axons into cerebral cortex. These striatum-derived axons are 
distinguished from basal forebrain axons by their distinct morphological 
characteristics (striatal axons are thicker and display much greater 
branching) and by their different response to excision of the striatum or 
basal forebrain. Axons in cortex that originate from striatum appear to 
retract or degenerate after a week in culture, while basal forebrain axons 
remain present and healthy beyond two weeks. These results document 
the basal forebrain cholinergic ingrowth into cerebral cortex in this 
whole hemisphere slice culture system and demonstrate specificity of 
maintenance o f cholinergic afferents to cerebral cortex. Supported by 
NIH grant NS 30109 and the Roosevelt Warm Springs Foundation.

1 2 3 .1 2

CHARACTERIZATION OF HUMAN OLFACTORY  
NEUROEPITHELIAL CELLS. M. P. V aw ter1. B .W olozin2.
S. Chrapusta 1. H. Kulaga .  T. Sunderland2 and W. J. F reed1* .
1 NIMH Neuroscience Center at St. Elizabeths, Washington DC 2 0 0 3 2 .2 NIMH, 
Section on Geriatric Psychiatry, Bethesda MD 20892.

The development of the olfactory system in lower vertebrates has been 
intensively studied because of the regeneration of olfactory neurons. The 
olfactory neural structure in humans is unique, because olfactory neurons are 
replaced throughout the lifetime of the human adult. Stable cell cultures of 
olfactory neuroepithelial tissue (Wolozin, B. et al, J. Mol. Neurosci. [1992] 3 :1 3 7  
-1 4 6 ) from human donors were investigated.

Cell cultures were viable in defined serum-free media (Sigma, Opti-MEM) on 
basement membrane (Matrigel, Becton-Dickinson), at dilutions up to 1:300. 
Immunotyping analysis of cells indicated 75%  are CD13-positive (N- 
aminopeptidasej, 2% - 10% are CD56-positive (NCAM), and 25%  are CD40- 
positive (homologous NGF receptor). These findings indicate that olfactory 
neuroepithelial cultures contain a heterogeneous population of cell types. 
Subgroups of cells sorted by FACS may be studied further for expression of 
neuronal markers.

Process outgrowth was measured in Dil-labeled cells. Time-dependent 
process outgrowth was observed in 55%  of all untreated cells. Process 
outgrowth length was significantly increased by treatment with IBMX, sodium 
orthovanadate, or a combination of factors (IL-1, IL-6, NGF, and bFGF).
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DAG LIPASE INHIBITOR AFFECTS XENOPUS RETINAL GANGLION CELL 
GROWTH CONE MORPHOLOGY AND MOTILITY. D. O'Keefe. S. McFarlane. 
and C E- Holt*. Dept. of Biology, UCSD, La Jolla, CA 92093.

We are using the developing retinotectal projection in Xenopus as a model system 
to investigate mechanisms of axon pathfinding and target recognition. Previously, 
our lab has demonstrated that retinal ganglion cells (RGC) bypass their tectal target 
when exposed to exogenous basic fibroblast growth factor (bFGF). RGC growth 
cones express the FGF receptor (FGFR), and bFGF has been shown to promote 
neurite outgrowth in culture. A second messenger signalling cascade has been 
proposed which translates FGFR ligand binding to calcium influx and growth cone 
motility (Williams et al, Dev 120, 1685-93, 1994). In a series of experiments, we 
have blocked the proposed bFGF signalling cascade using diacylglycerol (DAG) 
lipase inhibitor (RHC-80267) and measured its effect on RGC growth cones.

Eye explant cultures were used to investigate the effects of RHC-80267 on RGC 
growth cone morphology in vitro. Following a two hour drug exposure, cultures 
were fixed and each growth cone categorized based on its morphology. RHC-80267 
was shown to induce RGC growth cone collapse in a dose dependent manner. A 
concentration of 200uM lead to 70% collapse (n=191), as compared to 23% collapse 
seen in controls (n=119). To examine the effects of RHC-80267 in real time, we 
used time-lapse video microscopy. Following addition of the inhibitor, growth 
cones exhibited a characteristic freezing behavior, stopped forward motility, and 
slowly withdrew most processes. After washing, the growth cone extended 
processes and resumed motility demonstrating a reversible DAG lipase inhibitor 
effect. We also confronted RGC growth cones with RHC-80267 in vivo using an 
exposed embryonic brain preparation. We applied the inhibitor at stage 33/34 when 
RGC axons have entered the diencephalon. At stage 40 the optic tract was 
visualized with HRP. In treated brains, the optic tract was greatly attenuated as 
compared to controls, in a dose dependent manner. These findings suggest that 
DAG lipase activity is necessary for normal Xenopus RGC axon extension. 
Supported by NIH, PEW Scholars Award, MRC of Canada, and Markey Fellowship

123 .15

THE ROLE OF MYOSIN V IN FILOPODIAL MOTILITY IN  NEURONAL 
G ROW TH CONES. F.-S. W ang. R. E. C heney# . J. S. W olenski# . M. S. 
M ooseker# . S. M. S hankland* an d  D. G. Ja y . D ep t. of M olecular and  
C ellu lar Biology, H arv a rd  U niversity , C am bridge , MA 02138; #D ept. of 
Biology, Yale U niversity , N ew  H aven, CT 06511; D ep t. of N eurobiology, 
H arvard  M edical School, Boston, MA 02115.

The directed m otility  of neuronal grow th  cones a long specific pathw ays is 
required  for nerve cells to m ake correct synaptic  contacts. M yosins, actin- 
based  m o to r p ro te in s, a re  su g g ested  to p ro v id e  force th at p o w ers  the 
ex tension  an d  retrac tio n  of f ilopod ia  w hich  are  essen tia l for neu ro n a l 
pa th find ing . H ere, we exam ined the ro le  o f m yosin  V in g ro w th  cone 
m otility  of chick dorsal root ganglion  (DRG) neu ro n s in cu ltu re  using  the 
m ic ro sca le  c h ro m o p h o re -a s s is te d  la se r  in a c t iv a t io n  (m icro-C A L I) 
tech n iq u e . CALI in ac tiv a te s  specific p ro te in s  th a t a re  b o u n d  w ith  
m alachite  g reen  (M G )-labeled an tib o d ies  a t a precise  tim e an d  cellular 
location. This provides a un ique tool in e lucidating  roles of a w ide a rray  of 
cytoskeletal pro teins in  g row th  cone behavior. Im m unocytochem istry using 
affin ity-purified  polyclonal anti-chicken m yosin  V tail d om ain  antibodies 
revea led  th a t m yosin  V is co-localized  w ith  filam en to u s-ac tin  in the 
grow th  cones an d  filopodia. Micro-CALI of g row th  cone regions of neurons 
m icroinjected w ith M G-labeled anti-m yosin  V an tibod ies caused  filopodial 
re trac tio n  in  resp o n se  to laser ligh t. M icro-CALI in d u ced  an  average 
filopodial re trac tion  of 13.2 ± 2.5 pm  (n=25) w ith in  10 m in u tes  of the 
in itia tion  of laser irrad iation , w hile filopodia ou tsid e  laser spot w ere not 
a ffected (0.7 ± 3.2 pm ). N o significant change in  filopodial leng th  was 
observed in  n eurons injected w ith  M G-labeled non-specific an tibodies and 
laser irrad ia ted  (n=12). O u r d a ta  suggest th a t m yosin  V p lays a role in 
filopodial m otility  in g row th  cones.

123 .17

Neurite interactions during the formation of a peripheral 
sensory network in the embryonic zebrafish. Beth A. Sipple 
and Paul Z. Mvers* Dept. o f Biology Temple University 
Philadelphia, PA 19122

The Rohon-Beard cell o f the zebrafish embyo is a primary 
sensory neuron that sends out peripheral axons which form an 
elaborate network. This peripheral arbor is formed by the crossing 
and branching o f numerous neurites. The peripheral arbors of 
neighboring Rohon-Beard cells overlap late in development, 
generating a dense network of sensory fibers underneath the skin. The 
extent of overlap between these fibers suggests that the growth cones 
undergo numerous interactions with other neurites during path finding.

We have been observing the development of peripheral neurites 
using confocal microscopy. Preliminary observations using D il on 
fixed embryos suggest that growth cone behavior in early and late 
development are different. Early in the development of the peripheral 
arbor, growth cones of different Rohon-Beard cells do not appear to 
cross each other implying some type of inhibition or collapse. These 
individual growth cones also display little branching as they migrate 
ventrally. In contrast, the arbor overlap seen in late development 
implies that the growth cones acquire the ability to cross other growth 
cones and neurites. The extensive branching of the final arbor 
suggests that de novo branching along the established neurites occurs 
later in development. We are using double labeling with D il and zn-12 
to determine the timing of these developmental changes within the 
Rohon-Beard peripheral growth cones.

123 .14

M y osin  in h ib itio n  affects the  m o tili ty  o f Xenopus re tin a l gan g lio n  cells 
grow th  cones in vivo a n d  in vitro. M aureen  L. Ruchhoeft* and  W illiam A. 
H arris-Biologv D epartm ent, UCSD, La Jolla, CA 92093-0366 
The g row th  cone is a highly dynam ic and  m otile specialization located at the 
tip of a grow ing neurite. The m echanism  of this m otility  is n o t fully under
stood. The m yosin family of m olecular m otors, specifically m yosin I and non-
m uscle m yosin II, have been proposed  to p lay  a role in grow th  cone motility 
th rough  in teractions w ith  actin. The effect of tw o inhib itors of m yosins on 
Xenopus retinal ganglion  cell g row th  cone m otility  w as s tud ied  w ith time- 
lapse recordings, both in vivo and  in vitro. The tw o d rugs used  w ere ML-7, 
w hich inhibits m yosin ligh t chain kinase, an enzym e necessary for m yosin II 
activation, and  butanedione m onoxim e (BDM), an uncom petitive inhibitor of 
the interaction of both m yosin I and  m yosin II w ith  actin. The in vivo studies 
w ere  d o n e  u s in g  e x p o sed  b ra in s , a llo w in g  fo r th e  o b se rv a tio n  of 
fluorescently  labeled grow th  cones as they  m ove th ro u g h  the brain. ML-7 
co n sis ten tly  caused  g ro w th  cone co llap se  an d  re trac tio n  in vitro at 
concentrations of 20 to 30 μM (100% collapse, n=16). 69% of grow th  cones 
recovered w ith  w ashou t of the d rug , and  continued  to grow. In vivo, grow th 
cone collapse w as seen w ith  the application of 30 to 50 μ M in 63% of grow th 
cones (n=8), w ith  60% of collapsed grow th  cones recovering after washout. 
BDM w as found  to cause g ro w th  cones to stall an d  collapse, a lthough 
retraction w as rarely seen. In vitro this effect w as seen w ith  the application of 
5 to 10 pM  in 76% of grow th  cones (n=29), w ith  86% recovering. In vivo it 
was reliably seen at concentrations of 20 pM  (88% collapse, 100% recovery, 
n=8). It is significant that grow th  cone m otility  w as halted  using  two drugs 
w hich  in terfere  w ith  m yosin  function  by  v e ry  d iffe ren t m echanism s of 
inactivation. These d a ta  prov ide  ev idence for a m ajor role of m yosins in 
grow th cone motility. (Supported by NIH and M arkey Fellowship).

123 .16

ORGANIZATION AND DIRECTIONAL CHOICES BY AXO N S OF THREE 
NEURAL PATH W AYS IN NOTOCHORDLESS XENOPUS EMBRYOS. S.X. 
Liu and R.H. N ord lander.* Depts o f Oral B iol., Cell B iol., N eurob iol., and 
Anat. The Ohio State U niv., Co lum bus, OH 4 3 2 1 0 .

Fertilized Xenopus eggs w ere exposed to  UV irrad ia tion , a llow ed to  
develop to  stages 26-40 , and fixed  fo r im m u n oh is to ch em is try . E ffects of 
fu ll or partial dele tion  o f the  notochord  and floo rp la te  on the  o rganization 
and routes taken by axons o f three iden tifiab le  long itud ina l pa th w ays  in 
X enopus w ere exam ined. Irradiated and co n tro l (non irradiated) em bryos 
were stained w ith  anti-5H T fo r raphespinal neurons and anti-G A BA  for 
h indbrain reticulospinal (HbRsp) and K ohm er-A gduhr (KA) cells. Raphe 
and HbRsp axons norm ally travel caudally, w h ile  KA axons travel rostra lly.

N o tochord  e lim ination resulted in the  m ovem ent o f all norm ally 
laterally positioned s tru ctu re s ventra lly , including lateral fasc icu li and 
labeled neurons. No raphespinal neurons or axons w ere  detefcted in any 
o f the fu lly  notochord less em bryos, though  in m ost partia l n otochord  
em bryos these neurons behaved norm ally. HbRsp cells w ere  displaced 
ventra lly  and the ir axons too k  chao tic  routes and show ed abnorm al 
g ro w th  cone m orpholog ies. KA cells in notochord less em bryos w ere 
reduced in num ber and occupied a more dorsal pos ition  in the 
floorp late less m idline region. Their axons extended in to  the  ventra lly  
fused lateral fascicu li w here m any pro jected abnorm ally in the  
rostrocaudal plane. In partia lly  notochord less em bryos, KA cells overly ing 
the  notochord  traveled norm ally, w h ile  those  in n o tochord less regions 
too k  more erra tic  routes. Our resu lts ind icate  th a t signals fro m  the  
n o to cho rd /flo o rp la te  are invo lved in pattern ing  these three p a th w ays , and 
perhaps in the induction  o f Raphespinal neurons in the  bra instem .

123 .18

S IM U L T A N E O U S  FO C A L  IN A C T IV A T IO N  OF LI A N D  
N -C A M  IN  TH E G R O W T H  C O N E  O F C H IC K  D RG  
N E U R O N . K. Takei*. T .A . C han  an d  D .G . Tav. D ep t. o f M ol. 
an d  C ell. B iol., H arvard  U n iv ers ity , C am brid ge, M A  02138.

W e h a v e  ex a m in e d  th e  e ffec t o f  p ertu rb a tio n  o f  th e  
n eu ron a l ce ll a d h e sio n  m o le c u le s , L 1 an d  N -C A M  (180 kD  
is o fo r m )  o n  g r o w th  c o n e  m o t i l i t y  b y  m ic r o s c a le  
ch ro m o p h o re-a ss is ted  laser in a c tiv a tio n  (m icro-C A L I). W e  
s h o w e d  th at m icro-C A L I o f  L 1 an d  N -C A M  affects g row th  
c o n e  m o tility  in  ch ick  DRG n eu ro n s  cu ltu re d  o n  lam in in . 
Fast f ilo p o d ia l an d  la m e llip o d ia l retraction  w a s  fo u n d  w h e n  
N -C A M  w a s  in a c t iv a te d  in tr a c e llu la r ly  an d  s lo w  b u t  
d ram atic  re traction  o f  la m e llip o d ia  an d  th e  en tire  n eu rite  
w a s  fo u n d  w h e n  L 1 w a s  in a c t iv a te d  in tr a c e llu la r ly  or 
ex trace llu lar ly  (K. T akei et a l., Soc. N eu ro sc i. M eet. A bst., 
p .1291, 1994). M icro-C A LI o f  th e  ex tracellu lar d o m a in  o f  L1
an d  th e  in tracellu lar  d o m a in  o f  N -C A M  to g eth er  w ith in  a 
g ro w th  co n e  r e su lte d  in  fa s t f ilo p o d ia l an d  la m e llip o d ia l  
r e tr a c t io n  a n d  s u b s e q u e n t  s lo w  n e u r it e  r e tr a c t io n  
(p h e n o ty p e  ap p earan ce rate: 92%, n = 13), in d ica tin g  that th e  
p h e n o ty p e  cau sed  b y  th e s im u lta n eo u s  p ertu rb ation  o f  th ese  
m o le c u le s  c o n s i s t  o f  b o th  p h e n o t y p e s  a c h ie v e d  
in d e p e n d e n tly  b y  L 1 an d  N -C A M  in a c tiv a tio n . O ur data  
su g g e st  th at L1 an d  N -C A M  m a y  h a v e  d is t in g u ish a b le  and  
in d e p e n d e n t  p a th w a y s  fr o m  th e s e  m o le c u le s  to  th e  
cy to sk e le to n  d u r in g  g ro w th  co n e  m otility .
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DEVELOPMENTAL EXPRESSION OF GUIDANCE MOLECULES 
DIRECT AXON GROWTH IN THE CEREBELLUM
Alma R. Bieknese*. Joel L. Levine. Anun Sharma Dent.Neurology and 
Neurobiology and Behavior, SUNY at Stony Brook, NY 11794

Selective expression of adhesion molecules including LI or TAG-1, and 
components of the extracellular matrix (ECM) including chondroitin sulfate 
proteoglycans (CSPG) are promoted as guidance signals in development. 
Previous work \J. Neurosci. 14:7616, 94] demonstrated In Vitro that 
cerebellar granule cells preferentially extend on an L 1 coated surface, and 
were inhibited on a mixture of L 1 and the core protein of a specific CSPG, 
NG2. However, L 1 and free CSPG-glycosaminoglycan chains (GAG) did 
not inhibit growth. Thus, the core protein of NG2 appears inhibitory.

To study the relatioaship of these putative guidance molecules to 
growing axons In Vivo, the axonal tracer Dil is placed on rat cerebellum on 
postnatal day P 1 through 12. Immunohistochemistry on the same sections 
with specific antibodies localizes the adhesion molecules (L1 or TAG-1) and 
the specific core protein of the CSPG NG2; CSPGs as a class were 
identified with an antibody (CS56) against the GAG chains.

Differentiating neurons leave the external granule layer (EGL), enter the 
nascent molecular layer (ML), and extend axons tipped with growth cones. 
As the neuron matures, the cell body descends to the internal granular cell 
layer. Axons tipped with growth cones appear confined to the upper half of 
the ML, with most extending immediately below the EGL. TAG-1 
immunolabeling appeared with granule neurons and in the surrounding ECM 
prior to decent ofthe cell body. L 1 expression began below the cell bodies. 
Nearly all growth cones were in the area of TAG-1. There is gradual change 
to expression of L 1, so that mature axons at the base of the molecular layer 
express only L 1. Some growth cones were identified in the upper portion of 
L1. CSPGs were present within the MZ and IL. A subclass of this family, 
NG2 was limited to the lower ML. As In Vitro, growing axons do not extend 
within areas of NG2.

Members of the immunoglobulin super family, TAG-1 and L 1, support 
axon outgrowth. As a class, CSPGs do not inhibit axon growth, but the core 
protein of NG2 appears inhibitory and may direct axons away from the lower 
ML and into the area of TAC.-l. (NIH Grant 5KO8 NS01728)
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THE DROSOPHILA ABRVPTCAIW.: A PUTATIVE TRANSCRIPTION 
FACTOR REQUIRED LOR MOTONEURON TARGETING AND ADULT 
SENSORY CEIL FORMATION. J. R. Atashi*1 . S. Hu2. P. Fam broueh3. 
C. S. Goodman3, and S. T. Crews14. Ncurobiol. C urriculum 1 ; Dept. 
of Biochcm. and Biophvs.4 ; Univ . of North Carolina, Chapel Hill, 
NC: Dept. of Biol., Univ. of California, Los Angeles, CA2 ; HHMI, 
Dept. of Mol. and Cell Biol., Univ. of California, Berkeley, CA3 ,

[ he CNS midline of Drosophila has been used as a model system 
to study various aspects of CNS developm ent. Enhancer trap  lines 
were generated to examine this system at a m olecular level. line  
B197 is strongly expressed in the CNS m idline precursors, 
epidermis, musc les, and various imaginal tissues. M olecular 
mapping data indie ate that the BL97 corresponds to the abrupt 
(ab) locus. Viable a b alleles display shortened longitudinal wing 
vein 5 (1.5), and absence of scutcllar and hum eral bristles. BL97 
mutations are also allelic to clueless (clu). The clu alleles and 
null ab m utations all exhibit a neurom uscular connectivity 
defect in which a subset of m otoneurons fail to form synapses 
with their corresponding muscle targets. In addition, these 
mutations show defects in proper muscle organization.

Analysis of cPNA clones indicates that the ab  gene encodes a 
nuclear protein that contains two Cys2 -His2 -class zinc fingers.
The N-terminal region of AB shares a highly conserved dom ain 
(BTB domain) with a growing family of Drosophila and 
vertebrate proteins. The presence of AB expression in muscles, 
but not in the relevant m otoneurons suggests that a b determ ines 
neuromuscular connectivity by regulating the transcrip tion  of 
muscle protein(s) required for target recognition.

124.3

DETERMINANTS OF INTRAMUSCULAR AXON BRANCHING PATTERNS IN 
DEVELOPING CHICK MUSCLE V.F. Rafuse*. L.D. Milner, and L.T. Landmesser 
Dept. of Neurosciences, Case Western Reserve Univ., Cleveland, OH 44106.

During development, motoneurons selectively innervate specific muscles 
and form within them compartmental and highly characteristic patterns of 
intramuscular branches. These characteristic innervation patterns may result from 
different classes of neurons responding differently to specific guidance cues. 
Alternatively, the pattern may be imposed on the neurons solely by the muscle. To 
distinguish among these possibilities the chick iliofibularis (IFIB) muscle, which 
contains separate fast and slow regions, each with a distinctive pattern of 
intramuscular nerve brandling, was caused to be innervated by completely foreign 
motoneurons. This was achieved by surgically altering the position of the limb bud 
at St. 17, so that the IFIB (normally innervated by lumbosacral (LS) segments 4-7) 
was now innervated by LS 1-3. Intramuscular nerve branching patterns were 
assessed in St. 36 whole mounts by immunostaining. Thus far, two different 
innervation patterns have been observed. Those muscles innervated by LS2 and 3, 
had essentially normal patterns with fast and slow regions each exhibiting their 
distinctive branching pattern. In contrast, when only LSI innervated the IFIB, axons 
formed a typical slow branching pattern in the slow region of the musde, but failed 
to innervate the fast region. These results suggest that the pattern of intramuscular 
branching is not solely imposed by the muscle, but that axons exhibit some 
selectivity in responding to specific cues within the muscle. Presently, experiments 
are being conducted to electrophysiologically and histochemically identify the 
innervating motoneurons to determine whether the two distinct branching patterns 
observed result from innervation by specific classes (fast vs slow) of motoneurons 
which respond differently to local axonal guidance cues. (Supported by NINDS grant 
NS 19640; V.F.R. is funded by the Rick Hansen Man in Motion Legacy Foundation)

124.2

TISSUE SECTION CULTURE OF EMBRYONIC SPINAL CORD 
MOTONEURONS K.A. Crutcher. V. Arce and C. L. Henderson*. INSERM 
U382, Campus de Luminy, 13288 Marseille, France.

The complex three-dimensional structure of the embryo provides obstacles to 
the study of cellular interactions underlying differentiation. Among other advantages, 
tissue culture methods provide a means of overcoming such obstacles through the 
isolation of specific populations of cells and by increasing accessibility to reagents 
such as blocking antibodies. One possible means of bringing the in vitro situation 
closer to its in vivo counterpart is to use tissue sections as substrates for the culture 
of identified neurons (Hippocampus 3:157-164, ‘93). In order to better understand the 
cues regulating motoneuron growth and differentiation, a series of experiments have 
been carried out to determine the feasibility of using sections of entire embryos as 
substrates for enriched or purified spina! motoneurons.

Rat (E l4-El6) and chicken (E5-E9) embryos were frozen and sectioned on a 
cryostat. The sections were thawed onto untreated Petri dishes and used for 
subsequent culture of neurons obtained from either embryonic rat (E l4) or chick (E5) 
spinal cord tissue. Enrichment of motoneurons was accomplished through the use of 
metnzamide and, in some cases, subsequent immunopanning, as described in 
previous studies (Neuroprotocols 2:191-199, ‘93). Living neurons were visualized 
on the sections using a vital dye (calcein). Results to date demonstrate that spinal 
cord neurons derived from both species are capable of attaching and extending neui ites 
on embryonic tissue sections. Some portions of the sections, e g., nascent bone, are 
unsupportive of attachment and neurite outgrowth whereas other regions, e.g., limb 
bud, are quite supportive. These results suggest that tissue section culture can be 
used to study the interaction of developing neurons with substrate cues present in 
different parts of the embryo at different stages of development. (Supported by grant 
FO6TW02091 and by grants from AFM, IRME.)

124.4

THE SPATIAL RELATIONSHIPS AMONG DIFFERENT TYPES OF SENSORY 
AND MOTONEURON AXONS DURING AXONAL OUTGROWTH INTO THE 
CHICK HINDLIMB. M.G. Honig* and P A. Frase. Dept. of Anatomy and Neuro-
biology, University of Tennessee College of Medicine, Memphis TN 38163.

Various experimental perturbations have suggested that axonal interactions 
influence the pathfinding decisions made by sensory axons in the developing 
chick hindlimb. Yet the underlying cellular basis remains obscure, in part be
cause little is known about the spatial relationships among the different kinds of 
axons. To obtain this information, we have combined pathway tracing and 
immunofluorescent labelling to identify different types of sensory and moto
neuron (MN) axons. Our studies indicate that there is a precise order to the 
arrangement of axons in the spinal nerves and plexus. Sensory axons typically 
form bundles that are very large proximally and gradually split into smaller 
bundles that intermix with MN axons as the axons course distally in the spinal 
nerves. In the plexus and spinal nerves, muscle sensory axons tend to be 
found in small bundles surrounded by MN axons or in regions adjacent to MN 
axons innervating the same muscle. In contrast, most cutaneous axons are 
found in large bundles, some of which appear to contain only axons projecting 
along a single cutaneous nerve. Other cutaneous axons travel in bundles with 
sensory axons destined for other targets. Even in these ‘mixed’ bundles, each 
type of sensory axon tends to be localized in a restricted region. Hence, sen
sory axons with different destinations intermix very little. Finally, comparisons 
among embryos of different ages suggest that later-growing sensory axons 
grow primarily along sensory axons that grew out earlier. These results suggest 
that sensory axons may fasciculate along neighboring axons for much of their 
trajectory, and that this may contribute to their ability to grow along the correct 
peripheral nerves. However, whether this fasciculation involves specific recog
nition between axons or whether, alternatively or in addition, it depends on the 
initial positioning of the axons as they enter the spinal nerves remains unclear.
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124 .5

DEVELOPING CHICK TRIGEMINAL MOTOR NEURONS ARE 
NOT SPECIFIED WITH RESPECT TO TO THEIR MUSCLE 
TARGETS. J.M. Warrilow* and S . Guthrie Division 
of Anatomy & Cell Biology, UMDS, Guy's Hospital, 
London Bridge, London, UK. SE1 9RT.

In the chick hindbrain, the trigeminal motor 
nucleus lies in rhombomere 2 (r2) and r3 and 
innervates first branchial arch muscles, while 
the facial motor nucleus (r4 and r5) innervates 
second arch muscles. We have tested the idea 
that hindbrain segmentation governs regional 
specification of motor neurons in relation to 
their targets, by asking whether trigeminal 
motor neurons can innervate second arch muscle. 
In a previous study, reversal of the rostro- 
caudal polarity of r3 resulted in extension of 
some trigeminal motor axons from the grafted 
segment via the facial nerve. The subsequent 
trajectories of these axons have been determined 
in chick-quail chimeras in which r3 was reversed 
at E2. Analysis at E3 - E8 showed that 
"aberrant" trigeminal motor axons followed the 
pattern of the facial nerve, growing towards and 
terminating in the second arch. The failure of 
trigeminal motor axons to reroute towards first 
arch tissue suggests that they are not matched 
to first arch muscles during the stages studied.

124 .7

POSITIVE AND NEGATIVE GUIDANCE CUES DIRECT PRIMARY 
AFFERENT INNERVATION IN SPINAL CORD-DRG COCULTURES.
L. Redmond* and S. Hockfield. Yale Univ. Sch. of Medicine, New Haven, CT 
06510

We previously reported that in rat spinal cord-DRG organotypic slice cultures 
small and medium diameter primary afferents form arbors that are restricted to the 
dorsal horn, as they are in vivo (Neurosci. Abst. 20:662). Innervation of the dorsal 
horn can occur in cultures established from animals at 14 to 18 days of gestation 
(E14-E18), but afferents innervate neither the dorsal nor the ventral horn in cultures 
from E20 and P0 animals. Heterochronic cultures showed that the ability of sensory 
afferents to enter doisal horn is determined by the age of the spinal cord and not the 
age of the DRG.

To determine whether the absence of innervation of the ventral horn reflects an 
absolute avoidance of one area or simply a preference for one area over the other, El 6 
DRGs were cocultured with either dorsal or ventral hemicords from E l6 animals. 
CGRP-positive afferents do not enter or arborize in ventral hemicords, but do 
arborize in dorsal hemicords in the same manner as seen in whole spinal cord slices. 
This.suggests that two separate mechanisms mediate the innervation of the dorsal 
horn and the avoidance of the ventral horn. In addition, when DRGs are placed at 
ectopic locations around filets of spinal cords, immunoreactive fibers travel around 
the ventral horn to enter and arborize in the dorsal horn, further suggesting that 
avoidance of the ventral horn is an active process.

Oligodendrocytes inhibit neurite outgrowth and populate the spinal cord in a 
ventral to dorsal gradient that temporally parallels the avoidance of ventral and then 
dorsal horn by CGRP-positive afferents. The possibility that oligodendrocytes 
provide the repulsive cue that prevents afferents from entering the ventral horn was 
tested by eliminating or reducing oligodendrocytes in E l6 cultures with antimitotic 
drugs. In cultures depleted of oligodendrocytes, primary afferents remained restricted 
to the dorsal horn, indicating that oligodendrocytes do not play a major role in 
restricting sensory afferents to the dorsal horn. Supported by EY0651 1.

124 .9

ADULT RAT RETINAL SECTIONS ARE NOT PERMISSIVE FOR NEURITE 
GROWTH AND CELL ADHESION IN VITRO. A. Cohen. G. M. Bray* and 
A. J. Aguayo. Centre for Research in Neuroscience, McGill University and 
Montreal General Hospital Research Institute, Montreal, Québec, H3G 1A4.

In vivo studies have shown that axotomized retinal ganglion cells (RGCs) 
readily regenerate within the retina but many stop or turn at the optic nerve 
head and grow towards the periphery of the retina (Sawai et al., 1994, Soc. 
Neurosci. Abst. 289.6). To test the hypothesis that inhibitory molecules are 
responsible for this phenomenon, we used cryostat sections of unfixed adult 
rat retinas as a culture substrate to assess the attachment and neurite growth of 
various neuronal cells. Initial experiments showed that most of the outer 
layers of the retina, including the optic nerve head, were not permissive for 
neurite growth from adult rat explants of retinas or dorsal root ganglia (DRG), 
even in the presence of laminin and trophic factors. Retinal sections did not 
support the differentiation and cell adhesion of PC 12 or NG108 cells. 
Furthermore, retinal membrane preparations were avoided by DRG neurites. 
On the other hand, the inner limiting basement membrane of the retina 
supported adhesion and neurite extension. Although, chondroitin sulfate 
proteoglycans (CSPGs), which can inhibit neurite growth, are localized 
mainly in layers of the retina that were not permissive for neurite growth and 
cell adhesion in this assay, treatment of the retina sections with chondroitin 
ABC lyase, heparitinase or hyalaronidase did not change the non-permissive 
characteristics of the retina sections. This suggests that either the core protein 
of the CSPGs is non-permissive or that other inhibitory molecules found in 
the outer layers of the retina and in the optic nerve head are responsible for 
the observed inhibition of neurite growth.

12 4 .6

Guidance of Muscle Sensory Neurons in the Developing Spinal 
Cord. K. Sharma, S.C. Mears and E. Frank. Department of 
Neurobiology, University of Pittsburgh School of Medicine, 3550 Terrace Street, 
Pittsburgh PA 15261.

Sensory neurons supplying muscle spindles (la afferents) have 
stereotyped axonal projections within the spinal cord, but the mechanisms 
guiding the development of these projections are largely unknown. In 
chicken embryos, la axons enter the gray matter mediaUy from the dorsal 
columns and then grow ventrally towards the lateral motor column. These 
axons avoid the superficial laminae in the dorso-lateral cord (where 
cutaneous afferents terminate) and the vertical midline. We have used 
surgical manipulations in explants of spinal cord-DRG to study the nature 
of die guidance cues used by la axons in the dorsal hom.

Replacement of the ventral half of the spinal cord with an inverted 
dorsal half does not alter the development of sensory projections. Ia axons 
projecting into the inverted dorsal half also grow ventrally in their medial 
location. The presence of the ventral cord, including motoneurons and 
floor plate, is therefore not required for correct growth of Ia axons in the 
dorsal cord. When DRG are re-arranged so that sensory axons enter the 
spinal explant from its cut transverse surface, Ia axons are still confined to 
the medial portion of the dorsal cord, but they grow rostro-caudally rather 
than dorso-ventrally. Thus, even when the ventral cord is present, it does 
not appear to attract growing Ia axons. The growth cones of Ia axons 
within the dorsal cord are simple, typically less than 10μm wide and lack 
extensive filopodia. This simple morphology suggests that once the axons 
enter the dorsal gray matter they do not encounter a major choice point 
but instead are guided by permissive cues within the medial dorsal 
laminae and/or inhibitory cues in lateral superficial laminae and the 
midline. The nature of these cues is currently being investigated. 
Supported by NIH grant to E.F.

1 24 .8

C H R O M O PH O R E -A SSISTE D  LASER IN A C T IV A T IO N  OF A 
REPULSIVE G UIDA NC E MOLECULE. B. K. Müller* D. G. lay#. F. 
Bonhoeffer. Max-Planck-Institut fur Entwicklungsbiologie, Spemann- 
strasse 35, D-72076 Tubingen, Germany; # Dept. Cell, and Dev. Biology, 
Harvard University, Cambridge, MA 02138, USA.

In vitro systems are valuable tools for the investigation of complex 
axon guidance phenomena. In one such system, the stripe assay, 
membranes from anterior and posterior tectum are arranged in parallel, 
alternating lanes and used as a substrate for retinal axons. Nasal axons 
cross the anterior-posterior border freely whereas temporal axons are 
repelled by proteins linked to the posterior m em branes via a 
glycosylphosphatidylinositol (GPI) anchor. One candidate for this 
repulsive guidance activity, with a molecular weight of 33/35 kD, is 
recognized by the monoclonal antibody F3D4 (IgM). We used F3D4 in 
combination with chromophore-assisted laser inactivation (CALI) to 
inactivate the 33/35 kD antigens. Tectal membranes or membrane 
carpets were incubated with malachite green-labeled antibodies (F3D4 
or control IgMs) and laser-irradiated. Retinal explants were placed on 
carpets of the treated membranes and their outgrow th pattern was 
evaluated after 48h. No effect on the decision of the axons was 
observed when membranes were treated with control antibodies. 
However, treatment with F3D4 resulted in a strong disturbance of the 
decision of temporal axons. In the majority of the experiments, 
temporal axons only crossed posterior membranes in the irradiated 
area, but not outside of it. These results suggest that the 33/35 kD 
molecule is involved in guidance of temporal axons.

1 24 .10

CHEM OREPULSIVE ACTIVITY FROM THE C EREBELLUM  
INHIBITS NEURITE OUTGROWTH FROM THE BASILAR PONS
K.T. Yee.* H.H. Simon. D.D.M . O’Leary The Salk Institute, La Jolla, 
CA.

Basilar pontine efferents terminate as mossy fibers in the granule cell 
layer o f the cerebellum. This projection can be detected by retrograde 
labeling in the first days o f postnatal development. It has been shown 
that granule neurons provide a stop signal for basilar pontine cells to 
terminate neurite extension, however, little is known about the cues that 
play a role in the initial guidance of these axons.

Using anterograde D il labeling in fixed rat brains, we find that at early 
postnatal ages, mossy fibers are located predominately in the cerebellar 
white matter. At the end o f the first postnatal week, these axons have 
almost exclusively invaded the lateral cerebellar hemispheres, but not the 
medially positioned cerebellar vermis. To assess the possibility that 
diffusible factors released by cerebellar cells influence this pattern o f  
axonal growth, we cocultured explants o f basilar pons and cerebellum  
from early postnatal rats at a distance in 3-dimensional collagen matrices. 
Explants were cocultured for 1-3 days and fixed  w ith 4% 
paraformaldehyde. Pontine explants were injected with D il to label 
neurite outgrowth, which was scored blindly by 2 independent 
observers. The most robust neurite outgrowth was observed from the 
portion o f the pontine explant m ost distal to explants o f medial 
cerebellum. In contrast, this bias was not seen when the basilar pons 
was cocultured with control tissue, e.g. ventral spinal cord, superior or 
inferior colliculi. These results suggest that a chemorepulsive factor from 
the medial cerebellum may restrict ingrowing pontine efferents to the 
lateral hemisphere during early developmental stages. (Supported by 
HFSPO, TG A G00216 and R01 N S31558)

Society for Neuroscience, Volume 21, 1995



SUNDAY PM AXON GUIDANCE MECHANISMS AND PATHWAYS II 293

1 2 4 .1 1

T-cadherin Substrates are Inhibitory to Neurite Growth from Motor 
and Sympathetic Neurons. B Fredette. J Miller and B Ranscht*. La 
Jolla Cancer Research Foundation, La Jolla CA 92037. T-cadherin, a 
GPI linked member of the cadherin adhesion molecule family, has 
been suggested to be a negative guidance cue, as it is expressed in 
the developing chick motor axon-hindlimb projection path in regions 
avoided by growing motor axons (Fredette and Ranscht, 1994, J. 
Neurosci 14: 7331). The effect of T-cadherin on neurite growth was 
tested by culturing neurons on confluent monolayers of T-cadherin- 
transfected CHO cells. Neurons exhibited profuse growth on control 
CHO cells transfected with the plasmid vector alone, but on T- 
cadherin-expressing substrates, neurite lengths of two populations, 
somatic motor neurons and sympathetic ganglion neurons, were 
significantly reduced by 40%. This reduction was neutrilized by 
removing T-cadherin from the transfected substrate cells with GPI- 
specific PLC, or by the presence of rabbit IgG raised against a 
recombinant protein comprising the extracellular domain of T-cadherin 
(EC 1-5). Moreover, in the presence of recombinant EC 1-5 protein, 
neurite growth on control CHO cells was significantly reduced, 
suggesting that the purified, soluble T-cadherin protein is sufficient to 
mediate the inhibitory effect. These experiments therefore establish an 
inhibitory role for T-cadherin on neurite growth from motor and 
sympathetic neurons in vitro. Presently, the function of T-cadherin is 
being tested in the developing neuromuscular projection by injecting 
either recombinant EC 1-5 protein, or anti-EC1-5 into the motor axon 
path to perturb the projection patterns of motor axons to the hindlimb 
musculature. (Supported by HD25938 and NS09222.)

1 2 4 .13

COLLAPSING ACTIVITY IN  SUBCO RTICA L STR U C TU R ES FO R 
UPPER CORTICAL LAYER N EURO NS. N. Y am am oto*. Y. M atsu y am a,

Biophysical Engineering, Faculty of Engineering Science, Osaka 
University, Toyonaka, Osaka 560, Japan.

Our previous study indicated that the midbrain contains repulsive 
activity for axons originating from the upper cortical layer. Here we 
studied cellular mechanisms underlying the repulsion and the possible 
role in the formation of cortical efferent connections, by observing growth 
patterns of cortical axons in cocultures of cortex with subcortical 
structures Aneocortical slice of newborn rats (Pl-2) was cocultured with 
either an embryonic-stage subcortical structure, such as midbrain, 
thalamus or basal ganglia, or with another cortical slice. After 2-3 days 
in vitro Dil was placed on the upper or deep layer of the cortical explant. 
A few days later, single labeled axons were observed at a 0.5-1 hr 
interval by confocal microscopy. In cocultures of cortex with midbrain, 
most of the sampled axons from the upper layer (5 of 7 axons) collapsed 
at the boundary between the two explants and did not invade the 
midbrain explant. Such a collapse of upper layer cell axons was also 
found in cocultures of cortex with thalamus or basal ganglia. On the 
other hand, in corticocortical cocultures, the observed axons from the 
upper layer (6 of 7) passed through the boundary without collapsing. 
Moreover, a population of deep layer cell axons was also found to grow 
over the border in cocultures of cortex with subcortical structures. These 
findings suggest that the collapsing activity which is present in the 
subcortical structures may contribute to confining upper layer cell axons 
to neocortical areas, without effecting deep layer cell axons

124.15

A FAM ILY O F M O L E C U L E S R E L A T E D  TO C O LLA PSIN  
IN THE EM B R Y O N IC  C H IC K  N E R V O U S SY ST E M  Y uline  
Luo*. Iain Shepherd. Jic Li. Michael J. Renzi. Susannah Chang and 
Jonathan A. Raper. Department o f  N euroscience, U niversity o f  
Pennsylvania School o f Medicine, Philadelphia, PA 19104

Signaling molecules with either attractive or repulsive effects on 
specific growth cones are likely to play a role in guiding axons to their 
appropriate targets. A  chick brain glycoprotein, collapsin, is a good 
candidate for serving as a repulsive guidance cue because it induces the 
collapse o f specific growth cones in vitro , is expressed in localized  
regions o f developing nervous system s, and is hom ologous to a 
growth cone guidance protein fasciclin IV/semaphorin I. We report 
here the discovery o f four new m olecules related to collapsin in chick 
brains. A ll contain a semaphorin domain. One is structurally very 
similar to collapsin but is only 50% identical in its amino acid 
sequence. W e have named it collapsin-2 and renamed collapsin, 
collapsin-1. These collapsin-related  genes exh ib it distinct but 
overlapping patterns o f mRNA expression in the developing spinal 
cord and the developing visual system. These results suggest the 
existence o f a fam ily o f  collapsin-related m olecules that could  
potentially act as repulsive cues toward specific neuronal populations.

1 2 4 .1 2

CLONING OF A SEMAPHORIN FAMILY MEMBER RELATED TO MOUSE 
SEMAPHORIN III: COMPARISON OF mRNA EXPRESSION PATIERNS IN 
THE SPINAL CORD AND PERIPHERY. L. Zhou*. D.E. Wright and W.D Snider 
Dept. of Neurology, CSNSI, Washington University., St. Louis, MO, 631 10 

Growth cones of dorsal root ganglion (DRG) sensory neurons projecting to central 
and peripheral targets are affected by both guidance molecules and trophic factors. A 
novel family of guidance molecules, known as semaphorins or collapsins, have been 
recently identified. One family member, Serna III, is known to collapse sensory 
neuron growth cones in vitro. From studies in invertebrates and chick, it is clear that 
the Semaphorin family is comprised of a growing number of members that arc 
expressed in unique patterns (Luo et al., 1994, Soc. Neurosci. Abst. 533.7) It is 
likely that different members influence distinct classes of neurons during development. 
To address this question, we have used degenerate primers and RT-PCR to clone the 
mouse homologue of Serna III as well as related family members. Total RNA from 
embryonic day (E) 12.5 mouse was purified and reverse-transcribed. Degenerate oligos 
corresponding to amino acids 244-251 and 532-538 of human Serna III were used to 
amplify 900 bp cDNA fragments. Sequencing revealed the cloning of mouse Serna III 
as well as a related Semaphorin family member. Th is novel family member shares 
considerable homology to Sema III near the 3' end but diverges from Sema III at the 5' 
end. To determine whether this new Semaphorin family member is expressed in a 
pattern different from Sema III, we performed in situ hybridization to determine 
mRNA patterns in embryonic mice. cDNA fragments (300 bp) encoding Sema III and 
the related family member were used to generate 33P-labeled riboprobes for in situ 
hybridization. Sema III mRNA expression is widely expressed in the periphery (E9.5- 
E16) but is restricted to only the ventral horn in the spinal cord (E11-E15). 
Preliminary results reveal that the novel Sema clone encodes mRNA which is also 
expressed in the periphery from E10-E16. However, in contrast to Sema III. the novel 
clone was expressed in both the dorsal and ventral horn of the spinal cord as well as in 
the DRG. The unique expression patterns of Sema III and this related family member 
are consistent with the idea that members of the Semaphorin family arc differentially 
expressed and affect different classes of mammalian neurons

1 2 4 .1 4

MOLECULAR CLONING AND ANALYSIS OF A ZEBRAFISH 
COLLAPSIN. C.S. Yee. A. Chandrasekhar. J.Y. Kuwada* Dept. 
Biology, Univ. Michigan, Ann Arbor, Ml 48109 

Collapsin is a chick protein that collapses a subset of growth 
cones in vitro (Luo, Raible, Raper, 1993, Cell, 75:217-227). It is 
a secreted molecule that contains an Ig domain, and an unique 
domain that is homologous to a portion of the semaphorins, a 
family of molecules thought to guide growth cones (Kolodkin, 
Matthes, Goodman, 1993, Cell, 75:1389-99). In order to examine 
the in vivo function of collapsin, a zebrafish homolog has been 
cloned and analyzed. The cDNA is 2.5 kb and predicts an amino 
acid sequence that is 73% identical to the unique collapsin 
domain and 62% identical to the Ig domain of chick collapsin. In 
28h embryos in situ  hybridization revealed that zebrafish collapsin 
is expressed in the telencephalon, tectum, lens, clusters of 
tegmental and hindbrain neurons including some identifiable 
reticulospinal neurons, and a subset of spinal neurons. Outside 
the CNS, collapsin is expressed by the axial muscles, cells at the 
base of the pectoral fin bud, cells of the migrating primordium of 
the lateral line, and the 2nd, 3rd, and 4th branchial arches, but 
not the 1st arch. The pattern of expression in the embryo 
suggests that collapsin may be involved in guiding a number of 
specific growth cones. In the arches, collapsin may play a role in 
guiding growth cones to the 1st arch by preventing them from 
invading the more posterior arches. Supported by NINDS.

1 2 4 .1 6

CLONING AND ANALYSIS OF MURIN SEMAPHORINS: A GENE 
FAMILY EXPRESSED IN THE DEVELOPING AND ADULT MOUSE. 
R-H. Adams. H.Betz. and A.W. Püschel. Abt. Neurochemic, Max-Planck- 
Institut fur Himforschung, Deuischordenstr. 46, D-60528 Frankfurt, 
Germany (SPON: ENA)

Members of the semaphorin gene family are thought to serve as guidance 
cues during the navigation of sensory and motor axons to their peripheral 
targets. Based on their homology to chicken collapsin and grashopper 
semaphorin I we isolated seven new cDNAs encoding murine semaphorins 
(semA - G), which can be divided into several subgroups by comparison of 
their sequences and expression patterns. All predicted proteins possess an 
aminoterminal signal sequence followed by a semaphorin domain of about 
500 amino acid residues. In addition the Sem A - E proteins contain a 
carboxytermina) C2 type immunoglobulin-like domain and are likely to be 
secreted molecules.

Northern blot hybridization detected transcripts of all murine semaphorins 
as early as embryonic day 10 (E10). With the exception of semD, which was 
mainly expressed from E10 to E12, transcript levels of all semaphorins are 
constant or increasing throughout development until birth. Differential 
expression of semaphorin genes in mesoderm and neuroectoderm was found 
during the time period when axons select their pathways (E ll  - E l5). 
Several semaphorins are expressed widely in neural and non-neural tissues 
during development and in the adult organism.

The function of Sem D, the murine homolog of chicken collapsin, was 
studied by coculturing aggregates of transfected 293 cells and sensory or 
sympathetic ganglia. In these experiments recombinant Sem D created a 
substrate inhibitory for neurites extension.
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1 2 5 .1

EXPRESSION AND CHARACTERIZATION OF A RECOMBINANT 
S100A1 PROTEIN. A Landar*. P.D. Reynolds, and D.B Zimmer Dept. of 
Pharmacology, Univ. of South Alabama, Mobile, AL 36688 

S100A1 is a member of the calmodulin-Sl 00-tropornn superfamily of 
calcium-binding proteins, and has been found in many tissues including brain, 
heart, kidney, and skeletal muscle. This protein functions by interacting with 
and modulating the activity of intracellular target proteins, including fructose 
1,6-bisphosphate aldolase In order to understand the mechanism by which 
S100A1 interacts with its target proteins, we have developed and 
characterized a recombinant S100A1 protein. The recombinant S100A1 
protein (recS100A l) was developed by inserting an S100A1 cDNA into a 
pET bactenal expression vector The sequence of the inserted cDNA was 
verified by double-strand DNA sequence analysis. RecS100A l, like native 
S100A1, is heat-stable and binds phenyl-sepharose resin in a calcium- 
dependent manner. RecS100Al also migrates on SDS-PAGE at an apparent 
molecular weight of 10,000, and reacts with an anti-Sl00 polyclonal antibody 
by Western blot In addition, the amino acid composition and the N-termmal 
amino acid sequence of recS100Al were found to be identical to native 
S100A1 Furtheimore, recS100Al stimulates the target protein fructose 1,6- 
bisphosphate aldolase to the same extent as native S100A1 The fact that this 
recombinant protein is able to interact with aldolase in a manner identical to 
native S100A1 will allow it to be used in future studies of the molecular 
mechanisms of S 100A1 -target protein interaction (Supported by a grant from 
NIH #30660)

1 2 5 .3

R E G U L A T IO N  O F  HU M A N  S100β E X P R E S S IO N . F. C asters1. W.S.T. 
G riffin2, A. M arks3 and L.J. Van E ldik*1. 1Northwestern Univ Med Sch, 
Chicago 1L 60611; 2Univ Arkansas for Med Sci, Little Rock AR 72202; 3Univ 
Toronto, Toronto, Canada M5G 1L6.

S100β is a highly conserved, calcium binding protein which in the mature 
nervous system is expressed only by glial cells. S 100β has been implicated in 
regulation o f  nervous system developm ent because o f its ability to be released 
from glia and enhance neuronal differentiation and survival. The gene for 
human S 100 β is found in the Down syndrom e (DS) region o f  chrom osom e 21, 
and S100β is overexpressed in both DS and A lzheim er’s disease (AD). The 
pattern o f  S100β overexpression in AD correlates with the regional pattern o f  
AD neuropathology, suggesting that abnorm ally high levels o f  S 100β could be 
detrimental. As one approach to defining the regulation o f  S 100β expression, 
we are studying transcriptional regulation o f  the hum an S 100 β gene. A Kpnl- 
Bam Hl fragment o f  the human S100β gene, containing ~4.5K b o f 5’ non- 
translated sequence, exon 1, and ~0.6Kb o f intron 1, was cloned into a 
luciferase reporter vector. This promoter construct drives luciferase expression 
to -4 -fo ld  higher levels in glia (C6) than non-glia (3T3) cells. Transcriptional 
analysis o f  deletion constructs o f  the S100P prom oter also show potential 
positive and negative regulatory elem ents, and potential inducible elements. 
These data suggest that expression o f  hum an S100β is under complex 
transcriptional control that allows fine-tuning o f  the S100β levels in the 
nervous system. (Supported in part by NIH AG10208, M RC M T-8067, and 
Northwestern Univ Buehler Center on Aging)

1 2 5 .5

DIFFERENTIAL EXPRESSION OF NEUROTROPHINS REFLECTS THE 
GROWTH STATE OF ASTROCYTIC CELL LINES. A C Sherwood*. 
STilkabes, G. Mendoza. J. Romeu. C, F. Dreyfus. and I.B. Black. Dept. 
Neuroscience and Cell Biol., UMDNJ-RW Johnson Medical School, Piscataway, 
NJ 08854

Nigral astrocytic cell lines have been used to study the effects of growth 
state on neurotrophin gene expression. The P2.1 cell line was derived by 
transfection of primary cultures of type 1 astrocytes with a temperature sensitive 
mutant of p53. At 38.5"C, the cells may be passaged indefinitely in medium 
containing serum although they exhibit contact inhibition. P2.1 cultures 
maintained at 32.5"C become permanently growth arrested. E l.l  cells, transformed 
with the oncogene El A from adenovirus 5, grow at both 37°C and 32.5°C.
Hence, neurotrophin expression can be defined in cells which are proliferating, 
contact inhibited, and terminally differentiated.

Conditioned medium from contact inhibited P2.1 cells enhanced survival 
of DA neurons two-fold above background, but had no effect on GABA+ cells or 
AChE+ cells from the nigra. In contrast, CM prepared from growth arrested cells 
showed reduced trophic activity for DA neurons and a two-fold enhancement of 
survival of GABA+ cells. El .l CM prepared from contact inhibited cells 
enhanced DA neuronal survival two-fold in nigral neuronal cultures. Growth 
temperature did not affect the trophic activity in E l.l  medium. Reverse 
transcriptase-PCR analysis of mRNAs from the cell lines maintained under 
different growth conditions further demonstrated differential expression of known 
neurotrophins and growth factors including NGF, NT-3, NT-4/5, GDNF, ATF, 
and BDNF. The cell lines are being used to identify regulatory molecules involved 
in neurotrophin gene expression and to relate this regulation to the growth state of 
the cells. Support:NIH HD23315 & Trophix Pharmaceuticals
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FG F-2 REG U LA TES A STRO CYTE S 100ß EX PRESSIO N AT TH E 
TR A N SCRIPTIO N A L AND PROTEIN LEV ELS. D .A .Hinkle* and P .M . 
W ise#. Depts. o f Physiology, University o f M aryland School of 
M edicine, Balt., M D 21201, and #U niversity  o f Kentucky College of 
M edicine, Lexington, KY 40536.

FG F-2 has been dem onstrated to regulate neurotrophic factor gene 
expression in astrocytes. W e have previously reported, in cultured rat 
astrocytes from  the cerebral cortex, that 10 ng/m l FG F-2 suppresses S 100ß 
gene expression to 40% of control levels after 24 hours o f treatm ent, then 
elevates m RNA levels 2 .5-fold after 7 days o f treatm ent. These data were 
generated using the ribonuclease protection assay to quantitate S l00ß and 
cyclophilin (internal control) m RNA levels. W e now report, using the 
same assay and an S100ß genomic cRNA probe, that FG F-2 decreases 
S 100ß prim ary transcript levels in the nuclear RNA fraction to 70% and 
45% of controls after 6 and 12 hours o f treatm ent, respectively. M ature 
transcript in the nuclear fraction decreases to 50% o f control levels after 
24 hours, and decreases in the cytoplasm  to sim ilar levels after 24 and 
48 hours o f treatm ent. S 100ß prim ary transcript is elevated 3-fold relative 
to controls after 48 hours of treatm ent, which correlates with the elevated 
levels o f  m RNA previously dem onstrated after longer-term  treatm ent. We 
further report that S 100ß protein levels, as m easured by the ELISA, 
increase by 4- and 10-fold over controls after 5 and 8 days o f FGF-2 
treatm ent, respectively. W e conclude that FG F-2 appears to regulate 
S l00ß expression in astrocytes at the levels o f transcription and protein.

1 2 5 .4

MODULATION OF PROENKEPHALIN GENE EXPRESSION BY 
SODIUM BUTYRATE IN C6 GLIOMA CELLS. S.K. Banerjc e 1  L. 
M endelsohn1. H P. Dave2 ,§ and J.B. Joshi* 1,# . Mol. B io .1 and Mol. 
H e m .2 Labs VAM C, W ashington DC 20422; D epts.of Hem .§ and 
Micro. & Immu# George Wash. Uni. Washington DC 20037.

Sodium n-butyrate (NaB) is a potent differentiating agent known to 
induce differentiation o f transformed cell types. NaB arrests cell 
proliferation, induces apoptosis, and affects the transcription of specific 
target genes. The regulation of gene encoding proenkephalin(ENK), the 
precursor of the enkephalins, is of considerable interest in view of the 
diverse actions of these opioids as neuromodulators that are often 
implicated in inflammation and cell proliferation process. In the present 
study, we investigated the effect of NaB on ENK gene expression. Rat 
C6 glioma cells were treated with various doses of NaB for varying time 
and the ENK m RNA expression was analyzed using Northern 
hybridizations. NaB at 5 and 10mM cone. inhibited ENK mRNA  
accumulation 4-and 6-fold respectively. The optimum inhibition was 
observed after 24 hr o f treatment and the decreased mRNA levels were 
maintained upto 72hr of treatment. NaB had no effect on the expression 
of glyceraldehyde 3-phosphate dehydrogenase mRNA, indicating the 
specificity o f NaB action on ENK gene. The transient transfection 
experiments suggested the regulation at the transcriptional level. It has 
been hypothesized that the NaB mediated inhibition o f  histone 
deacetylases leads to gene activation/repression possibly involving 
various transacting factors. The down-regulation o f ENK gene 
expression by NaB in glial cells offers a novel model system to study the 
molecular mechanism of NaB action on the neuropeptide genes.
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REGULATION O F  N E U R A L  C E L L  A D H E SIO N  MOLECULE 
EXPRESSION IN ASTROCYTES AND NEURONS IN VITRO. M, Inaba , 
K. Yoshida.* H. Sasaki. M. Sagoh. H. Wakamoto. H. Kamiguchi, M. Otani 
and S. Tova. Department of Neurosurgery, Keio University, Tokyo 160, 
Japan.

We have previously demonstrated that neurotrophic activity tor 
cholinergic neurons in astrocytes is regulated by various cytokines. Neural 
cell adhesion molecule (NCAM) plays an important role in neuron-glia 
interactions. Expression pattern of NCAM isoform was investigated in 
cultured rat astrocytes and neurons. Western blot analysis revealed that 
astrocytes derived from new bom rat hippocampi express 120,140,180 kD 
NCAM-isoforms and that neurons obtained from E-17 rat cerebral cortex 
express 140,180 kD NCAM-isoforms. Protein level of each NCAM-isoform 
was quantified by using an image analysing system. Basic fibroblast growth 
facor (bFGF), tumor necrosis factor- a  (TNF- a ) and transforming growth 
facor-β 1(TGF-β 1) predominantly enhanced 120,140 kD NCAM-isoform 
expression in astrocytes. The effect o f astrocyte conditioned medium 
(ACM) and conditioned medium obtained from astrocytes activated by 
bFGF, interleukin-1 β , TNF-α and TG F-β 1 on NCAM expression in 
neurons were also examined. ACM increased 180 kD NCAM-isoform 
expression in neurons , however the effect of cytokine-stimulated ACM was 
almost same as that of ACM. These results indicate that NCAM expression 
in astrocytes is enhanced by various cytokines and that astrocytes secrete a 
molecule(s) which enhances NCAM expression in neurons.

Society for Neuroscience, Volume 21, 1995
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M O D U L A T I O N  O F  S O M A T O S T A T I N  ( SS) E X P R E S S I O N  A N D  
A C T I V I T Y  I N  P C 1 2  C E L L S .  G .  Traina,° L. Fineschi0. S. Bisti*^ a n d  P. 
Bagnoli0. °Dept. of Phy s i o l o g y  a n d  Biochemistry "G. Moruzzi", University 
of Pisa, 5 6 1 2 7  Pisa, a n d  ^ Dep t .  S T B B ,  U n i versity of L'Aquila, 6 7 1 0 0  
L’Aquila, Italy.

The P C 1 2  p h e o c h r o m o c y t o m a  cell line represents a m o d e l  for studying 
the effect of g r o w t h  factors o n  ne u r o n a l  differentiation. T h e r e  is evidence 
that SS plays a m o d u l a t o r y  role in the C N S  as well as in the P N S .  In the 
present study, w e  h a v e  investigated S S  expression a n d  activity in P C 1 2  cells 
during cellular differentiation. T o  this aim, m o r p h o m e t r i c  analysis has b e e n  
combined w ith S S  i m m u n o c y t o c h e m i s t r y  ( M a b  S 8  1:500 in P B S  0,1 M). O u r  
results can b e  s u m m a r i z e d  as follows: i) undifferentiated a n d  differentiated 
cells express SS; ii) S S  expression is u n c h a n g e d  in the pre s e n c e  of the β
subunit of cholera toxin ( C T B  lμg/ml), a n  e n z y m e  preventing Gs-protein 
deactivation; iii) C T B  has differentiating effects w h i c h  are e n h a n c e d  b y  S S  
incubation (1,64 μg/ml); in contrast, S S  is u n c a p a b l e  of differentation in the 
presence of pertussis toxin ( P T X  2 0 0 n g / m l ) ,  a n  inhibitor of Gi-proteins; iv) 
H 7  (0,18 m g / m l ) , a P K C  inhibitor, d o e s  not interfere wi t h  either N G F -  a n d  
SS-induced differentiation or S S  expression a n d  v) H 8  (33,8 μg/ml), a P K A  
inhibitor, blocks b o t h  differentiating effect a n d  S S  expression. T h e s e  
observations suggest that S S  expression c a n  b e  m o d u l a t e d  b y  interfering 
with Gi-proteins. In addition, the present results also i m p l y  that S S  m a y  
regulate P C I 2 cell d e v e l o p m e n t  a n d  activity t h r o u g h  G-proteins, via se c o n d  
messenger of nucleotide type p a t h w a y s .
Supported b y  the E u r o p e a n  C o m m u n i t y  B I O M E D  contract N °  B M H 1 - C T  
94-1378 .
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R E G U L A T I O N  O F  b F G F  G E N E  P R O M O T E R  A C T I V I T Y  IN H U M A N  

A S T R O C Y T E S  A N D  G L I O M A  C E L L S .  J. Moffett. E. Kratz, A. S h e t t e r , J, 

Shapiro. M.K. S t a c h o w i a k . B a r r o w  Neu rological Institute, P h o e n i x  A z  8 5 0 1 3 .

b F G F  is a  mitogenic protein pres e n t  in the nuclei a n d  in c y t o p l a s m  of glial 

cells. In astrocytes nuclear b F G F  ex p r e s s i o n  is regulated b y  direct cell-cell 

interaction a n d  b y  g r o w t h  factors, in association with cell proliferation. 

Continuously g r o w i n g  g l i o m a  cells e x p r e s s  nucl e a r  b F G F  constitutively, 

independent f r o m  cell density. M o l e c u l a r  m e c h a n i s m s  w h i c h  regulate b F G F  

expression w e r e  studied in cultured adult h u m a n  astrocytes a n d  in g l i o m a  cells. 

b F G F  synthesis a n d  transcription of b F G F  g e n e  w e r e  r e d u c e d  in high density 

(confluent) astrocytic cultures. U s i n g  a  luciferase reporter g e n e  ligated to 

deletions of the h u m a n  b F G F  g e n e  p r o m o t e r  ( b F G F L u c )  w e  h a v e  m a p p e d  a  

cis regulatory region (-650/-512 b p  relative to t h e  transcription start site) 

responsible for the cell d e n s i t y - d e p e n d e n t  regulation. D N A  mobility gel shift 

assays s h o w  that nuclear proteins isolated f r o m  s u b c o n f l u e n t  astrocytes bind 

to this p r o mote r region. Thi s binding is not o b s e r v e d  in extracts f r o m  confluent 

astrocytes sug gest ing that the inhibition of b F G F  g e n e  is c a u s e d  b y  a  depletion 

of transactivating factor(s). In g l i o m a  cells b F G F L u c  is constitutively e x p r e s s e d  

and nuclear proteins bind to b F G F  p r o m o t e r  i n d e p e n d e n t  f r o m  cell density. 

Activation of b F G F  g e n e  e x p r e s s i o n  in astrocytes b y  g r o w t h  factors (EGF,IL-1b, 

or bFGF), or b y  direct stimulation of a d e n y l a t e  c yc lase or  protein k in a s e  C  b y  

forskolin a n d  P M A  w a s  also m e d i a t e d  b y  s e q u e n c e s  within - 650/-512 b p  

promoter region. O u r  results s u g g e s t  that -6 5 0 / - 5 1 2  b p  b F G F  p r o m o t e r  region 

serves as a  regulatory target for diverse extra- a n d  intracellular signals. 

Deregulation of its trans-acting factor(s) m a y  contribute to constitutive 

expression of b F G F  a n d  a b n o r m a l  g r o w t h  of tumor i g e n i c  g l i o m a  cells 

(supported b y  N S F ,  A D C R C ,  A P D A ,  Univ. of A r i z o n a  B i o m e d .  R e s .  Prog.).
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R E G U L A T I O N  O F  b F G F  A N D  G D N F  m R N A  B Y  I N T E R L E U K I N - 1  β I N  
S T R I A T A L  A S T R O C Y T E  C U L T U R E S ;  P O T E N T I A L  M E C H A N I S M  
F O R  D O P A M I N E R G I C  S P R O U T I N G  I N  P A R K I N S O N I A N  R A T S .
A. H o  a nd M .  B l u m * . Fishberg Res. Ctr. for Neurobi o l o g y .  T h e  M o u n t  
Sinai School of Medicine, N e w  York, N Y  10029.

In parkinsonian rats, i mplantation w i t h  IL-1 β pellets h a s  b e e n  
shown to induce sprouting of residual d o p a m i n e r g i c  neurons. Since there 
is no evidence that IL-1 β c a n  directly stimulate d o p a m i n e r g i c  axonal 
sprouting, possibly, IL-1β stimulates the release of d o p a m i n e r g i c  
neurotrophic factors f r o m  astrocytes. b F G F  a n d  G D N F  are t w o  
dopaminergic neurotrophic factors that h a v e  b e e n  s h o w n  to e n h a n c e  
the sprouting of d o p a m i n e r g i c  fibers, a n d  c a n  b e  synthesized b y  striatal 
astrocytes. Therefore, w e  speculated that the stimulation of 
dopaminergic axonal sprouting b y  IL-1 β is m e d i a t e d  b y  the induction of 
either b F G F  or G D N F  synthesis.

P r imary striatal astrocyte cultures w e r e  prepared. Cells at 11- 
13 days in vitro ( > 9 0 %  confluent) w e r e  placed into 0 . 5 %  s e r u m  for 24 
hours, a nd then w e r e  treated wi t h  IL-1β at 5 0 n g / m l  or vehicle ( H 2O )  
for 0,2,4,6,8, a n d  16 h o u r s  (n=4 for e a c h  group). R N A  w a s  isolated, 
and w a s  quantitated b y  a nuclease protection assay for b F G F  a n d  G D N F  
m R N A .  W e  f o u n d  that IL-1 β m a x i m a l l y  i n d u c e d  b F G F  m R N A  4-fold 
between 6-8 h. G D N F  m R N A  w a s  also m a x i m a l l y  increased b e t w e e n  6- 
8 h, but at a l ower level. O n g o i n g  studies are addres s i n g  w h e t h e r  IL-1β 
can similarly induce the synthesis of these neurotrophic factors in vivo. 
The results of these studies suggest that b F G F  a n d  G D N F  m a y  stimulate 
the compensatory axonal sprouting of d o p a m i n e r g i c  n e u r o n s  a n d  could, 
therefore, serve to s l o w  the progression of Parkinson's disease.
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I D E N T I F I C A T I O N  O F  S E Q U E N C E S  R E Q U I R E D  F O R  T H E  N E R V E  
G R O W T H  F A C T O R  I N D U C T I O N  O F  S T R O M E L Y S I N  I N  P C  12 
C E L L S .  S. d e S o u z a .  a n d  G .  C i m e n t * . D e p t . of Cell B i o l o g y  a n d  
A n a t o m y ,  O r e g o n  Health Sciences University, Portland, O R  97201.

In this study, w e  e x a m i n e  N G F - r e s p o n s i v e  D N A  regulatory sequences 
in the 5'-untranscribed region of the stromelysin-1 (ST-1) (a.k.a. transin) 
g e n e  in P C  12 cells. In previous w o r k ,  w e  f o u n d  that N G F ,  but not 
various other g r o w t h  factors, induced S T - 1  m R N A  expression at least 
1000-fold over initially undetectable levels. W e  found, more o v e r ,  that 
this N G F - i n d u c t i o n  w a s  d u e  to d e  n o v o  transcription a n d  protein 
synthesis is required for this increase, indicating that i m m e d i a t e  early 
genes a n d  other transcription factors are involved in S T - 1  induction. 5' 
deletion mutational analysis of the S T - 1  p r o m o t e r  revealed that sequeces 
b e t w e e n  - 247 a n d  -315 b p  u p s t r e a m  of the transcription al start site are 
nece s s a r y  for N G F - r e s p o n s i v e n e s s .  M o b i l i t y  shift assays w e r e  
pe r f o r m e d  using this N G F - r e s p o n s i v e  region ( N R R )  s h o w i n g  that nuclear 
protein(s) bind to the N R R  a n d  that this D N A - p r o t e i n  interaction is 
specific a n d  saturable. W e  h a v e  also s h o w n  that this region of the S T-1 
p r o m o t e r  ca n  confer NGF-inducibility to a g e n e  that is not responsive to 
N G F .  Further dissection of the N R R  revealed that all the nuclear protein 
binding activity w a s  contained within a 12 b p  region o f  the S T - 1  
p r o m o t e r  (-241 to -229). This region has n o  s e q u e n c e  h o m o l o g y  to a n y  
other k n o w n  D N A - b i n d i n g  elements a n d  could possibly be a novel N G F -  
responsive enh a n c e r  e l ement . U s i n g  a c o n c a t emerized pro b e  containing 
this element, w e  are currently screening a P C  12 cell expression library to 
identify the transcription factor(s) that m a y  bind to this e l e m e n t  a n d  
mediate the effects of N G F .

1 2 5 . 1 0

A  N O V E L  P U R I N E  D E R I V A T I V E  A I T - 0 8 2  I N C R E A S E S  T H E  
S Y N T H E S I S  O F  N G F ,  F G F - 2  A N D  N T - 3  m R N A  I N  A S T R O C Y T E S .  
A.J. Glasky *L2, S. Kirat3. P.J, M i d d l e m i s s 3. J . W .  G y sbers3 a n d  M . P .  

R a t h b o n e 3. 1 A d v .  I m m u n o T h e r a p e u t i c s ,  Tustin, C A  9 2 6 8 0 , 2 O l i v e  
V i e w / U C L A  M C ,  S y l m a r , C A  9 1 3 4 2  a n d  3 Depts. B i o m e d .  Sci. a n d  
M e d i c i n e ,  M c M a s t e r  U., H a mi l t o n ,  On ta r i o  L 8 N  3 Z 5 .

N e r v e  g r o w t h  factor ( N G F )  a n d  related neurotrophins h a v e  b e e n  
s h o w n  to reverse m e m o r y  loss in aging. A I T - 0 8 2 ,  a  derivative o f  
hypoxanthine, has b e e n  s h o w n  to reverse a n d  prevent a g e - i n d u c e d  
w o r k i n g  m e m o r y  deficits. W e  h a v e  previously d e m o n s t r a t e d  that A I T -  
0 8 2  alone stimulates neurite o u t g r o w t h  f r o m  P C - 1 2  cells as well as 
e n h a n c e s  N G F - m e d i a t e d  neurite o u t g r o w t h  f r o m  P C - 12 cells. T o  
dete r m i ne  the m e c h a n i s m  o f  this effect, w e  studied the effects o f  A I T -  
0 8 2  o n  neurotrophin a n d  pleiotrophin m R N A  synthesis in astrocytes.

P r i m a r y  cultures o f  astrocytes f r o m  m o u s e  brain w e r e  e x p o s e d  to 1 0 0  
μM  A I T - 0 8 2  for periods f r o m  2 - 2 4  hours. Astrocytes w e r e  harvested, 
total R N A  extracted a n d  subjected to N o rt h e r n  blot analysis. After four 
hours, the A I T - 0 8 2  treated cells h a d  a 3 fold increase in N G F  m R N A ,  a
2.5 fold increase in F G F - 2  m R N A  but n o  c h a n g e  w a s  seen w ith N T - 3  
m R N A  or B D N F  m R N A ,  as c o m p a r e d  with untreated controls cells. 
After 2 4  hours, N G F  m R N A  a n d  F G F - 2  m R N A  values returned to 
control levels. H o w e v e r ,  N T - 3  m R N A  levels w e r e  elevated at 2 4  hours. 
O u r  results demo n s t ra t e  that A T T - 0 8 2  has at least three cellular effects:
(1) stimulates neurite outgrowth, (2) e n h a n c e s  neurotrophin effects, a n d  
(3) stimulates the synthesis o f  certain neurotrophins a n d  pleiotrophins b y  
astrocytes. T h e s e  effects m a y  b e  the basis for the ability o f  A I T - 0 8 2  to 
restore a n d  prevent age- i n d uc e d  w o r k i n g  m e m o r y  deficits in mice. 
(Sup p o r te d  b y  N L A  A G 0 9 9 1 1 a n d  the Ontario M e n t a l  H ealth Fndn.)
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E X C I T A T O R Y  A M I N O  A C I D  I N T R A C E R E B R A L  I N J E C T I O N  I N D U C E S  B D N F  
A N D  C - F O S  A N D  T R I G G E R S  S P R O U T I N G  O F  5 - H T  F I B E R S  IN T H E  S T R I A T U M .  
F. C. Zhou*. S. B. Bledsoe, and J. K. Z h a n g . Dept. Anatomy, Indiana Univ. Sch. Med., 
Indianapolis, IN 46202

W e  previously showed that excitatory amino acid (EAA)-Ibotenic acid (IB) or kainic 
acid ( KA) injected into the brain triggered vigorous 5 - H T  sprouting (Zhou et al, Brain 
Res, 1995). Currently, w e  report that an immediate early gene and a trophic factor, Brain 
Derived Neurotrophic Factor ( B D N F )  induced by the KA/IB, which m a y  contribute to the 
5 - H T  sprouting.

Wistar rats were unilaterally injected with K A  (1 μg/μl, 1 μl) or IB (10-20μg/μl,
1.5ul), glutamic acid (GA, l0n M /μl, 1-3 μl ) or phosphate buffer saline (PBS, 0.1 M )  in 
striatum. Five to seven days later, rats were perfused and their brain sections were 
stained with antibodies against 5 - H T  (produced in Z h o u ’s Lab), c-fos (Cambridge, sheep 
antiserum), and B D N F  (Chemicon, rabbit antiserum) consecutively in the striatum. T he 
5 - H T  sprouting with dense fibers and large varicosities was evident in a large area of 
striatum and in cortex near the K A  and IB injection site, limitedly in the G A  near the 
injection site, and little in the P B S  injection site. Additional 5 - H T  sprouting was 
observed in the olfactory tubercle in the K A  injected rats.

T he BDNF-immunostaining (im) showed in the neurons, glia-like cells, and in the 
extracellular space in K A / I B  injected, and little in G A / P B S  injected brains. The 
distribution of B D N F - i m  matches that of 5 - H T  sprouting. T h e  c-fos-im was seen, 
mostly, in neuronal like cells. T h e  c-fos-im has a similar but larger distribution than 
those of 5 - H T  and B D N F .  These data indicate that (a) two AMPA-receptor related E A A s  
can stimulate 5 - H T  sprouting as well as neurotrophic factor, B D N F ,  (b) the close 
distribution of B D N F - i m  and 5-HT-im and recent report of B D N F  on 5 - H T  fiber growth 
( M a m o u n a s  et al, Soc. Neurosci Abst,1994) suggest that newly expressed B D N F  can 
contribute in mediating 5 - H T  sprouting, (c) the long-term c-fos expression upon 
activation of A M P A  receptors indicates continuous expression of this gene product 
coincident with B D N F  expression and 5 - H T  sprouting.
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G A B A E R G I C  S T I M U L A T I O N  S W I T C H E S  F R O M  E N H A N C I N G  
T O  R E P R E S S I N G  B D N F  E X P R E S S I O N  I N  R A T  H I P P O C A M P A L  
N E U R O N S  D U R I N G  M A T U R A T I O N  I N  V I T R O  B . B e m i n g e r *  1, 

S.Marty 1. F . Z a f r a 2 . M . P . B e r z a g h i 1. H . T h o e n e n 1 _ &  P L i n d h o l m 1
1. Dept. Neuroch e m i s t r y ,  M a x  P l a n c k  Institute for Psychiatry, 8 2 1 5 2  

Martinsried, F R G .  2. C e n t r o  d e  Biolo g i a  Mol e c u l a r ,  U n i v e r s i d a d  

A u t o n o m a  d e  Madrid, 2 8 0 4 9  Spain.
γ -aminobutyric acid ( G A B A )  is the m a j o r  inhibitory neurotransmitter 

in the adult m a m m a l i a n  C N S .  H o w e v e r ,  G A B A  depolarizes i m m a t u r e  rat 
h i p p o c a m p a l  neurons a n d  increases intracellular C a 2+ ( [ C a 2 + ]i). H e r e  w e  
s h o w ,  that G A B A  a n d  the G A B A  a  receptor agonist m u s c i m o l  induce c- 
F o s  i m m u n o r e a c t i v i t y  a n d  increase B D N F  m R N A  e x p ression in 
e m b r y o n i c  h i p p o c a m p a l  neurons cultured for 5 days. In contrast, after 3 
w e e k s  in culture, G A B A  a n d  m u s c i m o l  failed to induce c-fos a n d  B D N F  
expression. Fura-2 fluorescence m i c r o s c o p y  revealed that G A B A  a n d  
m u s c i m o l  p r o d u c e  a  dihydropyridine-sensitive transient increase in 

[ C a 2+ ]i, c o m p a r a b l e  to the effect o f  the n o n - N M D A  receptor agonist 

kainic acid in neurons cultured for 5 days, but not in 3 w e e k s  old cultures. 
T h e  increase in c -Fos immunoreactivity a n d  B D N F  m R N A  levels b y  
G A B A  w e r e  d e p e n d e n t  u p o n  the activation o f  voltage-gated C a 2 +  
channels, as s h o w n  using the L-t y p e  specific C a 2+ c h annel blocker 
nifedipine. T h e  differential regulation of  c-fos a n d  B D N F  expression b y  
G A B A  a n d  m u s c i m o l  in developing a n d  m a t u r e  h i p p o c a m p a l  n e urons is 
d u e  to a switch in the ability of G A B A a  receptors to activate voltage-
gated C a 2+ channels. T h e s e  observations support the hypothesis, that 
G A B A  m i g h t  h a v e  neurotrophic effects o n  e m b r y o n i c  or perinatal 

h i p p o c a m p a l  neurons w h i c h  are med i a t e d  b y  B D N F .
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B D N F  m R N A  E X P R E S S I O N  IS R E G U L A T E D  B Y  N E U R O N A L  A C T I V I T Y  
I N  T H E  A V I A N  v i s u a l  S Y S T E M .  F  Hallböök * ( 1) and N . G . C a rri(1,2) Dept. 
Developmental Neuroscience, Uppsala University, Sweden, (2) Dept. Molecular 
Biology, Imbice, L a  Plata , Argentina.

Using R N a s e  protection assay and in situ hybridization w e  have found 
that nerve growth factor (NGF), brain-derived neurotrophic factor ( B D N F )  and 
neurotrophin-3 (NT-3) are expressed in the avian retina during development. T h e  
expression peaks around embryonic day 12 to 15 with decreasing levels at later 
stages of development. N G F ,  B D N F  and very l ow levels of N T - 3  m R N A  are 
found in the adult retina. T h e  cellular localization of the m R N A  for the 
neurotrophins and Trk receptors in retina suggest that specific cell populations 
express the neurotrophins and Trk receptors in the neural retina. N G F  as well as 
T r k A  are expressed in cells proposed to be horizontal cells. In agreement with 
previous data f rom other groups w e  found T r k B  and B D N F  in retinal 
ganglioncells. N T - 3  labeling w a s  found in cells in the internal nuclear layer 
whereas T r k C  labeling w a s  found over all cell layers in the retina. Using the 
R P A  w e  analyzed retina from 5 day-old chickens which had been exposed to light 
or darkness and found that N G F  and B D N F  m R N A  levels were reduced in the 
darkness exposed animal group T h e  data suggest that the neurotrophins play 
local roles in the retina and is regulated by normal neuronal activity.

In the optic tectum, B D N F  m R N A  but only low levels of N G F  or N T - 3  
m R N A  were found. A  peak in B D N F  expression around E 1 2  in optic tectum 
correlate temporally with the periods of naturally occurring cell death in the 
ganglion cell population and axon terminal invasion of the tectum. In situ 
hybridization sh o w e d  that B D N F  m R N A  is present over cells in the layers where 
ganglion cell axons terminate. Stimulation of electrical activity of ganglion cells 
after intra ocular injections of kainic acid w a s  s h o w n  to increase the levels of 
B D N F  m R N A  in the contra-lateral E 1 5  optic tectum, as s h o w n  by R P A  and in 
situ hybridization. These data s h o w  that electrical activity regulate B D N F  
expression in the visual system during development.
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P H Y S I C A L  A C T I V I T Y  U P - R E G U L A T E S  B D N F  a n d  N G F  
m R N A  I N  T H E  R A T  B R A I N .  S .A. N e e p e r * .  F. G o m e z -  

Pinila.  J. Choi and C. Cotm an- Depts. o f  P s y c h o b i o l o g y  a n d  
N e u r o l o g y ,  a n d  B r a i n  A g i n g  a n d  D e m e n t i a  Institute, U. o f  
California, Irvine, C A  9 2 7 1 7 .

T h e r e  is e v i d e n c e  that physical activity affects the status 
o f  several n e u r o t r a n s m i t t e r  s y s t e m s  a n d  m a y  h a v e  a 
positive i n f luence o n  brain function. M o l e c u l a r  m e d i a t o r s  
o f  s u c h  effects are no t  k n o w n .  T h e  present s t u d y  e x a m i n e s  
the effects o f  exercise o n  t w o  m e d i a t o r s  o f  C N S  n e u r o n a l  
f u n c t i o n  a n d  plasticity, b r a i n - d e r i v e d  n e u r o t r o p h i c  factor 
( B D N F )  a n d  n e r v e  g r o w t h  factor ( N G F ) .  A d u l t  m a l e  rats 
w e r e  sacrificed after 2, 4, or  7  d a y s  o f  a d  lib access to 
r u n n i n g  w h e e l s .  N u c l e a s e  protection a s s a y  a n d  in situ 
hybridization revea l e d  that B D N F  a n d  N G F  m R N A  levels 
w e r e  h i g h e r  in the brains o f  e x e rcising rats relative to 
s e d e n t a r y  controls. T h e  effects w e r e  region-specific, 
affecting p r i m a r i l y  the c a u d a l  n e o c o r t e x  (layers II-III a n d  

V  for B D N F ;  layer II-III for N G F )  a n d  the h i p p o c a m p u s  
( p y r a m i d a l  a n d  dentate g r a n u l a r  layers). B D N F  m R N A  
s h o w e d  larger increases than N G F .  T h e  increase in B D N F  
e x p r e s s i o n  w a s  p r o p o r t i o n a l  to exerc i s e  intensity, 
correlating closely to the distance e a c h  rat ran p e r  night. 
O u r  results s h o w  that p h ysical activity c a n  affect 
n e u r o t r o p h i n  e x p r e s s i o n  in the brain; t hus B D N F  a n d  N G F  
m a y  m e d i a t e  s o m e  effects o f  exercise in the C N S .
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N E R V E  G R O W T H  F A C T O R  S T I M U L A T E S  B D N F  m R N A  

E X P R E S S I O N  IN T H E  P E R I P H E R A L  N E R V O U S  S Y S T E M .  S.C. 
Apfel*. D. W r i g ht. C. D o r m i a .  W . D .  Snider. J.A. Ke ss l e r . Albert 

Einstein C o l l e g e  of Medicine, Bronx, N Y  1 0 4 6 1  a n d  W a s h i n g t o n  

University, St. Louis, M O  6 3 1 1 0 .
M e m b e r s  of the neurotrophin g e n e  family play a  m a j o r  role in the 

d e v e l o p m e n t  a n d  m a i n t e n a n c e  of the peripheral n e r v o u s  s y s t e m  

( P N S ) .  S o m e  are currently b e i n g  c o n s i d e r e d  a s  therapeutic a g e n t s 
in the treatment of P N S  disorders. Administration of a  single d o s e  
of n e r v e  g r o w t h  factor ( N G F )  dramatically a n d  rapidly stimulates the 
e x p r e s s i o n  of brain derived neurotrophic factor ( B D N F )  m R N A  in 
dorsal root ganglia ( D R G )  a n d  sciatic nerve. In b o t h  tissues, the 
effect p e a k s  with a  2 0  to 3 0  fold increase at a b o u t  1 2  h o u r s  following 
N G F  administration, but the effect c a n  b e  s e e n  in D R G  at a  m u c h  

l o w e r  d o s e  t han in sciatic nerve. D o u b l e  labeling in situ hybridization 

studies h a v e  d e m o n s t r a t e d  that m a n y  D R G  n e u r o n s  w h i c h  e x p r e s s  

B D N F  m R N A ,  also e x p r e s s  trkA m R N A .  M o r e o v e r ,  cells w h i c h  
normally e x p r e s s  B D N F  m R N A  increase their labeling following N G F  

administration, but n e w  cells d o  not a p p e a r  to b e  recruited. W e  are 

currently investigating the h y p o thesis that this paracrine interaction 
is m e d i a t e d  t h r o u g h  different m e c h a n i s m s ,  a n d  s e r v e s  different 

p u r p o s e s  in the sciatic n e r v e  a n d  the D R G .  T h e s e  studies s u g g e s t  
that in vivo administration of neurotrophins m a y  h a v e  b r o a d e r  effects 
that their in vitro biology w o u l d  predict.
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B I P H A S I C  I N C R E A S E S  I N  H I P P O C A M P A L  N G F  m R N A  A R E  
E L I C I T E D  B Y  C O N T R O L L E D  E L E C T R I C A L  S T I M U L A T I O N .  C.T. 
Stinis. J.C- L auterborn. a n d  C A L  G a l l * . D e p t . of A n a t o m y . a n d  
N e u r o b i o l o g y ,  University of California, Irvine, C A  82717.

P revious studies in this laboratory h a v e  d e m o n s t r a t e d  that hilus 
lesion-induced recurrent limbic seizures elicit biphasic increases in N G F  
m R N A  in the dentate g y r u s  granule cells. T h e  present s t u d y  w a s  

c o n d u c t e d  to d e t e r m i n e  if a  similar pattern of N G F  expression could b e 
i n d u c e d  b y  controlled electrical stimulation. H i p p o c a m p a l  
afterdischarges ( A D s )  w e r e  i n d u c e d  in alert rats (via chronic electrode 
implantation in the perforant path) b y  trains of stimulation (10 H z ,  8 
sec), w i t h  trains applied e v e r y  3  min., 4  min. a n d  1 0  m i n .  for h o u r s  1, 2, 
a n d  3, respectively. C o ntrol rats w e r e  i m p l a n t e d  b ut n o  stimulation w a s  
applied. Ra t s  w e r e  sacrificed 4, 10, a n d  2 2  hrs after the onset of 
stimulation a n d  levels of N G F  m R N A  w e r e  assessed b y  quantitative in 
situ hybridization. Relative to paired control values, hybridization of 
N G F  c R N A  w a s  increased to 3 6 5  ±  5  %  at 4  hrs, decreased to 6 8  ±  4  %  at 

1 0  hrs, a n d  increased a gain to 3 0 5  ±  2 6  %  at 2 2  hrs. Thu s ,  the period of 
controlled afterdischarge stimulation elicited a  biphasic increase in 
N G F  m R N A  w i t h  the s e c o n d  increase occurring 19  hrs after the 
termination of stimulation. T h e s e  results indicate that the t i m e  course 
of N G F  expression elicited in the hilus lesion p a r a d i g m  is d u e  to the 
pattern of epileptiform activity a n d  can n o t  b e  attributed to lesion 
pathology. C o n s i d e r e d  in the context of c h a n g e s  in the expression of 
transcriptional regulatory factors i n d u c e d  in these p a r a d i g m s ,  the 
present results suggest that multiple m e c h a n i s m s  regulate N G F  
expression following a  period of recurrent stimulation. S u p p o r t e d  b y  

N S 2 6 7 4 8  to C . M . G .
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B A S A L  F O R E B R A I N  C H O L I N E R G I C  N E U R O N S  C O - C U L T U R E D  

W I T H  C O R T I C A L  C E L L S  H A V E  R E D U C E D  D E P E N D E N C E  O N  
N E R V E  G R O W T H  F A C T O R .  D . H .  H a*. R.T. Robertson. C.E. R i b a k  an d

J.H. Weiss. Depts of N e u rology a n d  A natomy/Neurobiology, U.C. Irvine, 
Irvine C A  92717.

N e r v e  growth factor ( N G F )  increases the expression of cholinergic markers 

as well as the survival of basal forebrain cholinergic neurons ( B F C N s ) .  T h e  

present study e x a m i n e d  the depen d e n c e  of B F C N s  (identified b y  choline 

acetyltransferase immunocytochemistry) o n  N G F  in dissociated basal 

forebrain (BF) cultures. B F C N s  w e r e  cultured for 21 days in m e d i u m  

supplemented with N G F .  N G F  deprivation f r o m  days 9-12 or days 15-18 in 
vitro, accomplished b y  washing with N G F - f r e e  m e d i u m  or neutralization with 

an a n t i - N G F  antibody, resulted in a loss of over 8 0 %  of B F C N s .  T h e  s a m e  
treatment f r o m  days 3-6 caused <  2 0 %  loss.

Beca u s e  B F C N s  send axonal projections to the cerebral cortex in vivo, w e  

investigated whether the presence of cortical target cells in the cultures w o u l d  

alter N G F  dependence. W h e n  cortical neurons w e r e  co-cultured with B F C N s ,  

N G F  deprivation, using a n t i - N G F  antibody at days 9-12 or 15-18, resulted in 

only a 3 0 %  loss of B F C N s .  Acetylcholinesterase ( A C h E )  histochemistry 

demonstrated that B F C N s  in co-cultures project axons specifically toward 

aggregated clusters of cortical cells. Furthermore, electron microscopic 

analyses s h o w e d  that these A C h E  (+) axons f o r m  synapses with cortical cells. 

Synapses w e r e  of the symmetrical type a n d  contacted neurites, as h a v e  been 

s h o w n  in vivo. T h e s e  morphological a n d  functional findings suggest the 
possibility that trophic factors released b y  cortical cells decrease the 
depen d e n c e  of B F C N s  o n  e x o g e n o u s  N G F .  Supported b y  N I H  grant N S  
3 0 8 8 4  ( J H W ) ,  N S  3 0 1 0 9  (RTR), N S  1 5 6 6 9  (CER).
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CHARACTERIZATION OF THE VITAMIN D RECEPTOR (VDR) AND THE EFFECT 
OF VDR REGULATION ON NERVE G R O W T H  FACTOR (NGF) SYNTHESIS IN
L929 m o u s e  f i b r o b l a s t s . Ines M .  M u s i o l *  a n d  D a v i d  F e l d m a n .  
Division o f  E n d o c r i n o l o g y ,  G e r o n t o l o g y  &  M e t a b o l i s m ,  D e p a r t m e n t  of 
M e d i c i n e ,  Stanford University, Stanford, C A  9 4 3 0 5 - 5 1 0 3 .

D e c r e a s e d  N G F  synthesis in the brain h a s  b e e n  implicated in 
neur o d e ge n e ra t i o n.  V i t a m i n  D  receptors ( V D R )  h a v e  b e e n  located in 
brain areas affected b y  neuro d e ge n e ra t i v e  diseases a n d  l , 2 5 ( O H ) 2D 3 , the 
active f o r m  of  vitamin D ,  has b e e n  s h o w n  to i n d u c e  N G F  in L 9 2 9  m o u s e  
fibroblasts. In this study w e  a n a l y z e d  the V D R ,  the regulation o f  V D R  
a b u n d a n c e  a n d  the ability of  l , 2 5 ( O H ) 2 D 3 to i n d u c e  N G F - s y n t h e s i s  in 
L 9 2 9  cells. S c a tchard analysis o f  [3 H ] I, 2 5 ( O H ) 2 D 3  b inding s h o w e d  the 
V D R  concentration to b e  1 7 3  f m o l / m g  protein a n d  the affinity to b e  
0.12 n M .  V D R  w a s  visualized in nuclei of  L 9 2 9  cells b y  i m m u n o c y t o -  
chemistry. T r e a t m e n t  o f  cells with f o r s k o lin  ( 5 0  μM ) ,  w h i c h  activates 
the c A M P / p r o t e i n  k i n a s e - A  p a t h w a y ,  resulted in a 10-fold up-regulation 
of V D R  b y  6  hrs a n d  r e m a i n e d  elevated at 2 4  hrs, as w e  h a v e  reported 
for other cells. N G F - s e c r e t i o n  w a s  m e a s u r e d  in s e r u m  free conditioned  
m e d i a  using a d o ub l e - s i d e d  E L I S A .  l , 2 5 ( O H ) 2D 3 t r e atment (0.005- 
10 n M )  for 2 4  hrs increased N G F  concentration 3-fold, a n  effect w h i c h  
p e a k e d  at 1 n M  l , 2 5 ( O H ) 2D 3 . V D R  u p - r e g u l a t i o n  b y  forskolin 
a u g m e n t e d  the N G F  r e s p o n s e  to l , 2 5 ( O H ) 2D 3  c o m p a r e d  to vehicle- 
treated cells. E B 1 0 8 9  a n d  O C T ,  l , 2 5 ( O H ) 2D 3-analogs d e s i g n e d  to b e  
less c a l c e m i c  t han l , 2 5 ( O H ) 2D 3 ,  also i n d u c e d  N G F - s y n t h e s i s .  In 
conclusion, w e  h a v e  characterized the V D R  in L 9 2 9  cells a n d  s h o w n  that 
l , 2 5 ( O H ) 2D 3 a n d  its less c a l c e m i c  a n a l o g s  i n d u c e  N G F .  F u rt h e r mo r e , 
up-regulation o f  V D R  a b u n d a n c e  e n h a n c e d  N G F  induction. T h e s e  
a p p r o a c h e s  to regulate N G F - s y n t h e s i s  m a y  h a v e  significance for the 
eventual treatment of  n e u r o d e generative diseases.
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G L Y C O S Y L A T I O N  O F  T H E  N G F  P R E C U R S O R  IS N E C E S S A R Y  F O R  T H E  

F O R M A T I O N  O F  M A T U R E  N G F .  N. G. Seidah',  S. Pareek. S. B e njannet¶. J. 
Fawcett, S. J. M o w l a ,  S. I a c a m p o. C. La z u r e¶. M .  Chretien¶ and R. A. 

M urphy*. Montreal Neurological Institute, McGi l l  University an d  the ¶Clinical 
Research Institute of Montreal, Montreal, Quebec, Canada.

W e  have s h o w n  previously that several m e m b e r s  of the neurotrophin family are 

effectively processed b y  furin, a p r o h o r m o n e  convertase w h i c h  is ubiquitously 

expressed in the nervous system a nd elsewhere. In this study, w e  have studied the 

biosynthesis and intracellular processing of N G F  precursor b y  furin in both 

constitutive and regulated cells using a vaccinia virus expression system. Results 

demonstrate that N G F  is produced as a 35 k D a  precursor w h i c h  is N-linked 

glycosylated. This imm a t u r e  f o r m  of p r o N G F ,  w h i c h  is present in the 

endoplasmic reticulum ( ER) as suggested b y  sensitivity to endoglycosidase H,  is 
posttranslationally  modified to give rise to a 4 2.5 k D a  secretable f o r m  o f  p r o N G F  
w hich is processed b y  furin to give rise to 16.5 k D a  a nd 13.5 k D a  forms of 

N G F .  Pulse chase studies, d o n e  in the presence of tunicamycin and the αl- 

glucosidase-I inhibitor N-butyl deoxynojirimycin N B - D N J ,  suggest that N -  

glycosylation of the pro-segment of p r o N G F  and trimming of the oligosaccharide 

chains are necessary for the exit of the precursor f r o m  the E R  a nd its eventual 

processing and secretion. W e  have also determined that the N G F  precursor is 

sulfated o n  a sugar chain, demonstrating that processing of the precursor occurs 

within the trans Golgi Network. In preliminary studies, w e  have observed a 22 

k D a  N G F - l i k e  protein produced by cultured hippocampal neurons, S c h w a n n  cells, 

fibroblasts, and b y  sciatic nerve in vivo w h i c h  is not secreted. W o r k  is in 

progress to determine whether this species arises f r o m  incomplete processing of 

the N G F  precursor.
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C H R O N I C  M P T P  T R E A T M E N T  I N C R E A S E S  B D N F  m R N A  L E V E L  

I N  T H E  S U B S T A N T I A  N I G R A  B U T  N O T  V E N T R A L  T E G M E N T A L  

A R E A  I N  M I C E .  H . C . H u n g * 1 a n d  E . H . Y . L e e 2  Gr a d u a t e  Institute of Life 

Sci., National D e f e n s e  M e d i c a l  C e n t e r 1 a n d  Institute of Biomedical Sci., 

A c a d e m i a  Sinica2 , Taipei , T a i w a n ,  R . O . C .

1 - M e t h y  1-4-phenyl-1,2,3,6 -tetrahydropyridine ( M P T P )  is a well k n o w n  

dopaminergic neurotoxin. E v i d e n c e  suggests that the nigrostriatal a n d  

mesolimbic d o p a m i n e r g i c  p a t h w a y s  h a v e  different susceptiblity to M P T P ' s  

toxicity. W e  h a v e  similarly f o u n d  that chronic M P T P  injections (7 days) 

significantly decreased the d o p a m i n e  ( D A )  content in the striatum 1 w e e k  

after withdrawal of the drug. H o w e v e r ,  M P T P  did not affect D A  content in 

the nucleus accuinbens. Brain-derived neurotrophic factor ( B D N F )  has b e e n  

s h o w n  to p r o m o t e  D A  n e urons survival. T o  investigate w h e t h e r  B D N F  plays 

a differential role in protecting D A  neur o n s  in these t w o  D A  systems, w e  

m easured the a m o u n t  of B D N F  m R N A  b y  the quantitative R T - P C R  m e t h o d  

in the cell b o d y  regions, the substantia nigra ( S N )  a n d  the ventral tegmental 

area ( V T A ) .  W e  f o und that B D N F  m R N A  level w a s  significantly increased 

in the S N  after chronic M P T P  injections. W e  also f o u n d  the m R N A  content 

of tyrosine hydroxylase (TH ) ,  a m a r k e r  e n z y m e  of D A  neurons, w a s  

significantly decreased in the S N ,  indicating that M P T P  p r o d u c e d  a toxicity 

on D A  n e urons in the S N .  O n  the contrary, both B D N F  a n d  T H  m R N A  

levels w e r e  not significantly altered b y  M P T P  in the V T A .  T h e  cause-effect 

relationship b e t w e e n  B D N F  g e n e  expression a n d  D A  neuronal d a m a g e  is 

currently un d e r  investigation.
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A D R E N A L E C T O M Y  P O T E N T I A T E S  A C T I V I T Y - D E P E N D E N T  
I N C R E A S E S  I N  B D N F  E X O N  I B U T  N O T  E X O N  III m R N A  

E X P R E S S I O N  J.C. L a u t e r b o r n * 1. C.T. Stinis1 . J.S. W o n g 1. Z. S u n 1 . 

P.J. Isackson2 . a n d  C . M .  Galt1 . 1D e p t . of A n a t o m y  a n d  Neur o b i o l o g y ,  Univ. 

of Calif., Irvine, C A ,  9 2 7 1 7  &  2 Dept. of B i o c h e m i s t r y  a n d  M o l e c u l a r  Biology, 
M a y o  Clinic, Jacksonville, FI 3 2 2 2 4 .

R e c e n t  w o r k  f r o m  this laboratory indicates that seizure-induced inc r e a s e s 
in brain-derived neurotrophic factor ( B D N F )  m R N A  e x p r e s s i o n  a r e  
repressed b y  t h e  p r e s e n c e  of circulating adre n a l  h o r m o n e s .  In t h e  p r e s e n t  
study, w e  investigated w h e t h e r  t h e  effects of adr enal h o r m o n e s  o n  activity- 
d e p e n d e n t  B D N F  e x p r e s s i o n  a r e  specific to different B D N F  m R N A  
transcripts using in situ hybridization a n d  c R N A  p r o b e s  that r e c o g n i z e  5' 
B D N F  e x o n s  I a n d  III w h i c h  a r e  pres e n t  in different transcript forms. 
C h a n g e s  in e x o n  I a n d  III m R N A  levels w e r e  a n a l y z e d  in st r a t u m  g r a n u l o s u m  
after a  single h i p p o c a m p a l  afterdischarge ( A D )  in either adrenal-intact or 
adrenalectomized ( A D X )  rats. T h e  A D  w a s  i n d u c e d  b y  perforant p a t h 
stimulation (10 Hz, 6 - 8  sec) a n d  rats w e r e  killed 2  hrs later. In the adrenal- 
intact rats, the A D  resulted in m a r k e d l y  inc r e a s e d  hybridization of b o t h  e x o n  
I a n d  e x o n  III c R N A s  in stratum g r a n u l o s u m ;  labeling w a s  i n c r e a s e d  to 2 6 6  ±  
6 9 %  a n d  2 9 2  ±  5 4 %  of adrenal-intact control levels for e x o n  I a n d  III m R N A ,  
respectively. After a  single A D  in A D X  rats, hybridization of e x o n  I c R N A  
w a s  increased to 7 0 7  ±  1 9 4 %  of A D X - c o n t r o l  levels. T h e  A D - i n d u c e d  
increase in e x o n  I m R N A  e x p r e s s i o n  w a s  significantly greater in t h e  A D X  
group t h a n  in t h e  adrenal-intact g r o u p  ( p =  0.005, Student's t-test). In 
contrast, hybridization of e x o n  III c R N A  in t he A D / A D X  g r o u p  w a s  3 8 1  ±  
1 5 8 %  of A D X - c o n t r o l  levels w h i c h  w a s  not significantly different f r o m  
increases s e e n  in t h e  adrenal-intact rats. T h e s e  d a t a  s u g g e s t  that adrenal 
h o r m o n e s  s u p p r e s s  t h e  activity-dependent e x p r e s s i o n  of 5' B D N F  e x o n  I 
a n d  provide further e v i d e n c e  for t h e  differential regulation of B D N F  
transacts containing e x o n s  I a n d  III. S u p p o r t e d  b y  N S 2 6 7 4 8  to C . M . G .
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S T R E S S  I N D U C E D  U N B A L A N C E D  E X P R E S S I O N  O F  N E U R O T R O P H I N S  

A N D  T H E I R  R E C E P T O R S  IN T H E  B R A I N .  T. U e ya m a ', K. N e m oto2. S.

T o n e 1 a n d  E. S e n b a '* 1D e p .  of Anat. a n d  Neurobiol., W a k a y a m a  M e d .

Coll.,640 W a k a y a m a ,  2Lab. of Health Sci. ,Schl. of P h a r m a c .  Sci., Univ. of 
Shiz u o k a ,  4 2 2  S hi z u o k a ,  J a p a n

S ev eral reports s h o w e d  that stress i n d u c e s  neural cell d a m a g e  in the 

h i p p o c a m p u s  a n d  cholinergic n e u r o n s  in the forebrain basal ganglia, w h i c h  

m a y  b e  the c a u s e  of i m p a r e d  cognitive behavior In this study, w e  int e n d e d 

to clarify the roles of neurotrophins a n d  their receptors in the stressed 

brain. M a l e  Wistar rats of 6 w e e k  old w e r e  e x p o s e d  to immobilization ( I M O )  

stress for 2-8 h. Brains w e r e  rapidly r e m o v e d  a n d  fresh frozen sections 

( 1 4 u m  ) w e r e  prepared. In situ hybridization histochemistry w a s  p e r f o r m e d  

using c R N A  p r o b e s  for N G F ,  B D N F  a n d  N T 3  m R N A s ,  a n d  using 

oligonucleotide p r o b e s  for L N G F R ,  trk A  a n d  trkB m R N A s .  T h e  N G F  m R N A  

level in the dentate gyr u s  ( D G )  w a s  r e d u c e d  to 68%  of the basal level at 4h, 

6 4 %  at 8h. T h e  B D N F  m R N A  level w a s  also r e d u c e d  to 7 2 %  at 4h, 5 5 %  at 

8h in the D G  , a n d  to 6 7 %  at 4h, 6 1 %  at 8h  in the C A 1 region T h e  N T 3  

m R N A  level in the D G  w a s  also r e d u c e d  to 4 9 %  at 4 h  a n d  4 0 %  at 8h. T h e  

trk A  m R N A  level in the medial s e p t u m ( M S )  w a s  r e d u c e d  to 7 5 %  of the 

basal level at 8h . T h e  trkB m R N A  level in the D G  w a s  also r e d u c e d  in the 

D G  to 3 5 %  at 8h. O n  the contrary, the L N G F R  m R N A  level in the M S  w a s  

increased to 1 4 3 %  at 8h. In s u m m a r y ,  the m R N A  levels of all 

neu rotrophins a n d  trks w e r e  reduced, while only the m R N A  level of L N G F R  

w a s  increased. T h e s e  u n b a l a n c e d  c h a n g e s  of ligands a n d  their receptors 

m i g h t  contribute to the stress-induced neu r o n a l  d a m a g e  in the 

h i p p o c a m p u s  a n d  forebrain basal ganglia.
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E F F E C T S  O F  S T E R O I D  H O R M O N E S  O N  G R O W T H  F A C T O R S  I N  

K A I N I C  A C I D - I N D U C E D  I N J U R E D  B R A I N .  S. Kito *, J. S e m b a , 

R. M i y o s h i l , A .  S h i n g o  , E. S h i m i z u . T h e  U n iv. o f  the Air, 

Chib a ,  J a p a n  261, 1Div. o f  B a s i c  M e d .  Sciences, R o y a l  F ree 

Hospital Sch. o f  M e d i c i n e ,  L o n d o n .

In o u r  p r e v i o u s  studies, it w a s  r e v e a l e d  that e s t r o g e n  

i n c r e a s e d  survival rate o f  c u l t u r e d  rat l i m b i c  n e u r o n s  at 

c o n c e n t r a t i o n s  o f  10-9 m  to 1 0  -5 M ,  w h i l e  g l u c o c o r t i c o i d  

potentiated kainic a c i d - i n d u c e d  cytotoxicity. In c o n n e c t i o n  

w i t h  these results, effects o f  steroid h o r m o n e s  o n  g r o w t h  

factors s u c h  as I G F  a n d  H G F  in kainic a c i d - i n d u c e d  injured 

brain o f  rats w e r e  e x a m i n e d .  M a l e  W i s t a r  rats w e r e  injected 

w i t h  kainic acid a n d  their brains w e r e  q u i c k l y  r e m o v e d  3 0  

min u t e s ,  1, 3, 6 , 12 a n d  2 4  h o u r s  after the injection. T h e

m R N A s  o f  I G F  1, I G F  2  a n d  H G F  w e r e  d e t e r m i n e d  b y  northern 

blotting. N o t h e r n  blot analysis o f  c-fos a n d  c-jun w a s  also 

p e r f o r m e d .  T h e  increased e x p r e s s i o n  o f  I G F  a n d  H G F  m R N A s  

in the h i p p o c a m p u s  w a s  o b s e r v e d  at six h o u r s  after kainic 

acid injection, w h i l e  the e x p r e s s i o n  o f  i m m e d i a t e  early g e n e  

m R N A s  w a s  m a x i m a l l y  i n d u c e d  at 3 0  m i n u t e s .  Ei t h e r  

e s t r o g e n  or g l u c o c o r t i c o i d  w a s  c o i n j e c t e d  w i t h  kainic acid 

in s o m e  o f  these e x p e r i m e n t s .  E s t r o g e n  further activated 

the e x p r e s s i o n  o f  these g r o w t h  factors, w h i l e  glucocor t i c o i d  

inhibited kainic a c i d - i n d u c e d  e x p r e s s i o n  o f  t h e m .
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D I F F E R E N T I A L  M O D U L A T I O N  O F  trk B  m R N A  I N  S T R I A T U M  

F O L L O W I N G  A  U N I L A T E R A L  C O R T I C A L  O R  S U B S T A N T I A  

N I G R A  L E S I O N .  H . W . C h e n g * .  T.Jiang a n d  T . H . M c N e i l l . Andrus 

Gerontology Center and Department of Biological Sciences, University. of 

Southern California. Los Angeles, C A  90089-0191

Previous studies h a v e  s h o w n  that trk B, the receptor for B D N F ,  

plays an  important role in synaptic remod e l i n g  in adult brain following a 

deafferentation lesion. H o w e v e r ,  it is unclear if the upregulation of trkB is 

lesion specific. T o  address this issue, w e  us e d  in situ hybridization analysis 

to assess changes in the prevalence for trk B  m R N A  expression in adult 

striatum (ST) follow a unilateral cortical ( C X )  or substantia nigra ( S N )  

lesion, w h i c h  differ with respect to their total synaptic input to the S T  a n d  

transmitter content.

W e  fou n d  that there w a s  a significant increase in truncated 

noncatalytic trk B  but not catalytic trk B  m R N A  in the ipsilateral S T  

following a C X  lesion. Noncatalytic trkB m R N A  w a s  increased at 3 days 

postlesion, reached a m a x i m u m  at 10 d ays postlesion, a n d  w a s  r e duced but 

still elevated over control levels at 2 7  da y s  postlesion. T h e  time course for 

noncatalytic trk B  m R N A  w a s  similar to that for axonal sprouting in the 

denervated S T  a n d  corre s p o n d e d  to the time course for S C G - 1 0  m R N A  

upregulation (a g r o w t h  associated protein) in contralateral cortex. B y  

comparison, both noncatalytic a n d  catalytic trk B  m R N A  w e r e  not c h a n g e d  

at a n y  time points after a S N  lesion. T h e s e  results suggest that trk B  plays 

an important role in the reinnervation of S T  following brain injury a n d  its 

upregulation is lesion dependent.
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D O P A M I N E R G I C  M O D U L A T I O N  O F  C O R T I C O S T R I A T A L  

P L A S T I C I T Y  J P. Cog e n * .  H . W . Ch e n g ,  a n d  T. H ,  M c N e i l l . A n d r u s  

Gerontology Center a n d  D e p a r t m e n t  of  Biological Sciences, Univ. o f  Southern 

California, L o s  Angeles, C A  90089 - 0 1 9 1 .

Previous studies ha v e  s h o w n  that m R N A  for the growth-associated 

protein S C G - 1 0  is upregulated during synaptic remodeling in the adult rodent 

after unilateral cortical ( C X )  lesion, corresponding in time to sprouting of 

h o m o l o g o u s  corticostriatal fibers f r o m  the intact contralateral side. In order to 

address the role of the nigrostriatal synapse in the plastic capabilities o f  the 

striatum, in situ hybridization w a s  used to assess levels o f  m R N A s  postulated 

to be involved in synaptic reorganization in animals undergoing three types of 

lesions: 1) unilateral C X  aspiration; 2) 6 - O H D A  injection o f  the substantia 

nigra plus C X  ablation ( C X / S N ) ;  a n d  3) C X  lesion plus 10-day administration 

o f d o p a m i n e  receptor blockers haloperidol or sulpiride ( C X / D A ) .

Levels o f  m R N A  for S C G - 1 0  are not upregulated in the contralateral 

cortex after the C X / S N  a n d  C X / D A  lesions, but these lesions d o  produce 

increases in m R N A  levels for another growth-associated protein, G A P - 4 3  T h e  

C X / S N  a n d  C X / D A  lesions d a m p e n  the robust upregulation o f  m R N A  seen 10 

days after the single C X  lesion for the truncated noncatalytic f o r m  of  the 

B D N F  receptor, trk B, as well as for the striatal trophic factor T G F - α. In 

addition, animals f r o m  the C X / S N  a n d  C X / D A  groups upregulate striatal 

levels of m R N A  for the presynaptic protein S N A P - 2 5 ,  a  response not seen 

after the C X  lesion alone. T h e s e  results suggest that the loss o f  dopaminergic 

input into the striatum alters corticostriatal plasticity, a n d  that the genetic 

regulation of growth-associated a n d  trophic proteins is lesion-specific.
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A L T E R A T I O N S  IN B D N F  E X P R E S S I O N  IN L U M B A R  D R G  F O L L O W I N G  

I N J U R Y  L.A. K a r c h e w s k i  * 1 , C .  W e t m o r e 2 a n d  V . M . K .  V e r g e 1 .

1M S / N e u r o s c i e n c e  R e s .  C e n t e r  &  D e p t . of A n a t o m y ,  Univ. of S a s k a t c h e w a n ,  

C a n a d a  S 7 N  5 E 5 ,  2 Dept. of Cell Biol. &  N e u r o a n a t o m y ,  Univ. of Mi n n e s o t a ,  
U S A  5 5 4 5 5

In a  role similar to oth er m e m b e r s  of t h e  N G F  family of neurotrophins, 
brain-derived n e u r o t r o p h i c  factor ( B D N F )  is implicated in the survival a n d  
m a i n t e n a n c e  of a  s u b p o p u l a t i o n  of adult rat D R G  n e u r o n s  in vivo. H o w e v e r ,  
unlike other neurotrophins, t he p r i m a r y  s o u r c e  of B D N F  for t h e s e  n e u r o n s  
a p p e a r s  not to b e  peripheral target tissue. Instead, s e n s o r y  n e u r o n s ,  m o t o r  
n e u r o n s  a n d  glia in d e v e l o p i n g  a n d  adult rats e x p r e s s  B D N F .  In r e s p o n s e  to 
peripheral n e r v e  injury, multiple m o r p h o l o g i c a l  a n d  b i o c h e m i c a l  c h a n g e s  
o c c u r  in adult p r i m a r y  s e n s o r y  n e u r o n s ,  including altered availability a n d  
e x p r e s s i o n  of n e u rotr ophi ns a n d  ex p r e s s i o n  of neurotrophin-sensitive g e n e s .  
W e  are interested in det e r m i n i n g  w h e t h e r  c h a n g e s  in D R G  B D N F  ex p r e s s i o n  
m i g h t  influence s o m e  of the cell b o d y  r e s p o n s e s  o b s e r v e d  after injury. A s  a  
first step in investigating this, the ex p r e s s i o n  of B D N F  at different tim e points 
following injury w a s  e x a m i n e d  in adult D R G  a n d  correlated to trk e x p r e s s i o n  
using in situ hybridization o n  serial sections to d etect B D N F ,  trkA, trkB a n d  
trkC m R N A s .  Pre liminary results s h o w  a  d r a m a t i c  upregulation of B D N F  
m R N A  in l u m b a r  D R G  1 a n d  2  d a y s  after sciatic n e r v e  transection f ollowed 
b y  a  d o w n r e g u l a t i o n  to b e l o w  n o r m a l  levels at 1 a n d  2  w e e k s  post-injury. B y  
later time points ( 5 w k s , 8 w k s ) ,  B D N F  m R N A  e x p r e s s i o n  in the D R G  a p p e a r e d  
to h a v e  ret u r n e d  to n e a r  n o r m a l  levels in s o m e  n e u r o n s .  Correlations of 
B D N F  e x p r e s s i o n  with the trks will b e  p r e sent ed. Peripheral a x o t o m y  d e n i e s  
D R G  n e u r o n s  of their m a j o r  s o u r c e  of n e u r o t r o p h i n  support. T h e  rapid 
i n c r e a s e  in B D N F  e x p r e s s i o n  o b s e r v e d  at early t i m e  points following injury 
m a y  b e  a  g e n e r a l  injury-induced stress r e s p o n s e  or, alternatively, m a y  
s u b s e r v e  a  trophic role until w h i c h  ti m e  o th er injury-induced m o l e c u l e s  c a n  
a s s u m e  this role. C a n a d i a n  M R C  &  S a s k a t c h e w a n  H S U R C  supported.
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D I F F E R E N T I A L  R E G U L A T I O N  O F  S C G - 1 0  A N D  G A P - 4 3  m R N A  IN 
D I F F E R E N T  L A M I N A  O F  T H E  D E N T A T E  G Y R U S  A F T E R  

H I P P O C A M P A L  D E A F F E R E N T A T I O N .  T.Jiang. P.E.Schauwecker, 
H . W . C h e n g  and T . H .McNeill*. A n drus Gerontology Center a nd Department of 
Biological Sciences, Univ. of Southern California. Los Angeles, C A  90089-0191

Unilateral transection of the perforant path and fimbria fornix removes the 
presynaptic input to the ipsilateral molecular layer of the dentate gyrus (DG), 
induces surviving axon sprouting in both the inner a nd outer layer of the D G  and 
forms n e w  synaptic contacts with deafferented target neurons. T o  determine if 
different growth associated proteins regulate neurite outgrowth in different lamina 
of the D G ,  w e  used in situ hybridization analysis to assess changes in the prevalence 
for S C G - 1 0  and G A P - 4 3  m R N A  in adult contralateral entorhinal cortex (EC) and 
CA3/hilar neurons following a combined EC/FF, E C  or F F  lesion.

W e  found that following the E C / F F  lesion there w a s  a significant increase 
in G A P - 4 3  but not S C G - 1 0  m R N A  expression in contralateral CA3/hilar cells at 30 
and 45 days postlesion that coincided in time with the outward expansion of the 
C / A  pathway in the inner molecular layer of the D G .  B y  comparison, there was a 
significant increase in S C G - 1 0  but not G A P -43 m R N A  expression in layer II 
neurons of the contralateral E C  w h o s e  axons terminate in the outer molecular layer 
of the D G .  However, unlike the single peak response for G A P - 4 3  m R N A  in hilar 
neurons, S C G - 1 0  m R N A  in neurons of contralateral E C  peaked in a biphasic 
response at 4 days and again at 30 and 45 days postlesion. Using a single F F  lesion 
w e  found S C G - 1 0  m R N A  w a s  increased in neurons of the contralateral E C  at 4 days 
postlesion and returned to the intact level by 14 days postlesion. In contrast, after 
the E C  lesion alone S C G - 1 0  m R N A  w a s  not elevated until 30 days postlesion and 
corresponded with the second peak after the E C / F F  lesion. These results suggest 
that S C G - 1 0  and G A P - 4 3  m R N A  are differentially regulated in neurons that project 
to different lamina of the D G  after hippocampal deafferentation.
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U P - R E G U L A T I O N  O F  B R A I N - D E R I V E D  N E U R O T R O P H I C  

F A C T O R  m R N A  L E V E L S  I N  S L O W  B U T  N O T  F A S T  T W I T C H  

S K E L E T A L  M U S C L E  O F  D I A B E T I C  R A T S :  E F F E C T  O F  

D E N E R V A T I O N .  P.Fernyhough*. K.Maeda. P. N i jjar. and D.R. Tomlinson. 
D e p t . of Pharmacology, Basic Medical Sciences, Q u e e n  M a r y  and Westfield 
College, University of London, U.K..

T h e  levels of brain-derived neurotrophic factor ( B D N F )  m R N A  in 
soleus muscle of diabetic rats is elevated compared with age-matched controls, 
the function and m e c hanism is u n k n o w n  (J.Neurochem. 64:1231). In this study 
the effects of diabetes and sciatic nerve axotomy on B D N F  and neurotrophin-3 
(NT-3) m R N A  levels in sub-types of hindlimb skeletal muscle were studied. 
Rats were m a d e  diabetic with 6 5 m g / k g  streptozotocin, maintained with age- 
matched controls for 9weeks and then subjected to sciatic nerve crush or 
transection for 1, 2 and 3weeks duration. At each time point total R N A  was 
isolated and subjected to Northern blotting from soleus (slow) and gastrocnemius 
(fast) muscle. At 9-12 weeks of diabetes, contralateral to nerve crush or 
transection, the levels of soleus muscle B D N F  m R N A  were significantly higher 
(p < 0.05) than control animals (up to 7-fold in nerve transection animals, and 3.5- 
fold upon nerve crush - and as seen in unoperated rats). In diabetic animals, 
ipsilateral to nerve transection or crush, the levels of B D N F  m R N A  were lowered 
and approached levels seen in control animals. B D N F  m R N A  levels in 
gastrocnemius were, however, unchanged in diabetic c ompared with control 
animals. Furthermore, N T - 3  m R N A  levels were reduced compared with controls 
in soleus muscle of diabetic rats (contralateral side). R T - P C R  analysis of 5 ’-exon 
usage in the B D N F  gene revealed exons 3 and 4 to be expressed in soleus and 
gastrocnemius muscles. T h e  possibility of diabetes-induced ischemic d a m a g e  to 
hindlimb muscle leading to an elevation in B D N F  m R N A  is discussed.
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P R O M I N E N T  E X P R E S S I O N  O F  b F G F  A N D  I T S  S U B C E L L U L A R  
D I S T R I B U T I O N  I N  D O R S A L  R O O T  G A N G L I A  A F T E R  A X O T O M Y  

R.-R. Ji1 . Q . Z h a n g  I . X .  Z h a n g 1 . F. Pie h l 1 R . F. P e t t e r s s o n 2 . a n d  T  

H ökfelt*1 . 1 D e p t .  o f  N e u r osci., 2 L u d w i g  I n s t . for C a n c e r  Res., 
K a r o l i n s k a  Inst., S t o c k h o l m ,  S w e d e n .

A r o u n d  5 %  of t h e  n e u r o n s  in n o r m a l  dorsal root g a n g l i a  ( D R G )  
e x p r e s s e d  b F G F  m R N A .  N e r v e  injury i n d u c e d  a  v e r y  d r a m a t i c  a n d  
r a p i d  u p r e g u l a t i o n  in b F G F  m R N A  levels, a n d  a r o u n d  8 0 %  of D R G  
n e u r o n s  e x p r e s s e d  b F G F  m R N A  t hr e e  d a y s  after a x o t o m y .  A  distinct 
increase in b F G F - l i k e  i m m u n o r e a c t i v i t y  (LI) w a s  also d e tected as early 
as 1 5  h o u r s  after a x o t o m y .  T h e  elevation of b F G F  m R N A  a n d  protein 
levels declined after 1 w e e k .  b F G F  m R N A  w a s  also u p r e g u l a t e d  in n o n -
n e u r o n a l  cells after lesion. N o r m a l l y  b F G F - L I  w a s  m a i n l y  localized in 
t he nuclei of D R G  n e u r o n s  a n d  in s o m e  n o n - n e u r o n a l  cells. After n e r v e  
section b F G F - L I  w a s  in a d dition f o u n d  in t h e  c y t o p l a s m ,  a n d  m a n y  
m o r e  b F G F - p o s i t i v e  n o n - n e u r o n a l  cells w e r e  obse r v e d .  B y  m e a n s  of 
confocal m i c r o s c o p y  analysis of a x o t o m i z e d  D R G ,  s o m e  b F G F - L I  could 
b e  detected in vesicle-like structures in t h e  c y t o p l a s m  as well as in the 
nucleoli, in addition to t h e  n u c l e a r  location. L e u k e m i a  inhibitory factor 
significantly incr e a s e d  t h e  n u m b e r  of b F G F - p o s i t i v e  n e u r o n s ,  w h e r e a s  
t h e  b F G F - L I  in n o n - n e u r o n a l  cells w a s  strongly suppre s s e d .  A b o u t  7 0 %  

of t h e  n o r m a l  D R G  n e u r o n s  e x p r e s s e d  a F G F  m R N A  a n d  a F G F - L I .  
A x o t o m y  p r o d u c e d  a  m o d e r a t e  increase in a F G F  m R N A  levels, b u t  n o  
detectable effect o n  protein levels. T a k e n  together, b F G F  is involved in 
t h e  r e s p o n s e  to injury, a n d  it m a y  pl a y  a  role in n e u r o n a l  survival a n d  
r e g eneration in a x o t o m i z e d  D R G .
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E X P R E S S I O N  O F  F G F  2 A N D  F G F R - 1  m R N A s  IN  S P I N A L  G A N G L I A  A N D  
S C I A T I C  N E R V E  A F T E R  P E R I P H E R A L  N E R V E  C R U S H .  C. Grothe. C. M e i - 
singer. A. Hcrtenstein, H. K u r z . T. Janet*. K. W e w etzcr. Institute of Anatomy, 
University of Freiburg, D - 7 9 1 0 4  Freiburg, G e r m a n y  and University of Poitiers,

F  86022 Poitiers, France (TJ).
In order to help to elucidate the physiological function of F G F - 2  in the nervous 

system w e  have studied the regulation of F G F - 2  and F G F  receptor ( F GFR)-l 
m R N A s  in spinal ganglia (L4-L6) and in the proximal and distal nerve stump of 
the adult rat 2, 7, 14, 21, and 28 days after sciatic nerve crush using ribonuclease 
protection assay with 33P-labelled riboprobes. Furthermore, w e  analyzed the ex 
pression of both transcripts in clonal S c h w a n n  cells (SC) in vitro.

F G F R - 1  m R N A  is strongly expressed in intact spinal ganglia. N o  differences of 
F G F R - 1  m R N A  levels are found in the ganglia following unilateral peripheral 
nerve cru sh as compared to the contralateral intact side. F G F - 2  m R N A  is weakly 
expressed in intact spinal ganglia. 2 days after sciatic nerve crush F G F - 2  m R N A  
level is significantly increased as compared to the control side. 7 and 14 days after 
crush the F G F - 2  m R N A  level is still enhanced, after 21 days the level decreases 
and reaches the control level after 28 days.

In the intact sciatic nerve F G F - 2  and F G F R - 1  m R N A  expression is low. After 
nerve crush F G F  2 and F G F R - 1  transcripts display a time-dependent increase in 
the proximal and distal stump. In the proximal stump F G F - 2  m R N A  level shows a 
peak after 2 days whereas F G F R - 1 m R N A  level sho w s  a peak after 7 days. C o n 
trol levels are reached after 28  days. In the distal stump F G F - 2  m R N A  level is si
gnificantly increased after 2 days and reaches control levels after 7 days whereas 
F G F R - 1  m R N A  is significantly increased after 7 days and reaches control levels 
after 14 days. S C  could be one of the possible cellular sources of these transcripts. 
Cultured clonal S C  express both m R N A s .  F G F R - 1  m R N A  level is enhanced after 
stimulation with forskolin. (Supported by D F G  G r  857/9-1)
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E X P R E S S I O N  O F  N E U R O T R O P H I N - 3  m R N A  I N  M U S C L E  S P I N D L E S  O F  
T H E  R A T  F O L L O W I N G  N E R V E  C R U S H .  J.C.V.M. C o p r a y * and N. Brouwer. 
Department of Medical Physiology, University of Groningen, 97 1 2  K Z  Groningen, 
The Netherlands.
In previous studies, w e  have demonstrated that the intramuscular neurotrophin-3 
(NT-3) m R N A  expression in the rat is restricted to the nuclear bag intrafusal fibers 
of the muscle spindles. T h e  selective expression of N T - 3  m R N A  in the muscle 
spindles was first detected at embryonal day E 19, after the establishment of sensory 
innervation. T h e  N T - 3  m R N A  expression w as apparent during the neonatal comple
tion of muscle spindle formation and continued in the mature spindles. In contrast to 
its neurotrophic role during early embryogenesis, the function of N T - 3  in neonate 
and mature intrafusal fibers is not clear. It has been suggested to act as signalling 
factor controlling the maintenance of proper functional contacts between the intra
fusal fibers and their innervating sensory (and presumably motor) neurons. In the 
present study w e  have investigated the effect of denervation and subsequent 
reinnervation on the expression of N T - 3  m R N A  in neonatal rats. T h e  sciatic nerve 
of neonatal rats w a s  crushed at day P 1. T h e  rats received a treatment with N G F ,  
which has been demonstrated to facilitate the outgrowth and sprouting of 
regenerating sensory fibers. After 2, 5, 10, 15 and 30 days, rats were fixed, the 
m.gastrocnemius and m.soleus were explanted and sectioned in a cryostat. A  non- 
radioactive in-situ hybridisation procedure w a s  used to demonstrate the intramuscular 
expression of N T - 3  m R N A ,  in combination with the immunohistochemical 
staining for calretinin, a marker for (sensory) spindle innervation. Following 
denervation the neonatal muscle spindles lost their expression of N T - 3  with their 
structural integrity. In the period of reinnervation, muscle spindles (newly innervated 
preexisting spindle remnants or newly formed ones) demonstrated N T - 3  m R N A  
expression after nerve contacts had been established. O u r  findings suggest that 
(sensory or motor) innervation induces the (re)expression of N T - 3  m R N A  in 
regenerating intrafusal fibers.
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L E R K - 2 ,  A  L I G A N D  F O R  E L K ,  I S  T E M P O R A L L Y  
R E G U L A T E D  I N  P E R I P H E R A L  N E R V E  R E G E N E R A 
T I O N  M . K .  C a r p e n t e r * ,  D . L .  B r i g h a m .  B . L .  D a v i s o n .  H .  
Shilling. F . A .  F l e t c h e r . D e p t . o f  M o l e c u l a r  I m m u n o l o g y ,  
I m m u n e x  Corporation, 5 1  University St., Seattle, W A  9 8 1 0 1 .

Elk is a  m e m b e r  o f  the e p h  fami l y  o f  receptor-like tyrosine 
kinases a n d  is e x p r e s s e d  o n ly  in brain a n d  testes. T h e  function 
of this receptor is u n k n o w n  a l t h o u g h  it h a s  b e e n  postulated to 
play a role in the d e v e l o p m e n t  o f  the n e r v o u s  sy st e m .  T h e  
ligands for the eph-related tyrosine k inase receptors ( L E R K s )  
and elk are d e v e l o p m e n t a l l y  regulated in the C N S .  W e  h a v e  
e x a m i n e d  the ex p r e s s i o n  o f  L E R K - 2 ,  a  ligand for elk, in the 
regeneration o f  the sciatic nerve. In these e x p e r i m e n t s ,  the 
sciatic nerves o f  adult rats w e r e  c r u s h e d  a n d  the sciatic nerves, 
spinal c o r d s  a n d  soleus m u s c l e s  w e r e  e x a m i n e d  at various 
times post-surgery. U s i n g  N o r t h e r n  analysis, w e  f o u n d  that in 
the sciatic nerve, L E R K - 2  R N A  e x pression increases b y  2  d a y s  
post-surgery a n d  that e x pression in distal regions of the n e r v e 
remains elevated as late as d a y  3 5  post-surgery. L E R K - 2  did 
not ap p e a r  to b e  regulated in the spinal c o r d  or  in the soleus 
muscle. T h i s  ex pr e s s io n  pattern indicates that L E R K - 2  m a y  
play a role in P N S  regeneration.
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T G F  alpha E X P R E S S I O N  A P P E A R S  A S  A  G E N E R A L .  R E S P O N S E  O F  M U R I N E  

M O T O N E U R O N S  T O  I N J U R Y .  M . P .  J u nicr*. S. B lot, E. L i s o v o s k i , M .  Coulpicr, 

P.A. D r e y l u s . 1 N S E R M  U 4 2 L  F a c  M e d eeinc. 9 4 0 1 0  Creteil. France.

EGF-related polypeptides arc expressed in the e m b r y o n i c  m o t o n e u r o n  a n d  are thought 

to play a role in the interactions b e t w e e n  the m o t o n e u r o n  a n d  its glial a n d  mu s c u l a r  

e n viron m ent (Ratvich a n d  K reui/berg, G L I A ,  II: 129.1994) A m o n g  those 
polypeptides w c  previously s h o w e d  that degenerating m o t o n e u r o n s  of the m u n n e  

m u t a n t  w o b b l e r  express the precursor of T G F  alpha while a s receptor, the T G F  
a l p h a / E G F  receptor, is expressed b y reactive astrocytes (J) Neurosci. 14: 4 2 0 6 ,  1994).

H e r e  w e  tested whe t h e r  m o t o ne ur on al p r o - T G F  alpha expression is specific of the 

w o b b l e r  m o t o n e u r o n s  or is a general characteristic of injured m o t o n e u r o n s  using 

i m m u n o h i s t o c h e m i c a l  methods.
P r o - T G F  alpha expression w a s  o b s e n e d  in m o t o n e u r o n s  of the m u r i n e  mu ta nt 

m u s c l e  deficient (m df). an animal m o d e l  of spinal a m y o t r o p h y . a n d  in m o t o n e u r o n s  of 

the m o t o r  nucleus X II after crush or cut of the h y p o glossa l nerve of healthy adult mice.
In all m o d e l s  e x a m i n e d ,  p r o - T G F  alpha expression preceded astrogliosis d e v e l o p m e n t 

as assessed with G F A P  i m m u n o r eactivity.
In m d f  m u t a n t s . p r o - T G F  alpha i m m u n o r eactive m o t o n e u r o n s  w e r e  first ob served in 

the l u m b a r  spinal cord of 4  w e e k - o l d  mice, at (he beginning of the d g e n e r e s e e n c e . 
Astrogliosis appeared in 3 m o n t h - o l d  mutants a n d  w a s  restricted to the ventral h o r n . ln 

6  m o n t h - o l d  m df  mice, 6 0 %  of the m o t o n e u r o n s  had disappeared a n d  p r o - T G F  alpha 

expression a n d  astrogliosis had completely regressed.
In n o r m a l  m i c e  p r o - T G F  alpha i m m u n o r c a c t i v c  m o t o n e u r o n s  w e r e  observed 2 4  hrs 

a fter the crush or the cut of the hypoglossal nerve. T h e  presence o f  T G F  alpha m R N A  

w a s  con f i r m e d  b y  ribonuclease protection assay. T h e  n u m b e r  of i m m unoreactivc 

m o t o n e u r o n s  increased u p  to 7 2  hrs post-lesion. In parallel reactive astrocytes 
i m m u n o r eactivc for p r o - T G F  alpha a n d  its receptor developed in the XII nucleus. In 

crushed animals, astrogliosis a n d  m o t o n e uronal p r o - T G F  alpha expression disappeared 

4 0  d a y s  post-lesion w h e n  tongue mobility w a s  b a c k  to normal.
T h e s e  results suggest that p r o - T G F  alpha expression is a general response of 

m o t o n e u r o n s  to injury, irrespective of the genetic or experimental origin of this injury
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E X P R E S S I O N  O F  G D N F ,  B D N F  A N D  N T - 3  m R N A  I N  L F . S I O N E D  
P E R I P H E R A L  N E R V E  A N D  M U S C L E :  T I M E  C O U R S E  A F F E R  C R U S H  VS.

and Neurobiol., M e d .  Coll. of P A  a n d  H a h n e m a n n  Univ., Phila., P A  19102 and 
2Dept. of Physiol., E m o r y  Univ., Atlanta, G A  30322.

Glial cell line-derived neurotrophic factor ( G D N F )  w a s  originally s h o w n  to be 
trophic for mesencephalic d o p a m i n e  neurons. M o r e  recent studies have indicated 
that G D N F  is also be trophic for spinal cord motoneurons. In support of this w e  have 
reported that t w o  alternately spliced G D N F  transcripts ( G D N F 6 3 3  and G D N F 555) are 
expressed in spinal cord, muscle and cultured S c h w a n n  cells and, furthermore, that 
G D N F 6 3 3  is selectively upregulated in the medial gastrocnemius ( M G )  muscle after 
tibial nerve transection. T h e  purpose of the present study is to extend our 
observations of the peripheral regulation of G D N F  m R N A  after nerve lesion and to 
c o m p a r e  it to that of B D N F  a n d  N T-3, t w o  neurotrophic factors with well 
characterized actions on motoneurons. In this study, animals were given a unilateral 
crush or transection lesion of the sciatic nerve and allowed to survive for 1,7, 14 or 
4 2  days post-lesion. G D N F ,  B D N F  and N T - 3  transcripts w ere amplified from 
lesioned and control sciatic nerve and M G  muscle using R T - P C R .  In the distal nerve, 
G D N F 6 3 3  expression increased after lesion a nd returned to baseline w h e n  muscle 
reinnervation w a s  allowed (i.e. after crush). T h e  expression of B D N F  and N T - 3  
m R N A  in these specimens will also be presented. In muscle, G D N F 6 3 3  expression 
increased after denervation and followed a similar time course to that in the nerve. 
B D N F  m R N A  expression increased slightly at all time points following denervation. 
N T - 3  m R N A  expression levels were unchanged in muscle after denervation. B D N F  
has been s h o w n  to be a m o r e  potent motoneuron trophic factor than NT-3, and the 
results of this study indicate that the expression of B D N F  m R N A  in muscle is more 
related to its innervation status than is N T - 3  m R N A .  However, the altered expression 
of G D N F 6 3 3  in muscle and nerve appears to be m o r e  closely lied to the integrity of 
the connections between these tissues, and this m a y  indicate its importance to 
regenerative processes in motoneurons. Supported by N 1 H  grant N S 30248.
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S P I N A L  C O R D  H E M I S E C T I O N  I N C R E A S E S  E X P R E S S I O N  O F  
C N T F  A N D  C N T F R α m R N A  I N  T H E  R A T .  N . M ,  O y e s i k u *  a n d  D.J 
W i gston, P r o g r a m  in N e u r o s c i e n c e  a n d  D e p a r t m e n t s  of  N e u r o s u r g e r y  a n d  
Physiology, E m o r y  University Sch o o l  of M e d i cine, Atlanta, G A  30322.

Ciliary neurotrophic factor ( C N T F )  p r o m o t e s  neuronal survival a n d  
axonal g r o w t h  in several neuronal types in culture. T o  de t e r m i n e  if C N T F  
m i g h t  serve these roles after neural injury in vivo, w e  e x a m i n e d  c h a n g e s  in 
the expression of C N T F  a n d  its receptor ( C N T F R α) m R N A  in the rat spinal 
cord a n d  brain after a unilateral spinal c ord hemisection.

T h e  levels a n d  patterns of expression o f  C N T F  a n d  C N T F R α m R N A s  
w e r e  e x a m i n e d  b y  in situ hybridization o n  sections of spinal cord a n d  
brain at 1, 5 a n d  10 da y s  after spinal c ord hemisection at T2. C N T F R α 
m R N A  expression increased b y  m o r e  than two-fold within 1 day. T h e  
increase w a s  localized to m o t o n e u r o n s  caudal to the lesion. Levels o f  
C N T F  m R N A  in the lateral white matter of the spinal c ord increased b y  
about 6 -fold, also within 1 d a y  after injury. T h e  increase in C N T F  m R N A  
w a s  obser v e d  both rostral a n d  caudal to the lesion. Levels o f  both C N T F  
a n d  C N T F R α m R N A s  declined b e t w e e n  1 a n d  5 days, a n d  b y  10 d a y s  w ere 
not significantly different f r o m  those in n o r m a l  animals.

In contrast, w e  did not detect a n y  c h a n g e s  in levels of expression o f  
C N T F  or C N T F R α m R N A  in corticospinal neur o n s  in layer V  of the m o t o r  
cortex in response to spinal c ord hemisection. W h i l e  C N T F R α m R N A  was 
readily detectable in n o r m a l  adult rat brains, w e  c ould not detect C N T F  
m R N A  in the brains of n o r m a l  animals, as expected f r o m  other studies.

T h e s e  findings demonstrate that levels of C N T F  a n d  C N T F R α m R N A s  in 
the spinal cord are dramatically increased after injury. This indicates that 
C N T F  m a y  b e  involved in the response of spinal c ord n e u r o n s  to injury, 
p e rhaps b y  e n h a n c i n g  their survival a n d  stimulating the regeneration of  
their processes. (Supported b y  the Paralyzed V e terans Association).

Society for N euroscience , V o lu m e  2 1 , 1 9 9 5



3 0 0 N E U R O T R O P H I C  F A C T O R S :  E X P R E S S I O N  A N D  R E G U L A T I O N  I V S U N D A Y  P M

1 2 6 . 1 7

I N C R E A S E D  B A S I C  F I B R O B L A S T  G R O W T H  F A C T O R  P R O T E I N  A N D  
B I O L O G I C A L  A C T I V I T Y  F O L L O W I N G  S P I N A L  C O R D  I N J U R Y .  L

Cell Biology, Georgetown Univ. Sch. of Med., Washington D C  2 0007 and T he 
M i a m i  Project, Univ. of M i a m i  Sch. of Med., M i a m i  F L  33136.

Neurotrophic factors appear to be crucial for the survival and potential 
regeneration of injured neurons. W e  have previously demonstrated that contusive 
spinal cord injury (SCI) increases the levels of m R N A  for basic fibroblast growth 
factor (bFGF). T o  determine whether b F G F  protein levels also increase, Western 
blot analysis w as performed on extracts of spinal cord tissue after a standardized 
SCI and compared to laminectomy controls. A  monoclonal antibody to b F G F  
(Reilly et a l.. 1989) was used that recognizes t wo characteristic fragments in 
recombinant b F G F ,  a major 1 8 k D a  fragment and a less abundant high molecular 
weight band representing the nonreducible dimer. In spinal cord extracts the 
antibody also recognized higher molecular forms of b F G F  (21-24 kDa) and s o m e  
characteristic proteolytic fragments. Extracts of spinal cords 1 day after SCI 
sh o w e d  a slight increase in b F G F  immunoreactivity. B y  4 days, a significant 
increase (2 fold) was detected in the 1 8 k D a  and high molecular weight forms and 
the proteolytic fragments. Immunohistochemical analyses on spinal cord tissue 
sections confirmed an increased cellular (glial) b F G F  as well as interstitial 
immunoreactivity both in the gray matter surrounding neurons, and in white matter, 
including adjacent to blood vessels. T he biological activity of the endogenous 
b F G F  w as indicated by the increased 3[H]-thymidine incorporation in cultures of 
B A 1  B /3 T 3  cells exposed to heparin-purified spinal cord extracts from tissue 4 days 
after SCI. These data suggest that SCI induces increased b F G F  expression and 
activity and supports a speculative hypothesis that b F G F  m a y  play a role in the 
partial recovery of function seen following SCI [Supported by N I H - N S 3 2 6 7 1 ,  
NS2 8 1 3 0 ,  P V A - S C R F  1232 and A P A  M A I - 9 4 0 4 ] .

N E U R O N A L  D E A T H  II
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L O N G - T E R M  E X P R E S S I O N  O F  3 5 - K D a  F O S - R E L A T E D  
A N T I G E N ( F R A )  I N  R A T  B R A I N  A F T E R  K A I N A T E  T R E A T M E N T .  
G .  B i n g * .  M .  M c M i l l i a n .  H .  K i m .  K .  P e n n y packer, Z. F e n g .  Q .  Q i. L. 
K o n g .  J. C h a n .  B. W i l s o n  a n d  J. H o n g . L a b o r a t o r y  o f  E n v i r o n m e n t a l  
Neuro s c ie n c e,  N I E H S / N IH ,  R e s e a r c h  Triangle Park, N C  2 7 7 0 9

S y s t e m i c  injection o f  kainic acid ( K A ) ,  a g l u t a m a t e  a nalogue, 
induces both short-term a n d  l o n g-term expression o f  A P - 1  transcription 
factors. T h e  short-term r e s p o n s e  o f  A P - 1 factors s u c h  as c-fos a n d  fos- 
related antigen ( F R A )  has b e e n  well studied. H o w e v e r ,  the lo n g-term 
ex p r e s s i o n  o f  A P - 1  factor(s) i n d u c e d  b y  K A  is still u n k n o w n .  T h e  
present study w a s  d e s i g n e d  to d e t e r m i n e  lo n g - t e r m  expression (up to 7 
m o n t h s )  a n d  distributions o f  F R A  in the rat brain after sy s t e m i c  K A  
treatment. A  single d o s e  o f  K A  (8 m g / k g )  w a s  injected i.p. into Fisher 
3 4 4  rats a n d  the epileptic be h a v i o r  o f  rats w a s  m o nitored. T h e  rats w ith  
full limbic seizures w e r e  c h o s e n  for l o n g - t e r m  study. W e s t e r n  blot 
analysis a n d  a gel shift assay, using an a n t i b o d y  that cross-reacted w ith 
all k n o w n  F R A s  w i t h  i m m u n o c y t o - c h e m i s t r y ,  e n a b l e d  u s  to 
d e m o n s t r a t e d  that a 3 5 - K D a  F R A  w a s  i n d u c e d  b y  K A  treatment a n d  
e x p r e s s e d  at h i gh  levels in rat brain for u p  to 5 m o n t h s .  Shift-Western 
studies s h o w e d  that the 3 5 - k D a  F R A  is a  c o m p o n e n t  o f  the A P - 1  
c o m p l e x  in rat brain 7  m o n t h s  after K A  treatment. T h e  F R A  a n d  A P - 1  
bi nd i n g  activity w a s  cont i n u ou s l y  e x p r e s s e d  at h i g h  levels thro u g h ou t  
the e x p e r i m e n t a l  p e r i o d  in the d e n tate g y r u s  w h e r e  m o s s y  fiber 
collateral sprouting o c c u r r e d  after K A  treatment. T h e  close correlation 
o f  F R A  expression a n d  m o s s y  fiber sprouting suggests that the l o n g -
t e r m  F R A  e x p r e s s i o n  is i n v o l v e d  in n e u r o n a l  plasticity after brain 
d a m a g e .
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p53 P R O T E I N  A C C U M U L A T I O N  IN N U C L E I  O F  I N J U R E D  N E U R O N S  
F O L L O W I N G  K A I N I C  A C I D  T R E A T M E N T .  S.S. Schreiber, S. Sakhi, P. Me h t a *. 
L. W i n g * . Dept. of Neurology, Univ. So. California, Los Angeles, C A  90033; 
"BioTek Solutions, Santa Barbara. C A  93117.

Recent reports from our laboratory demonstrate a correlation between increased 
expression of tumor suppressor p53 m R N A  and neuronal apoptosis (Sakhi et al., 
1994; Schreiber et al., 1995). T h e  present study investigated whether a similar 
relationship exists at the level of p53 protein. Adult male Sprague-Dawley rats 
received the potent neurotoxin, kainic acid (KA), by subcutaneous injection and 
were perfused through the heart with 2 %  phenol/ 2 %  paraformaldehyde in P B S  at 
various times after treatment. Auto m a t e d  immunocytochemistry (TechMate, 

BioTek Solutions) w a s  performed on paraffin-embedded sections (8 μm )  using a 
rabbit polyclonal p53 antibody (CM-1, Novocastra Labs) with microwave antigen 
retrieval. L o w  levels of p53 protein were expressed in the hippocampi of untreated 
rats. Nuclear accumulation of p53 protein w a s  observed in morphologically injured 
hippocampal neurons from 4 to 30  hrs following K A  treatment. In addition, s o m e  
of these cells exhibited increased cytoplasmic labeling. Preliminary results indicate 
that similar changes m a y  occur in atrophic hippocampal neurons during normal 
aging. Nuclear accumulation of p53 protein is consistent with in vitro studies 
showing nuclear translocation of p53 protein in cells undergoing apoptosis. T h e  
functional significance of these findings likely relates to the role of p53 as a 
transcription factor. W e  conclude that nuclear accumulation of p53 protein m a y  be 
necessary for s o m e  types of neuronal apoptosis, and m a y  occur in normal aging.
Supported by a grant from S a nkyo Research Institute, Tokyo, Japan.
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C Y C L O O X Y G E N A S E - 2  IS E X P R E S S E D  I N  V U L N E R A B L E  N E U R O N S  I N  T H E  
R A T  B R A I N  b y  k a i n a t e  e x c i t o t o x i c i t y  . R a y m o n d  L  Z h u .  J u n  C h e n .  
Jing q u a n  L a n.  St e v e n  H  G r a h a m * .  D e p t . o f  N e u r o l o g y ,  U n i v .  o f  
Pittsburgh, Sch. of  M e d i c i n e ;  Pittsburgh, P A  1 5 2 6 1  

C O X - 2 ,  the m i t o gen-inducible f o r m  o f  c y c l o o x y g e n a s e  ( C O X ) ,  is an 
i m m e d i a t e  early g e n e  i n d u c e d  b y  synaptic activity. T o  e xplore the 
possible role o f  C O X - 2  in the p a t hogenesis o f  epilepsy, w e  h a v e  studied 
the pattern o f  C O X - 2  g e n e  expression in the brain o f  kainate-induced 
epileptic seizures. A d u l t  rats w e r e  injected w i th  kainic acid ( K A )  
(l0 m g / k g  s.c.), a n d  after 0.5h, 2h, 4h, 8h, 16h, 24h, or 7 2 h  sacrificed 
a n d  in situ hybridization, i m m u n o c y t o c h e m i s t r y ,  T U N E L  staining a n d  
cresyl violet histology p e r f o r m e d .  Increased e x pression o f  C O X - 2  
m R N A  w a s  detectable m a i n l y  in C A 3  neurons, t h a l a m u s  a n d  limbic 
cortex as early as 0.5h after K A  injection, a n d  increased C O X - 2  
i m m u n o r e a c t i v i t y  a p p e a r e d  in the s a m e  regions b e g i n n i n g  at 2h. B o t h  
C O X - 2  m R N A  a n d  protein w e r e  persistently e x p r e s s e d  in these regions 
for at least 24h. Positive T U N E L  staining n e u r o n s  indicative o f  D N A  
d a m a g e  or apoptosis w e r e  s h o w n  in regions closely co in c i d ed  w ith the 
distribution o f  C O X - 2  expression at 16-24h. A t  7 2 h  after K A  injection, 
b o t h  C O X - 2  m R N A  a n d  i m m u n o r e a c t i v i t y  w e r e  d e cr e a s e d  b e l o w  basal 
level in these vulnerable n e u r o n  populations, in k e e p i n g  with 
histological e v i d e n c e  o f  cell death in these regions.

T h e s e  data d e m o n s t r a t e  a  correlation b e t w e e n  the distribution o f 
persistent elevation o f  C O X - 2  g e n e  expression a n d  that o f  positive 
T U N E L  staining a n d  s u b s e q u e n t  cell d e ath fo l l o w i n g  K A - i n d u c e d  
seizures in the rat brain. C O X - 2  is a source o f  a n  o x y g e n  free radical 
for e a c h  m o l e c u l e  o f  arachidonic acid it metabolizes. T h u s  C O X - 2  m a y  
i n d u c e  oxidative stress a n d  contribute to p r o g r a m m e d  cell death after 
epilepsy.
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I N  V I V O  E L E C T R O C H E M I C A L  M E A S U R E M E N T  O F  L O N G -  
L A S T I N G  R E L E A S E  O F  D O P A M I N E  A N D  S E R O T O N I N  
I N D U C E D  B Y  I N T R A S T R I  A T  A L  K A I N I C  A C I D .  T. N a k a z a t o * 1) 
a n d  A  A k i v a m a 2)- 1D e p t . o f  Physiol., J u n t e n d o  U n i v .  Sch. o f  M e d . ,  
T o k y o ,  2)Dept. o f  Electrochem., T o k y o  Inst. o f  Tech., Y o k o h a m a ,  
Japan.

T h e  i m m e d i a t e  a n d  l o n g - t e r m  effects o f  kainic acid ( K A )  
a d m i n istered at t w o  different concentrations ( 5 x 1 0 -3 a n d  1 0 -5 M )  o n  
d o p a m i n e  a n d  serotonin release w e r e  studied in the striatum o f  freely 
m o v i n g  rats b y  us e  o f  in v i v o  v o l t a m m e t r y .  After 3 x 1 0  -3 M  K A  w a s  
administered, the release o f  b o t h  d o p a m i n e  a n d  serotonin w e r e  
stimulated s o o n  after the e n d  o f  injection. D o p a m i n e  release lasted for 
1-4 d, a n d  serotonin release for 7-21  d. T h e s e  c h a n g e s  w e r e  a n t a g o 
n i zed b y  C N Q X .  Intrastriatal administration o f  bicuculline stimulated 
the release o f  d o p a m i n e .  T h e  f o l lowing m e c h a n i s m  s h o u l d  b e  
co ns i d e re d  as a  c o m m o n  c a u s e  o f  the release o f  b o t h  d o p a m i n e  a n d  
serotonin. T h e  regulatory s y s t e m  for transmitter release w a s  d a m a g e d  
b e c a u s e  the presynaptic terminals u n d e r w e n t  d e ge n e r at i o n  and/or 
b e c a u s e  the s y s t e m  c h a n g e d  functionally w i t h o u t  degeneration. After 
1 0 -5 K A  w a s  administered, t w o  differing patterns o f  release w e r e  
demon s t ra t e d:  in one, only d o p a m i n e  release w a s  stimulated d u ring the 
injection; in the other, b o t h  d o p a m i n e  a n d  serotonin release w e r e  
stimulated for a n  e x t e n d e d  t i m e  ( > 7  h).

In s u m m a r y ,  different concentrations o f  K A  w e r e  administered 
intrastriatally, a n d  d o p a m i n e  a n d  serotonin w e r e  released in different 
w a y s .  In n e u r o n-degenerative disease, s u c h  as H u ntington's disease, 
these transmitters are predicted to b e  released cont i n u ou s l y  as the 
disease s l o w l y  progresses.
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R A P I D  D E C R E A S E  O F  S Y N A P T I C  D E N S I T Y  A N D  

S U C C E E D I N G  N E U R O N A L  D E A T H  IN  T H E  N E W L Y  

H A T C H E D  C H I C K E N  S P I N A L  C O R D  F O L L O W I N G  A N  

I N J E C T I O N  O F  S E R O T O N I N  N E U R O T O X I N ,  P -  
C H L O R O A M P H E T A M I N E .  K. H a m a a u c h i * .  S. H a m a d a .  N. 

O k a d o .  D e p a r t m e n t  of A n a t o m y ,  Institute of B a s i c  M e d i c a l  

S c i e n c e s ,  U n i v .  of T s u k u b a ,  Ibaraki 3 0 5 ,  J a p a n

After a n  injection of  a  s e r o t o n i n  ( 5 - H T )  n e u r o t o x i n ,  p- 

c h l o r o a m p h e t a m i n e  ( P C A ) ,  into t h e  n e w l y  h a t c h e d  c h i c k e n ,  5- 

H T  c o n c e n t r a t i o n  in t h e  l u m b a r  s p i n a l  c o r d  w a s  d e t e r m i n e d  b y  

a  h i g h  p e r f o r m a n c e  liquid c h r o m a t o g r a p h y  w i t h  a n  
e l e c t r o c h e m i c a l  de te c t i on .  After a n  injection of P C A  ( 2 0 m g / k g  
b o d y  w e i g h t )  5 - H T  c o n t e n t  m a x i m a l l y  r e d u c e d  ( a b o u t  3 0 %  of 

control level) b y  1 2  h o u r s ,  a n d  r e t u r n e d  to t h e  control level b y  
2 0  hours.

T h e  d e n s i t y  of a x o s o m a t i c  s y n a p s e s  in t h e  lateral m o t o r  
c o l u m n  ( L M C )  of l u m b e r  s p i n a l  c o r d  d e c r e a s e d  1 8 %  a n d  3 8 %  

by 2 4  h o u r s  a n d  7  d a y s  fo l l o w i n g  a  P C A  injection, respectively.
T h e  n u m b e r  of m o t o n e u r o n s  in t h e  L M C  of l u m b a r  s p i n a l  c o r d  

u n c h a n g e d  b y  2  d a y s  b e t w e e n  control a n d  P C A  inje c t e d  

animals. B y  4  d a y s ,  P C A  t r e a t e d  a n i m a l s  lost a b o u t  2 0 %  of 
m o t o n e u r o n s  in t h e  L M C .

T h e s e  results s u g g e s t  a  tr a n s i e n t  r e d u c t i o n  of 5 - H T  

c o nc e n t r a t i o n  m a y  i n d u c e  s y n a p t i c  l o ss  a n d  s u b s e q u e n t l y  
n e u r o n a l  d e a t h  in t h e  s p i n a l  c o r d  of  n e w l y  h a t c h e d  c h i c k e n .
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A P O P T O S I S - I N H I B I T O R Y  F A C T O R  I N  C O N D I T I O N E D  
M E D I U M  O F  P R I M A R Y  C U L T U R E  O F  R A T  C O R T E X  
A N D  S I G N A L  T R A N S D U C T I O N .  H .  U c d a * .  N .  F u k u s h i m a .  
Y. Sasaki a n d  Y. M i s u .  D e p a r t m e n t  of Ph a r m a c o l .  Y o k o h a m a  City 
Univ. Seh. of M e d . ,  Y o k o h a m a  236. Japan.

W e  have f o u n d  that the survival (or inhibition of apoptosis) of rat 
cortical neurons in primary culture density-dcpcndently increases un de r  
the scrum-free condition, a n d  that its d e n sity-dependency disappears in 
the presence of scru m .  H e r e  w e  report the existence of apoptosis- 
inhibitory factor in the condition m e d i u m  ( C M )  of high-density ( H D ,  
5xl05 cells / c m 2  culture of cortical n e u r o n s  a n d  in s e r u m .  L o w- d e n s i t y  
(lx105cclls/cm 2 ) culture of cortical n e u r o n s  w a s  carried out in the plate 
coated with H D C M  or seru m .  T h e  cell-survival or viability w a s  
determined b y  counting neurofilament-positive cell n u m b e r s  or b y  
colorimctrical determination using A l a m a r  Blue. A m o n g  various drugs 
affecting intracellular signaling, U - 7 3 1 2 2 .  a p hospholipase C  ( P L C )  
inhibitor, calphostin C, a protein kinase C  ( P K C )  inhibitor a n d  
herbimycin A,  a tyrosine kinase inhibitor attenuated the survival effects 
of such H D C M -  or serum-treatments. T o  s h o w  a significant blockade 
of apoptosis-inhibitory action, calphostin C  ha d  to be presented only for 
initial one hour, while h e rbimycin A  to be presented for longer periods. 
These findings suggest that there are apoptosis-inhibitory factors in 
H D C M  and s e rum, a n d  that these factors w o r k  in the b eginning of 
culture, through m e c h a n i s m s  including activation of P L C  a n d  P K C .
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E X C I T O T O X I C  N E U R O N A L  D E A T H  I S  A  M O R P H O L O G I C A L  
C O N T I N U U M  F R O M  A P O P T O S I S  T O  N E C R O S I S  A N D  

I N V O L V E S  P R O G R A M M E D  C E L L  D E A T H .  C  Portera-Cailliau*. 
D L  Price, a n d  L J  Martin. N e u r o p a t h o l o g y  Laboratory, T h e  J o h n s  
Hopkins University S c h o o l  o f  M e d i c i n e ,  B a l t i m o r e  M D  2 1 2 0 5 .

Excitotoxicity results in selective ne ur o n a l  degeneration b y  
m e chanisms w h i c h  r e m a i n  unclear. Cell death is usually classified as 
apoptotic or necrotic b a s e d  o n  b i o c h e m i c a l  a n d  m o r p h o l o g i c a l  criteria. 
Excitotoxic lesions in the adult rat striatum result in ne ur o n a l  death that 
exhibits features o f  apoptosis, including D N A  laddering, despite a 

necrotic a p p e arance o f  n e u r o n s  ultrastructurally (Portera-Cailliau et al.,
J.Neurosci. 15 (5), 1995). T h u s ,  excitotoxic cell d e ath is reminiscent 
of both necrosis a n d  apoptosis, suggesting that these t w o  m o r p h o l o g i c a l  
distinctions of  cell death m a y  not b e  absolute in the n e r v o u s  system. T o  
test this hypothesis, excitotoxins w e r e  injected into the cortex of  
newborn rats at a t i m e  w h e n  subsets o f  cortical n e u r o n s  u n d e r g o  
developmental cell death. Injections o f  kainate a n d  A M P A ,  but not 
quinolinate, resulted in death o f  n e u r o n s  exhibiting m o r p h o l o g i e s  
ranging f r o m  necrosis to apoptosis, the latter b e i n g  indistinguishable 
from devel o p me n t al  neur o n a l  death. O n e  d a y  after the lesion, d y i n g  
neurons w e r e  T U N E L  positive a n d  D N A  laddering w a s  detected. In 
contrast, excitotoxin injections in older rat p u p s  or  in adult rats resulted 
predominantly in necrosis, e v e n  t h o u g h  certain cell d e ath proteins w e r e  
upregulated, indicating that P C D  occurs in excitotoxicity. T h e s e  results 
suggest that: 1) the maturity o f  a n e u r o n  influences the m o r p h o l o g i c a l 
pattern of its death, 2) m o r p h o l o g y  m a y  not accurately reveal the cell 
death m e c h a n i s m ,  3) excitotoxicity m e d i a t e d  b y  n o n - N M D A  receptors 
m a y  function in physiological n e uronal death.
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G - P R O T E I N S  B I D I R E C T I O N A L L Y  A F F E C T S  A P O P T O S I S  O F  

C U L T U R E D  C E R E B E L L A R  G R A N U L E  N E U R O N S

S - Z  Lin1 G - M  Y a n 1 ,4 , R. P. Irwin1,2 .* a n d  S. M .  P a u l 1 ,3,4; D e p a r t m e n t s  of 

1P h a r m a c o l o g y  a n d  T o x i c o l o g y ,  2 M e d i c i n e  a n d  3 P s y c h i a t r y ,  I n d i a n a  

University, S c h o o l  of M e d i c i n e ,  Indianapolis, IN 4 6 2 0 2 ;  4Lilly R e s e a r c h  

Laboratories, Eli Lilly a n d  C o m p a n y ,  Indianapolis, IN 4 6 2 8 5 .

De s p i t e  the impr e s s i v e  n u m b e r  of g e n e s  w h i c h  h a v e  n o w  b e e n  s h o w n  to 

either i n d u c e  or block apoptosis, little is k n o w n  a b o u t  the signal transduction 

m e c h a n i s m s  w h i c h  invariably p r e c e d e  the transcriptional e v e n t s  underlying 

apoptosis. W e  h a v e  previously s h o w n  that cultured cerebellar g r a n u l e 

n e u r o n s  m a i n t a i n e d  in depolarizing c o n c e nt rati ons of K +  (25 m M )  a n d  the n 

s w i t c h e d  to physiological c o n c ent rati ons of K +  (5 m M )  u n d e r g o  apoptosis. 

W e  n o w  report that specific activators of G -  p r o tein s robustly a n d  

bidirectionally affect a p o p t o s i s  of cultured rat cerebellar g r a n u l e  n e u r o n s .  

C h o l e r a  toxin, a n  activator of G s , b l o c k s  a p o p t o s i s  i n d u c e d  b y  n o n 

depolarizing con c e n t r a t i o n s  of K + , while the w a s p  v e n o m  m a s t o p a r a n ,  a 

stimulator of G 0 /Gj, i n d u c e s  a p o ptos is of cerebellar gr a n u l e  n e u r o n s  e v e n  in 

high (depolarizing) concentrations of K + . M o r e o v e r ,  p r e t r e a t m e n t  of granule 

n e u r o n s  with cho lera toxin dramatically att enua tes apoptotic d e a t h  i n d u c e d  

b y  m a s t o p a r a n  in either H K  or L K  m e d i u m .  In contrast, pertussis toxin, cell 

p e r m e a b l e  a n a l o g s  of c A M P  a n d  activators of protein kin a s e  A  d o  not affect 

a p o p t o s i s  of cultured cerebellar g r a n u l e  n e u r o n s .  A l t h o u g h  the e x a c t  

m e c h a n i s m s  b y  w h i c h  cholera toxin a n d  m a s t o p a r a n  affect apo ptos is of t h e s e  

n e u r o n s  are u n k n o w n ,  o u r  da t a  s u g g e s t  that G-proteins m a y  function a s  k e y  

s w i t c h e s  for controlling t he p r o g r a m m e d  d e a t h  of m a m m a l i a n  n e u r o n s ,  

especially in the d e v e l o p i n g  C N S .
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R O L E  O F  I C E - L I K E  P R O T E A S E S  I N  N E U R O N A L  A P O P T O S I S .
J, Taylor*, C.L. G a t c h a lian, S.J. N e a m e ,  H.P. D e s m o n d  a n d  L.L. R u bin. 
Eisai L o n d o n  R e s e a r c h  Laboratories, B e r n a r d  K a t z  Building, University 
Co ll e g e  L o n d o n ,  G o w e r  Street, L o n d o n  W C 1 E  6 B T ,  U K .

Proteases o f  the interleukin-1ß-converting e n z y m e  ( I C E )  family h a v e  
recently b e e n  s h o w n  to b e  i n vo l v e d  in the pr oc e s s  o f  apoptosis in a 
variety of cellular systems. In order to study their role in C N S  neuronal 
apoptosis, w e  i n d u c e d  cultured rat cerebellar g r a n u l e  n e u r o n e s  to 
u n d e r g o  apoptosis either b y  w i t h d r a w a l  o f  a depolarising stimulus 
( 2 5 m M  K C 1 ) ,  o n  w h i c h  they are d e p e n d e n t  for survival, or b y  the 
protein kinase inhibitor staurosporine. A pplication o f  1 0 0μM  Y V A D -  
C M K ,  a tetrapeptide s h o w n  to inhibit I C E  a n d  p r I C E ,  a protease 
r e s e m b l i n g  I C E ,  p r e v e n t e d  u p  to 4 0 %  of the n e u r o n a l  d e ath resulting 
f r o m  either m e t h o d  of death induction, as j u d g e d  b y  cellular conv e r s io n  
o f  M T T  to f o r m a z a n ,  a m e a s u r e  o f  m i t o c h o n d r i a l  function. Z V A D -  
F M K ,  a n  inhibitor less specific for I C E  itself a n d  therefore e x pe c t e d  to 
b e  a n  effective inhibitor of a greater n u m b e r  o f  potential ICE-like 
proteases, w a s  m o r e  effective than Y V A D - C M K  in that at 1 0 0 μM  it 
p r ev e n t e d  u p  to 8 0 %  o f  ne u r o n a l  death. T h e s e  results suggest that an 
ICE-like protease is a n  im po r t a nt  m e d i a t o r  o f  apoptosis in this C N S  
n e u r o n a l  m o d e l .  T h e  ability o f  the inhibitors to attenuate b o t h  
depolarisation w i t h d r a w a l  a n d  s taurosporine-induced d e a t h  place a n  
I C E - l i k e  protease at a relative d o w n s t r e a m  position in the d e a t h  
signalling cascade. T h e  greater efficacy of  Z V A D ,  c o m p a r e d  to Y V A D ,  
in bloc k i n g  cell death m i g h t  reflect a greater ability of  Z V A D  to inhibit 
I C E  or p r I C E .  Alternatively, it m i g h t  indicate that an  ICE-like protease 
other than I C E  or p r I C E  me di a t e s  apoptosis in this system.
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R E T I N A L  G A N G L I O N  C E L L S  D I E  B Y  A N  A P O P T O T I C  
- L I K E  M E C H A N I S M  I N  H U M A N  G L A U C O M A .  Y . - B .  
C h o i * ,  E. B o n f o c o ,  P. Nicotera, J.A. S m i t h .  E , B.  D r e y e r  a n d  S . A . 
L i p t o n. Children's Hospital, M a s s a c h u s e t t s  E y e  a n d  E a r  Infirmary, 
H a r v a r d  M e d i c a l  School, B o s t o n ,  K a r o l i n s k a  Institute, S t o c k h o l m ,  
S w e d e n .

Q u i g l e y  et al. h a v e  reported ( I O V S  35 : 3 8 3 0 )  o n  apoptotic cell death 
in experimental g l au c o m a .  W o r k  in ou r  laboratories has suggested that 
l o w  d o s e  glutamate excitotoxicity has apoptotic characteristics a n d  is 
associated w ith g l a u c o m a t o u s  retinal g a n g l i o n  cell ( R G C )  loss. W e  
s o u g h t  to e x p a n d  u p o n  these findings w i t h  a n  analysis o f  h u m a n  
g l a u c o m a t o u s  tissue. T h i s  s t udy investigated w h e t h e r  R G C s  in 
g l a u c o m a  patients die b y  apoptosis. T o  evaluate apoptosis, in situ 
labeling of nuclear D N A  frag m e n ts  w a s  u s e d  to e x a m i n e  D N A  strand 
breaks o f  p yknotic nuclei in retinal slices. Retinal s p e c i m e n s  f r o m  6  
g l a u c o m a  patients a n d  6  controls w e r e  obtained. T h e  T U N E L  
technique (tdt-mediated d U T P  biotin nick e n d  labeling) w a s  u s e d  to 
detect apoptotic bodies. Strand b reaks in D N A  w e r e  labeled in situ 
u s ing a m e t h o d  that p r e s e r v e d  tissue architecture a n d  specifically 
incorporated biotinylated d e o x y n u c l e o t i d e s  b y  e x o g e n o u s  terminal 
d e o x y nucleotidyl transferase o n  the 3' O H  e n d s  o f  D N A .  A p o p t o t i c  
nuclei w e r e  o b s e r v e d  in the R G C s  o f  g l a u c o m a  patients. N o  apoptotic 
nuclei w e r e  n o t e d  in six controls, including those w i t h  elevated 
intraocular pressure but n o  g l a u c o m a t o u s  ne u r o n a l  loss. T h e s e  data 
s u ggest that R G C s  in g l a u c o m a  patients die b y  a n  apoptotic-like 
m e c h a n i s m .  T h e  possible association w i t h  excitotoxic m e d i a t e d  cell 
death is intriguing, but as yet u n p roved.
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E X C I T O T O X I C I T Y  I N  V I T R O :  I N V O L V E M E N T  O F  O X Y G E N  
F R E E  R A D I C A L S .  A.J, B ruce* †. S. Sakhi‡. S.S. Schreiber‡, and M .  Baudry §. † 
Sanders-Brown Center on Aging, University of Kentucky, Lexington, K Y  40536- 
0230; $ Department of Neurology, U S C  School of Medicine, L o s  Angeles, C A  
90033; and § Neuroscience Program, U S C ,  Los Angeles, C A  90089-2520.

T h e  differential excilotoxic effects of N M D A  and K A  were studied in organotypic 
hippocampal cultures, with particular emphasis placed on  the role of reactive oxygen 
species (ROS). Cultures were exposed to 5 0  μM  K A  or N M D A  for 3 hours and 
analyzed at various times after exposure. Neuronal injury w a s  determined by PI 
uptake, L D H  release, morphological d a m a g e  in hematoxylin and cosin (H/E) stained 
sections, and loss of Nissl stain. Exposure to either K A  or N M D A  resulted in a slow, 
delayed toxicity, with PI uptake, L D H  release, a nd d a m a g e d  H / E  m o r phology 
increasing significantly at early time points (12-24 hours post exposure), while 
widespread neuronal loss w a s  not evident until 4 8  hours to 5 days. Additionally, 
N M D A  preferentially d a m a g e d  C A 1 ,  while K A  sensitivity w a s  m o r e  pronounced in 
C A 3  pyramidal neurons. These results indicate that the pattern of K A  and N M D A  
toxicity in organotypic cultures parallels in vivo patterns, and that this mod e l  is 
appropriate for the study of K A  and N M D A  toxicity. T h e  role of R O S  wa s  explored 
in this m o d e l  by evaluating the effects of various hydrophilic and lipophilic 
antioxidants o n  K A -  an d  N M D A - i n d u c e d  PI uptake, L D H  release, and lipid 
peroxidation. T h e  hydrophilic antioxidants U - 8 3 8 3 6 E  and T M P O  were completely 
ineffective. However, the lipophilic antioxidant, U - 7 4 3 8 9 G ,  significantly attenuated 
PI uptake and L D H  release after K A  or N M D A ,  a nd completely blocked the 
excitotoxin-induced increase in lipid peroxidation after a 24 hour recovery period. T o  
determine if the second messenger e n z y m e  P L A 2 participated in excitotoxicity, the 
effects of N D G A ,  a specific P L A 2 inhibitor, were determined against both K A  and 
N M D A  toxicity. T h e  effects of N D G A  were almost identical to those of U-74389G, 
and furthermore, combination of both drugs did not provide any m o r e  protection either 
drug alone. O u r  results indicate that R O S  are at least partially involved in both K A -  
and N M D A - i n d u c e d  excitotoxicity and suggest that lipid peroxidation resulting from 
P L A 2 activation is a critical step linking R O S  and excitoxicity.
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T H E  D E V E L O P M E N T A L  C H A N G E  O F  S Y N A P T I C  A C T I V I T Y  
A L O N G  W I T H  G L U T A M A T E - I N D U C E D  S Y N A P T I C  L O S S  A N D

K a w ahara. 2A. N o z a w a ,  2A. M i z u t a n i  a n d2Y. K u r o d a  1.D e p a r t m e n t  of 
N e u r o s u r g e r y ,  T o h o k u  Univ. S c h o o l  of Medicine, Sendai, J a p a n  9 8 1  
2.D e p a r t m e n t  of M o l e c u l a r  a n d  Cellular N e u r o b i o l o g y ,  T o k y o  
M e t r o p o l i t a n  Institute for Neuro s c i e n c e ,  T o k y o ,  J a p a n  1 8 3

It is n ot clear h o w  synaptic activity a n d  the n u m b e r  of s y n a p s e s  in 
n e u r o n a l  n e t w o r k s  c h a n g e  d u r i n g  n e u r o n a l  cell death. W e  h a v e  e x a m i n e d  
the d e v e l o p m e n t a l  c h a n g e s  of synaptic activity d u r i n g  glu t a m a t e -  
i n d u c e d  n e u r o n a l  cell death. In cultured cortical n e u r o n s  a r o u n d  7 d a y s  
in vitro(DIV), a l m o s t  all n e u r o n s  h a d  e x t e n d e d  processes, f o r m e d  
synaptic c o n n e c t i o n s  a n d  s h o w e d  s p o n t a n e o u s  s y n c h r o n o u s  bursting 
w h i c h  c a n  b e  m o n i t o r e d  b y  intracellular c a l c i u m  transients ( Robinson, 
et al, J. N e u r o p h y s i o l .  70: 1 6 0 6 ,  1993). T h e  f r e q u e n c y  of oscillations 
increases w i t h  a g e  a n d  is correlated w i t h  the n u m b e r  of s y n a p s e s  
o b s e r v e d  b y  E M  ( M u r a m o t o ,  et al, Neurosci. Lett., 163: 163, 1993). W h e n  
g l u t a m a t e  w a s  app l i e d  to the i m m a t u r e  cortical n e u r o n s  at 3 DIV, the 
n u m b e r  of n e u r o n s  a n d  the f r e q u e n c y  of oscillation s h o w e d  n o  c h a n g e s  
u p  to 2 0 0  μM  glutamate. T h e r e f o r e  the i m m a t u r e  cortical n e u r o n s  s e e m  
to b e  resistant to g l u t a m a t e  toxicity. W h e n  a p plied to a m o r e  m a t u r e  
n e t w o r k  (14DIV), the d e c r e a s e  of the f r e q u e n c y  paralleled the dec r e a s e  
of the surviving n e u r o n s .  W h e n  l 0 0 0 μM  g l u t a m a t e  w a s  a p plied to 
s y n a p s e - f o r m i n g  n e t w o r k s  at 7 DIV, the s y n c h r o n o u s  oscillations 
s t o p p e d  a l t h o u g h  the n u m b e r  of surviving n e u r o n s  r e m a i n e d  at 6 0 - 7 0 %  
of control. W h e n  the n u m b e r  o f  s y n a p s e s  w a s  c o u n t e d  u s ing E M ,  o n l y  
4 0 %  of s y n a p s e s  r e m a i n e d  c o m p a r e d  to the control. Therefore, at least, 
u n d e r  this c o n dition the s y n a p s e s  d e g e n e r a t e d  m o r e  rapidly t h a n  
n e u r o n s ,  p r o d u c i n g  a cessation of s p o n t a n e o u s  firing activity in the 
netwo r k .

T h u s ,  the relationship b e t w e e n  the surviving n e u r o n a l  n u m b e r  a n d  the 
oscillation f r e q u e n c y  c h a n g e d  a c c o r d i n g  to the d e v e l o p m e n t a l  stage.
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E X P R E S S I O N  O F  B C L - 2  A N D  B C L - X  IS A S S O C I A T E D  W I T H  N E U R O N A L
S u r v i v a l  i n  t h e  R a t  H i p p o c a m p u s  F o l l o w i n g  K a i n a t e  
E X C I T O T O X I C I T Y .  j . C h e n .  S . H.  G r a h a m .  J. H o n k a n i e m i .  R . L .  Z h u .
K . L .  Jin. A .  Stetlcr a n d  R.P. S i m o n * .  D e p t . o f  N e u r o l o g y ,  U n i v .  o f  
Pittsburgh, S c h  o f  M e di c i n e ,  P A  15 26 1 ;  D e p t . o f  N e u r o l o g y , U C S F .

Kainic acid (KA)-induced seizures result in delayed neuronal cell death in the 
hippocampal C A 3  region. T h e  delayed nature of cell death supports an apoptotic 
process. T h e  molecular m e c h a n i s m s  by  w hich this delayed neuronal death occurs 
after epilepsy is poorly understood. Therefore w e  studied the expression of the anti - 
apoptotic genes, bcl-2 a n d  bcl-x a nd the apoptosis-promoting gene, B A X ,  in the 
hippocampus following K A-induced seizures.

Adult rats were injected with K A  10-12 m g / k g  s.c. Rats were sacrificed for in situ 
hybridization, immunocytochemistry, T U N E L  staining and cresyl violet histology 
after 2,4, 8, 16, 24, or 72h. bcl-2 and bcl-X-long had similar patterns of expression 
in the hippocampus following K A  injection: m R N A  levels were slightly elevated in 
dentate granule cells at 8h but significantly increased in C A 1  neurons at 24h, and 
72h. In contrast, their m R N A  in C A 3  neurons w a s  already decreased at 24 h  and 
further decreased at 72h. Elevation in bcl-2 a n d  bcl-X immunoreactivity w a s  
detectable in C A 1  but not in C A 3  neurons at 24  a nd 72h. B A X  m R N A  and 
immunoreactivity w a s  not significantly changed 2-24h after K A  injection, however 
levels w ere decreased in both C A 1  a nd C A 3  neurons at 72h. T U N E L  staining 
supported apoptotic D N A  d a m a g e  in C A 3 ,  and in m a n y  cases also in C A 1  neurons at 
24h. H o w e v e r ,  cresyl violet staining s h o w e d  that neuronal loss w a s  restricted 
primarily to C A 3 .

Although D N A  d a m a g e  occurred in both C A 1  and C A 3  neurons, histological cell 
death w a s  only s h o w n  in C A 3 ,  suggesting that m a n y  of the C A 1  neurons are able to 
recover from injury. Recovery of C A 1  neurons m a y  b e  related to the significant 
elevation of anti-apoptotic gene expression such as bcl-2 a nd bcl-X-long during 
injury. Furthermore, failure of expression of these genes m a y  be in part responsible 
for the cell death in C A 3 .  Further studies are required to determine if the integrity of 
injured neurons depends u pon expression of these apoptosis-regulating genes.
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E X C I T O T O X I N - I N D U C E D  A P O P T O S I S  I N  O R G A N O T Y P I C  

H I P P O C A M P A L  C U L T U R E S :  D N A  F R A G M E N T A T I O N  A N D  p 5 3  

I N D U C T I O N .  S. Sakhi. A .  Bruce. N. Sun. G. Tocc o ,  M .  B a u d r y a n d  S.S. 

Schreiber*. D e p t . of N e u r o l o g y  a n d  Neurosciences P r o g r a m ,  Univ. So. 

California, L o s  Angeles, C A  90033.

T h e  t u m o r  suppressor gene, p53, e n c o d e s  a cell cycle regulatory protein 

that has b e e n  implicated in neuronal apoptosis (Sakhi et al., 1994; Schreiber 

et al., 1995). T o  further test the hypothesis that excitoxicity occurs b y  a p53- 

media t e d  apoptotic pathw a y ,  w e  studied p 5 3  expression a n d  D N A  

fragmentation in organotypic h i p p o c a m p a l  cultures ( O H C )  that w e r e  treated 

with either kainic acid ( K A )  or N -methyl-D-aspartate ( N M D A ) .  H i p p o c a m p i  

obtained f r o m  5-7 d a y  old S p r a g u e - D a w l e y  rats w e r e  maintained in culture 

for a period equivalent to 2 6 - 2 8  d a y s  postnatal. F o l l o w i n g  exposure to 5 0  

μM  K A  or N M D A  for 3  hrs, O H C  w e r e  fixed at times b e t w e e n  0  a n d  4 8  hrs 

later, a n d  analyzed for both p 5 3  m R N A  expression a n d  D N A  d a m a g e .  p 5 3  

induction w a s  observed only in injured neur o n s  following treatment with 

either drug. Quantitative analysis of increased p 5 3  expression or D N A  

d a m a g e  in injured neurons at different times after K A  treatment s h o w e d  that 

p 5 3  induction preceded D N A  d a m a g e ,  suggesting that p 5 3  is necessary for 

endonuclease activation to occur. T h e s e  results support the hypothesis that 

both K A -  a n d  N M D A - m e d i a t e d  neuronal death occ u r  b y  a p 5 3-dependent 

apoptotic pathway. This study also demonstrates the usefulness of O H C  as 

an  in vitro m o d e l  to investigate neurodegenerative p a t h w a y s  caused by  

various pathological conditions. S u p p o r t e d  b y  a grant f r o m  S a n k y o  

R e s e a r c h  Institute.
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A N I R A C E T A M  A N D  C Y C L O T H I A Z I D E  D I F F E R E N T L Y  A F F E C T  
A M P A - I N D U C E D  S E I Z U R E  A N D  N E U R O N A L  D A M A G E  I N  T H E  R A T  
H I P P O C A M P A S . T . N i s h i m u r a ,  N.Is h i d a ,  H . , K a n a i ,  A. H i g a s h i y a m a . ,
A .  M a s u i *  a n d  N ,  K a t o .  D e p t . o f  P s y c h i a t .  S h i g a  U n i v .  M e d .  Sci., 
O t s u  5 2 0 - 2 1 ,  J a p a n . a n d  D e p t . o f  Ped i a t r .  , T o k y o  W o m e n ' s  M e d .  
Colle g e ,  T o k y o  1 6 2 ,  J a p a n

It h a s  b e e n  k n o w n  t hat a n i r a c e t a m  a n d  c y c l othiazide affect A M P A  
receptors a s  allosteric m o d u l a t o r .  In vitro s t u d i e s  s h o w e d  that b o t h  
a n i r a c e t a m  a n d  c y c l o t h i a z i d e  p o t e n c i a t e d  A M P A  r e c e p t o r - m e d i a t e d  
c u r r e n t  b y  d e c r e a s i n g  desensiti z a t i o n ,  b u t  t h e r e  h a v e  b e e n  a  f e w  
s t u d i e s  for in v i v o  e v a l u a t i o n  o f  t h e s e  d r u g s  o n  A M P A - i n d u c e d  
b e h a b i o r a l  c h a n g e s  a n d  cytotoxicity.

A n i r a c e t a m  w e r e  a d m i n i s t e r e d  to m a l e  W i s t a r  rats at 8  w e e k s  old at 
3  or 3 0  m g / k g  p e r  orally 6 0  m i n  before intracerebroventricular (i.e.v) 
a d m i n i s t r a t i o n  of A M P A  (1 μg ) . Cyclothiazide (0.03 or 0.3 μm o l  ) w e r e  
injected i.e.v. 5  m i n  before A M P A  i.e.v. T h e  l a t e n c y  a n d  d u r a t i o n  of 
A M P A - i n d u c e d  s e izure w e r e  o b s e r v e d  for 2  h, a n d  t h e n  t h e  loss of  
h i p p o c a m p a l  p y r a m i d a l  cells w a s  e x a m i n e d  histologically 2  w e e k s  
after A M P A  tr e a tment.

A M P A  t r e a t m e n t  a l o n e  c a u s e d  s t a t u s  epilepticus, b u t  n o  a p p a r e n t  
h i p p o c a m p a l  d a m a g e  2  w e e k s  later. B o t h  c y c l o t h i a z i d e  a n d  
a n i r a c e t a m  p o t e n tiated A M P A - i n d u c e d  co n v u l s i v e  s eizures in a  d o s e -  
d e p e n d e n t  m a n n e r .  P r e t r e a t m e n t  o f  c y c l o t h i a z i d e  c a u s e d  a n  
e x t e n s i v e  l oss o f  C A 3 / 4  p y r a m i d a l  cells. T h e  c o m b i n a t i o n  o f  
a n i r a c e t a m  a n d  A M P A  c a u s e d  n o  cell l oss in t h e  h i p p o c a m p u s  
d e s p i t e  a c u t e  s e v e r e  seizures. T h e  p r e s e n t  results s u g g e s t  t hat t h e  
cytotoxicity o f  A M P A  a g o n i s t s  is m o d i f i e d  b y  a  different s u b t y p e  of 
g l u t a m a t e  r e c eptors, p r e s u m a b l y  m e t a b o t r o p i c  receptor, in w h i c h  
a n i r a c e t a m  m i g h t  b e  involved.
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D I F F E R E N T I A L  S U R V I V A L  O F  S O M A T I C  A N D  A U T O N O M I C  M O T O R  
N E U R O N S  I N  O R G A N O T Y P I C  S L I C E  C U L T U R E S .  J. E. V a u g h n *  a nd C. M .  
Ann i s . Division of Neurosciences, B e c k m a n  Research Institute of the City of Hope, 
Duarte, C A  91010, U S A .

Somatic a nd autonomic m otor neurons ( S M N s  a nd A M N s ,  respectively) share a 
similar developmental history a n d  a n u m b e r  of c o m m o n  cellular characteristics. 
T h e y  also exhibit important phenotypic differences that might be associated with 
differential abilities to respond to neurodegenerative disorders such as amyotrophic 
lateral sclerosis (c.f ., Wetts &  Vaug h n ,  c o m p a n i o n  poster). T o  test this hypothesis, 
w e  established a chemically defined organotypic slice culture system. Transverse 
slices of postnatal day 7 rat thoracic spinal cord were maintained in E O L 1  defined 
m e d i u m  (c.f., Annis et al., J. Neurosci. Meth., 32:63-70,1990) for 1-30 days in vitro 
(DIV), a n d  these specimens were visualized with various histo- and 
immunocytochemical techniques. Slice histotypicity w a s  maintained throughout the 
culture period without identifiable regions of necrosis. Detailed microscopic 
examination revealed that A M N s  stained with N A D P H - d i a p h o r a s e  or choline 

acetyltransferase ( C h A T )  survived well in culture a n d  continued to develop and 
elongate processes. T h e  s a m e  w a s  true for diaphorase (+) neurons in the dorsal horn 

and around the central canal. In contrast, S M N s ,  as revealed by neurofilament or 
C h A T  specific antibodies, did not thrive in culture. After the first few DI V ,  S M N s  
no  longer could be stained for C h A T ;  by  3 D I V ,  S M N s  were crenated and exhibited 
very few processes; and, by 7 D I V ,  virtually n o  S M N s  were present as visualized by 
neurofilament or Nissl staining. T h e  S M N  loss probably w a s  associated with the 
a x otomy that occurred during slice preparation, but A M N s  survived this s ame 
a x o t o m y . S M N s  a nd A M N S  differ in several respects, including nitric oxide (N O )  
metabolism. This suggests a possible phenotypic basis for their differential 
resistance to axo t o m y  since N O  is k n o w n  to be neuroprotective in s o m e  
circumstances (e.g., Annis &  V a ughn, co m p a n i o n  poster). Supported by N I H  grant 
NS25784.
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D I F F E R E N T I A L  S U S C E P T I B I L I T Y  T O  N M D A  E X C I T O T O X I C I T Y  O F  T H R E E  
G R O U P S  O F  N I T R I C  O X I D E  P R O D U C I N G  N E U R O N S  I N  R A T  T H O R A C I C  
S P I N A L  C O R D .  C. M .  Annis* a nd J. E. V a u g h n . Division of Neuroscience, 
Bec k m a n  Research Institute of the City of Hope, Duarte, C A  91010, U S A .

Nitric oxide ( N O )  is k n o w n  to alter N M D A  receptor modulatory sites thereby 
decreasing N M D A - e v o k e d  C a 2+ influx. This downregulation of C a 2+ influx has been 
hypothesized to be neuroprotective for cells under conditions of high N M D A  
receptor activation. This hypothesis w a s  tested by determining whether three groups 
of N O  producing neurons in rat thoracic spinal cord were resistant to N M D A  
toxicity in an organotypic slice culture system (See V a u g h n  &  Annis, companion 
poster). Transverse slices of postnatal day 7 spinal cord were maintained in vitro 
for 1-14 days under various concentrations of N M D A  channel agonists and/or 
antagonists. Control cultures exhibited groups of neurons containing the nitric 
oxide synthase marker, N A D P H - d i aphorase, in the dorsal horn (DH), surrounding 
the central canal (C C )  an d  in the intermediolateral ( I ML) horn. However, cultures 

maintained for 7 days in vitro under 50  μM  N M D A  treatment exhibited N A D P H -  
diaphorase staining only in the I M L ,  whereas the D H  a nd C C  staining was 

abolished. This N M D A - m e d i a t e d  effect w a s  dose dependent in that 1 μM  N M D A  
treatment had no  effect o n  the diaphorase staining patterns in any of the three 

neuronal groups, while concentrations of 100 p M  N M D A  abolished all such 
staining throughout the entire spinal cord slice. T h e  N M D A  effect w a s  blocked 
completely by co-administration of AP-5, a potent N M D A  channel antagonist, and 
was not reversible by drug removal for an additional w e e k  in culture. O u r  results 
suggest that N O  m a y  be necessary, but not, b y  itself, sufficient for complete 
protection of N O  (+) spinal neurons from excitotoxic insult. Thus, they imply that 
other factors associated with the autonomic motor neurons in the I M L  m a y  act in 
concert with N O  to confer resistance to N M D A  excitotoxicity. Supported by N I H  
grants N S 1 8 8 5 8  &  N S 25784.
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N E U R O N A L  A P O P T O S I S  I N  T H E  A D U L T  R O D E N T  

I N D U D C E D  B Y  A  N O N - IN V A S IV E  P R O C E D U R E  U .  Mitchell* a, 

A.J. C o o p e r  a. G . D . A .  B r o w n  ba n d  C . M .  W a t e r s  c. a S c h o o l  O f  

Psychology, Univ e r s i t y  o f  B i r m i n g h a m .  U.K. b D e p t  o f  P s y c h o l o g y ,  

University o f  W a r w i c k ,  C o v e n t r y ,  U . K .  c Biol o g i c a l  S c i e n c e s ,  

University of M a n c h e s t e r ,  M a n c h e s t e r ,  U.K.

Ne u r o n a l  a p o p t o s i s  o c c u r s  o n  a m a s s i v e  s c a l e  d u r i n g  t h e  early 

d e v e l o p m e n t  o f  all v e r t e b r a t e s  a n d  h a s  b e e n  o b s e r v e d  foll o w i n g  

various invasive m a n i p u l a t i o n s  in t h e  brain o f  a d u l t  r o d e n t s .  W e  

have p re viously d e m o n s t r a t e d  striatal n e u r o n s  u n d e r g o  a p o p t o s i s  

following t h e  s y s t e m i c  a d m i n i s t r a t i o n  o f  r e s e r p i n e  t o  a d u l t  rats. 

This loss of striatal n e u r o n s  a p p e a r s  t o  b e  m e d i a t e d  via e x c e s s  

activity o f  t h e  g l u t a m a t e r g i c  corticostriatal p a t h w a y  a s  b o t h  

cortical a s p i r a t i o n  a n d  s y s t e m i c  a d m i n i s t r a t i o n  o f  E A A  

antagonists c a n  b l o c k  t h e  cell d e a t h .  F r o m  this w e  p r e d i c t e d  t h a t  

a n o n - i n v a s i v e  m a n i p u l a t i o n  w h i c h  r e s u l t e d  in p r o l o n g e d  

elevations of  n e u r o n a l  d i s c h a r g e s  m a y  als o result in a p o p t o s i s .  

This h y p o t h e s i s  w a s  t e s t e d  b y  p l a c i n g  g r o u p s  o f  a d u l t  m i c e ,  

h o u s e d  in their h o m e  c a g e ,  o n  a t u r n - t a b l e  w h i c h  s l o w l y  r o t a t e d  

(0.8 revs./min). Significantly g r e a t e r  levels o f  n e u r o n a l  a p o p t o s i s  

wer e s e e n  in t h e  v e s t i b u l a r  c o m p l e x  aft er r o t a t i o n  for 4 8  h o u r s  

c o m p a r e d  w i t h  n o n - r o t a t e d  c o n t r o l s .  T h i s  f i n d i n g  c a n  a l s o  b e  

interpreted f r o m  a  c o m p u t a t i o n a l  p e r s p e c t i v e  in w h i c h  t h e  

apoptosis c a n  b e  s e e n  a s  t h e  i m p l e m e n t a t i o n  o f  a n e t w o r k  

pruning algorithm.
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D I F F E R E N T I A L  S U R V I V A L  O F  S O M A T I C  A N D  A U T O N O M I C  

M O T O R  N E U R O N S  I N  A M Y O T R O P H I C  L A T E R A L  

S C L E R O S I S  ( A L S ) .  R. W e t t s *  a n d  J. E. V a u g h n .  Div. o f  Neurosci., 

B e c k m a n  R e s e a r c h  Institute o f  the City o f  H o p e ,  Duarte, C A  91 01 0 .

In certain diseases, n e u r o n s  that express N A D P H  diaphorase (an 

indicator o f  nitric o x i d e  synthase, N O S )  persist longer than 

neighboring, diaphorase(-) neurons. S o m a t i c  a n d  a u t o n o m i c  m o t o r  

n e u r o n s  ( S M N s  a n d  A M N s ,  respectively) share a  similar d e v e l o p m e n t  

a n d  a n u m b e r  o f  c o m m o n  characteristics, but differ in other traits. F o r  

e x a m p l e ,  m o s t  A M N s  express d i aphorase w h e r e a s  S M N s  d o  not. 

F u r t h e r m o r e ,  S M N s  d e generate in A L S ,  but there is little quantitative 

e v i d e n c e  c o n c e r n i n g  the fate o f  A M N s  in this disorder. A L S  thoracic 

spinal c o r d  contained virtually n o  S M N s ,  but the A M N  population 

a p p e a r e d  n o r mal. T h e  a v e r a g e  n u m b e r  o f  A M N s  in A L S  spinal cord 

(18.7 cells/section) w a s  not significantly different f r o m  the n u m b e r  in 

the control s p e c i m e n  (21.7). T h u s ,  A M N s  differentially survive in 

A L S .  T o  d e t e r m i n e  if N O S  expression has a role in this selective 

resistance, w e  e x a m i n e d  the small subset o f  A M N s  that d o  not express 

diaphorase activity. T h e  perc e n t ag e  o f  these diaphorase(-) A M N s  w a s  

not statistically different b e t w e e n  the A L S  patient ( 6 % )  a n d  the control 

( 7 % ) .  T h i s  finding suggests that the resistance o f  the A M N s  to the 

A L S  disease process w a s  d u e  to a factor(s) other than nitric oxide 

m e t a b o l i s m .  Supported by N I H  grant N S 25784. Spinal cord specimens c a m e 
f r o m  the National Neurological Research Specimen Bank, V A M C  Wadsworth.
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E F F E C T  O F  6- A N D  7 - T E T R A H Y D R O B I O P T E R I N  O N  P C 12 C E L L  
P R O L I F E R A T I O N  A N D  S E R U M -  O R  N G F  W I T H D R A W A L - I N D U C E D  
C E L L  D E A T H .  P  Z. Anastasiadis*1. J. Blitz1. M .  L o u i e 1. D  M .  K u h n 2, and 
R .A. Levi n e 1,2,3. 1W i lliam T. Gossett N e u r o l o g y  Labs, H e n r y  Fo r d  Hosp., 
Detroit, 2Cellular &  Clinical N e u r o b i o l o g y  P r g m ,  Psychiatry, a n d  3Vet. 
A d m i n .  M e d .  Center, Allen Park, M I .

6-R-tetrahydrobiopterin (6-BH4) is the essential cofactor for tyrosine 
hydroxylase, tryptophan hydroxylase, a n d  nitric oxide synthase, in 
catecholamine, serotonin, a n d  nitric oxide synthesis, respectively. 6-BH4 is 
also required for the proliferation o f  cultured m u r i n e  erythroleukemia cells 
a n d  mediates the mitogenic effects o f  nerve g r o w t h  factor ( N G F )  and 
epidermal g r o w t h  factor ( E G F )  in P C  12 cells. 7 -BH4 c a n  b e  produ c e d  from 
the hydroxylase reactions in the absence o f  4α-hydroxy-tetrahydropterin 
dehydratase w h i c h  forms quinonoid dihydro-6-biopterin in the process of 
regenerating 6-BH4. W e  therefore tested the effect o f  7 -BH4 on  the 
proliferation o f  P C  12 cells in culture. In contrast to 6-BH4 w h i c h  increases 
P C 12 cell proliferation, 7 -BH4 induced P C 12 cell death. T h e  possibility that 
this toxic effect o f  7 -BH4 is caused b y  oxidative stress will b e  discussed. T h e  
toxic effect o f  7-BH4 w a s  attenuated b y  increasing a m o u n t s  o f  6-BH4 in a 
dose dependent manner. W e  also tested wh e t h e r  6-BH4 mediates the 
protective effects o f  N G F  o n  apoptotic cell death induced b y  ser u m  
deprivation or N G F  withdrawal. Tr e a t m e n t  o f  P C 12 cells with sepiapterin, 
w h i c h  is converted intracellularly to 6-BH4 via the salvage BH4 biosynthetic 
pathway, significantly reduced cell death induced b y  N G F  withdrawal after 
2 4  hours in N G F - pretreated P C 12 cells. N-acetylserotonin, a n  inhibitor of 
intracellular 6-BH4 accumulation,blocked the protective effect o f  sepiapterin 
o n  P C 12 cell viability. T h e  effects o f  6-BH4 o n  D N A  fragmentation (a 
m a r k e r  o f  apoptotic cell death), as well as the effects o f  6-BH4 biosynthetic 
inhibitors o n  g r o w t h  factor induced cell survival will b e  discussed.
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A C I D I C  p H  I N C R E A S E S  I M M U N O R E A C T I V I T Y  O F  G F A P  I N  

C U L T U R E D  R A T  A S T R O C Y T E S .  T. H .  O h * .  G.  J. Markelonis. J. 

R. V o n  Visger. B. Ba i k  a n d  M .  T. Shipley. Dept. A n a t o m y ,  Univ. 

Maryland School o f  Medicine, Baltimore, M D  2 1 2 0 1

W e  are interested in identifying those factors w h i c h  induce 

reactive gliosis in vivo. W e  h a v e  s h o w n  that neuroepithelial 

progenitor cells f r o m  forebrains o f  n e w b o r n  rat p u p s  d e v e l o p  into 

“mature” astrocytes in a n  epidermal g r o w t h  factor-containing 

medium free o f  s e r u m  ( V o n  Visger, J. R. et al., Exp. Neurol. 128: 34- 

40, 1994). A s  such, eight-week-old “m a t u r e ” astrocyte cultures o n  

poly-L-lysine-coated dishes w e r e  e x p o s e d  to a n  acidic m e d i u m  ( p H

5.8 to 6.0) for 2 to 6  hr. Im m u n o r e a c t i v i t y  for glial fibrillary acidic 

protein ( G F A P )  dramatically a n d  rapidly increased; this i m m e d i a t e  

increase w a s  not affected b y  pretreatment w ith cycloheximide. In 

further experiments w e  f o u n d  that the increase in G F A P  w a s  

undiminished for 24-48-hr after the acid-treated astrocytes w e r e  

returned to n o rmal g r o w t h  m e d i u m .  T h e  C a ++-channel antagonists, 

nifedipine and diltiazem, attenuated the increase in G F A P  

immunoreactivity. T h e s e  results suggest that extracellular acidosis 

may produce a rapid increase in G F A P  immunorea c t i v i t y  in 

astrocytes independent o f  d e  n o v o  protein synthesis, possibly b y  

increasing intracellular levels o f  free C a ++ ions. ( S u pported b y  

grants from the N I H ) .

T U M O R  N E C R O S I S  F A C T O R  A L P H A  A N D  B A S I C  F I B R O B L A S T  
G R O W T H  F A C T O R  D E C R E A S E  G L I A L  F I B R I L L A R Y  A C I D I C  P R O T E I N  
A N D  I T S  E N C O D I N G  m R N A  IN A S T R O C Y T E  C U L T U R E S  A N D  

G L I O B L A S T O M A  C E L L S .  1G .  M .  M u r p h y . 2 Y.L, L e e . 1X.-C. Jia.

2 A. C.  H. Y u . 1A. M a j e w s k a . 1Y. S o n g . 1K. S c h m i d t ,  a n d  2 L. F. E n g *. 

D e p a r t m e n t s  o f  1Psychiatry a n d  2 Pat hology, Sta n f o r d  University S c h o o l  of 
Medicine, Stanford, C A  9 4 3 0 5 .

T u m o r  necrosis factor a l p h a  ( T N F -α) is a  pluripotent cytokine w h i c h  is 
reportedly mit ogen ic to astrocytes. W e  e x a m i n e d  e x p r e s s i o n  of t he 
astrocyte intermediate filament c o m p o n e n t  glial fibrillary acidic protein 
( G F A P )  in astrocyte cultures a n d  t h e  U 3 7 3  g l i o bla stom a cell line after 
tre atme nt with T N F - α. T r e a t m e n t  with T N F - α for 7 2  h o u r s  resulted in a  
d e c r e a s e  in G F A P  a n d  its e n c o d i n g  m R N A .  A t  the s a m e  time, T N F - α 
t r e atme nt inc r e a s e d  t he e x p r e s s i o n  of t he cytokine interleukin-6 b y  
astrocytes. T h e  d e c r e a s e  in G F A P  e x p r e s s i o n  w a s  greater w h e n  cells 
w e r e  s u bconfluent t h a n  w h e n  confluent. T h y m i d i n e  u p t a k e  studies s h o w e d  
that U 3 7 3  cells proliferated in r e s p o n s e  to T N F - α, but p r i m a r y  ne o n a t a l  
astrocytes did not, d e m o n s t r a t i n g  that the d e c r e a s e  in G F A P  i n d u c e d  b y  
T N F - α w a s  not strictly tied to proliferation. H o w e v e r ,  in b o t h  U 3 7 3  cells 
a n d  prim a r y  astrocytes T N F - α i n d u c e d  a n  i n c reas e in total cellular protein. 
T r e a t m e n t  of astrocytes a n d  U 3 7 3  cells for 7 2  h o u r s  with t h e  mitogenic 
cytokine basic fibroblast g r o w t h  factor also i n d u c e d  a  d e c r e a s e  in G F A P  
a n d  a n  increase in total protein, d e m o n s t r a t i n g  that this effect is not specific 
for T N F - α. T h e  d e c r e a s e  in G F A P  d e t e c t e d  after T N F - α t r e a t m e n t  is m o s t  
likely d u e  to dilution b y  other proteins w h i c h  a r e  s y n t h e s i z e d  rapidly in 
r e s p o n s e  to cytokine stimulation.
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T H E  R E G U L A T I O N  O F  B A S A L  F O R E B R A I N  ( B F )  A S T R O C Y T E  
T R O P H I C  F U N C T I O N  B Y  D E P O L A R I Z I N G  S I G N A L S .  H .  W u * .  
P. Q u. W .  J. F r i e d m a n .  I. B .  B l a c k .  C .  F. D r e y fus. D e p t .  N e u r o s c i .  
&  Cell Biol., U M D N J / R o b e r t  W o o d  J o h n s o n  M e d .  Sch., P i s c a t a w a y ,  
N J  0 8 8 5 4 .

P r e v i o u s  studies indicated that c ultured B F  astrocytes e x p r e s s  
N G F  a n d  B D N F  m R N A s  that c a n  b e  differentially r e g u l a t e d  b y  
depolarization. K C 1  ( 2 5  m M )  i n c r e a s e d  B D N F  m R N A  w i t h o u t  
altering N G F  m R N A  after 4  or 4 8  h  e x p o s u r e .  T o  further d e fine the 
effects o f  K C 1 ,  w e  e x a m i n e d  actions o f  the L - t y p e  c a l c i u m  c h a n n e l  
antagonist, nifedipine. N i f e d i p i n e  partially b l o c k e d  the effects o f  
K C 1 ,  s u g g e s t i n g  that c a l c i u m  influx t h r o u g h  v o l t a g e - g a t e d  c a l c i u m  
c h a n n e l s  m a y  p l a y  a role. T h e  ac t i o n  o f  K C l d i d  n o t  requ i r e  
p r o l o n g e d  e x p o s u r e ;  treatm e n t s  for o n l y  1 0  m i n  resulted in increases 
in B D N F  m R N A  after 4  h. In related studies, effects o f  g l u t a m a t e  
w e r e  evaluated. In contrast to K C 1 ,  g l u t a m a t e  ( 1 0 0  μM )  significantly 
increased b o t h  N G F  a n d  B D N F  m R N A  levels, b y  a p p r o x i m a t e l y  7 0 %  
a n d  4 0 % ,  respectively, after a 4  h  e x p o s u r e .  T o  d e t e r m i n e  w h e t h e r  
B D N F  prot e i n  w a s  e x p r e s s e d  in B F  astrocytes, cul t u r e s  w e r e  
e v a l u a t e d  b y  i m m u n o c y t o c h e m i s t r y  u s i n g  a n  a n t i - B D N F  a n t i s e r u m  (a 
gift o f  Dr. D .  K a p l a n ) .  B F  astrocytes w e r e  positively stained w i t h  
this ant i s e r u m .  T h e  staining w a s  specific since it w a s  b l o c k e d  b y  
p r e a d s o r p t i o n  w i t h  B D N F .  O u r  findings s u g g e s t  that B F  astrocytes 
m a y  s e r v e  as local s o u r c e s  o f  n e u r o t r o p h i n s  for B F  c h o l i n e r g i c  
neurons, a n d  that n e u r o n a l  signals differentially regulate e x p r e s s i o n  o f  
astrocytic neurotrophins, to w h i c h  local n e u r o n s  respo n d .
( S u p p :  N I C H D : H D 2 3 3 1 5  a n d  the U M D N J  F o u n d a t i o n )
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L O N G  T E R M  L E A D  E X P O S U R E  C H A N G E S  T H E  E X P R E S S I O N  O F  

P R O T E I N S  I N  A S T R O C Y T E  I N T E R M E D I A T E  F I L A M E N T S .

A .  Selvin-Testa*. F. C a p a n i ,  C.F. Loidl. J.J. L óp e z - C o s t a ,  a n d  J. Pecci- 

S a a v e d r a . Instituto d e  Biologia Celular. F a c u l t a d  d e  M e d i c i n a .  U . B . A .  

P a r a g u a y  2155, B u e n o s  Aires, 1121, R.  Arg e n t i n a .

T h e  pres e n t  study w a s  d e s i g n e d  to assess the ti m e - c o u r s e  a n d  the 

regional r e s p o n s e s  in the expres s i o n  o f  cytoskeletal proteins of  astrocytes 

in the cerebral cortex, h i p p o c a m p u s ,  a n d  cereb e l l u m ,  after p r o l o n g e d  lead 

exposure. R a t  p u p s  w e r e  treated f r o m  postnatal d a y  1 t h r o u g h  the m a t e r - 

nal m i l k  ( l g %  lead acetate solution in d r inking w a t e r )  a n d  after w e a n i n g ,  

for 15 m o n t h s .  I m m u n o h i s t o c h e m i c a l  staining for glial fibrillar acidic 

protein ( G F A P )  a n d  v i m e n t i n  a n d  i m a g e  analysis w e r e  u s e d  to evaluate 

astrocyte responses. In rats of  2-3 m o n t h s  a transient increase o f  G F A P  

reactivity in h i p p o c a m p a l  a n d  cerebellar astrocytes w a s  seen. A f t e r  4 -12 

m o n t h s ,  the h y p e r t r o p h y  declined to n e a r  control levels despite the h igh 

b l o o d  lead-levels; m e a n w h i l e  lipofuscin-like bo d i e s  a p p e a r e d  in n e u r o n a l  

a n d  glial cells. A f t e r  o n e  ye a r  the i m m u n o s t a i n i g  of  h o m o l o g o u s  sections 

s h o w e d  a n  increase o f  G F A P  reactivity a n d  the p r e s e n c e  o f  v i m e n t i n +  

cells in the u p p e r  a n d  the l o w e r  limb, in the hilus o f  the fascia dentata, 

a n d  after 14  m o n t h s ,  in the adjacent cerebral cortex. A l t h o u g h  G F A P  a n d  

v i m e n t i n +  cells s h o w e d  a similar aspect, v i m e n t i n +  cells p r e s e n t e d  a 

smaller a r e a  a n d  a restricted a r r a n g e m e n t .  In the c e r e b e l l u m  the h y p e r 

t r o p h y  o f  v i m e n t i n  +  astrocytes w a s  c o n f i n e d  to the w h i t e  m a t t e r  a n d  

B e r g m a n n  fibers, as in the y o u n g  rats. T h e  re c o v e r y  o f  v i m e n t i n  e x p r e s 

sion i n d u c e d  b y  p r o l o n g e d  le a d - e x p o s u r e  a n d  G F A P  h y p e r t r o p h y  in fascia 

d e n t a t a  suggests astrocyte alterations similar to a g e - d e p e n d e n t  c hanges.
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A T T E N U A T I O N  O F  A S T R O G L I A L  R E A C T I V I T Y  B Y  IL-10. V . 

B A L A S I N G A M .  B. C O L L I E R * .  V . W .  Y O N G  M O N T R E A L  

N E U R O L O G I C A L  I N S T .  A N D  D E P T .  O F  P H A R M A C O L O G Y ,  

M c G I L L  U N T V ,  M O N T R E A L ,  Q U E B E C ,  C A N A D A  H 3 A  2 B 4 .  

Astroglial reactivity is a  p r o m i n e n t  r e s p o n s e  o f  astrocytes to brain 

pathology. A n i s o m o r p h i c  injuries to the adult brain result in the 

activation of  microglia a n d  the recruitment o f  b l o o d - b o rne 

m o n o n u c l e a r  cells to the lesion site w i t h  c o r r e s p o n d i n g  cytokine 

synthesis. E v i d e n c e  that cytokines c a n  m e d i a t e  astroglial reactivity is 

p r o v i d e d  b y  several observations including that the m i n i m a l  astroglial 

reactivity following a stab injury to the neonatal brain c o u l d  be 

c onverted to extensive astroglial reactivity b y  the single microinjection 

of m a c r o p h a g e - d e r i v e d  factors [IL-1 or T N F - α] ( B a l a s i n g a m  et al., J. 

N e u r o s c i  14:846, 1994). T h e  a i m  o f  this st ud y  w a s  to attempt to 

attenuate astroglial reactivity b y  suppressing m a c r o p h a g e s  function 

w i t h  IL-10, a  potent cytokine synthesis inhibitory factor. F o u r  d a ys  

following the local application o f  I L - 1 0  to the site o f  c o r t i cectomy in 

adult mice, I L - 1 0  decr e a s ed  b o t h  the n u m b e r  a n d  the hypertrophic 

state o f  reactive astrocytes. T h e  intensity o f  M a c - 1  staining o n  

microglia w a s  also reduced. In vitro e x p e r i m e n t s  revealed that the 

effects of I L - 1 0  w a s  unlikely to h a v e  o c c u r r e d  via a  direct effect o n  

astrocytes. T h e  content of m a c r o p h a g e - d e r i v e d  cytokines at the lesion 

site is being m e a s u r e d .  O u r  results c o n f i r m  the i m p o r t a n c e  o f  i m m u n e  

m e d i a t e d  m e c h a n i s m s  in astroglial reactivity.
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T N F S  I N D U C E  C A L B I N D I N  I N  A S T R O C Y T E S  A N D  
P R O T E C T  T H E M  A G A I N S T  M E T A B O L I C  I N S U L T S .  W .
W .  Boling, S. Christakos. W . R .  M a r k e s b e r y *. a n d  M .  P. Mattson.
Sanders-Brown Research Center on A ging and De p t . of A n a t o m y  &  Neurobiology, 
University of Kentucky, Lexington, K Y  40536. Dept. Biochemistry and 
Molecular Biology, N e w  Jersey Medical School, Newark, N J  07103.

A  n u m b e r  of insults to the brain including traumatic and ischemic injury can 
result in metabolic impairment of neuron and astrocyte function and lead to cell 
death. A  plethora of neurotrophic factors and cytokines are induced by brain 
injury, and m a n y  of them have been s h o w n  to protect neurons against metabolic, 
excitotoxic and oxidative insults (Semin. Neurosci. 5:295-307 [1993]). T h e  
influence of such factors on the survival of astrocytes has been less intensively 
studied. T u m o r  necrosis factors ( T N Fα and T N F |β) are produced by a variety of 
cell types including astrocytes. While T N F s  m a y  d a m a g e  s o m e  cell types (e.g., 
oligodendrocytes), they can protect cultured hippocampal and cortical neurons 
against excitotoxicity and glucose deprivation (N e u r o n  12:139-153, [1994]).
T N F s  induced expression of calbindin-D28k. a calcium binding protein which 
m a y  confer protection against excitotoxic and metabolic insults, in cultured rat 
hippocampal and cortical astrocytes, and protected the astrocytes against the 
toxicities of calcium ionophore and acidosis. Excitotoxic and traumatic brain 
injury to adult rats induced expression of calbindin in white matter astrocytes. 
Cultured rat hippocampal and cortical astrocytes pretreated for 24-48 hr with 100 
ng/ml T N F α were relatively resistant to the toxicities of cyanide, 2,4- 
dinitrophenol, 3-nitroproprionic acid, and glucose deprivation. These results 
suggest a cytoprotective role of T N F s  in astrocytes. W e  also found that astrocytes 
treated with heptanol, which disrupts gap junctions, were m o r e  vulnerable to 
mitochondrial toxins. T h e  latter finding suggests that cell-to-cell signaling via 
gap junctions plays a role in the neuroprotective response of astrocytes to brain 
injury.
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A C T I O N S  O F  L Y S O P H O S P H A T I D I C  A C I D  I M P L I C A T E  T H E  S M A L L  G T P -  
B I N D I N G  P R O T E I N  R H O  A S  A  C E N T R A L  R E G U L A T O R  O F  A S T R O C Y T E  
M O R P H O L O G Y .  G.J.A. Ra m a k e r s *  and W . H  Moolenaar. Div. Cell. Biochem., 
Netherlands Cancer Inst., A m s terdam, T h e  Netherlands.
Agents that generate c A M P  in cultured rat astrocytes induce these cells to change 
from a flattened, polygonal ’fibroblast-like’ mor p h o l o g y  to a stellate morphology, 
with a rounded s o m a  and t w o  or mo r e  thin, elongated processes. Stellation induced 
by  isoproterenol or forskolin is rapidly reversed by  lysophosphatidic acid (LPA), the 
prototype of a novel class of extracellular messenger molecules, consisting of 
phospholipids. L P A  (at 1 u M )  also reverses stellation by  the c A M P  analogs 8Br- 
c A M P  or dibutyryl c A M P ,  indicating that L P A  acts at a level downs t r e a m  of the 
generation of c A M P .  T h e  reversal of astrocyte stellation b y  L P A  involved the rapid 
induction of actin-stress fibers, occurring as early as 5 m i n  and reaching a m a x i m u m  
by one hour. Since cytochalasin D  also induced stellation, it w o u l d  suggest that actin 
polymerization is required for the reversal of stellation.

Since L P A  induces neurite retraction in neuroblastoma cells and the 
formation of stress fibers in fibroblasts through activation of the small GTP-binding 
protein rho, w e  investigated its possible involvement b y  using C3-toxin, which acts 
as a highly specific blocker of rho, and b y  transfection with an activated rho c D N A .  
C 3  treatment induced stellation, w h i c h  could not be  reversed with L P A ,  while 
transfection with the activated V 1 4 r h o  c D N A  completely prevented stellation by 
forskolin. C 3  treatment furthermore specifically blocked the tyrosine phosphorylation 
of several proteins preferentially located in focal adhesion sites, suggesting that 
tyrosine phosphorylation events downs t r e a m  of the rho protein m a y  be instrumental 
in organizing the actin cytoskeleton and cell shape in astrocytes. These results 
conclusively demonstrate that rho acts as an integrator of different classes of 
extracellular signals to direct subsequent changes in the actin cytoskeleton, and 
ultimately astrocyte morphology.
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D I F F E R E N T I A L  D I S P L A Y  O F  B A S I C  F G F - T R E A T E D  C U L T U R E D  
C O R T I C A L  T Y P E  I A S T R O C Y T E S .  M . R .  Varia*. D.G. Schaar. C.F. 

D r e y f u s  a n d  I.B. Black. D e p a r t m e n t  of N e u r o s c i e n c e  &  Cell Biology, 

R W J  Medi c a l  S c h o o l / U M D N J ,  P i s cata way, N J  0 8 8 5 4  
O u r  previous efforts to define the m o l ecul ar basis of astrocyte 

function h a v e  s h o w n  that t reatment of cultured cortical ty p e  I astrocytes 
with basic fibroblast g r o w t h  factor ( b F G F ,  1 0  ng/ml) elicits specific 
c h a n g e s  in e x p r e s s i o n  of b o t h  k n o w n  a n d  nov el g e n e s .  T o  
characterize the profile of g e n e  regulation b y  b F G F ,  w e  u s e d  
differential display, a  highly-sensitive, rapid differential cloning 
t e c h n i q u e  (Liang a n d  P a r d e e ,  Sci e n c e ,  1 9 9 2 ,  2 5 7 : 9 6 7 - 9 7 1 ). T h i s  

m e t h o d  utilizes reverse transcription a n d  P C R  to amplify partial c D N A  
s e q u e n c e s  f r o m  s u b s e t s  of m R N A .  Display of c D N A  f r o m  bot h 4  a n d  2 4  
h o u r  b F G F - t r e a t e d  cortical astrocytes against controls r e v eale d that 
b F G F  elicited u n i q u e  patterns of g e n e  exp ress ion, w h i c h  w e r e  
regulated in a  t e m p o r a l  fashion. 1 2  of t h e s e  b F G F - i n d u c e d  b a n d s  w e r e  
isolated f r o m  the display, re-amplified b y  P C R  a n d  cloned. Preliminary 
slot blot analysis h a s  c o n f i r m e d  that 7  of t he 1 2  c l o n e s  are differentially 
e x p r e s s e d .  T h e  rem aini ng 5  s h o w e d  n o  signal. T h e s e  results are 
currently bei n g  c o n f i r m e d  b y  northern analysis. Partial s e q u e n c e  data  
h a s  s h o w n  that the identities of t h e s e  c l o n e s  fall into three g e n e r a l  
categories: 1 . k n o w n  g e n e s ,  including catalase a n d  c a r b o x y p e p t i d a s e  
A, 2. previously c l o n e d  g e n e s  with u n k n o w n  function; i.e., f r a g m e n t s  
that h a v e  b e e n  c l o n e d  as part of the h u m a n  g e n o m e  project a n d  3. 
novel g e n e s  exhibiting n o  h o m o l o g y  to a n y  entries in t he g e n e  b a n k .  
U s i n g  this a p p r o a c h ,  w e  h a v e  b e g u n  to define c D N A s ,  b o t h  nov el a n d  
k n o w n ,  w h i c h  are regulated b y  b F G F  in astrocytes. ( S u p p :  N I H  grant 
H D 2 3 3 1 5  a n d  Trop h i x  P h a r m ac euti cals, Inc.)
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T H E  A S T R O C Y T E  R E A C T I O N  T O  A  S I N G L E  D O S E  O F  
M E T H A M P H E T A M I N E  S P R E A D S  S L O W L Y  T H R O U G H  T H E  
S T R I A T U M .  W . G. M r A u liffe* D e p t . of Neuroscience a n d  Cell Biology, 
U M D N J - R W J M S ,  Piscataway, N J  08854.

Multiple doses (4x10 m g / k g )  of m e t h a m p h e t a m i n e  ( M A )  are k n o w n  to cause 

astrocytosis in the striatum of the m o u s e  an d  rat. This effect is thought to be 
secondary to the destruction of dopaminergic nerve terminals. T o  time the glial 
response an d  any subsequent cell division m o r e  precisely, a single 
intraperitoneal dose of M A ,  20 mg / k g ,  w a s  given to m a l e  C 5 7 B L / 6 J  mice.
After 2-6 days m ice w e r e  perfused with paraformaldehyde a n d  frozen sections 
of the striatum at the level of the anterior c o m m i s s u r e  w e r e  i m munostained  
with G F A P  or M A C - 1  to s h o w  astrocytes or microglia, respectively. S o m e  mice 
we r e  given bromodeoxyuridine ( B U D R )  30 minutes before sacrifice to label 
cells in S-phase of the cell cycle.

In the untreated m o u s e  f e w  GFAP-positive astrocytes are seen in the 
striatum an d  are associated with blood vessels or myelinated tracts. T w o  days 
after M A  G F A P  staining s h o w e d  m a n y  large astrocytes in the dorsal 1/2 to 1/2 of 
the striatum. F o u r  days after M A  this staining pattern h a d  spread over 1/4 of the 
striatum. Six days after M A  hypertrophied, GFAP-positive astrocytes w e r e  seen 
throughout the striatum. B y  comparison, the astrocytic response to various 
doses of the dopaminergic neurotoxicant M P T P  does not appear to spread but 
occurs uniformly throughout the caudate at the s a m e  survival times. Microglia 
in the striatum of the untreated m o u s e  s h o w  the ramified morphology, a small 
cell b o d y  with a few long, thin, branching processes. T w o  days after M A  
microglia in the dorsal portion of the striatum s h o w e d  the reactive morphology, 
a m u c h  larger cell b o d y  with m a n y  thick processes. H o w e v e r  this reaction did 
not spread as did the astrocytic reaction. Similarly, B U D R  incorporation 
appeared initially in the dorsal regions of the striatum but did not spread.
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E F F E C T S  O F  N E U R O T R O P H I C  F A C T O R S  O N  T H E  E X P R E S S I O N  O F  C E L L  
A D H E S I O N  M O L E C U L E S  B Y  C U L T U R E D  R A T  A S T R O C Y T E S .  J.L. Ridet*. J. R a y 
and F.H. G a g e. Laboratory of Genetics, Salk Institute, L a  Jolla C A  92037-1099

Astrocytes express various cell adhesion molecules ( C A M s )  and extracellular 
matrix components in vitro and in vivo. It has been previously s h o w n  in our 
laboratory that reactive astrocytes are permissive substrate for axonal regeneration 
in the presence of high levels of N G F  after grafting of N G F - producing fibroblasts. 
Nevertheless, the m o d e  of action of N G F  remains unclear. O u r  hypothesis is that 
N G F  could influence the expression of neuritic outgrowth-supporting molecules in 
astrocytes. In the present study, w e  investigated the ability of N G F  and other 
factors (bFGF, G D N F ,  NT-3, B D N F ,  E G F ,  IL-1) to modulate the expression of 
C A M s  in cultured astrocytes. Primary astrocytes were cultured from neonatal rat 
cerebral cortex. Neurotrophic factors ( N T )  were used at various concentrations 
(0.1-100 ng/ml) for 1-4 days. T o  evaluate the effects of these substances, different 
complementary approaches were used. Immunocytochemistry and Western blots, 
using specific antibodies against P S A - N C A M ,  NI L E ,  laminin and tenascin, were 
performed to examine expression of those proteins. In addition, m R N A s  were 
detected by P C R  and Northern blots. Preliminary immunocytochemical results 
suggested that N I L E  and P S A - N C A M  m a y  be regulated by N G F  in a dose- 
dependent manner. Immunoreactivity to laminin and tenascin d o  not appear to be 
significantly modified by a 2 days N G F  treatment (5-25 ng/ml). Experiments are 
currently underway to a) analyze the effect of a wider dose range of N T ,  b) study 
the effects of N T  at transcriptional levels, c) determine if these molecules could be 
secreted by astrocytes after N T  exposure. These results suggest that astrocytes 
could respond to diffusible factors by modulating their production of C A M s .  These 
in vitro data m a y  provide n e w  insights about the possible role of astrocytes in 
promoting and/or facilitating axonal regeneration in vivo after C N S  injury.

Supported by A F R T ,  D R E T  and NIH.
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A D E N O S I N E - I N D U C E D  R E L E A S E  O F  N I T R I C  O X I D E  F R O M  
C U L T U R E D  A S T R O C Y T E S  H. Richard Winn*. G. H. Rans o m .  K. A. 
Stanness and D. Janigro
Dept. of Neurosurgery, University of Washington, Seattle, W A  9 8104

In the C N S ,  N O  has been implicated in a wide spectrum of physiological and 
pathological functions, but the cellular origin and physiological triggers for N O  

release in the brain are still poorly understood. Since activation of neuronal and 
vascular purinergic receptors mimics s o m e  of the actions of N O ,  w e  measured 
N O  release from cultured rat brain astrocytes stimulated with the endogenous 
neurotransmitter adenosine ( A DO). N O  determination w a s  achieved by 
computer-aided, amperometric N O  measurements. Cells were cultured in the 
absence of endotoxin, an agent k n o w n  to cause expression of an inducible 
nitric oxide synthase e n z y m e  (NOS). A D O  (1-400 m M )  caused a dose- 
dependent increase of N O  release. T h e  max i m a l  N O  release (2.2±0.25 μM )  wa s  
obtained with 4 00 μM  A D O ;  the threshold concentration for A D O - i n d u c e d  N O  
release w a s  10 p M  corresponding to a 4 0  n M  N O  production. These effects 
were greatly reduced by the A D O  receptor blocker theophylline (50 p M ,  n=5), 
or A, receptor blockade b y  C P X  (10-100 μM). A D O - m e d i a t e d  release of N O  
w as also prevented b y  a > 1 0  min. exposure of the cells to the N O S  inhibitor L- 
N A  (0.1-1 m M ,  n=12). T h e  A, -specific receptor agonist C C P A  (20-100 n M )  
mimic k e d  the effects of adenosine. These results suggest that: 1) Cultured 
cortical astrocytes express a constitutive N O S ,  2) A D O  can trigger release of 
N O  from astrocytes through activation of A, receptors 3) In addition to its 
direct effects o n  vascular and neuronal cells, A D O  m a y  act by  a novel pathway 
dependent on N O  release from glia. Supported b y  N S  51614 and N S  21076.
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G L U C O C O R T I C O I D - G R O W T H  F A C T O R  I N T E R A C T I O N S  D U R I N G  
M A T U R A T I O N  A N D  D I F F E R E N T I A T I O N  O F  A S T R O G L I A L  C E L L  I N 

P R I M A R Y  C U L T U R E .  1B. Marchetti. 1F. Gallo. 1M.C. Morale. 1M .  Cioni*, 1Z. Farinella 
and 2R. Avola. Depts. of 1Pharmacol, and 2Biochemistry, University of Catania, Italy.
A  number of evidences point to reactive glia as a major factor influencing neuronal aging 

and glucocorticoid hormones are k n o w n  to exert a profound influence in the astroglial brain 
compartment. Autocrine/paracrine loop mechanisms are also responsible for growth factor 
(GFs) action during neuron-astroglial cell interactions. In particular, insulin-like growth 
factors (IGFs) and I G F  binding proteins are regulated developmentally in primary astroglial 
cells. In the present study w e  have followed the maturation and differentiation of astroglial 
cells in primary cultures and correlated the development of type II G R  gene expression with 
astroglial cell proliferation and fibrillary acid protein ( G F A P )  immunohistochentistry. 
Moreover, the effect of Dexamethasone (Dex, 10-12-10-7M )  and IGF-I (10 ng/ml) alone or 
in combination were tested at different time intervals during in vitro differentiation. Primary 
astroglial cell cultures, obtained from cerebral hemispheres of n e wborn rats were incubated 
at 37 ° C  in a humidified 5 %  C O 2  9 5 %  0 2 air atmosphere. At different "ages" (after 
different times in culture ranging from 7 to 16 days for "young" glia, and from 20 to 50 
days for "aged" glia), astroglial cells were treated with D e x  and IGF-I, either alone or in 
combination and glia morphology and proliferation, the expression of type II G R  were 
measured. Astroglial conditioned m e d i u m  ( A C M )  w a s  collected, centrifuged and stored at 
-80 CC  to test the effects on neuronal cells. T h e  present study shows that changes of 
astroglia m orphology over time from process-bearing to polygonal and flat shapes is 
correlated with a progressive increase in the expression of type II G R .  D e x  induces biphasic 
effects on glia morphology and proliferative capacity, according to both "age" of astroglia 
and hormonal concentration. Treatment with IGF-I alone sharply stimulated D N A  synthesis 
with a magnitude depending on the age of astroglia, while in the presence of glucocorticoid 
hormones, IGF-I counteracted Dex-induced inhibition of D N A  synthesis, supporting a 
prominent role of glucocorticoid hormones and G F s  in maintaining cellular homeostasis 

and growth regulation.
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U P R E G U L A T I O N  O F  C O M P L E M E N T  ( C 3 )  R E L E A S E  F R O M  N E O N A T A L  

G U I N E A  P I G  A S T R O C Y T E S  A N D  D 5 4 - M G ,  A  H U M A N  A S T R O G L I O M A ,  B Y  
D E X A M E T H A S O N E  A N D  T N F α. M .  P. L e u s c h e n * .  T.L. Z a c h .  a n d  W .  Li. 

University of N e b r a s k a  M e d i c a l  Center, O m a h a ,  N E .  6 8 1 9 8 - 1 2 0 5 .
Loc al regulation of C 3 ,  a  pivotal c o m p l e m e n t  protein, is "Important in neonatal 

animals w h e r e  it is the m a j o r  route available to fight infection. O u r  objective w a s  

to study h o w  astrocytes might regulate local C 3  release in C N S .  Glucocorticoids 
s u c h  a s  d e x a m e t h a s o n e ,  rise n o r m a lly or are prescribed antenatally, a n d  p a s s  the 

blood brain barrier while t u m o r  necrosis factor ( T N Fα) w h i c h  is k n o w n  to influence 

local C 3  release, Is p r o d u c e d  b y  astrocytes in r e s p o n s e  to specific challenges. 

S a n d w i c h  E L I S A  w a s  u s e d  to m e a s u r e  C 3  release in t w o  m o d e l s ,  primary 
neonatal g ui nea pig astrocytes cultured 14- 21 d  a n d  9 5 %  positive for glial fibrillar 

acidic protein ( G F A P ) ,  a s  well a s  the h u m a n  astroglioma, D 5 4 - M G .  Constitutive 
C 3  r e l e a s e  o v e r  3  d  o c c u r s  in both m o d e l s  but is lo w  ( < 1 0  ng). C 3  release in 
g u i n e a  pig astrocytes a n d  h u m a n  D 5 4 - M G  cells inc reas es with e x p o s u r e  to the 
glucocorticoids, d e x a m e t h a s o n e  or hydrocortisone, in a  d o s e  d e p e n d e n t  m a n n e r  

with e x p o s u r e  to ≥ 1 0 -8 M  c a u s i n g  a  significant increase in bot h (p<0.001). A  

greater increase in C 3  release o v e r  3  d  o c c u r s  w h e n  either astrocyte m o d e l  is 
e x p o s e d  to T N F α at > 1 0  ng. (p<0.001). T u m o r  g r o w t h  factor ( T G F β 1), o n  the 

other h a n d ,  d o e s  not increase C 3  release a n d  w h e n  g iv en in conjunction with 

T N F α blocks or d e c r e a s e s  the e x p e c t e d  r e s p o n s e  at a  d o s e  a n  order of 

m a g n i t u d e  lo w e r  t h a n  the T N F α E x p o s u r e  to d e x a m e t h a s o n e  prior to or with 
e x p o s u r e  to T N F α in c reas es C 3  release a b o v e  the level predicted w h e n  either 
is a d d e d  atone. In a n  initial atte m p t  to eva luat e potential m e c h a n i s m s ,  cyclic 

nuc leot ides w e r e  studied. W h i l e  0 . 5 m M  d b C A M P  a t o n e  d o e s  not effect C 3  
release, w h e n  it is a d d e d  with T N F α, C 3  release inc r e a s e s  significantly a b o v e  
the level with T N F α alone. Astrocytes m a y  play a n  important role in regulation of 

C 3  in the C N S  but several m e c h a n i s m s  m a y  b e  involved.
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M O D U L A T I O N  O F  A S T R O C Y T E  P R O L I F E R A T I O N  B Y  N - C A M :  L.A. K rushel*†§. 
O .  S p o r n s†, B.A. C u n n i n g h a m §. K.L. Crossin†§ a n d  G . M .  E d e l m a n†§ †T h e  
Ne u r o s c i e n c e s  Institute, La Jolla, C A  9 2 0 3 7 ;  †De p a r t m e n t  of Ne u robi olog y, T h e  

Scripps Research Institute, La Jolla, C A  9 2 0 3 7 .
Astrocyte proliferation occurs during d e v e l o p m e n t  a n d  following a lesion in 

the central nerv o u s  system. It has b e e n  reported that glial cell proliferation c a n  

b e  m o d u l a t e d  b y  a neuronal signal, possibly involving cell surface molecules. 

W e  h a v e  recently s h o w n  (Sporns et al. 199 5 ,  P N A S  9 2: 542) that the addition of 

purified neural cell a d h e s i o n  m o l e c u l e  ( N - C A M )  to p r i m a r y  cultures of rat 

forebrain astrocytes inhibits their g r o w t h  factor stimulated proliferation. Synthetic 

peptides with s e q u e n c e s  identical to a putative h o m o p h i l i c  binding region of N-  

C A M  m i m i c k e d  the effect of purified N - C A M ,  wh i l e  peptides of the s a m e  length 

a n d  a m i n o  acid c o m p o s i t i o n  but with a r a n d o m i z e d  s e q u e n c e  did not. 

Polyclonal antibodies to N - C A M  or their Fab' fragments also elicited a similar 

inhibitory effect. W e  n o w  report that the addition of N - C A M ,  the 3rd 

i m m u n og lobu lin-l ike (Ig) d o m a i n  of N - C A M ,  or a synthetic N - C A M  dec a p e p t i d e  

derived f r o m  the 3rd Ig d o m a i n  partially inhibits astrocyte proliferation following 

a stab lesion in the adult rat brain. A n i m a l s  w e r e  lesioned in the forebrain with 

a H a m i l t o n  syringe a n d  n e e d l e  at defined stereotaxic positions. O n  o n e  side, the 

lesions w e r e  c o n c omi tant ly infused wit h N - C A M ,  or wit h o n e  of the N - C A M  

related molecules. A s  a control, the r a n d o m  N - C A M  d e c a p e p t i d e  w a s  infused 

o n  the contralateral side. W e  consistently f o u n d  that the population of dividing 

astrocytes w a s  significantly smaller o n  the side in w h i c h  N - C A M  or o n e  of the 

N - C A M  related m o l e c u l e s  w a s  infused than o n  the opposite side. T h e  c o m b i n e d  

results suggest that N - C A M  h o m o p h i l i c  binding m a y  b e  involved in the control 

of glial cell proliferation.
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D E V E L O P M E N T A L L Y  R E G U L A T E D  T R A N S C R I P T S  
I N  T H E  E M B R Y O N I C  R A T  C E R E B R A L  C O R T E X  
D E T E C T E D  B Y  m R N A  D I F F E R E N T I A L  D I S P L A Y .  R .
S m i g r o d z k i .  A.F. P i m e n t a *  a n d  P. Levitt. D e p a r t m e n t  of 
N e u r o s c i e n c e  a n d  Cell Biology, U M D N J - R o b e r t  W o o d  J o h n s o n  
M e d i c a l  School, 6 7 5  H o e s  L a n e , P i s c a t a w a y ,  N J  0 8 8 5 4 .

T h e  m e t h o d  of  R N A  differential display has b e e n  u s e d  to identify 
g e n e s  temporally a n d  spatially regulated during the d e v e l o p m e n t  of 
the rat cerebral cortex. Total R N A  w a s  isolated f r o m  p r e s u m p t i v e  
s e nsorimotor a n d  perirhinal cortical areas of e m b r y o n i c  d a y  (E) 12, 
E 1 5 ,  a n d  E  18 rats a n d  u s e d  for m R N A  differential display. W e  h a v e  
obtained 8 5  b a n d s  that s h o w  a variety of temporal a n d  spatial 
patterns of  expression, a n d  several o f  t h e m  h a v e  b e e n  cl on e d  a n d  
sequenced. T h e  temporally regulated transcripts fall into t w o  classes: 
those ex pr e s s ed  only in early e m b r y o n i c  cortex ( E l 2  in both areas, 
E 1 5  in S M  cortex o nly a n d  absent at E  18) a n d  those e x p r e s s e d  late 
(absent at E l 2, appearing at E 1 5  in P R  cortex o nly a n d  E 1 8  in both 
areas). K n o w n  g e n e s  (for e x a m p l e ,  cholecystokinin) as well as n e w  
s e q u e n c e s  h a v e  b e e n  identified a m o n g  the clones already analyzed. 
Further characterization a n d  verification of the differential patterns of 
expression are being p e r f o r m e d  b y  N o r t h e r n  analysis a n d  in situ 
hybridization. S u p p o r t e d  b y  F o g a r t y  F e l l o w s h i p  T W 0 5 1 4 1  ( R S )  
a n d  M H 4 5 5 0 7  (PL).
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D I S T I N C T  P A T T E R N S  O F  E G F  R E C E P T O R  A N D  C O L L A G E N  
T Y P E  I V  E X P R E S S I O N  I N  T H E  E M B R Y O N I C  
T E L E N C E P H A L O N  O F  T H E  R A T  K.L. Eagleson*1. R.T. Ferri 2 and P . 
Levitt1. 1De p t . of Neurosci. and Cell Biol., Robert W o o d  Johnson Medical 
S c h o o l - U M D N J ,  Piscataway, N.J. 08854, and 2Dept. Anat. and Neurobiol.,
M C P ,  Philadelphia, Pa. 19129.
T h e  c o m m i t m e n t  by neuronal precursors to specific regional phenotypes in the 

cerebral cortex begins early in development, and appears to involve, in part, 
interactions that occur in the ventricular zone. W e  previously identified an 
interaction between collagen type IV and the epidermal growth factor receptor 
(EGFr) signaling system that influences the differentiation of neuronal progenitors 
in vitro. W e  m a p p e d  the distribution of collagen type I V  and E G F r  in the 
embryonic telencephalon as a first step in demonstrating a potential role for this 
signaling system in vivo. At El1, both proteins are present throughout the 
ventricular zone (VZ) of the cerebral wall. T h e  most intense immunoreactivity is 
associated with cells undergoing mitosis at the ventricular surface. At E14, cells 
within the V Z  co-express both proteins, although the intensity of staining is 
reduced. T h e  cells comprising the emerging subventricular zone ( S V Z )  are the 
most intensely immunoreactive for EGFr; however, little collagen type IV is 
observed in this zone. In contrast, postmitotic neurons in the preplate are not 
EGFr-positive, although collagen type IV  is detected in this region. At E l 9, the 
most intense E G F r  immunoreactivity is still associated with the cells of the S V Z .  
In contrast, the intermediate zone, comprised of migrating cortical neurons, is 
negative for both proteins. Interestingly, neurons that have settled in the cortical 
plate are again immunoreactive for EGFr. There is little collagen type I V  staining 
in the cortical plate and intermediate zone, but dense immunoreactivity is observed 
in the subplate and marginal zone. Co-expression is evident at birth in the rostral 
extension of the S V Z ,  the pathway of migrating cells leading to the olfactory 
bulb. D y n a m i c  changes in both E G F r  and collagen type IV expression patterns 
m a y  reflect their role in regulating precursor and neuronal development. Supported 
by M H 4 5 5 0 7 .
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I M M U N O L O C A L I Z A T I O N  O F  T H E  a 8  I N T E G R I N  S U B U N I T  IN T H E  A D U L T  
R A T  B R A I N .  S. E i n h e b e r 1*, L. M .  S c h n a p p 3, Z. B. Cappiello4, J. L. S a l z e r 12 
a n d  T. A. Milner4. Depts. of 1Cell Biology a n d  2Neur o l o g y ,  N e w  Y o r k  Univ. 

S c h o o l  of M ed . ,  N e w  York, N Y  1 0 0 1 6 ,  3L u n g  Biology Center, D e p t . of Me d . , 
U C S F ,  S a n  Francisco, C A  94143., 4Dept. of N e u r o l o g y  a n d  N e u r o s c i e n c e ,  
Cornell Univ. M e d .  Coll., N e w  York, N Y  1 0 0 2 1 .

N e u r o n s  a n d  glia e x p r e s s  several families of cell a d h e s i o n  m o l e c u l e s  that 
m e d i a t e  cell-cell a n d  cell-extracellular matrix ( E C M )  interactions. Integrins, a  
family of h eterodimeric cell s ur face receptors that a r e  c o m p o s e d  of different 
c o m b i n a t i o n s  of α a n d  β subunits, m e d i a t e  both t y p e s  of interactions. Little is 
k n o w n  a b o u t  the distribution of integrins a n d  their ligands in the adult brain, 
w h e r e  relatively l o w  levels of E C M  proteins are e x p r e s s e d .  O n e  integrin 
subunit, α8, is e x p r e s s e d  b y  n e u r o n s  in the central n e r v o u s  s y s t e m  of the 
d e v elop ing chick, associates exclusively with β1 ( B o s s y  et al., E M B O  
J. 1 0 : 2 3 7 5 - 2 3 8 5 ,  1991; S c h n a p p  et al., J Cell Sci. 1 0 8 . 5 3 7 - 5 4 4 ,  1 9 9 5 )  a n d  
functions a s  a  vitronectin/fibronectin receptor ( S c h n a p p  et al., in press). In this 
study w e  h a v e  d e t e r m i n e d  the cellular distribution of α8 in the adult rat brain 
using a n  affinity purified polyclonal antibody directed against t he cytop l a s m i c 
d o m a i n  of the h u m a n  α8 subunit. W e  d e t e c t e d  the m o s t  intense levels of α8 
immunoreactivity in dendrites a n d  cell b o d i e s  of pyra m i d a l  n e u r o n s  of t he C A 3  
region of the h i p p o c a m p u s ,  hilar interneurons in the d e n t a t e  g y r u s  a n d  n e u r o n s  
of the substantia nigra, olfactory bulb, olivary c o m p l e x  a n d  i n d u s e u m  griseum. 
α8-labeling w a s  also det e c t e d  at m o d e r a t e  levels in n e u r o n s  of the p y r amid al 
cell layer of the C A 1  region of the h i p p o c a m p u s ,  cortical layers 5 a n d  6, 
superior colliculus, ventral t e g m e n t a l  a r e a  a n d  dorsal m o t o r  n u c l e u s  of vag us. 
In general, α8 immunoreactivity w a s  not d e t e c t e d  in o l i g o de ndro cytes or 
astrocytes. H o w e v e r ,  glial-like cells w e r e  lightly stained in s o m e  cranial nerves. 
T h e s e  results provide a  foundation for future studies o n  the role of α8β1 in 
mediating cell-cell o r  c e l l - E C M  interactions in the m a m m a l i a n  brain. S u p p o r t e d  
by  H L 1 8 9 7 4 ,  M H 4 2 8 3 4  a n d  N S 2 6 0 0 1 .
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E X P R E S S I O N  P A T T E R N  O F  T H E  T R K B  N E U R O T R O P H I N  R E C E P T O R  
D U R I N G  M U R I N E  N E O C O R T I C A L  D E V E L O P M E N T .  B. Miller*. T. A  
Woolsey. Washington University School of Medicine, D e p t . of Neurology and 
Neurological Surgery, St. Louis, M O  63110.

Neurotrophins play an important role in the development of the nervous 
system. W e  examined the expression of the trkB receptor for neurotrophins 
B D N F  and NT-4/5 in developing m o u s e  neocortex. A n  affinity-purified 
polyclonal antibody to the full-length form of trkB (sc-12, Santa Cruz Biotech.) 
w as used to immunolabel embryonic and postnatal m o u s e  brain (E11-P21). T h e  
trkB receptor is throughout the thickness of the developing neocortex in 
neocortical areas. trkB immunolabel is dense in the forming preplate zone 
(PPZ) as early as Ell, with low levels in the ventricular zone. Cortical plate 
cells aggregating in the P P Z  at E 12 are also trkB positive. Horizontal fibers are 
clearly labeled in the intermediate zone (IZ) and subplate (SP), and in the 
forming internal capsule, consistent with thalamic afferent and cortical efferent 
fiber expression of the trkB receptor. There is also dense label in the marginal 
zone. A s  the cortex continues to develop prenatally, trkB is in all layers, and is 
especially prominent on the fibers in the IZ and SP. T h e  intensity of the trkB 
immunolabel declines in the postnatal period but persists in all layers of the 
cortex and in the white matter. T h e  pattern of trkB receptor expression in the 
neocortex is the s a m e  in all regions examined, and does not differ between 
functional or cytoarchitectonic domains. T h e  ubiquitous regional and laminar 
expression of the trkB receptor suggests that it could provide a general 
neurotrophic function for cells in the developing cortex. T h e  presence of the trkB 
receptor on cortical and thalamic axons from the earliest stages of development 
to postnatal ages, suggests that trkB agonists m a y  contribute to the 
establishment and maintenance of connections of these cell populations. 
Supported by N I H  grant N S  17763, the M c D o n n e l l  Center for Studies of Higher 
Brain Function, and the Spastic Paralysis Foundation of the Illinois Eastem- 
lowa District of the Kiwanis International.
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P A T T E R N S  O F  G E N E  E X P R E S S I O N  A N D  P R O M O T E R  
I S O L A T I O N  O F  T H E  L I M B I C  S Y S T E M - A S S O C I A T E D  
M E M B R A N E  P R O T E I N  ( L A M P )  I N  R A T .  A.F. Pimenta. B. Reinoso*.
B. Peng. G. Haskell. I. Fischer and P. Levitt. Dept. Neuroscience and Cell 

Biology, U M D N J - R o b e r t  W o o d  Johnson M e d .  Sch., Piscataway, N J  08854; 
Dept. A n a t o m y  and Neurobiology, M e d .  Coll. of PA, Philadelphia, P A  19129.

T h e  recent cloning of L A M P  reveals a n e w  m e m b e r  of the immunoglobulin 
superfamily, with 3 Ig domains and a G P I  anchor, that is highly conserved in rat 
and human. L A M P  selectively promotes neurite outgrowth of L A M P +  neurons 
as result of homophilic interactions. In rat, l a m p  transcripts are detected by in 
situ hybridization periventricularly in the diencephalon at E 1 3  and at El  5-16, in 
presumptive limbic cortex and basal forebrain. A s  neuronal migration is 
completed, l a m p  expression in medial limbic areas of the thalamus and 
hypothalamus b e c o m e  apparent. In the adult, very dense expression of l amp 
transcripts is seen in limbic cortices, amygdala and both limbic and s o m e  sensory 
thalamic neurons. T h e  expression of l a m p  transcripts in most limbic areas during 
development suggests that l a m p  is regulated in a cell-specific (neuronal x n o n -
neuronal) as well as neuronal type-specific (limbic x non-limbic) manner. In 
order to identify regulatory elements underlying the specificity of lamp 
expression, w e  are characterizing l amp promoter regions. Rat la m p  c D N A  probes 
were used to screen a 129/ReJ m o u s e  genomic library. F r o m  a positive plaque, a 
Pstl/Hindlll restriction fragment (l,851bp) w a s  isolated. This fragment includes 
E x o n  I, which is interrupted b y  a large first intron splitting the first L A M P  Ig 
domain. A  consensus T A T A  sequence is located upstream of an initiation of 
transcription site; consensus regulatory element sequences are present in the 5’ 
region as well as in the first intron. T h e  isolated upstream region of the l amp 
gene (864 bp), fused to a promoterless gene for C A T ,  exhibited general promoter 
activity. Further upstream sequences are being isolated to identify elements 
involved in the specificity of lamp expression. Supported by M H 4 5 5 0 7 .
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N A D P H - D I A P H O R A S E  A C T I V I T Y  IN T H E  D E V E L O P I N G  
C O R T I C A L  P L A T E  P R I O R  T O  A F F E R E N T  I N N E R V A T I O N .
J.P. Hewitt* a n d  R.S. E r z u r u m l u . Dept. A n a t o m y  a n d  N e u r o s c i e n c e  C e n t e r  

of Excellence, L S U  M e d .  Ctr., N e w  Orleans, L A  7 0 1 1 2
N A D P H - d  is a  reliable m a r k e r  for n e u r o n a l  a n d  endothelial nitric oxide 

s y n t h a s e  ( N O S ) ,  a n  e n z y m e  essential for the synthesis of nitric oxide (NO). 
N u m e r o u s  studies h a v e  attributed a  k e y  role for N O  in a  variety of cellular 
p r o c e s s e s  a n d  m o s t  notably in activity-dependent r e f i n e m e n t  of synaptic 
connections. In the d e v e l o p i n g  rat n e o c o r t e x  N A D P H - d  activity h a s  b e e n  
correlated with postnatal laminar differentiation a n d  possibly with the 
e s t abli shme nt of cortical connectivity ( Y a n  et al., D B R ,  94). T o  test the 
h y p o t h e s i s  that N O  in the d e v e l o p i n g  n e o c o r t e x  m a y  b e  important in 
synaptic connectivity w e  h a v e  e x a m i n e d  N O S  e x p r e s s i o n  in the perinatal 
rat n e o c o r t e x  bef ore a n d  during cortical s y n a p t o g e n e s i s .

His toch emic al staining for N A D P H - d  r e v eale d that N O S  is pres e n t  in the 
deve l o p i n g  cortical m a n t l e  a s  early a s  e m b r y o n i c  d a y  15, at a  tim e w h e n  n o  
extrinsic afferents to the n e o c o r t e x  h a v e  arrived a n d  well bef ore the o n s e t  
of s y n a p t o g e n e s i s  ( E r z u r u m l u  a n d  Jhaveri, 1 9 9 2 ;  B l u e  a n d  Parnavelas, 
1983). F u r t h e r m o r e  N A D P H - d  h is tochemistry delineates the d e v e l o p i n g  
cortical plate at its inception o n  E 1 5 .  2 4  h o u r s  later C P  is well defined a s  a 
cell d e n s e  b a n d  intensely staining for N A D P H - d .  A t  this s t a g e  the white 
mat ter ( W M )  b e l o w  the C P  is N A D P H - d  neg ativ e a n d  the intermediate z o n e  
b e l o w  W M  s h o w s  diffuse staining. B y  E 1 8  the s u b p l a t e ( S P )  h a s  s e p a r a t e d  
f r o m  the C P  a n d  lies b e n e a t h  it a s  a  thin, lightly N A D P H - d  positive b a n d  of 
cells. At the time of birth ( E 2 2 = P 0 )  C P  p r o p e r  is still d e n s e l y  stained but the 
n o w  a p p a r e n t  layer V  is light a n d  layers VI a n d  V l b  ( S P )  are e n z y m e  positive. 
N O S  e x p r e s s i o n  in the C P  prior to s y n a p t o g e n e s i s  s u g g e s t s  that N O  m a y  
play a  role in cellular m e c h a n i s m s  other t h a n  synaptic refinement, s u c h  a s  
cell migration and / o r  differentiation. ( S u p p o r t e d  b y  N.I.H. N S 3 2 1 9 5 )
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C H A N G E S  I N  T H E  P A T T E R N  O F  N E U R O F I L A M E N T  P R O T E I N  
I M M U N O R E A C T I V I T Y  D U R I N G  D E V E L O P M E N T  O F  R A T  S E N S O R Y  

C O R T E X .  T. M .  A m o s *  and S. H. C. Hendry . Krieger Mind/Brain Institute, 

Johns Hopkins University, Baltimore, M D  2 1 2 1 8  
Neurofilaments arc compo s e d  of a protein triplet, designated low (NF-L), 

m e d i u m  ( N F - M )  and high (NF-H) molecular weight subunits. These proteins arc 

involved in the establishment and maintenance of neuronal morphology, 
particularly of axons. Monoclonal antibodies to N F - M  ( R M O - 4 4 )  and a 
phosphorylation-dependent epitope of N F - H  (SMI-31) were used to study the 
development of sensory areas in rat cerebral cortex. A t  P 6  intense 
immunoreactivity for N F - M  and N F - H  demarcates each of the primary sensory 
areas. In somatosensory cortex, immunostaining reveals a complete body map, 
with focal patches of immunoreactivity corresponding to the central core of the 
barrel hollows in layer IV of the posteromedial barrel subfield. These patches 
extend deep to layer IV, through layers V  and VI. In contrast, above layer IV, 
immunostaining is confined to regions that overlie the barrel septa. T h e  barrel 
pattern begins at PI, with elongated bands of immunostaining in layer IV; it 
becomes patchy in layer IV by P 3  as immunostained fibers c o m e  to occupy the 

barrel hollows. B y  P6, additional immunostaining of supragranular septa appears. 
This pattern continues into the third postnatal week, in each case with 
immunostaining of processes that resemble axons and bundles of dendrites. B y  the 
end of the third w e e k  and persisting into adulthood, immunostaining for both N F -  
M  and N F - H  occupies the barrel septa in layer I V  as processes in the barrel 
hollows lose their immunoreactivity. T h e  pattern of immunoreactivity suggests 
that during the first t wo postnatal weeks, N F - M  and N F - H  are expressed by 
thalamocortical axons in primary sensory areas of rat cortex but that b y  the end of 
the third w e e k  a second group of processes, perhaps of intrinsic origin, b e c o m e  the 
dominant immunostained elements. Supported b y  N I H  Grant N S  30109.
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E A R L Y  E X P R E S S I O N  O F  G A B A  P O S I T I V E  C E L L S  I N  T H E  H U M A N  
C E R E B R A L  C O R T E X  N.Zecevic* and A.Milosevic. University of 

Connecticut Health Center, Farmington, C T  0 6 0 3 0  and Institute for 

Biological Research, Belgrade 11000, Yugoslavia.

G A B A  is k n o w n  mainly as a major inhibitory neurotransmitter in the 

brain, but it also has a neurotrophic role during d e v e lopment of the C N S .  W e  

studied the early expression of this c o m p o u n d  in the telencephalic wall of 8-9 

gestational w e e k s  h u m a n  fetuses using i m m u n o c y t o c h e m i c a l  methods. Anti- 
G A B A  antibody raised in guinea pig w a s  applied to 14 μm  thick cryostat 

sections. Immunoreactive cells w e r e  observed ab ov e  and b e lo w  the cortical 

plate, in the future layer I and in the subplate zone. Reaction w a s  uniformly 
distributed over the caudo-rostral extent of the telencephalic wall. N u m e r o u s  

uni- and bipolar G A B A  positive cells of similar size w e r e  found in both 

locations. Often a single process w o u l d  run parallel to the pia for a distance 

of several tens of microns. N o  G A B A  positive cells w e r e  observed in the 
ventricular zone, in contrast to findings at later developmental stages (Y a n  et 

al., 1992). Thus, very early in development, w h e n  the cortical plate is only 
a few cells thick and the subplate zone is emerging, G A B A  positive neurons 

are already differentially distributed in t w o  synaptically active zones of the 
cortical anlage. T h e s e  results suggest that G A B A  positive neurons could 

influence the earliest synaptic contacts with incoming afferents and thus affect 
further development of the neocortex.
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α2C 1 0  A D R E N E R G I C  R E C E P T O R S  I N  T H E  F E T A L  P R I M A T E  C E R E B R A L  
W A L L .  F. W a n g *  and M.S. Lidow Section of  Neurobiology, Yale University School 

of Medicine, N e w  Haven, C T  06510.
Our previous receptor autoradiographic studies s h owed that a 2  adrenergic receptors 

are abundant in die fetal ma c a q u e  m o n k e y  cerebral wall (L o d o w  and Rakic, J  Neurosci., 
1994; 14: 4064-4078). In the present study, w e  used non-radioactive in situ 
hybridization and immunohistochemistry with double-labeling for cell type-specific 
markers to identify the cellular elements of the m o n k e y  fetal cerebral wall which 
express the major subtype of the a 2  receptor class, a 2 C 1 0 .  A t  the three embryonic 

ages examined, E70, E 9 0  and E120, a 2 C 1 0  receptors were expressed throughout the 
embryonic cerebral wall. For example, in the proliferative zones, a 2 C 1 0  receptors 
were seen in most cells, s o m e  of which also expressed a proliferation-associated 
antigen, K.i-67, suggesting that the receptors are present in dividing cells. In 
addition, α2C 10 receptors were seen in the migrating neurons in the intermediate 
zone which are characterized by a spindle-like shape and columnar arrangement. 
α2C10 receptors were also expressed in abundance by the mature (MAP2-positive) 
neurons of the marginal and subplate zones and in the cortical plate. Moreover, the 
pattern of the α2C 10 expression in the cortical plate closely resembled that of the 
M A P 2  immunostaining. In the marginal zone, α2 C 1 0  receptors were present in the 
Cajal-Retzius neurons. α2 C 1 0  receptors were also seen in the GFAP-positive glial 
cells of the cerebral wall, although the level of expression w a s  lower than in neurons. 
Finally, in order to deter m ine the source for adrenergic receptors in the embryonic 
cerebral wall, w e  used antisera against dopamine β-hydroxylase to visualize 
noradrenergic innervation. A s  early as E70, w e  found multiple noradrenergic fibers 
concentrated in the marginal and intermediate zones of the fetal cerebral wall. Based 
on these observations and the available data on the α2 C 10 signal transduction 
pathways, w e  propose that these receptors are involved in regulating the generation, 
migration and maturation of cerebral cortical cells in primates.
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D E V E L O P M E N T A L  E X P R E S S I O N  O F  G A B A a  R E C E P T O R  
S U B U N I T S  IN M O U S E  S O M A T O S E N S O R Y  B A R R E L  C O R T E X .P. Golshani . H, Truong. & E.G. Jones*. D e p t . of A n a t o m y  and 
Neurobiology, Univ. California Irvine, Irvine, C A  92717.

In situ hybridization and i m m u n ocytochemical techniques were 
used to study the distribution of G A B A a  receptor subunit m R N A s  and 
translated polypeptides in m o u s e  somatosensory barrel cortex 
throughout post-natal development. T h e  following subunit m R N A s  
were localized by in situ hybridization of c R N A  probes: al, a2, a3, a4, 
α5, β1, β2, and γ2. Throughout post-natal development, αl and y 2  were 
expressed at highest levels, β2 next, and the others only weakly . 
Immunostaining of the neuropil in the hollows of the barrels w a s  first 
observed at post-natal day 5 and remained prominent in early and late 
neonates and adult mice. There w a s  no staining in the septa between the 
barrels nor in the cell bodies inside the hollows of the barrels. R e m o v a l  
of one r o w  of whiskers in the first 12 days of post-natal life led to no 
change in the distribution or expression levels of the β2/β3 subunit of the 
G A B A a  receptor in the barrels corresponding to the r e m o v e d  whiskers. 
This indicates that the level of expression of the β2/β3 subunit does not 
fluctuate with changes in sensory input and that changes in the level of 
expression of the β2/β3 subunit are not involved in receptor Field 
plasticity of m o u s e  somatosensory cortex.

Supported by N I H  grant N S 2 1377
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E A R L Y  A P P E A R A N C E  A N D  G E N E R A T I O N  O F  A  P R O M I N E N T  P O P U L A T I O N  

O F  G A D 6 7 - C O N T A I N I N G  N E U R O N S  I N  T H E  D E V E L O P I N G  R A T  

H I P P O C A M P A L  F O R M A T I O N .  S.T. D u p u y *  and C.R. Houser. De p t . of A n a t o m y  and 

Cell Biology, UCLA, Los Angeles, C A  90095.

Prenatal development studies of GAD67-containing neurons within the rat hippocampal 

formation using immunohistochemical methods have revealed a prominent population of 

GAD67-labeled neurons within the dentate gyrus and hippocampus at embryonic day 

(E)20. Within the dentate gyrus, GAD-containing neurons occupied positions throughout 

the marginal zone (future molecular layer), although m a n y  of the labeled neurons within 

this region were concentrated slightly above the outer border of the developing granule 

cell layer. Similarly, in the hippocampus, m a n y  GAD67-containing neurons w ere located 

within the marginal zone (future strata radiatum and lacunosum-moleculare). T h e  high 

concentration of these early GAD-containing neurons within the marginal zone differed 

from the m o r e  diffuse adult distribution of GAD-labeled neurons in the corresponding 

regions. T o  determine the time of origin of this prominent E20 population, birthdating 

studies of neurons labeled with bromodeoxyuridine from E10-E14 w ere performed in 

combination with immunohistochemistry for G A D 6 7 .  T h e  double-labeling studies not 

only revealed GAD-containing neurons in the hippocampal and dentate marginal zones 

with birthdates at E14, the time of origin of m a n y  G A B A  neurons in the mature 

hippocampal formation, but also demonstrated GAD-labeled neurons with birthdates as 

early as E11-E13. These early birthdates correspond closely to those of the early b o m  

neocortical marginal zone neurons. D u e  to their position, birthdates, and early 

appearance, these GAD67-containing neurons could play a key role in the formation of 

the correct circuitry and cytoarchitecture of the hippocampal formation.
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E X P R E S S I O N  O F  D 1  A N D  D 5  D O P A M I N E  R E C E P T O R S  IN  T H E  F E T A L  
M O N K E Y  C E R E B R A L  W A L L  A S  R E V E A L E D  B Y  S U B T Y P E - S P E C I F I C  
A N T I B O D I E S .  R.L. H o w a r d * 1. F. W a n g 1, C. Bergson2, and M.S. L i d o w 1 Sect. o f  

Neurobiology, Yale University School o f  Medicine, N e w  Haven, C T  0 6 5 10 1; Dept. 
of Pharmacology, Pennsylvania State College of  Medicine, Hershey, P A  170332.

T h e  cortical dopaminergic circuitry plays an important role in the function of the 
primate cerebral cortex. Accumulating data suggest that disturbances in the 
development of this system m a y  result in psychiatric and psychological disorders. 

Therefore, w e  have initiated the study of the ontogeny of the dopaminergic system 
in the primate cerebral cortex b y  first analyzing the development of cortical 
dopamine receptors. Here w e  report the distribution of D 1  and D 5  receptor subtypes 
in the embryonic cerebral wall of rhesus m o n k e y s  (Maca c a  mulatto). W e  examined 
fetal brains at gestational ages E70, E90, and E l 20 using t w o  newly developed 
affinity-purified antibodies directed against the C-termini of the D 1  and D 5  
dopamine receptors. T h e  specificity of binding w a s  checked by  preadsorption of 
tissue sections with the fusion proteins against w hich the antibodies were raised. 
W e  found both D 1  and D 5  dopamine receptors in the neuropil of the marginal zone. 
In addition, D5, but not Dl, receptors were expressed b y  the Cajal-Retzius cells of 
this zone. Both receptors were present in the majority of neurons in the cortical 
plate as well as in a variety of the interstitial neurons of the subplate and 
intermediate zones. A t  E 7 0  and E 9 0  both dopamine receptors were expressed by 
m a n y  cells of the transient subventricular and ventricular proliferative zones. In 
addition, high levels of D l  receptors were found in the endothelial cells of the blood 
vessels penetrating the embryonic cerebral walls. In contrast, w e  detected no 
expression of D 5  receptor protein in endothelial cells. O u r  results demonstrate that 
D l  and D 5  receptor proteins are found throughout the cerebral wall of the fetal 
m a c a q u e  monkey. Such a wide distribution suggests that these receptors m a y  play 
an important role in cerebral cortical development.
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A  D E V E L O P M E N T A L  A N A L Y S I S  O F  5 H T  A N D  T H  I M M U N O R E A C T I V E  
V A R I C O S I T I E S  (IR V ) IN R A T  M E D I A L  P R E F R O N T A L  C O R T E X  ( m P F C x )  
J.B. Taylor* a n d  F.M. B e n e s . Lab. for Structural N e u r o s c i e n c e ,  M c L e a n  
Hospital, Be l m o n t ,  M A ;  D e p t . of Psychiatry, H a r v a r d  M e d i c a l  School, Boston, 
M A .

R e c e n t  investigations h a v e  s h o w n  a  c o n v e r g e n c e  of m o n o a m i n e r g i c  
fibers on t o  both pyr amid al a n d  n o n p y r a m i d a l  cell b o d i e s  in rat cortex. T h e  
current study w a s  u n d e r t a k e n  to d e t e r m i n e  the postnatal ti m e  c o u r s e  for 
ingrowth of 5 H T -  a n d  T H - I R V fibers in rat m P F C x .  C D  rats ( N  =  20) w e r e  
sacrificed b e t w e e n  postnatal ( P N )  d a y  6  a n d  63, serial sections of m P F C x  
w e r e  p r o c e s s e d  for either 5 H T -  o r  T H - I R  a n d  w e r e  then counterstained with 
cresyl violet. Light mi c r o s c o p i c  a n a l y s e s  indicated that the p e r c e n t a g e  of 
cell bod i e s  in contact with either fiber typ e incr e a s e d  sharply during the first 
three P N  w e e k s ,  but p l a t e a u e d  thereafter, while the density o b s e r v e d  o n  
individual cell bod i e s  s h o w e d  a  curvilinear rise during P N  w k s  3-6 for both 
5 H T -  (p =  0 . 0 0 6  a n d  p =  0.03) a n d  T H -  (p =  0 . 0 0 0 1  a n d  p  =  0. 0 0 0 8 )  IRV in 
layers II a n d  VI, respectively. F o r  5 H T - I R V , the density of varicosities o n  cell 
bod i e s  in layers II a n d  VI s h o w e d  a n  incremental increase b e t w e e n  P N 2 0  
a n d  P N 2 1 - 3 0 ,  while a m o r e  gradual rise in the neuropil of both l a m i n a e  
c o n tinu ed until P N 3 1 - 4 0 .  F o r  T H - I R V , a  gra dual increase of density o n  cell 
bod i e s  oc c u r r e d  in layer VI until P N 4 1 - 5 0 ;  in layer II, a  plateau w a s  attained 
b y  P N 2 1 - 3 0  W h e n  t h e s e  patterns w e r e  c o m p a r e d  b e t w e e n  the t w o  fiber 
types, both 5 H T -  a n d  T H - I R V in apposition with cell b o d i e s  in layer VI 
s h o w e d  a  gradual increase until P N 4 1 - 5 0 ,  while in layer II, bot h s h o w e d  a 
s h a r p  rise b e t w e e n  P N 2 0  a n d  P N 2 1 - 3 0 .  T h e  c h a n g e s  in the density of 5 H T -  
a n d  T H - I R V in neuropil w e r e  similar to t h o s e  o b s e r v e d  o n  cell b o d i e s  in both 
layers II a n d  VI. Overall, t h e s e  findings are consistent with the idea that late 
postnatal c h a n g e s  in the m o n o a m i n e r g i c  projections could contribute to the 
maturation of intrinsic cortical activity. F u n d e d  b y  M H 3 1 1 5 4 ,  M H 0 0 4 2 3  a n d  

M H 4 2 2 6 1 .
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E L E C T R O N  M I C R O S C O P I C  L O C A L I Z A T I O N  O F  J M M U N O R E A C T I V I T Y  
F O R  A C T H  4-1 0 - L I K E  P E P T I D E  I N  T H E  D E V E L O P I N G  R A T  C E R E B R A L  

C O R T E X .  S.J. L e e *, C. Aoki a n d  F.L. Strand. De p t  of Biology and Ctr for Neural 
Sci, N e w  Y ork University, Washington Square, N e w  York, N . Y. 10003.

Adrenocorticotropic h o r m o n e  ( A C T H )  peptide fragments have wide-ranging effects 
on neural activities. Perinatal exposure to A C T H  or its neuroactive fragments, A C T H  
4-10, markedly affects stress response, maturation of the neuromuscular system and 
eye opening, all indicative of accelerating neural maturation. W e  determined the 
regional and ultrastructural distribution of immunoreactivity for a rat antiserum raised 
against the neurotrophic A C T H  peptide fragment, 4-10, in postnatally developing rat 
cerebral cortices. B y  i m m u n o d o t  blot analysis, this antiserum w a s  demonstrated to be 
specific to the neurotrophic fragments of A C T H  peptide sequences 4-10, 1-10, and 2- 
10. It did not recognize the corticotropic portion of the peptide, 11-24 and showed 
minimal recognition of A C T H  1-13 (α- M S H )  (Lee et al., Neurosci. abst, 1992). 
A C T H  4- 10-likc immunoreactivity (AC T H - L I r )  in brain sections can be abolished 
w h e n  the antiserum is preabsorbed with A C T H  4-10 but not with α- M S H .  Electron 
microscopic studies demonstrate that at postnatal day 4  (PD), the A C T H - L I  is 
diffusely distributed within the perikarya and dendrites contained within the deep 
layers. At P D  7, the Ir dendrites are m o r e  radially elongated. At  P D  14, A C T H - L I  
occurs in axons, terminals, glia and is associated with endoplasmic reticulum. In 
adulthood, these cellular profiles remain immunoreactive in addition to the 
postsynaptic densities. These findings demonstrate that the peptide antiserum is 
specific for A C T H  peptide fragments smaller than α- M S H  and that A C T H  fragments 
do exist centrally. A C T H  m a y  transiently regulate neuronal development during their 
morphogenesis. This w ould be an important step in assuring the formation of 
functional synapses at the proper chronological time. Furthermore, the presence of 
A C T H - L I  in terminal of adult suggests that once formed, the synapses m a y  continue 
to receive modulatory regulation b y  A C T H  4- 10-like peptide. Supported by Organon
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E X P R E S S I O N  O F  A C E T Y L C H O L I N E S T E R A S E  W I T H I N  
D E V E L O P I N G  R A T  C O R T I C A L  P Y R A M I D A L  N E U R O N S  I N  
S L I C E  C U L T U R E S .  C .  G e u l a ,  L. Scinto*, D .  Saroff, M .  Lin 
a n d  S . M o n t r o n d . H a r v a r d  M e d i c a l  School, B o s t o n ,  M A  02215.

I n  p r e v i o u s  e x p e r i m e n t s ,  w e  d e m o n s t r a t e d  
d e v e l o p m e n t a l l y  transient e x p r e s s i o n  of acetylcholinesterase 
( A C h E )  activity within cortical p y r a m i d a l  n e u r o n s  of t h e  rat 
brain. A C h E  activity w a s  a b s e n t  f r o m  t h e s e  n e u r o n s  at birth 
(P0), a p p e a r e d  g radually, p e a k e d  at P 8 - 1 0 ,  d i m i n i s h e d  
thereafter a n d  almost d i s a p p e a r e d  b y  P2 1. In  th e  p r e s e n t  
s t u d y ,  w e  followed the d e v e l o p m e n t a l  e x p r e s s i o n  of A C h E  
within p y r a m i d a l  n e u r o n s  in o r g a n o t y p i c  cortical slice 
cu ltures u p  to a n  a g e  e q u i v a l e n t  to P 2 8  in v i v o . 
Ch o l i n e s t e r a s e  h i s t o c h e m i s t r y  s h o w e d  a  f e w  A C h E - p o s i t i v e  
cortical p y r a m i d a l  n e u r o n s  at P 2 . T h e  n u m b e r  a n d  staining 
intensity of A C h E - p o s i t i v e  n e u r o n s  i n c r e a s e d  at P 6  a n d  P 8  
a n d  a p p e a r e d  to p e a k  at a b o u t  P14. T h e r e a f t e r ,  a  g r a d u a l ,  
small d e c r e a s e  in t h e  n u m b e r  of t h e s e  n e u r o n s  w a s  o b s e r v e d . 
A t  P 2 1  a n d  P 2 8  (the oldest s t u d i e d ) , m a n y  p y r a m i d a l  n e u r o n s  
w e r e  still d a r k l y  A C h E - p o s i t i v e .  It a p p e a r s ,  therefore, that 
similar to in v i v o  conditions, cortical p y r a m i d a l  n e u r o n s  
e x p r e s s  A C h E  d u r i n g  in vitro d e v e l o p m e n t .  H o w e v e r ,  in 
culture, t h e  p e a k  of A C h E  e x p r e s s i o n  is at tained later a n d  
t h e  A C h E  activity d o e s  no t  c o m p l e t e l y  d i s a p p e a r , at least u p  
to P 2 8 . T h i s  m o d e l  of rat cortical d e v e l o p m e n t  c a n  b e  u s e d  for 
th e  d e t e r m i n a t i o n  of the role of d e v e l o p m e n t a l l y  transient 
A C h E  a n d  th e  m e c h a n i s m s  w h i c h  r e g u l a t e  its e x p r e s s i o n .
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P a r t i a l  c h a r a c t e r i z a t i o n  o f  c o r t e x -d e r i v e d  f a c t o r s  t h a t  R E G U L A T E  

t h a l a m i c  d e v e l o p m e n t . R . B e a u  Lotto* and David J. Price. Univ. Med. Schl.. 

Dept. Physiol., Teviot PI. Edinburgh, E H 8 9 A G .  U K .

Ov e r  the last few years w e  have been investigating whether cortex-derived growth 

factors ( C D G F s )  are involved in thalamic development. T o  date w e  have s h own 
that, although outgrowth from cultured embryonic day 15 ( E l 5) thalamic neurons is 
enhanced by C D G F s ,  at this age local interactions within the thalamus are sufficient 
for their survival. However, by E 1 7  to E l 9, C D G F s  are required for thalamic 
neurons to stay alive. This suggests that naturally-occurring cell death, which 
begins in the thalamus around this time, results from competition for survival- 

promoting C D G F s .
O n e  of our aims w a s  to isolate the survival-promoting C D G F s .  Using filters with 

different cut-offs, w e  selectively concentrated constituents of cortically-conditioned 
m e d i u m  based on their molecular weights. T h e  filtered conditioned m e d i u m  was 
then passed through different lectin binding columns before it w as added to 
dissociated thalamic neurons. O u r  results s h o w  that C D G F s  are between 30-100 kD. 
and m a y  be glycosylated. While these findings argue against the neurotrophins and 
fibroblast growth factors as possible candidate molecules for the survival-promoting 
C D G F s ,  glial-derived growth factor, w hich is a glycoprotein between 35-42 k D  

found in the cortex, is a likely candidate.
O u r  second a i m  w a s  to determine the basis on w h ich thalamic neurons c o m e  to 

require C D G F s  for their survival, an d  whether this dependency m a y  initiate 
naturally-occurring cell death. Preliminary data support the possibilities that (i) 
C D G F  dependency is determined by an endogenous clock, a nd (ii) thalamic neurons 

b e c o m e  addicted to C D G F s .

O P T I C  N E R V E  R E G E N E R A T I O N
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M I C R O T U B U L E  A S S O C I A T E D  P R O T E I N  M A P 1 B  E X P R E S S I O N  D U R I N G  
T H E  R E G E N E R A T I O N  O F  T H E  F I S H  O P T I C  N E R V E .  E. Vecino*A. Velasco. 
#  L. U iloa, J. Lara. J. Aijon and # J.Avila. Dpto. Biologia Celular y Patologia, 
Fac. Medicina, Univ. Salamanca and #  Centro de Biologia Celular, CSIC-Univ. 
Autonoma, Madrid. S P A I N

A s  with other M A P S ,  the microtubule associated proteins M A P  IB, plays a 

relevant role in plastic modifications in the assembly and dynam i c s  of the 

cytoskeleton. Thus, M A P  IB has been previously s h o w n  to be highly concentrated 

within growing axons and in developing neurons. In the present work, the 

expression of M A P  IB in the fish regenerating optic nerve w a s  studied by using 

immunohistochemistry. After anesthesia, the optic nerve of the teleost Tinca tinca 

w as crushed, and the retina, optic nerve and optic tectum was analyzed at different 

survival times.Within the retina, the ganglion cells and the fiber layer s h o w e d  

immunoreactivity to M A P  1B  in control animals. A n  increasing in the n u m b e r  of 

immunoreactive cell bodies w a s  found 4-7 days after the optic nerve crush. Within 

the optic nerve, only the growing axons were positive to M A P  I B  in control 

animals. After the optic nerve crush, the retina ganglion cell axons s h o w e d  

immunoreactivity to M A P  IB between the retina and the crushed area, as the axons 

regenerated within the optic nerve (1-15 days after crush), the immunoreactive 

axons crossed through the scarp. Thirty days after the optic nerve crush most of the 

axons in the optic nerve were positive. T h e  optic tectum, (target of these axons) 

s h owed little immunoreactivity in the control animals, h o wever 90 days after crush 

a great nu m b e r  of label terminals were seen in the stratum opticum; a few days later 

the pattern of immunoreactivity dissapears returning to that seen in the control. 

Supported by grants from Junta de Castilla y Leon and C E E  to E.V.
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I S O L A T I O N  O F  c D N A  C L O N E S  E N C O D I N G  R I C H :  A  
P R O T E I N  I N D U C E D  D U R I N G  G O L D F I S H  O P T I C  N E R V E  

R E G E N E R A T I O N  W I T H  H O M O L O G Y  T O  M A M M A L I A N  

C N P A S E S .  Rafa e l  P. Ballestero. G e o r g e  R. W i l m o t .  B e r n a r d  W .  
Agranoff. a n d  M i c h a e l  D .  U h l e r * . D e p a r t m e n t  o f  Biological C h e m i s t r y  
a n d  M e n t a l  H e a l t h  R e s e a r c h  Institute, Un i v e r s i t y  o f  M i c h i g a n ,  M I  
4 8 1 0 9 .

T h e  teleost visual s y s t e m  is k n o w n  to r e c over fo ll o w i ng  optic n e rve 
crush a n d  is a m o d e l  for the study o f  n e rve regeneration in the vertebrate 
central n e r v o u s  system, a p h e n o m e n o n  not s h a r e d  b y  w a r m  b l o o d e d  
species. B a s e d  o n  peptide s e q u e n c e  d e r i v e d  f r o m  p 6 8 / 7 0 ,  a protein 
d o u blet i n d u c e d  d u r i n g  optic n e r v e  regeneration in goldfish, w e  h a v e  
isolated c D N A s  that e n c o d e  R I C H  ( R e g e n e r a t i o n  I n d u c e d  C N P a s e  
H o m o l o g )  f r o m  a c D N A  library o f  goldfish regenerating retina. T h e  
predicted R I C H  protein is c o m p o s e d  o f  4 1 1  a m i n o  acids, possesses a p I
o f  4 . 4 8  a n d  s h o w s  significant h o m o l o g y  to the m a m m a l i a n  m y e l i n  
m a r k e r  e n z y m e  C N P a s e  ( 2 ’,3’-cyclic nucleotide 3 ’-phosphodiesterase, 
E.C. 3.1.4.37). U s i n g  N o r t h e r n  blot a n d  R N a s e  protection analysis, w e  
d e m o n s t r a t e d  that the m R N A  e n c o d i n g  R I C H  w a s  i n d u c e d  in goldfish 
retinas during regeneration u p  to a m a x i m u m  o f  8-fold at 2 0  d a y s  after 
n e rve crush. T h e  data obtained strongly suggest that R I C H  is identical or 
v e ry  similar to p 68/70. T h e  m o l e c u l a r  cl on i n g  o f  R I C H  prov i d e s  the 
m e a n s  for a m o r e  detailed analysis o f  its function in n e r v e  regeneration. 
Additionally, the h o m o l o g y  of  R I C H  a n d  C N P a s e  suggests that further 
investigation m a y  p r o v i d e  additional insight into the role o f  b o th  these 
proteins in the n e r v o u s  system.
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D I F F E R E N T I A L  R E G U L A T I O N  O F  α-1 A N D  a - 2  T U B U L I N  
R N A s  D U R I N G  G O L D F I S H  O P T I C  N E R V E  R E G E N E R A T I O N .
M. B. Foreman*. V. C. H ieber. N. G o b u r d h u n  and D. G o l d m a n .  
Mental Health Research Institute and D e p t . of Biological 
Chemistry, Univ. of Michigan, A n n  Arbor 48109-0720.

T h e  g o a l  o f  this p roject is to identify cis-acting 
regulatory e l e m e n t s  that m e d i a t e  tu bulin g e n e  i n d u c t i o n  
d u r i n g  optic n e r v e  r e g e n e r a t i o n  in fish. R N A s  for a  t u b ulin 
increase in retinal g a n g l i o n  cells shortly after optic n e r v e  
crush. W e  h a v e  c l o n e d  the g o l d f i s h  α-1 a n d  α-2  tu bulin ge n e s .  
T h e s e  g e n e s  are l i n k e d  in the go l d f i s h  g e n o m e  a n d  e n c o d e  a  
tubulins that differ b y  a  single a m i n o  acid. U s i n g  R N a s e  
protection a s s a y s  a n d  in situ hy bridizations, w e  n a v e  
c o n f i r m e d  that f o l l o w i n g  optic n e r v e  crush, a - 1  t u b ulin R N A  
increases w h i l e  α-2 R N A  r e m a i n s  u n c h a n g e d .

W e  h a v e  isolated the α-1 g e n e ' s  p r o m o t e r  r e g i o n  in 
order to identify cis-acting r e g u l a t o r y  e l e m e n t s  that m e d i a t e  
its i n d u c t i o n  d u r i n g  optic n e r v e  r e g e n e r a t i o n .  E x p r e s s i o n  
studies in transfected cells a n d  ze b r a f i s h  h a v e  identified a  
functional p r o m o t e r  in a  p i e c e  o f  α-1 D N A  e x t e n d i n g  2  K b  
u p s t r e a m  f r o m  the translational start site. S e q u e n c e  analysis 
indicates that this D N A  c o n t a i n s  C A A T  a n d  T A T A  b o x e s  
along w i t h  a n u m b e r  o f  puta t i v e  r e g u l a t o r y  e l e m e n t s  that are 
c o n s e r v e d  b e t w e e n  fish a n d  m a m m a l s .
Aided by grants from the Paralyzed Veterans of A m e r i c a  Spinal 
Cord Research Foundation and the Lucille P. M a r k e y  Charitable 
Trust.
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EFFECT O F  E L E C T R I C  F I E L D  A P P L I C A T I O N  O N  R E T I N A L  G A N G L I O N  C E L L  
S U R V I V A L  A N D  N E U R I T E  O U T G R O W T H  F O L L O W I N G  O P T I C  N E R V E  
C R U S H .  R.J. P o d h a jsky *. D . J.  Bidanset a n d  A.R. Blight. Division of 
Neurosurgery, University of N o r t h  Carolina at C h a p e l  Hill, N C  2 7 5 9 9 .

T h e  regenerative efforts of injured optic n e r v e  are "small a n d  
frustrated.” Previous studies h a v e  s h o w n  that a x o n a l  regeneration c a n  b e  
enh a n c e d  b y  e x o g e n o u s  electric fields b ut little is k n o w n  a b o u t  the 
m e c h a n i s m s  involved. W e  h a v e  d e v e l o p e d  quantitative i m m u n o -  
histochemical techniques to characterize the response to n e r v e  injury of 
neurites, astrocytes, oligodendrocytes, m a c r o p h a g e s ,  the vasculature, a n d  
several proteoglycans in the presence or a b s e n c e  of l o w  level electric field. 
O n e  optic nerve w a s  c r u s h e d  in control a n d  exp e r i m e n t a l  g r o u p s  of adult 
rats. Stimulators w e r e  i m p l a n t e d  in the exper i m e n t a l  g r o u p  at the time of 
surgery a n d  p l a t i n u m  electrodes w e r e  placed in a hemicircle a r o u n d  the 
sclera (proximal a n o d e )  a n d  inserted into a drilled hole in the skull a b o v e  
the superior colliculus (distal cathode). T h e  stimulators p r o v i d e d  a constant 

l0 μA  of D C  current. Astrocytes a n d  oligodendrocytes w e r e  greatly r e d u c e d  
in the site of injury in controls. T h e  pre s e n c e  of m a c r o p h a g e s  in the injury 
site p e a k e d  at 2 w e e k s  post injury (wpi). Stimulated optic nerves w e r e  
noticeable m o r e  robust d u r i n g  the h a n d l i n g  required for tissue processing. 
Results s h o w  increased n e urofilament staining in the p r o x i m a l  s t u m p  at 3 
wpi suggesting increased survival of R G C s  relative to controls. S o m e  
neurites w e r e  present t h r o u g h  the injury site a n d  in the distal s e g m e n t  of 
stimulated nerves. T h e  presence of these neurites c a n  b e  explained b y  3 
alternatives; (1) incomplete c r u s h  injury, (2 ) rescue b y  electrical fields or 
(3) regeneration t h r o u g h  the site of injury a n d  into the distal segment. 
Although astrocytes w e r e  greatly r e d u c e d  in the site of injury, astrocytes 
were associated w ith the neurites in the injury site. S u p p o r t e d  b y  the 
Canadian Spinal Research Organi z a t i o n  a n d  N I H  G r a n t  A R 3 2 6 6 6 .

1 3 0 . 7

T E R M I N A L  D I F F E R E N T I A T I O N  O F  A D U L T  R E T I N A L  C E L L S  W H I C H  
R E G E N E R A T E  I N T O  A D U L T  T H A L A M U S  T H R O U G H  A  P E R I P H E R A L  
N E R V E  G R A F T .  D  A. Carter*. J.Glanz#  a n d  S.Jhaveri#. (*) Medical College 
of Ohio, Toledo, O H  43699-0008. (#) Dept. Brain &  Cognitive Sciences, M I T ,  

Cambridge, M A  02139.
Although severed retinal axons in the adult animal do  not normally regen

erate, they can be induced to extend their axons into peripheral nerve grafts. T o  
determine whether such regrowing axons are able to express the morphological 

phenotype of normal retinogeniculate axons, the right optic nerve in adult 
hamsters w a s  cut a nd a n  autologous graft of the sciatic nerve sutured to the optic 
nerve stump. T w o  mo n t h s  later, the free e nd of the grafted nerve w a s  inserted 
into the thalamus at the caudal aspect of the right lateral geniculate body. T h e  
left optic nerve w a s  transected to denervate the right lateral geniculate body. 
Animals survived for a n  additional 3-8 months, at w h i c h  point a cocktail of H R P  
and choleratoxin (B-fragment) w a s  injected into the right eye. A n imals were 
perfused 4 days later a nd the brains processed for visualizing retinofugal axons.
A  sparse population of labeled axons could be followed f rom the region of the 

graft into the thalamus. A t  least t w o  different fiber types were identified, each 
associated with a specific terminal morphology. Large-caliber axons, bearing 
distinct, sausage-like en passant swellings resembled the T y p e  R 1  endings 
described for retinogeniculate axons in the normal adult hamster (Erzurumlu 
et al., Brain Res. 461:175-181, 1988) were observed; smaller-caliber axons 
exhibited clusters of tiny varicosities w h i c h  w ere reminiscent of the R 2  terminals. 
The clustering of the terminals varied considerably fr o m  on e  ax o n  to another. A  
third terminal type could be occasionally identified, a n d  fit the description of the 
R3 terminal. These results s h o w  that cues necessary for the morphological 
differentiation of regenerating axons are retained b y  the adult nervous system. 

(Supported by N I H  grant E Y 0 0 5 5 0 4  [S.J.])
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F A C T O R S  T H A T  I N D U C E  A X O N A L  R E G E N E R A T I O N  IN G O L D F I S H  
R E T I N A L  G A N G L I O N  C E L L S  D E R I V E  F R O M  D E F I N E D  G L I A L  
P O P U L A T I O N S  A N D  A C T  I N D E P E N D E N T L Y  O F  P R I M I N G  L E S I O N S  J.M. 

S c h w a l b *. M.-F. G u . C . A . O .  S t u e r m e r . M .  B a s t m e y e r . C . H .  Y o o n . B. R . 

J a c h n a . N . M .  B o u l i s . N. Irwin a n d  L.l. B e n o w i t z . Dep t .  N e u r o s u r g e r y ,  

Children's H o s p . ,  Prog. N e u r o s c i e n c e ,  H a r v a r d  M e d .  Sc h o o l ,  B o s t o n ,  M A  
0 2 1 1 5  a n d  + U. of K o n s t a n z ,  G e r m a n y .

In dissociated cell culture, either of t w o  p o l y p e p t i d e s  p r e s e n t  in m e d i a  
conditioned b y  the goldfish optic n e r v e  i n d u c e  retinal g a n g l i o n  cells ( R G C s )  
to r e g e n e r a t e  s e v e r e d  a x o n s  ( S c h w a l b  et al. J  Neurosci, in press). A x o g e n -  
esis factor 1 (AF-1) is a  protease-sensitive m o l e c u l e  of c. 8 0 0  D a ;  A F - 2  is a 
polypeptide of 8 - 1 5  k D a .  T h e  effects of t h e s e  m o l e c u l e s  are not m i m i c k e d  
b y  retinoic acid, taurine, N G F ,  B D N F ,  N T - 3 ,  F G F s ,  or C N T F .  T o  identify the 
s o u r c e  of the factors, w e  o b t a i n e d  m e d i a  con d i t i o n e d  b y  dissociated cul
tures consisting primarily of i m m a t u r e  oligodendroglia ( 8 0 % )  a n d  astrocytes 
der ived f r o m  goldfish optic n e r v e  ( B a s t m e y e r  et al. Glia 8:1-11). Thi s c o n 
ditioned m e d i a  c o n t a i n e d  hig h levels of factors that co-eluted o n  reversed- 
p h a s e  a n d  sizing H P L C  with t h o s e  d e r i v e d  f r o m  optic n e r v e  fr a g m e n t s .  
H e n c e ,  the glial cells a p p e a r  to b e  the s o u r c e  of t he factors in vivo.

Prior studies reported that goldfish retina ex p l a n t e d  in o r g a n  culture only 
e x t e n d  a x o n s  if t he retina h a d  b e e n  'primed' b y  u n d e r g o i n g  a x o n a l  
regeneration in vivo for 1-2 w e e k s  prior to explantation (La ndre th &  Agranoff 
Brain Res. 161 :39-53). A F - 1  a n d  A F - 2  c a u s e d  the s a m e  d e g r e e  of a x o nal 
o u t g r o w t h  w h e t h e r  or not R G C s  h a d  b e e n  p r i m e d  in vivo. H e n c e ,  at least 
u n d e r  t h e  con diti ons u s e d  in t h e s e  e x p e r i m e n t s ,  A F - 1  a n d  A F - 2  a r e  
sufficient to in d u c e  a x o n a l  r egeneration f r o m  dissociated R G C s .
Support: N I H  ( E Y 0 5 6 9 0  to LB), H H M I  (to J M S ,  B R J  a n d  N M B ) ,  B o s t o n  
Neurosurgical F o u ndation a n d  D F G ,  S F B  1 5 6  (to C A O S )
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A X O N A L  R E G E N E R A T I O N  O F  R E T I N A L  G A N G L I O N  C E L L S  B Y  

P E R I P H E R A L  N E R V E  T R A N S P L A N T  IN A D U L T  M I C E  T. Inoue . H.

Sasaki* and Y. Fukuda. Dept. of Physiology, Osaka Univ. M ed. Sch., Suita, 

Osaka 565, Japan.

Injured retinal ganglion cell ( R G C )  axons can regenerate into the peripheral 

nerve autograft in adult m a m m a l s ,  including rats, hamsters and cats. There is no 

report, however, studying axonal regeneration of R G C s  by nerve graft in mice, in 

which there are m a n y  kinds of neurological mutant strains. Moreover, recent 

methods of gene targeting have m a d e  mice important materials for functional 

analysis of genes. T h e  purpose of this experiment is to k n o w  whether or not 

peripheral nerve transplantation is also feasible in such very small eyed animals. 

Under anesthesia, the retina w a s  lesioned extraocularly by puncturing near the optic 

disc with a 27 gauge needle in adult C 5 7 B L / 6 J  mouse. O n e  end of an excised 

sciatic nerve (SN) w a s  inserted into the lesioned retina according to the method 

described by S o  and A g u a y o  (1985). Another end of the S N  graft w a s  anchored to 

the temporal muscle. Four weeks later, fluorescent dyes were injected into the graft 

at the point of 5-10 m m  from the grafted site. T h e  animal survived for three to 

four days, and w a s  perfused intracardially. T h e  flat-mounted retina w a s  observed 

under an epifluorescent microscope. Retrogradely labelled R G C s  were observed 

only in a sector-shaped area from the grafted site to the periphery. This finding was 

consistent with our previous study in hamster (Neurosci. Res. Suppl. 13, S24-30, 

1990). T h e  present results obtained from the C 5 7 B L / 6 J  strain will serve as a basis 

for further studies on axonal regeneration in various mutant mice.
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T H E  U P R E G U L A T I O N  O F  G A P - 4 3  A L O N E  IS N O T  S U F F I C I E N T  T O  I N D U C E  
R E G E N E R A T I O N  O F  R E T I N A L  A X O N S  I N T O  A  D I S T A L L Y  G R A F T E D  P E R I P H E R A L  
N E R V E .  K.-F. S o 1 . T. F. N g i and S.K. C h u n g 12 ,( S P 0 N : T h e  H o n g  K o n g  Society of 
Neurosciences). 1Neuroregeneration Lab., D e p t  of Anatomy, Faculty of Medicine and 
2Institute of Molecular Biology, T h e  University of H o n g  Kong. H o n g  Kong.
Neurons of the C N S  are able to regenerate their axons into a peripheral nerve (PN) graft 

w h e n  they are axotomized close to the cell bodies. Very few, if any, d a m a g e d  axons can 
regrow into the P N  w h e n  the axonal injury is m a d e  distant to the cell bodies. H o w e v e r ,  
following the transplantation of a viable P N  intravitreally, the regenerative response of 
distally axotomized retinal ganglion cells ( R G C s )  is enhanced (Lau et al .94, Exp. Neurol. 
128:211-215). A  possible m echanism causing the failure of regeneration following a distal 
axo t om y  could be a lack of intrinsic growth capacity in the neuron. For example, the 
expression of G A P - 4 3  in R G C s  fails to b e  upregulated following a distal a xotomy but could 
be upregulated if an additional P N  is transplanted intravitreally w hich m a y  enhance the 
regeneration of the distally axotomized R G C s .  In order to test this hypothesis, w e  have 
investigated the axonal regeneration a nd the expression of G A P - 4 3  in R G C s  in 2 groups of 
hamsters. T h e  optic nerve ( O N )  w a s  transected 7 m m  from the optic disc a nd a P N  w a s  
grafted to the stump of the O N  in the first group. T h e  second group received an additional 
intravitreal P N. Regenerating R G C s  were examined b y  retrograde tracing with Fluoro-Gold 
a nd  the expression of G A P - 4 3  in R G C s  w a s  detected using immunohistochemistry. N o  R G C s  
regenerated axons into the P N  graft or expressed G A P - 4 3  in the first group (n=24). In the 
second group with the additional intravitreal P N, a m e a n  of 20 R G C s  (n=6) g r e w  axons into 
the P N  at 6 w e e k s  post-grafting (wpg) but there w a s  a lot m o r e  R G C s  (1438, n=4 at 1 w p g )  
expressing GAP-43. These results suggest that intravitreal P N  can upregulate the expression 
of G A P - 4 3  in s o m e  of the distally axotomized R G C s  but the presence of high levels of 
G A P - 4 3  alone is not e no u gh  to induce regeneration into a distally grafted PN.
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R E G E N E R A T I V E  F A I L U R E  O F  D E V E L O P I N G  R E T I N O F U G A L  

A X O N S  IS I N D E P E N D E N T  O F  N E U R O N A L  C E L L  D E A T H  D o n g  

F e n g  C h e n *  &  Gerald E. Schneider. Center for C ancer Research, Department 
of Brain &  Cognitive Sciences, Massachusetts Institute of Technology, 

Cambridge, M A  02139.

Recently, w e  have provided evidence that factors intrinsic to the 

developing retina, a nd not maturational changes in central nervous system 

environments, underlie the early postnatal regenerative failure of m ost 

retinotectal axons. W i t h  retinal an d  midbrain tectal tissues taken from Syrian 

hamsters at various pre- a n d  postnatal ages, beginning with P 2  tissues most 

retinal neurons in explant co-cultures exhibit a precipitous decline in their 
ability to regrow their axons. A  developmentally regulated alteration in the 

retina appears to be critical in influencing the regenerative capacity of its 

efferent axons. T o  examine whether this can be a  consequence of 

p r o g r a m m e d  cell death of the ganglion cells, w e  e xamined neurite outgrowth 

and cell death in dissociated cultures of retina after retinal ganglion cells were 

retrogradely labeled f r om  tectum with the carbocyanine dye Dil. T h e  results 
s h o w e d  a decline in retinal ganglion cell a x o n  outgrowth in tissue taken from 

pups o n  P 2  or later, as in the co-culture experiments, whereas the retinal 
ganglion cells remained alive and the n u m b e r  of viable cells stayed constant. 

Applying neurotrophic factors to the culture m e d i u m  w a s  found to enhance 

the survival of retinal ganglion cells, but this did not reverse the postnatal 

regenerative failure of the retinal axons. T h e s e  findings support the idea that 

the capacity for m o st  retinal ganglion cells to regenerate their axons after 

transection depends o n  a developmentally regulated p r o g r a m  independent of 

neuronal cell death. (Support. N I H  grants E Y 0 0 1 2 6 ,  E Y 0 2 6 2 1 ) .
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A P P L I C A T I O N  O F  F L U O R E S C E N T  D Y E S  T O  O P T I C  N E R V E  I N D U C E S  
S P R O U T I N G  O F  A X O T O M 1 Z E D  R E T I N A L  G A N G L I O N  C E L L S  I N  A D U L T  
H A M S T E R S .  E.Y.P. C h o  a n d  C . M .  C h a n . D e pt. of A n a t o m y ,  T h e  Chinese 
University of H o n g  K o n g ,  N.T., H o n g  K o n g .  ( S P O N :  T h e  H o n g  K o n g  Society 
of Neurosciences).

M a n y  fluorescent dy e s  u s e d  in neuro a n a t o m i c a l  tracing w e r e  a s s u m e d  to 
cause m i n i m a l  effects o n  the labelled cells, e v e n  w h e n  r e m a i n e d  in the cells for 
a very long time. W e  h a v e  f o u n d  that certain d y e s  like G r a n u l a r  Blue ( GB) a n d  
D i a m i d i n o  Y e l l o w  (DY), w h e n  applied to the optic ner v e  ( O N )  after 
transection could induce s o m e  a x o t o m i z e d  retinal ganglion cells ( R G C s )  to 
p r o d u c e  de novo intraretinal sprouts. In adult h a m s t e r s  6-8 w e e k s  old, the O N  
w a s  cut at 2 m m  f r o m  the eye a n d  a piece of gelatin s p o n g e  s o a k e d  in 3 %  G B  
or D Y  w a s  w r a p p e d  a r o u n d  the cut e n d  of the retinal s t u m p  of the O N .  W h e n  
the retina w a s  e x a m i n e d  at 2-8 w e e k s  p o s t - O N  cut, s o m e  G B  or D Y  labelled 
R G C s  with greatly enlarged a n d  irregular s o m a t a  w e r e  observed. T h e s e  large 
irregular cells h a v e  m o r p h o l o g i e s  very m u c h  similar to that of a x o t o m i z e d  
R G C s  i n d u c e d  to sprout axon-like processes after intravitreal peripheral nerve 
transplantation ( C h o  &  S o  (1992) J. Neurocytol. 21:589-603). Staining of the 
retina with anti-200kD neurofilament a ntibody revealed sprouts being emitted 
mostly f r o m  the dendrites. T h e  sprouts h a d  axon-like m o r p h o l o g y  a n d  
f o r m e d  loops as they ramified in the various retinal laminae. T h e s e  sprouting 
R G C s  could also be labelled b y  anti-GAP-43, w h i c h  revealed in addition 
sprouts c o m i n g  f r o m  the intraretinal a x o n  a n d  short filamentous processes 
f r o m  the s o m a .  N o  sprouting w a s  i n d u c e d  w h e n  only P B S  w a s  applied to the 
O N .  If G B  w a s  applied to the superior colliculus a n d  followed b y  O N  cut 3 
d a y s  later, n o  sprouting cells w e r e  seen at 2 w e e k s  p o s t - O N  cut. This 
indicated that fluorescent d y e  application at the a x o t o m y  site provides s o m e  
sort of stimulus to induce sprouting of R G C s .  [Suppo r t e d  b y  a Direct G rant 
for Research f r o m  the Chi n e s e  University of Hong, Kong].
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R E G U L A T I O N  O F  T R A N S C R I P T I O N  F A C T O R S  A T F - 2  A N D  F R A - 2  IN R A T  
R E T I N A L  G A N G L I O N  C E L L S  A F T E R  A X O T O M Y  A N D  D U R I N G  
R E G E N E R A T I O N .  G . A .  R o b i n s o n * D e p a r t m e n t  of Physiology, University of 

Nor th Carolina, C h a p e l  Hill, N C  2 7 5 9 9 - 7 5 4 5 .
T h e  b Z i p  g e n e  s u p e r f a m i l y  e n c o d e s  proteins with b a s i c  D N A  bind i n g  

d o m a i n s  a n d  leucine zip p er motifs that act a s  transcription factors to regulate 

t he e x p r e s s i o n  of other g e n e s .  T h e  e x p r e s s i o n  of o n e  m e m b e r ,  c-Jun, h a s  
recently b e e n  s h o w n  to b e  i n d u c e d  in retinal ganglion cells ( R G C s )  b y  a x o t o m y  
a n d  m a i n t a i n e d  during a x o n a l  r e g r o w t h  (Mol. Brain R e s .  2 4 : 4 3 - 5 4  a n d  30:61-  
69). I m m u n o c y t o c h e m i s t r y  w a s  u s e d  to d e t e r m i n e  e x p r e s s i o n  levels of t w o  
additional b Z i p  proteins, A T F - 2  a n d  F R A - 2 ,  in adult L o n g - E v a n s  rat R G C s  
u n d e r  c o n d i t i o n s  f a v o r a b l e  a n d  u n f a v o r a b l e  for a x o n a l  r e g r o w t h .  F o r  
unfavorable conditions, R G C s  w e r e  retrogradely labeled with F l u oro- Gold f r o m 
their midbrain/diencephalic targets a n d  a x o t o m i z e d  b y  transection of the optic 
n e r v e  <  1 m m  b e h i n d  the orbit. F o r  conditions favoring a x o n a l  regrowth, a n  
a u t o l o g o u s  peripheral n e r v e  graft w a s  substituted for the optic n e r v e  <  1 m m  
f r o m  the eye. R G C s  with r e g r o w n  a x o n s  in the grafts w e r e  retrogradely labeled 
with Flu o r o - G o l d  applied to t he graft. Radial sections a n d  w h o l e m o u n t s  w e r e  
e x a m i n e d  qualitatively for i mm unor eact ivity at regular intervals after a x o t o m y  
a n d  after grafting. T h e  strong b as al c y t o p l a s m i c  ex p r e s s i o n  of F R A - 2  s e e n  in 
u n a x o t o m i z e d  R G C s  w a s  m a r k e d l y  r e d u c e d  b e g i n n i n g  2 4  h  after a x o t o m y .  In 
contrast, the strong b a s a l  nuclear e x p r e s s i o n  of A T F - 2  in u n a x o t o m i z e d  R G C s  
w a s  m a r k e d l y  r e d u c e d  be g i n n i n g  7 2  h  after a x o t o m y .  B o t h  of t h e s e  reductions 
persisted in surviving R G C s  t h r o u g h o u t  t he t h r e e - w e e k  s tu dy period. S t r o n g  
F R A - 2  a n d  A T F - 2  ex p r e s s i o n  w a s  s e e n  in R G C s  with r e g r o w n  a x o n s  in n e r v e  
grafts, s u g g e s t i n g  a  return to b a s a l  conditions. C o m b i n e d ,  their d o w n -  
regulation in R G C s  d e s t i n e d  to die after a x o t o m y  a l o n e  a n d  up-regulation in 
regenerating R G C s  s u g g e s t s  a  role for e a c h  transcription factor in the survival 
a n d  a x o n  r e g r o w t h  of t h e s e  central n e r v o u s  s y s t e m  n e u r o n s .  S u p p o r t e d  b y  
N I H  N S 1 6 4 3 3  a n d  N I D A  D A 0 4 4 2 0 .
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D E V E L O P M E N T A L  C H A N G E S  IN T H E  I N T R I N S I C  N E U R I T E  
O U T G R O W T H  C A P A B I L I T I E S  O f  C U L T U R E D  R E T I N A L  W H O L E  
M O U N T S .  G. E .  S c h n e i d e r .  R. B e l l a m k o n d a  a n d  S, J h a v e r i . D e p a r t m e n t  of 

Brain a n d  C ognitive Scie n c e s ,  M.l.T. , C a m b r i d g e ,  M A  0 2 1 3 9 .

W e  h a v e  d e v e l o p e d  a n  e x p l a n t  culture s y s t e m  to isolate t h e  c a u s e s  

of r e g e n e r a t i v e  failure b y  s t u d y i n g  h y p o t h e s i z e d  intrinsic c h a n g e s  in t h e  

retina, c h a n g e s  in t h e  r e g e n e r a t i v e  e n v i r o n m e n t  (the retino-tectal pa t h w a y ) ,  

a n d / o r  c h a n g e s  in t h e  target, t h e  m i d  brain t e c t u m .

W h o l e - m o u n t  retinal cultures w e r e  p r e p a r e d  b y  dissecting retinae 

f r o m  e m b r y o n i c  d a y  1 4  (E14), P0, P2, P4, a n d  P 6  Syrian G o l d e n  H a m ster s. 

T h e  b o t t o m  of 24-well C o s t a r  tissue culture d i s h e s  w a s  c o a t e d  with a  thin 

layer of laminin-gel (Matrigel®) a n d  w h o l e  retinas w e r e  p l a c e d  o n  it. A n o t h e r  

layer of the laminin-gel w a s  a d d e d  o v e r  t he retinae. S e r u m - f r e e  m e d i a  w a s  

a d d e d  to the cultures. T h e  tissue w a s  i n c u b a t e d  u n d e r  sta n d a r d  tissue 

culture conditions a n d  g r o w t h  f r o m  the retinae at different a g e s  w a s  a s s e s s e d  

at 2, 4, 6  d a y s  usi ng p h a s e  contrast m i c r o s c o p y .  T h e  n u m b e r  a n d  length of 

n e u r o n a l  p r o c e s s e s  e x t e n d i n g  f r o m  the e d g e  of the retinae w e r e  m e a s u r e d .  

G r o w t h  f r o m  E 1 4  retinae at d a y  2  w a s  the m o s t  profuse a n d  w a s  norm a l i z e d  at 

1 0 0 % .  G r o w t h  f r o m  retinae f r o m  all other time points w a s  a s s e s s e d  relative to 

this time point. T h e  g r o w t h  f r o m  P0, P 2, P4, a n d  P 6  w a s  8 7 . 7 % ,  5 0 . 2 % ,  

1 7 . 4 %  a n d  4 . 3 %  respectively. T h e  decline in a x o n a l  g r o w t h  f r o m  older retinal 
explants is consistent with the fall in regenerative capacity in vivo.

T h e s e  results indicate that starting at P 4, , t here is a n  intrinsic loss in 

the ability of retinal g a n glio n n e u r o n s  to e x t e n d  n e u r o n a l  p r o c e s s e s  e v e n  

w h e n  g r o w n  in perm i s s i v e  laminin gels. This loss o c c u r s  i n d e p e n d e n t  of 

e n v i r o n m e n t a l  c h a n g e s .  T h e s e  o b s e r v a t i o n s  s h o u l d  imp act o u r  future 

strategies for p r o m o t i n g  r e generation in the C N S .
S u p p o r t e d  b y  N I H  grants E Y 0 0 1 2 6 ,  E Y 0 5 5 0 4  a n d  a  M a r k e y  F o u n d a t i o n  

fellowship.

1 3 0 . 1 2

M A I N T E N A N C E  O F  W H O L E  M O U N T  R E T I N A  O F  A D U L T  H A M S T E R  IN 
C U L T U R E .  W . C .  K o n g ,  H . J. H o u ,  F. F a n  a n d  E.Y.P. C h o . D e p t . of A n a t o m y ,  
T h e  Ch i n e s e  University of H o n g  K o n g ,  N.T., H o n g  K o n g .  ( S P O N :  T h e  H o n g  
K o n g  Society of Neurosciences).

Previous studies of cultures of adult m a m m a l i a n  retina utilize either 
dissociated cells or fragments of retinal explant. W e  h a v e  a t t e m p t e d  to 
maintain the whole retina in culture to c o m p a r e  its in vitro response after 
injury w ith that in vivo. Retinal ganglion cells ( R G C s )  of adult g o l d e n  
h a msters a g e d  6-8 w e e k s  w e r e  pre-labelled b y  the fluorescent d y e  4-Di- 1 0 A S P  
applied to the optic nerve (ON ) .  T h r e e  d a y s  later, the retina w a s  dissected 
a n d  cultured as a flat sheet o n  poly-L-lysine coated culture dish in 
D M E M / F 1 2  plus 1 0 %  fetal bovi n e  s e r u m .  F r o m  4 to 14 d a y s  after culture, 
m a n y  4-Di-10ASP-labelled surviving R G C s  of various s o m a  sizes could be 
seen, a n d  their n u m b e r s  w e r e  higher c o m p a r e d  to that of a x o t o m i z e d  R G C s  
in vivo at the s a m e  time points after O N  injury. Staining w ith anti-200kD 
neurofilament antibody also d e m o n s t r a t e d  higher n u m b e r s  of surviving 
R G C s  in the explant. Sections of the explant revealed a severe loss of 
photoreceptors a n d  s o m e  cell loss in the inner nuclear layer but the ganglion 
cell layer a n d  inner plexiform layer s e e m e d  relatively intact. Astrocytes in the 
nerve fibre layer as revealed b y  a n t i - G F A P  staining exhibited h y p e r t r o p h y  
a n d  retraction of their processes w h i c h  w e r e  originally in contact with blood 
vessels. This astrocytic response w a s  not o b s e r v e d  in retinas in vivo after 
optic nerve cut. Microglial cells w e r e  stained b y  N D P a s e  histochemistry. 
T h o s e  in the nerve fibre layer of the explant did not proliferate as they did 
after O N  injury in vivo. Mo r e o v e r ,  they did not s e e m  to p h a g o c y tose d ying 
R G C s  as they did in vivo. T h e  differences in the glial cell responses in the 

explant c o m p a r e d  to that in vivo after a x o t o m y  m a y  be related to the 
e n h a n c e d  survival of the R G C s  in the explant. [Su p p o r t e d  b y  a Direct G rant 
for Research f r o m  the Chi n e s e  University of H o n g  Kong],

1 3 0 . 1 4

R E C O G N I T I O N  O F  T A R G E T - S P E C I F I C  G U I D A N C E  
I N F O R M A T I O N  B Y  R A T  R E T I N A L  A X O N S  IS N O T  D I S T U R B E D  

B Y  A P P L I C A T I O N  O F  IN-1 A N T I B O D I E S .  Mathias Ba hr* and Martin E . 

S c h w a b + . *Neurologische Universitatsklinik a n d  Max-Planck-Institut fur 
Entwicklungsbiologie, D - 7 2 0 7 6  Tubingen, F . R . G + Institut fur Hirnforschung, 
August-Forel-Str.l,CH-8029 Zurich, Switzerland

During development, m a n y  C N S  projection neurons establish 
topographically ordered m a p s  in their target regions. Myelin-associated inhibitors of 
neurite growth contribute to the confinement of fibre tracts during development. 
Neutralization of myelin-associated growth inhibitors during development leads to 
an expansion of certain fibre tracts. In the lesioned adult m a m m a l i a n  C N S ,  long 
projection neurons are usually unable to regrow axons over long distances after 
lesion. Application of specific antibodies directed against myelin-inhibitors ( m A b  
IN-1) reinstalls growth of cortico-spinal tract or retinal ganglion cell axons In the 
present study w e  have asked whether application of antibodies to myelin-associated 
growth inhibitors wou l d  result not only in an expansion of fibre tracts but also lead 
to disturbances of specific axon guidance in the retino-tectal system. T o  examine this 
issue w e  have used an in vitro model, the 'stripe-assay1, to examine the behaviour of 
rat retinal ganglion cell axons on m e m b r a n e s  from embryonic a nd deafferented adult 
rat superior colliculus. Especially on m e m b r a n e  preparations from the deafferented 
adult rat superior colliculus (SC), retinal axons are specifically guided: temporal 
retinal fibers prefer to g r o w  o n  stripes prepared from the anterior part of the S C  and 
nasal axons on the other h a n d  prefer to g r o w  o n  m e m b r a n e s  prepared from their 
target region, the posterior parts of the SC. T h e  results of the present study s h o w  that 
temporal a nd nasal retinal axons g r o w  significantly faster in the presence of IN-1 
antibodies, that neutralize myelin-associated growth inhibitors. IN-1 antibodies, 
however, d o  not interfere with specific axonal guidance. This suggests that growth 
promotion, axonal guidance an d  specific target finding are independently regulated 
in retinal axons.
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R E G E N E R A T I V E  P O T E N T I A L  O F  I N J U R Y - R E S I S T A N T  R E T I N A L  
G A N G L I O N  C E L L S .  K . A.  v o n  B u s s m a n n .  L.J. G a r e y a n d  L.S. Jen*. 
D e p t . of A n a t o m y ,  C h a r i n g  Cross a nd W e s t m i n s t e r  M e d i c a l  School, 
London, E n g l a n d

Quantitative changes a n d  regenerative potential in "injury-resistant" 
retinal ganglion cells ( R G C s )  under various experimental conditions w ere 
studied using c y t o c h r o m e  oxidase ( C O )  histochemistry a n d  fluorescent 
retrograde labelling. Recent w o r k  has s h o w n  that a larger proportion of 
CO-rich R G C s  tend to re ma i n  after O N  transection than n o n- C O - r i c h  
R G C s .  T h e  present experiments investigated the hypothesis that the activ
ity of C O  in R G C s  after injury could be related m o r e  to regenerative p o 
tential than to survival.

In adult rats, the O N  w a s  transected, crushed, or transected and subse
quently grafted with a s e g m e n t  of peroneal nerve, a n d  c o m p a r e d  with 
control retinae. In addition, antagonists to glutamate receptors ( M K - 8 0 1  
and C N Q X )  as well as to v o l t a g e - d e p e n d e n t  c a l c i u m  channels 
(flunarizine) w e re  administered after different lesions to the O N  in an ef
fort to investigate the role of  excitatory a m i n o  acid neurotransmitters and 
calcium in the m e c h a n i s m  of survival an d  regeneration of R G C s .

Results indicate that a greater proportion of large C O - r i c h  R G C s  re
main after O N  transection an d  regenerate their a x o n s  into a peripheral 
nerve ( P N)  graft than the overall population of R G C s .  Additional experi- 
ments suggest that the expression of C O  in the R G C s  is m o r e  coincident 
with the potential to regenerate their severed a x o n s  than to survival. 
Administration of glutamate receptor a n d  c a l cium channel antagonists 
causes a decrease in C O - rich R G C  numbers, an effect counteracted b y  a 
P N  graft. H o w e v e r ,  the antagonists caused an  increase in the survival and 
regeneration of the overall population of R G C s .  T h e s e  results provide 
s ome insight into the role of intracellular calcium o n  the rate of oxidative 
metabolism and survival and regeneration after injury in C N S  neurons.

R E G E N E R A T I O N  O F  N E R V O U S  S Y S T E M S
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R E G E N E R A T I O N  O F  T H E  N E U R A L  C O M P L E X  I N  T H E  S E A  S Q U I R T  
C I O N A  I N T E S T I N A L I S ,  R E C R U I T M E N T  O F  N E W  C E L L S .  T. Bollner*.
A.P. P yriohou. P  W .  Beesley . M . C .  T h o rnd yk e . School of Biological Sciences, 
Royal Holloway, University of London, E g h a m  Surrey T W 2 0  O E X ,  U K  
Approximately five weeks after ablation the neural c o mplex of C i ona 

intestinalis is entirely restored. T h e  temporal reappearance of cell phenotypes in 
the normal neural complex is similar to that seen during normal post- 
metamorphic development. O u r  results indicate multiple sources for the cells 
comprising the regenerated brain. O u r  data indicates that one population consists 
of cells b o m  after the ablation as indicated b y  their incorporation of BrdU. T h e  
other population is b o m  prior to the ablation and does not s h o w  B r d U  
incorporation. This implies the presence of stem cells, whi c h  take a neuronal 
pathway of differentiation in response to the ablation. W e  are currently trying to 
identify the origins of the regenerated brain cells. T h e  dorsal strand is an epithelial 
structure derived from the neural tube and is believed to form the neural complex 
during normal post-metamorphic development. During regeneration this tissue 
proliferates and it seems likely that it contributes to the population of B r d U  
labelled cells in the regenerated brain. In association with the dorsal strand is a 
neural plexus containing neurons of all stages, including neuroblasts, detected by 
an antiserum to G n R H  (Mackie G O  1995 J M B A  75:141-151). O u r  results s h o w  
that most of these cells are still in place after the ablation of the neural complex. 
The neuroblasts situated in close proximity to the brain are of particular interest. 
Preliminary data suggest that this population normally have a slow turnover. W e  
are n o w  investigating h o w  they respond to ablation of the neural complex. 
Furthermore, there is s o m e  evidence that hematopoietic cells are involved in the 
production of neurones in colonial ascidian species, possibly through 
transdifferentiation. Therefore, the production of hematopoietic cells and its 
control are of great importance w h e n  studying the formation of the ascidian 
central nervous system. W e  are currently raising monoclonal antibodies against 
hematopoietic antigens and will use these to monitor the fate of hemocytes during 
neural regeneration in Ciona.
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C E R E B R A L  R E G R O W T H  A F T E R  C O R T I C A L  L E S I O N S  IN R A T S .

B. Kolb*. R. G i b b .  G .  G o r n y .  H .  d e B r a b a n d e r ,  a n d  I. Q .  W h i s h a w .

Univ.of Let hbri dge, L e t h b r i d g e ,  C a n a d a ,  T 1 K  3 M 4 .

W h e n  rats a r e  g i v e n  m e d i a l  prefrontal cortical l e s i o n s  at 7 - 1 0  

d a y s  of a g e  t h e y  s h o w  virtually c o m p l e t e  restitution of function in 

adulthood. T h i s  functional r e c o v e r y  is c o r r e l a t e d  wi t h  t h e  a p p a r e n t  

regrowth of t h e  r e m o v e d  tissue. In o r d e r  to d e t e r m i n e  if t h e  n e w  

tissue is g e n e r a t e d  after t h e  injury w e  m a d e  P F C  les ions o n  d a y  1 0  

a n d  B r d U  w a s  injected o n  different p o s t o p e r a t i v e  d a y s .  B r a i n s  w e r e  

har vest ed at different p o s t n a t a l  a g e s  for i m m u n o h i s t o c h e m i c a l  

staining for: 1) B r d U  ( s h o w i n g  mi t o s i s  o c c u r r e d ) ,  G F A P  

(identifying a  c a t e g o r y  o f  a s t rocy tes) , a n d  O X - 4 2  (for microglia);

2) B r d U  a n d  N e u N  (a n e u r o n  specific ant ibod y); 3) N e u N  c o m b i n e d  

with a  stain to identify mitotic spin d l e s .  Mitotic cells w e r e  identified 

in the region a r o u n d  t h e  lesion cavity, with t h e  p e a k  level b e i n g  a b o u t  

4  d a y s  after t h e  lesion, at w h i c h  t i m e  a b o u t  3 %  o f  t h e  cells w e r e  

mitotic. D o u b l e - l a b e l e d  B r d U  a n d  N e u N  cells w e r e  f o u n d  t h r o u g h o u t  

the region of r e g r o w n  bra i n  b u t  f e w  w e r e  f o u n d  e l s e w h e r e  o r  in 

control brains. R e t r o g r a d e  tracing s t u d i e s  s h o w e d  that B r d U - l a b e l e d  

n e u r o n s  w e r e  c o n n e c t e d  to a p p r o p r i a t e  t h a l a m i c  a n d  cortical targets  

in a b o u t  2  w e e k s .  G o l g i  s t u d i e s  s h o w e d  that t h e  n e u r o n s  in t h e  

r e g r o w n  r e g i o n  w e r e  a b o u t  3  w e e k s  s l o w e r  t h a n  n o r m a l  n e u r o n s  to 

reach adult structure a n d  c o m p l e x i t y .  T h e s e  results s h o w  that n e u r a l  

mitosis is p o s s i b l e  after cortical injury a n d  that t h e  r e g r o w i n g  

n e u r o n s  m a y  s u p p o r t  r e c o v e r y  of function.
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H A I R  C E L L  R E G E N E R A T I O N  I N  T H E  C H I N C H I L L A  V E S T I B U L A R  
E N D O R G A N S .  I. Lopez*. C. Head. J. W a n g .  H. Tanyeri and V. Honrubia. Victor 
Goodhill Ear Center, U C L A ,  School of Medicine, L A ,  C A  90024.

Hair cell(HC) regeneration following ototoxic destruction w a s  investigated in the 
chinchilla macula utriculi(MU) and crista ampullaris(CA). T o  d o c u m e n t  cellular 
proliferation a nd differentiation, 7 groups of 2 animals each were treated with 
G e l f o a m ®  pledgets soaked with 0.1 m g  of gentamicin, surgically placed into the 
perilymphatic space of the left superior semicircular canal. Alzet osmotic p u m p s  
containing 50 m g  of Bromodeoxyuridine(BrdU), were implanted within the inter 
scapular region in 6 groups. O n e  group (24 wee k s  survival) w as intraperitonial injected 
with B r d U  daily for 10 days post-treatment(PT). Ani m a l s  from each group were 
sacrificed at 1 and 4 days, 1, 2, 4, 8 and 24 w e e k s  PT. T h e  M U  and the 3 C A  from 
each animal ear were histologically processed for light microscopic examination and 
B r d U  immunolocalization. At 1 a nd 4 days PT, H C  in the striolar area of the macula 
and in the crista s h o w e d  evidence of cell d a m a g e  with cytoplasmic vacuolization and 
swelling. At 1 w e e k  PT, most of the H C s  s h o w  extrusion of cytoplasm into the lumen 
of the endolymphatic space. A t  2 wee k s  PT, there were only a few normal H C ,  mostly 
in the periphery of both the M U  and the C A .  Supporting cells (Sc) remained aligned 
over the basal m e m b r a n e  at 1 w e e k  PT, but s h o w e d  evidence of mitosis and migration 
toward the surface of the sensory epithelia (SE) at 2 w e e k s  PT, in both the M U  and C A .  
T h e  process of H C  regeneration w a s  evident at 4 wee k s  PT. F e w  type II H C  with short 
hair bundles were found scattered in the S E  in both the M U  and C A .  At 8 and 24 
w e e k s  PT, there w a s  a greater n u m b e r  of H C  with mature hair bundles and the S E  
appeared organized with the nuclei of the Sc aligned at the base. At 24 weeks PT, 
s o m e  round cells resembling type I H C  without nerve calyces were observed. B r d U  
incorporation w a s  observed at 2 and 4 weeks P T  in the nuclei of cells in the H C  area in 
the M U  and the C A .  These results in the chinchilla demonstrate that the structure of 
the M U  and the C A  recovered after ototoxic destruction and that H C s  regenerate in a 
process that involves proliferation a nd differentiation of supporting precursor 
cells.(Supported by N I D C D  grant DC01404).
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A N D R O G E N  R E C E P T O R  ( A R )  E X P R E S S I O N  I N  H A M S T E R  F A C I A L  
M O T O N E U R O N S  ( F M N ) :  S E X  D I F F E R E N C E S  A N D  E F F E C T S  O F  
A X O T O M Y .  L.L. DonCarlos*. L. Tanzer, D. M .  Stancik. and K .J. Jones. Dept. 
of Cell Biology, Neurobiology and Anatomy, Loyola University Chicago, 
M a y w o o d ,  IL 60153.

W e  have established that testosterone propionate (TP) acts as a trophic factor 
to augment facial nerve regeneration in adult hamsters subjected to facial nerve 
injury at the stylomastoid foramen. T h e  TP-induced changes in facial nerve 
regeneration occur via a receptor-mediated mechanism. Further, the rate of 
regeneration is intrinsically m o r e  rapid in females; the addition of T P  increases the 
rate of regeneration in males to that of females. Se x  differences also exist in the 
levels and regulation of androgen receptor ( A R )  m R N A  in F M N ,  with males 
containing twice the levels of A R  m R N A  than females and T P  upregulating A R  
m R N A  in gonadectomized (gdx) males m o r e  rapidly and to a greater degree than in 
gdx or intact females. Thus, sex differences in the levels/regulation of A R  in F M N  
m a y  be important in the responsiveness of these neurons to T P  after axotomy. T o  
explore this hypothesis further, w e  used P G - 2 1  antibody (gift from Gail Prins) to 
detect AR-immunoreactive (ir) F M N .  Experiment #1 w a s  performed to determine 
the effects of circulating hormones on the n u m b e r  and staining intensity of AR-ir 
neurons. T h e  n u m b e r  of AR-ir cells and staining intensity/cell w ere lowest in gdx 
males, and gdx or intact females, intermediate in intact males, high in TP-treated 
gdx females, and highest in TP-treated gdx males. In experiment #2, intact, gdx, 
or gdx + T P  males received right facial axotomies, with the left sides serving as 
internal control, and were killed at 7 d  postoperative. T h e  n u m b e r  of AR-ir neurons 
w a s  higher on the axotomized side c o mpared with the control side regardless of 
h o r m o n e  condition. This increase represented an addition of cells in the lighter 
staining categories, suggesting that axo t o m y  recruits F M N  to express A R .  
Supported by M H 4 8 7 9 4  and N S 2 8 2 3 8 .
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G R O W T H  A S S O C I A T E D  P R O T E I N  (GA P - 4 3 )  E X P R E S S I O N  I N  H A M S T E R  
F A C I A L  M O T O R  N E U R O N S  ( F M N ) :  E F F E C T S  O F  A X O T O M Y  A N D  

S T E R O I D S .  K J .  Jones* 1. S.M. Drenglerl and M .  M .  Oblineer2 . 1Dept. of Cell 
Biology, Neurobiology and A n atomy, Loyola University Chicago, M a y w o o d ,  IL 

60153 and 2 Dept. of Cell Biology and An a t o m y ,  T h e  Chicago Medical School, 
North Chicago, IL 60064.

G A P - 4 3  is an axonal phosphoprotein present in the axonal growth cone and 
implicated in axonal outgrowth processes during development and regeneration. 
Recent studies have s h o w n  that gonadal steroids regulate G A P - 4 3  expression in the 
brain. W o r k  in our laboratory has established that gonadal steroids accelerate 
recovery from facial paralysis following facial nerve injury in adult male hamsters. 
In this study, w e  examined the expression of G A P - 4 3  m R N A  levels in hamster 
F M N  following facial nerve severance at the stylomastoid foramen. Adult male 
hamsters received right facial axotomies, with the left side serving as internal 
control. O n e  half the animals were also given T P  at the time of injury. At 0.25,1,
2,4,7 or 14 days postoperative (dpo), the animals were killed and the brains 
quickly r e moved and frozen. In situ hybridization w a s  performed in conjunction 

with a 3 3 P -labeled G A P - 4 3  c D N A  probe. Slides w ere processed for routine 
autoradiography and quantitative analysis w a s  performed using a computerized 
image analysis system. T h e  results indicate that G A P - 4 3  m R N A  levels are 
significantly increased in axotomized F M N ,  relative to controls, b y  2 dpo, peak at 4 
dp o  and remain elevated throughout the 2-week time period analyzed. T h e  addition 
of T P  at the time of injury initially did not alter the axotomy-induced changes. 
However, b y  7 dpo, G A P - 4 3  m R N A  levels in F M N  were significantly higher in the 
TP-treated animals than those in F M N  from the nonTP-treated animals. These 
results are consistent with previous w o r k  identifying a role for G A P - 4 3  in axonal 
regeneration and suggest that a comp o n e n t  of the m e c h a n i s m  b y  which steroids 
accelerate axonal regrowth after injury m a y  be attributed to G A P - 4 3 .  Supported 
b y  N I H  grant N S28238.
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D E L A Y E D  P R I M A R Y  R E P A I R  O F  T R A N S E C T E D  R A T  
S C I A T I C  N E R V E  S T I M U L A T E S  R E G E N E R A T I O N .
N .  D anielsen*. T. U r a b e .  O .  Z h a o  a n d  G .  L u n d b o r g .  Dept. H a n d  
Surg., M a l m o  Univ e r s it y  Hospital, L u n d  University, S - 2 0 5  0 2  
M a l m ö, S w e d e n  a n d  D e pt .  O r t h o p e d i c  Surg., K e i o  U n i v ersity 
Hospital, T o k y o  160, Japan.

W e  investigated the optimal t i me  for repair o f  transected rat sciatic 
nerve. T h e  sciatic nerves o n  bo t h  sides w e r e  transected a n d  repaired 
w i t h  3 single epineurial sutures 0, 1,3, 7, 10, 14 or 2 8  d a y s  after 
n e r v e  transection. T h e  regeneration distances w e r e  m e a s u r e d  b y  the 
sensory p i n c h  reflex test 2, 4  or 6  d a y s  after n e rv e  repair. T h e  initial 
delay periods (i.e. the period before regenerating n e r v e  fibres enter 
the distal n e r v e  s t u m p )  a n d  the regeneration rates w e r e  calculated 
according to H o l m q u i s t  et al (J N e u r o s c i  M e t h  48:27-33, 1993). O n e  
d a y  de la y e d  repair w a s  sufficient to r e d u c e  the initial delay period to 
5 3  %  of  the figure calculated for control nerves repaired i m m e d i a t e l y  
( f r o m  2.31 d a y s  to 1.22 days). T h e  shortest initial delay period, 0.87 
days, w a s  o b s e r v e d  in the three d a y  d e l a y e d  repair g r o u p .  A  
reduction o f  the initial delay period w a s  also o b s e r v e d  in the s e v e n 
a n d  ten d a y  d e l a y e d  repair groups. T h e  regeneration rates w e r e  not 
affected, except for nerves repaired after a  delay o f  s e v e n  or ten d a y s  
a n d  in these t w o  g r o u p s  the rates d e c r e a s e d  f r o m  2.3 m m / d a y  
(control) to 1.6 m m / d a y .  T h e  results suggest that a  p r i m a r y  d e l a y e d  
n e r v e  repair c a n  influence the initial d e l a y  pe ri o d  as well as the 
regeneration rate. In o u r  m o d e l  a n  o p t i m a l  effect o n  b o t h  these 
m e a s u r e s  w a s  ac h i e v e d  after a p r i m a r y  de l a y e d  repair period o f  o n e  
or three days.
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R A P I D  A X O T O M Y - I N D U C E D  R I B O S O M A L  (r) R N A  T R A N S C R I P T I O N A L  
A C T I V A T I O N  I N  H A M S T E R  F A C I A L  M O T O R  N E U R O N S  ( H F M N ) .  N.B. 

K inderman*1  . C.A. Harrington2  and K J .  Jones1. 1 D e p t . of Cell Biology, 
Neurobiology and Anatomy, Loyola University Chicago, M a y w o o d ,  IL 6 0 1 5 3  and 
2 Medical Research Council, London, England.

W e  have s h o w n  that facial nerve severance at the stylomastoid foramen 
increases product r R N A  levels within 24 h postoperative (hpo) in H F M N .  
Administration of exogenous testosterone propionate (TP) to hamsters at the time 
of the axotomy m o r e  rapidly induces an increase in product r R N A  levels, relative to 
nonTP-treated animals, with peak values occurring b y  6  hpo. In this study, w e  
tested the hypothesis that the rapid effects of T P  o n  product r R N A  levels occur 
through differential regulation of r R N A  transcription. Adult hamsters received 
right facial axotomies, with the left side serving as internal control. O n e  half the 
animals were also given T P  at the time of injury. A t  0.5,2,6,18 or 24 hpo, the 
animals were killed and the brains quickly r e m o v e d  and frozen. In situ 
hybridization w a s  performed with a precursor r D N A  probe containing 2.7 k b  of the 
external transcribed spacer region (ETS) of the initial 4 5 S  r R N A  transcript. T h e  
E T S  region of the r R N A  gene is transcribed, immediately cleaved and degraded in 
the nucleolus, with increases in precursor r R N A  levels thus reflective of 
transcriptional activation of the r R N A  gene. Slides w ere processed for routine 
autoradiography and quantitative analysis w a s  performed using a computerized 
image analysis system. T h e  results indicate that a x o t o m y  alone is sufficient to 
induce r R N A  transcriptional activation as early as 0.5hpo, and continuing through 
2hpo, with a return to control values b y  6  hpo. T h e  s a m e  time course of changes 
w a s  observed in the TP-treated animals, with the magnitude greater. It is concluded 
that 1) transcriptional changes in H F M N  occur within 3 0 ’ after a x o t o m y  and 2) the 
differential, m o r e  rapid effects of T P  on subsequent ribosome production are not 
manifested at the transcriptional level, but m a y  involve processing of newly 
transcribed r R N A  into ribosomes. Supported b y  N I H  grant N S 2 8 2 3 8 .
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N E U R O T R O P H I N S  P R O M O T E  R E G E N E R A T I O N  O F  S E N S O R Y  A X O N S  

I N T O  A D U L T  R A T  S P I N A L  C O R D  F. S a y er*. M .  O u d e g a  #. T. H a g g  

Dept. A n a t o m y  &  Neurobiology, D a l h o u s i e  Univ., Halifax, B 3 H  4 H 7 ,  C a n a d a ;

#  T h e  M i a m i  Project to C u r e  Paralysis, M i a m i  Univ. S c h .  M e d . ,  F L 3 3 1 3 6 .

After resection of a  1 m m  length of dor sal c o l u m n  in adult rat spinal cord 

(T10), all a s c e n d i n g  p r i m a r y  s e n s o r y  a x o n s  c a n  g r o w  into p r e d e g e n e r a t e d  

peripheral n e r v e  grafts if t he n e u r o n s  a r e  c o n diti oned b y  prior peripheral nerve 

injury ( O u d e g a  et al., Ex p .  Neurol. 129 :194 ). S u c h  a x o n s  d o  not reenter the 

“d e n e r v a t e d ” rostral spinal terrain. H e r e  w e  infused m o u s e  ß a n d  r e c o m b i n a n t  

h u m a n  N G F  (ne rve g r o w t h  factor; 1 pg/d; C e d a r  L a n e  Inc., A ustral L a b s )  with 

Alzet p u m p s  directly into t he d e n e r v a t e d  terrain for 1 4  d a y s .  N G F  p r o m o t e d  

regeneration a n d  reentry of ~ 5 0 %  of t h e  s e n s o r y  a x o n s  (anterogradely labeled 

with choleratoxin B) m a n y  u p  to 4  m m  b a c k  into t h e  cord. N e u r o t r o p h i n  family 

m e m b e r s ,  B D N F  (brain-derived n e u r o t r o p h i c  factor; 3 0  pg/ d; a  gift of 

R e g e n e r o n  P h a r m a c e u t i c a l s )  a n d  N T - 3  (neurotrophin 3; 1 0  pg/d; R e g e n e r o n )  

w h e n  infused b y  t h e m s e l v e s  e a c h  p r o m o t e d  reentry of ~ 4 0 - 5 0 % ,  o v e r  similar 

distances. C o m b i n a t i o n  of all three neur o t r o p h i n s  did n ot result in regeneration 

of m o r e  a x o n s  t h a n  with N G F  alone, s u g g e s t i n g  that large proportion of the 

r e g e n e r a t i n g  a s c e n d i n g  a x o n s  is r e s p o n s i v e  to all t h r e e  n eurotrophins. In 

related e x p e r i m e n t s ,  w e  investigated t h e  effect of n e u r o t r o p h i n s  o n  a x o n a l  
degeneration. After dorsal c o l u m n  transection (n o  graft), injured s e n s o r y  a x o n  

terminals swell a n d  f o r m  terminal c l u b s  o v e r  t h e  first d a y  a n d  d e g e n e r a t e  

further o v e r  the next f e w  w e e k s .  Injection of a  mixture of neur o t r o p h i n s  (15 μg 

e a c h )  into t he lesion site ( n o  graft) just after t h e  injury, r e d u c e d  club formation 

after 1 day, s u g g e s t i n g  that n e u r o t r o p h i n s  c a n  p r e v e n t  intraspinal a x o n a l  

degeneration. S u p p o r t e d  b y  International R e s e a c h  Institute for Pa r a p l e g i a  a n d  

Ric k H a n s e n  M a n  in M o t i o n  F ou ndat ion.
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“ P S E U D O - N E R V E S ”  A S  G R A F T S  T O  R E P A I R  D E F E C T S  I N  
R A T  S C I A T I C  N E R V E S .  Q . Z h a o * .  L . B . Dahlin. N .  Danielsen.
L . M .  Biursten a n d  G .  L u n d b o r g . Depts. H a n d  Surg. a n d  E x p .  Res, 
M a l m ö University Hospital, University of  L u n d ,  S - 2 0 5  0 2  M a l m ö, 
S w e d e n .

T h e  p s e u d o - n e r v e ,  w h i c h  contains longitudinal S c h w a n n  cell 
c o l u m n s  s u r r o u n d e d  b y  perineurium-like tissue b u t  n o  a x o n s  ( Z h a o  
et al 1992), w a s  u s e d  as a graft to repair n e r v e  defects in rats. T h e  
p s e u d o - n e r v e  w a s  created b y  inserting the p r o x i m a l  a n d  distal 
s t u m p s  o f  cut sciatic n e r v e  into a silicone t u be  ( 0  1.8, g a p  1 0  m m )  
in vivo. After 4  w e e k s ,  the p s e u d o - n e r v e  w a s  harvested, t r i m m e d  
into a 1 0  m m  l o n g  graft a n d  transplanted into a defect in the sciatic 
n e r v e  o n  the other side. N e r v e  regeneration t h r o u g h  the p s e u d o -
n e r v e  w a s  e x a m i n e d  b y  p i n c h  reflex test after 6  d a y s  a n d  b y  
m o r p h o l o g y  after 4  or 8 w e e k s .  T h e  results s h o w e d  that the p s e u d o -
n e r v e  c o u l d  i n d u c e  n e r v e  regeneration in a similar e x t e n d  to a real 
n e r v e  graft indicated b y  positive p i n c h  r e s ponse, neurofilament 
staining a n d  light m i c r o s c o p y .  T h e  neurobiological c o m p o s i t i o n  a n d  
the factors influencing p s e u d o - n e r v e  f o r m a t i o n  w e r e  also studied. 
T h e  S c h w a n n  cell c o l u m n s  ( S - 1 0 0 )  in the p s e u d o - n e r v e  w e r e  
s u r r o u n d e d  b y  basal l a m i n a e  (laminin) a n d  e n s h e a t h e d  b y  a layer of 
p e r i n e u r i u m - l i k e  tissue w h i c h  w a s  w e l l  v a s c u l a r i z e d  ( v o n 
W i l l e b r a n d  factor). M a c r o p h a g e s  ( E D I  a n d  E D 2 )  a n d  their products 
I L - 1ß a n d  T G F - ß1 w e r e  constantly present in the pseu d o - ne r v e.  T h e  
f o r m a t i o n  o f  p s e u d o - n e r v e s  w a s  crucially infl u e n ce d  b y  the tube 
d e s i g n  a n d  the b l o o d  su p p l y  to the n e r v e  inserts. It is c o n c l u d e d  that 
the p s e u d o - n e r v e  c ontains the essential n e u r o b iological basis to 
i n d u c e  successful ax on a l  growth.
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A  S E A R C H  F O R  T R A N S C R I P T S  T H A T  A R E  
S E L E C T I V E L Y  I N D U C E D  B Y  L - D E P R E N Y L  I N  A  
H U M A N  G L I O M A  C E L L  L I N E .  J. E k b l o m * a n d  L. 
Oreland. D e p a r t m e n t  of M e d i c a l  P h a r m a c o l o g y ,  
B M C ,  B o x  593, U p p s a l a  University, S-751 23 
Uppsala, S W E D E N .

D e p r e n y l  h a s  b e e n  s h o w n  to p r o m o t e  
regeneration of n e r v e  cells in several m o d e l s  of 
nuronal injury, b o t h  in vivo a n d  in vitro. It h as 
been p o s t u l a t e d  that the m e c h a n i s m  is 
independent o n  the capacity of this d r u g  to cause 
inhibition of m o n o a m i n e  oxidase B  ( M A O - B ) .  B y  
using differential display P C R  w e  h a v e  identified 
s o m e  P C R  p r o du cts that c o r r e s p o n d  to transcripts 
that are i n d u c e d  b y  d e p r e n y l  trea t m e n t  of a 
h u m a n  a s t r o c y t o m a  cell line (1242 M G ) .  T h e  
induction s e e m s  to b e  selective for deprenyl, e.g. 
no induction of these transcripts is o b s e r v e d  after 
treatment w i t h  phenelzin. T h e  selective induction 
has b e e n  c o n f i r m e d  w i t h  N o r t h e r n  blotting 
analysis.
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T H E  E F F E C T S  O F  N G F  O N  P E R I P H E R A L  N E R V E  R E G E N E R A T I O N  

IN D I A B E T I C  R A T S .  A. S. Villadiego, V. S. T a n t u w a ya, J. X. Tong*. K. M .  
Rich. Department of Neurological Surgery, W a s hington University School of 
Medicine, St. Louis, M O  63110.

Ner v e  growth factor ( N G F )  has early beneficial effects on  peripheral 
nerve regeneration through silicone tubes. In diabetes mellitus, peripheral nerve 
regeneration is impaired; one contributing factor m a y  be a deficiency of trophic 
support. W e  exami n e d  the effects of exogenous N G F  o n  peripheral nerve 
regeneration in diabetic animals.

Diabetes w a s  induced in 8 adult female Sprague- D a w l e y  rats b y  tail vein 
injection of 35 m g / k g  streptozocin. Diabetic a nd control animals subsequently 
underwent right sciatic nerve transection and entubational repair leaving a gap of 
5 m m  between transected nerve ends. Diabetic animals ha d  chamb e r s  filled with 
either P B S  ( N = 4 )  or a 1 m g / m l  NGF/saline solution ( N =4). In control animals, 
chambers were filled with P B S  ( N = 4 ) .  Three w e e k s  after surgery, regenerated 

cables were removed, fixed and e m b e d d e d ,  a nd cut into lμm  cross-sections.
Myelinated axons w e r e  quantitated f r o m  the midsection of each 

regenerated cable under phase-contrast microscopy. Myelinated axonal 

regeneration w a s  decreased in diabetic-PBS animals (2203 ± 3 1 9 )  c o m p a r e d  with 

the nondiabetic-PBS group (3294 ±  536; p =  0.13, Student’s t-test) a nd the 

diabetic-NGF group (3357 ±  623; p=0.15). Size-frequency spectra of the axonal 

areas demonstrated fewer small axons in the diabetic groups c o m p a r e d  with the 
nondiabetic group. M e a n  axonal areas we r e  larger in the diabetic-PBS group 

(8.31 ±  .193 p m 2) c o m p a r e d  with the nondiabetic group (6.95 ±  .286 μm 2; 
p=0.007).

In conclusion, diabetes appeared to impair regeneration across gaps in 
the silicone c h a m b e r  m o d e l  as determined with axonal counts an d  morphometric 
studies. This effect w a s  partially reversed b y  the administration of N G F .
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T H E  E F F E C T  O F  T R O P H I C  F A C T O R S  O N  I D E N T I F I E D  B R A I N S T E M -  
S P I N A L  N E U R O N S  I N  VITRO. D . M .  Pataky 1* and J.D .  Steeves1,2. Depts of 
Zoology1 &  A n a t o m y 2, University of British Columbia, Vancouver, Canada.
Functional deficits after a spinal cord injury are du e  in part to the interruption 

of long axonal projections, especially from brainstem regions such as the 
reticular formation and vestibular nuclei. W e  are specifically interested in 
determining w h y  these projections are unable to regenerate. O n e  w a y  of 
defining which particular trophic factors influence brainstem-spinal neurons is 
to use in vitro cell culture assays. This w a s  accomplished with a retrograde, pre- 
labelling paradigm which allowed brainstem-spinal neurons to be unequivocally 
identified in the culture. Briefly, a small crystal of Dil w a s  implanted into the 
cervical spinal cord of a chick e m b r y o  on  embryonic day (E) 5. A t  this stage of 
development, neurons in the brainstem have already begun to extend axons into 
the spinal cord. Three days later, o n  E8, the hindbrain w a s  removed, 
trypsinized, dissociated and the cells plated o n  polylysine/laminin-coated, 
chamber slides in Dulbecco's Modified Eagle's M e d i u m  with N 2  supplements 
( D M E M N 2 )  and 1 0 %  fetal calf serum (FCS). Three hours after plating, the 
medium was replaced with D M E M N 2  or D M E M N 2  with 1 0 %  F C S  or 
D M E M N 2  with a specific trophic factor. T w o  days later, the cells were fixed 
with 4 %  paraformaldehyde and prepared for examination with phase and 
fluorescence microscopy. T h e  n u m b e r  of neurons labelled with Dil that 
survived and extended neurites w a s  then determined. Preliminary evidence 
suggests that fibroblast growth factor-2 (l0 ng/ml) enhances the survival of 
brainstem-spinal projection neurons, whereas brain-derived neurotrophic factor 
and Neurotrophin-3 have little effect. W o r k  is in progress to confirm and extend 
these results to include a wide variety of trophic factors. Future studies will 
examine the role played by these factors in vivo during normal development and 
in response to injury. Supported in part b y  the Neuroscience N e t w o r k  of 
Canada. W e  thank A m g e n  for the supply of neurotrophins.
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E F F E C T S  O F  S T E A D Y  L O W - I N T E N S I T Y  E L E C T R I C  F I E L D S  O N  
R E G E N E R A T I O N  O F  T R A N S E C T E D  R A T  S C I A T I C  N E R V E .  M . R .  
W h i t e .  J.D. S w e e n e y *. K. Mosallaie. T. A. B r a n d o n  a n d  D. L e v y † . D e p t . 
of C h e m i c a l ,  B i o  a n d  M a t e r i a l s  E n g i n e e r i n g ,  A r i z o n a  S tate University, 
T e m p e ,  A Z  8 5 2 8 7 - 6 0 0 6  a n d  †T h e  Division of N e u r o s u r g e r y ,  B a r r o w  
Neurological Institute, Phoen i x ,  A Z  85 0 1 3 .

L o w - i n t e n s i t y  electric fields ( L I E F s )  h a v e  b e e n  r e p o r t e d  to influence 
t he rate a nd / o r  orientation of n e r v e  r e generation in a  n u m b e r  of studies. 
T h e  e x a c t  m e c h a n i s m  b y  w h i c h  this is a c c o m p l i s h e d  is n o t  well 
u n d e r s t o o d ,  h o w e v e r ,  a n d  t he p h e n o m e n a  r e m a i n s  controversial. T h e  
objective of this s t u d y  w a s  to further investigate the effects of L I E F s  o n  
r e g e n e r a t i n g  m y e l i n a t e d  fibers in tra n s e c t e d  rat sciatic nerve. A  w i c k  
electrode/nerve g u i d e  t u b e  ( N G T )  s y s t e m  w a s  d e s i g n e d  a n d  constructed 
t hat al l o w e d  u s  to i m p o s e  a  controlled electric field o n  th e  sciatic n e r v e  
r e g e n e r a t i n g  w i t h i n  a  silicone r u b b e r  tube. H y d r o g e l  ( P - H E M A )  ‘w i c k ’ 
electrodes c o n n e c t e d  to e a c h  N G T  w e r e  u s e d  to p a s s  s t e a d y  currents 
g e n e r a t e d  b y  a n  i m p l a n t e d  curr e n t  source. In a  first set of three to four 
w e e k  e x p e r i m e n t s  w e  u s e d  straight N G T s  to s t u d y  t he effects of vary i n g  
n e r v e  g a p  length (8 to 1 5  m m )  a n d  c u r r e n t  m a g n i t u d e  (0.25 to 1 μA). 
A n a l y s i s  s u g g e s t s  t h a t  t h e r e  w a s  n o  significant difference a m o n g  
control, s h a m ,  a n d  e x p e r i m e n t a l  g r o u p s  for t h e s e  g a p  l e n g t h s  a n d 
currents. In a  s e c o n d  set of e x p e r i m e n t s ,  e x t e n t  o f  g r o w t h  a n d  
orientation of r e g e n e r a t i n g  a x o n s  e x p o s e d  to L I E F s  w e r e  m e a s u r e d  in 
Y - s h a p e d  N G T s .  T h e  Y - t u b es u s e d  in this set of e x p e r i m e n t s  offered 
a x o n s  a  choice of targets (cathodic electrode vs. distal s t u m p  or o p e n  
tube). W h e n  a x o n s  h a d  the choice of r e g e n e r a t i n g  a l o n g  the electric field 
( t o w a r d  t h e  c a t h o d e )  or t o w a r d  t he distal n e r v e  t r u n k  s t u m p ,  t h e y  
preferred to g r o w  t o w a r d  the distal s t u m p .  G i v e n  the choice of electric 
field or a n  o p e n  a r m  of t he Y-tu b e ,  h o w e v e r ,  t h e  r e g e n e r a t i n g  a x o n s  
t e n d e d  to g r o w  preferentially t o w a r d  t he cathode. W e  c o n c l u d e  that 
cathode-distal l o w  intensity electric fields c a n  h a v e  s m a l l  b u t  evident 
effects o n  orientation of r e g e n e r a t i n g  m y e l i n a t e d  nerves. (This w o r k  w a s  
s u p p o r t e d  b y  a  g r a n t  f r o m  the W h i t a k e r  Foundation).
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I M M U N O H I S T O C H E M I C A L  &  U L T R A S T R U C T U R A L  S T U D I E S  O F  A D U L T  
C H I C K  &  M O U S E  M Y E L I N  A F T E R  I N T R A S P I N A L  I N J E C T I O N  O F  S E R U M  
C O M P L E M E N T  P R O T E I N S  &  M Y E L I N  S P E C I F I C  A N T I B O D I E S .  J.K, Dyer*1. 
H.S. Keirstead3 &  J.D. Steeves1,2. Depts. of Zoology1 &  A n a t o m y 2, U B C ,  6270 
University Boulevard, Vancouver, B C ,  V 6 T  1Z4, C A N A D A .  3M R C  Cambridge Brain 
Repair Centre, Univ. of Cambridge, Robinson W a y ,  Cambridge, C B 2  2SR, U K .

Recent studies have indicated that myelin is inhibitory to C N S  axonal regeneration 
after injury. This inhibitory activity is attributable to specific myelin-associated 
molecules an d  functional blockade of these molecules, or the suppression of myelin 

itself, can facilitate axonal regeneration by  injured C N S  neurons. E m p loying serum 
c o m plement proteins a nd myelin-specific antibodies that bind to c omplement (GalC 
or 04), the removal of myelin is indicated immunohistochemically (eg. M A G / M B F ) .  
T h e  apparent loss of myelin antigens is first evident 24 hours after either a single 
injection or infusion from a 7-14 day osmotic p u m p  containing the antibody and 
complement. White matter tracts are M B P / M A G  for a distance of u p  to 1 c m  either 
side of the injection site. This condition persists throughout the infusion time and for 
u p  to 3 days after the infusion, with myelin-associated immunohistochemical markers 
reappearing after this time. T h e  reappearance of M B P +/ M A G + staining suggests 

recovery of the normal myelin structure.
Conversely, at the ultrastructural level, myelin is evident at all stages of the 

immunological treatment, however, the myelin wraps do  not retain their compacted 
form and are highly disrupted. T h e  degree of disruption appears to be related to the 
axon/myelin sheath diameter, with smaller diameter axons often appearing less 
affected. T h u s  the suppression of myelin inhibitory activity within the adult cord m a y  
be induced by the disruption of the myelin lamella, as opposed to the absolute removal 

of myelin.
These ultrastructural data indicate that negative immunohistological results do not 

necessarily suggest that myelin has been removed, a n d  that ultrastructural analysis are 

required to clarify the results obtained by other means.
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N O N - I N V A S I V E  C O R T I C A L  E L E C T R I C A L  S T I M U L A T I O N  R E D U C E S  
C O R T I C A L  C E L L  D E A T H  F O L L O W I N G  M I D - T H O R A C I C  P Y R A M I D A L  T R A C T  
T R A N S E C T I O N
M .  Dauzvardis*, L. S. Liu, T. Khan, C. Trausch, A. Gaffar, S. Sayers, B. Dunlap, G. 
Tillotson, T. Hogan. Rehabilitation R & D  Center, Hines V A  Hospital, Hines, IL 
60141.

In contrast to the vigorous regeneration observed following injury to the peripheral 
nervous system (PNS), without intervention, injured neurons in the adult m a m m a l i a n  
central nervous system ( C N S )  fail to under g o  a functional regeneration. Recent 
animal research suggests that interventions utilizing fetal tissue grafts, caibon filament 
implants, electrical stimulation, and/or application of neurite growth factors apparently 
enhance regeneration and regrowth of d a m a g e d  brain and spinal cord. These 
interventions are primarily administered at or near the injury site. It is our theory that 
following spinal cord injury, electrical stimulation of the cells of origin of interrupted 
descending motor pathways, m o r e  specifically cells of the somatomotor cortex of the 
brain, m a y  result in driving these cells to produce protein, neurotransmitters, and 
possibly growth factors. These cellular products m a y  then be transported to the spinal 
cord injury site where they m a y  contribute to greater axonal regeneration then observed 
following direct spinal cord stimulation. Just as significant, this cortical stimulation 
could also serve to reduce the conical neuronal death which occurs after acute spinal 
cord injury. In this study w e  subjected rats with mid-thoracic pyramidal tract lesions to 
a daily regiment of non-invasive cortical stimulation with a Cadwell 5 c m  magnetic coil 
( 5 0 %  stim. strength, 3 sets of 10 reps, twice daily, 30 days total). Pyramidal tract 
neurons were counted following cervical injections of the retrograde neuronal tracer 
Fast Blue. C o m p a r e d  to surgical controls, rats with pyramidal lesion plus stimulation 
demonstrated a significant reduction in the cortical cellular death typically associated 
with pyramidal tract lesions. Pyramidal neurons were counted following cervical 
injections of the neuronal tracer Fast Blue. Focal cortical magnetic stimulation m a y  
prove a useful and non-invasive tool in reducing cortical neuronal death following 
spinal axotomy. Supported by funds from the Veterans Administration, Rehabilitation 
R & D  Center.
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R E C O M B I N A N T  A D E N O - A S S O C I A T E D  V I R U S  M E D I A T E D  G E N E  
T R A N S F E R  I N T O  T H E  C N S
W a r r e n  Lo*. R u ju Chep. K .R. Clark. T.J. Sferra. P. J ohnson, T h e  O h i o  State 
University Department of Pediatrics, Children’s Hospital Research Foundation, 
Children’s Hospital, Columbus, Oh i o

Delivery of genes to the C N S  is complicated since the cells are terminally 
differentiated. Viral vectors have been used to deliver genes to the C N S ,  but 
2 of the available vectors, Herpes virus and adenovirus, have been limited by 
the i m m u n e  responses they induce. A A V  has s h o w n  promise for it does not 
induce an i m m u n e  response. W e  have used a recombinant A A V  ( r A A V )  vector 
containing the lacZ reporter gene to transduce C N S  cells. T h e  r A A V /β-gal 
virus w a s  stereotactically inoculated (l-2μl ) into the hippocampus of B A L B / C  

mice (109 IU/ml). Control injections consisted of media alone and a recombi
nant adenovirus vector containing the lacZ gene. G r o u p s  consisted of 4 animals 
each and the inoculation sites were m a r k e d  by  colloidal carbon particles. At 5 
to 7 days after inoculation, the brains were removed, and cryostat sections were 
stained for β-galactosidase activity.

T h e  inoculation sites w ere easily located by  the presence of the carbon 
particles. Experimental animals receiving 1 μl of the r A A V  vector, possessed 
β-galactosidase activity in non-vascular cells, primarily confined to the 
hippocampus. Injection of 2 μl of the r A A V  vector resulted in β-galactosidase 
activity within the hippocampus and, also, o n  occasion the ipsilateral thalamus. 
Controls s h o w e d  rare β-galactosidase activity w h ich w a s  always associated with 
vascular structures. T h e  adenoviral positive control animals s h o w e d  intense β- 
galactosidase staining throughout the injection site. T hese results confirm the 
finding that r A A V  can transduce terminally differentiated C N S  cells(ref). T h e  
efficiency of transduction appears low, and thus further modifications are needed 
to optimize rA A V - m e d i a t e d  gene delivery into the C N S .
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P H A R M A C O K I N E T I C S  A N D  D I S T R I B U T I O N  O F  125I - r h G G F 2 .
Katragadda*. Q . B e r m i n g h a m - M c D o n o g h .  K. Cronin. D. I. G w y nne and C. Kirk 
Cambridge NeuroScience Inc., Cambridge, M A ,  02139.

Glial growth factors ( G G F s )  belong to a family of growth factors including 
A R I A ,  heregulins and neu differentiation factor, that arise from the s a m e  gene by 
alternative splicing. R ecombinant h u m a n  G G F 2  ( r h G G F 2 )  is a potent mitogen for 
rat and h u m a n  Sc h w a n n  cells (Rutkowski et al., Nature M e d .  1, 80, 1995) and m a y  
have therapeutic potential in the treatment of neuropathies and nerve repair. It is 
essential to evaluate the pharmacokinetic profile and tissue distribution of r h G G F 2  
in order to monitor the effects of systemic administration of this factor in animal 
models. This report describes the results of preliminary pharmacokinetic 
experiments conducted with l25I -rhG G F 2  in adult rats.

r h G G F 2  w as iodinated with 125I-Bolton-Hunter reagent at a ratio of 1:3. T h e  
purity of l25I-rhG G F 2  w as checked by separation on S D S  gels and bioactivity w as 
s h o w n  by its stimulation of S c h w a n n  cell proliferation. 125I - r h G G F 2  w a s  
administered either IV  or S C  and blood samples were dra w n  over a period of 24  hr. 
Total 125I and T C A  precipitable l25I from plasma was counted. B ased on the T C A  
precipitable 125I from IV-dosed animals, the terminal elimination half-life for 
r h G G F 2  is about 7 hr. Its initial volume of distribution (5 min. following I V  admin.) 
is 235 ml/Kg, indicating rapid sequestration of r h G G F 2  a w a y  from the central 
compartment. Preliminary data from SC-do s e d  animals indicate that the peak 
plasma concentration is reached between 6 to 12 hr. and that r h G G F 2  is eliminated 
with a terminal half-life of 14 hr.

T h e  7 hr. elimination half-life for r h G G F 2  is one of the longest half-lives 
reported for proteins of its size (about 6 0  KD). L o n g  half-life of a drug molecule 
would be an advantage for therapeutic purposes. Possible reasons for the long half- 
life m a y  include the existence of circulating endogenous G G F 2  or tight binding to 
circulating proteins making r h G G F 2  less available for elimination. Detailed data on 
the P K  and distribution of r h G G F 2  will be presented.
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C L I N I C A L  I M P R O V E M E N T  O F  S P I N A L  C O R D  I N J U R E D  R A T S  

S U B J E C T E D  T O  C Y C L O S P O R I N - A  T R E A T M E N T  A. Ibarra*. S 

Martinez. J . R e y es. D . Correa. G .  G u izar-Sahagun, R. Kretschmer. I. 

Grijalva a n d  I. M a d r a z o  U n i d a d  d e  Invest. M e d .  e n  Enf. Neorologicas. 

H . E., C M N  Siglo X X I ,  I M S S  ; Proyecto C a m i n a  A . C. ; I N D R E ,  Mexico, 

D.F. , M e xico.

A  cascade of  auto destructive p h e n o m e n a  including i m m u n e  response 

a n d  production of  certain neurotoxic substances s uch as nitric oxide ( N O )  

m a y  play a n  important role in the destruction a n d  spinal cord ( S C )  

regeneration inhibition after S C  trauma. Cy c l o s p o r i n - A  (CsA), a potent a n d  

selective i m m u n o s u p r e s s i v e  agent m a y  b e  us e d  to diminish a n d  inhibit the 

i m m u n e  response a n d  the N O  production respectively, originating a better 

environment to S C  regeneration a n d  secondarily a probable clinical 

improvement. T o  determined the effect of  a C s A  treatment o n  the clinical 

i m p r o v e m e n t  after S C  injury, t w o  g r o u p s  o f  female L o n g - Evans, adult 

rats w e r e  submitted to a l o w  thoracic ( T 8 - T 9 )  spinal cord contusion 

(experimental groups). T w o  g r o u p s  with l a m i n e c t o m y  w e r e  used as controls. 

O n e  experimental a n d  o n e  control g r o u p  received C s A  treatment under a 

pre-established scheme, while the other g r o u p s  received the C s A  vehicle. 

L o c o m o t i o n  a n d  m o t o r  activity recuperation w e r e  evaluated b y  Tarlov s 

scale, inclined plane a n d  place reflex tests during 9 0  days. All tests 

demonstrated a significant difference ( p  <  0.05, p  <  0.01 a n d  p  =  0.005 

respectively) in favour of  the S C  injured rats with C s A  treatment. T h e s e  

results could suggest that C s A  originated a better environment to S C  

regeneration a n d  secondarily a clinical i m p r o v e m e n t
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C O M P A R I S O N  O F  S I L A S T I C  A N D  B I O D E G R A D A B L E  T U B E S  F O R  
D E L I V E R Y  O F  G R O W T H  F A C T O R S  I N  N E R V E  G A P  I N J U R I E S .  M.R. Wells*1, 
D.K. Batter2, H.N. A n t o m a d es. D.G. Blunt. J. W e r c m o w i c z ,  S.E L y n c h  and H.-A. 
Hansson3  Institute of Molecular Biology, Worcester, M A .  0 1 6 0 5  1N. Y. College of 
Osteopathic Medicine, Old Wcstbury N.Y., 2O N O  Pharmaceuticals, Boston, M A  
3University of G oteborg, Gotcborg, S w e d e n

W e  have previously demonstrated that a combination of platelel-dcrived growth 
factor-BB ( P D G F - B B )  and Insulin-like growth factor -I (IGF-1) can enhance the 
regeneration of axons and functional recovery alter gap injuries of the rat sciatic nerve 
w hich have been repaired with silastic tubes. T h e  present objectives were to 
compare properties of a silastic tube with a m o r e  clinically applicable biode gradable 
tube (Neurotube ™ ,  purchased (from N e u r o R c g c n  L.L.C, Baltimore, M D )  in then 
ability to promote regeneration in gap injured nerves treated with growth (actors.

Sixty- four rats received 10 m m  unilateral gap injunes of the sciatic nerve which 
were repaired with either biodegradable tubes (I.D. 2.0 m m )  or silastic lubes of the 
s a m e  diameter containing 15 u g/ml each of P D G F - B B  and IGF-I in a 2 %  
m ethylcellulose vehicle or containing the vehicle alone. Animals were evaluated al 4 
or 12 weeks. Few e r  myelinated axons were observed at 4  weeks in biodegradable 
tubes and functional recovery over a 12 w e e k  period w a s  slower. Additionally, 
concentrations of P D G F / 1 G F - I  which could stimulate both functional and anatomical 
regeneration with silastic tubes were ineffective with biodegradable tubes. T h e  poorer 
performance of the biodegradable lube m a y  be related to its macroporous 
characteristics and to a tendency for the tubes to stretch in vivo. Increases in the 
concentration and m o d e  of delivery of applied growth factors m a y  compensate for the 
increased diffusion out of the biodegradable tubes. Finally, a rapid ingrowth of blood 
vessels observed through the walls of the biodegradable tubes m a y  provide a basis for 
their clinical success in the repair of larger nerve gaps.
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R E C O M B I N A N T  H U M A N  G L I A L  G R O W T H  F A C T O R  2 ( r h G G F 2 )  I N  A  
R A T  N E R V E  T R A N S E C T I O N  M O D E L :  T E S T  O F  A  D R U G  D E L I V E R Y  
D E V I C E  I N  P R O M O T I N G  N E R V E  R E P A I R .  C. C h e n .  E. Fine. S. Goldin. J. 
G w a d e r a .  C. Kirk, D. L a w s o n .  N .  M a h a n t h a p p a ,  L. M o r t i n *  T. Sudhaltet. E. 
Taylor. F. W a s o n .  D. Z h o u .  Dept. P h a r m a c o l o g y ,  C a m b r i d g e  NeuroScience, 
Inc., O n e  Kendall Square, C a m b r i d g e ,  M A  02139.
T h e  n e r v e  g u i d e  tu b e  m o d e l  h a s  b e e n  u s e d  extensively to e x a m i n e  the 
cellular events occurring at the distal a n d  p r o x i m a l  s t u m p s  of transected 
nerves, a n d  as a m e a n s  of introducing products w i t h  therapeutic potential in 
p r o m o t i n g  n e r v e  regeneration. A  n u m b e r  of g r o w t h  factors h a v e  b e e n  
introduced into the n e r v e  c o nduit at the t i m e  of n e r v e  transection, h o w e v e r  
results of these trials h a v e  no t  led to a  clear i m p r o v e m e n t  in regeneration. A  
single administration of a g r o w t h  factor at the t ime of n e r v e  injury m a y  be 
insufficient to i m p a c t  a process that requires w e e k s  to m o n t h s ,  a n d  given 
their short half-life a n d  susceptibility to proteolysis, a single d o s e  m a y  be 
insufficient to initiate regeneration. T o  o v e r c o m e  these p r o b l e m s ,  w e  
d e v e l o p e d  a mi c r o p o r o u s  collagen/c o m p o s i t e  m e m b r a n e  that incorporated 
a n d  slow l y  released r h G G F 2  for u p  to 2 w e e k s  in b o t h  in vitro a n d  in vivo 
tests. r h G G F 2  is a potent S c h w a n n  cell m i t o g e n  a n d  m a y  b e  of therapeutic 
value. S l o w  release m e m b r a n e s  ±  G G F  w e r e  incorporated into n e r v e  guide 
tubes longitudinally a n d  sutured to bridge the p r o x i m a l  a n d  distal s t u m p s  of 

transected sciatic n e rves leaving a  10 m m  gap. N e r v e s  w e r e  h a r vested 28 
d a y s  post-transection a n d  fixed a n d  m y e l i n a t e d  a x o n  co u n t s  w e r e  m a d e .  
Saline a n d  G G F - t r e a t e d  m e m b r a n e  tubes p r o d u c e d  c o m p a r a b l e  levels of 
m y e l i n a t e d  a x o n s  w h i l e  tubes containing m e m b r a n e s  w i t h o u t  G G F  s h o w e d  
dramatically r e d u c e d  n u m b e r s  of m y e l i n  profiles. It m a y  be, that the 
m e m b r a n e  itself p r o d u c e s  a barrier to regeneration that is o v e r c o m e  in the 
presence of G G F .
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E F F E C T S  O F  P L A T E L E T - D E R I V E D  G R O W T H  F A C T O R  A N D  
I N S U L I N - L I K E  G R O W T H  F A C T O R - 1 O N  A X O N A L  R E G E N E R A T I O N  
I N  T H E  A D U L T  R A T  S P I N A L  C O R D .
M .  Oudega*. X . M .  X u .  V. G u énard. N .  K léitman. M .  Wells#. M . B .  B u n g e
T h e  M i a m i  Project to C u r e  Paralysis, University of M i a m i  School of Medicine, 
M i ami, F L  33136; a n d  #Institute of Molecular Biology, Worcester, M A  01605.
Insulin-like grow t h  factor-1 (IGF-1) p r o m o t e s  axonal outgrowth in the P N S  

a n d  preliminary studies s h o w e d  that its effect can b e  e n h a n c e d  b y  platelet- 
derived grow t h  factor ( P D G F ) .  W e  tested the effect of P D G F + I G F - 1  o n  
axonal regeneration into S c h w a n n  cell (SC)-seeded guidance channels at a 
midthoracic level in adult, Fisher rat spinal cord. P A N / P V C - c h a n n e l s  (10 m m  
long), filled with Matrigel a n d  6xl06 S C s  ( M / S C s )  with or without 15ng/μl 
P D G F  +  3 0 n g /μl I G F - 1  w e r e  placed at the proximal s t u m p  of the spinal cord 
after a complete transection at T 8  a n d  removal of T8-T10. F o u r  w e e k s  after 
implantation, there w a s  a 4 7 %  decrease in the n u m b e r  of myelinated axons in 
cables of M / S C s  with P D G F + I G F - 1  c o m p a r e d  to M/SC-cables alone. T h e  
cord/graft interface region s h o w e d  m o r e  secondary d a m a g e  (microcyst 
formation) in animals that received a cable of M / S C s  with P D G F + I G F - 1 ,  which 
m a y  b e  related to i m p e d e d  axonal growth. E M  analysis revealed considerably 
thicker myelin sheaths a n d  a higher ratio of unmyelinated to myelinated axons 
in the presence of P D G F + I G F - 1 .  I m m u n o r e a c t i v e  serotonergic a n d  d o p a 
minergic fibers extended u p  to 2 m m  into cables of M / S C s  with P D G F + I G F - 1 ,  
in contrast to M/SC-cables, into whi c h  these fibers did not grow. In conclusion, 
P D G F + I G F - 1  appeared to h a m p e r  overall axonal regeneration, but m a y  have 
e n h a n c e d  the myelination of axons wh i c h  entered M/SC-cables. In addition, 
P D G F + I G F - 1  e n h a n c e d  the entry of serotonergic a n d  dopaminergic fibers into 
the M/SC-cables. S u p p o r t e d  b y  N 1 H  ( N S 2 8 0 5 9  a n d  N S 0 9 9 2 3 )  a n d  T h e  M i a m i  
Project. M O  a n d  X M X  are Daniel H e u m a n n  International Scholars.
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I M M U N O S U P R E S S I V E  A G E N T S  E N H A N C E  R E G E N E R A T I O N  O F  A D U L T  

D O R S A L  R O O T  A X O N S  I N T O  S P I N A L  C O R D .  T. S U G A W A R A .  Y. I T O H .  F. 

M O R I .  H. K O J I M A *  a n d  M .  K O W A D A .  D e p a r t m e n t  of N e u r o s u r g e r y ,  

Akita University S c h o o l  of M e d i c i n e ,  Akita 0 1 0 ,  J a p a n .

T h e  s e v e r e d  adult m a m m a l i a n  d o r s a l  root g a n g l i o n  ( D R G )  a x o n s  

c a n n o t  r e g r o w  into t h e  spi n a l  c o r d .  It h a s  b e e n  r e p o r t e d  that 

d e v e l o p m e n t  of a u t o i m m u n e  r e a c t i o n s  after C N S  injury c a n  pl a y  a n  

inhibitory role for a x o n a l  r e g e n e r a t i o n .  In t h e  p r e s e n t  s t u d y  w e  

inv estigated w h e t h e r  i m m u n o s u p p r e s s i o n  wi t h  c y c l o s p o r i n e  A  or 

F K 5 0 6  p r o m o t e s  r e g e n e r a t i o n  of injured D R G  a x o n s  into spinal cord. 

T h e  L 4 / 5  d o r s a l  root of adu lt S p r a g u e - D a w l e y  rat w a s  t r a n s e c t e d  

close to the dor s a l  root entry z o n e .  A  s m a l l  cavity w a s  c r e a t e d  o n  the 

dorsal s u r f a c e  of t h e  spinal c o r d  a n d  dor sal root s t u m p  w a s  a t t a c h e d  to 

the g r a y  ma t t e r .  O p e r a t e d  a n i m a l s  r e c e i v e d  daily s u b c u t a n e o u s  

injection of i m m u n o s u p p r e s s a n t  c y c l o s p o r i n e  A  ( 5 m g / k g )  or F K 5 0 6  

( 0 . 5 m g / k g ) ,  w h i l e  c o n t r o l  rats w e r e  t r e a t e d  w i t h  saline. T h e  

m o r p h o l o g y  of a p p o s e d  d o r s a l  root a n d  a d j a c e n t  spinal c o r d  w a s  

e x a m i n e d  1 m o n t h  after s u r g e r y  a n d  r e g e n e r a t e d  D R G  a x o n s  w e r e  

labeled with i m m u n o h i s t o c h e m i c a l  m e t h o d s  to s t u d y  t h e  s u b s e t  w h i c h  

contains calcitonin g e n e - r e l a t e d  p e p t i d e  ( C G R P ) .  C G R P - la b e l e d  D R G  

a x o n s  of i m m u n o s u p p r e s s e d  rats s h o w e d  r o b u s t  r e g e n e r a t i o n  into 

spinal cord; t h e y  c r o s s e d  d o r s a l  root-spinal c o r d  interface, f o r m e d  

d e n s e  p l e x u s  in t h e  g r a y  m a t t e r  a n d  s o m e  of t h e m  r e a c h e d  t h e  m o t o r  

n e u r o n  pool. H o w e v e r ,  f e w  r e g e n e r a t e d  fibers w e r e  s e e n  in spinal 

cord of control rats. T h e s e  results s u g g e s t  that a u t o i m m u n e  rea ctio ns 

are c o n c e r n e d  wit h failed r e c o n s t r u c t i o n  of C N S  after injury a n d  

i m m u n o s u p p r e s s i o n  t r e a t m e n t  m a y  b e  a b l e  to facilitate a x o n a l  

regeneration in C N S .
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B E H A V I O R A L  E F F E C T S  O F  F E T A L  N I G R A L  G R A F T S  
I N T O  T H E  S U B S T A N T I A  N I G R A  O F  6 - O H D A  L E S I O N E D  

R A T S .

R  E. J o h n s t o n *  a n d  J . B . B e c k e r .  D e p t .  P s y c h o l o g y ,  

N e u r o s c i e n c e  P r o g r a m  a n d  R e p r o d u c t i v e  S c i e n c e s  
P r o g r a m ,  Univ e r s it y  of M i c h i g a n ,  A n n  Ar bo r ,  M l  4 8 1 0 4 .  
Grafts of fetal ventral m e s e n c e p h a l i c  ( V M )  t i s s u e  into t h e  

d o p a m i n e - d e n e r v a t e d  rat s t r i a t u m  c o n s i s t e n t l y  r e d u c e  o r  

abolish d r u g - i n d u c e d  rotational b i a s  w h e n  a n i m a l s  a r e  

ch a l l e n g e d  with d o p a m i n e r g i c  a g e n t s .  H o w e v e r ,  s u c h  
grafts d o  n o t  reliably a m e l i o r a t e  deficits in s p o n t a n e o u s  

b e h aviors ( D u n n e t t  et al., ( 1 9 8 3 ) ,  A c t a  Physiol. S c a n d . ,  
Suppl. 52, 29). R e c e n t  e v i d e n c e  i n d i c a t e s  that grafts into 

the su b s t a n t i a  n i g r a  m a y  a l s o  b e  b e h a v i o r a l l y  effective 
(Johnston a n d  B e c k e r  (1 9 9 3 ) ,  S o c .  N e u r o s c i .  Abstr., 19, 
683; N i k k a h  et al. ( 1 9 9 4 ) ,  J. N e u r o s c i . ,  14(6), 3 4 4 9 ) .  T o  
further investigate this p h e n o m e n o n ,  rats r e c e i v e d  grafts 

of fetal V M  or c o r t e x  t i s s u e  into t h e  s u b s t a n t i a  n i g r a  
ipsilateral to a  unilateral 6 - O H D A  lesion of t h e  

nigrostriatal p r ojection u s i n g  s t a n d a r d  grafting 
procedures. V M  grafted, c o r t e x  g r a f t e d  a n d  l esioned, 
non-grafted rats w e r e  t r e a t e d  post-graft wi th  c y c l o s p o r i n e  
A  or vehicle. P r e l i m i n a r y  results indicate that s u c h  
r e g i m e n s  c a n  significantly affect m e a s u r e s  of b e h a v i o r a l  

recovery. [ S u p p o r t e d  b y  N I N D S  N S 2 2 5 1 7]

133.3

F E T A L  N I G R A L  G R A F T S  P L A C E D  I N  T H E  C E R E B R A L  C O R T E X  

R E I N E R V A T E  T H E  6 - O H D A  L E S I O N E D  S T R I A T U M  T H R O U G H  A  

L A M I N I N  T R A C T .  E. Montiel-Flores. J. Esp inosa-Villanueva. V. Anava-Martinez. 

M.R. Avila-Costa. L. Colfn-Bareng ue. N. M a n z a n o - L e 6 n  a n d  F. G a r c ia - H e r nández*. 
Neurocience, E N E P  Iztacala, U N A M .  A.P. 314. Tlalnepantla, M éxico.
It has bee n extensively s h o w n  that c a t e c h o l a m i n e r g i c  fetal transplants pla c e d  next 

or inside the d o p a m i n e  denervated striatum, r e d u c e  the m o t o r  disturbances induced 
by 6 - O H D A .  H o w e v e r  it r e m a i n s  u n k n o w n  if w h e n  p l a c e d  outside the striatum, the 

neurites of fetal sustantia nigra grafted n e u r o n s  m a y  reinervate, g u i d e d  through a 
laminin tract, the d o p a m i n e  d e p l e t e d  striatum a n d  th u s  r e d u c e  the m o t o r  

disturbances. T w e l v e  m a l e  W is tar rats w e r e  stereotaxically injected with 8  μg  of 6- 
O H D A  into the left m e d i a l  forebrain b u n d l e  a n d  at t he s a m e  time, a  small ablation 

of the cerebral cortex overlying the left striatum w a s  p e r f o r m e d .  All lesioned rats 
s h o w e d  m o r e  than 2 0 0  turns /30 m i n u t e s  w h e n  tested with a p o m o r p h i n e  (0.25 

mg/Kg), 3  a n d  5  w e e k s  after lesioning. A t  that t i m e  either a  saline tract (n=6) or a 
Laminin tract (n=6) w e r e  directed vertically f r o m  the striatum to the cortical ablation, 
where finally a  1 7  d a y  old fetal tissue blo c k  containing the ventral m e s e n c e p h a l o n  
w a s  placed. A p o m o r p h i n e  i n d u c e d  rotation w a s  tested a g a i n  2, 4, 6  a n d  8  w e e k s  
after transplantation. T h e  rats w e r e  t h e n  sacrificed for the p e r f o r m a n c e  of tyrosine 
hydroxylase (TH) i m m u n o c h e m i s t r y  in sequential sections t h r o u g h  the striatum. T h e  
results s h o w e d  that a p o m o r p h i n e  i n d u c e d  rotation w a s  significantly r e d u c e d  only in 
the Laminin tract grafted group. T h e  histological analysis r e v eale d in both groups, 
the presence of multiple T H - i m m u n o r e a c t i v e  cells within the transplant area, w h i c h  
in all cases r e m a i n e d  inside the cortex a b o v e  the c o r p u s  c a l losu m. O u r  results 
suggest that d o p a m i n e r g i c  neurites e l o n g a t e d  a n d  g u i d e d  t h r o u g h  the laminin tract 
are functional a n d  exert s o m e  beneficial effects o v e r  the m o t o r  disturbances 
produced by  the denervation of d o p a m i n e  f r o m  t he striatum.
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T H E  R O L E  O F  I N F L A M M A T O R Y  R E A C T I O N S  I N  M E D I A T I N G  
I M M U N E  R E J E C T I O N  O F  I N T R A S T R I A T A L  N E U R A L  G R A F T S
P. Brundin. W . - M .  D u an*. E .M. Frodl and H. Widner. Section for Neuronal 
Survival, De p t . of Medical Cell Research, Biskopsg. 5, S-223 62 Lund, S W E D E N  
W e  are studying the role of inflammatory reactions in the survival of intracerebral grafts 
of histoincompatible embryonic neuronal tissue. In a first experiment, w e  compared the 
survival of xenografts in recipients treated either with anti-inflammatory methyl- 
prednisolone or cyclosporin A  with the out c o m e  in untreated controls. Dissociated 
mesencephalic tissue from C B A  m o u s e  embryos w a s  stereotaxically injected into the 
intact striatum of adult Sprague-Dawley rats. At both 2 and 6 weeks after surgery, there 
w a s  equally g ood survival of grafted tyrosine hydroxylase immunopositive neurons in 
steroid- and cyclosporin-treated groups, whereas the xenografts in the untreated control 
rats were rejected. There w a s  no m a r k e d  difference in either the accumulation of 
activated microglia or astrocytes or the expression of major histocomaptibility complex 
antigens between the three groups. T w o  weeks after grafting the n u m b e r  of invading T- 
lymphocytes w a s  reduced in the steroid- and cyclosporin-treated groups c o mpared to 
control. T h e  immunoreactivities for cytokines (Interferon-γ, T u m o r  Necrosis Factor-α, 
Interleukin-6 ) were lower in the steroid-treated rats than untreated controls. In a second 
experiment, w e  studied the influence of quinolinic acid-induced inflammation in the 
host brain on the survival of intrastriatal allografts. According to our previous studies, 
neural allografts survive indefinitely, unless the host is pre-immunized by an orthotopic 
skin allograft which invariably results in rejection of the intracerebral neural allograft. 
In the present study, Sprague-Dawley rats were injected with quinolinic acid into the 
right striatum and 8-9 days later they were grafted with either allogeneic mesencephalic 
tissue from Lewis donors or syngeneic tissue from Sprague-Dawley em bryos into the 
right, d a m a g e d  and left, intact striatum. In a paralell group of rats, quinolinic acid w as 
found to have induced a massive inflammation in the striatum 8 days after intracerebral 
injection. T h e  survival of and the host response to the two types of graft tissue in the 
t wo different host environments were assessed 6 w e eks after implantation. Tak e n  
together, our results indicate that high dose methylprednisolone can prevent rejection of 
intrastriatal grafts of xenogeneic embryonic neural tissue in the adult rat brain and that 
inflammatory responses occurring at graft implantation are crucial in governing 
survival of histoincompatible neural grafts.
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O L D  A G E  B U T  N O T  I M M U N O S U P P R E S S I O N  P R E D I C T S  E M B R Y O N I C  
D O P A M I N E  C E L L  S U R V I V A L  I N  P A R K I N S O N I A N  B O N N E T  M O N K E Y S .  C.J. 
Hutt1 , W . M .  Z a w a d a 1. A. A .  Ansari2. E.H. Kriek1* R.E. Breeze1. R.A.E. Bakay2. 
and C.R. Freed1. Univ. Colorado Sch. of Med., Denver, C O  8 0 2 6 2 1 and E m o r y  
Univ. Sch. Med., Atlanta, G A  3 0 3 2 2 2.

E mbryonic d opamine cell transplants are an evolving treatment for h u m a n s  with 
advanced Parkinson’s disease. Parallel studies in m o n k e y s  offer the opportunity for 
clinical pathological correlations to explore modifications in transplant technique. A  
parkinsonian s yndrome w a s  induced in Bonnet m o n k e y s  ( M . radiata) with a unilateral 
intracarotid infusion of the neurotoxin M P T P .  O nly animals which displayed 
contralateral limb weakness and contralateral circling with apomorphine ( A P O ,  0.1 
mg/kg) were studied (n=14). Embr y o n i c  m o n k e y  tissue ( C R L  18-45 m m )  was 
obtained via hysterotomy. Ventral mesencephalon ( M E S E N )  w a s  dissected, extruded 
into strands, and transplanted into 5 sites in caudate (2 tracts) and putamen (3 tracts) 
in three groups. 1). M E S E N  +  Cyclosporine 15 m g / k g  p.o. q.d. (n =  5); 2). 
M E S E N  only (n=5); and 3). Spinal cord (n=4).

M E S E N  +
M E S E N  O nly Cyclosporine Spinal Co r d

C h a n g e  in A P O
Circling/90 m i n  -60 ± 1 0  -100 ±  30 +  45 ±  25

T H +  Cells 2 5 8 0  ±  1500 1200 ±  50 0  -0-
There were no significant behavioral or histologic differences between the two 
M E S E N  transplant groups. Animals ranged in age from 4 to 24 years. Results were 
reanalyzed using age of the animals as a variable, with a striking outcome. D o p a m i n e  
cell survival in animals over 2 0  years of age ( n = 4 )  w a s  nearly non-existent (51 ±  
21) while cell survival in the animals less than 11 years of age w as 3288 ±  465, 
n = 6 . These results indicate that immunosupression is unnecessary, but that advanced 
age predicts poor cell survival after embryonic mesencephalic transplants.
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T H E  R E S U L T S  O F  C O T R A N S P L A N T A T I O N  O F  A D R E N A L  M E D U L L A  A N D  
P E R I P H E R A L  N E R V E  I N  P A R K I N S O N I A N  P A T I E N T S  D I F F E R  F R O M  
T H O S E  O F  F E T A L  T R A N S P L A N T A T I O N  W I T H  R E S P E C T  T O  T I M E  A N D  
D E G R E E  O F  I M P R O V E M E N T .  J.J. LÓpe z  Lozano*. G. Bravo. J. Abascal and 
C P H  Neurotransplantation G r o u p . Clinica Puerta de Hierro, 2 8 0 3 5  Madrid, Spain.

W e r e  the donor tissue reponsible for i m p r ovements observed in series of 
parkinsonian transplant recipients, then implantation of different types of tissues or 
cells should produce qualitatively and quantitatively different results. For our third 
series of implants, cotransplants of adrenal medulla ( A M )  and peripheral nerve (PN) 
were used as donor tissue since neurobiological studies s h o w  that S c h w a n n  cells and 
connective tissue from P N  can have trophic effects on the host and/or on donor A M .  
Methods. Recipient: Pilot study in 4 grade I V - V  parkinsonian patients w h o  present 

motor fluctuations and dyskinesias. D o n o r :  Autologous A M  +  intercostal P N  
previously incubated for 1 h in D ' M E M  +glucose +  F C S .  Implantation site: Cavity 
m a d e  in caudate nucleus by transcortical approach through lateral ventricle. Follow-
up: Four yr according to a previously reported clinical protocol (J Neurosurg '91). 

International scales ( U P D S ,  N W D S ) .  Postoperative L - d o p a  dosage adjusted 
according to motor and psychiatric complications; dopaminergic agonists suspended. 
Results; A M + P N  cotransplants improve symptomatology in O N  and O F F  periods. 

O N  is prolonged ( O F F  disappeared in 2 cases). This qualitative and quantitative 
recovery includes a decrease in the intensity and duration of dyskinesias but not their 
disappearance. Its course appears to be stepwise: the patients begin to improve 1-2 
months after implantation, followed by a period of equilibrium until m o nths 12 to 

18, w h e n  there is a n e w  w a v e  of progress. F r o m  then on, and to the present, the 
improvement continues, accompanied by a reduction in L-dopa intake (>60%). T h e  
pattern differs from that observed after implantation of fetal tissue or A M  alone. 
This finding m a y  be related to the etiological causes of the improvement. 
(Supported by FIS grant 93/493 and Foundation Areces)

1 3 3 . 7

A S T R O C Y T I C  R E A C T I O N  T O  T H E  I M P L A N T A T I O N  O F  F E T A L  
S U B S T A N T I A  N I G R A  I N T O  T H E  N E O S T R I A T U M  O F  N E W B O R N  O R  
A D U L T  R A T .  N. Quenneville*. P. Pierret, a n d  G. Doucet. D épartement de 
pathologie a n d  C R S N ,  Université d e  M o n t réal, M o n t réal, Q u ébec, Canada.

T h e  anato m i c a l  integration o f  intrastriatal grafts of ventral m e s e n 
cephalic tissue is m o r e  substantial f o l l owing implantation into n e w b o r n  
than into adult recipients. T h e  transplanted d o p a m i n e  n e u r o n s  infiltrate the 
host striatum o v e r  l o nger distances a n d  innervate this region m o r e  
extensively after implantation into the neonatal brain, whi l e  host serotonin 
fibers innervate these grafts only in i m m a t u r e  recipients (Chkirate et al., 
E x p  Bra i n  R e s  9 4 : 3 5 7 ,  1993; M o u n i r  et al., E u r  J N e u r o s c i  6 : 1 3 0 7 ,  1994). 
A s  a first step in evaluating the role o f  astrocytes in this p h e n o m e n o n ,  w e  
h a v e  e x a m i n e d  the astroglial reaction b y  i m m u n o c y t o c h e m i s t r y  for the 
intermediate filaments glial fibrillary acidic protein ( G F A P )  a n d  v imentin 
1-30 d a y s  after transplantation of fetal ventral m e s e n c e p h a l i c  tissue into the 
neostriatum of d a y  1 ( P 1) a n d  adult rats. B e t w e e n  1 a n d  10 d a y s  p o s t -
transplantation, the i m m u n o r e a c t i v i t y  for G F A P  w a s  m u c h  stronger a n d  
w i d e s p r e a d  in the brain o f  rats grafted as n e w b o r n s  t h a n  as adults. 
M o r e o v e r ,  in n e w b o r n  recipients, radial glial p rocesses b e c a m e  G F A P -  
positive in the striatum, b e t w e e n  the ventricle a n d  the graft u p  to 10 days 
post-transplantation. Radial glia w a s  also i m m u n o r e a c t i v e  for vimen t i n  until 
d a y  10 in n e w b o r n s ,  possibly contributing to the migration o f  neur o n s  out 
of the graft. Vimentin-positive glia w a s  present o n l y  o n  d a y  5, near the 
graft, in adult recipients. A  G F A P +  glial scar b e t w e e n  the graft a n d  host tis
sues f o r m e d  o n l y  in adult recipients. Inside the graft, the G F A P  a n d  
vim e n t i n  immunoreactivities w e r e  stronger in adult recipients w h e r e  they 
persisted at least until d a y  30, suggesting a stable i m m a t u r e  state for these 
cells. S u c h  differences in glial reactivity b e t w e e n  n e w b o r n  a n d  adu l t  
recipients m i g h t  contribute to the stronger integration o f  grafts into 
i m m a t u r e  recipients. ( S u p p o r t e d  b y  M R C  grant M T  1 0 9 8 2 ,  G R S N C  
( F C A R )  a n d  F R S Q ) .
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H I S T O L O G I C A L  E V A L U A T I O N  O F  G R A F T  S U R V I V A L  A N D  G E N E  E X P R E S S I O N  IN 

P A R K I N S O N I A N  N O N - H U M A N  P R I M A T E S  A T  4  M O N T H S  A F T E R  S T R I A T A L  G R A F T I N G  

O F  F I B R O B L A S T S  G E N E T I C A L L Y  M O D I F I E D  W I T H  T Y R O S I N E  H Y D R O X Y L A S E  C D N A .

K.S. Bankiewicz*. D. N a gy. J. C o n w a y . M. E m b o r g . W .  M c Laughlin. S. Left a n d  L. F or n o# . 

S o m a t i x  T h e r a p y  Corporation, A l a m e d a  C A  9 4 5 0 1  a n d  # V A  Medical Center. Palo Alto. C A  

Ex-vivo g e n e  therapy is b a s e d  o n  grafts of genetically modified a ut o lo g ou s  cells to 

p r o d u c e  a n d  deliver therapeutic s u b s t a n c e s  to specific sites within the body. This eliminates 

the n e e d  for i m m u n o s u p p r e s s i o n  or barrier devices. In this study 3  m o n k e y s  w e r e  grafted 

with a u tologous fibroblasts transfected with retroviral vector ( M F G S )  carrying a h u m a n  

tyrosine hydroxylase (TH2) c D N A ,  2 m o n k e y s  w e r e  implanted with non-transfected 

fibroblasts a n d  2 animals w e r e  left non-implanted. Clinical recovery w a s  o b s e r v e d  in T H - 2  

grafted m o n k e y s  only. Histological examination at 4  m o n t h s  revealed that the transplanted 

cells did not form a solid m a s s ,  w e r e  well vascularized with n o  signs of necrosis. T h e y  w e r e  

found in the striatum a n d  in s o m e  c a s e s  in the subcortical white matter. Individual cells or 

b un d le s  of cells w e r e  closely integrated with intervening brain p a r e n c h y m a .  G F A P - I R  

revealed a n  astrocytic reaction with glial fibers close to the implanted cells. T h e r e  w a s  n o  

“walling off of the implant from the brain tissue, a n d  n o r m a l  striatum with well p r e s e r v e d  

nerve cells w a s  present in close vicinity to the implant. Col l ag e n  w a s  present in s p a r s e  

a m o u n t s  a n d  n o  mitotic figures or evi d en c e  of malignant transformation of the cells w e r e  

found. T H - I R  o n  the side of the brain with a n  intact nigrostriatal D A  p a t h w a y  displayed a 

vigorous T H - I R  reaction, contrasting with the lesioned side, w h e r e  only the a c c u m b e n s  septi 

(NA) a n d  the t uberculum olfactorium (OT) s h o w e d  a  n o r m a l  reaction. A  f e w  delicate T H - I R  

fibers w e r e  s e e n  in the striatum outside the implant. In all m o n k e y s  fine fibers e x t e n d i n g  

towards the implants from either N A  or O T  w e r e  seen. S u c h  fibers a p p e a r e d  related to fine- 

fiber ingrowth of T H - I R  fibers within certain parts of the implants. T H - I R  w a s  present in parts 

of the graft in only o n e  m o n k e y .  T h e  cells h a d  e l o ngated m o r p h o l o g y  with b r o w n  T H - I R  

reaction product in the cytoplasm. In situ hybridization (ISH) detected T H  m R N A  in the grafts 

only in T H  fibroblast implanted animals. I S H  signal w a s  present only over the grafted T H -  

fibroblast a n d  in remaining D A  n e u r o n s  in midbrain. T h e s e  results validate potential 

application of ex-vivo g e n e  therapy for treatment of Par k in s on ’s disease.
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I D E N T I T Y  O F  S T R I A T A L  C E L L S  E X P R E S S I N G  A B N O R M A L L Y  C - F O S  F O L L O W I N G  

A M P H E T A M I N E  T R E A T M E N T  T O  R A T S  W I T H  I N T R A S T R I A T A L  D O P A M I N E R G I C  G R A F T S .  1V ,  

Bernard. J.P. H e rman. J.J, B o u yer*. M .  L e  Moal. 1B. Bloch 2 a nd D.N. Abrous. 
I N S E R M  U259, Bordeaux, France. 1 C N R S  E P  74, Bordeaux, France.2 C N R S - U M R  
9941, Marseille, France.
Intrastriatal dopaminergic ( D A )  grafts in adult rats induce a hyperexpression of c- 
Fos protein w h e n  challenged with amphetamine, whi c h  is correlated with the 
exaggerated compensation of amphetamine-induced rotation in the s a m e  animals 
(Abrous et al., Exp. Brain Res., 91, 181-190, 1992). W e  exami n e d  what is the 
neurochemical identity of the neurones expressing abnormally c-Fos protein 
following an amphe t a m i n e  pre-treatment.
T w o  experimental groups (control, lesion+graft groups) of rats were used. Adult rats 
received a unilateral 6 - O H D A  lesion of their ascending D A  pathway and, three 
weeks later, a suspension of embryonic mesencephalic neurones w a s  implanted into 
the denervated neostriatum. Three mo n t h s  later animals were injected with d- 
amph e t a m i n e  (5 mg/kg) and killed two hours after. In the first experiment, (control 
; n=5; grafted rats n = 6 ), tissues were processed in order to visualised o n  the same 
sections c-Fos protein by immunohistochemistry, and preproenkephalin A  (PPA) or 
substance P  (SP) by in situ hybridisation. In the second experiment, (control : n=5; 
grafted rats n=5), c-Fos protein and Neuropeptide Y  ( N P Y )  or choline 
acetyltransferase ( C h A T )  were visualised o n  the s a m e  sections.
T h e  results s h o w  that the excessive expression of c-Fos protein following 
am p h e t a m i n e  administration is not related to c-fos activation within a n e w  cellular 
population. In fact it rather reflects the recruitment of a higher n u m b e r  of cells 
within the s a m e  category of neurones as that activated in normal animals ; the 
striato-nigral S P  neurones.

1 3 3 . 8

M E S E N C E P H A L I C  G R A F T S  C A N  S U P P L Y  B O T H  C A U D A T E  A N D  
P U T A M E N  F R O M  A  S I N G L E  I M P L A N T  I N T O  E I T H E R  N U C L E U S  

I N  P R I M A T E  J.R. Sladek. Jr.*1 , J.P. E l s w o r t h 3 , T.J. Collier2 . J.R, 

T a y lor3 . R . H .  R o t h 3 . D . E .  R e d m o n d .  Jr.3 1 D e p t .  N e ur o s c .,  C h i c a g o  

M e d i c a l  Sc ho o l ,  N .  C h i c a g o ,  I L  6 0 0 6 4 ;  2 D e p t .  N e u r o l .  Sci., R u s h  

M e d i c a l  School, C h i c a g o ,  I L  6 0 6 1 2 ;  a n d  3 D e p t s  of  P s y c h . a n d  Pharm., 
Y a l e  University S c h o o l  of Me d i c i n e ,  N e w  H a v e n ,  C T  0 6 5 1 0 .

T h e  de gr e e  to w h i c h  grafts of  d o p a m i n e r g i c  ( D A )  n e u r o n s  c a n  supply 
C N S  targets is i m p o r t a n t  since clinical studies a t t e m p t  to s u p p l y 
m a x i m a l l y  the p u t a m e n  (Pt) a n d  c a u d a t e  (Cd). W e  tested the effect of 
p l a c e m e n t s  into the C d  a n d  Pt in p r o x i m i t y  to the internal c apsule since 
the c a p s u l e  ha s  g r a y  regions o f  striatal origin (i.e. the pontis grisei 
caudato-lenticulares) that c o u l d  serve to g u i d e  neurites into the adjacent 
nucleus. T e n ,  m a l e  African green m o n k e y s  received solid m e se n c e p h a l i c  
grafts bilaterally into either the Pt ( n = 5 )  or C d  (n=5). B r a i n s  w e r e  
collected for analysis 3 to 6  m o n t h s  after surgery. A s  m a n y  as 6 0 0 0  D A  
n e u r o n s  w e r e  seen in grafts, as well as d e n s e  fiber stain in the dorsal Pt 
in an im a l s  that received grafts in the C d ;  or in the ventrolateral C d  f r o m  
grafts p l a c e d  in the Pt. D A  content w a s  elevated in the p a t h  of these 
crossover fibers. Stained fibers c o u l d  b e  traced f r o m  grafted n e u r o n s  into 
the s u r r o u n d i n g  striatum a n d  a p p e a r e d  c o n t i n u o u s  w i t h  fibers that 
c o u r s e d  t h r o u g h  the internal capsule. T h i s  w a s  n ot o b s e r v e d  in s h a m  
operated animals. D A  w a s  elevated in p u n c h e s  that w e r e  located in areas 
of the C d  or Pt that s h o w e d  c r o s s o v e r  o f  neurites. T h e s e  findings 
suggest a m e c h a n i s m  b y  w h i c h  a graft into o n e  n u c l e u s  c o u l d  influence 
the adjacent nucleus. T h i s  m i g h t  affect the design o f  transplant protocols 
with respect to the location a n d  n u m b e r  of  grafts n e e d e d  for attaining a 
full reinnervation of the striatum. S u p p o r t e d  b y  N S 2 4 0 3 2  a n d  M H 0 0 6 4 3
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ENHANCED FUNCTIONAL EFFECTS OF NIGRAL-STRIATAL CO
TRANSPLANTS IN BILATERALLY DOPAMINE (DA)-DEPLETED RATS : 
CORRELATION WITH DA INNERVATION AND C-FOS INDUCTION. L.C. 
Costantini* and A. Snyder-Keller, Wadsworth Center(NYSDOH) 
and SUNY School of Public Health? Albany, New York 12201.

In rats neonatally bilaterally depleted of dopamine, we 
have observed enhanced functional effects of unilateral 
embryonic nigral-striatal co-transplants when compared to 
nigral transplants alone (Costantini et al, 1994). To 
determine to what extent the transplanted cells are 
influencing host neurons, we quantified the extent and 
density of dopaminergic reinnervation (tyrosine 
hydroxylase-immunoreactive fibers) of the striatum, as 
well as extent and density of c-fos induction (FOS- 
immunoreactive cells) in striatum after a stimulus which 
induces turning (amphetamine). When equal numbers of 
nigral cells were included in nigral and co-transplants, 
the co-transplants produced a higher density of DA 
innervation into host striatum (up to 1400um from the 
transplant/host boundary) when compared with nigral 
transplants. This effect correlated with increased DA cell 
survival in these co-transplants. Co-transplant rats also 
exhibited a higher degree of amphetamine-induced FOS 
expression in host striatal cells in comparison to nigral 
transplants, even in cases where the density of DA 
innervation was no greater than with nigral transplants. 
This suggests that increased activation of post-synaptic 
receptors in host striatum may account in part for the 
enhanced behavioral effects of co-transplants. Inclusion 
of embryonic striatal tissue may be a useful approach 
towards improving the physiological incorporation of 
dopaminergic transplants into host circuitry. (Supported 
by MH46577.)

Society  for N euroscience , V o lu m e  2 1 , 1 9 9 5



S U N D A Y  P M T R A N S P L A N T A T I O N :  P A R K I N S O N ' S  D I S E A S E — R E L A T E D 3 17

1 3 3 . 1 1

A  H U M A N  E M B R Y O N A L  C A R C I N O M A  ( E C )  C E L L  L I N E  
( N T E R A - 2 )  D I F F E R E N T I A T E S  I N T O  P O S T M I T O T I C  
D O P A M I N E R G I C  N E U R O N S  F O L L O W I N G  T R A N S P L A N T A T I O N  
I N T O  T H E  C A U D O P U T A M E N  ( C P )  O F  N U D E  M I C E  M .  Mivaz o n o * .  
V. M.-Y. Lee and J. Q . Trojanowski. Department of Pathology and Laboratory 
Medicine, University of Pennsylvania, Phila., PA19104-4283.
T h e  Ntera 2 (NT2) cell line is a teratocarcinoma derived h u m a n  E C  cell line that 

differentiates into post-mitotic neurons ( N T 2 N  cells) following retinoic acid (R A )  
treatment in vitro. Like other E C  cell lines, transplanted N T 2  cells form lethal 
tumors. However, w h e n  confined to the CP, N T 2  cell grafts differentiate into 
postmitotic neurons and survive in the nude m o u s e  brain for >  1 year without 
reverting to a neoplastic phenotype. Indeed, N T 2  cell grafts confined to the C P  
resembled differentiated postmitotic neuron-like N T 2 N  cells induced by R A  
treatment. For example they showed decreased immunoreactivity for nestin and 
cytokeratin and dramatically increased immunoreactivity for NF-L, N F - M ,  NF- H ,  
M A P 2 ,  and Synaptophysin. However, while N T 2 N  cells assume a cholinergic 
phenotype in vitro, s o m e  neuron like cells derived from grafted N T 2  cells in the C P  
expressed tyrosine hydroxylase (TH) after 22 weeks post-implantation, and the 
nu m b e r  of these TH-positive neuron-like cells increased with progressively longer 
post-implantation survival times. Further, C P  extracts induced R A  treated N T 2  cells 
to express T H  in vitro. These data suggest that soluble “factors” in the m o u s e  C P  
induce N T 2  cells to b e c o m e  dopaminergic neurons. Hence, manipulation of E C  cells 
or immortalized neural progenitors with C P  extracts m a y  be a strategy to produce 
unlimited quantitities of dopaminergic neurons.
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R A T  A D R E N A L  C H R O M A F F I N  C E L L S  S E E D E D  W I T H  M I C R O C A R R I E R  
B E A D S  P R O D U C E  A N  E N H A N C E D  B E H A V I O R A L  R E C O V E R Y  IN 
H E M I P A R K I N S O N I A N  R A T S .  C.V. B o r l o n g a n  a n d  P.R. S a n b e r g *. Div. of 
N e u r o l o g i c a l  S u r g e r y ,  D e p t s .  of Surg e r y .  N e u r o l o g y ,  Psychiatry, 
P h a r m a c o l o g y ,  Univ. S o u t h  Florida Coll. of Med., T a m p a ,  F L  3 3 6 1 2 .

N e u r a l  transplantation of a d r e n a l  c h r o m a f f i n  cells for P a r k inson's 
disease h a s  p r o d u c e d  variable results primarily b e c a u s e  of l o w  l o n g -
t e r m  viability of the cells. Recently, it h a s  b e e n  d e m o n s t r a t e d  that 
a d r e n a l  c h r o m a f f i n  cells w h e n  co-cultured a n d  co-transplanted with 
microcarrier b e a d s  e n h a n c e d  the survival a n d  functional effects of 
t h e s e  t r a n s p l a n t e d  cells in rats w i th  6 - h y d r o x y d o p a m i n e - i n d u c e d  
h e m i p a r k i n s o n l s m  (Cherksey, E xp. Neurol. 129: 5, 1994). T h e  present 
s t u d y  a t t e m p t e d  to replicate a n d  e x t e n d  these behavioral findings 
u s i n g  a  double-blind protocol. T h e  p r o c e d u r e  consisted of dissociating 
rat a d r e n a l  cells into a  cell s u s p e n s i o n ,  w h i c h  w a s  t h e n  co-cultured 
wi t h  a  m a t r i x  [either C y t o d e x  ( S i g m a  3 2 7 5 )  or glass ( S i g m a  4 2 1 9 )  
microcarrier be a d s ]  overnight prior to transplantation. T h e  cell/bead 
s u s p e n s i o n  w a s  t h e n  stereotaxically t r a n s p l a n t e d  into the rat 
s t r i a t u m  (AP=0.8; M L =  2.5: D V =  6.0). Baseline d a t a  of a p o m o r p h i n e  
( S i g m a  C h e m i c a l  Co., 0.2 m g / k g . i.p.)- i n d u c e d  rotations revealed > 7  
rotations per m i n  over 3 0  m i ns. Posttransplant a p o m o r p h i n e - i n d u c e d  
rotational tests, d o n e  e v e r y  m o n t h  for 6  m o n t h s ,  r evealed that 
transplants of ad re n a l  c h r o maffin cells s e e d e d  with microcarrier b e a d s  
significantly facilitated behavioral recovery w h i c h  persisted t h r o u g h o u t  
the entire test period c o m p a r e d  to control transplant g r o u p s  of b e a d s . 
cells or m e d i u m  alone. C h r o m a f f i n  cell-seeded C y t o d e x  b e a d s  a p p e a r e d  
to result in a  significantly greater behavioral recovery t h a n  ch ro m a f fi n  
cell-seeded glass b e a d s .  T h e  pr es e n t  results s u p p o r t  prev i o u s  w o r k  
d e m o n s t r a t i n g  a  positive role for m i c r o c a r r i e r  b e a d s  in cell 
transplantation therapy. (This s t u d y  w a s  s u p p o r t e d  b y  Theracell Inc., 
M e n l o  Park, CA).
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D O P A M I N E R G I C  I N N E R V A T I O N  O F  S T R I A T U M  I N  N I G R O S T R I A T A L  
I N  O C U L O  C O - G R A F T S  O C C U R S  I N  D I F F E R E N T  P A T T E R N  
D E P E N D I N G  O N  M A T U R I T Y  O F  T H E  S T R I A T A L  T I S S U E  I. Ström b e r g * 
a n d  Lars Björ k l u n d . D e p t . of N e uroscience, Kar o l i n s k a  Institutet, 171 77 
Sto c k h o l m ,  S w e d e n

D u r i n g  n o r m a l  d e v e l o p m e n t  of the nigrostriatal p a t h w a y  the initial 
innervation of striatum occurs in a d e n s e  n e r v e  terminal r i m  a l o n g  the 
lateral limit of striatum a n d  in d e n s e  patches wi t h i n  the c a u d a t e - p u t a m e n .  
W e  h a v e  recently s h o w n  that T H - p o s i t i v e  g r o w t h  f r o m  m a t u r e  ventral 

m e s e n c e p h a l i c  grafts a p p e a r s  in patc h e s  w h e n  i nnervating fetal striatal 

co-grafts. In this s t u d y  w e  h a v e  investigated h o w  the a g e  of striatum 
influences the d o p a m i n e r g i c  g r o w t h  pattern. Therefore striatal an lage w a s  
transplanted into the anterior c h a m b e r  of the eye. After m a t u r a t i o n  fetal 
ventral m e s e n c e p h a l i c  tissue w a s  i m p l a n t e d  in contact w i t h  the m a t u r e  
striatal graft. In controls, fetal ventral m e s e n c e p h a l o n  a n d  striatal anlage 
w a s  s i m u l t a n e o u s l y  i m p l a n t e d .  T H - i m m u n o h i s t o c h e m i s t r y  r evealed a 
p a t c h y  innervation of the striatal control grafts, w h i l e  a  less d e n s e  w i dely 
s p r e a d  innervation w a s  f o u n d  in the m a t u r e  striatal grafts. T h e  p a t c h y  
innervation in the fetal striatal control-grafts a p p e a r e d  t h r o u g h o u t  the 
total v o l u m e  of the striatal part of the co-grafts, w h i l e  the diffuse sparse 
innervation se e n  in m a t u r e  striatum d i d  not r e a c h  the striatal parts distal 

to the nigral graft. W i t h i n  the ventral m e s e n c e p h a l i c  grafts, parts of the 
grafts w e r e  T H - n e g a t i v e  w h e n  p l a c e d  together w i t h  a n  i m m a t u r e  graft, 
w h i l e  this T H - n e g a t i v e  area w a s  filled w i t h  n e r v e  fibers, s o m e t i m e s  
f o r m i n g  d e n s e  patches w h e n  i m p l a n t e d  adjacent to m a t u r e  striatum. In 
conclusion, d o p a m i n e r g i c  innervation of striatal tissue o ccurs in a patchy 
pattern w h e n  striatum is i m m a t u r e ,  b u t  w h e n  m a t u r e  the innervation 
a p p e a r s  as a diffusely s p read sparse n e r v e  terminal netwo r k .
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FUNCTIONAL RECOVERY IN HEMIPARKINSONIAN RATS FOLLOWING 
NEURAL TRANSPLANTATION OF TESTIS-DERIVED SERTOLI CELLS.
P.R. Sanberq,__C.V. Borlongan, S. Saporta* and D.F .
Cameron. Div. of Neurological Surgery, Depts. of 
Surgery, Neurology, Psychiatry, Pharmacology, Anatomy, 
Univ. South Florida Coll. of Med., Tampa, FL 33612.

Logistical and ethical problems associated with 
using fetal tissue for neural transplantation in 
neurodegenerative disorders have prompted
investigations on alternative graft sources and/or 
methods including grafting of non-neural cells (i.e. 
adrenal chromaffin cells) and genetically engineering 
cells to secrete trophic/growth factors. The present 
study demonstrates that neural transplantation of rat 
testis-derived Sertoli cells into adult Sprague-Dawley 
rat brains 1) suppressed gliosis, 2) when co
transplanted with bovine adrenal chromaffin cells 
(xenograft), enhanced the survival of the xenograft, 
and; 3) when transplanted alone, ameliorated the 
behavioral deficits associated with 6-hydroxydopamine- 
induced hemiparkinsonism. These beneficial effects of 
Sertoli cells may be attributed to their secretory 
function of glial inhibiting factors, local 
immunosuppressant factors and putative neurotrophic 
factors. Of note, Sertoli cells are not harvested from 
a fetal tissue source, thus circumventing the problems 
in using embryonic tissues. These remarkable features 
of Sertoli cells make them a viable graft source for 
Parkinson's disease and as a facilitator of cell 
transplantation in general.
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D I F F E R E N T  T Y P E S  O F  G R O W T H  P A T T E R N  F R O M  S T R I A T A L  
D O P A M I N E R G I C  N E R V E  T E R M I N A L S  I N T O  S T R I A T A L  O R  
C O R T I C A L  G R A F T S :  E F F E C T S  O F  H A L O P E R I D O L .  La r s  Björkl u n d *  
a n d  I. Ström b e r g . D e p a r t m e n t  of Ne u r o s c i e n c e ,  Kar o l i n s k a  Institutet, 
Stockh o l m ,  S w e d e n

Reini t i a t e d  d o p a m i n e r g i c  g r o w t h  f r o m  m a t u r e  v e n t r a l  

mesen c e p h a l i c  n e u r o n s  occurs in patches w h e n  the g r o w t h  is reinitiated 
b y  fetal striatal tissue i m p l a n t e d  into dorsal striatum. A  diffusely 
s p read g r o w t h  pattern is also possible to i n d u c e  w h e n  the fetal striatum 
is i m p l a n t e d  into glob u s  pallidus or ventral striatum. It h a s  b e e n  s h o w n  
that d o p a m i n e  d e n e r v a t e d  striatum or striata chronically treated w i t h  
a d o p a m i n e  antagonist increase d o p a m i n e r g i c  g r o w t h  activity. In this 
s t u d y  w e  h a v e  transplanted fetal striatal a n l a g e  or cortex cerebri into 
dorsal striatum of adult rat chronically treated w i t h  haloperidol to 
investigate the g r o w t h  p a ttern f r o m  h o s t  into the transplant. 
E n k e p h a l i n - i m m u n o r e a c t i v i t y  w a s  utilized to d e t e r m i n e  that c h a n g e s  
h a d  o c c u r r e d  after the halope r i d o l  treatment. T h u s ,  e n k e p h a l i n -  
i m m u n o r e a c t i v i t y  w a s  incr e a s e d  in h a l o p eridol-treated a n imals.  

T y r o s i n e  h y d r o x y l a s e  ( T H )  - i m m u n o r e a c t i v i t y  r e v e a l e d  a p a t c h y  
pattern of innervation in the striatal transplants a n d  a less d e n s e  
w i d e s p r e a d  innervation of cortical grafts. In grafted a n i m a l s  treated 
w i t h  haloperidol there w a s  a clear increase of TH-po s i t i v e  n e r v e  fibers 
in the cortical grafts w h i l e  a m o d e r a t e  increase w a s  s e e n  in striatal 
grafts. T h e r e  w a s  n o  c h a n g e  in the g r o w t h  pattern in the t w o  types of 
transplants. In conclusion, chronic treatment w i t h  haloperidol increases 
the w i d e s p r e a d  sparse innervation pattern of g r o w t h  rather t h a n  the 
p a t c h y  gr o w t h .
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M O R P H O L O G I C  B A S I S  F O R  I N T E R A C T I O N  O F  A D J A C E N T  F E T A L  
M E S E N C E P H A L I C  A N D  S T R I A T A L  C O - G R A F T S  W I T H  H O S T  S T R I A T U M  
I N  A  P A R K I N S O N I A N  P R I M A T E  M O D E L .  R.T. Wechsler* 1. B.C. Blanchard1. 

T.J. Collier2. J.D. Els worth3. J.R. T a y lor 3  R . H . R o t h 3 . D.E. R e d m o n d .  Jr.3 , and 

J R. Sladek. Jr.1, 1 D ept. of Neurosci., Chicago M e d .  Sch., N. Chicago, IL 60064; 

2Dept. of Neurol. Sci., R u s h  M e d .  Sch., Chicago, IL 60612; 3Depts. of Psychiat. 
&  Pharm., Yale U. Sch. of Med., N e w  Haven, C T  0 6 5 1 0

Grafts of fetal ventral mesencephalon into the striata of parkinsonian African 
green m o n k e y s  can contain thousands of d o p a m i n e  ( D A )  producing neurons. O u r  
laboratory has demostrated that co-transplantation of fetal striatal tissue with fetal 
mesencephalon can result in tropism, further enhancing grafted D A  neuron survival. 
H o w e v e r  the functional interactions between co-grafts and the host primate brain 
have yet to be fully determined. In the present study w e  examined the interactions 
of adjacent solid fetal mesencephalic and striatal co-grafts with the host striatum. A  
double label immunohistocbemical staining technique w a s  used for a preliminary 
evaluation in 5 m o n k e y s  that had received adjacent co-grafts 8 months prior to brain 
removal. Grafted D A  neurons were labeled with a tyrosine hydroxylase antibody 
while striatal neurons were labeled with antibodies directed against glutamic acid 
decarboxylase, substance-P or met-enkephalin. Different chromogens were used to 
label the various neuronal types. Striatal co-graft c omponents displayed a patch- 
matrix organization suggestive of normal development. Neu r o n s  in this region 
extended neurites toward the mesencephalic components. Neurites labeled with 
striatal markers could be seen throughout the mesencephalic portions of the c o -
grafts. M a n y  of these neurites displayed enlargements, suggestive of synaptic 
contact, juxtaposed to TH-positive neurons and processes. Fibers of host striatal 
origin also could be seen entering the mesencephalic co-graft components. 
Additional studies involving D A R P P - 3 2  staining, electron microscopy, and 
electrophysiology are planned in order to verify these interactions and determine their 
functional significance. Supported b y  N I H  grants P O l  N S 2 4 0 3  and R S A  M H  
00643, (DER).
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E X P R E S S I O N  O F  B C L - 2  P R O T E I N  I N  T H E  S U B S T A N T I A  N I G R A  IN S I T U  
I M P L I C A T I O N S  F O R  M E C H A N I S M S  O F  C E L L  D E A T H  I N  G R A F T E D  
M E S E N C E P H A L O N  C.E. Sortwell*. B.C. B lanchard, and J.R. Sladek. Jr 
Department of Neuroseiencc, Chicago Medical School, North Chicago, IL 60064 

Critical to the success of the neural transplantation approach for Parkinson's 
disease (PD) is an understanding of w h y  the survival of D A  cells in grafts is 
estimated to be about 5% .  Until recently, it had been a s s u m e d  that cell death in 
mesencephalic grafts is primarily necrotic, i.e. the result of inadequate 
vascularization or trauma to the graft during tissue dissection or transplantation. 
However, a recent study indicates that p r o g r a m m e d  cell death, i.e. apoptosis, is a 
normal part of graft development, particularly soon after grafting (Mahalik et al.. 
1994, E x p  Neurol 129:27-36). These findings suggest that grafts m a y  be under the 
guidance of the s a m e  genetic m e c h a n i s m s  that function in naturally developing 
neural systems. Therefore, these sa m e  genetic m e c hanisms wou l d  be expected to be 
present in adult (surviving) substantia nigra neurons. A  specific gene, bcl-2. 
required for suppression of apoptosis has been identified. O u r  studies examined 
whether surviving adult substantia nigra neurons in situ express the bcl-2 protein. 
Immunohistochemical staining with antibodies directed against bcl-2 and tyrosine 
hydroxylase wa s  used to assess the presence of bcl-2 in the non-lesioned adult rat 
substantia nigra, as well as other neurons in the rat mesencephalon. Preliminary 
results indicate that the bcl-2 protein is expressed widely throughout the rat 
mesencephalon, including within dopaminergic cells of the substantia nigra where 
the immunoreactivity for bcl-2 appeared m o r e  apparent than in surrounding 
parenchyma. These results confirm that apoptotic genetic m echanisms are involved 
in the natural course of nigral survival and maintenance. Additional studies arc 
un d e r w a y  to examine the presence of the bcl-2 protein in nigral neurons that 
survive 6 -hydroydopamine lesions, as well as in grafted mesencephalic neurons. 
Supported by N I H  grant F 3 2  N S 0 9 6 4 6 - 0 1  (CES).
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E F F E C T  O F  D O P A M I N E R G I C  G R A F T S  W I T H O U T  P R E V I O U S  L E S I O N  O N  T H E  

D O P A M I N E - M E T A B O U S M  IN R A T S :  A N  IN V I V O  V O L T A M M E T R I C  S T U D Y .  A. M a r b u r g er,

N. Drandarevski, D. S c h önfuß, T. R e u m  a n d  R. M o r g e n s t e m *. Inst. P h a r m a c o l .  Toxicol., 

H u m b o l d t  Univ. Berlin, D - 1 0 1 1 7  Berlin, G e r m a n y

Recently w e  s h o w e d  that fetal m e s e n c e p h a l i c  grafts in previously unilaterally 6 - O H D A  

lesioned rats p r o d u c e  a  reduction of d o p a m i n e  ( D A )  r e u p t a k e  m e c h a n i s m s  in t he non-lesioned 

(contralateral) striatum in vivo a n d  in vitro a s  well a s  reduction of a m p h e t a m i n e  ( A M P H ) -  

i n d u c e d  D A  release in vivo. T o  p r o v e  that t h e s e  effects a re d u e  to the graft a n d  i n d e p e n d e n t  

of a  previous lesion, w e  e x a m i n e d  n o n - l esioned but grafted rats with t w o  voltammetric 

m e t h o d s .

T h e  rats received a  solid m e s e n c e p h a l i c  graft into the lateral ventricle. Starting 4  m o n t h s  

after transplantation extracellular D A - c o n c e n t r a t i o n s  w e r e  m e a s u r e d  after a n  A M P H  challenge 

in b o t h  striata using differential p ulse v o l t a m m e t r y  ( D P V ) .  F u r t h e r m o r e  w e  m e a s u r e d  the 

extracellular D A  cle a ra n c e  after electrical stimulation of the m e d i a l  forebrain b u n d l e  before 

a n d  after tre a tm e n t  with th e  high-affinity D A  u p t a k e  inhibitor G B R  1 2 9 0 9  using fast cyclic 

v o l t a m m e t r y  ( F CV). W i t h  the aid of a  kinetic m o d e l  w e  calculated rate c on s ta n t s  for the high- 

affinity u p t a k e  of extracellular D A .  Rotational b e h a v i o r  i n d u c e d  b y  A M P H  (2 m g / k g  IP) w a s  

m o n i t o r e d  prior to a n d  after transplantation a n d  tyrosine h y d r o x y l a s e  i m m u n o h i s t o c h e m i s t r y  

w a s  u s e d  to verify existence, specificity a n d  integration of th e  graft.

T h e  grafts h a d  n o  influence o n  the 'rotational behavior'. T h e  D P V  s h o w e d  that bilaterally 

the extracellular DA- c on c e n t r a t i on  incr ea s e d  less after a n  A M P H  c h a l l e n g e  in grafted an imals 

in c o m p a r i s o n  with s h a m - g r a f t e d  controls. This difference w a s  significant 4 - 5  m o n t h s  after 

grafting while it declined 7  m o n t h s  after grafting. 7  m o n t h s  after grafting th e  F C V  revealed that 

the high-affine D A - u p t a k e  in grafted a n i m a l s  w a s  significantly r e d u c e d  in contrast to s h a m -  

grafted controls. Consid e r i n g  that A M P H  releases D A  via the high-affinity DA-transporter w e  

s h o w e d  that a n  unilateral graft h a s  a n  influence o n  this transporter, i n d e p e n d e n t  of a  prior 

lesion. It m a y  b e  c o n s i d e r e d  that the benefit of d o p a m i n e r g i c  grafts c ould b e  at least partially 

d u e  to a  d o w n  regulation of D A  r e u p t a k e  w h i c h  c a u s e s  longer lasting high concentration of 

D A  in t he synaptic cleft.

S u p p o r t e d  b y  grant 01 Z Z  9 1 0 1  ( B M F T  G e r m a n y )
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D O P A M I N E R G I C  G R A F T S  R E D U C E  T H E  [3H ] W I N  3 5 , 4 2 8  B I N D I N G  T O  
D O P A M I N E  T R A N S P O R T E R S  O F  T H E  N O N - L E S I O N E D  S T R I A T U M  O F  
R A T S .  U. Schafer*. K. B räu t i g a m , C. B i a n g a , N. D r a n d a r e v s k i  a n d  
R. M o r g e n s t e m .  Inst. P h a r m a c o l .  Toxicol., M e d i c a l  Faculty (Charité), H u m 
boldt Univ. Berlin, D  1 0 0 9 8  Berlin, G e r m a n y

Fetal m e s e n c e p h a l i c  grafts p la ced to the previously unilaterally 6-hydroxy- 
d o p a m i n e  ( 6 - O H D A )  lesioned striatum h a v e  b e e n  well established to p r o d u c e  
functional rec o v e r y  attributed to d o p a m i n e  (D A )  rel ease b y  the graft a n d  
d o w n  regulation of D A  D 2 receptor supersensitivity. H o w e v e r ,  recently w e  
h a v e  s h o w n  that t h e s e  grafts p r o d u c e  a  reduction of D A  transporter ( D A T )  
function in the n o n -les ione d a n d  non-grafted contralateral striatum in vitro a n d  
in vivo.

F o r  further characterization of graft-induced c h a n g e s  in the contralateral 
striatum, w e  p e r f o r m e d  saturation binding studies us i n g  [3H ]W I N  3 5 , 4 2 8  in the 
p r e s e n c e  a n d  a b s e n c e  of (±)-cocaine (50 µM). B o t h  a p o m o r p h i n e - ( A P O ,
0. 2 5  m g / k g  IP) a n d  a m p h e t a m i n e -  ( A M P H ,  2.5 m g / k g  IP) i n d u c e d  rotational 
beh a v i o r  a n d  tyrosine h y d r o x y l a s e  (TH) i m m u n o h i s t o c h e m i s t r y  w e r e  u s e d  to 

m e a s u r e  functional rec o v e r y  a n d  integration of the graft, respectively.
S e v e n  m o n t h s  after grafting A P O -  a n d  A M P H - i n d u c e d  rotations w e r e  

r e d u c e d  a n d  T H  positive fibers w e r e  f o u n d  in the grafted striatum. D a t a  
analysis of the binding c u r v e s  re v e a l e d  a  single population of [3H ] W I N  3 5 , 4 2 8  
binding sites t o w a r d  the D A T  of the non-grafted contralateral striatum. T h e  
calculated val u e s  for the m a x i m a l  n u m b e r  of binding sites (Bmax) w e r e  
significantly d e c r e a s e d  w h e r e a s  the dissociation c o n s t a n t s  (KD) did n ot differ 
f r o m  that of s h a m - g r a f t e d  controls.

T h e s e  results indicate d o w n  regulation of D A T  binding sites of the non- 
lesioned a n d  n o n -gra fted contralateral striatum w h i c h  s h o u l d  reinforce 
D A e r g i c  neurotransmission.
S u p p o r t e d  b y  grant 01  Z Z  9 1 0 1  ( B M F T  G e r m a n y )
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B I O C H E M I C A L  I M M U N O H I S T O C H E M I C A L  A N D  L O C A L I Z A T I O N  

O F  A  N O V E L  O L I G O D E N D R O C Y T E - S P E C I F I C  P R O T E I N .  Popper P* 
W u  S. Sh e y J. B o k  D. M i c e vych PE. Bronstein JM. Depts of Neurology and 
A n a t o m y  and Cell Biology, U C L A  School of Medicine, L o s  Angeles, C A  9 0024 

A  novel c D N A  expressed only in oligodendrocytes w a s  recently described and 
is referred to as oligodendrocyte-specific protein ( OSP) c D N A .  D e d u c e d  am i n o  
acid sequence and protein structure of this c D N A  is similar to that of P M P - 2 2  
suggesting that O S P  m a y b e  the C N S  P M P - 2 2  homologue. Polyclonal antibodies 
were raised to a 16 a m i n o  acid peptide corresponding to the carboxy-terminal of 
O S P .  Western blot analysis revealed that this antibody reacted with a single 
protein band of approximately 22 k D  in rat brain homogenate. This b a n d  w a s  
significantly attenuated w h e n  antibody w a s  preincubated with the peptide antigen 
confirming the specificity of this antibody for O S P .  OSP-immunoreactivity w a s  

concentrated in highly purified myelin but w a s  absent in cytosolic fractions. In 
the developing rat brain, O S P  w a s  1st detectable at postnatal day (PD) 11 at the 
s a m e  time w h e n  myelin basic protein ( M B P )  w a s  1st detected. Brain levels 
of both of these proteins remained high throughout adulthood. 
Immunohistochemistry using anti-OSP antibodies revealed immunoreactive 
protein in white matter tracts of the forebrain, cerebellum, a n d  spinal cord but no 
staining w a s  detected in sciatic nerve. T h e  distribution of O S P  in the C N S  w a s  
virtually identical to that of M B P .  Electron microscopic immunohistochemistry 
using 10 n M  gold-conjugated secondary antibody s h o w e d  O S P  staining in the 
lamellae of myelin sheaths. These results confirm the specific expression of O S P  
in oligodendrocytes and further localize it to C N S  myelin sheaths. T h e  function 
of O S P  is u n k n o w n  but its cellular and subcellular distribution in addition to its 
h omology with P M P - 2 2  suggest that O S P  has an important role in C N S  
myelinogenesis.

1 3 4 . 2

F U N C T I O N A L  A N A L Y S I S  O F  A N  O L I G O D E N D R O C Y T E  S P E C I F I C  C E L L  

S U R F A C E  M O L E C U L E .  L. Z h o u *  a n d  R. H. M i l l e r .  D e p a r t m e n t  of 

N e u r o s c i e n c e s ,  C a s e  W e s t e r n  R e s e r v e  Univ., C l e v e l a n d ,  O H  4 4 1 0 6  

W e  h a v e  d e s c r i b e d  a  m o u s e  m o n o c l o n a l  a n t i b o d y  t e r m e d  2 B 1 0  w h i c h  

identifies a  n o v e l  o l i g o d e n d r o c y t e  cell s u r f a c e  m o l e c u l e .  T h e  2 B 1 0  

a n t i g e n  is n o t  p r i m a r i l y  a s s o c i a t e d  w i t h  m y e l i n ,  a n d  in t h e  adult r a t  

e x p r e s s i o n  of this protein is restricted to t h e  C N S  a n d  s o m e  l y m p h a t i c  

o r g a n s .  T o  e x a m i n e  t h e  fun ctional role of this m o l e c u l e ,  h y b r i d o m a  

cells secr e t i n g  2 B 1 0  a n t i b o d y  w e r e  injected into t h e  lateral v e n t r i c l e s  

of n e o n a t a l  a n d  adult rat brains. S e v e r a l  d a y s  after injection, 2 B 1 0  

a n t i b o d y  w a s  d e t e c t e d  t h r o u g h o u t  t h e  C N S .  In injected a n i m a l s ,  t h e  total 

n u m b e r  of glial cells d e c r e a s e d  significantly in r e g i o n s  of t h e  opt ic 

n e r v e  a n d  t h e  cortical spinal tract. A l t h o u g h  in t h e s e  r e g i o n s  m a n y  

a x o n s  a p p e a r e d  n o r m a l l y  m y e l i n a t e d ,  t h e  n u m b e r  of m y e l i n a t e d  a x o n s  

p e r  unit a r e a  d e c r e a s e d .  T h e s e  d a t a  i m p l y  that p r e s e n c e  of 2 B 1 0  

a n t i b o d y  d o e s  n o t  directly affect m y e l i n a t i o n  b u t  rat her t h e  s u r viva l of 

glial cells. T o  investigate w h i c h  cell t y p e  w a s  affected b y  t h e  a n t i b o d y ,  

purified 2 B 1 0  w a s  a d d e d  to t h e  m e d i u m  of d i s s o c i a t e d  n e o n a t a l  r at 

spinal c o r d  cultures. Significant cell d e a t h  w a s  o b s e r v e d  t h r e e  d a y s  

later, a n d  t h e  n u m b e r  of 0 1 +  o l i g o d e n d r o c y t e s  w a s  d r a m a t i c a l l y  

r e d u c e d .  M o s t  of t he r e m a i n i n g  0 1 +  o l i g o d e n d r o c y t e s  failed to e l a b o r a t e  

e x t e n s i v e  m e m b r a n e  s h e a t h s .  B y  contrast, t h e  n u m b e r  a n d  m o r p h o l o g y  

of a s t r o c y t e s  in t h e s e  cu l t u r e s  w e r e  n o t  affected. In con trol st u d i e s  

addition of purified n o r m a l  m o u s e  a n t i b o d i e s  h a d  n o  effect o n  t h e  

survival of 0 1 +  o l i g o d e n d r o c y t e s .  T h e s e  results s u g g e s t  that t h e  2 B 1 0  

a n t i g e n  is crucial for o l i g o d e n d r o c y t e  d e v e l o p m e n t .

Society  for N euroscience, V o lu m e  2 1 , 1 9 9 5
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C H A R A C T E R I Z A T I O N  O F  A  P E R P E T U A T E D  H U M A N  
O L I G O D E N D R O G L I A L  P R O G E N I T O R  C E L L  C U L T U R E .

V. K u k e k o v .  D .  Y o u n g ,  a n d  K. C a u l e y *. D e p t . of 

N e u r o b i o l o g y ,  S i gnal P h a r m a c e u t i c a l s ,  S a n  D i e g o ,  C A  
92 1 2 1 .

L o n g - t e r m  culture o f  p r i m a r y  h u m a n  fetal brain 
cells h a s  y i e l d e d  a p e r p e t u a t e d  culture o f  oligo- 
de n d r o g l i a l  p r o g e n i t o r  cells. H O P - 1  cells b e a r  
similarity to the p e r p e t u a t e d  rat 0 - 2 A  cell culture 
C G 4 ,  differentiating to G a l C  positive or G F A P  positive 
cells u n d e r  differing c u lture c o n d i t i o n s  in vitro. 
H O P - l  cells are G D 3 n e g a t i v e  until differentiated, 

an d  so a p p e a r  to b e  p e r p e t u a t e d  at a p r e p r o g e n i t o r  
stage. H O P - 1  cells h a v e  characteristics a n d  a n tigen 
profile that w o u l d  p l a c e  t h e m  in the 0 - 2 A Perinatal 
p r o g e n i t o r  lineage. T h o u g h  the antigenic profile of 
H O P - l  cells is not identical to C G 4 ,  H O P - 1  cells s h o w  
response to g r o w t h  factors w h i c h  is similar to C G 4 .  
H O P - l  cells are diploid a n d  d o  not f o r m  colonies in 
soft agar. T h i s  u n i q u e  cell strain will p r o v e  useful 
in studies o f  h u m a n  d e m y e l i n a t i n g  disea s e ,  a n d  
should serve in the d e v e l o p m e n t  o f  cell b a s e d  assays 
in the s e a r c h  f or c o m p o u n d s  w h i c h  inhibit 
apoptosis a n d  r e c e p t o r - m e d i a t e d  cell death.

1 3 4 . 5

O L I G O D E N D R O C Y T E  L I N E A G E  C E L L S  I N  F E T A L  H U M A N  B R A I N  
C E L L  C U L T U R E .  S.U. K i m *  a n d  J.-I. Satoh. Div. of Neurology, D e p t . of 
Medicine, Univ. of British C olumbia, V ancouver, B C ,  C a n a d a .

Previous studies in neonatal rat optic nerve cultures ha v e  identified glial 
precursor cells t e r m e d  oligodendrocyte-type 2 astrocyte progenitor (0-2A) cells, 
which can differentiate into either oligodendrocytes or astrocytes, d e p ending 
on the culture environment.

T o  determine if a specific cell type equivalent to 0 - 2 A  progenitor cells of 
rat exists in the h u m a n  C N S ,  cell cultures w e r e  established f r o m  fetal h u m a n  
brains of 12-15 w e e k s ’ gestation, a n d  the phenotypic expression of oligo
dendrocyte lineage cells in these cultures w a s  investigated. Cultured cells of 
oligodendrocyte lineage consisted of a maj o r  population of galactocerebroside 
(Ranscht antibody, R - m A b ) + 0 4 - cells (6 8 % )  a n d  m i n o r  populations of 
R - m A b -0 4 +  cells ( 1 6 % )  a n d  R - m A b + 0 4 +  ceUs (16%). M o s t  of the 
R - m A b + 0 4 - cells exhibited a bipolar or tripolar i m m a t u r e  morphology, while 
the majority of the R - m A b + 0 4 +  cells exhibited a multipolar m a t u r e  
morphology. R - m A b -0 4 +  cells contained a mixture of i m m a t u r e  a n d  m a t u r e  
cell types. W h e n  incubated in serum-free culture m e d i u m  containing 
bromodeoxyuridine ( B r d U )  for 4 days, 4 2 %  of oligodendrocytes expressed 
nuclear B r d U  immunolabeling. Expression of ganglioside mark e r s  G D 3  a n d  
A 2 B 5  (specific for G T 3  ganglioside) w a s  also investigated in fetal h u m a n  
brain cultures. M o s t  of the G D 3 +  cells (94 ± 5 % )  w e r e  G F A P +  astrocytes. 
A  great majority of A 2 B 5 +  cells (95 - 9 9 % )  w e r e  N S E +  neurons, while a small 
population of A 2 B 5 +  cells w e r e  G F A P +  astrocytes. O u r  results suggest that 
both G D 3  a n d  A 2 B 5 ,  mar k e r s  for 0 - 2 A  progenitor cells o f  rat, could not be 
utilized as the cell-type specific ma r k e r s  for identification of glial precursor 
cells in the developing h u m a n  C N S .  (Supported b y  the Med i c a l  Research 
Council a n d  the Multiple Sclerosis Society of C a n a d a )

1 3 4 . 7

B A S I C  F I B R O B L A S T  G R O W T H  F A C T O R  S T I M U L A T E S  
P R O C E S S  E X T E N S I O N  B Y  A D U L T  H U M A N  O L I G O 
D E N D R O C Y T E S .  O h .  Y . S .  Braun. P.•. A  Y o n g , V . W .  Montreal 

Neurological Institute &  Hospital, D e p ar tme nt of N e u r o i m m u n o l o g y ,  

McGill University, M o n t réal, C a n a d a  H 3 A  2 B 4  
W e  have previously reported that the in vitro process extension by 

oligodendrocytes (OLs), a requisite for myelination in vivo, can be 
promoted b y  phorbol esters through stimulation of oligodendroglial 
protein kinase C  (PKC). Since phorbol esters are exogenous 
compounds, this study sought to identify e n dog eno us growth factors 
that could promote process extension b y  cultured adult h u m a n  OLs. 
With regard to cellular source of gr owt h factors, O L s  in co-culture 

with astrocytes extended process readily. A m o n g  growth factors 
known to be produced b y  astrocytes (IGF, F G F ,  C N T F ,  P D G F ,  E G F ,  
N G F ,  B D N F ,  N T - 3  &  -4), only b F G F  h a d  significant promoting 
effects on  process extension b y  O L s .  T h e  potency of b F G F  did not 
match that of phorbol esters and astrocytes, a n d  b F G F  did not 
synergize with other growth factors. Neutralizing antibodies to b F G F  
inhibited the oligodendroglial process extension that w a s  facilitated by  
astrocytes. Finally, the promoting effects of b F G F  could b e  blocked 
by inhibitors of P K C .  W e  postulate that b F G F  is an important 
endogenous growth factor that p r o m o t e  process extension b y  OLs.

1 3 4 . 4

M O L E C U L A R  H E T E R O G E N E I T Y  O F  A V I A N  W H I T E  M A T T E R  

O L I G O D E N D R O C Y T E S  C. B jartmar*1. G. Westermark2 and C. Hildebrand1.

De p t  of Cell Biology and 2) D ept of Pathology I, Faculty of Health Sciences, 
University of Linköping, Sweden.

Immunohistochemical scanning of sections from the adult chicken C N S  with 
various antibodies revealed an antigen that occurs preferentially in a subpopulation 
of oligodendrocytes. Since staining for this antigen s e emed to recognize the T y p e  4 
oligodendrocyte of Del Rio Hortega w e  call it the T 4 - 0  antigen. T h e  purpose of 
this study is to describe the occurrence and s o m e  characteristics of the T 4 - 0  antigen. 
Immunohistochemical analysis s h o w e d  the presence of m a n y  T 4 - 0  immunoreactive 
(IR) cell bodies in chicken spinal cord white matter. Cell nuclei and myelin were 
immunonegative. F e w  T 4 - 0  IR cells occur elsewhere in the chicken C N S .  In terms 
of cell n u m b e r  a nd labelling intensity the T 4 - 0  IR cells were m ost prominent in 
the ventral funiculus (VF). M a n y  T 4 - 0  IR cells in the V F  were crescent-shaped, 
obviously being related to large myelinated fibers. T h e  dorsal funiculus (DF) 
contained very few, weakly labelled cells. Double staining with T 4 - 0  antibodies and 
a n t i - G F A P  or the lectin B S I - B 4 s h o w e d  that the IR cells are not astrocytes or 
microglia. For these reasons, and in view of their general morphology, w e  conclude 
that the T 4 - 0  IR cells represent T y p e  4 oligodendrocytes. E M  examination did not 
reveal a ny major cytological difference between oligodendrocytes in the V F  and the 
D F .  M e a s u rements s h o w e d  that the fiber sizes in the V F  are 0.3-18 µm. S o m e  2 6 %  
of these fibers have diameters > 5  p m .  In the D F, the fiber sizes extend up to 9 p m ,  
but only 0.8 %  of the fibers reach > 5  p m .  Hence, both areas contain mediumsized 
a nd small myelinated axons, but large heavily myelinated axons are present in the 
V F  only. In Western blot analysis of material from chicken spinal cord the T 4 - 0  
antibody recognizes a single protein with an estimated molecular weight of 50 kDa. 
N o  T 4 - 0  IR cells were seen in sections from fish, frog, turtle and rat spinal cord. 
These results indicate the presence of a fiber size-related molecular heterogeneity 
a m o n g  avian white matter oligodendrocytes.
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P r o c e s s  e x t ension b y  h u m a n  o l i g o d e n d r o c y t e s  in vitro: a role for the 

9 2  k D a  matrix metalloprotease a n d  its regulation b y  protein kinase C  

( P K C ) .  U h m .  J . H . . D o o l e y, N . P . O h , Y.-S. B a x t e r  D * .  &  Y o n g .  V . W .  

M o n t r e a l  N e urological Institute &  Hospital, D e p a r t m e n t  of 

N e u r o i m m u n o l o g y ,  M c G i l l  University, M o n t r e a l ,  C a n a d a .  H 3 A  2 B 4  

D u r i n g  myelination in o n t o g e n y  or r emyelination in disease states 

s u c h  as multiple sclerosis ( M S ) ,  the ol i g o d e n d r o c y t e  ( O L )  m u s t  extend 

its processes t h r o u g h  the extracellular ma tr i x  ( E C M )  in order to reach 

its target axons. W e  postulate that O L s  utilize e n z y m e s  that d e g rade 

E C M ,  the matrix-metalloproteases ( M M P s ) ,  to effect this process 

extension. T r e a t m e n t  of  O L s  ( seeded o n t o  a n  astrocyte-derived E C M )  

w i t h  an  activator o f  P K C  ( P D B ,  1 0 0  n M )  stimulated process extension 

w ith a c o n c o m i t a n t  increase in the activity of  a 9 2  k D a  metalloprotease, 

as assessed b y  gelatin z y m o g r a p h y ;  treatment w i t h  basic fibroblast 

g r o w t h  factor ( b F G F )  d e m o n s t r a t e d  similar results. T h e s e  phorbol 

e s t e r / b F G F  effects c o u l d  b e  b l o c k e d  in a d o s e - d e p e n d e n t  m a n n e r  b y  

calphostin C ,  a specific P K C  inhibitor ( I C 50 1 0 0  n M ) .  Co-treatment 

with 1,10-phenanthroline ( 2 0 0  µM ) ,  a metalloprotease inhibitor, 

d i m i n i s h e d  process extension, thus supporting the role for M M P s  in this 

function. In contrast to b F G F ,  n u m e r o u s  other g r o w t h  factors ( N G F ,  

P D G F ,  E G F )  did not affect process extension or M M P  activity. M M P  

activity, u n d e r  the regulation o f  P K C ,  m a y  represent a n  important 

m e c h a n i s m  b y  w h i c h  O L s  e x t e n d  processes, a critical initial step in 

myelinogenesis.
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N G F  A N D  b F G F  S T I M U L A T E  A R A C H I D O N 1 C  A C I D  R E L E A S E  F R O M  
P H O S P H A T I D Y L C H O L I N E  O F  A  C L O N A L  O L I G O D E N D R O C Y T E  
C E L L  L I N E  (CB-II) S. H. S u n * , I. Tsai a n d  A. C. C h a n g .  N u e r o s c i e n c e  
Institute, National Y a n g  M i n g  M e .  College, Taipei, T a i w a n ,  R. O.C.

In this study, w h e n  n e r v e  g r o w t h  factor ( N G F )  a n d  basic 
fibroblast g r o w t h  factor ( b F G F )  w e r e  applied to CB-II, the release of 
arach i d o n i c  acid ( A A  release) w e r e  detected in a t i m e - d e p e n d e n t  
m a n n e r .  N G F  a n d  b F G F  also stimulated the e n z y m e  activity of a n  
oligodendrocyte marker, 2',3' cyclic nucleotide p h o s p h o h y d r o l a s e  ( C N P )  
of CB-II. C N P  activities w e r e  stimulated b y  P M A  a n d  inhibited b y  
d o w n - r egulation of protein kinase C  (PKC). T h e s e  results suggested a role 

of P K C  in the d e v e l o p m e n t  of CB-II. A d d i t i o n  of C a + +  i o n ophore, 
A 2 3 1 8 7 ,  a n d  P M A  b o t h  a u g m e n t e d  the N G F -  a n d  b F G F - i n d u c e d  A A  
release. A d d i t i o n  of E G T A  to cells w i t h  prior P K C  d o w n - r e g u l a t i o n  
abolished the A A  release, s u g g e s t i n g  that A A  release in CB-II w a s  
p r e d o m i n a n t l y  regulated b y  P K C  activation. H o w e v e r ,  b y  use of protein 
synthesis inhibitor, c y c l o h e x i m i d e ,  inhibited the N G F -  a n d  b F G F -  
m e d i a t e d  increase in C N P  activities w h e r e a s  it h a d  n o  effect o n  A A  
release. T o  define further the source of A A  release a n d  the p a t h w a y  
involved, p h o s p h o l i p i d  t u r n o v e r  of CB-II w a s  study. T h e  results 
d e m o n s t r a t e d  that N G F  a n d  b F G F  i n d u c e d  d e c r e a s e s  of b o t h  

[3 H]arach i d o n i c  acid- a n d  [3 H]choline-prelabeled phosph a t i d y l c h o l i n e  
(PC). F u r t h e r m o r e ,  increases in lysophosphat i d y l c h o l i n e  ( L P C )  w e r e  
o b s e r v e d  concomitantly. T h e  rise in L P C  sugg e s t e d  that it is pro b a b l y  
m e d i a t e d  t h r o u g h  the p h o s p h o l i p a s e  A 2 p a t h w a y .  Thus, N G F  a n d  b F G F  
act, at least partially o n  differential P K C - d e p e n d e n t  m e c h a n i s m s  to 
regulate the d e v e l o p m e n t  of oligodendrocyte.
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I N C R E A S E D  T A U  I M M U N O R E A C T I V I T Y  W I T H I N  O L I G O D E N D R O C Y T E S  
F O L L O W I N G  C Y T O T O X I C  I N J U R Y .  E.A. Irving, S. Barnett, P. Dickinson, J. 
McCulloch*, D. D e w a r  and I.R. Griffiths. W e l l c o m e  Surgical Institute and H u g h  
Fraser Neuroscience Laboratories, University of Glasgow, G l a s g o w  G 6 1  1 Q H .

Glial cells play a crucial role in the maintaincnce of neuronal integrity, 
alterations in these cells under pathological conditions m a y  therefore be detrimental 
to neuron survival. Accumulation of the microtubule-associated protein tau, has 
been reported within glial cells in neurodegenerative conditions such as progressive 
supranuclear palsy, multi system atrophy and Alzheimer's disease. In this study the 
distribution of tau within glial cells w a s  studied under cytotoxic conditions both in 
vivo and in vitro.

Mechanically ventilated, halothane anesthetised rats w e r e  used. Glutamate 
toxicity in vivo w a s  induced by  intracortical perfusion of 1 M  m o n o s o d i u m  
glutamate for 1.5h using microdialysis. Controls had perfusion of 1 M  N a C l  or 
artificial C S F .  2.5h later the brains were processed for immunohistochemistry. 
T a u  w a s  detected using T a u  1, B19, T P 7 0  and T P 0 0 7  antibodies. Increased tau 
immunoreactivity w a s  detected using all four antibodies in glial cells following 
either glutamate or N a C l  perfusion, within the cortical lesion and in the corpus 
c o l l o s u m  i m m e d i a t e l y  underlying this area. U s i n g  d o u b l e  label 
immunofluorescence techniques, these tau-positive cells w e r e  identified as 
oligodendrocytes. Immunoreactivity w a s  not detected within these cells in 
histologically normal tissue.

Oligodendrocyte cultures were exposed to 1 0 0µM  m o n o s o d i u m  glutamate and 
1 0 0µM  N a C l  for 4h. T h e  cells w e r e  then fixed a n d  processed for 
immunocytochemistry. T a u  immunoreactivity with all four antibodies w a s  
increased within these cells following both glutamate a nd N a C l  exposure. In situ 
hybridisation studies will determine whether this increased immunoreactivity 
reflects an increased synthesis of the protein.

These results suggest that tau in oligodendrocytes undergoes rapid alterations in 
response to injury. S u c h  alterations m a y  b e  crucial in the d evelopment of 
oligodendrocyte pathophysiology in various neurodegenerative disorders.
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P E R T U S S I S  T O X I N  B L O C K S  T H E  E F F E C T S  O F  C O N T A C T  B E T W E E N  
O L I G O D E N D R O C Y T E S  I N  V I T R O .  S t e p h e n  J . M o o r m a n * . D e p a r t m e n t  
of A n a t o m y  a n d  Cell Biology, U N T  Health Science C e n t e r  at Ft. W o r t h ,  Fort 
W o r t h ,  T X  76107.

W h e n  C N S  my e l i n  is placed in contact with an oligodendrocyte, the 
oligodendrocyte’s g r o w t h  c o n e s  (oligo-GCs) collapse a n d  retract. This 
m o r p hological c h a n g e  is a c c o m p a n i e d  b y  an increase in internal free 
c a lcium concentration ([Ca]i) in the o ligo-GC. T h o s e  results suggested that 
oligodendrocytes m i g h t  b e  able to recognize a n d  react to specific m o l e cules 
o n  the surface of other oligodendrocytes. H o w e v e r ,  it r e m a i n e d  possible 
that the initial observation w a s  relevant only to contact b e t w e e n  an 
oligodendrocyte a n d  myelin, possibly e v e n  contact with m o l e c u l e s  that are 
inaccessible to oligodendrocytes in vivo. Therefore, the in vitro interactions 
b e t w e e n  neonatal-rat oligodendrocytes f r o m  the optic n erve w e r e  e x a m i n e d .  
S p o n t a n e o u s  a n d  mani p u l a t e d  contact b e t w e e n  oligodendrocytes resulted in 
collapse of the fine structure of the o l i g o - G C  in vitro. This inhibition of 
oligodendrocyte motility w a s  p r e c e d e d  b y  a substantial (approximately 
threefold) increase in intracellular free c a l c i u m  concentration. T h e  calc i u m  
concentration increase w a s  due, at least in part, to a release of c a l c i u m  f r o m  
internal stores, b eca u s e  it persisted w h e n  extracellular c a l c i u m  w a s  r e m o v e d  
b y  chelation b y  E G T A .  T h e  contact-induced c a l c i u m  increase w a s  b l ocked 
b y  the c o m b i n a t i o n  of E G T A  a n d  thapsigargin. In addition, the cal c i u m  
increase a n d  the coincident m o r p h o logical c h a n g e  w e r e  b l o c k e d  b y  
pertussis toxin. T h e  increase in c a l c i u m  concentration a n d  the coincident 
m o rphological c h a n g e  suggest that oligodendrocytes are able to recognize 
a n d  react to specific m olecules o n  the surface o f  other oligodendrocytes. 
T h e s e  types of inhibitory responses o n  the part o f  oligodendrocytes could 
b e  limiting remyelination in Multiple Sclerosis. M o r e o v e r ,  the similarity of 
this response to the response of oligodendrocytes to contact with m y e l i n  
supports the idea that m o l ecules present in m y e l i n  m i g h t  b e  u s e d  in 
intercellular c o m m u n i c a t i o n  b e t w e e n  oligodendrocytes.
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M Y E L I N  A S S O C I A T E D  N E U R I T E  G R O W T H  I N H I B I T O R S  A R E  P R E S E N T  

IN M A G  D E F I C I E N T  M I C E .  C. E. B a n d t l o w  *. B. P. Rubin. A.A. Spillmann. 

D. M o n t a g 1, M .  S c h a c h n e r 1 a n d  M .  E. S c h w a b . Brain R e s e a r c h  Institute, 
Univ. of Zurich, a n d  1 D e p t . of Neu robi olog y, Fe d e r a l  Institute of 

T e c h n o l o g y ,  E T H ,  Zurich, Swi tzerland
T h e  m a m m a l i a n  central n e r v o u s  s y s t e m  ( C N S )  exhibits v e r y  limited 

capacity for s p o n t a n e o u s  re g r o w t h  of fiber tracts u p o n  injury. B e s i d e s  the 
formation of a glial s c a r  a r o u n d  the lesion site, the p r e s e n c e  of neurite 
g r o w t h  inhibitory m o l e c u l e s  (NI-35/250) ass ocia ted with o ligodendrocyte 
m e m b r a n e s  a n d  m y e l i n  s h e a t h s  h a v e  b e e n  s h o w n  to play a n  important role 

for the lack of successful fiber regeneration (Caroni a n d  S c h w a b ,  1 9 8 8 a , 
B a n d t l o w  et al.,1993; 1 9 9 0 ) . T h e  m o n o c l o n a l  antibody IN-1 raised against 
t h e s e  proteins w a s  s h o w n  to neutralize their g r o w t h  inhibitory effects in vitro 

a n d  in vivo, resulting in long-distance fiber g r o w t h  within the adult 

m a m m a l i a n  C N S  (Schnell a n d  S c h w a b ,  199 0; Schnell et al., 199 4; W e i b e l  
et al., 1994). R e c e n t  in vitro e x p e r i m e n t s  h a v e  p r o p o s e d  that the m y e l i n  

ass ocia ted glycoprotein M A G ,  a  m e m b e r  of the i m m u n o g l o b u l i n  (Ig) g e n e  
s up erfa mily a n d  a m i n o r  c o m p o n e n t  of the C N S  m y e l i n  specific proteins c a n  

exert a strong inhibitory effect o n  fiber g r o w t h  of y o u n g  postnatal cerebellar 
neu rons , adult D R G  a n d  n e u r o b l a s t o m a  cells ( M c K e r r a c h e r  et al., 1994; 
M u k h o p a d h y a y  et al., 1994), w h e r e a s  M A G  d e p l e t e d  m y e l i n  proteins 
s h o w e d  restored neurite g r o w t h  properties for a n e u r o b l a s t o m a  cell line 
( M c K e r r a c h e r  et al., 1994). W e  h a v e  n o w  investigated the contribution of 
M A G  a s  a  neurite g r o w t h  inhibitor in the C N S  m y e l i n  in c o m p a r i s o n  to NI- 
35/250. W e  p r o v i d e  e v i d e n c e  that m y e l i n  proteins of M A G  deficient m i c e  
( M o n t a g  et al., 1 9 9 4 )  still e x p r e s s  a  potent inhibitory fiber o u t g r o w t h  a n d  
g r o w t h  c o n e  collapsing activity o n  perinatal a n d  adult D R G  n e u r o n s  or P C  1 2  
cells, a n d  that t h e s e  inhibitory effects c a n  b e  neutralized b y  the m A b  I N - 1 . 
O u r  results s u g g e s t  that M A G  pr o b a b l y  plays only a  m i n o r  role in vivo in 

d e t e r m i n i n g  w h e n  a n d  w h e r e  C N S  r egeneration t a k e s  place.
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E X P R E S S I O N  O F  S T R E S S  P R O T E I N S  IN N O R M A L ,  M U T A N T  A N D  
I M M O R T A L I Z E D  O L I G O D E N D R O C Y T E S  C.L. Neri1, C.S. Duchala* and W .B .
Macklin. M R R C ,  U C L A  Medical Center, Los Angeles, C A  90024 and 1Dept of 
Neuroscience, U C S D ,  L a  Jolla, C A

Expression of stress response proteins G R P  78 (BiP), protein disulfide isomerase 
(PDI) and G R P  75 was examined in rat mixed glial cultures by 
immunocytochemistry and confocal microscopy, and compared to myelin proteolipid 
protein (PLP) expression. These proteins were found only in oligodendrocyte 
lineage cells in these cultures. G R P  78 and P D I  were both highly expressed in cell 
bodies of immature non-process bearing, P L P  negative oligodendrocytes. Their 
expression peaked at 20 d , but as oligodendrocytes matured G R P  78 and P D I  
expression was reduced. T h e  G R P  75 signal was also maximal in 20d cultures, 
where it was detected in oligodendrocytes with P L P  positive cell bodies. Its 
expression decreased as P L P  m o v e d  into cell processes. T h e  immortalized 
oligodendrocyte cell line, N20.1 expressed all three proteins predominantly in the 
cell body, with very little in the processes. Preliminary Western blot studies on in 

vivo expression of stress response proteins in normal and mutant m o u s e  brains 
showed that G R P  75 and G R P  78 were not detected in the j i m p y  brains, although 
they were expressed at high levels in the wild type, j i m p y  msd and q uaking  brains, 
whereas the P D I  protein was undetected in qu a k i n g  m o u s e  brains and expressed at 
highest levels in wild type, j i m p y  and j i m p y  msd. It is possible that these stress 
response proteins m a y  act as chaperone proteins in differentiating oligodendrocytes, 
perhaps to facilitate appropriate folding of myelin proteins (e.g. PLP). Different 
stress proteins m a y  be important at different stages of oligodendrocyte 
differentiation. Absence of these proteins could contribute to inappropriate 
processing of myelin proteins in the mutants. Supported N S 2 5 3 0 4  ( W . B . M )  and 
Minority Biomedical Research Support, U C S D  (C.N.).
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M Y E L I N  B A S I C  P R O T E I N  P R O M O T E R  E L E M E N T S  R E S U L T I N G  I N  H I G H  
L E V E L  S U S T A I N E D  E X P R E S S I O N  I N  O L I G O D E N D R O C Y T E S  A N D  
S C H W A N N  C E L L S  O F  T R A N S G E N I C  M I C E .  L. Garofalo*. D. Foran and A.
C. Peterson. Department of Neurology and Neurosurgery/Molecular O n c o l o g y  
Group, McGill University, Royal Victoria Hospital, H-535, 6 8 7  Pine A v e n u e  
West, Montreal, Q u ébec, Canada, H 3 A - 1 A 1 .

T h e  myelin basic protein ( M B P )  gene resides within the m u c h  larger G O L L I -  
m b p  locus and contains regulatory elements dispersed over large distances. 
Expression of M B P  is restricted to oligodendrocytes and S c h w a n n  cells and is 
developmentally complex, initiating prior to myelin formation, peaking during 
myelin acquisition and decreasing to basal levels in the mature nervous system. 
Unique to S c h w a n n  cells, induction of myelin gene expression is controlled by 
axonal contact.

T o  date, efforts to locate D N A  regulatory elements of the M B P  gene using 
transgenic methods have been limited to relatively short 5' flanking sequences and 
these fail to p r o m o t e  uniform, high level and sustained expression in 
oligodendrocytes or S c h w a n n  cells. T o  investigate the possibility that additional 
oligodendrocyte and S c h w a n n  cell specific regulatory elements lie outside the 
constructs evaluated to date, w e  derived lines of transgenic mice bearing a L a c Z  
reporter gene ligated to M B P  5' flanking sequences greater than 6.5 kilobases (Kb). 
H i g h  level and sustained expression of B-galactosidase w e r e  noted in 
oligodendrocytes of all mice bearing constructs with 8.0 K b  or m o r e  of M B P  5' 
flanking sequences. These transgenic mice expressed ß-galactosidase prior to myelin 
formation and s h o w e d  a pattern of M B P  developmental regulation in line with that 
of the endogenous gene. Moreover, expression in S c h w a n n  cells w a s  detected with 
the largest construct and a S c h w a n n  cell specific enhancer has been m a p p e d  to a 
500 base pair fragment.

Supported by the Multiple Sclerosis Society of Canada, M R C  and N C E .
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S O M A T I C  D N A  R E A R R A N G E M E N T  O f  M Y E L I N  B A S I C  P R O T E I N  ( M B P )  G E N E  IN M Y E L I N -  

D E F l C I E N T  ( m ld )  M O U S E .  Y.L. S u n , D.L. O l i v e r *  a n d  J. H. C o r s o n . N e u r o s c i e n c e  P r o g r a m ,  

University of C o n n e c t i c u t  He a l t h  Center, F a r m i n g t o n ,  C T  0 6 0 3 0 .

T h e  myelin-deficient (m ld ) m u t a t i o n  is a  c o m p l e x  genetic lesion affecting the m yeli n 

basic protein ( M B P )  locus o f  m o u s e .  It consists of several different D N A  r e a r r a n g e m e n t s ,  including 

t a n d e m  duplication of the M B P  gene, partial inversion of the duplicated g e n e  copy, a n d  duplication 

o f  a  region flanking the inversion breakpoint. T h e  m u t a t i o n  results in a  dysfunctional M B P  locus. 

H o w e v e r ,  a b o u t  5 %  of wild type a m o u n t  o f M B P  d o e s  a c c u m u l a t e  in h o m o z y g o u s  mutants. 

I m m u n o s t a i n i n g  results suggest that the m u t a n t  p h e n o t y p e  is r e v e r s e d  in a  small p ropo rtion of the 

o l igo dendrocy tes. O n e  possible m e c h a n i s m  for this ' s o ma tic reversion' is i n t r a c h r o m o s o m a l  

r e c om bination b e t w e e n  the u p -  a n d  d o w n - s t r e a m  g e n e  c o p i e s  to g e n e r a t e  a  functional M B P  locus. 

Recently, s u c h  a  r e c o m b i n a t i o n  m e c h a n i s m  h a s  b e e n  p r o p o s e d  for a  g e r m - l i n e  revertant m l d r  

m o u s e .  Possible products of i n t r a c h r o m o s o m a l  r e c o m b i n a t i o n  a r e  deletion a n d  circularization of 

intervening M B P  sequences, a n d  reinversion of the inverted g e n e  s e g m e n t .  W e  h a v e  identified bot h  

pr o d u c t s  in m ld  brain. Circular D N A  w a s  purified b y  the alkaline lysis p r o c e d u r e  a n d  

linear-DNA-specific D N A a s e  digestion. P o l y m e r a s e  chain reaction ( P C R )  w a s  p e r f o r m e d  to amplify 

M B P  s e q u e n c e s .  Circular D N A  c o n t a i n e d  M B P  s e q u e n c e s  f r o m  intron two, b ut l a c k e d  5' a n d  3 ’ 

flanking regions. This is consistent with i n t r a c h r o m o s o m a l  r e c o m b i n a t i o n  b e t w e e n  the u p s t r e a m  a n d  

d o w n s t r e a m  g e n e  copies, resulting in excision a n d  circularization o f  intervening M B P  sequences,  

including intron two, but excluding 3 ' a n d  5' flanking s e q u e n c e s .  R e inv ersion b y  i n t r a c h r o m o s o m a l  

r e com bination b e t w e e n  inverted repeat regions of u p -  a n d  d o w n - s t r e a m  g e n e  c o pie s w a s  detected 

b y  d i ver gent P C R .  P r i m e r  pairs w e r e  d e s i g n e d  w h i c h  w e r e  divergent in the m ld  M B P  locus, but 

b e c a m e  c o n v e r g e n t  if i n t r a c h r o m o s o m a l  r e c o m b i n a t i o n  inverted o n e  t e m p l a t e  s e q u e n c e .  T h e  

predicted reinverted s e q u e n c e s  w e r e  d ete c t e d  in m ld  mi c e .  Tissue-specificity a n d  d e v e l o p m e n t a l  

regulation of i n t r a c h r o m o s o m a l  r e c o m b i n a t i o n  within the m ld  M B P  locus w e r e  also studied. T h e  

significance of i n t r a c h r o m o s o m a l  r e c o m b i n a t i o n  activity in d e v e l o p m e n t  w a s  discussed.
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E X P R E S S I O N  O F  A  7 5 0  N U C L E O T I D E  M B P  P R O M O T E R - L A C Z  
T R A N S G E N E  IS R E D U C E D  I N  A D U L T  S H I V E R E R  M I C E .

L. W r a b e t z 1* , C. T a v e g g i a 1. S. Ferraresi1, A .  Q uattrini1, M L .  Feltri1.

A. M e s s i n g 2 , a n d  J. K a m h o l z 3 . 1S. Raffaele Scientific Institute ,

DIBIT, Milan, Italy 2 0 1 3 2 ;  2S c h o o l  of  Veterinary M e d i c i n e ,  Univ. 

Wisconsin, M a d i s o n ,  W I  5 3 7 0 6 ;  3Dept. N e u r o l o g y ,  W a y n e  State Univ. 
School of M edicine, Detroit, M I  4 8 2 0 1 .
Both in vitro a n d  in v ivo studies suggest that r e m a r k a b l y  small portions 

of the m yelin basic protein ( M B P )  p r o m o t e r  are sufficient to activate 
regulated expression of M B P .  W e  s h o w e d  previously that 7 5 0  
nucleotides 5' of the h u m a n  M B P  g e n e  is sufficient to activate 
oligodendrocyte-specific, developmentally-regulated expression of lacZ 
in transgenic mice. In this study, w e  m e a s u r e d  the expression of this 
M B P  promoter-la c Z  transgene in t w o  other settings w h e r e  M B P  
transcription is p r e s u m e d  to b e  m o dulated: optic enucleation a n d  in the 
shiverer m u t a n t  m o u s e .  A s  has b e e n  reported for M B P  m R N A ,  β- 
galactosidase levels w e r e  r e d u c e d  to 3 0 %  of  n o r m a l  in optic nerve 8 days  
after enucleation of 2 3  d a y  old mice. In contrast, while transcription of 
the M B P  g e n e  in adult shiverer h o m o z y g o t e s  continues at levels near 
those associated with the d e v e l o p m e n t a l  p e a k  of m y e l i n  g e n e  expression, 
lacZ expression f r o m  the 7 5 0  nucleotide M B P  p r o m o t e r  in these animals 
was reduced b e l o w  that f o u n d  in he te r o z yg o u s  or n o r m a l  littermates.
This reduction w a s  m o r e  p r o n o u n c e d  in brai n s t em  (7-fold) than in 
forebrain (2-fold). T h e s e  data suggest that 7 5 0  nucleotides of the 
proximal h u m a n  M B P  p r o m o t e r  are sufficient in m i c e  to regulate the 
central nervous s y s t e m  expression of M B P  in d e v e l o p m e n t ,  but not in all 
pathological states.

134.17

L O N G - T E R M  D E V E L O P M E N T  O F  G L I A L  A N D  A X O N A L  

C H A N G E S  I N  T H E  M Y E L I N  M U T A N T  T H E  S H A K I N G  P U P .  

K.F. L u n n * .  R . L .  H o f f m a n .  E. N a c k  a n d  I.D. D u n c a n . S c h o o l  of 

Veterinary M e d i c i n e ,  University o f  W i s c o n s i n ,  M a d i s o n ,  W I  5 3 7 0 6 .

T h e  shaking p u p  (sh) is a ca ni n e  m y e l i n  m u t a n t  w h i c h  has a 

point mutation in e x o n  2  o f  the proteolipid protein ( P L P )  gene. 

This X-linked m u t a t i o n  leads to d y sm y e l i n a t i o n  o f  the C N S .  In 

contrast to the majority o f  the X - l i n k e d  m y e l i n  mutants, the canine 

mutant can live for e x t e n d e d  periods if h a n d  reared, despite the 

development o f  seizures later in life. W e  h a v e  n o w  e x a m i n e d  the 

C N S  of sh p u p s  u p  to 2 3  m o n t h s  o f  age. Quantitation o f  m y e l i n  

sheath thickness (expressed as the g  ratio), a n d  the n u m b e r s  of  

myelinated fibers in the ventral spinal c o r d  s h o w s  e v i d e n c e  of 

ongoing myelination in the sh p u p  alth o u g h  the majority o f  a x o n s  

remain h y p o m y e l i n a t e d .  Similarly, the p e r c e n t a g e  o f  n o n 

myelinated a x o n s  decreases with age. In addition, s p o n t a n e o u s  

S c h w a n n  cell invasion oc cu r s  f r o m  the l u m b a r  spinal c o r d  to as far 

rostrally as the cerebellum, as d e m o n s t r a t e d  o n  light m i c r o s c o p y  a n d  

by in situ hybridization for P o  m R N A .  A t  the s a m e  time, ax on a l  

spheroids b e c o m e  m o r e  p r o fuse t h r o u g h o u t  the spinal cord, pr o b a b l y  

as a c o n s e q u e n c e  o f  the chronic m y e l i n  deficit. Gliosis also 

becomes progressively m o r e  severe w i t h  age, as d e m o n s t r a t e d  o n  

E M  and b y  G F A P  i m m u n o c y t o c h e m i s t r y .  ( S u p p o r t e d  b y  N I H  

N S  23124)
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S Y N A P T O S O M E S  P R E P A R E D  B Y  T H E  F I C O L L  F L O A T A T I O N  M E T H O D  

C O N T A I N  S I G N I F I C A N T  A M O U N T S  O F  G U A L  E L E M E N T S .  K.L. Grove*. S. Picard.

M. Laframboise a n d  C.F. D e s c h e p p e r , I R C M ,  Montreal, C a n a d a  H 2 W  1 R 7

Brain s y n a p t o s o m e  preparations are a  frequently u s e d  m o d e l  to study h o w  

synaptic nerve terminals transport neurotransmitters, a m i n o  acids a n d  ions. T h e  

general assumption is that these preparations contain mostly n e r v e  terminals a n d  are 

devoid of contamination with non-neuronal elements. Their preparation involve the 

ultracentrifugation of brain h o m o g e n a t e s  through specially p r e p a r e d  gradients. O n e  

popular m e t h o d  is the Ficoll floatation m e t h o d ,  a s  described b y  B o o t h  a n d  Clark 

(Biochem. J. 176:365, 1978). H o w e v e r ,  w e  h a v e  obtained e v i d e n c e  that s u c h  

preparations m a y  h a v e  s o m e  properties typically associated with astrocytes, a n d  

therefore tested w h e t h e r  s u c h  s u p p o s e d l y  'purified' s y n a p t o s o m e  preparations could 

contain glial el em en ts a s  well. B y  E M ,  these preparations w e r e  similar a s  previously 

published, i.e. they contained structures limited b y  cell m e m b r a n e s  ( m a n y  of t h e m  

containing synaptic vesicles) a n d  very little free mitochondria. T h e  s a m e  preparations 

were dissolved in buffer for W e s t e r m  blot analysis a n d  tested for the p r e s e n c e  of 

astrocyte-specific proteins. Similarly a s  cultured astrocytes (but unlike extracts of 

PC 1 2  cells), s y n a p t o s o m e  preparations contained a b u n d a n t  immunoreactivity for 

G F A P  and glutamine sy nt ha se (that are fo u n d  only in astrocytes). S y n a p t o p h y s i n  (a 

marker of synaptic vesicles), w a s  detected both in extracts of s y n a p t o s o m e s  a n d  

P C 1 2  cells, but undetected in cultured astrocytes. In s u m m a r y ,  these data s h o w  that 

synaptosomes pr e p a r e d  b y  the Ficoll m e t h o d  also contain a b u n d a n t  astrocytic 

elements. This m a y  not necessarily b e  a  problem, a s  s o m e  consider astrocytes to b e  

an integral part of a  functional s y na ps e. H o w e v e r ,  o n e  sh ou ld exert caution w h e n  

interpreting data obtained with s y n a p t o s o m e s ,  a n d  not necessarily c o n c l u d e  that 

these preparations reflect exclusively the properties of neuronal elements.
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G L I A L  C E L L  K I N E T I C S  A N D  D E A T H  I N  T H E  S P I N A L  C O R D  O F  T H E  

M Y E L I N  D E F I C I E N T  R A T .  D. Lipsitz, I.D. D u n c a n  and N . L.  N a d o n * . 
School of Veterinary Medicine, University of Wisconsin, Madison, W I  

53706, University of Tulsa, Tulsa, O K  74104.

T h e  myelin deficient rat (m d )  rat is an animal m o d e l  of C N S  

dysmyelination with an X-linked m o d e  of inheritance. A  point mutation in 
e x on  3 of the proteolipid protein (PLP) g ene leads to a conservative a m in o  

acid substitution and an almost 1 0 0 %  reduction in P L P  levels in the C N S .  

A n  increase in cell division and cell death has been described in the m d  rat 
optic nerve (Jackson and Du nc a n ,  1988). T h e  present study w a s  undertaken 

to investigate glial cell death and kinetics in the m d  rat spinal cord and 
c o m p a r e  this to that seen in the m d  optic nerve and in the C N S  of the other 
X-linked mutants. A  total of 5 6  animals w e r e  examined; 4  affected and 4 

normal littermates at each of 1, 3, 5, 9, 13, 15, and 21 days of age. Rats 

w e r e  pulse labelled with a single intraperitoneal injection of tritiated 
thymidine and perfused 9 0  minutes later. E p o n  e m b e d d e d ,  toluidine blue 

stained sections of the thoracic spinal cord w e r e  prepared for light 
microscopy and hemisections of spinal cord white matter w e r e  e x a m i n e d  for 
pyknotic (heavily stained and rounded in appearance) and labelled (greater 

than 4 silver grains/nuclei) cells. Cell death and cell labelling w e r e  increased 
in the m d  rat c o m p a r e d  to normals f r o m  9-21 days, corresponding to the 

temporal proliferation of oligodendrocytes and myelination in the developing 
spinal cord white matter. This study m a y  help elucidate the role of P L P  in 

the survival of developing oligodendrocytes and help explain the severe C N S  
dysmyelination in this mutant. (Supported b y  N I H  N S 2 3 1 2 4 )
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TRANSFERRIN BINDING PROTEIN IMMUNOREACTIVITY IN 
THE CENTRAL AND PERIPHERAL NERVOUS SYSTEM OF 
THE CHICKEN
S.S.Cho*. E . J . R o h , Y . B . Y o u , K . H . L e e ,  a n d  J . J .Lucas 

D e p t  A n a t o m y ,  S e o u l  National University, C o l l e g e  of Medicine, 

S e o u l  4 6 0 - 7 9 9 ,  K o r e a ;  D e p t  B i o c h e m i s t r y  a n d  M o l e c u l a r  Biology, 

State University of N e w  Y o r k  Health S c i e n c e  Center, S y r a c u s e ,  

N e w  Y o r k  13210, U S A

Transferrin binding protein(TfBP) purified f r o m  estrogen-treated 

c h i c k e n  oviduct a n d  exhibited Tf binding activity h a s  b e e n  revealed 

to b e  h o m o l o g o u s  to he a t  s h o c k  protein, H S P 1 0 8 .  T h e  function of 

this protein is not yet clearly defined. In a  recent report, w e  

localized T f B P  specifically to oligode n d r o c y t e s  in the avian C N S .  

In this study, w e  h a v e  further e x a m i n e d  the regional a n d  cellular 

distribution of T f B P  in the central a n d  peripheral n e r v o u s  s y s t e m  of 

the c h i c k e n  b y  i m m u n o h i s t o c h e m i s t r y  u sing polyclonal antibody  

against T f B P .  T h e  T f B P  i mmunoreactivity is f o u n d  p r e d o m i n a n t l y  in 

o l i godendrocytes in both the g r a y  a n d  white matt e r  of the brain 

a n d  spinal cord. T h e  density of T f B P - l a b e l e d  o l i g o d endrocytes w a s  

generally proportional to the d e g r e e  of myelination. T h e  glial cells 

of the retina a n d  S c h w a n n  cells of the sciatic n e r v e  similary 

exhibited a  strong reaction. T h e  specific localization of T f B P  to 

o ligodendrocytes a n d  S c h w a n n  cells s u g g e s t s  that T f B P  m a y  play a  

role in myelination or myelin m a i n t e n a n c e .
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R A P I D  P U R I F I C A T I O N  O F  G L I A L  C E L L S  U S I N G  I M M U N O M A G N E T I C  
S E P A R A T I O N  R.J. Colello*. J.J. Fitzgerald, and A  P. Wright Department of 
H u m a n  A n atomy, University of Oxford, South Parks Road, Oxford, U  K

T h e  purification of glial cells from brain tissue containing a heterogeneous cell 
population provides a m e a n s  to examine the cell interactions that define cell types 
within the central nervous system. B y  culturing purified glial cell types separately 
or in combination with other enriched glial cells it has been found that growth 
factors control glial cell diversification (see rev. Dubois-Dalcq et al., 1990). The 
current methods used for purifying glial cells, however, are both time consuming 
and costly.

In this study w e  have adapted the technique of immuno m a g n e t i c  separation to 
separately enrich, 0 - 2 A  progenitor cells, astrocytes, and oligodendrocytes from the 
rat optic nerve. Firstly, postnatal day (P)4 rat optic nerves were enzymatically 
dissociated and incubated in primary antibody specific to a surface antigen on the 
target cell type (e g. A 2 B 5 ,  R A N - 2 ,  or GalC). T h e  dissociated cells were washed 
and incubated in media to which wa s  added iron-containing polystyrene beads 
( D y n a b e a d s ™ )  that had been precoated with a secondary antibody specific to the 
primary. Bead-bound cells were then d r a w n  out of suspension using a strong 
magnet, plated o nto silane-coated coverslips and placed in a C 0 2 incubator.

W e  found that, prior to separation, P4 rat optic nerves contain approximately 
80,000 cells, 2 5 %  of which are 0 - 2 A  progenitor cells. T h e  i m m u n o magnetic 
separation procedure, which w a s  completed within 2 hours, produced an almost 
completely pure population of these cells (>99%). This w a s  confirmed by the 
absence of u n b o u n d  cells in the bead-bound fraction . T h e  viability of bead-bound 
cells w a s  established by examining the morphology of the cells using 
immunohistochemistry and scanning electron microscopy Similarly, purified 
populations of astrocytes and oligodendrocytes were obtained using this method.

This study shows that glial cell types can be separated out of brain tissue to 
near purity using immu n o m a g n e t i c  separation. This can be achieved for all glial 
cell types within two hours of obtaining a sample of optic nerve tissue. This 
simple procedure is reliable, inexpensive, and achieves levels of purity and 
viability comparable with currently available techniques of i m m u n o p a n n i n g  and 
fluorescence activated cell sorting (FACS), within a fraction of the time.
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T H E  P O U  T R A N S C R I P T I O N  F A C T O R  T S T - l / S C I P / O C T -6 P L A Y S  
A N  E S S E N T I A L  R O L E  I N  M Y E L I N A T I N G  S C H W A N N  C E L L S .

E. A r r o y o * 1, J. B e r m i n g h a m 2 M . G .  R osenfeld2 . a n d  Scherer. S. s 1  

1 Dept. Neurology, Univ. Pennsylvania, Philadelphia, P A  19104, 2 H o w a r d  
H u g h e s  M e d i c a l  Institute, U C S D  9230 9 3 .

SCIP/tst-1/Oct-6 is a m e m b e r  of the P O U  family of transcription factors, 
m e m b e r s  of w h i c h  h a v e  b e e n  s h o w n  to play k e y  roles in cellular 
differentiation. T o  learn w h e t h e r  SCIP/tst-1/Oct-6 is important for the 
n o r m a l  d e v e l o p m e n t  of S c h w a n n  cells, w e  e x a m i n e d  SCIP/tst-1/Oct-6 
"knock-out" mice, in w h i c h  the e n d o g e n o u s  SCIP/tst-1/Oct-6 g e n e  h a d  
b e e n  replaced with a β-galactosidase (lacZ) construct b y  h o m o l o g o u s  
recombination. M i c e  that w e r e  heterozygous (-/+) for the SCIP/tst-1/Oct- 
6 g e n e  h a d  n o  apparent p h e n o t y p e ,  a n d  w e r e  long-lived a n d  fertile. 
SCIP/tst-1/Oct-6 "knock-out" (-/-) mice, o n  the other hand, usually died at 
birth, although a f e w  animals survived for 1-3 days. T h e  peripheral nerves 
of -/- animals w e r e  c o m p a r e d  to their -/+ a n d  + / +  littermates b y  electron 
microscopy. O n  the d a y  of birth (P0), n o  abnormalites w e r e  seen in the 
sciatic nerves of -/-, -/+, a n d  +/ +  animals; all o f  the nerves looked similar, 
but h a d  too f e w  myelinated a x o n s  to d etermine w h e t h e r  myelination w a s  
affected in -/- animals. A t  P3, h o w e v e r ,  -/- a n i m a l s  h a d  only a f e w  
myelinated axons, w h e r e a s  there w e r e  h u n d r e d s  of m yelinated a x o n s  in 
their -/+ a n d  + / +  littermates. M a n y  S c h w a n n  cells in the P 3  -/- nerves 
a p peared to be arrested at the promyelinating stage, in w h i c h  a S c h w a n n  
cell associates with an a x o n  in a 1:1 m a n n e r  but d o e s  not m a k e  a m y elin 
sheath. T h e  f e w  m y e l i n a t e d  a x o n s  in the P 3  -/- nerves h a d  n o r m a l  
appearing myel i n  sheaths, indicating that the lack of SCIP/tst-1/Oct-6 did 
not absolutely prevent myelination. T h e s e  data demonstrate that SCIP/tst- 
1/O c t -6 plays an important role in the differentiation of myelinating 
S c h w a n n  cells.
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T E M P O R A L  C O R R E L A T I O N S  B E T W E E N  S C H W A N N  C E L L  P R O L I F E R A T I O N ,  

M Y E L I N  I N D U C T I O N ,  A N D  T R A N S C R I P T I O N  F A C T O R  E X P R E S S I O N .  D.R. 

Clive a n d  G . H .  D e V r i e s * . D e p t . of B i o c h e m .  a n d  M o l e c .  Biophysics. 
M e d i c a l  C o l l e g e  of V A ,  R i c h m o n d ,  V A  2 3 2 9 8 - 0 6 1 4  

Myelination in t h e  peripheral n e r v o u s  s y s t e m  is cha racterized b y  the 

e x t ensi on of t h e  S c h w a n n  cell p l a s m a  m e m b r a n e  into a  multilayered closely 

c o m p a c t e d  structure a r o u n d  peripheral a x o n s .  O u r  laboratory h a s  previously 

d e m o n s t r a t e d  that a x o l e m m a - e n r i c h e d  fractions ( A E F )  isolated f r o m  either 

the central or t h e  peripheral n e r v o u s  s y s t e m  c a n  b e  u s e d  a s  a  vehicle for 

delivering c o n c e n t r a t e d  a x o n a l  signals to S c h w a n n  cells in culture, ind ucin g  

b o t h  proliferation a n d  differentiation r e s p o n s e s .  A l t h o u g h  t h e  m o l e c u l a r  

e v e n t s  involved r e m a i n  u n k n o w n ,  o u r  rec e n t  investigations s u g g e s t  that 

distinctions in transcription factor activities exist b e t w e e n  t h e s e  t w o  g r o w t h  

states. S c h w a n n  cells w e r e  l ysed after t r e a t m e n t  with A E F ,  followed b y  the 

isolation of b o t h  c y t o p l a s m i c  R N A  a n d  nucl e a r  proteins. Electrophoretic 

mobility shift a s s a y s  ( E M S A s )  u s i n g  d o u b l e - s t r a n d e d  oligonucleotides 

specific for several k n o w n  transcription factors indicate that a  n u m b e r  of 

factors vary significantly in A E F  treated cells f r o m  their controls in r e g a r d  to 

their target D N A  activities. In particular, A P 1  a n d  O c t 1  bind i n g  w e r e  

r e d u c e d ,  contrasting distinctly with s t r o n g  inductions in a b u n d a n c e  for 

N F k B ,  a n d  C R E B .  O t h e r  factors including A P 2  a n d  G R  w e r e  on l y  transiently 

i n d u c e d  o v e r  time. T h e s e  specific c h a n g e s  m a y  initiate t he c o m p l e x  

p r o g r a m  of g e n e  activity required for S c h w a n n  cell/axon recognition, a n d  

s u b s e q u e n t  e n s h e a t h m e n t .  C u r r e n t  e x p e r i m e n t s  are further evaluating the 

t e m p o r a l  relationships b e t w e e n  transcription factors at t h e  m R N A  level, to 

d e t e r m i n e  w h e t h e r  regulation o c c u r s  at t h e  transcriptional or  translational 

level. ( S u p p o r t e d  b y  N I H  N S 1 5 4 0 8 ,  N S 1 0 8 2 1 ,  a n d  training grant H L 0 7 1 10).
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T H E  E X P R E S S I O N  O F  5 - H T  R E C E P T O R S  I N  C U L T U R E D  R A T  
S C H W A N N  C E L L S  IS  L I N K E D  T O  T H E I R  D I F F E R E N T I A T I O N .  
B. L e e , E . Y o d e r , a n d  M .  H . E l l i s m a n *. S a n  D i e g o  M i c r o s c o p y  a n d  

I m a g i n g  R e s o u r c e ,  D e p a r t m e n t  of N e u r o s c i e n c e s ,  U C S D  S c h o o l  of 

M e d i c i n e ,  L a  Jolla C A  9 2 0 9 3 .
W e  previously reported that S c h w a n n  cells cultured from rat sciatic nerve express 

5 - H T  receptors. This w a s  determined by observing changes in [Ca2+]i of S c h w a n n  
cells during pharmacological manipulation. Although cells reliably responded to 5- 
H T ,  the percentage of 5 - H T  responsive cells varied between dishes. In an attempt 
to understand this variability, w e  hypothesized that 5 - H T  receptors are expressed by 
S c h w a n n  cells as a function of their differentiation. T o  test this, w e  correlated the 
5 - H T  responsiveness of S c h w a n n  cells with their phenotype via differentiation 
markers. 5 - H T  responsiveness w a s  measured during calcium imaging experiments, 
and cellular phenotype w a s  determined by  the relative expression of myelinating 
(P0) and nonmyelinating ( p 7 5 - L N G F R )  markers detected immunocytochemically. 
5 - H T  responsiveness w a s  optimal in dishes where cells had down-regulated p75 and 
up-regulated P0, suggesting that S c h w a n n  cells of a particular phenotype (and 
stage of differentiation) express 5 - H T  receptors.

T o  explore this further w e  investigated if the factors influencing cellular 
differentation and the development of a particular phenotype also influenced the 
expression of 5 - H T  receptivity. T h e  d evelopment of a P 0 +/p75- phenotype in 
cultured S c h w a n n  cells can be induced by an elevation of [ c A M P ]i (attained by the 
addition of forskolin) in absence of growth factors (found in fetal bovine serum, or 
F B S )  and cell proliferation. In order to determine if the conditions governing the 
differentiation of cultured S c h w a n n  cells to a P 0 +/p75- phenotype also governed 
the expression of 5 - H T  receptors, w e  studied the degree of 5 - H T  responsiveness 
while independently varying the concentrations of forskolin an d  F B S .  W e  found 
that 5 - H T  responsiveness w a s  enhanced b y  increasing doses of forskolin and 
diminished b y  increasing doses of F B S .  Hence, the expression of 5 - H T  receptors 
by S c h w a n n  cells appears to vary according to their stage of differentiation.

1 3 5 . 2

S C H W A N N  C E L L S  I N  C U L T U R E :  C O N D I T I O N S  F O R  S U R V I V A L  A N D  
S Y N T H E S I S  O F  T H E  M Y E L I N  P R O T E I N  P - Z E R O .  L. C h e n g .  M .  
Jacobson*, and A . W . M u d g e .  M R C  Laboratory for Molecular Cell Biology, 
University College London, London, U K  W C 1 E  6 B T

S c h w a n n  cells (SCs) from neonatal rat sciatic nerves were purified by sequential 
i m m u no-panning with the m c A b s  0 X 4 2  (to r e m o v e  blood cells) and anti-Thyl 
(to r e m o v e  fibroblasts) and g r o w n  in defined m e d i u m  without serum, as 
previously described (Che n g  et al. J.Cell Biol. 129 3 8 2-397 1995). Positive 
selection of S C s  using the 0 4  m c A b  w a s  also used in s o m e  cases.

W e  find that pure S C s  survive for months in defined m e d i u m  provided they are 
plated at very high density on a laminin substrate, whereas cells plated at low 
density on laminin survive for only a few days. Conditioned m e d i u m  from high 
density cells can rescue the low density cells, implying that the S C s  secrete an 
autocrine survival factor.

S C s  purified from either post-natal day 1 or day 7 nerves m a k e  very large 
amounts of protein-zero (Po) and the majority of the P 0 is located in the E R  
with s o m e  P 0  localised to the plasma m e m b r a n e .  These results differ from 
several previous studies that have concluded that axonal signals are required for 
S C s  to m a k e  P 0 in culture and that agents that elevate S C  c A M P  levels m i m i c  
the putative axonal signal. S e r u m  inhibits the expression of P 0  and the effect of 
serum persists w h e n  S C s  are transferred to defined m e d i u m .  W e  conclude that 
(1) S C s  express P 0  constitutively, (2) the expression is inhibited in vivo prior 

to myelination, and (3) this in vivo inhibitory m e c h a n i s m  is m i m i c k e d  by 
serum in culture.

1 3 5 . 4

A C T I V A T I N G  T H E  R A S  P A T H W A Y  I N D U C E S  
S C H W A N N  C E L L  D I F F E R E N T I A T I O N .  W u .  K . , H u a n .  Y . ,
G u t m a n n .  D . H . , R u t k o w s k i ,  J . L .,* a n d  T e n n e k o o n ,  G.I. Pediatric 
N e u r o l o g y  Div., University of  M i c h i g a n ,  A n n  A r b o r ,  M I  4 8 1 0 9 ,  a n d  
D e p t . of  N e u r o l o g y ,  W a s h i n g t o n  University, St. Louis, M O  6 3 1 1 0  

S c h w a n n  cells in the peripheral n e r v o u s  s y s t e m  f o r m  the m y e l i n  
sheath a r o u n d  axons. T h e  signals that i n d u c e  m y e l i n  f o rm a t i o n  arise 
f r o m  axonal contact a n d  f r o m  the a b a x o n a l  basal lamina. H o w e v e r ,  the 
nature of the signal(s) a n d  the signal transduction p a t h w a y  u s e d  are not 
k n o w n .  W e  g e n e r a t e d  m u l t i p l e  S c h w a n n  cell lines b y  stable 
transfection o f  a p l a s m i d  c o ntaining o n c o g e n i c  H - r a s va112 u n d e r  the 
control of a n  inducible promoter. H - r a s va112 m R N A  increased w h e n  the 
inducer w a s  a d d e d  to the m e d i u m .  In conjunction w i th  increases in H -  
rasva112, increases w e r e  m e a s u r e d  in m y e l i n  P 0 m R N A  a n d  protein, a n d  
m R N A  for m y e l i n  basic protein, S - 1 0 0 ,  a n d  N F - 1  (type 2). 
E x p r e s s i o n  o f  the differentiated p h e n o t y p e  w a s  associated with g r o w t h  
arrest as d e t e r m i n e d  b y  serial cell counting. Transient expression of 
activated raf also increased expression o f  m y e l i n  protein genes, a n d  a 
M A P  ki na s e  k i n a s e  inhibitor ( P D 0 9 8 0 5 9 )  p r e v e n t e d  r a s- i n d uc e d  
increases in P 0 m R N A .  T h e s e  findings suggest the i n v o l v e m e n t  o f  raf, 
M A P  kinase, E R K  1, a n d  E R K  2  as d o w n s t r e a m  effectors o f  a ras 
signaling p a t h w a y  in S c h w a n n  cell differentiation. R a s  activation also 
a n  increased expression o f  the transcription factors A P - 2  a n d  C / E B P .  
T h e s e  factors transactivated m y e l i n  protein g e n e s  in transient 
transfection assays, i m p l i c a t i n g  A P - 2  a n d  C / E B P  as nuclear 
intermediaries in the ras differentiation p a t h w a y .  ( F u n d e d  b y  N I N D S  
grant N S 2 1 7 0 0  a n d  the National N e u r o f i b r o m a t o s i s  Foundation.)
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S C H W A N N  C E L L S  I N F L U E N C E  T H E  O R G A N I Z A T I O N  O F  

S O D I U M  C H A N N E L S  D U R I N G  D E V E L O P M E N T .

I. V a b n i c k 1, S.D. N o v a k o v i c 1. S.R. L e v i n s o n 2* , M .  S c h a c h n e r 3. &  P. 

S h r a g e r 1. 1Dept. Physiol., U n iv. of Rochester, Rochester, N Y  14642; 

2Univ. C o l orado, D e n v e r  C O ;  3Neurobiol., E T H ,  Zurich.

I m m u n o f l u o r e s c e n c e  w a s  u s e d  to o b s e r v e  the distribution o f  s o d i u m  

channels ( N a C h s )  along sciatic a x o n s  d u ring the first postnatal w e e k  of 

d e v e l o p m e n t .  A x o n a l  N a C h s  f o r m  clusters in pr o x i m i t y  to the e n d s  of 

spindle s h a p e d  S c h w a n n  cells (SCs), but not necessarily adjacent to 

terminal processes. In m a n y  cases, there a p p e a r e d  to b e  a g a p  b e t w e e n  

the e d g e  of  a S C  process a n d  a N a C h  aggregate. N o  m o r e  than t w o  

clusters w e r e  f o u n d  b e t w e e n  a n y  t w o  S C s .  O n  postnatal d a y  0  (P0 ) 

a l m o s t  n o  N a C h  clusters w e r e  observed. B y  P 7  the n u m b e r  h a d 

increased dramatically, a n d  the majority h a d  f o r m e d  p r e s u m p t i v e  n o d e s  

of Ranvier. T o  test the impo r t a nc e  o f  S C  contact in N a C h  clustering, the 

S C  population w a s  depleted in a small region. O n  d a y  P0, m i t o m y c i n  C  

w a s  injected intraneurally. Six d a y s  later m a n y  a x o n s  w e r e  free of S C s  

a n d  lacked N a C h  clusters. Clustering w a s  f o u n d  o n  the f e w  a x o n s  w h i c h  

h a d  S C s  associated w i t h  th em .  R e g i o n s  distal to the injection site 

a p p e a r e d  normal. Preparations d o u b l e  labeled for m y e l i n  associated 

glycoprotein ( M A G )  s h o w e d  clustering o nly o n  a x o n s  w h o s e  S C s  h a v e  

expressed M A G .  T h is  suggests that a critical stage o f  m y e l ination m u s t  

b e  re ac h e d  before N a C h  clustering m a y  take place.

Society  for N euroscience, V o lu m e  2 1 , 1 9 9 5
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P E R I P H E R A L  M Y E L I N  P R O T E I N  P M P 2 2  M O D U L A T E S  S C H W A N N  

C E L L  G R O W T H .  H . W .  M üller*. G .  Z o i d l. D. D'Urso. S. B l a s s - K a m p m a n n 1 

a n d  C. S c h m a l e n b a c h . M o l .  Neurobiol. Lab., D e p t . o f  Neu r o l o g y ,  Univ. o f  

Dusseldorf, D - 4 0 2 2 5  Dusseldorf; 1 D e p t .. o f  Cell Biol., Univ. o f  Essen, D -  

4 5 1 2 2  Essen, G e r m a n y .

T h e  peripheral m y e l i n  ge n e  P M P 2 2  is the rat a n d  h u m a n  h o m o l o g u e  o f  the 

m u r i n e  gr o w t h  arrest-specific g e n e  gas3. Besides a putative role o f  P M P 2 2  in 

myelination, a regulatory function in cell g r o w t h  has be e n  suspected. W e  h a v e  

investigated (i) the expression o f  P M P 2 2  during cell cycle progression o f  

cultured rat S c h w a n n  cells a n d  (ii) the influence o f  altered levels o f  P M P 2 2  

expression o n  S c h w a n n  cell g r o w t h . W h e n  resting cells w e r e  stimulated to 

enter the cell cycle, regulation o f  P M P 2 2  m R N A  r e s e m b l e d  the g r o w t h  arrest- 

specific pattern o f  gas3 o b served previously in N I H 3 T 3  fibroblasts. T o  prove 

a g r o w t h  regulatory function o f  P M P 2 2 ,  w e  generated S c h w a n n  cell cultures 

b y  infection with retroviral P M P 2 2  expression vectors that constitutively 

expressed P M P 2 2  c D N A  sequences, in either the sense or antisense 

orientation. T r a n s d u c e d  cells carrying the sense construct overexpressed 

P M P 2 2  m R N A  a n d  protein, w h e r e a s  in cells infected with an antisense 

P M P 2 2  expression vector P M P 2 2  m R N A  levels w e r e  reduced markedly. 

Altered levels o f  P M P 2 2  significantly m o d u l a t e d  S c h w a n n  cell proliferation. 

W h i l e  e n h a n c e d  expression o f  P M P 2 2  decreased D N A  synthesis, reduced 

levels o f  P M P 2 2  led to e n h a n c e d  D N A  replication. Further cell cycle analyses 

b y  flow c y t o metry revealed that overexpression o f  P M P 2 2  delayed se r u m -  

a n d  forskolin-stimulated entry o f  resting S c h w a n n  cells f r o m  G 0/ G 1 into the 

S-phase. O u r  results indicate that P M P 2 2  acts as a negative m o d u l a t o r  of 

S c h w a n n  cell growth. (Supported b y  D F G  a n d  F. T h y s s e n  Foundation)

135.9

A X O N A L  S O D I U M  C H A N N E L S  A R E  C L U S T E R E D  A D J A C E N T  T O  

S C H W A N N  C E L L  P R O C E S S E S  D U R I N G  R E M Y E L I N A T I O N .

T.J. D e e r i n c k 1. S.D. N o v a k o v ić2. S.R. L e v i n s o n 3. P. S h r a g e r 2* &  M . H .  

E l l i s m a n 1. 1D e p t . o f  Neurosci., U C S D ,  L a  Jolla, C A  9 2 0 9 3 , 2Dept. of 

Physiol., Univ. Rochester, 3Dept. o f  Physiol., U n iv. of  Co l o r a d o .

A x o n s  of  rat sciatic nerves w e r e  de my e l i na t e d  b y  intraneural injection 

o f  lysolecithin a n d  e x a m i n e d  at several stages. N a + chan n e l s  w e r e  

localized b y  i m m u n o p e r o x i d a s e  electron m i c r o s c o p y  using a n  affinity- 

purified antibody raised against a  well-conserved internal 18 a m i n o  acid 

epitope. A t  the p e a k  o f  demy e l i na t i on  (1 w e e k )  label w a s  s e en  o nly at 

isolated sites, p r e s u m e d  to represent original nodes. A  f e w  d a y s  later, 

proliferating S c h w a n n  cells (SC's) a d h e r e d  to a x o n s  a n d  e x t e n d e d  

processes. Clusters o f  N a + channels w e r e  f o u n d  o n  the a x o l e m m a ,  just 

b e y o n d  the tips o f  these processes. N a + chan n e l s  w e r e  not detected o n  

the S C  m e m b r a n e .  In s o m e  cases 2  patches o f  label in close p r o ximity 

w i t h  n o  intervening S C  (or a  single broadly labeled z o ne )  w e r e  seen, 

suggesting that n e w  n o d e s  o f  R a n v i e r  w e r e  f o r m e d  b y  the fusion of 

neighboring clusters. SC's thus s e e m  to play a m a j o r  role in ion c h a n n e l  

reorganization. T h e  fact that N a + channel clusters w e r e  f o u n d  primarily 

just outside regions of  close apposition o f  S C  a n d  a x o n  implies that these 

channels are e x c l u d e d  f r o m  these sites. H o w e v e r ,  the relatively u n i f o r m  

density o f  the patches suggests that a  simp l e  m e c h a n i s m  of  exclusion 

m a y  b e  insufficient. S u p p o r t e d  b y  N I H  a n d  N M S S .
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M U S C A R I N I C  R E C E P T O R S  O N  C U L T U R E D  H U M A N  S C H W A N N  

C E L L S  D.F. Da v e y * , T. Fink and A.D. Ansselin, Department of Physiology, 
University of Sydney. N S W  2006, and School of Anatomy, University of 
N S W ,  Kensington, N S W  2033, Australia.

S c h w a n n  cells play important roles in the development, regeneration and 
maintenance of axons, but the m e c h a n i s m  of cellular communication between 
these tw o  cells is poorly understood. O n e  possible m e c hanism of axon to 
Sc h w a n n  cell signalling could be by m e a n s  of neurotransmitters release from 
the axon. W e  have previously reported that S c h w a n n  cells respond to 
extracellular A T P  with a rise in intracellular calcium (Ansselin et al„ 1994; Int. 

J. Neurosci. 74:148). W e  n o w  report that subpopulations of h u m a n  S c h w a n n  
cells respond to various neuroligands. Established cultures of S c h w a n n  cells 
obtained from h u m a n  sural nerve biopsies were loaded with the calcium 
indicator fura 2 - A M ,  and exposed to different neuroligands in defined m e d i u m  
at 3 7 ° C  for 1 minute. M o s t  S c h w a n n  cell cultures (92%) responded to A T P  
(1 0 0µM )  with a transient rise in intracellular Calcium. N o n e  of the cells 
responded to aspartate (200 to 4 00µM), glutamate (50 to 400µM), or K C I  
(55m M ) .  Intracellular calcium levels increased only in a small percentage of 
cultures exposed to adrenaline (7%; 100 to 200µM )  and noradrenaline (23%; 
100 to 2 0 0µM). However, w h e n  exposed to acetylcholine (100 to 2 00µM), 
6 3 %  of the S c h w a n n  cell subpopulations responded with a transient rise in 
intracellular calcium. T h e  acetylcholine-induced responses occur in the absence 
of extracellular calcium (with 1m M  E G T A )  and were antagonised with atropine 
(1 0 0µM). Tubocurarine (100µM ) ,  a nicotinic antagonist failed to block these 
responses. Acetylcholine released from peripheral nerve axons acting on 
muscarinic receptors on h u m a n  S c h w a n n  cells m a y  be one w a y  of transmitting 
regulatory information between axons and S c h w a n n  cells.

135.8
P R O G E S T E R O N E  S Y N T H E S I Z E D  B Y  S C H W A N N  C E L L S  

P R O M O T E S  M Y E L I N  F O R M A T I O N .  M  S c h u m a c h e r * .  Y.  A k w a .

N . A .  D o  T h i , B. F e r z a z , R.  G u e n n o u n , H .  K o e n i g .  E E .  Baulieu, 

I N S E R M  U 3 3 ,  9 4 2 7 6  B i cêtre a n d  Univ. B o r d e a u x  I, 3 3 4 0 5  Talence, 

France.

T h e  concentration o f  p r o g e sterone ( P R O G )  is 10.5 ±  1.1 n g / g  in the 

sciatic n e rve o f  adult m a l e  m i c e  a n d  only 1.5 ±  0.2 n g / m l  in plasma. T o  

de te r m i ne  w h e t h e r  P R O G  in nerves originates f r o m  the circulation or is 

synthesized locally, w e  m e a s u r e d  its concentrations in m a l e  m i c e  after 

r e m o v a l  o f  the steroidogenic endocrine glands. Le ve l s  o f  P R O G  

r e m a i n e d  high in sciatic nerves five d a y s  after castration a n d  adrenalecto 

m y ,  but b e c a m e  undetectable in plasma. Pr o g e s t e r o n e  a n d  its 5 a - r e d u c e d  

metabolites are p r o d u c e d  b y  S c h w a n n  cells in re sp o n s e  to a diffusible 

neuronal factor. A n  important role for P R O G  in my el i n  repair is s h o w n .  

After cryolesion o f  the m a l e  m o u s e  sciatic nerve, a x o n s  regenerate a n d 

b e c o m e  myelinated. B l o c k i n g  either the local synthesis or the receptor- 

m e d i a t e d  action o f  P R O G  impairs remyelination. Conversely, the in situ 

administration o f  P R O G  or its precursor p r e g n e n o l o n e  to the lesion site 

increases the formation o f  m yelin sheaths. My el i n a ti o n  o f  a x o n s  is also 

increased w h e n  a physiological concentration o f  P R O G  (2 0  n M )  is a d d e d  

to cultures o f  rat dorsal root ganglia. T h e s e  findings s h o w  a function o n  

myelination for locally p r o d u c e d  P R O G ,  w h i c h  is not longer only a "sex 

steroid", a n d  furthermore suggest a  n e w  a p p r o a c h  to m y elin repair.
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C O N T R O L  O F  C Y C L I C  N U C L E O T I D E  L E V E L S  A F T E R  C R U S H  A N D  
T R A N S E C T I O N  I N J U R Y  I N  R A T  S C I A T I C  N E R V E S  R.S. Walikonis* and J.F. 
Poduslo. Molcc. Neurobiol. Lab., M a y o  Clinic and Foundation, Rochester, M N  55905 

Cyclic nucleotides have been s h o w n  to induce several myelin-like features in 
S c h w a n n  cells (SC). Cyclic A M P  and c G M P  were measured in distal endoneurium of 
crushed and transected rat sciatic nerves, paradigms which alter S C s  from a 
myelinating to a nonmyelinating phenotype with subsequent remyelination in the 
crushed nerve. Levels of these cyclic nucleotides decrease rapidly following both 
injuries and remain low through 35 days following transection, but recover partially in 
the crushed nerve by 35 days. T o  investigate the mechanisms responsible for the 
change in cyclic nucleotides, c A M P  and c G M P  phosphodiesterase ( P D E )  activities and 
adenylyl cyclase ( A C )  and guanylyl cyclase ( G C )  activities were measured. Basal 
c A M P  P D E  activity in soluble homogenates of normal nerves w a s  34.9±1.9 p m o l / m g  
protein/min ( x ±  S E M ) .  This increased about 3.5 fold to 105-125 pmol/mg/min within 
7 days following both injuries. Basal activity remained high in the nonmyelinating 
transected nerve, but declined to about 7 0  pmol/mg/min by 21 and 35 days following 
crush injury. A C  activity in an endoneurial particulate fraction from normal nerve was 
3.7±0.3 pmol/mg/min. This activity declined about 8 0 %  by 7 days following crush 
injury to 0.70±0.1 pmol/mg/min. Basal c G M P  P D E  activity in normal nerve was 
23.3±3.4 pmol/mg/min, and increased to 95-110 pmol/mg/min by 3 days following 
both injuries. This activity remained elevated in the transected nerve, but declined in 
the crushed nerve to 53.3±3.6 pmol/mg/min by 35 days following injury. G C  activity 
in the soluble fraction of normal nerve was 1.6±0.3 pmol/mg/min, and declined to
0.29±0.05 pmol/mg/min by 7 days, while G C  activity in the particulate fraction was 
unchanged.. Thus c A M P  and c G M P  are both regulated in a similar m a n n e r  following 
nerve injury by mechanisms involving decreased synthesis and increased hydrolysis of 
these second messengers. T h e  manipulation of these e n zymes m a y  provide a m e a n s  to 
regulate the process of demyelination and remyelination.

135.12

C U L T U R E D  A D U L T  S C H W A N N  C E L L S  E X P R E S S  A  A T P  

R E C E P T O R  O N  T H E I R  C E L L  M E M B R A N E S  A.D. Ansselin*, D.F. D a v e y  
and D.G. Allen, School of A natomy, University of N S W ,  Kensington, N S W  
2052, and Department of Physiology, University of Sydney, N S W  2006, 
Australia.

W e  have previously reported that extracellular A T P  causes a transient rise in 
intracellular C a 2+ concentration ([Ca2+]i) in cultured S c h w a n n  cells derived 
from adult animals (Ansselin etal., 1994; Int. J. Neurosci. 74:148). W e  n o w  
have characterised the receptor mediating this response. Established adult rat 
and rabbit S c h w a n n  cell cultures were loaded with fura-2 ( A M  ester, 10µM A , 

4 0  min, 37°C), which resulted in a resting m e a n  fura-2 ratio (±S.E.) of
0.38±0.02. T h e  cells were exposed to 1 0 0µmol/l A T P ,  A D P ,  A M P ,  U T P  and 
adenosine in defined m e d i u m  for 1-2 min, and the change in [Ca2+]i was 
observed as a change in the fura-2 ratio. A  total of 235 rat and 356 rabbit 
adult S c h w a n n  cells were observed in 36 separate experiments. O f  these, 180 
adult rat S c h w a n n  cells (77%) and 297 adult rabbit sch w a n n  cells (88%) 
responded to the presence of extracellular A T P  (100µm o l/l) with a transient 
increase in [Ca2+]i independent of the presence of [Ca2+]o. T h e  following 
order of agonist potency was observed: U T P  =  A T P  »  A D P  >  A M P  =  
Adenosine. T h e  agonists α,β-methyIene-ATP and 2 methylthio-ATP had a 
small effect on the cells, similar to A M P  and were mutually desensitizing. T h e  

A T P  antagonist Suramin blocked the response. W e  conclude that adult 
S c h w a n n  cells express a purinergic A T P  receptor belonging to the G  protein- 

coupled P 2u subtype ( O ’Co n n o r  et al., 1991; Trends Pharmacol. Sci 12:137- 
141). These results have also been confirmed in cultured adult h u m a n  S c h w a n n  
cells.
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F U L L  L E N G T H  C L O N I N G ,  E X P R E S S I O N  A N D  C E L L U L A R  
L O C A L I Z A T I O N  O F  R A T  P L A S M O L 1 P I N .  A  P R O T E O L I P I D  O F  P N S  A N D  
C N S  G L I A L  C E L L S .
C. Gillen. M .  Gleichmann, R . Greine r-Petter. S. Kupfer, F, Bosse, J. Auer, O. 
H a n e m a n n *  and H .W . Muller. De p t . of Neurology. Mol. Neurobiology Lab., H.- 
H.-University. 40001 Dusseldorf. G e r m a n y

W e  have isolated a 1476 bp c D N A  clone ( N T H )  encoding a transcript that is 
differentially expressed during sciatic nerve development and regeneration. 
Nucleotide sequence comparison indicates partial identity to a recently isolated 
plasmolipin c D N A  (Fischer and Sapirstein. 1994, J B C  269:24912-19). However, 

our clone extends the published sequence by 234 bp at the 5 end and includes a 
n e w  in frame A T G  initiation site. predicting a protein that contains additional 
25 ami n o  acids at the N-terminus. T h e  open reading frame of the N T 1 1  
transcript encodes a highly hydrophobic protein of 19.4 k D a  with four putative 
transmembrane domains. Northern blot analyses revealed tissue-specific 
expression showing the highest expression in sciatic nerve followed by kidney 
and brain. T h e  changes of plasmolipin m R N A  expression were analysed (i) 
during development of sciatic nerve a nd brain (ii), after crush injury or 
transection of rat sciatic nerve, and (iii) in cultured S c h w a n n  cells in dependence 
on cell growth and forskolin stimulation. In situ hybridization confined the 
m R N A  expression to S c h w a n n  cells in sciatic nerve and myelinated structures in 
brain. O u r  data s h o w e d  an expression that is in accordance to established myelin 
genes like P 0. M B P  and P M P 2 2  and therefore w e  suggest that plasmolipin plays 
a role during myelination in the central as well as in the peripheral nervous 
system.

(Supported by B M F T )
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S U B S T A N C E  P - M E D i A T E D  C a 2+ R E S P O N S E S  IN P E R I S Y N A P T I C  S C H W A N N  
C E L L S  O F  T H E  F R O G  N E U R O M U S C U L A R  J U N C T I O N  M . J . B o u r q u e *  a n d  R. 
Robitaille. D ép a r t e m e n t  d e  Physiologie et C e n t r e  d e  R e c h e r c h e  e n  S c i e n c e s  
Neu rolo giqu es, Université d e  Montreal, M o n trea l ( Q c )  C a n a d a ,  H 3 C  3J7.
Transmitter release e v o k e d  b y  repetitive stimulations elicited C a 2+ r e s p o n s e s  in 

perisynaptic S c h w a n n  cells ( P S C s ) ,  glial cells at the frog n e u r o m u s c u l a r  junction 
(nmj). In addition to classical transmitters, s u b s t a n c e  P  is also present in the 
presynaptic terminal of the frog n m j  a n d  is k n o w n  to m o d u l a t e  synaptic 
transmission. In glia, s u p s t a n c e  P  h a s  b e e n  s h o w n  to regulate C a 2+ a n d  ionositol 
p h o s p h a t e  cellular levels. This stu dy a i m s  at testing w h e t h e r  receptors for 
s u b s t a n c e  P  a re pre sent o n  P S C s  of the frog n m j  a n d  if the y are involved in the 
modulation of intracellular C a 2+. T o  m o n i t o r e  c h a n g e s  in intracellular C a 2+  P S C s  
of c u t a n e o u s  pectoris m u s c l e s  w e r e  l o a d e d  with the m e m b r a n e  p e r m e a n t  f o r m  
of the C a 2+ indicator fluo 3  (fluo 3-A M ) .  C h a n g e s  in f l u o r e s c e n c e  w e r e  o b s e r v e d  
using a  B i o R a d  6 0 0  confocal m i c r o s c o p e  a n d  e x p r e s s e d  a s  p e r c e n t a g e  c h a n g e  

f r o m  fluorescence at rest. Local application of s u p s t a n c e  P  (1 to 2 0  µM )  elicited 
C a 2+  r e s p o n s e s  in 9 0 %  of P S C s  ( 1 8 5  +/- 2 1 % ,  n=40). A  s u p s t a n c e  P  N K - 1  

re c e p t o r  antagonist, R P 6 7 5 8 0 ( 1  to 4  µM), p r e v e n t e d  C a 2+ r e s p o n s e s  in m o s t  
P S C s  (n=23) a n d  greatly r e d u c e d  the r e s p o n s e s  in the others (79 +/- 2 8 % ,  n=4). 
H o w e v e r ,  local application of m u s c a r i n e  e v o k e d  C a 2+ r e s p o n s e s  in p r e s e n c e  of 
the N K - 1  receptor antagonist. Activation of s u p s t a n c e  P  receptors i n d u c e d  the 
release of C a 2+ f r o m  intracellular pools since the r e p l a c e m e n t  of extracellular C a 2+ 
with M g 2+ (5 m M )  did not prev e n t  the p roduction of C a 2+ r e s p o n s e s  b y  s u p s t a n c e  
P  ( 3 5 0  +/- 3 6 % ,  n=25). T h e  r e s p o n s e s  a re m e d i a t e d  b y  a  G T P  binding protein 

sin ce the p r e s e n c e  of pertussis toxin (2 µg/ml, i n c u b a t e d  overnight) p r e v e n t e d  
C a 2+ r e s p o n s e s  (5 +/- 5 % ,  n=12). H o w e v e r ,  mu s c a r i n e ,  k n o w n  to release C a 2+ via 
a  pertussis toxin-insensitive g-protein, elicited C a 2+ r e s p o n s e s  in the s a m e  cells. 
T h e s e  results indicate that s u b s t a n c e  P  m a y  b e  involved in synapse-glia 
signaling. ( S u p p o r t e d  b y  M R C ,  F R S Q ,  F C A R  a n d  the S l o a n  foundation)
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S T I M U L A T I O N  O F  G E L A T I N A S E  B  ( M A T R I X  M E T A L L O P R O T E IN A S E - 9 , 
M M P - 9 )  A C T I V I T Y  A N D  I N T E R L E U K I N -6 P R O D U C T I O N  I N  C U L T U R E D  
R A T  M I C R O G L I A  B Y  6 - A M Y L O I D  P E P T I D E S ,  M O N O C Y T I C  A C T I V A T O R S  
A N D  M A T R I X  P R O T E I N S .  P. E. Gottschall* a n d  B. Bing University of South 
Florida, Department of Pharmacology and Therapeutics, T a m p a ,  F L  33612-4799 

Phagocytic macrophages modulate the turnover of extracellular matrix ( E C M ) ,  
directly by the secretion of proteinases and indirectly by stimulating the secretion of 
inflammatory cytokines which induce metalloproteinase gene expression in other cell 
types. Neuronal injury and other signals in the nervous system transform ramified 
microglia into "activated" microglia which progress to a final differentiated state of 
macrophage-like, "reactive" microglia. Little is k n o w n  about the production of 
microglial proteinases which degrade E C M .  T h e  goal of this study w a s  to determine 
whether activators of microglia or treatment with β-amyloid ( Aß) peptides or matrix 
proteins w o u l d  stimulate gelatinase activity or IL-6 production in cultured rat 
microglia. Rat microglia were derived from brains of one day old rat pups, and 
isolated b y  differential adherence to plastic. Treatment of microglia with 
lipopolysaccharide (LPS) (0.004-40 ng/ml), z y m o s a n  A  (0.04-400 µg/ml) or fixed 
staphylococcus aureus (0.008-0.12%) stimulated a 94 k D a  gelatinase activity (3-5- 
fold) in a dose-dependent manner. B y  immunoblot, this activity w a s  identified as 94 
k D a  gelatinase B  ( M M P - 9 ) .  IL-6 secretion w a s  induced b y  all three activators. 
AB(25-35), AB(l-38) and AB(l-40), were potent and effective inducers of the 94 k D a  
gelatinase activity and IL-6 secretion. AB(1-16) w a s  ineffective. L a minin and 
collagen type I V  induced the 94 k D a  gelatinase activity, whereas collagen type 1 w as 
less effective. Treatment of microglia with γinterferon in combination with L P S  
s h o w e d  a reduced 94 k D a  gelatinase activity c o m p a r e d  with L P S  alone. These 
results indicate that microglia have the capacity to produce M M P - 9 ;  a gelatinase 
capable of degrading various collagens, myelin basic protein, and peptides such as 
substance P. Also, the production of M M P - 9  and IL-6 are regulated b y  activators of 
monocytic cells and A B  peptides (supported in part by a Pilot Research Grant from 
the Alzheimer's Association).
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W H O L E - C E L L  C H L O R I D E  A N D  S O D I U M  C U R R E N T S  A T  P E R I S Y N A P T I C  
S C H W A N N  C E L L S  O F  T H E  F R O G  N E U R O M U S C U L A R  J U N C T I O N .  I.M. 
V i n o g r a d o v a *  a n d  R. Robitaille D ép a r t e m e n t  d e  Physiologie a n d  C R S N ,  
Université d e  M o n t réal, Mo n t r e a l  (Qc), C a n a d a ,  H 3 C  3J7.

Glial cells a re closely a ssociated with s y n a p s e s  a n d  h e n c e  could m o d u l a t e  
syn apti c activity. S i n c e  ion c h a n n e l s  play m a j o r  roles in glial cell functions, w e  
investigated the p r e s e n c e  of ion c h a n n e l s  at o n e  type of synaptic glial cells, the 
perisynaptic S c h w a n n  cells ( P S C )  of the frog n e u r o m u s c u l a r  junction. 
C o n nect ive tissue w a s  digested b y  trypsin a n d  c o l l a g e n a s e  trea t m e n t s  to facilitate 
Gigaseal formation. P S C s  retained their ability to p r o d u c e  C a 2+ r e s p o n s e s  u p o n  
application of m u s c a r i n e  a n d  adenosine. Wi t h  KFI in the p at ch pipette a n d  n o r m a l  
Ringer a s  the extracellular solution, a n  i n w a r d  current w a s  o b s e r v e d  at negative 
potentials a n d  a n  o u t w a r d  current at m o r e  positive potentials ( n = 1 2 8  cells; holding 
potential -80 or -1 0 0  m V ) .  T h e  o u t w a r d  current ( 6 0 6  +/- 5 2  p A  at + 1 2 0  m V ,  n = 3 1 ) 
w a s  not affected by: T E A  (20 m M ,  n=5), inc reas e in extracellular K + concentration 
( 10 m M ,  n = 5 )  or C s + substitution of K + (n=17). H o w e v e r ,  r e p l a c e m e n t  of 
extracellular Cl- with g l u c o n a t e  ( n = 1 1) c o m p l e t e l y  a b o lish ed the o u t w a r d  current 
indicating that it is m e d i a t e d  b y  Cl channels. T h e  current m e a s u r e d  at + 1 4 0  m V  
w a s  reversibly r e d u c e d  b y  the Cl c h a n n e l  blockers Zinc (2 m M ,  5 7 % ,  
n=6),anthracene-9-carboxilic acid (2 m M ,  3 8 % ,  n = 7 )  or S I T S  (1 m M ,  4 2 % ,  n=3). 
T h e  partial bl o c k a d e  of the o u t w a r d  current s u g g e s t  that other types of c h a n n e l s  
m a y  also b e  present. T h e  i n w a r d  current (-42 +/- 8  p A  at -2 0  m V ,  n = 1 1) w a s  
activated b y  depolarisation ste ps f r o m  - 1 0 0  m V  a n d  studied in p r e s e n c e  of 
extracellular gluconate to block the o u t w a r d  current. T h e  i n w a r d  current w a s  not 
affected b y  2 0 0  n M  T T X  (n=4), 2  m M  C o 2+ or 1 m M  C s +. H o w e v e r ,  it w a s  
a b o l i s h e d  b y  the r e p l a c e m e n t  of extracellular N a + with T R I S  in p r e s e n c e  of 
extracellular C l -. This s u g g e s t s  that the i n w a r d  current is m e d i a t e d  b y  T T X -  
insensitive c h a n n e l s - p e r m e a b l e  to N a +. T h u s ,  t h e s e  results reveal the p r e s e n c e  
of at least 2  typ es of v o l t a g e - d e p e n d a n t  ion c h a n n e l s  in perisynaptic S c h w a n n  
cells in situ. ( S u p p o r t e d  b y  M R C ,  F R S Q ,  F C A R  a n d  the S l o a n  foundation).

1 3 5 . 1 6ADULT MOUSE BRAIN VESSELS ENDOTHELIUM IS CONTINUOUSLY ENSHEATHED BY MACROPHAGE-LIKE CELLS. B. Pessac* & F. Alliot. CNRS UPR 9035, 15 rue d e  
l'Ecole d e  M édecine, Paris, France.
T h e  brain m a c r o p h a g e s  c o m p r i s e  i n t r a p a r e n c h y m a t o u s  microglia 

a n d  perivascular cells. T h e  goal of this s t u d y  is to investigate the 
p h e n o t y p e  of brain m a c r o p h a g e s  using a panel of antibodies, m o s t  
of w h i c h  directed against antigens ex p r e s s e d  in the m o n o c y t e -  
m a c r o p h a g e  lineage. T h e  m o s t  striking result w a s  the finding that, 
in adult m o u s e  brain, 3 antibodies label the wall of the majority, if 
not all, brain vessels w h a t e v e r  their size. T w o  of these antibodies 
are respectively directed against C D 1 3  a n d  L y 6 C  or v ery closely 
related molecules. T h e  third a n t i b o d y  is directed against the 
intermediate filament, nestin. In contrast, microglial m a r k e r s  s u c h  
as M a c - 1  a n d  F 4 / 8 0  d o  not label vessel walls, w i t h  f e w  exceptions. 
T h e  i m m u n o l a b e l i n g  pattern of e a c h  of these antibodies is v ery 
close a l though not rigorously identical. Preliminary E . M .  evidence 
s h o w s  that these cells are located within the vessel wall b e t w e e n  
e n d o t h e l i u m  a n d  the basal l a m i n a  a n d  m a y  include cells described 
as pericytes. Magnetically activated cell sorting wi t h  o n e  of these 
antibodies gives a v ery p u r e  p o p ulation of cells that express the 
antigens recognized b y  the 3 antibodies. M e n i n g e s  a n d  cho r o i d  
plexus are also i m m u n o r e a c t i v e  to these antibodies. T h e s e  data 
s h o w  for the first time the presence, in the entirety of the walls of 
adult m o u s e  brain vessels, of a population of macrop h a g e - l i k e  cells 

distinct f r o m  microglia.
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A NEW ANTIBODY RECOGNIZES ONLY MICROGLIA IN THE 
CAT BRAIN. N. Tumosa*. Univ. of Missouri, School 
of Optometry, St. Louis, MO 63121

A new antibody against microglia, H386F, has 
been created which works well in cat brain. The 
staining pattern for H386F was compared to those 
for OX-33, an antibody against leucocyte common 
antigen that labels B-cells as well as microglia, 
and OX-42, an antibody known to label macrophages 
dendritic cells, and granulocytes, in addition to 
microglia (Harlan Sera-Lab).

In the retina, the staining patterns for the 
three antibodies were similar. All three labeled 
microglia in the nerve fiber layer (NFL) only of 
the retina. H386F did not label any other cells 
in the cat retina; both OX-33 and OX-42 labeled 
ganglion cells in addition to microglia.

In the hippocampus, the staining patterns for 
the three antibodies were different. OX-33 did 
not label microglia in the hippocampus. H386F 
and OX-42 both labeled microglia, with H386F 
labeling microglia only and OX-42 labeling 
additional cells.

Thus, a new antibody, H386F, is a more 
specific marker for microglia in cat brain than 
other, well-known, microglial markers. H386F 
recognizes a 28-30 kD doublet which may be 
unique to microglial cells.
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C H A R A C T E R IZ A T IO N  O F  P H O S P H O D IE S T E R A S E  I IS O F O R M S .  B. F u s s '* .  H .  
B a b a 2. J .B . W a ts o n  1 a n d  W .B .  M a c k l i n 1 M R R C , U C L A  M e d ic a l  C e n t e r ,  Los 
A n g e le s ,  C A  9 0 0 2 4 ,  U S A . 2N a t .  In s t . f o r  P h y s io l. S c i.,  O k a z a k i ,  A ic h i 4 4 4 ,  
J a p a n

In  o r d e r  to  id e n t i fy  n e w  p ro te in s  e x p re s s e d  in  o l ig o d e n d ro c y t e s ,  d i f fe re n t ia l  
a n d  s u b tra c tiv e  s c re e n in g  t e c h n iq u e s  w e r e  u s e d  y ie ld in g  te n  c lo n e s  w ith  a n  
e n r ic h e d  e x p re s s io n  in  b r a in  ( N e u r o c h e m .  R es. 1 9 : 1 0 9 1 ,  1 9 9 4 ) .

O n e  o f  t h e s e  c lo n e s , p 4 2 1  .H B ,  w a s  s h o w n  to  b e  e x p re s s e d  in  c e lls  o f  th e  
c h o r o id  p le x u s  a n d  w h ite  m a t t e r  tra c ts  b y  in situ h y b r id iz a t io n  o n  rat b r a in  
sec tio n s . D u r in g  d e v e lo p m e n t ,  e x p re s s io n  o f  p 4 2 1  .H B  in c re a s e d  w ith  a g e  in  th e  
c h o ro id  p le x u s  s h o w in g  a  p e a k  a r o u n d  p o s tn a ta l  d a y  2 0  in  w h it e  m a t t e r  tra c ts .  
S e q u e n c e  a n a ly s is  a n d  c o m p a r is o n  o f  p 4 2 1  .H B  r e v e a le d  id e n t i ty  to  ra t  b r a in -  
s p ec ific  P h o s p h o d ie s te ra s e  l/P y ro p h o s p h a ta s e  (a c c e s s io n  n u m b e r  D 2 8 5 6 0 ) ,  w ith  
t h e  e x c e p t io n  o f  7 5  b a s e  p a irs  t h a t  a r e  d e le te d  in  t h e  s e q u e n c e  o f  p 4 2 1  .H B .  
T h u s  p 4 2 1  .H B  s e e m s  to  re p re s e n t  a n  a l te r n a t iv e ly  s p lic e d  is o fo r m  o f  ra t  b r a in -  
s p ec ific  P h o s p h o d ie s te ra s e  I. In  a d d it io n , p 4 2 1  .H B  s h o w e d  h ig h  h o m o lo g y  to  th e  
h u m a n  c y to k in e  a u to ta x in  (a c c e s s io n  n u m b e r  L 3 5 5 9 4 ) ,  s u g g e s t in g  a  p o s s ib le  
r o le  in  c e l l-c e ll  s ig n a lin g .  U p o n  f u r t h e r  a n a ly s is ,  w e  fo u n d  th a t  o n ly  t h e  lo n g e r  
fo rm  o f  p 4 2 1  .H B /p h o s p h o d ie s te ra s e  I s h o w e d  b r a in - s p e c i f ic  e x p re s s io n . R T -P C R  
re v e a le d  tw o  a d d it io n a l is o fo rm s  g e n e r a t e d  b y  t h e  d e le t io n  o f  a  1 2  b p  f r a g m e n t  
in  b o th  o f  th e  a b o v e  is o fo rm s . F u rth e r  s tu d ie s  w e r e  u n d e r t a k e n  to  in v e s t ig a te  th e  
cell ty p e  specific ity  o f  t h e  p 4 2 1  . H B /p h o s p h o d ie s te r a s e  I is o fo rm s  in  t h e  b r a in .  It 
w ill b e  im p o r ta n t  to  d e te rm in e  w h e th e r  a n d  h o w  t h e  a d d i t i o n / d e le t io n  o f  c e r ta in  
a m in o  a d d s  s e q u e n c e s  is r e la t e d  t o  c h a n g e s  in  f u n d io n a l  p ro p e r t ie s  o f  
p h o s p h o d ie s t e r a s e  I. S u p p o r te d  b y  t h e  N a t io n a l  M u lt ip le  S c le ro s is  S o c ie ty .
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136 .1

PHOSPHORYLATION OF SYNAPSIN II MODULATES ITS INTERACTIONS 
WITH ACTIN. F. Valtorta*. H.B. Nielander. E. Schaefer. P. Greeneard. and F. 
Benfenati. Dept. of Experimental Medicine, University of Roma II, 00173 Roma, 
Italy; Dibit, Dept. of Pharmacology, University of Milano, 20132 Milano, Italy; 
The Rockefeller University, New York, NY 10021-6399.

The synapsins constitute a family of synaptic vesicle-associated phosphoproteins 
which are involved in neurotransmitter release and synapse maturation. Both 
synapsins I and II are phosphorylated by cAMP-dependent protein kinase (PKA) and 
Ca2+/calmodulin-dependent protein kinase I (site 1), while synapsin I possesses two 
additional sites for Ca2+/calmodulin-dependent protein kinase II (sites 2,3). Synapsin 
I has been shown to bind synaptic vesicles as well as actin monomers (G-actin) and 
filaments (F-actin) in a phosphorylation-dependent manner. Recent results have 
suggested that synapsin II may also be able to interact with synaptic vesicles and F- 
actin. In this paper, recombinant synapsin IIa (synlla) has been expressed in Hi5 or 
Sf9 cells using a baculovirus expression vector, extracted, dephosphorylated and 
purified to homogeneity by affinity chromatography. The purified protein was 
stoichiometrically phosphorylated on site 1 by the catalytic subunit of PKA. The 
interactions of the dephosphorylated and phosphorylated forms of synlla with G- and 
F-actin were analyzed by electron microscopy, co-sedimentation and fluorometric 
assays. Synlla interacts strongly with F- and G-actin, inducing thick bundles of actin 
filaments and promoting actin nucleation and polymerization under conditions in 
which these reactions are not favoured. Synlla exhibits an apparent ED50 for these 
activities markedly lower than that of synapsin I suggesting a tighter binding of the 
protein to both actin monomers and filaments. Phosphorylation of synlla on site 1 
by PKA decreases the bundling activity and modulates its ability to trigger actin 
polymerization. These results suggest that synapsin II may be capable of cross- 
linking synaptic vesicles to the actin cytoskeleton, and that this activity may be 
regulated by the intraterminal levels of Ca2+ and cAMP.

1 3 6 .3

REGULATION OF SYNAPSIN I-ACTIN INTERACTIONS BY MAP 
K IN A SE. J. N. Tovanovic. F. Benfenati. Y.-L. Siow. S. L. Pelech. P. 
Greengard and A. J. Czernik*. Lab. Mol. & Cell. Neurosci., The Rockefeller 
U., NY,NY 10021, Inst. of Human Physiol., U. of Modena, Italy, and Biomed. 
Res. Center, U. of British Columbia, Vancouver, B.C., CanadaV5Z 1A1 

Synapsin I is postulated to cross-link small synaptic vesicles to the actin- 
based cytoskeleton in a phosphorylation-dependent manner. MAP kinase- 
specific phosphorylation of synapsin I was shown to affect its ability to 
interact with both G-actin and F-actin. Addition of synapsin I together 
with nucleating salts induced a dose-dependent acceleration of the initial 
rate of actin polymerization. Phosphorylation of synapsin I by MAP kinase 
(3 mol phosphate /m ol protein) significantly decreased the ability of 
synapsin I to accelerate the kinetics of actin polymerization. When actin 
polym erization was triggered by the addition of synapsin I alone, 
phosphorylation by MAP kinase markedly decreased the actin-nucleating 
activity of synapsin I. The effect of MAP kinase-specific phosphorylation 
of synapsin I on its ability to bundle F-actin was characterized. Dose- 
response curves for the actin-bundling activities of dephospho-synapsin I 
and phospho-synapsin I were generated using a light scattering assay. In 
comparison with mock-phospho-synapsin I, MAP kinase-phospho-synapsin 
I was significantly less active in promoting F-actin-bundling. Similar results 
were obtained by electron microscopy. In contrast to numerous, thick bundles 
of F-actin observed in the presence of dephospho-synapsin I, the relative 
size and frequency of bundles were greatly reduced by MAP kinase-catalyzed 
phosphorylation of synapsin I. These results suggest tha t signal 
transduction pathways that activate MAP kinase may play a role in 
phosphorylation-dependent regulation of cytoskeletal dynam ics in the 
presynaptic nerve terminal. [Supported by USPHS grant MH 39327].

136 .2
MOLECULAR AND KINETIC ANALYSIS OF THE INTERACTIONS 
BETWEEN SYNAPSIN I AND SYNAPTIC VESICLES. F. Benfenati*. F. 
Valtorta. G Stefani F. Onoffi. and P. Greeneard. Dept. Experimental Medicine, 
University of Roma II, 00173 Roma, Italy; Dibit, Dept. Pharmacology, University 
of Milano, 20132 Milano, Italy; The Rockefeller University, New York, NY 10021.

Synapsin I is a synaptic vesicle-associated protein which regulates the efficiency 
of neurotransmitter release in a phosphorylation-dependent manner. Synapsin I binds 
to the cytoplasmic side of the synaptic vesicle membrane and interacts with 
cytoskeletal proteins. In this paper, using non-perturbing techniques such as 
fluorescence resonance energy transfer (FRET), we have investigated the topology 
and kinetics of the interactions between synapsin I and synaptic vesicles and their 
sensitivity to site-specific phosphorylation of synapsin I. Purified synaptic vesicles 
were labeled by the incorporation of rhodaminated phospholipids into the bilayer, 
whereas purified synapsin I was labeled with fluorescein-maleimide. Specific FRET 
was analyzed by exciting fluorescein at 490 nm and measuring either fluorescein 
emission quenching or rhodamine fluorescence enhancement. Synapsin I was found 
to interact with acidic phospholipids and penetrate the hydrophobic core of the 
membrane, with the latter interaction accounting for the majority of the binding to 
the phospholipid site. The binding to synaptic vesicles had fast kinetics with time 
constants of 2.4 sec for the association and of 13.7 sec for the dissociation at 12°C; 
the calculation of the respective kon and koff allowed a kinetic evaluation of the 
dissociation constant (KD= 10.6 nM) which was in close agreement with the value 
calculated from equilibrium binding studies. Phosphorylation of synapsin I by 
exogenous or endogenous CaM kinase II markedly reduced the specific FRET, while 
phosphorylation by cAMP-dependent protein kinase was ineffective. Thus, these data 
indicate that the reversible interactions between synapsin I and synaptic vesicles 
occur very rapidly within the nerve terminal and are regulated by Ca2+-dependent 
phosphorylation.

1 3 6 .4

KINETICS OF GRB2 BINDING TO  SYN A PSIN  I.
J.J. Cheetham1. P.S. McPherson3. J. Wagg2. A .J. C zem ik1*E .F . da 

Cruz e Silva1*. P. De Camilli3. J. Schlessinger4 and P . Greeneard1. 
1Lab. Mol. and Cell. Neurosci. and 2Lab. o f Cardiac/Membrane 
Physiol., Rockefeller University, New York, NY 10021, 3Dept. of 
Cell Biology, HHMI, Yale University, N ew  Haven, CT 06536, and 
4Dept. o f Pharmacology, New York University, New York, NY 10016 

Grb2, a 25 kDa adaptor protein consisting o f SH3-SH2-SH3 
domains, has previously been shown to interact with several synaptic 
proteins including synapsin I [McPherson, et a l., (1994) Proc. Natl. 
Acad. Sci., 91, 6486-6490]. We have characterized the binding o f  
wild type Grb2 and Grb2 with point mutations in the N-terminal, C- 
terminal and in  both SH3 domains to immobilized synapsin I using the 
BIAcore™ instrument. Wild type Grb2 bound with high affinity to 
immobilized synapsin I. Mutation o f the N - terminal SH3 domain of 
Grb2 greatly reduced this interaction, while mutation o f the C- 
terminal SH3 domain reduced binding to synapsin only partially. 
Thus, the major determinant o f Grb2, mediating its binding to synapsin 
I is the N-terminal SH3 domain. Phosphorylation o f synapsin I by 
CaM kinase II alters the kinetics o f the Grb2 interaction with synapsin 
I. The high affinity, domain specificity and effect o f  phosphorylation 
on the Grb2/synapsin I interaction support the possible physiological 
signifigance o f SH3 domain-mediated interactions with synapsin I.
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136 .5
REGULATION OF RAB GDP DISSOCIATION INHIBITOR (GDI) 
EXPRESSION DURING NEURONAL SYNAPSE FORMATION.
O.C. Ikonomoy, M. Kulesa and M.H. Jacob*. Worcester Foundation for 
Biomedical Research, Shrewsbury, MA 01545.

Regulated exocytosis of neurotransmitter from synaptic vesicles involves the 
function of small GTP-binding proteins, such as rab3A. Rab GDP dissociation 
inhibitor (GDI) is an important modulator of Rab function and subcellular 
distribution. We have characterized the regulation of GDI expression in the 
developing chick ciliary ganglion (CG): a useful model system for identifying in 
vivo mechanisms that influence synapse formation and function.

Full length chick GDI cDNA (2.3 kb) was isolated from an embryonic CG cDNA 
library using a chick GDI PCR product as a probe. The coding region of the 
isolated sequence is highly homologous to GDI isoforms from human, rat, and 
mouse. Northern blot analysis with a 1 kb probe from the coding region revealed 
expression predominantly in E l9 CG and brain, with only a weak signal in skeletal 
muscle and liver. In the CG, GDI mRNA levels are regulated by cell-cell 
interactions: the levels increase markedly during synapse formation; they are 
decreased 2-fold when innervation is prevented, and 10-fold by target tissue- 
deprivation, as determined by RT-PCR In contrast, β-tubulin mRNA levels are not 
affected by these surgical manipulations. These results suggest this GDI isoform 
has neuron-specific functions, such as regulating synaptic vesicle trafficking. The 
dramatic regulation of GDI transcript levels by the target tissue indicates the target 
plays a major role in controlling the differentiation and function of innervating 
presynaptic terminals. Supported by NIH 21725.

136 .7

KINETICS OF NEUROTRANSMITTER RELEASE ALTERED BY 
A NSF PEPTIDE. Felix E. Schweizer*. Thomas Dresbach#. William M. 
D&ikib .  Vincent Q' Connor#, George J. Augustine, and Heinrich Betz#. 
Dept. of Neurobiology, Duke University Medical Center. Durham, NC 
27710, MBL, Woods Hole, MA 02543, and #MP1, Frankfurt. Germany.

We have tested the notion that NSF (NEM-sensitive factor) is required 
for the exocytotic fusion of synaptic vesicles with the plasma membrane 
during neurotransmitter release. A squid optic lobe cDNA library was 
screened for NSF positive clones. Partial sequence analysis revealed a 
high degree of homology between squid and mammalian NSF. Peptides 
were designed to mimic regions of NSF potentially involved in binding to 
other proteins. When injected into the presynaptic terminal of the giant 
synapse, one peptide (NSF-1), derived from the N-terminal sequence of 
NSF, inhibited synaptic transmission rapidly and reversibly. This was 
evident as a decrease in the amplitude and initial slope of the postsynaptic 
potential evoked by presynaptic action potentials. NSF-1 injection also 
prolonged the decay and delayed the time to peak of the postsynaptic 
potential, indicating a concurrent change in the time course of transmitter 
release. Injection of a control peptide with an identical amino acid 
composition, but a scrambled sequence, was without effect on synaptic 
transmission. Three other peptides corresponding to different areas of the 
NSF protein also were ineffective. These data indicate that NSF is 
involved in neurotransmitter release and acts at a step which influences 
the time course of exocytosis. Supported by NS-21624 to GJA and grants 
from the DFG to HB.

13 6 .9

IN T E R A C T IO N  O F D R O SO P H IL A  SYNAPTOTAGM IN  
(SYT) AND SH IBIRE (SHI) M U T A T IO N S. Jing L i‡. Noreen 
E. Reist‡*. Aaron DiAntonio. and Thomas L. Schwarz. Dept. of  
Molecular & Cellular Physiology, Stanford University, Stanford, CA 
94305 (‡equally contributing authors).

Synaptotagmin is an integral membrane protein o f synaptic vesicles 
that is required for efficient synaptic transmission. It has been 
proposed to be the Ca++-sensor that triggers vesicle fusion, however, 
the phenotype o f syt mutants could be accounted for by a defect in 
fusion, docking, or recycling. W e have examined the effect on syt 
mutants in Drosophila o f the shitsl mutation, a reversible temperature- 
dependent block o f vesicle recycling. Double mutants o f syt and shi 
exhibited a lower temperature o f paralysis and a slower recovery 
compared to shi alone. Trains o f  excitatory junctional potentials (EJPs) 
at 0.5 or 0.2 Hz were recorded at larval neuromuscular junctions. At 
28°C or below, shi and syt mutants each could sustain transmission for 
prolonged periods, whereas shi;syt double mutants could not. At 
30°C, shi EJPs declined gradually over ~15 minutes from ~200 quanta 
to a steady level o f ~10 quanta. If syt mutations reduced the rate o f  
fusion, a slower depletion o f  the vesicle pool should occur and 
therefore a slower decline in EJP amplitude. However the rate o f EJP 
amplitude reduction in shi.syt double mutants was faster than shi alone, 
a finding incompatible with synaptotagmin acting only as a Ca++-sensor 
that triggers vesicle fusion. These results support the hypothesis that 
syt mutants have a defect in docking and/or recycling and are consistent 
with our previous ultrastructural studies that demonstrated a decreased 
number of morphologically docked vesicles.

13 6 .6
RABPHIL1N3A REGULATES NEUROTRANSMITTER RELEASE AT THE 
SQUID GIANT SYNAPSE. M.E. Bums*. K. Fukui. T. Sasaki. Y.Takai. and G.J. 
Augustine. Dept. Neurobiology, Duke University Medical Center, Durham, NC 
27710 and Dept. Molecular Biology and Biochemistry, Osaka University Medical 
School, Japan.

Rabphilin3A is a synaptic vesicle-associated protein which binds to Rab3a, a 
small GTP-binding protein implicated in synaptic vesicle docking. We have tested 
whether Rabphilin also has a role in regulating the synaptic vesicle life cycle by 
microinjecting recombinant Rabphilin proteins into the giant presynaptic terminal 
of the squid. Microinjection of Rabphilin into this terminal resulted in a rapid and 
reversible inhibition of transmitter release evoked by presynaptic action potentials 
(mean reduction: -40% ± 12% SEM; n=7). This inhibition of transmitter release by 
Rabphilin was concentration-dependent, being half-maximal at 0.4 μM. 
Microinjection of the C-terminal fragment of Rabphilin, which binds calcium and 
phospholipid, also inhibited neurotransmitter release (-37% ± 10; n=13). This 
inhibition was also concentration-dependent, with a half-maximal concentration of 
2 μM. Further, microinjection of the N-terminal fragment, which binds to Rab3a, 
strongly inhibited neurotransmitter release (-50% ± 9; n=10). The inhibition of 
neurotransmitter release produced by all of these proteins was not accompanied by 
any consistent change in presynaptic resting or action potentials, suggesting that 
these proteins did not significantly alter presynaptic ionic currents or damage the 
nerve terminal. Furthermore, injections of buffer solution alone had no significant 
effect (-19% ± 4; n=6). These results indicate an important function for Rabphilin 
in neurotransmitter release. Supported by NS-21624 to GJA.

136 .8

SYN TA XIN  IN DRO SO PH ILA : C LO N IN G ,
C H A RA C TERIZA TIO N , A ND M U TA TIO NA L  
A N A L Y S IS . Robert W. Burgess*. David Deitcher‡. Karen 
Parfitt‡* . and Thomas L. Schwarz. Dept o f Molecular & 
Cellular Physiology, Stanford Univ., Stanford, CA 94305  
(‡equally contributing authors).

Syntaxin is a 35kD integral membrane protein found in the 
plasma membrane o f presynaptic nerve terminals. Syntaxin is 
believed to be involved in neurotransmitter release based upon 
its biochemical association in the 7S and 20S putative 
docking/fusion complexes and its specific cleavage by botulinum 
toxin C l, which eliminates synaptic transmission. We have 
cloned the syntaxin gene from a Drosophila head cD N A  library. 
By in situ hybridization, syntaxin was found to be highly 
expressed in the nervous system during embryonic 
development. Syntaxin protein and transcript was also detected 
in early embryos prior to cellularization and neurogenesis.
Thus, this protein is likely to also serve a function independent 
of synaptic transmission. We have generated a number o f  
mutations in the syntaxin gene by P element mediated 
mutagenesis. Null mutants are late embryonic lethals and are 
completely paralyzed (see also Schulze et al., Cell 80, 311). A 
series o f hypomorphic alleles are currently being examined for 
their effect on neurotransmitter release. In addition, the function 
of syntaxin in very early embryos and in non-neuronal cells is 
being studied by mosaic analysis o f germ line and somatic 
clones.

136 .10

CHARACTERIZATION OF A LINEAR EPITOPE OF SYNAPTIC  
RIBBON ASSOCIATED PROTEIN Hung Tri Nguven*. Elicia A. 
Estrella and Grant W. Balkema. Biology Department, Boston College, 
Chestnut Hill, MA 02167.

We have mapped and characterized a linear epitope o f a monoclonal 
antibody (B16). Previous results have shown that the B16 MAb labels 
the synaptic ribbon in the photoreceptor terminal and mitochondrial 
aconitase (m-aconitase) on Western blots o f mouse retina homogenates. 
These results also indicate that m-aconitase shares the epitope with the 
synaptic ribbon associated protein. Here, w e report the mapping and 
characterization o f the B 16 epitope by using a recombinant DNA  
techniques.

A full length cD N A  clone o f m -aconitase (H. Zalkin, Purdue 
University) was isolated from plasmid pGA by PCR. The 2.3 kb cDNA  
PCR product was sonicated into 100-500 bp fragments and cloned into 
an expression vector. Recombinant protein was induced by IPTG and 
screened with B 16 by filter lift. Positive clones were isolated and 
sequenced.

D NA  sequence analysis indicates that B16 positive clones contain a 
common sequence encoded for ten amino acids (542DTY QHP PKD 
S551). Synthetic peptide to this ten amino acid sequence absorbed B 16 
activity similar to the recombinant protein determined by competitive 
ELISA and an absorption experiment. These results indicate that we 
have successfully mapped the B 16 MAb epitope.

(Supported by NSF IBN-9320039 and Boston C ollege Research Fund.)
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136.11

EXPRESSION AND DISTRIBUTION OF SYNAPTOTAGMIN III IN 
RAT BRAIN A N D  PC I2 CELLS. Y. Shoii-Kasai. R. Kuwahara.
M. Mizuta. N, Inagaki. S. Seino. M. Takahashi* Mitsubishi Kasei 
Inst. o f Life Sci., Machida, Tokyo 194, JAPAN, Chiba Univ., Chiba 
260, JAPAN

Synaptotagmins are integral membrane proteins o f synaptic vesicles 
and thought to be involved in Ca2+-dependent exocytosis o f synaptic 
vesicles. At least five different isoforms are expressed in rat. They have 
a common domain structure containing a single transmembrane region 
and two internal repeats similar to the C2 domain found in protein kinase 
C. In order to know the distribution and functional roles o f  
synaptotagmin III, we generated an antibody against rat synaptotagmin 
III expressed in E. coli as a fusion protein o f glutathione S-transferase. 
A protein o f 66 kDa was detected by immunoblotting of rat brain 
membranes. Synaptotagmin III distributed ubiquitously in brain, 
specially at high levels in hippocampus and cerebellum. Synaptotagmin 
III was detected in a brain o f 20-day embryo and the amount was 
increased dramatically between 10 and 14 days after birth. 
Synaptotagmin I and III, but not II, were expressed in PC I2 cells. 
Expression o f synaptotagmin III was also observed in synaptotagmin I- 
deficient variants which we isolated previously. These results suggest 
that the expression o f  synaptotagmin isoforms are differently regulated 
in rat nervous system.

136.13

A NEW M EM BER  O F R AT SY N A PT O T A G M IN  GEN E  
FAMILY H IG H LY  E X PR E SSE D  IN R A T B R A IN  A ND  
KIDNEY. O.-J. Kwon*. H. Gainer. S. Wray . and H. Chin. 
Laboratory of Neurochemistry, National Institute o f Neurological 
Disorders and Stroke, National Institutes o f Health, 9000 Rockville 
Pike, Bethesda, MD 20892.

Synaptotagmin is an integral synaptic vesicle membrane protein 
involved in calcium-regulated exocytosis. There are five known 
isoforms (synaptotagmin I - V). We have isolated and characterized a 
cDNA clone that encodes a new isoform  o f  synaptotagm in  
(synaptotagmin VI). We used a probe derived from the conserved C2a 
domains of synaptotagmins and rabphilin by RT-PCR amplication with 
degenerate primers. Synaptotagmin VI consists o f 474 amino acids and 
is structurally similar to the known synaptotagmins, having the typical 
five domain structure. When compared to the synaptotagmins I - V, the 
overall amino acid identity is about 33%. The C2 domains have an 
identity of 39 - 42%. RNA blot hybridization reveals a 3.0 kb 
synaptotagmin VI transcript abundant in rat brain and kidney. Among 
the various brain regions examined, the synaptotagmin VI transcript 
was predominantly found in the rostral regions o f the brain such as 
olfactory bulb, cerebral cortex, hippocampus, and hypothalamus. In 
situ hybridization histochemistry analysis o f rat brain showed a 
distribution pattern o f synaptotagmin VI similar to the RNA blot 
analysis. In the kidney high levels o f  synaptotagmin VI were 
expressed in the inner medulla and papilla. Our results demonstrate that 
synaptotagmin VI is a distinct member o f the synaptotagmin family 
which may be involved in exocytosis and membrane trafficking in the 
brain and kidney.

136.15

THE DIFFERENTIAL ROLE OF SNAP-25 ISOFORMS IN 
NEUROEXOCYTOSIS. S. Gratzer. J. T. Weissman, M. C. Wilson*. 
Dept. of Neuropharmacology, The Scripps Research Institute, La 
Jolla, CA 92037.

Synaptosomal-associated protein of 25 kD (SNAP-25) and 
syntaxin are proteins of the presynaptic plasma membrane that 
appear to be essential for exocytosis of synaptic vesicles. There are 
two alternatively spliced isoforms of SNAP-25, a and b, which differ 
in a fatty acylated, putative membrane-interacting domain. Recently, 
transient transfections of PC 12 cells have shown that after NGF- 
treatment, the SNAP-25b isoform is localized predominantly at 
neurite endings, whereas the SNAP-25 a isoform is more diffusely 
distributed. Using the yeast two-hybrid system, we demonstrate that 
the different SNAP-25 isoforms and a cys-less mutant incapable of 
fatty acylation interact differentially with syntaxin and in forming 
homomeric complexes. Consistent with these results in yeast, 
transient expression of each isoform in COS-7 cells, which do not 
express neuronal syntaxin, showed no difference in membrane 
association. This suggests that the discrete targeting observed in 
PC12 cells may be due to specific interactions with syntaxin or other 
nerve terminal proteins. Studies using mutations generated to define 
the critical residues that mediate the specific interactions between the 
developmentally regulated SNAP-25 isoforms and the cell-specific 
isoforms of syntaxin for membrane targeting will be discussed. 
Supported by NSF (IBN9121121) and NIH (MH48989) to M. C. W. 
and FWF (J00999-MOB) to S. G.

136 .12

F U N C T IO N A L  PE R T U R B A T IO N  O F  XENOPUS 
N E U R O M U S C U L A R  SY N A PSE S B Y  O V E R E X P R E SSIO N  
O F SY N A PTO TA G M IN  II. T. M orim oto* and M -m. Poo. D ep t. 
o f Biol. Sci., Colum bia U niv., N ew  York, N .Y . 10027.

The function o f a synaptic vesicle protein, synaptotagm in, in 
transmitter release at neurom uscular synapses was exam ined by 
overexpressing the protein in the presynaptic neuron. Rat 
synaptotagmin II (syt II) cD N A , an isoform  o f synaptotagmin known 
to be expressed at high levels in the spinal cord, was transcribed in 
vitro and the m R N A  w as injected into on e o f the early blastom eres 
o f  Xenopus embryos, together with a fluorescent marker rhodamine- 
dextran. Expression o f syt II was elevated  in all ce lls derived from  
the injected b lastom ere, including spinal neurons. A t 
neuromuscular synapses m ade by these neurons in dissociated cell 
cultures, the freauency o f spontaneous synaptic currents (SSCs) was
2.6 ± 0.5 min-1 (sem , n = 19), which was significantly low er than 
that at control synapses (11 ± 3 m in-1, sem , n = 15). The mean 
am plitude o f SSCs and im pulse-evoked synaptic currents (ESCs) 
w ere not different from the controls. H ow ever, pair pulse 
facilitation was significantly enhanced and tetanus-induced  
depression o f ESCs was reduced. T h ese results suggest that syt II 
participates in the regulation o f  transmitter secretion  at these  
synapses by inhibiting the spontaneous vesic le  exocytosis at resting 
state. This inhibition may result in an increased availability o f 
vesicles for exocytosis, which was d etectab le only w hen the demand 
for vesicle supply becom es m ore critical during high frequency  
synaptic transmission.

136 .14
PARTICIPATION OF SNAP-25 AND SYNAPTOTAGMIN IN THE 
FINAL Ca2+-DEPENDENT TRIGGERING OF NEUROEXOCYTOSIS 
P. P. Mehta* and M. C. Wilson. Dept. Neuropharmacology,The Scripps 
Research Institute, La Jolla, CA 92037.

Besides Ca2+, an ATP hydrolysis-dependent step mediated by the 
ubiquitous N-ethylmaleimide-sensitive fusion protein, NSF has been 
identified as an important component in the mechanism of 
neurotransmission. Studies with solubilized membrane proteins and 
recombinant proteins has led to a proposal that the assembly of NSF 
into the initial vesicle docking complex is followed by its ATPase 
activity leading to a disassembly of this complex and membrane fusion. 
Unfortunately, these in vitro studies have not resolved the Ca2+- 
dependent event in secretion which is the hallmark of regulated 
neurotransmitter release in neurons and neuroendocrine cells. Using a 
cell-free, synaptosomal membrane preparation from mouse cortices, we 
show that Ca2+ activates this final triggering event resulting in secretion 
of the excitatory neurotransmitter,glutamate. Hydrolysis of ATP further 
potentiates Ca2+-dependent glutamate release,but ATP addition by itself. 
cannot stimulate any significant release. We also demonstrate directly 
that exocytosis signaled by Ca2+ in this membrane preparation involves 
SNAP-25, synaptosomal associated protein, 25 kD, a key constituent of 
the recently characterized membrane docking complex, and also show 
that Ca2+ affects the association of synaptotagmin, a synaptic vesicle 
membrane protein proposed to serve as a calcium sensor and triggering 
device, with this docking complex. Our results of the role of ATP in 
glutamate release support the idea that at neuronal synapses, as 
suggested previously for PC 12 and chromaffin cells, Ca2+ -dependent 
triggering acts after an ATP-dependent priming step, and that it alters 
the association of core proteins of the docking/fusion complex to 
immediately prompt membrane fusion for neurotransmitter release.

1 3 6 .16

C O M M O N  A N D  D IS T IN C T  S N A R E S  F O R  A X O N A L  G R O W T H  
A N D  T R A N S M IT T E R  R E L E A S E . A. O se n -S an d , J .K . S tap le , E. 
N ald i0, G . Sch iavo+ , G . G renn ing loh*, A . M alg aro li0, C . 
M ontecu cco+ and S . C ats icas . G laxo  Institute for M olecu lar 
Biology, G en e v a , Sw itzerland; °San R a ffae le  Scientific Institute, 
Milano; +U n iversita  degli Studi di P ado va.

Fusion of vesicles with the p lasm alem m a is essentia l for 
m em brane expansion and transm itter re lease  in neurons and  
thereby contributes to both m orphological and  functional changes  
of m ature syn apses. Involvem ent of the sam e  m echanism  in these  
two m ajor synaptic adaptations raises the im portant question of 
w heth er neurons can regulate  one ind ependently  of the other. 
H ere , w e  have used botulinum  and tetanus neurotoxins (B o N T , 
T e N T ) to c leave  three d ifferent S N A R E  proteins in developing  
cortical and hippocam pal prim ary neurons in vitro: S N A P -2 5 , 
V A M P/synaptobrev in  and syntaxin. All toxins show ed the exp ected  
specificity with the notable exception that, in addition to syntaxin, 
B o N T /C  cleaved  S N A P -2 5  and induced rapid neuronal death . W e  
report that c leavag e  of S N A P -2 5  inhibits transm itter re lease, 
axonal growth and syn apse form ation, w hile  c le a va g e  of V A M P  
inhibits transm itter re lease  but has no effect on axo nal growth and  
syn apse form ation. T h e s e  da ta  provide functional ev idence for the  
S N A R E  hypothesis as  well as a  fram ew o rk  to understand the  
selective regulation of m em b ran e  fusions during morphological 
and functional synaptic plasticity.

Society for Neuroscience, Volume 21, 1995



328 PRESYNAPTIC MECHANISMS II SUNDAY PM

136 .17

DIFFERENTIAL EFFEC TS O F TH E SEV E N  S ER O TY PE S  O F BOTULINUM  
N EUROTO XIN ON MAMMALIAN CENTRAL SYNAPSES. 1L.C. Williamson*. 
2j .E. Brown and 1E.A. Neale. 1Lab. of Developmental Neurobiology, N ICHD, 
NIH, Bethesda, MD; 2 Toxinology Division, U.S. AM RIID, Ft. Detrick, MD.

Botulinum neurotoxins (BoNTs) block neurotransmitter release by proteolytic 
cleavage of specific proteins necessary for synaptic vesicle docking and/or 
fusion events. Murine spinal cord cell cultures provide a model system in 
which to study the cell biology of these toxins. W e have examined the effect 
of highly purified BoNTs A-F and crude type G toxin in comparison to tetanus 
toxin (TeNT) on potassium-evoked calcium-dependent release of [3H]glycine 
and [3H]glutamate at central synapses in spinal cord cultures. Botulinum 
neurotoxins inhibit neurotransmitter release in a time-and dose-dependent 
manner. Spinal cord neurons display a differential sensitivity to the BoNTs' 
action on inhibitory and excitatory neurotransmitter release. The potency of 
the BoNTs is D>A>B>C>G>E>F. BoNT D is as potent as TeNT. BoNTs E and 
F do not block inhibitory or excitatory transmitter release by more than 50% . 
Differential sensitivities of these cultures to BoNTs may reflect differences in 
binding and internalization of each toxin. Com petitive inhibition of 
[125l]BoNT A binding was examined using 100-fold excess of unlabeled BoNT 
B or E. BoNT B offers no competitive inhibition, whereas BoNT E is 70%  as 
effective as BoNT A, suggesting some homology in the binding domains of 
these two toxins. However, BoNT E does not inhibit the action of BoNT A in 
blocking neurotransmitter release. These data indicate that BoNT E may bind 
to the same low affinity receptors as BoNT A, but does not bind to the same 
high affinity receptors. These studies provide the first comparative analysis of 
all seven serotypes of BoNTs in an intact cell culture system and demonstrate 
the potential of this system for addressing questions of toxin binding, 
internalization and action.

136 .19

INTERACTION OF NEUREXIN A N D  SYNAPTOTAGM IN IS 
INVOLVED IN NEUROTRANSMITTER RELEASE AT SYNAPSES  
FORMED IN CULTURE. S. M OCHIDA*. H. KO BAYASHIa , K. 
SATOb. A. OHTAK Eb , M. SEKIGUCHIb and M. TA K A H A SH Ib , 
aDepartment o f Physiology, Tokyo Medical C ollege, Tokyo 160, 
bMitsubishi Kasei Institute o f Life Science, Machida, Tokyo 194, Japan.

N eu rexins are a fam ily o f  transm em brane protein  that are 
abundant in presynaptic plasm a m em brane and have been  
suggested  to be in vo lved  in the form ation  and stab iliza tion  
o f  sp ec ific  synaptic con n ection . The cy top lasm ic  reg ion  o f  
neurexin  binds to synaptotagm in , a synaotic  v es ic le  
protein , that p lays a crucia l role in Ca2+ -dependent 
release o f  neurotransm itters. M od u lation  o f  this 
in teraction  by in jection  o f  the synth etic  C -term inal 
peptides o f  neurexin  and synaptotagm in , and antibodies  
against the cytop lasm ic  reg ion  o f  neu rex in , into cultured  
presynaptic sym pathetic neurons1 ,2  affected  the am ount and 
tim e course o f  a ce ty lch o lin e  re lease induced either by 
presynaptic action  p oten tia ls  or by a lp h a-la trotox in  w hich  
binds to at least one isoform  o f  n eu rexin  and induces  
m assive neurotransm itter re lease both in the presen ce or 
absence o f  external Ca2 + The a ssoc ia tion  o f  n eu rexin  and 
synaptotagm in w as found to be regulated  by m icrom olar Ca2+ 
con centration s. T hese results dem onstrate a role for the 
n eurexin-synaptotagm in  in teraction  in neurotransm itter  
release and su ggest a m echanism  by w hich  residu al Ca2 +  may 
regulate vesicle availability for exocytosis.

1. M ochida, S .e t  a l . ,  Neuron, 13, 1131-1142,1994.
2. Mochida, S .e t  al.,N eu rosci.,65 , 905-915 ,1995 .

1 3 6 .18
C L O S T R ID IA L  N E U R O T O X IN S  A N D  M E M B R A N E  T R A F F IC  A T THE  
SYNAPTIC TERMINAL. E .A  Neale*. L M . Bowers, and L.C. Williamson. Lab. of 
Developmental Neurobiology, N ICHD, NIH, Bethesda, MD 20892-4480

Tetanus (TeNT) and botulinum (BoNT) neurotoxins block neurotransmitter 
release and act intracellularly to cleave specific proteins believed to participate 
in synaptic vesicle exocytosis. W e have correlated toxin-induced synaptic 
blockade with immunohistochemistry of the toxin substrates, with fine structure 
of the release site, with activity-dependent uptake of F M 1-43 , and with 
stimulated uptake of HRP into newly recycled synaptic vesicles.

Dissociated cell cultures of murine spinal cord are exposed to TeN T or BoNT A 
(10 ng/ml for 16-20 hr). KCI-evoked release of both glycine and glutamate is 
blocked completely in toxin-treated cultures. Immunoreactivity  for VAMP and 
for SNAP-25 is abolished in cultures exposed to TeN T or BoNT A, respectively. 
Almost twice the number of synaptic vesicles are “docked” (located within 
10 nm of the membrane) at the active zones of toxin-blocked cultures as are 
seen in either spontaneously active or KCI-stim ulated control cultures. 
Consistent with the block in synaptic activity, T eN T- (and BoNT B-, C-, or D-) 
treated cultures show no activity-dependent uptake of FM 1-43. In contrast, 
cultures treated with BoNT A (up to 300 ng/ml) continue to load with FM1-43, 
indicating the persistence of synaptic vesicle endocytosis in the absence of 
exocytosis. These findings are confirmed by KCI stimulation in the presence of 
H R P. TeNT-blocked terminals show H R P in occasional synaptic vesicles, 
whereas a large proportion of vesicles are labeled in BoNT A-blocked terminals. 
The labeled vesicles appear to form via conventional clathrin-coated structures. 
These observations suggest that: a) BoNT A uncouples the cycle of triggered 
exocytosis-endocytosis at the synaptic terminal, allowing discrete analysis of 
the endocytosis component, and b) that VAM P (or another substrate of TeNT) 
participates in the process of synaptic vesicle membrane retrieval.

136 .20

C LO N IN G  A N D  FU N C T IO N A L  S T U D Y  O F XENOPUS 
SY N A PTO PH Y SIN S. X-h. Wang* and M-m. P oo . D ept. Biol. Sci., 
Colum bia University, N ew  York, N Y  10027.

From the brain cD N A  library o f Xenopus laevis, w e obtained two 
synaptophysin genes (xsyp I, xsyp II) sharing 93.5%  identity in the 
am ino acid sequence, rem iniscent o f  the tetraploid  origin o f the 
species. Each gen e product also has an isoform , apparently 
produced from alternative splicing at the 5-term im  o f  the m RNAs. 
Xsyp I is 71.3%  identical in am ino acid seq uence with rat 
synaptophysin and 60.3%  with Torpedo h om olog. T he c-terminus 
(cytoplasm ic dom ain) o f xsypl shows som e d ivergence with those 
from rat and Torpedo, but the general pattern o f  pentapeptide  
repeats is maintained, suggesting p oten tia l conserved function of  
this region. A  construct (G F P-SY P ) encoding green  fluorescent 
protein (G F P) and the 80 am ino acid c-term inus was m ade. The 
synthetic m R N A  for the construct was injected into on e o f the early 
blastom eres o f Xenopus embryos, resulting in the expression o f the 
fusion protein in the progeny cells o f  the injected blastom ere, as 
revealed by the G F P fluorescence. A t neurom uscular synapses 
m ade by neurons expressing G F P-SY P in ce ll cultures, the 
frequency o f spontaneous synaptic currents was significantly 
reduced, as com pared to the control synapses in the sam e cultures. 
The im pulse-evoked synaptic currents show ed reduced amplitude 
and increased fluctuation. O verexpression o f  G F P alone in these  
neurons was without effect. T h ese results suggest that c-terminus of 
synaptophysin interacts with som e target protein, and such 
interaction may affect the probability o f  fusion  an d /or  the 
availability o f synaptic vesicles for exocytosis at the nerve terminal.

PRESYNAPTIC MECHANISMS III

137 .1

PROTEINS MEDIATING EXOCYTOSIS IN NEUROHYPOPHYSIAL NERVE 
TERMINALS. Edward L. Stuenkel* and Paulius Jurgutis. Department of 
Physiology, 7804 Medical Sciences II, University of Michigan, Ann Arbor, MI 
48109-0622

Secretory vesicles in neurons include both large dense-core granules and smaller 
diameter 'synaptic vesicles'. The purpose of our investigations is to: i) characterize 
the exocytotic fusion proteins in neuroendocrine nerve endings and ii) identify the 
subcellular localization of synaptobrevin (VAMP) isoforms with respect to granules 
and synaptic vesicles. Our studies utilize the nerve terminals of rat magnocellular 
neurons which form the neural lobe of the pituitary and contain large numbers of 
both types of these neurosecretory vesicles. We have found that these nerve 
terminals contain the exocytotic related proteins syntaxin, SNAP25, synaptophysin 
and VAMP. Each of these sedimented with a particulate fraction although a portion 
of SNAP25 remained in a soluble fraction. Sucrose density gradient centrifugation 
was used to separate the large dense-core granule and the smaller synaptic vesicle 
populations. Consisent with previous reports synaptophysin was restricted to 
fractions that contained synaptic vesicles and plasma membrane. Syntaxin and 
SNAP25 sedimented with synaptophysin. In comparison, synaptobrevin was 
localized to both the synaptic vesicle and higher density granule fractions. Further 
examination with isoform specific antibodies and immunoblotting revealed that three 
isoforms.synaptobrevin I, II, and cellubrevin were localized with synaptic vesicles, 
while synaptobrevin II predominated in the granule fractions although synaptobrevin 
I was present to a lesser degree. Thus, neuropeptide releasing nerve terminals of 
magnocellular neurons exhibit the exocytotic fusion proteins associated with fast 
transmitter releasing nerve terminals. In addition our study reveals a differential 
enrichment of synaptobrevin isoforms with respect to synaptic vesicles and secretory 
granules. Work supported by NIH NS31888 & NSF IBN9410834.

13 7 .2

A 29 kDa SYNAPTIC PROTEIN EXPRESSED IN HUMAN BRAIN, 
SMALL CELL LUNG CARCINOMA AND ENDOCRINE TISSUES.
H.A. Manley, J.E. Erickson. G.E. Griesmann. C.W. Zwizinski.
T.J. Kryzer. V.A. Lennon*. Molecular Neuroscience Program, Depts. of 
Immunology and Neurology, Mayo Foundation, Rochester, MN 55905.

The synaptosecretosome complex targets synaptic vesicles to the active 
release zone of the plasma membrane of nerve terminals and effects neuro-
transmitter release. Voltage-gated Ca2+ channels (VGCC) and non-covalently 
associated proteins of this complex are expressed in a malignant neuroendo
crine neoplasm of lung, small cell carcinoma, and are implicated in its auto
crine secretion of growth factors. To characterize antigens common to 
neurons and small cell lung carcinoma (SCLC), we immunized rats with solu
bilized neuronal and SCLC membranes to generate monoclonal antibodies 
(MAbs). Specific IgG was identified by immunoprecipitation of CHAPS- 
solubilized VGCC preparations complexed with 125I-ω-conopeptide GViA, a 
high affinity ligand for N-type VGCC. MAbs CC-1 and CC-4, derived from 
two rats, immunoprecipitated co-conopeptide GviA-receptors from human 
cerebral cortex and SCLC membranes. Immunostaining of cerebellum was 
intense in somata and dendrites of Purkinje cells, and involved presumptive 
synapses in molecular and granular layers. In a tissue panel, MAbs CC-1 and 
CC-4 selectively stained endocrine cells in pituitary, ovary, adrenal (cortex >  
medulla) and thymus; muscle fibers did not stain. In Western blots both 
MAbs identified a polypeptide, ~ 29 kDa, in brain and SCLC. The distribu
tion of immunoreactivity in neuronal cytoplasm, synapses and endocrine cells 
secreting peptide and steroid hormones, suggests a role for this 29 kDa protein 
in exocytosis or intracellular transport. Supported by NCI grant CA-37343.
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137.3
CYSTEINE-STRING PROTEIN IMMUNOREACTIVITY IN THE BRAIN, 
RETINA AND ADRENAL OF RAT. S.A. Kohan. M.Pescatori. N.C. Brecha. 
A.Mastrogiacomo. J.A. Umbach. C. B. Gundersen*. Departments of Anatomy 
& Cell Biology and Molecular & Medical Pharmacology, UCLA School of 
Medicine, Los Angeles, CA 90095.

Cysteine-string proteins (csps) are novel synaptic vesicle proteins that have 
been implicated in the modulation of presynaptic calcium channels and in the 
regulation of neurotransmitter release. Using affinity purified anti-csp 
antibodies, we investigated the distribution of csp immunoreactivity in tissues 
of adult rats. Specific csp immunoreactivity is present throughout the 
neuraxis. It is particularly abundant in synapse-rich regions o f the retina, 
main olfactory bulb, hippocampal formation and cerebellum. Csp 
immunoreactivity is also prominent in other areas including the anterior 
olfactory nucleus, amygdala, accumbens nucleus, caudate putamen, selected 
thalamic nuclei, lateral & medial geniculate nuclei, inferior colliculus, spinal 
trigeminal nucleus and the dorsal horn of spinal cord. In some areas (eg., 
ventral cochlear nucleus) cell bodies of neurons are surrounded by csp 
immunoreactivity as expected for axosomatic synapses. White matter tracts 
show no csp immunoreactivity. Neuromuscular junctions stain prominently 
for csps. This distribution of csps is compatible with a role for these proteins 
in presynaptic function at a wide variety of synapses. In addition, we find 
strong csp immunoreactivity in the adrenal medulla, but not in the adrenal 
cortex. Detection of csps in adrenal medulla (confirmed by Northern and 
immunobiot analyses) suggests that these proteins may also participate in 
regulated secretion in certain non-neuronal cells.

137.5
THE ROLE OF MYOSIN LIGHT CHAIN KINASE AND F-ACTIN  
FOR ATP-DEPENDENT PRIMING OF EXOCYTOSIS IN ADRENAL 
CHROMAFFIN CELLS. K.  Kum akura*, M._ Ohara -Ima iz u mi ,  H.
Misonou, K . Iked a , J .  S a k u r a i§, and Y._No n o m u r a §. L ife  S cience  
Inst. Sophia U n iv ., and § D ept. P h a rm a c o lo g y , U n iv . T o k y o , Japan

Recently, w e have suggested th a t m y o s in  l ig h t  c h a in  k in a se  
(MLCK) plays an e s s e n tia l ro le  in  A T P -d e p e n d e n t p r im in g  o f Ca2+- 
induced exocytosis in  c h ro m a ff in  c e lls  (K u m a k u r a  e t a l . ,  J. N euro sc. 
1 4:7 695 , 1 9 9 4 ) ,  d e m o n s tra tin g  th a t a  s p e c if ic  in h ib i t o r  of M L C K , 
wortmannin and a  p ep tid e  in h ib i to r  c o rre s p o n d in g  to th e  p s e u d o -
substrate dom ain of M L C K , in h ib i ts  A T P -d e p e n d e n t re le a s e  of 
catecholamine fro m  d ig i to n in -p e r m e a b il iz e d  c e lls . To c la r i f y  th e  
implication of a c t in -m y o s in  in te ra c t io n  o r  c o r t ic a l F -a c t in  in  th is  
mechanism, w e studied th e  d y n a m ic  changes in  a c tin  n e tw o rk  d u rin g  
Ca2+-dependent exo c yto sis  using ro h d a m in e -p h a llo id in  w ith  L a s e r  
scanning confocal im ag in g  sys tem .

We found th a t w o r tm a n n in  produced re m a r k a b le  d is a s s e m b ly  of 
cortical F -a c t in ,  and th a t w o r tm a n n in  b locked an in c re a s e  of F -a c t in  
assembly by p h a llo id in  o b se rved  as an in c re a s e  of flu o re s c e n c e  
intensity in the p e rm e a b iliz e d  c e lls . These re s u lts  suggest th a t M L C K  
plays an essentia l ro le  fo r  A T P -d e p e n d e n t p r im in g  th ro u g h  a s s e m b ly  
or reorganization of c o r t ic a l F -a c t in  in  a d re n a l c h ro m a ff in  ce lls . 
Supported by g ra n ts  fro m  M in is t r y  of Edu ., S c i. & C u l. of Ja p a n , 
0 5 6 8 0 6 8 3 , 0 6 0 4 4 1 9 9 ,  and 0 6 7 8 0 6 5 9 .

137.7
INCREASED NEURONAL EXCITABILITY CONFERRED BY A 

MUTATION IN THE DROSOPHILA BEMUSED GENE.
K. Walters*. T. Yoder. M. Stern. Department of Biochemistry and 

Cell Biology, Rice University, Houston, TX 77251.
We are interested in identifying genes that control neuronal 

excitability and synaptic transmission at the larval neuromuscular 
junction. As part of this long term interest, we have isolated a 
mutation in a novel gene that confers both behavioral and neuronal 
excitability defects. This mutation, named bemused (bem), is the 
result of a P element insertion at cytological position 85D. Flies 
defective in bem display uncoordination, inability to fly, and 
greatly reduced fertility. In addition, bem m utant larvae display 
aberrant synaptic transmission at the larval neuromuscular junction, 
specifically a more rapid onset of augmentation than do wildtype 
larvae. This increased rate of onset of augmentation is potentiated 
by application of the potassium channel blocking drug quinidine. 
Because these phenotypes are also conferred by several additional 
mutants that increase neuronal excitability, we propose that the 
bem mutation causes increased neuronal excitability as well. This 
hypothesis is supported by the observation that the facilitated 
transmitter release that occurs in bem m utants is the result of 
prolonged nerve depolarization.

In order to clone bem, DNA flanking the P element was obtained 
by the plasmid rescue technique. This DNA is currently being used 
to identify transcription units within the region.

137 .4
BLACK WIDOW SPIDER VENOM AND α-LATROTOXIN AS PROBES OF 
PRESYNAPTIC FUNCTION IN WILD TYPE AND CYSTEINE STRING 
PROTEIN (CSP) MUTANTS OF DROSOPHILA. J.A. Umbach*. A. Grasso. A. 
Mastrogiacomo. M. Pescatori. E. Buchner & C.B. Gundersen. Dept. of Molecular 
& Medical Pharmacology, UCLA School of Medicine, Los Angeles, CA; CNR 
Institute of Cell Biology, Rome, Italy; and Dept. of Genetics, University of 
Wurzburg, Germany.

Mutations of the Drosophila csp gene lead to a temperature-sensitive 
paralytic phenotype. At the cellular level, this phenotype reflects a presynaptic 
failure of evoked synaptic transmission. (However, the spontaneous release of 
transmitter persists.) The kinetics of the blockade and recovery of evoked 
transmitter release suggest an underlying loss of function either of nerve terminal 
calcium channels or of the release process itself. Nevertheless, in spite of the 
persistence of spontaneous quantal discharges, we could not formally exclude that 
there was a transient dissolution or loss of synaptic vesicles. To eliminate this 
latter explanation, we used black widow spider venom gland extracts and α- 
latrotoxin to assess the stores of releasable quanta at neuromuscular junctions of 
wild type and csp mutant Drosophila larvae. At 20°C the total number of quanta 
discharged at both wild type and mutant terminals was very similar (in excess of 
300,000) using a gel-filtered venom gland extract in a solution with OmM Ca2+. 
Purified α-latrotoxin (obtained using ion exchange and size exclusion 
chromatography) also induces a sustained release and depletion of quanta from 
wild type preparations at 20°C in l.0mM Ca2+, but the purified toxin is ineffective 
in the absence of external Ca2+. We are currently exploring the ability of α- 
latrotoxin to trigger quantal discharges at permissive and paralyzing temperatures 
in Drosophila csp mutants.

1 3 7 .6

M A M M A LIA N  H O M O L O G U E S FO R  C. ELEGANS 
UNC-13 G E N E  D E F IN E  N O V E L  FA M ILY  O F C2- 
D O M A I N  P R O T E I N S  I N V O L V E D  IN  
N E U R O T R A N SM IT T E R  R E L E A SE . N. Brose*. K. 
H ofm ann^. Y, Hata. and T. C. Südhof. H H M I, U T  
Southwestern M ed. Ctr., D allas, T X  75235, and ^ISREC, 
Epalinges, CH-1066, Switzerland.

The unc-13 gen e in C.elegans is required for 
presynaptic function and encodes a large protein with 
C l-  and C2-domains. Its unique structure with m ultiple 
calcium-, phospholipid- and diacylglycerol-regulative 
elem ents, as w ell as the phenotype o f  loss-of-function  
mutations in C. elegans suggest a role for unc-13 in 
presynaptic regulation. W e identified  three highly 
conserved m ammalian hom ologues o f  unc-13, called  
m u n c l3 -l, 13-2, and 13-3, that also contain C l-  and C2- 
domains. M uncl3s are large (> 2 0 0 k D a ), brain-specific 
proteins with divergent N-term ini but sim ilar C-termini. 
M unc 13-1 is a peripheral m em brane protein  localized  
to the presynaptic plasm a m em brane but absent from  
synaptic vesicles. Our data show  that the essential 
function o f unc-13 in C.elegans may be conserved in 
mammals. Structure and localization  o f m u n cl3s suggest 
a signalling role in neurotransm itter release.

13 7 .8

IDENTIFICATION OF MUTATIONS IN THE PUSHOVER GENE WHICH 
CONFER INCREASED NEURONAL EXCITABILITY IN DROSOPHILA 
MELANOGASTER. L. Warbington. S. Richards and M. Stem*. Department 
of Biochemistry and Cell Biology, Rice University, Houston, TX 77251.

We are using a combination of genetic and pharmacological techniques to 
identify and analyze the components that control synaptic transmission at the 
Drosophila neuromuscular junction. We have recently isolated two mutations in 
a new gene, called pushover (push), which cause behavioral defects including 
sluggishness, poor flight ability and male sterility, and electrophysiological 
defects including increased excitability of the larval motor neuron.

Although transmitter release evoked by nerve stimulation is normal in push 
mutants, spontaneous vesicle release, which causes miniature excitatory 
junctional potentials (mejps), is increased roughly two-fold in frequency 
compared to wildtype. Furthermore, the push mutants are much more sensitive 
than wildtype to the application of the potassium channel blocking drug 
quinidine: in the presence of quinidine, push mutants display repetitive firing of 
the motor neuron leading to repetitive excitatory junctional potentials (ejps) in 
the muscle. In addition, the push mutation displays synergistic enhancement 
with mutations in three other genes that increase neuronal excitability: ether a 
go-go (eag), which encodes a potassium channel subunit, and inebriated (ine) and 
bemused (bem), both of which are currently being studied in our laboratory. In 
particular, eag; push, ine push and push; bem double mutant larvae each display 
repetitive firing of the motor neuron at an external [Ca2+] of 0.4 mM. In 
addition, iu eag; push and ine push, but not in push; bem, double mutants, 
transmitter release at a low external [Ca2+] is much greater than in either single 
mutant. Finally, whereas eag; push and ine push adults are no more 
behaviorally defective than the push single mutant, the push; bem double mutant 
is completely inviable with death occurring at the late pupal stage.
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137 .9
PHOSPHATIDYLINOSITOL 4-KINASE ASSOCIATED WITH 
CHROMAFFIN GRANULES IS REQUIRED FOR PRIMING OF 
EXOCYTOSIS
C. Wiedemann T, Schafer•, and M. M. Burger 
Friedrich-Miescher Institute, P.O.Box 2543, 4002 Basel, Switzerland 

Secretion of catecholamines in permeabilized bovine adrenal 
chromaffin cells is triggered by a Ca2+ -Increase. Exocytosis is preceded 
by a MgATP-dependent priming process that involves the formation of 
polyphosphoinositides (Eberhard et al. (1990) Biochem. J. 268, 15-25; 
Hay et al. (1995) Nature 374, 173-177). Phenylarsine oxide (PAO) 
inhibits secretion in chromaffin cells by interacting with vicinal dithiol- 
containing proteins. Because small dithiols like 2,3-dimercaptopropanol 
(BAL) can remove PAO from its intracellular targets, addition of BAL 
to permeabilized cells leads to a recovery of secretion. PAO-treatment 
results in a decrease of polyphosphoinositide-levels, which recover in 
parallel to secretion upon BAL-treatment. The targets of PAO in 
chromaffin cells seem to include a chromaffin granule-associated 
phosphatidylinositol 4-kinase. We demonstrated that inhibition of this 
enzyme leads to concomitant loss of chromaffin granule 
phosphatidylinositol(4)phopbate and response to stimulation, and that 
secretion recovers simultaneously with phosphorylation of 
phosphatidylinositol on the chromaffin granules. Phosphatidylinositol 4- 
kinase on chromaffin granules therefore may represent the second 
MgATP-dependent enzyme, besides phosphatidylinositol(4)phosphate 5- 
kinase, necessary for priming of exocytosis.

137 .11
DEVELOPMENT OF FUNCTIONAL ω-CONOTOXIN GVIA-SENSITIVE 
CALCIUM INFLUX PRIOR TO SYNAPTOGENESIS IN NEURITES OF 
CULTURED EMBRYONIC HIPPOCAMPAL NEURONS R T. Doyle* R. K. 
Lartius. L.-E. Trudeau and P. G. Haydon Laboratory of Cellular Signaling, 
Department of Zoology & Genetics, Iowa State University, Ames, IA 50011.

The coordinated synthesis, transport and functional expression of calcium 
channels is required for the formation of chemical synapses. We previously 
hypothesized that functional N-type calcium channels are rate-limiting in synapse 
formation (Basarsky et. al. 1994 J. Neurosci. 14(11):6402-6411). To test this we 
have investigated the spatio-temporal development of sub-classes of voltage- 
sensitive calcium channels (VSCC) during synaptogenesis. Using E-17 rat 
hippocampal neurons cultured in serum-substituted N2 media on glass, the presence 
of VSCCs in neurites was monitored using Fura-2 and ratiometric imaging methods.

Depolarization-induced FM 1-43 dye-cycling and electrophysiology demonstrated 
that functional synapses are not detected in these cultures until >6 DIC. However, 
depolarization of neurons using 50mM K+-saline elevated calcium levels in 
neurites and growth cones by 24h in culture. After 4 days in culture, prior to 
synaptogenesis, we find that both nifedipine-sensitive (L-type) and ω-CgTx-GVIA- 
sensitive (N-type) calcium influx is detected in the neurites of hippocampal 
neurons. Addition of lμM co-CgTx-GVIA reduced depolarization induced calcium 
accumulation by 49% in neuronal processes after 4 DIC and by 51% after 12 DIC. 
Distinct "hotspots" of ω-CgTx-GVIA-sensitive calcium accumulation were not 
readily revealed.

Since we detect the presence of ω-CgTx-GVIA-sensitive calcium channels in 
neuronal processes prior to functional synaptogenesis, the rate-limiting step in 
synapse formation must either be at the level of the secretory apparatus or in the 
coupling between calcium channels and the secretory machinery.

137 .13

SYNAPTIC VESICLE RECYCLING AFTER ACETYLCHOLINE RELEASE AT 
THE FROG MOTOR END-PLATE: THE USE OF SYNAPTOPHYSIN 
IMMUNOLABELLING. C. Colasantc and M. Pécot-Dechavassine. (SPON: 
European Neuroscience Association). Inst. Neurosciences, Dept. Neurobiol. (URA 
CNRS 1488). Univ. Paris VI. 7 quai St Bernard 75252 Paris, Cedex 05, France.

Some of the molecular events that take place during synaptic vesicle (SV) fusion, 
leading to ncurotransmittcr release by exocytosis. began to be understood. However, 
very little is yet known of how SVs arc recycled. Synaptophysin, a SV integral 
protein, has been used as marker of SV membrane to follow the process of exo- 
endocytosis during ACh release at the frog neuromuscular junction.

Intense ACh release was stimulated in cutaneous pectoris nerve-muscle 
preparations with: a) 25 mM K+ for 3 h; b) 1 mM Cd2+ in Ca2+ -free medium for 3 h 
and c) electrical stimulation at 2 Hz for 5 min in the presence of 4-aminopyridine. 
After aldehyde fixation synaptophysin was immunocytochemically labelled in 
dissociated muscle fibers with rabbit anti-synaplophysin antibody followed by anti-
rabbit IgG coupled to 0.8 nm colloidal gold particles. The gold label was intensified 
with silver.

Intensified gold immunolabclling for synaptophysin showed that in either 
unstimuiated or K+ stimulated preparations, the silver particles are associated only 
with SVs In constrast, after Cd2+ stimulation, the label is found along the 
axolemma of the depleted nerve terminals mainly as discrete spots at the active 
zones. After electrical stimulation the immunolabel was associated to the SVs as 
well as to the axolemmal infoldings and coated pits.

The results show that after K4-induced ACh release the SVs are rapidly recycled at 
the active zones in a «kiss and run» fashion. Conversely, when ACh release is 
stimulated with Cd2+ and SV recycling is inhibited, or when evoked ACh release is 
greatly enhanced by aminopyridine during electrical stimulation, SV fusion is 
accompanied by translocation and incorpotation of synaptic vesicle membrane 
proteins into the axolemma.

1 3 7 .10
FORMATION OF PRESYNAPTIC TERMINAL BY DOUBLE 
EXPRESSION OF CHOLINE ACETYLTRANSFERASE AND 
SYNAPSIN IIB IN NG108-15 CELLS
T. Sugiyama, H. Misawa1, A. Yoshida and T. Yoshioka*, Dep. of Molecular 
Neurobiology, Waseda Univ., Tokorozawa, Saitama 359 Japan, 1Dep. of Molecular 
Neurobiology, Tokyo Metropolitan Institute of Neuroscience, Fuchu, Tokyo 183, 
Japan.

According to the accumulated data of synaptogenesis, it has been expected that 
double expression of choline acetyltransferase (ChAT) and synapsin IIb will form 
presynaptic terminal in NG108-15 cells; ChAT overexpressed cell line was found to 
produce a large amount of ACh in the cells (Misawa H. et al. 1994 J Neurochem 
62:465) and synapsin IIb overexpressed cell exhibited marked increase in the number 
of small clear vesucles and large dense core vesicles (Han H.-Q. et al. 1991 Nature 
349:697).

Doubly transfected cell line was established as follows: The cDNA of synapsin IIb 
was isolated from rat brain cDNA library. The fragments of synapsin IIb were cloned 
into the EcoRI site of the expression vector pEF321A to yield pEFSYNIIb. The 
ChAT expressing NG108-15, NGChAT201, was transfected with the synapsin IIb 
expression vector and pSV2bsr, and several clones expressing the synapsin IIb was 
isolated by screening blasticidin resistant clones by immunoblotting using anti- 
synapsin II antibody. The content of ACh didn't correlate with the amount of 
synapsin IIs. When the cloned cell line was differentiated by dibutyl-cAMP, a largely 
increased number of ACh was released from the established cells with ATP by the 
stimulation of bradykinin. These results indicated that NG108-15 cell changed to be 
presynaptic terminal by double transfection as was expected.

137 .12
DIRECT ACTIVATION OF SECRETION BY RUTHENIUM RED: A NEW 
TOOL TO PROBE THE RELEASE MACHINERY IN HIPPOCAMPAL 
NEURONS. L.-E. Trudeau*. R.T. Doyle and P.G. Haydon. Lab. of Cellular 
Signaling, Dept. of Zoology & Genetics, Iowa State University, Ames, IA 50011.

The polycationic dye ruthenium red (RR) is known to increase the frequency of 
spontaneous release of neurotransmitter quanta (minis) at the neuromuscular 
junction. This effect has been attributed to the release of calcium from 
mitochondrial stores in synaptic terminals. We have re-investigated this 
phenomenon at synapses formed in culture between rat hippocampal neurons. In the 
presence of TTX, puff-applied RR induces a rapid (seconds) and reversible increase 
in mini-frequency. Using 30 μM RR, an 11.1+/- 1.5 fold increase is obtained (n = 
31). The effect can be obtained with low concentrations of RR: the EC50 is 
between 1 and 10 μM (n= 8) when RR is applied by perfusion. The presynaptic 
origin of this effect is supported by the observation that the amplitude of minis and 
of glutamate-activated currents are not changed in the presence of RR. This 
activation of secretion is still obtained after removal of external calcium or addition 
of 1 mM CoCl2 to block calcium channels. Unlike RR, FCCP (1 μM), a 
mitochondrial uncoupler and thapsigargin (1 μM), a Ca-ATPase blocker, fail to 
reliably increase mini-frequency. Pretreatment with these substances also fails to 
block RR-evoked release, suggesting that internal calcium stores are unlikely to be 
involved in the action of RR on the secretory machinery. Further support for a 
calcium-independent mode of action is the observation that RR is unable to elevate 
intracellular calcium as estimated by FURA-2 imaging experiments. We 
hypothesize that RR acts by binding to an external site on the presynaptic 
membrane. In support of this model we find that puff-application of heparin sulfate 
(polyanionic) can rapidly reverse the action of RR. We suggest that RR may prove 
to be an extremely useful tool to probe the mechanism and modulation of the 
secretory machinery in neurons. Work supported by NIH (P.G.H.) and Human 
Frontier Science Program (L.-E. T.).

137 .14

FM1-43 DESTAINING FROM ACTIVE ZONES OF THE FROG 
NEUROMUSCULAR JUNCTION L.G, Wu• and W.J. Betz. Department of 
Physiology, University of Colorado Health Science Center, Denver, CO 80262

We studied the destaining of FM 1-43 labeled vesicle clusters possessing single or 
multiple active zones during 6-60 sec of 10 Hz nerve stimulation at the frog cutaneous 
pectoris neuromuscular junction. Preparations were first incubated in rhodamine- 
conjugated α-bungarotoxin (BgTX) for labeling stripes of muscle acetylcholine 
receptors (AChR), which indirectly indicated the active zone locations. The vesicle 
clusters of presynaptic terminals were then labeled with FM1-43 by nerve stimulation. 
FM1-43 spots overlapped with one to four BgTX stripes, indicating that a cluster of 
vesicles may have access to single or multiple active zones. In normal frog ringer 
solution, the initial rate of dye loss during nerve stimulation from spots having single 
active zones varied significantly, suggesting that the average probability of release 
from active zones evoked by nerve stimulation is not uniform.

Active zones span almost the entire terminal width parallel to corresponding AchR 
stripes. The width of a FM1-43 spot measured in a direction parallel to its 
corresponding BgTX stripe(s) is an estimate of the active zone length utilized by the 
vesicle cluster. We found that the initial dye loss of FM1-43 spots is linearly related 
to the width of the spot. This suggests that the average probability of evoked release 
from a vesicle cluster is proportional to the active zone length used by the cluster.

We also quantified relationships between other variables, such as the initial total 
brightness (the sum of all pixels in a spot, a measurement of the initial number of 
vesicles), and ultrastructural features such as the number of synaptic vesicles and the 
width of a vesicle cluster. A model about probability of transmitter release, length of 
active zone used by a vesicle cluster and the number of vesicles in the cluster is 
proposed. This model well explains our data.
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137.15

The styryl dye FM1-43 is localized in synaptic vesicles, 
and is released by nerve stimulation

A. W. Henkel, J. Lübcke* *and W. J. Betz*
Dept. of Physiology, Univ. of Colorado Med. School, Denver, CO 80262, 
USA. **Albert Ludwig University, Freiburg, GER.

The fluorescent styryl dye FM1-43 appears selectively to label recycled 
synaptic vesicles, and to be released subsequently by exocytosis. We have 
tested directly two important parts of this hypothesis. First, using 
photoconversion of FM1-43 in the presence of diamino benzidine we have 
confirmed ultrastructurally that the dye is localized in synaptic vesicles. 
Second, we have fluorimetrically detected FM1-43 released during nerve 
stimulation of prestained preparations.

Photoconversion. The ultrastructural location of FM1-43 in prestained 
terminals was determined by exposing the preparation to strong light in the 
presence of diamino benzidine, which formed an electron-dense precipitate. 
Subsequent examination in the electron microscope demonstrated that the 
precipitate was localized in the lumen of synaptic vesicles.

Fluorimetry. Stained preparations were incubated in a small volume of 
Ringer. Samples (100 μl) of extracellular fluid were collected (and replaced 
with fresh Ringer) every five minutes. Samples were mixed with detergent 
(1.2% CHAPS), which increases FM1-43 fluorescence, and measured in a 
fluorimeter. Fluorescence was significantly higher in samples collected 
immediately after nerve stimulation (10 Hz, 5 mins), compared to other 
periods, demonstrating that destaining of nerve terminals is due to 
activity-dependent release of FM1-43.
Supported by a HFSPO Fellowship to AWH and NIH grant NS23466 to WJB.

137 .16
M O L E C U L A R  A N D  F U N C T IO N A L  D IV E R S IT Y  O F  IN D IV ID U A L  
N E R V E  T E R M IN A L S  O F  IS O L A T E D  C O R T IC A L  N E U R O N S . J.K . 
Stap le. A. O se n -S an d . F. B en fen a ti0. E. M erlo  Pich and S. 
C ats icas*. G laxo  Institute for M o lecu la r Biology, G en e v a , 
S w itzerland and 0University of R o m a T o r V erg a ta , R o m a, Italy.

Learning is associated with ch anges in the strength of 
connections b etw een  neurons which can occur ind ependently  in 
individual syn apses of the sam e cell. W hile  the m olecu lar 
m echanism s of functional synaptic plasticity a re  still subject to 
d eb ate , it is c lear that both pre- and post-synaptic  com po nen ts  are  
involved. A  possible presynaptic com po nen t of th ese  adaptive  
changes is suggested by the differential exp ression , in vivo, of 
nerve term inal proteins (N T P s) involved at various s tages of 
m em b ran e  fusion and transm itter exo cytosis. H e re  w e show  that 
single cortical neurons cultured in isolation a re  cap ab le  of 
differential expression of N T P s  at different syn apses. Using the  
dye F M 1 -4 3  in m ixed neuronal cultures, w e also show  that the  
intensity of uptake and re lease  of the dye following K+  stimulation  
at each  synapse correlate  with the levels of synaptophysin, 
synapsin I and S V 2  but not of synapsin II. T h e s e  da ta  dem ostra te  
that differential expression of N T P s  is predictive of synaptic  
strength. T h ey  also show  that physiological variations of the levels  
of expression of synaptophysin, synapsin I and S V 2  corre la te  with 
synaptic efficacy.

PRESYNAPTIC MECHANISMS IV

138.1

CALCIUM DEPENDENCE OF TRANSMITTER RELEASE IN 
THE VERTEBRATE CNS. S. S iv a ra m a k r is h n a n * and  G . 
Laurent. Biology D ivision. C aliforn ia  Institute of Technology, 
Pasadena. CA 91125-

We are examining the dependence of transm itter re lease on the 
presynaptic calc ium  current at the  chick  m ag n o ce llu la ris  
synapse. W e use sim ultaneous whole cell patch-clam p recording 
techniques on the presynaptic term inal and postsynaptic neuron  
to m easure calc ium  currents  and exc ita to ry  p o s tsynaptic  
currents (E P S C s) respectively. E P S C s are evoked by calcium  
currents g en erated  in the nerve  term inal by vo ltage  c lam p  
pulses. EPSCs evoked by calcium currents of 5 -1 0  ms duration  
are predom inantly "off" responses and occur follow ing the  
calcium tail current. T h ere  is very little transm itter re lease  
during the depolarizing voltage step. Both E P S C  m agnitude and  
calcium current m agnitude have a bell shaped dependence on the 
presynaptic m em brane potential. T h e  calcium current peaks at 
-10 mV and reverses at about + 8 0  m V. A double logarithmic  
plot of the E P S C  am p litu d e  ag a in s t the  calc ium  current 
magnitude during either the low voltage or high voltage limbs of 
the bell shape indicates that transm itter re lease at this synapse  
has a low power dependence on the presynaptic calcium current. 
Supported by N IM H  and N S F -P F F  (GL).

138 .2
SIMULTANEOUS FLUORESCENCE MICROSCOPY AND CELL 
CAPACITANCE MEASUREMENTS IN BOVINE ADRENAL 
CHROMAFFIN CELLS.
C. Smith* and W. Betz. Neuroscience Program and Dept. of Physiology,
Univ. of Colorado Medical School, Denver, CO 80262

We have previously characterized the activity-dependent uptake of the styryl dye 
FM1-43 by bovine adrenal chromaffin cells. Here we report the simultaneous use of 
FM1-43 based digital fluorescence microscopy and electrophysiological cell surface 
capacitance measurements in order to study evoked exocytosis and endocytosis of 
chromaffin secretory granules.

Exocytosis. Whole cell voltage clamped chromaffin cells bathed in 
4 μM FM1-43 and imaged by fluorescence microscopy showed a stimulation- 
dependent increase in both cell edge (1 μm rim) brightness and cell capacitance. 
These increases reflected the exocytosis of secretory granules, exposing granule 
membrane to the extracellular fluid (causing the cell edge fluorescence to grow 
brighter) and increasing the surface membrane area (causing the whole cell 
capacitance to increase). Cell capacitance changes varied greatly from cell to cell. 
We found that the change in edge fluorescence closely paralleled the change in 
capacitance: cells giving large capacitance increases gave proportionately large 
increases in edge fluorescence.

Endocytosis. Following exocytosis, capacitance and fluorescence signals 
decreased. Capacitance decreases, reflecting membrane internalization, were much 
faster than fluorescence decreases. The decrease in fluorescence required that 
stained endosomes move away from the edge of the cell, a process much slower than 
membrane internalization.

We also found that the fluorescence of FM1-43 is voltage dependent, showing a 
decrease in fluorescence during membrane depolarization (about 4% / 100 mV). 
This raises the possibility of optical detection of membrane internalization.

138.3

CALCIUM IMAGING IN MAMMALIAN CNS AXONS REVEALS 
LOCAL CA2+ TRANSIENTS, AT PUTATIVE SINGLE VESICULAR 
RELEASE SITES, IN RESPONSE TO ACTION POTENTIALS.
P.J. M a ck e n zie * , M . U m e m iy a  and  T .H . M u rp h y , N eu ro lo g ica l Sci., 
Dept. Psychiatry, U n iv . British C o lu m b ia , V an co u ver, BC, V 6T 1Z3.

The presynaptic term in a l o f single m a m m a lia n  C N S  axons has 
been inaccessible to e lec tro p h ysio lo g ica l e xa m in a tio n . To resolve  
these structures, w e  p erform ed C a 2+ im aging  on axons o f cultured  
cortical neurons in jected  w ith  fu ra -2 . S ingle or pa ired  action  
potentials w ere  evo ked  by e x tra c e llu la r s tim ulation  w h ile  [C a2+] i 
was imaged in fin e  axo nal processes (~ 1 μ m in d iam eter; 30  H z /p ix e l 
size 0.2 μm). S tim u latio n  resulted in C a 2+ transients that w ere  
observed at all sites im aged along  the axo n . C lose exam in a tio n  
revealed a faster rise tim e  ( - 3 3 - 6 6  ms) and a larger am p litu d e  at 
axonal varicosities. E lectron m icro sco p ic  analysis in parallel 
cultures suggested that such varicosities co n ta in ed  (~ 50  nm ) synaptic  
vesicles. These C a 2+ transients d ep en d ed  on extra c e llu la r C a 2+ and, 
consistent w ith  an actio n -p o ten tia l m ed iated  event, e xh ib ited  a ll-o r- 
none behaviour w h en  the  s tim ulation  intensity w as increased. C a 2+ 
responses w ere  greatly  reduced  by c o m b in e d  ap p lica tio n  o f Aga IV A  
(200nm), CgTx G V IA  (1 μM ) and C gTx M V IIC  (1 μM ). These results 
show that axonal specia liza tions  dem on stra te  local transients and  
suggest that m echanism s exist in the  C N S  to  c luster C a 2+ channels or 
to increase C a2+ channel fu n ction  lo ca lly .

1 3 8 .4

THE EFFECT OF MITOCHONDRIAL UNCOUPLERS ON THE 
REMOVAL OF CALCIUM FROM A SYNAPTIC NERVE TERMINAL 
FOLLOWING DEPOLARIZATION. D. Zenisek and G. Matthews*. Dept. 
of Neurobiology and Behavior, SUN Y Stony Brook, Stony Brook, N.Y. 
11794.

The whole cell patch clamp technique and the calcium indicator Fura-2 
were employed to investigate the effects of mitochondrial calcium uptake 
inhibitors on depolarization evoked calcium transients within the giant 
synaptic terminals of goldfish retinal bipolar cells. Depolarization of 
retinal bipolar cells from -60  to 0 mv activates an inward calcium current 
within the synaptic terminals of the retinal bipolar cells. In the absence of 
mitochondrial inhibitors, depolarizations of 300 msec elicited a step 
increase in calcium concentration, which returned to baseline with a best 
fit exponential time constant near 3.5 seconds. External application of 
5pM CCCP caused a small increase in baseline calcium concentration and 
a significant decrease in the rate of calcium removal following

depolarization (t= 7sec, see 
below). Similar results were seen 
with 5pM FCCP. (Supported by 
NIH grant EY03821.)
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138 .5
THE CALCIUM DEPENDENCE OF LHRH AND ACH RELEASE IN 
BULLFROG SYMPATHETIC GANGLION. C. H einem ann1-2. E. 
Neher1* . and R.S. Zucker2. 1Max-Planck-Institute for Biophysical 
Chemistry, Dept. Membrane Biophysics, 37077 Gottingen, Germany; 
2Univ. Calif. Berkeley, Div. of Neurobiology, Berkeley, CA 94720.

We filled presynaptic nerve terminals of sympathetic ganglion IX and X 
with DM-nitrophen. Synaptic transmission was recorded from ganglion 
cells with intracellular electrodes. With low intensity UV light pulses of 3- 
5 s duration, intracellular calcium ([Ca2+]i  was raised to low μM levels in 
the terminal. This was sufficient to cause high rates of luteinizing hormone 
releasing hormone (LHRH) release, similar to what is achieved by 
stimulating the presynaptic nerve at 20 Hz for several seconds (Peng & 
Horn, 1991, J.Neurosci. 11:85-95). This suggests that LHRH release 
involves no low affinity fusion step. Acetylcholine (ACh) release 
increased only to a small fraction of the number of quanta released by the 
tetanus. When the light was turned off, the LHRH response immediately 
stopped rising. This contrasts with nerve tetani where the response often 
continues to rise for ten's of seconds after stimulation stops. Only a high 
intensity UV light pulse that completely photolyses DM-nitrophen and 
raises [Ca2+]i to ten's of micromolar leads to a significant increase in 
cholinergic MEPSP frequency. By erasing the spatial gradient of [Ca2+]i 
we have inverted this synapse so that now LHRH is more sensitive to 
[Ca2+]i than ACh, while during nerve stimulation ACh release is more 
sensitive to Ca2+ influx than LHRH. In contrast to fast synapses the rate of 
LHRH release, measured as the slope of the late slow EPSP, depends 
almost linearly on [Ca2+]i (Hill coefficient 0.77 ± 0.10, mean ± S.D., 
n=5). Supported by NIH grant NS 15114.

138 .7

CALCIUM CHANNEL SUBTYPES MEDIATING SYNAPTIC  
TRANSMISSION DURING AGING. S.H. Hall* and W.H. Griffith. 
Dept. Medical Pharmacol. & Toxicol., Texas A&M University Health 
Science Center, College Station, TX 77843-1114.

Distinct calcium channel subtypes have been shown to mediate synaptic transmis
sion in the hippocampus of young animals. The aim of this study was two-fold. First, 
to qualify the calcium channel subtypes mediating transmission in the aged animal 
and, second, to determine if there are any age related changes in the degree of 
participation of these channels. Electrophysiological studies were made from 
hippocampal slices in young (1-2 months) and aged (24-26 months) male Fischer 344 
rats. Extracellular excitatory postsynaptic potentials (epsps) were recorded from the 
dendrites of CA1 pyramidal cells after stimulation of the Schaffer collateral/com- 
missural pathway. Dihydropyridine sensitive calcium channels are not involved in 
mediating synaptic transmission in young or aged animals. We found upon application 
of nicardipine (10 μM) synaptic transmission remained unaffected in the young (n=7) 
and aged (n=6) rats. Both ω-conotoxin GVIA (500 nM) sensitive and ω-agatoxin 
IVA (200 nM) sensitive calcium channel subtypes mediated synaptic transmission 
in both young and aged animals. Conotoxin depressed synaptic transmission to 36 
± 6 percent of control in young (n=14) cells and 43 ± 5 percent in aged (n=10) 
animals (p>0.05). Agatoxin depressed synaptic transmission to 38 ±7 percent of 
control in the young (n=12) and 46 ± 8 percent in aged (n=7) animals (p> 0.05). 
There were no age-related changes associated with the conotoxin-sensitive or agatoxin- 
sensitive calcium channel subtypes mediating synaptic transmission. Therefore, the 
fractional contribution of each channel subtype does not contribute to changes in 
synaptic transmission in the hippocampus during aging.
(Supported by NIH grant AG07805)

138 .9

FLUCTUATIONS IN EVOKED CALCIUM RESPONSES AT CENTRAL 
PRESYNAPTIC TERMINALS. Bruno G. Frenguelli* and Roberto Malinow. 
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724.

Synaptic transmission is a stochastic process whose probabilistic elements are 
currently undefined. We have tested the hypothesis that an action potential (AP) 
admits an amount of calcium (Ca) at presynaptic terminals that varies from trial to 
trial. This process would also be expected to contribute to the probability of 
release. Cortical slices were prepared from rat pups (11 - 14 days) and whole cell 
voltage clamp recordings were made from superficial layer V pyramidal neurones 
under visual guidance. Fura-2 (2 mM) was added to a standard K+-based, ATP- 
and GTP-containing internal pipette solution to allow visualisation of patch- 
clamped neurones with a 40x, 0.75 NA water immersion lens. Fluorescence image 
sequences (150 ms/frame) were captured with a cooled CCD camera during 
periods of no stimulation (noise sweeps) and during periods when AP's were 
evoked by brief (5 ms) depolarisations (30 - 60 mV) from rest (~ -60 mV) (trial 
sweeps). Analysis was confined to small (~ 2 x 3 μm) regions of increased 
fluorescence, resembling en passant presynaptic boutons, on primary and 
secondary axon collaterals. A comparison of amplitude distribution histograms of 
trials and noise sweeps revealed that in all sites the mean increase in fluorescence 
elicited by an AP was significantly (p < 0.05) greater than noise. In ~ 50 % of 
regions analysed, the variance of the trials was not different from the variance of 
the noise. However, in the remaining 50 % of sites, the trials variance was greater 
(p < 0.05) than the noise variance, implying fluctuations in the AP-evoked rise in 
intracellular Ca. In addition to these fluctuations we observed apparent failures in 
the ability of an AP to elicit a rise in intra-terminal Ca. Our data suggest that the 
probability with which an AP will admit sufficient Ca to catalyse transmitter 
release contributes to the probability of transmitter release.

B.G.F. is in receipt of a Wellcome Trust (UK) International Fellowship.

13 8 .6
CA2+-STORING ORGANELLES AND POST-TETANIC POTENTIATION 
(PTP) AT CRAYFISH NEUROMUSCULAR JUNCTIONS Y.-g. Tang and
R.S. Zucker*. Neurobiology Div., Univ. of Calif, Berkeley. CA 94720.

We have studied the role of presynaptic Ca2+-storing organelles in post- 
tetanic potentiation (PTP) at neuromuscular junctions of crayfish leg opener 
muscles. Presynaptic [Ca2+]i was measured with fura-2 while recording 
excitatory junction potentials (EJPs). The mitochondrial uncoupler carbonyl 
cyanide m-chlorophenylhydrazone (CCCP) (0.5-10 mM) boosted the 
presynaptic [Ca2+]i reached in nerve terminals during tetanic stimulation (20-33 
Hz for 7-10 min) to 1.97 ± 0.60 (mean ± S.D., n=10) times the level reached 
before administering CCCP. Resting [Ca2+]i was less affected (mean increase 
42% ± 60%, n=10). In two preparations where nerve block was not evident, 
CCCP increased the tetanized EJP to 1.4 times control. The post-tetanic phase 
of potentiation was almost completely blocked, while augmentation was little 
affected and [Ca2+], decayed more rapidly than in controls. CCCP (3-10 μM) 
also slowed the rise of facilitation during a tetanus 7.27 ± 6.79 times control 
(n=4). In contrast to CCCP, caffeine (2 mM) and thapsigargin (2 μM) did not 
alter tetanic or post-tetanic EJP potentiation or fCa2+]i. The results suggest that 
the accumulation of [Ca2+]i during a prolonged tetanus and its slow post-tetanic 
decay are buffered by Ca2+ uptake into mitochondria but not endoplasmic 
reticulum in these terminals. ATP depletion could explain the tendency toward 
nerve block and the increased tetanic [Ca2+], and potentiation, but not their 
more rapid decay. The effect of CCCP on facilitation is not yet understood. 
Supported by NIH grant NS 15114.

13 8 .8
SY N A PT IC  EN D O C Y TO SIS  M O N ITO R ED  BY ELEC TR O N - 
M IC R O S C O P IC  ANALYSIS O F PR ESY N A PTIC  M EM BRANE 
INVAGINATIONS: EFFECT OF CALCIUM

H. Gad. O. Shupliakov. V. A. Pieribone2 and L. Brodin*
Dept of Neurosci., The Karolinska Institute, Stockholm, Sweden;
2Lab. of Mol. and Cell. Neurosci., The Rockefeller Univ., NY, NY 10021.

The role of calcium in controlling synaptic membrane retrieval following 
transmitter release is unclear. For instance, calcium is required for vesicle 
recycling following α -latrotoxin induced release (Ceccarelli and Hurlbut 
1980), while it does not affect FM 1-43 uptake following high K+ 
stimulation (Ryan et al. 1993). Moreover, intracellular Ca2+ inhibits the 
capacitance decrease following exocytosis induced by sustained 
depolarization (Von Gersdorff and Matthews, 1994). To examine the 
role of external Ca2+ in endocytosis following action potential-evoked 
release we have used the giant reticulospinal synapse in lamprey. High 
frequency action potential stimulation of this synapse caused a depletion 
of synaptic vesicle clusters and the appearance of prominent presynaptic 
membrane invaginations. These changes were significantly reduced by 5- 
hydroxytryptamine, which has a presynaptic inhibitory effect. The 
changes recovered completely during a 15 min resting period in the 
presence of extracellular Ca2+. In contrast, when Ca2+ was removed in 
the end of the stimulation period (and EGTA added), no recovery of the 
stimulus-induced changes occurred (up to 90 min). A subsequent re-
addition of Ca2+ led to a complete recovery, even in the absence of action 
potential stimulation. These results suggest that external C a2+ is required 
for synaptic membrane retrieval following action potential-induced 
release. However, Ca2+-entry evoked by action potentials is not necessary 
to trigger membrane retrieval.

138 .10

MEASUREMENT OF STIMULATED EXOCYTOSIS FROM INDIVIDUAL 
SYNAPTOSOMES USING CONFOCAL MICROSCOPY. R A. Nichols*.
S.S Golemme and P. M ollard Departments of Pharmacology and Anatomy 
and Neurobiology, Medical College of Pennsylvania, Philadelphia, PA 19129 

Regulated secretion from presynaptic nerve terminals occurs by Ca2+-evoked 
exocytosis of neurotransmitter from synaptic vesicles. Direct physiological 
measurements of exocytosis from presynaptic terminals in mature mammalian brain 
has been hampered by their small size. Previously, we have used laser scanning 
confocal microscopy to measure Ca2+ changes in individual isolated presynaptic 
terminals (synaptosomes) from rat brain induced by depolarization or, in a subset of 
synaptosomes, by agonist activation of presynaptic 5-HT3 receptors, using a 
fluorescent Ca2+ indicator. Here, we have applied this method to the study of 
exocytosis from individual synaptosomes using the fluorescent styryl membrane dye 
FM1-43, which labels synaptic vesicles formed on endocytosis during stimulation of 
the terminals. Synaptosomes plated onto coverslips were loaded with 5 pM FM1-43 
using a brief (15-60 sec) K+ -induced depolarization pulse in order to label the 
synaptic vesicles formed on endocytosis during stimulation. After extensive washing 
by perfusion to remove surface-bound dye, K+-induced depolarization led to a sharp 
drop ( ‘destaining”) in fluorescence associated with many (35-55%) but not all of the 
synaptosomes, indicating the release of dye by exocytosis of synaptic vesicles. The 
stimulation-induced destaining of synaptosomes ranged from 15 to 35% of the pre-
stimulation fluorescence. In contrast, K+-stimulation had no effect on residual 
fluorescence associated with myelin-like structures, present as a very minor 
contamination in typical synaptosomal preparations, indicating the synaptosome 
destaining did not result from desorption of residual dye bound to the plasma 
membrane. While we had previously found depolarization-induced Ca2+ changes in 
most, if not all synaptosomes visualized by confocal imaging, our results here 
suggest that only a subset of the synaptosomes are capable of stimulated exocytosis.

Society for Neuroscience, Volume 2 1 , 19 9 5
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1 3 3 .1 1
CALCIUM DEPENDENCE OF SECRETION IN RAT MELANTROPHS.

A. K. LEE* and W. ALMERS. Dept. of Molecular Cell Research. Max- 
Planck Institute for Medical Research, Heidelberg. Germany.

We have studied the calcium dependence of secretion in rat 
melanotrophs using membrane capacitance measurement and indo-1 
microfluorimetry. By dialyzing strongly EGTA or HEDTA buffered 
calcium solutions into single melanotrophs, we found that (Ca2+]>400 
nM stimulated secretion. The rate of secretion increased with [Ca2+] 
and was not saturated at [Ca2+l>2 μM. The rate of secretion followed a 
similar calcium dependence when intracellular [Ca2+ ] was raised by 
calcium influx through a leak current. A constrained Hill equation 
least-squares fitted to the dialysis and calcium influx data gave 10 and 
11 μM respectively as the [Ca2+] at half-maximal rate. In contrast 
calcium released from IP3-sensitive stores stimulated faster secretion 
than either buffered calcium solutions or calcium influx at comparable 
(Ca2+). The constrained Hill equation fitted to the intracellular calcium 
release data gave 7 pM as the [Ca2+]at half-maximal rate. This shift in 
calcium dependence suggests that the sites of calcium release and 
vesicle exocytosis may be colocalized. We also found that cAMP (200 
pM) enhanced both the rate and amount of secretion at [Ca2+ ]>l μM. 
Interestingly, the protein kinase C activator, PMA - phorbol myristate 
acetate (200 nM) enhanced the rate and amount of secretion only at 
[Ca2+)<400 nM. but not in the absence of calcium. Clearly, the calcium 
dependence of secretion can be modulated by intracellular messengers. 
Additionally the different calcium requirements for cAMP and PMA 
modulation suggest separate sites of action on the secretory machinery. 
(Supported by PHS NRSA T32 GM07270 from NIGMS and NIH grant 
AR-17803)

1 3 8 .1 3

IN FLU E N C E  OF A C T IV E  Z O N E  D IM E N S IO N S , C a 2+ C H A N N E L  
D E N S IT Y , A N D  A D J A C E N T  ZO N E S  O N  N E U R O T R A N S M IT T E R  
RELEASE. J.L. W inslow 1,2. R.L. Cooper2. C.K Govind3*. J. Pearce3, 
and H.L. A tw o od12. Biomedical Eng.1, D ept. o f Physiol.2, & Life Sci. 
at Scarborough College3, Univ. of Toronto, Toronto, Canada

Presynaptic  regions contain  a ctive  zones (A Zs) w h ic h  ap pear 
in fre eze  fractu re  m icrographs as c lusters o f large in tram em b ran o u s  
partic les  believed to  be vo ltage  a c tiv a te d  Ca2* and Ca2+ a c tiv a te d  K+ 
channels (Cav and Kca channels ). A Z s  of c ru s tac e an  presyn ap tic  
regions vary  5-fo ld  in area. M o re  n e u ro tran sm itte r should be re leased  
at larger A Z s and a t those w h ere  th e  density  o f channels  is grea ter. 
T hese influences should fu rth er en h an ce to ta l Ca2+ fro m  close  
neighbouring A Zs.

To  eva lu ate  these  e ffe c ts  on [Ca]i, hence tra n s m itte r  re lease, 
w e  used techniques from  c o m p u ta tio n a l g e o m e try  and a m o del fo r 
th e  reaction-d iffusion  o f Ca2+. Freeze fra ctu re  m icrographs o f c rayfish  
p resynap tic  A Zs w ere  v ideo-d ig itized , the  in tram em b ran o u s  partic les  
outlined , and the ir centro ids co m p u te d . T he  A Z  area w a s  d e term in ed  
by th e  co nvex hull of the  cen tro ids , the  sm allest polygon (shape of 
a tig h t rubber band) contain ing the  points. P acking d ensities  of 
channels w e re  m easured as the  num ber of V oronoi neighb ours per 
cen tro id  and the average d is tance from  each cen tro id  to  its Voronoi 
neighbours. For co nstant Cav den s ity , larger A Z s h ave  larger [Ca]r 
T h e  m ax im u m  [Ca]t inside ad jacen t ≤  2 0 0 n m ) A Z s  is g re a te r th an  
at a single A Z . Funded by N SER C , M R C , &  NCE of C an ad a.

1 3 8 .1 5

DIFFERENTIATION OF TRANSMITTER RELEASE PROPERTIES AND CALCIUM 

TRANSIENTS IN PHASIC AND TONIC MOTOR NERVE ENDINGS OF CRUSTACEA. 
M. Msghina. M . P. Charlton* and H. L. Atwood. Department of Physiology, 
University of Toronto, Toronto, Ontario. Canada, M5S 1A8

We investigated the basis of the differences in transmitter release properties at 
'phasic' and 'tonic' neuromuscular junctions of crayfish leg extensor muscle. 'M acro-
patch' recordings from single visualized nerve endings showed that 'phasic' terminals 
had high quantal output at low stimulation frequency; this depressed rapidly with  
increasing frequency. 'Tonic' terminals had very low release probability at frequencies 
lower than 2 Hz, but their quantal output increased w ith  frequency up to 50  Hz. To 
investigate if these differences were partly due to differences in Ca2+ -influx or • 
handling, Ca2+-imaging experiments at individual 'phasic' or 'tonic' nerve endings were 
performed using the Ca2+-indicator dye, calcium-green-1. The nerves were successively 
stimulated for 10 or 20 sec at 1 ,2 ,5 ,1 0 ,  2 0 ,3 0 ,5 0  Hz, and the change in the Ca2+ 
signal monitored using scanning confocal laser microscopy. In 'tonic' terminals there 
was no significantly detectable Ca2+ signal at frequencies below 2 Hz, but starting 
from 5 Hz the signal grew larger monotonically up to 50  Hz. 'Phasic' terminals, on the 
other hand, showed significant increase even at 1 and 2 Hz, and at all frequencies 
tested (1-20 Hz) showed a bigger Ca2+ response than 'tonic' terminals. We conclude 
that the higher release in 'phasic' terminals could, in part, be due to their larger Ca2+ 
response. Whether the larger Ca2+signal is due to surface to volume considerations in 
the much smaller phasic terminals, or due to other factors such as the number of Ca2+- 
channels is under investigation. (Supported by MRC Canada, and the Faculty of 
Medicine, University of Toronto)

1 3 8 .1 2
G-PROTEIN MODULATION OF CALCIUM-INDEPENDENT AND 
CALCIUM-DEPENDENT EXOCYTOSIS IN PITUITARY 
GONADOTROPES. A.Tse and F.W.Tse Dept. Pharmacol., U. of 
Alberta. Edmonton, T6G 2H7. Canada.

In single identified gonadotropes of male rat, gonadotropin-
releasing hormone. acting via a G-protein-coupled 
phosphoinositide pathway induces an oscillatory release of 
intracellular Ca2+ from the IP3-sensitive store which in turn 
stimulates rhythmic exocytosis (Tse et al., Science 260:82). 
However, whole cell dialysis of single gonadotropes with GTP-γ-S, or 
photolysis of caged GTP-y-S, also triggered exocytosis (increase in 
membrane capacitance) at resting [Ca2+]i (<200 nM, measured by 
indo-1). Even in cells loaded with 20 mM EGTA ([Ca2+]i < 50 nM), 
GTP-γ-S triggered exocytosis at a rate of several vesicles/s and the 
cumulative increase in membrane capacitance (in ~200 s) was ~0.5 
pF (-400 vesicles). At resting [Ca2+]i exocytosis was not triggered 
by either extracellular applications of phorbol esters, or 
intracellular GTP (0. 1mM) or GDP-β-S (1 or 2 mM). In cells loaded 
with GDP-β-S (2 mM), no exocytosis was triggered even when 
[Ca2+]i was raised up to 3 μM by photolysis of caged IP3. Without 
intracellular GDP-β-S, the same manipulation typically triggered 
the exocytosis of a pool of ~ 150 readily releasable vesicles at a rate 
of -100 vesicles/s during comparable [Ca2+]i elevations. This 
suggests that the maintenance of a pool of the most readily 
releasable vesicles in a fusion-competent and/or Ca2+-sensitive 
state requires G-proteins. (Supported by the Canadian MRC, Heart 
& Stroke Foundation & AHFMR.)

1 3 8 .1 4

D IV E R G E N T  S Y N A P T IC  T R A N S M IS S IO N  A N D  F IN E  
S T R U C T U R E  O F P H A S IC  A N D  T O N IC  C R U S T A C E A N  M O T O R  
N E R V E  E N D IN G S  T O  T H E  S A M E  P O S T S Y N A P T IC  T A R G E T .
H. Bradacs’1, R.L. Cooper. M. Msohina. H.L. Atwood. Dept. of Physiology, 
Univ. of Toronto, Toronto, Ont., Canada M5S 1A8; Inst. of Zoology, Univ. 
of Graz, Graz, Austria1.

M any crustacean limb muscles are innervated in parallel by tw o  
physiologically different types of excitatory motor neuron. 'Phasic' neurons 
are seldom active, and generate a large excitatory postsynaptic potential 
(EPSP) which fatigues rapidly w ith repetitive stimulation. 'Tonic' neurons are 
active during normal activities, and produce a small, highly facilitating, 
fatigue-resistant EPSP. W e investigated the structural basis for the 
physiological differences. Conjoint physiological and morphological studies 
were conducted on the main extensor muscle in the crayfish leg, which 
receives one phasic and one tonic neuron, and an inhibitory neuron. In the 
living preparation, nerve endings were visualized after treatm ent w ith vital 
fluorescent dyes (Rhodamine 123  and 4 -D i-2-A sp). Phasic endings are 
slender and filiform, w ithout pronounced varicosities, whereas tonic endings 
are larger and markedly varicose, w ith individual varicosities up to 20μm in 
diameter. Inhibitory terminals, revealed by GABA antibody staining, are 
varicose, like the tonic ones. Tonic endings and axons fluoresce more 
brightly after dye treatm ent due to their higher mitochondrial content. W ith  
electron microscopy, higher mitochondrial content and more numerous 
synapses were evident in tonic endings. Focal 'm acro-patch ' recordings 
showed larger numbers of quanta released by phasic endings at low  
stimulation frequencies, as expected from the larger EPSP.
Supported by the Medical Research Council o f Canada (Operating Grant, 
H .L .A .), and the NeuroScience N etw ork, Canada.

1 3 8 .1 6

ROLE OF CA++  IN THE INTEGRIN-MEDIATED STRETCH ENHANCEMENT 
OF RELEASE FROM FROG MOTOR NERVE TERMINALS. B . -M. Chen* and 
A.D. G rinn ell. Dept. of Physiology and Jerry Lewis 
Neuromuscular Research Center, UCLA, Los A ngeles, CA 90095.

The stre tch  enhancement of transm itter re lea se  from 
frog motor nerve term inals i s  suppressed by RGD-containing 
peptides that block integrin-ECM binding (Chen and 
G rin n ell, 1993). This enhancement i s  proportional to the 
Ca++  concentration and i s  increased by BayK8644 and 
decreased by n itren d ip in e , im p licating  L-type Ca++  
channels in  the e f f e c t .  In the absence of extern al Ca++, 
however, s tre tch  s t i l l  increases mEPP frequency. The e f fe c t  
i s  reduced in zero Ca++  Ringer but restored  to normal 
le v e ls  by add ition  of 0 .5  mM Mn++, which probably s u b s ti-
tu tes for Ca++  in  s ta b il iz in g  in teg r in  bonds. The depen
dence of s tretch  enhancement on Ca++ from in tern a l sto res  
has been confirmed by loading term inals w ith BAPTA-AM, 
which blocks the enhancement in  zero Ca++  Ringer. Block of 
the endoplasmic reticulum  Ca++ —ATPase by th apsigargin  in -  
creased mEPP frequency but did not dim inish the stre tch  
enhancement. These r e s u lt s  are in terp retab le  e ith e r  as a 
stretch-induced increase in  in traterm inal Ca++ or as an 
increase in  s e n s i t iv i ty  to Ca++ of some c r i t i c a l  in te r 
mediary in  r e lea se . The involvement of in teg r in s  in  the 
phenomenon i s  supported by the fin d ing that an anti-serum  
to Xenopus in teg r in , kindly provided by Dr. D. DeSimone
(U. V a .), suppresses the s tre tch  enhancement w hile pre- 
immune serum has no e f f e c t .
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138 .17
AMPEROMETRIC DETECTION OF ACTION POTENTIAL-EVOKED 
QUANTAL SECRETION FROM PANCREATIC 6-CELLS. Z. Zhou* and 
S. Misler, Washington Univ. Med. Ctr., St. Louis, MO 63110

Combining amperometry and current-clamp recording (Zhou & 
Misler, JBC, 270:3498) we have detected quantal secretion from individual 
dog and rat pancreatic islet 6-cells incubated in a 5-HT containing-medium. 
(6-cells store 5-HT in insulin granules.) Stable amperometry at 30-35°C was 
made possible by recently developed low noise polypropylene insulated 
carbon fiber electrodes (termed ppCFE). In dog 6-cells, where single Na 
upstroke action potentials (APs) are common, single APs evoke quantal 
release, measured as amperometric spikes (ASs). In rat, where bursting phase 
electrical activity is common, plateau type depolarizations are more effective 
in evoking ASs. ASs of similar spike charge (Q) can be seen with voltage 
clamp pulses where the quantity of ASs per pulse correlates well with the 
increase in membrane capacitance. Q averaged 56 fC in rat, and 401 fC in 
dog, corresponding to 18x104 and 13x105 5-HT molecules (or ~ 4% and 
25% that of a chromaffin granule). These data suggest that in 6-cells 
amperometry may be used to evaluate, in real time, the efficiency of diverse 
patterns of electrical activity in evoking exocytosis. Support: NIH DK37380

138 .19

INTRACELLULAR CALCIUM AND EXOCYTOSIS AT SINGLE NERVE 
ENDINGS. D. R. Giovannucci* and E. L. Stuenkel, Department of 
Physiology, 7804 Medical Sciences II, University of Michigan Medical 
School, Ann Arbor, MI 48109.

A rise in [Ca2+|i is the initiating stimulus for exocytosis. In secretory 
cells, secretion occurs with distinct phases and can show both augmentation 
and adaptation. The present study describes stimulus-secretion coupling at 
the level of the single rat neurohypophysial nerve ending using time- 
resolved membrane capacitance (Cm) measurements under whole cell 
patch clamp mode (to evoke and record ICa) in concert with spatially- 
averaged [Ca2+]i measurements using the Ca2+ probe, fura-2. Exocytosis 
evoked by depolarizing voltage steps occurred with an initial rapid rise in 
Cm (ca . 200 tF/s) followed by a slower phase of endocytosis in which Cm 
recovered over a period of seconds. A large Ca2+ influx often induced a 
second exocytotic phase that was larger and slower than the initial Cm 
increase. Cm increases were coupled to Ca2+ influx, followed a voltage- 
dependent relationship that mirrored that of Ca2+ current activation, and 
could be abolished by removal of external Ca2+, inclusion of 10 mM 
BAPTA in the recording pipette, or by bath application of 100 μ M Cd2+ 
Cm increases were stable despite conditions of whole cell dialysis and a 
50% decrease in peak ICa within 12 min. When Ba2+ replaced Ca2+ as 
the charge carrier, the exocytotic response was diminished and no 
secondary phase of exocytosis was observed. These data suggest that 
secretory granules are in various states of releasability and specific phases 
of secretion may have different Ca2+ sensitivities. Work supported by 
NSF IBN9410834 to ELS & AHA/MI postdoctoral fellowship to DRG.

138 .18
CAPACITANCE MEASUREMENTS OF Ca2+- AND Ba2+-DEPENDENT EXO- 
ENDOCYTOSIS FROM RAT INSULINOMA RINm5F CELLS. E.Sher1. A. 
Codignola1. 1. M. Cooke and J. E. Richmond*. Békésy Lab of Neurobiology, 
University of Hawaii, Honolulu, HI 96822. 1CNR Center of Cytopharmacology, Dept. 
of Medical Pharmacology, University of Milan, Italy.

RINm5F cells are a model of insulin-secreting cells in which both voltage-operated 
calcium channels (VOCCs) and Ca2+-dependent release have been characterized.
Here we show that RINm5F cells also contain and release 5HT. We also present the 
first observations of capacitance changes due to VOCC activation in RINm5F cells.

K+-induced release of 3H-5HT from RINm5F cell populations increased with 
K+concentration and was Ca2+-dependent. Ba2+ could substitute for Ca2+ in the 
stimulated-release process. Ba2+ was also a potent secretagogue in RINm5F cells in 
the absence of a K+ stimulus. 10 nM thapsigargin pre-treatment to deplete 
intracellular Ca2+-stores dramatically reduced K+-stimulated 3H-5HT release in 
external Ca2+ whereas release in Ba2+ was almost unaffected.

Changes in cell capacitance of RINm5F cells after brief depolarizing pulses were 
diverse, ranging from large increases in Cm, decreases, biphasic responses and non- 
responders. 38% of the RINm5F cells exhibited a robust stepwise increase in Cm of 
greater than 2% total Cm to a 10 pulse train ( 1Hz). This response was reversibly 
abolished by 200 μM Cd2+. The largest increase in Cm occurred in the first step of 
the train with subsequent depression which was not attributable to ICa2+ rundown. 
Ba2+ was able to substitute for Ca2+ in exocytosis although with less potency and a 
more linear pattern of secretion within the train. In thapsigargin pre-treated cells, 
robust exocytosis comparable to controls was observed in the presence of external 
Ca2+ or Ba2+. Fast and slow rates of Cm reductions, that may reflect membrane 
retrieval after extensive exocytosis were also efficiently triggered by Ca2+ but were 
much less evident in Ba2+. Supported by NIH grant NS 15453 to I.C. and U of HI 
Foundation and a Telethon Italy fellowship to E.S.

138 .20
PERFORATED PATCH RECORDINGS OF LARGE DENSE-CORED 
VESICLE EXOCYTOSIS IN BOVINE ADRENAL CHROMAFFIN CELLS. K . 
L. Engisch* and M. C. Nowycky. Department of Anat. and Neurobiol., Med.
Coll, of Pennsylvania, Phila., PA 19129.

Capacitance detection techniques have been used to study Ca2+-secretion 
coupling in single cells, but the data obtained from whole cell recordings are 
quite variable. We have re-examined the relationship between Ca2+ and 
exocytosis in perforated patch recordings of bovine adrenal chromaffin cells. 
Single depolarizing pulses were used to evoke exocytosis, and the amount of Ca2+ 
entry, in total number of ions, was calculated from the time integral of the Ca2+ 
current.

Ca2+ influx per depolarizing pulse was manipulated by: 1) changing the 
external Ca2+ concentration; 2) depolarizing to different test potentials; 3) 
changing pulse duration; and 4) applying the Ca2+ channel blockers ω-conotoxin 
GVIA and ω-agatoxin IVA. We find that the amount of exocytosis, in fF, is 
consistently related to the total number of Ca2+ ions raised to the 1.3-1.8 power, 
independent of current amplitude, number of channels, or Ca2+ channel type. The 
relationship we obtained with single depolarizing pulses successfully predicted 
the summed exocytosis produced by a train of 10-ms duration pulses. Thus, the 
quantitative relationship between Ca2+ entry and exocytosis is consistent over a 
wide set of Ca2+ entry parameters, indicating that the secretory apparatus of 
chromaffin cells responds to the total number of Ca2+ ions rather than simply the 
magnitude of sub-membrane Ca2+ elevation. These results are not predicted by 
quantitative models of Ca2+-secretion coupling which use reaction kinetics based 
exclusively on Ca2+ concentration.

PRBSYNAPTIC MECHANISMS V

139 .1

QUANTAL SECRETION FROM VISUALIZED BOUTONS ON RAT PELVIC 
GANGLION NEURONES. M. R. Bennett*. N A. Lavidis and D.Warren. 
Neurobiol. Lab., Physiol. Dept. F13, Univ. of Sydney, NSW 2006, Australia.

Synaptic transmission from single preganglionic hypogastric nerves innervating 
monopolar pelvic ganglion neurones has been studied with intracellular electrodes 
to record transmission from all the boutons and with extracellular electrodes placed 
over boutons visualized with DiOC2(5) in order to record transmission from 
selected boutons. Intracellular electrodes revealed spontaneous excitatory 
postsynaptic potentials (EPSPs) with amplitude histograms that possessed 
increasing numbers of large EPSPs as the external calcium ((Ca2+]o) was increased 
from 0.15 mM to 1.0 mM. These histograms were in general well fitted by a 
Poisson mixture of gamma distributions. Extracellular electrodes placed over 
visualized boutons revealed evoked excitatory postsynaptic currents (EPSCs) with 
amplitude histograms that were best described by single gamma distributions in 
most cases in low [Ca2+]0 (< 0.5 mM). The standard deviation of these gammas 
was not much larger than that of the electrical noise. In a minority of extracellular 
recordings the amplitude histogram of evoked EPSCs was best described by a 
gamma distribution in which the standard deviation was much greater than that of 
the noise. Confocal microsopy of boutons orthogradely labelled with dextran- 
rhodamine showed that about 30% of these fonmed closely apposing pairs on the 
surface of the neurones.

These observations are discussed in terms of the hypothesis that multiquantal 
release at boutons occurs as a consequence of the coupled secretion from closely 
apposed boutons.

139 .2

FREEZE-FRACTURE ANALYSIS OF PROXIMAL-DISTAL  
GRADIENTS OF PRESYNAPTIC TERMINAL MEM BRANE  
AREA AT FROG NEUROM USCULAR JUNCTIONS. Peter A. 
Pawson. *Dep't o f Biology, Utica College o f Syracuse University, 
Utica, NY 13502.

There is some disagreement in the literature as to the relative 
uniformity o f the release process along the length o f  individual 
branches o f the frog motor nerve terminal. Indirect measures of  
active zone (AZ) structure (eg.: T.E.M. measures o f synaptic contact 
width, S.E.M. measures o f post-junctional folds) have suggested a 
distal decline in AZ structure. In a previous freeze-fracture study that 
used a direct measure o f the AZ particles and their associated 
structure, I found that there was no significant distal decline in mean 
AZ length. In order to reconcile our previous Findings with those in 
the literature, I have directly measured the amount o f exposed (i.e. 
not covered by Schwann cell wrappings) presynaptic membrane 
surface along the length o f frog terminal branches. This measure of  
terminal area should approximate som e o f the aforementioned 
indirect measures.

The initial results show no prominent distal decline in terminal 
surface area. Therefore, it appears that no structural aspect o f the 
presynaptic terminal, as revealed by freeze-fracture, demonstrates the 
type o f proximal-distal gradients that indirect measures have 
suggested. (Supported in part by a grant from Utica C ollege).
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139.3 13 9 .4
S Y N A P T IC  S T R E N G T H  A N D  U L T R A S T R U C T U R A L  P L A S T IC IT Y  
IN CELL A D H E S IO N  M O L E C U L E  M U T A N T S  O F  D R O S O P H IL A .
B.A. Stewart*, C.M. Schuster*, C.S. Goodman*, H.L Atwood. 
Dept. of Physiology, University of Toronto, Toronto, Ontario, 
Canada M5S 1A8 and *HHMI, Dept. of Molecular and Cell 
Biology, University of California, Berkeley CA, 94720 USA.

Fasciclin II is an NCAM-like cell adhesion molecule found 
in Drosophila. in mutants expressing only 10% of the normal 
amount of fasciclin II protein, there are striking abnormalities in 
the gross morphology of the larval neuromuscular junction, 
including a 50% reduction in the number of nerve terminal 
varicosities which contact the muscle fibers. Does this lead to a 
corresponding reduction in the strength of synaptic transmission 
between the nerve and muscle? Electrophysiological experiments 
indicate that there is no reduction in synaptic strength since the 
amplitude of evoked whole-muscle synaptic currents measured 
in m u ta n ts  and c o n tro ls  are in d is t in g u is h a b le . 
Electronmicroscopic analysis of synaptic ultrastructure reveals a 
large increase in the size of synapses and the number of active 
zones in mutants compared to controls. TI ese data support the 
hypothesis that ultrastructural adaptations may allow for the 
expression of normal synaptic strength in fasciclin II mutants, 
despite the reduction in nerve terminal varicosities. (Supported 
by NSERC Canada)

N E W  F IN D IN G S  O N  F A C IL IT A T IO N  R E V E A L E D  B Y  P R E S Y N A P T IC  
V O L T A G E  C O N T R O L  A T  T H E  IN H IB IT O R Y  S Y N A P S E  O F  T H E  
C R A Y F IS H  N E U R O M U S C U L A R  J U N C T IO N . A . V y s h ed sk iy an d  J .-W . 
Lin*. Dept. Biology, Boston Univ. Boston, M A  0 2 2 1 5 .

Tw o e lec trode vo ltage c lam p tech n iq u e is used  to contro l p resynaptic  
m em b ran e  poten tial in th e  p res en ce  of T T X  and  K + ch a n n e l b lockers . 
This  e x p e rim en ta l configuration a llow s us to contro l the  am p litu d e  a n d  
duration of presynaptic depo larization .

A ctivation of fac ilitation. Facilitation can be activ a ted  by conditioning  
pulses that a re  subthreshold  to re le a s e . Eight such subthreshold  pulses  
w ere used, each  with a duration of 5  m s and an in terp ulse interval of 5 0  
m s. This finding suggests that the ca lc ium  activ ated  fac ilita tory  process  
has a higher C a ++ binding affinity than  the re lea se  process.

D etec tion  of facilitation. Facilitation produ ces a shorten ing  of synaptic  
de la y  if re lea se  is m onitored by a 2 0  m s pu lse  w ith a  sm all am p litu d e . 
IP S P s  triggered  by the sm all pulses exhib it a  3 ~ 5 m s d e la y , m ea su red  
from  th e  beg in n ing  of th e  2 0  m s pu lse , a n d  a slow  rise  tim e . T h e  
synaptic de la y  is reduced  by up to 2 m s during fac ilita tion . Th is  finding  
suggests that a  "p re-release" lc a , w hich is subthreshold  to re le a s e  under 
contro l cond itions, can  ac tiv a te  re le a s e  during fac ilita tio n . T h e re fo re , 
facilitation increases trans m itter re le a s e  by an  ap p a re n t in c re a s e  in the  
calc ium  sensitivity of the re lea se process. Further studies are  perform ed  
to e x am in e  if the facilitation process in teracts  w ith th e  ca lc iu m  binding  
steps of transm itter secretion. (Support by N IN D S  N S 3 1 7 0 7 ).__________
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1 3 9 .5
EFFECTS OF LIPID MESSENGERS ON PRESYNAPTIC Ca2+ ACCUMULATION 
M.L. Ruehr, L. Zhang and R.V. Dorman*
Dept. of Biol. Sci., Kent State Univ., Kent, OH 44242

Arachidonic acid (AA) and the diacylglycerol (DAG) analog oleoyl-acetyl-glycerol 
(OAG) synergistically enhance depolarization-evoked glutamate release from hippo
campal mossy fiber synaptosomes (HMFS) and this effect is attenuated by staurospor- 
ine (Zhang and Dorman, Brain Res Bull 32:437-441,1993). Here we examined 
whether this lipid-dependent potentiation of glutamate exocytosis requires an increase 
in the depolarization-evoked accumulation of intraterminal free Ca2+ ([Ca2 + ]i). HMFS 
were loaded with fura-2 and the resting (Ca2+]i was 338 ± 5 nM. Depolarization with 
25 mM KC1 or 1 mM 4-aminopyridine (4AP) increased [Ca2+]i by 109 or 67 nM, 
respectively. AA (1 μM) or OAG (1 μM) alone did not enhance depolarization-evoked 
Ca2+ accumulation, but together they potentiated a 28 nM increase in K + -evoked 
[Ca2+]i. This effect was not seen when HMFS were depolarized with 4AP. 
Staurosporine (1 μM) reduced the K+- and 4AP-evoked increases in [Ca2+]i by 55 and 
33%, respectively. It also attenuated the K+-evoked Ca2+ accumulation in the 
presence of AA/OAG by 67 %. These results show that PKC may have a constituitive 
influence on the evoked increase in [Ca2 +]i. HMFS were also exposed to acetylcholine 
(ACh; 1 μM) or trans-lS,3R-amino-l ,3-cyclopentanedicarboxylic acid (tACPD; 1 
μM), a metabotropic glutamate receptor agonist, in order to stimulate endogenous 
DAG production prior to depolarization with K+ These agonists had no significant 
effect on the K' -evoked increase in [Ca2+)i in the presence or absence of AA. 
However, ACh and tACPD enhanced K + -evoked glutamate release from HMFS by 
101 and 65%, respectively, when AA was present. Furthermore, AA/OAG 
potentiated the glutamate release induced by 1, 5 or 10 μM ionomycin by 180, 190 or 
150 pmol/min/mg, respectively. However, AA/OAG failed to enhance the Ca2+ 
accumulation stimulated by 5 or 10 μM ionomycin. Therefore, we suggest that the 
potentiating effects of AA/OAG on evoked glutamate release are Ca2+-dependent, but 
do not require an enhancement in the evoked accumulation of [Ca2+]i.

139.7

INDUCTION OF LONG-TERM INCREASES IN EPSP AMPLITUDE IN 
THE LOBSTER DISTAL ACCESSORY FLEXOR MUSCLE. S.  A. 
Druecker and J. P. Walrond*. Department of Anatomy and Neurobiology, 
Colorado State University, Ft. Collins, CO 80523 

Long-term changes in synaptic physiology were studied in the single tonic 
excitatory neuron that innervates the distal accessory flexor muscle (DAFM) 
of the lobster (Homarus americanus) walking leg. The DAFM consists of 1 
proximal, 1 distal and 3 medial muscle fiber bundles. The excitatory neuron 
releases more neurotransmitter onto distal muscle fibers than onto proximal 
muscle fibers. We used this neuromuscular preparation to investigate 
whether long-term changes in the amount of transmitter released were 
inducible in adult animals. Changes were initiated by removing 2 or more 
walking legs. A minimum of two weeks after initial leg removal, the 
remaining legs were removed sequentially and excitatory post-synaptic 
potentials (epsp's) and input resistances were recorded. These recordings 
showed an increase in epsp amplitude compared to similar recordings from 
legs taken at the outset of the experiment. A reduction in the number of legs 
followed by a waiting period resulted in a greater than 300% increase in 
mean epsp amplitude in proximal muscle fibers and a 50% increase in distal 
fibers. Because changes in input resistance do not correlate with the 
increased epsp amplitude, an increase in the amount of transmitter released is 
the likely cause of the observed long-term increase in epsp amplitude. 
Proximal-distal differences in the amount of excitatory and inhibitory 
transmitter released in the DAFM result from differences in active zone size 
and synapse number respectively. Either one or both of these differences in 
synaptic structure may be responsible for the observed induction of long-
term increases in EPSP amplitude. Studies are underway to determine if 
changes in synaptic structure accompany the observed changes in synaptic 
physiology.

13 9 .6
Simultaneous Detection of Quantal ATP and Catecholamine Release From 
Isolated Rat Adrenal Chromaffin Cells. B. Hollins and S. R. Ikeda*. Dept. of 
Pharmacology & Toxicology, Medical College of Georgia, Augusta, GA 30912.

Isolated rat adrenal chromaffin cells were studied between 1 and 4 days of 
culture. Quantal catecholamine (CA) release was detected as oxidation currents 
I c a )  arising from a 6 pm carbon fiber electrode placed adjacent to the chromaffin 
cell (Wightman et al„ PNAS 88:10754, 1991). The carbon fiber detects a subset of 
release events which occur in close proximity to the electrode. Quantal ATP 
release was detected as whole-cell currents arising from activation of the 
heterologously expressed ionotropic P2x-purinoceptor, P2XR1 (Brake, et al., 
Nature 371:519, 1994). P2XR1 was expressed by cytoplasmic injection of cRNA 
(Ikeda et al., Pflügers Arch. 422:201,1992). The expression of P2XR1 resulted in a 
functional autapse as application of a secretagogue (10 μM histamine) produced 
events resembling spontaneous excitatory postsynaptic currents ( I a T P )-  
Simultaneous recording of I c a  and I a T P  revealed that quantal CA release is 
sometimes, but not always, accompanied by ATP release (Figure). Thus, vesicular 
co-release of catecholamines and ATP does occur but is not obligatory for quantal 
catecholamine release.

 

Supported in part by grants from the American Heart Association-Georgia 
Affiliate (S.R.I.) and American Psychological Association (B.H.).

13 9 .8

Ca2+-DEPENDENT EXOCYTOSIS IN THE SOMA OF DORSAL ROOT GANGLION 
(DRG) NEURONS. L.-Y.M. Huang1* and E. Neher2. Marine Biomedical Institute, 
Department of Physiology and Biophysics, University of Texas Medical Branch, 
Galveston, Texas 77555-10691 and Abt Membranbiophysik, Max-Planck-lnstitut fur 
Biophysikal. Chemie, Gottingen, Germany2.

It has been established that secretory vesicles are formed in the soma of a neuron 
and transported to nerve terminals for release. Ca2+-dependent exocytosis at the soma 
level, on the other hand, has not been explored quantitatively. Using Ca2+-indicator dye 
Fura-2 and capacitance measurements, we have examined the exocytosis in the soma 
of DRG neurons. The experiments were performed on single DRG neurons prepared 
from 14-18 day old rats. To prevent the development of nerve terminals, the cells were 
plated on uncoated glass coverslips and used within 4-24 hr after plating. Activation of 
Ca2+ currents by depolarizing pulses produced transient increases in intracellular Ca2+ 
concentration ([Ca24)) and evoked abrupt increases in membrane capacitance (Cm). 
The Cm responses increased linearly as the pulse duration increased from 50 to 400 
ms. The rate of Cm change (dCm/dt) could exceed 1000 fF/sec. Both the Cm responses 
and their associated increase in [Ca2+)  showed a bell-shaped voltage dependence 
which peaked around 0-10 mV, suggesting that secretion in DRG soma is Ca2+ - 
dependent To determine the level of Ca2+ required for exocytosis, the Ca2+ ionophore, 
ionomycin, was used to produce transient rise in [Ca2+). The Cm responses became 
observable as the average [Ca2+) rose above 0.45 μM. The dCm/dt reached 200-300 
fF/sec at 3 μM [Ca). Thus, the Ca2+ requirement for secretion in the soma of DRG 
neurons is similar to that obtained from neuroendocrine cells, e.g. chromaffin cells, 
which is substantially lower than that required for the transmitter release from nerve 
terminals (Supported by NS11255, NS30045 and NS23061).
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1 3 9 .9

DEPOLARIZATION AFFECTS AGE-RELATED STRUCTURE AND 
FUNCTION OF NERVE TERMINALS. W.B. A1 Shuaib*and M.A. Fahim1. 
Department of Physiology, Faculty of Medicine, Kuwait University*, and 
Department of Physiology, FMHS, UAE University, United Arab Emirates1

The effect of increasing extracellular calcium concentration on 
spontaneous transmitter release and correlative morphology was studied at 
soleus nerve terminals of young (10 mo) and old (24 mo) C57BL mice 
depolarized by high extracellular potassium concentration [K]0. By using 
intracellular recording, miniature endplate potentials (MEPPs) were first 
recorded in a normal [K]0 Krebs solution. Subsequently, MEPPs were 
recorded in high [K]0 Krebs solutions with four different Ca concentrations: 
Ca-free/EGTA, 0.5, 1.5 and 2.5 mM Ca. MEPP frequency was lower at old 
than young nerve terminals. In the 3 high [K]0 Krebs solutions with Ca, 
MEPP frequency was progressively higher at old than young terminals with 
higher Ca concentration. Unimodal and bimodal MEPP amplitude were 
present at depolarized nerve terminals independent of animal age. However, 
depolarization significantly (P < 0.1) increased the percentage of bimodal 
MEPP amplitude in old compared to young animals. Qualitative and 
quantitative ultrastructure age-changes were similar to previously reported 
findings. However, depolarization caused profound decrement of synaptic 
vesicles and significant increase in coated vesicles and cistemae of old nerve 
terminals. The profound ultrastructural changes seen in aging junctions 
contrast with the above physiological findings. In old terminals, transmitter 
release in excess of supply of materials may lead to the observed depletion of 
synaptic vesicles. The increased coated vesicles apparently reflect a higher 
turnover of vesicles.

1 3 9 .1 1

Hypoglycemia-Induced synaptic  Depression In Hippocampal Area C A l: 
Evidence for a Presynaptic Mechanism. G.M. DiBlasi*. M. W, Fleck, and G. 
Barrionuevo. Dept. o f Neuroscience, University o f Pittsburgh, Pittsburgh, PA 
15260. We have previously presented evidence supporting a presynaptic 
mechanism for hypoglycemia-induced synaptic depression and its interactions with 
LTP expression at the Schaeffer collateral/commissural (SCC) synapse in area CAl 
(DiBlasi et. al., Abst. Soc. Neurosci. 20:119.8). Specifically, hypoglycemia 
decrease K+-evoked glutamate release and increases the ratio of glutamate/aspartate 
released (Fleck et al., J. Neurosci. 13:3944). Hypoglycemia may also reduce 
synaptic transmission by decreasing postsynaptic receptor responsiveness. To test 
this hypothesis, we simultaneously measured intracellular responses to local 
application of kainate (KA) and to stimulation of SCC pathway. Hippocampal 
slices were superfused with control medium containing 10 mM glucose for 
baseline recordings of EPSPs, membrane potential, input resistance, and action 
potential (AP) shape, and AP threshold. Superfusion medium was then switched 
to hypoglycemic medium containing 0.8 mM glucose until synaptically-evoked 
EPSP were stable (30-50 min). In six cells, hypoglycemia did not produce 
systematic changes in passive or AP properties. Hypoglycemia induced a 73 ± 8% 
depression in the slope of synaptically-evoked EPSP. In contrast, KA-evoked 
EPSP amplitudes were reduced by only 10 ± 6%. Given the disparity between the 
depression of synaptically-evoked EPSPs versus that of KA-evoked EPSP, we must 
conclude that postsynaptic mechanisms cannot fully account for hypoglycemia- 
induced depression of synaptic transmission. Therefore, we propose that 
presynaptic mechanisms account for the majority of the hypoglycemia-induced 
effects on synaptic transmission and plasticity. Supported by an Andrew Mellon 
Predoctoral Fellowship and NS24288.

1 3 9 .1 3

DOES DEPLETION ACCOUNT FOR PAIRED-PULSE DEPRESSION AT A 
FAST SYNAPSE ? R.F. Waldeck*. A. Pereda. and D.S. Faber., Dept. of 
Anatomy & Neurobiology, Medical College of Pennsylvania and Hahnemann 
University, Philadelphia, PA 19129.

In order to study the mechanism of synaptic depression, we have used simultaneous 
pre- and postsynaptic recordings at the axo-axonic connection between the goldfish 
Mauthner (M-) axon and identified cranial relay intemeurons (CRNs). M-axon 
activation reliably produces suprathreshold EPSPs in CRNs, which in turn drive the 
pools of cranial motoneurons that mediate the startle response. These high output 
synapses depress rapidly, as revealed by the paired pulse depression produced by 
following a conditioning stimulus with a test one at short interstimulus intervals (ISI). 
First we characterized the depression using paired pulse stimulation at intervals 
ranging from 10 msec to 2 sec. The depression, defined as AEPSP/EPSP1, was 
maximal at the shorter intervals (80%, 10-100 msec), and gradually decreased with 
longer intervals, being only 50% of maximum at 450 msec. Kinetic properties of the 
depressed test response at ISI’s of 10-100 msec were compared with those of the 
conditioning EPSP. The mean decay and time to peak of EPSP2 were both less than 
those of EPSP1 (1.19 ±0.34 msec vs. 1.32 ± 0.38 msec; 0.583 ±0.21 msec vs. 0.676 
±0.21 msec; n=6; m±sd). In contrast, the mean latency of the second response, 0.563 
±0.26 msec, was 48% longer than that of the first response, 0.380 ±0.07 msec. 
Presynaptic injections of GTPγS produced on average an 82% increase of the 
amplitude in the first EPSP, as compared to only a 12.8% increase of the the second 
EPSP amplitude (n=3). The change in latency during paired pulse depression and the 
selective effect of GTPγS on the amplitude of EPSP1 suggest a simple depletion 
model cannot account for depression.

1 3 9 .1 0

TEMPERATURE DEPENDENCE OF RELEASE OF CONTENT OF 
INDIVIDUAL VESICLES IN BOVINE CHROMAFFIN CELLS. A. Walker1 
M.I .  Glavinovic1*. and J.-M. Trifaro2. Depts of Anaesthesia Research1 and 
Physiology1, McGill University, Montreal, Que. H3G 1Y6, and Dept. of 
Pharmacology2, University of Ottawa, Ottawa. Ont., CANADA.

Recent studies using carbon filament electrodes as electrochemical detectors 
have shown that in chromaffin cells the time course of release of individual 
vesicles lasts much longer than in neuronal synapses (Schroeder et al., J. Biol. 
Chem. 269, 17215, 1994; Glavinovic et al., Soc. Neurosci. Abstr. 20, 62, 1994). In 
order to gain greater insight into the nature of processes that regulate the release of 
content of individual vesicles we examined the temperature dependence of the 
amplitudes and of the time courses (rise and decay phases) of the spontaneous 
current spikes. Experiments have been done on bovine chromaffin cells in tissue 
culture using the carbon filament recording technique in amperometric mode at 
temperatures that ranged from 15 to 35 °C in Locke solution having BaCl2 (2 mM) 
added to enhance the rate of the spontaneous vesicular release. The rise times (Tr- 
s), and decay times (Td-s) diminished from 29.0 ± 12.0 to 16.1 ± 5.0 msec, and 
from 86.9 ± 25.8 to 57.4 ± 10.5 msec respectively for a change in temperature of 
20 °C (from 15 to 35 °C; n = 6; the changes were statistically significant at the 
level of p of 0.05). The relationship between the rise and the decay times, which 
was always positive remained remarkably temperature insensitive, and neither the 
intercept nor the slope of the best fitted lines changed significantly. The change in 
amplitude was also not statistically significant. It is concluded that the release of 
catecholamine content from the individual vesicles in bovine chromaffin cells does 
not involve processes that are strongly temperature sensitive. Very similar (and 
modest) temperature dependence of rise and decay times suggests an involvement 
of a single process. Supported by the Fonds de la Recherche en Sante du Quebec 
and by the Medical Research Council o f Canada.

1 3 9 .1 2

ACTION POTENTIAL-EVOKED CALCIUM TRANSIENTS IN SINGLE 
PRESYNAPTIC TERMINALS OF CULTURED HIPPOCAMPAL NEU
RONS. V. N. M urthy*, T.T. Sejnowski and C.F. Stevens. Computational 
N eurobiology, and  M olecular N eurobio logy Laboratories, The Salk 
Institute, 10010 N. Torrey Pines Rd., La Jolla, CA 92037.

Exocytosis of synaptic vesicles is triggered by entry of calcium into pre
synaptic terminals. Presynaptic calcium also plays a role in short-term 
synaptic plasticity, an example of which is paired-pulse facilitation. In 
o rd er to assess d irectly  the role of p resynap tic  calcium  in synap tic  
t r a n s m is s io n ,  w e h a v e  c o m b in e d  f lu o re s c e n c e  im a g in g  an d  
electrophysiological recordings in cultured hippocampal neurons. Whole-
cell recordings were obtained using electrodes containing the calcium 
indicator fluo-3 (100 - 250 μM). Calcium levels in small axonal varicosities 
that were in apposition to dendrites were m easured with confocal laser 
scanning microscopy at a temporal resolution of 4 ms. Transient rises in 
calcium were observed in putative presynaptic boutons in response to 
single action potentials elicited at a rate of 0.05 - 0.1 Hz in the soma (under 
voltage clamp). In some recordings, transients w ith fast rise times < 10 
ms, and decay time-constants < 150 ms could be resolved in single trials. 
In other recordings, calcium transients were sm aller and were evident 
only after averaging  across 5 - 1 0  trials. The peak am p litude  of the 
calcium  transients in varicosities appeared  to be m ore variable than 
predicted from the background noise. Further experiments are aimed at 
comparing transients evoked by single action potentials, and by pairs of 
action potentials separated by 50 - 500 ms. Supported by NIH grants to
T.J. Sejnowski and C.F. Stevens.

1 3 9 .1 4

MULTIPLE MODES OF TRANSMITTER RELEASE AT A FAST 
SYNAPSE. D.S. Faber*. R.F. Waldeck. and A. Pereda , Dept. of Anatomy & 
Neurobiology, Medical College of Pennsylvania and Hahnemann University, 
Philadelphia, PA 19129.

We are using simultaneous pre- and postsynaptic recordings and intra-axonal 
injections of specific probes at the central synapse between the goldfish Mauthner 
(M-) cell and postsynaptic cranial relay neurons (CRNs) to study mechanisms 
underlying release. Here we report the results of an analysis of synaptic noise at these 
junctions.
Miniature EPSPs (mEPSPs) attributed to the presynaptic M-axon were isolated by 
depolarizing it. During steady depolarization the frequency of mEPSPs was increased 
significantly above control levels (n=3). A fitting algorithm identified at least two 
types of mEPSPs associated with the presynaptic depolarization. One type (I) has a 
fast decay time (0.6 to 1 msec) and the other (II), a slower decay time (2 to 7 msec). 
Their amplitudes are comparable, while the time to peak of the slow events is, on 
average, 29% longer than that of the faster ones (0.85 msec vs 0.66 msec). In control 
conditions, the kinetics of the EPSPs evoked by single and paired presynaptic 
stimulations corresponds to those of type I.
Spontaneous release can be manipulated by presynaptic injection of GTPγ S, which 
increased the evoked response and the mEPSP frequency (n=3). The latter effect 
was predominantly due to an increase in the frequency of type II mEPSPs. We also 
found that after GTPγ  S, there was a high probability of evoking a burst of the 
slower decaying EPSPs with a single presynaptic spike. This burst typically had a 
latency of 10 to 20 msec. These results suggest two differentially regulated modes of 
evoked release from the same axon, possibly involving more than one transmitter.

So ciety  for N euroscience , V o lu m e  21, 1995



SUNDAY PM PRESYNAPTIC MECHANISMS V 337

139.15
Mechanism and kinetic properties of hyperosmotic-evoked release 
of excitatory miniature EPSC's in hippocampal cultured neurons.
Rosenmund. C*. and Stevens. C.F. Howard Hughes Medical Institute, Salk 
Institute, La Jolla, CA 92037.

Spontaneous miniature excitatory postsynaptic currents (mEPSC's) released by 
hyperosmolaric solutions resemble the quantal vesicular units released during 
synaptic transmission. We have used whole-cell recordings from autaptic cultured 
hippocampal neurons to compare stimulus- and hyperosmotic-evoked release. Since 
in microdot cultures containing a single neuron vesicles originate from the same 
axon, it was possible to make a quantitative comparison. Timed pulses (l-15sec) 
of hyperosmotic solution were applied to the entire cell using a fast flow perfusion 
system. The osmolarity was altered by adding 50-750 mM sucrose to the standard 
extracellular solution.

During sucrose application we observed an initial high mEPSC frequency, 
followed by a smaller steady-state (ss) mEPSC frequency (peak EC50=430 mM; ss 
EC50=180 mM), that was entirely blocked by AMPA channel antagonist CNQX 
(5 μM). Stimulus-evoked responses were inhibited by steady-state application of 
sucrose (IC50=140 mM). Both synaptic and sucrose pulses preceded by a sucrose 
test pulse recovered with time constant of τ=8 sec. We also tested the identity of 
the vesicle pools by cross-depletion experiments using either high frequency 
stimulation or preceding sucrose pulses. Use-dependent block of stimulus evoked 
NMDA receptors also blocked sucrose-evoked NMDA mEPSC's to a similar 
degree, suggesting an identical vesicle pool. Intracellular dialysis of the presynaptic 
terminal with BAPTA (75 mM) abolished synaptic transmission within 5 min., 
but the sucrose responses were nearly unaffected (94.2±4%, n=5). Cd2+, (100 μM) 
or tetrodotoxin (1 μM) did also not affect the sucrose response, suggesting that 
sucrose evoked mEPSC's are independent of intra- and extracellular calcium. As the 
action of sucrose appears to be independent of calcium-dependent steps of synaptic 
release, sucrose evoked neurotransmitter release may be a useful tool to study 
neuromodulator action on later steps of neurotransmitter release.

139.17

CALCIUM CONTROL OF TRANSMITTER RELEASE AT A 
CEREBELLAR SYNAPSE. B. L. Sabatini*, I.M. Mintz. and W.G, Regehr. 
Dept. of Neurobiology, Harvard Medical School, Boston, MA 02115.

The relationship between presynaptic calcium influx and the release 
of neurotransmitter was studied at the granule cell to Purkinje cell 
synapse in rat cerebellar slices. Parallel fibers were stimulated with an 
electrode placed in the molecular layer, relative calcium influx was 
determined using the calcium-sensitive dye furaptra, and excitatory post 
synaptic currents (EPSCs) were measured using whole cell voltage clamp. 
Calcium influx was reduced non-selectively by varying external calcium 
levels and by partially blocking calcium entry with cadmium. Both of 
these manipulations resulted in the same supralinear relationship 
between presynaptic calcium influx and post-synaptic currents which was 
well fit by the power law EPSC=k(calcium influx)n , with 2<n<3 and k 
constant. In order to probe how different classes of calcium channels are 
coupled to release, we blocked calcium influx with peptide toxins: 
(ω-Conotoxin-GVIA and ω-Aga-IVA targeted non-overlapping 
populations of presynaptic calcium channels, blocking respectively 30% 
and 50% of the calcium influx. Following the application of ω-  
Conotoxin-GVIA, the relationship between calcium and release was well 
fit by the same power law derived from the non-selective manipulations 
of calcium influx. In contrast, in the presence of ω-Aga-IVA, release was 
more steeply dependent on calcium influx (n=4), suggesting that ω-Aga- 
IVA-sensitive channels may be more effective at triggering release.
From the non-additive effects of each of these toxins on release, we 
conclude that multiple types of calcium channels exert synergistic control 
over individual release sites, and that the domains of several calcium 
channels must overlap at each release site.

139.19

THE PROBABILITY OF GLUTAMATE RELEASE AT 
‘IMMATURE’ AND ‘MATURE’ HIPPOCAMPAL SYNAPSES IN 
CULTURE. K.R., Toya i,P t-Lsssndie,-W,H, -Weintraub* .and G.L, .Westbrook, 
Vollum Institute, Oregon Health Sciences University, Portland OR 97201.

The probability of glutamate release (Pr) at cultured hippocampal synapses has 
recently been estimated by measuring the progressive block of NMDA receptor- 
mediated EPSCs in the presence of the ‘irreversible’ open channel blocker MK-801 
(Rosenmund et al., Science 1993). The progressive block had two components 
consistent with high Pr (ca. 0.5) and low Pr (ca .05-. 1) terminals. As these 
experiments were conducted during a period of rapid synapse formation (=7d in 
vitro), we wondered whether the low Pr terminals reflected the behavior of newly 
formed synapses. Thus we compared Pr at hippocampal synapses at 7d with those in 
‘mature’ cultures (17- 21d in vitro).

Neonatal hippocampal neurons were grown on glia microislands. Whole cell 
recordings were made at -60 mV from microislands containing a single neuron that 
form ‘autaptic’ synapses. To isolate the NMDA mediated EPSC, the microisland 
was locally perfused with extracellular solution containing (mM): 0.8-3 Ca, 0 Mg, 
.01 glycine, .005 CNQX, 0.1 picrotoxin, .002 strychnine. EPSCs were evoked at 
10 second intervals by a 2-5 ms step depolarization to +60 mV. Following a 10 
baseline period, local perfusion with 5 μM MK-801 reduced the peak amplitude and 
accelerated the decay of the EPSC. On repeated stimulation the EPSC gradually 
decreased reflecting the accumulation of channels in the blocked state. The rate of 
progressive block reflects Pr under conditions where the open probability of the 
NMDA receptor remains constant. At 7d, the progressive block of the EPSC was 
fitted with two exponentials (=10 and 40 stimuli), consistent with high and low Pr 
terminals. However, at 21d progressive block was fitted with a single exponential 
(=15 stimuli), suggesting that low Pr terminals were no longer present. The 
difference could not be explained by changes in MK-801 sensitivity or by slow 
closed channel block. We suggest that low Pr terminals are more prominent during 
early synapse development. Supported by R01NS26494 and the Tartar Trust (KRT).

1 3 9 .1 6

CALCIUM DYNAMICS IN CEREBELLAR GRANULE CELL PRESYNAPTIC 
TERMINALS W. G. Regehr* and P. P. Atluri. Dept. of Neurobiology, 
H arvard Medical School, Boston, MA 02115.

Presynaptic calcium ions modulate synaptic strength and trigger 
neurotransmitter release. We detected stimulus-evoked changes in residual 
free calcium ([Ca2+]i) in rat cerebellar granule cell presynaptic terminals. 
Granule cell axons, known as parallel fibers, and their associated boutons, 
were labeled with several calcium indicators. Electrical stimulation of 
parallel fibers caused calcium to accumulate in the terminals, producing 
changes in the fluorescence of the indicators. During the stimulus train, the 
fluorescence change per pulse became progressively smaller with the high 
affinity dyes, fura-2 and calcium green-2, but remained constant with the 
low affinity dyes, BTC and furaptra. In addition, fluorescence transients of 
high affinity dyes were slower than those of low affinity indicators, which 
appear to accurately report the time course of calcium transients.
Simulations show that differences in the affinities and off-rates of the 
fluorophores can account for differences in the observed transients. We 
describe a novel method for determining the relative calcium influx in 
presynaptic terminals based on the degree of saturation in the response of 
high affinity dyes observed during trains. We estimate that each action 
potential increases [Ca2+]i in the terminal by several hundred nanomolar, a 
much larger increase than observed in larger boutons, such as the 
neuromuscular junction. The return of [Ca2+]i to resting levels can be 
approximated by an exponential decay with a time constant of 150 ms. Such 
rapid [Ca2+]i dynamics may be found in many of the terminals in the 
mammalian brain, which are similar in size to parallel fiber boutons.

1 3 9 .1 8

CHANGES IN SYNAPTIC STRENGTH BY NEUROMODULATOR- 
MEDIATED CONTROL OF PRESYNAPTIC CALCIUM INFLUX
J. S. Dittman* and W. G. Regehr. Dept. of Neurobiology, Harvard Medical 
School, Boston, MA 02115.
The manner in which activation of A 1 and GABAB receptors reduces 
synaptic strength at the granule cell to Purkinje cell synapse was examined 
in brain slices from rat cerebellum. Methods were similar to those 
described in the previous 2 abstracts. The A l agonist, 2-chloroadenosine 
(2CA), and the GABAB agonist, baclofen, reduced synaptic strength in a 
dose-dependent manner which did not involve any post synaptic changes. 
For 2CA, the relationship between calcium influx and release was similar 
to that found when external calcium was lowered or Cd was present, 
indicating that 2CA acts primarily via reduction of presynaptic calcium 
influx. In contrast, in the presence of baclofen, synaptic strength was more 
steeply dependent on calcium influx. Although 2CA and baclofen were 
each found to reduce influx through more than one type of presynaptic 
calcium channel, 2CA reduced influx primarily by inhibiting ω-conotoxin 
GVIA sensitive channels, and baclofen preferentially inhibited influx 
through ω-Aga-IVA-sensitive calcium channels. Since ω-Aga-IVA- 
sensitive channels appear to be more tightly coupled to release, it is 
possible that differences in the population of calcium channels inhibited 
account for the observed relationship between influx and release for 
activation of these two types of receptors. We are also testing for 
contributions from presynaptic effects which are independent of calcium 
influx.

The methods described here promise to be useful in the study of 
transmission, its modulation, and synaptic plasticity in the mammalian 
brain.

1 3 9 .2 0

FAILURES OF TRANSMISSION BETWEEN SINGLE CA3 AND CA1 
PYRAMIDAL NEURONS ARE DUE TO FAILURES OF RELEASE. 
V.Y. Bolshakov . S.A. Sieeelbaum. Center for Neurobiology and Behavior, 
Department o f Pharmacology, Howard Hughes Medical Institute, Columbia 
University, New York, NY 10032.

Synaptic transmission between individual CA3 and CA1 neurons in thin 
hippocampal slices was studied using either double whole cell patch clamping 
or focal stimulation of a single CA3 neuron by pressing an extracellular fine- 
tipped stimulating pipette onto a presynaptic CA3 cell body and whole cell 
recording from a CA1 neuron. The amplitude distributions of evoked unitary 
and spontaneous miniature currents suggest that a CA3 neuron makes only a 
single functional synaptic contact with a given CA1 neuron. At this contact, 
a presynaptic action potential either fails to release transmitter (failure) or 
evokes a current representing the response to a single quantum of 
neurotransmitter (success). Two interventions known to increase transmitter 
release reduce number of failures indicating that they are presynaptic in 
origin. 1) When two presynaptic pulses are delivered 50 ms apart, the averaged 
response to the second stimulus is greatly facilitated. Unitary EPSC amplitude 
histograms show that this paired pulse facilitation results from a marked 
decrease in the failures rate.There is no change in the evoked EPSC quantal 
amplitude or coefficient of variation (CV), despite the increase in fraction of 
successes. 2) Elevation of the external calcium concentration increases the 
averaged EPSC amplitude by decreasing the fraction o f failures with no 
change in quantal amplitude or CV. These results provide evidence that 
failures o f neurotransmission in hippocampal CA3-CA1 synapses are failures 
of transmitter release but not postsynaptic failures o f reception

Society for Neuroscience, Volume 21, 1995



338 CALCIUM CHANNELS: MODULATION BY PEPTIDE TOXINS SUNDAY PM

1 4 0 .1

DW 13.3, A PEPTIDE TOXIN FROM THE SPIDER FILISTATA, IS A 
NOVEL CALCIUM CHANNEL BLOCKER. M M. K. Ahlijanjan*1. L.D. 
Artman3. A. Stea2. R.D. Williams1. L.F. Lanvon1. M.J. Welch1. S. Heck1. R. 
Ronau' . T.P. Snutch2. and R.A. Volkmann1. 1Central Res. Div., Pfizer, Inc., 
Groton, CT 06340, 2Biotech. Lab., U. British Columbia, Vancouver, BC, 
3NPS Pharm. Inc., Salt Lake City UT 84108.

Venom toxins are useful tools for probing the function of ion 
channels. We have characterized the ability of DW13.3, a peptide toxin 
isolated from the venom of the spider Filistata hibernalis, (Mr 8668, 12 
cysteines), to block voltage-dependent calcium channels (CaCh). KCl-induced 
(25 mM) increases in intracellular Ca concentration ([Ca]i) in rat cerebellar 
granule cells (RCGCs, measured by Fura-2 fluorescence) comprised two 
components, an initial, transient phase and a long-lasting plateau phase. The 
plateau is mediated predominantly by L-type channels, while the identity of 
the channels responsible for the initial phase are not known. The IC50 of 
DW13.3 against L-type calcium channels in RCGCs was 0.4 nM while 
against L-channels in A7r5 cells (a rat aortic cell line) the IC50 was 16.9 nM 
(p<.01). Neither nimodipine (1 μ M), ω-conotoxin GVIA (1 μM) nor ω-Aga 
1VA (1 μM) significantly attenuated the initial, transient phase of [Ca]i in 
RCGCs. ω-conotoxin MVIIC (5 pM) blocked this response by 45 ± 5%, 
while DW13.3 blocked up to 80% of the initial phase with an IC50 of 1 nM. 
DW13.3 (115 nM) was also tested on rat brain α lA, α lB, α lC and α lE 
CaCh hetcrologously expressed in Xenopus oocytes (α l and β1b subunits). 
The barium currents in oocytes expressing the a lB  and α lC subunits were 
blocked by DW13.3 (75 α 5 and 74 α 4%, respectively). Currents resulting 
from α lA and α IE constructs were blocked 48 ± 6% and 42 ± 5%, 
respectively. The data demonstrate that DW13.3 is a potent, relatively non- 
selective blocker of voltage dependent CaCh which discriminates between 
neuronal and smooth muscle L-type calcium channels. DW13.3 may be 
useful in the characterization of calcium channels resistant to other known 
blockers.

1 4 0 .3

ALTERED CALCIUM REGULATION IN RESPONSE TO SNAKE 
MYOTOXINS - CROTAMINE AND CARDIOTOXIN. M.D. Hubert. M- 
S.Jiang and JE.Fletcher*. Medical College of PA and Hahnemann Univ. 
Phila, PA 19078 USA.

Crotaminc, a myotoxin of venom from the rattlesnake Crotcdus durissus 
terrificus, is a basic polypeptide consisting of 42 amino acid residues. The 
mechanism of action is poorly understood, but may involve sarcolcmmal 
Na+ channels and/or Ca2+ regulation by the sarcoplasmic reticulum (SR). 
Cobra venom cardiotoxins are also basic polypeptides that induce myo- 
toxicity, although in a manner somewhat distinct from that of crotamine 
and more similar to phospholipase A 2 myotoxins. The goal of the current 
study was to examine the effects of crotamine on a SR preparation contain
ing the Ca2+ pump and release channel, as well as evaluate the impact of 
ruthenium red, a calcium release channel blocker, on crotamine action. SR 
was prepared from guinea pig, human, and horse skeletal muscle. Measure
ments of calcium uptake into the SR were performed by dual-wavelength 
spectrophotometry using antipyrvlazo III at ΔA  710-790nm Our data 
suggests that cardiotoxin (10 μM) either stimulates Ca2+ uptake or blocks 
Ca2+ release in guinea pig SR by 55% (p < .005) while crotamine (10 
pM) reduces uptake in human, guinea pig, and horse SR by 71% (p <
.001). Additionally, it was found that the inhibition of uptake by crotamine 
could be totally reversed by exposing SR to ruthenium red (3 pM), a 
calcium release channel antagonist, prior to myotoxin administration. These 
results suggest that the predominant site of action of crotaminc is the 
calcium release channel (ryrl)  in SR. Specifically, crotamine increases Ca2+ 
efflux from ryrl in vitro. with no apparent effects on Ca2+-pump activity.

1 4 0 .5

DEVELOPMENT OF A RADIOIM M UNOASSAY FOR SNX-111 
(C l-1009), A ω-CONOTOXIN M VIIA N-TYPE CALCIUM  
CHANNEL BLOCKER. C. M. Barksdale*1. K. Tarczy-Homoch2, 
R. Kristipati2. G. D . Nordblom1. 1Pharmacokinetics/Drug Metabolism  
Department, Parke-Davis Pharmaceutical Research, 2800 Plymouth 
Road, Ann Arbor, MI 48105; 2Neurex Corporation, 3760 Haven 
Avenue, M enlo Park, CA 94025.

ω-Conotoxin M VIIA (SNX-111; C l-1009), a polypeptide from the 
venom o f a marine cone snail, is a potent inhibitor o f calcium influx 
through the N-type channel. In vivo, it produces significant protection 
against ischemic damage in animal models. Consequently, C l-1009 
is currently being developed as a neuroprotective agent..

To quantitate C l-1009 in the pharmacokinetic samples from clinical 
trials, a radioimmunoassay (RIA) was developed and validated. 
Rabbit antiserum was generated against a BSA-CI-1009 conjugate, and 
a [125I]-CI-1009 radiolabel was used. The logit-log standard curve is 
linear over the range 0 .977  to 1000 pg/tube, and since 100 uL of 
human plasma is used, the effective analytical range is 9 .77  to 10,000 
pg/mL. Quality control (QC) samples o f  200, 2000, and 6000 pg/mL  
were prepared in heparinized human plasma and the assay validated. 
The percent relative standard deviation (%RSD) o f  the back-calculated 
standards ranged from -2 .9  to 18.3% , while the percent relative error 
(RE%) ranged from -10.9 to 11.4%. The %RSD o f the QCs ranged 
from 3.8 to 4.8% , while the %RE was -9.1 to 7.5% .

1 4 0 .2

CALCIUM CHANNEL BLOCKING POLYPEPTIDES FROM THE SPIDER 
FILISTATA HIBERNALIS. L.D. Artman1. A.L. Mueller1*. N. Alasti1. L.D. 
Hilning1, E.F. Nemeth1, R.A. Volkmann2. S. Heck2. D. Nason2. T.N. Parks3 and 
H. Jackson1. 1NPS Pharmaceuticals, Inc. 420 Chipeta Way, Salt Lake City, UT 
84108, 2Pfizer Central Research, Pfizer, Inc., Groton, CT 06340, and 3Department of 
Neurobiology and Anatomy, University of Utah, Salt Lake City, UT 84132.

Venom toxins are novel tools with which to identify and characterize voltage- and 
ligand-gated ion channels. We have isolated a number of closely related polypeptide 
toxins (72-74 aa's, including 12 cysteines, 8652-8740 kD), designated as DW toxins, 
from the venom of the spider Filistata hibernalis, and screened these toxins for calcium 
channel blocking activity. KC1 depolarization-induced increases in cytosolic calcium 
([Ca2+]i) were measured in fura-2-loaded rat brain neurons (cultured rat cerebellar 
granule cells, RCGC's) and rat vascular smooth muscle cells (A7r5 cells, a rat aortic 
cell line). L-type Ca2+ channels in RCGC s were inhibited potently by DW peptides 
(IC50 values in the sub-nM range), while higher concentrations of toxins were required 
to block vascular L-channels. One particular peptide, DW13.3, was especially 
selective in this regard, with a potency ratio greater than 40. In contrast, standard L- 
channel blockers such as nifedipine, nimodipine and verapamil were more selective 
blockers of L-channels in A7r5 cells. Patch clamp electrophysiological studies of L- 
channels in acutely isolated rat dorsal root ganglion (DRG) neurons demonstrated that 
the inhibitory effect of DW peptides was not voltage-dependent; a substantial block of 
current was obtained at all holding potentials tested. Hippocampal synaptic 
transmission (population spike) was little affected by a high concentration of DW13.3 
(15 ± 9% inhibition at 300 nM; n = 3). DW13.3 had a modest effect on the release of 
[3H]DA from striatal minces (45 ± 15% inhibition, n = 3) when tested at a single 
high concentration of 300 nM. Polypeptide toxins from Filistata hibernalis represent 
exciting new lead compounds which are selective for neuronal over vascular smooth 
muscle L-type Ca2+ channels.

1 4 0 .4

BEHAVIORAL EFFECTS O F THE SELECTIVE N-TYPE NEURONAL 
CALCIUM CHANNEL ANTAGONIST SNX-185 (ω-CONOTOXIN TVIA) 
IN M ICE. J. N. Wiley1. M.G. Vartanian*1. J. J. Kinsora1. D. J. Dooley 1. T.A. 
Pugslev1. T.G. Heffner1. L. Nadasdi2. L. Brogley2. S. Bowersox2 and G.P. 
Miljanich2 Parke-Davis Pharmaceutical Research, Division of Warner-Lambert 
Co., Ann Arbor, Ml 48105 and 2Neurex Corporation, Menlo Park, CA 94025.

SNX-185 is the synthetic version of ω-conotoxin TVIA (a 27-amino acid 
peptide isolated from the snail Conus tulipa) which, like ω-conotoxin MVIIA, 
selectively blocks N-type voltage-sensitive calcium channels (N-VSCC) at 
nanomolar concentrations in vitro. In order to explore the CNS function of N- 
VSCC in vivo, we examined the behavioral effects o f SNX-185 in mice. Like 
antipsychotics, SNX-185 inhibited locomotion (ED50 24 ng ICV) and attenuated 
the stimulant actions of amphetamine (ED50 20 ng ICV) and cocaine (ED50 13 ng 
ICV). Unlike antipsychotics, SNX-185 did not affect apomorphine-induced cage 
climbing, mescaline-induced scratching (MEDs > 40 ng ICV) or brain biogenic 
amine metabolism (1 μg ICV). In the tail suspension test, SNX-185 (1-30 ng 
ICV) had the unique profile of decreasing power of movement without altering 
mobility. SNX-185 inhibited acetic acid-induced writhing (ED50 9 ng ICV, 2 
mg/kg IV), an analgesic-like effect, and this was not blocked by naloxone. SNX- 
185 caused whole body tremors (ED50 45 ng ICV, 10 mg/kg IV) and ataxia (EDS0 
100 ng ICV, 30 mg/kg IV). The greater ICV vs IV potency and the absence of 
these effects with SNX-157 (ω-conotoxin SVIA, a peptide lacking high affinity 
for N-VSCC) is consistent with involvement of CNS N-VSCC in the actions of 
SNX-185. These results suggest that blockade of N-VSCC by low doses of 
SNX-185 produces antipsychotic-like sedation as well as non-opiate-dependent 
analgesia. Higher doses of SNX-185 cause motor dysfunction.

1 4 0 .6

P E R IP H E R A L  V S . C E N T R A L  P O T E N C IE S  O F  N -T Y P E  
C A LC IU M  C H A N N E L  B L O C K IN G  O M E G A -C O N O P E P T ID E S ,
X. Wang.. S.. Bezprozvannaya, L  Nadasdi. G. Mezo. D. Silva, R. R. 
Luther. G. M ilianich*. and S. S. Bowersox. N E U R E X  Corporation, 
Menlo Park, CA 94025.

In an attempt to identify voltage-sensitive calcium channel (V SC C ) 
blockers with an increased selectivity for C N S  over PNS N-type 
VSCCs, we determined the effects of eighteen ω-conopeptide analogs 
on electrically-evoked norepinephrine release from the rat hippocampal 
slice and tail artery preparations. All inhibited, in a concentration- 
dependent manner, field stimulation-evoked tritium overflow from both tail 
arteries and hippocampal slices preloaded with 3H-norepinephrine.- 
Blocking potencies (IC 50s) ranged from 1.2 nM to 1.2 μM and IC 50s in 
the two assays w ere found to be significantly correlated (r=0.91 , 
P<0.001). Calcium-dependent tritium overflow was completely blocked 
in the tail artery. In contrast, tritium release in the hippocampal slice 
assay was maximally reduced to 36.8±2.5%  of control. For all peptides 
taken together, blocking potencies in the hippocampal slice assay were 
well correlated with the corresponding binding affinities for N-type 
VSC C s in brain synaptosom es (r=0.88 , P <0 .001). These results 
suggest that: (1) N-type VSC C s alone mediate neurotransmitter release 
from post-ganglionic sympathetic efferents, whereas both N-type and 
non N-type V S C C s m ediate neurotransm itter re lease from the 
hippocampus; and (2) within the variation of these experiments, ω- 
conopeptides cannot distinguish between central and peripheral N-type 
V S C C s.
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PHARMACOLOGICAL CHARACTERIZATION OF RECOMBINANT CELL 
LINES STABLY EXPRESSING HUMAN VOLTAGE-GATED CALCIUM 
CHANNEL SUBUNITS α1A, α1B, and α1E. S. Simerson. P. BrusL N. Zahl. A. 
Gillespie. P. Sionit. S. Ellis*. A. Urrutia. C. Deal. M. Hans. G. Velicelebi. K. 
S tan d erm an . a n d  M .  Haroold. SIBIA, Inc., La Jolla, C A  9 2 0 3 7 .

HEK293 cells were stably transfected with cDNAs encoding human voltage-
gated Ca2+ channel subunit splice variants α1A-2, α1B-2 or α1E-3 together with α2b δ and 
β1-3. Using fluo-3 to detect changes in cytosolic Ca2+ concentration ([Ca2+]i), the 
following three cell lines were identified in which 70 mM KC1 elicits reproducible 
elevations of [Ca2+]i: A68-9 (α1A-2/α2B δ/β1-3, Gl-Al (α1A-2/α2B δ/β1-3), and E52-3 

(α1A-2/α2B δ/β1-3).  The KCl-induced [Ca2+], increases in these cell lines range from 100- 
400 nM, and are stable for at least 30 passages. Whole-cell recordings demonstrated 
the presence of voltage-activated Ba2+ currents in each cell line. Northern analyses 
identified mRNA encoding  (α1A-2/α2B δ/β1-3, subunits, although α2bδ appears to be 
present at lower levels. Pharmacological studies revealed that nimodipine at 5 μM 
produced a relatively small (14-31%) and variable inhibition of KCl-induced [Ca2+]i 
increases in the three cell lines. Omega-CgTx-GVIA completely blocked KCl- 
induced [Ca2+], signals only in Gl-Al cells (IC50 2.6 ± 1.4 nM), whereas ω-CTx- 
MVIIC blocked [Ca2+], signals in A68-9 (IC50 104 ± 7 nM) and Gl-Al cells (IC50 14 
± 1.0 nM). E52-3 cells were insensitive to either ω-CgTx-GVIA or ω-CTx-MVIIC. 
The pharmacological profile of the three cell lines using [Ca2+], to monitor Ca2+ 
channel activity is consistent with the pharmacological profile obtained with 
electrophysiological measurements. These data illustrate that measurement of [Ca2+]i 
in mammalian cell lines stably expressing human Ca2+ channel subtypes is a useful 
means to identify subtype-selective compounds. The cell lines are being evaluated as 
drug screening targets using a high-throughput functional assay based on 
fluorescence imaging of changes in [Ca2+]i (Akong et al., this meeting).

1 4 0 .8

C H A R A C T E R IZ A T IO N  O F  ω -N E U R O T O X IN  B IN D IN G  
SITE S O N  C A L C IU M  C H A N N E L S. L. Z. Yan, *B. M. O livera. 
and M. E. Adams . Environmental T oxicology Graduate Program, 
University of California, Riverside, CA 92521

Previous studies show that the spider toxin ω-Aga-IIIA inhibits the 
binding o f radiolabelled co-conotoxins GVIA and M VIIA to N-type 
calcium  channels in rat brain membranes (Adam s et al. , 1993, 
Biochemistry 32: 12566). Based on these data we hypothesized a model 
in which IIIA sterically occludes access o f GVIA to its binding site 
(Olivera et al., 1994, Ann. Rev. Biochem. 63: 823). However an 
alternative model in which IIIA allosterically modifies GVIA binding site 
cannot be ruled out. We are testing the model by quantifying the effects 
o f  IIIA on kinetic and saturation binding characteristics o f the 
conotoxins.

We find that the dissociation rate of [125I]GVIA is either unchanged 
or slightly slowed in the presence o f saturating concentrations o f IIIA. 
These data are consistent with a model for com petitive interaction 
between IIIA and GVIA at overlapping binding domains on the channel. 
W e also are attempting to quantify the effect o f  IIIA on the affinity 
constant (K d) and binding site density (B max) o f [125I]M V IIA . 
Preliminary Scatchard analyses show that low concentrations o f IIIA 
alter both Kd and B max values associated with [125I]MVIIA binding, 
suggesting an allosteric interaction under these conditions. The 
discrepancy between off-rate and saturation binding data suggest a 
com plex interaction betw een IIIA and the conotoxins. Further 
experiments are underway to clarify these interactions.

1 40 .9

ω-CONOTOXIN MVIIC BLOCK OF N-TYPE AND P-TYPE 
CALCIUM CHANNELS: INTERACTIONS WITH OTHER 
TOXINS. S. I. McDonough. I. M. Mintz. and B. P. Bean*. Dept. o f  
Neurobiology, Harvard Medical School, Boston, MA, and Vollum 
Institute, Oregon Health Sciences University, Portland OR 97201.

The peptide toxin co-conotoxin MVIIC inhibits both N-and P-type 
Ca channels. We tested for interactions between block by MVIIC and 
block by other peptide toxins. Block o f  N-type channels by MVIIC in 
rat sympathetic neurons reverses quickly (x ~  5 sec), unlike co- 
conotoxin GVIA (τ > 2 hr). When GVIA was applied after block by 
MVIIC, current recovered quickly on washout o f  both. Therefore, the 
two toxins may bind to the same or overlapping sites. On P-type Ca 
channels in Purkinje neurons, MVIIC completely blocked current at all 
voltages. In contrast, block by ω-Aga-IVA was complete for inward 
currents but partial for currents at strong depolarizations, and 
repetitive pulses apparently knocked the toxin o ff  the channel. After 
block o f  P-type channels by ω-Aga-IVA, addition o f  MVIIC blocked 
the remaining outward current, and current remained blocked 
following knock-off trains. This suggests distinct, simultaneously 
accessible binding sites for MVIIC and ω-Aga-IVA on P-type 
channels. We speculate that MVIIC blocks N-and P-type channels by 
occlusion o f  the channel pore. In contrast, ω-Aga-IVA may inhibit P- 
type channels by shifting gating to unphysiologically positive voltages. 
The large toxin ω-Aga-IIIA, which produces incomplete block o f  both 
inward and outward currents in P-type channels, prevented any 
further block by MVIIC, suggesting common or at least overlapping 
binding sites for ω-Aga-IIIA and MVIIC.

1 4 0 .1 0

BLOCK OF 45Ca UPTAKE INTO RAT BRAIN SYNAPTOSOMES BY ω>- 
AGATOXIN IVA AND ω-CONOTOXIN MVIIC: K+, Ca2+ AND Na+ 
DEPENDENCE. C.H. Yan and W.D. Atchison*. Dept. of Pharmacol./Toxicol. 
and Neurosci. Prgm. Michigan State University, E. Lansing, MI 48824.

Block of Ca2+ influx into rat synaptosomes by ω-agatoxin IVA (ω-Aga IVA) and 
ω-conotoxin MVIIC (ω-CTx MVIIC) was studied for its dependence on 
extracellular K+, Ca2+, and Na+. 45Ca uptake was measured after 1 sec (fast 
phase) depolarization by 41.25 mM KC1 (HKB) or after 10 sec of HKB-evoked 
depolarization after synaptosomes had been predepolarized for 10 sec in Ca2+-free 
HKB (slow phase, Na+-free experiments). In all experiments, toxins were 
preincubatCd with synaptosomes for 10 min before 45Ca influx was measured. 
Both toxins blocked fast phase 45Ca influx in a voltage-dependent manner; the 
magnitude of block was enhanced from 5% to 55% by 1 μ M ω-CTx MVIIC and 
from 10% to 28% by 10 nM ω-Aga IVA when the [K+]c was increased from 5 to 
41.25 mM. Partial reversal of block of Ca2+ influx was observed when increasing 
[Ca2+]e from 0.04 to 1.0 mM. Fast phase block was decreased from 40% to 10% 
by 10 nM ω-Aga IVA and from 74% to 58% by 1 μ M ω-CTx MVIIC with 
increases in [Ca2+]e from 0.04 to 1.0 mM. Block of fast phase Ca2+ influx by both 
toxins was not affected by alterations of [Na+]e, as the levels of block were similar 
in both Na+- and Na+-free buffer. However, neither toxin blocked the slow phase 
45Ca2+ uptake in Na-free solutions. These results indicate that both ω-Aga IVA 
and ω-CTx MVIIC block fast phase 45Ca2+ uptake in a voltage-dependent manner. 
This block could be partially reversed by increasing [Ca2+]e. The insensitivity of 
both toxins in blocking slow phase Ca uptake in Na-free solutions implies that in 
addition to the reversed Na+/Ca2+ exchanger mechanism, slow phase Ca2+ influx 
involves an ω-Aga IVA and/or ω-CTx MVIIC-resistant component. Supported by 
NIH grant ES05822.

1 4 0 .1 1 1 4 0 .1 2

Calcium Dependence of Calcium Channel Antagonists in Blocking 
Synaptosomal Glutamate Release. Timothy J. Turner *& Kathleen Dunlap. 
Dept of Physiology, Tufts University School of Medicine, Boston, MA 02111 

It has been observed that the Ca channel antagonists ωAga-IVA (IVA) and 
ωCTX GVIA (GVIA) have little if any effect on synaptosomal glutamate release 
when evoked with strong (60 mM KCI, 1 mM Ca) depolarizations. However, 
when the toxins are combined there is a synergistic action, blocking ~70%  of 
release. In contrast, synaptic transmission in hippocampal slices can be 
largely blocked by either IVA (~95%) or G VIA (-75 % ). The efficacy of GVIA  
and IVA in the synaptosomal system is dependent on the [Ca] used to 
stimulate release. The relationship between the initial rate of glutamate 
release and [Ca] increased steeply between 100 μM and 1.0 mM, such that 
the maximal Hill coefficient was 2.5, approaching the value of 3 suggested for 
many synapses. As [Ca] was 
decreased from 1.0 mM to 100 
μM, the efficacy of IVA and GVIA  
increased, so that at lower [Ca], 
the actions of these antagonists 
roughly paralleled their effects 
on synaptic transmission. W e  
suggest that thisobservation is 
due to relatively long depolariza
tions (200 ms) in the 
synaptosomal experiments, and 
that reducing the [Ca] can 
compensate for the difference in 
the duration of the depolarization

VOLTAGE DEPENDENT CALCIUM CHANNELS (VDCCS) AND THEIR 
INTERACTION IN THE CONTROL OF NEUROTRANSMITTER RELEASE.
J. Harvey. S. Wedley. J.R. Boot and LA. Pullar*. Lilly Research Centre Ltd., Eli 
Lilly and Company, Windlesham, Surrey, U.K.

HEK 293 cells stably transfected with human α1A, α1B, or α1E VDCC subunits 
(Simerson et al. this meeting) were used to investigate the pharmacological 
selectivity of co-conotoxin GVIA (CgTx GVIA), co-conotoxin MVIIC (CmTx 
MVIIC) and ω-agatoxin IVA (Aga IVA). The rise in intracellular Ca++ ([Ca++]i) 
induced by KCl (40mM) in the α1A cell line was blocked by Aga IVA>CmTx 
MVIIC but not by CgTx GVIA. Whereas the rise in [Ca++]i in the α1B cell line 
was blocked by CgTx GVIA=CmTx MVIIC but was unaffected by Aga IVA.. The 
Ca++ response to depolarising KCl in the α1E line was unaffected by all three 
toxins.

We have used these toxins to investigate the interaction of VDCCs in the 
regulation of 50mM K+-induced glutamate, 5-HT and acetyl choline (Ach) release 
from rat cortical slices. Aga IVA inhibited the release of glutamate and 5-HT in a 
concentration-dependent manner, with l μM producing >80% inhibition of 
glutamate release but only a partial (50%) inhibition of 5-HT. It did not inhibit the 
release of Ach. Although CgTx GVIA ( l.0μM) produce a partial inhibition 
(~25%) of 5-HT release, it had no significant effect on the release of glutamate or 
Ach. Reducing the entry of calcium by lowering the degree of depolarisation, 
decreasing the external calcium concentration or selectively inhibiting one type of 
VDCC reveals differences in the way the calcium channels co-operate in the release 
of these three transmitters.
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140 .13
THE USE OF CALCIUM CHANNEL TOXINS TO ESTABLISH THE IDENTITY 
OF CALCIUM CHANNELS UNDERLYING CA3-CA1 NEUROTRANS
MISSION IN RAT HIPPOCAMPAL SLICES. J.M. Nooney and D. Lodge*. Lilly 
Research Centre, Erl Wood Manor, Windlesham, Surrey, GU20 6PH, U.K.

The Ca channel toxins ω-Conotoxin GVIA (GVIA), ω-Conotoxin MVIIC 
(MVIIC), and ω-AgalVA (AgalVA), have been used to examine the identity of the 
Ca channels underlying neurotransmission at Schaffer collateral-CAl synapses in rat 
hippocampal slices.

GVIA, a selective N-type Ca channel antagonist, produced a maximal 50% 
decrease in the slope of the excitatory post-synaptic field potentials (fEPSP) 
recorded in the CA1 region of rat hippocampal slices in response to Schaffer 
collateral nerve stimulation every 30s. Dose-dependency was more apparent in the 
rate of block than in the degree of block: thus l00nM GVIA produced 29 ± 7 % 
inhibition (mean ± s.e.mean from n=10 slices) at the end of 20 min application, with 
46 ± 3 % (n=3) inhibition observed after 40 min application. Application of 
300nM GVIA generally produced no further inhibition (48 1 2 %  reduction n=5) to 
that observed with l00nM. No recovery was seen with prolonged washout (1-2 hr).

The non-selective Ca channel toxin, MVIIC, produced an irreversible dose- 
dependent inhibition of synaptic transmission, with 100 and 300nM producing 31 ± 
4 % (n=3) and 67 ± 9 % (n=5) inhibition, respectively at the end of 40 min 
application. Application of MVIIC (300nM) following exposure to GVIA (300nM) 
reduced the fEPSP slope by 73 ± 4 % (n=3), whereas 300nM MVIIC followed by 
GVIA (100 or 300nM) reduced the fEPSP slope by 89 ± 6 % (n=3).

AgalVA, which selectively blocks P-type Ca channels at low concentrations, was 
found to reduce reversibly the fEPSP slope by 44 ± 22 % and 85 ± 9 % (n=3) at 
100 and 300nM respectively.

Taken together, these observations suggest that whilst N-type Ca channels may 
contribute to normal synaptic transmission at Schaffer collateral-CAl synapses, they 
are not capable of supporting transmission when P/Q-type channels are blocked.

140 .15
PHARMACOLOGICAL CHARACTERIZATION OF THE CALCIUM 
CHANNELS INVOLVED IN TRANSMITTER RELEASE AT REINNERVATING 
MOUSE NEUROMUSCULAR JUNCTIONS. E. Katz. P A. Ferro. G. Weisz and 
O.D. Uchitel*. Inst. de Biologia Celular y Neurociencias “Prof. Eduardo De 
Robertis”, Fac. de Med. & Depto. de Biologia, F.C.E. y N., UBA, (1121) Bs. As. 
Argentina.

The entry of Ca2+ through voltage gated calcium channels (VDCC) is a key step in 
the control of transmitter release (TR). Several types of VDCC have been shown to 
play a role in this process at different synapses and their contribution to the 
triggering and modulation of TR was shown to vary under different conditions. At 
the adult mammalian neuromuscular junction (NMJ), TR is mediated by channels 
of the P-type family as demonstrated by the strong inhibitory effects of ω-AgalVA 
and the lack of effects of the L- and N-type channel antagonists, dihydropyridincs 
and ω-CgTx  respectively. In this study we aimed at characterizing the Ca2+ 
channels involved in TR during reinnervation Mice were denervated, 8-12 days 
prior to electrophysiological assays, by crushing a branch of the facial nerve close to 
its entrance to the levator auris longus muscle. EPPs and MEPPs were recorded 
intracelullarly near the end-plate regions using conventional microelectrodes. Under 
these conditions synaptic transmission, as assessed by the presence of a low MEPP 
frequency and EPPs of very low quantal content and long latency, was restored at 6- 
7 days post-surgery. We found that 30 nM ω-AgalVA reduced quantal content (///) 
to 40-50% of the control value while ω-CgTx (1-5 μM) only reduced m by ~20%. 
Preliminary results show that 10 μM Nitrendipine blocks ~ 40% of the evoked 
response, the remainder being further reduced by co-AgalVA. The K+-evoked 
increase in MEPP frequency was also blocked by ω-AgalVA. Although the actions 
of ω-AgalVA are similar to what we found in non-denervated control muscles, the 
effects of the other blockers tested, suggest that at the reinnervating mammalian 
NMJ, other VDCC may also be involved in the release process.

140 .14
THE CONTRIBUTION OF VOLTAGE-SENSITIVE CALCIUM CHANNELS TO 
DORSAL ROOT-EVOKED, VENTRAL ROOT REFLEXES IN THE NEONATAL 
RAT SPINAL CORD. Hywel R. Bufton. David Lodge† and Ian C. Kilpatrick. 
(SPON: Brain Research Association). Department of Pharmacology, Medical 
School, University Walk, University of Bristol, Bristol, BS8 1TD, UK and 
†Lilly Research Centre, Erl Wood Manor, Windlesham, GU20 6PH, UK.

The dorsal root-evoked, ventral root potential (DRe-VRP) o f the in vitro 
hemisected spinal cord is a synaptic reflex which comprises both fast and slow 
components that involve AMPA and NMDA receptor activation, respectively.

The present study has estimated the role of voltage-sensitive calcium 
channels (VSCCs) in the reflex. The non-selective VSCC blocker, cadmium, 
abolished both the fast and slow components of the reflex with apparent IC50s 
of 42 pM and 50 μM (n=4), respectively. Nitrendipine (0.01-10 μM, n=3), a 
selective L-type VSCC blocker, did not affect either component. Conversely, 
ω-conotoxin-GVlA, a selective N-type VSCC blocker, abolished the short- 
latency component with an apparent IC50 o f 47 nM but only slightly offset the 
slow component (15 ± 3% reduction at 100 nM, n= 12). ω-Conotoxin-MVIlC, 
a non-selective VSCC blocker, respectively suppressed the fast and slow 
components by 60% and 52% at 1 μM (n=4). The P-type VSCC blocker, 
ω-agatoxin-IVA (10-100 nM, n=7), had little influence on either component.

These data suggest that short-latency, excitatory spinal reflex transmission 
and some longer-latency responses of the DRe-VRP are mediated chiefly by 
the N-type VSCC. At present, the generation of the slower component of the 
DRe-VRP cannot be readily attributed to either L- or P-type VSCCs. The role 
of Q-type or other VSCCs in the reflex remains to be established.

HRB is an MRC Scholar. We thank Pfizer Inc. for ω-agatoxin-IVA.
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DIFFERENTIAL COUPLING OF NEURONAL α 1B AND α 1E CALCIUM 
CHANNELS TO A METABOTROPIC GLUTAMATE RECEPTOR A. Stea*. 
E. Bourinet. T.W. Soong. and T P. Snutch. Biotechnology Laboratory, University of 
British Columbia, Vancouver, B.C., Canada V6T 1Z3.

The selective and differential modulation of calcium channels is a crucial step in 
the dynamic regulation of processes such as neurotransmitter release and firing 
patterns. While the α1B and α1B calcium channels display unique biophysical 
properties and subcellular distributions in neurons, they are both up-regulated by 
stimulation of protein kinase C using phorbol esters. The metabotropic glutamate 
receptor (mGluRla) is a G-protein coupled receptor linked to phosphoinositide 
hydrolysis, Ca mobilization, and PKC stimulation. We investigated the functional 
coupling between the metabotropic glutamate receptor mGluRlα and rat brain α1B 
and α1E calcium channels in Xenopus oocytes. Stimulation of mGluRlα by the 
application of glutamate resulted in a significant increase (30 - 40%) in the α1E 
whole cell current after 2-3 minutes and mimicked the increase observed by direct 
stimulation of PKC using phorbol esters. The glutamate-stimulated increase in the 
α1E current was blocked by staurosporine and by chelation of intracellular calcium 
with BAPTA. Uncoupling of mGluRlα by pre-incubation with pertussis toxin also 
prevented the α 1E up-regulation. In contrast to α1E, the α1B current showed a 
biphasic response to activation of mGluRlα . Perfusion of glutamate resulted in an 
initial rapid (10-20 sec) and reversible decrease in the α 1B current (by 20-30%) 
which was followed by a slower (2-3 min) up-regulation to 110% of control levels. 
Injection of BAPTA prevented the slower up-regulation but did not affect the initial 
rapid decrease of the α1B current. The results indicate that distinct calcium channels 
expressed in the same test system can be differentially regulated via stimulation of a 
single neurotransmitter receptor and provides a convenient technique for examining 
the mechanisms of calcium channel modulation.

14 1 .2

MECHANISM OF INHIBITION OF CALCIUM CHANNELS BY MULTIPLE 
SUBTYPES OF mGLURS IN ISOLATED CORTICAL NEURONS S. Choi. B A. 
McCool and D.M. Lovinger* Dept. Mol. Physiol. Biophys., Vanderbilt Univ. Sch. 
Med., Nashville, TN, 37203

In acutely isolated cortical neurons, multiple subtypes of metabotropic glutamate 
receptors (mGluRs) modulate at least two different voltage-dependent calcium 
channels (VDCCs), including N- and possibly P-type channels. The mGluR subtypes 
appear to include Group I and Group II based on the actions of agonists for 
mGluR 1/R5 (i.e. quisqualate, DHPG) and mGlufR2/R3 (i.e. DCG IV). To determine 
whether inhibition by the different mGluR subtypes involves different mechanisms, the 
voltage dependence, time course and NEM sensitivity of VDCC inhibition were 
assessed. The percent inhibition by 5μM DCG-IV (n=6) and lμM quisqualate (n=9) 
averaged 20.9±3.9 and 19.9±±1.7 before, and 7.911.6 and 6.9±0.8 after a large 
depolarizing prepulse, respectively. Substantial inhibition by 5μM DCG-IV and lμM 
quisqualate was achieved within 2 sec and saturation was seen within 4 sec. The 
percent inhibition by lμ M quisqualate (n=14) and 5μM DCG-IV (n=8) averaged 
20.2±1.6 and 20.712.7 before, and 8.6±0.7 and 4.1± 1.0 after application of 50μM N- 
ethylmaleimide (NEM), which has been shown to block PTX-sensitive G-proteins. 
Thus, inhibition by DCG-IV appeared to be more sensitive to NEM than inhibition by 
quisqualate. We wished to further evaluate the specificity of NEM. PTX-insensitive 
inhibition of M-current was not significantly affected by NEM in SCG neurons 
(68.3±6.2% {n=4} for control, 56.8±2.9% {n=5} for NEM-treated). Also, VIP- 
induced, PTX-insensitive VDCC inhibition did not appear to be affected by NEM in 
SCG neurons (44.2±3.0% for control, 40.7±3.9% for NEM-treated, n=3), while α2 
receptor-mediated, mostly PTX-sensitive VDCC inhibition in the same neurons was 
largely abolished by application of NEM (33.6±6.3% for control, 9.6±2.5 for NEM- 
treated, n=3), supporting the specificity of NEM on PTX-sensitive G-proteins. The 
majority of mGluRs activated by DCG IV and quisqualate modulate VDCCs via a 
rapid-onset, voltage-dependent mechanism that likely involves a PTX-sensitive G- 
protein. However, type I mGluRs may work via additional PTX-insensitive pathways, 
(supported by NS 30470)
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141.3

O S C IL L A T IN G  A C T IV IT Y  O F  L -T Y P E  C A L C IU M  C H A N N E L S  
T R IG G E R E D  BY A F U N C T IO N A L  C O U P L IN G  W IT H  R Y A N O D IN E -  
S E N S IT IV E  C a 2+ S T O R E S  IN C E R E B E L L A R  G R A N U L E  C E L L S .
P. Chavis. L. Fagni. J. Bockaert and J. B. Lansm an*.
D epartm ent of P h arm aco lo g y , S cho ol of M ed ic in e , U n ive rs ity  of 
California, S an Francisco, C A  9 4 1 4 3  and C N R S -U P R  90 2 3 , 
rue de la Cardonille 3 4 0 9 4  M ontpellier C ed e x  5 -F ra n ce  
M etabotropic g lu tam ate  receptors  (m G lu R ) a c tiv a te  tw o s e p a ra te  
signalling path w ays  to contro l in trac e llu la r C a 2+ leve ls  in m ouse  
cerebellar g ranu le cells. O n e  p ath w ay inhibits B a 2+ currents through  
N- and L-type C a 2+ chan nel v ia  m G lu R 2 /R 3  activation . Th is  slow  
pathway is irreversible and blocked by pertussis toxin. In P T X -trea ted  
cells, G lu tam ate  (1 m M ), qu isq ualate  (50  μM ) and t-A C P D (4 0 0  μM ), 
but not L -C C G  I and L -A P 4  increased , rather than d ec re a s e d , IB a . 
Both (+ )-M C P G  and (S )-4 C 3 H P G  p revented  the t-A C P D  resp onse. 
This facilitation w as blocked by G T P γS (5 0 0  μM ). N im od ip ine (1 μM ) 
prevented the m G lu R -trig g ere d  incre ase of lB a . indicating specific  
enhancem ent of L-type C a 2+ ch an n e ls . W e  co nc luded  th a t this 
second p ath w ay is activ a ted  by m G lu R 1 throug h L -typ e  C a 2 + 
channels. This pathw ay is rapid, reversib le and involves a  G -pro te in  
insensitive to P T X  . M oreover, it produces a large, oscillatory increase  
in the current throughout expo sure to the  agonist. T h e s e  oscillations  
were n e ith e r b locked  by inhib itors of p h o sp h o ry la tio n , by high  
intracellular C a 2+ buffering nor thapsigargine. 1 m M  caffe ine triggered  
the C a2+ current oscillations. R yanodine (1 0  μM ) and ruthenium  red (5  
μM) inhibited the  oscillations produced by eith e r t-A C P D  or caffe ine. 
W e propose that activation of ryan o d in e -sen s itive  C a 2+ chan n e ls  
triggers L-type C a 2+ current oscillations by a m echan ism  w hich m ay  
involve a close coupling b etw een  intracellu lar C a 2+ stores and C a 2+ 
channels in the m em brane.

141.5

IS PKA INVOLVED IN THE MODULATION OF CALCIUM CURRENTS BY 
NOREPINEPHRINE IN ACUTELY-DISSOCIATED NEOCORTICAL 
PYRAMIDAL NEURONS? Pineda. Juan Carlos*, and Foehring. R. C.. Dept. of 
Anatomy & Neurobiology, Univ. of Tenn., Memphis, TN 38163.

Norepinephrine reduces current through N- and P-type calcium channels in 
acutely-isolated neocortical pyramidal cells. Part of this modulation is mediated 
through a-2 receptors and utilizes a membrane-delimited signalling pathway. The 
B-adrenergic agonist isoproterenol also reduces current through N- and P-type 
channels. This effect is prevented by B-antagonists. The B-mediated modulation is 
slower in onset than the a-2 modulation. The B modulation (but not the a-2 
modulation) is also preserved in the on-cell patch configuration when the agonist is 
applied extracellularly, indicating the involvement of a cytosolic signalling path
way. We hypothesize that B-agonists reduce current through N- and P-type channels 
via activation of Gs, an increase in cAMP, and activation of PKA. To test this 
hypothesis, we used whole cell recording and a pharmacological approach in acutely- 
isolated rat neocortical pyramidal cells (P 14-adult). We found that the B-adrenergic 
effect was mimicked by extracellular application of membrane-permeant and poorly 
hydrolyzable cAMP analogues. Forskolin also slowly reduced calcium currents, 
while the inactive analogue 1,9-didcoxy forskolin had a much smaller (and 
immediate) effect. The phosphatase inhibitor okadaic acid also reduced calcium 
currents and potentiated the effects of cAMP analogues, supporting a role for 
phosphorylation in the modulation. We also tested the effects of (1) extracellular 
application of PTX, cholera toxin, IBMX and Rp-cAMP and protein kinase 
inhibitors and (2) of inclusion in the pipette solution of the catalytic subunit of 
PKA and of PKA inhibitor. Supported by NINDS grant #R01NS33579. ω-AgTx 
IVA was a gift from Pfizer, Inc.

141.7

NOREPINEPHRINE MODULATES HIGH VOLTAGE-ACITVATED CALCIUM 
CHANNELS IN FRESHLY DISSOCIATED RAT NUCLEUS TRACTUS 
SOLITARII NEURONS. H. ISHIBASHI* and N. AKAIKE Department of 
Physiology, Kyushu University Faculty of Medicine, Fukuoka 812-82, Japan

The effects of norepinephrine (NE) on the low- and high-voltage-activated Ca 
channels in the neurons acutely dissociated from the nucleus tractus solitarius 
(NTS) of 2- to 3-week old rats were investigated by the use of nystatin perforated 
patch recording configuration under voltage clamp condition. NE had no effect on 
the low voltage-activated Ca channel but inhibited the high voltage-activated (IIV A) 
Ca channel in a concentration-, time- and voltage-dependent manner. NE slowed the 
activation phase of the HVA Ba current (IBa) passing through HVA calcium 
channel. The maximum inhibition was 30 % of the total current amplitude 
measured 10 ms after the current activation. The inhibitory effect was eliminated by 
the pretreatment with pertussis toxin (FI X). Yohimbine but not prazosin nor 
propranolol antagonized the NE-induced inhibition of HVA 1Ba, suggesting the 
involvement of α2-adrenoceptor. ω -Conotoxin-GVIA,  ω-agatoxin-IV A, nicardipine 
and ω-conotoxin-MV IIC blocked the HVA IBa by 26, 9, 36 and 11 % of the total 
current respectively, suggesting the existence of N-, P-, L- and Q-type Ca channels 
in the NTS neurons. The current being insensitive to these Ca channel antagonists, 
termed R-type Ca channel current, also existed. The NE significantly inhibited both 
N- and P-type Ca channels.

The results suggest that the activation of a 2-adrenoceptor by NE inhibits N- 
and P-type Ca channels via the PTX sensitive Gi/Go-protein in the NTS neurons.

1 4 1 .4
PREFERENTIAL INHIBITION OF N-TYPE CALCIUM CHANNELS BY 
ACTIVATION OF GABAb RECEPTORS IN HIPPOCAMPAL INHIBITORY 
NEURONS. Wilkie A. Wilson* and Nevin A. Lambert. Department o f Pharmacology, 
Duke University Medical Center and VAMC, Durham, NC 27705.

Whole-cell voltage-clamp recordings were made from visually-identified inhibitory 
neurons near the stratum radiatum/lacunosum border in area CA1 of hippocamal slices 
from young (PN8-21) rats. In neurons filled with Cs+/TEA-based internal solutions 
with TEA and TTX in the bath, depolarizing voltage commands from a holding 
potential of - 80mV elicited inward currents which were completely blocked by Cd2+ or 
removal of external Ca2+. Inward currents showed little inactivation during 85ms steps, 
and low-threshold currents were not prominent. Addition of the GABAb receptor 
agonist CGP 27492 (2.5μM) reversibly depressed currents evoked by steps to -20mV 
by 18.9 ± 1.4% (n=28). This depression was reversed by the GABAB receptor 
antagonist CGP 55845A (1 μM), was accompanied by a slowing of activation, and was 
voltage-dependent, ramp-evoked current was inhibited by 5.4 ± 2.2% at -40mV, by 
23.5 ± 3.6% at - l0mV, and by 12.4 ± 3.9% at +20mV (n=9). Neither adenosine 
(200μM, n=8) nor the p opioid receptor agonist DAMGO (2μM; n=8) inhibited calcium 
currents in these cells.
Pressure application of the selective N-type calcium channel antagonist ω-conotoxin- 

GVIA ω -CgTx; l0μM) rapidly and irreversibly depressed whole-cell currents by 23.3 
± 2.8% (n=10). CGP 27492 inhibited currents by 16.1 ± 1.9% before application of ω- 
CgTx, and by 3.9% ± 2.0% after application of the toxin in the same cells (n=7). CGP 
27492 depressed calcium currents by 17 4 ± 1.5% before, and by 17.8 ± 4.7% after 
pressure application of external medium (n=4). These results suggest that activation of 
GABAb receptors preferentially inhibits N-type calcium channels in hippocampal 
inhibitory neurons. Since N-type calcium channels contribute to inhibitory synaptic 
transmsission in the hippocampus', inhibition of these channels in inhibitory terminals 
could contribute to GABAb autoreceptor-mediated depression of transmission. 
Supported by grants from the NIH and the VA.
Reference: 1. Home and Kemp, Brit. J. Pharmacol. 103:1733.

1 4 1 .6
N-TYPE (AND PERHAPS P-TYPE) CALCIUM CURRENTS INDUCE SLOW 
AHPs IN RAT SENSORIMOTOR CORTICAL PYRAMIDAL NEURONS. 
Foehring. R. C*.. and Waters. R.S.. Dept. of Anatomy & Neurobiology, Univ. of 
Tenn., Memphis, TN 38163.

Several pharmacologically distinguishable types of high voltage-activated (HVA) 
calcium channels are present in neocortical pyramidal neurons (N-, L-, P-, Q-, R- 
type), but only modest biophysical differences exist between L-, N-, and P-type 
currents in these cells. Why do these cells express several Ca2+ channels?
Possible reasons for diversity include differential distribution on the cell surface, 
differential modulation by neurotransmitters, or differential coupling to other 
cellular processes (such as activation of Ca-dependent K+ channels). In neocortical 
pyramidal neurons, Ca-dependent K+ channels underlie two afterhyperpolarizations 
(mAHP and sAHP) elicited during repetitive firing of action potentials. The 
apamin-insensitive sAHP is of particular interest because the current regulates 
spike-frequency adaptation, is modulated by several transmitters, and is 
developmentally regulated. (The sAHP is relatively much larger in immature 
neurons). We used sharp microelectrode recordings (layer II / III) and application of 
specific organic Ca2+ channel blockers in an in vitro slice preparation of rat 
sensorimotor cortex (P6-adult) to determine which HVA Ca2+ channels supply 
Ca2+ to trigger the Ca-dependent sAHP. The L-channel antagonist nifedipine (5-10 
μM) had no effect on sAHPs. The N-type channel blocker ω-conotoxin GVIA (5 
μM) selectively reduced or eliminated the sAHP in about half of the cells tested.
The P-type channel blocker ω-agatoxin (200 nM) had a slight effect in about one 
third of cells tested. These data suggest that N-type (and perhaps P-type) channels 
are coupled to the sAHP in at least some neocortical pyramidal neurons. Supported 
by grants from (#R01NS33579) and NSF (IBN-9400318). ω-AgTx IVA was a gift 
from Pfizer, Inc.

14 1 .8

DIFFERENTIAL EFFECTS OF PKC ACTIVATION ON 5-HTIA 
RECEPTOR COUPLING TO Ca2+ AND K+ CURRENTS IN 
SEROTONERGIC NEURONS Y. Chen*, and N.J. Penineton. Pharmacol. 
SUNY (H.S.C.) Brooklyn N.Y. 11203.

Activation of the enzyme protein kinase C (PKC) may uncouple receptors 
from the inhibition of neuronal Ca2+ current (Swartz 1993). We have studied 
the effect of PKC activation on 5-HT1A coupling to 5-HT-induced K+ current 
(Ik5-ht) Ca2+ currents in acutely isolated adult dorsal raphe neurons. The 
phorbol ester PMA ( 1μM) alone did not significantly alter the Ca2+ current. 
5-HT inhibited Ca2+ current by 52.2 ± 1.9% but after PMA the inhibition 
was only 25.9 ± 1.6% (S.E.M.) n=12, the effect was irreversible. The 
inactive phorbol ester 4a-phorbol ( 1μM), did not reduce the effectiveness of 
5-HT (n=5). In another group o f cells PMA decreased the effect of 5-HT by 
38.7% but when the kinase inhibitor staurosporine (ST 200nM) was added 
the effect of 5-HT was only reduced by 13.9% by PMA (n=7, p<.01). ST 
delayed or reversed the effect of PMA, depending on the order of addition. 
GTP-y-S in the patch pipette occluded the response to 5-HT, but this effect 
was not reversed by PMA (n=6). Surprisingly when PMA ( 1μM) was tested 
on IK5-ht it had little effect. IK5-HT was decreased by 4.5% (± 7.2% S.E.M n=7
N.S). We suggest from our data that PKC activation ( at low doses) inhibits 
one branch of the 5-HT1A receptor transduction fork, namely inhibition of 
Ca2+ influx, but not on the activation of IK5-ht. This result suggests that only 
the actions of 5-HT on Ca2+ dependent potentials would be decreased by 
PKC. Further, our preliminary results with GTP-γ-S suggest that the action 
of PKC may be upstream o f the G-protein.
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14 1 .9
5HT1A RECEPTOR ACTIVATION INHIBITS N- AND L-TYPE Ca2+ 
CHANNELS BY A Ca2+ DEPENDENT, DIFFUSIBLE CYTOSOLIC PATHWAY 
IN C-LIKE RAT SENSORY NEURONS. C.G. Cardenas*, and R.S. Scroggs Univ. 
of Tenn., Coll. of Med., Dept. of Anat. and Neurobiol., Memphis, TN 38163.

We previously reported that serotonin (5HT), acting on 5HT1A receptors, 
inhibits high-threshold Ca2+ currents in the DRG cell bodies of rat sensory neurons, 
which resemble C-type due to their long duration action potentials, lack of IH 
current and sensitivity to capsaicin. The inhibition of Ca2+ channel current is 
routinely observed with the whole-cell patch technique, using an internal solution 
calculated to buffer intracellular Ca2+ at 140 nM. Chelation of intracellular Ca2+ 
using an internal solution containing 10 mM BAPTA and no added Ca2+, blocked 
the inhibition by an average of 80%. Only a small portion of the inhibition appeared 
to be voltage dependent, as it was reversed by an average of only 10% by a prepuise 
to +70 mV. The inhibition occured over a slow time course, reaching a peak in about 
1 minute. Also, the inhibition was rendered irreversible when the internal solution 
contained GTP-γ-S, indicating that a G-protein is involved.

The inhibition of Ca2+ channel current by 5HT (in a subpopulation of 
uncharacterized small diameter DRG cells) was detected using the cell-attached 
patch configuration, when the 5HT was added to the cell body outside the patch. 
Since 5HT is lipophobic and cannot penetrate the cell membrane to access receptors 
under the patch pipette, this inhibition must be mediated by a diffusible cytosolic 
pathway. Thus, some of the inhibition of Ca2+ channel currents in C-like DRG 
cells, observed using the whole-cell patch technique, may also be mediated via a 
diffusible cytosolic pathway. Membrane permeant cAMP analogs do not mimic or 
occlude the inhibition indicating that cAMP is not involved in the pathway

Studies with selective Ca2+ channel antagonists indicate that the 5HT1A 
receptors are coupled to N- and L- type Ca2+ channels, as well as ω-conotoxin 
GVIA/dihydropyridine resistant Ca2+ channels.

141 .11
FACILITATION OF L-TYPE CALCIUM CHANNEL CURRENTS IN RAT 
MAJOR PELVIC GANGLION NEURONS IN CULTURE BY MUSCARINIC 
RECEPTOR AGONISTS OR A NITRIC OXIDE DONOR. L.-H. Tang* and 
W.C. de Groat Dept of Pharmacol, Univ. of Pittsburgh, Pittsburgh, PA 
15261

Voltage-gated calcium channels which have an essential role in the process 
of neurotransmitter release are modulated by a variety of endogenous 
substances including neurotransmitters. The present study was undertaken 
to examine with whole-cell patch-damp techniques the action of muscarinic 
receptor agonists and nitric oxide on calcium currents recorded in rat mqjor 
pelvic ganglion (MPG) neurons maintained in culture for 24-48 hr. Inward 
currents were evoked in small neurons (15-20μm) by depolarizing voltage 
pulses (to 0 mV) from a holding potential of -80 mV. Recordings were made 
under conditions in which sodium and potassium currents were blocked and 
calcium in the external solution was replaced with barium. The inward 
currents were not altered by ω-conotoxin (2 μM) but were reduced (72.45 ± 
4.6%) by nifedipine (5 μM) and enhanced by Bay K 8644 (2 μM, 1.89 ±0.1 
fold), indicating that the currents were mediated primarily by L-type calcium 
channels. ACh (1 μM) reversibly facilitated (2.44 ± 0.31 fold) the calcium 
current but did not influence the activation properties of the current The 
facilitation was blocked by atropine (1 μM) or nifedipine. M l muscarinic 
receptor agonists, oxotremorine methiodide (10 μM) and McN-A-343 (10 μM) 
mimicked the fadlitatoiy effect of ACh on the calcium current Likewise, the 
nitric oxide donor sodium nitroprusside (500 μM) significantly enhanced (1.89 
± 0.2 fold) calcium currents from cultured MPG cells. In conclusion, Ml 
facilitation of Ca2+ currents in MPG parasympathetic neurons suggests a 
possible mechanism for the previously reported M l enhancement of ACh 
release at the axon terminals of these neurons in the urinary bladder.

141 .13

PURINERGIC P2 RECEPTOR ACTIVATION POTENTIATES A 
VOLTAGE-DEPENDENT Ca CHANNEL IN HIPPOCAMPAL NEURONS 
D.J. Mogul* and S. Dave. Depts. of Biomed. Engineering and Neurobiol. & 
Physiol., Northwestern Univ., Evanston, IL 60208 USA

Activation of a punnergic P2 receptor by adenosine 5'-triphosphate (ATP) 
has previously been shown to ϕpen a non-selective cation channel (Erev= 0 
mV). We examined the effects of P2 receptor activation on ionic current in 
acutely isolated pyramidal neurons from guinea pig hippocampus using the 
whole-cell-patch technique. Under conditions designed to isolate current 
through voltage-dependent Ca channels (ICa), ATP (50 μM) potentiated peak 
ICa by a mean of 36%. This increase desensitized back to control levels 
within 4 minutes. This current was blocked by Cd2+ (50 μM). Furthermore, in 
contrast to the non-selective cation channel, ICa elicited from a holding 
potential (HP) of -100 mV showed significant potentiation when depolarized 
to a test potential (TP) of -10 mV in response to ATP but showed no effect 
on ICa when the same neuron was alternately depolarized to TP=-70 mV. No 
change in the holding current at HP=-100 mV occurred. Tail currents were 
unaffected by ATP suggesting that ICa potentiation was not due to modulation 
of L-type Ca channels. This potentiation was also observed either with 
ATP-γ-S, the slowly hydrolyzable ATP analog, or with ATP in the presence 
of α,β-methylene-ADP, an ectonucleotidase inhibitor, indicating that the 
effects observed were not due to a different receptor that required ATP 
hydrolysis. No increase of ICa was observed with the P2x agonist, β,γ - 
methylene-ATP. These results suggest ATP receptors play a complex role in 
intracellular Ca2+ dynamics and may be involved in modulating Ca2+- 
dependent events such as neurotransmitter release and cellular excitability.

1 4 1 .10
ACTIVATION OF ADENOSINE A3 RECEPTORS POTENTIATES 
CALCIUM CURRENT IN HIPPOCAMPAL NEURONS.
K. M. Fleming* and D. J. Mogul. Depts. o f Biomed. Engineering and 
Neurobiol. & Physiol., Northwestern Univ., Evanston, IL 60208.

Exposure o f neurons to adenosine (AD) has previously been shown to 
produce Ca current (ICa) depression presumably via activation of the 
adenosine A 1 receptor. However, activation o f a non-A1 receptor subtype 
elicited using the A 1 antagonist CPT and AD has more recently been shown to 
result in ICa potentiation in acutely dissociated pyramidal neurons from the 
CA3 region o f guinea pig hippocampus (Mogul et al., Neuron, 10: 1993). We 
sought to determine the specific adenosine receptor responsible for ICa 
potentiation in this preparation using the whole-cell voltage-clamp technique. 
Applying AD (50μM) in the presence o f CPT (0.5μM) and the A2 antagonist 

DMPX (50μM) increased ICa by 34.4%±9.4% (mean±S.E.; n=l 8). When AD 
was applied following pre-exposure to the A 1/A2 antagonist 8-SPT in addition 
to CPT and DMPX a similar potentiation was also observed. The A3 agonist 
APNEA (300nM) (Zhou et al., PNAS USA, 89: 1992) increased ICa by 
34.7%±6.8% (n=9). APNEA in the presence o f CPT, DMPX, and 8-SPT also 
produced ICa potentiation. Dose/response experiments with APNEA ( 10nM- 
l 000nM) revealed K0.5 5=29.8nM for increasing ICa. No effect on ICa o f the 
putative A4 agonist CV-1808 (25nM-2.5pM) was observed. These results 
strongly suggest that activation o f the A3 receptor is responsible for the ICa 
potentiation observed following non-A1 receptor activation.
Supported by grants from the NIH (NS 31764) and the Whitaker Foundation.

141 .12
MODULATION OF CALCIUM CURRENTS BY MUSCARINIC RECEPTORS 
IN SYMPATHETIC NEURONS OF MALE RAT PELVIC GANGLIA. Yu Zhu 
and Jerrel L. Yakel*. Laboratory of Cellular & Molecular Pharmacology, NIEHS, 
Research Triangle Park, NC 27709.

Male rat major pelvic ganglia (MPG) contain both sympathetic and 
parasympathetic neurons. A unique feature for the sympathetic neurons of MPG is 
that they express a transient T-type Ca current which is absent from the 
parasympathetic neurons. Using the T-type Ca currents as a marker for the 
sympathetic neurons, we examined the effect of muscarine on the voltage-gated Ca 
channel currents with the whole-cell patch-clamp technique. Muscarine (10 pM) 
produced a slow but reversible inhibition of Ca current (39±3%). The effect of 
muscarine was prevented by the muscarinic receptor antagonist atropine (10 pM). 
Muscarine did not slow the activation kinetics of Ca currents and the inhibition was 
voltage-dependent in that the inhibition was greater at more positive potentials. The 
current inhibition was not relieved by a large depolarizing prepulse. Instead, the 
current facilitated by the large, depolarizing prepulse was more susceptible to 
muscarine inhibition. The muscarine-induced current inhibition was insensitive to 
pertussis toxin (PTX) but was abolished by 2 mM GDP-β-S in the pipette solution. 
With GTP-γ-S inside the pipette, muscarine induced an irreversible current 
inhibition. In contrast to the sympathetic neurons from the superior cervical ganglia, 
the fast, membrane-delimited, PTX-sensitive component of muscarine inhibition 
was minimal, if any, in the sympathetic neurons of MPG. The inhibition of Ca 
currents by muscarine appeared to be relatively resistant to the Ca buffers such as 11 
mM EGTA or 20 mM BAPTA (although the overall response was reduced by 20 
mM BAPTA). The N-type Ca channels, which contributed 60% of the total currents, 
were the main target of muscarine inhibition. The L-type channels, which 
contributed only 10% to the total currents, were also blocked by muscarine. 
Muscarine had little effect on the T-type currents. Our data suggest that activation of 
muscarinic receptor in sympathetic neurons of MPG inhibits the N- and the L-type 
Ca channels primarily through a PTX-insensitive pathway.

141 .14

THE RAT BRAIN CANNABINOID RECEPTOR MODULATES N- 
TYPE CALCIUM CHANNELS IN A DU LT RAT SYMPATHETIC  
NEURONS. X. Pan and D. L. L ew is*. Department o f  Pharmacology 
and Toxicology, Medical C ollege o f  Georgia, Augusta, GA 30912.

We have previously shown that the rat brain cannabinoid receptor 
can be heterologously expressed in enzym atically dissociated adult 
rat superior cervical ganglion neurons by microinjection o f  in vitro 
transcribed cR N A  from the rat brain cannabinoid receptor SKR6 
cD N A  (the CB1 receptor) (Faseb Journal Abstracts 9: 3877, 1995). 
The cannabim im etic com pound W IN 55 ,212 -2  inhibited Ca2+ 
currents in neurons injected with cannabinoid receptor cRNA but not 
in control, uninjected neurons. The Ca2+ current inhibition was 
mediated by a pertussis toxin sensitive G-protein pathway and the N- 
type Ca2+ channels were the target o f  cannabinoicf action.

In this study, the inhibition o f  Ca2+ currents by WIN 55,212-2 was 
abolished by the selective CB1 receptor antagonist SR 141716A 
(Sanofi Recnerche, France; Rinaldi-Carmona M. et al., FEBS Letters 
350: 240-244 ,1994). Unexpectedly, SR 141716A increased the Ca2+ 
current in SCG neurons injected with C B 1 cRNA but not in control 
neurons, and this e ffec t w as abolished by pertussis toxin  
pretreatment. To investigate endogenous cannabinoid receptors we 
recorded Ca2+ currents from the male rat major pelvic ganglia which 
innervate the vas deferens. W e have found that W IN 55,212-2  
inhibited  and SR 1 4 1 7 16A increased Ca2+ currents in a 
subpopulation o f  sympathetic neurons o f  the pelvic ganglia. Our 
results suggest that both heterologously expressed CB1 cannabinoid 
receptors and endogenous cannabinoid receptors can inhibit voltage- 
dependent Ca2+ channels and that the cannabinoid receptor 
antagonist SR 141716A may act as an inverse agonist.
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142 .1

MEMBRANE-BURIED PROLINE RESIDUE IS A KEY ELEMENT IN THE 
GATING OF a l  NICOTINIC RECEPTOR. H. Dang*. A.C. Costa, and J.W. 
Patrick. Division of Neuroscience, Baylor College of Medicine, Houston, Tx 
77030.

Alignment of ligand-gated ion channels believed to assume the traditional 4 
transmembrane domain topology typified by the nicotinic receptors, showed an 
absolutely conserved proline residue within the Ml domain. The location of this 
conserved proline residue between the ligand binding site, immediately N-terminal 
to Ml, and the channel pore domain, M2, hints its involvement in the gating of 
these receptor channels. We have used the rat a l  homooligomeric nicotinic recep
tors expressed in Xenopus oocytes as a model system to study the effect of chang
ing the Ml-buried proline (P220) residue to either glycine (G), threonine (T), or 
phenylalanine (F), all of which resulted in null phenotype. However, P220G 
showed surface 125I-α-bungarotoxin binding sites, although much reduced in num
ber as compared to wild type. Further more, a second site mutation, leucine 250 to 
threonine (L250T) in the channel domain M2, rescued P220G mutant phenotype in 
expressing nicotine gated currents in oocytes. The mutant receptor, L250T, has 
unusual properties that are consistent with the proposal that one of the desensitized 
states is conducting because the leucine gate that blocks the pore had been mutated 
to threonine (Bertrand et al, 1992, PNAS, 89:1261-1265). Compared to wild type, 
L250T mutant receptor has greatly increased sensitivity to agonists, and converts 
competitive antagonists, such as DHβE into agonists. In contrast, the double 
mutant, P220G-L250T, had only an intermediate increase in agonist sensitivity, 
and DHβE behaved only as a partial agonist. Our findings suggest that the unique 
and rigid structure(s) around proline 220 may provide a molecular basis for the 
unstable open channel configuration and slow recovery of desensitized to openable 
resting state after ligand withdrawal in a l  receptor.

142.3

MODULATION OF HIPPOCAMPAL NICOTINIC RECEPTORS BY Ca2+ AND 
Mg2+. R. Bonfantc-Cabarcas 1,2.K.L. Swanson 1* and E.X., Albuquerque 1,2 1Dept. 
Pharmacol. Exp. Ther, Univ. Maryland Sch. Med., Baltimore, MD 21201, USA; 
2 Lab. Mol. Pharm., IBCCF, UFRJ, Rio de Janeiro RJ 21944, Brazil.

We investigated the roles of Ca2+ and Mg2+ in the regulation of the activity of the 
α-BGT-sensitive hippocampal nicotinic receptors (type LA currents). In this study 
we applied the whole-cell patch-clamp technique to hippocampal neurons obtained 
from rat fetuses and grown in culture. With F - or citrate-based intracellular 
solution and extracellular solution containing 2 mM Ca2+, the rundown elicited by 
l -s pulse application of ACh (1 mM, 1 pulse/min) could be fitted by a double 
exponential function. In malate- or aspartate-based internal solution, only a slow 
rate of rundown was observed and it was prolonged upon decreasing external Ca2+ 
([Ca2+]o) to 0.3 mM or less. In malate, upon increasing the [Ca2+]o from 10 μM to 
2 mM, the peak amplitude was increased and the decay phase of the currents was 
accelerated. At 10 μM [Ca2+]o, the EC50 and the Hill coefficient for ACh were 233 
± 13 μM and 2.63 ± 0.46, respectively, whereas at 1 mM [Ca2+]o these values were 
reduced to 174 ± 2  μM and 1.39 ± 0.14, respectively. The relationship between the 
amplitude and the decay phase o f the currents was the same at [Ca2+]o 10 μM or 
1 mM. These results suggest that [Ca2+]o regulates the affinity, the efficacy and the 
interaction between the agonist-binding sites, and that the rate of whole-cell current 
decay may be related to receptor occupancy. Also, [Ca2+]o has a modulatory role 
in the intracellular Mg*-induced outward rectification of type IA currents. When 
we used nominally Mg*-free malate-based intracellular solution and external 
solution containing 2 mM Ca2+ the rectification was confined to a short range of 
membrane potentials (0 to 30 mV). In 10 mM internal Mg2+, the outward 
rectification persisted up to 50 mV, and when the [Ca2+]o was lowered to 0.3 mM 
or less, the rectification persisted up to 70 mV. (Support: NIH Grant NS25296; 
fellowship, CONICIT & UCLA-Venezuela).

142 .2

CALCIUM  M O D ULATIO N OF TH A LA M IC  N IC O TIN IC  RECEPTOR 
FUNCTION. T .K . Booker. A .C . C ollins*. Institute for Behavioral Genetics, 
University of Colorado, Boulder, 8 0 3 0 9 .

Studies conducted in cell culture and Xenopus oocytes suggest that 
nicotinic receptors from brain are more permeable to C a2+ ions than 
nicotinic receptors found in muscle. Nicotinic stimulation of brain receptors 
increases the influx of Ca2+ ions, and extracellular Ca2+ may modulate the 
activity of these receptors. This modulation may occur via an extracellular 
binding site on or near the receptor or by activation of intracellular second 
messenger systems.

Using a 89R b+ efflux assay to measure functional properties of nAChRs 
in mouse brain tissue, w e investigated the effects of extracellular Ca2+ on 
initial activity and desensitization properties of these receptors. 
Synaptosomes prepared from mouse brain tissue were loaded w ith 88Rb+ 
ions and then stimulated with nicotine. W hen the nAChR is activated by 
nicotine, the ion channel opens, allowing Rb+ ions to flow  out of the 
synaptosome. The amount of Rb+ released can then be used to quantitate 
the functional status of the nAChR. Exposing synaptosomes to increasing 
concentrations of Ca2+ (0-4m M ) resulted in a concentration-dependent 
increase in the maximal amount of nicotine-stimulated R b+ efflux, w ith an 
EC60 o f about 0 .5 m M . Increasing concentrations of Ca2+ also resulted in 
a decrease in the basal level of Rb + efflux in the absence of agonist. No 
effect was observed on the rate at which the receptors desensitized. 
Similar results were obtained using acetylcholine as the agonist. These 
results suggest that extracellular Ca2+ regulates functional activity upon 
initial exposure to agonist, but may not play a role in the desensitization 
process of these receptors. Supported by D A -0 3 1 9 4 , D A -0 0 1 9 7 , GM - 
0 7 6 3 5 .

1 4 2 .4

SINGLE-CHANNEL ANALYSIS OF POINT MUTATIONS CONTROLLING 
ADULT vs. EMBRYONIC PHENOTYPES IN RECOMBINANT MOUSE 
NICOTINIC ACETYLCHOLINE RECEPTOR. G. Akk*. and A. Auerbach. Dept. 
Biophysics, SUNY at Buffalo, Buffalo, NY 14214.

Point mutations of the conserved residue D200 on the α-subunit of the mouse 
nicotinic acetylcholine receptor (nAChR) reduce the opening rate but do not 
substantially alter the rate constants of agonist binding. We now report on the 
properties of receptors in which homologous residues from non-alpha subunits β, γ, 
ε have been mutated and transiently expressed in HEK 293 cells. Wild type 
embryonic receptors (having a γ-subunit) have a conductance of 40-45 pS and open 
duration of 7 ms (22°C, -80 mV, 5 kHz bandwidth). Wild type adult receptors 
(having an e-subunit) have a conductance of 65-70 pS and open duration of 1-2 ms. 
On the γ-subunit, we have mutated K208 to N, A, R, H, D, F. None of the 
mutations change the open duration more than 2-fold. Surprisingly, K208N and 
K208A receptors have an adult-like conductance, i.e. 67-68 pS. On the e-subunit, 
we have mutated D209 to K, N, and A. None of the substitutions change the 
channel conductance, but D209N and D209A have an embryonic-like open 
duration (7 ms). βE212Q expressed with a y-subunit has an embryonic type 
conductance and open time duration.

On the α-subunit, position 200 is adjacent to residues that are affinity labeled 
placing it ~30 A above the membrane. We speculate that the homologous residues 
from non-alpha subunits are similarly positioned. Our results indicate that in 
embryonic-type receptors mutation of a single residue is sufficient to change the 
conductance of the channel, and in adult-type receptors mutation of the homologous 
residue increases the open time duration. The mutant receptors εD209N,A and 
γK208N,A are indistinguishable with regard to their to conductances and open 
durations. (Supported by grant from MDA,NIH NS23513 to AA).

142.5 1 4 2 .6

VOLTAGE-DEPENDENCE OF CHANNEL CLOSING DIFFERS DEPENDING 
ON THE STATE OF LIGATION IN NICOTINIC AChR. J. Chen. W. Sigurdson. 
M. Titmus*. K. Lau. and A. Auerbach. Dept. Biophysics. SUNY, Buffalo, NY 
14214.

Single channel currents were recorded from wild type (wt) and mutant (M2 
segment) recombinant mouse nicotinic AChR expressed in HEK cells. The open 
channel lifetimes were measured from histograms using a first order correction for 
missed events. The voltage dependence was determined in the range -140 to +40 
mV. Doubly-liganded (D) openings were elicited by using a high concentration of 
ACh in the cell-attached patch pipette (0.1-2 μM). Monoliganded (M) openings 
were elicited by using a lower [ACh], 10-100 nM. Spontaneous (S) openings from 
vacant AChR were recorded with no ACh. The results are shown in the Table (x in 
ms; vdep is mV/e-fold change). The frequencies and durations of both S and M 
openings were greater in the mutants. No differences in conductance were detected. 
The results indicate that these M2 mutations slow channel closing and permit 
spontaneous opening. In both wt and mutant AChR, with regard to closing D 
receptors are ~2x more voltage sensitive than are M receptors, and vacant receptors 
are virtually voltage insensitive, suggesting that the structural change that takes 
place upon closing is 
different in with 0,1,or 2 
ligands. If ACh does not 
move in the electric field, 
then we conclude that D,
M, and vacant open 
receptor structures are 
different and should not
be connected to form a thermodynamic cycle (supported by MDA and NS-23513).

wt-adult (ε)
X
1.2

vdep
106

X vdep τ  vdep

wt-fetal (γ) 7 78 0.2 128
αL251C (γ) 200 56 2.7 118 0.5 >600
ET264P 23 62 2.0 96 0.2 710
βT265P (ε) 7 74 -

C H A N G E S  IN C E N T R A L  N IC O T IN IC  R E C E P T O R  P R O P E R T IE S  
D U R IN G  W H O L E -C E L L  P E R F U S IO N . R.A.J. Lester* and J.A .Dani. 
Division of Neuroscience, Baylor College of Medicine, Houston, TX 77030.

Neuronal nicotinic receptors (nAChRs) form a diverse class of ligand-gated ion 
channels that are likely to have an important synaptic role in the CNS. Because 
nicotinic currents are markedly potentiated by increases in extracellular [Ca++] in 
the physiological range and nAChR channels flux C a++, these receptors could 
contribute to certain forms of synaptic plasticity. The present study has further 
examined the regulation of nAChRs using whole-cell patch clamp recordings 
from acutely isolated habenula neurons and rapid agonist application 
techniques. During whole-cell perfusion with a standard EGTA or BAPTA (10 
mM) containing internal solution, w e have observed a number of time- 
dependent changes in the properties of nAChRs. (i). Over the first 10-15 min 
there was a gradual increase in the peak nicotinic current. In 2 mM external 
C a++, the response increased over 2-fold. (ii). The 'run-up' was accompanied 
by a reduction in the sensitivity of nAChR currents to changes in extracellular 
C a * * .  (iii). Following the initial 'run-up' there was a progressive loss of the 
nicotinic response. The time course of this 'run-down' was extremely variable, 
(iv). During the entire recording period the rate of receptor desensitization 
gradually increased. W hen A TP-M g (5 mM) was introduced into the pipet 
solution, both the initial 'run-up' and the loss of sensitivity to extracellular Ca++ 
were partiafly prevented. The loss in sensitivity to Ca++ was more dramatic if the 
neurons were stimulated by nicotine in Ca-free media for long periods (≈ 5 min). 
These data are consistent with the idea that the modulation of nAChRs by 
external C a++ may be affected by intracellular mechanisms. In particular, 
changes in intracellular [Ca++] and ATP may regulate the nicotinic current.

Supported by NIH  grants N S31669 (R.A.J.L.) and NS21229 and the Muscular 
Dystrophy Association (JA .D .).
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1 4 2 .7

M ONOVALENT CATIONS ARE COMPETITIVE INHIBITORS OF 
ACH BINDING TO MOUSE RECOMBINANT NICOTINIC ACH  
RECEPTORS. S. Sine*. G. Akk. and A. Auerbach. Dept. Biophysics,
SUNY, Buffalo, N Y  14214, and Dept. Physiology, Mayo Foundation,
Rochester, MN 55905.

We are studying single channel kinetics o f the adult type mouse 
nicotinic acetylcholine (ACh) receptor (α 2β εδ ) transiently expressed in 
HEK 293 cells. Kinetic analyses indicate that the activation can be 
described by ACh binding to two equivalent sites followed by a rapid 
gating step. Assuming that the opening rate is 6 0 0 0 0 s1, in the presence 
o f Na+ (1 15mM NaCl, 1.8mM CaCl2, 1.7mM MgCl2, 10mM HEPES, 
pH 7.4, 22°C,-100mV) the rates are (per site) k+ACh= 1.47 x 108M-1s -1, 
k-ACh.=14 9 4 0 s -1, and EC50 15.8μ M , Kd=  102μM. Replacement o f Na+ by 
142mM K+ or Cs+ shifts the EW50 towards higher concentrations o f  
agonist (to 28 and 46 μM , re sp ectively ). The shift does not arise from 
altered gating rate constants because i) the channel closing rate is not 
altered substantially by the exchange o f ions, ii) mutant receptors with a 
measurable, low opening rate (α D 200N) have similar opening rates in 
both Na+ and Cs+-solutions (407 vs. 3 6 2 s -1), and iii) mutant receptors that 
have a reduced dissociation rate but unchanged gating rates (α G 153S) 
have similar, fast opening rates with Na+, K+ and Cs+ (~ 50000s-1).
Reduced ionic strength increases Popen and the apparent k+ACh to a limiting 
value o f 2.6 x l0 8M-1s -1, i.e., lowering the ionic strength and raising [ACh] 
are indistinguishable. We conclude that Na+, K+, and Cs+ are competitive 
inhibitors o f ACh binding with Kds o f 151, 94, and 38 mM, respectively.
Since many neurotransmitters have a cationic amino group we suspect 
similar inhibition takes place at other receptors. (Supported by MDA, NIH 
NS23513 to AA and NS31744 to SS).

ACETYLCHOLINE RECEPTOR: NICOTINIC—ACETYLCHOLINE-REGULATION, 
DISTRIBUTION, AND PHYSIOLOGY

1 4 3 .1

AUTORADIOGRAPHIC DISTRIBUTION OF NICOTINIC 
RECEPTORS IN RAT BRAIN LABELED BY [3H]EPIBATIDINE K.J. 
Kellar* and D.C. Petry . Depts. of Pharmacology, Georgetown 
University, Washington, DC, 20007 and +George Washington 
University, Washington, D .C.,20037.

We used in vitro receptor autoradiography to map binding sites for 
[3H]epibatidine in rat brain, along with those for another nicotinic 
agonist, [3H]cytisine. Epibatidine is a frog skin alkaloid with potent 
analgesic effects. [3H]Epibatidine binds to brain nicotinic receptors with 
very high affinity and extremely low non-specific binding. The 
distribution of binding was very similar for both radioligands, and 
resembled that of previously published autoradiographic studies using 
two other nicotinic ligands, [3H]acetylcholine and [3H]nicotine. Highest 
levels of [3H]epibatidine binding were seen in the interpeduncular 
nucleus, medial habenular nucleus, fasciculus retroflexus, superficial 
gray layer of the superior colliculus, and numerous thalamic nuclei, 
including the anteroventral, dorsal lateral geniculate and gelatinosus 
nuclei. Densitometric quantitative analysis demonstrated significant 
levels of [3H]epibatidine binding in the optic nerve, optic chiasm and 
optic tract, while [3H]cytisine binding to these structures did not exceed 
background levels. Other regions where [3H]epibatidine binding was 
greater than that of [3H]cytisine included the medial habenula, the 
fasciculus retroflexus, the olivary pretectal nucleus and the superficial 
gray layer of the superior colliculus. The differences in labeling between 
these two nicotinic ligands may arise from receptor heterogeneity in 
brain nicotinic receptors and the ability of [3H]epibatidine to label more 
than one subtype of nicotine receptor.
Supported by DA06486, AG09973 and AG09884.

1 4 3 .3

SYNTROPHIN, DYSTROPHIN, UTROPHIN AND OTHER TYROSINE 
PHOSPHOPROTEINS ARE COLOCALIZED WITH 43K-INDUCED 
ACHR CLUSTERS IN HEK CELLS. X-M. Yu and LB. Cohen*. Department 
of Neurobiology, Harvard Medical School, Boston, MA 02115.

Proteins that associate with dystrophin (DYS) or utrophin (DRP) 
(syntrophins and α - and β-dystroglycans) are known to be enriched at 
vertebrate skeletal muscle neuromuscular junctions, and agrin, which binds 
α -dystroglycan, induces acetylcholine receptor (AChR) clusters in muscle 
cells. The role of these proteins in AChR clustering is unclear. We are 
using the human embryonic kidney (HEK) cell expression system to 
determine whether these proteins expressed endogenously in these cells 
are associated with clusters of the 43K protein in the absence or presence of 
coexpressed AChRs. Based on im m unofluorescence microscopy, 
syntrophins, DYS and DRP are associated w ith 43K-induced AChR 
clusters but not with clustered 43K in the absence of AChRs. Since AChR 
β- and δ-subunit tyrosine phosphorylation is enhanced by agrin addition to 
muscle cultures, and DYS and syntrophin, but not 43K, are tyrosine- 
phosphorylated, we also determ ined w hether 43K clusters contain 
phosphorylated tyrosine. 43K clusters in the absence or presence of AChRs 
showed anti-phosphotyrosine staining. AChRs containing mutated β- and 
δ-subunit, or both, that lack the cytoplasmic sequence containing the 
tyrosine still form clusters in the presence of 43K protein that are positive 
for anti-phosphotyrosine. These results establish that 43K-induced 
AChR clusters differ substantially in structure from the 43K clusters in the 
absence of AChRs. While they both contain as yet unidentified tyrosine- 
phosphoproteins, only the 43K-induced AChR clusters contain proteins of 
the dystrophin complex.

1 4 3 .2

COMPARATIVE EXPRESSION OF NEURONAL NICOTINIC 
ACETYLCHOLINE RECEPTOR SUBUNIT mRNA AND LIGAND BINDING 
IN RAT ADRENAL GLAND, PC12 CELLS AND FOUR BRAIN REGIONS. 
Y. Xiao*. R.A. Houehtling, E.L. Mever and K.J. Kellar. Dept. of 
Pharmacology, Georgetown Univ. Sch. of Med., Washington, D.C. 20007.

To investigate the possible molecular bases of pharmacological and 
functional diversity of neuronal nicotinic receptor subtypes, we measured mRNA 
expression of the different subunits of the receptors and the binding of 
[3H](±)epibatidineand [3H]cytisine to the receptors in four rat brain regions, 
PC12 cells and rat adrenal gland. The relative abundance of mRNA for α2, α3, 
α4, α5, ß2 and ß4 subunits was measured by ribonuclease protection assay. As 
reported previously by Marks et al. (J. Neurosci. 12,1992), and Wada et al. (J. 
Comp. Neurology 284, 1989), the analysis of total RNA from rat forebrain, 
midbrain, brainstem and cerebellum indicated that the most abundant subunit 
mRNA species found in the four regions of rat brain were α4 and ß2. The 
forebrain also contained relatively high levels of a3 and α5 mRNA, and the 
midbrain also contained α2 and α5, and to a lesser extent α3 mRNA. The 
brainstem had modest levels of α3 and low levels of α2 and α5 mRNA. Finally 
in the cerebellum, α2 mRNA appeared to be approximately as abundant as α4 
mRNA, while α3 was less abundant and α5 was not detected. The ß4 mRNA 
was not abundant in any of the brain regions examined. In PC12 cells, α3, α5 
and ß2 mRNA species were abundant; ß4 mRNA was less abundant, while α2 
and α4 mRNA were not detected. The expression pattern of the subunit mRNA 
in the rat adrenal gland was similar to that in PC 12 cells, except that α4 mRNA 
was clearly measureable in rat adrenal. Both [3H]cytisine and [3H](±)epibatidine 
bound with high affinity in all brain regions. Similarly, both ligands bound with 
high affinity to sites in both the rat adrenal gland and in PC12 cells. The latter 
finding is of particular interest since the nicotinic receptors in these cells do not 
contain detectable mRNA for α4 subunits.
This work was supported by NIH grants DA06486, AG09884 and AG09973.

1 4 3 .4

AXONAL TRANSPORT OF NICOTINIC ACETYLCHOLINE RECEPTOR 
SUBUNITS IN THE CHICK BRAIN. A.S. Torrao1. J. Lindstrom2. and L.R.G. 
Britto*,1. 1Dept. Physiol. Biophys., Inst. Biomed. Sci., Univ. SSo Paulo, 05508-900 
SSo Paulo (Brazil) and 2Dept. Neurosci., Univ. Pennsylvania, Philadelphia.

Previous studies have shown that the nucleus spiriformis lateralis (SpL) of 
the chick brain contains several different nicotinic acetylcholine receptor (nAChR) 
subunits. The main efferent projection of that nucleus is to the deep layers of the 
ipsilateral optic tectum (Cajal’s layers 8-13); which contain several nAChR 
subunits. In this study, we sought to evaluate the possibility that at least part of the 
α2, α5, and β2 nAChR subunits (which occur in many SpL neurons) could be on 
the terminals of the SpL axons ending in the tectum. Unilateral electrolytic lesions 
of the SpL were performed in 24 two week-old anesthetized chicks that were 
allowed to survive for 3-7 days. The animals were deeply anesthetized, perfused, 
their brains cut, and the sections subjected to immunohistochemical methods with 
monoclonal antibodies against α2, α 5, and β2 subunits of the nAChRs. The effects 
of SpL lesions were a dramatic reduction of the neuropil immunostaining for the 
β2 subunit of the nAChRs in the deep layers of the optic tectum. The lesions also 
produced a reduction of the neuropil immunostaining for the a5 subunit in those 
tectal layers. The neuropil staining for the a2 subunit was not very distinct, and 
therefore the effects of SpL lesions, yet indicative of a reduction, were not as visible 
as those for the a5 and β2 nAChR subunits. Perikaiya staining was only observed 
for a5 and β2, and there was no discernible effect of the SpL lesions upon both the 
number and intensity of labeling of such somata. These results suggest that the 
nAChR subunits investigated here could be transported to the axon terminals of the 
SpL in the optic tectum, and thus possibly represent presynaptic receptors. 
Supported by FAPESP and CNPq (Brazil), NIH, STRC, CTR and MDA (USA).
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143.5

UPSTREAM SEQUENCES REQUIRED FOR CONTROL OF ard 
EXPRESSION IN DROSOPHILA Y He. L.-C. Yang and 
T Schmidt-Glenewinkel* . Department o f  Biological Sciences,
Hunter College and Graduate Center o f  CUNY, N ew  York, NY  
10021

The ard gene encodes a non-a-like subunit o f  one o f  the two subtypes 
of neuronal nicotinic acetylcholine receptors from Drosophila. We have 
been studying the cis-acting elements required for temporal and spatial 
expression o f  the gene encoding this receptor subunit. 5'-flanking 
sequences were cloned into the P-element containing vectors HZ50PL 
and CZ20XN generating either “enhancer fusions” or “promoter fusions” 
with the lacZ reporter gene. After P-element mediated transformation 
and establishment o f  balanced transformed stock, frozen sections from 
head or whole body were analyzed for expression o f  the lacZ gene. 
Constructs using a series o f  5'- and 3'- deletions as well as internal 
fragments allowed us to define several upstream elements required for 
ard expression in Drosophila. Embryonic and adult head nuclear extracts 
were used for gel shift assays and foot-printing experiments to define 
precisely the regulatory sequences.

143.7

CONTINUOUS (-)-NICOTINE INFUSION DIFFERENTIALLY 
AFFECTS RADIOLIGAND BINDING, CATION EFFLUX AND 
NEUROTRANSMITTER RELEASE D. Donnelly-Roberts*. D.J. 
Anderson. M. Gopalakrishan. J. Campbell. M. Piattoni-Kaplan. S.P. Americ. 
and J.P. Sullivan. Neuroscience Research (D-47W), Pharmaceutical Products 
Division, Abbott Laboratories, 100 Abbott Park Rd, IL 60064-3500

Continuous infusion of NIC (60 μmol/kg/day) has been shown to 
attenuate septal lesion-induced spatial learning deficits (see Decker et al, 
accompanying poster). In the present study, the effects of continuous 
administration via Alzet™ minipumps of this behaviorally effective dose of NIC 
on the binding properties of two putative nAChR subtypes α4β2 and α7 was 
investigated. Additionally, we examined whether this dose of NIC modulated 
nAChR mediated cation efflux and neurotransmitter release.

Binding of [3H]cytisine and [125I]α -bungarotoxin (BgT), which label 
the putative α4β2 and α7 subtypes, respectively, was determined on washed 
membranes from the frontal cortex (CX), hippocampus (HP), striatum (ST), and 
thalamus (TH). NIC elicited a significant (P < 0.05) increase in the density of 
[3H](-)-cytisine binding sites in CX (92%), TH (74%), ST (53%) and HP (84%). 
In CX and TH, NIC elicited a significant (p < 0.1) increase (20-40%) in the 
maximal density of α -BgT-sensitive α 7 binding sites. Much smaller effects 
were observed in HP (15% increase) and ST (7% decrease). Continuous infusion 
with NIC had no effect the on either the potency or efficacy of NIC to stimulate 
[3HJdopamine release from rat striatal slices. However, the ability of NIC to 
stimulate 86Rb+ efflux from rat thalamic synaptosomes was diminished by 40% 
in these animals. These studies suggest that continuous infusion of a 
behaviorally effective dose of NIC up-regulates α4β2 and α7 binding sites in a 
regionally selective manner. The up-regulation of binding sites in the thalamus 
may be associated with the diminished functional response in this region. 
Interestingly, no changes in NIC-mediated dopamine release was observed in 
these animals.

143.9

SINGLE-CHANNEL PROPERTIES OF NATIVE NICOTINIC RECEPTORS 
RECORDED IN BRAIN SLICES. W.R. Weaver* and V.A. Chiappinelli. Dept. 
Pharmacol, and Physiol. Sci., Saint Louis Univ. Sch. of Med., St. Louis MO 63104

We have previously examined the nicotinic responses of neurons in the chick lateral 
spiriform nucleus (SPL) and found that essentially all SPL neurons exhibit robust 
whole-cell currents in response to nicotinic agonists. Autoradiographic and 
immunohistochemical localization and in situ hybridization studies done in this and 
other labs indicate that nearly all SPL neurons express high affinity nicotine receptors 
that are insensitive to blockade by a- or α-bungarotoxin, and that the following 
nicotinic receptor subunits are prominent in the SPL: α2, α4, α5 and β2. Functional 
heterogeneity of nicotinic responses in the SPL was recently demonstrated using the 
antagonist trimethaphan (Weaver et al., Mol. Pharm. 46:993-1001, 1994).

In order to examine functional heterogeneity at the single-channel level, we have 
now made cell-attached patch, voltage-clamp recordings of nicotinic channels on SPL 
neurons in fresh brain slices from chick embryos aged 13-21 days of incubation. 
Inwardly rectifying single-channel currents with extrapolated reversal potentials in the 
range -30 mV to +30 mV were observed in the presence of nicotine, acetylcholine 
(ACh) or carbachol (1-100 μM), but not in the absence of agonist or when agonist 
was present along with the antagonist dihydro-β-erythroidine (100 μM). Multiple 
classes of single-channels, with mean slope conductances of 15 ±3, 32±5, 42±2 and 
~70 pS, were observed in membrane patches (n= 103) on different neurons and 
within single patches on individual neurons. A dose-response relationship was seen 
between ACh concentration and single-channel open probability during the first 
minute following seal formation (N•P(Open) averaged 0.007 at 1 μM ACh and 0.09 at 
30 μM ACh for the 32 pS class). We conclude that neurons within a single brain 
region can express functionally distinct nicotinic receptor subtypes, and that in some 
neurons, different nicotinic receptor subtypes are present in close proximity to each 
other on the cell surface. Supported by NIH Grant NS17574 to V.A.C.

14 3 .6
MYOGENIN IS THE PHYSIOLOGICAL ACTIVATOR OF 
ACETYLCHOLINE RECEPTOR SUBUNIT GENES IN SKELETAL 
MUSCLE. C.T .-Su -C,-F. Huang. Y.-H. Choe and J. Schmidt*. Dept. 
Biochem. & Cell Biol. S.U.N.Y., Stony Brook, NY 11794.

All myogenic determination factors (MDF: MyoD, myogenin, myf5 and 
herculin) recognize and activate the CANNTG motif (E box) which 
renders difficult the assignment of a specific factor to a specific regulatory 
task in vivo. An experimental approach has become possible with the 
realization that protein kinase C mediates depolarization-transcription 
coupling in muscle cells (Huang, C.-F., Tong, J., and Schmidt, J. Neuron 
9, 671-678, 1992) and that myogenin differs from the other MDF in the 
kinetics of its response to phorbol ester treatment (Huang, C.-F., Lee, 
Y.-S., Schmidt, M., and Schmidt, J. EMBO J. 13, 634-640, 1994). We 
have used this kinetic "signature" to investigate the possible involvement 
of myogenin in acetylcholine receptor (AChR) subunit gene regulation and 
have made the following observations: (1) In the absence o f extraneous 
factors, AChR subunit promoters are rapidly inactivated by electrical 
stimulation or KC1 treatment. (2) Cotransfected myogenin does not block 
this response, whereas cotransfected MyoD, myf5, and herculin do. (3) 
Expression of myogenin antisense mRNA reduces AChR subunit gene 
activity and abolishes the response to membrane depolarization, whereas 
expression of MyoD antisense has no effect. We conclude that myogenin, 
in conjunction with a yet-to-be-determined E protein, serves as the 
physiological activator of AChR subunit genes in mouse and chick muscle.

1 4 3 .8
CHANGES IN CENTRAL NICOTINIC RECEPTORS IN CHICK EMBRYOS 
EXPOSED TO NICOTINE DURING SYNAPTOGENESIS. V.A. Chiappinelli* and
K.W. Wolf. Dept. Pharm. Phys. Sci., St. Louis Univ. Sch. Med., St. Louis MO

Maternal exposure to nicotine in the rat leads to several alterations in fetal 
biochemistry, including an increase in central 3H-nicotine receptors (Brain Res. Bull. 
23:187, 1989). Administration of nicotine also leads to profound changes in the 
circulatory system of the mother. In order to examine the impact of nicotine in the 
absence of maternal influences, we exposed chick embryos to L-nicotine between 5 
and 13 days of incubation (d.i.), a period during which nicotinic synapses are 
forming. Nicotine was given by two methods: 1) once daily by application of a saline 
solution containing nicotine onto the yolk sac, and 2) by insertion of sustained-action 
pellets impregnated with nicotine (Innovative Research) onto the yolk sac at 5 days 
of incubation, resulting in a continuous release of nicotine over the period 5-13 d.i.

We measured 3H-L-nicotine and l25I-α -bungarotoxin (αBgT) binding in optic lobe 
and mesencephalon homogenates (Brain Res. 439:249, 1988). Following daily 
applications of nicotine, there was a dose-dependent increase in 3H-nicotine receptor 
levels at 14 d.i. in both tissues compared to control embryos. At the highest dose 
tested (2.0 mg/kg/day) increases in the mesencephalon were significant (152-19296 
of control, n=3, p<.05 to p<.001) while increases in optic lobe were less 
pronounced (130-141%, n=4, 2 significant at p<.05). In contrast, no significant 
changes in l25I-αBgT binding were detected in either tissue. At all doses tested 
several general measures of embryonic development, including whole embryo and 
brain weight and beak and third toe length, were not significantly altered. A similar 
pattern of results was obtained when nicotine pellets were used in place of daily 
applications. We conclude that exposure of chick embryos to nicotine during 
cholinergic synaptogenesis specifically increases levels of central high affinity nicotine 
receptors, while having no detectable effect on levels of αBgT-sensitive receptors.

Supported by a grant from the Smokeless Tobacco Research Council, Inc.

14 3 .1 0

DEVELOPMENT ALTERS THE SENSITIVITY OF THE n-ACH 
RECEPTOR TO WAGLERIN-1. JJ, McArdle*. T.L. Lentz. J.-H. Ye, JJ, 
Schmidt and S.A. Weinstein. Dept. Pharmacol., N J . Med. Sch., Newark, NJ, 
Dept. Cell Biol., Yale Univ. Sch. Med., New Haven, CT, Dept. Toxinol., US 
Army Med. Res. Inst. Infect. Dis., Frederick, MD.

Waglerin-1 (WTX-1), a novel peptide purified from the venom of 
Trimeresurus (Tropidolaemus) wagleri, nas an LD50 o f  0.37 mg/kg when 
administered i.p. to adult mice. Th e lethality o f WTX-1 is due, at least in 
part, to block o f  the nAChR because: 1) WTX-1 blocks spontaneous and 
stimulus evoked end-plate potentials (epps) o f  nerve-muscle preparations 
isolated from adult mice; IC50 0.6 μ M. 2) This effect is not due to a pre- 
synaptic action since WTX-1 also blocked the response o f  the mature motor 
end-plate to iontophoretically applied ACh. 3) WTX-1 blocked binding o f  
α -bungarotoxin to nAChR enriched membranes isolated from Torpedo 
electroplax; IC50 3.5 and 1.4 μ M for WTX-1 and curare, respectively. In a 
routine evaluation o f the toxic effect o f  WTX-1, we made the following 
intriguing observation. Newborn mice survive an i.p. injection o f 0.032 mg 
WTX-1; mature mice die within 3 min following such an injection 
(approximately 5 X  LD50). Before day 10 post-partum (PP), mice exhibit 
essentially no response to WTX-1; they go on to develop normally in so far 
as superficial examination indicates. At day 13 PP all mice exhibit symptoms 
o f  intoxication; 25% die after several hours. The incidence o f lethality 
increases so that beginning at day 17 PP all mice die. The basis o f this 
developmental difference in WTX-1 sensitivity resides, at least in part, at 
the neuromuscular junction (NMJ) since 1 μM  WTX-1 reduced epp 
amplitude to 75% for hindlimb muscle o f  10 day PP mice; epp amplitude 
was reduced to 25% o f  control for adult preparations. The developmental 
appearance o f NMJ sensitivity to WTX-1 corresponded with the appearance 
o f  lethality. These data suggest that WTX-1 is a new tool for studying the 
maturation/subtypes o f the nAChR. NIH NS31040 and NS21896.
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1 4 3 .1 1

R T -P C R  A N A L Y S IS  O F  T H E  D IS T R IB U T IO N  O F  N E U R O N A L  
N IC O T IN IC  A C E T Y L C H O L IN E  R E C E P T O R S  IN H U M A N  
P E R IP H E R A L  T IS S U E . L.M . M onteoaia*. S . P. Arneric. and J.P. 
Sullivan. Neuroscience R esearch, D -47 W , Abbott Laboratories, 
Abbott Park, IL  6 0 0 6 4 -3 5 0 0 .

Eight gene products encoding human neuronal nicotinic 
actylcholine receptors (nA C hR ) have been identified to date. The  
developm ent of safe and effective cholinergic channel modulators 
requires an understanding of the distribution of neuronal nAChRs  
throughout the entire human body. To this end, the tissue 
distribution of m R N A  for the hum an neuronal nA ChRs in various  
peripheral tissue including heart, adrenal gland and pancreas has 
been determ ined using the reverse transcription-polym erase chain 
reaction (R T -P C R ). First strand cD N A  w as synthesized from poly 
A + RNA with reverse transcriptase and random hexam er primers. 
P C R  primers specific for the hum an α 2, α 3, α 4, α 5, α 7, ß2 and 
ß4 subunits w ere used in the R T -P C R  amplification. The  specific 
amplification of each of the neuronal nAChR subunits w as confirmed 
by DNA sequencing. In human heart α3, α 5 and ß4 subunits were  
detected, in the adrenal gland α 2, α3, α 4, α 5, ß2 and ß4 were  
found, while the pancreas was found to contain α3, α5, ß2 and ß4. 
The results of this study suggest that neuronal nAChR are present in 
peripheral tissues. W heth er the subunits com bine to form  
functional receptors and the physiological roles of these receptors 
in peripheral tissue remains to be determ ined.

1 4 3 .1 3

PRESYNAPTIC  N ICO TIN IC  R EC EPTO R S EVO KE [3H] DOPAM INE  
RELEASE FROM STR IA TA L S YN A P TO SO M ES  BY AC TIVA TIO N  OF  
VO LTA G E -S E N SIT IV E  C ALCIUM  CHA N N ELS. S. Wonnacott* & L. Soliakov. 
Sch. of Biol. & Biochem., Univ. Bath, BATH BA2 7AY, UK

The occurrence of nicotinic acetylcholine receptors (nAChR) on striatal 
nerve terminals is well documented but the mechanism by which agonist 
activation of these nAChR leads to increased [3H]dopamine ([3H]DA) release 
has not been worked out. The high Ca2+ permeability of neuronal nAChR 
raises the possibility that direct Ca2+ influx through the nicotinic channel might 
trigger exocytosis. Alternatively, depolarisation arising from Na+ entry via the 
nicotinic channel may result in the opening of voltage-sensitive Ca2+ channels 
(VSCC) as the primary route of Ca2+ entry for exocytosis. To assess these 
possibilities we have examined [3H]DA release from rat striatal synaptosomes, 
evoked by the potent nicotinic agonist anatoxin-a (AnTx; EC50=0.11μM). Both 
AnTx- and KCI-evoked [3H]DA release were Ca2+ dependent and blocked by 
200μM Cd2+ (81.3%  and 75.7%  inhibition respectively). This suggests the 
involvement of VSCC, an interpretation that is supported by the Na+- 
dependence of AnTx-evoked [3H]DA release: replacing extracellular Na+ with 
N-methyl-D-glucamine decreased [3H]DA release to 7.9% of control. To 
dissect out the VSCC involved we have compared the effects of selective 
blockers. AnTx-evoked [3H]DA release was inhibited by 70% by ωconotoxin 
GVIA (1μM), vtfiereas KCI-evoked release was more sensitive to ωagatoxin 
IVA. This implicates N-type VSCC in nAChR-mediated [3H]DA release and P- 
type VSCC in KCI-evoked release. Although the dihydropyridine nifedipine 
inhibited AnTx-evoked [3H]DA release, this is likely to reflect a direct 
interaction with the nAChR as L-type VSCC are not usually found on 
presynaptic terminals. A direct effect on the nAChR is disclosed by Rb+ flux 
assay. These results suggest that presynaptic nAChR may couple to a 
different subset of VSCC, compared w ith KCI-evoked depolarisation.

1 4 3 .1 2

USE OF THE CYTOSENSOR® MlCROPHYSIOMETER TO M ONITOR 
NEURONAL NICOTINIC ACETYLCHOLINE RECEPTOR ACTIVATION 
in  D if f e r e n t ia t e d  PC 12 c e l l s  S. Pitchford* & K. De M oor. 
Molecular Devices Corp., Sunnyvale, CA 94089.

Functional analysis o f the nicotinic acetylcholine receptor (nAChR) 
typically involves the use o f either electrophysiological techniques or o f 
radiolabelled ion flux experiments. In a search for alternative, less 
cumbersome assays, neuronal nA ChR activation was studied using the 
Cytosensor M icrophysiom eter System, which m onitors the excretion 
o f acid products o f cell metabolism and homeostasis in living cells in 
real time. PC 12 cells were differentiated with l 00ng/m l nerve growth 
factor for 5 days prior to experimentation to increase the expression of 
neuronal nA ChR. Brief incubation  w ith  the nA C hR  agonist, 
dim ethylphenylpiperazinium  (D M PP) resulted in an increase in the 
extracellular acidification rate (ECAR) o f these cells in a transient and 
concentration-dependent manner. The EC 50 for this effect was ~30μ M 
and the response was a ttenuated  by co-incubation  w ith  l μ M 
mecamylamine, a specific neuronal nA ChR channel blocker. The 
ECAR response was unaffected by pretreatm ent o f cells w ith either 
1μ M atropine (to inh ib it m uscarinic receptors) or l 0 nM  alpha- 
bungarotoxin, a known inhibitor o f both the muscle-type nA ChR and 
the alpha-7 type nAChR. D M PP-induced increases in ECAR's were 
reduced, however, by pre-incubation  o f cells w ith nifedip ine or 
verapamil, inhibitors o f L-type calcium channels. This suggests that the 
increase in ECAR to neuronal nAChR activation involved the opening 
o f voltage-gated calcium  channels and a subsequent increase in 
intracellular calcium levels.

1 4 3 .1 4

CHARA C TERIZA TIO N  OF C a2+ EN TRY  TH R O U G H  A DRENAL  
CHRO M A FFIN  CELL NICO TIN IC  R ECEPTO R S BY  FURA-2  
IM AGING . S. Donoghue. J.L. Bixby* & R. J. Bookman Dept. of  
Pharmacology, University o f Miami, Miami, FL, 33101

Neuronal nicotinic receptors (nAChRs) increase [Ca2+]i through an 
intrinsic Ca2+ permeability that, in turn, can cause release o f Ca2+ from 
stores as well as activation o f voltage-gated Ca2+ channels. The purpose 
of this study is to isolate pharmacologically the nAChR Ca2+ influx 
from these other Ca2+ increases and to determine if different sub-types 
of nAChRs give rise to different Ca2+ resp on ses. Cultured bovine 
chromaffin cells were loaded with fura-2, and changes in [Ca2+]i 
following bath application o f agonists and/or antagonists were measured 
by ratio imaging video microscopy. ACh, nicotine, and DMPP all 
increased [Ca2+]i to varying degrees. Atropine (1 μM), primarily a 
muscarinic receptor inhibitor, blocked the ACh response in some cells, 
suggesting cell-to-cell variability in the expression o f nAChRs. The 
responses to nicotine and DMPP, agonists specific for nAChRs, were not 
blocked by 1 μM  atropine. The Ca2+ transients elicited by these latter 
agonists also varied between cells in kinetic characteristics such as time- 
to-peak, recovery rate, and plateau level. Pretreatment with 
thapsigargin, an ER Ca2+-ATPase inhibitor, suggests that some, but not 
all of these differences can be accounted for by differences in release 
from intracellular Ca2+ stores. This sets the-stage for experiments using 
sub-type specific agonists and antagonists as well as Ca2+ channel 
blockers to establish the contribution o f differences in nAChRs to 
differences in Ca2+ responses. (Supported in part by AHA/FL)
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1 4 4 .1

NEUROLEPTIC EFFECTS ON GLUTAMATERGIC FUNCTION A.
Janowsky*. G. Bunker. J. Mason. C. Allen and C.K. Meshull VAMC and 
Depts. of Psychiatry, Pharmacology, Medical Psychology, and Pathology, 
Oregon Health Sciences Univ., Portland, OR 97201

Neuroleptics have been reported to alter glutamatergic function, but 
the mechanisms for the effects are unclear. We now report that chronic (28 
day) haloperidol (HAL, 0.5mg/kg, s.c.) or clozapine (CLZ, 30mg/kg s.c.) 
administration had no effects on [3H]MK-801 binding to a well-washed 
Triton-X treated membrane preparation from rat striatum. However, there 
was a significant (P<0 .0 0 1 )  CLZ- but not HAL-induced increase in in situ 
hybridization of a probe that labeled all RNA splice variants of the NR1 
subunit in caudate. Interestingly, hybridization of a probe that labeled only 
variants containing a 63-base insert was significantly reduced by chronic 
CLZ (P<0.015) and HAL administration. Only HAL increased 
hybridization of a probe for the NR2A subunit. Other brain regions showed 
different results. In addition, there was a significant HAL- and CLZ- 
induced increase in immunogold labeling of glutamate in the presynaptic 
terminals of the caudate, with HAL having a significantly greater effect as 
compared to CLZ. Thus, there are drug- and region-specific effects of 
neuroleptics on indices of glutamatergic function that may be involved in 
the clinical effects of neuroleptics.

Supported by the Stanley Foundation, Dept. o f Vet. Affairs, and NIH

1 4 4 .2

NITRIC OXIDE SYNTHASE AND NMDA RECEPTORS CO-EXIST 
IN SOME BUT NOT ALL NEURONAL PROFILES: AN 
IMMUNOELECTRON MICROSCOPIC STUDY. Chive Aoki*, 
Julianne Rhee. C.-G. Go. Xiu-Zhen Song & Ted M. Dawson+ Ctr for 
Neural Sci., New York Univ., NYC, NY, 10003 and+Dept of Neurol. & 
Neurosci, The Johns Hopkins Univ. Schl of Med., Baltimore, MD 21205.

Nitric oxide synthase (NOS) is a newly isolated enzyme responsible for 
the generation of a gaseous neurotransmitter, NO. It has been 
hypothesized that this enzyme might be activated following influx of Ca2+ 
through the NMDA receptors during LTP induction. For this hypothesis to 
be valid, NOS must reside within neuronal profiles exhibiting NMDA 
receptors on the cell surface. Our dual immunoelectron microscopic 
results validate this hypothesis. In the hippocampus and visual cortex of 
the rat, we have identified co-existence of the two molecules in dendritic 
shafts and dendritic spines. These profiles show asymmetric synaptic 
junctions with axon terminals, suggesting that they receive excitatory 
synaptic inputs. These observations indicate that neuronally released 
glutamate can lead to generation of a retrograde messenger, NO. Axon 
terminals also were dually labeled, indicating that neurotransmitter release 
can be enhanced through axo-axonic interactions between glutamatergic 
and NOS(GABA) terminals. We also noted the presence of neuronal 
profiles exhibiting only one of the two molecules. This indicates that NOS 
activation can sometimes occur independent o f NMDA receptor activation. 
Supported by NEI-EY08055, NSF Presidential Faculty Fellowship RCD 
92-53750, NINDS 1R01NS30944-01 and HFSP RG-16/93.
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144.3
Differential distribution of excitatory amino acid receptors on rat neocortical 
layer V pyramidal neurons in vitro.
H.-U. Dodt*. K. Kampe, A. Frick. T. Riither and W. Zieglgansberger.
Max-P lanck-lnstitute o f Psychiatry, Clinical Institute, Clinical Neuropharmacology, 
Kraepelinstr. 2, 80804 Miinchen, FRG.

Excitatory transmission in the neocortex is mediated by various glutamate 
itceptot subtypes. Their distribution on the somadendritic membrane of neocortical 
pyramidal neurons is still unknown.

In the present study infrared videomicroscopy was used to investigate the 
distribution of N-methyl-D-aspartate (NMDA) and α-amino-3-hydroxy-5-methyl-4- 
isoxazolepropionic acid (AMPA) receptors on the soma and the apical dendrite of 
neocortical pyramidal neurons in vitro. Infrared videomicroscopy allowed the 
visualization of dendrites up to 700 pm (Dodt and Zieglgansberger. TINS 17: 453- 
458,1994). Two experimental approaches were used for the application of excitatory 
amino acids: Microiontophoresis and photolysis of caged L-glutamate. During both 
kinds of experiments depolarizing responses were recorded somatically with a patch 
pipette in the whole-cell current-clamp mode.

AMPA or NMDA were applied iontophoretically from multibarrel pipettes 
placed under visual control in the vicinity of the soma and various proximal and distal 
dendritic sites of the neuron (n=19). The responses to AMPA produced at the soma 
and the proximal part (up to 300 μm) of the apical dendrite were almost identical, 
whereas the responses to NMDA markedly decreased with increasing distance of the 
applicaltion site from the soma. At 700 pm the relative sensitivity to NMDA versus 
AMPA had dropped to 20% as compared to the measurements at the soma.

These findings were corroborated by experiments with slices supeifused with 
medium containing TTX and caged glutamate (n=10). By UV-irradiation, caged 
glutamate was released by photolysis in preselected small (-20 pm diameter) areas 
along the apical dendrite. After NMDA currents were blocked by the selective 
antagonist APV (25 pM), photostimulation was repeated to activate currents mediated 
via AMPA receptors. Again the relative response mediated by NMDA receptors 
decreased with increasing distance from the soma, to about 40% at 400 um.

The present results provide, for the first time, direct evidence for a 
preferentially AMPA receptor mediated synaptic transmission in remote dendritic 
areas of neocortical pyramidal neurons.

144.5

COLOCALIZATION OF GLUTAM ATE, GABA AND GLYCINE IN 
LAMPREY BRAIN AND S PIN A L C O R D  SYN A PSES. £L£*  
Vessel kin. J.-P. Rio. N.B. Keniofest. J. Repé rant. and A. Gorodinsky*. 
Sechenov Inst. Evol. Physiol. & Biochem., St. Petersburg, Russia, 
and INSERM U106, Paris, France

Electron microscopic immunocytochemistry in semiserial sections 
has provided indirect evidence that glutamate (GLU) and glycine 
(GLY) are colocalized in giutamatergic synapses of giant fibers in 
lamprey spinal cord. GLU and GLY were also colocalized in 
giutamatergic bipolar cell synapses in retina. Codistributions of 
GLU, GLY and GABA in lamprey visual centers and spinal cord 
were tested more directly with double immunogoid staining of 
electron microscopic sections. GLU-immunoreactivity was observed 
over most clusters of synaptic vesides in en passant synapses of 
reticulospinal axons and of axons in the dorsal and dorsolateral 
tracts to dendrites of segmental neurons. Most of these synapses 
had colocalized immunoreactivities for GLU and GLY. In the central 
column of nerve cells GLU- or GLY-immunoreactivity was observed 
over synaptic vesicle clusters. Axon terminals were labeled in the 
optic tectum and mesencephalic tegmentum following iontophoretic 
application of HRP to the cut optic nerve. These terminals were 
Immunoreactive to GLU, and some coexpressed GABA. Some 
unlabeled term inals  c o exp ressed  G L U - and G LY - 
immunoreactivities.

Supported by INSERM France-CEI Collaboration Programme and 
Russian Foundation of Fundamental Research (Grant No. 93047461).

144.7

CHRONIC ANDROGEN TREATMENT EFFECTS ON THE DIFFERENT NMDA 
SUBUNIT mRNAs EXPRESSED IN THE CA1 REGION OF THE 
HIPPOCAMPUS. W. A. Pouliot*. S. G. Beck and R. J. Handa. Department of 
Cell Biology, Neurobiology and Anatomy, Loyola University Medical Center, 
Maywood, IL 60153.

Hippocampal CA1 neurons contain a high concentration of androgen receptor. 
Previous electrophysiological data from our laboratory suggests that the androgen, 
5-α-dihydrotestosterone propionate (DHTP) modulates the N-methyl-D-aspartate 
(NMDA)-mediated response in hippocampal CA1 pyramidal cells. In the NMDA 
receptor family, two distinct members have been cloned, NMDAR1 and NMDAR2. 
The NMDAR2 subunit is encoded by four different genes, NMDAR2A-D. 
Heteromeric configurations with NMDAR1 and the different NMDAR2 subunits 
produces functional variability in the receptor response. Thus, androgens could 
modulate the CA1 pyramidal cell’s NMDA-mediated response by changing the 
subunit composition of the receptor complex. We examined the effects of chronic 
androgen treatment on NMDAR1,2A, 2B, and 2C subunit mRNAs in the CA1 
region of the hippocampus using in situ hybridization with 35S-labelled 
oligonucleotide probes. The treatment groups included male rats that were either 
sham operated, gonadectomized, or gonadectomized with two Silastic capsules of 
DHTP implanted. The rats were sacrificed 3 weeks after surgery and the brains 
processed for in situ hybridization. NMDAR1, 2A and 2B were expressed in high 
levels; 2C was found in low levels in the CA1 region. There were no changes in the 
steady-state mRNA levels for NMDAR1 or 2A between groups. However, 
preliminary results indicate that high levels of DHTP may be increasing the density 
of NMDAR2B mRNA. Overall, these findings suggest that chronic androgen 
treatment may be shifting the NMDA receptor R1/2B ratio in the CA1 region of the 
hippocampus thereby altering NMDA receptor-mediated responses. USPHS 
DA05615, NS28512 , MH00880, NSF BNS9109226 and IBN9408890.

144.4
INTACT CORTICOSTRIATAL SYNAPSES IN ORGANOTYPIC CULTURES 
OF WHOLE HORIZONTAL SECTIONS OF RAT BRAIN.
MP Thom as*, DT Monaghan, RB__ Norgren . a n d __RA Morrisctt,
Dept Pharmacol, Univ Nebraska Med Ctr, Omaha, NE, 68198-6260.

O rg a n o typ ic  cultures o f brain slices have several advantages for 
neurobiologic studies. H ow e ver, slice culture studies to date  have focussed  
on specific brain areas, particularly hippocam pus. W e  have grow n organotypic  
cu ltu re s  o f horizontal sections o f entire rat bra in stem /te lencephalon . O ne  
obvio us use o f this m odel system  is fo r study o f interregional synaptic  
connections. There fore , fo r initial characterization  o f this system , w e  asked  
w h e th e r an in tac t corticostriatal p a th w a y  could be identified  using 
electrophysio logic and anatom ic techn iques.

S ections w e re  cu t w ith  a vibrating slicer from  2 -7  day old rat pups, and 
cu ltured  using m ethods sim ilar to those described by Stopp ini e t al. (J. 
Neurosci. M e th ., 1 9 9 1 ). As in native brain, AC hE stain w as  concentrated  in 
stria tum , deep cortical layers, hippocam pus, s. colliculus and m agnocellular 
basal forebrain  neurons. Nissl stains show ed m ain tenance o f cell layering in 
hippocam pus and cortex . Field recordings w e re  perform ed a fte r  12-2 1  days  
in vitro . E lectrodes placed in m id -n eocortex  recorded population spikes (PS) 
follow ed by slow er positive w av es  elic ited by stim ulation o f s tria tum  (n =  14). 
D N Q X  (1 0  uM ) abolished the s low  w av es  (in 8  of 8 slices) leaving the PS 
in tac t, indicating a probable antidrom ic activation  o f g iu tam atergic  
corticostriatal fibers. Injections of the lipophilic dye, Dil, into stria tum  resulted  
in labeled cells in neocortex, providing fu rth e r support fo r an in tac t p a th w ay .

These studies dem o nstrate  th a t an in tac t corticostria ta l p a th w a y  exists in 
slices of the entire rat b rainstem /forebrain  m ain tained in culture, and suggest 
th a t this system  m ay be o f u tility  fo r a varie ty  o f neurobiologic studies, 
(support: N IA A A  9 2 3 0  to R A M ).

144.6
RAT AND HUMAN KYNURENINASE: CLONING, SEQUENCING AND 
EXPRESSION. S. Toma1. L. Cozzi1. M. Nakamura2. S. Tone2. E. Okuno2. R. 
Kido2. M. Mostardini. C. Speciale* and L. Benatti. Pharmacia, R&D CNS and 
1Bioscience Center, 20014 Nerviano, Italy; 2Wakayama Medical College, 
Wakayama 640 Japan.

Kynureninase [L-kynurenine hydrolase EC 3.7.1.3] is one of the enzymes 
involved in the biosynthesis of nicotinamide adenine dinucleotides cofactors 
from tryptophan. An intermediate of this metabolic pathway is quinolinic acid, 
whose neurotoxic effect in the CNS is well documented. The enzyme catalyses 
the conversion of 3-hydroxykynurenine and kynurenine into 3- 
hydroxyanthranilate and anthranilate, respectively. Oligonucleotides were 
synthesized on the basis of a partial aminoacid sequence of the enzyme purified 
from rat liver and a full length clone was isolated by RT-PCR and hybridization 
screening of a rat liver cDNA library. Its sequence was determined and the 
identity of clone verified by comparison to the known peptide sequences and by 
assay of the kynureninase activity associated to the recombinant protein 
expressed in transfected COS cells. The rat clone was also used as a probe to 
isolate the corresponding human sequence from a human liver cDNA library. 
The rat and human sequences show a high degree of homology both at the 
nucleotide and the aminoacid level. Expression of mRNAs has been analysed in 
different rat and human tissues. The enzymatic properties of the two proteins 
expressed transiently into COS cells have been investigated and compared with 
both kynurenine and 3-hydroxykynurenine as substrates.

144.8
EXPRESSION OF NMDAR2D GLUTAMATE RECEPTOR SUBUNIT 
mRNA IN NEUROCHEMICALLY IDENTIFIED NEURONAL POPULATIONS
D.G. Standaert*. G.B. Landwehrmeyer. J.A. Kerner. J.B. Penney. Jr., and 
A.B. Youna. Dept. of Neurology, Mass. Gen. Hosp., Boston, MA 02114.

NMDA receptors are composed of proteins from two families: NMDAR1, 
which are required for channel activity, and NMDAR2, which modulate 
properties of the channels. The NMDAR2D subunit has a highly restricted 
pattern of expression: in the forebrain, it is found in only a small subset of 
cortical, neostriatal and hippocampal neurons. We have used a quantitative 
double-label in situ hybridization method to examine the expression of 
NMDAR2D mRNA in neurochemically defined populations of neurons. In the 
neocortex, NMDAR2D expression was observed in only a small number of 
neurons, but these included almost all of the somatostatin (S S )-, GAD67-, 
and parvalbumin (PARV)- expressing interneurons. In the neostriatum, 
NMDAR2D was expressed by the interneuron populations marked by SS, 
GAD67, PARV, and choline acetyltransferase (ChAT) mRNA but not by 
the projection neurons expressing SP or ENK. In the hippocampus, 
NMDAR2D was not present in pyramidal or granule cells, but was abundant 
in SS, GAD67, PARV, and ENK-expressing interneurons.

NMDAR2D expression appears to be a property shared by interneurons in 
several regions of the brain. The unique electrophysiological characteristics 
conveyed by this subunit may be important for the integrative functions of 
these neurons. Differential expression of NMDAR2D may also contribute to 
the relative vulnerability of interneurons to excitotoxic injury.

DGS is a HHMI Physician Research Fellow. Supported by USPHS grants AG11337 and 
NS31579.
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1 4 4 .9
U LTRASTRUCTURAL LO CALIZATION OF THE NMDAR1 R ECEPTO R IN 
THE RAT N UCLEUS A C CUM BENS: RELA TIO N SH IP  W ITH  D O PAM INE  
AFFERENTS AND NITRIC OXIDE K.N. G racy* and V .M . P ick eL  D e p t. of 
Neurol, and Neurosci. Division of Neurobiology, Cornell Univ. M ed . C oll., N ew  
York, N Y  10021.

T h e  nucleus accu m bens has been  show n to be extensive ly  involved in 
locom otor activation by stimulant drugs altering the re lease of d opam ine. 
Additionally, antagonists of the N -m ethyl-D -aspartate (N M D A ) -type g lutam ate  
receptor and nitric oxide synthase (N O S ) have been  show n to suppress th e  
deve lopm ent of sensitization to this locom otor activity. W e  exam ined  th e  
ultrastructural localization of N M D A  alone or com b ined with antibodies to th e  
dopam ine-synthesizing en zy m e tyrosine hydroxylase (TH) or the  nitric o x ide  
synthesizing en zy m e (N O S ) to determ ine potential sites for the N M D A - 
m ediated effects of g lutam ate in this region. N M D A  im m unogold labeling was 
mainly seen  along m em branes of unlabeled astrocytic processes and non- 
synaptic plasma m em brane, or sm ooth endoplasm ic reticulum of large 
dendrites. N M D A -im m unolab eled  astrocytic processes w ere  often a p p o s ed  
to N O S  neurons and m ore rarely to TH -lab eled  term inals. N M D A  labeling was 
more rarely detec ted  in axons, and few  of these axons w ere  co -labeled  with 
either TH  or N O S . H ow ever, N O S  im m unoreactivity was frequently  seen  in 
other axon terminals, and num erous dendrites. N O S  labeling in den d rites  
w as also occasionally colocalized with N M D A . W e  conclude that in the nucleus  
accum bens, glutam atergic N M D A  receptors act mainly as m odulators of 
astrocytic function and additionally may alter the resp onsiveness of neu ro n s  
som e of which release nitric oxide. T h e  results support the  indirect effects of 
the N M D A  receptor on presynaptic DA release. S uppo rted  by NIM H grants  
M H  4 0 3 4 2  and DA 0 4 6 0 0 .

1 4 4 .1 1

DIFFERENTIAL EXPRESSION OF GLUTAMATE RECEPTOR 
SUBUNITS IN OLFACTORY BULB NEURONS. Artis A. Tapue.* 
Paul O. Trombley and Charles A. Greer. Sections of Neurosurgery and 
Neurobiology, Yale Univ. Sch. Med., New Haven, CT 06510.

mRNA for glutamate receptor (GluRs) subunits has been localized in 
rat olfactory bulb (OB) (Sato et al., 1993). To examine subcellular 
localization of GluR subunits, we studied the laminar and cellular 
immunoreactivity (IR) of antibodies (Abs) to specific subunits. Adult 
rats were anesthetized and perfused with aldehydes in 0.1M PBS. 
Sections were incubated for 4 8  hrs in primary antibody and processed 
with Vector Labs ABC Kits. GluRl (Chemicon) IR was heavy in the 
glomerular layer (GL), moderate in the external plexiform layer (EP), 
and localized to periglomerular (PG) and short axon (SA) cells. GluR2/3 
(Chemicon) IR was heavy in the EP and moderate in the granule cell 
layer (GR) where it localized to granule cells (GC . GluR4 (Chemicon) 
IR showed heavy staining of EP and olfactory nerve layer (ON) but was 
not specific to a subpopulation of cell bodies. This suggests that GluR4 
receptors may localize to dendritic processes in the EP and olfactory 
receptor cell axons and/or glia in the ON. GluR5/6/7 (Pharmingen) IR 
was heavy in the EP, moderate in the ON and GL, and localized to mitral 
cells (MC) and GCs. Ultrastructural examination showed staining of 
large dendrites characteristic of MCs in the EP. Ongoing in vitro analyses 
support the localization of GluRs to subpopulations o f OB-derived 
neurons as well as the subcompartmental expression o f GluR subunits 
within neurons. The data imply that different GluR subunits localize to 
different cell populations and subcellular compartments in the OB.
Given the laminar segregation o f projection and local circuit synapses 
within the OB, these data further suggest that GluR subunits may 
differentially participate in OB circuits.
Supported in part by NIDCD DC00210 and NINDS NS 10174 to CAG.

1 4 4 .1 3

CELLULAR AND SUB-CELLULAR LOCALIZATION OF GLUTAMATE 
RECEPTORS IN MIDBRAIN DOPAMINERGIC NEURONES IN THE 
SQUIRREL MONKEY. M. Paquet*. J.-J. Soghomonian and Y. Smith. Centre 
de Recherche en Neurobiologie, Hôp. de lEnfant-J6sus and Univ. Laval, Qu6bec, 
CANADA.

An hypothesis that has been suggested for the degeneration of midbrain 
dopaminergic (DAergic) neurons in Parkinson’s disease (PD) is that of 
excitotoxicity, which involves an overload of intracellular calcium via the 
activation of glutamatergic receptors. To further our knowledge on this issue, we 
undertook a series of experiments to determine the subtypes of glutamate receptors 
contained in midbrain DAergic neurons in the squirrel monkey. This was achieved 
by the combination of immunohistochemistry and in situ hybridization methods 
at the light and electron microscopic level.

The DAergic neurons in both the substantia nigra compacta (SNc) and the 
ventral tegmental area (VTA) are immunoreactive for each subunit of AMPA 
(GluRl and GluR2/3) and NMDA (NMDAR1) receptors localized in the present 
study. The immunoreactivity is found in the perikarya and dendritic shafts of 
positive neurons. Overall, the intensity of labelling is more intense in SNc than 
in VTA. In keeping with these observations, in situ hybridization method shows 
that the expression of mRNAs encoding for AMPA-GluR2 subunit is 
significantly higher in SNc than in VTA cells. Moreover, these data confirm that 
the midbrain DAergic neurons contain the GluR2 subunit of the AMPA receptor. 
Preliminary electron microscopic observations reveal that the reaction product used 
to localize AMPA and NMDA receptors is preferentially associated with the 
membrane of dendritic shafts involved in asymmetric synapses.

In conclusion, our findings show that the midbrain DAergic cells are enriched 
in different subtypes of glutamatergic receptors in primates. An imbalance in the 
activation of these receptors may be the source for the degeneration of DAergic 
neurons in PD.
(Supported by the Parkinson Foundation of Canada, Medical Research Council of 
Canada and Fonds de la Recherche en Santé du Québec)

1 4 4 .1 0
N-METHYL-D-ASPARTATE (NM DA) RECEPTORS ON  
GONADOTROPIN RELEASING HORMONE (GnRH) NEURONS  
K .M -. Flynn.1,2 M .P-Schrsibiaan1,2. L . Magliulo-Cepriano3. S.P. 
Banerjee*1,4. and E. Yablonskv-Alter4. Graduate School and University 
Center1 and Brooklyn College2, CUNY, Brooklyn, N Y  11210; State 
University at Farmingdale, NY* and City University Medical School, N Y 4.

The NM DA type glutamate receptor has been implicated in many neural 
functions, including modulation o f  the brain-pituitary-gonad axis. With 
standard receptor binding assays using 3H-ligand, w e have previously 
reported that in whole brains o f  the platyfish, Xiphophorus maculatus, 
sexually mature animals have more than twice the number o f  NM DA  
receptors than younger sexually immature animals. W e have now  
examined the distribution o f  these N M DA receptors using antibody to the 
R1 subunit o f  the receptor (Chemicon Int'l, CA) and the PAP procedure 
for detection o f  immunoreactivity. Immunoreactive (ir-) NM DA  
receptors were localized in the 3 major GnRH-producing nuclei in the 
brain, the nucleus olfactoretinalis (NOR), the nucleus preopticus 
periventricularis (NPP) and the nucleus lateralis tuberis (NLT) in male 
platyfish from early in neonatal life through old age (2 w eeks to 3.5 
years). Location and intensity o f  ir-NMDA receptors in these nuclei are 
age dependent. This is the first direct observation o f  NM D A  receptor 
association with GnRH containing neurons. It provides additional 
evidence o f  a role for glutamate in the regulation o f  reproductive system 
function in Xiphophorus. [Supported by BARD (IS-2149-92) and N ASA  
(NAGW -1704) to M.P.S.]

1 4 4 .1 2
EXPRESSION AND DISTRIBUTION OF NON-NMDA GLUTAMATE 
RECEPTORS IN THE OLFACTORY EPITHELIUM. V. Thukral. D.M. 
Chikaraishi. J.K.T.Wane*. Department of Neuroscience, Tufts University School of 
Medicine, Boston , MA 02111
Messages for non-NMDA glutamate receptor (GluR) isoforms have been detected in 
the olfactory epithelium (OE) by RT-PCR amplification, and the KA2 subunit 
mRNA has been localized to the olfactory sensory neurons (OSNs) by in situ 
hybridization (Soc. Neurosci. Abs. 20, 139). Further studies on the mRNA levels and 
subcellular localization of the non-NMDA GluR isoforms have been carried out. By 
nuclease protection, and relative to the levels in total brain RNA, the message for 
KA2 of the kainate receptor subfamily is the most abundant in the OE, while that for 
GluR6 and for R7 are much lower, and that for R5 is not detectable. Messages for 
GluR2 and R3 of the AMPA receptor subfamily are also present, and that for R1 is 
barely detectable. Western blot analysis with anti-peptide antibodies (Abs) against 
KA2 (gift from R. Wenthold, NIH), GluR6/7 (gift from R. Huganir, Johns Hopkins 
University), GluRl and GluR2/3/4C (Chemicon) detected proteins of the expected 
sizes in OE homogenates, but the levels are much lower than that found in brain 
homogenates. Immunohistochemical studies were performed to localize the GluR 
isoforms. In the OE, the dendrites of the OSNs project into the mucosal layer for 
odorant detection, and their axons project to, and synapse in, the olfactory bulb 
(OB). A monoclonal Ab raised against a GluR5/6/7 fusion protein (Pharmigen) 
prominently stained the dendrites, dendritic knobs, and axon bundles of the OSNs.
In the OB, staining of the olfactory nerve layer was also prominent, but interestingly, 
that of the glomeruli which contain the OSN synapses was much lower. The KA2 
Ab also stained the dendrites and axon bundles of the OSNs. These data suggest that 
the non-NMDA GluR isoforms are present in the OSN, and that they may play novel 
roles in odorant signal processing. (Supported by grant NS30590 to JKTW).

1 4 4 .1 4
LOCALIZATION OF GLUTAMATE RECEPTOR SUBUNITS IN
RETINORECIP1ENT AREAS OF THE MOUSE BRAIN. R.S. Pires1. F. 
Gobersztein1. Dora S. F. Ventura 2, and L.R.G. Britto1. Dept. Physiology and 
Biophysics, Institute of Biomedical Sciences1, and Dept. Exp. Psychol., Inst. 
Psychol.2, University of São Paulo, São Paulo (SP), 05508-900, Brazil.

Several glutamate receptor subunits have been characterized during the 
past few years. In this study, commercially available antibodies against the AMPA- 
type glutamate receptor subunits GluRl-4 (Chemicon) were used to determine the 
distribution of those subunits in retinorecipient areas of the mouse visual system, 
especially the superior colliculus and geniculate complex. Both
immunofluorescence and immunoperoxidase techniques were used in sections 
obtained from brains of C57BL/6J mice that were deeply anesthetized and perfused 
with buffered 4% paraformaldehyde. Moreover, double labeling methods were used 
to determine the chemical identity of neurons containing GluRs and their relation 
to the retinal input, evaluated by anterograde transport of cholera toxin subunit B. 
Many neurons in the superficial and intermediate layers of the superior colliculus 
appear to contain the GluR2/3 subunits, whereas GluRl and GluR4 subunits 
appeared only in the neuropil and some neurons of the superficial layers. The cells 
that contained GluR2/3 in intermediate layers of the superior colliculus are 
associated with the sites of the ipsilateral retinal projection, and some of them 
contain also calbindin-28kD. The dorsal lateral geniculate nucleus appears to 
contain neurons which express GluRl and GluR2/3, but not GluR4. In the ventral 
nucleus of the same complex, GluR2/3 are the dominant subunits and some 
neurons in that nucleus are also double-labeled with an antibody against calbindin- 
28kD. These results reveal that different subpopulations of visual neurons express 
different combinations of AMPA-type GluR subunits, which might generate 
different synaptic responses to glutamate derived from retinal ganglion cell axons. 
Supported by FAPESP, CNPq, and CAPES (Brazil).
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144.15

A G LUTAM ATE- A N D  CO-REG ULATED P A T H W A Y  A FFEC TING  cGMP AN D  
NA,K-ATPase IN BRAIN: LO CA LIZATIO N IN NO RM AL & M U T A N T  MICE. J.A . 
N athanson*. C. S can lon. M. M cK ee and  C. S c a v o n e . N e u ro lo g y  D e p t., 
Harvard M ed. School and Mass. General Hosp., C N Y -6 , B osto n , MA 0 2 1 1 4 .

Evidence suggests th a t carbon m onoxide (C O ) is produced endogeneously  
in brain and m ig h t p lay a role in p roce sses as d iv e rs e  as o lfa c tio n  and 
learning. R ecent s tud ies  o f k idney, c ere b e llu m  and h ippo cam pus fu rth e r  
dem onstrate th a t  endogenous production o f CO, as well as exogenous appli
cation o f th is  gas, is asso ciated  w ith  large a lte ra tio n s  in a c tiv ity  o f N a,K - 
ATPase, th e  m em b ran e  N a + pu m p . Such a lte ra tio n s  co u ld  a f fe c t  cell 
energy m etabo lism  as well as ion g rad ien ts , and m ig h t h ave sh o rt or long-
term  e ffe c ts  on b o th  neuronal e x c ita b ility  and v ia b ility . In cere b ellu m , 
cGMP a lte ra tio n s  a re  a sso c ia ted  w ith  chan ges in N a ,K -A T P a s e , and th e  
form er ap p e ar p ro m in e n t in P urk in je neu ro n s (P N ), as do s ite s  o f CO 
synthesis (H O -II)  and  cGM P re g u la tio n  (P K G ). T h e s e  d a ta  p ro v id e  
im portant b u t indirect ev id en ce  th a t  PN ’s m ay  be m ean ingfu l s ites  o f CO 
action in th e  brain.

Based upon a com parison o f m u ta n t nervous  m ice (kn o w n  to  be d e fi
cient in PN’s) w ith  norm al and w eaver  m ice , w e  no w  d e sc rib e  ev id ence  
which supports d irec tly  th e  hypothesis  th a t  PN’s a re  k e y  neuronal sites o f 
action fo r g lu ta m a te - and C O -re g u la te d  a lte ra tio n s  in c e re b e lla r N a ,K - 
ATPase. Throu gh use o f  h o rm o n e  and C O -s t im u la te d  c e re b e lla r  slice 
preparations fo llow ed by p e rm eab iliza tio n , it  w as possible to  assay Na,K- 
ATPase, cyclic n ucle otides, & to  p e rfo rm  im m u n o h is to c h e m is try  o f  2nd  
m essengers and N a ,K -A T P ase  is o fo rm s , th e re b y  d e te rm in in g  in d e ta il 
altera-tions (o r  lack th e re o f)  o f  th e s e  p a ra m e te rs  and co m p arin g  th e m  
with those in norm al m ice and ra ts . O f n o te , m u ta n t nervous m ice dem o n
strated d ram atic  loss o f CO regu lation  o f b o th  cGMP and N a,K -A TP ase and, 
to a lesser e x te n t ,  o f  g lu ta m a te -re g u la te d  p ro c e s s e s . F u n d a m e n ta l 
differences b e tw e en  ra t and m ouse w e re  also n o te d .

144.17

REGIONAL DISTRIBUTION OF MGLUR4 AND MGLUR7 MRNA IN 
MAMMALIAN BRAIN. A. T. Bruinvels and C. T. Dourish* Wyeth Research 
(UK). Taplow, Maidenhead. Berks. SL6 0PII, UK.

In situ hybridization histochemistry was used to study the regional 
distribution of MGIuR4 and mGIuR7 mRNA in rat brain. To date two groups have 
reported the localization of mGIuR4 mRNA in this species (Testa et al. 1994, J. 
Neuroscience, 14 (5): 3005-3018; Kristensen et al. 1994, Neuroscience Lett., 155; 
159-162). However, only limited localization studies have been described for die 
latter transcript (Saugstad et al. 1994, Mol. Pharmacol., 45: 367-372, Okamoto et 
al, 1994, J. Biol. Chem., 269; 1231-1236). Our objective was to map die mRNA 
expression of these two putative presynaptic glutamate autoreceptors in detail in 
both rat and human brain. As has been reported previously, high levels of mGluR7 
mRNA were detected throughout the rat brain whereas only granule cells of the 
cerebellum contained extremely high levels of mGIUR4 transcript. Interestingly, 
both mGIuR4 and mGIuR7 transcripts were found in various sub-structures of 
septum, hypothalamus, midbrain, pons and striatum. Higher levels of mGluR7 
transcript were found in the shell as compared to the core of die nucleus accumbens. 
MGIuR7 transcript was more abundant than mGluR4 mRNA in rat brain, 
especially in limbic brain structures such as amygdala, hippocampal formauon and 
various cordcal areas, including frontal and temporal lobes. In contrast, besides the 
granular layer of the cerebellar cortex, high levels of mGluR4 mRNA were observed 
in most of the nuclei of the thalamus. Interestingly, many of diese nuclei also 
contained intermediate levels of mGluR7 transcript. Thus, it may be postulated that 
the presynaptic L-AP4 sensitive metabotropic glutamate autoreceptor described 
previously in many limbic brain structures such as amygdala and hippocampus is 
encoded by the mGluR7 gene. Additionally, the expression of mGluR4 and 
mGluR7 mRNA in human brain will be compared to that observed in rat brain.

144 .16
DIFFERENTIAL REGIONAL AND CELLULAR DISTRIBUTIONS OF THE 
KAINATE-TYPE AND NMDA R-l GLUTAMATE RECEPTORS IN THE 
RAT LOCUS COERULEUS (LC). E.J. Van Bockstaele* and E.E.O. Colage 
Dept. of Neurol, and Neurosci., Cornell Univ. Med. Coll., NY, NY 10021.

Physiological and pharmacological studies have shown that the excitatory 
amino acid, glutamate (Glu), acts at different receptors to activate noradrenergic 
neurons in the LC, thereby affecting the release of norepinephrine at numerous 
postsynaptic sites in the central nervous system. Specifically, both kainate- and 
NMD A-type receptors have been shown to mediate many of the physiological 
effects elicited by Glu in the LC. We combined peroxidase labeling for either 
the kainate receptor subunit (GluR 5,6,7) or the R1 subunit of the NMDA 
receptor with gold-silver localizauon of the catecholamine synthesizing enzyme, 
tyrosine hydroxylase (TH), to determine the regional and cellular distribution of 
these receptors with respect to the noradrenergic neurons in the rat LC. Labeling 
of the kainate-type receptor was intensely and homogeneously distributed 
throughout the region of noradrenergic cell bodies whereas the NMDA-R1 
receptor was much more diffuse and sparsely distributed in this area. 
Immunoreactivity for the NMDA-R1 receptor, though, was particularly dense in 
the dorsolateral part of the LC immediately ventral to the superior cerebellar 
peduncle, at this level. In the rostral LC dendritic zone. both kainate and NMDA 
receptor subtypes were equally dense. Electron microscopy revealed that the 
kainate-type receptor was mainly located in somata and postsynaptic dendrites, 
many of which also contained gold-silver labeling for TH. In perikarya, kainate- 
type receptor immunoreactivity was often localized to the Golgi apparatus and 
endoplamic reticulum. In contrast, labeling for NMDA-R1 was rarely seen in 
somata or dendrites but was mainly distributed around TH-labeled dendrites in 
astrocytic processes. Axon terminals were rarely immunolabeled for the kainate- 
type receptor but were labeled for NMDA-R1. These results provide the first 
direct ultrastructural evidence that Glu may locally modulate noadrenergic 
neurons through kainate-type postsynaptic receptors and NMDA-R1 receptive 
sites on astrocydc processes. Supp. by R29DA09082 and NARSAD to E.J.V.B.

144 .18
D IS T R IB U T IO N  O F  M E T A B O T R O P IC  G L U T A M A T E  R E C E P T O R S  IN  
H U M A N  H IP P O C A M P U S . K. B e h le 1. H . B e c k 2. B. S c h e ffle r1. R. 
Kuhn3. O .D . W ies tle r1. I. B lüm cke . 1 ) D e p t. of N europathology. Univ. 
Bonn M ed. Ctr., 5 3 1 0 5  Bonn, F .R .G . 2 )  D e p t. of Epilepto logy, Univ. 
Bonn M ed. Ctr., 5 3 1 0 5  Bonn, F .R .G . 3 )  R es ., Pharm aceutica ls  R & D , 
C iba, C H  - 4 0 0 2  Basel.

M etab o tro p ic  g lu tam ate  receptors  (m G lu R s ) a re  a sub fa m ily  of 
receptors initiating G protein-m ediated signal cascades. T h e  activation  
of m G lu R s has been im plicated in m odulation of synaptic e fficacy in 
the hippocam pal form ation. In addition, activation of m G lu R s I and 5  
results in the generation of epileptiform  discharges, w h ereas  m G lu R 2- 
4, 6 and 7 subunits a p p e a r to exert a protective e ffec t by activating  
inhibitory cA M P  casc ad es . In this im m unohistochem ical study, w e  
h a v e  a n a ly z e d  th e  d istrib u tio n  of m G lu R  s u b u n its  in hu m a n  
hippocam pal specim ens (n =10) using specific polyclonal antibodies.
A distinct ce llu lar and regional pattern  of expression  w as found for 
each  m G luR  subunit and its splice variants (denoted a, b and c):
(i) Principal neurons (pyram idal and granule cells): m G lu R Ib ,  

m G lu R 2/3  (C A 4 -C A 2 ), m G luR 7a.
(ii) Interneurons: m G lu R Ib  (horizontal cells in stratum  oriens, S O  

and polym orphic cells in the dentate gyrus, PM L), m G lu R 7b  
(onlyPM L), m G lu R 2 /3  (only S O ).

(iii) Dendritic profiles: m G lu R 2 /3  (SO ), m G lu R 7a, m G lu R 7b  
(D G -M L ).

(iv) Astrocytes: m G lu R Ic  and m G lu R 5 (throughout the h ippocam pal 
formation).

m G lu R 4 show ed a hom o geneous distribution in the neuropil of the  
pyram idal cell layers . N o spec ific  m G lu R 5 b  im m u n o sta in in g  w as  
observed. T h e s e  da ta  provide an  in teresting  basis for studies on 
m G lu R  expression under various neuro pathological conditions such  
as tem poral lobe epilepsy, ischem ia and neuro degenera tive  disorders.
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AMPA R E C E P T O R S  E X P R E S S E D  IN X E N O P U S  O O C Y T E S :  
A N TA G O N IST P H A R M A C O L O G Y . M . O k a d a . A. K ohara. M . Shim izu- 
Sasamata* and T. Yam aauchi. N euro science /G astro in testinal Research Lab ., 
Institute for Drug D iscovery R esearch , Yam anouchi Pharm aceutical Co. Ltd ., 
21 Miyukigaoka, Tsukuba, Ibaraki 3 0 5 , Japan.

The inhibitory potencies of Y M 9 0 K , N B Q X  and G Y K I5 2 4 6 6  at EA A  receptors  
were exam ined  in rat cortical m R N A -in jec ted  X en o p u s  oocytes using two- 
electrode vo lta g e  clam p. T h e  am plitude of k a in a te -evo k ed  current was 
potentiated by cyclo th iazide  (C Y Z ), but not C o n -A , and  re d u c ed  by co-
application with A M P A . T h e s e  results show  that inward current evo k ed  by  
kainate was caused by the activation of A M P A  receptors. Schild analysis of th e  
YM90K and N B Q X  inhibition of the kainate currents y ield ed pA 2 values of 6 .8 3  
± 0.01 (slope: 0 .9 4  ± 0 .0 1 ) and 7 .2 4  ± 0 .01 (slope: 0 .91  ± 0 .0 1 ) ,  respectively. 
G YK I52466 reduced  the  m axim um  kain ate resp onse (4 0  %  reduction by 3 0  
μM )and increased the kainate E C 50 in a  d o s e -d e p e n d e n t m anner. 10 μM C YZ  
increased th e  m ax im u m  to a s a tu ra tin g  co n c en tra tio n  to k a in a te  by  
approximately 2 3 0  %  an d  p rodu ced  a shift to the  left in th e  kain ate d o se - 
response curve. Schild analysis of the  Y M 9 0 K  and N B Q X  inhibition of th e  
kainate currents in the  p resence of 30  μ M C YZ yielded p A 2 values of 6 .6 2  ± 
0.03 (slope: 1 .02  ± 0 .0 1 ) and 7 .1 0  ± 0 .0 2  (slope: 1 .00  ± 0 .0 2 ), respectively. 
The inhibitory potency of these two com pounds in the  p res en ce of C YZ w ere  
slightly less p o ten t than in the a b se n ce  of C Y Z . T h e s e  results show  that 
(1)YM 90K exerts a  com petitive block of the oocyte A M P A  receptors as well as 
NBQX (2)the  antagonism  of A M P A  receptors by G Y K I5 2 4 6 6  appears  to b e  
mixed co m p etitive-n o n co m p etitive  for ka in ate  (3 )C Y Z  incre ases  affinity for 
kainate but decreases  affinity for an tagonists.

145 .2

DELAYED INTRAVENOUS TREATMENT WITH S 17625-2, A 
COMPETITIVE AMPA RECEPTOR ANTAGONIST, REDUCES 
INFARCTION AFTER PERMANENT FOCAL ISCHEMIA IN RATS 
J Lepagnol  A Roger. J.M. Rivet*, P. Lestage Institut de Recherches 
Servier, 125 Chemin de Ronde, 78290 Croissy, Paris, France.

S 17625-2 (6,7-dichIoro-2-(IH)-quinolinone-3-phosphonic acid, 2Na) is 
a new selective AMPA antagonist with potent cerebroprotective properties 
when given by the i.p. route after transient global ischemia in gerbils, or 
permanent focal ischemia in mice. In view of its high solubility, S 17625-2 
was studied in permanent focal ischemia in rats ( Tamura et al., J. CBF. 
Metab., 1, 53-60, 1981) using intravenous and delayed (1 hour) treatment 
for evaluation o f its potential clinical utility. At 3 mg/kg i.v. bolus or 10 
mg/kg/h perfused during 2 hours, S 17625-2 decreased the infarct volume 
measured histologically 24 hours after ischemia (-34% and -51% 
respectively). This effect was observed both in cortex and striatum. Lower 
doses (1 mg/kg bolus or 3 mg/kg/h-2h) were inactive but a combination of 
i.v bolus (1 mg/kg) and perfusion (1 mg/kg/h) protected significantly (- 
36%) from infarction. This cerebroprotective effect of S 17625-2 was 
confirmed by measuring the infarct volume 4 days after ischemia. 
Treatment with 3 mg/kg i.v. bolus 1 h after ischemia then 1.5 mg/kg i p. 
b i d. the next 3 days decreased the infarct in cortex (-51%) and in striatum 
(-33%). In view of these results, S 17625-2 seems to be a powerful 
candidate for clinical studies in stroke patients.
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PHARMACOLOGICAL CHARACTERIZATION OF IONOTROPIC 
GLUTAMATE RECEPTORS IN BASAL FOREBRAIN NEURONS 
OF YOUNG AND AGED F344 RATS. M.C. Jasek* and W.H. Griffith. 
Dept. of Medical Pharmacol. & Toxicol., Texas A&M Univ Hlth Sci Center, 
College Station, TX 77843.

We examined ionotropic glutaminergic responses in young (1-3 months) and 
aged (24-26 months) F344 rat basal forebrain neurons. Acutely dissociated 
neurons, whole-cell current recordings, and rapid drug application methods were 
used. Concentration response analysis was used to determine EC50, slope, and 
maximum current. Agonists studied included glutamate (1 - 1000 μM), kainate (1 - 
1000 μM), AMPA (1 - 300 μM), and NMD A (1 - 1000 μM). Antagonist were 
DNQX (1 - 300 μM) and D-APV (1 - 300 μM). All cells (young n-72, aged 
n=49) responded to the non-NMDA agonists. The EC50 and slope for glutamate, 
AMPA, and kainate were similar in both age groups. With age, a trend toward an 
increased maximum response was seen with AMPA and glutamate-mediated 
currents while the maximum response due to kainate decreased with age. 
Applications of AMPA and glutamate gave a rapidly desensitizing response 
followed by a steady state component, whereas kainate responses consisted only of 
a steady state current. The IC50, for DNQX was increased in aged (3.6 ± 0.9) when 
compared to young (1.4 ± 0.4) (p<0.05). All cells (young n=53, aged n=30) 
responded to NMDA. The EC50 for NMDA was similar in young and aged, while 
the maximum responses tended to be larger in the aged. The NMDA response was 
predictably modulated by Mg2+, glycine, and D-APV. In all experiments, regardless 
of the agonist used, the aged animals showed an increased variability of the 
responses. These results suggest that there are subtle age-related changes in 
postsynaptic ionotropic glutamate receptors of basal forebrain neurons.
(Supported by NIH grant AG07805)

1 4 5 .5

BEHAVIORAL CHAR A C TER IZA TIO N  O F A N O N C O M P ET ITIV E  AMPA  
A N TAG ONIST LY300164 M J . Kallman*. J.P . Tizzano. D.L. Modlin. K. 
Griffev. and D R. Helton Lilly Research Laboratories, Eli Lilly and 
Company, Greenfield, IN, 46140.

Noncom petitive AM PA  receptor antagonists protect against 
convulsions and neuronal injury in animal models. LY300164 is a orally 
active, selective, noncom petitive A M P A  (2-am ino-3(3 -hydroxy-5  
methyllisoxazol-4-yl)propionic acid) receptor antagonist. In this study, the 
anticonvulsant, analgesic, and behavioral effects of LY 300164 were  
evaluated following oral administration (0, 0.3, 3, or 10 mg/kg) in mice. 
Convulsive thresholds for intracerebral administration of S-AM PA, 
electroshock and pentylenetetrazol were dose-dependently increased. 
Furthermore, pain thresholds for tail flick and acetic acid-induced writhing 
w ere increased. C linical observations at higher doses included 
d ec re as e d  activity , d e c re as e d  a w a re n e s s , a ta x ia , reduced  
responsiveness, piloerection, and hypothermia (10 mg/kg). No overt 
clinical observations were noted at 0.3 or 3 mg/kg. LY300164 produced 
dose-related decreases in both spontaneous activity levels and auditory 
startle responding (sensorimotor reactivity) with significant reductions at 3 
and 10 mg/kg. Body temperature and grip strength were also decreased, 
but only at the high dose of 10 mg/kg. These data indicate that 
LY 300164 has anticonvulsant and analgesic activity in several animal 
models.

1 4 5 .7

NPC 17742 DISCRIMINATION IN SQUIRREL MONKEYS. J.L. Wiley* and 
R.L. Balster. Department of Pharmacology & Toxicology, Virginia 
Commonwealth University, Medical College of Virginia, Richmond, VA 
23298-0613.

Drug discrimination studies with competitive N-methyl-o-aspartate 
(NMDA) antagonists as training drugs have shown that these drugs 
typically cross-substitute for each other whereas phencyclidine (PCP)-like 
drugs produce partial, if any, substitution. Drugs that act at other sites 
within the NMDA receptor complex have not been tested previously in 
this procedure; hence, the purpose of this study was to examine the 
effects of site-selective NMDA antagonists in squirrel monkeys trained to 
discriminate the competitive NMDA antagonist NPC 17742 (3 mg/kg, i.m.) 
from saline in a two-lever drug discrimination procedure. The competitive 
NMDA antagonists, D-CPPene, MDL 100,453, NPC 17742 and SDZ 
220,581, completely substituted for NPC 17742 in a dose-dependent 
manner. In contrast, a PCP-like NMDA antagonist (dizocilpine), glycine- 
site antagonists [ACEA 1021 and (+)-H A -966], a pro-glycine drug 
(milacemide), a polyamine-site/NR2B selective antagonist (eliprodil) and 
a putative zinc-site agonist (desipramine) produced little substitution for 
NPC 17742. Hence, competitive and noncompetitive NMDA antagonists 
did not share discriminative stimulus effects in this animal model of the 
subjective effects of drugs in humans. These results suggest that the 
subjective effects of NMDA antagonists may be different, dependent upon 
their specific site of action within the NMDA receptor complex. (Research 
supported by NIDA grants DA-01442 and DA-07027.)

1 4 5 .4

EFFECT OF MILACEMIDE ALONE AND IN COMBINATION WITH PHEN
CYCLIDINE ON SPECTRAL DISTRIBUTION OF ELECTROENCEPHALO- 
GRAPHIC ACTIVITY. L. Koetzner*, J. M astropaolo and S. I. Deutsch. 
Psychiatry Svc., VA Med. Ctr., W ashington, DC 20422

Intraperitoneal adm inistration of phencyclidine (PCP; 1.8- 5.6 mg/kg) 
has m any effects on electroencephalographic (EEG) activity. The m ost 
striking effect is an increase in the total pow er of the EEG. This increase is 
frequency-dependent, with the m edium  frequency band  (5-10 h z) show
ing a slight increase and the low frequency band (1-5 hz) showing a d is
proportionate increase. In addition, the dom inant frequency of EEG 
activity w ithin these bands increases by 0.5-1 h z . A dm inistration of the 
glycine prodrug milacem ide (100-500 mg/kg, IP) caused a decrease in the 
total EEG power; this decrease was approxim ately balanced betw een the 
low and m edium  frequency bands. However, adm inistration  of 100 or 500 
m g/kg of m ilacem ide in com bination with PCP p roduced increases in to 
tal power similar to the effects of PCP alone. The disparity in  pow er b e t
w een low - and m edium -frequency bands was not affected by milacemide 
at high doses of PCP; at lower doses, however, the d istribution was more 
typical of control EEG. Finally, no shift in peak frequency was observed af
ter coadm inistration of PCP and milacem ide. Thus, m ilacem ide appears 
to have different effects on different actions of PCP, possibly as a result of 
glycine’s dual role in the central nervous system.

1 4 5 .6

Ex a m in a t io n  o f  k a in a t e - in d u c e d  R e s p o n s e s  in  C u l t u r e d  
C o r t ic a l  C ells u s in g  a  C y t o s e n s o r  M ic r o p h y s io m e t e r : 
Effec t s  o f  N B Q X , G Y K I-52466 a n d  D iz o c il p in e
A. Rohlfs, F. Fen/, P. Salmaso and R. Netzer*. Department of 
Electrophysiology, Battelle, CH-1227 Carouge/Geueva, Suritzerland.
The application of the glulamuto-subtype specific agonist kainate on cortical 
colls induces an influx of sodium ions with a resulting depolarization. The 
depolarization cause's secondary effects, e.g. opening of voltage-gated ion 
channels, induction of glutamate release, activation of ion-pumps and the 
removal of the Mg-b lock from the NMDA-receptor complex. Using a 
cytosensor the summation of these effects were investigated by monitoring 
the changes of the relative release of protons after applying kainate.
Responses to kainate (1 mM) were investigated in cortical cells of fetal rats 
after 12-14 days in culture. Application of kainate increased the relative 
acidification. The kainate-induced responses were blocked by the competitive 
antagonist NBQX and by the non-competitive antagonist GYKI-52466. The 
EC50 were calculated with 0.228 ± 0.03 μM and 15.05 ± 1.9 μM, respectively. 
Evaluations of the concentration/response relation of kainate in the presence 
of NBQX (1 μM) resulted in a shift of the curve to the right, whereas in the 
presence of GYKI-52466 (30 μM) the concentration/response curve of kainate 
did not reach a relative effect of 1 with rising concentrations of kainate. In the 
presence of the selective NMDA-antagonist dizocilpine at a concentration of 
1 μM relative responses of 1.04 ± 0.06 were registered indicating that the 
NMDA-receptor is playing a minor role in the described cascade.
In conclusion, the cytosensor is a useful tool for the investigation of 
AMPA/kainate antagonist in cultured cortical cells. Results obtained can 
indicate a functional block at pathophysiologically relevant membrane 
potentials.

1 4 5 .8

IN HIB ITION OF MK-801 B INDING  TO  RAT FOREBRAIN PREPARATIO NS  
BY A N ALO GS O F DEXA N A B IN O L (H U -211) E. Pop, M. Brewster, C. 
Browne, S. Rachwal, R. Mechoulam§ , W. Anderson*, V. Nadler¶ and A. 
Biegon¶, Pharmos, Corp. Alachua, FL 36215, §Hebrew University, Hadassah 
Medical School, Jerusalem, ISRAEL and ¶pharmos, Corp. Rehovot, ISRAEL 

Dexanabinol [HU-211, (+)3S,4S  enantiomer of 5 ,-(1’,1l-dimethylheptyl)-7- 
hydroxy-∆6-tetrahydrocannabinol (1)] is a non-psychotropic cannabinoid with 
neuroprotectant activity both in vitro and in various animal models of stroke, 
head trauma and cardiac arrest. The mechanism of action of (1) appears to 
involve both non-competitive NM DA receptor channel blockade as well as 
antioxidant action. In attempting to optimize the therapeutic index as well as 
define the structure-activity relationship for this new class of compounds, 
various molecular manipulations were performed leading to five new analogs. 
Replacement of the dimethylheptyl side chain of (1) with a t-butyl function 
gave compound (2) and substitution with a dimethylbutyl group gave (3). 
Likewise, replacement of the 7-hydroxy functionality with a chloro function 
gave (4), with a bromo group (5) and with a methoxy function generated (6). 
Radioligand studies suggest that (1) interacts at the MK-801 site (a potent 
non-competitive NMDA inhibitor) prompting an evaluation of the ability of the 
prepared analogs to likewise displace MK-801 from rat forebrain membranes. 
The competitive binding paradigm  was accom plished by suspending 
membranes in a Tris-acetate buffer containing glycine, L-glutamate and 10 nM 
[3H]MK-801 in the presence or absence of the H U -211 analog (at various 
concentrations, 2 h) followed by filtration. Inhibition of MK-801 binding (IC50 
in μM) for (1) was found to be 5. Data for other derivatives were: (2) 30; (3) 
31; (4) 11; (5) 83; (6) 12, suggesting the most potent derivatives prepared 
were the 7-chlorinated and methoxylated analogs. In studies on in vitro 
neuronal cells (embryonic rat cortical cell plated on a confluent glial feeder 
layer), compounds (2), (3), (5) and (6) appeared to be at least as effective 
against NMDA-induced toxicity and as safe to the neuronal cells as (1).
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1 4 5 .9
DIFFERENT POTENCY OF ETHANOL IN INHIBITING NMDA-EVOKED RE
LEASE OF VARIOUS NEUROTRANSMITTERS: POTENTIAL RELATIONSHIP 
TO RECEPTOR SUBUNIT COMPOSITION. M. Gothert*. J. Jaeer and K. Fink. 
Inst. Pharmacol. Univ. Bonn, Reuterstr. 2b, 53113 Bonn, Germany.

Previous investigations revealed that NMDA stimulates the release of tritiated nor
epinephrine (NE) and 5-hydroxytryptamine (5-HT) in the cerebral cortex and of triti
ated acetylcholine (ACh) and dopamine (DA) in the corpus striatum. In addition, etha
nol was shown to inhibit the NMDA-evoked [3H]NE release at higher potency than the 
NMDA-evoked [3H]ACh release. In the present study we examined whether and at 
which potency ethanol and other alkanols also inhibit the NMDA-evoked [3H]5-HT and 
[3H]DA release. Rat cortical slices preincubated with [3H]5-HT and striatal slices pre
incubated with [3H]DA were supervised with Mg2+-free Krebs’ solution. Ethanol and 
other alkanols inhibited the NMDA-evoked [3H]5-HT release in a concentration-de
pendent manner and at similar potencies as determined for inhibition of NMDA-evoked 
[3H]N A release. The rank order of potencies was 1-hexanol > 1-pentanol > 1-butanol 
> 1-propanol > ethanol > methanol. The pIC50 values of the alkanols were 
significantly correlated with their membrane/buffer partition coefficients (r=0.97) and 
their pIC50 for inhibition of NMDA-evoked [3H]NE release (r=0.98). Ethanol 
inhibited the NMD Aevoked [3H]DA release at similar potency (pIC5g in parentheses:
0.63) as [3HlACh release (0.72), but at 4-5 times lower potency than [3H]5-HT release 
(1.29) or [3H]NE release (1.35). Ifenprodil (IF) discriminates between NMDA 
receptors composed of different subunits (Williams, Mol Pharmacol 44:851, 1993). 
those containing the NR2B subunit being sensitive to nanomolar and those containing 
NR1A to micromolar IF concentrations. IF 10-l00nM inhibited the NMDA evoked 
[3H]5-HT and [3H]NE release by 20-40 %, but about 100 times higher IF concen
trations were necessary to cause a similar degree of [3H]ACh and [3H]DA release. The 
data are compatible with the suggestions (1) that the NMDA receptors stimulating 5- 
HT and NE release contain the NR2B subunit whereas those stimulating DA and ACh 
release contain the NR2A subunit, and (2) that ethanol is more potent in inhibiting 
NMDA receptors containing the NR2B than those containing the NR2A subunit.

145 .11

Optimization of the [3H]MK-801 Binding Assay to Identify Weak 
Partial Glycine Agonists, HA-966 and 1-Aminocyclobutane-l- 
carboxylate (ACBC). M.R. Sterner* and D,Q. Calligaro. Lilly 
Research Laboratories, Eli Lilly & Co., Greenfield, IN 46140.
The [3h ]MK-801 binding assay is used extensively to determine the 

activity of NMDA ion channel ligands. While the assay successfully 
identifies fully efficacious glycine agonists or antagonists, it has 
difficulty distinguishing a weak partial agonist from an antagonist. We 
hypothesized that this difficulty could be overcome by strictly 
controlling the baseline level of channel activity at a low and a high 
level of activation.
The [3H]MK-801 binding assay was optimized by empirically de

termining two different levels of added glycine (2nM or 200nM) that 
constitute low and high levels of channel activation. The assays were 
run in the presence of 10μM glutamate and HPLC-grade water to 
minimize any exogenous glycine contamination. In the presence of low 
glycine (2nM) concentrations, ACBC and HA-966 enhanced basal 
[3H]MK-801 binding 88 and 66%, respectively. HA-966 was slightly 
more potent than ACBC with an EC50=9.8 versus 21.8μM. In the 
presence of high glycine (200nM) concentrations, ACBC and HA-966 
produced a 50 and 60% inhibition of basal [3H]MK-801 binding, re
spectively. HA-966 was again slightly more potent than ACBC, but 
both compounds had IC50>10μM. The present study is in good 
agreement with evidence from electrophysiology which characterizes 
both ACBC and HA-966 as weak partial glycine agonists.

145.13

MODULATION OF [3H ]M K -801 BINDING BY A SELECTIVE S IG M A  LIGAND,
1.3-DK2-TOLYL1GUANIDINEINCORTICALSYNAPTOSOM ES.T. A ntonetti1* 
and R. Brifere2. Dépt. de Chimie-Biologie, U .Q .T .R .1, Dépt. de Psychiatrie, 
Université de Montréal2 and Centre de Recherche Fernand Seguin., M ontréal, 
Québec, H1N 3 V 2 , Canada.

Recent data suggest a modulation of N M D A  evoked responses by sigma 
ligands. The present study investigated the pharmacological interactions 
between sigma sites and N M D A  receptors in the rat cortical synaptosomes. 
The synaptosomes were isolated on a discontinued gradient of Percoll. The 
phencyclidine analog, M K -80 1 , shows a high degree of selectivity for the 
PCP/NMDA binding site. W e measured the changes in binding parameters of 
[3H]MK-801 in synaptosomal preparations after treatm ent w ith a sigma 
ligand, 1,3-di(2-tolyl)guanidine (DTG). In control synaptosome preparations, 
[3H]MK-801 bound w ith a high affinity and specificity at the PCP/NMDA  
binding site (Bmax =  2.01 pmol/mg p ro t .; KD = 38.1  nM ). W hen DTG (10  nM) 
is added to the synaptosomal preparations, [3H ]M K -801 affinity increased 
without any changes in the number of sites (Bmax =  2 .3 8  pmol/mg prot. ; 
Kd = 24.1 nM). Haloperidol (10 -8 M ), a D2dopaminergic receptor antagonist 
which has a high affinity for sigma sites, abolished this modulation of the 
affinity of [3H ]M K-801 (Bmax =  1 .9 4  pmol/mg prot. ; KD =  4 1 .8  nM ). On the 
other hand, sulpiride (10  -8 M ), a D2 receptor antagonist w ithout affinity for 
sigma sites, did not inhibit the effect of DTG on [3H ]M K -801  affinity. These 
results indicate that stimulation of sigma sites increase the affinity of 
[3H)MK-801 for the PCP/NM DA binding site. A  second messenger probably 
intervenes in this modulation. (Supported by the FRSQ).

1 4 5 .1 0
CHARACTERIZATION OF [125I] DIZOCILPINE BINDING TO 
NMDA RECEPTORS EXPRESSED IN CHO-K1 CELLS.
T.A. Constantine, F.A. Boeckman. E. Aizenman and I.J. Reynolds*. 
Depts Pharmacology and Neurobiology, Univ. Pittsburgh, Pittsburgh PA 
15261.

Ligand binding to brain membrane invariably reflects the properties 
of multiple, heterogenous populations of NMDA receptor subunits. The 
use of defined receptor subunit combinations expressed in cell allows the 
determination of subunit-specific pharmacological characteristics. In this 
study we evaluated the properties of [l25I] dizocilpine to NMDA receptor 
subunits expressed in CHO-K1 cells in order to determine the effects of 
polyamine agonists and antagonists.

CHO-K1 cells were transfected with NMDA R lou and either R2A or 
R2B using lipofectamine and harvested 48hr after transfection. Using 
R1 and R2A in a 1:3 ratio the effects of the addition of 300μM ketamine 
after transfection was examined. Ketamine increased the yield of 
receptors by 3.1-fold n = 6) and was used in most studies. 1,5- 
Diethylaminopiperidine, a specific agonist for the polyamine site, was 
used at 30μM. However, although DEAP produced large (usually > 3- 
fold) increases in [125I] dizocilpine binding to brain membranes it 
produced a small inhibition of binding, to 82.2% of control (n= 5), in 
cells transfected with the RLR2A combination. Studies of the effects of 
polyamines on R1.R2B expressed in CHO-K1 cells are currently in 
progress.
Supported by NIH grant DA 07409

1 4 5 .1 2
DISSEMINATED NEURONAL NECROSIS INDUCED BY PHENCYCLIDINE 
(PCP) IN RAT BRAIN: EFFECT OF CO-TREATMENT WITH PILOCARPINE 
T. D. Corso*. T, C. Der. T. I. Tenkova. J. Labruyere. D. F. Wozniak and J. W. Olney. 
Department of Psychiatry, Washington University, St. Loius, MO 63110.

We and others have previously shown that PCP (50 mg/kg IP) reproducibly causes 
neuronal necrosis in the posterior cingulate/retrosplenial cortices (PC/RS) of adult 
female rats. We also found significant damage in other brain areas, including the 
parietal, perirhinal, entorhinal, and piriform cortices, the amygdala and tenia tecta. 
However, this disseminated pattern of damage occurred only in approximately 18% of 
treated animals. Here we report that co-treatment with 5-10mg/kg pilocarpine (Pilo) 
increases to > 60% the frequency with which the disseminated damage pattern occurs. 
Using a combination of histological methods, including de Olmos cupric-silver, 
hemotoxylin and eosin (H&E), heat shock protein immunostaining (HSP) and light & 
electron microscopic analysis of plastic thin sections, we are studying the nature, time 
course and pattern of disseminated damage induced by PCP/Pilo treatment. At four 
hours post-treatment the intracytoplasmic vacuole reaction in PC/RS neurons which 
has been extensively studied previously was detected only in PC/RS neurons; 
however, acute histological changes of another type were detected in other brain 
regions, particularly those identified above. These changes consisted of conspicuous 
spongiform swelling of neuropil processes in a laminar pattern and less conspicuous 
edematous changes in neuronal cell bodies. At 24 hr post-treatment, a HSP reaction 
was prominently present in PC/RS neurons and in pyramidal or multipolar neurons in 
other brain regions where spongiform changes had been detected earlier. Also, at 24 
hr some neurons in these same regions began to display cupric-silver staining and 
became intensely eosinophilic with early signs of nuclear pyknosis by H & E. At four 
days, larger numbers of neurons in these regions were clearly necrotic by various 
histological criteria. We postulate that Pilo promotes dissemination of PCP brain 
damage because hyperactivation of cholinergic inputs to muscarinic receptors on 
PC/RS and other corticolimbic neurons is integral to the mechanism underlying this 
type of brain damage, and Pilo adds to the muscarinic receptor hyperactivation. 
Supported by AA 07466. DA 05072. AG 11355 and RSA MH 38894 (JWO).

1 4 5 .1 4
LEAD (Pb2+) INTERACTIONS WITH THE N-METHYL-D-ASPARTATE 
(NMDA) RECEPTOR: MODULATION BY Ca2+ AND GLYCINE. M.
Marchioro1,2. A.T.__Eldefrawi 1* . and E.X. Albuquerque1,2 . 1 Dept.
Pharmacol. Exp. Ther., Univ. Maryland Sch. Med., Baltimore, MD 21201, USA; 
2 Lab. Mol. Pharmacol., IBCCF, UFRJ, Rio de Janeiro, RJ 21944, Brazil 

Recently we have demonstrated that Pb2+ blocks the NMDA receptor (J 
Pharmacol. Exp. Ther. 263:868, 1992) and inhibits with high affinity the fast 
desensitizing neuronal nicotinic receptor of the hippocampal neurons grown in 
culture (Ishihara et al.,J. Pharmacol. Exp. Ther., in press). The effect is voltage- 
independent and non-competitive, but the Pb2+ binding site on either receptor is 
not yet known. Here, we further studied the interactions of Pb2+ with the NMDA 
receptor using whole-cell voltage-clamp technique. The dose-response curve for 
Pb2+ was best Fitted with two sigmoides (1C50=30 nM and 19.9 μM, n=0.728, 
r=0.98). The blockade o f NMDA-activated currents (NMDA 50μM+glycine 
10μM) by Pb2+ was modulated by extracellular Ca2+ . Upon increasing Ca 
concentration from 2mM to 50 mM, the blockade by Pb2+ (30μM) decreased 
from 65.3±3.7% to 42.3±0.3%. We studied also the effects of glycine on the 
inhibition caused by Pb2+. At 10 μM glycine (NMDA 100 μM), Pb2+(10 μM) 
reduced the peak amplitude of the current by about 76%, but at 50 nM glycine 
Pb2+ completely lost its blocking effect and it reversibly potentiated the control 
response (in 6 out of 7 neurons tested, 120% ±9.4 , n=6). In the presence of 
kynurenic acid (50 μM), Pb2+ blocked by about 35% the control response 
induced by an admixture of NMDA (100μM) and glycine (50 nM). At least two 
binding sites for Pb2+ on the NMDA receptor may account for the blocking and 
potentiating effects observed in this work. The predominance of one effect or 
another depends upon the glycine concentration in the solution. Support: NIH 
grant ES05730 and CNPq, Brazil.
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145.15
BLOCK OF SINGLE NMD A-ACTIV ATED CHANNELS BY AMANTADINE AND 
MEMANTINE T. A. Blanpied* and J. W. Johnson. Department of Neuroscience, 
University of Pittsburgh, Pittsburgh, PA 15260

The antiparkinsonian drugs amantadine and memantine are open channel blockers 
of NMDA receptors, and may derive their clinical utility from this action. We have 
previously used whole-cell recordings to demonstrate that, following the unbinding 
of agonist during block, each drug can be trapped in the channel. We have now 
investigated the mechanisms of amantadine and memantine action using outside-out 
patches taken from cultured cortical neurons. Amantadine caused a rapidly flickering 
block of open NMDA-activated channels (N=6). At -60 mV, it bound to the open 
channel with a rate constant k+ = 34.0 ± 6.0 pM-1 s-1 ,  and unbound from open 
channels with a rate constant k. = 3375 ± 625 s-1. The dissociation constant of 
amantadine (Kd = k/ k+ = 103 ± 17 μM) was thus much higher than its IC50 measured 
in whole-cell experiments (39 ± 5 μM), consistent with a mechanism of block in 
which closure of blocked channels is allowed. Memantine reduced the mean open 
time in one patch, binding with k+ = 31 pM-1 s-1 at -60 mV. Memantine greatly 
decreased the frequency of channel opening without inducing an easily distinguishable 
additional component in the distribution of closed times, consistent with the 
observation that it inhibits NMDA responses with a lower IC50 than amantadine.

A kinetic model of trapping channel block by amantadine was developed using 
the measured values of k+ and k_. The model was fit to whole-cell recordings of 
block by amantadine and trapping of the drug within the channel. The whole-cell 
records could be fit well by the model if amantadine binding decreased the channel 
opening rate constant by 44% and increased the channel closing rate constant by only 
7%. Preliminary analysis indicates that amantadine did not significantly increase the 
duration of single channel activations ("bursts"), consistent with the predictions of the 
model. These results suggest that amantadine, while blocking the pore, does not 
greatly disrupt gating of NMDA-activated channels. (Supported by NIMH and an 
NRSA to TAB.)

145.17
KINETIC MODELING OF THE BLOCK OF OPEN NMDA-ACTIVATED 
CHANNELS BY STRUCTURAL ANALOGUES OF PHENCYCLIDINE. J .G .
Dilmore* and J. W. Johnson. Dept. of Neuroscience, University of Pittsburgh, 
Pittsburgh, PA 15260.

We previously demonstrated that the structurally constrained analogues of 
phencyclidine (PCP) that were synthesized by Kozikowski & Pang (Mol. Pharmacol., 
37:352, 1990) are high-affinity open channel blockers of the NMDA-activated 
channel. In addition we showed that compound 5 (Kozikowski & Pang 1990) was 
trapped in the closed channel following the removal of agonists. A mathematical 
model of trapping open channel block was fit to whole-cell current traces and the 
forward rate of antagonist blockade was predicted to be approximately 7 . 106 M-1s-1.

We have now refined our model utilizing the results of two additional sets of 
experiments. First, using whole-cell recording, we measured the proportion of 
channels that trapped blocker from 10 to 150 seconds following simultaneous removal 
of antagonist and agonist. The results indicate that steady state trapping is established 
in less than 10 seconds. Second, we directly measured the forward rate of block 
using outside-out patch-clamp recording. The mean open time of channels activated 
by 10 μM NMDA and 10 μM glycine was measured in the absence and the presence 
of varying concentrations of compound 5. A reduction in mean open time was seen 
in the presence of the antagonist. The inverse of the mean open time was evaluated 
as a function of antagonist concentration. The relationship was well described by a 
straight line (P<0.001). The slope of the line (3.28 • 10-1 M-1 s-1) was used in the 
model as the antagonist blocking rate constant, and the intercept (204 s ') was used 
as the channel closing rate constant. With the blocking rate constrained to the 
measured value, it was not possible to adequately fit the model to whole-cell records. 
We are investigating the possibility that a model with a desensitized state and 
multiple agonist binding sites will more accurately describe block. Supported by 
NIMH and a training grant by the Center for the Neural Basis of Cognition to JGD.

145.19
A LPRO CLATE IN TE R A C TIO N  W IT H  TH E  N M D A  RECEPTOR ION  
C H A N N E L C O M P LE X  A S  S TU D IE D  BY ITS  EFFECTS O N [3H]- 
M K 801 B IN D IN G . Biorn E. S vensson* and Svante B. Ross. Dep. of 
N europharm acology, Preclinical R&D, Astra Pain Control and Dep. 
of Behavioral and Biochem ical Pharm acology, Preclinical R&D, 
Astra Arcus, S-151 85 Sodertalje, Sw eden.

A laproclate (2-(4-chlorophenyl)-1,1 -d im ethyl-ethyl-2-am ino- 
propanoate hydrochloride) was originally developed as a selective  
5-hydroxy-tryptam ine reuptake blocker, but has recently been  
show n to  be a N M D A  antagonist in rat hippocam pal and cerebellar 
neurons as well. In the present study, w e have carried out 
receptor binding experim ents to  gain further insight into its 
m echanism  of action. [3H]MK801 was incubated w ith extensively  
w ashed m em branes from  rat cortex, hippocam pus and 
cerebellum  in the presence o f excess glutam ate and glycine to  
m easure equilibrium  receptor binding.
The inhibition constants (Kj) fo r alaproclate w ith  these tissues 
w ere determ ined to  1.1, 0.5 and 1 .5 μ M , respectively. Com parison  
of the inhibition of [3H]MK801 in the presence and in the nom inal 
absence of excess glutam ate and glycine supports the notion that 
alaproclate is a low  affinity N M D A  channel blocker com parable to  
ketam ine and desipram ine in potency. This study also show  som e  
possibilities and lim itations of using [3H]MK801 as a tool to  
investigate the m ode of inhibition of N M D A  ion channel blockers.

145.16
DIFFERENTIAL EFFECTS OF STRUCTURALLY RELATED CHANNEL 
BLOCKERS ON NMDA RECEPTOR GATING. S.M. Antonov* and J.W. Johnson. 
Dept. of Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 15260.

A series of structurally related adamantane derivatives that block the channel of 
NMDA receptors recently has been described. Here we examine how two of these 
drugs, IEM-1857 and IEM-1754, interact with NMDA receptor gating mechanisms 
while blocking. We used three approaches to investigate this issue. First, we compared 
the prolongation of the burst length of single NMDA-activated channel currents 
induced by the drugs to the prolongation of the burst length predicted by the 
sequential scheme of channel block. IEM-1857 induced mean burst lengths that were 
consistent with the predictions of the sequential scheme at all membrane voltages 
(Vms) tested. In the presence of IEM-1754, however, the burst length prolongations 
were less than predicted at Vms more negative than -80 mV. Second, we measured the 
number of blockages per unit open time as a function of blocker concentration. If a 
blocking drug prevents channel closure, the dependence of "blockage frequency" on 
blocker concentration should have a slope equal to the drug’s blocking rate constant 
(k+). If, however, block allows channel closure, then a slope less than k+ is predicted. 
At -140 mV the k+ value estimated from the dependence of reciprocal mean open time 
on the IEM-1857 concentration and from the blockage frequency plot were similar. 
The k+ value at -140 mV for IEM-1754 estimated from the blockage frequency plot, 
in contrast, was over 2-fold less than the actual k+. The third approach that we used 
to investigate the effect of block on channel gating involved measurements of NMDA- 
activated mean patch current under control conditions and in the presence of the IEM 
drugs. At Vms from -80 to -140 mV, 10 pM IEM-1857 did not significantly decrease 
mean patch current. 3 pM IEM-1754 progressively decreased mean patch current with 
hyperpolarization. Each of these tests leads us to the same two conclusions: when 
NMDA channels are blocked by IEM-1857 channel closure is prevented; and, at Vms 
hyperpolarized of -80 mV, block by IEM-1754 does not prevent channel closure. 
S up p o rted  by NIMH.

145.18
ACTIVITY OF (2S,4R)-4-METHYL-GLUTAMIC ACID 
(SYM2081): A SPECIFIC, HIGH AFFINITY LIGAND AT 
KAINATE RECEPTORS. L.-M. Zhou*. P.-E. Mansson. J.M. Carver.
L. Cortes-Bureos. J. Shu. J.R. Howe-L P. Skolnick2 and T. Giordano. 
Symphony Pharmaceuticals, Inc., Malvern, PA 19355, 1 Yale University 
School of Medicine, New Haven, CT 06520, 2NIH/NIDDK, Bethesda, MD 
20892.

Excitatory amino acids, such as glutamate, are major neurotransmitters and 
play a pivotal role in both physiological and pathological processes in the 
central nervous system. Electrophysiological and biochemical studies have 
identified three major classes of ionotropic glutamate receptors: NMDA, 
AMPA, and kainate. The kainate receptor family includes both low affinity 
subunits (GluR5-GluR7), which can form homomeric channels, and high 
affinity subunits (KA1 and KA2), which combine with the low affinity 
subunits to form heteromeric channels. Characterization of the stereo isomers 
of 4-methyl-glutamate (Gu et al., American Chemical Society National 
Meeting, 1995, Abs. # 89) has identified a derivative, (2S,4R)-4-methyl- 
glutamate (SYM2081) which is a potent inhibitor of [3H] kainate binding 
with an IC50 of 35 nM, comparable to that of kainate ( IC50 =11 nM) in rat 
cerebral cortical membranes. In addition, this inhibition appears to be non-
competitive based on saturation analysis. In contrast, SYM2081 had very low 
affinity for other ionotropic glutamate receptors. To characterize the activity 
of SYM2081 at specific kainate receptor subtypes, HEK 293 cell lines stably 
transfected with GluR6 or GluR6 and KA2 subunits were cloned. SYM2081 
displaces 5 nM [3H] kainate with an IC50 of ~22 nM in both cell lines. The 
IC50 of kainate was 31 nM in the recombinant GluR6 cell line and 12 nM in 
the GluR6-KA2 cells. Studies of the recombinant cell lines are in progress to 
determine whether the inhibition of binding observed by SYM2081 is 
competitive or non-competitive.

145.20
MODULATORY EFFECTS OF POLYAMINES ON STRYCHNINE-INSENSITIVE 
GLYCINE RECEPTORS IN CHICK RETINA. A M. López-Colomé* . 
F. Calderon and A. Rodriguez. Instituto de Fisiologia Celular, U.N.A.M. 

Apartado 70-253, Mexico, D.F., 04510.
Biochemical and electrophyisiological studies have suggested that a 

recognition site for polyamines, like spermidine and spermine, is coupled to 
the NMDA receptor complex. This site appears to be distinct from previously 
described binding sites for glutamate, glycine and open-channel blockers such 
as MK-801 (Ransom, 1988). The biochemical effects of some putative 
endogenous polyamines on the binding of [3H]-glycine and [3H]-glutamic acid to 
chick retina were studied. Membranes from synaptosomal fractions from the 
outer (P1) and the inner (P2) plexiform layers of 1-2 day-old chick retinas were 
obtained; equilibrium binding assays were performed at room temperature and 
stopped by filtration. Specific binding in glycine and 1-aminocyclopropane 
carboxylic acid (ACPC) assays was 60% and the maximal effect of spermine 
was 90 % at 1 mM concentration.

Strychnine-insensitive [3H]-glycine binding was inhibited by spermine in. both 
membrane fractions (ICso=34.48 pM for P 1 and P2), while both glycine and 
ACPC exhibited similar potencies as agonists at this recognition site. However it 
seems that the affinity of glycine agonists for such receptors is greater in the P1
membrane fraction (IC50=900 nM for ACPC and 2.5 μM for glycine compared 
to an IC5o=5 μM in P2 for both compounds). Strychnine showed low affinity 
for inhibiting [3H]-glycine binding , probably to the glycine inhibitory receptor 
(IC50— 400 μM in both fractions). These results indicate the existence of a glycine 
receptor that could correspond to the coagonist site in the NMDA receptor 
complex and, in a related way, that NMDA receptors in chick retina migth 
be pharmacologically different from those in other regions of the CNS. 
Partially supported by grant 3375-N from CONACYT.
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1 45 .21
MODULATION OF GLUTAMATE EXOCYTOStS FROM RAT BRAIN NERVE 
TERMINALS BY A PRESYNAPTIC KAINATE RECEPTOR 
M. S. Perkinton. A. Mathie* and T. S. Sihra.
Department o f Pharm acology, Royal F ree  Hospital School o f M edicine, 
University of London, London N W 3 2P F , U.K.

This study investigated the m odulatory effect o f kainic acid on the  
4-aminopyridine (4A P )-in d u ced  release o f g lu ta m a te  fro m  iso la ted  rat 
cerebrocortical nerve term inals (synaptosom es). 4 A P  s tim u lates  g lu tam ate  
exocytosis by inhibiting neuronal potassium  chan nels  th a t reg u la te  th e  
excitability o f nerve term inals. This has th e  e ffe c t o f causing an increased  
presynaptic sodium  channel a c tiv ity , lead ing to  ca lc ium  en try  th roug h  
voltage-sensitive calc ium  chan nels and co n s eq u en tly  th e  e x o c y to tic  
release o f g lu ta m a te .

Under contro l cond itions, 4 A P  (3 m M ) evoked  the re lea se o f 2 0 .7  nmol 
glutamate/mg synaptosomal protein over five minutes (n = 8 ) . Addition of kainic 
acid (100 μM), two minutes prior to 4 A P -m ed ia ted  depolarisation, potentiated  
the control release of glutam ate to 2 8 .0  nm ol/m g synaptosom al protein over  
five minutes (n=8). T h e  increase in g lutam ate re lease effected by kainic acid 
was entirely calcium -dependent. Furthermore, this potentiation of re lease w as  
completely blocked by the A M P A /k a in a te  g lu tam ate-receptor antagonist, 6 -  
cyano-7-nitroquinoxaline-2,3-dione (C N Q X ). T h e  potentiation of glutam ate  
release by kainate w as specific to glutam atergic terminals since the re lease of 
Y-aminobutyric acid (G A B A ) from cerebrocortical nerve term inals w as not 
modulated by kainic acid. T h es e  data indicate that kain ic acid m ay act as a  
ligand at a presynaptic ionotropic g lu tam ate-receptor, w hich is specifically  
involved in the positive-feedback regulation o f g lu tam ate  exocytosis.

1 45 .23
PROLINE INH IB ITS  THE RELEASE OF G L U T A M A T E  A N D  A SP A R TA TE  
FROM SCHAFFER C O L L A T E R A L -C O M M IS S U R A L  TE R M IN A L S  IN RATS.
J.V. N ad ler* and S .M . C ohen . D epts . P harm acology and Neurobiology, 
Duke Univ. M ed . C tr., Durham , NC 2 7 7 1 0 .

M any, but not all, g lu tam ate  term inals  express a high a ffin ity , Na + /CI - 
dependent transporter fo r proline. W e  previously reported th a t proline en 
hances synaptic transm ission a t one synapse w h ere  proline transport ex 
ists: nam ely, the  S ch a ffe r co lla teral-com m issura l synapse in hippocam pal 
area C A 1 . W e  teste d  th e  possibility th a t th is  enha n cem en t resulted from  
facilitated g lu tam ate  release. The e ffe c ts  o f proline w e re  studied on 
Ca2+-dependent release fro m  CA1 slices and synaptosom es and on 
paired-pulse p oten tia tion . T w o  concentrations o f proline w e re  used: a 
concentration typ ical o f norm al CSF (3 pM) and a concentration  present in 
CSF of persons w ith  hyperprolinem ia typ e  II (3 0  μ M ). W h en  3 0  pM pro-
line w as continuously present in th e  a rtific ia l CSF, th e  K + -evoked release  
of glutam ate and aspartate  from  CA1 slices decreased by 3 0 -4 5 %  w ith  
no change in G ABA release. Sim ilarly, 3 0  pM  proline reduced the  C a 2 + - 
dependent release o f g lu tam ate  and aspa rtate  fro m  CA1 synaptosom es  
evoked by 3 0 0  μ M 4-am inopyrid in e. Proline did not s ignificantly a ffe c t  
glutam ate/aspartate release a t a concentration  o f 3  μM , and 30 μ M pro-
line did not s ignificantly a ffe c t release a fte r  only a 4 5 -m in  exposure. Pro-
line (30  pM, but not 3  pM) also enhanced paired-pulse poten tia tion  o f the  
Schaffer collateral-com m issura l fie ld  EPSP w h e n  it w a s  continuously pres
ent in the m edium .

These results suggest th a t proiine enhances g lu tam ate  transm ission  
through a postsynaptic, rather th an  a presynaptic, actio n . The relatively  
high incidence o f m enta l re tardation  in persons w ith  hyperprolinem ia type  
II may be explained, a t leas t in part, by proline-induced inhibition o f g lu ta
mate release at som e synapses.

145 .22
D-23129 attenuates  g lu tam ate-evoked  w h ole-ce ll currents  o f m ouse  
cortica l neurons thro u g h  an In teraction  w ith  kain a te -sen s itive  ion 
channels . G . A .S k e e n * .  H . H . W o lf, and  H . S . W h ite . Anticonvulsant 
S creening Project; Departm ent of Pharm acology and  Toxicology; 
University of Utah; SLC, UT; 84112; USA.

D -2 3 1 2 9  (N -2 (a m in o -4 -(4 -flu o ro b e n zy l-a m in o )-p h e n y l)c a rb a m ic  acid  
ethyl ester; A rzne im ittelw erk D resden) is a  novel com p ound with d em o n
strated  neuro protectan t an d  anticonvu lsan t activ ity. S tud ies  w ere  d e 
s igned to test w h e th e r this com p ound m ight exert its activ ities through  
m odulation of g lu tam ate -sen s itive  ion c h an n e ls . All exp e rim en ts  w ere  
condu cted  using prim ary cultures of m ouse cortical neurons (1 3 -1 6  D IV ) 
and  s tand ard  patch c lam p  e lec trophysio log ica l tech n iq u es . W h o le -ce ll 
currents w e re  reco rded from  cells (holding potential; -7 5  m V ) that w ere  
continuously perfused  at room  tem p e ra tu re  w ith a  nom inally m agnesium - 
fre e  e x te rn a l solution. T h e  ex te rn a l solution w a s  su p p lem en ted  with  
glycine (1 μ M ), picrotoxin (1 0  μ M ), strychnine (2 0 0  n M ), and  tetrodotoxin  
(3 0 0  nM ). C urrents w e re  evo k ed  by 1 -sec applications (eac h  separated  
by approxim ately 2 min) of g lu tam ate  (1 0  μ M ), N M D A  (1 0  μM ), kain ic acid 
(1 0  μM ), or A M P A  (10  μM ) via b lunt-tipped m icroperfusion pipettes.

D -2 3 1 2 9  (0.1 - 10 μ M ) red u c ed  the am p litu d e of g lu tam ate -evo k ed  
currents (n = 18) in a  co ncentration -d ependent m ann er. This effect w as  
observed  in the presence of 1 p M  M K -80 1 (n = 5) but not in the presence  
of 10 p M  N B Q X  (n = 5 ). T h e s e  results suggest that D -2 3 1 2 9  attenu ates  
g lu tam ate-evo k ed  currents through interaction w ith n o n -N M D A  g lutam ate  
receptors. In support of this hypothesis, D -2 3 1 2 9  (1 0  p M ) reduced  the  
am plitude of w ho le -ce ll currents evo k ed  by kain ic acid  (n = 5 ), but not by 
A M P A  (n = 8) o r N M D A  (n = 4 ). T h e  results from  th ese  studies indicate  
that D -2 3 1 2 9  interacts p refe rentia lly  w ith ka in ate-sen s itive  ion channels. 
It is likely that this action of D -2 3 1 2 9  contributes to its anticonvulsant and  
neuroprotectant properties. Supported by N IH  Contract N 01-N S -4-2311.

1 4 5 .24
h 2o 2 in d u c e s  a  d e l a y e d  in c r e a se  in  t h e  n u m b e r  o f  c o r t ic a l
NEURONS WITH Ca2+-PERMEABLE AMPA/KAINATE RECEPTORS, AND 
ENHANCES KAINATE-INDUCED Ca2+ ENTRY. L.L. Dugan*. D M. Turetsky.
B.J. Snider, S. Sensi, M. Chen, L.M.T CaDzoruemamd-PĴ .Clim- Dept, of 
Neurology and Center for the Study of Nervous System Injury, Washington Univ. 
School of Medicine, St. Louis, MO 63110.

Recent studies have identified subpopulations of neurons in hippocampus, 
cerebellum, and cortex which possess calcium-permeable AMPA or kainate 
receptors (lino et al., 1990; Brorson et al., 1992; Turetsky et al., 1992), and show 
selective vulnerability to kainate exposure (Brorson et al., 1994; Turetsky et al., 
1994). These neurons can be identified by a histochemical stain for kainate- 
stimulated Co2+ uptake (Pruss et al., 1991), or by Fura-2 microfluorimetry 
(Canzoniero et al., 1993). We previously reported that brief exposure to H2o 2 (60 
pM, 30 min.) did not itself kill cultured cortical cells, but did increase subsequent 
vulnerability to NMDA receptor-mediated death. We report here that the same 
sublethal H2O2 exposure also produced about a 25% increase in the number of 
cobalt-positive neurons, when assessed 12-24 hours later. Fura-2 Ca2+ imaging 
confirmed a similar increase in the number of neurons demonstrating a kainate- 
induced increase in [Ca2+]; in Na+ free extracellular solution. In sister cultures, H2O2 
pre-exposure nearly doubled the kainate-stimulated accumulation of tracer 45Ca2+. 
Both increases in cobalt staining and in kainate-stimulated 45Ca2+ accumulation 
remained sensitive to 30 pM NBQX, indicating that they continued to be mediated 
through AMPA/kainate receptors, and both increases could be blocked by 
cotreatment with anisomycin (0.5 μg/ml) or actinomycin D (0.1 μg/ml). These data 
raise the possibility that oxidative stress may alter the expression of AMPA or 
kainate receptors on cortical neurons to favor Ca2+-permeable forms.
Supported by NIH NfNDS grants NS 30337 (DWC) and NS 32636 (LLD).

145.25
DISTINGUISHING FEATURES OF CALRETININ-POSITIVE UNIPOLAR 
BRUSH CELLS (UBCS) IN CULTURED CEREBELLAR GRANULE CELLS. 
A.M. Marini*+. K. Strauss and D.M. Jacobowitz. +Dept. 
Neurology, USUHS, and NIMH, Bethesda, Maryland 20892.

We describe two neuronal cell types in cultured rat 
cerebellar granule cells which fluoresce intensely with a 
specific antibody directed against calretinin (CR). One 
cell type has the appearance of UBCs whereas the other 
resembles Lugaro cells. Extremely long varicose processes 
emanate from these cells. Both Lugaro and UBCs have been 
shown to express CR in vivo. As measured by immuno- 
fluorescence, CR-positive neurons have been observed up 
to 29 days in culture but they are most abundant in early 
cultures. The decline in CR-positive neurons parallel CR 
mRNA levels as a function of time in culture; CR mRNA 
levels fall after day 6 in vitro suggesting that culture 
conditions do not support the continued expression of CR 
mRNA in these cells. Exposure of the cultures to 
excitotoxins resulted in >95% cell death of the granule 
cells but no appreciable neurotoxicity was observed in 
the CR-positive neurons (UBC/Lugaro) indicating either 
that these cells are resistant to glutamate receptor 
agonists or that they do not express the receptors. To 
distinguish between these two possibilities, we used 
antibodies directed against the AMPA/kainate and NMDA 
receptors to ascertain the presence or absence of these 
two receptor subtypes. We demonstrate co-localization of 
the AMPA/kainate receptor subtype with CR-containing 
UBC/Lugaro cells. It is suggested that the calcium 
buffering capacity of CR may provide neuroprotection 
against excitotoxicity.
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1 4 6 .1

THE ANATOMICAL LOCALISATION OF THE mRNAs FOR THE α l -  
α 6 SUBUNITS OF THE GABAa RECEPTOR IN POST-MORTEM 
HUMAN BRAIN. D J S Sirinathsinghji*. M Rigbv. R P Heavens.
K Hadingham. B LeBourdelles. P Wingrove. R Hills. J H Xuereb and 
P Whiting. Merck Sharp & Dohme, Neuroscience Research Centre, Harlow, 
Essex CM20 2QR, UK; Dept of Psychiatry and MRC Brain Bank 
Laboratory, University of Cambridge, Cambridge CB2 2QH, UK.

cDNAs encoding the al-oc6 subunits of the human GABAa receptor have 
been isolated in our laboratories. These sequences were used to generate 
specific oligonucleotide probes (35S-dATP-labeIled) for the localisation of the 
mRNA transcripts in human brain material (obtained from four patients with 
no history of neuropsychiatric/neurological illnesses) by in situ hybridisation 
histochemistry. The αα5 subunit was expressed predominantly in the medial 
temporal lobe (hippocampus and temporal cortex), while the a 6 subunit was 
found exclusively in the cerebellum (granule cell layer). The mRNA for a l  
(but not for α 2, α 3 or α 4) was also highly expressed in the cerebellum. The 
caudate nucleus and putamen expressed high levels of α 2 and α 4 and low 
levels of α 5 mRNA, but not a l  or a3 , and the hippocampus showed 
abundant expression for both a2  and α 4 and lower levels of α l and α 3. The 
temporal cortex expressed α l , α 2 and a3  at moderate levels. Studies are in 
progress to map in greater detail the distribution of the above mRNAs, as well 
as those for the (3, γ  and 5 subunits in human brain.

1 4 6 .3

INITIAL HIPPOCAMPAL SLICE INCUBATION TEMPERATURE 
ALTERS THE ETHANOL-SENSITIVITY O F GABAa-MEDIATED 
SYNAPTIC CURRENTS IN HIPPOCAMPAL CA1 NEURONS J.L. 
Weiner*. P.L. Watson. C.F. Valenzuela. C.J. Frazier. M.D. Browning. 
R.A. Harris. T.V. Dunwiddie. University of Colorado Health Sciences 
Center, Dept. of Pharmacology & Neuroscience and VA Medical Center, 
Denver, CO 80262.

The ethanol-sensitivity of GABAa receptors in rat hippocampal CA1 
neurons remains controversial. Conflicting reports have recently been 
published using apparently similar methodologies. Here we report that a 
single protocol variable, the initial incubation temperature of brain slices, 
has a dramatic effect on the ethanol sensitivity of GABAA-mediated 
synaptic currents recorded from rat hippocampal CA1 neurons. 
Hippocampal slices were prepared from 4-5 week old, male Sprague- 
Dawley rats using standard techniques. Slices were then incubated for at 
least 2 hours in a chamber maintained at a constant temperature of 30-32 
°C (STANDARD) or at an initial temperature of 12-13 °C which was then 
allowed to passively equilibrate to 21-22 °C over several hours (COLD 
SHOCK). All slices were then transferred to a recording chamber 
maintained at 32 °C and pharmacologically-isolated GABAA-mediated 
synaptic currents were recorded using the whole-cell patch-clamp 
technique. Ethanol significantly potentiated the amplitude of GABAa 
IPSCs in cells recorded from COLD SHOCK slices over a wide range of 
concentrations (40-480 mM). IPSCs recorded from STANDARD slices 
were less sensitive to ethanol at all concentrations tested, showing 
significant enhancement only at 80 and 160 mM ethanol. In contrast, initial 
incubation temperature did not alter the potentiating effects of 80 mM 
pentobarbital on GABAa IPSCs. The biochemical and physiological bases 
for the selective difference in ethanol sensitivity are presently under 
investigation. Supported by NS 29173 and VA Medical Research Service.

1 4 6 .5

GABA RECEPTOR SUBUNIT mRNA IN NEURONS 
DISSOCIATED FROM THE SUBSTANTIA NIGRA. 
RETICULATA (SNR). T.J. McCown*. H.E. Criswell. L.L. 
Devaud. G.R. Breese and A.L. Morrow. Center for Alcohol 
Studies, University of North Carolina, Chapel Hill, NC 
27599

In the SNR, single neurons that exhibit zolpidem 
facilitation of GABA inhibition in vivo also exhibit ethanol - 
GABA interactions (Criswell et al., JPET 273:526.1995). 
Using antibodies specific for the α l or β2/3 GABA receptor 
subunit, immunohistochemistry revealed a number of 
distinct cell types within the SNR. When neurons were 
acutely dissociated from the SNR of 17-20 day old rats, 
morphologically similar neurons were collected for single 
cell RT-PCR of GABA receptor subunit mRNA. Using one 
cell per GABA subunit mRNA, the pattern of mRNA content 
was similar to previous findings with SNR micropunches 
(Criswell et al., JPET 273:526.1995). However, spindle 
shaped bipolar cells exhibited GABA mRNA for the γ2 short, 
but not the γ2 long splice variant, while triangular shaped 
tripolar cells and round bipolar cells contained mRNA for 
both the 72 short and long mRNAs. These findings suggest 
some SNR neurons may have GABA receptors devoid of the 
72 long splice variant. (AA09122 and AA 09013)

1 4 6 .2

REGIONAL EFFECTS OF ISOPROTERENOL ON ETHANOL 
ENHANCEMENT OF GABA RESPONSES IN VIVO. D.J. Knapp*. 
H E. Criswell, and G.R. Breese. Brain and Development Research 
Center and Center for Alcohol Studies, University o f  North Carolina, 
Chapel Hill, NC 27599.

It has been reported that some neurons in the cerebellum 
require the presence o f  a β -adrenergic agonist for ethanol 
enhancement o f  GABA. The first study undertaken using an 
extracellular recording technique was to determine if  neurons 
insensitive to ethanol in the medial septum and red nucleus would 
become sensitive when ethanol was coadministered with isoproterenol. 
No such neurons were found at these brain sites. The majority o f  
neurons responded to ethanol in the absence o f  isoproterenol in these 
two brain regions. O f the neurons which did not respond to ethanol 
alone (n = 7), none became responsive during application o f  
isoproterenol. In addition, when recording from the cerebellum, 
ethanol produced other actions on GABA responses. Ethanol was 
found to inhibit (n = 10), to have no effect (n = 19), or to enhance 
GABA responses (n = 8) on purkinje neurons in this site. These latter 
effects o f  ethanol on GABA responses were obtained in the absence o f 
isoproterenol. Thus, there are neurons in brain insensitive to ethanol 
for which [3-adrenergic action is not sufficient to induce 
GABA/ethanol interactions. In respect to altering GABA responses, 
these data provide further evidence that ethanol-sensitive as well as 
ethanol insensitive neurons exist in brain. Supported by AA-09122.

1 4 6 .4

EFFECT OF ZOLPIDEM ON A SUBSET OF NEURONS IN THE 
SNR: RELATION TO ETHANOL SENSITIVITY AND CELL 
MORPHOLOGY. H.E. Criswell*. T.J. McCown and G.R. Breese. 
Center for Alcohol Studies, Univ. No. Carolina, Chapel Hill, NC 27599 
Previous work has shown that ethanol enhances the inhibitory action 

o f  GABA at neurons where the type I benzodiazepine agonist zolpidem 
also enhances GABA inhibition and is ineffective at neurons where 
zolpidem does not enhance the effect o f  GABA (JPET 273: 526-536, 
1995). One brain area with high levels o f  zolpidem binding is the 
substantia nigra reticulata (SNR). Because this brain area has not 
previously been examined, we applied ethanol and zolpidem to cells in 
the SNR by electroosmosis and recorded extracellular single unit 
responses o f  those cells. O f 18 cells where responses to both ethanol and 
zolpidem were obtained, both ethanol and zolpidem enhanced the effects 
o f  GABA in 9 cells and neither drug altered the action o f  GABA in 8 
cells. The one remaining cell did not show a concordance between the 
effects o f  ethanol and zolpidem. Thus, responses to zolpidem reliably 
predicted responses to ethanol in the SNR. Because autoradiographic 
data suggested that zolpidem binding was localized to large cells, we 
used whole-cell patch-clamp recording to examine the effect o f  zolpidem 
in acutely dissociated cells from the SNR with differing morphological 
characteristics. Preliminary data show that cell morphology can be used 
to identify zolpidem sensitive cells with large spindle shaped cells 
showing a high probability o f  responding to zolpidem while large 
tripolar cells have a lower probability o f  response. Supported by 
USPHS grant AA09122.

1 4 6 .6

ISOFLURANE EFFECTS ON RESPONSES TO GABA IN THE 
RAT MEDIAL SEPTUM. S.S. Mov*. H.E. Criswell. G.R. Breese. and 
R.A. Mueller. Brain and Development Research Center, University o f 
North Carolina, Chapel Hill, NC 27599

In earlier work, w e demonstrated that ethanol can enhance the 
inhibitory effect o f  GABA on some, but not all, neurons in the medial 
septum (JPET 267: 522-537, 1993). Previous studies have shown that 
the general anesthetic isoflurane can also potentiate GABA effects. The 
purpose o f  the present investigation was to evaluate whether isoflurane 
would have a selective effect comparable to that seen with ethanol on 
GABA-induced responses in the medial septum. Using a standard 
extracellular electrophysiological approach, various concentrations o f  
isoflurane were applied to spontaneously active neurons in the medial 
septum. Current-response functions were determined for a total o f  
twelve neurons, and the criterion for an effect was defined as a 20% or 
greater change in the neural response to GABA. Isoflurane potentiated 
the inhibitory responses to GABA by 44.7% + 5.8 (mean ±  S.E.M.) in 
five o f  these neurons. Surprisingly, isoflurane attenuated the effects o f  
GABA by 127.8% + 27.9 (mean ±  S.E.M .) in five other neurons. For 
two out o f  the twelve neurons, isoflurane did not change responses to 
GABA. These results demonstrate that, like ethanol, isoflurane effects 
in the medial septum on neurons with similar rates o f  firing can result in 
differential responses to this anesthetic. Since previous work has shown 
that the effects o f  zolpidem, an atypical benzodiazepine, on a single 
neuron can be used to predict the effects o f  ethanol at that same site 
(JPET 273: 526-536, 1995), the question remains whether the effects o f  
isoflurane on a single neuron can similarly predict responses following 
the application o f  ethanol. Supported by USPHS grant AA09122.
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146.7
PROPOFOL POTENTIATION AND AGONIST SITES ON GABAa RECEPTORS 
ARE DISTINCT. I. Uchida, L. Li, and J. Yang*. Dept Anesthesiol. & Pain Mgmt, 
UT Southwestern Sch. Med., Dallas, TX 75235.

Propofol, an intravenous general anesthetic both potentiates GABA induced 
current and directly gates current in the absence of GABA We investigated the 
GABAa receptor subunit specificity of the potentiating-effect and the agonistic- 
effect of propofol by expressing native murine α 1 , β3, and γ2s, or (α l-β3) 
chimeric subunits in Xenopus oocytes.

As previously reported, the β3 subunit homomer responded to application of 
several general anesthetics including pentobarbital and propofol, but not to GABA. 
When propofol (0.1 - 10 μM) was coapplied with pentobarbital (at ED20 
concentration) in β3 homomers, the resulting current magnitude was only additive 
indicating no potentiation. Similarly, the β3γ2s combination showed no 
potentiation. However, both α1β3 and α1β3γ2s combinations showed propofol 
dose-dependent potentiation of pentobarbital induced current. At 10 μM  propofol, 
α1β3 and α1β3γ2s combinations showed potentiation to 260±55% and 211±38% 
of control, respectively. We further dissected the apparent α l subunit requirement 
of propofol potentiation of pentobarbital induced current by constructing al-(33 
chimeras and coexpressing with the native (33 subunit. Several chimeras responded 
to pentobarbital and showed additive response to coapplication of propofol. 
Potentiation was seen only when the α l-β3 chimera contained the entire N- 
terminal extracellular region of α l.

The different structural requirements for the agonistic and the potentiating 
properties of propofol suggest that these two pharmacological actions may be 
mediated by distinct sites-of-action. Further studies with GABAa antagonists are in 
progress to see whether the putative agonistic and the potentiating sites can be 
distinguished pharmacologically.
(Supported by R01GM52325 and the Sid W. Richardson Foundation.)

146.9
DISTRIBUTION A N D  A SSEM BL Y  OF G A B A A RECEPTOR  
SUBUNITS IN C U L T U R E D  C E R E B E L L A R  G R A N U L E  
NEURONS. L. Nadler*. N. M ueller. and R.E. S iege l. Dept. of 
Pharmacology, Case Western R eserve University, C leveland, OH 
44106-4965.

Although many studies have demonstrated that the GABAA receptor 
is composed o f multiple subunits, little is known about the process of 
subunit assembly. W e are exam ining this issue in cultured rat 
cerebellar granule neurons. In previous studies we demonstrated that 
receptor binding sites and the levels o f the α l ,  β2/3, and γ2 subunits, 
which are believed to contribute to one G A B A A receptor subtype, 
increase over time in culture. To determine the cellular location of the 
α l, β2/3, and γ2 subunits, cultured neurons were immunostained with 
subunit-specific antibodies and cell surface or intracellular markers. 
Analysis of the immunofluorescence by confocal microscopy revealed 
that most of the staining for each subunit was intracellular at 2 days in 
culture, but some staining was also present on the surface of granule 
cell bodies. Similar patterns o f distribution were found at 6 days, 
although cell surface staining was now found on neuronal processes as 
well as on cell somata. The intracellular staining may represent 
unassembled subunits, thus raising the possib ility  that subunit 
assembly plays a regulatory role in the formation o f functional GABAA  
receptors. This possibility is being addressed by exam ining the 
coassembly o f α 1 , β2/3, and γ2 subunits into receptor complexes.

146.11
DIFFERENT MECHANISMS MEDIATE THE EFFECT OF PICROTOXIN ON 
GABAa AND GABAc RESPONSES IN TURTLE RETINAL GANGLION CELLS. 
Y. Liu and E. M. Lasater*. Moran Eye Center, Univ. o f Utah, Salt Lake City, UT 
84132.

We reported last year that turtle retinal ganglion cells express both GABAa and 
GABAc receptors coupled to Cl- channels. Picrotoxin (PTX), a well known Cl- channel 
blocker, has been shown to inhibit both GABA responses. Experiments were carried 
out to determine the mechanisms underline the effect of PTX on GABA responses. 
Standard whole-cell patch clamp recordings were made from isolated, cultured turtle 
retinal ganglion cells. Test agents were applied by a local superfusion system. In every 
cell tested, 100 μM PTX completely and reversibly blocked both GABA responses. 
Interestingly, subsequent exposure to GABA only induced the GABAc response. It 
always took two or more applications to recover the GABAa component. These results 
indicate that PTX blocks the two types of GABA receptors via different mechanisms. 
To test this, lower concentrations of PTX (1-10 μM) were used. The mixture of GABA 
(40 μM) and PTX were applied twice (interval 2 min.). It was found that the second 
application of PTX inhibited more GABAa current as compared to the first application 
of PTX. This is consistent with the mechanism of open channel block. On the other 
band, the percentage of the GABAc current inhibited by PTX was constant regardless 
of how many times PTX was applied and the effect recovered readily, which suggest 
that the inhibition of the GABAc response is mediated by some other mechanism than 
open channel block. In order to determine if PTX acts as a GABAc receptor antagonist, 
dose response curves of GABA in the absence and in the presence of PTX (5 μM) were 
obtained. The GABAc currents were measured at the end o f GABA application. In the 
presence of PTX, the dose response curve was shifted to the right. The maximum 
response of GABA, however, was not affected. This indicates that PTX is a 
competitive antagonist for GABAc receptors in turtle retinal ganglion cells.

Supported by NIH grant EY 05972 and Research to Prevent Blindness, Inc.

146.8
DIFFERENCES IN THE GABA-A RECEPTORS EXPRESSED BY  
SENSITIVE AND INSENSITIVE GRANULE NEURONS IN 
NEONATAL RAT CEREBELLAR CULTURES. S. Ueno.*. J.M.
Zempel, and J.H . Steinbach. Dept. Anesthesiology, Washington Univ. 
Sch. of Med., St. Louis, MO 63110.

We have established cultures of cerebellar cortex in which Purkinje 
and granule neurons grow and establish GABAergic innervation. We 
have also found tow types of granule neurons: "sensitive" cells which 
respond to applications of 1 μ M GABA, and "insensitive" which do 
not. The physiological and pharmacological properties of the GABA-A  
receptors on these cells were compared, using the patch clamp 
technique. The maximum response to GABA is about 10-times larger for 
sensitive cells, suggesting that sensitive cells express more GABA-A  
receptors. The concentration o f GABA producing half-maximal 
response is about 14 μM for sensitive cells, compared to 41 μ M for 
insensitive cells, while the Hill coefficients are similar (about1). 
GABA-induced currents desensitize more rapidly for sensitive cells. 
Chlordiazepoxide and alfaxalone potentiated the responses of insensitive 
neurons to a greater extent. These data suggest physiological and 
pharmacological properties of GABA-A receptors on the two types of 
cell are different. In addition, almost all sensitive neurons showed 
GABAergic synaptic currents, while very few insensitive cells did. This 
correlation suggests that the innervation may regulate both the number 
and subunit composition o f GABA-A receptors in granule neurons.

146.10
FU R O S E M ID E  A S  A  S U B TY P E-SE LE C TIV E  A N T A G O N IS T  OF 
G A B A a RECEPTORS. E.R. K o rp i* , R. M ä kelä  and H. Lü d d ens . 
Biomedical Research C enter, A lko Group Ltd, POB 3 5 0 , F IN -0 0 1 0 1  
Helsink i, Finland, and Clinical Research G roup, D e p a rtm en t of 
P sychiatry , U n ivers ity  o f M a in z , G erm any.

In a search fo r sub type-se lec tive  ligands fo r th e  inhib itory y- 
am inobutyric  acidA (G A B A A) receptors , w e  have recen tly  found  
th a t furosem ide, a C l -/ca tion  transporte r blocker (loop diuretic), 
specifically, rapidly and reversibly antagonizes  G A B A  responses in 
cerebellar granule cell-specific  α 6 β 2 /3 γ 2 recep to rs , but not in the  
w idely -expressed  α 1 β 2 γ 2 receptors (Korpi e t a l., M o l. P harm aco l. 
4 7 :2 8 3 -2 8 9 ;  1 9 9 5 ) . Using quan tita tive  autoradiographic technique  
fo r G A B A a receptor-associated  convu lsan t binding sites labelled  
w ith  [35S ]TBPS, w e  have n o w  localized th e  G A B A  antagonism  of 
fu rosem ide  exc lusively  to  cerebellar granule cell layer. For 
instance, h ippocam pal G A B A  actions w e re  not reversed by 
furosem ide. Furosem ide antagonism  o f G A B A -inh ib itio n  of 
[35S ]TBPS binding in cerebellar m em branes could be reversed by 
th e  G A B A a an tagonist SR 9 5 5 3 1 ,  but not by th e  benzodiazepine  
an tagon ist flum azenil. H o w e ve r, th is  in te rac tion  w as
no n co m p etitive , since fu rosem ide fa iled  to  inhib it cerebellar 
binding of [3H]SR 9 5 5 3 1  and [3H ]m u scim o l. Furosem ide m ay thus  
in teract w ith  the  receptor com plex via a novel recognition site th a t  
allosterically  regu la tes  the  chloride channel, w h ich  m akes it an 
in teresting  lead s tructure  fo r the  de ve lo p m en t of additional 
subtype-se lec tive  G A B A a ligands.

146.12

REGIONAL DIFFERENCES IN DISPLACEMENT OF MOUSE IN 
VIVO [3H]Ro 15-1788 BINDING REFLECT SELECTIVITY FOR α1 
V E R SU S α 2 A N D  α 3 S U B U N IT -C O N T A IN IN G  G A B A a  
RECEPTORS. J.R. A tack*, A.J. Smith. E. McGarry and R. M cKernan 
Merck Sharp & Dohme Research Labs., Neuroscience Research Centre, 
Harlow, CM 20 2QR, U.K.

The GABAa  receptor is generally accepted to be a pentameric chloride 
ion channel composed o f  a combination o f the 14 GABA a receptor sub-
units that have been identified in the mammalian brain (α1-6,β1-3,γ1-3, δ 
and p). The GABAa  receptor contains a benzodiazepine binding site, the 
pharmacology o f  which is dictated by the α and γ-subunits contained  
within the receptor. Although benzodiazepines possess a number of  
behavioural properties (e.g. anxiolysis, anticonvulsion, sedation) it is 
not known which o f these behaviours, if  any, can be ascribed to 
particular a  subunit-containing GABAa  receptor subtypes. To address 
the issue o f w hich behaviours are associated with which subtypes 
requires the development o f compounds selective for different a  subunit- 
containing GABA a receptors. In order to establish doses o f compounds 
selective for α1- versus α2- or α3-containing GABA a  receptors, an in  
v iv o  binding assay has been established in m ice in which the 
displacement o f  pH ]R o 15-1788 binding in cerebellum and spinal cord 
by a compound are used as indices o f the occupancy o f  α1- and α2- plus 
α3-containing G A B A a  receptors, respectively. For exam ple, non- 
selective compounds such as diazepam produce approximately equivalent 
displacement o f [3H]Ro 15-1788 binding in cerebellum and spinal cord 
whereas zolpidem, which is 5 -10-fold selective for α 1 -over α2- and α3-
containing receptors, produced, in a dose-dependent manner, greater 
displacement o f binding in the cerebellum compared to spinal cord.

Society for N euroscience, V olume 2 1 ,199 5
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146.13
GABAa r e c e p t o r s  o n  a d u l t  r a t  d o r s a l  r o o t  g a n g l io n
NEURONS EXHIBIT A PHARMACOLOGY CORRESPONDING TO 
EXCLUSIVELY 3 2
K.A. Watford*, S. Harper, K.L. Hadingham, P.J. Whiting, and G.R. Marshall 
Merck, Sharp and Dohme Research Laboratories, Terlings Park, Eastwick Rd.,
Harlow, UK.

GABAa receptors are a heterogeneous population of receptors, comprising of 
at least one α,β and γ subunit, which form a receptor sensitive to benzodiazepines. 
The pharmacological profile of each receptor subtype is dependent on the isoform 
of each  α(1-6), β (1-3) and γ (1-3) subunit. Stable cell lines expressing the human 
subtypes α1β3γ2, α 2β3γ2 and α 3β3γ2 have been characterized electro- 
physiologically using whole-cell patch clamp techniques, and several 
benzodiazepines used to obtain a unique profile for each subtype. α3β3γ2 
receptors were found to exhibit a 10-fold lower affinity for GABA (14.9±2.1µM) 
over the α1β3γ2 (0.9±0.1µM) and α 2β3γ2 (1.2±0.2µM) combinations. Adult rat 
dorsal root ganglia (DRG) were isolated and cells maintained in culture for up to 2 
weeks. Whole-cell patch clamp techniques were used to characterize the GABAa 
receptors present on these cells. GABA exhibited a low affinity (20.2±0.8µM) 
similar to the α 3β3γ2 cell line. Concentration-response curves for the 
benzodiazepine ligands flunitrazepam, DMCM, zolpidem and CL218872 revealed 
differences in affinity and the degree of efficacy at each receptor subtype. By 
comparing the pharmacological profile exhibited by DRG neurons with respect to 
GABA and the four different benzodiazepines, to those shown in each of the three 
cell lines, we have demonstrated that the GABAa receptors present on dorsal root 
ganglion neurons exactly mimic that observed for the α 3β3γ2 cell line, suggesting 
that these cells express a homogenous population of GABAa receptors of the 
α 3βγ2 subtype. The low GABA affinity and sensitivity to benzodiazepines may 
give some clues to the role of these GABAa receptors in the dorsal root ganglia.

146.15
FUNCTIONAL PROPERTIES OF NATIVE GABAa RECEPTORS IN 
EMBRYONIC CELLS EXPRESSING HIGH LEVELS OF α3 
SUBUNITS. R. Serafini*, W . M a, F. Lah jou ji and J.L. Barker. Lab .
Neurophysiology, N IN D S , N IH , B ethesda M D  2 08 92 .
Em bryonic nerve tissue expresses relatively high levels of in situ- 

detectable m R N A s encoding the α 2, α 3 and α 5 subunits of G ABA a 
receptors. A higher expression of a 3  subunit m R N A  is observed in 
the spinal cord than in most of the other areas  of the em bryonic  
nervous system  w here, on the contrary, the α 2  subunit m R N A  is 
prevalent. This pattern of subunit m R N A  expression corresponds to 
the pattern of subunit proteins that w e have detected by 
im m unocytochem istry. W e  have determ ined the biophysical 
properties of G A B A -activated  Cl- channels through fluctuation 
analysis of the G A B A -evoked Cl- current in Spinal Cord (S C ), 
Hippocam pus (H IP ), Striatum  (S T), Tha lam us (TH ), Olfactory Bulbs 
(O B ) and Dorsal Root G ang lia  (D R G ). S pectra  of C l- current 
fluctuations can be fitted by three Lorentzians with τs of long (τL), 
interm ediate (τ1) and short (τ s) duration. In S C , G A B A a receptors  
exhibit longer values of τ L (~ 100 m sec) than in the other regions of 
the nervous system  studied thus far ( -  5 0 -7 0  m sec). Therefore, these  
long values of τL correlate with a  pattern of subunit expression in 
which α 3 > α 2. The  τL values m easured  by fluctuation analysis 
correspond to burst length distributions recorded directly at the  
sing le-channel level. It is proposed that native G A B A a receptors that 
include a 3  subunits express C l- channels dom inated by very long 
burst durations.

146.14
NATIVE GABAa RECEPTORS CONTAINING α1 AND α2 SUBUNITS 
EXPRESS ω (BENZODIAZEPINE) BINDING SITES WITH HIGH AND  
INTERMEDIATE AFFINITY FOR ZOLPIDEM. J. Vitorica1, F. Araujo1, 
S. Tan2, J. Schoemaker2, J. Benavides2 and B. Scatton2* 1Department of 
Biochemistry, School of Pharmacy, Sevilla (Spain), 2 CNS Research 
Department. Synthélabo Recherche BP 110, 92225 Bagneux Cédex (France).

Evidence is accumulating for the existence of native GABAa receptors 
containing more than one a  subunit subtype, each of which could express a 
benzodiazepine (ω) binding site. However, the pharmacological properties of 
the ω sites associated to these receptors are unknown. In the present study we 
have determined the affinity of zolpidem (an ω1 site selectif ligand, with high 
affinity for α1- and intermediate affinity for α2-subunit containing receptors) for 
detergent-solubilized GABAa receptors from rat cerebral cortex, immuno- 
precipitated using specific anti-α1 and anti-α3 subunit antibodies.

The anti-α3 antibody immunoprecipitated 29.1 ± 2.0% of 3H-flumazenil 
(1 nM) binding and 29.6 ± 4.2% of 3H-zolpidem (5 nM) binding. The presence 
of a high affinity binding (ω1 site) for zolpidem was demonstrated in saturation 
experiments of 3H-zolpidem binding (Kd = 14.8 nM). Displacement studies of 
3H-flumazenil binding to α3 subunit containing receptors demonstrated the 
presence of two binding site populations with high (Ki = 8 nM) and 
intermediate (Ki = 392 nM) affinity for zolpidem. In anti-α1 immuno-
precipitated receptors, the Bmax for 3H-flunitrazepam (1.03 ± 0.14 pmol) was 
significantly greater than that of 3H-zolpidem (0.68 ± 0.04 pmol). Zolpidem 
recognized two 3H-flumazenil binding sites with K1 of values 4.8 and 424 nM.

These data are most readily explained by the existence of a population of 
native GABAa receptors possessing both α1 and α3 subunits with each subunit 
independenty expressing its characteristic ω benzodiazepine pharmacology.

146.16
EXPRESSION OF HUMAN GABAa RECEPTOR DELTA SUBUNIT 
mRNA IN THE RHESUS MONKEY THALAMUS AND ADJACENT 
BASAL GANGLIA STRUCTURES. V. Leontiev, P.J. Whiting and K.
Kultas-Ilinsky*, Department of Anatomy Univ. of Iowa Sch. of Med., 
Iowa City, IA 52242 USA and Neuroscience Research Centre Merck, 
Sharp & Dohme, Harlow, Essex CM2 2QR U.K.

The function of δ subunit of the GABAa receptor is unknown. The 
rat thalamus was found to be one of the few brain regions where 
mRNA for δ subunit was expressed (Wisden et al., J. Neurosci. 1992, 
12:1040). The GABAergic mechanisms in the primate thalamus are 
much more numerous and varied as compared to rodents, therefore 
species differences can be expected. This in situ hybridization 
histochemistry study with [35S]UTP labeled mRNA probes for human 
8 subunit was performed in cryostat sections of the fresh frozen tissue 
blocks from the monkey brain containing thalamus and some basal 
ganglia structures.

Majority of thalamic nuclei including the reticular expressed δ 
subunit mRNA. Signal intensity varied with the ventrolateral nucleus 
and other specific nuclei displaying the highest. Silver grains overlaid 
large cells, i.e., projection neurons. Smaller cells, some of which 
could be local circuit neurons, were unlabeled. Strong signal was also 
expressed in many basal ganglia structures such as caudate, putamen, 
two parts of the globus pallidus and substantia nigra.

Our findings demonstrate species differences in the distribution of 8 
receptor subunit that may have functional implications regarding the 
properties of GABA receptors in different species. Supported by 
RO1NS30983.

146.17

M EA SU R EM EN T OF RECEPTOR O C C U PA N C Y  WITH  
C O N S T A N T  IN F U S IO N  O F M ID A Z O L A M  B Y  
[123I]IOMAZENIL SPECT IMAGING. M. S. Al-Tikriti*, S. S 
Z oghbi. Y. Zea Ponce. R. M. Baldwin. P. Jatlow. A. Talmur. D. 
S. Charney. and R. B. Innis. Dept. o f  Psychiatry and Laboratory 
M edicine, Yale University and VA Medical Center, W est Haven, 
CT 06516.

A  constant infusion (C l) paradigm  w as adapted for 
benzodiazepine (BZ) receptor tracer and BZ antagonist midazolam  
to estim ate receptor occupancy during w hich m idazolam  
concentration in the blood was held constant. A  total o f  four 
experiments were performed on two baboons injected with a bolus 
2 .9 ± 0 .3  m Ci fo llo w e d  by a C l (0 .0 2 ± 0 .0 2  m C i/h) o f  
[123I]iomazenil and scanned for 6-8 h in the Strichman 810X Brain 
Imager. Parent compound reached steady state at 120 min pi. In 
two experiments, midazolam was injected as a single bolus o f 4 mg 
and the same dose was given as a bolus plus C l at a ratio o f  1.0 for 
three hours. Endogenous washout o f  the tracer was only  
accounted for 1%/h, whereas the washout increased to 14%/h with 
single bolus o f  midazolam, and only increased to 5 -7%/h with 
bolus and Cl. The clearance o f  the tracer was, 116 h in control, 4 h 
in bolus, and 9-12 h in bolus plus C l experiments. Midazolam  
concentration in the blood reached a steady state (50 ±2ng/m l) at 5 
min after an initial bolus o f  1 mg and continued steadiness for up to 
3 h. The tracer was displaced by 34% with a single bolus and 22% 
with bolus plus Cl. This approach w ill give better estimation o f  
receptor density by having a constant concentration o f  midazolam in 
the blood.
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147.1

NEUROPEPTIDE AF-LIKE IMMUNOREACTIVITY IS 
RESTRICTED TO CELLS IN SUPRAOPTIC AND  
PARAVENTRICULAR NUCLEI IN RAT BRAIN. A. A. Aarnisalo*,
T. Karhunen and P. Panula. Dept. o f  Anatomy, University o f  Helsinki, 
Helsinki and Dept. o f  Biology, Åbo Akademi, Åbo, Finland.

A rabbit antiserum was raised against the C-terminal fragment 
peptide, GEGLSS (Gly-Glu-Gly-Leu-Ser-Ser) o f  NPAF (Neuropeptide 
AF, A18Famide) in rabbits. NPAF is an octadecapeptide isolated from 
the bovine brain together with Neuropeptide FF (NPFF). GEGLSS-like 
immunoreactivity was localized with immunofluorescence technique in 
colchicine treated rats in neurons o f  the supraoptic (SO) and 
paraventricular (PV) hypothalamic nuclei. GEGLSS-ir fibers and 
terminals were observed in the median eminence. GEGLSS-like 
immunoreactivity was also localized to the posterior lobe o f  the 
pituitary gland. No immunoreactive neuronal cell bodies were observed 
in the medial hypothalamus, in an area that contains NPFF-ir neurons. 
GEGLSS-immunoreactivity was also seen in the nucleus o f  the solitary 
tract. In pre-absorption tests GEGLSS-peptide abolished the 
immunoreactivity nearly totally (at 20 µM concentration) and NPAF-
peptide decreased the intensity o f  GEGLSS-immunoreactivity (50 µM). 
NPFF or oxytocin had no effect on GEGLSS-immunoreactivity. Our 
results suggest that an NPAF-like peptide is present in neurons o f  SO 
and PV, but not in other NPFF-rich ares. It appears that NPFF-ir cells 
may differ in their content o f  NPAF-like peptides.

147.3

IMMUNOCYTOCHEMICAL LOCALIZATION OF THE RAT OXYTOCIN RECEPTOR 
IN BRAIN, PITUITARY, MAMMARY GLAND AND UTERUS. J.P.H. Burbach , 
R.A.H. Adan, F.W. van Leeuwen#, M.A.F. Sonnemans#, G. Hoffman+ and J.G. 
Vert>alis+. Rudolf Magnus Institute for Neurosciences, P.O.Box 80040, 3508 TA Utrecht, 
The Netherlands, #Netherlands Institute for Brain Research, Meibergdreef 33, 1105 AZ 
Amsterdam, The Netherlands, +University of Pittsburgh, Departments of Medicine and 
Physiology. Pittsburgh, PA 15261, USA.

Previous characterization of OT binding sites by autoradiography and in vitro binding 
studies have suggested that there may be more than one OT receptor subtype. Using an 
OT receptor sequence that was cloned from human uterus, the distribution of OT receptor 
mRNA expression in the rat brain has been mapped by in situ hybridization (Yoshimura 
et al Endocrinol 133: 1239-1246). Comparison of the localization of OT-binding sites in 
the brain obtained by light microscopic autoradiography with sites of OT receptor mRNA 
expression revealed some mismatches. Specifically, regions such as the posterior lobe of 
the pituitary gland and the inferior olive in the medulla demonstrated OT-binding, but 
were not positive by in situ hybridization (Van Leeuwen et al Brain Res 359:320-325). 
Antibodies were raised against non-overlapping sequences of the third intracellular loop of 
the rat OT receptor. Using these antisera, OT receptor expression was demonstrated in the 
brain, pituitary, mammary gland and uterus by immunocytochemistry. In the brain, several 
areas including the VMH, the bed nucleus of the stria terminalis, the ventral pallidum, the 
paraventricular nucleus, and the dorsal part of the supraoptic nucleus demonstrated OT- 
receptor immunoreactivity. However, no immunoreactivity was detected in two areas of 
the brain known to contain dense OT-binding sites by receptor autoradiography studies: 
the ventral hippocampus and the central nucleus of the amygdala. In the neural lobe of the 
pituitary gland, immunoreactivity was present in cells probably representing pituicytes. In 
the adenohypophysis intense immunoreactivity was detected in diffusely scattered cells 
throughout the gland. These results therefore demonstrate that the same receptor type is 
expressed both in peripheral OT target tissues as well as in brain, but also suggest the 
possibility that a different OT receptor subtype may be present in some areas of the brain.

147.5

PITUITARY ADENYLATE CYCLASE ACTIVATING PEPTIDE 
(PACAP): A SENSORY NEUROPEPTIDE PRESENT IN THE RAT 
ADRENAL MEDULLA. H. Tang*1 ,S. L. D un1, N . J. Dun1 and A. 
Wakade2. 1Dept. o f  Anat. & N eurobiol., Medical College o f Ohio,
Toledo, OH 43614, 2Dept. o f Pharmacol., Wayne State Univ. 
Detroit, MI 48201

PACAP has been shown to markedly increase the release o f  
catecholamines from the rat adrenal chromaffin cells. Immuno- 
histochemical studies showed the presence o f  delicate PACAP27 or 
PACAP38-immunoreactive fibers underneath the adrenal capsule, 
traversing the cortex and terminating upon the chromaffin cells. The 
latter appeared to be PACAP-negative. Injection o f  Fluorogold into 
the left or right adrenal medulla 4 to 7 days prior to sacrifice resulted 
in the labeling o f a population o f  ipsilateral and contralateral nodose 
ganglion cells. Double-labeling experiments showed that some o f the 
Fluorogold-labeled nodose ganglion cells were PACAP-IR. Dorsal 
motor nucleus o f  the vagus in the brainstem and sympathetic 
preganglionic neurons appeared to be PACAP-negative. A population 
of dorsal root ganglion cells from T7-T10 spinal ganglia exhibited 
PACAP-IR, few o f which were Fluorogold-positive. The results 
suggest that PACAP-immunoreactive fibers observed in the rat 
adrenal medulla may originate from nodose ganglion cells, although 
a contribution from spinal ganglia cannot be excluded. (Supported by 
NIH Grants NS18710 & N S24226).

147.2
TH E VA SOTOCIN SYSTEM  O F TH E NUCLEUS OF TH E STRIA 
TER M IN A LIS IN TH E JA PA N ESE Q U A IL. N. Aste*°, G .C .P anzica°, 
C.Viglietti-Panzica°, P.Absil°°, J.Balthazart°°, E. Mühlbauer^, R.Grossmann^. °Dept. 
Human Anatomy & Physiology, Univ. Torino (Italy), °°Lab. Biochemistry, Univ.
Liѐge (Belgium), and ^Inst. for Small Animal Res., Celle (Germany).

In mammals the bed nucleus of the stria terminalis (BST) is clearly identifiable and 
characterized. By contrast, its identification is elusive and a matter of discussion in 
birds. We present here cytoarchitectural, immunohistochemical and in situ 
hybridization data that temptatively identify this region in quail (Coturnix japonica). 
Two distinctive features o f the BST have been recognized in the rat: a wide system of 
parvocellular elements producing vasopressin and a large group of aromatase (ARO)- 
immunoreactive (IR) cells. In Nissl-stained sections from quail brains, we have 
identified a region characterized by high neuronal density and a relative homogeneity 
of cell typology which extends from the lateral and dorsal aspects of the caudal part 
of the medial preoptic nucleus, medially to the lateral forebrain bundle, to the 
anterior commissure which is surrounded (dorsally and ventrally) by the more rostral 
portions of this nucleus. In this region, weakly immunoreactive arginine-vasotocin 
(AVT) elements have been observed. Their presence is confirmed by the observation 
of a large population of AVT expressing neurons detected by a radioactive labelled 
cDNA probe directed towards the 3’end of the glycopeptide of the chicken AVT gene. 
This AVT-expressing population is more abundant in the caudal portion of the 
nucleus. Only a few scattered elements are present in the more rostral parts. In the 
same region, a large number of ARO-IR elements is observed with a polyclonal 
antibody against quail aromatase. AVT-IR fibres and ARO-IR cells displays close 
relationships. Several neuropeptide-IR fibers are present in the area, however only the 
neuropeptide Y is specifically associated with this region, forming a dense network 
of fibers around the anterior commissure. Further studies should detail whether the 
connections of this region substantiate its identification as BST homolog. This 
work was supported by grants from  CNR (CVP), UE (GCP&JB), the cooperation 
between Torino, Liege and Celle was supported by ESP (ENP).

147.4

FR A M E SH IFT  M U TA TIO N S IN V A SO PR ESSIN  A N D  
O X Y TO C IN  TR A N SC R IPTS IN R A T  A N D  H U M A N  PO ST
MITOTIC N E U R O N S . F.W . van Leeuw en*. H . Spence. D.A.P. 
E vans† and J.P.H. Burbach† . N eth. Inst. Brain R es., 1105 A Z  
Am sterdam , †D ept. M ed. Pharmacol., R ud olf Magnus Inst., 3584 
CG U trecht, The Netherlands.

R ecently w e reported that in post-m itotic neurons specific frame- 
shift m utations occur at high frequency (in the order o f 10-2 to 10-3 
as com pared to 10-4 to 10-6per gene in  som atic cells). These muta
tions w ere identified in vasopressin (V P ) transcripts in m agnocel
lular neurons o f the V P-deficient hom ozygous Brattleboro (d i/d i) 
rat and predom inantly consisted o f  a G A  deletion  in one o f two 
G A G A G -m otifs. This G A  deletion  results in restoration o f  the 
wild-type reading frame. In d i/d i rats substituted with VP for 40  
w eeks and displaying a norm alized water balance, a 25% reduction 
in the number o f V P-im m unoreactive cells was found as compared  
to non-treated d i/d i rats. This indicates that the d isease state o f the 
d i/d i rat, resulting in a perm anent activation o f V P neurons, 
enhanced the m utational rate. U sing antibodies against peptides 
predicted from the + 1  reading frame o f V P m R N A , im m unocyto
chem ical evidence was obtained for similar events in the hypo
thalamus o f wild-type rats and humans. In contrast to the rat, no 
age dependency in the num ber o f "V P + 1" cells was found in 
humans. Additionally, 'oxytocin +1' cells, w hich w ere not seen  in 
rats, w ere identified in humans. Their num ber was, however, much 
lower than that o f  the V P cells. T h ese data have revealed  hitherto 
unrecognized som atic m utations in non-dividing neurons.

147.6

C H A R A C T ER IZA T IO N  O F OCULAR R E C E P T O R S  FOR PITUITA RY 
AD EN YLA TE CY CLA SE AC TIV A TIN G  PO LY PE PTID E (PACAP). S .
C a v a lla ro . V. D 'A g a ta , F. D rago . ^G. N uciforo . ^S.M . R ic c ia rd o lo , §S.
T ra v a l i , §F. S t iv a la , #A. A r im u ra  a n d  P .L. Canonico*. In st. 
P h a rm a c o l . a n d  §G en . P a th o l. U niv . o f  C a ta n ia , ^D ept. o f  P a th o lo g y , 
S . B a m b in o  H o s p ., C a ta n ia , C h a ir  P h a rm a c o l. ,  S ch o o l o f  D e n tis try , 
U niv . o f  P a v ia , I ta ly  a n d  #U .S .-J a p a n  B iom ed . R es. L ab ., T u la n e  
U niv . H e b e r t C e n te r .  LA, USA.

PA C A P is  a  m e m b e r  o f  th e  v a so a c tiv e  in te s tin a l  p ep tid e  
(V IP )/se c re tin /g iu c a g o n  fam ily  o f  p e p tid e s . S e lec tiv e  PA CAP 
re c e p to rs  v a r ia n ts  t h a t  o r ig in a te  from  a  c o m m o n  g en e  by  a n  
a lte rn a t iv e  s p lic in g  m e c h a n is m  h a v e  b e e n  re c e n tly  iso la ted . W e 
h a v e  lo ca lized  im m u n o c y to c h e m ic a lly  th e s e  r e c e p to rs  in  th e  r a t  a n d  
r a b b i t  e y e s  u s in g  a  p o ly c lo n a l a n tib o d y  ra ise d  a g a in s t  th e ir  C- 
te rm in a l  in tr a c e l lu la r  d o m a in . P o s itiv e  s ta in in g  w a s  c o n fin e d  a lm o s t 
e x c lu s iv e ly  to  th e  r e t in a  a n d  c ilia ry  b o d y . In  th e  re t in a , PACAP- 
re c e p to r  l ik e - im m u n o re a c tiv i ty  (LI) w a s  p re s e n t  in  th e  gan g lio n ic , 
in n e r  p lex ifo rm  a n d  p h o to re c e p to r  lay e rs . In  th e  c ilia ry  body , a  
s tro n g  P A C A P -recep to r LI w a s  o b se rv e d  in  th e  e p ith e lia l cells. To 
d e te rm in e  th e  o c u la r  e x p re s s io n  o f PA CA P re c e p to r  sp lice  v a r ia n ts  
w e a n a ly s e d  th e i r  m R N A s b y  R T -PC R  m eth o d o lo g y . T h is  a n a ly s is  
re v e a le d  th e  m R N A  e x p re s s io n  o f th e  PA CAP-R a n d  PA C A P-R -hop 
sp lic e  v a r ia n ts .  T h e  p re s e n t  r e s u lts ,  to g e th e r  w ith  th e  p rev io u s  
d e m o n s tra t io n  o f PA CA P b in d in g  s ite s  a n d  PA CAP s tim u la te d  
a d e n y la te  c y c la se  a c tiv ity  in  th e  r e t in a  a n d  c ilia ry  b o d y  (N ilsson  e t 
a l. 1994) s u g g e s t  t h a t  PA C A P m a y  h a v e  specific  fu n c tio n s  in  th e se  
t is s u e s .
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147.7
COLOCALIZATION OF PHOSPHORYLATED cAMP RESPONSE 
ELEMENT BINDING PROTEIN AND VASOPRESSIN IN THE BED 
NUCLEUS OF THE STRIA TERMINALS. C.J. Auger. W.C.J. Chung.
A.P. Auger, L. Zhou, J.M. Meredith*, G.J. De Vries. Neuroscience and 
Behavior program, University of Massachusetts, Amherst, MA 01003-7710.

Hypertonic saline injections increase the release of vasopressin (AVP) 
peripherally as well as centrally, in the lateral septum (LS). Such injections 
also increase the expression of the immediate early gene products, c-fos and 
egr-1 in AVP-immunoreactive (AVP-ir) neurons in the supraoptic and 
paraventricular neurons, and in neurochemically unidentified neurons in the 
LS. However, such injections did not increase c-fos and egr-1 expression in 
AVP-ir neurons in the bed nucleus of the stria terminalis (BST), even though 
these neurons form the source o f septal AVP.

Therefore, we studied whether other transcription factors that are likely to 
interact with identified regulatory sequences on the AVP gene are expressed 
in AVP-ir cells of the BST. Recently, antibodies have been developed 
against the phosphorylated form of the cAMP response element binding 
protein (pCREB). This protein could interact with the cAMP response 
element on the AVP gene. Indeed, hypertonic saline injections increase 
pCREB-immunoreactivity in the paraventricular and supraoptic nucleus. To 
study whether pCREB can be located in AVP-ir cells in the BST, male rats 
were given a hypertonic saline injection and perfused 10 minutes later. Brain 
sections were stained immunocytochemically for pCREB with nickel- 
intensified DAB, and AVP with DAB only. These studies show that pCREB 
immunoreactivity is present in AVP-ir cells in the BST, and, therefore, may 
be used as a marker o f activation for these cells.

This study was funded by NSF grant, IBN 9421658 to GJD.

147.9
THE RAT LATERAL SEPTUM CONTAINS A NON-CHOLINERGIC 
POPULATION OF NITRIC OXIDE PRODUCING NEURONS W HICH CO-
EXPRESS SOMATOSTATIN AND N EURO PEPTID E Y IMMUNO-

Anatomy, University of Arkansas for Medical Sciences, Little Rock, AR 72205.
The medial septum/nucleus o f the diagonal band (MS/DBB) complex contains a 

prominent collection o f cholinergic nitric oxide (NO) producing neurons. The 
existence of NO neurons in the lateral septum has also been noted but not yet fully 
characterized. In the present study, we used NADPH-diaphorase (NADPH-d) 
histochemistry in combination with immunohistochemistry to determine the relative 
number, distribution, somatodendritic and axonal morphology, and putative 
neurotransmitter content of NO neurons in the adult rat lateral septum. The lateral 
septum consistently contained a relatively small population o f NO neurons 
(33±11/rat). These neurons were preferentially distributed to the dorsolateral septal 
nucleus (DLSN; 88%) with the remaining cells located in the inner half of the 
intermediate lateral (7%) and in the ventrolateral (5%) subnuclei. Nearly half of the 
DLSN neurons were situated along the subcallosal and ventricular borders. The 
somatodendritic morphology o f the cells varied with their location within the lateral 
septum. Some of the DLSN neurons exhibited intrinsic axon collaterals. All of the 
NADPH-d positive cells in the lateral septum co-expressed Neuropeptide Y and 
somatostatin but lacked choline acetyltransferase immunoreactivity.

These data indicate that the rat lateral septum contains a population of NO 
producing neurons that is distinct from that found in the MS/DBB complex. These 
neurons represent a non-cholinergic collection o f peptidergic cells similar to those 
present in neighboring neostriatum and cerebral cortex. The functional role of this 
intrinsic source of NO in the lateral septum remains to be determined.

Supported by NSF RI18922108, NSF IBN-9211368 (BWN) and UAMS.

147.11

SOMATOSTATIN IN THE PREPACEMAKER NUCLEUS OF WEAKLY 
ELECTRIC FISH, APTERONOTUS LEPTORHYNCHUS: EVIDENCE FOR A 
NONSYNAPTIC FUNCTION. T. Stroh* and  G.K.H. Zupanc. Dpt. Physical Biol., 
Max Planck Institute for Developmental Biology, D-72011 Tubingen, Germany.

Neuropeptides are widely distributed throughout the nervous system and exert 
a large number of heterogeneous functions. While they are synthesized in the soma, 
release is thought to take place in axonal terminals of neurons. A good model 
system to investigate the role of peptides in the nervous system is provided by the 
prepacemaker nucleus (PPn) of weakly electric gymnotiform fish. The approximate
ly 100 cells o f this thalamic nucleus innervate the pacemaker nucleus (Pn), a 
medullary cell group controlling the electric organ discharge. Previous im- 
munocytochemical (Zupanc et al., Brain Res. 559, 249-260, 1991] and in situ- 
hybridization studies [Zupanc et al., NeuroReport 2, 707-710, 1991] employing 
topographical criteria indicated that neurons of the PPn may express the neuropep
tide somatostatin (SS).

In the present study, we identified PPn neurons unambiguously by in vitro 
tract-tracing and combined this technique with SS immunocytochemistry. We found 
that a large portion of PPn neurons retrogradely labelled from the Pn exhibited SS-
like immunoreactivity (72%-89%, mean =  83%, median =  84%, n = 708 cells in 
ten fish examined). However, neither their proximal axons nor anterogradely 
labelled terminals innervating the Pn displayed significant amounts of SS-like 
immunolabelling (n =  10 fish examined in each experiment). Anterogradely labelled 
fibers in the Pn being immunopositive for SS were found in six out o f ten fish. The 
percentage of double-labelled fibers in these six individuals ranged from 0.8% to 
6.5% (mean = 2.4%, median = 1.2%). These results and the lack of SS binding 
sites in the Pn [Zupanc et a l., J. Chem Neuroanat. 7, 49-63, 1994] suggest that SS 
expressed by PPn neurons is not synaptically released at their projection site, the 
Pn, but acts via a nonsynaptic mechanism in the PPn proper.

147.8
S O M A TO S TA TIN  R E C E P TO R  E X P R E S S IO N  IN TR A N S G E N IC  AND  
M U TA N T M IC E . K. H. H opkins* . S. P .. Freem an. J. S. .  V ogel an d  M .L. 
O s te r-G ra n ite . Div. Biom ed. S ci., Univ. CA, Riverside, CA  92521 
and Univ. CA, Law rence L iverm ore N atl. Lab ., L iverm ore, CA  
9 4 5 5 0 .

Previous studies from our laboratories [M oyse et al, Soc. 
N eurosci. Abst. 19: 1 1 7 4  (1 9 9 3 )]  d e m o n s tra te d  th a t adult 
transgenic mice expressing the preprosom atostatin  (Sm st) gene  
exhibit a lterations in the density of som atostatin receptors in the 
brain. S om atostatin  (S M S T ) is not only a  neurotransm itter, but 
serves as a  neurom odulatory agent during developm ent as well, 
perhaps through transient expression of specific subtypes of SM ST 
receptors within regions of the C N S . O ur goal is to determ ine how 
early in developm ent such receptors can be detected and when during 
developm ent the alterations in receptors observed previously appear 
in mutant and transgenic m ice. In situ hybridization can be utilized 
to determine when m essage for a receptor is first expressed, but few 
studies which detect functional receptors through ligand binding 
have been described in the embryonic and fetal brain. These assays 
are im peded by limitations in detection of receptor density in small 
am ounts of tissue that characterize specific brain regions at these 
developm ental stages. W e  have adapted conventional ligand binding 
assay m ethods to enable us to use accelerated m ass spectrometry 
(A M S ) to quantify the distribution of S M S T  receptors in adult 
transgenic and m utant m ice. A M S  is advantageous over traditional 
m ethods because it is quantitative to the attom olar range, allowing 
for g re a te r sensitivity  in a re a s  of m in im al or heterogeneous  
re ce p to r express ion . S up p o rted  by H D 1 9 9 3 2  and  by LLNL  
B 2 9 1 4 2 4 .

147.10
C EL L U L A R  L O C A LIZA TIO N  O F SO M A TO STA TIN  
R E C E PT O R  2A  IN T H E  E N T E R IC  N E R V O U S  SYSTEM .
C. Sternini*, H . W on e, D . Su, J. R eeve  Jr., N . Brecha, and J.H. 
W alsh. C U R E :V A /U C L A  G astroent. B iol. Ctr. &  D epts. o f  
M edicine & N eurobiology, U C L A  & V A M C -W LA , LA, C A  90073.

Five distinct som atostatin receptor isoform s, nam ed SSTR1 to 
SSTR5, that exhibit high affinity for the endogenous ligands 
som atostatin-14 and -28 have b een  cloned. A ntibodies to  several 
SSTR subtypes w ere produced using as antigens synthetic peptides 
o f selected  regions, and screened by ELISA  and W estern blot. In 
this study, w e analyzed the cellular sites o f expression o f  the SSTR2 
isoform, SSTR2A , in the rat enteric nervous system  using 
im m unohistochem istry with two affinity purified polyclonal 
antibodies directed to the C-terminal portion o f m ouse SSTR2A. 
T h e SST R 2A  antibodies stained num erous neurons and fibers in  
the m yenteric plexus o f the stom ach and in testine as w ell as in the 
subm ucosal plexus o f the intestine. A bundant im m unoreactive 
processes w ere distributed to the sm ooth m uscle layers, m ucosa and 
vasculature. Im m unoreactive staining was also observed in cell 
bodies in the inner portion o f the circular m uscle layer o f the small 
intestine which have the m orphological appearance o f  interstitial 
cells o f Cajal. Preadsorption o f the antibodies with 1 0 µ M  o f the 
peptide fragment used for the antibody production abolished the 
im m unostaining indicating antibody specificity. T h ese data provide 
evidence that the effects o f endogenous som atostatin might be 
m ediated at least in part by the activation o f the SSTR2A .

Supported by DK41301 & VA Medical Research Funds

147.12
EVIDENCE FOR DIVERGENT PROJECTIONS OF NEURONS OF 
BARRINGTON'S NUCLEUS TO THE LOCUS COERULEUS (LC) 
A N D  SPINAL CORD. S. Chen*. Y. Zhu. G. Aston-Jones and R .J .
Valentino. Dept. o f Psychiatry, Hahnemann Univ., Philadelphia, PA 
19102.

Barrington's nucleus, a pontine nucleus situated ventromedial to the 
LC, contains numerous corticotropin-releasing hormone (CRH) neurons 
that project to the lumbosacral spinal cord. This study used retrograde 
and anterograde tract tracing combined with immunohistochemistry to 
determine whether Barrington's neurons are a source o f CRH fibers in 
the LC and whether these same neurons also project to the spinal cord in 
the rat. Localized injections o f a retrograde tracer, wheatgerm agglutinin 
conjugated to horseradish peroxidase coupled to gold particles (WGA- 
Au-HRP), labeled several (20%) Barrington’s neurons that were also 
retrogradely labeled by fluorogold (FG) injections in the spinal cord. 
Additionally, WGA-Au-HRP injections into the LC labeled some CRH- 
immunoreactive neurons in Barrington's nucleus o f  noncolchicine- 
treated rats. In triple labeling studies using rats that were injected with 
W GA-Au-HRP in the LC and FG in the spinal cord, several CRH- 
immunoreactive neurons in Barrington's nucleus were labeled from both 
the LC and spinal cord. Anterograde tracing studies using local 
injections o f either biocytin or P haseo lus vulgaris  leucoagglutinin  
(PHAL) into Barrington's nucleus confirmed the results o f retrograde 
tracing studies. These results suggest that som e CRH neurons of 
Barrington's nucleus diverge to innervate both the LC and the spinal 
cord. This parallel innervation may be important in coordinating 
forebrain activity with gastrointestinal or genitourinary functions. 
Supported by PHS Grants M H40008, M H00840 and N S24698.
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147.13
EVIDENCE FOR THE EXISTENCE IN RAT BRAIN OF A SAUVIGINE/ 
UROTENSIN-LIKE PEPTIDE, DISTINCT FROM CRF AND IN A POSITION TO 
INTERACT WITH CRF RECEPTORS. J.C. Bittencourt*. J. Vaughan. W. Vale and 
P.E. Sawchenko. The Salk Institute, La Jolla, CA 92037.

The recent cloning from rodent tissue libraries of cDNAs encoding a second CRF 
receptor (CRF-RB), one variant of which binds the structurally-related peptides, 
sauvigine (SV) and urotensin (UT), with higher affinity than it does CRF, has rekindled 
the search for mammalian homologues of these moieties known presently to exist only 
in lower vertebrates. We have used antisera raised against Phylomedusa  SV and 
suckerfish UT-I to probe for the expression of additional CRF family member(s) in rat 
CNS. In immunohistochemical preparations, both antisera stained cell groups 
acknowledged as major sites of CRF expression (median eminence, paraventricular and 
central amygdaloid nuclei); this was eliminated by preadsorption of raw sera with 30 
µM CRF or by affinity purification. The dominant cellular localizations that remained 
after either procedure were in the Edinger-Westphal nucleus and the lateral superior 
olive. While these have previously, and in the present studies, been found crossreact 
with CRF antisera, hybridization histochemistry revealed CRF mRNA expression in 
neither. Moreover, staining in both cell groups was eliminated by competition with 3 
µM  synthetic immunogens, but not by 300 µM CRF. Less pervasive perikaryal 
staining was also delected in the external plexiform layer of the olfactory bulb, and 
scattered cells o f the lateral hypothalamic area. Labeled axons and terminals were 
distributed diffusely throughout many brain regions, and the length of the spinal cord. 
Of particular interest were SV/UT-stained terminals ending in pericellular basket-like 
arrays in the very aspects of the lateral septal nucleus that comprise the major central 
site of CRF-RB expression, and a dense terminal field in the interpeduncular nucleus, 
where both known CRF receptors are expressed. Combined retrograde transport-
immunolabeling studies confirmed that SV/UT-ir is contained in a substantial 
population of Edinger-Westphal nucleus neurons that project to the spinal cord, but not 
the anterior chamber of the eye. The results support the existence of a novel member 
of the CRF family in the mammalian CNS, at least some of whose major axonal 
projections are in a position to interact with one or both CRF receptor subtypes.

147.15

D ISTR IBUTIO N  OF TY PE-2 A NG IO TENSIN RECEPTOR  
(A T2) m R NA  IN THE ADU LT RAT BRAIN Z. Lenkei. M. 
Palkovits1, G. Barbin*2, P. Corvol and C. Llorens-Cottes INSERM U36, College 
de France, 75005 Paris, France, 2CNRS EP37, Paris, France, and 1Lab. o f  
Neuromorphology, Semmetweis University Medical School, Budapest, Hungary

Angiotensins (Ang) in the brain exert their various effects by acting on two 
types of specific angiotensin receptors, AT1 and AT2. Receptor binding 
autoradiography reveals the dominant presence of AT1 in brain nuclei involved 
in cardiovascular, body fluid and neuroendocrine control, whilst AT2 binding 
sites are found in functionally more heterogeneous regions, usually associated to 
sensory, limbic and other functions. Almost all defined actions of Ang are 
thought to be mediated by the AT1 receptor. By contrast, there is no well 
accepted model of AT2 signaling and physiology, either in the brain or in the 
periphery.

The aim of this work was to establish the precise anatomical localization of 
cells expressing the AT2 receptor in the adult rat brain. The recent cloning of the 
AT2 receptor has allowed us to generate specific ribonucleic acid probes to 
identify and visualize by in situ hybridization the expression of AT2 mRNA. 
High expression of AT2 receptor mRNA was found in the lateral septal nucleus, 
in several thalamic nuclei, in the subthalamic nucleus, in the bed nucleus of the 
supraoptic decussation, in the medial geniculate body, in the locus coeruleus, in 
the inferior olive, in the lateral part o f the nucleus of the solitary tract and in the 
motor hypoglossal nucleus. We also tested whether AT2 receptors present in the 
brain are expressed in neurons or in glial cells. For this purpose, we performed 
immunohistochemical localization of the glial marker glial fibrillary acidic 
protein (GFAP) in the lateral septum on the same brain slice. Our results show 
that the AT2 receptor is expressed by neurons in this nucleus. These findings 
document with anatomical precision the widespread expression of AT2 receptor 
mRNA of the rat brain, and also identify putative novel sites of Ang action.

147.17

ANGIOTENSIN II IN TH E RETINA: ITS BIOCHEM ICAL AND M ORPHO- 
LOGICAL LOCALIZATION. Konrad Kohler*, Thomas Schilling, Bernhard 
Jurklies, Elke Guenther and Eberhart Zrenner. Dept. Exp. Ophthalmology, Univ. Eye 
Hospital Tubingen, 72076 Tubingen, Germany

Purpose: Beside its role as a  circulating hormone angiotensin II (AngII) acts as a 
neurotransmitter/neuromodulator in the brain. In this study we examined the AngII-
content and possible local sources of AngII in the retina

Methods: A radio-immunoassay was used to measure AngII-content in the blood,
vitreous, retina, and choroid of rabbits and chickens. To localize cellular AngII its 
immunoreaction was examined in the retina and choroid of rabbits. To enhance the 
immunoreactivity, tissues were pre-incubated in cell culture medium containing either 
protease inhibitors (PI), PI together with the AngII-precursor AngI, or PI and AngII. In 
some experiments the conversion of AngI to AngII was blocked by an ACE-inhibitor 

Results: Taken the level of blood-born AngII as a  baseline AngII-concentration 
increased in logarithmic steps from the retina to the choroid in both, rabbits and 
chickens. In the vitreous AngII was near to the detection limit of the assay. In rabbit 
retinas faintly labelled amacrine cells were visible at the inner border of the inner nuclear 
layer. Preincubation with PI resulted in an enhanced immunoreaction and in the labelling 
of ganglion cells and fibres in sublayer 3 and 3 of the inner plexiform layer. The 
immunoreaction was further improved by adding AngI or AngII to the incubation medium 
whereas the immunoreaction was totally blocked after incubation with the ACE-inhibitor 
captopril. No immunoreactive cells could be detected in the choroid.

Conclusions: Independent of blood-born AngII, local AngII-systems are present in the 
retina and choroid. The absence cf immunreactive cells in the choroid indicates a local 
synthesis from circulating precursor proteins within this tissue. In the retina there are 
sources of AngII in amacrine cells. These amacrine cells are able to take up exogenously 
applied AngII and to synthesis AngII from its precursor AngI as shown by the total disap
pearance of immunoreaction after blocking the converting enzyme. Our results demon-
strate that AngII is a  putative neurotransmitter or neuromodulator in vertebrate retinas.

147.14
CORTICOTROPIN-RELEASING FACTOR (CRF)-CONTAINING AXON 
TERMINALS SYNAPSE ONTO CATECHOLAMINE DENDRITES IN THE 
ROSTRAL POLE OF THE NUCLEUS LOCUS COERULEUS (LC) IN THE 
RAT BRAIN. E. Veznedaroglu*, E.E.O. Colayo, E .J .  Van Bockstaele and R. J.
Valentino#, Dpt. of Neurol. and Neurosci., Cornell Univ. Med. Coll., NY, NY 
10021, #Hahnemann Univ., Dpt. Psychiatry., Phila., PA 19102.

Physiological and immunohistochemical studies have suggested that CRF may 
serve as a neurotransmitter to activate noradrenergic neurons in the LC. We 
combined peroxidase labeling for CRF and gold-silver localization of tyrosine 
hydroxylase (TH), in single sections through the rat LC to determine potential 
substrates for interactions between these two transmitters. Light microscopic 
analysis indicated that CRF processes are dense and highly varicose in the rostral 
LC in the vicinity of TH dendrites. Electron microscopy revealed that peroxidase 
labeling for CRF was mainly restricted to axons and axon terminals. The CRF- 
labeled terminals contained small clear, as well as large dense core vesicles (dev). 
Often, the dev were identified close to the plasmalemma toward the periphery of 
the axon terminal distal to the active zone of the synapse, suggesting potential 
sites of release other than at the postsynaptic target Unlabeled axon terminals and 
glial processes were commonly located adjacent to the plasma membranes of CRF 
axon terminals containing the labeled dcv. Approximately 70% of the 
quantitatively examined CRF terminals were in direct contact with TH-labeled and 
unlabeled dendrites. They were either of the asymmetric (excitatory-type; 19%) or 
symmetric (inhibitory-type; 11%) variety or did not form identifiable contacts in 
the plane of section analyzed. These results provide the first direct ultrastructural 
evidence that axon terminals containing CRF-labeling directly contact TH- 
containing dendrites within the rostral pole of the LC. Furthermore, the finding 
that (1) CRF-labeled terminals are in direct contact with unlabeled dendrites and 
axon terminals and (2) CRF is distributed within dcv located at sites distal to the 
active zone, suggests additional actions of CRF on neurons in the LC via post- 
and/or pre-synaptic modulation of other transmitters and astrocytes. Supp. by R29 
DA 09082 and NARSAD to E.J.V.B. and MH 40008, MH 00840 to R.J.V.

147.16
LOCALIZATION OF ANGIOTENSIN 3-8 BINDING SITES IN THE BRAIN 
OF MACACA FASCICULARIS BY IN  VITRO  AUTORADIOGRAPHY.
SiewYeen Chai, Ingrid Moeller. George Paxinos* and Frederick A.O. Mendelsohn. 
University of Melbourne, Department of Medicine, Austin and Repatriation Medical 
Centre, Heidelberg, Victoria 3084, and *School of Psychology, University of NSW, 
Kensington, NSW 2033, Australia.

A fragment of angiotensin II (Ang II), angiotensin 3-8 (Ang IV), has been shown to 
modulate apomorphine-induced stereotypy and memory retention and retrieval. The 
binding site specific for this peptide has been identified and characterised in the 
guinea pig brain. The aim of this study is to investigate if this binding site is present 
in the primate brain and to map its distribution using 125I-Ang IV. The radioligand 
bound to sites quite distinct from angiotensin AT1 and AT2 receptor - Ang IV, Ang 
III, Ang II and Ang 1-7 competed for the binding with IC50s of 5, 73, 645 and 35000 
nM respectively whereas the AT1 and AT2 specific antagonists losartan and PD
123319 were inactive even at 10 µM concentrations. The most striking feature is the 
high densities of Ang IV binding sites in brain regions associated with motor 
function including the occulomotor, trochlear, trigeminal, facial, hypoglossal nuclei, 
the red nucleus, lateral reticular, inferior olivary, pontine and cerebellar nuclei, the 
granular layer of the cerebellum and in the Betz cells of the primary motor cortex. 
Extremely high densities of puctate binding occur in the basal nucleus of Meynert 
and the granular layer of the dentate gyrus and CA2 with lower levels in the 
polymorph layer and in CA1 and CA3 of Ammon's horn. Moderate densities of Ang 
IV binding sites are found in the somatosensory system, comprising of the gracile, 
external cuneate, principal sensory trigeminal, spinal trigeminal nuclei and the 
somatosensory cortex. Ang IV binding sites are abundant in cholinergic cell rich 
regions of the brain.

These findings support a role for Ang IV in learning and formation of memory and 
also suggests that this peptide may also be important in modulating motor and 
somatosensory functions, including interactions with central cholinergic systems.

147.18
ATRIAL NWRILREITC PEPTIDE - L IKE IMMUNORE ACTIVITY (ANP-LIR) IN NEURONS 
AMD ASTROCYTES OF  MAMMALIAN CEREEEI I IM. J.C . McKe nzie , R.M. Klein,
N .E.J. Berman, and J .S . Wilson*. Dept. o f Anatamy ,  College of  Madicine ,  
Howard Univer s i ty ,  Washington , DC 20059 and Dept. o f Anatomy and Call 
Biology, Univ . o f Kansas Med ical Center, Kansas C ity, KS 66103.

Natriuretic peptides have a wide distribution in the vertebrate CNS 
although intrinsic sources of ANP have not been identified in mammalian 
cerebellum. Frozon and vibra tome  sections of human and canine cere-
bellum were processed for immu nohistoch emistry using the ABC technique 
and an antibody against ra t ANP-IV. In both canine and huma n  cere
bellum, ANP-LIR was localized to isolated Golgi neurons of the granule 
cell layer. Basket cells ,  granule cells  of the ventral lobules and 
scattered neurons of the deep nuclei of canine cerebellum were also 
immunoreactive. Immunopositive cells of Lugaro and extrinsic (climbing) 
fibers were identified in human cerebellum. Staining vas absent from 
Purki n j e  cells although their somata were surrounded by  immunoreactive 
puncta. ANR-LIR vas also observed in subpopulations of protoplasmic 
and fibrous astrocytes as well  as radial and Bargmann glia in both 
species. ANP-LIR vas more prevalent in astrocytes in human cerebellum 
and in neurons in canine cerebellum. In conclusion, both neurons and 
astrocytes provide endogenous sources of ANP in cerebellum. The func- 
tions of cerebellar ANP are unknown but may include local vasoregulation 
and modulation of Purkinje cell output. This work vas funded in part by 
grants from NIH (HL 45241:JCM and MH 38399:NEJB), AHA-Kansas (RMK),
Kansas Mental Retardation Research Center (HD 02528:NEJB) and the 
Howard University  Faculty Research .Support Program (JCM).
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147.19
EN D O TH E LIN -1-IN D U C E D  LESIO NS IN TH E  RAT STR IA TU M . E.C. 
Tayag . N.T. Monsul, R.D . Miller. R .C .S . Lin. S .N . N a ir*, A .Y . Jeng . 
and J.C . Lehmann. Departments of Neurosurgery and Neurobiology 
and Anatom y, Medical College of Pennsylvania and Hahnem ann  
U nivers ity , P h ila d e lp h ia  PA 1 9 1 0 2 -1 1 9 2 ; R e se a rch  D ep t., 
Pharm aceuticals Div., C iba-G eigy Corp., Sum m it NJ 079 01 .

Endothe lin -1 (E T-1)-induced neuronal lesions of the striatum  
have previously been described by Fuxe and his co-workers (Exp  
Brain Res (1992 ) 88: 131), but the m echanism  by which ET-1 
c auses  les ions is not en tire ly  c le a r. A p a rt from  the  
vasoconstriction caused by E T a  receptor activation on vascular 
smooth muscle, ET receptors exist in the brain parenchym a as 
well. Here we report: 1. ET-1-induced lesions are axon-sparing, 
indicated by the preservation of tyrosine hydroxylase in striatal 
afferents, in analogy to excitotoxin lesions. 2. How ever, E T-1- 
induced lesions are only partially prevented by neuroprotectant 
doses of N-m ethyl-D -aspartate  (N M D A ) antagonist selfotel. Here  
we report the pharm acological characteristics of ET receptors in 
the striatum, their cellular localization, and the roles of different 
ET receptor subtype antagonists in blocking ET-1-induced lesions.

Both NM DA and ET-1 caused increased perm eability of the  
blood-brain  barrier as quantita ted  by the  fluorescent tracer  
Lucifer yellow. The effect of N M D A  w as partially reduced by 
selfotel, but that caused by ET-1 is only m inimally blocked. A 
possible role of parenchym al ET-1 in m ediating NM DA-induced  
in c re a s e d  b lo o d -b ra in  b a rr ie r  p e rm e a b ility  is u n d e r  
investigation.

OPIOIDS: ANATOMY, PHYSIOLOGY AND BEHAVIOR I

148.1
AN ULTRASTRUCTURAL EXAMINATION OF DYNORPHIN B-LIKE 
IMMUNOREACTIVITY IN THE HIPPOCAMPAL FORMATION OF RATS 
FOLLOWING SEIZURE J.P. Pierce*. O . Kurucz and T.A. Milner. Dept. of 
Neurology and Neuroscience, Cornell Univ. Med. Coll., NYC, NY 10021

As part of a correlated immunohistochemical study examining changes in 
the opioid peptides and neuropeptide Y in the hippocampal formation (HF) 
following seizure activity, dynorphin B-like immunoreactivity (Dyn B-LI) was 
studied at both light and EM levels following two injections of metrazol (2 hours 
apart). Two days later, the rats were perfused with acrolein and the brains 
processed for peptide localization (experimental and sham animal sections 
were reacted in the same vessels). At the light level, quantitative densitometry 
was used to examine region-specific differences in seizure-induced peptide 
alterations. While Dyn B-LI decreased in mossy fiber terminal fields in both the 
dorsal and middle portions of the HF, it increased in ventral terminal fields. 
Ultrastructural examination of these ventral fields demonstrates that the 
increases in light level labeling are directly associated with a 140% increase in 
the number of labeled dense-core vesicles (IDCVs) per 100 µm2 of neuropil (in 
the hilus of the dentate gyrus). An analysis of the density of IDCVs within 
indiividual terminal profiles in sham tissue shows that this characteristic is 
widely variable, implying that Dyn B-LI IDCVs are heterogeneously distributed 
within mossy fiber arbors, and/or are produced at different levels in different 
fibers (average density of 0 .4  ±  0 .4 IDCV per pm profile perimeter (the 
appropriate unit since they are almost invariably located adjacent to the 
membrane)). After seizure the density distribution of IDCVs is unaltered- there 
are just proportionally more profiles containing IDCVs at every point along the 
distribution. Since increases in the production level of IDCVs within individual 
fibers would have shifted the density distribution towards higher values, this 
implies that the increase in labeling is in part due to the expression of Dyn B in 
fibers which previously did not express it. There also appears to be an increase 
in the percentage of Dyn B-LI IDCVs that are found adjacent to membrane 
sites that appose spines, after seizure. Supported by DA08259 and MH42834.

148.3
EX PRESSIO N  OF O P IO ID  R E C E P T O R S  IN EM B R Y O N IC  RAT 
SEN SORY SY STEM S
M.S. Baig. Y. Chen. F.M. Leslie*. Department of Pharmacology, University of 
California Irvine, Irvine, CA 92717

Opioid systems are known modulators of sensory information in the adult. 
However, the role of opioids during development remains largely uncharacterized. 
The recent cloning of the cDNAs for the µ , δ , and x  opioid receptors has facilitated 
the study of opioid systems during embryonic development. In this study, we 
generated 35S labeled sense and anti-sense riboprobes for each of the cloned opioid 
receptors and performed in situ hybridizations with whole body slice sections of rat 
embryos at varying developmental ages. Briefly, 20µ sections were cut, postfixed 
on slides, hybridization was carried out, slides were exposed to x-ray film, and then 
emulsion dipped. Radioligand binding was carried out on alternate slice sections 
using subtype specific ligands. Embryos collected for the experiments were of 
embryonic days 11, 13, 15,17, 19, and 21. Results show widespread expression of 
opioid receptors in the CNS and peripheral tissues; however, our analysis was 
restricted to sensory systems. The µ receptor is expressed transiently in the neural 
layer of the retina, and the olfactory bulb, and spinal cord. K receptor expression is 
seen in the pigmented epithelium of the retina, cornea, olfactory bulb and 
epithelium, vestibular and cochlear ganglia, trigeminal ganglia, dorsal epithelium of 
the tongue, and spinal cord. In addition to sensory organs, k receptor expression is 
seen along nerve pathways for the optic nerve, all three divisions of the trigeminal 
nerve, and the vestibulocochlear nerve. Opioid receptor expression is not associated 
with the olfactory nerve pathway. Radioligand binding data correlates protein 
expression with mRNA expression. In the brain, µ receptor expression is 
associated with the superior colliculus and pretectum. K receptor expression is seen 
in many thalamic nuclei, including the lateral geniculate nucleus. 8 opioid 
receptors do not appear to be expressed in any of these sensory systems. These data 
indicate that µ and k opioid receptors, may play a role in the development of rat 
sensory perception. Supported by PHS grant #NS19319

148.2
mRNA EXPRESSION OF PRODYNORPHIN, PROENKEPHALIN  
AND RESPECTIVE OPIOID RECEPTORS IN THE HUMAN BRAIN. 
YL Hurd, B. Keiffer, L. Brady*, and G Sedvall Karolinska Institute,
Dept. Clinical Neurosci, Sweden, Ecole Supé rieure de Biotechnologie, 
France.

Opioid peptides are involved in neural mechanisms related to analgesia, 
drug dependence, memory, m otivation, mood, and motor behavior. 
Anim al studies have show n that opioid  peptides derived from 
prodynorphin (PD Y N ) and proenkephalin (PENK) as w ell as their 
receptors, µ , δ, and k, are w idely distributed in the brain. However, 
very little research has been done on the opioid organization in the 
human brain. In the present study, in situ  hybridization histochemistry 
was carried out on fresh-frozen 100 µm -thick human brain whole 
hemisphere cryosections in which mRNA expression o f opioid peptide 
and their receptor mRNAs in limbic-, motor-, and somatosensory-related 
brain regions could be sim ultaneously visualized. C onsistent with 
animal studies, PDYN and PENK mRNAs were differentially distributed 
in the human brain, though some species differences were apparent. In 
regard to specific anatomical systems, PD Y N  m RNA expression was 
found to be more highly expressed in limbic lobe structures such as the 
hippocampus, amygdala, parahippocampal gyri, whereas PENK was 
preferentially expressed in extended lim bic structures such as the 
hypothalamus, periacqueductal grey, and various midbrain nuclei within 
the reticular activating system. PDYN and PENK m RNA expression 
differences were also apparent in the basal ganglia. µ , δ, and k opioid 
receptor mRNAs also show ed distinct patterns o f expression. The 
correlations o f the opioid and receptor mRNA expression and functional 
implications will be discussed.

148.4
Distribution and Ultrastructural Localization of Delta-Opioid Receptor 
Immunoreactivity in the Rat Dentate Gyrus K. Commons*, and T.A.
Milner. Dept. of Neurology and Neuroscience, Cornell Univ. Med. Coll., New 
York, NY 10021

To study the locus of action of the endogenous opioids in the 
hippocampus, we examined the distribution and ultrastructural localization 
delta opioid receptor (DOR) by immunocytochemistry. The antibody used was 
raised to a unique peptide sequence located within the extracellular N- 
terminus of the DOR (Cheng, et al. J. Neurosci. in press). By light microscopy, 
DOR-labeled soma and proximal dendrites were prominent in the hilus of the 
dentate gyrus. Of DOR-labeled cells, 80%  (60/76) also contained GABA 
immunoreactivity. Most of these double labeled cells were located in the 
central hilar region, accounting for almost all (93%) of the GABAergic cells in 
this region. In contrast, relatively few (20%) of the infragranular GABAergic 
cells, which include basket cells, were labeled for the DOR. The tissue single 
labeled for DOR was examined by electron microscopy. DOR-labeling was 
detected in perikarya and dendrites as well as in axon terminals and glial 
processes. In perikarya, DOR-labeling was found diffusely in the cytoplasm, in 
dense granules, and associated with the rough endoplasmic reticulum. 
Dendritic shafts contained DOR-labeling similarly diffuse or associated with 
dense granules. Occasionally in perikarya and dendritic shafts DOR-labeling 
was found in discrete regions of the plasmalemmal membrane, usually 
associated with synapses. In dendritic spines, labeling was more profuse, 
filling the spine head and associated with the synaptic and perisynaptic 
regions. Many axon boutons contained DOR-labeling which most often 
rimmed a few synaptic vesicles, but was less often observed on the 
plasmalemmal membrane. This localization indicates that endogenous opioids 
present in the perforant path, and the mossy fiber pathway, may act at the 
DOR to principally modulate GABAergic neurons in the hilus. Supported by 
DA08259 and DA07274.
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148.5
DELTA- AND M U- OPIO ID R E C E PT O R S IN PRIM ATE SPINAL CORD: 
AN IMM UNOHISTOCHEM ICAL STUDY. CN H o n d a* . U A rvid s s o n .
MW W essen d o rf. M R ied l. R  E ld e . D e p a r tm e n t  o f C ell B iology a n d  
N euroanatom y, U n iv e rs ity  o f  M in n e so ta , M in n e a p o lis  MN 5 5 4 5 5 .

We have  sh o w n  p rev io u s ly  in  r a t s  t h a t  p o p u la t io n s  o f  sm a ll 
sensory n e u ro n s  in  d o r sa l  ro o t g a n g lia , a s  w ell a s  a ffe re n t  f ib e rs  
a n d /o r  p o s ts y n a p tic  s t r u c tu r e s  in  th e  s p in a l  c o rd  a re  
im m unoreactive (ir) fo r  d e l ta  (δ)- a n d  m u  (µ)-o p io id  rec e p to rs .  In  th e  
present s tu d y , w e u s e d  r a b b i t  a n t i s e r a  r a is e d  a g a in s t  f ra g m e n ts  of 
synthetic δ (DOR1)- o r  µ (M O R l)-o p io id  re c e p to rs  to  e x a m in e  th e  
d istribu tion  o f  o p io id  re c e p to rs  in  p r im a te  s p in a l  co rd .

At all s e g m e n ta l  lev e ls , o p io id  r e c e p to r- ir  fo rm e d  a  d e n s e  p le x u s  of 
small profiles in  th e  s u p e rf ic ia l  d o r s a l  h o rn : 6 -op io id  re c e p to r- ir  w a s  
found th ro u g h o u t  la m in a e  I a n d  II, w h e re a s  µ-o p io id  r e c e p to r- ir  w a s  
confined m o stly  to  la m in a  II. In  a d d it io n , δ-ir  f ib e rs  w e re  fo u n d  in  
and n e a r  th e  in te ro m e d io la te ra l  cell c o lu m n  in  th o ra c ic  leve ls, a n d  
in regions c o rre s p o n d in g  to  th e  s a c r a l  p a ra s y m p a th e tic  n u c le u s  a n d  
O nufs n u c le u s . A t u p p e r  ce rv ic a l leve ls, a  d e n s e  p le x u s  o f 8-op io id  
receptor-ir f ib e rs  w a s  c o n fin e d  to  a  reg io n  o f th e  g ra y  m a t te r  
co rresponding  to  th e  c e n tr a l  c e rv ic a l n u c le u s .

The d is tr ib u tio n  o f o p io id  re c e p to rs  in  th e  s u p e rf ic ia l  d o r sa l  h o r n  
is c o n sis ten t w ith  th e i r  lo ca liz a tio n  to  th e  c e n tr a l  te rm in a ls  o f th in ly  
m yelinated a n d  u n m y e lin a te d  p r im a ry  s e n s o ry  n e u ro n s .  D iffe ren ces  
in the d is tr ib u tio n  o f th e  δ - a n d  µ -o p io id  r e c e p to rs  m a y  re flec t th e  
presence o f th e s e  r e c e p to r  ty p e s  o n  d is t in c t  fu n c t io n a l  c la s s e s  of 
neurons, o r  th e y  m a y  re la te  to  d iffe re n c e s  in  p re s y n a p t ic  a n d  
postsynaptic lo ca liz a tio n  w ith in  th e  s p in a l  g ra y  m a t te r .

Supported  b y  NIDA g r a n t s  a n d  th e  M in n e s o ta  M ed ica l F o u n d a tio n .

148.7
POMC m R NA  LEVEL IS D E C R E A SE D  IN THE  

PITUITARY BUT NOT IN THE H YPO THALAM US IN 
STREPTOZOTOCIN-INDUCED DIABETIC R ATS. C .Y .
CHEUNG AND F. TA N G *. Department of Physiology, Faculty of 
Medicine, The University of Hong Kong, 5 Sassoon Road, Hong Kong.

β-endorphin levels have been shown to be decreased in the 
hypothalamus and in the neurointermediate lobe (NIL) of the pituitary 
in streptozotocin-diabetic rats. It is not clear whether these effects are 
due to changes in release or biosynthesis. In this study, we investigated 
whether diabetes affects the biosynthesis o f β -endorphin in the 
hypothalamus and the pituitary by measuring POMC mRNA levels.

Diabetes was induced for 4 weeks in Sprague-Dawley rats (230- 
250g) by intraperitoneal injection of 75mg/kg streptozotocin. RNA 
was extracted using acid guanidium thiocyanate-phenol chloroform 
method, and POMC mRNA was assayed by a sensitive solution 
hybridisation RNase protection assay.

We found that in diabetic rats, POMC mRNA level was 
significantly decreased in both NIL and AL o f the pituitary. These 
changes were insulin reversible. No significant change was detected in 
the hypothalamus.

We conclude that in insulin deficient rats: 1) the decrease in the 
level of β-endorphin in the hypothalamus may not be attributed to 
decrease in biosynthesis; 2) in the NIL, decrease in β-endorphin level 
may not be due to decrease in biosynthesis; and, 3) in the anterior lobe 
of the pituitary, the decrease in β-endorphin biosynthesis may not be 
accompanied by reduction in β-endorphin level.

148.9
ß-ENDORPHIN-1-31 INDUCES TYROSINE HYDROXYLASE ACTIVITY IN 

SELECTIVE SYMPATHETIC GANGLIA. Ismail H. Ulus*, Can B. Ünal, S.
Gürün. Department of Pharmacology, Uludag University Medical School, Bursa, 
TURKEY.

A variety of stresses are known to elevate circulating catecholamine 
levels. Previously, we showed that some of these stresses, including hypercapnia, 
immobilization and cold exposure, causes selective induction of tyrosine 
hydroxylase activity in selective sympathetic ganglia. ß-Endorphin-l-31 is a 
proopiomelanocortin derived opioid peptide and is thought to play role in the 
mechanism of various stresses. In this report, we demonstrate that ß-endorphin-
1-31 when injected centrally induces tyrosine hydoxylase activity in superior 
cervical, coeliac, second lumbar ganglia and in adrenal gland, but not in other 
sympathetic ganglia.

Either saline or ß-endorphin-1-31 (4 or 8 nmol) was administered 
intracerebroventricularly to freely moving Sprague-Dawley female rats. Arterial 
blood was collected through a carotid artery catheter and plasma catecholamine 
levels were measured by a radioenzimatic assay. ß-Endorphin-1-31 significantly 
increased adrenaline and noradrenaline levels at both doses, however, 8 nmol 
produced a prominent effect increasing adrenaline and noradrenaline levels 8.75 
and 5.02 times the baseline values (adrenaline = 444 pg/ml; noradrenaline = 447 
pg/ml) within 60 min, respectively.

To evaluate the effect on ganglia, ß-endorphin-1-31 (8 nmol) was 
injected intracerebroventricularly once daily for three consecutive days and rats 
were decapitated at the forth day. Adrenal gland, superior cervical, inferior 
cervical, 10 thoracic, 2 lumbar and coeliac ganglia were removed and tyrosine 
hydroxylase activity in each tissue was determined radioenzimatically. We found 
that ß-endorphin-1-31 caused 34, 39, 48 and 25% increase in superior cervical,
coeliac, second lumbar ganglia and adrenal gland, respectively.

148.6
DETECTION OF POMC NEURONS IN THE ARCUATE NUCLEUS OF RATS 
BY IN  S ITU  HYBRIDIZATION HISTOCHEMISTRY USING DIGOXIGENIN- 
LABELLED RIBOPROBES. P.E. M ann*. Y-Z. Wei, and B.S. Rubin. Dept.
Comp. Med., Tufts Univ. Sch. Vet. M ed., N. Grafton, M A 0 1 5 3 6  and 
Center for Reprod. Res., Tufts Univ. Sch. M ed., Boston, M A 02111  

In situ hybridization histochemistry (ISHH) allows for the localization of 
specific nucleic acid sequences in specific tissues. Radioactive probes are 
in common use, but they have several disadvantages, especially the need 
for radioactive handling. The use of non-isotopic probes eliminates these 
disadvantages and has equivalent sensitivity. The present report 
describes ISHH in the arcuate nucleus using digoxigenin (DIG)-labelled 
riboprobes to detect POMC neurons. Brains were rapidly collected from  
Sprague-Dawley rats and buried in powdered dry ice prior to freezing to 
-8 0 °C . Brains were sectioned (14  µm) from the retrochiasmatic area to 
the mammary nuclei and thaw-m ounted. Slides were fixed, acetylated, 
dehydrated and hybridized overnight (5 0 °C ) w ith a DIG-labelled riboprobe. 
The probe, specific for the 3 3 7  base pairs of exon 2 and 5 0 0  base pairs 
of exon 3 of the POMC gene, was transcribed from the linearized plasmid 
using the Boehringer Mannheim Genius kit. Enzymatic detection using 
alkaline phosphatase was performed. Under the light microscope the 
individual cells were easily detected w ith the nucleus appearing pale 
surrounded by darkly stained cytoplasm. W e are using this protocol to 
detect changes in POMC mRNA levels in the arcuate nucleus in female 
rats at different stages of reproductive experience. The detection of 
POMC neurons using DIG-labelled riboprobes provides a viable and 
effective alternative to the use of radioisotopes (Supported by NSF IBN-
9 4 0 7 3 0 5  to PEM)

148.8
M ORPHOLOGICALLY HETEROGENEOUS ENKEPHALIN (ENK) 
TERMINALS FORM SYNAPSES WITH TYROSINE HYDROXYLASE (TH) 
CONTAINING DENDRITES IN THE RAT LOCUS COERULEUS (LC). P.
Branchereau*. E.J. Van Bockstaele and V.M. Pickel. Dept. of Neurol. and 
Neurosci., Cornell Univ. Med. Coll., NY, NY 10021.

Physiological and anatomical studies have suggested that the endogenous opioid 
peptide, methionine- ENK, may directly modulate noradrenergic neurons. 
Additionally chronic opiate administration has been shown to increase the levels 
of a number of G-proteins and phosphoproteins including the catecholamine 
synthesizing enzyme, TH. We combined gold-silver localization of TH and 
peroxidase labeling for ENK to determine potential substrates for the divergent 
actions of this opioid peptide in the LC. Light microscopic analysis of ENK 
labeling in the LC area indicated that ENK fibers are dense and highly varicose. In 
coronal sections, ENK-immunoreactive (ir) processes were punctate and appeared 
to envelop LC cell bodies. More rostrally, in the region of catecholamine 
extranuclear dendrites, ENK-ir varicose processes were interdigitated with TH-
labeled processes. Electron microscopy revealed that ENK-ir axon terminals 
contained small clear as well as large dense core vesicles (dcv). The dcv were 
consistently the most immunoreactive and were identified toward the periphery of 
the axon terminal distal to the active zone of the synapse adjacent to other 
terminals and astrocytic processes. The ENK-labeled terminals formed synapses 
with dendrites with and without detectable TH-immunoreactivity. These results 
provide the first direct ultrastructural evidence that morphologically heterogeneous 
terminals containing ENK-immunoreactivity may produce either excitation 
(asymmetric contacts) or inhibition (symmetric synapses) of catecholamine 
neurons within the LC. Furthermore, the distribution of ENK within dcv 
suggests that actions of ENK may also include presynaptic modulation of other 
transmitters and/or astrocytic functions in relation to noradrenergic neurons. 
These characteristics may contribute to the physical signs and withdrawal effects 
of opiates which are prominently subserved by the LC. Supp. by R29 DA 09082 
and NARSAD to E.J.V.B.; MH40342, MH00078, NIDA DA04600 to V.M.P.

148.10
ESTROGEN INHIBITS HYPOTHALAMIC PRO-OPIOMELANOCORTIN  
GENE EXPRESSION IN HYPOTHALAMIC NEURONAL CULTURES  
Y. Gao. J. R. He. G. K. Bergey*. and L. P. Kapcala. Endocrine Div., and 
Dept. of Neurology, Univ. of Maryland Sch. of Med., Baltimore, MD 21201 

Many in vivo studies show estrogen (EST) regulation of the 
hypothalamic (HYP) pro-opiomelanocortin (POMC) system including a 
decrease in HYP POMC mRNA after EST treatment. Because such in vivo 
experiments do not allow one to determine whether peripheral systems or 
extraHYP brain regions are involved in this regulation, we sought to 
establish whether EST acts directly in HYP to decrease POMC mRNA. 
Using an in vitro approach, we tested the hypothesis that EST inhibits 
HYP POMC gene expression directly in HYP. W e studied effects of 
estradiol (E 2) on POMC mRNA concentrations in neuronal cultures 
derived from day 17 fetal rat HYP. Cultures were treated with chemically- 
defined medium and cytosine arabinoside to develop an enriched 
population of neurons. Cells were deprived of P4( a component of defined 
medium and putative stimulator of POMC mRNA) in medium for 2 days 
prior to treatment (2 days) with E2 (10 -13 -10 -9 M) or control media 
between 13-15 days in culture. Total RNA was isolated from cell lysates 
and POMC and cyclophilin (internal control) mRNAs were quantified by 
RNase protection assays. E2. dose-dependently decreased 
POMC/cyclophilin mRNA concentrations in a  biphasic manner.

POMC mRNA /cyclophilin mRNA (% of control: m ean+SEM)
E2 10-9M
* p < 0.01 56 ±  1 1 * 78 ±  12 84 ±  24

CONCLUSION : EST inhibition of POMC mRNA concentrations in HYP  
neuronal cultures indicates that this inhibition can occur directly in HYP.
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148.11
TRANSCRIPTION -D EPEN DENT AND -IN DEPEND ENT REGULATION 
OF ORNITHINE DECARBOXYLASE (ODC) BY CNS β-ENDORPHIN: 
POTENTIAL ROLE OF THE PR OTO -O NCO GENE M AX. J.V. Bartolom e*. 
S. W ang and M.B. Bartolome. D ept. o f  Pharm acology, Duke University 
M edical Center, Durham, N.C. 27710.

Intracerebroventricular (i.c.v.) injection o f (3-endorphin has been shown 
to suppress ODC activity (a grow th-regulatory enzym e) throughout the body, 
as well as tissue responsiveness to trophic stim uli.These studies exam ine, in 6
day old rats, whether i.c.v. β-endorphin inhibits insulin-evoked increases in 
liver ODC activity via actions on Max and ODC gene expression. Insulin (20 
IU/kg body w t., s.c.) increased hepatic M ax and ODC m RNA levels, and ODC 
activity in a tim e-course-related manner. Actinom ycin D (2 m g/kg body wt.,
i.p.) prevented insulin-induced increases in ODC activity, indicating the 
requirem ent for active transcription for the effect. M ore im portantly, i.c.v. 
injection o f β -endorphin (1 ug) blocked insulin’s stim ulation o f  Max and ODC 
mRNA accum m ulation. The tim e-course and m agnitude o f  the response 
mirrored that o f  the peptide on ODC activity. On the other hand, contrary to 
the inhibitory effect o f  (3-endorphin on basal ODC activity, the peptide did not 
lower basal M ax or ODC mRNA levels when given alone. Thus, apparently 
two separate m echanism s exits through which CNS β-endorphin down-
regulates ODC activity in peripheral organs o f  rat pups. The peptide can 
suppress stimulated ODC activity by decreasing the rate o f  transcription o f  the 
ODC gene, whereas the inhibition o f  basal ODC activity appears to involve 
posttranscriptional m echanisms. W hether the (3-endorphin induced inhibition 
o f insulin stimulated M ax and ODC gene expression are functionally-related, 
rem ains to be determined. (Supported by US PHS NS25738).

148.13
MODULATION BY INTRASEPTAL DYNORPHIN A-(1 -13) OF RAT 

HIPPOCAMPAL ACTIVITY. J.-l. Oka*. S.-I.Kamiya , M. Miura, and T. Kameyama. 
Dept. Chem. Pharmacol., Fac. Pharm. Sci., Meijo Univ., Nagoya 468, Japan.

We have demonstrated that low doses of dynorphin A-(1 -13) (DYN) prevents 
memory dysfunction through k receptors in several animal models of amnesia 
(Ito et al., 1993; 1994). DYN potently improved galanin-induced impairment of 
memory processes in mice (Kameyama et al., 1994). Also our microdialysis 
studies have shown that a decrease in acetylcholine contents in the rat's 
hippocampus induced by galanin was prevented by preceding administration of 
DYN (Mori et al., 1995). Since it has been reported that DYN inhibited 
hippocampal neuron activity when being applied within the hippocampus, 
improving effects of DYN on learning ability observed in our behavioral studies 
may occur through extrahippocampal loci of action. The present study has 
been to examine the involvement of the septohippocampal pathway in DYN 
effects on hippocampal activities both in chronic and acute male Wistar rats. 
(1) The intracerebroventricular injection of DYN (3 and 10 µg in 5 µl) dose- 
dependently increased the amplitude of the medial septum (MS) stimulation- 
evoked field potentials recorded from the CA1 and subbiculum of the chronic 
rats (n=8). Galanin (1 µg) reduced those by 20% , and these effects were 
prevented with DYN (3 µg) injected 5 min before (n=8). These results provide 
further support to our evidence described above. (2) MS-tetanic stimulation 
during wakefulness in the chronic rats failed to induce potentiation of the CA1 
field potentials, but was able to do in the presence of DYN (3 µg). DYN could 
suppress underlying mechanisms which inhibit potentiation after tetanization 
during wakefulness. (3) In the anesthetized rats, paired-pulse facilitation of 
extracellular population spikes in the CA1 evoked with paired stimulation of the 
CA3 was reduced after DYN (3 µg in 0.5 µl) injection into the MS. DYN injection 
into the lateral septum did not show any effect. Modulation by DYN of neuron 
activities in the MS may affect transmission within the hippocampus. The 
physiological significance of these findings in memory processes is questions 
for future experiments.

148.15

SELECTIVE REDUCTIONS IN BODY WEIGHT AND INGES- 
TIVE RESPONSES BY ANTISENSE OLIGODEOXYNUCLEO- 
TIDES AGAINST DIFFERENT REGIONS OF THE MOR-1 
CLONE. J.L. Cole*. L. Leventhal, G.C. Rossi., Y.X. Pan, A.
Ragnauth, W.Z. Yu, G.W. Pasternak and R.J. Bodnar. Neuropsy- 
chology, Queens Col., CUNY, Flushing, N Y  11367 & Dept. o f  
Neuro-Oncology, Mem. Sloan Kettering Can. Ctr., NY, N Y  10021.

Mu receptor agonists and antagonists alter feeding. Antisense 
(AS) oligodeoxynucleotides (ODN) selectively downregulate spe
cific mRNA regions. The present study examined central actions o f  
AS ODNs (10 ug, 3 days) directed against the 5 ’ untranslated reg- 
ion o f exon 1 (A S-1), the first intracellular loop between TM1 and 
TM2 o f  exon 2 (AS-2), or a region o f  exon 4 (A S-3) o f  the MOR-
1 receptor upon body weight, food and water intake, 2-deoxy-D- 
glucose (2DG) intake, angiotensin II (A ll) drinking and morphine 
analgesia. Each AS significantly reduced body weight, food intake 
and water intake; a mismatch to A S -I, two base pairs switched, 
had no effect. N one o f  the AS altered intake following 2DG or AII. 
Morphine (7.5 ug, icv) analgesia was significantly reduced by AS-1 
(63%) and AS-3 (33%), but not by AS-2 or the AS-1 mismatch. In-
activation o f  selective regions o f  the MOR-1 receptor specifically 
affect basic ingestive processes that sometimes parallel, but can 
also dissociate from analgesic responses. (NIDA DA04194).

148.12
POST-TRANSLATION PROCESSING OF DYNORPHIN AFFECTS THE 
AFFINITY OF THE OPIOLD FOR NMDA RECEPTOR CHANNELS. L. Chen,
M. Hancock* and L.-Y.M. Huang. Marine Biomedical Institute, Department of 
Physiology and Biophysics, The University of Texas Medical Branch, Galveston, 
Texas 77555-1069.

W e have shown previously that the opioid peptide dynorphin blocks directly the 
NMDA receptor channels without the participation of K-opioid receptors (J. 
Physiol. 482:515; J. Neurosci, in press). Here we report that the apparent affinities 
of dynorphins for NMDA receptor channels are affected by the post-translational 
processing of the opioid peptide. The whole cell patch clamp and fast perfusion 
techniques were used to record NM DA-activated currents from acutely dissociated 
rat trigeminal neurons. The dynorphin examined included dynorphin (1-32), 
dynorphin (1-13), dynorphin (1-10) and dynorphin (1-8). All these dynorphins, 
except dynorphin (1-8), blocked NM DA-activated currents The IC50 was 0.25 µM 
for dynorphin (1-32), 6.4 µM  for dynorphin (1-13) and 30 µM for dynorphin (1-
10). Thus, the apparent affinity of dynorphin for NMDA receptor channels 
decreased more than 100 fold as the length o f the peptide decreased from 32 to 10 
amino acids. Dynorphin (1-8) had no detectable action on NMDA responses even 
at 100 pM. Amidization of the carboxylic terminal o f dynorphins dramatically 
increased their affinities for NMDA-receptor channels and abolished the large 
differences in the apparent affinities o f different dynorphins. For example, the IC50 
for dynorphin (1-13) amide was 1.8 µM, a 4-fold lower than that of dynorphin (1-
13); the IC50 for dynorphin (1-10) amide was 1.6 µM, a 20-fold lower than that of 
dynorphin (1-10). These results suggest that the post-translational processing of 
dynorphins may be important in determining the blocking action of NMDA-
receptor channels. (Supported by NIH grants N S11255, NS30045, NS23061).

148.14
OPIOID NEUROTOXICITY: ROLE OF CATECHOLAMINE, GLUTAMATE, 
ACETYLCHOLINE, HISTAMINE, GABA, AND OPIATE 
NEUROTRANSMITTER SYSTEMS
WA Kofke* E.H. Sinz. RH German, R German, R Rose- Depts of 
Anesthesiology/CCM and Pathology, University of Pittsburgh, Pgh, PA 15261 

We hypothesized that blockade of neurotransmitter synthesis or release would 
ameliorate fentanyl(F) neurotoxicity. Mechanically ventilated and paralyzed S-D 
rats were randomly assigned to 1 of 9 groups: vesamicol(VES, 2.5mg/kg ip 60 
& 30m pre-F, N = 11), α -fluoromethylhistidine (FM H, 20mg/kg ip 2h pre-F,
N = 10), reserpine(RES, 0.75mg/kg ip 18h pre-F N = 10), BW1003C87(BW, 
20mg/kg iv 15m pre-F, N = 7), lamotrigine(LAM, 16mg/kg iv 30m pre-F,
N = 10), phenytoin(DPH, 90mg/kg iv with F, N = 10)), midazolam(MID, 
25mg/kg iv with F followed by 9.7mg/kg/h x 2h, N = 10), naloxone(NAL,
50/xg/kg with F followed by 50µg/kg/m x 2h, N = 10) or control(CON, 0.9% 
saline, N =29). Each rat received fentanyl(F) iv, 800µg/kg followed by 
32/xg/kg/m for 2h. During infusions rats received O2/ N 2 30/70(O2/N2O for 
CON & NAL). After 2h of F all rats were extubated and 7d later underwent 
histologic evaluation. Scores were ranked 0-5 (0 = normal, 5 = 76%-100% dead 
neurons). Pathological data was analyzed by Mann Whitney U. Results. 
Compared to CON lesions were decreased(P <  0.05): (a)in the amygdala with 
VES, RES, DPH, M ID, and NAL, with a trend suggestd by BW(P =0.06); 
(b)in the subiculum by VES, RES, DPH, MID, and NAL with a trend suggested 
by FMH(P =0.06); and (c)in the entorhinal cortex by VES, RES, DPH, MID, 
and NAL with a trend suggested by FM H(P =0.07). Conclusions. The data 
indicate that acetylcholine, catecholamine, GABA, and mu opiate 
neurotransmitters contribute to opioid neurotoxicity. In addition, there may be 
a role for glutamate and histamine in opioid neurotoxicity.

148.16
OPIOID ANTAGONISTS IN THE PERIAQUEDUCTAL GRAY 
INHIBIT MORPHINE ANALGESIA ELICITED FROM THE 
AMYGDALA. Z.W. Pavlovic, M.L. Cooper and R.J. Bodnar*. 
Neuropsychology Doctoral Program, Queens College, CUNY, 
Flushing, N Y  11367.

Morphine microinjections in the amygdala elicit analgesia. An 
enkephalinergic pathway projectsion from the amygdala to the 
periaqueductal gray (PAG). PAG opioid analgesia is mediated by 
mu, m u1 and delta2 but not delta, or kappa, receptors. To assess 
which opioid receptor subtypes in the PAG mediate morphine anal
gesia elicited from the amygdala, the present study evaluated 
whether general (naltrexone, NTX, 1-5 ug), mu (beta-funaltrex- 
amine, B-FNA, 4 ug) or delta2 (naltrindole isothiocyanate, NTII, 4 
ug) antagonism in the PAG altered amygdaloid morphine analgesia 
(2.5-5 ug). Morphine analgesia in the amygdala was far more pro
nounced on the jump test (75% increase) than the tail-flick test 
(37% increase), and was significantly reduced by NTX pretreat
ment (80%) in the PAG. The reduction in amygdaloid morphine 
analgesia was greater following NTII (55%) pretreatment in the 
PAG than B-FNA (25%), suggesting that PAG delta2 receptors play 
a greater role in modulating amygdaloid morphine analgesia than 
PAG mu receptors. Supported by PSC/CUNY Grants 665218 and 
666237.
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148.17
MU AND KAPPA OPIOID ANTAGONISTS SELECTIVELY  
ALTER DEPRIVATION, GLUCOPRIVIC A ND  SUCROSE 
INTAKE IN NUCLEUS ACCUMBENS OF RATS. A. Ragnauth*,
M.J. Glass and R .J. Bodnar. Neuropsychology Doctoral Program, 
Queens College, CUNY, Flushing, N Y  11367.

Ventricular and medial hypothalamic administration o f  mu and 
kappa, but not delta opioid antagonists decrease food deprivation 
(FD) intake, 2-deoxy-D-glucose (2DG) hyperphagia and sucrose in
take. Since opioid agonists stimulate food intake in the nucleus 
accumbens, the present study examined whether naltrexone (NTX), 
beta-funaltrexamine (B-FNA, mu), naloxonazine (m u1) or nor-binal-
torphamine (Nor-BNI, kappa) in the accumbens altered intake fol
lowing either FD (24 h), 2DG (500 mg/kg, ip) or sucrose (10%) 
exposure. FD intake was significantly reduced by NTX (5-20 ug,
40%), B-FNA (1-4 ug, 55%) and Nor-BNI (4 ug, 30%), but not 
naloxonazine (10 ug). 2DG hyperphagia was significantly reduced 
by NTX (10-20 ug, 70%), B-FNA (1-4 ug, 80%) and Nor-BNI (1-4 
ug, 75%). Sucrose intake was significantly reduced by N TX  (20-50
ug, 25%) and B-FNA (1-4 ug, 75%), but not Nor-BNI (4 ug). 
Comparison with ventricular effects reveals that the accumbens is 
a potent site for mu2 and kappa mediation o f  deprivation and gluco-
privic intake, and mu2 mediation o f  sucrose intake; kappa effects 
upon palatable intake occur elsewhere. Supported by DA04194.

148.19
SHIFT IN OPIOID RECEPTOR SUBTYPE MODULATION OF 
MALTOSE DEXTRIN INTAKE IN SHAM-FEEDING RATS. L. 
Leventhal* and R.J. Bodnar. Neuropsychology Doctoral Program, 
Queens College, CUNY, Flushing, N Y  11367.

Opioids modulate palatable ingesta differentially in intact rats 
with sucrose intake reduced by mu and kappa antagonism, and 
maltose dextrin (M D) intake reduced by mu antagonism. The 
identical pattern o f  opioid antagonist effects upon sucrose intake in 
sham-fed rats suggests opioid alteration o f  orosensory mechanisms. 
The present study evaluated central general (naltrexone, 1-20 ug),
mu (beta-funaltrexamine, 20 ug), kappa (nor-inaltorphamine, 1-20 
ug) or delta (naltrindole isothiocyanate, 20 ug) antagonist effects 
upon MD intake in sham-fed rats. General and kappa antagonism 
significantly reduced MD intake by 70% across the time course in 
sham-fed rats with their intake patterns identical to real-feeding. 
Neither mu nor delta antagonism altered MD intake during sham-
feeding. Thus, a shift o f  central opioid antag-onist modulation of  
MD intake occurred between real-feeding (mu mediation) and 
sham-feeding (kappa mediation), an effect consistent with mu 
mediation o f  post-ingestive effects o f  complex carbohydrates, and 
kappa mediation o f  their orosensory effects. (NIDA Grant 
DA04194).

148.18
COMPARISON OF KAPPA A N D  DELTA OPIOID SUBTYPE 
AGONISTS UPON DIFFERENT INGESTIVE RESPONSES IN 
RATS. W.Z. Yu*, H. Ruegg and R.J. Bodnar. Neuropsychology 
Doctoral Program, Queens College, CUNY, Flushing, N Y  11367.

Selective kappa and delta opioid agonists stimulate spontaneous 
food intake in rats. Whereas hyperphagia elicited by U50488H  
(kappa1) is blocked by naltrexone and kappa, antagonism (nor- 
binaltorphamine: Nor-BNI), hyperphagia elicited by naloxone 
benzoylhydra-zone (NalBzOH, kappa3) is blocked by naltrexone, 
but not Nor-BNI. The present study examined whether U50488H  
or NalBzOH facilitated other feeding responses, including 2-deoxy- 
D-glucose (2DG) hyperphagia and sucrose intake. While both 
agonists ( 1-20 ug, icv) stimulated spontaneous intake, they failed 
to alter the pattern and magnitude o f  either 2DG (100-400 mg/kg, 
ip) or sucrose (10%) intake. The present study also determined the 
sensitivity o f  hyperphagia elicited by either delta, (DPDPE: 5-50 
ug) or delta2 (deltorphin II: 5-50 ug) to general (naltrexone, NTX), 
delta, (DALCE) or delta2 (naltrindole isothiocyanate, NTII) 
antagonism. Both DPDPE and deltorphin hyperphagia were blocked 
by general, delta, and delta2 antagonism, suggesting that delta 
receptor subtypes are producing ingestive effects in series rather 
than parallel to each other. Supported by N IDA DA04194.

148.20
OPIATE RECEPTOR SUBTYPE INVOLVEMENT IN PROLACTIN  
SECRETION DURING LACTATION. M. Gardon, P. Callahan and J. Janik*. 
Dept of Zoology, Center for Neuroscience, Miami University, Oxford, Ohio 
4 50 56 .

The endogenous opioid peptides (EOP) are involved in the Prolactin 
(PRL) secretory response to suckling. The purpose of this work was to 
further characterize the opiate receptor subtype involved in the suckling- 
induced PRL increase. In addition, tuberoinfundibular dopaminergic 
(TIDA) neuronal activity was quantified by measuring DOPA accumulation 
in the median eminence to determine if increased opiate activity during 
suckling altered the activity of these neurons. Sprague-Dawley female rats 
between days 7-12 post-partum were used in all experiments.

Pretreatment with the δ receptor antagonist, Naltrindole, or with the k 
antagonist, nor-binaltorphimine (nor-BNI) inhibited the PRL response to 
suckling. Suckling alone did not alter DOPA accumulation but 13- 
endorphin administration, which increased PRL levels, inhibited TIDA  
neuronal activity as indicated by decreased DOPA accumulation in the 
median eminence.

In conclusion, the suckling-induced PRL response is mediated, at least in 
part by the δ and k opiate receptor subtypes. Opiates, including the 
endogenous opiate β-endorphin, increase PRL levels by inhibiting TIDA 
neuronal activity as measured by decreased DOPA accumulation. A similar 
effect of suckling was not observed using this approach. (This work was 
supported by NIH grant # HD30375 to JJ and PC).

CATECHOLAMINE RECEPTORS: ANTISENSE AND KNOCK OUTS

149.1

DEFINING THE ADRENERGIC RECEPTORS REQUIRED FOR 
FETAL DEVELOPMENT OF DBH-DEFICIENT MICE. S. A. 
Thomas. M . L, Epstein*, and R. D . Palmiter. Howard Hughes Med.
Inst., Dept. o f  Biochemistry, Univ. o f  WA, Seattle, W A 98195  

Using gene-targeting, w e created mice deficient in the enzyme 
dopamine β-hydroxylase (DBH), which converts dopamine (DA) into 
norepinephrine (NE). These mice synthesize and probably release D A  in 
place o f  N E and epinephrine. Fetal mice homozygous for the disruption 
(DBH -/-) begin to die at embryonic day 11 (E 11) possibly due to 
cardiovascular failure. W e were able to  rescue D BH  -/- fetuses to term 
by supplying dihydroxyphenylserine (DOPS), a DBH-independent NE 
precursor, in the maternal drinking water beginning at E8.5. We are 
identifying the adrenergic receptor subtypes required for fetal 
development by a similar strategy: supplying selective agonists in the 
maternal drinking water. The β -selective agonist isoproterenol enhanced 
survival (90% at E13.5 as compared to 50% without treatment), while 
the α 1 -selective agonist phenylephrine did not. Because β-adrenergic 
receptor stimulation is sufficient to rescue many o f  the D BH -/- fetuses, 
and both β and D1-dopaminergic receptors stimulate adenylyl cyclase, 
we will express the D1 receptor in the fetal heart using the atrial 
natriuretic peptide promoter and transgenic techniques. I f  the heart is 
the critical site requiring β-stimulation normally, then w e predict that D1 
receptor expression in the heart alone will significantly enhance survival 
o f  D BH -/- fetuses.

149.2

ANALYSES OF DOPAMINE D3 AND D 1 RECEPTOR MUTANT MICE M.Xu*.
S.B.Caine3 . D.C.Cooper2  L.H.Gold3 . A.M.Gravbiel1. X.T.Hu2 , T.Koeltzow2 .
G.F.Koob3, R.Moratalla1 ,F.J.W hite2. and S.Tonegawa Ctr for Cancer Res, 
1Dept Brain and Cog Sci, MIT, Cambridge, M A ,2Dept Neurosci, Chicago Med 
School, N. Chicago, IL, 3Dept Neuropharm, Scripps Res Inst, La Jolla, CA 
W e have used the gene-targeting technique and generated D3 mutant mice 
to investigate the role of this receptor in the central nervous system. D3 
mutant mice exhibit phenotypes similar to their normal littermates. Ligand 
binding for D1 and D2 receptors and for the dopamine transporter, and im- 
munostaining for tyrosine hydroxylase, all look normal, suggesting that the 
general anatomy of the dopamine system in the D3 mutant brain is similar to 
that of the controls. Photocell beam interruption analysis of the mutant and 
control mice indicates that there is no difference between them in either 
baseline locomotor activity or in locomotor activity induced by cocaine, 
PD128907 (a D3-selective agonist) or U99194A (a D3-selective antagonist). 
Extracellular single unit recording in the D3 mutants and controls also sug
gested no difference in the inhibition of the firing of ventral tegmental area 
(VTA) dopamine neurons by PD128907, indicating that autoreceptor func
tion is not affected by the absence of the D3 receptor. We have also contin
ued to analyze D1 receptor function using D1 mutant mice. Self-administra
tion experiments showed that although in general, D1 mutants seem to ac
quire cocaine self-administration less readily, some D1 mutant mice do ac
quire and self-administer cocaine. Interestingly, Immunostaining for products 
of the immediate-earty genes c-fos and junB showed that acute cocaine does 
not induce c-Fos- or JunB-like proteins in the dorsal and ventral striatum of 
the D1 mutants, in contrast to pronounced induction in wildtype controls. 
From these analyses, we conclude that the D3 receptor is unlikely to con
tribute significantly to dopamine autoregulation in the VTA. In addition, D1 re
ceptor activation is essential for the induction of c-Fos- and JunB-like proteins 
in striatum, but is not essential for the positive reinforcing effect of cocaine.
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149.3
IN  VIVO  EFFECTS OF DOPAMINERGIC LIGANDS IN DOPAMINE D3 
RECEPTOR DEFICIENT MICE. T. E. Koeltzow1*D . C. Cooper1. X.-T. Hu1. M.
Xu2. S. Toneaawa2 and F. J. White1. 1 Dept. Of Neuroscience, Chicago Medical 
School, North Chicago, IL 60064 and 2Center for Cancer Research, MIT,
Cambridge, MA 02139.

Using homologous recombination of embryonic mouse stem cells, dopamine 
(DA) D3 receptor deficient mice were generated in an attempt to identify 
functional roles for the D3 receptor. Acute administration of cocaine, the D3 
agonist PD128907 or the D3 antagonist U99194A failed to produce significant 
differences in locomotion between wildtype (WT) and mutant (MUT) mice, 
suggesting a lack of in vivo selectivity. Extracellular single cell recordings from 
VTA DA neurons revealed that PD inhibited activity as effectively in MUT as in 
W T mice, presumably via D2 mechanisms, suggesting that D3 receptors do not 
play significant autoregulatory roles. Similar recordings from nucleus accumbens 
(NAc) neurons revealed an enhanced sensitivity to the D2/D3 agonist quinpirole 
in MUT as compared to W T mice, suggestive of a potentially excitatory influence 
of D3 receptors in the NAc or a compensatory upregulation of D2 receptor 
mechanisms in MUT mice. Reserpinization 4 hrs prior to behavioral testing 
resulted in no significant locomotion following administration of PD, quinpirole or 
the D1 agonist SKF 81297 when administered independently. However, 
concomitant administration of PD plus SKF 81297 enhanced activity of WT, but 
not MUT mice, suggesting that D1 receptor stimulation exerts an enabling effect 
on D3 receptor-mediated locomotion in the absence of DA. These findings 
suggest that D3 receptors play important roles in normal DA transmission that are 
not detected as unconditioned locomotion. Moreover, our results provide impetus 
for re-evaluation of the roles of D2 and D3 receptors in the synergism commonly 
attributed to D1/D2 interactions. Supported by DA 04093 and DA 00207 to FJW.

149.4
BEHAVIORAL SENSITIZATION TO COCAINE IN DOPAMINE D1 RECEPTOR 
DEFICIENT MICE: INVOLVEMENT OF SEROTONIN D.C .Cooper1*. X.-T. Hu1,
M. Xu2. S. Toneaawa2. and F.J. White1 1Dept. of Neuroscience, Chicago Med. 
School., N. Chicago, IL. and 2Howard Hughes Med. Inst. and Center for 
Learning and Memory, Dept. Of Biology, Massachusetts Institute Of Technology, 
Cambridge, Mass.

Dopamine D1 receptor deficient mice (mutant, MUT) and their wild type (WT) 
littermates were treated for 5 days with either saline (SAL) or cocaine (COC). 
After 3 days of withdrawal, both locomotor activity and the incidence of flattened 
body posture (FBP), a 5-HT1A mediated behavior, were determined. Two days 
later, the mice were acutely depleted of monoamines with reserpine (4 hr) and 
tested with the DA receptor agonist apomorphine (APO). MUT, but not WT, mice 
showed FBP during the first exposure to COC, but not following withdrawal. 
Pretreatment with the selective 5-HT1A receptor antagonist, WAY 100135 
increased COC-induced activity in the MUT mice. COC-induced locomotor 
activity in both W T and MUT mice increased following repeated COC treatment 
(sensitization). Following repeated COC, reserpinized mice were also sensitized 
to APO-induced activity. Pretreatment with 8-OHDPAT, a selective 5-HT1A 
agonist inhibited basal activity in non-reserpinized mice and APO-induced 
activity in depleted mice,suggesting that postsynaptic 5-HT1A receptors inhibit 
postsynaptic receptor DA mediated behavioral activation. Repeated COC 
treatment increased 8-OHDPAT-induced locomotor activity in W T mice. These 
results suggest that the FBP and hypoactivity after the initial COC injection in 
MUT mice is the result of postsynaptic 5-HT1A receptor stimulation. Behavioral 
sensitization in mice may be the result of a dual process such as sensitized 
postsynaptic DA receptors and tolerant postsynaptic 5-HT receptors. 
Electrophysiological investigations to test this hypothesis are currently 
underway. Supported by DA 04093 and 00207 to FJW.

149.5 149.6
D3 DOPAMINE RECEPTOR KNOCK-OUT MICE. D. Accili1

,E.B.Gauda1,3 ,E.J. Lee1. M.H. C ool1.
r1 B-H. Park2.

. H.
Westphal1. and S. Fuchs2*. 1 National Institutes o f Health, Bethesda,
MD 20892, 2Weizmann Institute of Science, Rehovot, 76100, Israel, 
3Johns Hopkins Medical Institute,Baltimore, MD 21224.
Dopamine receptors have been implicated in the pathophysiology and 
treatment of Parkinson's disease and schizophrenia. Two categories o f 
dopamine receptors are recognized, termed D1 and D2, the latter 
containing the D2, D3 and D4 subtypes. D3 receptors have been 
associated with cognitive and behavioural functions as a result o f their 
localization in limbic brain areas. Found both as autoreceptors and post
synaptic receptors, they bind neuroleptics with higher affinity than the D2 
subtype, suggesting that they may be targets for anti-psychotic drugs. To 
analyze the function of the D3 receptor, we have generated transgenic 
mice lacking D3 receptors. A nonsense mutation was introduced in exon 2 
of the murine D3 receptor. Homologous recombination was confirmed by 
Southern analysis in 18 embryonic stem cell clones. Three clones were 
used to generate chimeric mice which, upon mating with wild-type mice, 
gave rise to germ-line transmission o f the mutant allele. Homozygous 
mutant mice were obtained by intercrossing o f heterozygotes. 
Autoradiograhic analysis confirmed complete absence of the D3 receptor. 
Unlike D 1A dopamine receptor mutant mice, D3 mutant mice develop 
normally and are fertile. Neurologically, D3 homozygous mutants have 
normal gait and co-ordination . Further characterization of the molecular, 
pharmacological, and behavioral features of the homozygous mutant 
phenotype is underway.

DIFFERENTIAL ROLES FOR DOPAMINE "D2" RECEPTOR SUBTYPES IN 
LOCOMOTOR ACTIVITY AND STEREOTYPY: ANTISENSE KNOCKOUT 
STUDIES. M. Zhang*. A. Ouagazzal and Ian Creese. Center for Molecular & 
Behavioral Neuroscience, Rutgers University, Newark, NJ 07102.

Dopamine D2 family receptors are involved in the locomotor activation and 
stereotyped behaviors induced by d-amphetamine. However, the lack of selective 
drugs that can differentiate between D2, D3 and D4 receptor subtypes makes it 
difficult to determine the involvement of each receptor subtype in the behavioral 
effects. Antisense knockout has the ability to selectively block receptor subtype 
production and can address this issue. In previous studies, we reported that intra
ventricular infusion of antisense S-oligodeoxynucleotides (S-oligo) corresponding to 
the 5'-terminus of the D2 or D3 receptor mRNA significantly reduced D2 or D3 
receptors, respectively. In the present studies, we infused S-oligos corresponding to 
the 5'-terminus of the mRNA sequence of either the D2 , D3 , or D4 receptor 
subtypes intravcntricularly for 3 days to examine the effects of each S-oligo on 
amphetamine-induced locomotor activity and stereotypy. We found that both the D2 
and D4 antisense oligos decreased spontaneous locomotor activity, while the D3 
antisense oligo increased spontaneous locomotor activity. When challenged with the 
non-selective dopamine D2 receptor agonist quinpirole, all three S-oligos decreased 
the activating effect of quinpirole on locomotor activity, compared to a control 
group in which an S-oligo with a scrambled sequence was infused. Locomotor 
activation induced by d-amphetamine (1.5 mg/kg) was also blocked by the D4 
antisense S-oligo. In contrast, the D2 or D3 antisense S-oligo had no significant 
effect on this behavior. On the other hand, the D3 and D4 antisense oligos reduced 
stereotypy induced by d-amphetamine (5 mg/kg), while the D2 antisense oligo failed 
to affect stereotypy. These observations indicate that the antisense knockout of 
dopamine receptor subtypes has different functional consequences and suggest that 
dopamine receptor subtypes have different roles in regulating dopamine-mediated 
motor behaviors. Supported by NIMH and Rutgers grants from Hoechst-Celanese 
and Johnson & Johnson.

149.7

A ROLE FOR D O PA M IN E D 2 RECEPTORS IN  M ATERNAL BEHAVIOR IN  
L A C T A T IN G  R A T S. Y. M. C larke-H all, J. R osenblatt an d  Ian  C reese*. 
C enter for M olecular and  Behavioral N euroscience an d  Institu te  of Anim al 
Behavior, R utgers University, N ew ark, NJ 07102.

Acute ad m in istra tio n  of neuro lep tics, d ru g s  that an tag o n ize  d o p am in e  
receptors and  w hich are  used  to treat the sym ptom s of schizophrenia , have 
p ro fo u n d  effects on m aternal behav io r in  rats. A cutely adm in iste red  halo- 
peridol w hich is h ighly  selective for the d opam ine  D2 receptor fam ily (D2, 
D3 and  D4 receptors), d isru p ted  nest build ing  and  p u p  retrieval behavior but 
not nursing  or crouching. Here we report that acutely adm inistered  raclopride
(a D2,D 3 > D 4 rec e p to r a n tag o n is t)  o r c lo zap in e  (a 5H T 2 > D 4 > D 2 > D 3 
an tagon ist), to lac ta ting  ra ts  on  p o s tp a rtu m  day s 4, 6, an d  8 resu lted  in 
m arked  d isrup tion  of nest build ing , nu rsing  and p u p  retrieval behaviors, b u t 
ketanserin  (a 5H T2 antagonist) had no effect. These resu lts suggest that the 
d isru p tiv e  action of these neuroleptics m ay be m ed iated  by either D2 o r D4 
recep to rs  o r  both. W e used  the an tisense knockou t s tra teg y  to d e te rm in e  
w hether the d opam ine  D2 or D4 receptor su b type  is involved  in m ed ia ting  
these com ponents of m aternal behavior. We found that a 3-day infusion  of a 
19 base D2 recep to r a n tisen se  S -o lig o d eo x y n u c leo tid e  in to  the la te ra l 
ventricle  of lacta ting  ra ts  d isru p ted  nest b u ild in g  an d  retrieval b ehav io rs  
and  also in terfered  w ith n u rsin g  behav io r. A D4 recep to r an tisen se  oligo- 
deoxynucleotide had  no effect on m aternal behavior. The m aternal behav io r 
of rats infused w ith an  oligodeoxynucleotide w ith  a scram bled sequence of 
bases w as not significantly  d iffe ren t from  that of sa line-in fused  contro ls. 
These resu lts  sug g est that D2 recep to rs  m ed ia te  a n u m b er of beh av io rs  
associated w ith  m aternal behavior in the rat.
S upported  by  NIM H and R utgers grants from  Hoechst-Celanese, an d  Johnson 

& Johnson.

149.8

Uptake and Distribution of Fluorescein-Labeled D2 Dopamine Receptor mRNA 
Antisense Oligodeoxynucleotide in Mouse Brain S.-P. Zhang. L.-W. Zhou. R.C.S. Lin 
and B. Weiss*. Depts. of Pharmacol. and Anatomy & Neurobiol., Medical Coll. o f PA 
& Hahnemann Univ., Philadelphia, PA 19129.

To determine the uptake and distribution of oligodeoxynucleotides (ODNs) in 
brain, a 20-mer phosphorothioated ODN complementary to a portion of the D2 dopamine 
receptor mRNA was fluorescently labeled by conjugating it with fluorescein 
isothiocyanate, and was injected into the lateral cerebral ventricles of mice. At various 
times after the injection, ranging from 5 min to 16 days, the brains were fixed, removed, 
sectioned and viewed under a fluorescent microscope. The results showed that the ODN 
was rapidly taken up into the brain. Initially the label was relatively diffusely spread 
throughout the interstitial spaces of the brain, but within 6 hours the ODN redistributed 
to the cellular compartments. With increasing times after the injection, the signal became 
associated with gray rather than white matter and extended from the areas immediately 
in contact with the ventricles, such as the striatum, septum and hippocampus, to areas 
further removed from the ventricle, such as the cerebral cortex, nucleus accumbens and 
substantia nigra. Generally, significantly greater signal was seen in the side of the brain 
in which the injection was made compared to the contralateral side, although in those 
areas of the brain immediately surrounding the third and fourth ventricles, such as the 
hypothalamus, the signal intensity was uniformly distributed in both hemispheres. 
Repeated injections of the ODN increased the signal in all brain areas. When viewed 
under high magnification, the ODN signal appeared to be punctuated and associated with 
both cell bodies as well as with proximal dendritic processes. However, not all cells were 
equally labeled. These studies show that a D2 dopamine receptor antisense ODN is 
rapidly taken up from the cerebral ventricles into brain, becomes widely distributed 
throughout the brain tissue and appears to accumulate to a different extent in the various 
brain areas and cell types. (Supported by MH42148).
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150.1
SUBCELLULAR D ISTRIBUTION OF THE TW O DOPAM INE D 2 
RECEPTOR ISOFORM S IN TRANSFECTED CELLS. Gu. W .J.. 
D enizot. J.P.. Guivarc'h. D .. V incent. J.D.* & Vernier P. Institut Alfred 
Fessard, UPR 2212, CNRS, F91198 Gif-sur-Yvette, France.

The two isoform s o f  the dopamine D 2 receptor (D2l and D 2S) are 
generated by a regulated alternative splicing o f the pre-mRNA and differ 
by the length o f the third cytoplasm ic loop though to interact with  
heterotrimeric G proteins. The differential distribution o f D2l and D2s 
m R N A s in the rat CNS suggests that the sequence o f  the third 
cytoplasmic loop could also be involved in the targeting o f the receptor to 
different membrane compartments in neurons. To address this question, 
w e have modified by epitope tagging the sequence o f each o f  the D2 
receptor isoforms (the 9E10 myc epitope for D2s and the P5D 4 VSV-G 
epitope for D2l). After transient transfection in either COS cells or HeLa 
cells, the subcellular distribution o f the two isoforms was analyzed by 
confocal microscopy together with that o f markers o f ce ll membrane 
(W GA) or G olgi apparatus (CTR433 antibody, gift o f M. Bom ens). 
Most o f the newly synthetized receptors accumulate in Golgi vesicles, the 
plasma membrane labelling increasing slow ly with time. N o significant 
diffe-rences in the subcellular distribution is observed between the two 
receptor isoforms, but D 2s is transported more slow ly than D2l  to the 
membrane. These data were confirmed by electron microscopy, showing 
also that receptor overexpression disorganized the G olgi network, 
especially in COS cells. The time course o f receptor intemalizatiori after 
exposure to quinpirole, a D 2 receptor agonist, was specified and shown 
to occur essentially via non-coated pits vesicles. The precise endocytotic 
pathway followed by the internalized receptors is now being studied.

150.3
ELECTRON MICROSCOPIC VISUALIZATION OF DOPAMINE D2 
RECEPTORS IN THE FOREBRAIN: CELLULAR, REGIONAL, AND 
SPECIES COMPARISONS. SR Sesack*, SW King, CN Bressler, SJ
Watson, DA Lewis. Depts Neuroscience & Psychiatry, Univ Pittsburgh, PA 
15260, and Mental Health Res Instit, Univ Michigan, Ann Arbor, MI 48109.

We sought to compare and quantity the regional and cellular 
ultrastructural expression of peroxidase immunoreactivity for the dopamine 
D2 receptor (D2-ir) in forebrain regions: prefrontal cortex (PFC), 
dorsolateral striatum (DL Str), and core and shell o f the nucleus accumbens 
(NAS). In each region o f the rat, D2-ir spines, dendrites, and terminals had 
comparable size and morphology, with intensity of labeling being greatest 
in the most distal processes. D2-ir spines, but not more proximal dendrites, 
received abundant synaptic input In all regions, D2-ir terminals either (1) 
formed symmetric synapses or were apposed to spines and distal dendrites 
(consistent with autoreceptors on dopamine terminals) or (2) formed 
asymmetric synapses on spines (consistent with heteroreceptors on cortical 
terminals). Compared to other regions, the PFC exhibited a greater density 
of D2-ir terminals versus labeled spines or dendrites. Similar observations 
were made in preliminary studies o f the monkey DL Str and PFC. These 
observations suggest that the D2 receptor is expressed primarily in medium 
spiny neurons in the DL Str/NAS and pyramidal neurons in the PFC. The 
findings further imply that D2 receptors in the PFC serve primarily auto- 
and heteroreceptor functions, while those in the basal ganglia represent 
mainly postsynaptic sites of dopamine action. Supported by NARSAD and 
USPHS grants MH50314 and MH43784.

150.5

DISTRIBUTION AND SYNAPTIC RELATIONSHIPS OF DOPAMINERGIC 
FIBERS IN  THE M OTOR CORTEX. L .L .P orter* . Dept. Anat. & Cell Biology,
Uniformed Services University, Bethesda, M D 20814 

The m otor cortex receives a  dense dopaminergic innervation and exhibits a 
selective depletion o f  dopamine in  patients with Parkinson’s Disease. The 
regional and laminar distribution o f dopamine fibers and dopamine receptor 
subtypes in the cat m otor cortex was studied with immunohistochemical 
techniques. Dopaminergic axons exhibit a bilaminar distribution, similar to that 
in primates. Fibers are most dense in layers I-II and V I, but label is also present 
in layers III-V. Ultrastmctural analysis o f  labeled terminals is being performed 
to determine the synaptic relationships o f  these fibers. Immunohistochemical 
markers for D1 and D2 receptor subtypes (A. Levey & S. Hersch) showed that 
D1 receptors have a similar laminar distribution to dopamine fibers, but D2 
receptors are more sparse. DARPP-32 (a putative m arker for neurons with D1 
receptors; P.Greengard) labeled neurons showed a similar distribution. Most 
labeled neurons were in lower layer II to upper layer III and layer VI. Fewer 
labeled cells were found in lower layer III and layer V. M ost were pyramidal 
cells, but a few non-pyramidal cells were in  the superficial layers. Previous 
studies suggest that most dopamine terminals target pyramidal neurons. Double 
labeling techniques were used to determine if  dopamine axons also contact non- 
pyramidal neurons, and the relationship o f dopamine axons with these cells. 
Dopamine fibers and specific populations o f  intrinsic GABAergic neurons 
(parvalbumin o r calbindin containing cells) in  the motor cortex were differentially 
immunostained. Preliminary results suggest that GABAergic neurons in the 
superficial layers also receive direct dopamine input. These aspects o f  dopamine 
input will help to understand dopamine’s role in cortical information processing.

150.2
A N  U L T R A S T R U C T U R A L  S T U D Y  O F  D O P A M IN E  
T R A N SPO R T E R  A N D  D 2 R E C E P T O R  IN  T H E  ST R A T U M : 
D IR E C T  E V ID E N C E  FO R  D 2 A U T O R E C E P T O R S . H. Yi.
A.I. Levey . H.D. R ees*, S.M. Hersch. Department o f  Neurology,
Emory University School o f Medicine, Atlanta, GA 30322.

Evidence from biochemical and physiological studies has suggested  
that striatal D 2 dopamine receptors, in addition to their role in post-
synaptic modulation o f membrane potential, are involved in pre-synaptic 
autoregulation o f  dopamine synthesis, release and re-uptake. Our 
previous anatomical studies have shown that D2 receptors are present on 
pre-synaptic terminals in striatum, which could arise from either 
nigrostriatal dopaminergic neurons or local axon collaterals o f medium  
spiny neurons expressing D 2 (Hersch et al., 1995). The goal o f this 
study is to determine whether the D 2 receptors can be specifically 
localized to the nigrostriatal axon terminals.

Recently, w e developed a monoclonal antibody against the N-
terminus o f the dopamine transporter (DAT) protein, which has been 
shown to be specific for dopaminergic cells and terminals (Ciliax et al.,
1995). Using combined pre-embedding immunoperoxidase labeling o f 
D 2 receptors and immunogold labeling o f  DAT, we exam ined the 
ultrastructural localization o f  these two proteins in rat and monkey 
striatum. Both D2 and DAT were found in axons and axon terminals. 
Terminals, labeled with each antibody, formed symmetric synapses on 
dendritic shafts and spines. Many D 2-im m unoreactive axons and 
terminals were also DAT-immunoreactive. These results provide direct 
anatomical support for the existence o f striatal D2 autoreceptors.

Supported by NS01624, N S31937 and APDA.

150.4
CHARACTERIZATION OF A POLYCLONAL ANTI-D2 DOPAMINE 
RECEPTOR ANTIBODY TO RD2 THIRD INTRACELLULAR LOOP 
FUSION PROTEIN. Stѐ ptiane Maltais* and Pierre Falardeau. Médecine 
Génétique et Moléculaire, CHUL and École de Pharmacie.,Univ. Laval, Ste-Foy,
Qué ., G1V 4G2, Canada.

In order to investigate the molecular mecanisms involve in D2 receptor 
regulation, we have raised a polyclonal antibody (Ab) against the third 
intracellular loop of the short isoform o f human D2 receptor. A fusion peptide 
including Iso-212 to Iso-311 amino-acid sequence o f the human D2 receptor have 
been produced using the pET3c expression system and used to immunize two 
New Zeland white rabbits. The sera obtained immunopiecipitated the specific
[3H] spiperone binding activity of digitonin-solubilized receptor. Moreover, the 
affinity purified antibody immunopiecipitated a 68 kDa band specifically labelled 
with an irreversible radioiodinated D2 antagonist, [125I ]N 3-N -(p - 
aminophenethyl)spiperone. W eston blot using the purified Ab can also reveal the 
same immuno-precipitated band, the fusion peptide use to immunize the rabbits 
as well as the Ni2+-nitrilotriacetic acid agarose affinity purified (His)6-tagged D2 
receptor expressed in Ltk~ cells. Immunocytochemistry using this Ab revealed a 
membrane protein in fibroblast cells expressing D2 receptors (D2-Ltk- cells), 
while no fluorescence was observed in cells expressing either D1 or D3 receptors. 
A similar higher degree of specific D2-Ltk* cells labeling have been observed by 
flow cytometric analysis o f fluorescein binding. Our results shown that the 
affinity purified antibody for D2 receptor can be use in western blotting, 
immunoprecipitation and immunocytochemistry. This antibody will help us to 
understand the implication o f specific mechanism s, such as receptor 
phosphorylation, in the regulation of D2 dopamine receptor.

150.6

THE EFFECTS OF IONTOPHORETICALLY APPLIED  
DOPAM INE ON CORTICAL NEURONS. P .W . Awenowicz* and 
L .L. Porter. D ept. o f  Neuroscience, U SU H S, Bethesda, M D 20814.

Parkinson’s disease (PD) is characterized by degeneration o f  the 
neurons in the midbrain dopaminergic system. The resulting 
dopamine (DA) depletion has been shown to be selective for motor 
areas o f  the neocortex. The role o f  D A  in the normal motor cortex, 
as w ell as its pathophysiology in PD  is not w ell understood. The 
effect o f  iontophoretically applied D A  on the spontaneous activity o f  
neurons in the motor cortex is being examined. Pyramidal tract 
neurons (PTNs) may be the target o f  D A  afferents. W e recorded 
from PTNs that were identified by antidromic stimulation. W e have 
found that local application o f dopamine to identified PTNs reduces 
the spontaneous activity o f  these neurons. Selective antagonists to 
the D1 and D 2 D A  receptor subtypes have been applied 
iontophoretically, while recording PTN  activity to determine which 
receptor subtype(s) mediates the dopamine inhibition. Preliminary 
results indicate that both the D1 selective antagonist, SCH23390, 
and the D 2 selective antagonist, eticlopride, block the reduction o f  
spontaneous activity induced by D A . These results suggest that DA  
exerts an inhibitory effect on PTNs. Furthermore, both D1 and D2  
D A  receptor subtypes appear to be located on PTNs and both may 
play a role in the dopaminergic modulation o f  neuronal activity.
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150.7
D OPAM INE D 3 RECEPTOR m RNA A N D  BIND ING  SITES IN 
LIMBIC REGIONS OF THE HUM AN BRAIN M. Suzuki. YL. Hurd*,
H. Hal l . P .S okolo f f . J.-C. Schwartz, and G .Sedv al l  Dept. Clinical 
N euroscience, Psychiatry Section, Karolinska Institute, Karolinska 
Hospital, 171 76 Stockholm, Sweden and Unité de Neurobiologie et 
Pharmacologie, de I'INSERM, Centre Paul Broca, Paris, France.

The hypothesis that dopamine D 3 receptor may be a major target for 
antipsychotic drug action is mainly based on the confined localization of 
D 3 receptor mRNA to limbic com ponents o f the rat brain and its 
pharmacological profiles. To clarify the functional organization of 
dopamine systems in the human brain, the anatomical distribution of D3 
receptors were examined with in situ  hybridization histochemistry and 
ligand binding autoradiography. D 3 receptor mRNA was determined 
using in situ  hybridization with 33P-labeled RNA probe in 100 µ m- thick 
cryosections o f human whole hemisphere at different levels as well as in 
20 pm- thick human striatal sections. D 3 receptor binding sites were also 
visualized in adjacent striatal sections using [3H]7-hydroxy-N,N-di-n- 
propyl-2-am inotetralin ([3H ]7-O H -D PA T) autoradiography in the 
presence o f domperidone. The expression o f D 3 receptor mRNA was 
abundant in the ventral part o f  striatum (including the nucleus 
accumbens), anterior cingulate cortex, medial prefrontal cortex, and 
hippocampus. In the striatum, D 3 receptor mRNA was expressed with a 
dorsal to ventral increasing gradient and well-correlated with D3 receptor 
binding sites. A preferential localization o f the D 3 receptor mRNA and 
binding sites to limbic-related areas in the human brain further supports 
the notion that D 3 receptor may play an important role in cognitive and 
emotional functions and be implicated in neuropsychiatric disorders.

OTHER NEUROTRANSMITTERS: ADENOSINE

151.1

ADENOSINE KINASE INHIBITORS EXERT ANTICONVULSANT 
ACTIVITY IN RATS AND MICE. S.T. Zimring. L.P. Miller*. M.J. Babb. 
G.M. Hill. J. DaRe, M.M. Ramirez-Weinhouse. B.G. Ugarkar, H.E. G ruter.A .C.
Foster, and J.B. Wiesner Gensia, Inc., San Diego, CA 92121 

Local adenosine (Ado) levels in the CNS increase in response to epileptiform 
activity, and stimulation of Ado receptors exerts anticonvulsant activity in a 
variety of seizure models. In exploring strategies for amplifying this local 
increase in Ado levels, we have found inhibitors of Ado kinase (AKIs) to be 
most effective in vitro and in vivo (Foster et al, Soc Neurosci Abst 1995). 
Known AKIs exerted anticonvulsant activity in rats and mice using models of 
maximal electroshock (M ES) and subcutaneous pentylenetetrazol (PTZ)-
induced seizures with the following potencies (mg/kg, ip):

Compound
Rat ED50 
M ES PTZ

MouseED50 
M ES PTZ

5'-amino,5'-deoxyAdo 153 >300 277 39 .3
Iodotubercidin 6.0 18.6 2.1 1.5
5 '-deoxyiodotubercidin 0.3 2.1 1.1 0.5
G P515* 15.9 23.4 11.9 7.5

*4-NH2-1-(5-NH2-5-deoxy-1-ß -D-ribofuranosyl)-3-Br-pyrazolo[3 ,4-d]pyrimidine

The anticonvulsant effects were antagonized by theophylline (3-30 mg/kg, ip), 
indicating mediation by Ado receptors. Thus, as with local administration in 
limbic seizures (Zhang et al, JPET 2 6 4 :1 4 1 5 -1 4 2 2 ,1 9 9 3 ), system ically  
administered AKIs exert potent anticonvulsant activity in rodents, supporting a 
role for Ado as an “endogenous anticonvulsant.” W e have found the side 
effect profile of AKIs to be superior to that of Ado receptor agonists. These 
observations have led to investigations of a variety of novel compounds for 
potential therapeutic use (Wiesner et al., Soc Neurosci Abst, 1995).

151.3

CONTROL OF EXTRACELLULAR ADENOSINE LEVELS IN THE 
LATERODORSAL/ PEDUNCULOPONTINE TEGMENTUM NUCLEI (LDT/PPT). 
E.F.Heam. H. C. R. Grunze*. D. G. Rainnie. P.A. Rosenberg.R.W.McCarlev. R. W. 
Greene. Harvard Medical School & Brockton VAMC, MA 02401 

Adenosine (AD) is thought to regulate behavioral state by modulating the activity of 
brainstem cholinergic neurons o f the LDT/PPT. Extracellular single unit recordings 
were used to investigate the regulation of extracellular AD (ADJ in the LDT/PPT in 
vitro. Application of the ecto-5 nucleotidase inhibitor, AOPCP (20µM), led to a 
reversible increase o f spike frequency (SF) of 68 ± 33% in 6/6 experiments, while the 
response to exogenous AD was unaffected. In contrast, the response to AD in the 
presence of AOPCP (100µM) or the noncompetitive A1 antagonist CPT (10µM) was 
blocked, suggesting that at high doses, AOPCP has a direct A, antagonistic effect. 
Administration of the inhibitors of the AD transporter, nitrobenzylthioinosine 
(NBTI,10µM) and dipyridamole (D P,lµM), decreased the SF in 10/13 slices tested by 
41±30%. The response to exogenous AD was preserved and potentiated. In one 
experiment simultaneous sampling of the eluate (1.5 ml/min) was conducted for HPLC. 
The endogenous AD concentration in the eluate increased from the detection limit 
(8nM) to 60 nM and paralleled the decay of the SF. In three slices, where NBTI and DP 
alone led to a decrease o f SF of 12±7 %, subsequent addition of iodotubercidin 
(IODO,5µM), an AD kinase blocker, caused a complete cessation of activity in one slice 
and decreased baseline firing by 46 % in two slices. lODO (0.5 -5µM, 9 experiments) 
alone caused a complete cessation of firing in 5/9 slices and a 70 ± 18% decrease in 4/9. 
In conclusion, these results suggests that: a) the AD transporter plays a less prominent 
role in controlling the inhibitory AD tone in the LDT/PPT then in the hippocampus. This 
is supported by data from whole cell patch clamp recordings of LDT neurons showing 
that NBTI and DP had no effect on membrane potential or input resistance; b) the 
accumulation of ADe secondary to AMP breakdown is electrophysiologically 
significant, as AOPCP exerts a marked increase of SF in the presence of NBTI and DP; 
and c) the ADkinase inhibitor, IODO, has a profound effect on LDT/PPT firing activity.

151.2
ANTI-EPILEPTIC ACTIVITY OF ADENOSINE REGULATING 
AGENTS. Alan C. Foster*. Stacy T. Zimring. Laura A. Jelovich. Michael Babb.
James B. Wiesner. Gensia, Inc. San Diego, CA 92121

Epileptiform activity elicits an increase in local adenosine (Ado) 
concentrations imparting a negative feedback control of seizures. We have 
explored strategies for amplifying this cellular outflow of Ado and the resultant 
"endogenous anticonvulsant” activity. Strategies included inhibition of Ado 
transport using dipyridamole (DIP) or nitrobenzylthioinosine (NBTI), inhibition 
of Ado deaminase using deoxycoformycin (DCF) or erythro-9-(2-hydroxy-3- 
nonyl)adenine (E H N A ), and inhibition of Ado kinase using 5'- 
deoxyiodotubercidin (dITU) and the pyrazolopyrimidine G P515. Anti-epileptic 
activity in vitro was assessed by grease-gap recording in the rat cortical slice 
preparation by measuring the spontaneous epileptiform events which occur in 
zero Mg2+  medium. DIP (0.1-10 µM) and NBTI (0 .01-10 µM) caused little 
effect, and DCF (0.01-10 µM) and EHNA (0.1-100 µM) tended to increase the 
events. In contrast, dITU (0.1-10 µM), and G P515 (1-100 µM) reduced the 
frequency of events in a concentration-dependent manner. Anticonvulsant 
activity in vivo was tested as inhibition of seizures induced by maximal 
electroshock (M ES) or pentylenetetrazol (PTZ); seizures in both of these 
models are antagonized by adenosine receptor agonists (Wiesner and Zimring, 
Soc. Neurosci. Abs., 20:668.9, 1994). The following compounds (mg/kg,
i.p.) were ineffective in both mice and rats: DIP (1-100, mice; up to 30, rats); 
NBTI (up to 18, mice; 30, rats); DCF (1-10, mice; 1, rats). EHNA was effective in 
mice only at very high dose levels (E D 50 MES= 170, PTZ = 100). In contrast, 
Ado kinase inhibitors were potent inhibitors of MES and PTZ- induced seizures 
in rats and mice (Wiesner et al., and Zimring et al., Soc.Neurosci. Abs., 1995). 
Of these adenosinergic approaches, therefore, Ado kinase inhibition provided 
the optimal anti-epileptic effects both in vitro and in vivo.

151.4
PHORBOL ESTERS REGULATE ENDOGENOUS A2a ADENOSINE 
RECEPTOR mRNA LEVELS IN HUMAN SH-SY5Y CELLS
RA P eterfreund*. E Gies. JS Fink. Depts. Anesthesia and Neurology, 
Mass. General Hospital, Boston, MA 0 2 1 1 4 .

A 2a adenosine receptors (A 2aRs) m ediate vasodepressor actions 
o f adenosine in th e  CNS and periphery and behavioral actions of 
adenosine in th e  basal ganglia. W e sought a m odel to  s tudy the  
regulation o f th e  human A2aR. W e found th a t  SH-SY5Y human 
neuroblastom a cells express functional A 2 a  adenosine receptors  
which e levate  cellular levels o f cAMP in response to  th e  selective  
A2aR agonist C G S 21680 . The response is dose-dependent and is 
an tagonized  by CSC or DMPX . N orthern  b lo t analysis o f to ta l 
cellular RNA hybridized to  a selective hum an A 2aR  probe revealed  
th e  expression o f an appropriate  s ize mRNA species. SH-SY5Y  
cells tre a ted  w ith  th e  phorbol ester TPA exhibit e levated  levels of 
A2aR specific. mRNA. The phorbol e s te r e ffe c t  is dose, tim e  and 
s tru c tu re  depend ent and can be blocked by th e  se lective  PKC 
inhib itor bisindolylm aleim ide. P re tre a tm e n t w ith  cyclohexim ide  
augm ents A2aR  mRNA levels bu t p reven ts  fu rth e r  e levations to  
TPA. P retrea tm ent w ith  actinom ycin D also p revents  TPA induced 
increases in A2aR mRNA. This is th e  firs t defin itive dem onstration  
o f A2aR  gene expression by a hum an cell line. PKC activation  
increases A 2aR  mRNA levels in a tra n s la tio n  and transcrip tion  
dependent manner.
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151.5
A POLYMORPHIC MUTATION OF THE HUMAN ADENOSINE A1 
RECEPTOR GENE ALLOWS LINKAGE TO CHROMOSOME 1 MARKERS. 
J.Deckert1/*, M. Nӧthen1, H.Ren2, S.Bryant1, G.L.Stiles3,
N.Spurr3 and P.Propping1, 1Institute of Human Genetics, 
53111 Bonn, FRG, 2Duke Medical Center,Durham,N.C.,USA and 
3Imperial Cancer Research Fund, Herts, UK.

The adenosine A1 receptor has been implicated in 
neuropsychiatric disorders. To allow future family-based 
linkage studies we aimed at the identification of 
polymorphic DNA variations in the human adenosine A1 
receptor gene.We therefore performed a mutational 
analysis of the coding region on exons 5 and 6 com
prising the complete translated sequence in blood donors 
(n=40).

Six overlapping fragments of approximate 200 bp size 
containing the coding region and adjacent exon and 
intron regions were amplified by PCR. The obtained 
products were screened for mutations by SSCP-analysis at 
two conditions (room temperature and 4°C). One variation 
in exon 5 was defined by sequence analysis as a T to G 
substitution in the third position of codon 102 encoding 
alanine. The allele frequency was 62.5% for the T and 
37.5% for the G allele. A PCR-based restriction enzyme 
assay using AciI allowed linkage analysis in CEPH- 
families. Significant two-point lodscores were found for 
chromosome 1 markers, e.g. 10.83 and 10.22 for pHRnES1.9 
and D1S52, while no linkage could be obtained for 
chromosome 22 markers.

The role of the adenosine A1 receptor gene for the 
etiology of human diseases can now be investigated by 
linkage analysis.

151.7

STRUCTURAL O R G A N IZ A T IO N  OF THE M O U SE A 2a  
ADENOSINE RECEPTOR GENE. J.F. Chen*. R.A. Peterfreund and 
J.S. Fink. M olecular N eurobiology Lab. M assachusetts General 
Hospital and Harvard Medical School, 149 13th Street, Charlestown, 
MA 02129

Adenosine acts through multiple G-protein coupled receptors to 
exert a variety o f  physiological effects on various tissues. A2a 
adenosine receptors are p ositively coupled to adenylate cyclase, 
abundantly expressed in the striatum and profoundly modulate motor 
behavior. To approach the regulation o f A2a receptors at the level o f  
gene expression, we have isolated three independent genomic clones 
from a m ouse genom ic library, using a rat cD N A  as a probe. 
Comparative Southern blot analysis o f the mouse genomic DNA and 
the isolated genomic clones suggests a single gene encodes the mouse 
A2a adenosine receptor. Further structural analysis revealed that the 
mouse A2a receptor gene consists o f two exons: exon 1 encodes the 
5'UT and transmembrane dom ains I-III and exon 2 encodes  
transmembrane domains IV-VII and 3'UT. A single intron (size about 6 
kb) interrupts the coding sequences. The genomic structure o f  the 
mouse A2a receptor gene is highly conserved with that o f the human 
A2a receptor gene. As demonstrated in the human A1 and A2a receptor 
and mouse A2a receptor genes, a single intron interrupting its coding 
sequence appears to be a novel feature o f the adenosine receptor gene 
organization.

151.6
THE ADENO SINE A 1 ALLOSTERIC ENHANCER, PD 81,723, 
DISCRIMINATES BETWEEN BRAIN AND ADIPOCYTE A 1 RECEPTORS.
M. F. Jaryis* A .A. Assal.G. W. Gessner. L  .Merke l-Jordan.B. Cox, and M.
Myers Rhone-Poulenc Rorer Central Res., Collegeville PA 19426  

PD 81,723 (2-amino-4,5dimethylthien'3-yl)[3-(trlfluoromethyl)phenyl]- 
methanone) has recently been identified as a  specific and selective 
allosteric enhancer of agonist binding to mammalian adenosine A 1 
receptors. PD 81,723 has been shown to enhance adenosine's inhibitory 
tone in both the cardiovascular and central nervous systems. The putative 
mechanism for this action is thought to be via a conformational shift of the A 1 
receptor to a high affinity state thus improving receptor/effector coupling. In 
addition to the high densities of adenosine receptor subtypes in brain, 
adipose tissue also contains high concentrations of adenosine A1 
receptors. The present studies were conducted in order to characterize the 
potential allosteric actions of PD 81,723 on the adipocyte A 1 receptor.
Using rat brain membranes, PD 81,723 produced a concentration- 
dependent increase (25% @ 10 µM) in 1 nM [3H]cyclohexyladenosine 
(CHA) specific binding. PD-81,723-stimulated [3H]CHA binding could be 
markedly enhanced (200% of Control) in the presence of 100 µM G TP or 30  
nM cyclopropybcanthine (CPX). In contrast, PD 81,723 was not found to 
significantly alter the specific bindng of 1 nM [3H]CHA when the binding 
assay was conducted using adipocyte membranes prepared from rat 
epidymal fat pads. PD 81,723 also did not significantly alter [3H]CHA 
binding to adipocyte membranes in the presence of G TP or CPX. PD 
81,723 also did not similuate [3H]CHA binding to guinea pig or dog 
adipocyte membranes. Functionally, PD 81,723 had no significant inhibitory 
effect on lipolysis and did not alter the anti-lipolytic activity of CHA. These 
data demonstrate for the first time that there may be a pharmacological basis 
for the discrimination of brain and adipocyte adenosine A-j receptors.

151.8

A D E N O S IN E  A 3 R E C E P T O R  A G O N IST S  A C T IV A T E  
PH O S P H O L IP A S E  C IN R A T B R A IN  V IA  A G -P R O T E IN . 
K.A. Jacobsona*. R. Brambillab. S. Cerutib. H. Q. Kima D .K.J.E. von 
Lubitza. M.P. Abbracchiob. and F. Cattabenib. aMolecular Recognition, 
NIDDK/NIH, Bethesda, MD 20892; bInst. o f  Pharmacological Sciences, 
Univ. Milan, 20133 Milan, Italy.

Adenosine A 3 receptors have been proposed to play a role in the 
pathophysiology o f cerebral ischemia, and phosphatidylinositol 4,5- 
bisphosphate-specific phospholipase C (PLC) activation occurs early in 
ischemia. In both striatal and hippocampal slices selective A 3 adenosine 
agonists, such as IB-MECA (N6-(3-iodobenzyl)-adenosine-5'-N-methyl-
uronamide), stimulated PLC in a conc.-depend. manner. In striatum, the 
potency order for adenosine agonists was identical to their potency order 
in binding at cloned rat A3 receptors. Stimulation o f  PLC was abolished 
by guanosine-5'-O-(2-thiodiphosphate), confirming the involvement o f a 
G-protein-coupled receptor. Activation o f  PLC was higher in the 
striatum, which is consistent with the greater expression o f the A3 
receptor in this brain area with respect to the hippocampus. Moreover, in 
agreement with the insensitivity o f  the cloned rat A 3 receptor to xanthines,
stimulation o f PLC by adenosine analogues was only modestly 
antagonized by xanthine derivatives and at much higher concentration than 
needed for blocking adenosine A 1, A 2a and A 2b receptors. Thus, we 
conclude that stimulation o f PLC represents a transduction mechanism for 
A 3 receptors in mammalian brain and that perhaps A 3 receptor-mediated 
increases o f  inositol phosphates in the ischemic brain may contribute to 
neurodegeneration by raising intracellular calcium levels.

151.9

IMMUNOHISTOCHEMICAL LOCALIZATION OF HIPPOCAMPAL 
ADENOSINE A 1 RECEPTORS TO AXONS BUT NOT DENDRITES 
OR CELL BODIES
T.H. Swanson*. w -c Z hen, S .A . R jykee s . and J . D razba. Departm ents of 

Neurology and N euroscience Research, R esearch Institute, C leveland Clinic 
Foundation, C leveland, O H  44195.

E lectrophysiologic ev idence fo r both  pre- and post-synap tic  action o f 
adenosine exists but its ce llu la r sites o f  action are unclear. The distribution 
of adenosine A 1 receptors has been  studied  in  the  p ast w ith  radio-ligand 
autoradiography and has dem onstra ted  A 1 recep to rs in  the  granule  and 
pyramidal cell layers, hilus, and m olecu lar lay e r o f  the  dentate. How ever, 
the precise ce llu la r loca liza tion  o f  the  recep to r u sing  these techniques is 
not possible. W e report here the  localization  o f  A 1 im m unoreactivity  using 
a polyclonal an tibody to  the  in trace llu la r  dom ain  o f  the  adenosine A 1 
receptor in  30 µM  th ick  sections o f  fixed ra t h ippocam pus using  the free 
floating tissue section m ethod. A 1 im m unoreactiv ity  is m oderately present 
in all dendritic layers o f  the hippocam pus, m inim ally  p resen t in cell body 
layers, and heavy in areas know n to  con tain  prim arily  axons. Com paring 
the d istribution  o f  the  A 1 an tibody  to  an tibod ies d irec ted  against M A P 
2a,b and p h o sp h o ry la ted  n e u ro f ila m en t p ro te in  (P N ) as m ark ers  o f 
dendrites /  cell bodies and axons respectively , w e have dem onstrated  that 
the A 1 receptor im m unoreactiv ity  appears a lm ost exclusively  on axons in 
all o f the above areas. Further fluorescent double labeling  o f  A 1 /  M A P 2 
and A 1/  P N  v isu a liz e d  w ith  scan n in g  la s e r  c o n fo c a l m ic ro sco p y  
demonstrates that the A 1 recep to r im m unoreactiv ity  appears ex terior to  PN 
in the axon w hich suggests, bu t does n o t prove, that o u r antibody is not 
labeling transported  recep to r protein. W hether o r  no t o u r antibody labels 
all A 1 receptors, the  p resence o f  axonal A 1 recep to rs is a new  finding. 
A ctivation  o f  ax o n a l ad en o sin e  rec e p to rs  m ay  rep re se n t a nove l 
mechanism fo r inhib itory  m odulation  in  th is  brain  region.
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1 5 2 .1

The Effect o f NMDA Injections into the Ventral Subiculum on Nucleus 
Accumbens Dopamine. M. Legault*. Z. Rossetti, & R. A. Wise. CSBN, 
Concordia University, Montreal, QC, H3G 1M8.

The N.Acc receives dopaminergic input from the VTA and excitatory 
projetions from cortical and limbic areas including the ventral subiculum 
(VS) o f the hippocampus. Injection o f  NMDA into the VS elicits 
locomotion that appears to be dopamine dependent. In the present study, 
microdialysis was used to examine the effect o f  VS NMDA injections on
N.Acc dopamine. Microdialysis probes were inserted into the N.Acc at 
least 16 hours prior to the collection o f baseline samples. Perfusate 
samples were collected every 15 minutes for analysis by HPLC. Injections 
into the VS were made following a one hour baseline determination. Each 
animal was injected with 0.5 ul o f  aCSF followed by NMDA (0.5 ul, 10
mM). Injection o f  NMDA into the VS increased dopamine to 185% o f 
baseline. This effect o f  peaked 45 minutes after the injection and 
dopamine levels remained elevated for at least 2 hours. Injection o f aCSF 
into the VS increased N.Acc dopamine to 135% o f baseline. Dopamine 
levels peaked during the ACSF injection and returned to baseline within 
60 minutes. Thus, chemical stimulation o f the VS caused a prolonged 
elevation o f N.Acc dopamine. Whether the effect o f  NMDA is mediated 
by direct projections from VS to N.Acc remains to be determined.

1 5 2 .3

THE 5-HT1b MEDIATED ENHANCEMENT OF EXTRACELLULAR DOPAMINE 
IN THE PREFRONTAL CORTEX DOES NOT OCCUR VIA DECREASED GABA 
EFFLUX. R.N. Iyer*. B. Moghaddam. and C.W. Bradberry. Yale Univ. Sch. of 
Med., Depts. of Psychiatry and Laboratory Medicine, and the West Haven Veterans 
Administration Hospital, West Haven, CT 06516.

We have previously reported concentration dependent increases in DA efflux elicited 
by the local infusion of 5-HT and selective 5-HT1B agonists through a microdialysis 
probe in the prefrontal cortex. The present study explored the possibility of a 5-HT1B 
mediated inhibition of GABA efflux, resulting in the removal of an inhibitory 
influence on DA release. Basal dialysate levels of GABA in prefrontal cortex of 
awake animals were found to be 9.0 +/- 2.1 fmol/pL. A 20-minute infusion of 100 
µM CP 93,129 (a selective 5-HT 1B agonist) resulted in a 50% increase in extracellular 
GABA (p=0.0001 by one-way repeated measures ANOVA, n=10) over basal levels. 
For comparison, the 5-HT2A/2C agonist DOI was infused at 500 µM concentration, 
with no change in GABA observed. Our results suggest that the 5-HT1B mediated 
increase in extracellular DA does not occur via a decrease in GABAergic 
neurotransmission. Our results contrast with electrophysiological evidence from other 
brain regions suggesting a 5-HT1B mediated decrease, and 5-HT2A mediated increase in 
GABA release. Our observation of a 5-HT1B induced increase in GABA may 
implicate GABAergic mechansims in the effects of the so-called “serenics,” and may 
be relevant to links between decreased 5-HT and agression. Supported by DA 08073, 
DA 08277, The Yale-VA Alcoholism Research Center, and the West Haven VA 
Centers for the Study of PTSD and Schizophrenia, and a NARSAD Young 
Investigator Award to CWB.

1 5 2 .5

R(+)-8-O H -D PA T BLO CK ED  A T Y PIC A L A N TIPSY C H O TIC  (AP)- 
IN D U CED  D O PA M IN E  (DA) R E L E A S E  IN RA T STR IA TU M  
(STR) AND NUCLEUS ACCUM BENS (NAC). J. Ichikawa*. T. Kuroki.
M.T. Kitchen. H.A. Johnston. J. Dai. and H.Y. Meltzer D ept Psychiatry, Case 
Western Reserve Univ. Sch. Med., Cleveland, OH 44106 

Typical AP (e.g., haloperidol, HAL)-induced DA release has been proposed to be 
due to antagonism of D 2 autoreceptors. However, atypical AP (e.g., clozapine, 
CLOZ)-induced DA release could be due to antagonism of serotonin (5-HT)2a 
receptors because of their potent affinity for 5-HT2a receptors and weak affinity for 
D2 receptors. 5-HT2A receptor agonism is often reciprocally regulated by 5-HT1A 
receptor agonism. We postulated that 5-HT 1A receptors also modulate atypical AP- 
induced DA release. The effect of the 5-HT 1A receptor agonist R(+)-8-OH-DPAT 
(DPAT) on AP-induced DA release in STR and NAC was studied by in vivo 
microdialysis of awake rats. DPAT (50 µg/kg, SC), a dose which attenuates 
amphetamine-induced DA release (Ichikawa et al., 1995), 30 min prior to drugs
(mg/kg, SC), blocked atypical APs, amperozide (APZ, 10)- and CLOZ (20)-induced 
DA release in STR and NAC, whereas typical APs, HAL (1)- and S(-)-sulpiride 
(SUL, 25)-induced DA release were not affected in either region. Maximum 
increases in extracellular DA levels (mean±SEM%), compared to each pre-drug 
basal value (100%) are as follows (N=5-8). APZ (STR, alone 143±6 vs DPAT 
pretreatment 106±5; NAC, 146±8 vs 106±4), CLOZ (156± 13 vs 113± 5; 163± 14 
vs 10417), HAL (223117 vs 22518; 201± 16 vs 197± 10) and SUL (197± 11 vs 
190±12; 186± 15 vs 184± 10), respectively. DPAT (50 µg/kg) alone had no effect 
on DA release in either region. These results suggest that 5-HT 1A receptor 
stimulation may attenuate atypical AP-induced DA release. The ability of 5-HT 1A 
receptor agonists to attenuate atypical AP-induced limbic DA release could facilitate 
their effects on positive symptoms by reduction of limbic dopaminergic activity.

1 5 2 .2

LOCAL IN JECTIO N  OF PICR O TO X IN  IN TH E VENTRAL 
TEG M EN TA L AREA INCREASES EX TRA CELLU LA R DOPAM INE 
LEVELS IN TH E NU CLEUS ACCU M BENS. R.R. Kohl* ,S. Ikemoto, and 
W .J . M cBride. Dept. o f  Psychiatry, M edical Neurobiology Graduate 
Program , Indiana Univ. School o f  M edicine; Institute o f  Psychiatric Research, 
Indianapolis, IN 46202-4887.

Recently, it was found that rats will self-administer picrotoxin, a GABA-A 
antagonist, directly into the ventral tegmental area (VTA). It was hypothesized that 
the reinforcing effect of picrotoxin infusions into the VTA is mediated, at least in 
part, by activation of the meso-accumbens dopamine (DA) system. The objective of 
this study was to examine the effects of picrotoxin injections in the VTA on 
extracellular levels of DA in the nucleus accumbens (Acb) using microdialysis with 
HPLC-EC detection. Female Wistar rats were implanted at least 48 hrs before the 
experiment with a dialysis probe in the Acb ipsilateral to a 22-ga guide aimed at the 
VTA. Experiments were conducted on awake freely moving animals The 
microinjection of 56 pmol picrotoxin into the VTA increased DA release in the Acb 
to a maximum of 140 % of baseline within the first 20 minutes after injection; DA 
levels returned to baseline within 40 minutes. The microinjection of 112 pmol 
picrotoxin increased DA release in the Acb to a maximum of 180% of baseline 
(p<0.05) within 40 minutes after injection; DA levels returned to baseline within 2 
hrs. For both doses of picrotoxin, extracellular DOPAC levels increased to 140 % 
of baseline within 40 minutes and did not return to baseline within 2 hrs. The doses 
of 56 and 112 pmol picrotoxin increased extracellular HVA levels to a maximum of 
180 and 200% of baseline within 80 minutes; HVA levels did not return to baseline 
within two hours. These results suggest that removal of the GABA tonic inhibitory 
effect on VTA DA neurons increases the activity of the meso-accumbens DA 
system. (AA 09619, AA 09090; AA 08553, AA 07462)

1 5 2 .4

CORTICAL REGULATION O F SUBCORTICAL DO PAM INE RELEASE IS 
MEDIATED THROUGH THE VENTRAL TEG M ENTAL AREA M.T. Taber*. S.
Das, and H.C. Fibiger. Division of Neurological Sciences, Department of 
Psychiatry, University of British Columbia, Vancouver, Canada

Previous experiments from this laboratory have shown that electrical 
stimulation of the prefrontal cortex Increases dopamine release In the nucleus 
accumbens (NAc), and that this response is not affected by local application 
of glutamate receptor antagonists in the NAc. The present experiments 
tested the hypothesis that the stimulation-induced dopamine release in the 
NAc is mediated indirectly by glutamatergic afferents to the ventral tegmental 
area. Dialysis probes were implanted unilaterally in the NAc and the 
ipsilateral ventral tegmental area, and stimulating electrodes were implanted 
bilaterally in the prefrontal cortex. In accordance with previous results, a 20  
min period of stimulation at parameters previously shown to support self-
stimulation increased dopamine release in the NAc. Application of the 
glutamate receptor antagonists AP5 and CNQ X to the ventral tegmental area 
(1) decreased basal dopamine in the NAc, and (2) blocked the ability of 
cortical stimulation to increase dopamine release. These results confirm that 
the prefrontal cortex can regulate dopamine neurotransmission, and indicate 
that this is mediated by glutamatergic afferents to the ventral tegmental area. 
The projection from the prefrontal cortex to the ventral tegmental area likely 
mediates the stimulation-induced increase in dopamine release, although 
other pathways may also be involved. These results contribute to a growing 
body of research showing that dopamine release is predominantly regulated 
at the level of the midbrain cell bodies rather than at the terminals of these 
neurons.

1 5 2 .6

DOPAM INE RELEASE IN THE NUCLEUS ACCUMBENS IS UNDER 
TONIC CONTROL OF NM DA RECEPTORS IN THE VENTRAL 
TEGMENTAL AREA. M. Karreman*. B.H.C. W esterink and  B. 
Mo ghaddam . D ept. of Psychiatry, Yale Univ. School of M edicine and VA 
Med. Ctr. 116A/2, W est H aven, CT 06516.

Previous studies in our laboratory have indicated the prefrontal cortex 
exerts a m odulatory  influence on subcortical release of dopam ine (DA) in 
the limbic striatum  through activation of DA cell bodies in the m idbrain - 
blockade of excitatory am ino acid receptors in the ventral tegm ental area 
(VTA) w as show n to abolish the effect of cortical activation on subcortical 
DA release. In the present study, w e have exam ined the role of excitatory 
am ino acids in the VTA on the m odulation  of DA release in the  nucleus 
accum bens. W e have used the technique of intracerebral m icrodialysis in 
freely m oving rats. One probe w as placed in the nucleus accum bens to 
m easure the extracellular levels of DA and another probe w as placed in the 
VTA to infuse excitatory am ino acid antagonists. A com bination  of the 
non-NM DA antagonist CNQX (50 µM ) and the NM DA antagonist AP5 (200 
µM), locally infused in the VTA, caused a significant significant decrease of 
15% in DA release in the nucleus accum bens. Local infusion of CNQX 
alone into the VTA at 25, 100 or 250 pM , d id  not significantly alter DA 
release in the nucleus accum bens. AP5 at 100 and  500 µM  caused  a dose- 
dependent decrease in the extracellular dopam ine levels in the nucleus 
accum bens. These data  suggest that excitatory am ino acids in  the  VTA 
exert a tonic excitatory influence on dopam ine release in the  nucleus 
accum bens m ediated through the NM DA receptor subtype. Studies to 
further investigate this m odulation  are currently  underw ay.
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152.7
NICOTINE'S EFFECT ON NUCLEUS ACCUMBENS DOPAMINE 
RELEASE IS MODULATED BY TIME OF INJECTION AND 
INDIVIDUAL DIFFERENCES. J. A. Rosecrans*, C.
Zhao, J. H. Johnson, and J. R. James, Dept. of 
Pharmacology and Toxicology, Virginia Common-
wealth University, Richmond, VA. 23298 
Release of DA in the nucleus accumbens in 

response to nicotine (0.4 mg/kg, sc) was assessed 
by intracerebral microdialysis in unanesthetized 
unrestrained nicotine-naive Sprague Dawley rats. 
Responses to the second of 2 injections 90 min. 
apart fell into 1 of several categories, includ
ing enhanced increase; blunted increase; decrease 
and no response to either nicotine injection. In 
an attempt to understand this multiplicity of 
responses by different individual animals to the 
same treatment regimen, a regression analysis has 
been performed. Preliminary results indicate 
that the magnitude and direction of the nicotine- 
induced change in DA concentration is inversely 
correlated with DA concentration prior to 
nicotine treatment. In other words, high levels 
of DA were decreased, while low initial values 
were increased. Thus nicotine appears to be 
acting as a neuromodulator, tending to return 
extreme levels of DA toward a moderate 
concentration.

152.9
SEROTONIN (5-HT) RECEPTOR SUBTYPES INVOLVED IN THE 5-HT  
FACILITATION OF DOPAM INE (DA) RELEASE IN THE STRIATUM: 
MICRODIALYSIS STUDIES IN  VIVO. Camille S. Suchowski* and Matthew 
P. Galloway, CCN Program, Dept. of Psych and Behav Neurosciences, 
Wayne State Univ Sch of Med, Detroit, Ml 48202.

Several studies have demonstrated that 5-HT facilitates striatal DA 
release in vivo, however, the receptor subtype involved in this interaction 
remains to be determined. In this regard, we have shown previously that 
the 5-HT facilitation of DA release exhibits an agonist potency of 5-HT1b> 
5-HT2c»5-HT2a, 5-HT3 and 5-HT4. Moreover, cyanopindolol. a 5-HT1b 
antagonist, significantly attenuated 5-HT facilitation of DA release. To 
further investigate the 5-HT receptor subtypes involved in 5-HT facilitation 
of DA release, we examined the ability of selective 5-HT2 and 5-HT4 
antagonists to attenuate the 5-HT facilitation of striatal DA release. Local 
perfusion with 5-HT (10uM) significantly increased DA levels approximately 
7-fold above baseline (655± 71%, n=6). In the presence of either 100 or 30 
uM LY-53,857, a 5-HT2 antagonist, the effect of 10uM 5-HT was 
significantly attenuated to approximately 2.5-fold above baseline (238 ±
13% and 260 ± 52%, respectively). In the presence on GR-113808A  
(30uM), a highly selective 5-HT4 antagonist, the 5-HT enhancement of DA 
levels was approximately 3.5-fold above baseline (355 ± 20%). These 
results support a role for the 5-HT2 receptor in 5-HT facilitation of striatal 
DA release, however, further studies are in progress to elucidate the 
potential role of the 5-HT4 receptor in this interaction. Supported by NIDA- 
04120 and the Joe Young Sr. Research Fund.

152.11
5-HT ENHANCES STRIATAL DOPAMINE OUTFLOW IN VIVO BY TWO 
DISTINCT MECHANISMS INVOLVING DOPAMINE UPTAKE SITES AND 5- 
HT4 RECEPTORS: A MICRODIALYSIS STUDY IN THE HALOTHANE- 
ANESTHETIZED RAT. U. Spampinato, P. De Deurwaerdѐre. G. Lucas. J. Koenig*1 
and N. Bonhomme. INSERM U. 259 and CNRS URA 11261, Université de Bordeaux 
II, 33077 Bordeaux Cedex, France.
In the present study we investigated in vivo the mechanisms by which serotonin (5- 
HT) enhances striatal dopamine (DA) release by using intracerebral microdialysis. A 
probe (CMA11/3mm) was implanted into the right striatum of halothane 
anesthetized rats and perfused with an artificial CSF (NaCl 145, KCl 2.7, CaCl2 1.2, 
MgCl2 1 mM, pH=7.4) at a constant flow rate of 2µl/min. After a stabilisation period 
(90 min), 15 min fractions were analysed by HPLC-ECD. Drugs were locally applied 
by means of the microdialysis probe.
1,3 and 10 µM 5-HT increased extracellular DA in a concentration-related manner 
by about 65, 190 and 440% respectively. Such effects were reduced by 50% either in 
the presence of 1µM tetrodotoxin (TTX) or when Ca++-ions were removed from the 
artificial CSF. The DA uptake blocker nomifensine (0.1 pM) significantly lowered 
(~50%) the increase in DA outflow induced by 3 µM 5-HT. Furthermore, 1 µM 
nomifensine coperfused with 1 µM TTX abolished the increase in DA outflow 
produced by 1 and 3 µM 5-HT and strongly reduced that induced by 10 µM 5-HT. In 
addition, 1 µM GR125487, a potent and selective 5-HT4 receptor antagonist, was 
able to decrease by about 50% the effect induced by 1 µM 5-HT, whereas it had no 
action in the presence of TTX.
These data demonstrate in vivo the existence of two components in the facilitatory 
control of striatal DA outflow exerted by 5-HT: the first one, Ca++ and TTX- 
insensitive, is related to DA uptake sites; the second one, Ca++/TTX-sensitive, is 
mediated by a postsynaptic mechanism involving 5-HT4 receptors.

152.8
CHOLECYSTOKININ FRAGM ENT 26-33, SULFATED (CCK-8S), INCREASES  
EXTRANEURONAL DOPAMINE (DA) LEVELS IN BOTH THE STRIATUM AND  
THE MEDIAL PREFRONTAL CORTEX: AN IN  VIVO  MICRODIALYSIS  
STUDY. Mark D. Barsamian' and Matthew P. Galloway. Cellular & Clinical 
Neurobiology Program, Dept. of Psychiatry & Behavioral Neurosciences, 
Wayne State University Sch of Med, Detroit, Ml 48202.

Studies have shown previously that CCK-8S is colocalized in DA nerve 
terminals in the striatum (STR) and the medial prefrontal cortex (MPFC), and 
that microiontophoretic administration of CCK-8S excites nigrostriatal DA 
neurons. Additionally, clinical studies have shown that administration of either 
CCK fragment 30-33 (CCK-4) or pentagastrin induces panic attacks in panic 
disorder patients. Therefore, we investigated the effects of perfused CCK-8S 
on extracellular levels of DA to further elucidate a role of CCK-8S on DA 
neuronal function. Microdialysis techniques and LC-EC were employed to 
measure extraneuronal DA levels in the STR (n=6) and MPFC (n=6) of male 
rats anesthetized with chloral hydrate. Perfusion of artificial CSF (0 .5 µ L/min) 
with 100 µ M CCK-8S for 4 successive, 20 minute pulses, significantly 
increased mean basal extraneuronal DA levels from 3.50 ± 0.22 to 8.29 
± 0.78 fmoles/µ L, and from 1.25 ± 0.14 to 5.94 ± 0.89 fmoles/µ L, in the 
STR and MPFC, respectively, during the full course of the drug delivery. The 
magnitude of the CCK-8S-induced increase in extracellular DA was 
significantly larger in the MPFC (470 ± 49% ) compared with the STR 
(240 ± 25%). The results, which support a regulatory role for CCK-8S 
on DA neurotransmission, also suggest a preferential effect on 
mesocortical DA neurons, a system activated by either mild stress or 
anxiogenic agents. Support: NIDA-04120 and Joe Young Sr. Research Fund.

152.10
F R E Q U E N C Y -D E P E N D E N T  H IP P O C A M P A L  G L U T A M A T E R G IC  
M O D U L A T IO N  O F  D O P A M IN E  E F F L U X  IN  T H E  N U CLEU S 
A C C U M B EN S IN  VIVO. C D. Blaha.* C.R.Yang. and Phillips. A G. Dept. 
Psychology & Psychiatry, Univ. British Columbia, Vancouver, Canada V6T 1Z4.

Hippocampal glutamatergic neurons from the ventral subiculum  projecting 
to the nucleus accumbens (NAC) interact functionally with mesolimbic 
dopaminergic (DA) neurotransm ission in lim bic-motor integration. These 
interactions were examined using in vivo chronoam perom etry with stearate- 
graphite paste electrodes to  monitor changes in DA efflux from  the NAC (10-
30s sampling rate) o f  urethane-anesthetized rats. Electrical stimulation o f  the 
ventral subiculum with burst pattern (monophasic square-pulses, 20-50Hz 
bursts, l 0stimuli/burst, 20bursts, with inter-burst intervals in the theta- 
frequency range, i.e. 150-250ms,), but not single-pulses, evoked a  current- 
intensity dependent (100-800µA) triphasic change in the N A C DA signal. 
Relative to  pre-stimulus baseline, this response exhibited a  rapid increase 
(peak<30s) and an immediate decrease (peak<60s), followed by a  slower 
progressive increase in the DA signal (peak in 15min, baseline recovery in 
30min). These responses were dependent on impulse activity o f  mesolimbic DA 
neurons since they were abolished by intra-medial forebrain bundle TTX 
infusions ( 100pmoIe/µl). Intra-NAC injection o f  the N M D A  antagonist APV 
(4nmole/0.5µl) selectively blocked both the rap id -ls t and the slow-3rd 
component o f  the triphasic response, but spared the suppresive-2nd component. 
Results suggest that on-going mesolimbic DA activity is essential for 
hippocampal glutam ateigic modulation o f  DA efflux via N M D A  receptors in 
the NAC. Additional studies will examine whether the hippocampal-evoked  
changes in DA efflux in the NAC are also mediated by (1) glutam ate receptors 
in the ventral tegmental area and (2) GABA receptors in the NA C. (Funded by 
M R C  &  BCHRF)

152.12
REGULATION OF M ESOCORTICAL DOPAMINE O VERFLO W  BY THE  
NO REPINEPHRINE TRANSPORTER. B.K. Yamamoto* and S. Novotney 
Dept. of Psychiatry, Case Western Reserve Univ., Cleveland, OH 44106.

There is growing evidence of an interaction between dopamine (DA) and 
norepinephrine (NE) in the prefrontal cortex. More specifically, NE terminals 
may be involved in the uptake and removal of DA from the extracellular 
space. To test this hypothesis, the effect of NE uptake blockade on DA 
overflow in the rat medial prefrontal cortex (M PFC) was examined in vivo 
using microdiatysis. The NE uptake blocker, desipramine (DMI) (10 µM) was 
infused locally for 60 min through the microdialysis probe in the M PFC while 
simultaneously monitoring the extracellular concentrations of DA. The local 
infusion of DMI was chosen to limit the effects of DMI to the M PFC and to 
minimize the systemic sympathetic effects this drug may have on 
mesocortical DA neurons. The local infusion of DMI produced a greater than 
2-fold increase in the extracellular concentrations of DA. This effect was 
maximal 30 minutes after the termination of the infusion. To examine the 
selectivity of this effect, DMI infusion into the striatum had no effect on DA. 
In contrast, haloperidol (1 mg/kg, ip) increased extracellular DA in the 
striatum but had no effect in the MPFC. However, the combined systemic 
administration of haloperidol and the local infusion of DMI produced a greater 
than 4-fold increase in the extracellular concentration of DA in the MPFC. 
This is evidence of a synergistic increase in DA overflow resulting from the 
combination of impulse-mediated DA release produced by haloperidol and 
blockade of the NE transporter. No such synergistic effects were observed 
in the striatum. These results are suggestive of the possibility that NE 
terminals regulate the extracellular DA concentrations in the M PFC through 
DA uptake by the NE transporter and/or noradrenergic heteroreceptor 
regulation of impulse-mediated DA release.
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152 .13

H A L O P E R ID O L  (H A L ), B U T  N O T  C L O Z A P IN E  (C L O Z )  
A N D  S (-)-S U L P IR ID E  (S U L ), IN C R E A S E S  S E R O T O N IN  
(5 -H T ) R E L E A SE  IN M E D IA L  P R E F R O N T A L  C O R T E X  
(m P F C ). T. K u ro k i* . J. Ich ik a w a . J. D a i an d  H. M e ltz e r . Dept. of 
Psychiatry, Case Western Reserve Univ. Sch. of Med., Cleveland, OH 44106

An interaction between DA and 5-HT has been suggested to be 
important for the antipsychotic action o f atypical antipsychotic (AP) 
drugs such as CLOZ. CLOZ has been reported to preferentially increase 
dopamine (DA) release in mPFC compared to typical AP (e.g., HAL). 
5-HT release in mPFC might play a role in the action o f typical vs. 
atypical AP. We developed a highly sensitive and sim ultaneous 
measurement o f both D A  and 5-H T by HPLC-ECD and have 
investigated the effects o f acute systemic administration (mg/kg, SC) of 
CLOZ (20), HAL (1) and SUL (25) on extracellular (EC) DA and 5-HT 
levels in mPFC using in vivo microdialysis of awake rats. Basal levels 
(mean±S.E.M. fm ole/10 ul/30 min) o f EC DA and 5-HT follow ing  
overnight perfusion o f dialysis probe with artificial CSF were 1.30±0.12 
and 0 .63± 0.05 , respectively. Both CLOZ and SUL significantly  
increased EC DA levels up to 226±35%  (P=0.020) and 161±19%  
(P=0.016) of each pre-drug level, respectively, but had no effects on EC 
5-HT levels during 180 min after injection. By contrast, HAL did not 
cause any significant effects on EC DA levels (P=0.573), but EC 5-HT 
levels were significantly increased (143±3.9%  o f the pre-drug levels, 
P=0.049) at 30 min after the HAL injection. Thus, both CLOZ and SUL 
increase release o f DA, but not 5-HT, whereas HAL increases release of 
5-HT, but not DA, in mPFC. These results indicate SUL has CLOZ-like 
properties in mPFC. This method of assaying EC DA and 5-HT levels is 
useful for elucidating the interaction between DA and 5-HT in mPFC.

152.15
C O M P A R A T IV E  STUDY O F  T H E  E F F E C T S  O F  O P IO ID  
A G O N IS T S  ON |3 H |-S E R O T O N IN  AND [ 3 H ] - D O P A M I N E
R E L E A S E  IN R A T  B R A I N  A R E A S  F O L L O W I N G
E LE C TR O SH O C K  TRE AT ME NT .
E.Carmenini. L .C alo, V .C olangelo# , F .O rzi#, F.E.Pontieri. and
F.Passarelli* Dept.Neurosci. University o f Rome "La Sapienza" and #  
I.R.C.C.S., I.M.N., Sanatrix, Pozzilli-(ls), Italy.
The presynaptic regulation of stimulated neurotransmitters release 
from superfused rat brain slices by opioids was studied. It has been 
suggested  that the endogenous opioid  system  may m ediate  
electroconvu lsive shock (E C S)-e lic ited  behavioural alterations 
suggesting an increase in enkephalinergic neuronal activity .The aim of 
the study is to compare the effect o f ECS on selective mu, delta and 
kappa opioid agonists-induced m odification o f stimulated [3 H ]- 
serotonin and [3H ]-dopamine release. Wistar rats received a single ECS 
or once daily for 7  days treatment with the following parameters: 80  
mA, 100Hz, 0 .2  ms pulse interval for a total duration o f  0 .8  s. 
Following the treatment, slices (400µ m) of hippocampus and striatum 
were incubated in Krebs’ medium containing respectively 0.1 µ M o f  
[3H ]-5HT creatinin sulphate (s.a.29.7 Ci/mmol) and [3H]-Dopamine 
(s.a. 48  Ci/mmol). Following the incubation period the slices were 
then superfused and stimulated with high potassium for 3 min. The 
results show that the inhibition by mu and delta opioid agonist o f [3H ]-
serotonin release and by kappa agonist o f  [3H]-Dopamine release is 
reversed by repeated but not single ECS. These data show that the 
members o f the three fam ilies o f opioid receptors have differential 
effects on amine release studied in different brain areas, and suggest 
that repeated ECS treatment exerts its effects through desensitization of 
the opioid receptors.

152.17

INTRASTRIATAL ANGIOTENSIN II INDUCES ROTATION IN 
UNILATERAL DOPAMINERGIC NIGROSTRIATAL LESIONED RATS. 
T.A. Jenkins, S.Y. Chai*, D.W. Howells and F.A.O. Mendelsohn. University 
of Melbourne, Dept. Of Medicine, Austin and Repatriation Medical Centre, 
Heidelberg, Victoria, Australia, 3084.

Our previous in vivo microdialysis studies demonstrated that angiotensin II 
(Ang II) acutely stimulates dopamine, and its major metabolite 3,4- 
dihydroxyphenylacetic acid (DOPAC), release in the striatum. This effect is 
completely blocked by co-infusion of the AT1 receptor antagonist, losartan.

In this study. the effect of Ang II on nigrostriatal dopaminergic function was 
further investigated. Male Sprague-Dawley rats received an infusion of 6- 
hydroxy dopamine (6-OHDA) into the left substantia nigra, and an 
intrastriatal cannula was implanted into the right caudate putamen under 
anaesthesia. Success of the lesion was tested by stimulating turning with 
apomorphine (1 mg/kg s.c.), fourteen days after surgery. One week later, rats 
received a 2µl infusion of either Ang II (2nmole), Ang II and the AT1 
receptor antagonist, losartan (2nmole), losartan alone (2nmole), or saline, via 
the implanted striatal cannula. Behaviour was monitored by an observer 
blinded to the treatment group. Ang II stimulated tight ipsilateral turning, 
relative to the lesion, in all rats tested. This effect was blocked by 
concomitant losartan infusion. Saline, and losartan alone, had no effect on 
behaviour. This effect of Ang II is dose-dependant, and is blocked by 
pretreatment with the dopaminergic antagonist, haloperidol (2mg/kg i.p. one 
hour before testing).

These results further confirm our hypothesis that Ang II stimulates 
dopamine release in the striatum, via presynaptic AT1 receptors.

152.14
EFFECTS OF PRENATAL M O RP H IN E  A N D  A D U L T  ESTROGEN  
A D M IN IS T R A T IO N  O N µ  O PIO ID  IN H IB IT IO N  OF NOREPINEPHRINE  
RELEASE FROM BRAIN SLICES. Ilona V ath y 1*and A nne M . Et ge n 1,2 Dept.
Psych.1 and Neurosci.2, A lbert Einstein Coll. M ed icine , Bronx, NY  1 0 4 6 1 .  
Basal and KC I-stim ulated norepinephrine (NE) release w ere  m easured in 
superfused hypothalam ic (HYP) and preoptic  area (PO A) slices from  adult 
m ale and fem ale  rats exposed to  m orphine (10  m g /kg  tw ic e  a day) on 
ge sta tio n a l days 1 1 -1 8 . The µ  opioid recep to r agonist D -A la2,M eP he4- 
G ly -o l5-enkephalin  (D A M G O ; 1 0  or 1 0 0  n M ) or the  opioid antagonist 
n a lo xo n e  (1 µ M ) w as  applied to  som e slices 15  min prior to  KCI 
stim ulation . N either prenatal m orphine, D A M G O  nor naloxone a ffected  
basal or K C I-stim ulated release o f preloaded 3H-NE from  HY P  and POA  
slices from  adult m ales. A du lt fem ale  rats  w ere  ovariectom ized  (O V X ), 
and som e w ere  in jected w ith  estrogen 4 8  hr prior to  sacrifice. Prenatal 
m orphine had no e ffe c t on basal or K C I-evoked release o f 3H-NE from  
HYP or POA slices. Estrogen tre a tm e n t m odestly  increased KCI-evoked  
re lease  o f 3H-NE from  POA slices. M oreover, there  w as a significant 
in te rac tio n  b e tw ee n  opioid drugs and estrogen tre a tm e n t. In HYP and 
POA slices from  O V X  fem ales, but not estrogen-treated  fem ales, D A M G O  
reduced KCI-evoked efflux  of 3H-NE. In addition, na loxone increased KCI- 
s tim u la te d  NE release in slices from  both H Y P  and PO A o f estrogen- 
treated slices. Thus, prenatal exposure to  m orphine does not a lter basal, 
KCI-evoked or µ  opioid m odulation  o f NE e fflu x  from  H Y P  or POA slices 
in adult progeny o f e ither sex. H o w e ve r, tre a tm e n t o f adu lt, O V X  
fem ales w ith  estrogen a tte n u a te s  µ  opioid inhib ition and prom otes the  
appearance o f naloxone fac ilita tion  o f 3H-NE release from  HYP and POA  
slices. Supported by D A 0 5 8 3 3  to  I .V .;M H 4 1 4 1 4  and M H 0 0 6 3 6  to  A .M .E .

152.16
EFFECTS OF NITRIC OXIDE DONORS AND NITRIC OXIDE SYNTHASE 
INHIBITORS ON N-M ETHYL-D-ASPARTATE (NM DA)-STIM ULATED 
RELEASE OF [3H]NOREPINEPHRINE FROM  RAT HYPOTHALAM IC 
SLICES. Hsiao-Pai Chu* and Anne Eteen. Department of Neuroscience, Albert 
Einstein College of Medicine, Bronx, NY 10461 

An increasing body of evidence supports a role of nitric oxide (NO) in the control of 
gonadotropin-releasing hormone release from hypothalamus and of lordosis behavior 
in female rats. Because norepinephrine (NE) is an important neurotransmitter m 
neuroendocrine regulation of female reproductive function in rats, we investigated the 
role of NO in lordosis behavior and [3H]NE release in superfused slices of preoptic 
area and hypothalamus. We observed a moderate decrease of lordosis in estrogen- and 
progesterone-primed rats injected sc with the NO synthase inhibitor NG-nitro-L- 
arginine methyl ester (NAME) prior to behavior testing. At 10 or 100µM the NO 
precursor L-arginine had no effect on basal, KCl- or NMDA (50-200µM)-stimulated 
release of [3H]NE from preoptic area or hypothalamic slices of ovariectomized control 
or estrogen-treated females (3µg estradiol benzoate, 48 hr). The NO synthase 
inhibitors N-mtro-L-arginine (300µM) and NAME (100-500µM) also failed to change 
either basal or NMDA-stimulated [3H]NE release in slices from hormone-treated or 
control animals. However, sodium nitroprusside (SNP), another NO-generating 
compound, totally blocked NMDA-stimulated release of [3H]NE without changing 
basal release. Other people have reported that iron-cyanide complexes similar in 
structure to SNP but lacking NO-generating ability also inhibited NMDA-stimulated 
[3H]NE release in hippocampal slices. Thus, the inhibition of [3H]NE release by SNP 
may not have been due to its NO-generating ability. Our data suggest that NO may not 
be involved in basal or NMDA-evoked release of NE in rat hypothalamus. In 
conclusion, NO regulation of lordosis behavior in female rats is probably not mediated 
by NE release. Supported by MH41414 and by RSDA MH00636.

152.18

G L U T A M A T E  IS  A  C O T R A N S M IT T E R  O F V E N T R A L  
M I D B R A I N  D O P A M I N E  N E U R O N S  IN  R A T  A N D  
M O N K E Y  B R A IN . S. Rayport, L. Lin, D. Sulzer* and S. Haber. 
Depts. Psychiatry, A natom y & Cell B iology, N eu ro logy  and Ctr. 
N eurobiology & Behavior, Columbia Univ.; Dept. N euroscience, N ew  
York State Psychiatric Institute, NY 10032; Dept. N eurobiology & 
Anatomy, Univ. Rochester, Rochester, NY 14642.

Ventral midbrain (VM) dopam ine (DA) neurons elicit EPSPs in 
striatal neurons (Kitai et al., Exp. Brain Res., 1976 and references cited 
therein) and DA neurons in single cell microcultures elicit EPSPs with 
N M D A  and non-N M D A  com ponents (Sulzer and Rayport, Soc. 
Neurosci. A bstr ., 1993). To test w hether glutam ate itself is a co-
transmitter in VM DA neurons, w e used a monoclonal antibody to the 
glutaraldehyde conjugate of glutam ate (Glu2, M cDonald et al., 
Neuroscience, 1989). In postnatal VM cultures, 56 ± 7% (n = 480 cells in 
11 cu ltu res). of DA neurons (identified  by tyrosine h ydoxylase  
staining) are Glu2+; w hile GABA+ VM neurons are also Glu2+, very 
few  DA neurons are GABA+, so Glu2+ DA neurons are m ost likely 
glutamatergic. Double staining of adult rat VM sections show s that 
64 ± 9% of DA neurons are Glu2+ (n = 1,260 cells in 13 sections from  
3 animals); there is no significant difference betw een ventral tegmental 
area and substantia nigra, nor an anterior-posterior differential. In the 
m onkey, 44 ± 14% of VM DA neurons are Glu2+ (n = 233 cells in 
2 sections). A long w ith  recent reports of glutam atergic EPSPs in 
serotonergic neurons (Johnson, Neuron, 1994) and excitatory actions of 
noradrenergic neurons, as w ell as immunostaining for glutamate (Fung 
et al., Brain Res. Bull., 1994), our results suggest that glutam ate 
colocalization may be the rule in monoaminergic neurons.
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152.19
EVIDENCE FOR A NON-GENO M IC ROLE FOR THYRO ID HO RM ONES IN 
CENTRAL NORADRENERGIC NETWORKS (CNN). M.B.Dratman*.
J.T. Gordon. C .B. Rozanov. and F.L. Crutchfield. Depts of Medicine, Medical 
College of PA, Univ. of PA and VA Medical Center, Philadelphia, PA 19104 

A synaptic role for thyroxine (T 4) metabolites within CNN is supported by 
clinical, functional and morphologic evidence describing regional and 
subcellular distribution of the hormone in brain . During thyroid hormone- 
dependent brain development (rat) two main phases are evident. The first, 
associated with a high level of nuclear receptor occupancy by 
triiodothyronine (T3), appears in fetal brain and winds downward by ~10 
postnatal (P)days. The other, associated with a sharply increasing 
occupancy of synaptosomes (SYN) by T 3 , becomes discernible at ~P-5, and 
is well-established at weaning with SYN constituting a major T3 binding site 
thereafter. In adult brain autoradiograms, the Known targets of CNN also 
describe the sites of central T3  localization. Because pharmacologic 
evidence (Gordon et al, unpublished observations) implicates norepinephrine 
(NE) as an important player in the activity of the deiodinase enzyme system 
responsible for T3 formation from T4 , T 3 localization at sites of NE release / 
action is expected. However, T3 immunohistochemistry shows that all brain 
stem noradrenergic nuclei (LC group) are the most conspicuously T 3 staining 
elements in brain. Moreover, whereas CNN target cells show predominant T 3 
labeling over the nucleoplasm, stain in the LC group, is mainly (and heavily) 
in perikarya and cell processes. W e therefore propose that the CNN provide 
both the conduit and the terminal field sites for actions of T 3 as a NE - 
modulator or co-transmitter throughout the brain.
Support by Patricia Kind Fund for Brain Research; Med. Res.Service of 
Phila.VA Med. Center; MH44210 & MH45252

INTERACTIONS BETWEEN NEUROTRANSMITTERS II

153.1
POTENTIATION OF DOPAMINE-INDUCED INHIBITION OF VENTRAL 
TEGMENTAL AREA NEURONS  BY SEROTONIN IS MEDIATED BY 
5-HT2 RECEPTORS. E.B. Bunney  and M.S. Brodie. Dept. of Emergency 
Medicine and Dept. of Physiology and Biophysics, University of Illinois 
at Chicago, Chicago, IL 60612.

The dopamine-containing neurons of the ventral tegmental area (VTA) 
may be important in mediating the rewarding properties of drugs of 
abuse. We have previously shown that serotonin enhances dopamine- 
induced inhibition of putative dopamine neurons of the VTA. Serotonin 
receptors have been classified into a number of different subtypes, 
therefore, we have further characterized this potentiation of dopamine- 
induced inhibition with selective serotonin agonists and antagonists. 
Brain slices containing the VTA were prepared from male Fischer 344 
rats, and all drugs were administered in the superfusate. Dopamine 
(1-10 µM) decreased the rate of firing of spontaneous action potentials, 
and serotonin ( 5 - 10 µM) enhanced this inhibition. The serotonin 5-HT2 
agonist, α -methylserotonin (0.5 - 5 µM), also significantly (p<0.05) 
enhanced dopamine-induced inhibition. The enhancement of dopamine- 
induced inhibition by serotonin and 5-HT2 agonists was completely 
reversed by ketanserin (0.5 - 2 pM), a selective serotonin 5-HT2 
antagonist. In some experiments, dopamine-induced inhibition was 
reduced by ketanserin, suggesting that endogenous serotonin may 
contribute to the magnitude of dopamine-induced inhibition seen in this 
preparation. These experiments indicate that potentiation of dopamine- 
induced inhibition of VTA neurons is produced by serotonin acting at 
5-HT2 receptors. Supported by PHS grant AA-09125-03.

153.2
TH E EFFECT O F TH E ACUTE AND CHRONIC ADMINISTRATION OF 
(± )-FLUOXETINE ON SPONTANEOUSLY ACTIVE MIDBRAIN 
DOPAM INE NEURONS: AN IN VIVO ELECTROPHYSIOLOGICAL 
STUDY. C .R. Ashby Jr.1*, Y. Minabe2, C, Ramachandran3. R .E. Strecker4 
and S.L. Dewey1. 1Brookhaven National Labs, Upton, NY, 11973; 2National 
Institute of Neuroscience, 187, Tokyo, Japan; 3Dept. of Chemistry, Purdue 
University, Purdue,IN, 47907; 4Dept. of Psychiatry, SUNY, Stony Brook, NY 
11794.

There is evidence indicating that the repeated administration of various 
selective serotonin (5-HT) uptake inhibitors can alter dopaminergic neuronal 
function or activity in the brain. In this study, we examined the effect of the acute 
and chronic administration of (± )-fluoxetine on the number, as well as the firing 
pattern of spontaneously active dopamine (DA) neurons in the A9 and A10 
areas. This was accomplished using the technique of in vivo, single unit 
extracellular recording in anesthetized male Sprague-Dawley rats. The i.v. 
administration of fluoxetine did not alter the firing rate of midbrain DA neurons. 
The acute administration of 2.5 mg/kg, i.p., of fluoxetine produced a significant 
increase in the number of spontaneously active A9 and A10 DA neurons 
compared to controls. However, the chronic administration (21 days) only 
produced a significant increase in the A10 area. Both the acute and chronic 
administration of 5 mg/kg, i.p. only significantly increased the number of 
spontaneously active A10 DA neurons. The basal firing pattern of A9 and A10 
DA cells was altered after the acute and chronic administrations of fluoxetine. 
These results indicate that fluoxetine administration alters the number, as well 
as the firing pattern, of spontaneously active A9 and A10 DA cells.

153.3 153.4
EFFECT OF ACUTE A ND  CHRONIC FLUOXETINE ON  
EXTRACELLULAR DOPAMINE LEVELS IN THE NUCLEUS 
ACCUMBENS A ND  CAUDATE-PUTAMEN. R.E. Strecker1*, R.N.

Psychiatry, SUNY, Stony Brook, NY 11794; 2Brookhaven National 
Labs, Upton, NY 11973; 3 Dept of Chemistry, Purdue University.

Fluoxetine is a selective serotonin (5-HT) reuptake inhibitor, which  
after chronic treatment is an effective antidepressant in humans. 
Abundant evidence suggests a functional interaction between 5-HT 
and dopamine (DA) neurons in the brain, as well as a role for DA in 
depression. Hence, we examined the effects of acute (2.5, 5 ,10  
mg/kg, i.p.) and chronic (5m g/kg, i.p. daily for 21 days) (±)-fluoxetine 
treatments on the extracellular levels of DA and metabolites in nucleus 
accumbens (NAc) and caudate-putamen (CP) of freely moving, male 
Sprague-Dawley rats using in-vivo microdialysis. As previously 
described, levels of the 5-HT metabolite 5HIAA found in 
microdialysis samples were decreased up to 30% by acute injections of 
fluoxetine. There were no significant changes in extracellular DA levels 
in the NAc or CP following a single injection of the 2.5 or 5.0 m g /k g  
dose of fluoxetine. A small decrease in DA level in the NAc was 
observed at the dose of 10.0 m g /k g  fluoxetine. Relative to vehicle 
treated controls, chronic treatment with fluoxetine did not significantly 
alter extracellular basal levels of DA, DOPAC or HVA. These data 
suggest that the antidepressant therapeutic effect of fluoxetine is not 
mediated via direct, or indirect (via elevated 5-HT) changes in NAc or 
CP extracellular DA levels. However, these results do not rule out the 
possibility that chronic fluoxetine influences DA function via other 
mechanisms, such as changes in receptor sensitivity.

DEMONSTRATION OF DOPAMINE (DA D2/3) - SEROTONIN (5-HT2A/2C) 
INTERACTIONS IN THE MEDIATION OF CONDITIONED AVOIDANCE 
BEHAVIOR IN THE RAT OPENS NEW POSSIBILITIES TO CHARACTERIZE 
ATYPICAL ANTIPSYCHOTICS. M-L W adenberg1* S. A hlenius1 ,2  .P 
Jim enez1. P. Salm i1,2. and T.H. Svensson2. B iochem ical & Behavioral 
Pharmacology1, Astra Arcus AB, Sӧdertälje, Sweden and Department o f  
Physiology & Pharmacology2, Karolinska Institute, Stockholm, Sweden.

It has been suggested that 5-HT2, together with D A  D 2 , receptor 
blocking properties o f clozapine is an important factor for its atypical 
profile as an antipsychotic. Thus, addition o f the 5-HT2 receptor blocking 
agent ritanserin should confer an atypical profile upon the selective DA  
D 2/3 receptor blocking agent raclopride. To this end, two w ell known 
pharmacological models, often used to study effects o f  antipsychotics, 
were taken advantage o f  in this study; catalepsy and conditioned  
avoidance behavior.

Addition o f ritanserin (2 mg kg- 1 s.c.) to raclopride treatment (0.2- 
16.0 mg kg-1 s.c.) did not change the propensity o f  raclopride to produce 
catalepsy. Maximal catalepsy was not diminished, nor was catalepsy 
provoked by ritanserin at submaximal raclopride doses. In contrast to 
these observations, addition o f  ritanserin was found to further, and 
statistically significantly, suppress avoidance behavior at submaximal 
doses o f  raclopride. On the assum ption that catalepsy reflects  
extrapyramidal motor dysfunction, whereas the avoidance behavior also 
reflects more cognitive aspects o f  the behavior, it is suggested that the 
atypical profile o f  combined 5-HT2/D A  D2 receptor blockade primarily is 
due to effects in brain areas other than those mediating extrapyramidal 
motor functions.
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153.5
NICOTINIC ACETYLCHOLINE AND 5-HT2 RECEPTOR ACTIVATION 
JOINTLY SUPPRESS NEOCORTICAL HIGH-VOLTAGE SPINDLING IN 
AGED AND ADULT RATS. P.J ä k ä lä  *. M. Bjӧrklund and P. Riekkinen Jr. 
Dept. of Neurology, Univ. of Kuopio, P.O.B. 1627, FIN-70211 Kuopio, Finland.

To investigate the interaction between the nicotinic acetylcholine and the 
serotonin (5-hydroxytryptamine; 5-HT) subtype 2 receptors in the modulation of rat 
thalamocortical oscillations, the effects of systemic (s.c.) administrations of 
nicotine, a nicotinic acetylcholine receptor agonist, and l-(2,5-dimethoxy-4-
iodophenyl)-2-aminopropane (DOI), a 5-HT2 receptor agonist, on neocortical high- 
voltage spindling occurring during waking-immobility behavior in aged (28 months 
of age) and adult (7 months of age) rats were studied. Nicotine 0.1 and 0.3 mg/kg 
alleviated the age related increase of high-voltage spindles, whereas in adult rats 
only nicotine 0.3 mg/kg was effective. DOI 0.3, 1.0 and 2.0 mg/kg suppressed high-
voltage spindles in aged and adult rats. In aged rats, a combination of subthreshold 
doses of nicotine (0.03 mg/kg) and DOI (0.1 mg/kg) decreased high-voltage 
spindles, whereas in adult rats two subthreshold dose combinations (nicotine 0.03 
or 0.1 mg/kg + DOI 0.1 mg/kg) had no effect. p-Chlorophenylalanine (400 
mg/kg/day i.p. x 3 days) induced brain serotonin depletion (-80 %) did not affect 
high-voltage spindles. However, in both aged and adult rats, p-chlorophenylalanine 
blocked the decrease in high-voltage spindling produced by DOI 0.3 mg/kg, though 
not the decrease produced by higher doses of DOI (1.0 and 2.0 mg/kg), and in adult 
rats it abolished the decrease in high-voltage spindling seen after nicotine 0.3 
mg/kg. We suggest that 1) nicotinic acetylcholine and 5-HT2 receptors jointly 
suppress neocortical high-voltage spindling in aged and adult rats, 2) combined 
dysfunction of nicotinic acetylcholine and 5-HT2 receptor mediated functions 
contribute to the observed age-related deterioration of thalamocortical function, and 
3) this age-related deterioration of thalamocortical function may be partially 
normalized by nicotinic acetylcholine and 5-HT2 receptor subtype specific drugs.

153.7

M ELA TON IN RECEPTO R ACTIVA TIO N M OD ULATES FO RSK OLIN 
A N D  5H T 7 R E C E P T O R  A C T IV A T E D  C F T R  C l- C H A N N E L S  
EX PRESSED  IN OO CY TES C.S. Nelson*. J.L. M arino and C.N. Allen 
Cntr. for Res. on Occ. and Env. Tox., Dept. Psychiatry, Dept. Physiology, 
OR. Hlth. Sci. Univ., Portland, OR 97201.

M elatonin is an im portant m odulator o f  SCN neurons and circadian 
rhythm s w hich can induce phase shifts o f the circadian cycle. W e have 
developed a model system  to study cAM P m ediated signal transduction in 
which the Xenopus m elatonin receptor (xM elR) m odulates activation o f 
CFTR C l- channels. In this system , stim ulation  o f  adenylyl cyclases 
increases in tracellu lar cA M P and activates PK A which phosphorylates 
C F TR  C l- channels. A ctivation  o f xM elR can  m odulate ion currents 
measured by two electrode voltage clam p in a positive or negative direction 
depending  on the co stim ulan t signal. D uring fo rskolin  stim ulation , 
m elatonin  produced a negative m odulation  in the am plitude o f CFTR 
currents in oocytes injected with xM elR and CFTR cRNAs. Ptx treatm ent 
e lim inated  m elatonin  inhib ition  o f  forskolin  stim ulated CFTR currents. 
R ecently  we have cloned  and characterized  a X enopus  5HT7 receptor 
(x5HT7) which activates adenylyl cyclases via G sα . In oocytes coinjected 
w ith x5H T7, xM elR and C FTR cR N A s, m elatonin  and 5H T activated 
additive inw ard currents showing positive m odulation o f adenylyl cyclase 
by m elatonin receptors. Subthreshold activation o f x5HT7 was sufficient 
and necessary  to p erm it ac tiv a tio n  o f  CF TR  by  m elaton in . A lso, 
preexposure to m elatonin  desensitized  the xM elR  m ediated  response. 
Positive m odulation o f adenylyl cyclases implies xM elR signaling via βγ G- 
proteins, how ever xM elR did not activate coexpressed G IRK (KGA) K+ 
channels. B ased on this m odel, m elatonin  in vivo  m ay positively  or 
negatively m odulate other inputs to SCN neurons and selectively modulate 
ion channels. (Supported by AGI0794)

153.9

REGULATION OF STRIATAL DOPAMINE SYN THESIS BY SEROTONIN  
Richard S.J. Nassar* and Matthew P. Galloway. Cellular & Clinical 
Neurobiology Program, Dept Psychiatry & Behavioral Neurosciences, 
Wayne State U Sch Med, Detroit, Ml 48202.

We have shown previously that striatal perfusion of 5-HT agonists 
increased extracellular levels of dopamine (DA). As an extension of these 
studies, the potential role of 5HT in modulating tyrosine hydroxylase (TH) 
activity in striatal DA nerve terminals was monitored by in vivo 
microdialysis. To ascertain TH activity, extracellular DOPA  
levels were measured after the inhibition of aromatic amino acid 
decarboxylase by the local perfusion of α -difluoromethyldopa (100 µ M, 1 hr). 
Under these experimental conditions, extracellular DOPA levels responded 
to α -methylparatyrosine, DA agonists and antagonists, supporting the 
validity of DOPA as a reliable measure of TH activity. The local perfusion 
of 5HT (10µ M, 5min pulse) decreased TH activity by 20%  (n=6, p<0.01). 
This decrease was blocked when 5HT (10µ M) was coperfused with either 
eticlopride (100µ M, n=6) or UH232 (100µM, n=6), selective DA D2/3 
antagonists. Further, depletion of catecholamine stores with reserpine 
pretreatment (5mg/kg, n=6) prevented 5HT from altering TH activity. 
Nonetheless, under conditions of reserpine, perfusion of either quinpirole or 
the adenosine A2 agonist NECA decreased and increased DOPA levels, 
respectively. The data suggest that the 5HT induced decrease of TH 
activity is mediated indirectly following 5HT facilitated DA release and 
subsequent stimulation of synthesis modulating DA autoreceptors. 
Supported by NIDA-04120 & Joe Young Sr. Research Fund.

153.6
INTERACTION BETW EEN 5-HT AND DA RECEPTO R SUBTYPES ON 
STRIATAL C-FOS EXPRESSION: ROLES O F 5-HT1B, 5-HT3 AND 5-HT4 
SUBTYPES. C. Rouillard*1,2 and J. Gervais1. 1Lab. of Neurobiology, 2Dept. of 
Pharmacology, Laval University, Québec, Canada G1J 1Z4.

Anatomical, biochemical and molecular studies indicate that the striatum (STR) is 
a fertile territory for 5-HT/DA interactions. Previous results from our laboratory have 
shown synergistic interactions between 5-HT1A - 5-HT2a/2c, D1 - 5-HT1A and D1 - 5-
HT2A/2C on striatal c-fos expression. Fos-like immunoreactivity (Fos-LI) was 
restricted to the medial part of the STR. Our results have also suggested opposing 
roles for D1 and D2 receptor in regards to 5-HT/DA interactions. D 1 agonist when 
co-injected with 5-HT1A or 5-HT2A/2C agonists stimulates striatal Fos expression. In 
sharp contrast, D2 agonist when co-administered with the same 5-HT agonists almost 
completely block striatal and accumbal c-fos expression. Other 5-HT receptor 
subtypes are present in the STR. Their density varies from low (5-HT3) to high (5- 
HT1B and 5-HT4). The aim of the present study was to investigate the contribution of 
5-HT1B, 5-HT3 and 5-HT4 receptors to striatal c-fos expression and to investigate 
their interactions with D1 and D2 receptors. Interactions of these 5-HT receptors with 
5-HT1A and 5-HT2A/2C were also examined. Seventeen groups of animals were 
injected with different combinations of selective 5-HT and DA agonists. Drugs were 
administrated i.p. and animals were sacrified 2 hrs later. Brains were removed, 
sliced and processed for Fos-LI. Our results show that: 1) stimulation of 5-HT1B
receptors induces a strong expression Fos expression in the STR, 2) weak expression 
of c-fos is induced by stimulation of 5-HT3 or 5-HT4 receptors, 3) co-administration 
of D1, D2, 5-HT1A or 5-HT2A/2C agonists with selective 5-HT1B, 5-HT3 or 5-HT4 
agonists did not potentiate Fos-LI. In conclusion, our results suggest that only 5- 
HT1B receptors induce c-fos expression in the STR. No synergistic interaction is 
induced by concurrent stimulation of 5-HT1B,3,4 and D1,2 or 5-HT1A,2a/2c receptor 
subtypes. (Supported by NSERC and FRSQ).

153.8
MECHANISMS UNDERLYING STRIATAL SEROTONIN-DOPAM INE 
INTERACTIONS. S.K. Yeghiayan.*1 A.E. Kelley.2 M. Finn.3 J. Salamone.3
N.S. K u l a .1 A. C am p b ell.1 and R.J. Ba ld essa rin i.1 P sychiatry  
Dept./Neuroscience, Harvard Medical School-M ailm an Research Center, 
Belmont, MA 021781, Psychiatry Dept., University of Wisconsin, Madison, WI
53706,2 Psychology Dept., University of Connecticut, Storrs, CT 06269.3

Microinfusion of serotonin (5-HT) into ventrolateral striatum (VLS) of 
pargyline-pretreated rats induces stereotyped oral behaviors (licking, biting, self- 
gnawing, intense sniffing, repetitive paw-to-mouth movements). Previous intra-
VLS infusion found that 5-HT, L-5-hydroxytryptophan (5-HTP), tryptamine & p-
tyramine produced strong stereotypy, but substituted or deaminated congeners did 
not; 5-HTP was blocked by a decarboxylase inhibitor (NSD-1015, 100 mg/kg, 
ip), suggesting conversion to 5-HT in vivo. Intra-VLS pretreatment with the 
dopamine (DA) transport inhibitor GBR-12909 (6 µg/µl) or DA-toxin 6-OH-DA,
or systemic reserpine & a-methyltyrosine, and DA antagonists (SCH-23390 [D1] 
& raclopride [D2]), but not 5-HT receptor antagonists, all blocked 5-HT 
stereotypy, implicating presynaptic DA. Infusion of 5-HT into VLS (0.8 µM) 
of awake rats enhanced DA release (p<0.05) by microdialysis. Further testing vs. 
uptake of 3H-DA (0.1 µM) by rat striatal synaptosomes found potent inhibition 
(IC50 ± SE, µM ) with p-tyramine (0.04 ± 0.03) > N-methyl-5-HT (0.11 ±
0 .12), tryptamine (0.42 ± 0.13) > 5-HT (0.71 ± 0.28) = N-methyltryptamine 
(0.72 ± 0.28) >> other indoles (IC50 >10 µM; 5 -methoxytryptamine, 5- 
methoxy-N,N-dimethyltryptamine, 2-methyl-5-HT, N-a-dimethyltryptamine, 5- 
hydroxyindoleacetic acid, L-5-HTP, L-tryptophan). In vitro potency against DA 
uptake and stereotypy were correlated (rank r = 0.86, p <0.01), except that 5-HTP 
was much more potent in vivo. These findings indicate that oral stereotypy in 
VLS can be induced by release of DA by aromatic amines competing for the DA 
transporter and suggest a non-receptor mediated interaction of 5-HT with DA 
systems in mammalian forebrain.

153.10

DOPAMINERGIC MODULATION OF THE SEPTO-HIPPOCAM PAL 
CHOLINERGIC PATHWAY : POSSIBLE SITES OF INTERACTION. A. I.
Hersi1,2*. J. W. Richard1. P. Gaudreau2 and R. Ouirion1. 1 Douglas Hospital Res. 
Ctr., Dept. of Neurology and Neurosurg., McGill Univ., Montreal. 
2Neuroendocrinology Lab., Hopital Notre Dame, Univ. de MonPeal, MonPeal, 
Quebec, Canada.

Dopamine modulates the activity of the septo-hippocampal cholinergic 
pathway (Day and Fibiger, 1995). Moreover, dopaminergic innervation is present 
both at the level of the cholinergic cell bodies in the septal area as well as in the 
hippocampus where the cholinergic terminals of the septo-hippocampal pathway 
terminate. Therefore, the loci for the dopaminergic modulation of this pathway could 
possibly be at the level of the cholinergic cell bodies and/or terminals. In the present 
study, these possibilities were assessed directly using in vivo dialysis in awake, freely 
moving rats. Intraprobe infusion of the prototypical D 1 agonist SKF 38393 (10-
l 00µM) into the hippocampus sPmulated hippocampal Acetylcholine (ACh) release 
in a concentration dependent manner. The D 1 antagonist SCH 23390 ( l µM), which 
by itself had no effect on hippocampal ACh release, blocked the effect of the D 1 
agonist when coinfused with the latter. Intraprobe infusion of neither the D2 agonist 
quinpirole (1-10µM) nor the D2 antagonist sulpiride (l-10µM ) had any significant 
effect on hippocampal ACh release. Moreover, administration of the D 1 and D2 
drugs ( l0µM) via a probe implanted in the septal area did not affect hippocampal 
ACh release. Taken together, these results demonstrate that dopamine modulates 
hippocampal ACh release via D 1 receptors and that the loci for this interaction is 
likely at level of the cholinergic terminals within the hippocampus. The molecular 
subtype (d1 or d5) of D 1 receptors responsible for this action remains to be 
elucidated. (Supported by MRCC)
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153.11
ROLE O F SEROTONIN VIA 5-H T1A RECEPTOR ON GABA RELEASE IN 

VENTRAL HIPPOCAMPUS. K. Nei1. S. Matsuyama1. C. Tanaka*2 Dept. of 
Pharmacology, Kobe Unlv. School of Medicine1, Kobe 650; Hyogo Institute 
for Aging Brain and Cognitive Disorders2, Himeji 670, Japan.

The hippocampus recieves a dense serotonin-containing innervation from 
the raphe nucleus. It has been reported that the serotonergic pathway, which 
exerts an influence on long-term potentiation (LTP ), term inates the 
GABAergic neuron in the hippocampus. We report here the involvement in 5- 
HT1A receptor on the endgenous GABA release from the ventral hippocampal 
slices.

Slices of the guinea pig ventral hippocampus were superfused with Krebs 
medium. Levels of GABA in the perfusate were measured by reverse phase 
high performance liquid chromatography (H PLC ) involving pre-column 
derivatization with a fluorometric detector. NAN-190, a 5-HT1A antagonist, or 
N-Methyl-D-Aspartate (NMDA) evoked the neuronal GABA release in a dose- 
dependent manner. The release of GABA evoked by 0.1 /jM  NAN-190 was 
tetrodotoxin (TTX) resistant and blocked by 1 µ M  8 -O H-DPAT, a 5 -H T1A  
agonist. The release of GABA evoked by 0.2 mM NMDA was TTX resistant, 
Mg2+ sensitive and blocked by MK-801, a selective non-competitive NMDA  
receptor antagonist. NMDA caused the additive increase of the GABA release 
in the presence of NAN-190. NMDA-evoked GABA release was inhibited by 
8-OH-DPAT. These results suggest that the5-HT1A and NMDA receptor are 
located on not only terminals but also cell bodies of GABAergic neurons, and 
that the spontaneous and NMDA receptor-mediated GABA release from 
GABAergic neurons were modulated via 5 -H T 1A receptor in an inhibitory 
fashion.

153.12
LOCALIZATION OF THE GABA-ERGIC NEURONS PROJECTING TO THE 
RAT DORSAL RAPHE AND LOCUS COERULEUS. C. Peyron. P.H. Luppi*.
C. Rampon and M. Jouvet. INSERM U52, 8 Av. Rockefeller, 69373, Lyon,
France.

It is well known that serotonergic (5-HT) neurons of the dorsal raphe 
nucleus (DRN) and noradrenergic (NA) neurons of the locus coeruleus (LC) 
Fire tonically during wakefulness, decrease their activity during slow wave 
sleep and cease firing during paradoxical sleep (PS). Based on anatomical 
and physiological studies, we and others hypothesized that 5-HT and NA 
neurons might be inhibited by a single GABA-ergic population of neurons 
during PS. To test this hypothesis, we compared the origin of the GABA-ergic 
innervation to the DRN and the LC. For this purpose, we combined cholera-
toxin B subunit (CTb) as a retrograde tracer and GAD immunohistochemistry 
in colchicine-treated rats.

After CTb injections in the DRN (n=5), a large number of double-labeled 
cells was observed in the lateral posterior hypothalamic area. A substantial 
number of double-labeled cells was located in the substantia innominata, the 
preoptic area, the substantia nigra pars reticulata and the dorso-medial rostral 
medulla. A small number was localized in the tuberomammillary nucleus, 
the lateral periaqueductal gray, the mesencephalic reticular formation and 
the parabrachial region. Only a few double-labeled cells were seen in the 
DRN areas around the CTb injection site. After CTb injections in the LC 
(n=3), a substantial number of double-labeled cells was seen in the preoptic 
and posterior hypothalamic areas, the dorso-medial rostral medulla and the 
lateral paragigantocellular nucleus. A small number of relrogradely-labeled 
cells immunoreactive to GAD was located in the tuberomammillary nucleus, 
the lateral periaqueductal gray and the mesencephalic reticular formation.

These results suggest the existence of long and multiple GABA-ergic 
projections to the DRN and the LC. The specific physiological role of each of 
these afferents remain to be determined.

153.13
IN T E R A C T IO N S  B ETW EEN  C E N T R A L  G L U T A M A T E R G IC , 
DOPAMINERGIC A N D  SEROTONERGIC NEUROTRANSMISSION IN THE 
CONTROL OF LOCOM OTOR ACTIVITY. ES H o lm *, N  W aters. LO H ansson 
and ML C arlsson. D ept of Pharm acology, Goteborg University, M edicinareg 7, 
S-413 90 G ӧteborg, Sweden.

The basal ganglia circuitry controlling behaviour is strongly influenced by 
d o p a m in e rg ic  a n d  g lu ta m a te rg ic  n e u ro t r a n s m is s io n .  T he p a t t e r n  o f 
in te rac tio n s  b e tw e en  co m p e titiv e  an d  n o n -co m p e titiv e  N M D A  rec e p to r  
antagonists and  dopam ine D 1 and D2 receptor agonists and  antagonists w ith  
regard to effects on rat locom otor activity (LMA) w as investigated in a series 
of three-factor factorial experim ents. Further, the interactions betw een D2 and 
5-HT2 receptor an tagon ists  in the  suppression  of locom otor activ ity  d u rin g  
different levels of NM DA receptor blockade w ere studied  using  the sam e k ind 
of experim ental design. The essential feature  of such  designs is to vary  the 
factors of interest, ie the doses of the drugs, sim ultaneously yet independently  
of each other, so that the effects on the m easured  response (locom otor activity) 
of each d ru g  per se as well as of any potential interactions betw een the drugs 
can be  re l ia b ly  e s tim a te d . In  a d d it io n ,  post m ortem  b r a in  m o n o a m in e  
biochemistry w as assessed in all anim als used, to allow  an evaluation  of the 
functional re la tio n s  b e tw een  m onoam inerg ic  ind ices an d  LM A u n d e r  the 
influence of the various d ru g  combinations.

It was confirm ed that the effects of dopam ine D 1 and D2 receptor stim ulation 
or blockade are highly dependen t on each o ther and on the degree of NM DA 
receptor blockade. A pparently , the behaviourally  suppressan t actions of a 5- 
HT2a a n ta g o n is t (M DL 100,907) a re  e n h an ced  a t h ig h e r  leve ls of N M D A  
blockade b u t  b lu n te d  a t h ig h e r  levels of D2 b lo ck ad e , w h ich  m ig h t h av e  
implications concerning the use of 5-HT2 receptor active d rugs in the treatm ent 
of schizophrenia.

UPTAKE AND TRANSPORTERS: CATECHOLAMINES I

154.1
THE DO PAMINE TRANSPO RTER IS LO CALIZED TO  AXO NAL AND  
DENDRITIC PLASMA MEMBRANES OF NIG RO STRIATAL DO PAM INERG IC  
NEURONS. M. J. Nirenberg*. R. A. Vaughan. G. R. Uhl, M. J. Kuhar. and V.
M. Pickel. Div. Neurobiol., Dept. Neurol. and Neurosci., Cornell Univ. Med. 
Coll., New York, NY 10021 and Addiction Research Center; National Institute 
on Drug Abuse; Baltimore, MD 21224.

A cocaine-sensitive dopamine transporter (DAT) mediates specific reuptake 
of dopamine, and also confers selective vulnerability of dopaminergic neurons 
to neurotoxins such as M PP+. In order to determine the potential sites of 
uptake of dopamine and neurotoxins, we used electron microscopic 
immunocytochemistry to examine the distribution of DAT-immunoreactivity in 
rat nigrostriatal dopaminergic neurons. In the substantia nigra, immunogold 
labeling for DAT was localized to the plasma membrane and smooth 
endoplasmic reticulum of dendrites receiving asymmetric synaptic junctions 
from unlabeled axon terminals. In the dorsolateral striatum, immunogold 
labeling for DAT was most prominently observed along the plasma membranes 
of axon terminals and unmyelinated axons, but was also localized to smooth 
endoplasmic reticulum and electron-lucent vesicles. DAT-immunoreactive axon 
terminals infrequently formed recognizable synaptic contacts, but these were 
typically symmetric synapses onto unlabeled dendrites or dendritic spines. In 
sections dually labeled for DAT and the catecholamine-synthesizing enzyme 
tyrosine hydroxylase, both markers were colocalized in most profiles, but with 
differing subcellular distributions. The observed localization suggests that DAT 
is involved in reuptake across the plasma membrane of nigrostriatal 
dopaminergic neurons at both the synaptic cleft and extrasynaptic sites. The 
presence of DAT along the plasma membrane of dendrites also supports 
pharmacological evidence that amphetamine-induced dendritic release of 
dopamine may result from reversal of DAT. (Supported by MH40342; 
DA04600).

154.2
LO CALIZATIO N OF THE V ESICULA R M O NO AM INE TRA NSPO RTER-2 IN 
DENDRITES OF DOPAMINERG IC NEURONS: CO M PARISO N OF RAT  
SUBSTANTIA NIGRA AND VEN TRAL TEG M ENTAL AREA J. Chan*. M. J. 
Nirenberg. D. Peter, Y. Liu. R. H. Edwards and V. M. Pickel. Div. Neurobiol., 
Dept. Neurol. and Neurosci., Cornell Univ. Med. Coll., New York, NY 10021 
and Depts. Neurol, and Physiol., UCSF, San Francisco, CA 94143-0435.

Dopamine is released from dendrites in the substantia nigra pars compacta 
(SNR), but it is not known (1) whether this release is vesicle-mediated, and (2) 
whether dendritic release of dopamine also occurs in the ventral tegmental 
area (VTA). W e examined the potential sites of monoamine storage and 
release in the rat SNR and VTA by localizing a polyclonal antiserum against 
the vesicular monoamine transporter-2 (VMAT2), the transporter that mediates 
uptake of dopamine into vesicles. VMAT2 was present in dendrites in both the 
SNR and the VTA, where it was prominently associated with smooth 
endoplasmic reticulum (SER) and clusters of electron-lucent vesicles near 
non-synaptic portions of the plasma membrane. These VMAT2-containing 
vesicles were typically near segments of the plasma membrane that were 
apposed to glial processes or unlabeled dendrites in the SNR, and to other 
VMAT2-containing dendrites in the VTA. In sections dually labeled for the 
catecholamine-synthesizing enzyme tyrosine hydroxylase (TH), dendrites in 
both regions frequently contained both markers. VMAT2 was also localized 
to dense core vesicles (DCVs) and small synaptic vesicles (SSVs) in axon 
terminals in both regions, but these terminals rarely contained detectable 
levels of TH. These findings suggest that there is vesicular storage and 
vesicle-mediated release of dopamine from dendrites in the SNR and VTA. 
Dopamine that is released from dendrites is likely to interact with autoreceptors 
located on the same dendrite in the SNR, and on the same or apposed 
dendrites in the VTA. (Supported by MH40342, DA04600).
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E X P R E S S IO N  O F DA  T R A N S P O R T E R  (D A T) A ND TY R O S IN E  
H Y D R O X Y LA S E  (TH ) m R N A s IN M ID B R A IN  O F P A R K IN S O N ’S 
A N D  A L Z H E IM E R 'S  W ITH  P A R K IN S O N IS M
G.Sm utzer* and J.N Joyce. Dept. Psychiatry and The Center for 

Neurobiology and Behavior, Univ. Penn. Sch. Medicine, Philadelphia , PA .
We have previously shown that Alzheimer's disease (AD) cases with a 

Parkinson-like syndrome (AD/Park) show significant (50-80% ) losses of 
[3 H]mazindol binding to DAT sites in striatum. However, the majority of 
cases show sparing of melanized neurons in midbrain (Annal. Neurol. 
37:300-312, 1995). In contrast, with Parkinson’s disease (PD) there are 
90%  losses of DAT sites in striatum and 76%  losses of neurons in SNpc. We 
then examined levels of DAT and TH mRNAs in similar groups. The midbrain 
of six control (age = 66 ±  13 yrs; PMI = 13 ±  6 hr), AD (76 ±  11 yrs; 7 ± 4 hr); 
AD/Park (78 ±  5 yrs; 12 ±  5 hr) and PD (74 ±  8 yrs; 8 ±  6 hr) cases were 
sectioned at 16 pm and then processed for TH immunoautoradiography, in 
situ for DAT mRNA (Bannon et al, 1992, PNAS 89: 7095) and in situ for TH 
mRNA (O ’Malley et al, 1987, Biochem 26:6910). Gene expression in the 
area above melanized neurons from the substantia nigra pars compacta was 
determined as a function of neuronal surface area. In normals there is 
significantly higher TH mRNA, and DAT mRNA in the ventral tier of the SNpc 
than in the dorsal tier of the SNpc. In PD the amount of DAT and TH mRNA 
was reduced (-88%) in the ventral tier of SNpc, -62%  in dorsal tier of SNpc 
and -55%  in PN. This was equivalent to the loss of melanized neurons. TH 
mRNA and DAT mRNA was reduced in AD/Park with minimal losses of 
neurons. TH mRNA was significantly reduced in all midbrain regions but DAT 
mRNA was greatly diminished in a subset of melanized neurons. Whether 
these markers in midbrain of AD/Park reflects compensatory events prior to 
cell death (as in PD) or largely independent processes needs to be 
determined. Funded by MH 43880, AG 09215.

154.5

H U M A N  D O PA M IN E TR AN SPO R TER  G EN E 5 ’ and 3 ’ 
STRUCTURES AND M O LECU LA R  GEN ETICS  
David .J. Vandenhergh1* Elisabeth Bendahhou1. Geoffrey S.
Bird1, Edwin Cook3. Joel Gelerntei4,  and George R. U hl1,2,5.
1Molecular Neurobiology Branch, and2 Office of Director, DIR, NIDA, 
NIH; 3Dept. of Psychiatry, University of Chicago,4 Dept. of Pychiatry, 
Yale University, and 5Depts. of Neurology and Neuroscience, Johns 
Hopkins University School of Medicine, Box 5180, Baltimore, MD 21224

Drug actions at the dopamine transporter (DAT) and its expression 
in dopaminergic neurons make it a candidate gene for several 
neuropsychiatric disorders. A lack of genetic association in poly-
substance abuse [Biol Psych 34:265 (93)], or linkage to schizo- 
phrenia [Am J  Psych 152:134 (95)] have been reported. Associations 
of the VNTR in the 3’ noncoding exon of the DAT gene with 
Attention Deficit/Hyperactivity Disorder [Am J  Hum Genet 56:993 
(95)1, and cocaine induced paranoia [Neuropsychopharm 11:195 
(94)] have generated interest in the 3’ region of the gene. The DAT 
gene’s last 4 exons and flanking regions have been isolated, and the 
gene (genetic name SLC6A3) placed within 35 kb of the anonymous 
CEPH DNA marker D5S678 on a genetic map of the short arm of 
chromosome 5. These exons can now be assessed for polymor
phisms that may lead to mutations in the amino acid sequence and 
thus alter DAT function.

Transgenic mice with the 5’-flanking region of DAT are being 
assayed for promoter activity, and indicate that these sequences are 
capable of directing expression of a marker gene to dopaminergic 
regions as well as other areas of the brain.

154.7

RABBIT A N T I-(G B R -A FF IN ITY  P U R IF IE D , C A N IN E  DO PAM INE  
T R A N S P O R TE R ) A N T IB O D Y  D E M O N S TR A T E S  A FF IN IT Y  TO  
RECOMBINANT HUMAN DOPAMINE TRANSPORTER. N. P. Parratto. 
F. R. Sallee. J. B. Phillips, N. S. Vrindavanam. H. B. Niznik and J. G.
O ndo.* Dept. of Psychiatry, Medical University of South Carolina, 
Charleston, SC 29425.

Complete characterization of the dopamine transporter (DAT), 
has been hindered by the lack of specific antibodies. W e have used 
G B R -12935 to affinity purify a presumptive DAT from CHAPS  
solubilized canine striatum. Saturation binding using [3H ]G B R - 
12935 revealed homogeneous sites with an association constant of 3 
± 0.4 nM (Bmax 3.4 ±  0 .3 pmol/mg protein). CHA PS solubilized 
m em brane was chrom atographed on G B R -S ep h aro se  4B, 
specifically eluted with 40mM mazindol, and W GA enriched. Eluted 
protein retained sodium sensitivity and rank order potency of 
competitive inhibition. SDS-PAG E revealed a dimer of M r 62 kDa 
and 72 kDa glycoproteins. Rabbits immunized with SDS-PAG E  
purified bands produced polyclonal responses with specificity for 
the presumptive canine DAT, demonstrated by Western blotting, 
im m unoprecipitation and im m uno-affinity purification. These  
antibodies detected a recombinant human DAT, as well. The results 
suggest that these immunologic reagents may be useful for the 
differential analysis of ligand binding sites, as well as for specific 
histologic and cytologic brain localization.
Supported in part by grant # DA06881 from NIDA.

154.4
DECREASED EXPRESSION OF DOPAMINE AND VESICULAR AMINE 
TRANSPORTERS (DAT and VAT) GENES IN THE MIDBRAIN OF NORMAL 
AND PARKINSONIAN NON-HUMAN PRIMATES. M.-T. Herrero.*1,2 S.J.
Augood.1 M R Luquin,2 F. Javoy-Agid,4 Y. Agid,4 E C. Hirsch.4 J.A. Obeso,2 P .C. 
Emson3 Anatomy Dept. Univ of Murcia & Univ of Navarra. Spain: Ncurobiology 
Dept. Babraham Institute. Cambridge. UK: INSERM U289. Paris. France

1-methyl. 4-phenyl. 1.2.3.6-tetrahydropyridine (MPTP) administered to 
non-human primates reproduces the selective degeneration of dopaminergic neurons 
in Parkinson s disease. DAT is the site at which the MPTP metabolite (MPP+) 
gains access to dopaminergic neurons. and VAT can sequester the toxin.

The following study examined the mRNA encoding for VAT and DAT by 
quantitative in situ hybridization in normal control Macaco fascicularis (n=4) and 
MPTP-treated monkeys (n=4). Sections were hybridized with 35S labeled 
oligonucleotides probes for VAT and DAT mRNA. In the normal control brains. 
substantia] hydridization signal overlying neurons of the Substantia Nigra pars 
compacta (SNpc) and of the Ventral Tegmental Area (VTA). however. quantitation 
of mRNA expression at the cellular level using computerized image analysis 
(BIOCOM. France) revealed a relative lower expression of the DAT mRNA in VTA 
neurons than in SNpc neurons suggesting a less efficient dopamine reuptake 
capacity in VTA. By contrast. the expression of VAT mRNA is higher in this last 
nucleus than in SNpc neurons. A significant decrease in VAT mRNA expression at 
the level of the SNpc (p < 0.01) and VTA ( p < 0.05) was seen in MPTP-treated 
monkeys when compared with normal control brains. But. even if the remaining 
SNpc neurons displayed a precipitous (greater than 91%: p < 0.01) decline of the 
DAT gene expression, this analysis at the level of the VTA of parkinsonian 
monkeys displayed a non-significant decline (38%) when compared with controls.

These data suggest that both dopamine and vesicular amine transporters 
could have functional significance in the pathophysiology of parkinsonis.

154.6
T H E  HUM AN D O P A M IN E  T R A N S P O R T E R : F U N C T I O N A L  
CONSEQUENCES OF CARBOXYL TAIL TRUNCATION/SUBSTITUTION
F.J.S. Lee*, Z.B. Pristupa and H.B. Niznik. Dept. o f  Pharmacology and 
Psychiatry, University o f Toronto and the Lab o f Molecular Neurobiology, Clarke 
Institute o f Psychiatry, Toronto, Ontario, M 5 T  1R8.

Although cloned and native hDAT possess very similar pharmacological profiles 
one major discrepancy is that dopamine displays ~ 10-fold lower affinity for the 
cloned hDAT [Km -2  µM] than in striatal synaptosomes [Km ~100 nM], In order 
to further delineate structural motifs regulating substrate affinity for DAT we 
assessed both [3H]DA uptake and [3H]WIN 35,428 binding characteristics to hDAT 
mutants in which the CT-tail was fully or partially truncated. Following transient 
expression in COS-7 cells, [3H]DA uptake by both mutants displayed a 10-fold 
increase in affinity for [3H]DA uptake [Km ~150 nM] compared to wt hDAT [Km 
~2 µM] and was accompanied by a ~40% reduction in Vmax. This enhancement 
in uptake affinity by hDAT mutants is specific for DA since the apparent Ki of 
other substrates [e.g. MPP+, NE, 5-HT] or uptake blockers [e.g. WIN 35,428,
mazindol, amphetamine] were identical to the wt hDAT. Moreover, substitution 
of the hDAT CT-tail with CT-tail sequences encoded by either dopamine D1 or D5 
receptors produced results almost identical to both truncated mutants. Level of 
hDAT expression does not influence the observed apparent Km for [3H]DA uptake. 
In marked contrast, the Ki for DA at inhibiting [3H]WIN 35,428 binding to 
hDAT mutants [Ki >30 µM] was 100 fold lower [Ki ~300 nM] than that of wt 
hDAT. Most other substrates and inhibitors tested had a lower affinity [2-10 fold] 
for the ligand binding site compared to the wt hDAT. These data indicate that the 
sequence motifs within the carboxyl tail of hDAT differentially regulate uptake 
affinity from the [3H]WIN 35,428 binding site.

154.8

Dopamine transporter mRNA levels in human midbrain: Regional 
heterogeneity and changes with age. C.J. Whitty* and M.J. Bannon. Depts. 
of Psychiatry and Behavioral Neurosciences and Pharmacology, Wayne State 
University, Detroit, MI 48201.

The dopamine transporter is an important component of inactivating 
synaptic dopamine neurotransmission as well as the site of action for some 
psychostimulants. In addition the dopamine transporter also mediates the 
accumulation of neurotoxins which can result in dopamine cell death. In the 
present study age related changes in human dopamine transporter (HDAT) 
mRNA levels were assessed in the human A9, A 10 and A8 dopamine cell 
containing midbrain regions by in situ hybridization. Quantitation was 
accomplished at the cellular level using an MCID scanning device under 
darkfield illumination to eliminate melanin background interference with 
silver grain detection. Nine subjects ranging in age from 17 to 72 years old 
were used in this study. The youngest individuals (17-23 yrs old) showed the 
most regional heterogeneity in terms o f the number of cells expressing 
HDAT mRNA and the amount of HDAT mRNA per cell (A9-ventral tier >  
A9-dorsal tier >  A 10-medial =  A 10-lateral >  A8). In the older individuals 
analyzed (65-72 yrs old) all areas examined were reduced to the levels of 
HDAT mRNA seen in A8, indicating declines o f HDAT mRNA in other 
midbrain dopamine cell containing regions of up to 75% with age. There was 
a positive correlation between initial levels of HDAT mRNA within a region 
and subsequent age related reductions. The reductions were due both to the 
total loss of HDAT expression in a high proportion of melanin positive cells 
and the diminished levels of HDAT mRNA in remaining HDAT expressing 
cells.
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154.9
P H A R M A C O L O G IC A L  C H A R A C T E R IZ A T IO N  A N D  
FUNCTIONAL REGULATION OF THE H U M A N  DOPAM INE  
TRANSPORTER IN Sf9 c e l l s . F .McCon key,.3 L .f t .Eristupa.aod
H. B. N iznik*. M olecular Neurobiology Lab., Clarke Institu te  of 
Psychiatry, Toronto, Ontario, M 5T  1R8.

In order to gain a better understanding of the relationship between  
dopamine transporter [DAT] structure and function w e expressed  
the cloned human DAT in baculovirus infected Sf9 cells. 36 hours 
post infection [3H]DA uptake [20 nM] w as linear up to 15 min. 
with an estimated V max and Km of 5.1 p m o le /m in /1 0 5 cells and 
-300 nM, respectively. Various dopam ine uptake inhibitors and 
substrates inhibited [3H]DA uptake in Sf9 cells with the following  
rank order of potency: Lu 19,005 > A m phetam ine > GBR 12,909 > 
Amfonelic Acid > WIN 35,428 > M ethylphenidate > D opam ine > 
Cocaine > N oradrenaline > Serotonin. Both am phetam ine and 
dopamine displayed 10-fold higher affinity for uptake than hDAT 
transiently expressed in COS-7 cells. As with COS-7 cells, however, 
PMA, but not α PDD, treatm ent reduced the V max of [3H ]D A  
uptake by 40% w ith no apparent change in Km . W estern blot 
analysis of the hDAT [Ciliax et al 1995;J. Neurosci.] expressed in 
either Sf9 cells or COS-7 cells revealed the presence of a distinct 
band w ith an apparent Mr of ~ 80 kD similar to that seen in native 
membranes. The expression of a fully functional and regulated  
hDAT expressed in Sf9 cells m ay now  a llow  for the further 
structural characterization of this protein and its post translational 
modifications by activation of various receptor/effector systems.

154.11

EFFECT O F D O PA M IN E A G O N ISTS A N D  ANTA G O NISTS ON  
THE REG U LATIO N  O F TH E R A TE O F D O PA M IN E UPTAKE  
IN VITRO. Patrick M . Sam* and J. B . Justice . Jr. Dept o f  Chemistry, 
Emory University, Atlanta, GA 30322.

Rotating disk electrode (RDE) voltammetry was used to measure the 
initial velocity (V0) o f dopamine (DA) uptake in striatal suspensions (300 
µl, 37°C) prepared from Wistar male rats (300 - 450g). V0 was measured 
as the slope o f  the linear regression on the data obtained during the first 
10 seconds o f  the decreasing current following the addition o f  2 pM DA. 
In the presence o f  the D2 agonist, quinpirole (QUIN, 0.1 µM), V0 
increased from 249 ±  26 to 364 ±  49 pmol/s/g tissue (mean ±  sem, n = 8) 
for the control group and the QUIN group, respectively (p = 0.05). The 
quinpirole induced increase in the rate o f  D A  uptake was dose dependent 
with a maximum effect at 0.1 µM  and a half maximum effect at 0.01 µM. 
The QUIN effect was blocked by either the D2 antagonist sulpiride 
(SULP) or the D1 antagonist SKF-83566 at high doses (5 µM). Neither 
antagonist blocked the QUIN enhanced uptake effect at doses that were 
selective (0.1 µM) for their respective receptors. However, preliminary 
data show that a combination o f  SULP and SKF-83566 (0.1 µM each) 
blocks the QUIN enhanced uptake (n = 4). These results suggest that 
QUIN enhances the rate o f  D A  uptake and that the QUIN induced 
increase in the rate o f  D A  uptake is not solely mediated by the DA D2 
receptor.

154.13

EFFECTS OF WITHDRAWAL FROM REPEATED COCAINE ON THE 
DOPAMINE TRANSPORTER IN THE N. ACCUMBENS: TRANSPORT 
KINETICS AND RELATIONSHIP BETWEEN BINDING SITES FOR COCAINE 
AND MAZINDOL. Sue L. Povlock* and James O. Schenk, Depts. of 
Biochemistry and Biophysics and Chemistry, Prgm. in Pharmacol/Toxicol and 
Neuroscience, Washington State Univ., Pullman, WA 99164-4630.

The addictive behavioral effects of cocaine are thought to result from its 
interaction with the dopamine transporter and subsequent inhibition of dopamine 
transport in the nucleus accumbens (NAcc). Thus, the effect of withdrawal from 
repeated cocaine on the transport of dopamine in the NAcc is of interest. Rats 
were treated with cocaine (16mg/kg) for 3 days followed by a 3 week withdrawal 
period. Using rotating disk voltammetry, the transport velocities of exogenously 
added dopamine into suspensions of NAcc were measured. Withdrawal from 
repeated cocaine treatment decreased the Km and had no effect on the Vmax of 
dopamine transport.

The effect of withdrawal from repeated cocaine on the relationship of binding 
sites of two inhibitors of dopamine transport in the NAcc was also investigated. 
Transport was measured in the presence of cocaine, mazindol, and both in 
combination. Using a kinetic analysis devised by Devés and Krupka (J. Biol.
Chem. 255, 11870, 1980), the velocities predicted that cocaine and mazindol bind 
to separate but interacting sites on the transporter from naive animals, with a 
constant of interaction of 0.18 µM. However, when the binding sites on the 
transporter protein were determined in animals treated with cocaine and 
withdrawn, the two inhibitors were found to bind to the same site. These results 
suggest that investigations of the binding characteristics of inhibitors perhaps 
should employ tissue or cellular preparations obtained from animals treated with 
cocaine. [Supported by a PHS grants to J.O.S., DA07384 and DA00184, and the 
State of Washington ]

154.10
UPTAKE OF DOPAMINE BY THE CLONED HUMAN DOPAMINE 
TRANSPORTER IS VOLTAGE-DEPENDENT IN XENOPUS OOCYTES. SLlL

1Dept. Pharmacol., univ. Colo. Hlth. Sci. Ctr., Denver, CO 80262, & 
2vollum institute, Oregon Hlth. Sci. univ., Portland, OR 97201.

When the cloned human dopamine transporter (hDAT) is 
expressed in xenopus oocytes, substrates such as dopamine (DA) 
induce inward currents that are voltage-dependent, with larger 
currents observed at more negative potentials. To address the 
question of whether DA flux is also voltage-dependent, the rate 
of unlabeled DA uptake into voltage-clamped oocytes expressing 
hDAT was investigated. HPLC analysis of DA uptake, measured at 
the resting membrane potential (-35  mV), showed similar 
kinetics to [3H)DA uptake (Km = 2.7±0.5 yM, Vmax = 65±2 fmol/sec). 
[3H] Mazindol binding to hDAT in whole oocytes revealed a Bmax of 
138±2 fmol/oocyte. In the same batches of oocytes, the time for 
DA translocation was estimated to be 2 sec. In voltage-clamped 
oocytes, da uptake (20 µM) was increased 2.6-fold by membrane 
hyperpolarization over the range of 0 to -120 mV. At -60 mV, 
2.3±0.1 net positive charges entered the oocyte per transport 
cycle. These results demonstrate that both da  flux and da- 
induced transport currents are voltage-dependent and further 
strengthen the relationship between these two parameters. 
They also suggest that membrane hyperpolarization increases DA 
uptake by hDAT. (Supported by da  04216 & da  00174)

154.12
S Y N TH E S IS  A N D  P H A R M A C O LO G Y  OF P O TEN TIA L CO CAINE  
A N TA G O N IS TS : SAR S TU D IE S  OF A R O M A T IC  RING SUBS TITU TE D  
M E TH Y LP H E N ID A TE  A N A LO G S . M .M .S c h w er i * , O . S h i  and  H .M . 
D eutsch . Div. Basic M ed . S ci., M ercer Univ. Sch. M ed icine , M acon, 
G A 3 1 2 0 7  and School o f C hem istry and B iochem istry, Georgia  
Institu te  of Techno logy, A tla n ta , GA 3 0 3 3 2 -0 4 0 0 .

The strongly pleasurable and re inforcing e ffe c ts  o f cocaine are 
thought to be due, at least in part, to  its blockade of dopam ine (DA) 
u p ta k e  by binding to  a site on the  DA  transport com plex. W e  are 
currently  invo lved in a long term  program  to develop cocaine  
antagonists w hich will selectively inhibit the binding of cocaine to  this  
site, but not interfere w ith  D A  transport. A  large num ber of arom atic  
ring substituted (± )- th re o  ["T M P " ] and -ery th ro ["E M P "] - m ethy lphen - 
idate derivatives  have been synthesized and screened for their 
p o te n c y  to  inhibit s tim ulant ([3H ]W IN  3 5 ,4 2 8 )  binding and [3 H ]D A  
uptake  in rat striatal preparations. Data w ere  com pared using 
selectiv ity  ratios (SR's) (IC50 for [3H ]D A  uptake: IC50 for [3H ]W IN  
3 5 ,4 2 8  b inding). T M P  derivatives  w ith  4 -t-b u ty l, 4 -I, or 3 -C I substi- 
tu tio n s  w ere m ost e ffe c tive  in d iscrim inating b e tw ee n  uptake and 
binding, w ith  S R ’s of 4 .7 ± -0 .1 .  (SR for T M P  2 ). All EMP deriv- 
atives, as w ell as 2 -substitu ted  TM P  derivatives , exh ib ited  m arkedly  
reduced potency in both assays (2 0 -1 0 0 0  fo ld ), along w ith  low  SR's. 
TM P  derivatives w ith  e lectron-donating  groups at the  4-position  had 
significantly greater S R ’s than 3 -substitu ted  derivatives; this pattern  
w as  not seen w ith  the  e le c tro n -w ith d ra w in g  halides. The synthesis  
and pharm acology o f the  com pounds w ill be discussed in detail.

154.14

C o n tin u o u s  Im ip ra m in e  T rea tm en t (IC V ), b u t n o t C oca in e , 
D o w n - r e g u la t e s  D A  T r a n s p o r te r s  in  R at B ra in : A n  
A u to r a d io g r a p h ic  S tu d y . C.B. G o o d m a n 1-2* , B .E m ilie n 2 -3 , J .S. 
P a r tilla 2 , K.C. Rice4 and  R.B. R o th m a n 2 . 1The F lorida A&M U niversity , 
C ollege of Pharm acy  & P harm aceu tical Sciences, T allahassee , FL 32307, 
2C P S a n d  3MNS, DIR, N ID A /N 1D A , A ddiction  Research C enter, Baltimore, 
MD 21224, 4LMC, NIDDK, Bethesda, MD 20892.

The biogenic am ine tran sp o rte r (BAT) system  plays an  im portan t role in 
the trea tm en t of v arious p sy chopatho log ica l d iso rd e r, like d e p ress io n  as 
well as in the m ediation  of the behavioral and  psychological characteristics 
associated  w ith  cocaine abuse. In the p resen t s tu d y , in v itro  recep to r 
a u to ra d io g ra p h y  w as used to charac te rize  th e  ana tom ica l d is tr ib u tio n  of 
[125I]RTI-55 labeling of the DA and 5-HT transporte rs  in d iscrete brian  nuclei 
of rats trea ted  chronically  ICV w ith  cocaine or im ipram ine . ALZET 2002 
osm otic m in ip u m p s (0.5 µ l/ h r  for 13 days) w ere filled w ith  saline (control), 
cocaine h y d ro ch lo rid e  (5 p g /p l)  or im ip ram ine  (5 µg / µl). Brain sections at 
the striatal level (14 pm  in thickness) w ere used to assess treatm en t effects on 
DA and  5-HT tran sp o rte r  b in d in g  sites. [125I]RTI-55 labeling  of the DA 
tra n sp o rte r  w as pe rfo rm ed  in the  p resence  of 50 nM  paro x e tin e , w h ile  
[125I]RTI-55 b inding to 5-HT transporter w as perform ed u sing  1 µM LR1111 to 
block the DA transporte r sites. The results from  these findings dem onstra te  
th a t chronic  im ip ram in e  trea tm en t sign ifican tly  d ecreased  by ab o u t 50% 
[125I]RTI-55 labeling  at the DA tran sp o rte r  in the  four nuclei m easured  as 
com pared  to controls. N o changes w ere observed  at the  5-HT tran sp o rte r 
b ind ing  sites w ith the im ipram ine-treated group . C on tinuous cocaine infusion 
had  no affect on  the DA and  5-HT transporte r b ind ing  sites. The d a ta  suggest 
that im ipram ine regulation  of the DA tran sp o rte r m ay contribute  to the an ti- 
d epressan t effect of im ipram ine.
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154.15

[3H]GBR 12935 BINDING SITES ARE INCREASED IN NUCLEUS 
A C C U M B E N S O F R A T  B R A IN  A FT E R  R E P E A T E D  
ADMINISTRATION OF COCAINE . S.K. Sahni and J.I. Javaid*. 
Psychiatric Institute, Department o f Psychiatry, University o f Illinois at 
Chicago, Chicago, IL 60612.

Although the euphoric effects o f acute cocaine, a CNS stimulant in 
humans, may be the initial "reinforcer" for its widespread abuse, adaptive 
neurochemical changes with repeated use most likely play a major role 
in addiction behavior. It has been proposed that dopamine transporter 
(DAT) is the primary recognition site for cocaine and may be related to 
its abuse. In the present studies, adaptive neurochemical changes in 
DAT after repeated administration o f cocaine were characterized with 
[3H]GBR binding. Rats were injected intraperitoneally with saline (1
ml/kg) or cocaine (15 mg/kg) twice daily (10-12 hrs apart) for 14 days; 
killed by decapitation 24 hrs after the last injection, and brains 
immediately removed, dissected into different regions and kept frozen at 
-70 °C until analysis. [3H]GBR binding in tissue membrane preparations 
was determined using mazindol as a displacer. The number (Bmax) of 
[3H]GBR binding sites in the nucleus accumbens was significantly 
increased (2230.7 ±  257 fmol/mg protein) after cocaine treatment 
compared to saline controls (1754.2 ±  160.5 fmol/mg protein). The 
binding affinity (KD) in the two groups was unchanged. Repeated 
cocaine administration did not significantly affect Bmax or KD in the 
caudate putamen. These results suggest that [3H]GBR binding sites on 
the DAT are differentially regulated in different brain regions after 
repeated cocaine administration.

154.17
Turnover of rat dopamine transporter protein in rDAT-LLC-PKl cells: Use of an 
irreversible ligand (RTI-76) and antisense oligonuclotides
J-C. Martel*. C. Cerruti. A. Fleckenstein1. F.l.Carroll.M. J. Kuhar, and A. P. Patel. 
National institutes of Health, National Institute on Drug Abuse, Intramural Research 
Program, Neuroscience Branch, P.O.Box 5180, Baltimore, MD 21224 and 1Research 
Triangle Institute, P.O.Box 12194, Research Triangle Park, NC 27709 (USA)

Turnover of the rat dopamine transporter protein was investigated in a porcine kidney 
epithelial cell line LLC-PK1 that stably expresses a rat dopamine transporter (rDAT-LLC-
PKl).RTI-76^3/3-(p-Chlorophenyl)tropan-20-carboxyUAcid-p-isothiocyanatophcnylcthyl 
Ester) a cocaine analog with an isothiocyanate moiety at the C2 position of the tropan 
ring, was used to irreversibly block the dopamine transporter in intact cells. [l25I]RTl-55 
binding to the dopamine transporter was inhibited by RTI-76 with an IC50 of 0.03 /iM in 
rDAT-LLC-PK, cells. The rDAT-LLC-PK1 cells treated with 0.1 µM RTI-76 at 37° C 
or 21° C for 10, 30 or 60 minutes exhibited inhibition of [125I]RTI-55 binding to the 
dopamine transporter by greater than 95%. More than 98% blockade of the transporter 
was obtained with 0.5 µM of RTI-76. After treatment with RTI-76, cells were returned 
to the incubator and assayed at various times for ligand binding to dopamine transporters 
with [125I]RTI-55. Binding to the dopamine transporter reappeared in the cells over time 
with monoexponential kinetics with a half-life of 23 ±  1.6 hr. RTI-76 is a useful tool to 
study biosynthesis of dopamine transporters in culture and in vivo when administered 
intracerebrovcntricularly(see abstract by Fleckenstein et. al.; this meeting).

The rDAT-LLC-PKl cells treated with DAT antisense oligonuclotides (18 - 2lmers) 
failed to show decreased [125I]RTI-55 binding in intact cells or [3H]dopamine uptake in 
primary culture of embryonic rat mesencephalic dopaminergic neurons. When antisense 
oligonucleotides were locally applied in striatum in vivo, binding of neither [125I]RTI-55 
nor uptake of [3H]dopamine was affected in synaptosomes prepared from treated striata.

154.19

D O P A M IN E  T R A N S P O R T E R  A F F IN IT Y  F O R  L IG A N D S  C H A N G E S  
S IG N IF IC A N T L Y  W IT H  T IS S U E  P R E P A R A T IO N . L .C . M urrin*, H .K . 
Happe, C .L. C oulter and  D .A . B erg m an . Dept. Pharm aco logy, Univ. 
N ebraska M ed . Ctr., O m ah a , N E  6 8 1 9 8 -6 2 6 0 .

In studies of the  dopam ine transporter, w e  noticed a m arked  
difference in benztropine affinity m easured  in tissue sections com pared  
to m em branes. S ince  studies with o ther receptors indicate radioligands  
usually have  sim ilar affinities in all preparations, w e  exam in ed  this m ore  
closely. W e  found that radioligands ([125l]R T I-5 5 , [3H ]W IN  3 5 ,4 2 8 ) and  
unlabelled ligands have  affinities for the  dopam ine transporter one to 
tw o orders of m agnitude low er w hen  m easured  in tissue sections  
com pared to m em branes. For m em b rane  binding studies, striata from  
S p rag u e-D aw ley  rats w ere  hom ogenized  and s tandard techniq ues w ere  
used. For tissue section studies, 16  µ  coronal sections w ere  labeled  
using standard techniques, sections w ere  w iped  from  slides w ith filter 
papers and radioactivity m easured . All studies used 10  m M  sodium  
phosphate  buffer, pH  7 .4 , 1 20  m M  N aC I, 100  m M  sucrose. For all 
com petition studies [125l]R T I-5 5  w as 0.1 nM  with 100  nM  citalopram  to  
block serotonin receptors. T h e  KD fo r [12Sl]R T I-5 5  w as  0 .8  and 12 nM  in 
m em branes and sections, respectively. [3H ]W IN  3 5 ,4 2 8  KD values  w ere  
5 nM  and 138  nM. Ki values  in m em b ranes and sections w ere  311 and 
3 4 0 0  nM  for cocaine, 0 .8  and 3 5  nM  for G B R  1 2 9 0 9 , 9  and 151 nM for 
m azindol, and 8 9  and 6 0 0 0  nM  for benztropine. T h e s e  d a ta  em phas ize  
the im portance o f confirming ligand affinities and  optim um  binding 
conditions w hen changing tissue preparations. S uch alterations in 
affinities can lead to significant d ifferences in da ta  interpretation.

154.16
THE DOPAMINE TRANSPORTER IN THE WEAVER M U TA N T MOUSE: 
DIFFERENTIAL SENSITIVITY TO DOPAMINE UPTAKE BLOCKERS. J.R.
Simon*. M . Brenneman and B. Ghetti. Institute of Psychiatric Research, 
Indiana University School of Medicine, Indianapolis, IN 4 6 2 0 2 .

The weaver mutant mouse has a genetic defect that results in the loss 
of dopamine (DA) neurons in the nigrostriatal pathw ay. The resulting loss 
of striatal DA transport activity is greater than the loss of the other striatal 
DAergic markers, and greater than that predicted by the actual cell loss in 
the substantia nigra. We tested the hypothesis that the DA transporter in 
the weaver striatum was different from the normal transporter, thus 
accounting for the excessively lowered transport activity. Striatal sucrose 
homogenates were prepared, and DA uptake w as determined at 30°C for 
2 min using 10 nM [3H]-DA in the absence and presence of varying 
concentrations of DA uptake inhibitors. For kinetic analyses, the DA 
concentration was varied from 10 nM to 1 µ M and uptake w as carried out 
in the absence and presence of the inhibitor. The IC50 values for GBR12909, 
G BR12935 and mazindol did not differ between the genotypes. However, 
other IC60 values suggested that nomifensine and cocaine were 1 .5 -2  times 
more potent in the weaver and indatraline, bupropion and benztropine were 
2 .5 -3  times more potent in the weaver. The IC60 values ranged from 2 nM 
for G BR12909 to 3 6 0  nM for bupropion. Preliminary results from kinetic 
analyses indicate an alteration in both the Km and the V max in the weaver 
striatum. Kinetics of the inhibition by G B R 12909 and cocaine will also be 
presented. The results to date indicate that the striatal DA transporter in the 
weaver may not be identical to that in the normal mouse. This does not 
appear to be a direct result of the mutation, but may be related to 
differences in postranslational modifications and/or the w ay the transporter 
is regulated in the tw o genotypes. (Supported by P01 N S 2 76 13 ).

154.18
RECOVERY OF DOPAMINE TRANSPORTER BINDING AND FUNCTION 
FOLLOWING ADMINISTRATION OF THE IRREVERSIBLE INHIBITOR RTI-76. 
A. E. Fleckenstein*. F.l. Carroll. S. Pӧ g ün and  M.J. Kuhar. NIH-NIDA  
Intramural Research Program, P.O. Box 5180, Baltimore, M D  21224.

Effects of Intrastriatal administration of RTI-76 (3β-(p -c h lo ro p h e n y l)-  
tro p a n -2 p -c a rb o x y lic  a c id  p -is o th io c y a n a to p h e n y le th y l ester 
hydrochloride), an  irreversible inhibitor of the  dopam ine  transporter 
in vitro. on (125I)RTI-55 binding to  striatal d o p a m in e  transporters in 
vitro w e re  e x a m in e d  in m a le  rats. E ffects  on  (3H )d o p a m in e  
tra n s p o rt a n d  D 1 r e c e p to r  b in d in g  in vitro fo llo w in g  RTI-76  
administration w ere  also determ ined. O ne  hour after adm inistration, 
RTI-76 c a u s e d  a  d o s e -re la te d  in c re a s e  in KD for (125l)RTI-55 in 
striatal tissue, w ith o u t a ffe c t in g  transporte r Bmax. In contrast, 24 
hours after administration, RTI-76 caused a  dose-related d e c re a s e  
in d o p a m in e  transporter w ithout a ffe c tin g  KD; a  d e c re a s e  that 
persisted for several days thereafter. Transport of (3H )d o p a m in e  into 
synaptosom es w as d e c re a s e d  similarly. Intrastriatal injections of 
reversible transporter inhibitors such as c o ca in e  or W IN-35428 w ere  
without e ffect on transporter binding 1 or 6 days after adm inistration. 
RTI-76 h a d  re la tiv e ly  little  e f fe c t  on  (3H)SCH -23390 b ind ing  to  
d o p a m in e  receptors 1 or 24  hours a fte r  adm inistration, indicating  
some selectivity of RTI-76 for the  dopam ine  transporter. The RT1-76- 
in d u c e d  d e c re a s e  in Bmax, as w ell as th e  c o n curren t d e c re a s e  in 
(3H )d o p am in e  transport, w e re  reversible w ith  tim e , w ith th e  t 1/2o f 
transporter recovery  e s tim ated  to  b e  6 (95% Cl: 4 -10) days. No 
d iffe re n c e  b e tw e e n  t 1/2 o f tra n s p o rte r re c o v e ry  w as  o b s erv e d  
b e tw ee n  m ature (2-3 months of a g e ) an d  a g e d  (11-12 months of 
a g e) rats.

154.20
LOCALIZATION OF DOPAMINE TRANSPORTER LIGAND BINDING 
DOMAINS TO TRANSMEMBRANE SEGMENTS R.A. Vaughan*. M. T. 
McCoy. and M.J . Kuhar Neuroscience Branch, NIDA Intramural Research 
Program, Baltimore, MD 21224

Dopamine transporters (DATs) were photoaffinity labeled with [125I]-DEEP, 
a GBR analog, and [125I]-RTI-82, a cocaine analog, followed by in situ 
proteolysis of transporters in membranes to localize the photolabeled binding 
domains relative to integral membrane structures. Photolabeled rat striatal 
membrane suspensions were treated with trypsin followed by separation o f the 
resultant membranes and supernatants which were analyzed for DAT 
fragments by immunoprecipitation with five different antipeptide antibodies. 
All of the photolabeled fragments were recovered in the post-trypsin 
membranes, indicating that the ligands are incorporated in or near 
transmembrane spanning regions and not in hydrophilic loops or domains 
rendered soluble by proteolysis. (I25I]-DEEP was localized to 14-and 45kDa 
fragments which immunoprecipitated with an N-terminally derived antiserum, 
serum 16 (a.a. 42-59). [125I]-RTI-82 was found in two fragments, the larger of 
which (34 kDa) precipitated with three antisera whose epitopes ranged from 
transmembrane domains 4 to 12, while the smaller fragment (16 kDa) 
precipitated exclusively with the antiserum directed against the sequence near 
the region of TMD 4, (serum 5, a.a. 225-238). Enzymatic deglycosylation of 
these fragments identified sialic acids and N-linked carbohydrates exclusively 
on the 45 kDa [125I]-DEEP fragment that immunoprecipitated with serum 16. 
The Mr of this fragment after deglycosylation was approximately 25 kDa. 
These finding correlate well with site-directed mutagenesis identification of 
specific residues involved in ligand binding in putative TMDs 1 and 4, and 
begin to reveal details of DAT topological organization and structure-function 
relationships.
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154.21
IS TH E R E  A FU N C TIO N A L DO P A M IN E  TR A N SP O R TE R  V ARIANT?
Z.B. Pristupa * . K.S. .Sugamori , F .  McConkey_and _ H.B. Niznik
Departments of Pharmacology and Psychiatry, University of Toronto and  
the Molecular Neurobiology Laboratory, Clarke Institute of Psychiatry, 
Toronto, Ontario, M 5 T  1R8.

The dopamine transporter (DAT) is important for the maintenance of 
normal dopaminergic function by the rapid removal of dopamine from the 
synaptic cleft. Drugs such as cocaine and amphetamine block the reuptake 
of dopamine by DAT, which appears to be involved in the subsequent 
behavioral and reinforcing effects  of these  psychostim ulants. 
Pharmacological and behavioral evidence suggests that various DAT ligands 
may bind to different states or subtypes of the transporter. W e  have 
found in a non-neuronal cell line commonly used for expression studies, a 
putative functional DAT displaying high affinity [Km ~ 400 nM] and low 
capacity [~ 0.6 pmol/min/105 cells) for [3H]DA uptake. In comparison, other 
commonly used expression cell lines (C H O , Y1, Sf9) showed no 
detectable dopamine uptake. Uptake of dopamine was sodium-sensitive 
and displayed a pharmacological profile clearly indicative of a dopamine 
transporter. Estimated Ki values for the putative DAT and the cloned 
human DAT [hDAT] correlate well with the exception of a few compounds 
(e.g., DA, GBR-12909, and apomorphine). Uptake was reduced by PMA 
(1 µ M) pretreatment and unaffected by forskolin (10 µ M). Northern blot 
analysis with hDAT under fairly high stringency conditions revealed two 
hybridizing bands of 3 .8 and 4.0  kb. The presence of two hybridizing 
bands may indicate the existence of a DAT variant, an alternative splicing 
event or the presence of two different transcription start sites and/or 
polyadenylation sites. Western blot analysis with hDAT-specific antiserum 
(Ciliax et al., [1995] J. Neurosci.), however, did not appear to recognize 
any protein in this cell line. W e are presently using a screening strategy to 
isolate this putative DAT-like variant from a cDNA library.

154.22
TRANSIENT UP- AND DO W N-REGULATION OF G ENE EXPRESSIO N IN 
THE RAT BRAIN : APPLICATION TO  THE DOPAM INE TRANSPO RTER. 
M .P . Martres*, B. Dem eneix+ . M. Hamon and B. Giros.lN S ER M  U288, 
Faculté  de M é decine Pitié -Salpetriѐ re, 75013 Paris; + C N R S  URA90, 
Museum National d'Histoire Naturelle, 75005Paris , FRANCE.

Implication of the brain dopamine transporter (DAT) in the development of 
dependence and tolerance to cocaine is fairly well established. In order to 
investigate the exact function of DAT in the central mechanisms of drug 
addiction, methods are now available to selectively a lter the gene 
expression of this membrane-bound protein and examine the induced 
changes in drug-associated behavior. Rather than injecting into selected 
brain regions anti-sense oligonucleotides to inactivate the DAT mRNA or 
generating, by homologous recombination, a mouse line which does not 
express DAT ("knock-out" strategy), we have chosen to direct local 
expression of the DAT gene through the intra-cerebral administration of 
sense or anti-sense cDNA plasmids. This transfer method should allow a 
long lasting and more efficient effect than that of an anti-sense  
oligonucleotide strategy (time and expression being a key feature related to 
delayed development of addiction). Although non-viral gene delivery 
techniques remain several orders of magnitude behind viral vectors, in vivo 
plasmid-mediated transfection raises none of the concerns of biological 
vectors for human therapy and current improvements make this approach 
timely and feasible. Thus, plasmids containing a strong promoter and either 
Lac Z  or DAT sense or anti-sense cDNA was unilaterally injected together 
with certain cationic polymers, in the rat substantia nigra, a cerebral structure 
rich in dopamine cell bodies. At various times after Lac Z cDNA  
administration, histological brain sections were then examined for their beta 
galactosidase activity. Expression of DAT anti-sense or sense cDNA was 
assessed by the measurement of [3H]DA uptake in striatal synaptosomes 
and also by contro- or ipsilateral rotations induced by am phetam ine  
treatment.

SENSORY SYSTEMS: SPINAL CORD I

155.1
FUNCTIONAL MAGNETIC RESONANCE IMAGING (fMRI) OF HUMAN 
SPINAL CORD ACTIVATION BY NOXIOUS STIMULI. J.G. Collins*, R.
Kennan. Depts of Anesthesiology and Diagnostic Radiology, Yale Univ. Sch of 
Med, New Haven, CT 06510.

We have hypothesized that spinal cord trauma will induce abnormal 
sensory processing in areas rostral to the site of trauma and that different patterns 
of activation may be apparent in the presence of neuropathic and non-neuropathic 
pain states. This abstract reports on continuing studies of fMRI as a tool to 
examine spinal patterns of pain evoked sensory processing..

Adult volunteers were imaged during 13 sec. unilateral foot immersion 
in water at 40° or 48.5° C rated as warm or painful (4-7 on 0-10 VAS), 
respectively. T2* weighted echo planar images were obtained at 1,5T using a 
surface coil (TD=25ms, TR=ls, flip angle=30°) positioned over the lumbar 
enlargement. Twelve images were obtained during each stimulation period. 
Respiratory motion was reduced by having subjects hold their breathe during 
imaging. Images were obtained in axial planes (perpendicular to the cord) and 
coronal planes (parallel to the cord). Parametric T statistics were used to evaluate 
activated pixels within the image. In the axial images, ipsilateral signal increases 
were detected in the cord ranging from 10-60% per pixel. In some cases these 
changes could be correlated with patient motion as determined by monitoring 
center of mass shifts in the images. However, in some cases activation was 
detected without center of mass motion which is suggestive of true changes in 
pixel intensity.

The ipsilateral signal present in spinal cord during noxious peripheral 
stimulation suggests that fMRI may provide information about spinal sensory 
processing of pain.

Supported, in part, by NS10174 and the Donaghue Foundation, DF94-117

155.3

CHRONIC INTRATHECAL TREATMENT WITH NITRIC OXIDE (NO) 
MODULATORS ALTERS CALCITONIN-GENE-RELATED PEPTIDE (CGRP) 
MARKERS IN THE RAT SPINAL CORD. D.P. Menard*. D. van Rossum. S. Kar 
and R. Ouirion. Douglas Hospital Res. Ctr., D ept of Psychiatry and Pharmacol. 
McGill Univ., Montreal, Quebec, Canada H4H 1R3 

We have recently shown that the development of tolerance to the analgesic effects 
of intrathecally infused morphine is correlated with increases in CGRP-iike im- 
munostaining and decreases in [ 125I]CGRP binding sites in the spinal cord. Such 
changes were not observed for various other peptides present in the cord, and the 
coinfusioo of a purported CGRP antagonist, CGRP8-37, with morphine retarded the 
development of tolerance to the antinociceptive effects of the opiate (Soc. Neurosci. 
Abst. 20,308,1994). The mechanisms involved in mediating opiate-CGRP interac
tions remain to be established. As a first step toward that goal, we investigated the 
possible role of NO modulators on spinal CGRP markers as NO was recently pro- 
posed to modulate pain. Sodium nitroprusside (SNP; l0µg), an NO donor, induced 
a hyperalgesic response by itself and potentiated that of CGRP in the tail-immersion 
test L-NAME ( l00µg), an NO synthesis inhibitor, blocked the nociceptive effect of 
intrathecally injected CGRP ( l.0µg) in this test. Following a 7-day intrathecal infu
sion of SNP, CGRP-iike immunostaining in the substantia gelatinosa was markedly 
increased while a chronic treatment with L-NAME induced an opposite effect. Sim
ilarly, [125I]CGRPα  binding increased in the dorsal horn of SNP-treated animals 
while a continuous infusion of L-NAME decreased [ 125I]CGRP labelling. Similar 
alterations in spinal substance P (SP) markers were seen following these two 
chronic treatments. While these data reveal the likely involvement of NO in the 
modulation by CGRP of spinal nociceptive information, it is unlikely to explain 
changes in CGRP markers observed in morphine-tolerant animals as a) identical 
alterations were seen in spinal SP markers and b) similar effects were found on both 
CGRP staining and binding sites in NO treated rats. Supported by MRCC.

155.2
CHANGES IN IMMEDIATE EARLY GENE EXPRESSION IN THE RAT 
SPINAL CORD FOLLOWING NOXIOUS PERIPHERAL STIMULATION.
E. Gardner, J.A. Poat and J. Hughes*. Parke Davis Neuroscience Research Centre, 
Cambridge CB2 2QB, U.K.
The effect of formalin on spinal cord gene expression has been well documented. 
Capsaicin, on the other hand has received little attention as a painful stimulant in 
the spinal cord. The present study has examined the effects of injection of 
capsaicin (80µg/ml ) into the left hind paw, on the induction of immediate early 
genes (IEG) and late onset gene expression in the lumbar region of the cord by in 
situ hybridisation and Northern analysis. The results are compared with those 
obtained by injection of 50µl 5% formalin into the paw of l00g male wistar rats. 
Both chemicals caused a strong behavioural licking/biting response. The response 
to formalin was biphasic and prolonged, lasting for some 45-60 min. In contrast 
capsaicin-induced behaviours were of short duration (less than 3 min). IEGs, such 
as c-fos, NGFI-A and NGFI-B were increased transiently in the outer laminae of 
the lumbar cord ipsilateral to the side of the injection. IEGs of the Jun family 
were increased in only one or two animals with both stimulants. Capsaicin- 
administration instigated increases of a similar magnitude to those of formalin 
suggesting that the short time course of the behavioural response may be due to 
desensitisation, an effect which has been observed with capsaicin in other 
systems. The pattern of IEG expression is different to that observed for noxious 
heat-treatment or Freund's adjuvant administration.
Following formalin-treatment dynorphin mRNA is increased in the outer laminae 
of the lumbar region. The effects of capsaicin on late onset genes are currently 
under investigation.

155.4

MODULATION OF REGENERATIVE MEMBRANE PROPERTIES IN RAT 
DEEP DORSAL HORN NEURONS. V. Morisset and F. Nagy*. INSERM U- 
378, Univ. Bordeaux II, 33076 Bordeaux Cedex France.

In spinal cord of the turtle, intrinsic membrane properties of dorsal horn 
neurons (DHNs), such as calcium-dependent plateau potentials, were shown 
recently to be important for the generation of plasticity involved in integration 
of nociceptive inputs (Russo and Hounsgaard, Neuroscience, 61, 191-197, 
1994). This has not yet been reported in mammals. In an in vitro transverse 
spinal cord slice preparation (cervical region) of 16- to 26-day old rat, we have 
investigated regenerative properties of layer V  DHNs and their sensitivity to 
specific agonists of metabotropic glutamate receptors (mGluRs).

Glutamate is the main excitatory transmitter used by primary afferents. 
Activation of mGluRs with either trans (±) ACPD (50 µ M) or 1S, 3R - ACPD  
(20 µ M) depolarized layer V neurons and considerably increased synaptic 
noise. In a proportion of cells, input resistance was increased by 25%, 
outward rectification to depolarizing current injection was suppressed, and 
firing switched from a  strongly adapting- to an accelerating pattern. When 
most of synaptic inputs were blocked by a  mixture of CNQX, APV, bicuculline, 
and strychine, activation of mGluRs induced bistability. Injection of 
depolarizing current induced a slow rising plateau potential underlying high 
frequency accelerating discharge, that greatly outlasted the stimulation. Both 
the plateau and after-discharge were terminated by a  brief pulse of 
hyperpolarizing current. Spontaneous plateau potentials may be expressed 
rhythmically, leading to repetitive bursts of discharge. In a  small proportion of 
neurons, plateau potentials were also expressed in the absence of metab-
otropic agonists. Some cells showed wind up of the response to repeted 
depolarizing current pulses, that was facilitated by activation of mGluRs.

Therefore, layer V DHNs in the rat show transmitter-modulated intrinsic 
properties that may affect processing of sensory information.

Supported by grants from: DRET ERS 94-1055 , and Conseil Ré gional 
d'Aquitaine 940301212.
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155.5

FACILITATION OF INHIBITORY TRANSMISSION BY  
NORADRENALINE IN SUBSTANTIA GELATINOSA OF RAT 
SPINAL CORD. H. Baba. M. Yoshimura,M. Okamoto. K.Shimoji.
E. Tanaka* and H. Higashi. Dept. Physiol., Kurume Univ. Sch. 
Med., Kurume 830 and Dept. Anesthesiol., Niigata Univ. Sch. Med.,
Niigata 951, Japan

Several lines o f experiments have provided evidence for 
supporting that nociceptive transmission in the spinal dorsal horn is 
modified by descending noradrenergic (NA) fibers originating from 
the brain stem. Primary target o f this system is assumed to be 
substantia gelatinosa (SG). However, the mechanism and site o f  
action o f NA in SG are still unknown. We studied the action o f NA 
on miniature IPSCs and EPSCs (m-IPSCs, m-EPSCs, respectively) 
using blind patch clamp recordings from SG neurons in the adult rat 
spinal cord slices. The m-IPSCs were recorded in the presence o f 
tetrodotoxin, CNQX and APV with patch electrodes containing 
GDP-β-S, cesium and TEA which blocked G protein-coupled and K+ 
mediated responses. NA increased significantly the frequency o f the 
m-IPSCs in the majority of SG neurons. This effect was mimicked 
by the α1 agonist and blocked by the α2 receptor antagonist. Both 
GABAergic and glycinergic IPSCs were augmented by NA. In 
contrast the m-EPSCs were depressed in frequency but it was 
observed only in a few SG neurons and the depression was not 
remarkable. NA had no significant effect on the currents evoked by 
GABA or glycine. These observations suggest that NA may affect 
the nociceptive transmission in SG by facilitating inhibitory 
transmission through the a l  receptors.

155.7

MECHANICAL ALLODYNIA AND THERMAL HYPERALGESIA IN 
CHRONIC CENTRAL PAIN FOLLOWING SPINAL CORD INJURY. 
M.D. Christensen*. J. Pickelman. M. Ziainia and C.E. Hulsebosch. Dept.
of Anat. and Neurosci. and Marine Biomed. Inst., Univ. Texas Med. Br., 
Galveston, TX 77555-1069.

Spinal cord injury (SCI) frequently results in dysesthesias. We have 
developed a model of chronic central pain following spinal cord trauma. 
Sprague-Dawley rats (N =5) were hemisectioned at T13 and were tested 
both preoperatively and postoperatively for mechanical and thermal 
responses using the paw withdrawal reflex in all limbs. Prior to the 
hemisection, the rats had no response to von Frey stimulation of 4.41 mN 
in any limb. Postoperatively, responses in the contralateral hindlimb 
continued to increase in frequency over the next two weeks of testing and 
peaked on postoperative day (POD) 15 with a mean response of 70% by 
POD 9, the mean number of paw withdrawals was 5.8%. The forelimbs 
displayed similar trends following SCI. Preoperatively, the mean paw 
withdrawal latency to the heat stimulus was 22 .9± 3 .0  seconds (s) and
20.1±3.1 s for the hindlimbs and forelimbs. Postoperatively, the mean 
hindlimb and forelimb latency of paw withdrawal decreased to 11.9± 1.8 s 
and 9 .2± 2 .5  s respectively. These decreases in mechanical and thermal 
thresholds is statistically significant when compared to intra-animal 
preoperative and sham control values (p<0.05). These data indicate that 
somatosensory thresholds which elicit paw withdrawal (flexor reflex) are 
significantly lowered following SCI. These changes represent the 
development of mechanical allodynia and thermal hyperalgesia. (Supported 
by NIH grant NS 11255 and the Kent Waldrep Foundation)

155.6
CH AN GES IN RAT DO RSAL H O RN NEU RO N A L C IR C U ITR Y  
IN  R E S P O N S E  T O  P A R T I A L  P E R I P H E R A L  
D E A FFEREN TA TIO N : A LIG H T & ELE C TR O N  M IC R O SC O PIC  
STUDY. D .D .Ralston*. X .M eng. M .B ehbehani. S .C .Sehlhorst and 
H.J.Ralston. III. Dept. Anatomy, U.C.S.F., San Francisco, CA. 94143-0452 and 
Dept. Physiology, Univ. Cincinnati, OH, 45267-0576.

Anaesthetized rats received a unilateral partial tight ligation (Seltzer, et al, 
Pain 43: 205-218, 1990) of one sciatic nerve. Following recovery from surgery, 
the animals exhibited exaggerated responses to innocuous cutaneous stimuli which 
was interpreted as hyperalgesia. This behavior lasted for several weeks. At survival 
times ranging from 4-6 weeks, the animals were reanaesthetized and perfused 
intracardially with mixed aldehydes. Vibratome sections of the lumbar enlargement 
were examined by light and electron microscopic immunocytochemical methods,
comparing the operated and unoperated sides of the cord.

Light microscopic immunocytochemistry demonstrated reduced numbers of 
GABA immunoreactive (GABA-ir) neurons in the superficial dorsal horn of the 
operated side. There was a corresponding increase in the NMDA subtype I receptor 
(NMDAr) on the same side. Electron microscopy revealed evidence of early and 
late forms of degeneration of primary afferent terminals at all survival times 
examined, suggesting an on-going degenerative process. Immunocytochemically 
labeled substance P receptor (SPr) is widely and uniformly distributed on dendritic 
membranes of superficial dorsal horn neurons on the normal side of the cord. 
However, the SPr aggregated into clumps of electron dense material on the 
cytoplasmic aspects of the dendritic membranes on the side of the sciatic nerve 
lesion.

We interpret these findings to indicate postsynaptic changes in 
neurotransmitters and receptors in response to transganglionic degeneration of 
primary afferent axons. A quantitative analysis of these alterations, to determine 
the correlation of these changes with the behavioral state of the animals, will be 
reported. Supported by NS 21445 and NS 20643.

155.8
MORPHOLOGICAL CLASSIFICATION OF MARGINAL (LAMINA I) 
NEURONS IN THE CAT SPINAL CORD. A GOLGI STUDY 
D. Lima*. V. Galhardo and A. Coimbra. Institute of Histology and Embryology. 
Faculty of Medicine of Oporto, 4200, Porto, Portugal.

The marginal zone of the spinal cord plays an important role in supraspinal 
transmission of nociceptive input. In the rat, marginal neurons belong in four 
structural groups with particular neurochemical nature and projection targets. The 
functional meaning of this cell diversity is, however, poorly understood because of 
the difficulty in performing intracellular recordings in the rat. In this study, the 
morphology of marginal neurons impregnated by the Golgi-Rio Hortega method, is 
studied in the cat. Neurons from the cervical and lumbar enlargements were 
examined in transverse (106), parasagittal (71) and horizontal (57) view. The 
Sholl's morphometric analysis was applied to camera lucida drawings of all 
neurons. In 33% of the cells there was a spindle-shaped longitudinally oriented 
perikarya and bipolar rostrocaudal dendritic arbors with numerous pedicled spines 
(fusiform A). A few cells (6%) presented the same characteristics, but with some 
ventral dendritic branches which traversed lamina II (fusiform B). Other cells (12%) 
presented polygonal perikarya and numerous primary dendritic trunks ramified 
longitudinally and ventrally, with multiform dendritic spines (multipolar A). Similar 
cells (10%) had longer and less spiny dendrites (multipolar B). Another group 
(17.5%) had discoid perikarya and aspiny dendritic arbors oriented along the 
horizontal plane (flattened). Finally, 21.5% cells presented prismatic triangular 
perikarya introduced by the dorsal comer in the white matter, and dendrites 
ramifying inside the marginal zone and through the dorsal or dorsolateral funiculi 
(pyramidal). A few cells belonging to any group (6.5%) presented perikarya and 
dendritic arbors three times larger than the remaining. It is concluded that marginal 
neurons in the cat are entirely similar to those occurring in the rat in what concerns 
the morphological characteristics of each neuronal group and their relative amounts.

155.9

SUPPRESSION OF C-FOS EXPRESSION IN AN ISOLATED 
PREPARATION OF MAMMALIAN SPINAL CORD BY DYNORPHIN A, 
BUT NOT BY MORPHINE. L. Zhang, J. Bagust, E. Huang, and R .G.
Williams. (SPON: Brain Research Association). Dept Physiology and 
Pharmacology, Univ of Southampton. UK. S016 7PX.

Expression of the immediate early gene c-fos is frequently used to 
indicate dorsal horn cells that are active in nociceptive pathways. High 
intensity afferent stimulation induces c-fos expression in isolated 
preparations of rat spinal cord and has been used to study the effects of bath 
applied opiates, morphine and dynorphin A (Dyn), upon this response. Spinal 
cords dissected from juvenile (30-40gm) rats were maintained in a recording 
chamber perfused with artificial cerebrospinal fluid at 27°C. Trains of 
electrical stimuli (20 x threshold, 10Hz, for 10 min), were delivered to a 
lumbar dorsal root, and after 2 hours incubation the cord was fixed and 
processed for c-fos using an immunocytochemical technique. The mean 
number of cells per 7pm section expressing c-fos immunoreactivity in the 
ipsilateral dorsal horn was counted. In the presence of 10-4M morphine 
sulphate there was no significant change in the mean number of positive cells 
compared to the control. However incubation of the cord in the presence of 
the peptide dynorphin A produced a dose dependent reduction in the cell 
count which was reversed in the presence of 10-5M naloxone (Nal).

T re a tm en t

Control
Morphine (10-4M) 
Dyn (10 -8M)
Dyn (10-6M)

M ean  positive 
cells/section

±s.e.m n S ignificance
(t-test)

64.5 4.9 4 -

61.6 4.8 4 P>5%
41.4 4.6 3 P<5%
25.6 3.5 3 P<1%

M) 61.8 4.1 4 P>5%
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156.1
MEASUREMENT OF CHOLECYSTOKININ RELEASE IN THE RAT SPINAL 
CORD USING ANTIBODY MICROPROBES. S.J.A. MacMillan*. R.C. Riley and 
 A.W. Duggan. Department of Preclinical Veterinary Sciences, Royal (Dick) School 
of Veterinary Sciences, University of Edinburgh, Summerhall, Edinburgh, EH9 
1QH, UK.

Cholecystokinin (CCK) has been proposed to play a role in the spinal processing 
of nociceptive information including the effects of opiates administered either 
acutely or chronically. In the spinal cord, CCK is contained within nerve terminals 
in the superficial dorsal horn and around the central canal, many of these terminals 
being of a supraspinal origin. Antagonists to CCK-B receptors, when administered 
intrathecally to rats, have been found to enhance morphine analgesia and to attenuate 
tolerance to morphine. However, neither acute nor repeated morphine treatment has 
been found to alter the spinal cord content of CCK or the binding characteristics of 
CCK-B receptors. Thus, there is a need to study the release of cholecystokinin both 
in normal animals and following acute or chronic opiate administration . The present 
study has examined the release of immunoreactive (ir)-CCK in spinal cords of 
normal rats employing antibody microprobes.

Rats were anaesthetized with urethane (1g/kg, intraperitoneally) and the upper 
lumbar spinal cord exposed. Antibody microprobes bearing immobilized antibodies 
to CCK were inserted 2.25 mm into these segments and remained in place for 5, 15 
or 30 minutes. In the absence of any active peripheral stimulus, the antibody 
microprobes present for all three time periods, detected ir-CCK in the deep dorsal 
horn and ventral horn areas of the spinal cords. These findings are consistent with 
those of the immunocytochemical studies and suggest a basal release of ir-CCK in 
the spinal cord of these normal rats. Experiments are currently under way to 
determine what effect the induction of morphine tolerance has on these basal levels. 
(Supported by the Wellcome Trust and the MRC)

156.3
ULTRASTRUCTURAL C H A R A C T E R IZ A T IO N  O F  NM DA 
RECEPTOR SUBTYPE 1 AND GABA IM M UNO REA CTIVITY IN 
THE NORMAL AND R H IZO TO M IZED  SU PERFIC IA L DORSAL 
HORN OF THE RAT. A.M.Milrov*. X.Meng. S.A.Canchola and 
D.D.Ralston, Dept. of Anatomy and W.M.Keck Foundation Center for 
Integrative Neurosciences, Univ. of California, San Francisco CA 94143.

Transient or permanent physiological and anatomical changes in the 
superficial spinal cord in response to deafferentation include increased 
excitability of dorsal horn neurons thought to be related to increased n-methyl 
d-aspartate receptor (NMDAr) binding by glutamate and/or a decrease of γ 
aminobutyric acid (GABA) mediated inhibition. To identify the possible 
changes in synaptic circuitry in the superficial dorsal horn in rhizotomized 
rats as compared to control rats, we combined anterograde degeneration, a 
pre-embedding immunocytochemical reaction for the NMDAr subtype 1 
(NMDAr-ir) and a post-embedding immunogold method for the presence of 
GABA.

Results indicate that following dorsal rhizotomy, primary afferent 
terminals, mainly in lamina II, demonstrate early stages of degeneration as 
identified by the disruption of structure of the mitochondria, clumping of 
synaptic vesicles and a concurrent increase in vesicle size. The 
immunocytochemically defined reaction to NMDA receptors can be seen as 
electron dense products in either dendritic or axonal terminal profiles, seen in 
association with the membrane or in close apposition. Degenerating primary 
afferent profiles were noted to contact NMDAr-ir dendritic profiles. NMDAr- 
ir axonal terminal profiles were occasionally seen to also be positive for 
GABA. GABAergic terminals seen to be presynaptic to the degenerating 
primary afferents, appear to be decreased in number in the superficial dorsal 
horn following loss of primary input in comparison to the controls. Further 
studies are in progress to quantify excitatory and inhibitory synaptic 
remodeling in the superficial dorsal horn due to primary afferent injury.

This work is supported by NIH grant NS 21445.

156.5
SPINAL CORD NEURONS IN WHICH INTERACTION BETWEEN N-METHYL-
D-ASPARTATE AND NEUROKININ-1 RECEPTORS MAY OCCUR. P. Szucs1, E. 
Polgar1. L. Urban2, S. Jeftinija*3 and I. Nagy1, 1Dept. Anat., Univ. Med. Sch., 
Debrecen, H4012, Hungary; 2SIMR, 5 Gower Place, London, WC1E 6BN, UK; 
3Dept. Vet. Anat., Univ. Iowa State Univ., Ames, IA50011 .

N-methyl-D-aspartate (NMDA) and neurokinin-1 receptors (NK1-R) activated by 
aspartate/glutamate and substance P respectively, are reported to play a key role in the 
initiation and maintenance of hyperalgesia in the spinal cord. An interaction between 
NMDA and neurokinin receptors through the intracellular second messenger system 
has been suggested. This suggestion implies the co-expression of NMDA and 
neurokinin receptors on the same cell. The aim of this study was to show spinal 
neurons co-expressing NMDA and NK1-R.

Neurons expressing NK1-R were shown by immunohistochemical reactions using 
anti-NKl-R antibody (kindly provided by S. Vigna) in rat spianl cord. The type and 
distribution of immunopositive perikarya were analysed and compared to those 
expressing different ionotropic excitatory amino acid receptors (EAA-R) shown 
previously1.

In lamina I about 10% of the neurons were stained. The majority of immunopositive 
perikarya belonged to fusiform cells however, flattened cells were also present. In 
lamina II only 2-3% of the neurons showed immunopositivity. More than 80% of 
them were stalked cells while the others were transverseux cells of Cajal and large 
multipolar neurons. In lamina III and IV 5-6% of the neurons were stained. They 
belonged to the central and antenna cell type.

Comparison of these results to our previous findings suggests that the interaction 
between NMDA and NK1-R may primarily occur in central and pyramidal cells of 
lamina III-IV. These results also indicate that there may be dorsal horn neurons 
which do not co-express NK1-R with any of the ionotropic EAA-R.
1. Nagy et al. (1994) J. Comp. Neurol., 344:321-335.

156.2
METABOTROPIC GLUTAMATE RECEPTOR (mGluR) MEDIATED EFFECTS 
ON RESPONSES OF RAT SPINAL NEURONES. M W. Jones and P.M. Headley. 
The Medical School, Bristol BS8 1TD, U.K. SPON: Brain Research Association.

The potentiation of responses of rat spinal neurones to NMDA, AMPA and kainate 
produced by both (1S,3R)-ACPD (a non-selective mGluR agonist) and (RS)-3,5- 
DHPG (selective for group I, PI-linked, mGluR) is secondary to an enhanced 
excitability, since there is no effect when NMDA/AMPA cycling is superimposed on 
constant, kainate-maintained background discharge (“excitability controlled”). We 
have now tested these mGluR agonists and the group III, cAMP-linked, mGluR-
selective agonist L-AP4 on responses to GABA and on synaptic responses to 
peripheral noxious pinch stimuli.

In experiments on α -chloralose anaesthetized spinalized rats, ionotropic amino 
acid agonists were ejected microelectrophoretically in regular cycles, in some cases 
alongside a pinch stimulus applied to the ipsilateral hindpaw. mGluR agonists were 
tested on single spinal neurones with or without excitability control (see above).

In contrast to the significant potentiation of NMDA and AMPA-evoked responses 
seen when background discharge was unrestrained, during excitability controlled 
tests (1S,3R)-ACPD did not potentiate NMDA, AMPA or GABA-evoked responses. 
(RS)-3,5-DHPG similarly had no effect on these ionotropic responses during 
excitability control. In tests involving synaptic responses, (RS)-3,5-DHPG 
significantly potentiated responses to pinch and AMPA and increased any 
uncontrolled spontaneous activity. Preliminary data with L-AP4 show that responses 
to pinch were markedly reduced whilst responses to AMPA remained unaffected.

These results suggest that postsynaptic actions of group I mGluR in the spinal cord 
lead to an enhancement of synaptic responses secondary to an increase in cell 
excitability, whereas presynaptically acting group III mGluR agonists can directly 
and selectively affect excitatory synaptic (including nociceptive) responses.
This work was supported by the MRC.

156.4
DIFFERENTIAL SENSITIVITY OF RAT DORSAL HORN NEURONES 
IN  VITRO  TO SELECTIVE NK-1 AND NK-2 AGONISTS. A. E. King*.,J
R Slack and J. A. Lopez-Garcia. Department of Physiology, University of 
Leeds, Leeds, LS2 9NQ, U.K.

Analysis of the distribution of the neurokinin receptor subtypes NK-1 and 
NK-2 reveals an abundance, especially of the NK-1 subtype, in the rat spinal 
dorsal horn (DH). We have studied intracellularly the sensitivity of DH 
neurones in the rat hemisected spinal cord in vitro  to the selective NK-1 
agonist [Sar9,Met(O2)11]-substance P and the NK-2 agonists [β-Ala8]NKA4-10 
and GR64349. Superfusion of [Sar9,Met(O2)11]-substance P at 2 µM or 4 
µM induced mean ± s.e.m depolarizations of 5.5 ± 0.8 mV (n=30) versus 9.3 
± 1.6 mV (n=6) respectively accompanied in 50 % of neurones by an increase 
in spontaneous EPSPs and cell firing. In 10 neurones spontaneous EPSPs 
were also elicited. Only 6/36 neurones tested failed to respond to the NK-1 
agonist. By contrast superfusion of the selective NK-2 agonist GR64349 at
0 .25-3 µM produced a depolarization of only 1.0 ± 0.4 mV and only 4/13 cell 
responded There was little change in the level of spontaneous EPSP/IPSP 
activity and cell finng. The other NK-2 agonist [β-Ala8]NKA4-10 produced a 
modest depolarization of only 1.5 ± 0.6 mV (n=4) at the much higher 
concentrations of 10-20 µM. These results suggest a higher sensitivity of DH 
neurones to selective NK-1 agonists compared to NK-2 agonists and more 
strongly implicate this receptor subtype and its endogenous ligand, substance
P, in DH neurotransmission.
(Supported by The Wellcome Trust)

156.6
GABAa RECEPTOR INVOLVEMENT IN EFFECTS OF ISOFLURANE ON 
SPINAL NEURONAL RESPONSES TO LOW INTENSITY RECEPTIVE 
FIELD STIMULATION IN THE RAT. M. Kaneko*. T. Tsukamoto. J G.
Collins. Dept. of Anesthesiology, Yale Univ. Sch. Of Med., New Haven, CT.

Our laboratory is pursuing a better understanding of the effects of 
anesthetics on spinal sensory processing. We have reported that isoflurane 
reduces the low-threshold receptive field (RF) area of spinal dorsal horn neurons 
and decreases the response of those neurons to low-intensity stimulation in the 
remaining RF area. The purpose of this study is to examine possible interaction 
of isoflurane with GABAa receptors in producing those effects.

Extracellular activity of single spinal dorsal horn neurons in the lumbar 
enlargement was recorded in spinally transected rats. After determination of low 
threshold RF area and neuronal response to brushing in the presence of 1.4%, 
1.8% and 2.1% isoflurane, animals received intravenously various doses of 
picrotoxin (0.2 - 5.0 mg/kg) in a cumulative manner, followed by re-evaluation of 
RF area and response to brushing. To date, 15 neurons have been examined. 
Increasing the isoflurane concentration from 1.4% to 1.8% or 2.1 % significantly 
decreased both RF area and the response to brushing. The administration of 
lower doses of picrotoxin partially reversed both reduced RF area and response 
to brushing in all neurons examined. Higher doses of picrotoxin produced full 
reversal in RF area and response to brushing in 9 and 10 neurons, respectively. 
Picrotoxin 5 mg/kg injection resulted in larger RF area than that of 1.4% 
isoflurane in 4 neurons.

These results indicate that the effect of isoflurane anesthesia on spinal 
neuronal response to low-intensity stimulation is due, at least in part, to 
interactions at GABAa receptors, while suggesting other systems are also 
involved in the complex network of spinal cord sensory processing.

Supported, in part, by NIH GM 44954
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156.7
ENFLURANE SUPPRESSION OF RAT DORSAL HORN NEURONAL 
RESPONSES TO RECEPTIVE FIELD STIMULATION DEPENDS, IN PART, 
ON GABA RECEPTORS. T. Tsukamoto*. M. Kaneko. J.G. Collins.
Department of Anesthesiology, Yale University School of Medicine, New Haven, 
CT 06512.

We have previously demonstrated that the inhalation anesthetic 
enflurane alters the response of spinal dorsal horn neurons to receptive field 
stimulation. We have also reported that GABAa receptor antagonists are capable 
of partially reversing similar changes caused by the anesthetic, halothane. The 
purpose of these studies was to examine the effects of the GABA antagonist, 
bicuculline on enflurane induced changes in spinal dorsal hom neuronal 
responsivity.

Activity was recorded from single spinal dorsal horn neurons in 
enflurane anesthetized, spinal cord-transected rats In the baseline anesthetized 
state, low-threshold receptive field size was mapped and neuronal response to 
receptive field brushing was evaluated. Following increases in anesthetic 
administration and subsequent to bicuculline administration (0.5 mg/kg) all of 
those parameters were redetermined.

As was shown in the intact cat preparation, enflurane causes a dose- 
dependent reduction in low-threshold receptive field size in the spinal cord 
transected rat. In cells studied to date, bicuculline has demonstrated a partial 
reversal of the enflurane induced reduction in a low-threshold receptive field size.

As previously reported with halothane and as will be reported at this 
meeting with isoflurane, GABA antagonists are capable of partially reversing the 
inhibitory effects of the inhalation anesthetic enflurane. These results suggest that 
the ability of inhalation anesthetic agents to inhibit spinal sensory neuron activity 
is due, in part, but not totally, to GABA receptor involvement.

Supported, in part, by NIH GM44954.

156.9

DISTRIBUTION OF IMMUNOREACTIVITY FOR THE β2 A N D  β3 
SUBUNITS OF THE GABAA RECEPTOR IN THE MAMMALIAN SPINAL

1Dept. of Anatomy, Wright State University, Dayton, OH. 2Dept. of 
Physiology, University of North Carolina, Chapel Hill, NC. 3Division of Molecular 
Biology & Biochemistry, University of Missouri, Kansas City, MO.

The spinal cord distribution of GABAA receptors was analyzed using two anti-
bodies (mAbs 62-3G1 and bd-17) directed against epitopes shared by β2  and β3
subunits. β2/β3 subunit-immunoreactivity (β2/β3-IR) was most intense in lamina III 
and inner lamina II where it primarily appeared as punctate labeling. This immuno- 
reactive band overlapped with the terminal arborizations of primary afferents 
immunoreactive to SSEA4 monoclonal antibody or positive for GSA-IB4 binding; 
whereas most neuropeptide-IR primary afferents arborized more superficially. 
Rhizotomy experiments and ultrastructural observations indicated that β2/β3-IR is 
largely localized to intrinsic neuropil elements rather than primary afferent 
terminals. (β2/β3-IR was less intense in deeper laminae but numerous dendrites and 
cell somas appeared clearly outlined by surface immunoreactivity; however most 
motoneurons expressed very low β2/β3-IR- β2/β3-ER of neuronal membranes was 
rather continuous, although focal accumulations of immunolabeling were also 
detected using immunofluorescence. Focal β2/β3-IR correlated ultrastructurally with 
the presence of synaptic contacts from presynaptic boutons and, using dual color 
immunofluorescence, with glutamic acid decarboxylase immunoreactive (GAD-IR) 
terminal appositions. Continuous β2/β3-IR (extrasynaptic) and the density of GAD-
IR terminal appositions frequently did not correlate: e.g. many lamina VII neurons 
displayed high β2/β3-IR but few GAD-IR boutons; motoneurons displayed frequent 
GAD-IR boutons but low β2/β3-IR- Thus, non-classical "synaptic" interactions can 
be postulated for spinal GABA actions mediated by the GABAA receptor.

156.8
GABAa- AND GLYCINE RECEPTOR-MEDIATED MINIATURE IPSCs IN 
SUPERFICIAL SPINAL DORSAL HORN NEURONS OF ADULT RATS.
Yves De Koninck*. Depts. of Anesthesiol. & Pain Mngmt, UTSW Med. Ctr., Dallas, 
TX 75235-9068 and Pharmacol. & Therap., McGill Univ., Montréal, Qué. H3G 1Y6

GABA and glycine are often co-localized in the superficial dorsal hom (Proudlock 
et al J.Comp.Neurol. 327:289,1994). In addition, GABAa and glycine receptors are 
frequently found postsynaptic to the same terminal in this region (Bohlhalter et al 
Brain Res. 642:59, 1994). Distinct GABAa- and glycine receptor-mediated mIPSCs 
have also been reported in cultured spinal cord neurons (Lewis & Faber, Soc.Neuro- 
sci.Abstr. 20:1715, 1994). These findings raise questions as to the functional signifi
cance of such co-localization of inhibitory mechanisms.

To determine how GABA- and glycine receptor-mediated synaptic events are dis
tributed among fully differentiated neurons of the superficial dorsal horn, whole cell 
patch-clamp recordings were obtained from laminae I-III cells in adult (60+ day old) 
rat spinal cord slices. Slices were cut from lumbar and cervical segments in the hori
zontal or parasagittal planes and maintained in normal Ringer (at 22 °C or 35 °C) 
containing 1µM TTX and either 5mM kynurenic acid or 10µM CNQX / 40µM APV.

A heterogeneous population of mIPSCs was found based on rise and decay kinet
ics. In some cells, after selecting mIPSCs with similar rise times, the sum of multiple 
Gaussians best described the distribution decay time constants. Average values for 
the Gaussian fits ranged from 1.2±0.3ms to 10.5±2.7ms at 35 °C and 4.5± 1.2ms to 
41.3 ±  8.9ms at 22 °C. Rise times distributions could also be fitted by the sum of sev- 
eral Gaussian reflecting either that the mIPSCs originated at different electrotonic 
distance or the presence of distinct receptor subtypes. Miniature IPSCs with fast de
cays were sensitive to 1µ M strychnine and those with slower decay kinetics were sen-
sitive to bicuculline (10µ M) indicating a difference in kinetics o f glycine and GABAa 
receptors. The distribution of mIPSCs kinetics was not uniform among neurons, as 
some expressed mIPSCs with only fast or slow decays and others expressed a wide 
range of mIPSC kinetics. These results indicate that glycine and GABAA-mediated 
inhibitory mechanisms may play distinct roles in the superficial dorsal horn.

Supported by the Canadian MRC and the Sid W. Richardson Foundation.

156.10
IM M U N O H ISTO C H EM ICA L ANALYSIS O F TH E DISTRIBUTION OF 
GLYCIN E RECEPTO RS O N  DORSA L SPIN O CER EBELLA R TRACT 
NEURONS IN THE CAT. J .C .P earson*,F.J. Alvarez. M.I. Sedivec1,
L. Torbeck, D.E. Dewey, and  R.E.W. Fyffe . D ept. o f A natom y, W rig h t State 
U niversity , D ayton , OH , 45435, an d  1D ept. B io logy, A p p a la ch ia n  State 
U niversity , Boone, NC, 28608.

G lycine is a  major in h ib ito ry  n euro transm itter in  th e  sp ina l cord w here i t 
h as  p o w erfu l influence o n  m o toneurons a n d  in te rn eurons. Im m unohisto
chem istry using  an  an tibody  d irected  aga inst gep h y rin , a  p ro te in  associated 
w ith  p o stsy n ap tic  g lycine recep to rs , a lso  rev ea ls  n u m ero u s glycinergic 
synapses in the dorsal nucleus of C larke (C larke 's  co lum n), w h ich  contains 
th e  cells o f orig in  o f an  im p o rta n t sensory  feed b ack  p a th w a y  to  th e  
cerebellum , the dorsal sp inocerebellar trac t (DSCT). W e w ere  in terested  in 
d e te rm in ing  w h ich  in trinsic elem en ts o f C la rk e 's  co lum n express glycine 
receptors, an d  h ow  such  receptors a re  o rg an ized  o v e r in d iv id u a l neurons. 
Id en tified  DSCT cells w ere  in tra -ce llu la rly  s ta in e d  w ith  neurobio tin  in 
deep ly  anesthetized  cats, and glycine receptors w ere  identified  by g ephyrin - 
im m unoreactiv ity  (geph-ir). G eph-ir is located  on b o th  d en d rites  and  cell 
bodies of DSCT cells b u t is d istrib u ted  non-hom ogeneously am ong  the DSCT 
cell p opu lation . The m ajority  of DSCT cells express few , if an y , glycine 
receptors. A sm aller p ro p o rtio n  h ave  a  m o d era te  a m o u n t o f g ep h -ir and 
others have receptors d istribu ted  ab u n d an tly  over th eir som a an d  dendrites, 
c o m p a ra b le  to  th e  ex p re ss io n  p a tte rn s  o b se rv e d  in  motoneurons. 
In te res tin g ly , g lycine recep to r c lu s te rs  sh o w  a so m a to -d e n d ritic  size 
g rad ien t sim ilar to  th a t o bserved  in  m otoneurons an d  m o st v en tra l horn 
in terneurons. The varia tion  in  receptor n u m b er suggests differential levels of 
influence of glycinergic in h ib ito ry  m echanism s over d iffe ren t DSCT cells. 
S upported  in  p a rt by  WSU-BRSG 94003 an d  N IH  g ran t NS25547.

156.11
SPINALLY TRANSECTED ADULT CATS SHOW CHANGES IN 
GLUTAMATE DECARBOXYLASE (GAD67) mRNA IN LUMBAR SPINAL 
CORD AFTER LOCOMOTOR OR STANDING TRAINING. N.J.K.
Tillakaratne*1, J.A. Hodgson1, R.R. Roy1,3, A.J. Tobin1-4, and V.R. Edgerton1,3. 
Departments of 1Physiological Science and Neurology, 3Brain Research Institute and 
4Molecular Biology Institute, University of California, Los Angeles, CA 90095.

Adult cats completely spinalized at T12-13 can execute full weight-bearing stepping 
if appropriately trained postoperatively. Further, it appears that inhibitory 
neuromodulators such as GABA and glycine in the spinal cord play an important role 
in controlling locomotion. We have recently discovered increased levels of GAD67 
mRNA in both dorsal and ventral horn of the lumbar spinal cord following spinal 
transection (Tillakaratne et al. 1995, SFN Abstracts). To further delineate and 
determine its significance to injury and the recovery of locomotion in response to 
injury, we examined how GABA-related molecules in adult cat lumbar spinal cord 
respond to motor training after complete low thoracic (T12) spinal transection 
(afferents remain intact). We examined the changes of GAD67 mRNA using in situ 
hybridization histochemistry in the lumbar cord of three groups of spinal transected 
cats who underwent postoperative motor training for: (1) full weight-bearing stepping 
(treadmill walking) alone; (2) full weight-bearing standing alone; and (3) both stepping 
and standing.

We find that among these groups there are significant differences in GAD67 mRNA 
levels in several specific populations of GABA neurons in the deep layers of dorsal 
horn of lumbar spinal cord. For example, in standing trained spinal cats , GAD67 
mRNA levels in GAD positive neurons in medial laminae VI are higher than that of 
walking trained spinal cats. We are evaluating whether these postoperative 
interventions used have unique effects on these GABA neurons in addition to that 
which can be attributed to the spinal transection itself. Supported by grants to NJKT 
(NRSA, HD07416), AJT ( NS 22256) and VRE (NS16333).
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MECHANISMS OF CALCIUM MEDIATED AXONAL INJURY AFTER 
SPINAL CORD TRAUMA. S. Agrawal* and M. G. Fehlings. Playfair 
Neuroscience Unit, The Toronto Hospital Research Institute, 399 Bathurst 
Street, Toronto, Ontario, Canada M5T 2S8

Rises in intracellular Ca2+ have been linked to the pathophysiology of 
traumatic CNS injury. However, the mechanisms of Ca2+ induced white matter 
injury are unclear given the lack of receptor operated or voltage dependent 
Ca2+ channels on axons. In the present study we have examined mechanisms 
of calcium-dependent axonal injury in an in vitro model of spinal cord trauma.

A strip of adult rat dorsal column (n=57) was pinned in a recording chamber 
which was perfused with oxygenated Ringer. Compound action potentials were 
recorded extracellularly from microelectrodes. Injury was accomplished by 
compressing the dorsal column strip in vitro with a 2 g clip for 15 sec.

After injury, the compound action potential (CAP) amplitude in the control 
group decreased to 61.2 ±  2.9% of the preinjury value and recovered to 71.4 
± 2.0% of the baseline by one hour. Pretreatment with zero Ca2+ (n=7) 
enhanced the recovery of CAP amplitude to 86.1 ±  5.8% (p<0.01) of 
preinjury baseline. Pretreatment with the Na+-Ca2+ exchanger blockers 
benzamil (500 µM., n=10 or 100 µM, n = 6) or bepridil (50 µM, n=5) and the 
calcium channel blocker Co2+ (2mM, n = 6) did not confer neuroprotection. In 
contrast, combined administration of the NMD A receptor blocker (APV, 50 
µM) and the AMPA/ Kainate receptor blocker (CNQX, 15 µM) enhanced the 
recovery of CAP amplitude to 98.3 ±  5.3% (p> 0.001; n=7). Application of 
NBQX (10 µM), a potent AMPA receptor blocker enhanced the recovery of 
CAP amplitude to 85.6 ±  2.7% (p > 0.006: n = 6).

In conclusion, reduction of extracellular Ca2+ confers neuroprotection after 
spinal cord injury in vitro. The injurious effects of Ca2+ in traumatically injured 
CNS white matter do not appear to be due to voltage gated Ca2+ channels or to 
reverse operation of the Na+-Ca2+ exchanger. A possible source of calcium 
mediated neurotoxicity is through AMPA/Kainate receptors, possibly on glia.

1 5 7 .3

IMPROVED RECOVERY OF HIND LIMB FUNCTION BY CALCIUM 
ANTAGONIST PY 108-068 IN RATS AFTER CHEMICAL OR TRAUMATIC 
SPINAL CORD INJURY. P. Zanoli. C. Brandoli. C. Tnizzi C Veneri. C. Chiessi,
G. Camazza. N. Brunello* and M. Baraldi. Dept. of Pharmaceutical Sciences, School 
of Pharmacy, Modena University, Italy.

Spinal cord injury generally results in almost complete or complete suppression 
of neuronal activity o f  the spinal segments below the lesioned point followed by 
spasticity. The role played by down- and up-regulation phenomena of inhibitory and 
excitatory neurotransmitter systems are poorly understood and the available 
pharmacological treatments are unsatisfactory. The aim presupposes a better 
understanding of the mechanisms implicated in the primary and secondary events 
elicited after spinal trauma. The intraspinal cord injection of colchicine (C) at the 
lumbar level induces in rats urine retention and hind limb paralysis which reaches its 
maximum after 3 days. Thereafter the condition begin to improve being almost normal 
by 21 - 24 days. Using this model we tested the motor and the sensory deficit at 1, 3, 
6, 8, 10, 13, 15 days after C injection by actimetric system and neurological scores. 
In parallel with the maximum score of the paralysis we found a decrease of substance 
P tested by RIA, a reduction of NMDA glutamate related receptor labeled by 3H-TCP 
and an enhanced number of calcium binding sites labeled by 3H-PN 200-110 in the 
spinal cord of C treated rats (35.3 vs 16.1 fmol/mg prot. in controls). A 
pharmacological challange with the calcium antagonist PY 1U8-068, which at doses 
below 5 mg/Kg does not influence the blood pressure, showed the ability of this 
compound (0.25 - 0.5 mg/Kg/die/os) to strongly improve outcome in this model. 
These results allowed us to test the potential phamacological activity of the above 
compound in a rat model of traumatic spinal cord injury produced by compressing the 
corn for 45 min at the level of the 11th thoracic vertebra with a stainless steel screw 
(2 x 2.5 mm) under anaesthesia. All rats showed complete loss of motor and sensory 
function in the hind limbs. In this model we monitored at different times the motor 
and sensory deficit and its outcome in both controls and PY 108-068 treated animals 
(0.2, 0.5, 1, 5 mg/Kg/die/os). The levels of excitatory and inhibitory aminoacids 
(glutamate, aspartate, GABA, glycine, taurine) were also monitored in the upper and 
lower part o f  the lesion together with the binding characteristics of NMDA and 
muscarinic cholinergic receptors. Here we report that the calcium antagonist was able 
also in this traumatic model to improve, when used at 1 - 5 mg/Kg/die/os the recovery 
of the motor function.

1 5 7 .5

CLASSIFICATION OF DORSAL HORN NEURONS BASED ON SOMATIC 
RECEPTIVE FIELDS IN CATS W ITH  INTACT AND W ITH 
TRANSECTED SPINAL CORDS. D.W. Garrison * and R.D. Foreman.
Depts. of Physical Therapy and Physiology, Univ. of Okla. Health Sciences 
Center, Oklahoma City, Okla. 73190.

Neural plasticity in the central nervous system led to the hypothesis that  
elimination of supraspinal influences changes response characteristics of 
dorsal horn cells to somatic field stimulation. METHODOLOGY: Spinal 
cords were transected a t the T10-T12 level in 5 alpha-chloralose anesthetized 
cats. Extracellular recordings were made from 49 dorsal horn neurons located 
between L2-L7. Noxious and innocuous somatic stimuli to somatic receptive 
fields were used to classify dorsal horn neurons. Cells were classified as High 
Threshold (HT), W ide Dynamic Range (WDR), Inhibitory (I), High Threshold 
Inhibitory (HTi), and MIXED. MIXED cells had both an increase and 
decrease in activity during noxious pinch of different receptive fields. 
Classification of these 49 cells, based on %  of total population, was compared 
to the classification o f a population of 83 dorsal horn cells in alpha-chloralose 
anesthetized cats with intact cords (Garrison & Foreman, Pain, 58(1994) 309- 
315). RESULTS:

INTACT (N=83) HT W DR MIXED I HTi
69% 10% 8% 11% 11%

TRANSECTED (N=49) 33% 24% 37% 6% 1%

The change in %  between intact and transected anim als is statistically 
significant (p<001). The largest proportion of cells shifted from the HT 
category to W DR and MIXED in the transected animals. CONCLUSIONS: 
Elimination of supraspinal influences resulted in less specific responses of 
dorsal horn neurons to noxious and innocuous stimuli. This finding supports 
the concept o f neural plasticity in th a t dorsal born neurons can process 
somatic afferent input in different ways which possibly may be dependent 
upon modifying supraspinal influences, Supported by OCAST HR1-063 and 
NIH HL 22732.

1 5 7 .2
COMPUTER SIM ULATION OF DYNO RPHIN-IND UCED SPINA L CORD  
INJURY Saxena. P. Goldstein. R ♦ and Isaac. L* Dept of Pharmacol & 
Computer Center♦, UIC

W e developed a computer model of the spinal reflex pathways involved in 
dynorphin-induced loss of the tail-flick reflex and hindlimb paralysis in rats. 
The model allows us to explore alternative schemes of dynorphin-induced 
spinal cord injury, such as ischemia and primary afferent disinhibition, and to 
identify the roles of factors such as changes in ionic distribution and loss of 
GABA-receptor mediated presynaptic inhibition, in contributing to and/or 
mediating dynorphin-induced spinal cord injury.

Neurons are simulated as compartmental models and connected together 
through glutaminergic and GABA-ergic connections. The model is tested by 
simulating ventral and dorsal root evoked potentials (VRP's and DRP's) and 
comparing them to VRP's and DRP's recorded in the laboratory. Preliminary 
tests with the model show that it can account for observed changes in the 
DRP and VRP produced by primary afferent disinhibition. It can also simulate 
changes in VRP on the basis of changes in ionic concentrations resulting 
from ischemic depolarization.

W e conclude that the model is a useful addition to the methods currently 
available to investigate the process of dynorphin-induced spinal cord injury. It 
can be readily adapted to incorporate other features and mechanisms of 
toxicity as they become known. The quantitative and mechanistic approach 
taken by the model permits a realistic appraisal of proposed mechanisms of 
spinal cord injury, and the speed with which simulations can be set up and 
performed makes it useful for rapidly evaluating hypotheses before actual 
experiments are undertaken. W e believe that it is an extremely cost-effective 
method to screen hypotheses related to spinal cord injury.
Supported by NIH grant NS30295

1 5 7 .4

THE f2 SUBTYPE OF THE "FAST" POTASSIUM CHANNEL 
CONTRIBUTES TO POSTTRAUMATIC AXONAL DYSFUNCTION 
AFTER SPINAL CORD INJURY. M.G. Fehlings* and R. Nashmi. Playfair 
Neuroscience Unit, The Toronto Hospital Research Institute, University o f 
Toronto, Toronto, Ontario, Canaada M5T 2S8.

The following study examined the hypothesis that 4-AP sensitive "fast" K+ 
channels exposed in internodal domains of myelinated axons following spinal cord 
injury (SCI) contribute to posttraumatic axonal dysfunction. Two subtypes, f1 and 
f2, of voltage sensitive K+ channels with "fast" gating kinetics have been described 
on myelinated axons. The presence of f2 K+ channels on rat spinal cord axons 
was investigated with α-dendrotoxin (α-DTx, 500 nM). Dendrotoxin-I (DTx-I, 
100 nM) was used to selectively block the f1 subtype of the "fast" K+ channel. 
Tetraethylammonium chloride (TEA) and CsCl were used to examine for the 
presence of delayed rectifier ("slow") and inward rectifier (IR) K+ channels, 
respectively.

A 2 cm length of dorsal column (DC) segment was isolated from the spinal cord 
of the adult male Wistar rat (n=51), and pinned in an in vitro recording chamber. 
The DC was constantly perfused with oxygenated (95% O2, 5% CO2) Ringer’s 
solution at 25 °C. The DC segment was stimulated at one end and the signals were 
recorded extracellularly by two glass microelectrodes. A clip injury (2 g closing 
force; 15 sec) was applied to the DC segment between the two recording sites.

Infusion of α-DTx (500 nM for 90 min) resulted in a significantly greater 
reduction in amplitude of the compound action potential of injured axons to 69.8 
±  4.2% as compared to noninjured axons (85.1 ±  5.2%) (p <  0.00025) and a 
significant prolongation of the absolute refractory period by 60.7 ±  13.2% (p < 
0.0005). However, no differences were observed in the conduction properties of 
injured and noninjured axons with DTx-I, TEA or CsCl.

In conclusion, our results suggest that the f2 subtype of the "fast" K+ channel 
displays abnormal activity following compressive SCI. In contrast, the f1 subtype 
of the "fast" K+ channel, the TEA-sensitive "slow" K+ channel and the CsCl- 
sensitive IR channel do not appear to contribute to the dysfunctional conduction 
properties of injured axons.

1 5 7 .6

RILUZOLE'S EFFECT AFTER SPINAL CORD COMPRESSION INJURY 
IN THE RAT. J.M. Stutzmann*. J. Pratt. T. Boraud§ and C Gross§. Rhonc- 
Poulenc Rorer, CRVA, 13 quai Jules Guesde, 94403, Vitry cedex, France. §
CNRS URA 1200, Université de Bordeaux 2, 146 rue Leo Saignat, 33076, 
Bordeaux cedex, France.

This study evaluates the efficacy of a post-trauma treatment with riluzole, 
a novel anti-glutamate compound, in a model of spinal cord compression in 
the rat. Injury of the spinal cord was produced by a balloon catheter inflated 
at the thoracic level. Animals were treated with riluzole at 2 mg/kg, twice 
daily, or vehicle, for the 10 days following the trauma. Rats were evaluated 
for motor deficits and somatosensory evoked potentials (SEP) were recorded 
daily. The histology of the lesion was then carried out after euthanasia 10 
days post trauma.

The group receiving riluzole treatment showed considerable recovery of 
motor function with 7/10 showing nearly normal behaviour, while animals 
receiving vehicle alone showed no such recovery. Spinal cord trauma 
dramatically disturbed the SEP with a fall in amplitude between P 1 and N1 
and increase in latency. After riluzole treatment a gradual return of the SEP 
to pre-injury levels over an 8 day period was recorded, while untreated 
animals showed no such recovery. Morphological studies of the lesion 
revealed a significant reduction in the volume of infarcted cord in the group 
treated with riluzole (270 ± 33 vs 118 ±17; p<0.05). Protection by riluzole 
was seen most especially in the areas of white matter.
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1 5 7 .7

A-FIBER SENSORY AXON TERMINALS COLLATERALLY SPROUT INTO 
THE SUPERFICIAL DORSAL HORN AFTER C-FIBER DENERVATION. T.P. 
Doubell, R. Mannion and C.J. Woolf (SPON: European Neuroscience Association). 
Dept. of Anatomy and Developmental Biology , University College London, U.K.

Sciatic nerve section in the adult rat produces a long lasting rearrangement of the 
central terminals of Aβ myelinated sensory neurones, detected either by bulk B-HRP 
transganglionic or single axon label, with a spread of terminals into the lamina II sciatic 
nerve territory, which normally only receives input from sciatic unmyelinated C-fibers 
(Woolf et al., Nature 355, 75 (1992)). Peripheral nerve injury may induce this 
regenerative collateral sprouting by directly priming myelinated afferents into a 
regenerative growth state and indirectly by creating areas of vacant synaptic sites in 
lamina II following transganglionic atrophy of C-fibers.

We have now investigated whether C-fiber denervation is sufficient to stimulate 
sprouting of sciatic myelinated afferents by local application to the sciatic nerve of the 
specific C-fiber neurotoxin capsaicin. Although in these animals A fibers are uninjured, 
capsaicin treatment results in a sprouting of sciatic B-HRP labelled A fibers into lamina 
II identical to that provoked by sciatic nerve section. In order to produce a denervated 
region outside the sciatic nerve central terminal field, a nerve adjacent to the sciatic, the 
posterior cutaneous, was sectioned. Following injury to this nerve, intact B-HRP labelled 
sciatic afferents sprouted into the posterior cutaneous lamina II territory.

In conclusion, intact sciatic myelinated sensory axons can sprout into denervated 
lamina II areas which are inside or outside the normal sciatic nerve territory of the dorsal 
horn. These structural rearrangements of mechanoreceptors may play a role in both 
touch evoked allodynia and extra-territorial pain and demonstrate that collateral 
sprouting of both injured and uninjured axon central terminals occur in the adult spinal 
cord

Supported by the MRC

1 5 7 .9

ULTRASTRUCTURAL AND DYE COUPLING STUDIES SUGGEST THAT GAP 
JUNCTIONS CONTRIBUTE TO SPINAL DORSAL HORN CELLULAR 
COMMUNICATION. L. Bleazard, O. Suthamnatpong and R. Morris. (SPON: Brain 
R esearch Association). Dept. Veterinary Preclin. Sci., Univ. Liverpool, P.O. Box 147, 
Liverpool, L69 3BX, UK.

The importance of Gap Junctions in communication between glia and neurones in the CNS 
is being reevaluated. This has arisen as more connexin molecules have been identified and 
cell coupling has been observed following intracellular injection of low molecular weight 
markers. In this study, neurones and glia have been intracellularly labelled, with Neurobiotin 
(Vector)( 2% in 2M potassium methyl sulphate), in transverse or parasagittal spinal cord 
slices (~500µm thickness) prepared from rats (aged 13-17 days), After fixation, labelled 
cells were visualized using streptavidin-horseradish peroxidase followed by a 
diaminobenzidine based chromogen method. Ultrastructural studies of some of this material 
and of adult tissue were carried out Neuronal and glia cell recordings were easily separated 
on the basis of current-voltage relationships and the production of action potentials. In the 
superficial dorsal horn (lamina I-II1), 50% of the neuronal injections (12 out of 24) resulted 
in several well-filled cells being labelled, (the remaining 12 injections labelled single cells). 
In contrast neuronal injections in the deeper dorsal hom (lamina IV-V1) were almost always 
found to label a single cell (14 out of 15). Neuronal groups labelled from a single injection 
had diverse morphology and due to the separation of their soma's label diffusion would have 
occun ed via their processes. Labelling via uptake of dye from leakage into the extracellular 
space seems unlikely as extracellular dye deposition did not result in labelling. Intracellular 
injections into glia resulted in multiple fillings of cells all having a glia morphology. 
Ultrastructural studies confirmed the typical glia or neuronal morphology of injected cells. 
In the superficial laminae of the dorsal horn dendro-dendntic contacts were observed which 
had the morphological characteristics of Gap Junctions whilst junctions of this type have 
not been observed between neurones and glia cells. Gap Junctions may play a role in 
somatosensory processing and it is speculatively suggested that modification of neuronal 
coupling in the superficial dorsal horn, could contribute towards secondary hyperalgesia.

1 5 7 .1 1

Chronically Implantable IntraFascicular Electrodes For Multiple 
Single Unit Recording In Feline Dorsal Rootlets. T. G. McNaughton,
K. W. Horch, R. A. Normann,* Dept. Bioengineering, Univ. of Utah, Salt 
Lake City UT 84112

We have developed electrodes for interfacing to fasciculated nervous tissue 
which achieve high selectivity for both recording and stimulation and, because 
of their high flexibility, hold promise for studies requiring good stability during 
long-term implantations. The electrodes are threaded longitudinally within 
individual fascicles and are able to record single-unit activity from subsets of 
the axons within the implanted fascicle. The goal of this study was to assess 
the feasibility of extracting sensory information from restricted areas within 
individual fascicles of dorsal spinal rootlets.

Electrodes were constructed by metallizing 12µm monofilaments of poly- 
p-phenylene (Kevlar) with approx. 0.3pm  of Au and Pt. The resulting 
electrodes are more than 50 times more flexible than 25µm Pt/lr wire while 
retaining similar strength and have adequate conductivity for 
electrophysiological use. An L5-L7 laminectomy was performed in 4 cats and 
16 rootlets in the cauda equina were isolated and implanted.

Single units could be easily identified in recordings from all implants. The 
number of units varied from 3 to more than 20 while the amplitude of single 
unit action potentials in the recordings was as high as 300pV (p-p) against a 
background noise of 10-50pV. We found very little mixing of cutaneous and 
muscle afferent fibers within individual rootlets. Nine recordings contained 
cutaneous fibers exclusively while 7 contained only muscle afferent fibers. In 
only 1 recording was activity mixed. Cutaneous receptive fields tended to be 
relatively closely grouped, and muscle afferents were generally localized to a 
single muscle group. This technique offers promise for providing 
somatosensory feedback for functional electrical stimulation.

1 5 7 .8

DISTRIBUTION OF C1-C2 PROPRIOSPINAL NEURONS WITH 
PROJECTIONS TO THE LUMBOSACRAL SPINAL CORD IN 
THE RAT. K.E. Miller*. M.J. Chandler, and R.D. Foreman.
Dept. Anatomical Sciences, Dept. Physiology, Univ. Oklahoma 
Health Sciences Center, Oklahoma City, OK 73190

Physiological studies have suggested that neurons in the 
upper cervical spinal cord have descending projections to the 
lumbosacral spinal cord (Hobbs et al., J. Neurophysiol. 67:852,’ 92).
In the present study, retrograde tracing techniques were used 
in rats to better understand the distribution of these proprio- 
spinal neurons. Horseradish peroxidase (HRP) or fluorogold 
was injected unilaterally into the lumbosacral spinal cord. After 
several days, the rats were perfused with fixative and the C1-C2 

spinal segments were processed for retrograde labeling. 
Numerous neurons were found in the C1-C2 segments. 
Retrogradely labeled neurons were found on both ipsilateral 
and contralateral sides in the following locations: lateral cervical 
nucleus, nucleus proprius, ventral horn, and the central gray 
region (lamina X). These studies demonstrate a large 
descending projection from C1-C2 segments to the lumbosacral 
cord. C1-C2 propriospinal neurons may modulate the responses 
of spinal neurons to various peripheral stimuli. Supported by 
NIH#22732 and Presbyterian Health Foundation.

1 5 7 .1 0

DIFFERENTIAL EXPRESSION OF INTRINSIC FIRING PROPERTIES BY 
IDENTIFIED INTERNEURONS IN SPINAL LAMINAE III-V.
S.P. Schneider* and K.K. McNaughton. Department of Physiology, University of 
North Carolina, Chapel Hill, NC 27599-7545.

To gain insight into how cutaneous mechanosensory information is transformed by 
spinal networks, we investigated the intrinsic firing patterns of deep dorsal horn 
neurons (laminae III-V) and determined their underlying ionic mechanisms using 
whole-cell recordings from slices of hamster spinal cord.

At least three distinct patterns of spike firing were identified in response to 
injection of constant depolarizing current pulses. Thirty-eight percent of neurons 
(18/48) responded to membrane depolarization with repetitive firing and slow 
adaptation in spike-frequency. In 6% of neurons (3/48) the onset of repetitive firing 
was characterized by a prolonged delay. Fifty-six percent of neurons (27/48) 
demonstrated firing patterns with rapid spike-frequency adaptation. Spike-frequency 
adaptation was reduced in low Ca2+ medium (0.5 mM) or by addition of Cd2+ 
(0.5mM) or 4-aminopyridine (4-AP, 10-50µM). 4-AP also abolished the long delay 
to onset of repetitive firing in neurons. The selective SK-type channel antagonist 
apamin (200nM) decreased spike-frequency adaptation and increased firing frequency 
to membrane depolarization. Intracellular staining with biocytin revealed that 
recorded neurons gave rise to axonal arborizations that terminated in vicinity of the 
parent cell body or in adjacent spinal laminae.

The results suggest that neural networks in the deep spinal dorsal horn are 
assembled from interneurons that exhibit different intrinsic firing properties. These 
properties likely result from differential expression of membrane conductances 
involving Ca2+ and K+ and may underly central transformation of mechanosensory 
information at the first spinal relay.

Supported by iWINDS grant NS25771.

1 5 7 .1 2

CHARACTERIZATION OF DORSAL ROOT GANGLION CELLS IMMUNO- 
REACTIVE TO NEURONAL INTERFERON-GAMMA AND DEMONSTRA
TION OF IMMUNOREACTIVE FIBRES IN THE SPINAL CORD OF THE 
RAT. B. Robertson. G. Grant* and K. Kristensson. Department of Neuroscience, 
Karolinska Institutet, S-171 77 Stockholm, Sweden.

Recently, a neuronal interferon-gamma-like molecule (N-INF-r) has been 
purified by affinity chromatography from trigeminal ganglia and shown to differ 
from lymphocyte INF-r in molecular weight, although it shares antibody binding 
epitopes and a number of biological activities. Both molecules have antiviral 
effects, can regulate cell proliferation and differentiation, and can induce major 
histocompatibility complex antigens, which in the immune system serve as 
recognition molecules. N-INF-r is expressed in certain neurons in the CNS and 
in small dorsal root ganglion (DRG) neurons in rat both in in vivo and in vitro.

In the present study, immunoreactivity to the N-INF-τ molecule was 
examined in the rat L5 DRG and L4-6 segments of the spinal cord. In the DRG, 
N-INF-τ immunoreactivity was observed in a large number of small-sized 
neurons, and showed an extensive overlap with the isolectin B4 from Griffonia 
simplicifolia I (89%). This labels a large proportion of the small, dark DRG 
neurons that give rise to unmyelinated fibres. Eleven percent of the N-INF-τ 
immunostained neurons were immunoreactive to RT97. This labels the large, light 
DRG neurons that give rise to myelinated fibres. In the spinal cord grey matter, 
N-INF-τ immunoreactive fibres and presumed terminals were found in laminae 
I and II, and area X. A few N-INF-r positive fibres could also be observed in 
laminae III-IV.

The expression of N-INF-r in the superficial dorsal horn indicates that this 
molecule may be involve in the processing of nociceptive information.
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157.13
QUANTITATIVE ANALYSIS OF THE NEURON POPULATION OF THE 
SUPERFICIAL DORSAL HORN (SDH) IN THE LUMBAR SPINAL CORD OF 
THE RAT. T.N. Bice and J.A. Beal*Dept. of Cellular Biology and Anatomy, LSU 
Medical Center, Shreveport, LA 71130.

The neuronal population of the SDH in the rat lumbar spinal cord (spinal segment 
L1) was analyzed quantitatively. Cell counts of the total neuronal population were 
made from Nissl preparations. Cell counts of neurons with supraspinal projections 
were made subsequent to retrograde tracer injections o f Fluoro-Gold into the medial 
and lateral thalamus and midbrain tegmentum and True Blue into the medullary 
reticular formation. Cell counts of neurons with long propriospinal, short 
propriospinal, and descending projections were made following injections of Fluoro- 
Gold and True Blue at various intraspinal sites above (spinal segments T5 and T12) 
and below (spinal segment L3) the LI segment. The cell counts, following 
stereological correction, showed that the SDH in spinal segment L 1 in each dorsal 
horn was comprised of 1100 neurons in lamina I and 4240 neurons in lamina II per 
millimeter of tissue. Supraspinal projection neurons comprised 11 % of the neuronal 
population in lamina I and 0.6% in lamina II. The majority of supraspinal neurons 
had few intersegmental collaterals. Neurons with long propriospinal projections were 
found in nearly equal numbers in laminae I and II and represented 23% of the 
neuronal population in lamina I and 6% in lamina II. The majority of neurons with 
long propriospinal projections also had short ascending propriospinal connections. 
Neurons with short ascending and descending propriospinal projections comprised the 
majority of neurons in the SDH. Neurons in this category were distributed 
proportionally between lamina I and lamina II, representing 44% of the neuronal 
population in each lamina. Neurons with just descending projections were also 
distributed proportionally between laminae I and II and represented 13% of the 
neuronal population in each lamina. Neurons not labeled with retrograde tracers were 
assumed to be local circuit neurons. These neurons represented 9% of the neuronal 
population in lamina I and 36% in lamina II.

157.14
TRANSIENT APPEARANCE OF ISLET-1 POSITIVE CELLS IN 
THE DORSAL SPINAL CORD OF CHICK EMBRYO. T. Shiga* 
and H. Yaainuma. Dept. of Anat., Inst. of Basic Med. Sci., 
Univ. Tsukuba, Tsukuba, Ibaraki 305, JAPAN.

We examined the development of is le t-1  positive  
cells  in the dorsal spinal cord of chick embryos. At 
embryonic day (E)3.5, is le t-1  positive cells appeared in 
the dorsal spinal cord. These im munoreactive cells  
were arranged in a longitudinal band which lines 
outgrwoing prim ary a ffe ren t axons (PAAs) in the dorsal 
funiculus. The topographical relationship between 
is le t-1  positive cells and PAAs was m aintained when 
neural tube was rotated at E2 before PAAs entered the 
spinal cord and was survived for 2 days; PAAs entered 
the ven tro la tera l region of the rotated spinal cord, and 
is le t-1  positive cells lined the PAAs in the dorsal 
funiculus. These results suggest that is le t-1  positive 
cells might play some role in the longitudinal growth of 
PAAs. Th ereafter, by E8, is le t-1  positive cells  
disappeared in the dorsal spinal cord. 3 H-thym idine  
autoradiograpy and TUNEL method suggested that ventral 
m igration and apoptosis, respectively , may underlie the 
disappearance of is le t-1  cells in the dorsal spinal cord.

PAIN MODULATION: ANATOMY AND PHYSIOLOGY—SPINAL CORD I

158.1

DORSAL HORN NEURONAL RESPONSES AND NOCICEPTIVE REFLEXES  
EVOKED BY GRADED DISTENSIONS OF THE URETER IN 
ANAESTHETISED RATS: A MODEL OF ACUTE VISCERAL PAIN.
Jennifer M.A. Laird* and Carolina Roza. Department of Physiology and 
Pharmacology, University of Alcala de Henares, 28871 Madrid, Spain.

Pain is the only sensation evoked by stimulation or damage of the ureter in 
man. We are characterising the nociceptive responses to natural stimulation of 
the ureter in the rat both as a model of acute visceral pain suitable for 
physiological and pharmacological investigations, and for comparison with 
responses in a model of chronic inflammatory visceral pain and hyperalgesia 
induced by an artificial kidney stone (Giamberardino et al 1990 Pain 43, 227).

The left ureter was cannulated close to the bladder in adult female Wistar 
rats anaesthetised with pentobarbitone (50 mg.kg- 1 i.p.). Graded distensions 
of the ureter (UD; 30s, 5-80 mmHg) evoked pressor responses. The stimulus 
response function (n = 12 rats) had a threshold of -2 5  mmHg, and was dose-
dependently shifted to the right by morphine (1 - 3 mg.kg- 1 i.v.), in a naloxone 
reversible manner. In separate experiments, the responses to UD of dorsal 
horn neurones recorded in the ipsilateral L1 spinal segment were tested. The 
neurones excited by UD (50% of those tested) had large nociceptive 
cutaneous receptive fields on the flanks, which were often bilateral, and 
increased in size with ureter stimulation. Their responses to UD encoded 
stimulus intensity, often greatly outlasted the stimulus, and were dose- 
dependently inhibited by fentanyl (1 0 -1 0 0  µg/kg i.v.).

We conclude that the spinal processing of ureteric input has characteristics 
that correlate well with the painful sensations evoked by acute ureter 
stimulation. This makes this model well-suited to the investigation of the 
physiology and pharmacology of acute visceral pain. Support: DGICYT APC- 
93-0102 and PB-93-0491, and Europharma S.A.

158.3

ABNORMALSPONTANEOUS ACTIVITY AND ADRENERGIC SENSITIVITY 
IN INTACT NERVE INJURED DORSAL ROOT GANGLION CELLS IN 
VITRO. J.-M. Zhang* and R.H. LaM otte. D epartm ent of Anesthesiology, Yale 
University School of M edicine, 333 C edar Street, N ew  H aven, CT 06510.

Our aim  is to study  the m echanism s involved in the generation and 
maintenance of ectopic discharge and abnorm al adrenergic sensitivity in dorsal 
root ganglion (DRG) som ata after a chronic constriction injury of the sciatic 
nerve. An in intro nerve-DRG preparation w as used  in w hich the L5 DRG w ith 
its nerve and  dorsal root a ttached w ere rem oved from  the rat, p laced in a 
recording cham ber and  perfused w ith artificial cerebral fluid (ACSF, pH  = 7.3). 
Microfilament recordings w ere m ade from  the dorsal root of L5 after rem oving 
the capsule surrounding the ganglion. N orepinephrine (NE, 0.01 - 0.5 mM) and 
donidine (0.1 mM), an α2 adrenergic agonist, w ere applied topically to the DRG 
once an A6- or C-fiber w as identified by electrically stim ulating  the distal 
nerve.

Five of ten C- and  3 of 4 A6-fibers had  irregular spontaneous activity w ith 
mean d ischarge rates of 0.16 ± 0.14 H z (S.E.) and  0.22 ± 0.12 H z (S.E.), 
respectively. 6 /10  C- and 3 /4  Aӧ-fibers responded to d ifferent concentrations 
of NE (0.01 - 0.5 mM) w ith increased discharge rates. Am ong the fibers that 
responded to NE, 3 C- and 2 Aӧ-fibers w ere spontaneously active. Three of six 
C-fibers exhibited an increased response to higher concentraiton of NE. 
Repeated deliveries of NE evoked tachyphylaxis in m ost fibers. 2 /  2 C-fibers 
that responded to NE also responded to do n id ine  (0.1 mM). These results were 
obtained in the absence of sym pathetic activity and  blood borne factors 
suggesting that abnorm al adrenergic sensitivity as well as som e of the 
spontaneous activity generated from  the nerve-injured DRG are due to intrinsic 
changes in the DRG somata. (Supported by PHS grant NS14624 and NS10174).

158.2
CONTROLATERAL RESPONSES OF DORSAL HORN NEURONS IN RATS 
WITH SCIATIC CHRONIC CONSTRICTION INJURY (CCI).
M.L.Sotgiu*1. L.Riva1 and G.Biella1,2 1Istituto di Neuroscienze e Biommagini, CNR, 
2VI Chair of Neurology, Univ. of Milan, Via Mario Bianco, 9-20131 Milan, ITALY.

The CCI model show a large number of spinal cord dorsal horn neuronal discharge 
anomalies presumably acting as a functional counterpart of the behavioural patterns 
emerging in nociception tests. Cells in the deep laminae of the dorsal horn, responding 
to a wide range of stimuli intensities and categories are classified as Wide Dynamic 
Range (WDR) neurons and present characteristically long lasting afterdischarges and 
hyperalgesic responses to the ipsilateral application of noxious stimuli in chronically 
sciatic injured animals. The dynamics of neuronal discharge have been shown to be 
changed also among the different layers of the cord. On the trace of previous 
recordings showing a possible input from contralateral regions of the cord we tested the 
possibility of an emergence of a cross-response of the WDR neurons ipsilateral to the 
contriction injury to the controlateral sciatic receptive field stimulation. All the 
experiments were carried out on animals previously undergone in anesthesy to a sciatic 
constriction by application of four loose ligatures (Bennett and Xie model). Two weeks 
later in animals anesthetized with pentobarbital and curarized recordings were made by 
single or multiple electrodes placed in the IV-V laminae of the cord ipsilateral to the 
ligatures, at depth controlled by electronic microdrives. When stimulating (single 
repetitive electrical shocks at 5-7 mA, nociceptive pressure by von Frey calibrated 
bars, nociceptive pinching) the palmar region of the paw contralateral to the actual side 
of recording, the WDR could be vigorously excited. Different details in the response 
properties between the evoked discharge patterns provoked by ipsilateral and 
contralateral stimuli were found. The strenghtening of a crossing pathway, not active or 
only weakly active in normal animals, could act as a substrate for an enhancement of 
the excitability of these neurons with the contribution also of the preserved side 
neurons. The involvement of both sides of the cord in the build-up of a monolateral 
neuropathy neuronal dynamics change could give some better clue in the analysis of 
the involved nociceptive processes.

158.4

IN VIVO ELECTROCHEMICAL DETECTION OF NITRIC OXIDE (NO) IN 
THE DORSAL HORN OF THE SPINAL CORD OF THE RAT. B Jost and J-P 
R ivot.* INSERM U.161,2 rue d'A1ésia, 75014 Paris, France.

Treated carbon fiber electrodes (30µm ø, 500µm length) coated with nickel(II) 
tetrakis(3-methoxy-4-hydroxy-phenyl)porphyrine and Nafion and associated with 
differential normal pulse voltammetry give a peak of oxidation current around 680 
mV (vs Ag-AgCl) in vitro in NO solutions.

In the dorsal horn of the spinal cord (L3 -L4 level) of chloral hydrate anesthetized 
rat, a similar peak appeared which was stable (recording interval 2 min) for up to 3 
h (± 6%) and almost disappeared at 90 min (5 ± 2 %) after an i.p. injection of 
l 00mg /kg of the NO synthase inhibitor 1-Arginine p-Nitroanilide. At the same 
dose, 1-Nitroarginine-Methylester (L-NAME) was ineffective when given 
systemically, but L-NAME decreased the peaks when directly applied upon the 
spinal cord (10 mM, 200µl).

The NO donnor hydroxylamine (50 mg/kg i.p.) increased the peaks inconsistently, 
but sodium nitroprussiate when directly applied upon the spinal cord (20 nM,
200µl).induced a significant increase (300 ± 12 % at 90 min).

Similar results have been found in the somatomotor cortex.
Nociceptive subcutaneous stimulations (trains of 10 electric shocks of 7mA and 

2ms at 50 Hz, applied at 1 Hz for 10 min -i.e. 5 measures at 2 min intervall- in the 
ipsilateral hind paw) increased the peaks to a maximum of 200 %. The increase did 
not appear in all experiment at the same interval after the begining of the 
stimulation period. In contrast, subcutaneous injection of formalin in the hind paw 
(5 or 10 %, 50 µl s.c. hindpaw) did not affect the peaks. In addition, the same 
nociceptive electrical stimulation applied 20 min after formalin injection was less 
effective than without formalin.

These results suggest that these electrodes i) can work as microbiosensors for NO 
and, ii) can be used to monitor the implication of this messenger in the  
transmission of nociceptive messages at the spinal level. However, the absence of 
effect of systemically administered L-NAME -although the vegetative effects were 
clearly present- rises the question of its mechanism of action on centrally integrated 
nociceptive responses to peripheral nociceptive stimulations or inflammation.
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158.5
Descending modulation of dorsal horn nociceptive neuronal activity 
in rats with persistent hindpaw inflammation. K. Ren*. and R. 
Dubner. Neurobiology and Anesthesiology Branch, NIDR, NIH, 
Bethesda. MD 20892.

To assess the role of descending modulatory systems in the 
development of persistent or chronic pain, lumbar dorsal horn 
nociceptive specific (NS) and wide dynamic range neuronal activity 
was recorded in chloralose-anesthetized rats 24 h after the injection of 
one hindpaw with complete Freund's adjuvant (CFA). A reversible 
spinalization was produced by application of lidocaine (lido. 2%. 100 
µl) onto the dorsum of the lower thoracic cord. Following the thoracic 
lido block, there were significant increases in neuronal background 
activity (10/11), receptive field size (10/10), and responses to noxious 
mechanical (6/8) and thermal (6/7) stimuli. Compared to non-
inflamed rats, this enhancement of neuronal activity during 
spinalization was significantly greater in CFA-inflamed rats. For 
example, the mean maximal expansion of the receptive field for NS 
neurons was 142±9% and 114±9% of control, in Inflamed (n=6) and 
non-inflamed (n=6) rats, respectively (p<0.05). The specific brain stem 
sites were further examined by microinjection of lido (2%. 0.5-1 µl) 
into the nucleus raphe magnus (NRM) and lateral reticular nucleus 
(LRN). Following the NRM lido, there were primarily increases in 
neuronal background activity (9/13), receptive field size (10/13), and 
responses to noxious mechanical (9/13) and thermal (11/12) stimuli, 
in inflamed rats. The percentage of neurons with enhancement of 
neuronal activity was less following LRN lido block, as compared to 
NRM block, in inflamed rats. These results suggest that the descending 
inhibition of spinal nociceptive transmission is enhanced during the 
development of inflammation and dorsal horn hyperexcitability. The 
NRM and LRN appear to be differentially involved in descending 
modulation of spinal neurons in response to inflammation.

158.7
LONG-TERM POTENTIATION OF C-FIBER-EVOKED FIELD PO TEN
TIALS IN THE RAT SPINAL DORSAL HORN. X.-G. Liu* 
and J. Sandkühler. II. Physiologisches In stitu t1 Universitä t Heidelberg, 69120 
Heidelberg, FRG.

Tissue injury may induce hyperalgesia, a prolonged increase in responses 
to noxious stimuli, but the underlying central mechanisms are poorly under
stood. Here, we characterized long-term changes of C-fiber-evoked field po
tentials which were evoked in the lumbar spinal dorsal horn by supram axim al 
electrical stimulation of the sciatic nerve in urethane anesthetized rats. The 
field potentials studied in this work had high thresholds (>  7 V), long latencies 
(90-130 ms, corresponding to conduction velocities between 1.2 and 0.85 m /s) 
and were not affected by spinalization (at C5-C6) or muscle relaxation (with 
pancuronium). The mean chronaxy of the field potentials was 1.1 ms. Thus, the 
field potentials are considered to be evoked by afferent C-fibers. Three types 
of stimulation param eters were tested to induce long-term potentiation (LTP) 
of C-fiber-evoked potentials. In all 15 rats tested high frequency, high intensity 
stimulation (100 Hz, 30-40 V, 0.5 ms, given in 4 trains of 1 s duration a t 10 s 
intervals) always induced LTP which lasted until the end of recording periods 
(4-9 hours). Mean potentiation ranged from +71% to +174%. High frequency, 
low intensity stimulation (100 Hz, 3 V, 0.5ms, given in 4 trains of 1 s duration 
at 10 s intervals) never induced LTP in five rats tested. Low frequency, high in
tensity stimulation (2 Hz, 30-40 V, 0.5 ms, 100 impulses) induced LTP in three 
out of five rats, which lasted for 3 or 5 hours. In addition, after high frequency, 
high intensity stimulation the mean threshold for C-fiber-evoked potentials was 
decreased from 9.7± 0.8 V to 5.2± 0.8 V (Mean± SEM, n=6, P  < 0.05). This is 
the first report showing LTP of C-fiber-evoked potentials in spinal dorsal horn 
lasting for at least 8 hours. This LTP may underly prolonged plastic changes 
of spinal nociception. Supported by the Deutche Forschungsgemeinschaft.

158.9
PRE- AND POST-SYNAPTIC INHIBITION BY MUSCARINE 
IN THE GUINEA PIG SPINAL TRIGEMINAL SUBSTANTIA 
GELATINOSA.
R.A.Travagli* and J.T. Williams.
Vollum Institute, OHSU, Portland, OR 97201

Intracellular recordings were made from 
slices of guinea pig spinal trigeminal nucleus 
pars caudalis (Sp5) . Muscarine (l-30µM; 
EC50 ≈5µM) and carbachol hyperpolarized in a 
concentration-dependent fashion 53% of Sp5 
neurons by activating M2 receptors. Muscarine 
and carbachol depolarized 22% of the neurones 
via activation of M1 receptors, and 25% of the 
neurones were unaffected. In about 20% of 
recordings, muscarine also evoked GABA-mediated 
IPSPs, this increase was antagonized by TTX and 
resistant to pirenzepine (lOOnM). Stimulation 
of the trigeminal tract evoked glutamate- 
mediated EPSPs which were inhibited in a dose- 
related fashion by both muscarine and carbachol 
(l-100µM; EC502:3iiM) . These results indicate that 
several mechanisms mediate muscarinic 
inhibition on Sp5 neurones: 1) an
hyperpolarization mediated by M2 receptors; 2) 
activation of GABA containing interneurons that 
cause IPSPs in a subset of neurons; and, 3) 
reduction of evoked glutamate release.

158.6
Dorsolateral funiculus (DLF) lesions potentiate inflammatory 
hyperalgesia and reduce the anti-hyperalgesic and analgesic potency 
of morphine. R. Dubner* and K. Ren. Neurobiology and Anesthesiology 
Branch. NIDR NIH, Bethesda, MD 20892.

The DLF contains pathways that are important for nociceptive 
modulation at the spinal level. To reveal the role of descending 
mechanisms in the development of central sensitization and 
hyperalgesia in response to persistent peripheral neural barrage, the 
effects of bilateral lesions of the dorsolateral quadrant of the spinal 
cord (DLFX) on inflammatory hyperalgesia were studied. 
Inflammation was induced by injection of complete Freund's adjuvant 
(CFA) or carrageenan (CARRAG) into one rat hindpaw and paw 
withdrawal (PW) response to a thermal stimulus was tested. Following 
the injection of CFA, a similar magnitude of thermal hyperalgesia 
developed in the injected paws in sham-operated and non-operated 
naive (SH, n=8), and DLFX (n=7) rats. However, when the thermal 
stimulus was adjusted to a lesser intensity and a low dose of CARRAG 
(1 mg) was injected, a significantly stronger hyperalgesia was 
exhibited in DLFX rats (n=6), when compared to SH rats (n=8) (ANOVA 
Fi, 14=14.04, p<0.01). Furthermore, a contralateral hyperalgesia that 
is not normally seen in SH rats was unmasked within 0.5-2 h after the 
injection of CARRAG in DLFX rats. Compared to both groups of SH 
rats, the potency of morphine in inhibiting the PW response was 
reduced in non-inflamed DLFX rats, and further reduced in inflamed 
DLFX rats. The relative potencies of morphine in different groups of 
rats were: inflamed SH (1.00) > SH (0.62) > non-inflamed DLFX (0.16) > 
inflamed DLFX (0.09). These results suggest that the development of 
inflammatory hyperalgesia is counteracted by descending inhibitory 
mechanisms. Both descending inhibitory mechanisms and the 
suppression of spinal hyperexcitability contribute to the anti- 
hyperalgesic potency of morphine after inflammation.

158.8
DIFFERENT ADENOSINE RECEPTORS IN THE SPINAL CORD 
MODULATE THE NOCICEPTIVE RESPONSES TO HIGH AND LOW SKIN 
h e a tin g  r a te s . G.C.Newsom*. V. Pirec and H.K.Proudfit,.
Dept. of Pharmacology, Univ. of Illinois College of 
Medicine at Chicago, Chicago, IL 60612

Experiments were designed to determine the effect of selective A1
and A2 adenosine agonists on the nociceptive responses produced by 
different skin heating rates.

Selective A1 and A2 adenosine agents were given intrathecally (i. t.) 
and the latency of the hind paw withdrawal response to high or low heating 
rates was used as a measure of nociception. The selective A1 receptor 
agonist, R-PIA, produced significant antinociception only when low heating 
rates were used . This effect was reversed by i.t. injection of the adenosine 
antagonist 8-phenyl theophylline which has a relatively higher affinity for A1
than for A2 receptors. In contrast, the non-selective A1/A2 agonist NECA 
produced a significant antinociceptive effect only when high skin heating 
rates were used. The selective A2 antagonist DM PX reversed this effect.

These results indicate that adenosine A1 specific agonists mainly 
attenuate the nociceptive responses to low heating rates, whereas A2 
adenosine receptors appear to modulate nociceptive responses to high 
heating rates. This work was supported by USPHS grant DA 03980 from 
the National Institute on Drug Abuse.

158.10
EFFECTS OF PRIOR STIMULATION ON LATER SPINAL 
FIXATION IN RATS. M.M. Patterson*. S . W oody and M .S. 
Patterson. UHS College o f Osteopathic M ed., 2105 Independence 
Blvd., Kansas City, MO 64124-2395.

Stimulation of an anesthetized rat’s hind leg for over 35 minutes with 
an electric stimulus can induce a long-term alteration in the spinal flexion 
reflex known as spinal fixa tion . The altered excitability has been shown 
to last for days, and is a central sensitization o f the spinal reflex circuit, 
not a change in the sensory receptors of muscle mechanics. We have 
demonstrated that the increased excitability can occur with much short 
periods of stimulation, as little as 15 minutes, if  the intensity is high.

In all previous studies, the initiating stimulus was given at one time. It 
is possible that if stimulation is given in several sessions, the effects on 
central sensitization may be cumulative, and could give an indication of 
alterations too small to produce actual muscle contraction. The present 
studies were conducted to look at this possibility. Rats were electrically 
stimulated on the left hind limb under anesthesia on one day. Following 
a day or more o f recuperation, they were reanesthetized and restimulated 
at the same or higher stimulus intensities. The results showed that 
contrary to expectation, the second round o f stimulation produced less 
fixation than if there had only been one stimulation period. It appears 
that an application of noxious stimulus on one day may protect the reflex 
system from undergoing as much alteration at a second application of 
the stimulus when compared to having only the second stimulus 
presented. It may be that the alterations from the application o f a 
nociceptive stimulus produce some cellular excitability alterations which 
then for some period o f time protect the cell from further alteration.

Supported by the American Osteopathic Assn. Bureau of Research Grant 92-08-319
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158.11
COMPLEX COUPLING AMONG DEEP SPINAL DORSAL 
HORN MULTIRECEPTIVE NEURONS. A. Eblen-Zajjur*, R.
Salas, and H. Vanegas. Laboratorio de Neurofisiologia, 
Centro de Biofisica y Bioqulmica, IVIC., P.O. Box 21827, 
Caracas 1020A, Venezuela.

The functional neuronal network in the spinal dorsal horn underlying 
nociceptive signal processing has been reported using conventional 
crosscorrelation (CC) analysis (E b len-Zajjur & S andkü hler, 1992). To obtain 
more descriptive details o f the tem pora l synchronization a log-log conditional 
crossinterval correlation (CCIC) m odified from  Tam  et a t., 1988, as well as 
conventional CC analyses were applied to spike tra ins from  sim ultaneously 
recorded m ultireceptive (MR) neurons, in th iopenta l anesthetized Sprague- 
Dawley rats (250-300g). Principal com ponent technique was used fo r spike 
discrimination. Forty neurons located in deep lam inae (691 ±82.3 pm from 
cord dorsum, mean±SD) were analyzed from  11 pairs and 6 trip le ts o f 
neurons sim ultaneously recorded, fo r a tota l o f 29 possible pair combinations. 
Using CC, 20 pairs (68.9%) presented centra l peak patterns, 2 pairs (6.9%) 
bilateral peaks, 1 pair (3.5%) centra l va lley  and in 6 pairs (20.7% ) the CC was 
flat. Using log-log CCIC: 16 pairs (55.2% ) showed a centra l lam inated pattern 
which expresses neuronal synchronization and the existence o f long 
interspike intervals in the target cell. Reciprocal in teraction characterized by 
short-short, long-long, short-long and long-short crossinterva ls were observed 
in 13 pairs (44.8%); all the latter presented central peak in the ir CC while the 
former showed varied CC patterns. These results strong ly suggest the 
existence o f more com plex reciprocal interaction and m odulation among deep 
laminae MR neurons than those observed by conventiona l CC methods for 
spinal dorsal horn neurons invo lved in nociception. (Partially supported by 
DAAD, F.R.G.)

158.13
CALCIUM CHANNELS AND SPINAL NOCICEPTION: BLOCKADE OF 
SPINAL L-, N- AND P-TYPE CHANNELS REDUCES INFLAMMATION- 
EVOKED HYPEREXCITABILITY OF RAT DORSAL HORN NEURONS.
H. Vanegas*, V. Neugebauer. P. Rümenapp and H.-G. Schaible. Dept. of 
Physiology, Wurzburg University, D-97070 Wurzburg, Germany.

Only recently voltage-sensitive Ca2+ channels have become associated with 
spinal nociceptive processing. In a model of prolonged inflammatory nociception 
we evaluated the contribution of spinal L-, N-, P- and Q-type Ca2+ channels to the 
hyperexcitability of spinal neurons induced by a localized knee joint inflammation.

In rats anesthetized with sodium thiopentone nociceptive dorsal horn neurons 
with input from the knee joint were recorded extracellularly several hours after in
duction of an acute knee joint inflammation by kaolin/carrageenan. Brief mechan- 
ical stimuli were periodically applied to the inflamed knee before and during spinal 
administration of Ca2+-channel blockers, i.e., nimodipine or diltiazem (L-type; 
RBI), ωCTxGVla (N-type; Bachem), ωAgaTxIVa (P-type; gift from Pfizer, Groton, 
CT), ωCTxMVIIc (Q-type; Bachem). They were applied ionophoretically close to 
the recorded neuron or as appropriate solutions onto the spinal cord surface.

The reduction of the neurons' responses to stimulation of the inflamed knee by 
blocking different Ca2+ channels is shown in the table (as % of predrug values):

intraspinal ionophoresis application onto spinal cord surface
channels
blocked

N L P Q N L P P+Q P+Q
+N

P+Q
+N+L

noxious 49 49 70 104 54 56 74 68 31 16
pressure % % % % % % % % % %
„innoc.“ 49 61 71 96 57 50 66 70 24 13
pressure % % % % % % % % % %

Conclusion: Mainly L-, N- and P-type Ca 2+ channels contribute to the noci-
ceptive responses of spinal neurons rendered hyperexcitable by an inflammation.

Supported by the Venezuelan CONICIT, IVIC and the Deutsche Forschungsgemeinschaft.

158.12
C A R D IO P U L M O N A R Y  S Y M P A T H E T IC  A N D  V A G A L  A FFE R EN TS  
E X C IT E  C 1-C 2 P R O P R IO S P IN A L  C E LLS  W IT H  L O N G  D E S C E N D IN G  
A X O N S . J . Z h a n g * , M .J .  C h a n d le r, a n d  R .D . F o re m a n . D e p t. 

P h y s io lo g y , U n iv . o f  O k la . H S C , O k la . C ity ,  O K  7 3 1 9 0 .

P re v io u s  s tu d ie s  h a ve  d e m o n s tra te d  th a t  e le c tr ic a l s t im u la t io n  o f 

c a rd io p u lm o n a ry  s y m p a th e tic  a n d  v a g a l a f fe re n t  f ib e rs  in h ib its  lu m b a r 

s p in o th a la m ic  t r a c t  a n d  d o rs a l h o rn  c e lls .  T o ta l s p in a l t ra n s e c t io n s  

a t  s e g m e n ts  C5-C 7, b u t n o t  C 1-C 2 in  m o s t  ra ts  a b o lis h e d  in h ib ito ry  
re s p o n s e s  to  a ffe re n t  s t im u la t io n .  B ase d  o n  th e s e  f in d in g s ,  w e  

h y p o th e s iz e  th a t  v is c e ra l a f fe re n t  s t im u la t io n  e x c ite s  C 1-C 2 
p ro p rio s p in a l n e u ro n s  th a t  c o u ld  m e d ia te  in h ib ito ry  e f fe c ts  o f  c e lls  in 
th e  lu m b a r s e g m e n ts . E x tra c e llu la r a c t io n  p o te n t ia ls  w e re  re c o rd e d  

f ro m  7 0  p ro p rio s p in a l n e u ro n s  th a t  w e re  a n t id r o m ic a lly  a c t iv a te d  b y  

s t im u la t in g  th e ir  a x o n s  in  th e  lu m b a r s e g m e n ts  o f  a n e s th e tiz e d  ra ts . 

V is c e ra l o r s o m a tic  s t im u li a c t iv a te d  2 8  o f  7 0  c e lls ;  a c t iv i t y  o f  4 2  

c e lls  w a s  n o t  a ffe c te d .  C a rd io p u lm o n a ry  s y m p a th e tic  a ffe re n t  

s t im u la t io n  e x c ite d  21 o f  2 8  c e lls  a n d  d id  n o t  a f fe c t  7 c e lls . In 

c o n t ra s t ,  v a g a l a f fe re n t  s t im u la t io n  e x c ite d  7 o f  2 5  c e lls  te s te d  and 

d id  n o t  a f fe c t  18  c e lls .  S o m a t ic  re c e p tiv e  f ie ld s  w e re  e x a m in e d  fo r  
2 6  c e lls ; 11 f ie ld s  w e re  lo c a te d  in  h e a d , n e c k  a n d  s h o u ld e r, 1 0  c e lls  
h ad  f ie ld s  in  th e  lo w e r  b o d y  in  a d d itio n  to  th e  h e a d , n e c k  and  

s h o u ld e r, a nd  n o  s o m a tic  f ie ld  w a s  fo u n d  fo r  5 c e lls . R e s u lts  are  

c o n s is te n t  w i th  th e  h y p o th e s is  th a t  u p p e r c e rv ic a l c e lls  re c e iv e  
v is c e ra l a ffe re n t  in fo rm a t io n  th a t  m ig h t  p la y  an  im p o r ta n t  ro le  in  th e  

sp in a l m o d u la tio n  o f  n o c ic e p t iv e  in p u ts  in  d is ta n t  s e g m e n ts  o f  th e  ra t 

sp in a l c o rd . (N IH  H L 2 2 7 3 2  a nd  P re s b y te r ia n  H e a lth  F o u n d a tio n )

158.14
NEUROKININ A AND NK-2 RECEPTORS ARE INVOLVED IN THE 
INDUCTION AND MAINTENANCE OF INFLAMMATION-EVOKED 
HYPEREXCITABILITY OF RAT SPINAL DORSAL HORN NEURONS.
V. Neugebauer*, P. Rumenapp and H.-G. Schaible. Dept. of Physiology, Wurzburg 
University, D-97070 Wurzburg, Germany.

Spinal functional plasticity during prolonged inflammatory nociception involves 
activation of different glutamate receptor types as well as substance P (NK-1) and 
CGRP receptors. We now evaluated the effects of a NK-2 receptor antagonist on the 
hyperexcitability of spinal neurons induced by a localized knee joint inflammation.

In rats anesthetized with sodium thiopentone nociceptive dorsal horn neurons 
with input from the knee joint were recorded extracellularly before and during 
development of an acute knee joint inflammation (kaolin/carrageenan model). Brief 
noxious and innocuous mechanical stimuli were periodically applied to the knee 
and ankle. Using ionophoresis, the non-peptide NK-2 receptor antagonist SR48968 
and its inactive enantiomer SR48965 (from Sanofi Research, Montpellier, France) 
were applied spinally during induction of inflammation or 4.5-8.5h postkaolin.

SR48968 selectively blocked the effects of ionophoretically applied neurokinin 
A but not of substance P, CGRP, and AMPA. Repeated applications of SR48968 
during the induction phase of the inflammation („pretreatment“ ) prevented the 
generation of hyperexcitability, whereas a significant increase of the responses to 
noxious and innocuous pressure was observed in untreated control neurons and in 
neurons treated with the inactive enantiomer SR48965. Application of SR48968 at 
4.5-8.5h postkaolin („posttreatment“ ) reduced the responses to mechanical 
stimulation of the inflamed knee and non-inflamed ankle (38-47% of predrug 
values) in about 90% of the hyperexcitable neurons. SR48965 had no effects.

Conclusion. activation of spinal NK-2 receptors in the induction phase of the 
inflammation is important for the initiation and the further development of spinal 
hyperexcitability. In addition, NK-2 receptors are activated at the later stages of the 
inflammatory process. Supported by the Deutsche Forschungsgemeinschaft (SFB 353)

158.15

PERSISTENT HINDLIMB FLEXION (PHF) IS ACCOMPANIED 
BY REFLEX REORGANIZATION IN SPINALIZED LONG- 
EVANS RATS. J. Boyer, B.J .  Winterson* and D .J .  Mokler. Depts. 
Physiol. & Pharmacol., UNECOM, Biddeford, ME 04005.
Prolonged (1 hr) noxious percutaneous electrical stimulation (2mA, 7 
msec pulses, 100 H z) o f  midthigh in the pentobarbital anesthetized rat 
produces PHF that lasts for 2 wks. PHF w as induced in the left hindlimb 
(PHF;n=6). C ontrol rats w ere not p retreated  in any w ay (CT; n=6). On 
day 3 rats were reanesthetized. A  stim ulation device containing an array 
of 34 circular brass electrodes (1/8 ” dia.) in a latex sleeve w as slipped 
over the denuded left hindlimb. Rats were spinalized (T8). Tension o f  the 
hindlimb was measured by force transducer, digitized and stored on PC. 
The stimulus w as set at threshold value (T: 0.3 mA ) for the foot region 
(dur: 1 sec; 7ms, 100 H z pulse trains) and delivered at each contact 
individually and repeated at 2X and 3X T. D ata w ere pooled from sites 
that w ere anatomically contiguous and functionally homogenous. A t 
threshold, CT rats flexed to  stimuli presented to  foot and shank but 
extended to  stimuli on the lateral hip and thigh. A t 2X and 3X T, more 
proximal regions produced a flexion response. The PHF rats showed 
more proxim al regions producing flexion than CT rats for comparable 
stimuli. Also, flexion w as greater in PHF rats  for com parable regions and 
stimuli when compared to  CTrats. Thus, PHF is associated with changes 
in sensory and m otor responses spatially rem ote from  points used to  
induce PHF. (supported by Burroughs-W ellcom e Fellowship F-93-03)
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VENTROLATERAL MIDBRAIN PERIAQUEDUCTAL GRAY PROJECTS TO "LAMINAI 
RECIPIENT THALAMIC REGIONS. N.S. Floyd, K.A. Kegy and R. Bandler *. Dept. 
of Anatomy and Histology, University of Sydney, NSW, Australia, 2006.

The midbrain periaqueductal gray region (PAG) plays a pivotal role in co-
ordinating an animal's reactions to different classes of threat, stress or pain. The 
PAG organisation that mediates these reactions takes the form of longitudinally 
oriented, functionally distinct columns of neurons. One of these columns, the 
ventrolateral PAG (vIPAG), is activated by both noxious deep somatic and noxious 
visceral stimuli ana mediates a passive coping strategy: quiescence, 
hyporeadivity, hypotension and bradycardia. How the vIPAG achieves such co-
ordinated changes in sensory and motor dispositions is not understood. A 
demonstration of vIPAG projections to the thalamus may reveal potential routes 
by which sensory and motor adjustments, central to the expression of vIPAG- 
evoked response strategies could be mediated. We utilised anterograde tracing 
techniques as a first step in delineating vIPAG projections to the thalamus. In 18 
halothane (1.5%) anaesthetised rats, double-barelled micropipettes were used to 
inject the anterograde tracer, biotinylated dextran, into vIPAG sites at which a 
hypotensive response had been evoked by injection of DL-homocysteic acid. After 
3-5 days, the rats were perfused under barbiturate anaesthesia (60mg/kg ip) and 
sections (50µ m) through the thalamus were reacted for presence of the 
anterograde tracer using the avidin-biotin-peroxidase technique. In 5 animals the 
sections were stained also for the presence of the calcium binding protein, 
Calbindin (CaBP). Identifying CaBP positive neurons and terminals made it 
possible to define many thalamic regions. We found that the vIPAG had a robust 
and well defined field of termination in the caudal ventromedial nucleus of the 
thalamus in a region of clear CaBP immunoreactive terminals. This area 
corresponds remarkably well to the lamina I recepient, posterior, ventromedial 
thalamic nucleus, containing nociceptive- or thermoreceptive neurons as 
described by Craig et al (1995). Other thalamic termination sites included: (i) the 
ventral caudal portion of the mediodorsal nucleus (another lamina I recipient 
region); (ii) the parafascicular and centromedian nuclei, (iii) the ventrobasal 
complex, (iv) the centrolateral nucleus. The pathways revealed are likely routes by 
which the vIPAG may influence thalmocortical processing of nociceptive input and 
motor outflow. [Craig A.D. et al (1995) Nature 372, pp 770-773)

15 9 .3

ANALYSIS OF RAT PERIAQUEDUCTAL GRAY PROJECTION NEURONS 
THAT HAVE INTRA-PAG COLLATERALS F .G. Williams* and A. J. Beitz Dept 
of Pathobiology, University o f Minnesota, 1988 Fitch Ave., S t. Paul, MN 55108

The periaqueductal gray matter (PAG), an important integrative center for behavioral 
responses to threatening stimuli, is well known to modulate nociception as part of a circuit that 
descends to inhibit spinal nociceptive neurons. However, it is not known whether ratPAG projection 
neurons also give rise to local (intra-PAG) collaterals. If they exist, such collaterals might play a role 
in the PAG’sintegrative function. We examined neurons in the PAG and adjacent nuclei, including 
the dorsal raphe and nucleus Cuneiformis, that were double-labeled from a) the lateral and 
ventrolateral PAG, and b) the lateral hypothalamus (LH) and rostral ventral medulla (RVM). All 
studies were performed in adult male Sprague-Dawley rats 250-275 g.b.w. (n=6). Fluorogold 
(200nl) was injected bilaterally into the LH and unilaterally into the RVM, while fixable rhodamine- 
dextran (50nl, 10,000 MW) was injected unilaterally into the lateral and ventrolateral PAG using 
glass-tipped micro syringes. Seventy-two hours after injection, animals were perfusion-fixed and 
40µm cryosections of  the PAG and remote injection sites were cut and mounted. Single and double- 
labeled neurons in each PAG region and surrounding areas were scored using epifluorescence 
microscopy. A blue narrow bandpass emission filter was employed to unequivocally distinguish 
between fluorgold and rhodamine emission under UV excitation. The immediate vicinity of each 
rhodamine-dextran injection was not scored because of background labeling. LH and RVM 
injection sites were verified to contain anterogradely-transported rhodamine-dextran.

W ithin the PAG and the dorsal raphe and the nucleus cuneiformis, double-labeled neurons 
were generally sparse. The frequency of double-labeled neurons in the dorsomedial PAG and dorsal 
raphe was only 2.9% and 8.1%, respectively. The nucleus cuneiformis contained 8.0% double- 
labeled neurons. Within the lateral PAG, double-labeled neurons were totally absent Among the 
few LH and RVM projection neurons found in the dorsolateral PAG, only 4.7% were double- 
labeled. The ventrolateral PAG contained 4.6% double-labeled neurons. However, a population 
of  double-labeled ventromedial PAG neurons located bilaterally near the aqueduct was consistently 
present, accounting for 11.6% of fluorogold-containing neurons in the area. The significance of 
these and other PAG projection neurons with local collaterals remains to be determined. Similar 
analyses of other major PAG projections is underway, and may provide new insights into the 
circuitry and function of the PAG. Supported by NIH grants NS 28016, DA 06687, and DE06682.

1 59 .5

S U P R A S P IN A L  O R IG IN  O F  A N T IN O C IC E P T IV E  E F F E C T S  O F  
PICR O TO X IN  IN  TH E CAT. N. K oyam a, F. Hanai, H. Yamada* and 
T. Yokota. Depts. o f Physiology and A natom y, M ed. C oll. o f Shiga, Seta, 
O tsu, 5 2 0 -2 1 , Japan.

In this study, w e report that the intravenous adm inistration o f a G A BA a 
antagonist p icrotoxin activates the descending antinociceptive system  aris-  
ing from  the m esencephalic periaqueductal gray (PAG) through d isin h ib i-  
tion . S ing le  unit ac tiv itie s  o f  w id e  dy n am ic  range  (W D R ) neu ro n s w ere 
recorded from  the dorsal horn o f the L7 spinal cord in u rethane-ch lo ralose 
an esth e tized  cats. In trav en o u s ad m in istra tio n  o f  a su b co n v u ls iv e  dose o f 
p icro to x in  converted  W D R  n eurons to low  th re sh o ld  m ech an o recep tiv e  
(LTM ) neurons. A fte r  sp inal tran sectio n  rostral to the  reco rd in g  s ite , the 
high  th re sh o ld  su rround  o f recep tiv e  fie ld  reap p eared , and responses  to 
noxious heating resum ed. In the spinal cat, p icrotoxin had no antinocicep
tive e ffec ts  upon resp o n ses  o f  sp inal W D R  neurons. T h ese  da ta  ind icated  
that the  an tin o c icep tiv e  ac tion  o f  in trav en o u s p ic ro to x in  is d epend  upon 
supraspinal m echanism s. In o rder to confirm  this interpretation further, we 
rec o rd e d  a c tiv it ie s  o f  PAG n e u ro n s  w h ich  a n tid ro m ic a lly  re sp o n d e d  to  
stim u la tio n  o f  the nu c leu s  raphe m agnus (N R M ). The spo n tan eo u s d is
charges o f  P A G -N R M  neurons increased fo llow ing intravenous adm inistra-  
tion o f picrotoxin. Im m unocytochem ical data show ed that F o s-lik e  im m u-  
noreactive neurons w ere m ainly localized in N RD, PAG and periventricular 
gray follow ing intravenous adm inistration o f picrotoxin.

159 .2

P R O JE C T IO N S  FR O M  N E U R O N S  IN T H E  V E N T R O L A T E R A L  
P E R IA Q U E D U C T A L  G R A Y  TO  S P IN A L L Y -P R O JE C T IN G  
N O R A D R E N E R G IC  N E U R O N S  IN T H E  A 7  C A T E C H O L A M IN E  C E LL 
G R O U P . F. Fang . T.J. M arczy nski*. and H. K. P ro u d fit, D e p t. o f 
P harm aco logy, Univ. o f Illino is  a t C h icago, C h icag o , IL 60612.

T h e  an tino c icep tion  p ro du ced  by m ic ro in je c tio n  o f m o rp h in e  in the  
ve n tro la te ra l peria q ue du cta l g ray reg ion is m e d ia ted  in p a rt by sp ina lly - 
p ro jecting  n orad re ne rg ic  neurons. A n te ro g ra d e  tra c ing  co m b in e d  w ith 
im m u n ocy to che m is try  w e re  used to  d ete rm in e  w h e th e r n eu ro ns  in the  
ve n tro la te ra l peria q ue du cta l g ray (P A G ) p ro je c t to  n o ra d re n e rg ic  neurons 
in the  A 7  ce ll group. P re v io u s s tud ies have  d ete rm in ed  th a t m o st o f 
the se  A 7  n eu ro ns inn e rva te  th e  sp ina l cord  dorsa l horn. B io tiny la ted  
dextran  a m ine  (BD A), an a n te ro gra d e  tracer, w a s  ion top h ore tica lly  
d ep osite d  in the  ve n tro la te ra l PAG. The B D A -lab e le d  te rm in a ls  w e re  
v isua lized  u s ing  th e  a v id in -b io tin  co m p le x  and th e  n icke l-e n h a n ce d  
d ia m in ob e nz id in e  (N I-D A B) re a c tio n , and A 7  n o ra d re n e rg ic  n eurons 
w e re  v isua lized  us ing  a n tise ra  d ire c te d  a g a in s t ty ro s in e  h yd ro xy la se  
(TH ) and th e  D AB re a c tio n . B D A -lab e le d  axon  te rm in a ls  w e re  fo u n d  
in c lose  a p p o s itio n  to  m a n y  o f  th e  T H - im m u n o re a c tiv e  n e u ro n s  in the  
A 7  ce ll g ro up . These  o b se rva tio n s  s u p p o rt th e  c o n c lu s io n  th a t  the  
a n tin o c ic e p tio n  p ro du ced  by m ic ro in je c tin g  m o rp h in e  in th e  
v e n tro la te ra l PAG is m e d ia te d  in p a rt b y  a c tiv a t io n  o f n ora d re n e rg ic  
n eu ro ns  in th e  A 7  ca te ch o la m in e  ce ll g ro u p  th a t  in n e rv a te  th e  sp ina l 
co rd  d orsa l horn . T hese  e x p e rim e n ts  w e re  s u p p o rte d  b y USPHS 
g ra n t D A 0 3 9 8 0  fro m  th e  N a tio n a l In s t itu te  on  Drug A bu se .

1 5 9 .4

REGULATION OF PREPRO THYRO TRO PIN-RELEASING  
HORMONE m RNA IN THE CENTRAL GRAY BY TONIC PAIN 
AND BY MORPHINE W ITHDRAW AL. L.G. G a h n*and  K .A .
S e v a r in o .  D iv is io n  o f M o le c u la r  P s y c h ia try ,  D e p t. o f 
P s y c h ia try , Ya le  Sch . o f M ed., New H a ven, CT 06508 

T h yro tro p in -re le a s in g  h orm on e  (T R H ) g ive n  s ys te m ica lly  or 

i.c .v. m o d u la te s  m o rp h in e- o r s tre ss -in d u ce d  a n a lg e s ia  in ra ts. TR H  

is found  in the  ce ntra l g ra y  (C G ), an a re a  th a t fu n c tio n s  in pain  

re g u la tio n  and in the  p hys ica l sym p to m s of o p ia te  w ith d ra w a l. In th is  

s tudy w e  investiga te  the  ro le of TR H  in the se  p he no m e n a  by 
e xam in ing  the  regula tion  o f ppTR H  m R N A  in the  CG  in re sp on se  to 

ton ic  pain  and  m o rp h in e  w ithd ra w a l. In situ  h yb rid iza tio n  w a s  used  

to  q ua ntita te  ppTR H  m R N A  in the  ve n tro la te ra l CG . For o u r m o d el of 

to n ic  pa in , ra ts  w e re  in je c te d  w ith  5%  fo rm a lin  (50  µ l) in to  the  

p lan ta r su rface  o f one hind paw. W hile  no ch an ge  in ppTR H  m R N A  w as 

obse rve d  one h ou r pos t-in jec tion , m R N A  leve ls  w e re  d ec re a se d  by 

3 5%  a fte r 3 h ours. P re lim in a ry  re su lts  in d ica te  th a t m R N A  leve ls  

w e re  s till s lig h tly  b e lo w  co n tro l 24  h o u rs  p o s t-in je c tio n . For o u r 

m odel of o p ia te  w ithd ra w a l, ra ts w e re  im p lan ted  w ith  a m o rp h in e  

pe lle t (75 m g) once  a day fo r 4 days, co n d itio n s  kn ow n  to  p ro du ce  

opia te  dependence . On day 5, ra ts w e re  g iven  n a ltre xon e  to  
p re c ip ita te  w ithd ra w a l and sa c rifice d  3 h ou rs  la te r. W h ile  

na ltre xon e  itse lf decrea sed  ppTR H  m R N A  leve ls  40% , m o rp h in e  plus 

na ltre xon e  p roduced  a 90%  increa se  m R N A  leve ls. E xpe rim e n ts  are  

u nd erw a y to  fu rth e r e lu c ida te  the  re g u la tio n  o f p pTR H  m R N A  in 

m odels  o f pain and m o rp h in e  w ithd ra w a l.

1 5 9 .6

N IT R IC  O X ID E  P O T E N T IA T E S  T H E  D U R A T IO N  O F 
M E D U L L A R Y  R A P H E -E V O K E D  IN H IB IT IO N  O F 
N E U R O N E S  IN T H E  P E R IA Q U E D U C T A L  G R E Y  M A T T E R .
T .A . Lovick. (SPO N : B rain R esearch  A ssociation) D ep artm en t 
o f  Physiology, U niversity  o f  B irm ingham , B irm ingham  B15 2TT ,
U.K.

T he d o rso la te ra l sec to r o f  th e  p e riaq u ed u c ta l g rey  m a tte r  
(P A G ) is rich in n itric  oxide syn thase  (N O S )-con ta in ing  
neurones. E xperim en ts  a re  being  ca rried  ou t to  investiga te  the  
ro le  o f  N O  in m ed ia ting  inh ib ito ry  inpu t to  th e  P A G  from  th e  
m edu lla ry  raphe.

In an aesth e tised  ra ts, selective s tim u la tion  o f  n eu ro n es  in 
nucleus rap h e  obscurus (N R O ) by m icro in jec tion  o f  60-200 nl 
0.1M  D ,L -hom ocysteic acid, inh ib ited  firing  o f  18/27  cells in 
th e  la te ra l and  d o rso la te ra l secto rs o f  th e  PA G . In 4 /5  cells the  
m ean  d u ra tio n  o f  th e  inh ib ition  w as reduced  from  119.3s to  
40.5s a f te r  i.e.v. in jection  o f  th e  N O S inh ib ito r L -n itroarg in ine  
(L -N A M E , 0.5m g in 2µl). In con tras t, th e  m axim um  reduction  
in firing ra te  evoked  by s tim u la tion  in N R O  (to  8.7 % o f  th e  p re -
stim ulus level b e fo re  L -N A M E ), w as n o t changed  significantly  
(firing  red u ced  to  6%  o f  th e  p res tim u lus  level a f te r  L -N A M E ). 
In jection  o f  th e  inactive  isom er D -N A M E  (0.5m g in 2µ l) had  no 
e ffec t on e ith e r  th e  du ra tio n  (91.3s b e fo re  v. 90.7s a f te r  D- 
N A M E ) o r th e  m axim um  red u c tio n  in firing  ra te  (to  0%  o f  the  
p re-stim ulus level b e fo re  v. 6%  a f te r  D -N A M E ) in 3 /3  cells.

T he resu lts  ind ica te  th a t N O  is involved in m ain ta in ing  
inh ib ition  in th e  P A G  w hich is in itia ted  by stim u la tion  in N R O .
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DIRECT OPIOID INHIBITION OF IDENTIFIED PERIAQUEDUCTAL 
GRAY NEURONS W ITH PROJECTIONS TO RAPHE M AGNUS 
Peregrine B. Osborne* ,C.W. Vaughan. R.  Bandler1 and M.T. Christie.
D ept. of Pharm acology and , 1Dept. of A natom y an d  H istology,
University of Sydney, NSW  2006, A ustralia.

M icroinjection of opioids into regions of the m idbrain  periaqueductal 
gray (PAG) produces anti-nociception th at can be m easured  using  tail-flick 
and o ther assays. There is evidence that an tinociception  in the  PAG is 
prim arily m ediated by neurons that send  descending  projections to the 
raphe m agnus. It has been assum ed th at opio ids do  n o t have d irect actions 
on these projection neurons, b u t ra ther act ind irectly  via d isinhibition. By 
recording from  labelled PAG projection neurons in brain slices w e have 
found that a significant p rop o rtio n  a re  d irectly  inhib ited  by  opioids. In 
brief, rhodam ine-labelled  m icrospheres w ere injected into the area of the 
nucleus raphe m agnus in anaesthetised  8-12 day  old  rats. A m inim um  of 
two days post-injection, the rats  w ere anaesthetised  an d  killed, and  brain 
slices containing the PAG w ere p repared . N eurons w ith  projections to the 
raphe m agunus w ere identified by the presence of retrogradely  transported 
fluorescent rhodam ine beads, after w hich  patch  clam p recordings w ere 
made under v isual control using  N om arski optics. Of the 28 projection 
neurons studied, it w as found that 50% (14 cells) p roduced  o u tw ard  currents 
in response to the opioid agonist m et-enkephalin  (30µM). The GABAb 
receptor agonist baclofen ( l0µM), caused o u tw ard  currents in 27 out of 28 
neurons. The finding that opio ids can d irectly  inhib it PAG projection 
neurons argues that disinhib ition  is n o t the sole factor underly ing  opioid- 
mediated analgesia in the PAG, an d  that a m ore com plex m echanism  is 
involved.

PAIN MODULATION: ANATOMY AND PHYSIOLOGY—BEHAVIOR

160.1

ATP AND α ,β -M eATP POTENTIATE W H ILE SURAM IN INHIBITS 
NOCICEPTION IN THE FORM ALIN TEST. J. Sawynok*. A. Reid. and
G .D oak . Dept. Pharmacology, Dalhousie University, Halifax, N.S. 
Canada B3H 4H7

ATP may regulate sensory transm ission both in the periphery and in 
the spinal cord, but such actions are not well characterized. In this study, 
we examined pronociceptive actions o f ATP and ATP analogs (α ,β - 
MeATP, P2x agonist; 2-M eSATP, P2Y agonist) and antinociceptive actions 
of suramin (P2X and P2Y antagonist) in the low concentration (0.5%) 
formalin test in rats. Flinching behaviour, which is expressed in a graded 
manner, was monitored. Coadministration o f α ,β -M eATP (0.5-50 nmol) 
and ATP (5-500 nmol), but not 2-M eSATP (50, 500 nmol), with the 
formalin produced a dose-related augmentation o f  flinching behaviour, 
primarily in phase 2B (25-50 min after injection). Pretreatment with 
suramin (500-1500 nmol) for 30 min in the ipsilateral paw (but not 
coadministrtion) produced a dose-related inhibition o f the response to 
formalin (0 .5 ,1 .5  %). At 500 nmol, the reduction was seen only in phase 
2B, but at 1500 nmol, the response was inhibited throughout. This 
reduction was also seen with a contralateral injection, indicating it is 
centrally mediated. These results suggest (a) the low concentration 
formalin model may be o f use for examining pronociceptive actions of 
peripheral pain mediators, (b) ATP augments the pain signal in the 
periphery by activating a P2X receptor, and (c) ATP plays a dual role in 
the regulation o f sensory transmission with both peripheral and centrally 
mediated components. (Supported by MRC Canada)

160.3

INESCAPABLE SHOCK (IS) POTENTIATES MORPHINE 
ANALGESIA 24 H LATER: SITES OF ACTION. SE. Lea*. LC Sutton. 
BA Schwartz, CE Hartley, SF M aier.  & LR Watkins. Dept Psych, U CO, Boulder,
CO 80309.

IS markedly potentiates systemic morphine analgesia 24 h later as measured by the 
tail flick (TF) test. These exps examine whether IS will potentiate analgesia when 
morphine is injected into discrete sites in the raphe bulbospinal pathway. We also 
tested whether the TF data are confounded by altered  tail temperature (TT) or motor 
function.

Rats with dorsal raphe nucleus (DRN) cannulae or intrathecal (IT) catheters received 
100 ISs (1 mA, 5 s, 1 min ITI) or restraint Baseline pain responsivity (TF test) was 
assessed 24 h later followed by subanalgesic doses of morphine or equivolume (1 µl) 
vehicle into DRN or IT. Beginning 15 min later, 3 TF latencies were assessed each 
10 min for 60 min. No analgesia was observed in any group injected with saline 
during pain testing nor in any morphine-injected restraint control group. In contrast, 
these same DRN & IT morphine doses produced profound analgesia in rats exposed to 
IS 24 h earlier. We are currently examining the potential role of the nucleus raphe 
magnus (NRM).

In separate exps, rats were exposed to IS or restraint & tested 24 h later with 
morphine (1 mg/kg) or equivolume (1 ml/kg) vehicle s.c.. There were no differences 
in TT among the groups either before or after injection. A bilateral tactile stimulation 
test assessed general motor function 24 h after IS or restraint. Latencies to remove 
stimuli from each forepaw were recorded prior to & 15 min after injection of morphine 
or saline as described above. There were no differences in latencies among the 4 groups 
either before or after injection.

These data demonstrate that the DRN and spinal cord are each critical sites of opiate 
action in IS-induced potentiation of morphine analgesia. Further, the use of the TF 
test in our paradigm was validated by TT and tactile stimulation tests. The 
generalizability of this phenomenon to the hot plate test is currently under 
investigation. Supported by NIMH Grant MH00314 & Undergrad. Res. Oppor.
Prog.

160 .2

NOCICEPTIVE RESPONSIVENESS IS GREATER DURING SLOW 
WAVE SLEEP THAN DURING WAKING. P eg g y Mason* and Irma 
Escobedo. Dept. of Pharmacological & Physiological Sciences and 
Cmte. on Neurobiology, U. of Chicago, Chicago, IL 60637

The latency of the paw withdrawal evoked by noxious heat was 
measured in rats as they spontaneously cycled through four different 
behavioral states - active waking, drowsy, slow wave sleep and 
desynchronized sleep. All rats were tested at both a high (28 °C) and a 
low (23 °C) ambient temperature. For each rat, the latency evoked by 
the standard noxious stimulus was averaged for each state and at each 
ambient temperature. Rats withdrew from the noxious thermal 
stimulus, when it was applied in each behavioral state tested. When the 
animal was awake at the onset of the stimulus, there was no consistent 
change in the EEG or neck EMG that was associated with the limb 
withdrawal. When the noxious thermal stimulus was applied during 
slow wave sleep, the EEG became desynchronized and decreased in 
amplitude while activity in the neck muscles increased just prior to the 
activation of the leg muscles. Although sleeping rats awoke prior to 
withdrawing, these arousals were typically brief (<3() s). At both 
ambient temperatures, the withdrawal latency was shortest during slow 
wave sleep and longest during waking. This significant difference 
(2.68 ± 0.33 s at the low and 3.42 ± 0.30 s at the high ambient 
temperature) was independent of paw temperature which changed in 
accordance with state at the low ambient temperature only. Latencies 
during desynchronized sleep were highly variable but, on average, were 
intermediate between the latencies recorded during the waking and 
drowsy states. Enhancement of nociceptive responsiveness during 
sleep may serve a protective function during this vulnerable condition.

1 6 0 .4

INESCAPABLE SHOCK (IS) POTENTIATES MORPHINE 
ANALGESIA 24 H LATER: ROLE OF THE DORSAL 
RAPHE NUCLEUS (DRN). LC Sutton*, MJ Will. SE Lea. RE 
Grahn, S Maswood, S Spritzer, LR Watkins. & SF Maier. Dept. Psych, 
U Colorado, Boulder, CO 80309

We have reported that inescapable tailshock (IS) but not escapable tailshock 
potentiates morphine analgesia 24 h later. These experiments replicate & extend those 
findings by testing if pharmacological manipulations of the DRN that attenuate other 
IS-induced behaviors will also block this phenomenon.

Rats with DRN cannulae received naltrexone (10 µg), diazepam (5 µg), 8-OH-
DPAT (1 µg), or equivolume (1 µl) vehicle & exposed to 100 ISs (1 mA, 5 s, 1 min 
ITI) or restraint Rats were tested for pain responsivity (tailflick [TF] test) 24 h later. 
Baseline pain responsivity was assessed followed by either 1 mg/kg s.c. morphine or 
equivolume (1 ml/kg) vehicle. TF latencies were assessed each 10 min for 60 min.
No analgesia was observed in any group injected with s.c. saline during pain testing, 
nor in any morphine-injected restraint control group. In contrast, profound morphine 
analgesia was observed in rats exposed to IS 24 h previously. This effect was blocked 
by intra-DRN naltrexone, diazepam, or 8-OH-DPAT at the time of IS. In a separate 
exp, rats received the ß-carboline DMCM (1 µg) or equivolume vehicle (1 µl) in DRN 
& simply restrained for 100 min. Rats were tested 24 h later as described above. No 
analgesia was observed in rats injected with intra-DRN vehicle when tested with s.c. 
morphine or saline during pain testing. Rats treated with intra-DRN DMCM 
displayed no analgesia in response to s.c. saline. In contrast, potentiated analgesia to 
morphine was observed in rats treated with intra-DRN DMCM 24 h previously.

Blockade of IS-induced potentiation of morphine analgesia by intra-DRN opiate 
antagonists, benzodiazepines, and 8-OH-DPAT at the time of IS and production of the 
effect by intra-DRN DMCM in the absence of shock are in perfect agreement with 
other previously reported learned helplessness phenomena. Supported by NIMH Grant 
MH00314 & Undergrad. Res. Oppor. Prog.
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1 60 .5

VAGINAL ALLODYNIA AND HYPER ALG ESIA IN RATS W ITH ENDO M ETRI- 
OSIS AND AFTER PRE-SENESCENT OVARIECTO M Y. E. W ood. S. Pauley,
H .B radshaw . A. Ayash and K. J. Berkley*. Program in Neuroscience, D ept. 
of Psychology, Florida St. Univ., Tallahassee, FL 32306-1051.

Dyspareunia (coital pain) is a serious disorder in wom en whose prevalence 
is highly underestim ated and whose causes are poorly understood. Although it 
is officially classified primarily as a sexual dysfunction, recent studies (Meana 
et al., 1995) argue fo r its prim ary designation instead as a chronic pain 
disorder, in part because the coital morbidity often stem s from  a more general 
condition of allodynia and hyperalgesia (VAH) to m echanical vaginal stimula- 
tion. W omen report VAH under a variety of d iffe rent health circum stances; 
e.g., following menopause, pre- and post-m enopausal oophorectom y, 
hysterectom y, endom etriosis, pelvic inflam m atory conditions, pelvic cancers 
and physical or sexual abuse. This situation indicates that VAH has multiple 
possible causes whose study in animal models is needed. Recently, VAH was 
shown to occur in rats a fter natural senescence, at which time it was 
exacerbated by ovariectom y (Berkley et al., SN Abstr., 1994). Here, in 
prelim inary experiments, we exam ined if VAH would also o ccur in rats under 
some of the o ther conditions sim ilar to those that produce it in women. VAH 
was assessed by measuring the awake rat’s escape probabilities to d ifferent 
volumes of vaginal distension before and after endom etriosis induced by ab
dom inal autotransplantation of small pieces of endom etrium  (n=3), pre- 
senescent bilateral ovariectom y (n=3) or partial control manipulations (n=5). 
Overall, although otherwise healthy, both the ovariectom ized rats and the rats 
with endom etriosis developed increased probabilities of escape responses to 
the vaginal stimuli while control rats showed no changes. These results 
support the general hypothesis that VAH has multiple underlying mechanisms 
and indicates that the rat will provide a good model for the ir study.

Supported by NIH grant NS 11892.

160 .7

MEASUREMENT OF TAIL FU CK  LATENCY: A STANDARDIZED 
APPROACH. R.K. Dhatt, G.A. Teiwani* and M .E. Wewers The Ohio State 
Univ. Coll. o f Nursing, Columbus, OH 43210.

This study investigated the effect of habituation time on tail flick latency (TFL) 
in Sprague-Dawley male albino rats weighing between 250-300 g, using two 
different tailflick equipment. In Experiments A and B, animals were divided into 
two groups: GRIA, GRIIA, GRIB, GRIIB (n=6/group). In Experiment A, tail 
flick test was performed with IITC Inc. Mod 33 (with printer) Analgesia meter. 
TFL response was recorded after exposing tail to 150 W  light stimulus. Each 
animal was exposed 3 times with tail flick interval o f 30 sec to light to obtain an 
average reading. To prevent tissue damage cut-off time was 10 sec. GRIA: Tail 
moved 2 cm for each reading from tip to base. Animals were kept in restrainers 
for 1-2 min (twice/day) and TFL were recorded twice/day for 3 days of 
habituation. GRIIA: Same as GRIA except animals were kept in restrainers for 
30 min (twice/day) for 3 days o f habituation. In Experiment B, animals in GRIB 
and GRIIB were habituated in an identical manner to those described in 
Experiment A, with the exception that all tails were blackened. Tail flick apparatus 
Model RTH-50CXTT, which permits tail temp to return to 35°C prior to 
subsequent measurement, was used. Each animal’s tail was exposed to 150W light 
stimulus and tail was moved 2 cm between measurements after tail temp. returned 
to 35°C. Habituation manipulations were performed by one experimenter between 
8:00-10:00 a.m. and 3:00-5:00 p.m. On day 4, baseline TFL was recorded for 
all groups and tail temp at time o f latency was recorded in Experiment B. In 
Experiments A and B, no significant differences were noted on day 4 TFL for 
groups receiving 1-2 min vs 30 min habituation (Experiment A, t= 0 .5 4 , p=0.48; 
Experiment B, t=0.02, p = 0.88). These findings suggest that a habituation time 
of 1-2 min twice a day for 3 days with TFL recording is sufficient to perform tail 
flick experiments.

1 6 0 .9

LIF INDUCES A MECHANICAL ALLODYNIA BUT NOT THERMAL HYPERALGESIA IN THE 
JUVENILE RAT. S.W.N. Thompson* A.Dray& L Urban Sandoz Institute for Medical Research, 
5 Gower Place, London, WC1E 6BN, UK.
Leukemia inhibitory factor (LIF) induces novel neuropeptide expression in sensory neurones in 
vitro and in sympathetic neurones following axotomy in vivo and in vitro. Robust retrograde 
transport of LIF is observed in injured sensory fibres. We have investigated the possibility that 
LIF is involved in the behavioural hypersensitivity following peripheral nerve injury. The effects 
of exogenous LIF administration have been compared with those of a closely related cytokine, 
ciliary neurotrophic factor (CNTF) and the neurotrophin, NGF. Mechanical and thermal 
thresholds for the hindlimb nociceptive flexion withdrawal reflex were measured in young rat 
pups (postnatal day 12-14). LIF injection to the hindpaw (5µl dorsal surface, 5µl plantar 
surface, sub cut.) induced a decrease in the von Frey threshold required to evoke hindlimb 
flexion (3.91±0.17g (100ng LIF), 2.28±0.14g (1.0µg LIF) vs. 5.77±0.24g naive; 2.0 hours 

following injection p<0.01 t-test. 2.24±0.27g (1.0µg LIF) 7.0 hours: 4.56±0.88g (1.0µg LIF) vs 

6.52±0.29g naive, 24hours p<0.05, t-test). Vehicle injection (50µg BSA in PBS) was without 

effect. Systemic LIF injection (1.0µg i.p) also induced a significant reduction in von Frey 
threshold for hindpaw withdrawal without altering hindpaw sensitivity to a noxious thermal 
stimulus (12.1±1.12s latency before injection vs 12.2±1.06s, 4 hours following LIF). The 
sensitising effect of LIF to innocuous mechanical stimuli was fully reversed by simultaneous 
administration of an equimolar concentration of monoclonal anti LIF (α LIF). α LIF had no effect 
upon hindpaw withdrawal thresholds when injected alone nor influenced the mechanical 
hypersensitivity produced by NGF administration (1.0µg sub cut.) (3.52±0.49g 7 hours 

following NGF vs 8.08±1.66g naive). CNTF (1.0µg sub cut.) did not alter the mean von Frey 
threshold for hindpaw withdrawal at any time point following injection. These experiments 
indicate that endogenous LIF expression following peripheral nerve injury may contribute 
towards the associated prolonged behavioural hypersensitivity.

1 60 .6

AUTOMATED SCORING OF THE FORMALIN TEST IN RATS 
REVEALS DOSE-DEPENDENT CHANGES IN BEHAVIOUR 
ONE WEEK AFTER THE FORMALIN INJECTION.
R. Stø rkson. O-G. Berge†. A. Tjø lsen and K. Hole*. Department of 
Physiology, University of Bergen, Norway, †Astra Pain Control AB, 
Sӧdertä lje, Sweden.

A computerized system for recording of different behaviours in small 
animals has been developed. The system has been used to score 
behaviour in the formalin test in rats and mice. Dose-response effects of 
formalin were studied.

The automated scoring was performed by analyzing standard video 
recordings of animals by means of an image processing system. The 
system recognizes predefined categories of behaviour and records the 
time spent in the different states. Licking and biting of the injected paw, 
contralateral licking, grooming, rearing, immobility and locomotor 
parameters are recorded.

In the rat, formalin (0.2%, 1.0% and 5%) caused a dose-dependent 
increase in licking and biting of the injected paw, both in the early and the 
late phase.

Seven days, but not 14 days, after the formalin test, there were still 
dose-dependent differences in rearing and locomotor parameters, 
reflecting long-term effects of the formalin injection.

The findings 7 days after formalin injection may reflect allodynia or 
residual pain because of inflammation. If there is a component of central 
sensitization persisting several days after an injection of formalin, the 
extended formalin test may prove to be a useful tool when studying 
chronic pain mechanisms.

1 6 0 .8

AVOIDANCE LEARNING ON THE TA IL-FLICK  TEST.
T. E. King*. J. W. Grau. Department of Psychology, Texas A&M 
University, College Station, TX 77843.

Prior work suggested that different neural circuits mediate tail- 
withdrawal from radiant heat depending on test intensity; high 
intensities evoke a spinal reflex while low intensities depend on 
supraspinal mechanisms. However, results from our lab indicate that 
the tail-flick response is spinally mediated over a wide range of test 
conditions (King, et. al., Neurosci Abs, 19, 965). The experiments 
reported here show that this is only true if subjects are shielded from 
cues that predict impending pain. When such cues are present 8-12 s 
before heat reaches nociceptive thresholds, intact rats rapidly learn to 
flick before the stimulus becomes painful.

In all experiments, subjects were held in a covered tube and tail 
heat was adjusted produce tail-flick latencies between 3.5 to 4.5-s. In 
Exp. 1, rats were tested a day after they experienced a spinal 
transection (at T2) or a sham operation. Subjects were trained with a 
long signal (a visual cue was presented 4-s before radiant heat), a 
short signal (the cue was only presented during the heat), or an 
uncorrelated signal (the signal was presented during the ITI). When 
the long signal was presented, sham rats, but not spinals, rapidly 
learned to exhibit a tail movement to avoid the noxious heat. The 
short signal did not support learning. Exp. 2 showed that auditory 
and tactile cues also support avoidance learning on the tail-flick test, 
with significant learning occurring within the first 3 trials. Exp. 3 
explored the relation between signal duration and learning. We 
found that an avoidance response was rapidly acquired when the 
signal was presented 8-12 s before radiant heat reached nociceptive 
thresholds. Both shorter and longer signal durations led to poorer 
learning. Supported by MH48994 to J. W. G.

1 60 .10

EFFECTS OF TRANSITORY BLOCKADE OF VIBRISSAE ON 
RAT BEHAVIOR. E.E. Décima* and A. Prchal. Lab. 
Physiol. & Neuroscience, INSIBIO (CONICET-UNT)
CC 69 (suc. 2), 4000 San Miguel de Tucumán, 
Argentina.

It was postulated that the rat vibrissae play 
an important role in motor control. The phenome-
non was described by Vincent 'in 1912, after sec
tion of infraorbital branch of trigeminal nerve 
suplying these receptors. We found that transito
ry blockade by anaesthesia of these nerves has 
the same effects i.e., a notable decrease of ge 
neral motor behavior and muscular hypotony.

The aim of present work was to test if these 
blockades produced also inespecific sensory chan 
ges and/or effects on a learned motor performan
ce. Thus nociceptive thresholds were measured 
with the up-and-down method for small samples 
(Dixon, 1965; Crocker & Russel, 1984) in twenty 
Whistar male rats (250-300 g). We considered 3 
conditions: a)control; and two with anaesthesia: 
b) one on the tested nerves, and c) on subcuta
neous tissue on the back. Same conditions were 
also tried in a learned motor task.

We found that transitory blockade of vibrissal 
inputs produces both significative increments of 
nociceptive thresholds and failures in motor per
formance.
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161 .1

ISOLATION OF A cDNA CLONE OF A PUTATIVE BIPOLAR CELL 
CYCLIC GMP-GATED CHANNEL FROM MOUSE RETINA. A.A. 
Hirano*, C. Zhang, R.M. Duvoisin. M. M. Dyson Vision Research 
Institute, Dept. of Ophthalmology, Cornell University Medical College, 
New York, NY 10021.

Our objective  was to  isolate a  cD N A coding  fo r the  cGM P-gated channel 
expressed in retinal O N -b ipo lar cells, tho u g h t to  underlie  signal transduction 
in these cells. To d o  this, we have se lectively enriched  in retinal b ipo lar cells 
by fluorescence-activa ted cell sorting. The retinas o f transgenic mice 
expressing β -ga lactosidase (β -gal) in b ipo lar cells, via a L7-prom oter, were 
d issociated follow ing enzym atic treatm ent and m echanical trituration. The 
d issociated cell suspension  was labeled w ith FDG (fluorescein di-β - 
galactoside), a fluo ro ge n ic  substra te  for β -gal, and sub jected  to  cell sorting. 
The positive cells w ere plated and stained with an anti-Protein Kinase C 
antibody, an independent rod (and ON) b ipo lar ce ll marker, to  determ ine 
enrichm ent, w hich was about 10-fold. Alternatively, the  sorted cells served as 
starting m aterial for tota l RNA isolation, w hich in turn  provided tem plate for 
the reverse transcrip tase-po lym erase chain reaction (PCR) using degenerate 
o ligonucleotide prim ers d es igned  from  the  p resum ed related rod 
photoreceptor cG M P-gated channel sequence. Follow ing 5'-rapid 
amplification o f cDNA ends (RACE) PCR and genom ic library screening, we 
have obta ined a fu ll-length  clone encoding  a novel cyclic  GMP-gated 
channel. This channel show s h ighest hom ology w ith the  bovine testis cGMP- 
gated channel (86% sim ilarity). In situ hybrid ization  experim ents confirm  
expression in the retina. Having the  clone now  perm its functiona l analysis of 
this cGM P-gated channel. There  appears to  be a d iversity o f cyclic  GMP-
gated channels expressed in the retina. S upported  by NIH EY06488, 
EY09534, RPB.

161.3

SMALL REDUCTIONS IN EXTRACELLULAR CHLORIDE SUPPRESS 
PHOTORECEPTOR CALCIUM CURRENTS AND LIGHT-EVOKED 
CURRENTS OF SECOND-ORDER RETINAL NEURONS.
W. B. Thoreson*, Departments o f Ophthalmology & Pharmacology, University 
of Nebraska Medical Center, Omaha, NE.

Reducing extracellular Cl- by 10 mM reduced light-evoked currents (LECs) 
in horizontal, ON bipolar, and OFF bipolar cells by ~ 20%. Similar 
dose/response relationships were obtained using gluconate, CH3SO4, or SO4 as 
anion substitutes. Replacing 30 mM glucose with 15 mM NaCH3SO4 while 
[Cl-]o was held constant did not reduce LECs. Thus, suppression appears to 
be due to Cl- replacement rather than effects of the substituting anion.

Cl- replacement with CH3SO4 and gluconate also suppressed nifedipine- 
sensitive ICa and IBa,  in rod and cone photoreceptors. Suppression was 
observed with 20 mM HEPES in the pipette and bathing solutions suggesting it 
is not due to intracellular or extracellular acidification. In addition, pH 
measurements revealed no detectable intracellular acidification during Cl- 
substitution (Nitzan and Miller, 1994, Soc. Neurosci. Abstr. 397.10). The 
dose/response relationship for the reduction of IBa.  due to replacement of Cl- by 
gluconate is almost identical to the dose/response relationship for post-synaptic 
LECs. Nifedipine also suppressed light responses in second-order neurons. 
Suppression of photoreceptor ICa, is therefore sufficient to account for 
suppression o f LECs induced by Cl- replacement.

The sensitivity o f photoreceptor I,-, and post-synaptic LECs to small 
reductions in Cl- suggest that physiological regulation o f Cl- concentrations in 
and around photoreceptor terminals could regulate photoreceptor synaptic 
transmission. Supported by NIH grant EY-10542.

161.5

MONITORING Cl- ACTIVITY IN PHOTORECEPTORS AND OTHER 
IDENTIFIED RETINAL CELLS OF THE TIGER-SALAMANDER, USING A 
Cl- FLUORECENT PROBE. R. Nitzan* and R.F. Miller. Dept. of Physiology, 
University of Minnesota, Minneapolis, MN 55455.

Chloride ion fluxes were studied in dissociated photoreceptors from tiger 
salamander retinas. Cells were loaded with diH-MEQ (Cl- indicator; Molecular 
Probes, Inc.), excited at 340nm and emission was collected at 440nm. Intracellular 
Chloride ion activity was inversely proportional to the relative fluorescence, as 
increased Cl- concentration quenches the MEQ fluorescence. Fluorescence 
measurements were carried out using a cooled CCD camera (Photometrics). In situ 
calibrations of the intracellular Cl- concentration, [Cl]i were performed in high 
potassium solutions, and in the presence of tributyltin (Cl-/OH- exchanger), nigericin 
and valinomycin, to facilitate the equilibration of Cl-, H + and K + .

Perfusing the cells with a low [Cl-] (7mM, Gluconate as a substitute) solution caused 
an efflux of Cl- and a new [Cl-] was established after approximately 3 minutes. This 
time course matched that of the reduction in Ca2+ currents when Cl- was reduced 
extracellularly (Nitzan and Miller Soc. Neurosci. Abst. 1994; Thoreson and Miller, 
Soc. Neurosci. Abst. 1995).

[Cl-]i of dissociated ganglion cells as well as Muller and bipolar cells was studied in 
order to predict the driving force for Cl- currents and their role in mediating retinal 
activity and synaptic responses. The resting [Cl-] was estimated at 20mM 
(ECl=41mV) in photoreceptors and higher in bi-polar and Muller cells. GABA 
application to photoreceptors and other cells increased Cl- flux and reduced the 
chloride Nernst potential, suggesting that these cells generate hyperpolarizing 
response, when Cl- channels are activated.
(R.N. supported by ARVO/ALCON research grant; R.F.M. supported by NIH grant 
EY00844).

161 .2

CONTRIBUTION OF T- AND L- TYPE Ca CURRENTS TO THE 
LIGHT-INDUCED RESPONSES OF RETINAL HORIZONTAL CELLS.
A. Akopian*, D.Krizaj and P.Wilkovsky. Dept. Ophthalmology NYU Medical 
Center, New York, NY 10016.

We studied the contribution of voltage-gated Ca currents to the kinetics of the 
light-induced responses of horizontal cells (HC) of the Xenopus retina. In isolated 
cells, with whole-cell patch clamp we characterized a low- and a high threshold Ca 
current in isolated luminosity HC, whereas only the high threshold Ca current was 
observed in rods. Low-threshold Ca currents were transient, activated above -50 mV 
and were blocked by Ni+. High-threshold Ca currents were sustained, activated 
above -30 mV, were blocked by nifedipine and enhanced by Ba2+, and Bay K. These 
currents were identified as T- and L-type, respectively.

We examined responses of rods and HC’s to light offset in simultaneous 
intracellular recordings from superfused eyecups. Addition of Ba2+ elicited spikes in 
rods and a large depolarizing overshoot in the HC's. Both were blocked by nifedipine 
yet synaptic transfer from rod to HC continued in the presence of nifedipine. Sr2+ 
evoked a Ni+-sensitive spike-like component on the rising phase of the response at 
light offset. TTX was without effect on rod and HC spikes. HC calcium transients 
were not affected by blocking GABAa or dopamine D1/D2 receptors. Strychnine 
increased HC oscillating behavior indicating a tonic release of glycine. Glycine 
depolarized intact HC to -30 mV and patch clamp measures revealed a Cl-sensitive  
glycine current in the HC. Our results indicate that both T- and L-type Ca currents 
contribute to the depolarizing responses of L-HC to the offset of a bright light 
stimulus. Glycine tends to reduce HC oscillations by opening Cl channels with ECl 
near -30 mV.

Supported by NIH grant EY03570 to P.W.
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DYNAMICS OF ISOLATED RETINAL BIPOLAR CELLS IN THE TIGER 
SALAMANDER. B. Mao, P.R. MacLeish* † , J.D.Victor. Dept. of 
Neurology & Neurosci., †Dyson Vision. Res. Inst., Dept. of Ophthalmol., Cornell 
Univ. Med. College, 1300 York Ave., New York, NY 10021

Bipolar cells are immediately post-synaptic to photoreceptors and are 
strategically placed to initiate the channelling and processing of visual 
information. Isolated bipolar cells thus provide a unique approach to gain 
insight into this early processing.

The retinae of tiger salamanders were dissociated and plated onto monoclonal 
antibody-treated glass coverslips. Identified bipolar cells were patch clamped for 
both voltage and current clamp recording. A pseudorandom binary sequence (M-
sequence), fluctuating around various mean levels, was used as a current clamp 
stimulus. From the resulting membrane potentials, kernels of 0th, 1st, and 2nd- 
order were estimated. Most of the response was contained in the 0th order kernel 
(essentially the mean membrane potential) and the 1st order kernel (essentially the 
best-fitting impulse response at each mean current); however, these kernels 
depended strongly on the mean injected current. For the 0th order kernels, the 
dependence was comparable to the I-V curve obtained from traditional current 
steps. The 1st order kernels, characterized by a quasilinear model (one for each 
mean current level) , had a dynamics that was predominantly low-pass. Time 
constant was maximum (50 - 100 msec.) at the resting potential, where the steady 
state gain was also maximum (~ 5 mV/pA). However, when the mean of the 
injected current was depolarizing (and in some cells hyperpolarizing as well), 
dynamics became band-pass: frequency response had a peak at a frequency other 
than zero. The findings were reminiscent of the changes in both gain and 
dynamics associated with luminance and contrast adaptation widely seen in the 
retina. The implication of these results is that bipolar cells, even when isolated, 
possess mechanisms that regulate, with unsuspected elaborateness, the 
sensitivities and dynamics of their responsiveness. These properties set the limit 
for later stages of visual information processing.

1 61 .6

H IG H -V O L T A G E -A C T IV A T E D  C A L C IU M  C U R R E N T S 
SEN SITIV E TO ω -AGA-IVA AND ω -C Tx-M V IIC  IN RAT 
RETINAL GANGLION CELLS. Posina V. Rayudu, Vincent H-S.
Chen*, and Stuart A. Lipton. Dept. of Neurology, Children's Hospital, 
Program in Neuroscience, Harvard Medical School, Boston, MA 02115.

Two high-voltage-activated (HVA) calcium channels, P- and Q-type, 
have recently been identified and characterized in a number of cell types. 
P-type channels are completely blocked by ω-Aga-IVA (50-200 nM), and 
Q-type are (ω-CTx-M VIIC-sensitive, co-CgTx-GVIA/co-Aga-IVA- 
insensitive. We tested for the presence of P- and Q-type channels in 
fluorescently-labeled, acutely dissociated retinal ganglion cells (RGCs) 
obtained from neonatal rats. RGCs were voltage-clamped at -80 mV with 
a patch electrode, and whole-cell Ba2+ currents (IBa) were evoked with 
step depolarizations of 120 ms duration to -10 mV. Drugs were 
administered using pneumatic pipettes. (ω-Aga-IVA (200 nM) blocked 
≤30% of IBa (cf. Guenther et al., Brain Res. 1994), but the blockade 
was not relieved by strong depolarization. However, ω -A ga-IVA, 
applied after blocking N-type current with ω-CgTx-GVIA (10µ M), failed 
to produce any further inhibition. Onset of ω-Aga-IVA block was slow, 
reaching steady-state in 5-10 min. ω-CTx-MVIIC (20 µM) inhibited IBa 
by 34 ± 11% (n = 8). Following application of ω-CgTx-GVIA and ω-
Aga-IVA, ω-CTx-MVIIC inhibited IBa by 27 ± 9% (n = 8). Inhibition 
by ω-CTx-MVIIC attained steady-state in ~5 min. In summary, (i) 
occlusion of the ω-Aga-IVA inhibition by ω-CgTx-GVIA raises the 
possibility that ω-Aga-IVA blocks N-type rather than P-type channels in 
RGCs, and (ii) the presence of a ω -CTx-MVIIC-sensitive, ω -CgTx- 
GVIA/co-Aga-IVA-insensitive IBa suggests that Q-type channels might 
comprise a significant fraction of the HVA calcium channels in rat RGCs.
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SINGLE CHANNEL ANALYSIS OF HYBRID BASS RETINAL 
HORIZONTAL CELL GAP JUNCTIONS. C. Lu, D. McMahon and 
T. McClintock*. Dept. of Physiology and Biophysics, University of 
Kentucky, Lexington, KY 40536-0084.

We have studied the characteristics and modulation of gap junctions in bass 
horizontal cell pairs at the single channel level using double electrode voltage clamp. 
Single channel currents were acquired with Axotape 2.0.2 and analyzed with Fetchan 
and Pstat Our results shown multiple levels of channel openings present and a 55 pS 
unitary conductance at a transjunctional voltage (Vj) o f  -60 mV. Events of higher 
conductance level were increased in frequency at Vj=-30 mV and decreased at 
Vj=-90 mV. The ratio of channel open time in total recording time was reduced and 
that of the channel closed time increased as Vj increased from -10 mV to -90 mV 
Channel open probability decreased as Vj increased. Four different gating behaviors 
were observed: 1) classical gating behavior of fast opening and closing (all-none), 2) 
fast opening and slow closing, 3) slow opening and fast closing, and 4) slow opening 
and slow closing. Analysis of the preliminary results in heterlogous cell pairs show 
that the unitary conductance is lower (30 pS) and the frequency of channel openings 
is much less in comparison with homologous cell pairs. The above results suggest 1) 
channel gating can be modulated by transjunctional voltage, 2) multiple forms of 
gating of junctional channels are present including all-none gating, and 3) the 
connexin proteins making up the gap junction channels may be different in 
homoglous and heterlogous cell pairs Future studies in combination with molecular 
biological analysis are required to address this question.

1 6 1 .9

KINETIC ANALYSIS OF THE VOLTAGE-DEPENDENT SODIUM 
CHANNEL OF THE HORIZONTAL CELL BASED ON TIME AND 
FREQUENCY DOMAIN MEASUREMENTS. E .C. Hymel*, C.R. 
Murphey, L.E. Moore, and B. N. Christensen. Dept. o f Physiol. & Bio
physics, Univ of Texas Medical Branch, Galveston, TX 77555-0641.

Catfish horizontal cells are known to possess a minimum of four active 
conductances, including the voltage-gated Na+ channel. In a continuing 
effort to develop a mathematical model of this cell, the sodium channel 
was investigated by fitting time and frequency domain voltage-clamp re
sponses. Under conditions where all but the sodium conductance were 
pharmacologically blocked, the cell membrane potential was stepped 
from rest (-65 mV) to various test potentials. After obtaining the large- 
step current response, small signal (2-3 mV RMS) sinusoidal stimuli 
were used to measure the frequency-dependent response of Na+ channel 
activation The ratio of the current response to the voltage stimulus in 
the frequency domain was fitted to a kinetic model that allows for acti
vation and inactivation of the Na+ current as well as the passive charac
teristics of the cell. Various models of channel opening were tested, in
cluding a linearized Hodgkin-Huxley model and schemes of the closed 
↔ open ↔ inactivated type. The frequency domain data was fitted well 
by the latter model, however because shallow minima seem to exist in 
the error function for the admittance fitting, large-step current responses 
were also fitted using the time domain equivalent of the models. Results 
from these fits are compared Supported by grant NEI-01897.

161 .11

M O D U LATION O F cG M P BY A TR IAL NATRIURETIC PEPTIDE 
AC TIVA TIO N  OF PAR TIC ULATE GUANYL CYCLASE IN THE TURTLE 
RETINA. W .D . E ldred* and T. A. B lu te . Departm ent o f B iology, Boston 
University, Boston, MA 02215

cG M P has been shown to  be invo lved in a wide variety o f retinal 
functions ranging from  phototransduction to m odulation o f channel 
conductiv ity. Recently, considerable interest has centered on the role o f 
n itric  oxide stim ula ting  soluble guanyl cyclase in the retina. However, 
m olecu lar studies have shown that the  retina also contains particulate 
guanyl cyclases (pGC) which are thought to  be stim ulated by atrial 
natriu re tic  peptide (ANP). In th is study, we have investigated the potential 
role o f particulate guanyl cyclase in the retina by exam ining the 
modulation o f cG M P in response to stim ulation with ANP. In vitro eyecup 
preparations were incubated in e ither contro l (HEPES Ringers only), ANP 
(5x10-7 M), o r A N P and 1mM IBMX. A fte r 5, 10, 30 and 60 m inutes, the 
eyecups were fixed, cryoprotected, sectioned and processed routinely for 
im m unocytochem istry using a rabbit antiserum  directed against cGMP. In 
contrast to activa tion  o f soluble guanyl cyclase, which raises cGMP-LI in 
large num bers o f retinal neurons, stim ulation w ith ANP elevates cGMP-LI 
in a sparse population o f am acrine cells and m any M uller cells. The 
am acrine cell population is b istratified w ith processes arborizing in S3 and 
S4/5 in the inner p lexiform  layer. The cGM P-LI in M uller cells is high at 
short tim e  points and tends to  decline rapid ly in the absence o f IBMX. In 
contrast, the am acrine cell cGM P-LI leve ls remain elevated and re latively 
constant w ith o r w ithout IBMX. These results indicate that particulate 
guanyl cyclases m ay play a functional role in select retinal neurons. This 
research supported by EY04785 to W D E.

16 1 .8

MODIFICATION TO GATING OF THE HYPERPOLAR
IZATION-ACTIVATED CATION CURRENT, Ih, BY pH AND 
CALCIUM IN ROD PHOTORECEPTORS. A.T. Malcolm, D.E.
Kurenny, and S. Barnes*, Neuroscience Research Group, University of 
Calgary, Calgary, Alberta, Canada T2N 4N1.

The pronounced peak-to-plateau sag during the rod photoreceptor 
voltage response to bright light results when a nonselective monovalent 
cation current, Ih, is activated by membrane hyperpolarization. Since 
light also alters the retinal environment by increasing extracellular pH 
(pHe) and calcium ([Ca2+]e), the effects of broad pHe (pH 7.0-8.2) and 
[Ca2+]e (0.5-20 mM) on Ih gating were studied with perforated patch- 
clamp in isolated salamander rods. The midpoint of the activation 
curve for Ih shifted about 5 mV per pHe unit (n=6), with acidification 
producing positive shifts and alkalinization producing negative shifts. 
Increasing [Ca2+]e from 3 to 20 mM resulted in a shift in the activation 
curve of 16.9 ±  2.0 mV from control (n=5), while reduction to 0.5 mM 
[Ca2+]e produced a -0.8 ±  0.4 mV shift (n=6). Under conditions of 
high (20 mM) [Ca2+]e, minimal shifts in Ib activation were observed 
during pHe changes to 7.0 (0.0 ±  1.4 mV, n=6) and 8.2 (-0.9 ±  1.2 mV, 
n=6). The internal pH of rods was also altered with sodium actetate, 
which produces intracellular acidification, and ammonium chloride 
which produces alkalinization. Acetate (2 minute application) resulted 
in an activation shift of -9.0 ±  2.3 mV (n=4) while ammonium 
produced a 5.8 ±  1.3 mV shift (n=4). These results suggest that light- 
induced changes in the retinal environment could modify rod light 
responses by altering Ih activation.

Supported by the Medical Research Council and the Alberta Heritage 
Foundation for Medical Research.

161 .10

IMMUNOHISTOCHEMICAL LOCALIZATION OF Ca2+/CALMODULIN- 
DEPENDENT PROTEIN KINASE II IN THE RAT RETINA. T. Ochiishi*1,3. T. 
Yamauchi2 and T. Terashima.3  1Biosignalling Dept., National. Inst. of Biosci. & 
Human Technol., Tsukuba, Ibaraki 305, 2Dept. of Biochem., Faculty of 
Pharmaceutical Sci. Univ. of Tokushima, Tokushima 770 and 3Dept. of Anat. and 
Embryol., Tokyo Metropolitan Inst. for Ne urosci., Fuchu, Tokyo 183, Japan.

Ca2+/calmodulin-dcpendent protein kinase II (CaM kinase II) is highly expressed 
in the central nervous system and implicated to regulate various calcium-dependent  
physiological processes. CaM Kinase II is a mixture of homopolymer of a  o r  β 
polypeptide and these isoforms exhibit enzyme activity individually. To understand 
each function of α  and β isoforms in the rat retina, we examined the localization 
pattern of these isforms immunohistochemicaliy using the monoclonal antibodies 
raised against α  o r  β isoform of this kinase. The a  immunoreactive products were 
localized in ganglion cells and amacrine cells. In addition, two well-defined bands 
within the inner plexyform layer were densely stained with the anti-α  antibody and 
this staining pattern was remarkably similar to that of choline acetyl transferase.
By contrast, very weak immunoreactivitics against anti-β antibody were observed 
in the same neuronal components of the retina. Also we examined the expressional 
changes of these isoforms during dark adaptation by immunohistochemistry. Under 
the dark adaptated condition, the  β immunoreavtivity was observed in the 
horizontal cells in addition to those described above, whereas no changes were 
recognized in the α immunorcaciivity in the similar condition.

161 .12

IMMUNOHISTOCHEMICAL LOCALIZATION OF 
Ca2+/CALMODULIN-DEPENDENT PROTEIN KINASE IV IN 
THE RAT RETINA. H. Sakagami*, and H. Kondo. Dept. of 
Anatomy, Tohoku Univ. Sch. of Med., Sendai, 980, Japan.

Ca2+/calmodulin-dependent protein kinase IV (CaM kinase 
IV) is a neuronal multifunctional CaM kinase which is 
particularly abundant in the cell nuclei and is thought to be 
involved in the modulation of gene transcription through the 
nuclear Ca2+-signaling pathway in the cerebellum. Our 
immunohistochemical study has recently demonstrated that 
the prominent nuclear localization is a unique feature of this 
kinase in the peripheral nervous system as well as the brain 
(Sakagami et al.,'94). In this study, we have demonstrated 
the localization of CaM kinase IV in the rat retina by 
immunohistochemistry. In the immunoblot analysis, a single 
band of 63 kDa was detected in the crude homogenate of the 
adult rat retina, indicating the presence of α  polypeptide of 
CaM kinase IV. In the adult rat retina, most of the bipolar 
cells and some ganglion cells exhibited CaM kinase IV- 
immunoreactivity. In immunoelectron microscopy, the 
immunoreactive product was deposited dominantly in the cell 
nucleus as compared to the cytoplasm in the immunoreactive 
bipolar cells. These findings suggest that CaM kinase IV may 
participate in some nuclear Ca2+-related signal processing of 
the rat retina.
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MOLECULAR AND IMMUNOLOGICAL CHARACTERIZATION OF A 
Gαq FROM LIMULUS EYES. J.-L. Schremser. S. D. Munger and B.-A. 
Battelle*. Whitney Laboratory and Dept. of Neuroscience, Univ. of Florida, 
St. Augustine, FL 32086.

Detailed knowledge of the physiology of the photoresponse in 
invertebrates comes largely from studies of Limulus photoreceptors. 
Therefore, it is of particular interest to characterize the molecular 
components of the photoresponse in this system. cDNAs encoding Limulus 
opsin and arrestin were recently cloned and sequenced (Smith et al. , 1994; 
1995). Using reverse transcription-polymerase chain reaction (RT-PCR), we 
have now cloned a partial cDNA, homologous to known G protein α-
subunits of the Gq family, from ventral eye (VE) RNA that may participate 
in phototransduction. The clone, 435 base pairs in length, represents 
approximately 40% of the anticipated coding region. Using this clone as 
probe for a ribonuclease protection assay (RPA), we have verified that it is 
expressed in VE. A polyclonal antibody, Z811 (a generous gift from P. 
Sternweis), generated against a 12 amino acid carboxy terminal peptide of 
mouse Gαq and Gα11, recognizes a 45 kDa doublet (the predicted size) and 
a 66 kDa band on Western blots of VE, lateral eye (LE), lateral optic nerve 
(LON) and brain; these bands were nearly or totally abolished in VE and LE 
when the antibody was preabsorbed with the peptide antigen (LON and brain 
not tested). We continue to characterize the Gαq/11 of VE, as well as that of 
LE, by RT-PCR, RPA, in situ hybridization and immunohistochemistry.

{Supported by NSF grant 1BN-9211327 and ONR grant N00014-90-J-1566}

161.15

NITRIC OXIDE STIMULATES cGMP-SYNTHESIS IN 
NEURONS OF THE VERTEBRATE RETINA 
F. Muller1. S. Gotzes1  J. de Vente2 and A. Baumann1. (SPON:
European Neuroscience Association) 1Institut fur Biologische 
Informationsverarbeitung, Forschungszentrum Jülich, D-52425 
Jülich, Germany and 2Dept. of Psychiatry, Section of 
Neuropsychology and Psychobiology, Limburg University, 6200 
MD Maastricht, The Netherlands

Recent evidence suggests that cGMP might play an important 
role in the signal transduction in bipolar and ganglion cells of the 
vertebrate retina. Nitric oxide released by a subset of amacrine 
cells could stimulate soluble guanylate cyclases and thereby 
control cGMP levels in cells of the inner retina. In the present 
study we investigated the cGMP synthesis in bovine retina using 
a cGMP-specific antibody.

IBMX treated retinae showed immunostaining in some cone 
bipolar cells and ganglion cells. This staining was reduced when 
nitro-l-arginine was applied. Strong cGMP immunoreactivity was 
detected in ON- and OFF-cone bipolars, and some amacrine and 
ganglion cells after the incubation with sodium nitroprusside. The 
results demonstrate that NO stimulates cGMP synthesis in many 
cell types of the inner retina. The conditions that control NO 
release and its relation to the light response of bipolar and 
ganglion cells need further investigation.

161 .14

P U R I F I C A T I O N  A N D  C H A R A C T E R I Z A T I O N  O F  
C A 2+/C A L M O D U L IN -D E P E N D E N T  P R O T E IN  K IN A S E  IN 
C H IC K  R E T IN A . N. Liu and  N. G . F . C ooper* . D e p a rtm e n t o f 
A natom ical Sciences an d  N eurobio logy, U niversity  o f  Louisville 
School o f M edic ine, Louisville, K Y  40292

T h e  aim  o f this study is to  e luc id a te  th e  s tru c tu ra l characte ris tic s  
o f C a2+/c a lm o d u lin -d ep e n d en t p ro te in  k inase  (C aM  kinase II) 
iso la ted  from  th e  chick re tina . T w o-w eek-old  chick re tin a e  w ere 
d issected , hom ogen ized , and  cen trifuged . T h e  re su ltan t su p e rn a ta n t 
was sub jec ted  to  ca lm odu lin  affinity ch rom atography . T h e e lu a te  
w as subsequen tly  sub jec ted  to  an tibody  (m onoc lonal an tibody  6G 9 
to  C aM  k inase II α  subun it) affinity ch ro m atog raphy  (L iu and  
C ooper, 1995). Sam ples w ere  sub jec ted  to  S D S -P A u E . T h e n  the 
p ro te in s  w ere  e ith e r  s ta ined  w ith  silver n itra te  o r e lec tropho rectica lly  
tra n sfe rre d  to  a  n itrocellu lo se  m em b ran e . B lots w ere  tre a te d  w ith 
an tibod ies  to  tubu lin  isoform s and  C aM  k inase  II subunits, 
respectively. S ilver-stained  gels show ed th a t tw o m a jo r p ro te in s  w ith 
m o lecu lar w eights o f  50 k D a  an d  55 kD a, respectively , an d  several 
add itiona l p ro te in s  a re  p re sen t in  th e  an tibody  affinity e luate . 
Im m unoblo ts  show ed th a t th e  an tibody  6G 9 is specific to  th e  α 
subun it o f C aM  kinase II. W h ereas  s trong  im m unoreactiv ity  o f 
tubu lin , w ith  a  m o lecu lar w eight o f 56 kD a, w as show n in th e  
ca lm odulin  affinity  e lu a te , it w as ab sen t in  th e  an tibody  affinity 
e lu a te . T h e  55 kD a  p ro te in  is p robab ly  an  en dogenous su b stra te  o f 
C aM  k inase II and  is associa ted  w ith th is k inase  to  fo rm  a  stab le  
com plex. T h e  iden tity  o f this su b stra te  is be ing  fu r th e r  investigated , 
b u t from  th e  p re sen t study tub u lin  can  be ru led  ou t. S u p p o rted  by 
N E I:E Y 02708.
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WITHDRAWN
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LIGHT-INDUCED EXPRESSION OF SOMATOSTATIN mRNA IN 
RAT RETINAL CELLS VIA Ca2+- DEPENDENT 
PHOSPHORYLATION OFCREB. Kazuhiko Yoshida,*Junko Imaki 
and M asatoshi H agiw ara# Dpt. o f O phthalm ology, H okkaido Univ. 
Sch. of M ed., Sapporo 060 Japan *Dpt. o f A natom y, Nippon 
Medical Sch., Tokyo 113 Japan #D pt. o f Anatom y, N agoya Univ. 
Sch. o f M ed., N agoya, 466 Japan 

The signal pathway o f  light-induced expression o f the neuropeptide 
somatostatin (SS) in retinal cells was investigated. Flashing light 
induced c-fos and SS in the inner nuclear layer (INL) and the 
ganglion cell layer (GCL). As both c -fos and SS genes have a  cAM P 
responsive elem ent (CRE) in their promoters, CREB 
phosphorylation in retinal cells was exam ined with phospho-CREB 
specific antibody. Both flashing light and adm inistration o f the L- 
type Ca2+ channel activator Bay K 8644 induced phosphorylation o f 
CREB in the nuclei o f the same portion o f the retina where c -fos /SS 
mRNAs w ere expressed. The distribution o f calmodulin kinase II 
immunoreactive retinal cells was also in good accordance with the 
phospho-CREB im m unoreactivity. Thus we propose that the 
transcriptional response to light stim ulation is regulated via CREB 
phosphorylation catalysed by Ca2+/calm odulin-dependent protein 
kinase in the neural retina.
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1 6 2 .1

ANALYSIS OF TEMPORAL DYNAMICS OF ORIENTATION SELECTIVITY 
IN FEEDBACK AND FEEDFORWARD MODELS OF VISUAL CORTEX. 
D. Somers. S.B. Nelson†, and M. Sur*. Dept. of Brain and Cognitive Sciences, MIT. 
Cambridge, MA and Dept. o f Biology†. Brandeis University, Waltham, MA.

We previously demonstrated that inclusion of massive, local intracortical excitatory 
feedback into model visual cortical circuits affords a concise account of a diverse set of 
data on orientation selectivity (Somers et al '95,JNS, in press). One potential difficulty 
for feedback models is to account for data indicating sharp tuning within 50 msecs of 
response onset (Celebrini et al.. '93). We have investigated the temporal dynamics of 
orientation selectivity in feedback, feedforward, and inhibitory model cortical circuits.

Sharp tuning (HW <  30°) at response onset could be achieved in ail three network 
forms. In networks with poorly timed thalamocortical inputs, feedforward inhibition 
was critical to rapid tuning. With weak feedforward inhibition, strong feedback caused 
damped oscillations and sharpening effects evolved over ~  100 msecs. As feedforward 
inhibition was increased, oscillations disappeared and feedback sharpening effects 
occurred within a 5-50 msec transient period. This sharpening was masked by thalam- 
ocortical transients. As transient responses rise and fall, feedforward tuning broadens 
and sharpens (by 5 -  20°). Local feedback damped these tuning changes while yielding 
a net sharpening. Thus both feedforward and feedback inputs can provide significant 
contributions to the early phase of orientation tuning.

Membrane integration properties also contributed to rapid tuning; preferred ori
entation responses had shorter latencies than non-preferred responses, and inhibitory 
neurons, because of shorter time constants, often fired before excitatory neurons. This 
permitted di-synaptic inhibition from preferred orientations to suppress even the first 
spike of non-preferred responses. Latency differences were enhanced by feedback, 
and feedback inhibition also contributed to suppression of non-preferred spikes. In
terestingly, latency differences caused non-preferred transient responses to peak after 
preferred responses had fallen, thus producing brief but substantial (30°) changes in the 
preferred orientation (Shevelev et al., '93). [Supported by M H10671 and EY07023.]

16 2 .3

RELATIONSHIP OF INTRINSIC CONNECTIONS TO ORIENTATION MAPS 
IN FERRET PRIMARY VISUAL CORTEX: ISO-ORIENTATION DOMAINS 
AND SINGULARITIES J. Sharma*. A. Angelucci. S.C. Rao, M. Sur. Dept. 
of Brain & Cognitive Sciences, M .I.T ., Cambridge, MA 02139.

Optical imaging o f intrinsic signals in response to oriented gratings reveals 
orientation domains in ferret area 17 that are arranged in pinwheel fashion. How 
do intrinsic intracortical connections relate to the functional organization of 
orientation? We have examined the issue by combining physiological imaging of 
orientation maps with detailed analysis of intrinsic inputs to orientation domains 
and pinwheel centers.

After orientation maps were imaged in area 17 of adult ferrets, small 
injections of cholera toxin B and biocytin were made in identified locations. The 
cortex was sectioned tangentially. The location of retrogradely labeled cells was 
transferred to the orientation map by warping anatomical sections to fit the 
imaged cortex. Fiducial marks made during imaging were used to confirm the 
validity of fit. Injections in the middle o f an orientation domain labeled clusters 
of cells up to 3 mm away that lay inside, or close to, domains of the same 
orientation. The periodicity o f labeled cell clumps matched closely the periodicity 
of imaged iso-orientation domains. Labeled cells were seen in all iso-orientation 
domains in the vicinity of injection site. In contrast, an injection in a pinwheel 
center labeled cells that were less clustered and lay in domains o f all 
orientations.

These data demonstrate that the functional mapping of orientation in area 17 
correlates strongly with the anatomical organization of intrinsic connections. Iso-
orientation domains are highly and specifically interconnected, while orientation 
singularities (pinwheel centers) integrate information from all orientations. 
Supported by TW05160 (JS) and EY07023 (MS).

1 62 .5

CAT CORTICAL AREA 18 SUPRAGRANULAR LAYERS MODULATES  
STRIATE RESPONSES IN THE ORIENTATION AND VELOCITY  
d o m a i n s . C . Acuñ a*. S.Martinez-Conde¶. R.Rodriguez .C. Rivadulla.J.
Cudeiro¶¶. Dept. Fisiologia, Univ. Santiago de Compostela; Dept. Psicologia¶ , 
and Dept. Ciencias de la Salud I¶¶ , Univ. La Coruña; E -15705 Spain.

W e have previously demonstrated that focal lidocaine blockades o f  area 18 
(layer V) in the cat modify the responses o f  layer V cells in area 17 (Alonso et al 
1993a, 1993b). In this study, we have used a  similar approach in order to 
understand the influences o f  area 18 on to  area 17 at the supragranular level.

Adult cats were anesthetized with halothane in 70%  N2O and 30% O2, and 
paralyzed with gallamine triethiodide (10 mg/kg/h). Multibarrelled micropipettes 
w ere placed in supragranular layers o f  area 18 for extracellular single unit 
recording (3M  NaCl) and for iontophoretic application o f GABA (60-120 nA). 
The responses o f  area 17 neurons (layers II/III) to  stimuli o f  different orientations 
and velocities were studied before, during and after the GABA blockade o f area 
18.

Focal blockade o f area 18 resulted in significant changes in orientation and/or 
velocity domains o f supragranular cells in area 17 (n= 71  cell pairs). Forty percent 
o f  the area 17 cells studied showed significant increments, and 38%  decrements 
in  the responses to  one or m ore orientations (out o f  6 different orientations 
studied). Fifty eight percent o f  the cells increased and 15% decreased the response 
to  one or m ore velocities o f  several studied.

These results reinforce the idea that the orientation and velocity selectivity in 
area 17 neurons can be modulated from area 18. The anatomical substrate for this 
influence could be the feed-back connections between the tw o areas.

1 6 2 .2

D irection  selective p a tches revea led  by o p tical im aging  o f in trin s ic  signals 
in  c a t  p r im a ry  visual co rtex . S. C. Rao*. L. J. Toth , D .-S , K im , M. Sur. 
D e p t. B rain and Cognitive Sciences, M .I.T ., Cam bridge, M A 02139.

W hile the organization o f orientation dom ains in  cat area 17 has been clearly 
docum ented by a  m ultitude o f techniques, it  is less clear if  direction selectivity 
is also organized in any system atic way. U sing data from intrinsic signal 
responses to m oving square-wave gratings, w e com puted maps of the 
magnitude o f the directional com ponent and angle o f  preferred direction. The 
m ap o f direction com ponent m agnitude shows patchy regions o f  relatively high 
direction selectivity across the cortical surface. Patches o f  high direction 
m agnitude  bear no obvious relationships to  the orientation m aps, sometimes 
including, sometimes avoiding “pinwheel” centers, although the two maps 
have nearly equal periodicities. The average m agnitude o f the direction 
com ponent is roughly 25% o f  the  orientation component. “Directional” maps 
were found to be stable for the  tim e o f the recording session (12-24 hours), 
and showed no correspondence to the overlying vasculature. Angles o f  best 
direction and orientation do show a correspondence, when the cross- 
correlogram  is computed, such that the preferred direction is w ithin 45° of the 
preferred orientation across the m ajority o f  the map. Our results suggest that 
visual cortex is organized into areas o f  strong and w eak direction preference, 
where, at any point, the angle o f  preferred direction bears a  loose correlation 
with the preferred orientation. Supported by EY07023.

1 6 2 .4

INACTIVATION OF THE LATERAL POSTERIOR-PULVINAR COMPLEX 
INFLUENCES THE ORIENTATION TUNING OF CAT VISUAL CORTICAL 
NEURONS. S.SHUMIKHINA,* L.-E.M OISAN. A.CHABLI, X.YAN and 
S .M O LO TCH N IK O FF . Departement de sciences biologiques and CRSN, 
Universite de Montreal, Montreal (Quebec), Canada, H3C 3J7*

We have investigated the effect of reversible inactivation o f the lateral posterior- 
pulvinar complex (LP-P) on the orientation tuning of cells in areas 17 and 18 of cat 
visual cortex. Responses of cortical cells to short and long stimuli were studied 
before, during and after inactivating the LP-P with microinjections of GABA. 
Visual cortical neurons were stimulated with moving light slits or drifting sine- 
wave gratings of different orientations. Among 47 studied cortical cells 38 showed a 
statistically significant change in response to optimal and/or non-optimal 
orientations during LP-P inactivation. Complex cells were more often affected (24 
out of 25) than simple cells (14 out of 22). We observed several influences of LP-P 
inactivation on the orientation selectivity of cortical neurons: change in the 
bandwidth of orientation tuning without change in the orientation preference, shifts 
in orientation preference without change in orientation tuning width, shifts in 
orientation preference with change in orientation tuning width. The modifications 
were essentially due to a decrease of responses to optimal orientation. Comparison 
of orientation tuning curves in response to short and long stimuli before GABA 
injection with orientation tuning curves obtained during LP-P inactivation indicated 
a decline of influences of regions surrounding the classical receptive field on 
orientation selectivity of cortical neurons. The results suggest that the LP-P 
contribute to generation of orientation selectivity of cortical cells.
Supp. CRSNG and FCAR.

1 6 2 .6

A TH EORETICAL STUDY OF TH E INFLUENCE OF CORRELATED 
ACTIVITY ON THE GLOBAL STRUCTURE OF OCULAR DOMI
NANCE STRIPES. K. Bates, G .J. Goodhill, J . Assad*, and P.R. 
M ontague. Division of Neuroscience, Baylor College of Medicine, Hous
ton, TX 77030.

The form ation of ocular dominance (OD) stripes in prim ary visual 
cortex is a well-investigated example of the role of activity-dependent 
mechanisms of synaptic modification in cortical development. Theoreti
cal models based on Hebbian rules have accounted for the form ation of 
both monocular receptive fields and their organization into interdigitated 
stripes. However, the ou tput of such models tends to  display only local 
order in the stripe pattern , whereas in some species a degree of global 
order is consistently present. I t has been shown in previous theoretical 
work th a t the shape of the boundary can  influence the overall order. We 
have investigated an entirely different potential infuence on global order, 
th a t of the correlational structure of the input activity. It is expected th at 
correlations between nearby cells will be different in different parts of the 
retina, due to for instan ce decreasing receptor density with distance from 
the fovea, and the possibility th a t correlations may not be exactly spa
tially isotropic. We have incorporated such influences into the elastic net, 
a model for OD stripe development based on a  particular optim ization 
principle for m ap form ation. Both computer simulation and m athem at
ical analysis show th a t an appropriate spatial variation of correlational 
structure can exert a strong influence on the global order of the stripe 
pattern.
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162.7

LATERAL CONNECTIONS AND ORIENTATION PREFERENCE IN LAYERS II/
III OF SQUIRREL MONKEY STRIATE CORTEX. Lawrence Sincich* and Gary G. 
Blasdel. Dept. of Neurobiology, Harvard Medical School, MA02115.

Previous work in tree shrews (Fitzpatrick et al., 1994) has suggested a link between 
orientation preference and the axial symmetry of lateral connections in the upper layers 
of striate cortex. Since a similar correlation is not obvious in macaque monkeys 
(Yoshioka et al., 1995), the correlation between orientation preference and axon trajec
tory must either be specific to animals other than primates or to animals lacking ocular 
dominance columns. To dissect this issue we conducted similar experiments in squirrel 
monkeys which lack ocular dominance columns. We made and retrieved 17 biocytin 
injections into the upper layers of striate cortex in 3 animals after determining the ori
entation preference at each site. As observed earlier in macaques, most of these injec
tions gave rise to patches, approximately 200µm in diameter, that extended laterally in 
most directions around the injection site. The resulting patches are more symmetrical 
however. In cases where they appeared asymmetric, axes of elongation could be 
observed at all angles relative to the 17/18 border. Of these 17 injections, 11 were 
selected for comparison with the orientation preference determined at the time of injec
tion. Of these, five were consistent with the hypothesis that orientation preference and 
axial symmetries are aligned. One recording, from an end-stopped cell, also fit the 
hypothesis to the extent that its two inhibitory flanks were displaced (in opposite direc
tions) along the elongation axis as well. In the 5 remaining sites it was impossible to 
say definitively whether the axes matched: either the spread of label was insufficiently 
asymmetrical to afford an accurate estimate or the injection sites lay too far from the 
17/18 border to be confident of the direction of retinotopic coordinates in cortical 
space. The injection sites that lay within V2 gave rise to dramatically asymmetric 
transport that interestingly also coincided with the orientation preferred, one of which 
was vertical, the other left oblique. Though more examples clearly need to be obtained, 
these findings provide some support for, and no evidence against, the hypothesis that 
the laterally projecting axons of cells in the upper layers of striate cortex extend farther 
along axes congruent with their preferred orientations. Supported by NIH EY06586-08 
and the Human Frontiers Science Program.

162.9

DRUG-INDUCED CHANGES IN EXPRESSION OF TISSUE-TYPE 
PLASMINOGEN ACTIVATOR AND ZIF 268  MRNAS IN RAT VISUAL 
CORTEX. N. M a ta ga*1,2,3, K. Im a m u ra 2,3, T. S h io m itsu 2,3, F.
F u k am a u ch i1, a n d  Y. W a ta n a b e 2,3. 1M e d ic a l  R esea rch  In s titu te ,
Tokyo M edical a n d  D enta l U niversity , Tokyo 101, 2S ubfem tom ole  
B io reco g n itio n  P ro jec t, JRDC, O saka 5 65 , 3O saka B ioscience  
Institute, Osaka 565, Jap an .

L - th re o -3 ,4 -D ih y d ro x y p h e n y ls e r in e  (L-threo-D O PS) is a n  
exogenous p re c u rs o r  o f  1 -no rad rena line . 6 R -L -e ry th ro -5 ,6 ,7 ,8 -
te tr a h y d ro b io p te r in  (R-THBP) is k n o w n  as a  c o fa c to r  fo r  
enzym es o f m o n o a m in e  sy n th es is . O ur p rev io u s  s tu d y  show ed 
th a t p e r ip h e ra l  a d m in is t r a t io n  o f  L -threo-D O PS o r  R-THBP 
conco m itan t w ith  o n e -m o n th  m o n o c u la r  d e p r iv a tio n  red u ce d  
p ro p o rtio n  o f b in o c u la r  ce lls  (B in o c u la r ity  < 0 .4 ) in  u s u a lly  
ap las tic  v isu a l c o r te x  o f  a d u l t  c a ts . To s tu d y  m o le c u la r  
m echan ism s fo r d ru g - in d u c e d  ch a n g e s  in  o c u la r  d o m in a n c e  
d is tr ib u tio n , w e ex a m in e d  w h e th e r  L-threo-DO PS o r  R-THBP 
changes e x p re ss io n  o f tw o im m e d ia te  e a rly  genes, t is s u e - ty p e  
p lasm inogen  a c tiv a to r  (tPA) a n d  z if  268  in  r a t  v isu a l co rtex . 
Using N o rth ern  b lo t an a ly sis , we fo u n d  th a t  e x p re ss io n  o f tPA 
mRNA w as in c r e a s e d  tw ic e  w ith in  3 h o u r s  a f t e r  s in g le  
adm in is tra tion  o f L-threo-DOPS (1 0 0  m g /k g , i.p .) . No in c rea se  
in  tPA mRNA e x p re s s io n  w as o b s e rv e d  in  v e h ic le - in je c te d  
anim als. W hile, s in g le  o r  r e p e a te d  (x7) a d m in is tra tio n  o f  R- 
THBP (50  m g /k g , i.p .) s ig n if ic a n t ly  in c re a s e d  z if  2 6 8  mRNA 
expression w ith o u t a ffec tin g  tPA mRNA. T hese re s u lts  suggest 
that these  tw o d ru g s  e n h a n c e d  o c u la r  d o m in an ce  p la s tic ity  v ia  
d iffe ren t s ig n a l tr a n s d u c tio n  p a th w a y s  m e d ia te d  by  d if fe re n t 
im m ediate ea rly  genes.

162.8
T IM E  C O U R S E  AND W A V E L E N G T H  D E P E N D E N C E  O F  T H E  
IN T R IN S IC  O P T IC A L  S IG N A L  F R O M  T H E  M A M M A L IA N  V ISU A L 
C O R T E X  IN V E S T IG A T E D  W IT H  P R IN C IP A L  C O M P O N E N T S  
A N A L Y SIS .E. Kaplan. E.V. O ’Brien. D. Orbach. R. Everson. & J.
G ordon*. B iophysics Laboratory, Rockefeller University, N .Y., N.Y.

To understand the relationship betw een neural activity and optical changes 
in the cortex, we studied the tim e course and wavelength dependence o f 
optical activity in areas 17/18 o f cats and V 1 o f m acaque monkeys. Visually 
evoked intrinsic optical signals from  the cortices o f  anesthetized and 
paralyzed cats and m onkeys were recorded. The data were analyzed using 
extensions o f  the Karhunen-Loeve principal com ponents procedure, which 
provides a powerful tool for the separation o f  artifacts (e.g. respiratory) from 
the signals which m aps the functional architecture. The tim e course and 
signal strength w ere m easured at wavelengths from 550 to  780 nm.

In both species, the rise and fall o f  the optical signal are described by 
exponentials w ith a tim e constant o f  ~8 seconds. O nce the signal reaches 
peak, it rem ains saturated for as long as stim ulation continues. The tim e 
course is independent o f  the stim ulus used to  activate the cortex. W e 
exam ined the incident wavelength dependence o f latency, response strength, 
and spatial localization o f  activity maps. M aps o f the respiration artifacts 
were also extracted. Their tim e courses, incident wavelength dependence 
and response strengths were exam ined and com pared with the functional 
maps, to determ ine whether they have a com m on m etabolic source.

Support: N IM H  R O 1 M H50166-01, E Y  4888 and ONR N 0014-93-1-2079.

162.10
TRANSIENT STRABISMUS ALTERS CHEMOARCHITECTURE OF 
MACAQUE VI. S.B.Fenstemaker*, C. Aoki, L. Kiorpes, J.A. Movshon1. 
Center for Neural Science and 1HHMI, NewYork University, New York,
NY 10003.

We have previously shown that rearing monkeys with surgically- 
induced strabismus changes the distribution of several biologically- 
significant molecules in V1. We now report similar changes in V1 of one 
monkey that had a transient, naturally occurring strabismus in early life, 
and of a second monkey in which a scleral search coil was implanted at 2 
years of age (search coil implants commonly produce a transient 
strabismus). In neither case was the strabismus associated with amblyopia.

As in previous cases, faint stripes separated by 350 - 400 pm were seen 
in Nissl stained sections; these were more pronounced in the naturally 
strabismic monkey. There was no difference in cell density between dark 
and light Nissl stripes. In each animal, there was a slight tendency to 
increased cytochrome oxidase (CO) staining of the bridges between 
superficial layer blobs within the centers of ocular dominance columns; 
faint stripes were usually seen in layer 4A, and less consistently in 4C.
Calbindin immunoreactivity, especially of the neuropil, formed stripes in 
all layers. These were clearest in the naturally strabismic monkey. In both 
animals, calbindin stripes coincided with the Nissl stripes and 
interdigitated with the CO stripes. Thus, Nissl staining and calbindin 
expression are higher at the borders of ocular dominance columns. SMI-32 
(neurofilament) immunoreactivity in the coil animal formed more distinct 
superficial layer patches than in normals; these coincided with the CO 
blobs. SMI-32 staining was not studied in the naturally strabismic monkey. 
We conclude that disruption of normal binocular vision at any age may 
alter the distribution of a number of neuronal markers.

162.11

DEVELOPMENT OF OCULAR DOMINANCE COLUMNS AND ITS 
RELATIONSHIP TO VISUAL FUNCTION IN RHESUS MONKEYS RAISED 
WITH BINOCULAR, UNEQUAL, VISUAL DEPRIVATION. D.V. Bradley*,
M. Tigges and R.G. Boothe. Yerkes Primate Research Center, 
Depts. of Ophthalmology, Psychology, Anatomy & Cell 
Biology, Emory Univ., Atlanta, GA 30322.

We reported previously (Soc. Neurosci. Abstr., 1993) 
that an aphakic eye that is corrected with a contact lens 
to a far point (AFP) from infancy, was disadvantaged when 
it competed for cortical space with its fellow phakic eye 
corrected with a contact lens to a near point (NP). We now 
report the relationship between the effects of AFP-NP on 
ocular dominance column (ODC) development and visual 
function, including data of 2 additional monkeys. Best 
corrected visual function was assessed using either an 
operant simultaneous discrimination task or visually-evoked 
cortical potentials. ODCs were labeled by their reduced 
cytochrome oxidase reactivity. We found that ODC widths of 
AFP eyes were reduced compared to ODCs of NP fellow eyes. 
For example, in the lobe ipsilateral to the AFP eye, mean 
ODCs related to that eye were 270 µm wide, while mean NP 
eyes' ODCs were 512 µm wide. There were, however, inter- 
subject differences in the absolute amount of cortical 
space captured by AFP eyes. These differences may cor
respond to the level of visual function of each AFP eye, 
because visual acuity was much lower in the AFP eyes 
relative to their fellow NP eyes. Supported by 
FY32EY06496, EY05975, and RR00165.
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1 63 .1

Unilateral MiSROUTING at THE Chiasm AssOCiatEd with Disrupted 
Laminaiion in THE Geniculate and a Vertical Inversion of the Visual 
Map in Area 17. Dale Hogan1*. Preston E. Garragh ty2. and Robert W. 
W illiam s1 1Dept. Anatomy & N eurobiology, University o f Tennessee, 
M emphis.TN and 2Dept. Psychology. Indiana University, B loomington, IN.

W e have been studying Belgian sheepdogs with congenital nystagm us in 
which the chiasm is partially or com pletely elim inated (Nature, ‘94; JCN 
'95). Here we report data from a mutant without nystagm us in which most 
axons from  one  op tic  n erv e  fail to c ro ss  m id lin e . A small aberrant fascicle 
exits the left side o f the chiasm , crosses m idline rostrodorsal to the chiasm, 
and splits into branches that extend rostrally. laterally, and caudally. Only 
one branch joins the right optic tract. The left tract is 3-4 tim es larger than 
the right. Retinorecipient nuclei are significantly larger on the left side. The 
left geniculate nucleus (LGN) is innervated by both nasal hem iretinas, and 
possibly by both tem poral hem iretinas. The right LG N is probably 
innervated only by the ipsilateral tem poral hem iredna. The superinnervated 
L G N contains duplicate laminae. The other LON has no interlam inar zones. 
This asymm etry is reflected in the right retina— the tem poral hem iretina is 
expanded, peak ganglion cell density is higher, and the area centralis is 
larger. These changes can be explained by the com petitive advantage of 
ganglion cells in the right tem poral hem iretina. Recordings in striate cortex 
showed a vertical inversion in the map o f visual space com pared to normal 
dogs and cats. Superior fields were located rostrally and inferior fields 
caudally. Receptive fields ranged from 20° inferior to 30° superior. 
B inocular fields were recorded in the central 25° o f visual space and 
m onocular fields were recorded peripherally. Most sites were selective for 
orientation and the progression of orientation selectivity was normal. 
Ipsilateral fields were not recorded. Although the relationship o f the chiasm 
m isrouting to the visual field abnorm ality is unknown, this is the first report 
o f which we are aware showing a vertical inversion o f visual maps in a 
mammal. Supported by NRSA KY06560 (DII) and NIII EY06627 (RWW).

16 3 .3

SUBTHRESHOLD SIGNALS INVOLVED IN TOPOGRAPHIC MAP 
REORGANIZATION IN AREA 17 OF ADULT CATS. Y.M. Chino*,
E.L. Smith III, J.H. Kaas, S. Hatta, & V. Sharma, College of 
Optometry, University of Houston, Houston TX 77204-6052 & 
Department of Psychology, Vanderbilt University, Nashville, TN 

When neurons in the adult visual cortex are deprived of their normal 
afferent inputs by matched lesions, they acquire new receptive fields 
based on signals from intact retinal regions surrounding a lesioned area, 
resulting in map reorganization (Chino et al, J. Neurosci, 1995). The 
topographic map reorganization is thought to be due in part to the 
activation of normally subthreshold connections from adjacent cortical 
areas representing the surrounding non-lesioned retina. We investigated 
the nature of 'subthreshold' signals that are presumably involved in the 
reorganization. Adult cats received a laser lesion in only one eye and 
over 3 months of recovery prior to the recording experiments. We 
identified units whose traditional receptive fields in the lesioned eye 
were originally located within the damaged retina, and determined 
whether 'subthreshold' signals originating from the normal surrounding 
retina could interact with signals from the non-lesioned eye under 
binocular stimulation conditions. Facilitatory binocular interactions were 
found in the majority of units when the matched optimal stimulus 
orientations were presented to the two eyes. However, if orthogonally 
oriented stimuli were presented to the two eyes, the binocular effect 
disappeared or binocular inhibitory interactions resulted. The results 
suggest that map reorganization may depend on the spread of signals 
through long-range lateral connections within the cortex that exert 
excitatory effects on retinally deafferentated neurons. Supported by 
NIH Research Grants EY-08128, EY-03611, EY-02686, & RR-07146

163 .5

T O P O L O G IC A L  ANALYSIS O F S IN G U L A R IT IE S  IN 
STIM ULUS MAPS OF TH E PRIM ARY VISUAL CORTEX.
S. Tanaka,* Laboratory for Neural Modeling, Frontier Research 
Program, The Institute for Physical and Chemical Research (RIKEN), 
2-1 Hirosawa, Wako, Saitama 351-01, JAPAN

In the orientation preference maps of the mammalian visual 
cortex, two types of point singularities, so-called orientation centers, 
have been observed. The optimal orientation changes clockwise or 
counterclockwise around the points. It was found that the receptive 
fields of simple cells have the same symmetry properties as those of 
the Klein bottle. This finding leads to subdivision of the orientation 
centers according to whether the receptive fields of the cells in the 
vicinity of the points are of an ON-centre OFF-flank or OFF-centre 
ON-flank type. The Klein bottle topology also predicts the existence 
of another type of point singularity with respect to the optimal phase. 
By taking into account the direction of motion as a stimulus parameter 
of the simple cells in addition, the space in which the optimal direction 
of motion is defined is shown to be the Mӧbius band that surrounds 
the Klein bottle along the bottle axis. From the topology of the 
whole space spanned by the optimal orientation, phase and direction 
of motion, it is shown that line discontinuities with respect to the 
optimal direction appear in the cortex, which link between different 
orientation centers. Based on these results, computational advantages 
of the singularities of the maps are suggested. Furthermore, the 
elaboration of this topology-based theory indicates a possible 
mechanism of visual information representation.

163 .2

THE RETINOTOPIC ORGANIZATION OF THE LATERAL GENICULATE 
N U C LEUS AND VISU AL CO R TEX IN ALB IN O  CATS. M arcie Pospichal*, 
A ndrze j W robe l, Iw ona S te p n ie w ska  and J .H . Kaas. D e p t. o f 
P sych o lo g y , V a n d e rb ilt U n ive rs ity , N a sh v ille , TN  3 72 40 .

The tem po ra l re tina  o f a lb ino  ca ts  a nd  o th e r m a m m als p ro je cts  
a b n o rm a lly  to  the  c o n tra la te ra l, ra th e r tha n  ip s ila te ra l, la te ra l 
g en icu la te  nuc leus (LG N ). The co nse qu e nce s  o f th is  m isrou ting  on 
the re tino top ic  o rg a n iza tio n s  o f the  LGN and  co rtica l a reas 17 and18 
w ere  stud ied  w ith  m ic ro e le c tro de  m a pping  m e tho d s  in n ine a lb ino 
ca ts  under ure thane  a ne sthe sia . The visua l axes w ere  dete rm in ed  by 
co m p a rin g  re tina l lan d m a rks  w ith  d ire c t m e a su re s  o f g an g lio n  cell 
d en sitie s. The re tino topy o f LGN layer A w a s rough ly norm al except 
for a g re a tly  re duced  area  ce n tra lis  re p re se n ta tio n . M o st o f layer 
A1 co n ta in e d  an o rd erly  re p rese n ta tion  o f the  tem po ra l re tina  o f the 
co n tra la te ra l eye. A sm a ll la te ra l b in o cu la r portio n  o f A1 conta ined  
n eu ro ns d o m in a te d  by the  ip s ila te ra l eye. S im ila r a b n o rm a litie s  
w ere  found  in the C layers. W h ile  a ng les o f e le va tio n  w ere  
re p rese n te d  n orm a lly  in a re a  17 a nd  18, a p ortio n  o f ro s tro la te ra l 
a rea 17 w as d evo ted  to the ips ila te ra l h em ifie ld  v ia  the 
co n tra la te ra l eye. Som e n eu ro ns  in th is  reg ion had  tw o receptive  
fie ld s  fo r the  co n tra la te ra l eye, sp lit in to  b oth  the  ip s ila te ra l and 
co n tra la te ra l h em ifie ld s . N e uron s  th ro u g h o u t the  large  reg ion  
n orm a lly  d e vo te d  to the a re a  ce n tra lis  w e re  v isu a lly  unresp on sive , 
and no n eurons had c lea rly  d e fin a b le  re ce p tive  fie ld s  fo r the 
ip s ila te ra l eye. Thus, th a la m ic  and co rtica l leve ls  o f o rg an iza tion  
w e re  h ig h ly  a bn orm a l. F u nded  by E Y -02 6 86  (JK ), Ja m e s  S. 
M cD o n n e ll F o u n d a tio n  (A W ) & E Y -0 7 1 3 5  (M P).

1 63 .4

VI CONNECTIONS REVEAL MULTIPLE VISUOTOPIC REPRESENTATIONS 
CORRELATING WITH CHEMOARCHITECTONIC SUBDIVISIONS OF THE 
MACAQUE INFERIOR PULVINAR. C. Gutierrez* and C.G. Cusick. Dept. of 
Anat. and Neurosci. Training Prog., Tulane Univ., New Orleans, LA 70112.

The inferior pulvinar (PI) of macaque monkeys, defined as classical PI and 
ventral PL, contains multiple chemoarchitectonic subdivisions, medial (PIM), central 
(PIc). lateral (PI1), and the lateral-shell region (PIL-S; Gutierrez et al.,'95). In the 
present study, we tested the hypothesis that chcmoarchitectonic subdivisions 
comprise separate visuotopic representations by mapping connections with V1. 
Within the exposed surface of V 1 of the same hemisphere, multiple injections of 
[35S]-methionine were placed in a strip along the upper vertical meridian, and WGA- 
HRP was placed along the lower vertical meridian representation. Injections were 
thus within the representation of the central 5-7° of the contralateral visual field. 
Labeled zones in PI were compared to subdivisions revealed by calbindin 
immunostaining. Four separate dorsoventral strips of label were revealed in PI 
consisting of [35S]-mcthioninc ventrally and WGA-HRP dorsally. Individual zones 
were present at the lateral borders of PIM, PIC, and PIL and crossed the width of PIL 
rostrally. The dorsovcntral strips of label occupied more than half of the 
dorsoventral extent of PI on coronal sections, suggesting an enlarged representation 
of the central 5-7° of the visual field. Within the dorsoventral strips, the two labels 
overlapped only slightly. Thus, upper and lower visual field representations in PI 
were ventral and dorsal, respectively. The center of gaze representation, interpreted 
as near the intersection of the two labels, was near the midpoint of the dorsoventral 
strips for PIC, PIL, and PI, L-S. Center of gaze projections extended rostrocaudally in 
PIL and PIL-S and were found caudally in PIM and PLC In summary, the 
chemoarchitectonic subdivisions of PI appear to be separate visuotopic 
representations, suggesting segregation of function within PI. Supported by NIH 
grant EY08906.
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THE MORPHOLOGY OF LGN AXONS THAT TERMINATE IN THE CO 
BLOBS OF PRIMATE V 1 . Y. D ing and. V.A. Casag ra n de *. Depts. o f Cell 
B io lo gy  & P sycho log y  V anderb ilt U n iversity, Nashville, TN 37232

The latera l g en icu la te  nuc leus (LG N) o f prim ates co n ta in s three 
classes o f re lay cells, the  m ag no ce llu la r (M ), p arvoce llu lar (P), and 
ko n io ce llu la r (K ) cells. A t present, ve ry little  is know n a b o u t e ither the 
s tru c tu re  o r fu n c tio n  o f the  K re lay ce lls. In sim ian p rim a te s K ce lls  are 
fou n d  in both  the  inte rlam inar zones a nd  su perfic ia l (S) layers o f the  LGN. 
The o b je ctive  o f th is  s tud y  w as to  exam ine the  deta ils  o f K axon  s tru c tu re  
in p rim a ry  visua l co rtex  (V1) o f o w l m onkeys. In je c tio n s  o f WGA-HRP into  
e ither the S layers o r the  in te rlam inar zone  betw een the  M and  P layers 
resu lted  in a ligh t band  o f co n tin u o u s  label in co rtica l layer I a nd  patchy 
label w h ich  co -loca lized  w ith  the  CO  b lobs in layer III. In je ctio n s o f PHAL 
w ith in  the  in te rlam inar zone in the  LGN labe led  ind iv idua l co rtica l axons 
w ith  d iverse m o rp ho log y . The m a jo rity  o f these  axons e xh ib ite d  the 
h ighest d en sity  o f bou ton s  w ith in  the  C O -b lob s o f layer IIIB. These 
term ina l p a tches w ere  qu ite  re s tric ted  a verag ing  less than 200 µm in 
d iam eter. A lm ost half o f the a xons a lso  had b ranches in layers IIIA o r IIIC 
w ith in  the sam e C O  b lo b  co lum n. Surpris ing ly , o n ly  20%  o f the  axons 
had b ranches w ith  c lear bou ton s in layer I. A  few  axon b ranches w ith  
bou ton s w ere  a lso  ide n tified  in layer V. W ith  the  e xce p tio n  o f 
te rm ina tion s in layer V, the  basic m o rp h o lo g y  and  d is tr ib u tio n  o f K axons 
in ow l m o nkey V1 is ve ry s im ilar to  th a t re p orte d  fo r bush baby K axons 
(Lachica  and  Casagrande, J. C om p. N eurol., 319 :141-158 . 1992) 
su ggesting  tha t th is  re lay pathw ay to  the  C O -b lob s o f V1 is a general 
fea ture  o f the  p rim a te  visual system . S up p orte d  by EY01778 & core  
g ra nts  EY08126, HD15052.
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DISTRIBUTION OF CYTOCHROME OXIDASE-RICH PATCHES IN THE 
PRIMARY VISUAL CORTEX OF MACAQUE MONKEYS. R Gattass*1,
M.F.Farias1. M.C. Piñon1. and L. G. Ungerieider2 1- Instituto de Biofisica 
CCF, UFRJ, Rio de Janeiro, Brazil 2- Lab. Neuropsych., NIMH, NIH 
Bethesda, MD 20892.

We have studied the tangential distribution o f cytochrome oxidase 
(CO)-rich patches in striate cortex in three hemispheres of normal 
Macaca mullata monkeys. Patch spatial density and patch 
cross-sectional area were analyzed in CO-reacted tangential sections of 
flat-mounted preparations of VI. In three hemispheres. Well-delimited 
CO-rich patches were found in upper cortical layers of V1 and specially in 
the middle of layer III. Rows of patches were less conspicuous in this 
material than in previously published material o f Old W orld monkeys. The 
spatial density of patches was nearly constant throughout the binocular 
field representation in V1, with a mean value of 3 patches per mm2. In the 
monocular portions of VI, however, patch spatial density diminished. In 
most cases, mean patch cross-sectional area decreased slightly towards 
the representation of the periphery in VI. However, patches in the 
representation of the monocular crescent tended to be larger than those in 
the adjacent binocular representation. The small variation of cytocrome 
oxidase patch topography with eccentricity, found in this study, contrasts 
with the variation described in previous studies and with the large 
variation of cortical point-image size in VI.
Financial support: CNPq, CEPG/UFRJ, FINEP, FAPERJ.

163.9

EXPRESSION O F CAT-301 IN  A D U L T  C A T V ISU A L  CO RTEX  IS 
M ODIFIED BY R E T IN A L  ACTIVITY. K a th ry n  M . M u rp h y *. 
C o m p u ta tio n a l & N e u ra l S y stem s  R esea rc h  U n it, M cM aste r U n i- 
versity, H a m ilto n  O N , C A N A D A , L8S 4K1.

It is well known that disruptions of normal binocular vision during 
development can lead to activity-dependent changes in the pattern of 
geniculocortical inputs to ocular dominance columns. In the adult 
visual system, the arrangement of these afferents is far less susceptible 
to change induced by manipulations of retinal activity, however, recent 
studies have shown that the cortex itself does retain some plasticity in 
response to changes in retinal activity. To understand this plasticity it is 
necessary to determine the level at which structural changes can occur 
in the mature visual cortex in response to manipulation of retinal activ
ity. Expression of the cell-surface molecule, Cat-301, part of the extra- 
cellular matrix that has been described as a b io lo g ic a l g lu e ,  was 
examined in area 17 following monocular retinal lesions in adult cats. 
The distribution of Cat-301 immunoreactivity was examined in tangen-
tial sections through area 17 from a total of 8 lesioned and 2 normal 
adult cats. Cat-301 staining was visualized using the avidin-biotin pro
cedure. Within 24 hours of the retinal lesion the pattern of Cat-301 
staining in upper layer 4 of area 17 became patchy, but no changes were 
observed in the LGN. Adjacent sections stained with NADPH revealed 
that dark Cat-301 patches aligned with dark NADPH bands in layer 4. 
Clearly, activity-dependent structural changes in the mature visual sys
tem can occur rapidly and as early as layer 4 of the visual cortex.

1 6 3 .8

THE MONOCLONAL ANTIBODY CAT-305 LABELS SOME GENICULO-
CORTICAL AFFERENTS IN AREAS 17 AND 18 OF 40 DAY OLD KITTEN 
VISUAL CORTEX. M.A. Silver*1. P.C. Kind2, M.P. Stryker1, and S. Hockfield2.1
W.M. Keck Center for Integrative Neuroscience and Neuroscience Graduate Program, 

Univ. of California, San Francisco, CA 94143; and 2Section of Neurobiology, Yale 
Univ. Sch. of Med., New Haven, CT 06510.

Cat-305 labels geniculocortical recipient layers in primary visual cortex of the adult 
cat, ferret, and monkey (Hockfield, et al., Soc. Neurosci. Abs., 1994). In addition, 
unilateral kainic acid lesions of the dLGN of adult cats cause a substantial decrease in 
Cat-305 immunoreactivity in layer IV of the primary visual cortex ipsilateral to the 
lesion. These results suggest that the Cat-305 antigen may be expressed in 
geniculocortical afferents projecting to layer IV of primary visual cortex.

To investigate this possibility, we have labeled geniculocortical afferents by 
injections of the anterograde neuronal tracer Phaseolus vulgaris leucoagglutinin (Pha- 
L) into lamina A of the dLGN of 28 day old kittens. After a 12 day survival, primary 
visual cortical areas were processed for double label immunofluorescence using Cat- 
305 and an antibody to Pha-L. Confocal microscopy was used to determine the degree 
of colocalization of these two markers.

Some of the geniculocortical arbor branches in both areas 17 and 18 of the 40 day old 
kitten showed Cat-305 immunoreactivity. The Cat-305-positive branches were among 
the largest diameter branches in the geniculocortical projection, although other 
geniculocortical axons of greater or equal diameter were not labeled with Cat-305. 
The labeled axons were probably Y-type because they were large and were also found 
in area 18, which receives only Y-type input. The large Cat-305-negative geniculo- 
cortical axons, especially those projecting to area 18, establish that the Cat-305 antigen 
is not expressed in all Y-type axons at this age. The afferents that do not show Cat-305 
immunoreactivity at 40 days of age may acquire it later in development, since Cat-305 
staining in layer IV increases from 5 to 15 weeks of age in the kitten (Kind, et al., 
Cerebral Cortex, 1994). Supported by NIH EY06511, NIH EY02874, and HHMI.

163 .10

DIFFERENTIAL EXPRESSION AND REGULATION OF TYPE II CAM 
KINASE α  AND β SUBUNITS IN MACAQUE VISUAL SYSTEM. S. H. C. 
Hendry*. Krieger Mind/Brain Institute, Johns Hopkins Univ, Baltimore, MD 21218 

In the macaque lateral geniculate nucleus (LGN), neurons expressing the a  
subunit of type II calmodulin-dependent protein kinase (CaM II kinase) form a 
distinct subpopulation of cells that innervate the cytochrome oxidase-rich blobs in 
primary visual cortex (VI). Do neurons in other parts of the visual system display a 
similar selectivity in kinase expression? Immunostaining for a  and p subunits of 
CaM II kinase showed that blob-projecting neurons in the intercalated or K layers of 
LGN are immunoreactive for both subunits whereas geniculcortical neurons in the 
principal (M and P) layers are immunoreactive for only the p subunit. Partial 
overlap of the two subunits also occurs in macaque retina, with immunoreactivity 
for α and β in a subpopulation of amacrine cells but for only α in large ganglion 
cells. In V 1, complementary patterns of intense α  and β immunoreactivity exist: β 
CaM II kinase in non-pyramidal neurons and in axons of geniculocortical-recipient 
layers IVA and IVC, and α CaM II kinase in pyramidal cells of layers II-III and IVB. 
Regulation of the two subunits is also complementary in V 1 of adult macaques, as 
α  CaM II kinase is up-regulated in deprived-eye ocular dominance columns 
following monocular intravitreal tetrodotoxin injection whereas β CaM II kinase is 
down-regulated by the same manipulation. Immunostaining of macaque forebrain 
shows LGN and V 1 to be unique, as other thalamic nuclei and cortical areas, 
including the hippocampal formation, display overlapping expression of a and p 
CaM II kinase in efferent neurons. These findings demonstrate that unlike most 
efferent neurons of the macaque forebrain, distinct subpopulations of output cells in 
retina, LGN and V 1 can be selectively recognized by their expression of either α or 
P CaM II kinase and that in cortex, synaptic activity controls the levels of both 
subunits but in opposite directions. Supported by NIH Grant EY 06432.

AUDITORY, VESTIBULAR, AND LATERAL LINE: PERIPHERY

164.1

CALCIUM HOTSPOTS IN  TURTLE HAIR CELLS. T. Tucker*,
Y-C. W u. I.J. A rt and  R. Fettiplace. D epartm en t of N europhysio logy, 
University of W isconsin M edical School, M adison, W I  53706. 
Cytoplasmic Ca in  hair cells controls adap ta tio n  of the m echano- 
electrical transducer channels, activates K(Ca) channels involved in 
tuning and  releases chem ical transm itter. The ion 's  intracellular 
concentration m ay  th u s  be tigh tly  regu la ted  and  spatially  
heterogeneous. W e have s tud ied  Ca d istribu tion  by  im aging isolated 
hair cells filled w ith  C alcium  G reen-5N  u sing  real-tim e confocal 
microscopy and  w hole-cell recording . D uring  0.3 s depolarizations 
to -20 mV, in ternal Ca increased  a t a num ber of ho tspo ts  a round  the 
base of the cell, m ost likely the synaptic  release sites, b u t changed 
little near the hair bund le ; on  repolariza tion , Ca recovered  w ith  tw o 
time constants of abou t 0.1 s an d  5-50 s, the slow er com ponen t being 
small and  som etim es absent. Betw een one an d  five ho tspo ts, each 
originally less than  1 µm  diam eter, w ere  visible. Their fluorescence 
corresponded to a peak  C a concentration  of a t least 10 - 50 µM  and 
they expanded a t abou t 80 µm 2/  s. Ca rem oval w as slow ed by  25 µM  
BHQ, a specific blocker of the endop lasm ic re ticu lum  CaA TPase, and  
intracellular vanada te  (.01 - 1 m M ), b u t it w as  little affected by 
replacement of external N a by  Li, w h ich  w o u ld  block a N a /C a  
exchanger. The tim e course an d  spatial profile of C a w ere  predicted  
by a cylindrical ha ir cell m odel w ith  the C a influx th ro u g h  voltage- 
dependent channels restricted  to  the base o f the cell. C a buffering 
and extrusion are sufficiently effective to  p rev en t la rge local fluxes 
from reaching the center of the cell or affecting the transduction  
apparatus in  the hair bund le .

164 .2

CAPACITANCE MEASUREMENTS OF LATROTOXIN-INDUCED 
EXOCYTOSIS IN SACCULAR HAIR CELLS. D. Lenzi* , and W.M. Roberts. 
Institute of Neuroscience, University of Oregon, Eugene OR 97403.

Saccular hair cells of the frog (Rana pipiens) release neurotransmitter at ~20 
afferent synapses. Their compact shape offers experimental access to presynaptic 
mechanisms, including the fusion of synaptic vesicles with the plasma membrane. 
We have measured changes in membrane capacitance (an index of cell surface area) 
to follow calcium-dependent exocytosis. Under voltage clamp in the whole-cell or 
perforated-patch modes, the command potential was driven by two superimposed sine 
waves (1000 Hz & 500 Hz, 40 mV peak-to-peak) overlying the -70 mV holding 
potential. The admittance at each frequency was measured, allowing pipette 
capacitance, access resistance, membrane conductance, and membrane capacitance 
(Cm) to be calculated. To examine the mechanisms of release, the secretagog α -
latrotoxin (α -LTX, 1 or 10 nM) was gently applied to isolated cells with a puffer 
pipette for 1 to 10 s while monitoring Cm for up to 50 s. Cm increased at 4.6±4.1 fF/s 
(mean ±S.D., n=6 cells) during the 1 to 10 s before the puff, and at 11±10.9 fF/s after 
the puff. In the four cells that showed a response to the toxin, the slopes before and 
after the puff were 5.9±4.3 fF/s and 15.5± 10.7 fF/s, respectively, and were always 
positive; the ratio of the slopes before and after the puff was 14.7±24.9. In 5 control 
cells, the Cm change was positive or negative, was -0.4±7.5 fF/s in the 5 to 10 s 
before the saline puff, and was -0.4211.5 fF/s after the puff. The ratio of the slopes 
was then 1.3±2.1, indicating that the mechanical effects of the puff were small. These 
results suggest that like other presynaptic cells, hair cells are sensitive to α -LTX. The 
toxin acted immediately, changing Cm slope during the puff or at most 2 s afterwards. 
Exocytosis usually outlasted the recording. Supported by NIH grant NS27142 and a 
McKnight Scholars Award to WMR, and a DRF grant and NSERC and MDA 
postdoctoral fellowships to DL.
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VISUALIZING Ca2+ INFLUX INTO STIMULATED HAIR CELLS 
LOCALIZES MECHANOELECTRICAL TRANSDUCTION AT THE HAIR 
BUNDLE’S TOP. Ellen A. Lumpkin and A. J. Hudspeth*. Howard Hughes 
Medical Institute and Center for Basic Neuroscience Research, University of Texas 
Southwestern Medical Center, Dallas, Texas 75235-9117.

The hair bundle of a vertebrate hair cell is made up o f stereocilia that contain 
mechanically gated cation channels. The prevalent model for mechanoelectrical 
transduction relies upon the assumption that these channels lie near the 
stereociliary tips. Although transduction channels have been localized to the tops 
of stimulated hair bundles by two experimental protocols, the site of transduction 
is disputed.

We sought to pinpoint the site of transduction by imaging Ca2+ entry into the 
hair bundle through transduction channels. An isolated bullfrog saccular hair cell 
was dialyzed through a whole-cell, tight-seal electrode with 200 µM fluo-3, a 
Ca2+-sensitive fluorophore. To elicit Ca2+ entry through transduction channels, we 
displaced the hair bundle with a glass probe; to confirm that transduction was 
intact, we recorded receptor current with the membrane potential clamped at 
-70 mV. A laser-scanning confocal microscope was used to monitor fluo-3 
fluorescence by repeatedly scanning along a single stereocilium at a rate of 1.4 ms 
per scan. Less than 1.4 ms after the onset of bundle deflection, fluo-3 
fluorescence increased within 1 µm of the stereociliary tip; the enhanced 
fluorescence then progressed down the stereocilium within 50 ms. After the 
deflection ended, the fluorescence returned to its baseline level within 100 ms. 
The fluo-3 fluorescence of the soma remained constant throughout the deflection, 
indicating that the signal in the hair bundle was not due to Ca2+ release from 
intracellular stores or influx through basolateral Ca2+ channels. These results 
substantiate earlier evidence that transduction occurs near the stereociliary tips.

This research was supported by National Institutes of Health grant DC00317.

16 4 .4

EFFECTS OF P H O SPH ATE AN ALO G S ON H AIR-CELL TRANSDUCTION 
AND ADAPTATIO N. E. N. Y am oah* and  P. G. G ille sp ie . Departm ent of 
Physiology, Johns Hopkins University, Baltim ore MD 21205.

Previous studies in bullfrog saccular hair cells have indicated that myosin 1β 
m ay be the  a da p ta tio n  m o to r tha t re s to re s  tra n sd u c tio n -ch a n n e l open 
probability follow ing m echanical stim ulation. W e have used both biochemical 
and e lectrophysio logica l m ethods to  study the  e ffects  in hair ce lls  of three 
phosphate  ana logs tha t should  in te ract w ith  m yosin  m o lecu les, beryllium 
fluo ride  (BeFx), vanadate  (Vi), and a lum inum  fluo ride  (AIFX). A ll three ions 
trapped [α -32P]UTP on a 120-kD bundle protein thought to  be m yosin 1β and 
were therefore  expected to  interfere  with the  adaptation  m otor. BeFx and Vi 
had sim ilar effects on transduction currents  o f d issociated saccular hair cells:
(1) A d a p ta tio n  to  p o s itive  a nd  n e g a tive  d is p la c e m e n ts  w as slowed.
(2) D isp lacem ent-response re lationsh ips sh ifted to  the  right, as if m otor force- 
p roduction was d im inished . For B eFx (be low ), the  sh ift w as 4 2 0 ± 9 0 n m  
(m ean ± SD; n=3). (3) T im e constants fo r activa tion  o f transduction channels 
w ere increased by at least 3-fold. S im ilar to  BeFx and Vi, AIFX suppressed 
adaptation. W ith  s low  d ia lysis o f cells, A IFX induced a rightward shift in the 
d isp lacem ent-response  re lationsh ip; w ith rapid d ia lysis, however, a leftward 
shift was observed.

T h e  e ffe c ts  on  a d a p tio n  o f 
th e se  p h o sp h a te  a na log s  are 
consis ten t w ith  th e ir e ffe c ts  on 
m uscle  fibe rs  and support the  
proposal tha t m yosin m olecu les 
carry out hair-cell adaptation.
Supported by N IDCD D C 02368 

and the Pew Foundation.
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ACOUSTIC TRAUMA RESULTS IN APOPTOTIC DEATH OF COCHLEAR HAIR 
CELLS. J.C. Mason. J. Kil, M.E. Warchol*. and J.T. Corwin Dept of Otolaryngology - 
HNS, University of Virginia School of Medicine, Charlottesville VA 22908

Acoustic trauma results in the death of the sensory hair cells of the cochlea. In 
humans, noise exposure can result in permanent hearing loss, which is a major public 
heath problem. The actual mechanisms of noise-induced hair cell death have not been 
characterized. We have used TUNEL labeling of cleaved DNA and fluorescent imaging 
of nuclear chromatin structure to demonstrate that hair cells in the avian cochlea undergo 
apoptosis (programmed cell death) in response to high-intensity noise exposure.

Chicks (10-11 days post-hatch) were exposed to broad-band noise (500-800 Hz) at 
117 dB for 24 hours. Their cochleae were then fixed in paraformaldehyde, and apoptotic 
cells were labeled by deoxynucleotidyl transferase catalysis of digoxigenin-tagged 
nucleotides to the free 31-OH ends of fragmented DNA. Cell nuclei in other noise- 
damaged cochleae were visualized with the dyes bisbenzimide and DAPI. The 
specimens were examined as whole mounts and apoptotic cells were counted. Cochleae 
from chicks that did not receive noise exposure served as controls.

The noise damaged cochleae contained 74.4 ± 28.4 labeled apoptotic cells (n=10, 
range 41-152), many of which were identified as hair cells. Apoptotic cells were 
concentrated in the mid-frequency regions of the cochleae and near the inferior edge. 
Fluorescent staining confirmed the presence of pyknotic nuclei within the acoustic 
lesions. In contrast, no labeled hair cells were seen in the unexposed controls (n=8). 
The results confirm that apoptosis occurs in chick cochlea after excessive noise 
exposure, as had previously been shown in the vestibular organs during normal turnover 
and following exposure to ototoxic agents (J. Kil, M.E. Warchol, and J.T. Corwin, 
Assoc. Res. Otolaryngol. Abstr. 328, 1995). The results also suggest the possibility of 
intervention in the trauma-induced apoptosis of hair cells.

(Supported by grants from the NIDCD to MEW and JTC)
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H A IR  C E L L  FO R M A T IO N  IN  C U L T U R E S  O F D ISSO CIA TED  
CELLS FROM  TH E VESTIBULAR SENSORY EPITH ELIU M  OF THE
b u l l f r o g . R .Cristobal*. I. Lopez. P. Honrubia, C. Zamora. A. Espinosa de los
Monteros1. V. Honrubia. Victor Goodhill Ear Center and 1 Mental Retardation Center. 
UCLA School of Medicine, Los Angeles, CA 90095.

Experiments were conducted to standardize an in vitro preparation of 
dissociated cells from the vestibular sensory epithelium of the bullfrog, and to 
demonstrate the production of hair cells (HCs) in culture. Vestibular end organs were 
treated with collagenase, and further dissociated mechanically. Cells were plated into 4 
well plates and maintained in Medium 199 supplemented with 10% bovine serum. New 
HCs were consistently observed after 3 days, and for as long as 7 days of culture with 
time-lapse photography. The criteria for defining new hair cells were as follows: 
identification of the nucleus, cylindrical or pear morphology, and the presence of the 
kinocilium. Histological verification was obtained with phalloidin-rhodamine staining 
of the actin filament in the HC cytoskeleton. In order to demonstrate in vitro HC 
formation, 3 cultures were incubated for 3 hours with medium containing the mitotic 
tracer BrdU (10 µ mol/1): one on day 3, one on day 4, and another on day 5. Cells were 
allowed to survive for two additional days and then processed for BrdU 
immunocytochemistry. The total number of cells in the culture, as well as the numbers 
of BrdU positive and BrdU negative HCs, was assessed. Results (mean cell number +/- 
standard error) are shown in the following table:
Time of BidU Mean Cell Mean HC Mean BrdU +
Application/
Fixation

Number Number HC Number

Days 3/5 1676.33+/- 342.83 29+/- 6.03 8.66+/- 1.33
Days 4/6 1013.66+/- 200.20 24+/- 4.51 8.66+/- 1.67
Days 5/7 1068.66+/- 148.84 12+/- 3.46 3+/-1.00

In conclusion, evidence of in vitro hair cell formation has been obtained. BrdU 
positivity demonstrated that 2 days are sufficient for the completion of the process of 
cell division and differentiation into HCs that meet the above criteria (Supported by 
NIDCD grant DC 01404).

164 .7

MYOSIN 1β IMMUNOLABELING IS SEEN IN HAIR BUNDLES OF BOTH 
ADAPTING AND NON-ADAPTING VESTIBULAR HAIR CELLS. P.S. Stevger.1
R.A .Dumont 1P.G. Gillespie*, and R.A . Baird. RS Dow Neurological Sciences 
Institute, Portland, Oregon 97209; 1Department of Physiology, Johns Hopkins 
University, Baltimore, Maryland, 21205.

Previous studies have implicated myosin as the motor molecule mediating the 
adaptation of mechanically-gated transduction channels in hair cells in the 
bullfrog sacculus. Physiological studies (RA Baird, J. Neurophysiol. 71:685-
705,1994) have shown that hair cells in the bullfrog utriculus with different hair 
bundle morphology also differ in the rate and extent of their adaptation kinetics. 
To determine if myosin was expressed in all utricular hair bundles, fixed 
utricular maculae were indirectly immunolabeled with monoclonal antibodies 
against the tail region of bovine adrenal myosin I and examined in wholemount 
and serial section with light or fluorescent microscopy.

Positive myosin immunolabeling was seen in hair bundles and the apices of 
supporting cells. This immunolabeling was abolished when primary antibodies 
were omitted or pre-adsorbed with a synthetic peptide derived from the tail 
region of bullfrog myosin 1β. Two myosin populations - detergent-resistant 
myosin residing at the sterociliary tips and detergent-extractable myosin located 
throughout the bundle - were identified in unfixed agarose-embedded saccular 
hair cells. In the fixed utriculus, hair bundles were labeled, often in their 
entirety, in both striolar and extrastriolar regions with no significant differences 
in myosin immunolabeling seen between hair cell phenotypes.

Our results demonstrate that both adapting and non-adapting utricular hair 
bundles contain myosin 1β, suggesting that gross differences in myosin 
expression are not the basis for differences in adaptation kinetics in utricular 
hair cells. Utricular hair cells also differ in their complement of calcium-binding 
proteins, which may mediate adaptation kinetics in different hair cells.

Supported by NIDCD grants DC02040 (RAB) and DC02368 (PG).
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IN  VIVO and IN VITRO EVIDENCE FOR SUPPORTING CELL CONVERSION 
IN THE BULLFROG VESTIBULAR OTOUTH ORGANS. R. Baird*. S. Bale ,
C. F iorillo. and N.R. Schuff. RS Dow Neurol. Scis. Inst., Portland, OR 
97209.

Hair cells in the in vivo bullfrog saccular and utricular maculae rapidly recover 
from gentamicin ototoxicity, producing new hair cells with immature hair 
bundles. Cell proliferation at early survival times, measured with BrdU 
immunocytochemistry, is too low to account for hair ceil recovery. Moreover, 
hair cells with immature hair bundles are seldom BrdU-labeled, suggesting that 
hair cell recovery at these times is due to a non-mitotic mechanism.

We repeated our in vivo experiments in organ culture to rule out the possibility 
that BrdU, because it was not administered continuously, was not equally 
available to all proliferating cells. Cell proliferation and hair cell regeneration 
were supported in control cultures and were similar to earlier in vivo values. 
Organs cultured in aphidicolin, a blocker of DNA replication, had no cell 
proliferation but exhibited normal levels of hair cell regeneration, confirming that 
mitotic division was not required for hair cell regeneration.

Phalloidin labeling of in vivo gentamicin-treated organs revealed that the 
number of supporting cells surrounding immature hair cells was less than that 
surrounding mature hair cells, suggesting that some supporting cells may have 
been able to convert into new hair cells. Consistent with this suggestion, 
supporting cells with intermediate cell morphology and immature hair bundles 
were commonly observed in regions of existing hair cell loss. These cells, 
unlike typical supporting cells, exhibited reduced cytokeratin immunolabeling. 
Coordinated shifts in the numbers of hair cell and supporting cell nuclei were 
also observed following gentamicin treatment, indicating that hair cell recovery 
at early survival times was largely accomplished by the direct phenotypic 
conversion of supporting cells into new hair cells.

NIDCD grant R01-02040, NASA grant 2-651, and the OLS&H Foundation.
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AMINOGYLYCOSIDE OTOTOXICITY: MECHANISMS OF INCREASED 
[Ca2+]i IN AVIAN COCHLEAR HAIR CELLS IN VITRO AND IN VIVO.
J. S. Stone. L  Zirpel, W. R. Lippe* and E. W Rubel. Virginia Merrill Bloedel 
Hearing Research Center, University of Washington, Seattle, WA 98195.

Aminoglycoside antibiotics (AGs) are toxic to hair cells of cochlea and vestibular 
organs. It has been shown that AGs disrupt PIP2 metabolism, but the mechanisms 
of their toxicity are unknown. Our previous work demonstrated that 3 mM 
gentamicin (GM), an AG, induced a large (>3 µM) increase in intracellular calcium 
concentration ([Ca2+]i) in hair cells of cultured avian cochlear epithelia. This 
response to GM was eliminated by the L-type Ca2+ channel blocker, nifedipine, and 
by Ca2+-free medium. The goals of this study were to examine the effects of GM on 
hair cell [Ca2+]i in acute whole-mount preparations of the avian cochlea, to establish 
a  dose-response relationship, and to test the hypothesis that the increase in [Ca2+]i is 
due to disruption of the PLC signal transduction pathway by GM.

Cochleae were removed from posthatch chicks, loaded with Fura-2/AM, and 
superfused with oxygenated DMEM7F12 ± experimental pharmaceuticals for 60 
minutes. Application of GM induced an increase in [Ca2+]i that was similar to that 
observed with cultured epithelia and dose-dependent over the range of 30-3000 µM. 
This increase was abolished by co-application o f the phorbol ester, phorbol-12-
myristate-13-acetate, but was not affected by the kinase inhibitor, H-7. To verify 
that increased hair cell [Ca2+]i also results from GM ototoxicity in vivo, chicks were 
injected with GM, allowed to survive for 24 or 48 hours, when hair cells are known 
to be dying, and the [Ca2+]i of hair cells was examined. Increased [Ca2+]i was 
observed in a basal to apical gradient, paralleling the pattern of hair cell death 
normally observed with AG treatment in vivo. Our results suggest that GM 
damages cochlear hair cells by disrupting the PLC signal tranduction cascade which 
results in a pathological increase in [Ca2+]i, possibly via influx through the L-type 
calcium channel. (Supported by the Deafness Research Foundation.)

164 .11

DIRECTIONAL SENSITIVITY OF AUDITORY NERVE AND TYMPANIC 
MEMBRANE RESPONSES IN ANURAN AMPHIBIANS. T.A. Ludwig*1. J.

Physiological Science2, UCLA, Los Angeles, CA 90095-1527.
Acoustic communication plays a major role in the life o f anuran amphibians. 

Accurate sound source localization is needed for location of mates, territorial 
defense and predator avoidance. Unlike larger animals, anurans cannot rely on 
interaural time of arrival and intensity differences to locate the position of a sound 
in the horizontal plane because of their small cranial size, and consequently small 
intertympanal distance. The anuran auditory system is a mixed pressure gradient 
receiver: tympanic membrane (TM) displacement is a result of the pressure 
difference between the external and internal sides o f the TM. Internal pressure is 
transmitted via the wide, short, permanently open Eustachian tubes from the lungs, 
mouth cavity and contralateral ear. By holding the sound pressure level (SPL) 
constant at the external TM surface, angle-dependent changes in TM motion and 
VIIIth nerve activity due to changes in internal SPL can be quantified. A total of 
282 VIIIth nerve fibers were recorded from 5 anesthetized adult Rana pipiens 
pipiens using a dorsal approach. TM velocity and action potentials (APs) were 
recorded for 25 pure tone stimuli of 50ms at each of eight angles using Doppler 
laser vibrometry and glass intracellular electrodes respectively.

Results indicated a high correlation between TM velocity and AP rate for fibers 
tested between 500 and 800 Hz; responses were angle dependent for these fibers. 
Moreover, the effectiveness o f a sound source from any one angle at eliciting APs 
and vibrating the TM varied smoothly with frequency. While angle-dependent 
differences in AP rate also occurred at >800Hz, the relationship between TM 
velocity and spike rate in this range is less clear. Correlations between TM velocity 
and AP rate may be weaker at higher frequencies because of non-uniform vibrations 
of the TM or because of direct extratympanal stimulation to the inner ear conducted 
via the skeleton. Supported by NIDCD grant no.DC00222 to PMN.

1 64 .13

D IRECTIO N A L N OISE M ASKING O F PHA SE LO CK ING  IN 
TH E A M PHIBIAN AUDITORY NERVE J. Wang* and P.M. Narins. 
Dept of Physiological Science, UCLA, Los Angeles, CA 90095-1527.

Many anuran amphibians live in environments with high levels of acoustic 
background noise yet are able to communicate effectively in order to survive. 
Such noise can have substantial effects on the behavior of the frogs as well as 
on the responses of their auditory systems. Phase locking of the auditory 
nerve fibers has been shown to be significantly affected by either continuous 
or non-continuous background noise. The present study investigated the 
directional effects of continuous background noise on phase locking in low- 
frequency auditory fibers of the northern leopard frog (Rana pipiens pipiens). 
Intracellular recordings were made from single auditory nerve fibers of the 
anesthetized adult frogs using a dorsal approach. The frog was presented 
with a continuous tone delivered from above and a broadband noise delivered 
from four different horizontal directions. Vector strength (VS) and the mean 
preferred firing phase (MP) were measured for a total of 94 fibers.

36% of the units demonstrated direction sensitivity of noise masking on 
VS. Most of the direction-sensitive units exhibited maximum decrease in VS 
at 90° or 270° noise incident angle and minimum decrease in VS at 0° or 180° 
noise incident angle, suggesting higher noise susceptibility to the lateral fields 
and lower noise susceptibility to the anterior or the posterior field. 49% of the 
units demonstrated direction sensitivity of noise masking on MP. Maximum 
shift in MP was observed most often at 90° or 180° noise incident angle, 
whereas minimum shift in MP occurred most frequently at 0° or 270° noise 
incident angle, suggesting higher noise susceptibility to the ipsilateral or the 
posterior field and lower noise susceptibility to the contralateral or anterior 
field. The difference in directionality patterns of VS and MP suggests 
different mechanisms underlying noise masking of these two measures of 
phase locking in the amphibian auditory nerve.

(Supported by NIDCD grant No. DC00222 to PMN)

1 6 4 .1 0

EFFECTS OF NOISE EXPOSURE AND GENTAM ICIN TREATMENT O N  
FROG EVOKED POTENTIAL HEARING THRESHOLDS. M.P. Brown,
M. Parker and R. Zelick*. D ept. of Biology, Portland State University, 

Portland, OR 97207.
Digitally processed res tric ted-bandw idth  clicks w ere used to selectively 

ob tain  am p h ib ian  p ap illa  (A P )-genera ted  and  b a s ila r  p a p illa  (BP)- 
g en e ra ted au d ito ry  evoked po ten tia ls  in the frog Rana p ip ie n s .  C lick 
am plitude was adjusted to find threshold before and after treatm ents.

Restricted-bandw idth com puter generated noise w as used to selectively 
dose the AP a n d /o r  BP at 103 dB SPL for 10 m inutes. AP and BP click 
stim uli w ere used to track threshold at 1-3 m inute intervals post-exposure.

Gentam icin sulfate (ca 0.2 m g /g -b w ; 200-400 µM) w as adm inistered  via 
otic capsule punc tu re  and AP or BP clicks used to track threshold every day 
for 4-6 days pre-exposure and 5 -1 5  days post exposure.

Noise-induced threshold shifts w ere betw een 14 dB (m ean AP) and 7.5 
dB (mean BP). Recovery from noise exposure was equally  rap id  for both 
AP-click and BP-click evoked po ten tia ls , w ith  full th resho ld  recovery 
be tw een  15 and  45 m inu tes, p ro p o rtio n a l to the  a m o u n t of shift. 
Surprisingly, noise stim uli which contained energy only at frequencies to 
which AP neurons are sensitive w as effective at causing an ap p a ren t BP 
threshold  shift (m ean shift 4 dB); conversely  B P -frequency-range noise 
stim uli elicited an apparen t AP threshold shift (mean shift 9 dB).

Gentamicin treatm ent yielded dose-dependent threshold  shifts (max = 14 
dB; largest dose). Recovery of the evoked po ten tia l th reshold began six 
days post-treatm ent w ith full recovery observed betw een 10 and 14 days, 
typically.

164 .12

TEM PERA TU RE D EPEN DENCE O F RESONANT FREQ UENCY  
IN FROG SACCULAR HAIR CELLS. M.S. Smotherman and P.M.
Narins*. Dept. of Physiological Science, UCLA, Los Angeles, CA 90095-
1527.
Isolated hair cells have been shown to exhibit electrical resonance in the frog 

sacculus, as well as in the turtle and chick cochlea, and the ionic mechanisms 
underlying electrical resonance have been thoroughly characterized. The 
contribution, however, of electrical tuning to the overall tuning properties of 
the vertebrate ear is in question.

Auditory nerve fiber responses in the frog show a temperature-dependent 
shift in their best frequencies (BFs). One possible explanation for this 
frequency shift lies in the hair cells’ electrical tuning properties. Resonant 
frequencies in chick isolated hair cells have been shown to exhibit temperature 
dependence.

We used the whole-cell patch clamp technique to examine the effect of 
temperature on isolated saccular hair cell resonant frequencies from Rana 
pipiens pipiens. Hair cells were isolated and recorded under conditions 
similar to those described in Hudspeth and Lewis (1988). Membrane voltage 
oscillations were generated using a stepped current pulse protocol. Groups of 
cells were recorded at the same temperature and their oscillatory frequencies 
were averaged. In addition, in some experiments we were able to 
continuously monitor the resonant frequency of one cell as we first lowered 
then raised the temperature over a range of 10°C.

Hair cells showed a continuous increase in their average resonant frequency 
with an increase in temperature from 20°C (n=7, BF=144±19Hz) to 30°C 
(n=7, BF=247±54Hz). Furthermore, we have seen a reversible decrease in 
the resonant frequency of individual hair cells in response to a decrease and 
subsequent increase in temperature. We are presently elucidating the principal 
changes in the ionic currents responsible for this temperture-dependent shift in 
hair cell resonant frequency. (Supported by NIDCD grant DC00222 to PMN).

1 64 .14

FUROSEMIDE EFFECTS ON TWO-TONE SUPPRESSION AREAS OF 
IMMATURE AND ADULT AUDITORY NERVE FIBERS. L. Song. J.
McGee* and E.J. Walsh. Developmental Auditory Physiology Laboratory, 
Boy's Town National Research Hospital, Omaha, NE 68131.

Findings from previous studies suggest that two-tone suppression requires 
an active, physiologically vulnerable cochlear mechanism for expression. 
Indeed, in neonatal cats having untuned auditory nerve fibers, which 
respond to only high level stimuli, suppression is not observed, either above 
or below characteristic frequency (CF). Suppression is first observed 
developmentally in concert with the appearance of sharp tuning and appears 
simultaneously at frequencies above and below CF. In experiments 
designed to test the hypothesis that two-tone suppression is dependent on 
active cochlear mechanics, as indicated by the presence of sharp tuning, 
adolescent and adult cats were exposed to furosemide, administered 
intravenously, in varying doses.

As long as sharp tuning was observed, even though response thresholds 
were greatly elevated, thus resembling auditory nerve fibers from 
developing animals, suppression areas were observed both above and 
below CF in cats treated with furosemide. Under most conditions, the 
expression of high side suppression was proportionally attenuated in 
harmony with threshold elevation, while low side suppression was less 
affected by absolute threshold changes. The highest doses of furosemide 
produced very broad tuning, greatly elevated thresholds, and the elimination 
of two-two suppression, resembling responses from the most immature 
animals. Suppression mechanics will be discussed from both 
developmental and experimental perspectives.

(Supported by NIH-NIDCD grant DC00982).
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NOISE-LEVEL DEPEN DEN CE OF AC AND DC RESPONSIVENESS OF 
AUDITO RY SENSORS REVEALED BY W IENER-KERNEL ANALYSIS. 
W .M .Yam ada and E.R .Lewis*. Graduate G roup in Neurobiology, Univ. of 
California, Berkeley, CA  94720-1770.

At low frequencies ( < 4.5 kHz in the cochlea, < 600 Hz in frog auditory 
papillae) auditory nerve-fiber spike activity typica lly  exhibits a conspicuous 
response (e.g., phase locking) to the ac com ponent o f transduction at the hair 
cell. At high frequencies, spike activity in response to the ac component 
disappears; but responsiveness to the rectified (dc) com ponent o f transduction 
at the hair cell remains. In term s of response to the ac transduction 
com ponent, tuning in som e auditory sensors (e.g., the m am m alian cochlea and 
the frog am phibian papilla) is known to change m arkedly as background noise 
levels c h a n g e - becom ing less sharp (and thus provid ing increased tem poral 
resolution) as the noise level increases. These tuning adjustm ents can be 
m easured easily by means of the reverse-correlation m ethod (first-order W iener 
kernel analysis) using broad-band noise stimuli. Recently, van Dijk and 
colleagues showed that another reverse correlation method (second-order 
W iener kernel analysis) using broad-band noise is useful fo r observing tuning 
at frequencies where the spike activity reflects a d im inished or negligible ac 
response and a dom inant dc response. Using second-order W iener kernel 
analysis to  extend (to h igher frequencies) earlier studies of tuning adjustments 
to changes in background noise level, we found that this same method also is 
useful in displaying clearly the balance between responsiveness of the nerve 
fiber to  ac and dc transduction com ponents. We report that, in some cases, 
that balance also changes with background noise level, w ith the ac 
responsiveness becom ing d im inished at h igher levels.
Sponsored by Nat. Inst. of Deafness and Comm. D isorders (Grant DC-00112).

164 .17

SPECIALIZATIONS OF THE COCHLEA OF THE M OUNTAIN BEAVER. 
J.A. Kaltenbach* and D.L. M cCaslin. Auditory Neurobiology Laboratory, 
W ayne State Univ., Detroit,, MI 48201

Earlier work by Merzenich et al, (1973) showed that the mountain 
beaver, the m ost prim itive living eutherian mammal, possesses unusual auditory 
specializations, including enlargement o f  the cochlear nucleus, expansion o f the 
contained granule cell field, and sensitivity to subsonic frequencies. Some 
unusual features o f  the cochlea were also noted, although a detailed histological 
evaluation was not reported. As part o f a broader effort to understand structure- 
function relationships in this species, we have begun studying the cochlea o f  
the mountain beaver using light and electron microscopy. The cochlear spiral 
in this species makes 3 1/4 turns and measures 18-20 mm in length. Hair cells, 
as in other mammals, show a gradient in the lengths o f their stereocilia from 
base to apex, but stereocilia are generally longer than those at corresponding 
positions in the cochlea o f  other rodents. The stereocilia o f  inner (IHCs) and 
outer hair cells (OHCs) exhibit several unusual characteristics. For example, in 
m ost eutherian m ammals, stereocilia o f  IHCs are arranged in 3 rows, only one 
o f which is tall. In the mountain beaver, LHC stereocilia are arranged in 6-7 
rows, 3-5 o f  which are tall. Stereocilia in OHCs o f m ost eutherian mammals 
are arranged in a wide open W -shaped configuration, but in the mountain 
beaver the stereocilia tuft o f  OHCs (except in the basal turn) has a trapezoidal 
contour. Stereocilia tufts o f  adjacent OHCs appear more loosely organized 
resem bling those seen in the apex o f other mammalian species. Two classes o f  
spiral ganglion (SG) cells are apparent, probably corresponding to the type I 
and type II SG cells o f  other mammals. Type II cells have darker nuclei and 
lighter cytoplasm than type I. Studies are now in progress to assess the 
proportion o f these two cell types in the mountain beaver.

1 64 .19

ONTO G EN ESIS OF INTRACELLULAR Ca-ATPase IN OUTER HAIR CELLS 
OF THE GERBIL’S COCHLEA. A. Zine and L. S chw eitze r*Univ of Louisville, 
Anatom ical Sciences & Neurobiology. Louisville, KY 40292.

Several lines of evidence suggest that the C a ++ is involved in regulating the 
slow motile response of outer hair cells (OHC) o f the cochlea via induction of 
acto m yo sin  m ed ia ted  co n tra c tion . However, u n ce rta in tie s  s till rem ain  
regarding C a ++ in trace llu lar s torage  sites as w e ll as the onse t o f OHC 
contractile processes mediated by increased intracellular free Ca++ during the 
developm ent. In this study Ca-ATPase was m apped by imm unochem istry on 
surface p repara tions of the  organ  o f Corti and cryo s ta t sections of the 
cochlea of the gerbil during developm ent using a polyclonal antibody against 
it’s intracellu lar isoform. In the adult, a line of imm unoreactivity was observed 
along the lateral w all of the  three  rows of OHC in c ryosta t sections and 
circum feren tia l im m unosta in ing was observed on surface preparations. In 
both prepara tions, im m unoreactiv ity  w as restricted to the dom ain  of the 
subsurface cisternae com plex (SSC) which may act as organelle storage site 
fo r  Ca++. In the developing cochlea, the expression of this enzym e appeared 
by 12 days a fter birth (12DAB) w ith  w eak punctate im m unostain ing near the 
lateral wall of som e first row OHC in the basal turn. By 15-16DAB, punctate 
im m u n orea c tiv ity  w as o bse rve d  in a ll row s o f O H C . At 20D A B , the 
im m unostain ing was m ore continuous but rem ained more incom plete  than 
the line ar s ta in ing  seen in the  adult. The deve lop m e nt of Ca-ATPase 
co incides w ith  the form ation  o f the first layer of the SSC and the onset of 
auditory function. The OHC slow  length change, which u tilizes cytoplasm ic 
Ca++ in response to appropriate stimuli, may be deve lopm entally regulated by 
the appearance of this enzym e.

Supported by a University of Louisville Presidential Award

164 .16

MODELING AND MEASURING THE DISTRIBUTION OF NODES OF RANVIER 
AND UNITS IN BULLFROG EIGHTH NERVE AIDS IN MICROELECTRODE 
DESIGN. C.C. Della Santina*1. G.T.A. Kovacs2. E.R. Lewis1. 1Bioengineering Group. 
Univ. of California at Berkeley 94720 and 2Stanford Univ.. Stanford CA 94305

Silicon micromachining technology permits fabrication of multi-microelectrodes on 
which the size, shape and location of each recording site is controlled with micrometer 
precision. Fully exploiting this ability requires that design of microelectrode size and 
spacing relate in a rational way to the spatial distribution of signal sources in the neural 
tissue under study. To develop such a design, we used morphological measurements 
on nerve fiber internodes to estimate the spatial density of signal sources (nodes of 
Ranvier) in bullfrog eighth nerve. Combining this with a model of the extracellular 
potential field generated by each node and an estimate of electrode noise, we estimated 
the number of detectable ' units' encountered by a static set of microelectrodes (as on 
an implanted device) or a needle microelectrode as it advances through a nerve.

Internode diameter and length were measured using microscopy of dye-filled 
internodes in whole-mount nerves. These data were used to derive a relation to predict 
internodal length based on fiber diameter. This relation was applied to a fiber diameter 
histogram (measured by microscopy of eighth nerve cross sections) in a Monte Carlo 
simulation to compute an estimate of the mean spatial density of nodes of Ranvier in 
bullfrog eighth nerve. This estimate, about 0.0475 nodes per 1000 µm2 was applied to 
the case of silicon regeneration-type microelectrodes. with good agreement between 
observations and model predictions. A second test compared model predictions to the 
actual number of extracellular units recorded using 25-µm-tipped tungsten needle 
microelectrodes passed through bullfrog eighth nerves. Again, model predictions (3.4 
units/100 µm of track) agreed fairly well with observations (1.7 units/100 µm).

Although these results are quantitatively specific to the electrodes used and to 
bullfrog eighth nerve, the approach is generally applicable to design of extracellular 
microelectrodes and to estimation of the number of nodes and units in any nerve.

164 .18

CURRENT INJECTION ELICITED ACTION POTENTIALS IN CULTURED 
SPIRAL GANGLION CELLS OF THE POSTNATAL GERBIL. X. Lin, A. Lippa 
and P. Dallos*. Auditory Physiology Lab., Northwestern Univ., Evanston, IL 60208

The time table of the maturation of specific functions is one of the basic 
interests of the developmental neurobiology. Little is known about how the 
expression of ion channels in spiral ganglion cells (SG) matures during the rapid 
postnatal development of the gerbil auditory system. In this work, we are interested 
in whether the SGs are capable of firing action potentials before hearing 
commences.

Isolated SGs (P0-P4) were obtained enzymatically and cultured in a humidified 
CO2 incubator. Many SGs grew neurites to more than 100-200 µm long overnight. 
Under whole cell voltage clamp, depolarizing voltages elicited currents which were 
consistent with the Na+, Ca++ and K+ currents reported in adult guinea pig SGs
(Santos-Sacchi, J. of Neuroscience 13, 3599-3611, 1993). However, the size of the 
Na+ and Ca++ currents were much larger in this study than those of Santos-Sacchi’s. 
Peak Na+ currents averaged 8.9±3.1nA (n=6), peak Ca++ tail currents averaged 
3.6±0.9nA (n=4). To ensure the full activation of the Na+ channels in the SGs, cells 
were hyperpolarized to -80 mV by injecting appropriate DC current under current 
clamp. Depolarizing current pulses (5ms duration, 0.5 to 0.9 nA) elicited spikes in 
those SGs that grew long processes. The action potential typically had a small hump 
on the falling phase which plateaued around -40 mV before returning to the 
baseline, consistent with the involvement of both Na+ and Ca++ ions as current 
carriers for the spikes. The duration of the plateau was greatly prolonged when K+
channels were blocked by Cs+. This work indicats that the cellular apparatus 
necessary for generating the action potential in the SGs is functional long before the 
hearing commences and it demonstrates some immature characteristics which might 
be related to the developmental stage of the neuron. [Supported by grants from 
Hearing Innovations, Inc. and NIH DC02567]

1 64 .20

3-D RECONSTRUCTION OF MACULAR TYPE II CELL INNERVATION 
PATTERNS IN SPACE-FLIGHT AND CONTROL RATS. M.D. Ross*, K. 
Montgomery, S. Linton and R. Cheng. NASA Ames Biocomputation Center, 
Moffett Field, CA 95037-1000

A semiautomated method for reconstructing objects from serial thin sections has 
been developed in the Biocomputation Center. The method is being used to visualize 
completely, for the first time, type II hair cells and their innervations. The purposes 
are to learn more about the fundamental circuitry of the macula on Earth and to 
determine whether changes in connectivities occur under space flight conditions. Data 
captured directly from a transmission electron microscope via a video camera are sent 
to a graphics workstation. There, the digitized micrographs are mosaicked into 
sections and contours are traced, registered and displayed by semiautomated methods. 
Current reconstructions are of type II cells from the medial part of rat maculas 
collected in-flight on the Space Life Sciences-2 mission, 4.5 hrs post-flight, and 
from a ground control. Results show that typical type II cells receive processes from 
up to six nearby calyces or afferents. Nearly all processes are elongated and have 
bouton-like enlargements; some have numerous vesicles. Multiple (2 to 4) processes 
from a single calyx to a type II cell are common, and ~ 1/3 of the processes innervate 
2 of the 3 type II cells of a neighboring cluster. From 2% to 6% of the cells 
resemble type I cells morphologically but have demi-calyces. Thus far, increments in 
synaptic number in type II cells of flight rats are prominent along processes that 
supply two hair cells. It is clear that reconstruction methods provide insights into 
details of macular circuitry not obtainable by other techniques. The results 
demonstrate a morphological basis for interactions between adjacent receptive fields, 
through feedback-feedforward connections, and for dynamic alterations in receptive 
field range and activity during preprocessing of linear acceleratory information by the 
maculas. The reconstruction method we have developed will find further applications 
in the study of the details of neuronal architecture of more complex systems, to seek 
out shared organizational properties of neuronal networks and to understand better 
localization of synaptic changes in altered environments.
Supported by NASA and by NIH Grant MH 47305 to M.D. Ross
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REGIONAL D ISTRIBU TIO N S OF EFFEREN T IN NERVA TIO N  IN 
THE UTRICULAR M ACU LA E OF TH E GERBIL. I.M. Purcell*1 and 
A.A. Perachio1,2,3. D epartm ents o f  O tolaryngology1, Anatom y and 
Neurosciences2, Physiology & Biophysics3, Univ. o f  TX. Medical 
Branch, Galveston, TX. 77555-1063.

Anterograde labeling techniques w ere used to  examine the peripheral 
innervation patterns o f  the efferent neurons in the utricular maculae o f  
the gerbil. Vestibular efferent neurons w ere labeled by extracellular 
injections o f  biocytin and biotinylated dextran amines into the ipsilateral 
or contralateral subgroup located dorsolateral to  the facial nerve genu 
(Perachio and Kevetter, Exp. Brain Res. 78:15-326, 1989). Three- 
dimensional reconstruction and analysis o f  labeled neurons terminal 
fields confirm a divergent pattern o f  innervation with terminal profiles 
mainly o f the bouton en passant type with few er bouton terminals. At 
least three sub-populations o f  efferent neurons innervate the sensory 
neuroepithelium: 1) non-striolar type, 2) juxta-striolar type, and 3) 
striolar type. The fibers that innervate the periphery o f  the macula 
encompass the greatest area with terminals distributed over 180° o f  the 
circumference. The centralm ost regions w ere innervated by neurons 
with the smallest areal terminal distribution. Supported by N IH  grant 
DC00385.

164 .22

ULTRASTRUCTURAL AND ELECTROPHYSIOLOGICAL CORRELATES OF 
SYNAPTIC TRANSMISSION IN THE TURTLE INNER EAR. S.L. Cochran*. 
Depts. Otolaryngology and Anatomy and Neuroscience, Univ. Texas Med.
Branch, Galveston, TX 77555-1063.

Current investigations are being directed towards understanding the patterns of 
innervation and the mechanisms of synaptic transmission in the crista ampuilaris 
of the turtle semicircular canals. Electronmicroscopic observations of the cristae 
reveal the presence of synaptic contacts between hair cells and afferents, and 
between presumed efferent endings and both hair cells and afferents. Hair cell 
contacts with afferents are typified by dense, spherical bodies within the hair cells, 
adjacent to the plasma membranes, that are surrounded by halos of synaptic 
vesicles, opposite pronounced postsynaptic thickenings. Boutons, possessing 
numerous vesicles, establish contact with type II hair cells, often with associated 
subsurface cisterns. Other boutons establish contacts directly with afferent 
endings. These two bouton types represent, most likely, efferent terminals. 
Although vesicles are present in afferent endings, to date no clear sites of recipro
cal synaptic contact have been observed from afferents to hair cells or efferents. 
Neither do hair cells, afferents, nor efferents establish gap junctions with any 
other element, although such may be seen between supporting cells. Intracellular 
recordings (in vitro) from some canal afferents (near the neuropil) reveal the 
presence of depolarizing potentials (probably EPSPs) that may reach several mV 
in amplitude and give rise to action potentials. Other presumed afferents show, 
either at rest or in an increased extracellular K+ concentration, much smaller 
potentials that overlap baseline noise with respect to their amplitudes. Ongoing 
experiments are investigating the relationships between these types of responses 
and the innervation patterns observed ultrastructurally.

Supported by NASA grant NAG 2-780.

164.23

C H A R A C T E R IZ A T IO N  O F  A  4 -A P  SE N SIT IV E  K -C U R R E N T  
RECORDED IN  IS O L A T E D  O U T E R  H A IR  CELLS. H .-Y . H u .
D. Bertrand* Dpt of Physiology, CMU, CH 1211 Geneva 4, 

Switzerland.
Outer Hair Cells (OHCs) of the mammalian cochlea could 

act both as sensory and motor elements and are though to 
enhance frequency selectivity. Moreover, voltage dependent 
channels have been shown to play an important role in this 
mechanism. In this work we have examined the properties of 
the outward currents of the isolated OHCs. Depolarizing 
voltage steps from holding potential of - l00mV induce 
voltage and time dependent outward currents which slowly 
inactivate and that are highly sensitive to 4-aminopyridine 
(4-AP). In two thirds of the cells tested, the IC50 was ≤ 50µM. 
These currents displayed typically two phases of inactivations 
with a time scale ranging from hundreds of milliseconds to 
several seconds. One third of cells was less sensitive to 4-AP 
(IC50 ≥ l00µM). Tail currents of both low and high sensitive 
4-AP cells reverse near the potassium equilibrium indicating 
that these currents are probably carried by potassium ions. 
These data show that OHCs display 4-AP sensitive currents 
that are significantly different from IA current recorded in 
neurons.
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165.1

FREQUENCY D EPEN D EN CE O F A U D ITO RY  PSPs IN THE 
GOLDFISH M AU TH N ER CELL. J . L. C asagrand*, A. L. G uzik 
and R. C. Eaton. Center for N euroscience, U niversity o f  Colorado, 
Boulder CO 80309-0334.

Goldfish escape from  aversive auditory stim uli such as those 
generated by a predatory strike. This escape involves activation by 
the Mauthner cell system. The M authner system  neurophysiology is 
compatible with the phase model for directional hearing by fishes 
(Guzik et al., 1995). In this m odel, the animal discrim inates sound 
direction by com paring the phase o f the acoustic particle m otion and 
pressure components. W e here characterize the auditory PSPs in  the 
Mauthner cell to the pressure com ponent o f  sounds greater than 100 
Hz, in air, above a partly  subm erged fish. The M authner cell fires 
to such stimuli only w ith additional particle m otion input. The 
Mauthner cell responded to sound pressure w ith a  PSP having a very 
short latency o f about 1.0 ms and am plitudes o f  up to 7 mV. The 
response to single 30 ms sound pulses was a phasic ’o n ’ response 
with a rapid rise time and a decay o f  less than about 10 ms. The 
Mauthner cell was broadly tuned w ith a  Q 10db o f 0.8-0.96. The best 
frequency ranged from  500-700 H z with little evidence for responses 
above 3000 Hz. W hen we gave tw o consecutive sound pulses it 
appeared that M authner excitation was follow ed by a period o f 
inhibition lasting 200 ms. [Supported by the ONR].

16 5 .2

EVIDENCE THAT CARTWHEEL CELLS OF THE DORSAL COCHLEAR 
NUCLEUS EXCITE OTHER CARTWHEEL CELLS AND INHIBIT PRINCIPAL 
CELLS WITH THE SAME NEUROTRANSMITTER, GLYCINE. N.L. Golding, 
and D. Oertel*. Dept. of Neurophysiology, Univ. of Wisconsin, Madison, WI 53706.

While glycinergic and GABAergic postsynaptic potentials (PSPs) inhibit most cells 
of the dorsal cochlear nucleus (DCN), they weakly excite cartwheel cells of mice 
(Golding and Oertel, ARO Abs., 1995). Glycinergic and GABAergic PSPs in 
cartwheel cells approach -50 mV and typically elicit slowly rising complex spikes. In 
intracellular recordings from anatomically identified cells in slices, two types of 
experiments were performed to estimate the reversal potentials o f responses mediated 
by glycine and GABA receptors.

In cartwheel cells, the amplitude o f the peaks o f glycinergic and/or GABAergic PSPs 
approached -54 ± 2 mV (mean ± SD; N=7), and in one cell was measured to reverse at 
-52 mV. Pressure pulses of 50 or 100 µM glycine also excited cartwheel cells to 
threshold (N=6). In 3 o f these cells whose voltage-dependent Na+ channels were 
blocked with tetrodotoxin, the reversal potentials o f responses to glycine were -55, -54, 
and -50 mV, respectively.

Whereas the reversal potential o f responses to glycine averaged -53 mV in cartwheel 
cells, shock-evoked, glycinergic PSPs in fusiform and giant cells were inhibitory, 
approaching -71 mV (N=15 and 2), and reversing at -69 ± 3 mV (N=3 and 1).

The patterns of glycinergic PSPs in three putative targets o f cartwheel cells mirrored 
the temporal firing characteristics of cartwheel cells. In cartwheel, fusiform, and giant 
cells, DCN shocks evoked glycinergic PSPs that often appeared in bursts, and 
occurred up to hundreds of milliseconds after the stimulus. Frequent, spontaneous 
glycinergic PSPs occurred singly and in bursts in all 3 putative targets. Based on these 
results, we propose that cartwheel cells weakly excite other cartwheel cells and inhibit 
fusiform and giant cells with the same neurotransmitter, glycine.
(Supported by NIH grant DC00176 and an NSF predoctoral fellowship)
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Responses of N eurons in the Ventral Cochlear Nucleus to Trains of 
Clicks. R. R. Wickesberg*, D epartm ent. of Psychology, University of 
Illinois at Urbana-Cham paign, Cham paign, IL 61820.

Psychoacoustic experim ents have indicated that each click in a train 
reduces the effectiveness of the click that follows and the am ount of 
reduction is inversely proportional to the interclick interval. Hafter and 
coworkers proposed that this process of adaptation occurs in the cochlear 
nuclear complex. The goal of these experim ents is to determ ine w hether 
adaptation is observed in the responses of single neurons in the ventral 
cochlear nucleus to trains of clicks. Responses to clicks were recorded 
extracellularly from 30 isolated units in chinchillas anesthetized with 
ketamine, aceprom azine and xylazine. Each click train contained from 
two to eight, 100 µsec clicks with an interclick interval between 1 and 5 
msec. A train with a set num ber of clicks and  a fixed interclick interval 
was presented once every 80 msec with a total of 250 repetitions.

Two-thirds of the units (21/30) showed a differential response as a 
function of interclick interval. With an interclick interval of 1 msec, the 
num ber of spikes elicited by the click trains rem ained relatively constant 
as the num ber of clicks was increased. For interclick intervals of 2 and 3 
msec, increasing the num ber of clicks increased the num ber of spikes. 
The most spikes were recorded in responses to click trains with interclick 
intervals of 4 and 5 msec, and the responses at these two intervals were 
usually identical. The rem aining units (9 /30) showed no change in the 
num ber of spikes elicited as a function of either num ber of clicks or 
interclick interval. These findings are consistent with the adaptation 
process described in psychoacoustic experiments.

(This work was supported by NSF grant IBN-9396231).

165 .5

PHY SIOLOG Y  AND A NA TO M Y  O F TY PE II IN TERN EU RO NS 
IN D ORSA L COCHLEA R N UCLEU S. P. X. Jo ris* and P. H.
Smith. Depts. o f N europhysiology and A natom y, Univ. o f 
W isconsin, M adison, W I 53706.

Type II cells in dorsal cochlear nucleus (DCN), defined by a poor response to 
broadband noise and strong response to pure tones (Young and Voigt, Hear. Res., 
6,1982), play a pivotal role in current circuitry schemes because they are 
thought to be interneurons that contribute to the very nonlinear response 
properties of DCN output neurons. We studied type II cells with intra- and 
extracellular methods in cats anesthetized with α -chloralose or pentobarbital. 
Type 11s constituted about a quarter o f the cells encountered in DCN. Post-
stimulus time histograms to tone pips were mostly graded onset (Os or Og) but 
ranged from "Chopper" to "Pauser". Most cells were completely unresponsive to 
20 µs clicks implying a short latency source of inhibition. A type II cell labelled 
with biocytin had a small cell body and was positioned just below the fusiform 
cell layer. It had an extensive field of collaterals in the immediate vicinity of the 
cell body, extending into the fusiform cell layer. One collateral took a lateral and 
rostral course and sent branches to the small cell cap and nerve root area. 
Another collateral headed toward higher frequency regions of DCN but faded 
before terminals could be discerned. Type IIs were completely absent from 
recordings in the dorsal acoustic stria (DAS), which is the output tract of DCN. 
Oc responses, recorded from the DAS and arising from cells presumed to provide 
inhibitory input to type IIs, showed shorter latencies to CF tones and group 
delays to AM stimuli than type II cells. The data are consistent with type II-cells 
being intemeurons that receive inhibitory input from Oc-celIs.
Supported by NSF grant BNS-8901993 and NIH grant DC-00116.

165 .7

TIME-INTENSITY TRADING IN THE LSO. B. Grothe*. T.J. Park. G.D. Pollak. 
U. Koch. and G. Schuller. Zoologisches Inst., Univ. of Munich, 80333 Munich, 
Germany

Interaural intensity differences (IIDs) are the important cues that animals use for 
localizing high frequency sounds. Neurons that are sensitive to IIDs receive an 
excitatory input from one ear and an inhibitory input from the other ear. These 
opposing influences generate different spike rates for different IIDs. A number of 
recent studies in the midbrain and above have shown that these cells are also sensitive 
to time differences between the ears. Within certain limits, manipulating interaural 
time differences can generate similar spike-rate functions as manipulating IIDs, and 
changes from manipulating one parameter can be compensated for by changing the 
other parameter (time-intensity trading). It is not known whether these properties 
result from a convergence of time and intensity pathways in the midbrain or whether 
time and intensity are coded within the same pathway. To find out, we assessed time- 
intensity trading in the lateral superior olive (LSO), the first level of IID coding in 
mammals. We recorded single unit activity from LSO cells in the Mexican free-tailed 
bat (Tadarida brasiliensis mexicana) during dichotic presentation of frequency sweeps 
that simulated the species' orientation call. We measured IID functions and 
simultaneously delayed the signal to one or the other ear. We found that every cell 
could trade time for intensity. The average ratio for trading was 45 µs per dB and 
values varied among the cells from 10 to 120 µs per dB. These values are very 
similar to those found in the midbrain of this species (47 µs per dB average).

The results suggest that both time and intensity can be coded in the "intensity" 
pathway, hence, that coding for IIDs is not independent of timing. The actually 
occurring interaural time differences at the free-tailed bat’s ears (up to 50 µs) may be 
negligible. However, significant binaural time differences of up to more than 1 ms 
can be generated at the level of the LSO via time-intensity trading with naturally 
occurring IIDs (up to 30-40 dB). This suggests that time-intensity trading could 
substantially affect the coincidence of the binaural inputs to LSO cells, thus playing 
an important role in IID coding.

Supported by SFB 204 and the Alexander-von-Humboldt-Foundation.

1 6 5 .4

PARALLEL FIBER STIMULATION IN THE CAT DORSAL COCHLEAR 
NUCLEUS (DCN). K.A. Davis. R.L. Miller and E.D. Young*. Dept. of Biomed. 
Engin. & Center for Hearing Science, Johns Hopkins Univ., Baltimore, MD 21205.

Electrical stimulation of the somatosensory dorsal column nuclei inhibits the 
spontaneous activity of DCN type IV units for 10-50 ms; this effect seems to be 
produced through activation of the DCN granule cell circuit. Using a pulse-train 
paradigm (4 shocks at 50 ms intervals), this inhibitory response was separated into 
three components: 1) a short-latency inhibitory component that precedes the onset of 
the evoked potential produced in DCN by somatosensory electrical stimulation; 2) a 
transient excitatory response that occurs at the onset of the evoked potential; and 3) a 
long-lasting inhibitory component that follows the excitatory component (Young et al. 
1995). It was hypothesized that the excitatory component reflects direct input to DCN 
principal cells from parallel fiber axons of granule cells, and the long-latency 
inhibitory component reflects delayed input from cartwheel or other inhibitory 
interneurons. With a four-pulse train, the excitatory component usually increases in 
magnitude over the four pulses; the long-latency inhibitory component decreases 
dramatically from the 1st to the 2nd pulse and then increases or stays constant.

Here we report that when the parallel fibers are directly stimulated (100-400 µA 
shocks at the DCN surface), type IV units exhibit a 10-40 ms inhibitory response 
which may be preceded by an excitatory response. The excitatory-inhibitory response 
is consistent with the intracellular EPSP-IPSP in fusiform cells following parallel 
fiber stimulation (Manis 1988; Zhang and Oertel 1994). With four-pulse trains, the 
excitatory response is facilitated in the same fashion as with somatosensory shocks; 
such behavior is expected from in vitro experiments (Manis 1989). In contrast to the 
somatosensory shock data, however, the long-lasting inhibitory component 
monotonically increases with pulse number; the decrease in inhibitory response 
between somatosensory shocks 1 and 2 is not observed. These data support the 
hypothesis that the somatosensory effects in DCN are mediated through the granule 
cell-cartwheel cell circuit but they suggest that additional components of the circuit 
are needed to account for pulse-train responses. Supported by NIH grant DC00979.

16 5 .6

INTRACELLULAR RECORDING AN D LABELING O F NEURONS IN THE 
LATERAL NUCLEUS O F THE TRAPEZOID BODY. G.A. Spirou*. P.H.
Sm ith and  P.B. M anis. W est V irginia Univ., M organtow n, WV 26506.

The lateral nucleus of the trap ezo id  b o d y  (LNTB) con tribu tes a large 
feedback projection th ro u g h o u t the cochlear nucleus (CN) an d  m ay play a 
ro le  in b inaural hearing  via its pro jection  to the  m edial su p e rio r  olive. We 
w ere in terested  in w h eth er m em brane  characteristics an d  sp ike generation 
p a tte rn s  corre la ted  w ith  d iffe rin g  cell m o rp h o lo g ies  w ith in  the nucleus. 
C urren t clam p recordings w ere m ad e  from  guinea p ig  b rainstem  slices using 
sharp  m icro-electrodes an d  from  th in  b rain  slices from  ra t p u p s  (10-14 days 
o ld) using  the w hole cell tight-seal configuration.

M ost cells d isp layed  linear i-v cu rves (8 /14), had  h igh  in p u t resistance 
(Rin) values (33-107 MΩ for sh arp , 109-381 MΩ  for w ho le  cell), an d  fired 
tra in s  of sp ik es  d u r in g  d e p o la riz in g  cu rre n t step s . A few  cells (3/14) 
d isp layed  nonlinear i-v curves, had  low  Rin values (24 an d  30 M D for sharp, 
140 M D for w ho le  cell) an d  f ired  a sin g le  sp ik e  a t  th e  o n se t of a 
d e p o la riz in g  c u rre n t s tep . The rem a in in g  cells (3 /1 4 ) a lso  d isp layed  
no n lin ear i-v curves, b u t h ad  h igh  Rin v a lu es  a n d  fired  tra in s  o f spikes 
d u rin g  depo lariz ing  cu rren t steps. Shocks to the  trapezo id  b ody  could  elicit 
spikes, e p s p /ip s p  sequences o r  ipsps. O ne of the  cells w ith  bush y  cell-like 
physiology resem bled bushy cells by  having  an  oval cell body an d  one short 
p r im a ry  d e n d rite ; a n o th e r  h a d  an  u n u su a l m o rp h o lo g y . All o f the 
rem a in in g  cells ex h ib ited  m u ltip o la r  sh a p ed  cell b o d ies  an d  a stellate 
configuration  of dendrites. O u r resu lts  ind icate  th a t the  LNTB contains a 
m ajo rity  o f  cells w ith  lin e a r  m em b ran e  c h a ra c te r is tic s  a n d  ste lla te  
m orphology, b u t also contains a p o p u latio n  o f cells th a t m ay  preserve the 
tem p o ral charac te ristics of th e ir  in p u ts . S u p p o rte d  by  g ran ts  DC01387, 
DC00425 an d  DC01999.

1 6 5 .8

NEURAL DELAYS SHAPE SELECTIVITY TO INTERAURAL INTENSITY 
DIFFERENCES IN THE LSO. T . J .Park*,B.G r o the. U. Koch and G. D. Poll ak. 
Zoologisches Institut, Universität München, 80333 München, Germany

Interaural intensity differences (IIDs) are the binaural cues that animals use to 
localize high frequency sounds. In mammals, IIDs are initially coded by neurons in 
the lateral superior olive (LSO), which receive an excitatory input from the ipsilateral 
ear and an inhibitory input from the contralateral ear. The interaction of excitation 
and inhibition generates different spike rates for different IIDs. Typically, the firing 
rate of an LSO cell declines as IIDs shift from favoring the excitatory ear to favoring 
the inhibitory ear until responses are completely inhibited. However, the particular 
IID that results in a criterion degree of inhibition varies from neuron to neuron 
resulting in a distribution of IID selectivity. A fundamental question concerning the 
coding of IIDs is how does each cell derive its particular selectivity. It has been 
proposed previously that the relative timing of the inputs from the two ears might 
play a role in shaping IID selectivity. This hypothesis, often referred to as the 
latency hypothesis, is based on two key features: 1) that the relative arrival times of 
the inputs from the two ears differ from cell to cell, and 2) that changes in the relative 
intensity at the ears can change the timing of the inputs. The theory predicts- that, if 
the two inputs arrived coincidentally, the inhibition would suppress responses. On 
the other hand, if the inhibitory input arrived after the excitatory input, the cell would 
respond, but raising the intensity to the inhibitory ear would shorten the latency of 
the inhibitory input and thereby again completely inhibit the cell. To test this 
hypothesis, we measured the points of complete inhibition of single LSO cells while 
presenting binaural stimuli (FM sweeps) at different IIDs and relative delays. For 
almost half the cells, we found that electronically advancing the signal to the 
inhibitory ear made the inhibition effective at IIDs that had previously evoked 
responses. Thus, advancing the inhibitory signal appeared to compensate for a neural 
delay that created a mismatch in timing. The results indicate that neural delays play 
an important role in determining IID selectivity in LSO cells in a fashion consistent 
with the latency hypothesis.

Supported by SFB 204 and the Alexander-von-Humboldt-Foundation.
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165.9
INHIBITORY AND EXCITATORY EFFECTS OF STRYCHNINE ON THE 
RESPONSE PROPERTIES OF AUDltORY NEURONS IN THE FROG’S 
SUPERIOR OLIVARY NUCLEUS. W.M. Zheng* and J.C. Hall Dept. o f 
Zoology, University o f Tennessee, Knoxville, TN 37996.

We investigated the role of the inhibitory neurotransmitter glycine in regulating 
the response properties of single neurons (n=69) in the superior olivary nucleus 
(SON) of leopard frogs (Rana pipiens) by comparing sound evoked responses 
before and during iontophoretic (30-60nA) application of strychnine (STR, pH 3.0, 
10mM), a selective antagonist of the glycine receptor. One or more response 
properties of each of 56 cells were affected by STR application. Summarizing, (1) 
6 cells showed increased spontaneous activity, (2) 5 exhibited lower thresholds at 
characteristic frequency (CF), (3) 5 showed broadened tuning curves, and (4) the 
maximal discharge rate to CF tones increased for 6 cells. These results were 
consistent with known antagonistic effects of STR on glycine receptors in the 
CNS In contrast, application of STR inhibited the activity of many SON neurons. 
For example, (1) spontaneous activity decreased in 25 cells, (2) 7 cells showed 
elevated response thresholds at CF, (3) the tuning curves of 13 neurons were 
narrowed, and (4) the maximal discharge rate of 32 cells decreased. Several 
possible mechanisms underlying the inhibitory effects o f STR on the activity of 
SON neurons were evaluated including (1) diffusion of STR away from the 
recording site - blocking glycinergic inhibitory input to GABAergic neurons 
synapsing on recorded cells; (2) glycinergic pre-synaptic inhibition on GABAergic 
terminals; (3) STR interactions with nicotinic receptors (e.g., Kuijper et al., Br. J. 
Pharmacol. 113, 471-478, 1994); (4) STR antagonism of glycine receptors whose 
activation leads to depolarization response (e.g., Lin and Dun, Neuronsci. Abs. 
20, 700.1, 1994). Our data indicate that one or more of these hypotheses may 
account for the inhibitory effects of STR on neurons in the frog SON.
(Work Supported by NSF IBN 9421180 to JCH)

165.11
MONAURAL AND BINAURAL MASKING AND ADAPTATION OF 
LATERAL SUPERIOR OLIVARY NEURON RESPONSES. 
Finlayson. P.G.* and Adam. T .J.. Rotary Hearing Center, Department of 
Surgery (ENT), University of British Columbia, Vancouver, B.C. V6T 2B5.

Lateral superior olive (LSO) neurons code interaural intensity 
differences (IID) through an excitatory glutamatergic ipsilateral input and 
a matched glycinergic inhibitory input, which is driven by contralateral 
stimuli. Single unit neuronal recordings from anaesthetized 2 to 4 month 
old Long Evan rats were examined. Excitatory neuronal responses of 
LSO and other superior olivary neurons markedly decrease or adapt 
when short (30ms) tone bursts are presented at a rate of 10/s and during 
long duration (200 ms) stimuli. During repetitive stimulation at 10/s, 
there is also often an increase in the latency of responses. The 
inhibitory pathway to the LSO also exhibits short-term  
adaptation. Adaptation in an inhibitory pathway has the opposite effect 
of excitatory adaptation, as neurons are “disinhibited”. Thus responses 
of LSO neurons to binaural stimuli are greater immediately after 
presenting a 200 ms stimulus to the contralateral ear, and the responses 
decrease over the following 500 ms, as adaptation of inhibition 
recovers. Recovery of excitation and inhibition was linear over log time, 
and usually followed the same time course. In these cases, responses to 
binaural stimuli are not substantially affected by adaptation, as 
adaptation of excitation and inhibition counteract each other. Complex 
changes in responses occur however when adaptation of the two inputs 
are dissimilar. Therefore, in noisy conditions, when many central 
auditory neuron responses are adapted, responses of many LSO neurons 
remain constant, and their output codes IID as in quiet.

Support: BC Health Research Foundation; Deafness Research Foundation.

165.13

TEMPORAL PRO CESSIN G  IN T H E  N U C LE I O F T H E  LATERA L 
LEMNISCUS IN TH E BIG BROW N BAT, E P T E S IC U S  FU SCU S.
I .S IN U S O ID A L  F R EQ U EN C Y  M O D U L A T IO N . R.F. Huffman*. P. 
Argeles and E. Covey. Department of Neurobiology, Duke University Medical 
Center, Durham, NC 27710.

Sinusoidally frequency-modulated (SFM) signals are useful for simulating 
naturally occurring frequency modulations (FM) such as the downward FM biosonar 
signals of Eptesicus. SFM tones were presented monaurally to awake bats while 
recording from single neurons in the ventral (VNLL), intermediate (INLL) and dorsal 
(DNLL) nuclei of the lateral lemniscus. All neurons responded with a repetitive 
discharge that was synchronous with the signal's modulation rate. The ranges of best 
modulation rates (based on synchronization coefficients) were similar among the three 
nuclei (50 Hz to 200 Hz), as were the ranges o f maximum modulation rates that 
elicited synchronous firing (150 Hz to 700 Hz). However, FM direction selectivity 
and FM depth thresholds differed for each nucleus in the lateral lemniscus. Neurons 
in the columnar division of VNLL usually responded only to the downsweep of the 
SFM cycle, and required an FM depth that included the high-frequency border of their 
tuning curve. In INLL, there were downsweep selective neurons, upsweep selective 
neurons, and neurons that responded to both the downward and upward sweeps within 
the SFM cycle. Roughly half of the INLL neurons responded to FM depths that 
were entirely within the excitatory tuning curve. In DNLL, FM direction selectivity 
was also mixed. Most DNLL neurons required FM depths that included at least one 
tuning curve border. The results indicate that neurons in different nuclei of the lateral 
lemniscus exhibit tuning for FM rate and depth, and that some neurons respond 
selectively to behaviorally important sound patterns such as downward FM. 
Supported by NIH grants R01 DC00607 and F32 DC00094.

165 .10

AN IN VITRO  STUDY OF ADAPTATION IN THE RAT LATERAL 
SUPERIOR OLIVE (LSO). T .J. Adam. D.W.F. Schwarz* an d  P.G. 
F in layson . Rotary H earing Center, D epartm en t of Surgery  (ENT), 
University of B ritish Colum bia. Vancouver, B.C. . C anada V6T 2B5.

The rep resen ta tion  of in terau ra l in tensity  d isparities (IIDs) in the 
LSO re lie s  on  th e  in te ra c t io n  of ex c ita to ry  a n d  inh ib ito ry  
p o te n tia ls  (EPSPs, IPSPs). If LSO o u tp u t is to encode sound  
direction  consisten tly , activity dependen t changes (e.g. adaptation) 
in  synap tic  in p u ts  m u s t affect th e  EPSP an d  IPSP equally . We 
investigated  th e  in terac tion  of in trin sic  neu ro n  p roperties w ith the 
p rin c ip a l sy n ap tic  in p u ts  in tra n sv e rse  b ra in s te m  slices u sing  
in tra c e llu la r  reco rd ings. N on-linearities in  m em b ran e  behav io r 
led to  sp ik e  freq u en cy  a d a p ta tio n  from  a n  ab so lu te  in itia l 
d ischarge m axim um  of ca. 2 0 0 /s , to ca. 100 /s , du ring  depolarizing 
c u rre n t s tep s . A tim e d ependen t inw ard  rectification  w as evident 
w ith hyperpo larizing  s tep s . EPSPs an d  IPSPs w ere elicited w ith 
e lec trica l s tim u la t io n  of th e  t r a c ts  from  ip s ila te ra l coch lear 
n u c le u s  a n d  from  th e  m edial n u c le u s  of th e  trapezo id  body, 
respectively. S h o rt s tim u lu s  tra in s  designed to mim ic a norm al 
in p u t p a tte rn  (10 p u lses  a t 2 0 0 /s )  induced  synap tic  depression . 
S ynap tic  po te n tia ls  w ere th en  m easu red  in resp o n se  to  "probe" 
pu lses  p resen ted  a t  various delays after the  tra in . The EPSPs and  
IPSPs w ere sim ilarly  su p p re sse d  a n d  g radua lly  recovered  over 
ab o u t 250 m s along a  linear tre n d  in log tim e. T h u s synaptic  
dep ress io n  ap p e a red  to affect bo th  equally, possib ly  p reventing  
sh ifts in the IID function over the recovery time course. The effects 
observed  su g g es t th a t  syn ap tic  m ech an ism s  in  th e  LSO may 
con tribu te to adap ta tion  of LSO responses to acoustic  stim ulation . 
Support: BCHRF, DRF, MRC o f Canada  & Lion’s  MD 19 Hearing Fdn.

165 .12

NEURAL PROCESSING OF FREQUENCY MODULATED SOUNDS IN THE 
MONAURAL NUCLEI OF THE LATERAL LEMNISCUS OF THE MUSTACHED 
BAT M, Gordon*. W.E. O'Neill. Neuroscience Program, Univ. of Rochester Sch. of 
Med. and Dent., Rochester, N.Y. 14642

Frequency modulations are an important acoustic component of the communication 
vocalizations of many species, including humans and bats. For bats, they are also an 
important component of the echolocation calls, and most of the neurophysiological re
search regarding FM processing in bat auditory system has been conducted with the 
aim of understanding how FM processing contributes to echolocation. How FM proc- 
essing contributes to the recognition of communication sounds is poorly understood, 
despite their more general relevance to mammalian hearing. In this study, the selec
tivity of cells to parameters of FM sounds such as direction (up or down) and slope 
have been examined in the monaural nuclei of the mustached bat lateral lemniscus. 
These nuclei are believed to be involved in precise temporal coding of sounds, so they 
could very well be important for the coding of patterns of complex sounds such as 
communication vocalizations.

Of the 38 units recorded to date, 22 prefered upwardly directed FM sweeps. Of 
these 22 upsweep preferring units, 10 also showed a preference for rapid modulations 
(short durations) over slow modulations. Only two units showed a preference for 
downsweeps, one unit showed a preference for rapid sweeps but no preference for di- 
rection, one unit did not respond to FM sweeps, and 12 units responded to FM sweeps 
but did not show a preference for direction or slope.

Suga (J. Physiol. 179:26-53, 1965) has shown that assymetrical inhibitory sidebands 
may be responsible for FM direction preference. When these sidebands have a tempo
ral delay in relation to the excitatory input, they could explain slope selectivity as 
well. In 4 units inhibitory sidebands with appropriate temporal delays have been 
found that explain FM slope, as well as direction selectivity.

165 .14

TEM PO R A L PR O CESSIN G  IN T H E  N U C LE I OF T H E  LA TERA L 
LEM NISCUS IN TH E BIG BROW N BAT, E P T E S IC U S  FU SC U S.
I I .  SINU SOIDA L A M PL ITU D E M O D U LA TIO N . P. Aryeles. R .F . 
Huffman and E. Covey*. Department of Neurobiology, Duke University Medical 
Center, Durham, NC 27710.

Sinusoidally amplitude-modulated (SAM) signals simulate repetitive periodic 
signals commonly found in the natural acoustic environment. In this study, SAM 
tones were presented monaurally to awake bats in order to examine phaselocking 
ability and filter characteristics of single neurons in the dorsal (DNLL), intermediate 
(INLL) and ventral (VNLL) nuclei of the lateral lemniscus. All neurons responded 
with a repetitive discharge that was synchronous with the signal's modulation rate. 
In all cases, these neurons fired synchronously to small modulation depths well 
above threshold for a pure tone, suggesting that the response to SAM does not 
depend on the neuron’s amplitude threshold. The neurons' best modulation rates 
(BMR) were determined from coefficients of synchronization. Discharge rate was 
robust at the unit's BMR for neurons in all nuclei except the columnar division of 
VNLL, where firing synchrony was high but absolute discharge rate was low. Each 
nucleus contained neurons with lowpass filter characteristics for SAM rates as well as 
neurons with bandpass characteristics. In DNLL, BMRs ranged from 50 Hz to 450 
Hz, and maximum modulation rates (MMR) that elicited synchronous firing ranged 
from 200 Hz to 1000 Hz. In INLL, BMRs ranged from 50 Hz to 800 Hz, and 
MMRs ranged from 250 Hz to 1250 Hz. In VNLL, BMRs ranged from 300 Hz to 
1100 Hz, and MMRs ranged from 400 Hz to 1700 Hz. In these nuclei, phaselocking 
to SAM occurred over a range of modulation rates similar to that found in the 
cochlear nucleus, indicating that real-time information about amplitude changes is 
highly conserved in the nuclei of the lateral lemniscus. Supported by NIH grants 
R01 DC00607 and F32 DC00094.
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165.15
GLUTAMATE RECEPTOR-MEDIATED SYNAPTIC CURRENTS OF NEURONS 
IN THE DORSAL NUCLEUS OF THE LATERAL LEMNISCUS IN RAT BRAIN 
SLICE. X.W. Fu*. S.H. Wu. and J.B. Kelly. Lab. of Sensory Neuroscience, 
Psychology Dept. Carleton Univ. Ottawa, Canada K1S 5B6.

Our previous intracellular study in brain slice of the dorsal nucleus of the lateral 
lemniscus (DNLL) showed two types of EPSPs which had different latencies and 
were mediated by different glutamate receptors. The goal of the present study was to 
investigate those glutamate receptor-mediated synaptic responses with patch clamp 
recording under current- and voltage-clamp mode.

Brain slices (400 µm) were cut in the frontal plane through the DNLL of young 
albino rats and maintained in vitro. Whole-cell patch recordings were made from 
DNLL neurons while the fibers of the lateral lemniscus were stimulated with a 
bipolar tungsten electrode. Strychnine (0.5 µM) was routinely added to the perfusate 
to block the glycinergic IPSP. Confirmation of the morphology of neurons in the 
DNLL was obtained by biocytin staining. Under current clamp, stimulation of the 
lateral lemniscus evoked an early EPSP which resulted in a single action potential 
with a latency of about 1 ms and an late EPSP which resulted in multiple action 
potentials with various latencies. The results from voltage clamp recordings showed 
that the evoked excitatory postsynaptic current (EPSCs) had a dual time course. At a 
holding potential of -60 mV, the fast EPSC was inward and blocked by CNQX (10- 
20 µM). At a holding potential o f +40 mV, outward EPSCs showed a fast 
component followed by a slow component. The average rise time (10-90%), time to 
peak, time decay constant (10-90%) and half width of the EPSC were 2.2 ms, 10.5 
ms, 11.9 ms and 6.3 ms for the fast component, and 11.0 ms, 23.9 ms, 27.4 ms and 
22.8 ms for the slow component. The fast EPSC was abolished by the non-NMDA 
antagonist, CNQX (10-20 µM). The slow EPSC was voltage dependent and was 
blocked by the NMDA antagonist, APV (50 µM). The data suggest that a dual 
glutamate receptor mechanism is operating at DNLL excitatory synapses.

AUDITORY SYSTEMS: CENTRAL ANATOMY I

166.1
LOCATION AND DISTRIBUTION OF SCARPA'S GANGLION IN THE RAT. 
T.C. Chimento*, F.E. D’Amelio. NASA Ames Biocomputation Center, Moffett
Field, CA 95037-1000

In preparation for electrophysiological recordings of primary afferent responses 
using thin film electrodes (which can record only from cell bodies) it was necessary 
to determine the exact location of Scarpa's ganglion for stereotaxic placement of the 
electrodes. In mammals, the ganglion may be entirely within the temporal bone, or 
in the calvarium. Temporal bones from Sprague-Dawley rats were removed within 
two minutes of decapitation and fixed by perfusion with 2.5% glutaraldehyde + 0.5% 
paraformaldehyde in 0.1 M Millonig phosphate buffer at pH 7.4. Tissue was 
decalcified in EDTA and fixative for 30 days. Solutions were changed three times per 
week. Decalcified temporal bones were frozen sectioned at either 25 or 50 pm. Serial 
sections were mounted on glass slides and stained with cresyl violet. Another group 
of temporal bones was postfixed in for 1 hr. in osmium tetroxide in Millonig 
phosphate buffer before decalcification. This rendered the soft tissue black while 
leaving the bone unstained. After decalcification these temporal bones were 
microdisected, removing the soft bone matrix and leaving the tissue undisturbed. The 
rat has a minimal internal meatus. Two fenestra join at the surface of inner surface of 
the temporal bone, each possessed of ganglion cells from separate endorgans. Each 
endorgan within the vestibular system could be isolated and the nerve fibers traced to 
their component of Scarpa’s ganglion. Correlating the results of the two methods 
(serial sectioning and microdissections) provided maps of the distribution of cell 
bodies within the nerve bundles and the origin of these groups of cell bodies. A large 
portion of the cell bodies are accessible with an electrode that approaches the meatus 
from 24° caudal. The electrode skims close to the wall of the temporal bone. 
Additional cell bodies could be reached by using a compound angle of approach that 
would allow the electrode to enter the meatus. This research supported by NASA.

1 66 .3

NITRIC OXIDE SYNTHETASE STAINING IN THE COCHLEAR 
NUCLEUS AND SUPERIOR OLIVE OF THE MONGOLIAN 
GERBIL. M.D. McGinn*. R.G. Cox. Dept. of Otolaryngology, 
University. of California, Davis, CA 95616

Paraformaldehyde-fixed frozen transverse sections were 
taken through the gerbil brainstem at the level of the cochlear 
nucleus and reacted for nitric oxide synthetase (NOS) 
histochemistry according to the methods of Vincent and 
Kimura (Neuroscience 1992;46:755-784).

The anterior and posterior cochlear nucleus (AVCN, PVCN), 
the lateral and medial superior olive (LSO, MSO), and the 
medial periolivary nucleus (MPO) were defined by dense, 
punctate staining of neuropil. Many neuronal somata 
appeared to be contacted by numerous puncta. There were 
few stained neurons in the LSO, MSO, AVCN, or ventro-lateral  
PVCN. Many large and small neurons in the dorso-medial 
PVCN were moderately stained. The medial nucleus of the 
trapezoid body (MNTB) was characterized by densely stained 
neurons and little staining of the neuropil.
(Supported by NIH/NIDCD grant DC00057.)

16 6 .2

EXPRESSION OF NICOTINIC ACETYLCHOLINE RECEPTOR SUBUNITS IN 
THE RAT COCHLEAR NUCLEUS D.E. Vetter* and S.F. Heinemann Mol. 
Neurobiol. Lab, The Salk Inst. La Jolla, CA 92037 

Previous immunocytochemical findings (Vetter et al., 1993) have demonstrated a 
rich complement of cholinergic structures in the mammalian cochlear nucleus (CN). 
The three main classes of choline acetyltransferase (ChAT) positive structures 
include small, intensely labeled cell bodies, both myelinated and unmyelinated 
axons, and varisized axon terminals. The size and shape of the ChAT-positive axon 
terminals seems to be dictated by the postsynaptic target. Additionally, it was shown 
that the ChAT-positive terminals are heterogeneous with respect to their fine 
structure. Some ChAT-positive terminals contain round vesicles and exhibit an 
asymmetric synaptic cleft, while others seem to contain pleomorphic vesicles and 
are associated with symmetric synaptic clefts, a hallmark of inhibitory synapses. 
Furthermore, it has been demonstrated that microiontophoresis of ACh can have 
either excitatory or inhibitory effects on CN neurons (Caspary, 1983). The 
moderately heavy innervation of the CN by cholinergic terminals, coupled with the 
above physiological observations, led us to further examine the cholinergic system 
in the CN, with the main goal being a comprehensive description of the nicotinic 
cholinergic receptor (nAChR) subunits expressed by the neurons of the rat CN. 
DNA templates suitable for transcription of riboprobes were generated by using 
PCR to amplify a fragment from a plasmid containing specific nAChR inserts and 
by incorporating a T7 phage promoter sequence into one of the primers. The PCR 
products were run out on a low melt point agarose gel, the appropriate band was 
excised, and the PCR product was eluted from the gel. These templates are now 
being used to generate non-radioactive digoxigenin labeled riboprobes for use in in 
situ hybridization histochemical mapping at the cellular level. A full map is 
currently being generated detailing the nicotinic receptor subunits expressed by 
neurons in the rat cochlear nucleus.

1 6 6 .4

TONOTOPIC REPRESENTATIONS IN THE AUDITORY BRAINSTEM WITH 
ACOUSTICALLY INDUCED c -fos mRNA EXPRESSION. R.L. Saint Marie1*. 
L. Luo1. R. Newlin1 and A.F. Ryan2. 1 Neuroanatom y Department, House Ear 
Institute, Los Angeles, CA 90057 and 2Departm ents o f Surgery/Otolaryngology 
and Neurosciences, UCSD School o f Medicine, San Diego, CA 92093.

Induction o f the cellu lar fos gene (c-fos) is one o f the earliest transcriptional 
changes observed following neuronal excitation (M organ & Curran, 1995, The 
Neuroscientist, 1: 68-75). Though not an activity marker in the strict 
electrophysiological sense, many neurons in the CNS increase their c-Fos 
expression a fter periods o f sustained stimulation at physiological levels of 
intensity. In the present study, induction o f c-fos m R NA expression was 
exam ined in the auditory brainstem  following 1 hour o f free-field acoustic 
stimulation. Sprague-Dawley rats w ere exposed to pure tones o f 2, 8 ,1 6 , or 32 
kHz o r half-octave noise bands centered on 2, 8, o r 32 kHz at 80 dB SPL and 
then perfused immediately. S tim ulation-induced c-fos m RNA expression was 
evident in all nuclei o f the auditory brainstem. Both pure tones and narrow-band 
noises were effective stimuli. In som e brain areas, induced expression 
manifested a clear tonotopic organization, i.e., in the dorsal, posteroventral, and 
anteroventral cochlear nuclei, the medial nucleus o f the trapezoid body, and the 
inferior colliculus. In other areas, a tonotopic organization was not immediately 
obvious, i.e., in the periolivary and lateral lem niscal nuclei. For the most part, c- 
fos m RNA expression was not induced in the medial o r lateral superior olivary 
nuclei, which may require more specific stimuli to be sufficiently activated, e g., 
interaural time or level differences. The results suggest that stimulation-induced 
c-fos mRNA expression may be an effective way o f mapping neuronal activity in 
the central auditory system.

Supported by the House Ear Institute, the Research Service o f the VA, and 
NIH DC-00139.
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166.5

DIFFERENTIAL DISTRIBUTION O F NMDA R2 SUBUNITS IN TH E RAT 
COCHLEAR NUCLEUS AND SUPERIOR OLIVARY COM PLEX
K,Sato. H.Kuriyama. and R.A.Altschuler* Kresge Hearing Research Institude,
The University of Michigan, Ann Arbor, MI 48109-0506 

The distribution of NMDA receptor (R) subunits was examined in the cochlear 
nucleus (CN) and superior olivary complex (SOC) of rats using in situ hybridization. 
The NMDA R1 subunit was highly expressed in all CN and SOC neurons. The 
NMDA R2A-D subunits had a more variable distribution. Their expression was 
quantitated and compared using the MetaMorph Imaging System, counting silver 
grains over neurons as counts/µm2. NMDA R2A & 2C had similar distributions in 
the SOC. NMDA 2A &2C had high distributions in the lateral superior olive (LSO) 
and medial and ventral nuclei of the trapezoid body (LNTB, VNTB) roughly 75% 
higher than the medial nucleus of the trapezoid body (MNTB) and 33% higher than 
the superior periolivary nucleus (SPN) and medial superior olive (MSO). NMDA 
R2B had a roughly equivalent distribution in MNTB, LSO, SPN and MSO with 
slightly higher distributions in VNTB & LNTB. NMDA R2D was expressed over 
background only in LSO, LNTB & VNTB. In the ventral CN, NMDA R2A-C were 
highest in neurons of the small cell/granule region compared to spherical cells. In 
the DCN fusiform cells had elevated NMDA R2C compared to Golgi cells and -cap 
com/elongate cells, with NMDA R2A,B & D fairly comparable. Buller et al (J. 
Neurosci., 1994) found that variations in expression of NMDA R2A-D correlated 
with differences in pharmacological properties of NMDA receptors; elevated 
NMDA R2A was associated with antagonist preferring NMDA receptors and 
elevated NMDA R2B correlated with agonist preferring receptors. Diversity in 
expression of NMDA R2 receptors in CN and SOC neurons suggests diverse 
functional properties. For example, LSO synapses are likely to be antagonist 
preferring and MNTB agonist preferring. (Supported by NIDCD Grant #DC 00383)

166.7

GABA AND GLYCINE IMMUNOREACTIVI TES OF THE NUCLEUS SAGULUM 
D.A. Stanforth*. A. Shneiderman, and R.L. Saint Marie. Neuroanatomy Dept., House 
Ear Institute, Los Angeles, CA 90057 (AS, DS, RSM); and Dept. of Emergency 
Medicine, M.L. King/Drew Univ. Med. Ctr, Los Angeles CA 90059 (AS)

Nucleus sagulum is a V-shaped nucleus wedged between the lateral lemniscus and the 
lateral surface of the brainstem. It consists mostly of small densely packed cells that stain 
lightly with Nissl stain. Nucleus sagulum is known to have projections to the inferior 
colliculus (Henkel and Shneiderman, 1988, J. Comp Neurol. 271:577-588) and may be 
involved in processing of auditory information. GABA and glycine immunoreactivities in 
nucleus sagulum were recognized in thick immunohistochemical sections (Hutson, K.A., 
1988, Doctoral Dissertation, Florida State Univ ), but cytoarchitectural details were not 
reported. In the present study postembedding GABA (GABA-IR) and glycine 
immunoreactivities (glycine-IR) were determined from adjacent 1.5 micrometer plastic 
sections of the cat nucleus sagulum. Cytoarchitectural details were determined from 
adjacent toluidine blue stained plastic sections.

The neuropil of nucleus sagulum had a high density of GABA-IR puncta but sparse 
glycine-IR puncta. Conversely, there was a large population of glycine-IR neurons 
throughout the nucleus and a much smaller GABA-IR population. Some neurons were 
not immunoreactive with either antibody, others were doubly immunoreactive. In 
general, glycine-IR neurons in nucleus sagulum were surrounded by many perisomatic 
GABA stained puncta, whereas GABA-IR neurons tended to have fewer or no 
perisomatic GABA-IR puncta. GABA-IR and glycine-IR neurons were found in varying 
proportions in the adjacent nuclei of the lateral lemniscus, as well as the subcollicular 
area and the lateral paralemniscal zone. The results suggest that inhibitory interactions 
are prominent in the nucleus sagulum and that the sagulum may be a source of inhibitory 
inputs to the inferior colliculus.

Supported by NIH grant R01-DC00726-05.

166.9

DISTRIBUTION OF A M IN O  AC ID  NEUROTRANSMITTERS IN RAT 
SUPERIOR OLIVARY COMPLEX. J .L iu . T .G .G o dfre y , and D .A .G o dfre y * , 
Dept. o f O to la ryngo logy, Head and Neck Surgery, M ed. C o ll. o f Ohio, 
Toledo, OH 4 3 6 9 9 -0 0 0 8 .

Both e xc ita to ry  and in h ib ito ry  am ino acids have been suggested to  be 
neurotransm itters in the  superior o liva ry  com plex (SOC). The quantitive  
d istributions o f 12 am ino acids in ra t SOC w e re  m easured th rou g h  
microdissection o f freeze-dried ra t brain sections and HPLC analysis. Both 
asparate and g lu tam ate  w ere  h igher in lateral superio r o liva ry  nucleus (LSO) 
and superior parao livary nucleus (SPN) than in medial (M NTB) and ventra l 
(VNTB) nuclei o f the  trapezoid  body (TB) (see tab le). C o ncen tra tions o f 
glutam ate in all SOC regions w ere  a bout tw ic e  tho se  o f asparta te . G lycine 
was higher in LSO and SPN than  in M N TB and VN TB, w hereas G ABA w as 
as high in VNTB as in LSO. The co nce n tra tion  o f G ABA in SOC regions was 
only 1 /4  to  1 /6  th a t o f g lycine. The resu lts suggest th a t g lyc ine  is the  m ajor 
inhibitory amino acid neu ro tran sm itte r in SOC. The re la tive ly  high g lycine 
concentration in LSO corre lates w ith  i t s high d en s ity  o f g lyc in erg ic  term ina ls 
from MNTB (Caspary and Fin layson, 1 99 1). A  s im ilarly  high g lycine 
concentration w as found  in SPN. (Supported by NIH g ra n t D C 0 0 17 2 .)

Amino A c id  C o n c e n t r a t io n s  
(m m ol/kg d r y  w t, m ean±S.E .M . f o r  n = 5 )

ASP GLU |l gly  | GABA | tau  | GLN
LSO 11. 5±0.6 24. 6±1.5 17. 2±0.4 2. 8±0. 4 4. 6±0. 3 6. 5±0.2
SPN 12. 0±0.3 25. 2±1.0 18. 8±0.7 4. 2±0. 4 4. 5±0. 2 7. 0±0. 2
MNTB 8. 1±0.3 21. 6±1.0 11. 9±0.7 2. 0±0. 3 4. 2±0. 2 6. 3±0. 2
VNTB 8. 9±0.6 22. 1±1.1 11. 6±0.3 3. 2±0. 3 4. 6±0. 2 8. 2±0. 3
TB 5. 8±0.3 14. 3±0.9 7. 2±0. 6 1. 4±0.2 4. 9±0. 3 6. 6±0.4

16 6 .6

IMMUNOLOCALIZATION OF m2 MUSCARINIC ACETYLCHOLINE 
RECEPTOR IN RAT COCHLEAR NUCLEUS. W. Yao*1, D.A. Godfrey1 
and A.I. Levey2. 1Dept. Otolaryng., Med. Coll. of Ohio, Toledo, OH 43699 
and 2Dept. Neurology, Emory Univ. Sch. of Med., Atlanta, GA 30322.

Muscarinic acetylcholine receptors have been suggested to mediate 
cholinergic effects in the rat cochlear nucleus (CN). This report of 
immunohistochemistry for m2 receptor, using a monoclonal subtype- 
specific antibody (Levey et al., 1995. J. Comp. Neurol. 351, 339-356), 
revealed an m2-like system in the rat CN. A salient lamina of m2-
immunoreactive fibers and puncta was found closely associated with 
granular regions. Some labeled somata and their processes were found in 
ventral CN. A network of neurites and puncta was located in the fusiform 
soma and deep layers of the dorsal CN. The olivocochlear bundle and some 
fibers in the acoustic striae were also m2-immunoreactive and possibly 
connected to the fibers and terminals in the CN. Comparison of this m2 
receptor distribution pattern with previous results for acetylcholinesterase 
(AChE) activity and choline acetyltransferase (ChAT) immunoreactivity in 
the CN revealed a correlation of regional staining densities between m2 and 
AChE (r = 0.72 ) and between m2 and ChAT (r = 0.85). These results 
suggest that m2 may be located both pre- and post-synaptically to mediate 
cholinergic effects in rat CN.
(supported by NIH grant DC 00172; NS 30454).

16 6 .8

FEATURES OF GABA AND GLYCINE IMMUNOREACTIVI T ES IN THE 
DORSAL NUCLEUS OF THE LATERAL LEMNISCUS A. Shneiderman*, D.A. 
Stanforth, and R .L. Saint Marie. Neuroanatomy Dept., House Ear Institute, Los Angeles, 
CA 90057 (AS, DS, RSM); and Dept. of Emergency Medicine, M.L. King/Drew Univ. 
Med. Ctr., Los Angeles CA 90059 (AS)

The dorsal nucleus of the lateral lemniscus (DNLL) is known to have neurons that 
are strongly GABA immunoreactive (GABA-IR), and to provide inhibitory connections 
to the inferior colliculus bilaterally and to the DNLL of the opposite side. In the present 
study, we examined variations in GABA-IR and glycine immunoreactivity (glycine-IR) 
among the different neuronal types of the cat DNLL, using postembedding 
immunocytochemistry of adjacent 1.5 pm plastic sections.

Within DNLL the largest neurons tended to be located dorsally, while medium-sized 
neurons had a more ventral position. Small cells were interspersed throughout. The most 
intensely GABA-IR neurons were usually small neurons, with the larger neurons ranging 
from moderately to lightly labeled. Of the larger neurons, those moderately stained were 
typically found medially, whereas the more lightly stained neurons were found laterally, 
embedded in dense patches of GABA-IR puncta. In the ventrolateral quadrant, there was 
a distinct group of medium-sized neurons with light or no GABA-IR, but with numerous 
GABA-IR perisomatic puncta. The small, intensely GABA-IR neurons had no 
perisomatic puncta. In general, the lighter the GABA-IR of the neuron, the more likely it 
was to be surrounded by numerous GABA-IR perisomatic puncta. A small proportion of 
DNLL neurons were glycine-IR The neuropil exhibited a mediolateral gradient in the 
concentration of GABA-IR puncta, with a low density medially that increased laterally. 
The lateral subdivision (Shneiderman et al., 1988, J. Comp. Neurol. 276: 188-208), 
where DNLL neurons mix with those of the nucleus sagulum, had the highest density of 
GABA-IR puncta. The density of glycine-IR puncta was low throughout the DNLL.

Supported by NIH grant R01-DC00726.

166 .10

LONG-TERM REGULATION OF GLYCINE RECEPTORS IN ADULT GUINEA 
PIG COCHLEAR NUCLEUS AND SUPERIOR OLIVARY COMPLEX AFTER 
UNILATERAL COCHLEAR ABLATION. C.G. Benson*. S.K. Suneia and S.J. 
Potashner. Department of Anatomy, University of Connecticut Health Center, 
Farmington, CT 06030.

Unilateral cochlear ablation in the adult guinea pig may lead to long-term changes 
in transmitter release in auditory nuclei (Suneja et al., Neuroscience Abs. 20: 973, 
1994). To determine if simultaneous changes occur in synaptic receptor sites, we 
examined the binding o f [3H]strychnine, a ligand for the glycine receptor, to sites in 
the cochlear nucleus (CN), LSO and MSO from 2 days to 8 weeks after ablation of 
the left cochlea. The distribution and density o f  [3H]strychnine binding sites was 
quantified using autoradiographic receptor-binding techniques. In the brain stem of 
controls, [3H]strychnine bound to a single population of high-affinity sites (Kd= 16 
nM). Within auditory structures the binding density was highest in the molecular and 
fusiform layers o f the DCN and in the anterior part of the anterior division o f AVCN 
(AA). High levels of binding were also present in the granule cell layer o f the CN and 
in the medial limb of LSO. The deep DCN, PVCN, posterior division o f AVCN, 
lateral limb of LSO and MSO had moderate to low levels o f  binding. From 2 days to 
4 weeks after cochlear ablation changes in binding densities were apparent in AA and 
in LSO. In AA there was a bilateral increase in binding at 2 days, followed by an 
ipsilateral decrease at 1-4 weeks. In the medial and lateral limbs o f the contralateral 
LSO there was an increase in binding density which was greatest at 4 weeks after 
lesion. However, by 8 weeks there was a bilateral decrease in binding in both limbs 
of LSO and in AA. The decrease was most prominent ipsilaterally. At this time 
binding also decreased bilaterally in other regions o f the CN. These results suggest 
that long-term regulation of glycinergic receptor sites may occur in these areas 
subsequent to unilateral cochlear nerve loss.

(Supported by DC00199 from NIDCD).
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166.11 166.12
MODULATION OF STRYCHNINE BINDING IN TH E LATERAL 
LEMNISCAL NUCLEI AFTER COCHLEAR ABLATION. S.K.Suneja.
C .G .Benson and S.J.Potashner* Departm ent o f  Anatomy, University o f  
Connecticut Health Center, Farmington, C T 06030.

Unilateral cochlear ablation in adult guinea pigs may lead to changes 
in glycine receptor activity in the lateral lemniscal nuclei. To test this 
hypothesis, sections containing the VNLL, INLL, and DNLL were used to 
measure 3H-strychnine specific receptor binding activity. Frozen brain stem was 
cut transversely into 15 µm sections. Binding o f  3H-strychnine was quantified 
as µCi/mg wet tissue from autoradiograms using the M CID M4 image analysis 
system (Im aging Research). In controls, strychnine binding in the VN LL was 
comparable to that in the INLL but was higher than that in the DNLL. 
Strychnine binding decreased with age in the VNLL and INLL, but increased 
in the DNLL. Two days after cochlear ablation, strychnine binding increased in 
the contralateral VNLL (19%). Four weeks after the lesion, binding activity was 
decreased bilaterally in the VNLL (18%). Eight weeks after the cochlear 
ablation binding was decreased bilaterally in the VN LL (17-28% ), INLL (28- 
34%), and DNLL (28-38%). These results suggest long-term regulatory changes 
o f  glycine receptors in the lateral lemniscal nuclei after unilateral cochlear 
ablation. The present down regulation o f  binding at 8 weeks after cochlear 
ablation appears similar to that in other brain stem auditory nuclei (see Benson 
et al., Neuroscience Abst. 1995).

(This work was supported by grant DC00199 from NID CD )

EXCITANT AMINO ACID BINDING AND AGING IN THE RAT AUDITORY 
BRAINSTEM. R.H. Helfert*. T .J.S . Blomquist. J.C. Milbrandt  and D.M. Caspary. 
Depts. of Surgery and Pharm., So. Illinois. Univ. Sch. Med., Springfield, IL 62794.

Quantitative receptor autoradiography (Albin et al., Neurosci. 46:35-48) was used to 
map the distributions of AMPA, kainate (KA), NMDA, and quisqualate-sensitive 
metabotropic (MET) binding sites in the auditory brainstem. Four each of 3-, 19-, and 
28-mo-old Fischer-344 rats were used in this preliminary investigation. The binding 
data for the 3-mo group are presented in the figure below.

There were significant (P<.05) reductions in KA binding in the CIC (-44.1%) and 
DIC (-19.2%) of 19-mo rats when compared to 3-mo animals. AMPA binding was 
reduced in the DCN (-31.1%), DIC (-40.8% ), and EIC (-38.9% ) of 28-mo rats 
compared to 3-mo rats. In contrast, MET binding was increased in the VCN of 19-mo 
(+51.6%) and 28-mo (+48.3%) rats. In 28-mo rats there were changes in NMDA 
binding in the DIC (50.4%<3-month value) and MGN (61.4%>19-mo); with only 4 
animals per group these changes were marginally significant (P = .l). Also of marginal 
significance were increased MET binding (55%> 19-mo) and decreased KA binding 
(31.5%<3-mo) in the MGN, and decreased AMPA binding (79.8%< 19-mo) in the SOC 
of 28-mo animals. These findings suggest that age-related changes in excitant amino 
acid receptors may in part underlie functional alterations related to central presbycusis.

Supported by the American Federation fo r  Aging Research.

166.13
GABAERGIC PROJECTIONS TO THE CENTRAL NUCLEUS OF THE 
INFERIOR COLLICULUS OF THE RAT: A COMBINATION OF FLUOROGOLD 
RETROGRADE TRACING WITH IMMUNOCYTOCHEMISTRY. L. Li. S.H.
Wu*. D.X. Zhane. and J.B. Kelly. Lab. of Sensory Neuroscience, Psychology Dept. 
Carleton Univ. Ottawa, Canada K1S 5B6.

Immunocytochemical studies indicate that many auditory brainstem nuclei with 
projections to the central nucleus of the inferior colliculus (ICC) contain GABAergic 
neurons. The goal of the present study was to identify the GABAergic neurons in the 
auditory brainstem that give rise to projections to the ICC.

2% Flurogold (FG) in saline was injected iontophoretically into the ICC on one 
side o f the brain. The same pipette was used to record neural activity in the ICC 
during acoustic stimulation as a physiological guide for the penetration. The 
characteristic frequency of the injection site was 11-13 kHz. After one week survival 
time the animals were sacrificed and the brains were processed for GABA- 
immnocytochemistry. Sections were first examined by fluorescent microscopy to 
determine the presence o f FG cells and then by both fluorescent and light 
microscopy to identify GABA positive neurons. With the injection site confined to 
the ICC, the contralateral ICC, both contralateral and ipsilateral dorsal nucleus of the 
lateral lemniscus (DNLL), the ipsilateral intermediate and ventral nucleus of the 
lateral lemniscus (INLL and VNLL), both contralateral and ipsilateral lateral 
superior olive (LSO), the ipsilateral medial superior olive (MSO), the lateral and 
ventral nucleus of the trapezoid body (LNTB and VNTB), the superior paraolivary 
nucleus (SPN), and the contralateral dorsal and ventral cochlear nucleus (DCN and 
VCN) were retrogradely labeled with FG. Cells that were double labeled with FG 
and GABA immunoreactivity were found in all nuclei showing FG labelings, except 
in the contralateral ICC and VCN. The contralateral DNLL contained the most 
double-labeled neurons in the auditory brainstem, suggesting a pronounced extrinsic 
inhibitory GABAergic influence on the ICC by the DNLL.

166.14
DISTRIBUTION OF GABAa RECEPTOR SUBUNIT mRNA IN THE INFERIOR 
COLLICULUS OF YOUNG ADULT AND AGED FISCHER 344 RATS. J.C. 
Milbrandt*1. C. Hunter2, and D.M. Caspary1. 1Dept. of Pharmacology, SIU School of 
Medicine, Springfield, IL 62702. 2Laboratory of Neurochemistry, NIDCD, NIH, 
Bethesda, MD 20892.

The inhibitory neurotransmitter, γ -amino butyric acid (GABA) is critically involved 
in shaping single unit responses to simple and complex acoustic stimuli in the inferior 
colliculus (IC). In the IC, GABA has been shown to influence acoustic processing 
through mechanisms attributed to GABAa receptor activation. Several presynaptic 
markers for GABA neurotransmission appear to be reduced in the IC of aged Fischer 344 
(F344) rats. Detailed studies to determine the effects of aging on the cellular expression 
of GABAa receptor subunits in the IC have not been done. The focus of this study was 
to describe the cellular distribution o f GABAa receptor subunit mRNA in the three 
primary subdivisions o f the young F344 rat IC and examine the effects of aging (using 
3-, 18-, and 26-month rats) on the expression o f these GABAa receptor subunits.

Cellular expression of GABAa subunit mRNAs (α- 1-6, β-1-3, γ - 1-3, and δ) were 
examined at the light microscopic level using in situ hybridization. Specific expression 
of several GABAa subunits (α - 1, 2; β-2 ; γ - 1 ;2;3) were detected in cells located in the 
subdivisions o f the IC: the dorsal cortex (DCIC), external cortex (ECIC), and central 
nucleus (CIC). Specific expression of α- 1, β-2, and γ -2 subunit mRNAs was detected 
in the majority o f cells in the IC. A relatively small population of cells expressed 
detectable levels of hybridization for the α-2 and γ -l&3 subunits in the IC. Comparison 
o f hybridization levels in the IC subdivisions revealed that α-1 and β-2 subunit 
expression were significantly higher in the DCIC than in the ECIC and CIC. No 
significant differences were observed between ECIC and CIC. However, variable levels 
of subunit expression appear to exist among different cells found in the CIC and ECIC, 
but no clear pattern was seen which correlated levels of hybridization with known cell 
classification schemes in the IC. In addition, quantitative analysis of age-related changes 
in GABAa subunit expression in the subdivisions o f the IC may be smaller in magnitude 
than those previously reported (Gutierrez et al., 1994). (Supported by NIH DC00151)

166.15
LOCALIZATION OF THE 5HT1A RECEPTOR IN AUDITORY 

NUCLEI OF GUINEA PIG. A.M. Thompson*, C. T . McCalla, and 
E.C. Azmitia. Dept. of Otorhinolaryngology, The University of 
Oklahoma Health Sciences Center, Oklahoma City, OK 73190.

In the present study, we examined the localization of the 5HT1A 
receptor in auditory nuclei with an antibody against amino acid 
sequence 170-186 (transmembrane region) of the receptor peptide. 
The antibody has been shown to label many cells in the brain and spinal 
cord where the most remarkable pattern of staining is that of dense 
labeling in the axon hillock region, in addition to a more diffuse labeling 
of cell bodies and dendrites.

The staining patterns were identical to those previously described and 
were observed in most neurons of auditory nuclei examined - cochlear 
nuclear complex, superior olivary complex, nuclei of the lateral 
lemniscus, inferior colliculus, and medial geniculate body. The 
presence of labeling was not restricted to any cell type or region. The 
intensity of somatic and dendritic staining varied among neurons while 
axon hillock labeling, when present, was always very dense. In some 
brain sections, also stained for acetylcholinesterase, receptor staining 
was observed in both large and small olivocochlear neurons. The 
results indicate that the 5HT1A receptor is present in a large proportion 
of neurons that comprise both the ascending and descending auditory 
systems. (Supported by NIDCD 01058)
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167.1

STOCHASTIC RESONANCE IMPROVES INFORMATION TRANSFER IN 
THE CRICKET CERCAL SYSTEM. Jacob E. Levin* and John P. M iller. 
Dept. of Molecular and Cell Biology, Univ. of Calif., Berkeley, CA. 94720

Noise is traditionally considered detrimental to the process of signal encoding. 
It has been observed recently however, that in some nonlinear systems adding a 
certain amount of random input noise can actually enhance the coding of small 
signals through a phenomenon known as stochastic resonance (SR). Originated by 
Benzi et al to explain the cycling of the Earth's ice ages. SR has mainly been 
applied physical systems such as the bistable ring laser and the two state Schmidt 
trigger Recently. Moss cl al. and others have described SR effects in biological 
systems utilizing sinusoidal stimuli embedded in broadband white noise 
backgrounds In (his work. we demonstrate SR in the cricket cereal sensory system 
for not only the pure sine wave case, but also for extended bandwidth stimuli in the 
presence of w hite noise, and for cases in which the signal and noise background 
frequency spectra arc completely non-overlapping. Known air current stimuli were 
presented to the cricket through audio speakers in a controlled environment along 
with varying levels of uncorrelated white noise background wind. Spike trains from 
the primary sensory interneurons 10-2 and 10-3 were recorded intracellularly with 
the stimulus and noise presented along their preferred direction. Through the 
statistical techniques of information theory and the tools of stochastic systems 
analysis, the signal-to-noise ratio (SNR) and other measures of the encoding process 
were measured. In all cases. an enhancement of output SNR was seen with the 
addition of input noise over a restricted range of input signal and noise levels. 
Additionally, we found in many instances that the amount of information about the 
stimulus carried by each spike was increased for small signals, implying that 
adding input noise can actually improve the accuracy of the encoding process itself. 
These results held for a range of stimulus intensities and frequencies with 
corresponding ranges of noise.

167.3

N O N LIN EA R M O D E L S  O F  T H E  F IR S T  SY N A P SE IN  T H E  
LIG H T-A D A PTED  F L Y  R E T IN A .
M. Juusola*. M. W eekstrӧ m, M.J. Korenberg and A.S. French. 
Department o f  Physiology and Biophysics, Dalhousie University, Halifax, 
Canada and Departm ent o f  Physiology, University o f  Oulu, Finland.

Randomly modulated light contrast stimuli were used to characterize 
the nonlinear dynamic properties o f  the synapse between photoreceptors 
and large m onopolar cells (LM C) in the fly retina. The pre- and 
postsynaptic voltage responses o f  the cells were recorded at eight 
different background light intensities and characterized by second-order 
Volterra series, with kernel estimation by the parallel cascade m ethod. 
Photoreceptor responses were approxim ately linear, but LM C responses 
were clearly nonlinear. Synaptic input-output relationships were estimated 
by passing the light stimuli to LM Cs through the m easured photoreceptor 
characteristics to obtain an estim ate o f  the synaptic input. The resulting 
nonlinear synaptic functions were well characterized by second order 
Volterra series. They could not be m odelled by a LNL cascade, but were 
better approxim ated by a NLN cascade. The results support two possible 
structural models o f  the synapse, the first having two parallel paths for 
signal flow between the photoreceptor and LM C, and the second having 
two distinct nonlinear operations, occurring before and after transm ission. 
Both m odels predict that synaptic gain is reduced by light adaptation. 
Supported by the M RC o f  Canada.

167.5

CELLULAR MECHANISMS UNDERLYING SMALL-FIELD TUNING IN 
MOTION SENSITIVE CELLS OF THE BLOWFLY. V. Gauck, J.Haag*, M.
Egelhaaf. A. Borst, Friedrich-Miescher-Laboratorium der Max-Planck-Gesellschaft, 
Spemannstraße 37-39, D-72076 Tuebingen, Germany.

We used anatomical, electrophysiological and computational methods to investigate 
a neural circuit in the third visual ganglion (lobula plate) of the blowfly Calliphora 
erythroeephala, responsible for object detection based on relative motion. The FD1- 
cell (Egelhaaf 1985, Biol. Cybern. 52: 195-209), representing an output element of the 
circuit, responds best to small objects moving relative to their background (small-field 
tuning). The FDl-cell is inhibited by a GABA-ergic interneuron, the so-called VCH- 
cell (Warzecha et al. J. Neurophysiol. 69: 340-351, 1993).

For electron microscopical investigations we labeled VCH-cells by intracellular 
iontophoretic injection of horseradish peroxidase (HRP) followed by a DAB-reaction. 
It turned out that the VCH-cell has postsynaptic as well as presynaptic specializations 
in close vicinity to each other in its large dendritic tree in the lobula plate. Since the 
dendrites of the VCH-cell and the FDl-cell overlap to a large extend, this finding 
supports the possibility of a dendro-dendritic interaction between both cells.

The axonal signals of both cells recorded under identical stimulus conditions are 
linearly related with the activity of the FDl-cell decreasing with an increasing 
activation of the VCH-cell. This could indicate a linear synaptic transfer characteristic 
between both cells.

The interesting computational property of the circuit lies in the fact that it separates 
object size, at least partly, from other stimulus parameters like velocity and contrast 
(Borst and Egelhaaf, in: Brain Theory, Aertsen (ed), 47-65, 1993). How this is 
achieved at the cellullar level is analysed by computer simulations. The model consists 
of an array of local motion-sensitive elements feeding into two neurons implemented 
by compartmental models with one cell inhibiting the other via dendro-dendritic 
synapses. By adjusting the spatial sensitivity distribution of both cells appropriately 
we are able to reproduce the essential features of a real FDl-cell.

16 7 .2

MEASURES AND STATISTICAL TESTS FOR CROSS-
CORRELATION BETWEEN PAIRED NEURONAL SPIKE TRAINS 
WITH SMALL SAMPLE SIZE. X.M. Shao and Y. Tsau*. Sys. 
Neurobiol. Lab. Dept. of Physiol. Sci., UCLA, Los Angeles, CA90024; 
Dept. of Cell. Mol. Physiol., Yale Univ. Sch. Med., New Haven,
CT06510.

Recent development of multiunit recording techniques such as optical 
recording and multielectrode arrays makes it possible to record neuronal 
activities from tens or hundreds of neurons simultaneously. To analyze 
functional connections between these neurons, cross-correlation analysis 
has been most commonly applied to the hundreds to thousands of pairs 
of these neurons. However, conventional cross-correlation data need 
statistical tests for significance especially when the sample size of 
recorded spike trains is small. Here, a multiple hypergeometric model 
based on a transformation of the cross-correlogram data to a 2XJ table 
has been suggested. The exact p-value for significance can be obtained 
by the generalized Fisher's method and R-square analogue for the 
strength of cross-correlation can be obtained with small sample size. 
Examples show that the method is applicable to the data of multiunit 
activity with less than a hundred spikes based on recording period as 
short as 10 seconds. This method is specially useful when thousands of 
cross-correlograms need to be screened quickly and automatically.

1 6 7 .4

V ISU A L  P E R C E P T IO N  O F  M O V IN G  S T IM U L I BY A 
C O C K R O A C H  IN  D IM  E N V IR O N M E N T  M. Järvilehto* and P.
K ettunen. D ept. o f  Zool. and Orbis Sensorius Oulu, Univ. o f  Oulu, 
Linnanmaa, 90570 Oulu, Finland.

A t low  light intensity the dynamics o f  the quantal output limits the 
behavioral dynamics. In our previous studies on Periplaneta americana  
dark adapted photoreceptors show high sensitivity (bum ps 5-8 mV) and 
slow  time course at low light intensity (<6 eff. phot./s). In frequency 
response function the cu to ff frequency w as 15 H z and the linear 
correlation o f  about 0.8 at 1-8 H z range and at dim light less than 0.5 at 
all frequencies. The graded responses in axons w ere enhanced with few 
spikes if  a threshold o f  3-10 mV w as exceeded. In relation to  these 
findings w e have studied the closed-loop behavior o f  the cockroach in 
dim, visually rotating black and w hite environm ent w ith rel. contrast o f 
0.3. The animal movements w ere stored and analyzed on VCR. The 
onset o f  the movement detection at low  light level w ith slow speed (0.8 
Hz) was significant. At higher light levels (12x) and w ith greater spatial 
speeds (3.9 Hz) the overall positive fixation on movement w as over 80% 
o f  all movements. To match the op tom otor output with the 
photoreceptors properties: a) The photoreceptors are o f  slow-type with 
long integration time by high amplitude bumps with increased gain in cost 
o f  reduced S/N-ratio. b) The photoreceptor cells and axons produce 
spikes to  enhance the responses to  low contrast signals and to  ensure the 
signal onset to  the optom otor output through thin and long axons.

1 6 7 .6

RELIABILITY OF NEURONAL CODING AND REAL-TIME 
PERFORM ANCE IN TH E OPTOM OTOR SYSTEM OF TH E BLOW FLY 
A.-K. Warzecha* and M. Egelhaaf. Centre for Visual Sciences, RSBS, Australian 
National University, PO Box 475, Canberra, ACT 2601, Australia.
Many animals stabilize their course against disturbances by optomotor responses. 
With a flight simulator that allows flying animals to control their visual input with 
their actions and reactions in a similar way as in free flight (closed-loop), we 
analysed in the fly how well an external motion bias can be compensated in real-
time. While, on average, flies can reduce a motion bias to less than 10% of its 
open-loop value, the real-time retinal velocity fluctuates considerably around this 
mean level. These fluctuations were replayed to the fly as visual stimuli while the 
activity of a spiking neuron in the optomotor pathway was recorded. By these 
experiments combined with model simulations it was investigated how reliably this 
optomotor neuron encodes behaviorally relevant motion stimuli and how the 
neuronal performance relates to the performance of the whole optomotor control 
system. The following main results were obtained, (i) There are considerable 
stochastic fluctuations in the neuronal responses. Therefore, the exact timing of the 
spikes does not convey much information. Nevertheless, temporal activity patterns 
on a coarser time scale, induced e.g. by velocity fluctuations of the stimulus, may 
yield important information. (ii) On the basis of the responses of an optomotor 
neuron it is possible, even under the transient closed-loop stimulus conditions, to 
detect the motion bias with a high degree of reliability. A perfect velocity detection 
system does not perform better in such a situation. (iii) In contrast to an optomotor 
control circuit with perfect velocity sensors in its input line, the stability of the fly's 
optomotor system is ensured by the high velocity cut-off of the motion detection 
system which reduces the gain when the amplitudes of the fluctuations get too 
large.
(A.-K.W. was supported by the Max-Planck-Gesellschaft, Germany.)
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1 67 .7

AM INES AND PEPTIDES IN THE BRAIN OF HOMARUS AMERICANUS: 
IM M U NOCYTOC HEM ICAL LOCALIZATION PATTERNS AND IM PLI-
CATIONS FOR BRAIN FUNCTION. K. Langworthy . S. Helluy and B. Beltz.* 
B iological Sciences Dept., W ellesley College, W ellesley, MA. 02181.

The distributions of serotonin- (5-HT), histam ine- (HA), tyrosine 
hydroxylase- (TH), small cardioactive peptide b- (SC Pb), and substance P- 
(SP) like imm unoreactivities were mapped in the supraesophageal ganglion 
of the adult lobster. Labeling was obtained using avidin-biotin-horseradish 
peroxidase methods and 100 µm thick vibratom e sections. The localization 
patterns of the amines and peptides were com pared in several regions 
within the median protocerebrum  and deutocerebrum . Each 
im m unoreactivity has a unique distribution w ithin the brain, how ever most 
regions are im m unoreactive for more than one neurotransm itter. By 
comparing labeling patterns and identifying regions of overlap, sites where 
the transm itters may be interacting physio logically were determ ined. 
Connectivity between specific synaptic regions o r between cell clusters and 
synaptic regions often was implied by the overlap in staining patterns 
between two or more immunoreactivities.

The relative staining patterns in the olfactory (OLs) and accessory (ALs) 
lobes are particularly intriguing. In the ALs, only the caps of the cortical 
colum ns express SCPb-like immunostaining, suggesting that the cortical 
region participates in functions distinct from  medullary regions. The cortical 
caps, cortical bases and a subset of spherical m edullary glomeruli exhibit 
substance P-like immunoreactivity, indicating that several functional 
subcategories must exist am ongst AL glomeruli. The fact that categories of 
glomeruli contain distinct transm itters suggests that the fibers innervating 
the AL glomeruli originate from  different populations of neurons. In the OLs, 
5HT-, HA-, S C P tr, and SP-like im m unoreactivities are all found within the 
bases of OL glomeruli, while labeling w ithin the cap (containing 5-HT and 
HA staining) or subcap (containing SCPb staining) regions varies.
Supported by NSF BNS-8718938, NSF BIO 9200379, and NIH NS-25915.

1 67 .9

THE BETA SUBUNIT OF THE C. ELEGANS INHIBITORY 
GLUTAMATE RECEPTOR IS EXPRESSED ON THE pm4 
PHARYNGEAL MUSCLE CELLS. D. L. Laughton. A. J. 
Wolstenholme and G. G. Lunt*. Department of Biology and 
Biochemistry, University of Bath, Bath, BA7 2AJ. U.K.

Transgenic studies have been used to analyse the expression 
pattern of the β subunit of the glutamate-gated chloride channel, 
the proposed site of action of the anthelminthic avermectin. 
Using the β subunit cDNA as a probe, we identified a hybridising 
cosmid containing the corresponding gene and associated 5’ 
promoter elements. A restriction fragment encompassing the 
promoter and gene start was used to create a translational 
fusion with the reporter gene, β-galactosidase. This construct 
was micro-injected into the ovaries of adult worms and resulting 
transgenic progeny were isolated. Five independent 
transformed lines were established which, when incubated with 
the chromogenic substrate, X-gal, showed specific staining of 
the pm4 pharyngeal muscle cell nuclei. No reproducible staining 
was observed in any other cells. These results are consistent 
with the inhibitory effect of avermectin on pharyngeal pumping 
by C. elegans and other nematodes, and with the proposed 
glutamatergic nature of the M3 motor neurone which innervates 
the pm4 cells.
This work was supported by a grant from  the W ellcom e Trust.

167 .11

EDGE DETECTION BY HONEYBEES: INTERACTION OF TEXTURE AND 
M OTION CUES. R. Kern. M. E gelhaaf* and M. V. Srinivasan. Centre for Visual 
Sciences, RSBS, Australian National University, PO Box 475, Canberra ACT 2601, 
Australia
When landing on objects, bees prefer to land at the edges. In principle, edges can be 
detected by various cues such as intensity differences, texture differences or - in the 
case of moving animals - velocity differences between object and background. In 
behavioural experiments, we investigated how edge detection depends on texture and 
motion cues in isolation and in combination with each other. In the setup, three types 
of edges (texture, motion, combined texture+motion) were presented simultaneously. 
During training, bees were rewarded successively in random order at all three edges. 
In tests (without reward), the number and direction of landings were recorded at 
each edge. Bees did not land equally often at all edges. Landings were less frequent 
at the edge defined by both texture and motion cues than at the edge defined by the 
texture cue alone. To investigate this unexpected result further, the strength of the 
motion cue was varied systematically by changing the height (h) of the object above 
the background. The frequency of landings on the edge defined by motion cues alone 
increased with increasing object height. Nonetheless, the number of landings on the 
edge defined by both cues decreased relative to the number of landings on the edge 
defined by the texture cue alone (h=lcm: 87%, h=2cm: 58%, h=5cm: 40%). In 
addition, the distribution of landing directions at the edge defined by both cues 
deviated increasingly from the distribution at the edge defined by the texture cue 
alone. These results show that texture and motion cues interfere with each other in 
the detection of edges. In contrast to the naive expectation that a combination of two 
visual cues enhances the detectability of an edge, motion and texture cues appear to 
oppose each other. We are presently investigating whether texture and motion cues 
are evaluated by a single mechanism or in parallel by separate mechanisms. 
(Supported by a DAAD grant to R. K.)

16 7 .8

SEROTONIN MODULATES DELAYED RECTIFIER-TYPE CURRENTS IN 
PROJECTION (OUTPUT) NEURONS OF THE AN TEN NA L LOBES OF THE 
SPHINX M OTH MANDUCA SEXTA. P . K loppenburg1*. A .R . M ercer1,2, and
J.G . H ildebrand1 1ARL Div. N eurobiol., Univ. Arizona, Tucson, AZ 85721; 
2Dept. Zool., Univ. Otago, Dunedin, New Zealand.

In the antennal (olfactory) lobes (AL) in the brain o f the sphinx moth, 
Manduca sexta, identified serotonergic neurons are well placed to influence the 
activity of projection (output) neurons that transfer information to higher-order 
centers in the protocerebrum  (Sun et al. J. Comp. Neurol. 338:5-16, 1993). 
Intracellular recordings from AL neurons in situ in the adult brain have shown that 
5HT increases cell excitability and broadens action potentials generated by these 
cells (Kloppenburg & Hildebrand, J. Exp. Biol. 198:603-611, 1995). Whole-cell 
patch- clamp recordings on AL neurons in prim ary culture have shown that three 
types of K+currents are modulated by 5HT (M ercer et al. J. Exp. Biol. 198:613-
627, 1995; M ercer et al., submitted). How ever, the identity o f cells showing 
m odulation by 5HT remained uncertain. W hole-cell and single-channel patch- 
clamp recordings with staining o f cells in semi-intact brain preparations and brain 
slices has enabled us to show that AL projection neurons exhibit modulation by 
5HT. Cells were stained via the recording electrode or via an electrode adjacent 
to the recording electrode. N a+ currents and Ca2+currents were blocked with 
tetrodotoxin ( l 0-8to 10-4 M) and cadmium (0 .5x10-3 to 3 x l0 -3 M ), respectively. A- 
type K + currents were blocked with 4-aminopyridine (5x10-3 to 10-2 M) or 
inactivated by steady-state voltage inactivation. 5HT (10-4 M) caused significant 
reduction o f delayed-rectifier-type K + currents in AL projection neurons. Single-
channel recordings revealed that 5HT reduces the opening probability o f delayed- 
rectifier-type K +channels. The effects o f 5HT on single-channel kinetics are 
currently under investigation. 5HT-modulation o f delayed-rectifier-type K+ 
currents is likely to contribute to broadening o f action potentials in AL 
interneurons o f the moth. [Supported by NIH grant AI-23253 to JGH .]

167 .10

D IF F E R E N T IA L  N E U R O T R A N S M IT T E R  R E L E A S E  BY 
M ECH A N O SEN SO RY  CELLS IN H IR U D O  M E D IC IN A L IS . M .S. 
T h o r o g o o d * , J. H yer. and P.D . B r o d f u e h r e r . D e p t. o f  B iology, 
Bryn M aw r C ollege, Bryn M aw r, PA 19010.

P h arm aco lo g ica l s tu d ie s  h av e  d e m o n s tra te d  a ro le  fo r L- 
g lu ta m a te  in the  leech  sw im  m o to r p ro g ra m . S p e c if ica lly , 
th e  m o n o sy n a p tic  c o n n e c tio n  f ro m  tr ig g e r  n e u ro n s  (ce ll 
T r l )  to g a tin g  n e u ro n s  (ce ll 20 4 ) w as e lim in a te d  in the  
p re se n c e  o f  sev era l no n -N M D A  a n ta g o n is ts ,  in c lu d in g  6,7- 
d in itro q u in o x a lin e -2 ,3 -d io n e  (D N Q X ). In th is  s tu d y , we 
m o n ito red  the e ffe c t o f  D N Q X  on m o n o sy n a p tic , e x c ita to ry  
c o n n e c tio n s  fro m  m e c h a n o s e n so ry , n o c ic e p t iv e  (N ) and 
p re s s u re -s e n s it iv e  (P ), c e lls  lo ca te d  in  th e  s u b e so p h a g e a l 
gan g lio n  (S ubE G ) and f irs t  seg m en tal g an g lio n  ( M l)  to cell 
T r l .  In the presence o f 10- 4 M D N Q X , ex c ita tio n  o f  cell T r l 
fo llow ing  stim u la tio n  o f P ce lls , bu t not N c e lls , in SubEG  
and M l w as e lim in a te d . In c o n tra s t,  th e  m o n o sy n a p tic  
c o n n ec tio n  from  both  P and N c e lls  to L c e lls  (seg m en ta l 
m otor neurons) was b locked  by 10- 4 M D N Q X  and 10- 5 M 6- 
c y a n o - 7 - n i t r o q u i n o x a l i n e - 2 ,3 - d i o n e  ( C N Q X )  in  a ll  
s e g m e n ta l g a n g lia  e x a m in e d . T h u s , o u r  r e s u l ts  e x te n d  
g lu tam ate 's  ro le  in the  a c tiv a tio n  o f  the  leech  sw im  m otor 
p rogram  to include P cell e x c ita tio n  o f  cell T r l ,  and suggest 
th a t the  n e u ro tran sm itte r  used  by  N c e lls  is n o t c o n s tan t 
a long the leech  ventral nerve cord . (N IN D S  G ran t N S 29509 
and a W hiteha ll F o u n d a tio n  G ran t) .

167 .12

DO PAM INE RECEPTO RS IN CU LTU RED ANTENNAL LO BE 
NEURONS OF TH E HONEY BEE A P IS  M E L L IF E R A .
B.S. Kirchhof* and A.R. M ercer. Department of Zoology and Centre for 
Neuroscience, University of Otago, Dunedin, New Zealand.

Recent evidence suggests that receptors with a pharmacological profile 
similar to the vertebrate D2 dopamine receptor are present in the brain of the 
honey bee and are expressed early in metamorphic adult development (Kokay 
and Mercer, 1995). The D2 dopamine receptor antagonist spiperone binds with 
high affinity to these receptor sites (Kokay and Mercer, 1995). We have used 
N-(p -aminophenethyl)spiperone (NAPS) coupled to the fluorophor 7- 
nitrobenz-2-oxa-l,3-diazole-4-yl (NBD) to visualize D2-like dopamine 
receptors in honey bee neurons maintained in vitro. Primary antenno-sensory 
centres of the brain, the antennal lobes, were removed from the brains of pupal 
bees at stage 4 of the 9 stages of metamorphic adult development. Following 
mechanical dissociation, antennal lobe neurons were placed in culture medium 
and maintained for 6 days in vitro. The fluorescent ligand (NAPS-NBD) did 
not bind to freshly dissociated cells or to 1 day old cultures, but the density of 
binding sites observed increased thereafter. Displacement studies were 
performed on neurons maintained for 6 days in culture. Cells were incubated 
for 2 hours in 120 nM NAPS-NBD at room temperature. The number of 
fluorescent binding sites recorded on the neurites of control cells incubated in 
NAPS-NBD alone, was compared with the number of sites recorded using 
NAPS-NBD in the presence of 1mM of one of the following: spiperone, 
dopamine (DA), dopamine plus 1% sodium metabisulphite (DA-SMB), 
tyramine (TYR), serotonin (5HT), or octopamine (OA). The fluorescent ligand 
was displaced significantly by spiperone (p <0.01), DA-SMB (p<0.01) and DA 
(p<0.05). No significant displacement was found with TYR, 5HT or OA. 
These results suggest that cultured honey bee antennal lobe neurons express 
dopamine receptors on their outgrowing neurites.
[Supported by ORG MFZB64-B72]
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R E S T O R A T IO N  O F N A D P H  D IA P H O R A S E  A C T IV IT Y  IN THE 
NERVO US SYSTEM  O F THE REG EN ER ATIN G  TENTACLE OF THE 
SNAIL. I R C. Cooke* and C.H. Faux. School of Biological and Chemical 
Sciences, Deakin University, G eelong, Vic 3217, Austra lia.

The tentacular nervous system  and the associated o lfactory regions of 
the bra in  of the  snail exhib it an extensive  and h igh ly  ch aracte ris tic  
pattern of distribution of NADPH d iaphorase activity (C ooke, Edwards & 
Anderson, 1994, Cell Tiss Res 277: 565-572). We have exam ined the 
restoration of this activity in the snail Helix aspersa during the process of 
te n ta cu la r re g en era tion  fo llo w in g  the  a m p uta tio n  of o ne  su pe rio r 
ten tac le . The m o rp ho log ica l and h is to ch e m ica l fe a tu re s  o f the  
regenerating and unopera ted  su pe rio r ten tac le s  and the  brain were 
exam ined u s in g  a co m b in a tio n  o f co n ve n tio n a l h is to lo g ica l and 
histochem ical techniques. A ll of the sensory structures of the tentacle 
regenerated w ith in  6-8 w eeks fo llow ing am putation. Specific  NADPH 
diaphorase activity w as evident in the regenerating ten tacu lar ganglion 
within 5 w eeks and the norm al pattern  o f NADPH d iaphorase activity 
was restored in the ten tacu lar ganglion and ten tacu lar nerve w ithin 6-7 
weeks. NADPH d iaphorase activity in the procerebra l lobe o f the  brain 
on the operated side o f the anim al increased substantia lly  during the 
first week follow ing am putation, declining to norm al levels over the next 
4-5 weeks. The characteristic  pattern of NADPH diaphorase activity in 
the procerebra l lobe w as re -estab lished on the opera ted  side o f the 
brain w ith in  6-8 weeks. These results suggest that the function of the 
tentacle could be re-established w ithin 6-8 w eeks follow ing am putation 
and that n itric oxide may play a role in m ediating the initial stages of the 
regeneration process, in add ition  to its p resum ed ro le  in o lfactory  
processing in the snail.

167.15

MORPHOLOGY OF INTERNEURONS IN THE SNAIL’S 
PROCEREBRUM. Ratté S. and Chase R.*, Dept. of Biology, McGill 
University, Montreal, Quebec, Canada.

The procerebrum (PC) is a specialized lobe of the cerebral ganglion 
consisting of a large number of small neurons (8 µ m) located laterally 
to a fine neuropile. Its position, at the base of the superior tentacle, 
suggests a role in olfactory processing. Delaney et al. (PNAS, 1994) 
recently reported that the intrinsic and spontaneous electrical 
oscillations of the PC are modified when the animal is presented with 
an olfactory stimulus. PC neurons of Helix aspersa were individually 
labelled by intracellular injections of biocytin. Light microscopic 
observations show that the PC neurons are of two types. Type I cells 
(75% of all fills) have long, fine processes extending into the central 
neuropil of the cerebral ganglion. Type II cells (25 %) have a process 
which branches extensively but stays localized in the PC neuropile. 
This type has numerous varicosities along its processes and at 
branching points. It is likely that type I cells carry output from the 
PC to the rest of the CNS, while type II cells participate in local 
interactions. These observations indicate a new output pathway in 
addition to that described earlier by Chase & Tolloczko (J. Comp. 
Neurol., 1989). The occurrence of two morphological types suggests 
a possible correspondence with the two physiological types described 
by Delaney et al.

1 67 .14

BIOCHEMICAL AND ELECTROPHYSIOLOGICAL ANALYSES USING 
NMDA, L-CYSTEINE AND OTHER GLUTMATE ANALOGUES REVEAL A 
NOVEL L-GLUTAMATE RECEPTOR IN THE OLFACTORY ORGAN OF THE 
SPINY LOBSTER. Michele F. Burgess* and Charles D. Derby. Dept. of Biology, 
Georgia State University, Atlanta 30303.

Electrophysiological and behavioral studies with odorants have led to the idea 
that olfactory discrimination is indicated by the absolute response magnitude 
(ARM) and across neuron pattern (ANP) produced across the population of 
olfactory receptor neurons (ORNs). Furthermore, binding studies with odorant 
ligands and olfactory membrane have revealed that olfactory stimuli interact with 
receptors having distinct but not necessarily exclusive binding specificities. 
Therefore, we have attempted to describe the structure-function of the 1-glutamate 
receptor and its involvement in peripheral olfactory processing of mixtures. We 
have previously shown in radioligand-binding assays that the 1-glutamate receptor 
in the olfactory organ of the spiny lobster has two affinity sites: a high-affinity site 
(Kd = 0.22 fM) and a low-affinity site (Kd = 5.3 µM). Inhibition of [3H]-L- 
glutamate binding by L-glutamate analogues and odorants suggests that NMDA 
(Kd = 3.7 fM & 31.1 µM) and 1-cysteine (Kd = 0.1 pM & 98.0 µM) can completely 
inhibit both sites, yet with poorer affinity than glutamate. Electrophysiological 
studies of ORNs either inhibited or excited by glutamate suggest that these ORNs 
exhibit differing ARMs and ANPs for glutamate vs. NMDA or 1-cysteine. We 
propose that these effects may be mediated by a disproportionate expression of 
glutamate receptors with different specificities and a differential link of these 
receptors with opposing transduction pathways. Currently, the ability of NMDA 
and 1-cysteine to antagonize the glutamate response when presented in binary 
mixtures is being investigated in order to elucidate the noncompetitive or 
competitive interactions of these ligands with glutamate transduction pathways. 
(Supported by NIH R01DC00312 & K04DC00002)

167 .16

MULTI-AND UNITARY ELECTRICAL ACTIVITY IN AN ISOLATED HEAD- 
HEART CRAYFISH REPARATION. J.Serrato1 , O.H. Hernandez2 , 
and F.Ramog3*. Depto.Fisiolog í a , Biof í sica y Neurociencias 
CINVESTAV, 2Fac.ciencias Qu í micoBiolí gicas, Univ. Autónoma 
de Campeche, & 3Div. Posgrado, Fac.Medicina, UNAM, M éxico. 
Extracellular electrodes on the crayfish brain record an 
electrical activity comprised of multiple spikes ranging 
from 5 to 50 uV amplitude on an almost flat baseline.
These characteristics are different from those of records 
from vertebrate brains, where the main feature are slow 
waves. The differences are not accounted for by the type 
of electrode used or the size of the brain (Bullock and 
Basar 1988).
To better study the electrical activity of the crayfish 
brain we developed a preparation where intra and extra-
cellular recordings can be obtained simultaneously. This 
was made by isolating the head together with the heart.
The pumping action of the heart maintains perfusion of the 
head during 5-6 hours, while all relevant brain structures 
are readily accessible for recording. All head reflexes 
are maintained.
Extracellular records show about 25% fewer spontaneous 
spikes than in preparations where the perioesophageal 
connectives are intact. Intracellular electrodes record 
action potentials, but we have not seen epsp's or ipsp's. 
Light-induced bursts from the optic lobes and spontaneous 
tonic discharges from the olfactory lobes are also clearly 
seen with both electrodes.

INVERTEBRATE SENSORY SYSTEMS II

.168.1
DO LARGE MONOPOLAR CELLS OF THE FLY ENCODE POLARIZED 
LIGHT INFORMATION COMING FROM PHOTORECEPTOR (R1-R6)?
S. Gagné* and S. Comtois. Computer Vision and Systems Laboratory, 
Elec. Engn Dept., University Laval, Quebec, Canada, G1K 7P4.

It is generally believed that polarized light detected by the fly photo
receptors (R1-R6) is not encoded by the large monopolar cells (LMCs) 
because the polarization sensitivity (PS) at the photoreceptor level is low 
(PS ≈ 2) and anyhow, the LMCs destroy this information by averaging 
the incoming signals. This point of view may not be true because in some 
conditions of polarized illumination, the photoreceptor electrical circuit 
(R1-R6) can be reduced to a simple Wheatstone bridge. In this case, only 
two out of the six terminal resistors (the photoreceptor parts feeding the 
LMCs) participate in the polarization information transmission. Conse
quently, the PS information can be selectively transmitted to the LMCs. 
As instance, a direct-current (DC) analysis shows a transmission factor of 
0.49 for polarized light transmission compare to a factor of 0.27 for non 
polarized light (Gagné and Comtois, 1995). However, a candidate code 
for the PS information is only revealed when looking at the alternating- 
current (AC) photoreceptor circuit. It is then realize that the voltage sensi
tive channels in the photoreceptor terminal parts can generate brief oscil
lations which are not easily recognize when not aware o f their presence. 
Gagné, S., Comtois, S. Intriguing conditions found in the circuitry of fly 
photoreceptors (R1-R6) related to polarized light Proc. 23rd Gӧttingen 
Neurobiol. Conf. p. 397,1995 Vbl.II..

Supported by NSERC o f Canada (Grant: OGP0009731).

1 6 8 .2

MEMBRANE RECYCLING AT PHOTORECEPTOR SYNAPSES OF THE  
TEMPERATURE-SENSITIVE DROSOPHILA MUTANT shibirets1. Stephen 
MacIntosh and I. A. Meinertzhagen*. Life Sciences Centre, Dalhousie University, 
Halifax, Nova Scotia, Canada B3H 4J1.
Drosophila carrying the shibire (shi) mutation enter reversible paralysis at non-
permissive temperatures (≥29°C). This paralysis results from mutation of the shi gene 
product which recent evidence indicates is a dynamin-like GTPase molecule involved in 
endocytosis. In the presence of the mutant gene product membrane recycling is arrested 
and synaptic vesicles become depleted, blocking transmission. We have examined shi 
action in the synaptic terminals o f photoreceptors, using flies exposed to dim red light 
to minimise the rate of exocytosis. EM cross sections of terminals exhibited depletion 
o f their synaptic vesicles in a timed series o f flies exposed to 29°C for ≤ 12 mins. 
Vesicles were partially depleted at 4 mins and almost entire lost by 12 mins; partial 
depletion was seen even after immediate fixation at 29°C. Vesicle counts follow a 
logarithmic regression with time, the slope of which intercepts vesicle counts for 
terminals at the permissive temperature (19°C) at about -7mins. This is the period 
attributed to the time taken for chemical fixation. The pathway by which exocytotic 
membrane is recovered was examined by returning flies to 19°C, after 12mins exposure 
at 29°C, from the sequence of changes amongst the terminals' other membranous 
organelles. These organdies include: the plasmalemma, collared pits (assumed to be 
endocytotic), tube-like structures (formed by inferred failure of endocytosed membrane 
to pinch off), dilations often associated with the latter, and two additional cell-specific 
invaginations, capitate projections (from surrounding glial cells) and inter-receptor 
invaginations. The surface areas o f all these organelles were measured over a timed 
series (≤12mins) at 29°C and upon subsequent recovery for ≤2h at 19°C. Total area 
shows no significant difference through the course of these treatments, but there is a 
relative increase in tube-like structures and dilations at 29°C, and a paradoxical increase 
in tube-like structures, that coincides with a reduction to control levels in the dilations, 
lh  after recovery. The plasmalemma surface area fails to change significantly during 
these treatments, while inter-receptor invaginations decrease on first exposure to 29°C 
and increase only in the second hour o f recovery. Supported by NIH grant EY-03592.
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DAY/NIGHT SIZE CHANGES IN LAMINA CELLS ARE INFLUENCED BY THE 
PERIOD GENE IN DROSOPHILA. E. Pyza* and I. A. Meinertzhagen. Life Sciences 
Centre, Dalhousie University, Halifax, Nova Scotia, Canada B3H 4J1.

In flies, the first optic neuropile, or lamina, exhibits structural changes between day 
and night that have a circadian basis. One of these is a change in the axon calibre of two 
cells, L 1 & L2, that lie at the axis of each module, or cartridge, o f the neuropile. These 
shrink by night, by an amount significant in the case of L2 and measurable by LM in 
the housefly, Musca. The changes are apparently modulated by wide-field lamina cells, 
in particular four neurons immunoreactive to pigment dispersing hormone (PDH). In 
Drosophila, PDH cells express the product of the period (per) gene, widely implicated in 
the control o f circadian rhythms, and are absent in the mutant disconnected (disco). To 
further our analysis of circadian rhythms in the lamina's structural changes, hitherto det-
ected only in the larger Musca, we have now sought comparable rhythms in Drosophila. 
The rhythms in this smaller fly, in mutants such as per and disco, would shed light on 
the cellular and molecular control of size changes in L1/L2. This required that we resort 
to measure the smaller L1/L2 cells with EM, using planimetric measurements of axon 
profiles in lamina tangential sections, to determine changes in axonal size. For the wild 
type, the cross-sectional area of both axon classes in the distal lamina is 19% larger in 
the night than the day of a ligh t:dark cycle, LD 12:12, and either 38% (L1) or 29% (L2) 
larger in the proximal lamina. Differences at both levels are significant Thus L1/L2 
both modulate their sizes, just as in Musca. The size changes almost certainly result 
from other more fundamental changes in the lamina, but it is not clear why they should 
be in the opposite direction from those in the larger fly; possibly they reflect an-atomical 
differences between the two species. The direction of the size change is in fact immaterial 
if it provides us with an anatomical measure of the lamina’s circadian state. Unlike the 
wild type, the mutant per0, which lacks circadian rhythms, fails to exhibit significant size 
changes in L1/L2 during the day and night, supporting the possibility that such size 
changes are under control of the same circadian system as other rhythms detected in 
Drosophila. We will present an examination of disco, indicating the role of the PDH 
cells in regulating the circadian state of the lamina. Supported by grants to I.A.M. (NIH 
EY-03592, NSERC A 0065) and to E P . (NSERC ISE IS-0136, HHMI 75195-543102).

IONIC CURRENTS IN PRIMARY SENSORY HAIR CELLS DISSOCIATED FROM THE 

STATOCYSTS OF CEPHALOPODS. a. Chrachri  and  R. Willingson  The Marine Biological 

Association of the UK, Citadel HilL Plymouth PL1 2PB, England  

Cephalopoda have a sophisticated statocyst-based balance system that enables them to detect their

balance system. To study the operation of this system, primary s e n s ory hair cells were dissociated 

from the sensory epithelium following enzymatic digestion with protease Ionic currents from these 

freshly dissociated primary hair cells were examined using whole-cell patch damp recording

Two outward currents could be distinguished. First, a  transistent outward current which was elicited 

by delivering depolarizing voltage steps from s holding potential o f -80 mV. This current was 

inactivated by holding the cells at a potential of -40 mV and was blocked completely by 4- 

aminopyndine (4-AP). This current is si milar to the molluacan A-current, IA. Second, an outward 

current with a s u stained time course and similar in characteristics to the previously described delayed 

rectifier, Ik-

Primary hair cells also showed two inward currents. First a fast 

blocked either by adding letrodotoxsi (TTX) to the bat h i ng solution or by substituting chotine for 

sodium in the external solution. implying that this is an inward sodium curre nt. 1na The second

inward current had a sustained time course a nd was affected neither by TTX nor by substaining 

choline for sodium. This current was substantially enhanced by adding Ba2+ to the bath or when 

equimolar Ba2+  replaced Ca2+ as the charge earner. Furthermore, this current was significant 

suppressed  by Nifedipine. Co2+ and Cd2+. These data indicate that this in an L-type Ca2+ curre nt, ICa

168 .5

FREQUENCY TUNING AND COMPLETE MORPHOLOGY OF 
AUDITORY RECEPTOR CELLS IN A BUSHCRICKET 
A. STUMPNER, N. ELSNER, E. SCHWAB*
Inst f. Zoologie I, Georg-August Univ., D-37073 Gottingen FRG 

A complex of sensory organs (subgenual organ, intermediate 
organ and crista acustica) is found in the foreleg of bushcrickets for 
reception of sound and vibration. A tonotopic organization in the 
crista acustica (e.g. BP Oldfield (1982) J Comp Physiol 147,461) 
and a tonotopy of central projections in the prothoracic ganglion (e.g. 
H Rӧmer (1983) Nature 306,60) of auditory receptor cells have been 
described earlier but have not been unequivocally linked together so 
far. The congruence of these two tonotopies is evidenced for the first 
time by this study. This was achieved by complete stainings of 
individual auditory receptors from their central branches to their soma 
in the fore tibia of the European bushcricket species Ancistrura 
nigrovittata (Phaneropteridae). This species has 36.4 ±1.6 (n=100) 
receptor cells in the crista acustica. The peak sensitivity of the whole 
tympanic organ at 20 to 25 kHz is represented by receptor cells 
which lie in the proximal half of the crista acustica (about 11th to 
15th cell). This result differs from those gained with different 
methods and in other species (BP Oldfield (1984) J Comp Physiol 
155,689; Y Lin et al (1993) J Exp Zool 267,377). Most sensitive 
receptors to male song frequency (around 15 kHz) and female 
response song frequency (around 28 kHz) lie in the range of cells 5 
to 8 and cells 17 to 21 respectively. Thus, nearly half of the auditory 
receptors apparently are tuned to those ultrasonic frequencies for 
which no behavioural relevance is known (like bat-avoidance, but 
this bushcricket has strongly reduced wings and is unable to fly).

16 8 .6

PERIPHERAL APPLICATION OF OCTOPAMINE AFFECTS THE 
RESPONSES AND PRESYNAPTIC INHIBITION OF AFFERENT NEURONES 
FROM A LOCUST PROPRIOCEPTOR. T . Matheson.* Dept. Zoology, Univ. 
Cambridge, Downing Street. Cambridge CB2 3EJ, England.

Superfusing the locust metathoracic femoral chordotonal organ (FeCO), a leg 
joint proprioceptor, with the neuromodulator octopamine affects the tonic 
component of the organ's response, but not the phasic component, and increases 
tonic presynaptic inhibition of the afferent terminals. Extracellular recordings 
were made from the FeCO nerve of Schistocerca gregaria while octopamine or the 
octopamine agonist synephrine were superfused around the FeCO. Both drugs 
increased the overall ionic firing rate of the FeCO, with a threshold of 10-6 mol l-1, 
but only at flexed femur-tibia angles. Octopamine ( l 0-6- l 0-4 mol l -1) had no effect 
on the phasic response to tibial movements. Intracellular recordings made from 
near the terminals of individual FeCO afferent neurones within the metathoracic 
ganglion allowed an analysis of both their spiking response and their presynaptic 
inputs. Application of octopamine (10-4 mol l-1) to the FeCO increased tonic firing 
of phaso-tonic afferents, but had little effect on their phasic responses. It also 
increased tonic presynaptic inhibitory inputs to the afferents by up to 30%, 
although there was no apparent effect on phasic inputs. Although the FeCO is not 
under direct neural control, its afference is clearly regulated both peripherally and 
centrally before it reaches postsynaptic targets. It remains to be determined if the 
increased presynaptic inhibition simply acts to counteract the increased afferent 
firing, or whether it has a more complex function.

Supported by a BBSRC grant to M. Burrows.

168 .7

GASTRODERM AL NEURONS AN D  SYNAPSES IN THE TENTACLES OF SEA 
ANEMONES. J .A . W e stfa ll*,K.L. Sayyar, J .K . Bone. D epartm ent o f A na tom y 
and Physio logy, Kansas S tate U n ivers ity , M a n hattan , KS 6 6 5 0 6 .

E lectrophysio logy reveals three separate co nd uctin g  system s in sea 
anemones; one (SS2) is inh ib ito ry  to  gastroderm al m uscles. The 
m orpholog ica l substra tes fo r the spontaneous SS2 pulses are u nkn ow n. In 
th is  s tudy w e iden tified  and characterized u ltra s tru c tu ra lly  tw o  type s o f 
neurons and fou r types o f synapses suggesting chem ical transm iss ion  of 
neural im pulses in the  ten tac le  gastroderm is o f the  sea anem one Calliactis 
parasitica . A  sensory cell w ith  a single cilium , an elongate  neck region and 
a basally located nucleus w ith  o pposite ly  d irected neurites conta in ing  8 5 -1 1 3  
nm d iam eter granular vesicles w as oriented perpendicular to  the  mesoglea. 
A  b ipolar-like ganglion cell had an e longate nucleus and opp os ite ly  directed 
neurites parallel to  the  mesoglea and aggregates o f 85-14 1  nm d iam eter 
granular vesicles. The sensory cell and ganglion cell neurites form ed part o f 
the  n arrow  gastroderm al nerve p lexus w here inte rneurona l, neurom uscular 
and neuroglandular synapses w ere found. Both one -w a y polarized and tw o - 
w a y nonpolarized inte rneurona l synapses w ere  present w ith  a m ixtu re  o f 51-
115 nm d iam eter clear and granular vesicles. Neurom uscular synapses had 
u n ifo rm ly  granular vesicles approx im ate ly  9 4  nm in d iam eter, whereas 
neuroglandular synapses conta ined s ligh tly  opaque 8 4  nm d iam eter vesicles 
a ttached to  the p resynaptic mem brane. The syn ap tic  m em brane com plexes 
w ere 1 66 -3 82  nm in length  and conta ined param em branous densities and 
transverse in tra c le ft filam ents. These resu lts provide  a m orpholog ica l 
substra te  fo r chem ical transm iss ion  o f s lo w  co nd uctin g  pulses in the  tentacle  
gastroderm is o f sea anemones (Supported by NSF gra n t IB N -9 1 2 0 1 6 1 ).

1 6 8 .8

CENTRAL PROJECTIONS OF LIP CHEMOSENSORY STRUCTURES IN 
HIRUDINID LEECHES VISUALIZED BY CARBOCYANINE DYES AND 
LASER CONFOCAL MICROSCOPY .L. Perruccio and A.L. Kleinhaus*. Dept. of 
Cell Biology & Anatomy, New York Medical College, Valhalla, N.Y. 10595

Chemoreception in Hirudo medicinalis is thought to be mediated by ciliated cells 
grouped in sensory structures, the sensilla, arranged in two bands on the animal's 
dorsal lip (Elliott, 1986). Electrophysiological experiments further suggest that the 
axons of these cells project centrally through all four pairs o f cephalic nerves. 
However, the complete trajectory by which the sensory afferents reach the cerebral 
ganglia has not been demonstrated anatomically.

In this study, we traced these pathways following retrograde and/or anterograde 
transport of carbocyanine dyes (Dil, DiA and DiD) in the cephalic nerves in Hirudo 
medicinalis and a closely related species, Macrobdella decora, for which 
information regarding chemoreception is scarce. Dyes were applied to the sensillar 
structures along the dorsal lip, or to the cut end of individual cephalic nerves in 
paraformaldehyde fixed preparations. Specimens were mounted between two 
coverslips and imaged with a Biorad MRC 1000/Nikon Optiphot-2 confocal 
microscope. Optical sections (2-5 pm) were collected throughout the depth of the 
preparation. The diameter o f the main trunk of each cephalic nerve as compiled 
from projections of an entire stack of sections was ~ 75- 95 pm. Numerous thin 
distal processes (diameter ~ 18 µm) with characteristic patterns curve ventrally from 
the sensilla and collect into major nerve trunks. Each cephalic nerve receives fibres 
from approximately 20 sensilla (225 µm x 85 µm) from a restricted area of the lip.

The neuroanatomical relationship of the dorsal sensilla and the pathway followed 
by specific nerves into the CNS appears to be very similar for the two species 
examined. Ongoing physiological experiments will determine whether the 
anatomical similarities convey similar chemoreceptive properties.
Supported by NIH grant # 5R01NS 18054-10 to ALK.
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ELECTRICAL CHARACTERIZATION OF ISOLATED 
MECHANOSENSORY NEURONS IN SPIDERS.
Ulli Hӧger and Ernst-August Seyfarth. Zoologisches Institut, J.W.
Goethe-Universitat, D-60054 Frankfurt am Main, Germany.

We measured the electrical properties of mechanosensory neurons 
in spider slit sensilla immediately after detachment from their 
cuticular substrate. Previous work had shown that each slit is 
innervated by a pair of neurons. In each pair, one neuron adapts very 
rapidly (producing only 1 spike at stimulus onset) and the other more 
slowly (generating spike bursts; Seyfarth & French 1994, J 
Neurophysiol 71:1422-1427).

1)The passive electrical properties of detached neurons (N = 15) 
were similar to intact, attached cells: mean resting potential Vm =
- 63.9 ±  12.6 (SD) mV; mean time constant r  =  2.1 ±  0.9 ms.

2) Responses to suprathreshold depolarizing current steps, 
however, differed in the detached neurons. None of the 15 cells gave 
bursts of action potentials, 6 neurons responded with 1 spike per 
stimulus (i.e. adapted rapidly), while the remaining 9 cells showed 
no active response at all although their resting potential was stable.

3) Detached neurons survived in primary culture for longer than 
14 days. Histological and electrophysiological measurements in such 
neurons will show whether membrane structures responsible for 
producing bursts of spikes are regenerated in culture and if slow 
adaptation is restored.

[Supported in part by the DFG, Se 367/2-1]

1 68 .10

TACTILE INTERNEURONS IN THE ABD O M IN AL G AN GLIA OF THE 
COCKROACH. A.J. Pollack and R. E. R itzm ann*. Departm ent o f Biology, 
Case W estern Reserve University, C leveland, OH 44106.

The cockroach escape system is now known to respond to a range of 
sensory modalities. W ith  th is finding, it is necessary to characterize relevant 
sensory pathways in addition to w ind. To that end, we have investigated 
the tactile  pathway. E arlie r we reported on the tactile  sensory maps of the 
thoracic interneurons that are invo lved in escape and characterized the 
re levant tactile  pathways from  the abdom inal cuticle to  the thoracic ganglia. 
W e are now attempting to characterize m any o f the tactile  sensitive 
interneurons that reside in abdom inal ganglia including those which project 
to the thoracic interneurons that are invo lved in escape.

The abdom inal interneurons represent a d iverse group. To date, we have 
characterized 11 tactile  sensitive abdom inal interneurons. Morphologically, 
all o f these cells were interganglionic. Their axons tended to reside 
contra lateral to  the soma (73%) and in tracts that include ventra l giant 
axons (4) or dorsal giant axons (2). Physio logically, 75% o f the cells 
showed a left-right bias fo r tactile  stim ulation. W e have tested 10 cells for 
connection w ith thoracic interneurons o f the escape circuit. O f these, 3 
showed evidence o f connection. However, only one o f those was ultim ately 
filled  with dye. This identified cell was unusual in that its axon and most of 
its dendritic branches were ipsilateral to  the soma. Its tactile  response was 
biased to the side on which its axon and dendrites were located. Cross 
sections revealed that its axon was located near those o f the ventra l giant 
interneurons. W ith  more exam ples o f connected cells, we should be able to 
define the ir properties with respect to the larger set o f tactile  sensitive 
abdom inal interneurons.

Supported by NIH grant NS17411.
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NEOCORTICAL NONPYRAMIDAL CELLS WITH COLUMNAR 
AXONAL ARBORS CONTAINING PEPTIDES. Y. Kawaguchi* 
and Y. Kubota. Lab. for Neural Circuits, Bio-M imetic Control 
Research Center, RIKEN, Rokuban, Atsuta, Nagoya 456 Japan.

In neocortex, some of GABAergic nonpyramidal cells express 
peptides and calcium-binding proteins. In this experiment, the 
morphological and physiological features of neocortical peptide- 
containing neurons were studied in slice preparations of frontal cortex 
of young rats by whole cell recording, intracellular staining of biocytin, 
and fluorescence immunohistochemistry for neuropeptides. We have 
found vasoactive intestinal polypeptide (VIP)- or somatostatin- 
containing neurons belonged to the physiological subgroups different 
from GABAergic fast-spiking cells or late-spiking cells (neurogliaform 
cells). Some of them showed bursting activity (two or more spikes on 
slow spikes) from hyperpolarized potentials (burst-spiking 
nonpyramidal cells (BSNP cells)). Low-threshold spikes (LTS) of 
longer duration were induced in some layer V somatostatin BSNP 
cells. These peptide cells had columnar axonal arbors which were 
immunoreactive for GABA at their terminals with symmetrical 
synapses, revealed by postembedding GABA immunohistochemistry. 
VIP cells included neurons with narrow axonal arbors descending from 
superficial layers (double bouquet cells), some of which also contained 
calretinin, whereas somatostatin cells did neurons with ascending 
axons from deeper layers to layer I (Martinotti cells), some of which 
also contained calbindin D28k. VIP cells also included small basket 
cells and arcade cells. These results suggest that neocortical columnar 
structures are controlled by physiologically and chemically distinct 
GABAergic cell subgroups containing peptides.

169.3

SYNAPTIC TARGETS OF PYRAMIDAL NEURON AXON COLLATERALS 
PROVIDING HORIZONTAL CONNECTIONS IN MONKEY PREFRONTAL 
CORTEX. D.S. Melchitzky*. S.R. Sesack, M.L. Pucak. and D.A. Lewis. Depts. of 
Psychiatry and Neuroscience, University of Pittsburgh, Pittsburgh, PA 15260.

In the superficial layers of monkey prefrontal cortex, the axon collaterals of pyramidal 
neurons spread for considerable distances horizontally and give rise to stripe-like 
clusters of axon terminals that form a lattice structure o f intrinsic circuitry (Levitt et al., 
J. Comp. Neurol., 1993). In order to determine the synaptic targets of these axon 
collaterals, injections of 10% biotinylated dextran amine (BDA) were placed into area 
9 of macaque monkey prefrontal cortex. Within the stripe regions o f the intrinsic lattice, 
anterogradely-labeled, BDA-containing axon terminals examined by electron 
microscopy formed exclusively asymmetric synapses. Over 90% of the postsynaptic 
structures were dendritic spines, and the majority of the remainder were dendritic shafts. 
Retrograde transport of BDA via axon collaterals produced extensive labeling of a small 
number of pyramidal neurons, including their distal dendrites and spines. Examination 
of areas of overlap of anterograde and retrograde label revealed several examples of 
BDA-labeled axon terminals forming asymmetric synapses with BDA-labeled spines. 
Similar observations were made in monkey posterior parietal cortex following injections 
of BDA into area 7a. These observations indicate that the dendritic spines of other 
pyramidal neurons are the principal target of lattice axons, and they suggest the 
presence of reciprocal connections between neurons located in different stripes of the 
intrinsic lattice. Together these findings are consistent with the hypothesis that lattice 
connectivity may support reverberating circuits among spatially-segregated but 
functionally related populations of pyramidal neurons.

1 69 .2

INTRINSIC CONNECTIONS IN MONKEY MOTOR CORTEX. T. Arikuni* 
and A. Yamashita. Dept. of Anat. Nihon Univ. Sch. of Med., Tokyo 173, Japan.

The intrinsic connections of the motor cortex were examined to understand 
better anatomical basis for the motor cortical functions of primates. Biocytin was 
iontophoretically injected into area 4b of the motor cortex of the adult Japanese 
monkey (Macaco fuscata). The axonal and dendritic arborizations of biocytin- 
labeled cells in area 4b were observed with a x 100 oil-immersion lens and traced 
with camera lucida.

We will report 4 types of neurons in the motor cortex of which axons ramify at 
a limited region neighboring the parent soma. A pyramidal cell in layer 3B 
emitted an axon medially from the base of the soma that travelled horizontally 
and medially within layer 3B for 810 µm. The main axon gave rise to many short 
collaterals at various angles, which go up or down, and a longer collateral headed 
downward for 210 pm. A spiny stellate cell in layer 5 sent out an axon laterally 
from the soma. The parent trunk of the axon travelled laterally for 130 pm and 
gave off many branches, forming axonal arbors in a region lateral to and over the 
soma. The ascending axonal branches from the parent trunk formed terminal 
arbors on the base of a basket cell located at 60 pm away from the soma of the 
spiny stellate cell. This basket cell also gave rise to a horizontally and laterally 
directed axon that extended for 120 µm. Axonal arbors of the basket cell were 
confined to a region lateral to the soma. An axon emerged from the soma of a 
bipolar cell in the upper part of layer 5. This axon extended horizontally and 
medially in layer 5 and provided with several short collaterals. Terminal boutons 
of the collaterals were seen to be distributed over the soma of morphologically 
unidentified cells at several places. The cortical cells whose axons run toward 
certain directions may be responsible for the skewed information processing within 
the cortical area by way of interconnecting limited subregions.

1 6 9 .4

REFINEMENT OF INTRINSIC CIRCUITRY IN MONKEY PREFRONTAL 
CORTEX DURING PUBERTY. T.-U. W oo* 1 ,M. L. Pucak1. T. M. 
Plant3, and D. A. Lewis1,2 Depts. of Psychiatry1, Neuroscience2 and Cell 
Biology and Physiology3, University of Pittsburgh, Pittsburgh, PA 15213.

Horizontally-projecting axon collaterals in the monkey prefrontal cortex 
arise from and terminate in the superficial cortical laminae in a discrete stripe-
like fashion, forming a lattice structure of intrinsic connectivity (Levitt et al., 
J. Comp. Neurol., 1993). Marked decreases in the density of axospinous 
synapses and dendritic spines during puberty suggest that prefrontal cortical 
circuitry is substantially refined during this period of development. In this 
study, we examined whether this refinement process is also reflected in the 
organization of the lattice structure of intrinsic axon collaterals. Iontophoretic 
injections of biotinylated dextran amine were made into the superficial layers 
of area 9 or 46 in four young adult and four pre-pubertal macaque monkeys. 
Tangential reconstructions of anterograde terminal labeling demonstrated that 
the stripes of the intrinsic lattice were clearly present in the juvenile animals, 
but that they were 30% larger in both length (p<.002) and width (p<.01) than 
in adults. To quantify the number of axonal boutons and branch points within 
the stripes, all the labelled axons in consistently-defined portions of layers I 
and III were reconstructed. These results revealed a 50% reduction in the 
density of both boutons (p<.000l) and branch points (p<.0001) during puberty 
in both layers. Our observations demonstrate that although the intrinsic 
horizontal circuitry of the prefrontal cortex is established prior to puberty, it 
undergoes extensive refinement before adulthood. These structural changes 
may be related to the maturation of cognitive abilites which occurs over this 
time period. Supported by MH45156 and HD08610.
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ORGANIZATION OF THE PALLIDOTHALAMOCORTICAL AND CERE- 
BELLOTHALAMOCORTICAL PATHWAY IN THE MONKEY: A multiple retro-
grade and anterograde labeling study. S.T. Sakai*. M. Inase & J. Tan ji. Dept. of 
Anatomy, Michigan State University, E. Lansing, MI, National Institute of 
Physiological Sciences, Okazaki, Japan, Dept. of Physiology, Tohoku University, 
Sendai, Japan & Electrotechnical Laboratory, Tsukuba, Japan.

The purpose of the present study was to determine the interrelationship between 
the thalamic afferents arising from the cerebellum (Cb) and the internal segment of 
the globus pallidus (GPi) with the neurons projecting to the primary motor cortex 
(MI) and to the supplementary motor area (SMA). We employed a multiple labeling 
paradigm combining fluorescent retrograde tracers with a double anterograde labeling 
technique. Multiple injections of a combination of the 2 dyes, 2% diamidino-yellow 
and 5% fast blue, were made into either the MI or SMA hand/arm representation as 
determined by intracortical microstimulation. In the same animal, 10% biotinylated 
dextran amine was injected into the GPi and 2.5% WGA-HRP was injected into the 
contralateral cerebellar nuclei. Analysis of the results revealed that the cerebellar and 
pallidal thalamic territories were largely separate. The ventral anterior nucleus (VA) 
and the ventral lateral nucleus pars oralis (VLo) contained a greater density of pallidal 
labeling while a greater density of cerebellar label was observed more caudally in the 
ventral posterior lateral nucleus pars oralis as well as in nucleus X. Moreover, we 
found the greatest coincidence of retrograde cell labeling within the pallidal thalamic 
territory following the SMA injections and within the cerebellar thalamic territory 
following the MI injections. However, interdigitating foci of pallidal and cerebellar 
label were also observed particularly in VLo and the ventral lateral nucleus pars cau- 
dalis (VLc). In both VLo and VLc, we additionally found congruence between the cer- 
ebellar labeling and SMA projection neurons as well as between pallidal labeling and 
MI projection neurons. These data suggest that while primarily MI receives inputs 
originating from Cb and SMA receives inputs originating from GPi, it also appears 
that MI and SMA receive secondary afferents arising from GPi and CB, respectively. 
(Supported by Japanese Ministry of Education, Culture & Science 06NP0101)

16 9 .7

P a r ie t a l  in p u t s  t o  p h y s io l o g ic a l l y  d e f in e d  r e g io n s  o f  d o r s a l  
p r e m o t o r  c o r t e x  in  m a c a q u e  m o n k e y . J. Tanné (1). D . Boussaoud* (1). N. 
Boyer-Zeller (1). V. Moret (2) and E.M. Rouiller (2). (1) INSERM U94, 69500 
Bron (France); (2) Univ. Fribourg, CH-1700 Fribourg (Suisse).

Dorsal premotor cortex (PMd) is known to play a major role in visually guided 
movements. Yet, the visual pathways to this area are still a matter of debate. This 
study was aimed at describing the relationship between the distribution of neuronal 
properties in PMd and the cortico-cortical connections of this area. For two among 
three animals, tracers injection sites were determined using single unit recordings 
and/or intracortical microstimulation. One of them has been trained to perform a 
visuomotor task. PMd was found to contain a visuomotor gradient, in the anterior 
part (PMda), neuronal activity is related to the visual stimulus onset ("sensory" 
zone); in the posterior part (PMdp), near PMd/MI border, neurons discharge 
predominantly in relation to movement execution ("motor" zone); in between, 
these two types of activity coexist with preparatory activity ("visuomotor" zone). 
Different retrograde tracers were injected in PMda and PMdp.

The results confirm that both PMda and PMdp receive projections from 
prefrontal (8A, 46, orbitofrontal), premotor (PMv and pre-SMA), cingulate (23 
and 24), and parietal areas (MIP, MDP, 7b and 7m). In addition, we found 
connections of both PMd regions with visual areas of the parietal lobe (VIP, LIP, 
PO, and 7a). There are nevertheless important differences in the cortico-cortical 
connections of the two PMd regions. PMdp receives stronger projections from 
motor (Ml and SMA) and somatosensory (3a, 3b, 5 and S2) cortex. By contrast, 
projections from prefrontal and, especially, from visual parietal areas tend to be 
stronger towards PMda than PMdp. The data suggest that to the distribution of 
neuronal properties within PMd corresponds a differential cortico-cortical 
connectivity. The present study shows that PMd may receive direct visual inputs 
from extrastriate visual areas of the parietal lobe, in addition to its inputs from 
polysensory areas.

16 9 .9

COLUMNAR AND NON-COLUMNAR ORGANIZATION OF CORTICO- 
CORTICAL FIBERS FROM  POSTERIOR PARIETAL CORTEX TO THE 
PRINCIPAL SULCUS AREA: AN ANTEROGRADE TRACING STUDY IN 
THE MONKEY. Lili-Naz Hazrati* and Patricia S. Goldman-Rakic. Yale School 
of Medecine, Section of Neuroanatomy, 333 Cedar Street, New haven, Connecticut, 
06510, U.S.A .

Long cortico-cortical fibers form well circumbscribed columns in their target sites 
in the cortex. We have employed the highly sensitive tracer, Phaseolus vulgaris- 
leucoagglutinin (PHA-L) to expose new aspects of the organization of the parieto- 
principal sulcus (PA-PS) pathway, and have found that parietal axons exhibit both 
columnar and  non-columnar modes o f arborization. Small single injections of 
PHA-L in different subdvisions of the posterior parietal cortex (PA) resulted in the 
labeling of one or two columns in different portions o f the principal sulcus, 
depending on the location of the injection site, as described in previous studies (for 
topographical organization of PA-PS pathway see Cavada and Goldman-Rakic, 
1989). The columns were 250-400 µm wide and extended from the white matter to 
the pia, and were composed of a multitude o f long, linear and moderately branched 
fibers. They were oriented perpendicular to the surface of the cortex, each single 
fiber coursing over all the cortical layers. These fibers bore large varicosities 
reminiscent of synaptic contacts on cells in cortical layers, particularly in the 
superficial layers (I-IV). In one or two other locations within the sulcus, a second 
meshwork of labeled fibers could be detected rostrally or caudally, but at some 
distance from the columns. These fibers were not constrained to narrow vertical 
zones but arborized diffusely in all directions, covering areas extending up to 
2500µm , across the width of many columns of cortical cells. These fibers were also 
rather long, varicose, sparsely branched and predominantly located in the deep 
layers (IV, V and VI). This study illustrates that cortico-cortical projections may 
have two modes of termination which has has not been appreciated before:-1) an 
ordered system of columnar projections, and -2) a divergent system which targets 
cells projecting to subcortical areas, such as the basal ganglia and thalamus. 
Supported by FCAR, Canada.

1 6 9 .6

THE ORGANIZATION OF THE MOTOR CORTICOPONTINE PROJECTION IN 
MONKEY. J.D. Schmahmann* and D.N. Pandya. Massachusetts General Hospital 
and Harvard Medical School, Boston, MA; ENRM Veterans Hospital, Bedford, MA.

The associative corticopontine system is comprised of multiple, segregated, 
but partially overlapping pathways distinguishable at each point in their trajectory 
from origin to termination. Is there similarly arranged topographic organization of 
the motor corticofugal fibers interspersed amongst the nuclei of the basilar pons? 
Precisely how do the motor (M l) and supplementary motor (SMA) corticopontine 
systems differ in their sites and extent of termination within the basilar pons? We 
injected tritiated amino acids into multiple subregions of rhesus monkey M l and 
SMA cortices and studied the fiber pathways and terminations in the basilar pons. 
Motor cortex topography was mapped physiologically prior to injection. The 
trajectories of the labeled fibers and the pontine termination patterns were different 
depending on the site of origin. Labeled fibers from M l were observed in the medial 
to intermediate zones of the corticofugal bundles interspersed within the basilar 
pontine gray. M l (face) fibers coursed medially, M l (hand) fibers in the mid-region, 
and M l (leg) fibers somewhat laterally but still within the intermediate zone. Ml 
(trunk) fibers were located in the medial and intermediate sectors. The SMA fibers 
were located medial to the M l fibers. Pontine term inations were most medially 
directed when derived from the SMA. M l (face) terminations tended to be medial, 
M l (hand) circumferentially situated, and M l (leg) terminations directed laterally. 
M l (trunk) terminations were preferentially situated in ventral pontine regions. These 
results indicate that each M l cortical area and the SMA are connected with a 
corresponding unique subset of neurons distributed within the pontine nuclei. Like 
the associative cortices, the motor corticopontine fibers and terminations appear to 
respect a parallel system of organization. These observations arc clinically relevant in 
that they help explain differential deficits seen following lesions of the basilar pons. 
(Supported in part by NIH grant 16841, the ENRM VA Hospital, Bedford, MA 01730, and the 
Milton Fund o f  Harvard University).

1 6 9 .8

FRONTAL PROJECTIONS OF A VISUAL AREA (V6A) OF THE SUPERIOR 
PARIETAL LOBULE IN MACAQUE MONKEY 
M. Matelli*†. G. Luppino†. M. D'Amelio† P. Fattori‡ and C. Galletti‡ 
† Istituto di Fisiologia Umana Universita' di Parma Via Gramsci 14 1-43100 Parma 
Italy; ‡ Istituto di Fisiologia Umana Universita' di Bologna, P.zza Porta S. 
Donato, 2,40127 Bologna, Italy.

The dorsal part of the anterior bank of the parieto-occipital sulcus (area V6A) 
contains neurons whose visual response is modulated by gaze direction as well as 
neurons that code visual space directly (real position cells). On the basis of its 
physiological properties, area V6A appears to be an area independent of the 
ventrally located area PO described by Colby el al. (JCN, 269:392-413,1988). The 
aim of the present study was to assess the frontal areas that are target of the spatial 
information coming from area V6A using neuronal tracers.

To this purpose multiple injections of WGA-HRP were made in area V6A in a 
macaque monkey. The results showed that V6A is strongly connected with areas 
MIP, PIP and 7m and with areas PO, 7a and MST. In the frontal lobe dense retro- 
anterograde labelling was observed in the caudal half of the posterior bank of the 
superior arcuate sulcus (lateral F2). Other frontal connections were found with the 
dorsal part of prefrontal area 46. The parieto-frontal projections of V6A from SPL 
were further analyzed by injections of fluorescent tracers in various parts of superior 
area 6 (F2 and F7 subdivisions). The lateral part of F7 mainly receives from area 
7m, whereas the lateral part of F2 mainly receives from V6A as well as from area 
MIP. Finally, the part of F2 located just lateral to the superior precentral dimple 
mainly receives from area MIP.

The present data indicate that, in addition to circuits that convey spatial 
information from inferior parietal lobule to inferior area 6, there are other parallel 
circuits that convey spatial information from SPL to superior area 6.
(Supported by a Grant from Human Frontier Science Program)

1 69 .10

NEUROCHEMICAL AND MORPHOLOGIC FEATURES OF PROJECTION 
NEURONS IN THE CINGULATE MOTOR AREAS OF THE MACAQUE

Res. Ctr for Neurobiol., Mount Sinai Sch. Med., New York, NY 10029; °Scripps Res. 
Inst., La Jolla, CA 92037.

The cingulate sulcus contains a number of somatotopically organized motor areas, 
referred to as the cingulate motor areas (CMA). One is located in area 24, and the other 
two in area 23. These areas differ neurochemically, most notably in their distributions 
of neurofilament protein-containing (NFP+) neurons. To determine whether the 
differences in cyloarchitecture between the anterior and posterior fields are reflected in 
neurochemical and/or morphologic differences at the cellular level, retrograde tracing 
was combined with immunocytochemistry and cell loading techniques. Following 
bilateral injections of dyes into the forelimb region of Ml in 5 macaque monkeys, the 
ipsi- and contralateral projections from the CMA to Ml were analyzed for their laminar 
distribution and content of NFP on a regional and laminar basis. Two major 
observations emerged from this study. First, the laminar origin of the projections 
differed in that anteriorly, ipsilaterally projecting neurons were predominantly located in 
layers V-VI, whereas posteriorly, they were found with equal or greater frequency in 
layers II-III. However, in both fields, layer V-VI projection neurons were more often 
NFP+ than layer II-III projection neurons (58% vs. 32%). Thus despite differences in 
the laminar distribution, the projections to M l originating in anterior and posterior 
CMAs did not differ in their NFP content. This suggests that for an individual cell, the 
probability of containing NFP may be determined by its laminar position. Secondly, 
morphologic studies indicated that although Ml-projecting neurons, especially in the 
deep layers, exhibit a wide variety of morphologic types, a consistent feature were the 
numerous large pyramidal neurons in deep layer III found to project to M l, either 
ipsilatcrally or contralaterally. Virtually all these neurons were intensely NFP+. These 
were encountered throughout both fields, but were infrequent in very anterior regions of 
the cingulate gyrus and in the other cingulate subareas, and their presence might 
represent a useful anatomic marker for these areas. Supported by NIH AG06647 and the 
Human Brain Project MHDA52154.
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SPIN A L C O R D  P R O JE C T IO N S  F R O M  T H E  C A U D A L  C IN G U L A T E  
M OTOR A R E AS . R.P. Dum * a nd  P .L . S tr ic k . R e se a rch  S e rv ice , V A M C  
and D epts. N e u ro su rg e ry  &  P hys io log y , S U N Y -H S C @ S yra cu se , NY 
13210.

In p rio r s tu d ie s , w e  d e m o n s tra te d  th a t a s u b s ta n tia l n u m b e r o f 
co rticosp ina l n e u ro n s  o rig in a te  fro m  th e  tw o  ca u d a l c in g u la te  m o to r 
areas (C M A d a nd  C M A v) th a t lie on  th e  d o rs a l a n d  v e n tra l b an ks  o f the  
cingulate su lcus o f m acaques. In th is  e xp e rim e n t, w e  u sed  a n te ro g ra d e  
transport o f W G A -H R P  to  e xa m in e  th e  p a tte rn  o f C M A d /C M A v 
te rm ina tion s  w ith in  ce rv ic a l s e g m e n ts  o f th e  sp in a l co rd . T ra c e r w a s  
injected into both  banks o f the  c in g u la te  s u lc u s  a t th e  ro s tro -c a u d a l leve l 
of the  s u p p le m e n ta ry  m o to r a re a  (S M A ). E ffe re n ts  te rm in a te d  d en se ly  
in 3 re g io n s  o f  th e  ce rv ic a l g ra y  m a tte r: 1) th e  m e d ia l p a rt o f lam ina  VI 
(ad jacent to  th e  b a se  o f  th e  d o rsa l co lu m n s ), 2 ) la te ra l p o rtio n s  o f 
lam inae V -V I, a nd  3) p o rtio n s  o f la m in a  V II. In te re s tin g ly , te rm in a tio n s  
were a lso  p re s e n t in p o rtio n s  o f  la m in a  IX w h e re  m o to n e u ro n s  tha t 
innerva te  m u s c le s  o f th e  han d  a nd  a rm  a re  lo ca te d . T h is  ra ise s  the  
p ossib ility  th a t so m e  c o rtic o s p in a l n e u ro n s  in th e  C M A d /C M A v  have 
direct inp u t to  fo re lim b  m o to n e u ro n s . T h e  p a tte rn  o f  C M A d /C M A v  
term inations w ith in  ce rv ica l s e g m e n ts  is in m a n y  re s p e c ts  s im ila r to  th a t 
of the prim ary m o to r co rtex a n d  S M A . T h u s , o u r f in d in g s  p ro v id e  fu rth e r 
support fo r  th e  c o n c e p t th a t c o rtic o s p in a l e ffe re n ts  fro m  the  
CM Ad/CM Av re p rese n t p ara lle l c h a n n e ls  fo r  m o to r o u tp u t. S up p ort: V A  
Rehab. R & D  a nd  U S P H S  2 4 3 2 8  (P LS).

169.13

The Connectivity o f  the Dorsal Sylvian O percular Area o f  the Monkey. P.B. 
Cipolloni*and D N . Pandya. EN RM  VA M ed Center, Bedford, MA. and 
Depts. o f Anat. and Neurol., B.U. Sch. o f  M ed., Boston, MA.

The upper bank o f  the Sylvian fissure contains sensorimotor, gustatory and 
vestibular areas. The connectivity o f  this region has not been precisely estab
lished. Using antero- and retrograde tracer techniques, we have reanalyzed the 
connectional organization o f  the Sylvian opercular areas. The rostral opercular 
region, including the gustatory area and area ProM  (PrCO), is connected with 
ventral somatosensory areas, including areas SI, SII, 1 and 2. In addition, it 
has connections with prefrontal areas 12 and 13, ventral parts o f  areas 46 and 
10, and the rostral insular cortex. The middle portion o f  the operculum, includ
ing areas SII, 1 and 2, is connected with the ventral p art o f  areas M I, SI, 6 and 
2 as well as with the rostral inferior parietal lobule (area 7b). This region is 
also connected to area ProM , the gustatory area and SII as well as the vestibu
lar area. Its other connections are with area  46 and with the dysgranular insula. 
The caudal part o f  the operculum  is connected with the mid portions o f  MI and 
SI, and with SII, ProM , the gustatory area, the dysgranular insula and the cau-
dal opercular region (PGop). This area  is also connected with the ventral pre-
motor area 6 and the rostral part o f  area 7b as well as area PEa o f  the superior 
parietal lobule. Finally, it also has connections with the ventral portion o f  area 
46, the dysgranular insula and M II. Thus, the dorsal opercular areas mainly 
project to the ventral sensorimotor, prem otor and parietal association areas as 
well as the ventral prefrontal, gustatory, vestibular and insular cortices. It 
seems that the opercular cortices m ay link the sensorimotor areas with the lim
bic, parietofrontal association and multimodal regions. In addition, these corti
ces tie the sensorimotor regions with gustatory and vestibular modalities.

169 .12

THE CORTICOSPINAL PROJECTION FROM  THE CINGULATE MOTOR 
CORTEX (M3 OR AREA 24c) TO THE CERVICAL ENLARGEMENT IN 
RHESUS MONKEY. R.J. Morecraft*. J. Keifer and D.J. Saoi. Dept. of Anatomy 
and Structural Biology, Univ. of South Dakota, Vermillion, SD 57069

Recent studies have demonstrated the existence of widespread corticospinal 
projections from several motor areas in the frontal lobe and adjacent cingulate sulcus. 
This suggests that cortical influence on spinal mechanisms is more global and diverse 
than originally thought. Although a great deal is known about the origin of 
corticospinal axons and the functional properties of the areas from which they 
originate, little is known about the terminal distribution of the corticospinal projection.

The corticospinal projection from the cingulate motor cortex (M3 or area 24c) was 
examined in 3 rhesus monkeys receiving injections o f tritium or biotinylated dextran 
amine into various subsectors of M3. Fibers reaching the cervical enlargement of the 
spinal cord emerged from mid-levels of M3, entered the corona radiata, descended in 
the internal capsule then continued in the cerebral peduncle. In the medulla, the 
majority of fibers crossed the midline in the pyramidal decussation and migrated into 
the lateral corticospinal tract. A few axons were noted in the ipsilateral anterior and 
lateral corticospinal tract. In the cervical enlargement, terminal label was found in the 
lateral parts of laminae V and VI. A dense distribution o f terminal varicosities 
occurred on the reticulated marginal border of these laminae, which extends from the 
traditional gray matter border into the white matter substance. A few terminals were 
found in the lateral part of laminae IV, VII and IX. It is suggested that the 
corticospinal projection from M3 is unique since M3 receives direct input from the 
prefrontal cortex, limbic lobe and amygdala and the selective topography of its 
corticospinal projection stands in marked contrast to all currently reported projections 
which are characterized by their widespread terminal distribution. The positioning of 
dense terminals in laminae where the majority of neurons are propriospinal indicate 
that cortical limbic afferents may influence spinal circuitry regulating limb movements. 
(Support: USDSM Faculty Development Award)

1 69 .14

IMMUNOCYTOCHEMICAL STAINING OF CALBINDIN IN THE INSULAR 
LOBE OF THE RHESUS MONKEY: A LIGHT MICROSCOPIC STUDY. J.R. 
Augustine*, F. Mascagni and J. Tigges. Department of Cell Biology and 
Neuroscience, University of South Carolina School o f Medicine, Columbia, SC 29208 
and Yerkes Regional Primate Research Center and Department o f Anatomy and Cell 
Biology, Emory University, Atlanta, GA 30322.

As part of our continuing studies o f the chemical neuroanatomy of the insular lobe 
in primates, we investigated the laminar distribution and structural characteristics of 
calbindin-immunostained elements in the rhesus monkey’s insula at the light 
microscopic level. Little is known about the cell classes or distribution of local 
circuit insular neurons that contain calcium-binding proteins. The brains from five 
rhesus monkeys, perfused with 4% paraformaldehyde and 0.1% glutaraldehyde in 0.1 
M phosphate buffer, were removed, cryoprotected, frozen, and sectioned. Free-
floating sections were processed using an antibody to the calcium-binding protein 
calbindin (Cb) at a 1:2000 concentration. The distribution of Cb immunostaining was 
correlated with laminar and gray/white matter boundaries on the basis of cresyl violet 
counterstaining. Light microscopic analysis o f  the insular cortex revealed moderate 
to intense Cb-immunostained neurons throughout most cortical layers and at all 
rostral-caudal levels of the insula. There was a distinct labeled superficial band 
involving neurons in layer II and the superficial part o f layer III as well as a deeper 
band primarily in layer V. A network of fine Cb-positive processes was evident in 
the neuropil including vertically oriented processes. Labeled neurons in the 
superficial layers were 10-15 µm in major transverse diameter, round or pear-shaped 
with one or two fine, short processes. Labeled neurons in the deeper layers were 
larger in major transverse diameter and had more prominent and extensive processes. 
These Cb-immunostained insular neurons are considered intrinsic cortical elements 
probably involved in the inhibitory circuitry of the primate insular cortex. (Supported 
in part by NIH grant RR-00165 to Yerkes Regional Primate Research Center.)

BASAL GANGLIA: NEURON ACTIVITY DURING BEHAVIOR

170.1

CEREBELLAR AN D  PALLID AL A C T IV IT Y  D U R IN G  IN S TR U C T ED  DELAY 
PERIODS. H. M ush iake  and P.L. S trick*. R esearch  S erv ice , VAM C  and 
Depts. o f N eurosurgery  & Physio logy, S U N Y -H S C @ S yracuse , NY  13210 

We recorded the activity o f single neurons in the  g lo b us pallidus (GP) and 
dentate n ucleus (DN) w hile  m o nkeys perfo rm ed  se quentia l poin ting  
movements u nd er tw o  ta sk  co nd itions. Each m onkey faced  a panel w ith 5 
touch pads and s tarted  the  ta sk  w ith  h is hand  on a hold  key in fro n t o f him. 
In the R em em bered S equence  T a sk  (R EM  task), LED s o ve r 3  touch  pads 
were illum inated in a pseu do -ran d om  se qu en ce  as an instruction  to the 
monkey. A fte r an instructed  d e lay period , an a ud ito ry  'G o ' s igna l to ld  the 
monkey to re lease the  hold key and p re ss  the  touch  pads according  to the 
instructed sequence . In the  T ra ck ing  Task, the  m o nkey w as required to 
press 3 touch pad s  im m ed ia te ly  a fte r the  LED  o ve r each  o f them  was 
illuminated. W e recorded from  236 G P  a nd  172 DN n eu ro ns th a t d isp layed 
changes in activity related to these tasks. Approxim ate ly 15%  o f these  task- 
related neurons w e re  "l-re la ted ", th a t is, the y  d isp laye d  changes in activity 
during the instructed  d e la y perio d  (GP: 31/236 ; DN: 27/172). For 
approximately one third o f the l-related neurons in GP and o ne  q ua rte r o f the 
l-related neurons in DN, activity during the instructed d e la y period  depended  
on the sequence  the  anim a l w as p reparing  to p e rfo rm . l-re la ted  neurons 
tended to be loca ted  in d orsom e d ia l reg ions o f G P  and  ve n tra l reg ions o f 
DN. These regions o f G P  and DN pro ject to  p re m oto r areas concerned  with 
motor preparation, and to  p re fron ta l a reas invo lved  in w orking  m em ory. 
Thus, GP and DN a ctiv ity  durin g  instructed  d e la y perio d s co u ld  partic ipate  
in higher o rd er m otor a nd /or co g n itive  fun c tion s . S upported  by the VA 
Medical Research S erv ice  (PLS).

17 0 .2

NEURAL ACTIVITY IN THE GLOBUS PALLIDUS OF THE MONKEY 
DURING MOTOR SEQUENCING. J.A. Buford*.1 A. Sawczuk.2 and M.E. 
Anderson,1,3  Depts. of Rehab. Med.1, Oral Biol.2, and Physiol. & Biophys.3, 
Regional Primate Research Center, Univ. of Washington, Seattle, WA 98195

For overlearned motor sequences identified by a sequential precue and 
performed from memory, neural activity specific to the step or context of the 
sequence has been demonstrated in SMA (Mushiake, Tanji), caudal GP (Mushiake,
Strick), and caudate (Kermadi et al ). Hikosaka's muscimol injections indicated that 
rostral striatum was important for newly learned and well learned sequences, while 
rostral pallidal injections impaired only new sequences and putamen injections 
impaired only well-learned sequences (caudal GP was not tested).

Our task required short-term learning and retention of motor sequences. As 
activity was recorded from arm-related cells in caudal GPe and GPi, monkeys made 
sequential arm movements under three conditions, each requiring a return to home 
and a waiting period between each step. In the RANdom condition, sequences 
included 2 or 3 moves from home out to one of 8 targets and back, with targets 
visually cued for each step and the sequence varying from trial to trial. In the 
FIXED task, a given sequence was presented for 10-20 trials in a row. Then, in the 
ALL task, targets in the sequence were illuminated throughout the trial and the 
monkey had to contact them in the proper order. Most GP cells sampled had 
different activity in ALL than in RAN or FIXED, but this activity was rarely 
specific to the step or context of the sequence. Rather, activity reflected the internal 
guidance needed in ALL vs. the external guidance available for RAN and FIXED. 
Current experiments are designed to determine if, for overlearned or sequentially 
precued sequences, GP neurons will show sequence specific activity that fails to 
emerge for similarly composed sequences performed under our original paradigm.

Supported by NIH NS15017, RR00166, K08 NS01767, and K08 NS01650.
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170 .3

NEURONAL ACTIVITY IN THE PALLIDUM OF THE CAT RELATED 
TO CONDITIONED VISUAL STIMULI IN A SEQUENTIAL 
MOVEMENT TASK. R.C. Meyer*, J.F. Thompson, S. Gilman, and J.W 
Aldridge. Dept. of Neurology, Univ. of Michigan, 1103 E. Huron, Ann 
Arbor, MI 48104.

We investigated the functional role of the globus pallidus (GP) in a 
visually-guided, sequential movement task. Neuronal recordings from the GP 
were conducted in cats trained to perform repeated trials of a sequence of 3 
forelimb reaching movements. A trial was initiated by the presentation of a 
WARNING stimulus (WS). Each movement in the sequence was triggered by 
a GO stimulus (GS). The interval between each movement and the next GS 
varied between 500 to 1250 msec. A computer controlled the behavioral task 
and stored neuronal data. The data consist of 40 GP neurons. Most neurons 
had changes in activity correlated with visual cue presentation (30/40, 75%). 
Of these, all (100%) showed changes in activity in response to the WS. A 
smaller proportion showed responses to the first GS (6.7%), or both the WS 
and first GS (13.3%). Activity changes were predominantly excitatory (90% 
of sample). Neurons responding to the WS typically showed a strong 
excitation lasting from 100 to 250 msec. Changes in firing rate were usually 
much greater in response to the WS than to the GS. These data suggest that 
the GP may play a role in the processing of stimuli that trigger conditioned 
sensorimotor actions. Pallidal neurons were more responsive to cues that 
signaled the onset of a sequence than to components within a sequence. 
Support: NIH grant NS 19613.

1 7 0 .4

THE RELATIONSHIPS OF MONKEY NEOSTRIATAL NEURONAL ACTIVITY 
TO TASK EVENTS CHANGE WITH THE MODALITY OF SENSORY GO-CUES. 
R.J. Nelson* and M.A. Lebedev. Dept. of Anatomy and Neurobiology, College of 
Medicine, University of Tennessee, Memphis, 875 Monroe Ave., Memphis, TN 38163.

Neostriatal neurons have been shown to change the relationship of their activity to 
sensory cues and impending movements when behavioral task requirements are 
changed. We sought to determine if cue- and movement-related neurons maintained 
their relationships to these task events when the modality of go-cues triggering the same 
movement was randomly varied within blocks of trials. Neostriatal neurons were 
recorded extracellularly from two monkeys that made ballistic wrist flexions and 
extensions in response to palmar vibration (27, 57, or 127 Hz) or LED illumination that 
served as go-cues. The paradigm met NIH animal utilization guidelines. Correlation 
analyses were conducted to determine if single trial activity patterns of 103 neurons (74 
with forelimb receptive fields [RFs]) were aligned with movement or go-cue onsets. 
Records were analyzed to test if movement- and cue-related activities varied with 
movement direction or go-cue type. 

All RF neurons exhibited activity changes be- Visual Cue
tween go-cue and movement onsets. However, the 
activity of the majority was not clearly related to either
task event. Instances of clear correlation with go-cues 
and movement onsets were observed, but were not 
necessarily consistent across trial type. Rather, the 
relationship of clearly correlated neuronal activity to 
task events sometimes "switched" as a function of go- 
cue type.

These data suggest that the activity of neostriatal 
neurons with RFs does not strictly represent sensory 
inputs but rather that these signals may be integrated 
with other inputs to facilitate changes in activity that 
themselves depend upon the conditions of the 
behavioral task. Supported by NIH Gr NS26473

Cue 6 1 3 14 24

Move 4 5 1 8 18

Both 1 0 0 0 1
None 12 13 6 71 102

23 19 10 93 145

Number of cases of activity related 
to task events for two types of go- 
cues. Cases depicts data for one 
movement direction for one neuron.

1 70 .5

AN EFFICIENT DATA MANAGEMENT AND DATA ANALYSIS SYSTEM FOR 
MULTICHANNEL SPIKE TRAIN RECORDINGS: APPLICATION TO CORTICO- 
STRIATAL ACTIVITY .D.J. Woodward* and A.B. Kirillov. Department of Physiology 
& Pharmacology. Bowman Gray School of Medicine, Winston-Salem, NC 27157, and 
Biographies, Inc., Winston-Salem, NC 27104.

For years experiments which have involved recording from single neurons serially 
have required substantial fraction of effort to analyze data. Recent introduction of 
multichannel (20-100 channels) recording systems and rapid accumulation of data 
may require an investigator to spend most of his/her time handling and analyzing data. 
Our experience with managing the dataflow generated by multichannel acquisition 
system s doing chronic recordings from basal ganglia in complex behavioral 
experiments shows that several crucial components are needed to increase the 
efficiency of data handling. First, new spike train analysis programs should allow 
flexible data sorting and very fast analysis of multiple spike trains. An example of 
such a program is the Stranger package developed at Biographics, Inc. (Winston- 
Salem, NC). Second, when analyzing the ensemble neuronal activity true multivariate 
statistical methods (discriminant analysis, factor analysis, principal component 
analysis, etc.) should be used to characterize the “ inform ation coding” at the 
population level and should precede and complement traditional pairwise correlation 
analysis. Third, the first two components should be integrated with a database 
structure which contains experimental data and analysis results together with a digital 
brain atlas and which organizes information from different animals, across days and 
between experimental conditions. Linking the database to the analysis and graphical 
software is critical to time compression of analysis of such data. This synthesis creates 
an opportunity to convert to fundam entally new experim ental approaches by 
integrating the results of physiological experiments with anatomical data.
Supported by DA2338. Poster is available on WWW server http://biogfx.bgsm.wfu.edu/

1 7 0 .6

HOW ARE BEHAVIORAL EVENTS ENCODED BY SINGLE NEURONS AND 
NEURAL ENSEMBLES IN THE STRIATUM? M.G. Laubach*. A.B. Kirillov, and 
D.J. Woodward. Department of Physiology & Pharmacology, Bowman Gray School of 
Medicine, Wake Forest University, Winston-Salem, NC 27157 

The goal of this study was to examine how behavioral events are associated with 
spatiotemporal patterns of neural activity in the striatum. The spike activities of multiple 
single-units were recorded in relation to a sequence of five behavioral events in a 
reaction-lime task. Encoding was defined as the accuracy of recognition of the animal's 
behavior based on the observed patterns of spike activity for single neurons and neuronal 
ensembles. Information theoretical analyses of spike counts in relation to the different 
behaviors showed that most neurons transmitted information sufficient for the recognition 
of at least one behavior in the task. The number of spikes fired by a neuron during a given 
behavior varied from trial to trial and this noise was inversely proportional to the degree 
to which the neuron fired bursts of spikes. Spike counts were similar during several 
behaviors and this equivocation was reduced when temporal modulations in firing rate 
were quantified with principle components analysis. The ability of the neurons to encode 
information about the behavioral events was tested directly using classification trees 
(CART). For most neurons, the accuracy of classification was dependent on the 
occurrence of bursts of spikes on single trials. For most neurons, classifications based on 
the principle components were better than those based on spike counts. Whereas 
individual neurons classified only some of the behaviors in the task better than was 
expected by chance, the concurrent activity of the ensemble classified the entire task 
sequence correctly (>90%). These statistical procedures establish a quantitative 
framework for examining how more complex sensorimotor and cognitive events are 
represented in the basal ganglia. Supported by DA 02338 to DJW and AA 05396 to 
MGL. Poster available on W.W.W. server: http://biogfx.bgsm.wfu.edu.

170 .7

BEHAVIORAL-RELATED NEURONAL ACTIVITY IN STRIATUM. V.T. 
SHUVAEV, V.I. SHEFER, I.U. KOLESNICOVA, M.I.TALAN*. Pavlov 
Institute of Physiology of Russian Academy of Science, 
St. Petersburg, Russia.

Single-unit activity was recorded from prefrontal cortex 
and the head of the caudate nucleus in monkeys and dogs, 
while the animals were performing a spatial delayed- 
response task and Pavlovian conditioned reflex of the II-d 
order. According to our hypothesis the information about 
internal and environmental signals, motivation-emotional 
state of an organism and previous experience is arriving to 
caudate nucleus as impulse .activity from spatially and 
functionally distinct cortical areas and virtually all 
subcortical structures. Entering in the caudate nucleus it 
transforms activities of its neurons into a new state. This 
state of neurons is characteristic of both the caudate 
nucleus as a whole and each separate part of its network. 
Discrepancy among performed behavioral program, results of 
feedback afferentation, and preceding experience forms the 
command impulsation of caudate nucleus efferents. If 
discrepancies are significant the formed command 
impulsation changes or mediates the command vector incoming 
from the cortex. The preeminence of processes of 
information segregation and information convergence at 
striatal level can be determined by evolution of animal 
species. According to our data, in dogs the majority of 
recorded units manifested reactions which are 
characteristic for homogenous nervous network. In primates 
there were recorded neurons with specific reactions which 
are more characteristic for cell responses involved in 
activity of special circuits.

17 0 .8

PED UN CU LO PO N TIN E TEG M EN TA L NUCLEU S- A SINGLE 
CELL RECORDING DURING ACTIVE ARM  M OVEM ENT IN 
M ONKEYS. M. M atsumura*. K . W atanabe and C. O hye. D ept.of 
Neurosurgery, G unm a Univ. Sch. o f M ed., M aebashi, 371, and 
Chuo G unm a Neurosurg. H osp., Takasaki, G unm a, 370, JAPAN 

Anatomical studies revealed dense connections between the 
pedunculopontine tegmental nucleus (PPN) and the basal ganglia in 
primates (Lavoie B and Parent A, J Com p Neurol 344:210- 
231,1994). This suggests that the PPN  plays a role in a motor 
behavior in conjunction with the basal ganglia, how ever, the 
neuronal activity in behaving animals has rarely been reported. We 
have recorded the extracellular activities o f single neurons in the 
PPN area in monkeys (macaca fuscata) trained to manipulate a lever 
with each hand.

Spontaneous firing o f  the PPN  neurons revealed tw o types, that 
is, one with a wide depolarizing spike and one with a narrow 
(regular) depolarizing spike. Activities related to the task included 
increase in lever release, decrease in lever release, and none. 
Activity related to the arm m ovements often occurred while the 
animal was manipulating the lever either ipsilateral and contralateral 
hand to the side of the recording neurons.

This study suggests that PPN  in monkeys is not a homogenous 
structure but contains some types o f neurons. PPN may contribute 
to initiate porposeful arm movements o f either ipsilateral and 
contralateral side to the neuron by modulating the activities of its 
target structures.
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171.1
Differential sensitivity of high and low amplitude human H- 
reflexes to low frequency depression. M.K. Floeter*, A.F. Kohn. 
and M. Hallett. NINDS, NIH, Bethesda MD and Dept. Elect.
Eng., Univ. Sao Paolo, S.P. Brazil.

Transmission in the spinal stretch reflex arc is influenced by 
its recent history of activation. Low frequency depression is the 
decline in reflex amplitude with repeated activation at intervals of 
1-10 sec. The human H-reflex, an electrically evoked homologue 
of the stretch reflex, also displays low frequency depression. We 
noted that small H-reflexes, evoked by low stimulus intensities, 
seemed more susceptible to depression than larger reflexes.
Studies were performed on healthy volunteers using surface 
soleus EMG recording and tibial nerve stimulation. Depression 
was elicited with 1 Hz trains of 10 stimuli beginning from initial 
reflex amplitudes of 20% ("small") or 50% ("large") of the 
maximal muscle response (Mmax), and 8-12 trials were averaged. 
The amplitude of small reflexes declined to a plateau of about 5% 
Mmax. Large reflexes declined only to a plateau of about 20-30% 
Mmax. Using trains of 10 pulses at a stimulus intensity that 
evoked small reflexes, immediately followed by a train at the 
higher intensity that evoked large reflexes, depression of large 
reflexes nearly disappeared, suggesting that only the contribution 
from small reflexes is susceptible to depression.

171.2
THE EFFECTS OF AUDIOGENIC STARTLE FACILITATION ON THE 
INHIBITORY 1A AND 1B INTERNEURONS IN HUMANS. L.E. Tremblay*. Univ. 
of Ottawa, Canada and P.J. Delwaide, Univ. of Luik, Belgium.

The effect of the audiogenic startle facilitation (ASF) reaction to unexpected auditory 
stimulation was studied on the soleus H-Reflex in 26 healthy subjects aged 41.8 ± 16 
years (12 men and 14 women). The present study was undertaken to investigate the 
effects of ASF on la inhibitory spinal intemeurons (reciprocal la IN) and non-reciprocal 
inhibitory interneurons (lb  IN). The ASF was evoked by a binaural conditioning test 
(1000 HZ, 100 db tone, 30 ms duration) on the soleus H-reflex. The facilitation curve 
was recorded from 0 to 250 ms with interstimuli interval delays every 25 ms. The effect 
of the ASF on the la IN was elicited in the same way as for the soleus H-reflex protocol, 
but was preceeded by a subthreshold electrical stimulation on the common peroneal 
nerve (2 to 0 ms). The effect of ASF on lb IN was elicited in the conditioned soleus H- 
reflex by a subthreshold gastrocnemius medialis nerve stimulation of 6 ms before the 
soleus H-reflex (Pierrot Deseilligny et al. 1981). The maximal effect of ASF at 75, 100, 
125 and 150 ms interstimulus interval delays was respectively 190 ± 12, 213 ± 14,
182 ± 9 and 178 ± 12 expressed in % of H-reflex control (P < 0.0001). The mean of 1 a 
IN at these delays at rest, was 6.3% ± 3 (P < 0.05) and 17% ± 5, 30% ± 7, 26% ± 4 and 
18% ± 6 (P < 0.005) facilitated by the ASF. The non-reciprocal inhibition (lb  IN) at 
rest presented a mean of 13.5% ± 3 (P < 0.001). In this case, this inhibition was reduced 
by 55% ± 10, 85% ± 11 and 26% ± 8 (P < 0.05) for delays of 75, 100, 125 ms of ASF 
curve. The ASF does not depend on the motor cortex but rather relies on activation of 
subcortical circuits involving the nucleus reticularis pontis caudalis (NRPC). This 
nucleus represents the last supraspinal relay, while the reticulospinal tract represents the 
descending pathway. The NRPC modifies the activity of la and lb IN. With regard to 
animal studies the NRPC facilitates the la IN directly and probably the non-reciprocal 
lb IN indirectly via the la IN itself at the spinal level.
This work was supported by NATO grant.

171.3
RENSHAW CELL RESPONSES TO INTRA-ARTERIAL INJECTION OF 
MUSCLE METABOLITES INTO CAT CALF MUSCLES. U. Windhorst*, D. 
Kirmayer and J. Meyer-Lohmann. Dept. Clin. Neurosciences, Faculty of Medicine, 
Univ. of Calgary, Calgary, Alberta T2N 4N1

During ongoing, fatiguing skeletal muscle contractions, metabolites are released 
into the interstitium. Some of these metabolites are known to excite group III-
IV muscle afferents, and the latter’s activation has been held partially responsible 
for a reduction of skeleto-motoneuron firing rates during fatigue. The interneurons 
possibly mediating this inhibition may comprise a non-uniform group, one 
candidate being spinal Renshaw cells (Hayward et al., J. Neurophysiol. 65:360- 
370). We therefore studied, in acute cat preparations, effects on Renshaw cells of 
small-diameter muscle afferents excited by intra-arterially injected metabolites.

In decerebrate cats, lumbosacral Renshaw cells were extracellularly recorded. 
Small catheters were inserted into side branches of the sural artery and the 
accompanying vein to apply substances like lactic acid, bradykinin, serotonin and 
KCl to the calf muscles. Concentrations were in the range of those used by other 
workers who have studied effects on muscle afferents, α - and γ-motoneurons. 
Renshaw cell spontaneous discharge and responses to antidromic, 0.5 Hz motor 
axon stimulation were monitored.

Effects on Renshaw cells of intra-arterial metabolite injection varied, depending 
on metabolite type and concentration, and after- and cross-effects. If intra-arterial 
injection had an effect, it most often transiently raised the spontaneous firing rate 
rather than affecting the antidromic response. This was the case for lactic acid, 
bradykinin and KCl. Intriguingly, serotonin occasionally reduced both measures. 
Many Renshaw cells were also easily excited by mechanical manipulations of the 
muscle surface and especially tendon, presumed to activate mechanically sensitive 
small-diameter afferents. These results suggest that Renshaw cells could well be 
involved in mediating inhibitory effects on skeleto-motoneurons from small-
diameter afferents, but other intemeurons very probably play a part as well.

Supported by Alberta Heritage Foundation for Medical Research and MRC of 
Canada. We thank Dr. G. Boorman for participating in part of the experiments.

171.4
D IS Y N A P T IC  IN H IB IT IO N  IN  A S K IN  R E F L E X  
PATHW AY REVEALED DURING FIC T IV E  L O C O M O T IO N  
IN TH E CAT. A. Degtyarenko. E. S. Simon and R. E. Burke*, 
Lab. Neural Control, NINDS, NIH, Bethesda, MD 20892-4455.

Our laboratory has shown that disynaptic cutaneous EPSPs (central 
latency ≤ 2.0 ms), produced in flexor digitorum longus (F D L ) 
motoneurons (MNs) by activation of low-threshold (2xT) superficial 
peroneal (SP) afferents, are powerfully enhanced during the early flexion 
phase of fictive stepping (Moschovakis et al., Exp Br Res 83:489, 
1991). At this time (early swing phase of actual stepping), the FD L 
muscle contracts briefly in intact cats to plantarflex the toes (O’Donovan et 
al., J.Neurophy 47:1126, 1982). We now report that, during the flexion 
phase of fictive stepping in decerebrate cats, powerful disynaptic IPSPs 
(mean central latency = 1.69 ± 0.19 ms) are evoked by low-theshold SP 
afferents in ex ten so r digitorum longus MNs (E D L ; n = 10), with 
maximum enhancement in the first third of flexion. In 6/10 EDL MNs, 
SP IPSPs appeared only during the flexion phase of fictive stepping. 
Thus the CPG-dependent enhancements of disynaptic SP IPSPs in EDL 
MNs and SP EPSPs in FDL MNs are synchronous. The EDL muscle 
dorsiflexes the toes and is the anatomical antagonist of FDL; co-activation 
of F D L  and E D L  protrudes the claws. The powerful and rapid 
disynaptic inhibition of EDL, activated from the skin on the foot dorsum 
(SP nerve territory), may be useful in preventing claw protrusion during 
the “stumbling corrective reaction”.

171.5 171.6
TRANSMISSION AT IA-MOTONEURON SYNAPSES AFTER 
AFFERENT CONDUCTION BLOCKADE V.K. Haftel and T.C.
Cope* Dept. Physiology, Emory Univ., Atlanta, GA 30322.

Long-term blockade of action potential conduction in peripheral 
nerves increases the amplitude of monosynaptic EPSPs produced in 
spinal motoneurons by the blocked Ia afferents. The mechanism for 
enhancement of these aggregate EPSPs may be an increase in the 
efficacy and/or connectivity of la fibers. These possibilities can be 
assessed using spike-triggered averaging and intracellular recording to 
measure single la-fiber EPSPs. We began making these measurements 
in control cats in which the blockade apparatus (nerve cuff attached to 
an osmotic minipump) was implanted for two weeks, but the nerve was 
superfused with saline instead of the blocking agent, tetrodotoxin. The 
amplitudes and rise times of EPSPs produced by cuffed Ia afferents at 
7 different synaptic connections (ranges: 14-93µ V and 0.2-1.1 ms, 
respectively) were not distinguishable from those produced by 
uncuffed la afferents in the same motoneurons (20-200 µV and 0.3-
1.1ms, respectively). Corroborating evidence that the infusion 
apparatus itself had little or no effect was the absence of any gross 
abnormalities in H&E-stained cross-sections of the cuffed nerves. 
These findings agree with the earlier conclusion that EPSP enlargement 
results from suppression of evoked synaptic transmission, and further 
study will identify the contribution made by changes in afferent 
efficacy and connectivity. Supported by NIH grant ROl 31563.

AN TID R O M IC  A C TIVITY  IN UNC UT D O R S A L ROO TS O F THE CAT. 
I.Be loozerova. S .Rossianol*. Cntr. Res. Neuro. Sci., Universite de 
M ontreal, M ontreal, Quebec, Canada, H3C 3J7.

The a c tiv ity  o f 70 intact dorsal root f ila m e n ts  at L7 and S1 was recorded 
with b ipo lar e lectrodes in 15 decerebrated cats. In a lm ost all filam ents 
there w ere units o f d iffe rent initial polarities (F ig .lA ) suggesting that they 
travel in opposite directions. Th is w as confirm ed w ith spike-triggered 
averaging using the spike recorded by the  proxim al e lectrode to average 
the a c tiv ity  recorded by the distal e lectrode. W ith  th is  arrangement, 
waves seen in the distal electrode a fte r the triggering spike are antidrom ic 
while the others are orthodrom ic (F ig .lB ). The proportion o f spontaneous 
antidrom ic units was about 15-20%. Th is  activ ity  was com pared during 
rest, fic tive  and actual locom otion as w ell as a fter b locking peripheral 
inputs w ith lidocaine o r cutting the fila m e n ts  still m ore dista lly. It was 
shown that: 1) half o f the units are rhythm ica lly  m odulated during fictive  
locom otion and most o f them  have a peak o f activ ity  in the flexion phase 
o f locom otion; 2) during walking on a tre ad m ill belt, 3/4 o f the units are 

m odula ted and m any o f them  have 
peaks o f activ ity  during the stance 
phase; 3) a fter blockade, there is an 
increase in the num ber o f antidrom ic 
units and an increase in the mean rate 
o f firing  o f those w hich were found to 
be a n tid rom ic  before the blockade. It is 
concluded  that, in uncut dorsal root 
fila m e n ts, orthodrom ic and antidrom ic 
unit a c tiv ity  can coexist at rest or 
during locom otion. (Supported by 
M RC and FCAR).

Fig.1B. Antidromic Orthodromic 
Proximal  N=60  N=70
electrode.
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171 .7

Do antidromic discharges in primary afferents have post-synaptic 
effects? J.-P. Gossard*, Centre de recherche en sciences neurologiques, 
Université de Montréal, Montréal, Quebec, Canada H3C 3J7.

Intraspinal terminals of primary afferents can be subjected to 
depolarization (PAD) that may reach firing threshold. The evoked 
discharges are then propagated antidromically in peripheral nerves. It is 
not known however if antidromic discharges are also propagated 
orthodromically to target neurones within the spinal cord. This question 
was investigated in unanesthetized decerebrate cats using extracellular 
recordings of unitary antidromic discharges in dorsal rootlets (DRs) and 
simultaneous intracellular recording of a target neurone. These included 
lumbosacral motoneurones (n=24) and first-order interneurones in the 
dorsal horn and intermediate nucleus (n=16). The impaled cell was 
identified as a target neurone by its direct excitation from primary 
afferents, either in response to the electrical stimulation of a cut DR or 
in response to the spontaneous activity of a unit included in an intact DR 
(spike-triggered averaging). Ortho- and antidromic discharges in intact 
DR can easily be distinguished by their opposite polarities (Beloozerova 
and Rossignol, Soc. Neursoci. Abstr. 1995). The averaging of the post- 
synaptic response was triggered on the antidromic discharges of several 
afferents both on-line and off-line. So far, it appears that antidromic 
discharges in primary afferents have no convincing post-synaptic actions. 
The effect of PAD and antidromic discharges on orthodromic afferent 
input is currently being investigated. (Supported by the Canadian MRC 
and FCAR of Quebec).

1 71 .9

MONO- AND POLYSYNAPTIC PSPS IN SPINAL MOTONEURONS 
IN DECEREBRATE RATS. J.S. Carp*. X.Y. Chen and J.R. Wolpaw, 
Wadsworth Laboratories, New York State Department of Health and 
SUNY, Albany, NY 12201.

Oligosynaptic inputs to motoneurons have been proposed to be the 
substrate of operantly conditioned H-reflex increase (Carp and Wolpaw, 
J. Neurophysiol. 73: 1365-73, 1995). As the first step in assessing this 
hypothesis, we have recorded compound PSPs intracellularly in spinal 
motoneurons of decerebrate rats to determine if polysynaptic inputs 
could contribute to the H-reflex of the awake behaving animal. 
Decerebration was performed under anesthesia by aspiration of the brain 
rostral to the superior colliculi, after which anesthesia was discontinued.

Tibial nerve stimulation at low intensities (l.l-1 .5xT) elicited simple 
EPSPs that peaked in 0.5-1.0 ms and then fell slowly with a roughly 
exponential time course. Higher intensities (1.5-3.0xT) elicited more 
complex PSPs with (1) an initial excitatory component that peaked in 
0.5-1.5 ms, (2) a subsequent falling phase lasting up to 10 ms, on which 
were superimposed one or more excitatory peaks, and (3) a final long- 
lasting IPSP. The amplitude of the initial and later peaks of the EPSP 
decreased as stimulation rate was increased from 0.25 to 25 Hz. 
However, the first 0.3-0.6 ms of the initial rising phase changed little 
over that frequency range. The gaseous anesthetic isoflurane (0.3-0.8%) 
depressed the later EPSP components more than the earliest component.

These data suggest that PSPs elicited by stimulation of low-threshold 
afferents contain both mono- and short latency polysynaptic excitatory 
components. Future studies will determine the relative contribution of 
these inputs to motoneuron recruitment and their potential for plasticity 
during H-reflex operant conditioning. (Supported by NIH NS22189.)

171 .11

IMMUNOCYTOCHEMICAL IDENTIFICATION OF TRANSMITTERS IN 
PRIMATE TRICEPS SURAE MOTONEURON SYNAPTIC TERMINALS: 
INITIAL STUDIES. K.C. Feng-Chen* and J.R. W olpaw. Wadsworth Labs, NY 
State Dept of Health and State Univ of NY, Albany, NY 12201

To define the plasticity underlying operant conditioning o f the primate triceps 
surae (TS) H-reflex (e.g., J Neurophysiol 72:431-442, 1994), we are studying 
motoneuron synaptic terminals. For this work, we are developing postembedding 
methodology to identify transmitters in morphologically characterized terminals.

TS motoneurons of M acaca nemestrina are labeled by retrograde transport of 
cholera toxin-HRP (J Comp Neurol 345:344-358, 1994). Ultra-thin serial 
sections are treated with one of 3 antisera (to GABA, glycine, or glutamate) and 
immunogold (Chemicon). TS motoneurons are identified and photographed with 
a Philips 301 electron microscope, and synaptic terminals seen in each of 3 
adjacent ultra-thin sections (one treated with each anti-serum) are examined. At 
present, terminals are classed as labeled for a transmitter if the density of gold 
particles is >5x background for GABA or glycine or >2.5x for glutamate.

With all 3 antisera, gold particles in labeled terminals tend to concentrate most 
heavily over mitochondria. Blood vessel lumina and empty epoxy resin in 
antisera-treated sections, and control sections exposed to Tris-buffered saline 
substituting antiserum, have no gold particles. On the first TS motoneuron, 43 
terminals were studied. Of 21 F terminals (flattened or pleomorphic vesicles), 
9 were unlabled, 3 were labeled for GABA and glycine, 7 for glycine, 1 for 
glutamate, none for GABA only, and 1 for all 3. Of 15 S terminals (spherical 
vesicles), 7 were labeled for glutamate and 8 were unlabled. Of 4 G terminals 
(many large granular dense-core vesicles), all were labeled for glutamate. Of 3 
C terminals (subsynaptic cisterns associated with rough endoplasmic reticulum), 
2 were labeled for glutamate and 1 was unlabeled. These initial data appear 
consistent with data from other species. (Supported by NIH NS22189.)

17 1 .8

REVERSAL OF OPERANTLY CONDITIONED H-REFLEX CHANGE IN 
THE RAT. J.R. Wolpaw* and X.Y. Chen. Wadsworth Labs, NY State Dept of 
Health and State Univ of NY, Albany, NY 12201

Rats and monkeys can increase or decrease the H-reflex (HR), the electrical 
analog of the spinal stretch reflex, when exposed to an operant conditoning 
task(J Neurophysiol 57:443-457, 1987 and 73:411-415, 1994). HR size increases 
(HRup mode) or decreases (HRdown mode) gradually. In the present study, we 
investigated in rats the reversibility of this change.

Seven male Sprague-Dawley rats (330-440 g) were implanted with chronic 
EMG recording electrodes in soleus muscle and nerve cuff stimulating electrodes 
on posterior tibial nerve. Electrodes connected to a head-mounted tether cable. 
If background EMG remained in a specified range for a randomly varying 
period, stimulation at M response threshold elicited the HR. In control mode, no 
reward occurred. Under HRup or HRdown mode, food reward occurred 200 ms 
after stimulation if HR size was above (HRup) or below (HRdown) criterion. 
Data were collected under control mode for 8-10 days, under HRup (rats 1-5) 
or HRdown mode (rats 6,7) for 50 days, and then under HRdown (rats 1-5) or 
HRup (rats 6,7) mode for 29-70 days.

HR size in rats 1-5 rose to 169(±28SD)% of control size by the end of HRup 
exposure, and then fell to 112(±39)% by the end of HRdown exposure. HR size 
in rats 6 and 7 fell to 70% and 79% of control size by the end of HRdown 
exposure, and then rose to 135% and 107% by the end of HRup exposure. In 
every rat, HR size responded properly and gradually to each conditioning mode.

These data show that conditioned HR change can be reversed by exposure to 
the opposite conditioning mode. The fact that reversal, like initial development, 
occurs gradually is consistent with evidence that HR change reflects spinal cord 
plasticity. (Supported by NIH NS22189, American Paralysis Association, and 
Paralyzed Veterans of America Spinal Cord Research Foundation.)

171 .10

SYNAPTIC TERMINALS ON DENDRITIC SEGMENTS OF PRIMATE 
TRICEPS SURAE MOTONEURONS AFTER OPERANT CONDITIONING OF 
H-REFLEX. D.M. Maniccia*, K.C. Feng-Chen, and J.R. W olpaw. Wadsworth 
Labs, NY State Dept of Health and State Univ of NY, Albany, NY 12201

To elucidate the plasticity underlying operant conditioning of the primate 
triceps surae (TS) H-reflex (e.g., J Neurophysiol 72:431-442, 1994), we are 
studying TS motoneuron synaptic coverage electron microscopically in animals 
in which one leg’s TS H-reflex has been increased (HRup mode) or decreased 
(HRdown mode) and in untrained animals. TS motoneurons are labeled 
retrogradely with cholera toxin-HRP (J Comp Neurol 345:344-358, 1994). The 
present study focuses on terminals on labeled dendritic segments.

We are currently analyzing 2506 terminals on 281 labeled dendritic segments 
from the trained sides of 4 HRdown animals and 3 HRup animals. Segment 
minor diameter averages 5.1 pm and segments as small as 0.5 pm are 
represented. For F terminals (flattened or pleomorphic vesicles) and S terminals 
(round vesicles), terminal populations as percents of total terminals (uncorrected 
for terminal size) are 62% and 28% for HRup animals and 59% and 30% for 
HRdown animals, and are thus comparable to those previously found on cell 
bodies and attached proximal dendrites. As expected, M terminals (round 
vesicles, postsynaptic Taxi bodies) are relatively common on these isolated 
segments: 4% and 5% for HRup and HRdown respectively. C terminals 
(subsynaptic cistern and associated rough endoplasmic reticulum) are present 
(4% and 3% for HRup and HRdown). This finding implies that many of the 
dendritic segments are quite proximal.

The data are consistent with previous analysis of cell bodies and attached 
dendrites suggesting that C terminals are smaller and more grouped in HRup 
animals. Whether F terminals on dendritic segments, like those on or near the 
cell body, will prove to be larger in HRdown animals than in HRup animals 
remains to be determined. (Supported by NIH NS22189.)

171 .12

OPERANT CONDITIONING OF H-REFLEX IN SPINAL CORD INJURED 
RATS: INITIAL STUDIES. X.Y. Chen*1. J.R. W olpaw1. and B.T. Stokes2, 
1Wadsworth Labs, NY State Dept of Health and State Univ of NY, Albany, NY 
12201 and 2Dept of Physiol, Ohio State Univ, Columbus, OH 43210

Normal rats can increase or decrease the soleus H-reflex (HR), the electrical 
analog of the spinal stretch reflex, when exposed to an operant conditoning task 
(J Neurophysiol 73:411-415, 1995). We are assessing the capacity for HR 
conditioning in rats with thoracic spinal cord injuries of varying severity.

Sprague-Dawley rats (female, 200-300 g) receive calibrated contusion injuries 
to T8 spinal cord (J Neurotrauma 9:187-195, 1992). Several weeks later, they 
are implanted with EMG electrodes in soleus muscle and stimulating electrodes 
on posterior tibial nerve. Electrodes connect to a head-mounted tether cable. 
When background EMG remains in a specified range for a randomly varying 
period, nerve stimulation at M response threshold elicits the HR. Under control 
mode, no reward occurs. Under the HRup or HRdown mode, food reward occurs 
200 ms later if HR size is above (HRup) or below (HRdown) criterion.

To date, 6 spinal cord injured animals (4 contused by a medium (0.9-mm) and 
2 by a small (0.7-mm) displacement of dorsal surface o f spinal cord at T8) have 
been exposed to the control mode for 10 days and then to the HRdown mode 
for 30-58 days. HR sizes at the end were 76%, 101%, 103%, and 104% of 
control size in the 4 rats with medium displacments and 76% and 90% in the 
two with small displacements. These data contrast with data from 8 normal rats 
in which HR size at the end of HRdown exposure was 62(±16SD)% of control.

These data are consistent with the expected dependence of HR conditioning 
on intact descending pathways. At the same time, they suggest that conditioning 
is possible in rats with partial spinal cord injury. HR conditioning may provide 
a new means for assessing spinal cord function after injury and for initiating and 
guiding recovery. (Supported by NIH NS22189, American Paralysis Association, 
and Paralyzed Veterans of America Spinal Cord Research Foundation.)
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171.13
OPERANT LEARNING AT THE LEVEL OF THE SPINAL CORD  
IS BLOCKED BY THE NMDA ANTAGONIST APV. R. L. Joynes*. 
K R Janjua. & J. W. Grau. Dept. of Psychology, Texas A&M 
University, College Station, TX 77843.

Prior work suggests that spinal neurons can support a simple form of 
operant learning. In a typical experiment, spinal rats (Exp. Group) are 
given shock to one hind leg whenever the leg is extended. Yoked 
subjects experience the same amount of shock irrespective of leg 
position. When care is taken to equate flexion force prior to training, 
subjects in the Exp. Group learn to maintain a flexion response 
(Barstow et al., Neurosci. Abs., 19, pg. 1001). Yoked rats do not exhibit 
this learning. Subsequent studies have shown that learning in the Exp. 
Group is disrupted by: 1) intrathecal lidocaine; and 2) delaying shock 
onset by as little as 100 msec.

The present experiment looks at whether LTP contributes to this 
learning. Rats (N=16) received transections at T2 and had catheters 
(PE-10) lowered to the lumbrosacral enlargement. The next day, 
subjects received either 20 mM of APV dissolved in 5 μl of saline or the 
vehicle alone followed by 10 μl of saline. Five min later, shock 
electrodes were attached to one hind leg and flexion force was set to 0.6 
N. All subjects then received 30 min of training. At the start of 
training, there were no differences in shock reactivity as measured by: 
flexion force, response duration, or rate of responding. This suggests 
that the drug did not impair motor functioning. Vehicle treated rats 
soon learned the operant response, exhibiting a progressive increase in 
response duration. As a consequence of this learning, these subjects 
exhibited fewer responses and received less shock. APV-treated rats 
never acquired the operant response, but instead responded in the same 
mechanical fashion throughout training. Supported by MH48994 to
J.W.G.

CONTROL OF POSTURE AND MOVEMENT: INJURY AND DISEASE

172.1

SENSORIMOTOR TRANSFORMATION IN PATIENTS WITH LATERAL 
CEREBELLAR DAMAGE. A.J. Butler*, W.G. Darling, M. Rizzo Departments of 
Exercise Science and Neurology, University of Iowa, Iowa City, IA 52242.

Patients with cerebellar deficit have a tendency to misdirect and to overshoot 
movement toward targets. Whether this dysmetria is caused by errors in planning or 
execution of the movements has not been determined and, according to classical 
theories of cerebellar function, may be dependent on the site of the lesion. The 
abilities of human subjects to point to visually presented targets was studied under 2 
presentation and 3 reaching conditions; (1) Visual presentation, reach to the actual 
target; (2) Visual presentation reach to remembered target; (3) Visual presentation, 
touch target with fingertip, reach to remembered target; (4) Visual presentation, reach 
with pointer to remembered target; (5) Visual presentation, touch target with fingertip, 
reach with pointer to remembered target. Thus, the main purpose of this experiment 
was to study the abilities of patients to reach to a remembered visual target location 
with or without additional kinesthetic information on target location. The finger 
trajectory and endpoints of movements to remembered and actual targets were 
recorded optoelectronically. All three patients had lesions that predominantly affected 
the left lateral cerebellar hemisphere. Consequently they made larger errors in distance 
and direction when pointing to remembered visual targets locations with their left 
hand and with the pointer. There did not appear to be any large deficits in 
sensorimotor transformation in the lateral cerebellar patients when compared to normal 
age-matched control subjects. Although the patients tended to point accurately to the 
remembered target endpoint, they usually produced curvilinear handpaths. These data 
suggest that damage to the lateral cerebellar hemispheres may not be involved in 
transforming visual spatial coordinates into limb coordinates for pointing. However, 
damage to the lateral cerebellum interferes with the programming necessary to make 
smooth movements with straight handpaths.

172.3

MOTOR LEARNING OF A SEQUENTIAL AIMING TASK IN 
OLIVOPONTOCEREBELLAR ATROPHY (OPCA). A.L. Smilev-Oven. C.J. 
Worrineham & C.L. Cross. Center for Human Motor Research, University of 
Michigan, Ann Arbor, MI 49109-2214.

Animal work shows a crucial olivo-cerebellar system role in motor learning, 
but there is little equivalent human data. In this study 6 OPCA and age-matched 
controls practiced a three-dimensional sequential aiming task in which 5 targets 
were contacted in succession with a hand-held stylus. The targets in the 
sequence ranged in size from 1.5 to 6 cm in diameter and in center-to-center 
distance from 9.5 to 21 cm. A direction change was required at each target. 
Response time (reaction plus movement time) was to be minimized while 
maintaining a 90% accuracy rate per target. A total of 180 trials were practiced 
over two consecutive days. Dependent measures were reaction time, execution 
times and movement kinematics. Expected overall group differences were 
found, with OPCA subjects exhibiting longer reaction and execution times and 
lower velocities. With practice, reaction time for both groups was reduced by 
7% reflecting a change toward more efficient preparatory processes. In contrast, 
execution times decreased more for controls. For example, flight time to the 
smallest target decreased by 6% for controls whereas OPCA’s exhibited no 
decrease. Flight times to the largest target decreased by 14% for controls and 
only 1% for OPCA’s. Further analyses indicated that mean velocity significantly 
increased for controls but increased only minimally if at all for OPCA’s.
Results indicate that while the rate of improvement in preparatory processes is 
similar between the groups, the rate of improvement in execution processes is 
less for OPCA’s regardless o f the difficulty o f the task.
(Supported by NINDS Grant 1R29 NS27761-01)

1 72 .2
INCREASED SENSORIMOTOR TRANSFORMATION ERRORS IN A PATIENT 
WITH INFERIOR PARIETAL LOBE DAMAGE W.G. Darling*, A.J. Butler. M. 
Rizzo Departments of Exercise Science and Neurology, University of Iowa, Iowa 
City, IA 52242.

Posterior parietal cortex (PPC) is thought to play an important role in control of 
reaching movements to visual targets, particularly the transformations from visual 
target coordinates to upper limb coordinates for reaching. Previous studies have 
reported that patients with lesions including these areas make large azimuth (left/right) 
errors in reaching movements and in sensorimotor transformations that are analogous 
to the bemineglect often reported in such patients.

The patient was a 74 year old woman who suffered a stroke 4 months before 
testing. The lesion identified on MR images using standard techniques was 
predominantly in the right inferior parietal lobule and partially extended into the 
insula. A broad battery of neuropsychological and visual function tests showed 
normal intellect, visual function (except a visual motion processing deficit) and no 
evidence of left hemineglect or altitudinal neglect. Pointing movements to 
remembered visual targets with and without vision of the limb were recorded 
optoelectronically to test for sensorimotor transformation errors. We also tested 
movements in which the target and limb were visible throughout.

The patient made large elevation and distance errors when pointing under 
kinesthetic guidance with either hand to remembered visual target locations. 
However, her azimuth (left/right) errors were small. Visually guided movements to 
remembered target locations were made with smaller elevation errors. These data 
show that the right inferior PPC is involved in transforming visual spatial coordinates 
into limb coordinates for reaching by both hands. It is also clear that horizontal and 
vertical directional errors are independent and may be differentially affected according 
to lesion location, (supported by NIH NINDS POl NS 19632)

172 .4

KINEMATIC DEFICITS OF APRAXIA IN A CASE OF CORTICOBASAL 
DEGENERATION. A.S .Merians*. M. Clark. H. Poizner. D. Jacobs. B. Macauley. 
L. Rothi. K. M.  Heilman. Center for Molecular and Behavioral Neuroscience, 
Rutgers University, Newark, NJ 07102, Tufts University, Boston, MA, VA Medical 
Center and University of Florida, Gainesville, FL.

Corticobasal degeneration (CBD) is a progressive disorder characterized by 
both cortical and basal ganglia dysfunction such as apraxia, asymmetrical akinetic- 
rigidity, involuntary movements, and cortical sensory loss. Although apraxia is a 
key finding for the differential diagnosis of CBD, it has not been determined 
whether the features of apraxia seen in subjects with CBD are similar to those 
features exhibited by subjects with left hemisphere damage from stroke. We report 
a case of a subject with CBD in which three dimensional movement analyses were 
used to compare the features of his apraxic movement patterns to those of apraxic 
subjects with left hemisphere parietal damage. This subject has been a dentist 
whose initial complaint had been that he "forgot" how to use his tools in his 
patients' mouths. Analyses were performed on the trajectories of repetitive slicing 
gestures made to verbal command and to using a knife to actually slice bread. 
Movements of the left hand, wrist, elbow and shoulder were digitized in 3-D space. 
Although the CBD subject was clearly apraxic, the features of his apraxia differed 
markedly from those of the subjects with lesions in the left parietal lobe. For 
movements to command, the CBD subject showed joint coordination deficits, but 
his wrist trajectories were produced in the appropriate spatial plane, were correctly 
restricted to a single plane and, like control subjects, were linear in path shape. 
When he was actually manipulating the tool and object, all of these aspects of his 
trajectories became impaired. In contrast, the deficits of the apraxic subjects with 
left parietal damage were most pronounced to verbal command with their 
movements improving slightly though remaining impaired during actual tool and 
object manipulation. Degenerative changes in the basal ganglia, the supplementary 
motor area and the parietal cortex in the CBD subject may account for this pattern 
of movement execution which deteriorates with manipulation of tool and object.
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172 .5
T H E  B IL A T E R A L  D E F IC IT : P O S T U R A L  O R  N E U R A L  
PHENOMENON? Goulet C 1, 2, Bourhonnais D2*. Picard K 1. Raymond D 1 
1 Physiotherapy Program, University of Ottawa; 2 Research Centre, Montreal 
Rehabilitation Institute, Montreal, Qc, Canada, H3S 2J4.

The presence of a bilateral deficit - a decrease in maximal strength exerted by 
a muscle group during the concurrent maximal activation of the contralateral 
homologous muscle group - highlights the complexity of interlimb coordination. 
Although attempts have been made to demonstrate the neural basis of this 
phenomenon, postural influences on the bilateral deficit remain to be elucidated. 
Most studies on the effects of bilateral exertion allowed for possible confounding 
postural changes during the performed task by fully supporting or stabilizing the 
investigated segments. The purpose of this study was thus to investigate whether 
performing a task without external stabilization would alter the magnitude of the 
bilateral deficit. Eighteen normal subjects (6 males and 12 females) between the 
ages of 21 and 50 year participated voluntarily in this study. While standing with 
their arms by their side and their elbow flexed (90°), each subject performed three 
right unilateral, three left unilateral and three bilateral key pinch maximal voluntary 
contractions. EMG signals of the thenar eminence and of the extensor carpi radialis 
longus muscles were recorded bilaterally using bipolar surface electrodes. Isometric 
key pinch strength was quantified using a dynamometer specifically designed for this 
study. The analyses (two-way ANOVAs on repeated measures) revealed a 
significant decrease of strength (p< 0.05) not associated with a decrease in EMG 
activity (p > 0 .05) during the bilateral (relative to the unilateral) task. However, the 
deficit observed in the present study (approximately 5-6%) during a non-supported 
bilateral task is less than that reported during a well stabilized task suggesting some 
influences of postural control on the bilateral deficit phenomenon.

172 .7

CORTICAL MOTOR FUNCTION IN SPINAL CORD INJURY PATIENTS. N T  
Davey*. E. Wells. D.W. Maskill & P.H. Ellaway. Dept of Physiology, Charing Cross
& Westminster Medical School, London W6 8RF, United Kingdom.

Transcranial magnetic stimulation (TMS) of the motor cortex, at an intensity 
lower than that required to elicit motor evoked potentials (cMEPs), may suppress 
voluntary contraction of contralateral muscles by inhibiting cortical output (Davey et 
al 1994, J Physiol 477 223-235). Latency and threshold for cMEPs and for 
suppression of voluntary contraction, are increased in patients following incomplete 
spinal cord injury (Ellaway et al 1993, Abst Soc Neurosci 19:495.5).

We have now studied electromyographic (EMG) responses to TMS, during weak 
voluntary contraction, in 8 patients (ages 38-72 years) within a narrow time span 
(18-26 weeks) following incomplete spinal cord injury. When latency of suppression 
was calculated with respect to the onset of cMEPs seen at higher stimulus intensities,
7 patients showed longer latencies (12-22 ms) than control subjects (3-8 ms). When 
TMS above threshold for evoking cMEPs was used, six patients showed an interval 
(9-16 ms) between the end of the cMEP and the onset of the suppression. One 
patient had been studied on 3 previous occasions and the latency of suppression 
increased progressively from 8.5 ms (after cMEP onset) at 7 weeks post injury to 22 
ms at 25 weeks post-injury; the cMEP latency was constant throughout. In 7 
patients, TMS evoked an extra, synchronous EMG burst (duration 17-37 ms) at 31- 
75 ms after cMEP onset, which could be of larger amplitude than the earlier cMEP. 
In one patient this late excitation (LE) was also seen when the muscle was relaxed.

These data suggest that cortical excitability and connectivity involved in producing 
cMEPs, suppression and LE have changed as a result of spinal injury. We are 
currently examining patients in a serial study in order to discover more about the 
time course of these changes and their relation to any recovery of function.

Supported by the Wellcome Trust

172 .9

STRETCH REFLEX THRESHOLD CHANGES FOLLOWING LOW LEVEL 
ELECTRICAL STIMULATION OF THE SKIN IN HEMIPARETIC STROKE. 
Daofen Chen*, J.D .Given, J.P. A Dewald . and W.Z . Rymer. SMPP, Rehab. Inst. of 
Chicago, and Dept. of PM&R, N U Medical School, Chicago, IL.

Previously we reported that submotor cutaneous stimulation over the elbow flexors 
significantly reduced spasticity in elbow flexors and extensors. Reductions in spas
ticity were quantified using peak torque measurements. We further postulated that 
these reductions were caused primarily by a change in the stretch reflex threshold.

Position controlled perturbations of the spastic limb permitted the exploration of 
stretch reflex threshold versus gain changes or a combination thereof. Changes in 
stretch reflex gain were estimated by changes in its mechanical equivalent, the reflex 
stiffness. Specifically, data analysis of position controlled ramp stretches imposed at 
the elbow joint in a spastic hemiparetic stroke population (n=7) was performed. 
Torque, position and velocity signals were analyzed as well as EMG responses from 
various elbow muscles. The stretches were realized at velocities ranging from 0.05- 
1.2 radians/sec. The lowest velocities allowed for the measurement of stiffness pro- 
files in the absence of stretch reflex activation (passive stiffness). The passive stiff- 
ness response and combined passive-stretch reflex stiffness responses for the differ- 
ent ramp velocities were estimated using a third order polynomial fit. The passive 
stiffness response has been determined to be independent of stretch velocity over the 
range of velocities used. The pre- and post stimulation reflex stiffness responses 
were calculated for each subject by subtracting the estimated passive stiffness re- 
sponse from the pre- and post-stimulation combined stiffness responses. The stretch 
reflex threshold angle was defined as the angle at which the estimated reflex stiffness 
response became significantly greater than zero.

In all subjects tested, there were significant shifts in threshold angle such that a 
greater angular rotation was required to elicit the stretch reflex. Reflex gain was not 
significantly different between the pre/post stimulation responses. Furthermore, the 
changes in reflex threshold angles were found to be independent of reflex peak 
torque and varied between 5-10 degrees across subjects.lt is postulated that the stim- 
ulation induced changes in reflex threshold, as opposed to gain, indicate changes in 
motoneuron excitability or changes in excitability of non-stretch reflex related inter- 
neuronal circuits. Supported by NIH NS19331 and NIDDR RTC H133B30024

172 .6
ASSOCIATED REACTIONS AND ASSOCIATED M O VEM ENTS. MJ Mayston. 
LM Harrison, JA Stephens' Dept. of Physiology, University College London, 
W C1E 6BT

In certain conditions,contralateral EMG (CEM G) may accompany unilateral 
movement. In patients with spasticity, the CEMG is generalised and termed 
an associated reaction (AR). When the CEMG occurs in L and R homologous 
muscle pairs, as it does during childhood or in pathological conditions such as 
Kallmann's syndrome (XKS), it is called an associated movement (AM). We 
have investigated the mechanisms underlying CEMG in the upper limbs of 5 
patients with AR's and 8 with AM's, (XKS). Focal magnetic brain stimulation 
was used to investigate the laterality of pyramidal tract (PT) projections 
Contralateral short latency responses were seen in the first dorsal interosseus 
(1DI) muscle of normal children. Bilateral responses of similar latency were 
observed in 2/5 with AR's when stimulating the less affected cortex and in 8/8 
with XKS when stimulating either cortex. Cross correlation analysis of 
multiunit EMG recorded from co-contracting L and R 1DI was used to 
determine whether these bilateral responses resulted from common drive to 
homologous L and R motoneuron pools. All correlograms from subjects with 
XKS showed a short duration (mean 13ms, SEM 1.0ms) central peak around 
time zero. The size of this peak expressed as E/M (E=number of spikes 
above that expected by chance, M=mean count in a 1 ms bin) ranged from 
2.2-17.9, mean=6.5, SEM=2.0. No central peak was observed in the AR's 
group or in normal children with AM ’s. We conclude that common synaptic 
input shared bilaterally and produced by bilaterally projecting PT axons from 
the same cortex are responsible for AM in XKS but not for AM in normal 
children nor AR in spasticity. The AR's are probably due to a lack of 
descending PT inhibition.

172 .8
QUANTIFICATION OF WEAKNESS AND MUSCLE SYNERGIES IN HEMIPA- 
RETIC STROKE SUBJECTS: PRELIMINARY RESULTS
R.F. Beer*. J.P.A. Dewald, J.D.Given & L.J. Schultz; SMPP, Rehab. Inst. of Chicago, 
and Depts. of PM&R and Phys. Ther., N U Medical School, Chicago, IL.

Weakness and possible abnormal muscle synergies were investigated in both upper 
extremities of four hemiparetic stroke subjects. The degree of weakness was calculat
ed using single degree of freedom torque measures while the presence of abnormal 
synergies was identified using controlled torque generation in two degrees of free 
dom.

Subjects were casted at the wrist and secured in a six degrees of freedom load cell. 
Measured forces and moments were converted on-line to respective elbow and shoul
der torques. Two separate protocols were initiated: uncontrolled maximum torque 
generation (UMTG) and controlled maximum torque generation (CMTG). For the 
UMTG, each subject ramped to a maximum torque production in a specified joint de
gree of freedom (either elbow or shoulder) while receiving visual feedback of that sin
gle degree of freedom. The CMTG protocol required the subject to produce a maxi
mum torque in a given joint degree of freedom while maintaining a submaximal 
torque level in another joint degree of freedom (e g. maximum elbow flexion with 
10% UMTG shoulder abduction). For the UMTG protocol, 3-5 MVC’s were per 
formed by the subject in four different anatomical degrees of freedom (elbow flexion/ 
extension, shoulder flexion/extension, shoulder extemal/internal rotation, and shoul
der abduction/adduction). The CMTG protocol consisted of 8 maximal-submaximal 
torque combinations (elbow flexion/ext with 10% abd., 50% abd. and 10% 
add.;shoulder abduction with 10% elbow flex., 10% elbow ext.).

The UMTG protocol identified significant torque reductions (25%-75%) in the im
paired upper limb across the degrees of freedom tested. The CMTG protocol pro
duced maximum torque levels which were less than for the UMTG in both impaired 
and unimpaired upper extremities. However, for specific combinations, the impaired 
arm showed considerably greater reductions in maximum torque generation to the 
point that no torque was produced. This behavior was absent in the unimpaired arm.

These findings point to a reduction in coactivation options in the impaired limb 
which results in test-specific weakness and may be an important cause of impaired 
limb control. Suppported by NIH NS 19331 and NIDDR RTC H133B30024

172 .10

ELECTROMYOGRAPHIC RESPONSES TO LOADING OF THE LOWER LIMBS 
IN PATIENTS WITH STROKE. D. Rose. S. Harkema. S. Hurley. R. Yap, B. 
Dobkin*. Functional Assessment Lab, Departments of Neurology and Rehabilitation 
Services, University of California, Los Angeles, CA 90095.

The motor output from the lumbosacral spinal cord in cats and humans without 
supraspinal input can be modulated by afferent input from the lower limbs. For 
example, as load on the lower limbs increases, EMG activity of the lower limbs 
correspondingly increases. This responsiveness is suggested to be modulated by the 
spinal cord itself. In the present pilot study, the response of the lower motor neuron 
pools to changes in load in subjects with impaired supraspinal input secondary to stroke 
was studied. Two subjects with stroke and two non-disabled (ND) subjects ambulated on 
a treadmill at 26.8-37.6 m/min with 20%- 36% body weight load (BWL). The stroke 
subjects were unable to fully load their paretic limb overground or on the treadmill. 
EMG activity was recorded from the soleus, medial gastrocnemius, tibialis anterior, 
medial hamstring, and vastus lateralis bilaterally. BWL during stance for 13 consecutive 
steps was recorded with foot pressure sensors (Tekscan) placed inside the shoes. As 
expected, at a given load condition there was greater variability in the EMG burst 
characteristics of both limbs of the stroke subjects compared to the ND subjects. Stroke 
subjects loaded less on their paretic limb during all BWL conditions. At similar BWL 
conditions the mean EMG of the affected limb of the stroke subjects was less than the 
unaffected limb. The mean EMG amplitude and integral increased with increased loading 
of the lower limbs. In one stroke subject, mean EMG amplitudes increased as load 
increased, but then decreased at the highest manageable load. Burst duration was 
unchanged as load increased in the ND, but decreased in the paretic limb of one of the 
stroke subjects. As reported for subjects without supraspinal input, EMG activity 
appears to be affected by the amount of loading on the lower limbs in the stroke 
subjects studied here. This responsiveness to load might be exploited in the 
rehabilitation of gait of stroke patients whose supraspinal input is impaired. Studies are 
needed to determine if training that occurs at a load that optimizes EMG output 
improves motor outcomes related to locomotion in this population. (Supported by NIH 
Grant NS 16333, NRSA HD07416).
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172 .11

D Y N A M IC A N D STA TIC CH A R A CTERISTICS O F T H E  UN LO A D IN G  
R E FLEX  IN  N O RM A L A N D  H E M IPA R ETIC  SU BJECTS. M .F . Levin* 
and A .G . Feldm an. Centre de recherche, Institut de r éadaptation de 
M ontréal, M ontréa l, Canada H3S 2J4 

Spasticity and im paired m otor control follow ing central nervous system 
lesions may result from  disruptions in central, reflex and/or mechanical 
mechanism s. W e studied unloading reflexes in the elbow flexor muscles 
evoked by the sudden rem oval o f  a constant load from  the pre-activated 
flexors in norm al and hem iparetic subjects. T he initial load, corresponding 
to 20-30%  M VC, was rem oved in 5-6 steps o f  1.5 to 2 Nm  (10 trials at each 
level) in o rder to map out the relationship betw een torque and angle in each 
group o f subjects. The procedure was repeated from  two starting positions 
o f  the elbow (130° and 100°; i.e . when central comm ands w ere changed). 
EM G activity from  two elbow flexors and two elbow extensors, as well as 
torque, velocity and jo in t position w ere recorded. In each session, the level 
o f  clinical spasticity and residual m otor function in the affected lim b o f the 
hem iparetic subjects was evaluated. P relim inary analysis reveals that normal 
and hem iparetic subjects can regulate the range o f the  stretch reflex 
threshold. H ow ever, in hem iparetic subjects, the slope o f  the  torque/angle 
relationship was significantly increased and the am ount o f  coactivation after 
rem oval o f  the load was increased. T he silent period was significantly 
prolonged and the after volley decreased in spastic subjects compared to 
norm al. W e conclude that disruptions in m otor control m ay result in a large 
p art from  a deficit in the coordination o f  reciprocal and coactivation 
comm ands at the central level.

172 .13

THE EFFECTS OF TREADMILL SPEED ON EMG ACTIVITY IN SPINAL 
CORD INJURED AND NON-DISABLED HUMANS. J.A. Foster, S.J. 
Harkcma*. P S Reqnicjo, V.R. Edgerton, and B. H. Dobkin. Departments of 
Neurology and Physiological Sciences. University of California. Los Angeles. 
90095.

Several studies with spinal animals and humans have depicted the effects of 
treadmill speed on muscle activity. The present study was designed to elucidate 
the relationship between treadmill speed and electromyographic (EMG) activity of 
the solcus (SOL), medial gastrocnemius (MG), and tibialis anterior (TA) in spinal 
cord injured (SCI) human subjects. Five nonambulatory SCI subjects were 
manually assisted in stepping on a treadmill while suspended from a harness 
which allowed approximately 50% body weight load (%BWL). Two non-disabled 
(ND) subjects stepped volilionally on the treadmill at similar %BWL. All subjects 
were tested at a range of random treadmill speeds (0.27 to 0.89 tn/s). With 
increasing treadmill speed, all subjects displayed a curvilinear decrease in step 
cycle duration. Furthermore, in all patients a decrease in the burst durations of 
the SOL and MG was lightly coupled to an increase in the speed of the treadmill 
belt, which has been previously observed in normal gait. Similar effects were seen 
in the TA burst duration in all SCI subjects and one NI subject, though to a lesser 
extent. Consequently, a significant positive relationship was also found between 
the ankle muscle EMG burst durations and the step cycle duration. Mean EMG 
amplitude of neither the flexor nor the extensor muscles were modulated as a 
function of the speed of stepping. The similar relationship found between speed 
and burst duration across subjects with varying levels of supraspinal input 
demonstrates that the spinal cord can integrate temporal and proprioceptive 
information related to the mechanical event of stepping in humans. (Supported by 
NIH grants NS 163 3 3 and MOl RR00865).

172 .15

EFFECTS OF LUMBAR COMPRESSION ON THE HINDLIMB 
STRETCH REFLEX IN THE CAT. C. Walker*. C. J. Vierck, J r .  D R. Howland. 
D. K. Anderson. Dept. of Neuroscience, University of Florida, Gainesville, FL 
32610.

The purpose of this study was to determine if a standard compression injury of 
the upper lumbar spinal cord could produce hindlimb hyperreflexia in the adult 
cat. The normal hindlimb stretch reflex was quantified in three cats, ther each 
spinal cord was compressed 2.5 mm. for 5 min., at vertebral level L 1. Impactor 
pressure on each spinal cord was measured during injury; although the degree of 
compression was constant, pressure on the spinal cord differed substantially 
among the three animals. Peak pressures were 75, 250, and 500 g. Stretch reflex 
peak amplitude was measured with force transducers beneath the pads of each 
hindlimb, as the hindlimbs were passively rotated. Compared to pre-operative 
levels, peak amplitudes increased significantly by one week post-injury and 
remained high in all three animals, indicating hyperreflexia. The most impaired 
animal developed signs of spasticity, including chronic extensor hypertonia, 
clonus, and the clasp-knife response. Bipedal treadmill locomotion and goal- 
oriented overground locomotion were assessed in the two more severely impaired 
animals. Voluntary overground locomotor deficits included loss of the E l phase 
of the step cycle, hypermetric flex during swing phase, wide base of support and 
external rotation of the hindlimbs. Bipedal locomotor deficits were more subtle, 
suggesting that loss of descending control was greater than segmental losses. 
These findings demonstrate that hyperreflexia is produced caudal to compression 
injury, and the magnitude of impactor pressure applied during injury con elates 
with the resulting degree of hyperreflexia and deficits in locomotor function. 
Supported by the State of Florida IDSTF, NIH Grant # 27511 and the C. M. and
K.E. Overstreet Foundation.

172 .12
DC60: AN EXAMPLE OF ONE OF THE 4 50  CASES THAT COMPRISE THE 
DENNY-BROWN COLLECTION. J.A. Cook*. R.J. Morecraft. J.A. Vilensky, 
and S. Gilman. Dept. of Anatomy, Indiana Univ., Ft. Wayne, IN 46805; 
Dept. of Anatomy, Univ. of S. Dakota, Vermillion, SD 57069; and, Dept. of 
Neurology, Univ. of Michigan, Ann Arbor, Ml 4 8109 .

The Denny-Brown collection consists of 220 0  feet of film that depict the 
behavioral effects of CNS lesions on 4 50  monkeys, and associated 
descriptive and histological materials. To demonstrate the potential value 
of this collection for understanding nervous system function, we present 
here details (including a verbally annotated videotape) on one interesting 
case.

The overall goal of this case, DC60, was to evaluate motor and sensory 
responses of M1 and S1 subsequent to ablation of various associated 
systems. These systems included portions of the frontal and parietal lobes, 
the anterior cerebellum, and spinal cord. A detailed comparison of the 
intended cortical ablation sites with the actual lesion locations, which were 
reconstructed from the histological materials, revealed excellent agreement.

Aspects of disturbances of posture and movement resulting from the 
cerebral cortical ablations replicate those seen in humans with hemiparesis 
from certain types of cerebral lesions, Parkinson’s disease, dystonia and 
Alzheimer's disease with extrapyramidal symptoms, to name a few . Thus, 
the use of this case, and other cases, provides a means to understand the 
influence of various systems on the disturbances seen in these and other 
human disorders.

Access to the Denny-Brown collection is available to interested scientists 
and clinicians.

Supported by PHS NS33782.

172 .14

DEPENDENCE OF EMG ACTIVITY ON LIMB LOADING OF KNEE FLEXORS 
AND EXTENSORS IN SPINAL CORD INJURED AND NON-DISABLED 
HUMANS. R. Yap, S.J. Harkema, P.S. Requeio, E.G. Fowler*. B.H. Dobkin, and 
V.R. Edgerton. Departments of Neurology and Physiological Sciences, University 
of California, Los Angeles, CA 90095.

Sensory input to the lumbosacral spinal cord can modulate the motor output of 
lower limb muscles in spinally injured humans. We have recently reported that 
weight bearing provides afferent information which can be used by the human 
lumbosacral spinal cord to assist and perhaps initiate appropriate motor output for 
stepping in muscles that control the ankle. The present study examines the 
relationship between the level of weight bearing and electromyographic (EMG) 
activity from 5 nonambulatory spinal cord injured (SCI) and 2 non-disabled (ND) 
subjects during treadmill stepping. All subjects stepped (SCI subjects were manually 
assisted while ND subjects stepped volitionally) while suspended in a harness at 
several loading conditions ranging from 0% (airstepping) body weight load (BWL) 
to the maximum load at which appropriate stepping kinematics were maintained. 
BWL was measured using shoe-insert pressure sensors (Tekscan, Boston). Four SCI 
and one ND subject displayed increases in the mean EMG activity of both the 
ipsilateral and contralateral medial hamstring (MH) with increased limb loading. Of 
these five subjects, the mean burst amplitude of the vastus lateralis (VL) also 
increased with higher loading in three of the four SCI subjects, but not in the ND 
subject. The changes in MH and VL mean amplitudes with increased loading, 
although present, were less pronounced in the other SCI and ND subjects. Two of 
three SCI subjects in which rectus femoris (RF) activity was assessed, demonstrated 
a similar increase in RF mean EMG amplitude. These data demonstrate that lower 
limb loading is an important source of sensory input that can be utilized by the 
human lumbar spinal cord to enhance locomotor output of knee flexor and extensor 
muscles as previously observed in the ankle musculature.
(Supported by NIH Grants NS 16333,NRSA HD07416, and MOl RR00865).

172 .16

D ISTA N C E C O N TR O L OF R A PID  SIN G LE DEG REE-O F-FREED O M  
E L B O W  F L E X IO N S  IN  M IL D  P A R K IN S O N ’S D IS E A S E : 
T R A N S IT IO N  F R O M  P U L S E  H E IG H T  T O  P U L S E  W ID TH  
M O D U L A T IO N  O F T H E  A G O N IS T  EM G . 1KD  Pfann* . 2 A  S 
B u ch m an . 1 DM  C o rc o s . 1 K in esio lo g y , U niv. o f  IL  at C hicago, 
2N eurology, R ush M edical Center, C hicago IL.

The aim  o f this study was to determ ine how  patients w ith Parkinson's 
d isease  (PD ) m odu late  the agon ist EM G  in  rap id  s ing le  degree-of- 
freedom  elbow  m ovem ents o v e r sh o rt and long  d istan ces  (5-72°). 
P revious w ork in young healthy  subjects has show n that pulse height 
m odulation  o f  the agonist EM G  is used fo r shorter m ovem ents while 
pulse  w idth  m odu lation  is used for lo n g er m ovem ents. M oreover, a 
s im ila r  tran sitio n  from  p u lse  h e ig h t to p u lse  w id th  m od u la tio n  is 
observed  for uniform  speed com m ands such as "a com fortab le  speed" 
over the same range o f  distances. Subjects w ith m ild PD  (H& Y 1 and 
2) perform ed blocks o f  20  elbow  flexions m ade "as fast as possible" to 
the target at each  o f  the 7 distances. W e recorded angle, acceleration, 
and surface EM G s from  biceps, brachioradialis, and triceps (lateral and 
long heads). O ur prelim inary  results show  that PD  patien ts rely  more 
on  pulse heigh t m odulation  fo r both  short and long m ovem ents. An 
ind ep en d en t exp erim en t stu d y in g  s im ila r  m ov em en ts  a t the  lon g er 
distances (36-72°) perform ed by ten  healthy  aged subjects (>65 years) 
and ten healthy  younger subjects show ed that both  groups used pulse 
w idth m odulation to m odify distance despite significantly  slow er speeds 
in  the aged subjects. W e conclude that the slow ness in PD  patients 
cannot account for their reduction  in  the  use o f  pulse  w idth m odulation 
and suggest that they em ploy a different strategy to m odulate distance.
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172 .17

EVIDENCE FOR A PR ED O M IN A N T ROLE OF CENTRAL 
STRUCTURES IN TH E G ENERATION OF ESSEN TIA L TREM OR. NL 
Bilodeau*, D A, Keen. P.J. Sweeney, R.W . Shields and R.M. Enoka. 
Department o f  Biomedical Engineering, The Cleveland Clinic Foundation, 
Cleveland, OH 44195.

The physiological mechanisms that underlie the trem or exhibited by patients 
with essential trem or (ET) are still a m atter o f  debate. As part o f  a  project that 
deals with the effect o f  a strengthening program  in ET patients, index finger 
acceleration during postural tasks performed under various loading conditions 
and the abduction force exerted by the index finger during isometric constant 
force tasks performed at 7 different force levels have been obtained from 2 
normal subjects and 4 patients with ET. Trem or was quantified in terms o f its 
amplitude (root mean square value for acceleration and standard deviation for 
force) and frequency content (power spectrum). Preliminary analysis o f  the 
data shows that the distribution o f power for the acceleration data o f  normal 
subjects shifted to lower frequencies with added mass. Thus, the tremor 
exhibited by the normal subjects was influenced by peripheral factors, i.e., the 
mechanical characteristic o f  the joint system. Such load dependency for the 
postural tasks was not seen for the ET patients, as a single peak at about 5-6 
Hz was observed in all the conditions for 3 o f  the 4 patients. The power 
distribution for the force data showed the same peak at about 5-6 Hz for the 
patients whereas no distinct peak could be identified for the normal subjects. 
These observations suggest a predom inant role o f  central structures in the 
generation o f  tremor in ET.
Supported by the Cleveland Clinic Foundation, RPC #4881.

172 .18

GENDER DIFFERENCES IN NORMAL AGE-RELATED 
DECLINES IN MOTOR FUNCTION. MP Calieiuri, JB Lohr* and 
DV Jeste. Department of Psychiatry, UCSD, La Jolla, CA 92093-0603

There are a number of similarities between the movement disorders 
of Parkinson's disease and the movement changes that occur in normal 
healthy aging. Features common to both include slowness, gait and 
postural disturbances, and changes in muscle tone. The question of 
gender differences in motor aging has not been addressed. In the 
present study, we examined gender differences in the relationship 
between age and extrapyramidal motor function. Quantitative 
electromechanical assessments of upper extremity extrapyramidal 
functions were conducted on 94 healthy male subjects (mean age=
54.0; range=22-98 yrs.) and 111 healthy female subjects (mean age= 
51.1; range=21 -83 yrs). Correlational analyses were performed to 
examine the relationship between a particular motor function and age 
for each gender group. Results indicated highly significant correlations 
between age and tremor (r=0.44; p<0.001), rigidity (r=0.29; p<0.005) 
and bradykinesia (r=0.36; p<0.01) for male subjects. Correlation 
coefficients for female subjects were not statistically significant 
Males, especially those older than 60 years of age, exhibited more 
tremor than age comparable females. Despite the limitations inherent 
in a cross-sectional design, our results support the previous literature 
on differences in the rate of age-related decline in dopamine 
neurotransmission between males and females.

Supported by NIMH Grants: P30 MH49671 and R29 MH45959

172 .19

MUSIC THERAPY IN NEURO-MUSCULAR 
REHABILITATION: A PILOT STUDY. K.E. 
Pape, A. Martinello. S.D.R.R. Makhamra, W.A. 
Mackay*. Dept. of Community Health, and 
Physiology, Univ. of Toronto, Ontario, MSS 
1A1.

There has been ev idence o f  the use o f  m usic and 
auditory feedback in therapy as a source o f  feedback. 
The present study is investigating the effec tiven ess  o f  
instrumental m usic at three different speeds: slow , 
m edium , and fast, in a gait training program in subjects 
w ith spinal cord injury and cerebral palsy. Preliminary 
analysis indicates im provem ent in gait perform ance 
taken from  the temporal m easurem ents o f  gait. 
Rhythm ic auditory feedback seem s to be a useful tool 
in gait training.
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173 .2173 .1

HEAD AND TRUNK STABILIZATION IN NATURAL GAITS OF FREE- 
RANGING MONKEYS. D.C. Dunbar* and G.L. Badam. Dept. of 
Anatomy, Univ. of Puerto Rico Med. Sch., San Juan, PR 
00936; Deccan College, Pune 411006, India.

Are there restrictions on how the head-fixed vestibular 
apparatus can be positioned or reoriented via head move
ments without deteriorating the nervous system's percep
tion of spatial orientation? If so, what are these 
restrictions? To address these questions, the natural 
walking and running behaviors of wild monkeys (Presbytis 
entellus) were cinefilmed at high-speed (100 frames/s). 
Kinematic analysis focused on angular movements of the 
head and trunk relative to absolute space (earth-horizon
tal reference). During walking, the head often made large 
rotations, usually in the yaw plane (up to 180°). The 
trunk, however, made only small pitch plane rotations 
(~ 10°). In contrast, during galloping, the head became 
fixed around earth-horizontal, with small rotations occur
ring only in the pitch plane (<20°). The trunk, however, 
experienced large pitch plane rotations (~ 40°). Thus, it 
appears that during slower gaits (walking), head rotations 
are not restricted because the trunk provides the spatial 
reference frame. During faster gaits (galloping) that 
require large angular displacements of the trunk, however, 
the head is restricted to provide the reference frame. 
Supported by the Amer. Inst. of Indian Studies, Nat. Geo. 
Soc. (USA), RCMI Award RR-03051 (NIH), and U.P.R. Med.
Sch. to D.C.D.

ACTION OF MEDIAL GASTROCNEMIUS MUSCLE WHEN CAT STEPS OVER 
OBSTACLE OR ON UNEVEN TERRAIN. J.J .  Eng*, K. Kallesøe. H. Qi. J.A. Hoffer. 
School of Kinesiology, Simon Fraser University, Burnaby, BC, Canada, V5A 1S6.

We investigated the timing and extent of activation of the cat medial gastrocnemius 
(MG) muscle during two challenging locomotor tasks: stepping over obstacles 
(height: 2, 5, 10 cm) and walking on an uneven surface. The MG was chronically 
implanted with piezoelectric crystals for fibre and muscle length measurements, a 
tendon force transducer, and EMG electrodes. Limb movements were videotaped.

When stepping over obstacles, the MG muscle and fibres underwent considerably 
greater length changes than in norma] steps: fibres were stretched up to 100% more to 
clear the obstacle during swing, and then reached shorter lengths during stance. In 
contrast to normal cat locomotion, where the centrally programmed onset of ankle 
extensor activity occurs 60-80 ms prior to foot contact (Engberg and Lundberg, Acta 
Physiol Scand,75, 1969), the latency from MG EMG onset to foot contact was further 
increased by 30 ms for the high obstacle. The magnitude of MG EMG activity from 
onset to foot contact increased linearly with obstacle height (p<.02). The MG muscle 
length at MG EMG onset also increased linearly with obstacle height (p<.03). The 
increase in MG activity and earlier onset contributed to greater stiffness during the 
phases o f load transfer and support.

When walking on uneven terrain, the MG EMG onset was not affected but the burst 
duration was much briefer, with the activity ending around the time of foot contact. 
This resulted in considerable lengthening of the MG fibres during the stance phase 
and a more compliant or cautious gait.

These results suggest that both the timing and intensity of MG EMG activity are 
centrally modulated on a continuous basis in order to prepare for any visually 
encountered obstacles and to match changing terrain conditions.

Supported by a grant to JAH and a post-doctoral fellowship to JJE from the Medical 
Research Council of Canada.
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173 .3

A KINETIC AND ENERGETIC ANALYSIS OF HINDLIMB 
ANTICIPATORY LOCOMOTOR ADJUSTMENTS FOR OBSTACLE 
CLEARANCE IN THE CAT. B.J. McFadven*. S. Lavoie & T. Drew. D ép. 
kinanthropologie, UQAM, Montréal, Canada, H3C 3P8; CRSN, Univ. 
Montréal, Canada.

The study o f  mechanical strategies underlying cat locomotion has a 
relatively long, but limited history. The present work details the unilateral 
moments o f  force and mechanical powers o f  each joint o f  the hindlimb 
during its preparation and clearance o f  a round obstacle (10 cm.) as it 
arrived during the gait cycle at either the point o f  forelimb clearance (lead: 
obstacle far from hindlimb) or contralateral hindlimb clearance (trail: 
obstacle immediately in front). The data from one cat walking overground 
at an average speed o f  about 0.35 m/s are presented. Forceplate, 
electromyographic and video data were synchronized, and forceplate and 
kinematic data were combined in a link segment model to estimate muscle 
moments o f  force and mechanical power for the MTP, ankle, knee and hip 
joints. The data show that the cat augments its normal unobstructed 
strategy o f  active knee flexion at paw -off to lift the leg higher during both 
obstacle conditions. Hip flexor generative power is later for the near 
obstacle, and the hip is variably used depending on equilibrium 
requirements during clearance by the other three limbs. Whereas active 
knee flexor strategies immediately following paw -off are always present in 
the cat, in the human, such control is slightly earlier for obstructed walking, 
and non-existent during unobstructed walking.

173 .5

CHARACTERISTICS OF RETICULOSPINAL NEURONS DURING  
VOLUNTARY GAIT MODIFICATIONS IN  THE CAT. S.D .Prentice* 
and T .D rew . Dept. o f  Physiology, U niv. de Montrééal, Montréal, 
Québec, Canada.

To evaluate the role o f  reticulospinal neurons (RSNs) in the 
integration o f  posture and movement during voluntary gait 
modifications, recordings were made from cells in the medullary 
reticular formation (MRF) in an intact, unanaesthetized cat during a 
locomotor task in which the cat was required to step over an obstacle 
attached to a moving treadmill belt. Cells w ere identified as RSNs 
through antidromic activation from chronically implanted microwires 
in the lumbar spinal cord. M icrowires were also implanted bilaterally 
in the motor cortex in both fore- and hindlimb regions. To date 244 
cells have been recorded from the medial regions (L 0 .5  - 2 .5) o f  the 
MRF o f  which 74 were identified as RSN s. The majority o f  both the 
RSNs and unidentified cells were activated from at least one cortical 
microwire (41/59 and 78/136  respectively o f  the cells tested). The 
discharge characteristics o f  132 neurons (57/74  RSNs and 75/170  
unidentified cells) were recorded during the locomotor task together 
with electromyographic activity from flexors and extensors o f  all four 
limbs. Our initial analyses reveal that many o f  these cells increased 
their activity when the cat stepped over the obstacle and some cells 
increased their activity both when the fore- and hindlimbs stepped over 
the obstacle. Preliminary findings support the hypothesis that RSNs 
might integrate information from various regions o f  the motor cortex 
to provide appropriate postural adjustments during the gait 
modification. (Supported by the Canadian MRC and the FRSQ).

173 .7

SLO PE W A LK IN G  A T STEEP IN CLIN ES: H IP  AND A N KLE FLEXORS 
A C T IV E  D U R IN G  S T A N C E . P a tric ia  C arlson-K uhta*  and Ju d ith  L . 
S m ith . Dept. Physiological Science, U CLA, Los A ngeles, C A  90095-1568.

This study continues our investigation  o f  m otor patterns associated with 
d ifferent form s o f  walking in  the  quadruped. H ere, w e focus on the EM G 
patterns recorded  w hen cats w alked up  and dow n steep  inclines o f  50 and 
100%  g rad e s . H in d lim b  m u sc le s  s u rg ic a lly  im p la n te d  w ere: 
sem im em branosus an terio r (SM A , h ip  ex tensor), an te rio r biceps fem oris 
(A B F , h ip  ex tensor), sem itendonous (ST , h ip  ex tensor; knee flexor), 
iliopsoas (IP, h ip  flexor), rectus fem oris (RF, h ip  flexor; knee extensor), 
vastus la te ra lis  (V L, knee  ex tensor), la te ra l g astrocnem ius (LG , ankle 
extensor), and tibialis anterior (TA, ankle flexor).

During up-slope w alking, IP  and TA -EM G  bursts began  ju s t before the 
start o f  sw ing and continued  th rough  m ost o f  the  sw ing phase. The ST 
had  a tw o-burst pa tte rn  w ith  the firs t b u rst d u ring  the  transition  from  
stance to sw ing and a second burst at the  end o f  sw ing and continued well 
into the  stance phase. T he SM , A B F, VL, and LG -EM G  onset at or ju st 
before  paw  contact and continued  through  m ost o f  the  stance phase. In 
contrast, the RF-EM G  occurred during  the last h a lf  o f  the  stance phase.

D uring dow n-slope w alking, the  IP and T A  m uscles both  had a  swing 
phase burst, b u t in  add ition  also had  a p ro nounced  stance phase burst. 
For the ST  the paw -contact rela ted  burst w as sm all and the p aw -off related 
burst began earlier in  stance than  during  up-slope w alking. The R F burst 
sh ifted  to onset at the  beginning  o f  the  stance phase. T he V L and LG - 
EM G  had b rie f  stance phase bursts, w hile the  SM  and A B F w ere inactive 
during the w hole step cycle.

O ur unexpected  finding that h ip  and ankle  flexor m uscles w ere active 
during  stance instead  o f  ex tensor m uscles suggests that h indlim b kinetics 
for dow n-slope w alk ing  m ake d iffe ren t dem ands on  the m oto r system s 
than other form s o f  w alking we have studied. Funded by N IH  NS 19864.

173 .4

EFFECT OF REVERSIBLE INA CTIVA TIO N OF TH E M OTOR CORTEX 
ON VOLUNTARY GAIT M ODIFICATIONS IN TH E CA T S. Lavoie. J.H . 
M artin and T. Drew*. D ept. o f  Physiology, University o f M ontréal, Canada 
and Cntr. Neurobiol. and Behav. Columbia University, New York, U .S.A . 
The present study was designed to determine the effects o f reversible 
inactivation o f small portions o f the m otor cortex by the GABA agonist, 
muscimol, on the ability o f cats to accurately control voluntary gait 
modifications. Experiments were carried out on two cats that were trained to 
step over obstacles attached to a m oving treadmill belt. In  each animal, a 
recording chamber was implanted over one pericruciate cortex and pairs o f 
wires were inserted into forelimb muscles o f the contralateral limb to record 
electrom yographic (EM G) activity. M uscimol (1μg in  1μ l) was injected into 
different, electrophysiologically identified, regions o f die m otor cortex and 
the effects o f these injections on the gait modifications w ere m easured by 
recording EM G and kinematic data. The m ost effective sites in both animals 
were localised in the rostrolateral region o f the m otor cortex which contains 
the distal forelimb representation. Injections into this region caused a decrease 
in the measured joint angles at several forelim b joints during swing so that the 
cat hit the obstacle with its paw instead o f smoothly stepping over it as 
normal. These results resem ble those obtained in a previous study (M artin 
and Ghez, 1993) in which rostrolateral motor cortex inactivation impaired the 
ability o f  animals to reach over obstacles. Our findings suggest that the distal 
forepaw representation o f motor cortex may play a sim ilar role in trajectory 
adaptation for the accurate spatial control o f  the paw both during reaching and 
during voluntary gait modifications. (Supported by the M RC and the FRSQ). 
Martin, J.H. and Ghez, C: Exp. Brain Res. 94: 429-443, 1993.

1 73 .6

CUTANEOUS NEURAL FEEDBACK CAN BE USED TO PREDICT TIMING OF 
MUSCLE ACTIVATION IN THE CAT FORELIMB DURING LOCOMOTION.
K. D. Strange2 and J. A. Hoffer1,2*. Schools of Kinesiology1 & Engineering 
Science2, Simon Fraser University, Burnaby, B.C., V5A 1S6, Canada

The objective of this research is to implement a closed-loop functional electrical 
stimulation (FES) system where sensory activity is used as feedback to control the 
timing and patterns of stimulation of paralyzed muscles. In this study, the 
electro neurograms (ENGs) recorded from cutaneous sensory nerves in awake cats 
walking on a treadmill were used to predict the timing of electromyogram (EMG) 
activity simultaneously recorded from wrist muscles.

Recording nerve cuffs were implanted in the left fotelimb of six male cats around 
two of the Ulnar, Median, and/or Superficial Radial nerves, below the elbow where 
the motor functions of these nerves are minimal. Intramuscular EMG electrodes 
were implanted in Palmaris Longus (PalL) and three other wrist muscles. Nerve cuff 
and EMG signals obtained during walking were amplified, band-pass filtered and 
stored on magnetic tape. The limb movements were videotaped to correlate 
physiological signals with events and phases o f the gait cycle.

ENG and EMG signals were sampled off-line and digitally rectified, bin-integrated 
to 10 ms bins, and normalized. A state-machine controller was designed which 
utilized Median and Radial cutaneous ENG signals as feedback inputs to predict the 
timing of onset and termination of PalL activity in the cat forelimb during 
locomotion. The controller specifically looked for features in the ENGs that were 
related to paw contact and lift-off. The resulting output signals were robust, and 
were unaffected by step duration and gait speed (0.5 -1 .0  m/s).

On the basis of these results we anticipate that clinical applications of FES 
controllers that include neural feedback should result in systems with increased 
accuracy and dependability.
Funded by NIH Neural Prostheses Program contract NIH-NINDS-NO1-NS-3-2380.

173 .8

P A W  D Y N A M IC S  F O R  S L O P E  W A L K IN G  A T  D IF F E R E N T  
g r a d e s . Tamara V . Trank* and Judith L. Smith, D ept. Physiological 
Science, UCLA, Los Angeles, CA , 90095-1568.

In recent years, our laboratory has studied different walking forms in  the 
cat to determ ine w hat dem ands are p laced  on  the locom otor pattern  
generator to  handle  changes in  body postu re  and lim b  dynam ics. Last 
year, we presented up- and dow n- slope w alking data  for the hip, knee, and 
ankle jo in ts  at 25% -100%  grades (Soc. Neurosci. Abstr., 1994). Here, we 
will focus on the m etatarsophalangeal (M TP) jo in t o f  the  paw.

F or up-slope w alking, progressively  steeper grades resu lted  in  a later 
reversal from  flexion to extension (F-E) at the M TP jo in t during swing and 
an increase in  range o f  m otion at the  M TP jo in t that w as due to  increased 
flexion during swing and increased extension during stance. No yield was 
observed  at contact. T hese kinem atic  changes w ere accom panied  by 
am plitude increases in  reco rd ed  EM G , esp ec ia lly  in  s tan ce  rela ted  
m uscles. Increased flexor d igitorum  longus (FDL) activity  (duration and 
am plitude) during swing was associated w ith the need for the  paw to clear 
the plank.

For dow n-slope walking, increased flexion during swing (greater than in 
up-slope) and decreased extension during stance at the M TP jo in t resulted 
in  a sim ilar range o f  m otion for all grades. T he F-E  transition  during 
swing occurred early for all grades. A  rapid yield coincided w ith the onset 
o f  stance as the  paw  w as aligned rostral to  the  h ip  provid ing  a  braking 
force. As the slope steepened, am plitude and duration o f  extensor m uscles 
decreased while activity o f  flexor m uscles during stance increased.

W e hypothesize the changes in  h indlim b dynam ics and EM G  patterns 
arise from  the m odulation, via afferent feedback and supraspinal input, o f 
a generalized output pattern p rovided by the spinal locom otor generator.

Supported by NIH NS 19864.
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173 .9
RECOVERY OF LOCOMOTION IN MONKEYS OCCURS EARLIER IN THE 
HINDLIMBS THAN FORELIMBS AFTER EXTENSIVE UNILATERAL CEREBRAL 
ABLATIONS. J.A. Vilensky*. S. Gilman and E.A. Dunn. Dept. of Anatomy, 
Indiana Univ. Sch. of Med., Ft. Wayne, IN 4 6805  and Dept. of Neurology, 
Univ. of Michigan Sch. of Med., Ann Arbor, Ml 4 8109 .

This study evaluated whether the contralateral hind and forelimbs recover 
locomotor movements at the same rate after large unilateral cerebral lesions 
in monkeys. The Denny-Brown collection, which includes about 2 200  feet 
of film and records of 4 5 0  monkeys w ith CNS lesions, was used for this 
evaluation.

Eighteen cases, 15 adolescent and 3 infant animals, with 3 types of 
lesions, hemispherectomy, decortication, and pre- and postcentral gyri 
ablation, were evaluated. We used the films and records to determine 
when postoperatively the contralateral hind and forelimbs began to regularly 
participate in locomotion while using normal-appearing movements. In the 
adolescent animals, the contralateral hindlimb generally began to participate 
in locomotion well before the contralateral forelimb. This was particularly 
apparent in the animals w ith the more extensive ablations 
(hemispherectomy and decortication compared to the pre- and postcentral 
gyri ablation). In 5 cases, the forelimb never participated fully in locomotion 
although in 1 of these cases the hindlimb used normal-appearing movements 
6 days after surgery, and the last recorded observation was at 150 days 
postoperative. The infants showed no discernible differences in the rate at 
which the contralateral hind and forelimbs recovered locomotor movements.

These results suggest that encephalization of locomotor control is more 
fully developed for the primate forelimb than the hindlimb, but this 
difference requires maturation of the nervous system for expression.

Supported by PHS N S 33782.

173 .11

IN TER LIM B CO ORDINA TIO N AND TA C TILE PLA CIN G  IN CATS 
W ITH SPINAL CO M PRESSIO N IN JU R IES. D.R. Howland*W. Norman. 
W. O'Steen. O. O'Steen. M. Walsh and D.K. Anderson. Dept. of Neuroscience, 
University of Florida College of Medicine and Veterans Affairs Medical Center, 
Gainesville, FL 32610.

We are evaluating the effect of spinal compression injury on two specific motor 
behaviors: coordination of the hindlimbs with the forelimbs and tactile placing of the 
hindlimb. These motor behaviors are being studied in two groups of adult cats: 
normal controls and animals that have received low thoracic spinal compression 
injuries. All of the spinal cord injured cats in this study recovered the ability to walk 
on a treadmill and cross a runway. In the normal cat conditioned quadrupedal treadmill 
locomotion and voluntary overground locomotion are characterized by a consistent 
tight coupling of the hindlimbs with the forelimbs. Recovery of interlimb 
coordination in the lesioned animal is dependent upon the extent of white matter 
destruction. Cats with lesions restricted primarily to the gray matter typically recover 
an abnormal form of interlimb coordination that is not as tightly coupled as that of the 
normal cat. Cats with lesions that spare only a peripheral rim of white matter do not 
recover interlimb coordination. Like interlimb coordination, recovery of tactile placing 
is correlated with the extent of white matter damage. Cats with lesions restricted 
primarily to the gray matter place in response to a tactile stimulus. Cats with more 
extensive damage do not. Retrograde tracing with WGA-HRP is being used to identify 
the pathways that pass around the lesion sites which may contribute to the recovery of 
these specific behaviors. These studies will indicate whether the pathways that mediate 
these behaviors in the normal animal are necessary for recovery (i.e., propriospinal 
pathways for interlimb coordination and the corticospinal tract for tactile placing). To 
determine if fetal tissue transplants can promote recovery of interlimb coordination and 
tactile placing by enhancing normal plasticity and/or by forming novel pathways, we 
are placing grafts of embryonic spinal cord tissue into the lesion cavities of several 
chronically injured cats that have not recovered these behaviors. Supported by the 
Department of Veterans Affairs and the C.M. and K.E. Overstreet Foundation.

173 .13

KINEMATICS AND MUSCLE SYNERGIES USED IN RAT LOCOMOTION IN 
NORMAL, TRANSECT, AND TRANSPLANT RATS. C. Smeraski*, D. Miya, 
M.R. Davies, W. Kargo, A. Elliot, F. Mori, M. Shibayama, K. Simansky, M. 
Murray, A. Tessler, and S.F. Giszter. Departments of Anatomy and Neurobiology 
and Pharmacology, MCPHU, Philadelphia, PA 19129.

Transplants of fetal neural tissue into neonatal spinal rats can mediate 
development of functional locomotion showing weight support, balance and 
coordination of fore-limbs and hind-limbs. The transplant recipient rat displays 
different levels of interlimb coordination and control depending on motor task. We 
are now beginning to compare the kinematics and muscle activity patterns of 
normal rats, transected rats and transected rats that received transplants. We have 
concentrated on three tasks: (a) treadmill locomotion, (b) drinking at a water spout 
while locomoting on the treadmill, and (c) stair descent. Transplant recipient rats 
perform these adroitly. On the latter two more challenging tasks the body axis yaw 
and roll are significantly reduced compared to unconstrained treadmill locomotion.

Preliminary kinematic results show the following in all tasks: (1) The smoothly 
modulated intralimb joint coordination of the hip and knee in the intact rat 
collapses to a tight in-phase knee-hip coupling in the transplant recipient rats. (2) 
The precise placing of hind-limb behind fore-limb is lost in transplant recipient 
rats. (3) The transplant recipient rat uses the hind-limb in a more extended range 
of the hip joint in all tasks. (4) The transplant recipient hind-limb is more abducted 
and rotated away from the body. (5) Compensatory changes in fore-limb range of 
motion and posture occur in the transplant recipient rat. (6) Precise 2:1 coupling 
of fore-limbs to hind-limbs is common in the transplant recipient rat.

We hope to identify components of locomotion and its control that are common 
in the three preparations. Such components might represent motor primitives used 
and modulated in different ways in the normal rat, the transplant rat and through 
development. Supported by ASR1 grants to AT and SFG and NIH 5P01 NS24707

173 .10
THE RECOVERY OF LOCOMOTION IN ADULT CATS SUBJECTED TO 
BILATERAL LESIONS OF THE VENTRAL AND VENTROLATERAL SPINAL 
QUADRANTS. E. Brustein*, S. Lavoie, F. Lebel, J. Provencher, B. McFadyen+ and
S. Rossignol. Ctr. Rech. Sci. Neuro., Université de Montréal,+Dép. kinanthropol, 
UQAM.

Recovery of voluntary quadrupedal locomotion was studied in two chronically 
implanted cats (eb5, eb6) after bilateral ventral and ventrolateral spinal lesions, done 
through a bilateral pedicellectomy at T12. In both cats, the dorsal columns were intact, 
while the dorsolateral regions were largely spared in one (eb5) and severely damaged 
on one side in the other (eb6). EMGs synchronized to video images were recorded 
during treadmill locomotion and were compared before and after the lesion. The ground 
reaction forces of each limb were measured during walking on a runway. For about 2 
weeks after the lesion, although weak voluntary movements were observed, the cats 
could not use their hindlimbs and strolled around using the forelimbs. Then, they 
gradually regained weight support of the hindquarters and the ability to stand and to 
walk voluntarily. Cat eb5 recovered faster and achieved a better locomotor performance 
than cat eb6. For instance, eb5 could walk at treadmill speeds of up to 0.5m/s for about 
25 consecutive cycles, despite occasional stumbling while eb6 could hardly walk at 
0.4m/s and its performance varied daily. Both cats showed poor lateral stability as 
reflected by a variable mediolateral force profile, even when they were walking already 
at their best (day 80). In addition, impulse calculations from the antero-posterior force 
show a decrease in the hindlimb propulsion which can be correlated with the 
progressive decrease in the extensor EMG activity observed during stance. Inconsistent 
interlimb coordination was seen during the recovery period, with gradual shifts in 
coupling in consecutive step cycles. Later, both cats adopted homolateral coupling 
(pacing). Our study then shows that, althought the severance of major descending tracts 
in the ventral and ventrolateral quadrants results in pronounced, long term locomotor 
deficits, the remaining descending commands in the dorsal and dorsolateral pathways 
can be sufficient for voluntary quadrupedal locomotion.( Supp. MRC, NCE )

173 .12
EFFECTS OF GABAergic DRUGS ON LOCOMOTION IN ADULT CHRONIC 
SPINAL CATS. C. Chau *, J. Provencher, F. Lebel, H. Barheau , and S. Rossignol. 
Ctr. Res. Neurol. Sci., Dept. Physiology, Univ. of Montréal, Canada, H3C 3J7.

Baclofen, a GABA, agonist, is a frequently prescribed medication to relieve spasticity 
in patients. Since GABA agonists have been shown to block the NMDA-triggered 
locomotor rhythm in neonatal isolated rat spinal cord, this study examines if baclofen 
could interfere with the expression of locomotion in chronic spinal cats and also 
potentially in patients. In addition, we have examined bicuculline (a GABAa antagonist) 
as it has been shown to induce locomotion in decerebrate cats, and to increase stepping 
in chronic adult spinalized cats. Using 5 chronic spinal cats (thl3), we obtained video 
and synchronized EMG records during treadmill locomotion before and after 
administration of the drugs either intrathecally (i.t.) via a chronically implanted cannula 
with its tip positioned between L3-L5 (a bolus of 100μl) or intraperitoneally (i.p.). Fast 
paw shake and responses to cutaneous nerve stimulation, or to mechanical tap, were also 
measured. Baclofen reduced reflex excitability and deteriorated the already well- 
established locomotor pattern in a dose-dependent manner (1 to 6mg/kg i.p. or 1.2mM 
to 2.3mM i.t). The deterioration ranged from an increase in the foot drag during swing, 
to a lack of plantar foot placement with decreased weight support during stance, and then 
to a decrease in step length and flexion of the hip, knee and ankle. Finally, a higher 
dose led to paralysis of the hindlimbs and completely arrested the rhythmic locomotor 
activity. In one cat with the cannula placed on the left side of the cord, the locomotion 
was blocked completely on the left side while stepping was still maintained on the right, 
which was also eventually blocked. The noradrenergic agonist, clonidine, known for its 
ability to initiate locomotion, was ineffective in improving locomotion previously blocked 
by baclofen. Bicuculline (300mg/kg i.p.) reduced the usual foot drag seen during swing 
in chronic spinal cats, increased the reflex excitability, the EMG activities of both 
extensor and flexor muscle, and the weight support. In 2 cats, bicuculline (1.4mM i.t. 
and 0.6mg/kg) was given after baclofen (2.8mM i.t. and 2.5mg/kg i.p.) and was found 
to improve the foot placement, increase the amplitude of the muscle activity, the step 
cycle duration, the step length and the angular excursions of the hindlimbs. These 
preliminary results suggest that GABAergic mechanisms not only change reflex 
excitability but may also be involve in the expression of locomotion at the spinal level. 
(Supported by the NCE, MRC & FCAR).

173 .14

F U N C T IO N A L  D E A F F E R E N T A T IO N  O F  K N E E  J O IN T  A FFE R E N TS  
PR O D U C E S  LEG E XTENSIO N AND KNUCKLE W ALKING  IN RATS. R. A. 
Fox*. J . Knox. J. Skinner, and M. S pom er. Dept. of Psych., San José  
St. Univ., San Jos6, CA 9 5 1 92 -0 1 20 .

The knee joint of Sprague Dawley rats (n=24) w as anesthestized to 
investigate the role of joint afferent signals in gait. Intra-articular 
injections (.2  or .3 ml) of 40 m g/m l lidocaine-H C I w ere perform ed  
under gas anesthesia (2%  isoflourane) in a  repeated m easures design 
with the experim ental (injection) condition counterbalanced with two 
control conditions: (a) injection of saline to control for the effects of 
pressure in the joint and (b) gas anesthesia alone.

The  effects of anesthetically  "deafferenting" the knee on limb 
kinematics w ere assessed from videotapes of the anim als as they (a) 
traversed a 1m walkway, (b) swam  across 1-m long channel, and (c) 
trotted (at .27 m/s) on a treadm ill. Tests of swimming and walking 
o c cu rre d  2 -6  m in. fo llow ing  in jec tio n  o f lid o ca in e  and at 
approxim ately 10 min. following injection when foot placem ent began 
to becom e norm al. Treadm ill tests occurred from 8 -2 0  min. after 
in jec tion .

During anesthetic HdeafferentationH of the knee joint rats walked  
with the toes c lenched (i.e ., "knuckle" w alking), the ankle hyper- 
extended, the range of motion in the knee reduced in swing, and with 
extrem e vertical oscillation of the hip. Ankle effects w ere present in 
swim m ing but toe clenching w as absen t. These  effects suggest 
disruption of knee afferents m ay prevent norm al "gating" of tactile 
stimulation of the foot producing extensor dom inance and inhibiting 
flexor activity that normally initiates the swing phase of locomotion.

Supported by NASA G rant 2 -449 .
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173 .15

RED NUCLEUS LESIONS AFTER RECOVERY FROM MILD SPINAL CORD 
CONTUSIONS PRODUCE INTERLIMB COORDINATION DEFICITS. D.M. 
Basso*. L.P. Fugate. M.S. Beattie. J.C. Bresnahan. Depts. of Cell Bio., Neurobio., 
and Anat; Physical Med. & Rehab. The Ohio State University, Cols, OH 43210.

Previous work showed that rats with greater sparing of the rubrospinal tract after 
mild spinal cord contusions (SCI) had more extensive recovery of locomotion. The 
purpose of the present experiment was to examine the role of the red nucleus (RN) 
in mediating behavioral recovery. Rats had midlhoracic SCI (mild) which 
displaced the cord 0.8mm (n=6) and were behaviorally tested for 9 weeks.
Recovery of locomotion, vestibular righting, proprioceptive placing and flexor 
withdrawal were measured kinematically or with the BBB locomotor rating scale 
and a vestibular righting scale from videotape. Following a plateau in recovery 
from SCI, the RN was lesioned unilaterally by microinjection (0.25μl) of reduced 
haloperidol (RHal; 25 nmol/0.5 μl; pH 5.5; Bowen et al, 1990 Eur. J. Pharm.) and 
behavioral testing continued for 4 weeks. Eight normal rats served as controls and 
had injections of either RHal or vehicle into the RN.

Rats recovered near-normal open field locomotion after mild SCI including 
consistent forelimb-hindlimb coordination, frequent toe clearance and parallel paw 
position during initial contact of the step cycle. Righting and placing reflexes also 
showed some recovery. Subsequent RN lesions resulted in a significant loss of FL- 
HL coordination (p<0.001) and toe clearance initially (days 2 & 3 post RN; 
p<0.05) but did not alter paw position. RN lesions also caused greater deficits in 
righting such that all rats were unable to air right. Proprioceptive placing could 
not be elicited initially but showed partial recovery by 30 days. These data suggest 
that the RN plays an important role in locomotor recovery by modulating 
brainstem and/or spinal systems responsible for interlimb coordination after SCI. 
(Support: Am. Para. Assoc. BB 29302; NIH NS 10165).

173 .17

IN VIVO MEASUREMENT OF THE EXTRACELLULAR AMINO ACID 
CONTENT IN THE DORSAL HORN OF THE SPINAL RAT. W.M.Wilson1, 
R.D. de Leon1, L. Ackerson 2 N.T. Maidment2. R.R. Roy 1 * and V.R. Edgerton1
1 Department of Physiological Science and Brain Research Institute, UCLA and
2 Department of Psychiatry, School of Medicine, UCLA, CA, 90095

This experiment describes an in vivo microdialysis technique used to measure the 
extracellular amino acid content of the dorsal horn of spinal and intact rats before, 
during and after 20 min of hindlimb stepping. Under halothane anesthesia and 
sterile surgical conditions the rat was fixed in a stereotaxic frame and a guide 
cannula (20 gauge and of pre-measured length) was implanted 1.5 mm from the 
midline at a 15° angle from the vertical and 1.5 mm into the lamina of T13. Seven 
days later and under halothane anesthesia a microdialysis probe was implanted after 
the dura had been pierced. The probe, of concentric design, with a membrane 
(cupraphane) length of 1.5 mm, was implanted to a depth of 1.5 mm below the 
guide cannula. The probe was maintained at a flowrate of 0.5 (μl min'1 throughout 
the experiment and samples collected at 20 min intervals. After 18-24 h of recovery
3 baseline samples were collected in the home cage, one during 20 min of hindlimb 
stepping at a speed of 0.5 m -s1 and a further 3 samples collected when the rat was 
returned to the home cage. Thereafter the spinal rats were injected intraperitoncally 
with quipazine (1 mg) and returned to the treadmill for 20 min of hindlimb stepping 
at 0.5 m -s1. Two more samples were collected when the animal was returned to the 
home cage. Once the experiment was completed the rat was perfused transcardially, 
the cord removed and placement of the probe verified. Dialysate amino acid content 
was analysed by OPA derivitization and HPLC coupled with fluorescence 
detection. In the spinal rats (spinalised at T8) dialysate glutamate content (% of 
baseline) increased above baseline levels during stepping (142%), rose further to 
306% following the administration of quipazine while stepping but did not alter in 
the intact rat.These results suggest that in vivo microdialysis can be used to 
measure the changes in extracellular amino acid content of the dorsal horn of the 
spinal and intact rat during hindlimb locomotion. Supported by NIH gram 16333.

173 .19

DEVELOPMENTAL CHANGES IN  BIPEDAL WALKING: 
ANALYSIS OF LOCOMOTION IN CHICKS. G .D . Muir* and J.D  
Steeves. Depts. o f  Zoology and Anatomy, University o f  British 
Columbia, Vancouver, B .C ., Canada, V6T 1Z4.

Walking in all adult terrestrial animals involves efficient exchanges 
between potential and kinetic energy within each step. This form of  
energy exchange does not occur during running. Because they are 
precocial, chicks are a particularly good experimental subject for 
comparing the development o f  these two modes o f  locomotion. 
Hatchling chicks are capable o f running within a few  hours o f  hatching, 
but are they able to walk in an efficient manner? W e examined the 
mechanical efficiency o f  locomotion from hatching to 14 days post- 
hatching. Chicks were videotaped each day as they moved in a straight 
path. Ground reaction forces were simultaneously recorded from a force 
platform embedded in the walkway and synchronized with the videotape 
records. Analysis o f  the changes in kinetic and potential energy within 
each step reveal that young chicks ( < 7  days old) do not take full 
advantage o f  the exchange between potential and kinetic energy as do 
older animals. Locomotion in young chicks is characterized by: 1) 
reduced vertical movements o f  the centre o f  mass, 2) relatively longer 
durations o f double limb support, which increases the chicks’ stability. 
Thus, young chicks do not walk in the same manner as older animals, 
essentially sacrificing energy efficiency for increased stability. 
(Supported by NSERC o f  Canada.)

173 .16

THE EFFECTS OF QUIPAZINE (I.T. AND I.P.) ON THE LOCOMOTOR AND 
POSTURAL CAPABILITIES OF TRAINED AND NON-TRAINED SPINAL 
TRANSECTED ADULT RATS. R.D. de Leon. J.T .Huang. W. M. Wilson. 
J.A.Hodgson, R.R.Roy. A. Garfinkel*. V.R.Edgcrton. Department of Physiological 
Science and Brain Research Institute, UCLA, L.A., CA 90025.

Step-trained spinal rats can recover limited locomotor ability which can improvt 
with i.p. administration of the serotonergic agonist, quipazine (1 mg; Zhang et al., 
Soc Neurosci Abstr 94). The purpose of the present study was to determine the 
effects of quipazine administration (i.t. and i.p.) on the unassisted locomotion and 
standing of step-trained and non-Lrained adult spinal rats. The spinal cords of 4 rats 
were transected (T8) following implant of an intrathecal cannula (LI). Two spinal 
rats were trained to step bipcdally for 10 min/day, 2-7 days/week, on a treadmill 
equipped with a raised platform on which the forepaws rested and a plastic divider 
which prevented the hindpaws from crossing. Training consisted of passive paw 
placement, gentle knee and abdomen rubbing or ankle stimulation sufficient enough 
to elicit flexion. Short bouts of unassisted, partial weight bearing treadmill stepping 
were observed in the 4 rats 1-5 months after spinalization, although trained rats 
displayed a greater tendency for plantar rather than dorsal paw placement. Consistent 
plantar stepping occurred occasionally in all rats but only when assistance was 
provided (knee and abdomen rubbing). Minimal hindlimb standing was observed in 
all rats during all tests. Unassisted stepping improved dramatically when quipazine 
(20 μg i.t. or 1 mg i.p.) was administered to the 2 trained rats, 2 to 4 months post 
spinal. Kinematic analyses showed longer bouts of unassisted locomotion, increased 
plantar placement and an overall greater flexion of the hindlimbs within 1-5 min 
following quipazine injection but dissipated after 15-20 min. In contrast, a minimal 
effect on stepping was observed in a non-trained spinal rat which received quipazine 
(1 mg i.p.) 4 months after spinalization. These results demonstrate that training 
enhances locomotor ability following spinal transection in the rat. Further, training 
potentiates the effects of quipazine administration. Thus, step training seems to 
modulate the responsiveness of spinal serotonergic systems that initiate and 
modulate hindlimb stepping. (Supported by NIH Grant NS 16333)

173 .18

HINDLIM B MOTOR UNIT ACTIVITY DURING LOCOMOTION IN THE 
AW AKE RAT M. Gorassini*. O. Kiehn, D. Bennett and H. Hultborn Dept. of Medical 
Physiology, Sect. of Neurophys., Univ. of Copenhagen, Copenhagen, Denmark.

Bistable firing of soleus motor units, thought to be evidence of plateau potential 
activation, has been demonstrated in the awake rat during posture (Eken and Kiehn. Acta. 
Scand.: 136, 383, 1989). We have looked for similar evidence in the freely locomoting rat. 
Fine (25-50μm) platinum/iridium wires were inserted into medial and lateral gastrocnemius 
(MG & LG) and tibialis anterior (TA) using a technique similar to Henning and Lømo 
(Nature 314:164,1984). The majority of units recorded [LG (5/6), MG (2/3) and TA (2/3)]
were recruited at high levels of their corresponding smoothed and rectified gross EMG, 
whereas the remaining units were active throughout the duration of the gross EMG burst. A 
surprising finding was that a high percentage of steps contained initial doublets (ie., first 
interspike interval < 10ms; LG, 65.5% (38/58 steps); MG, 86.7% (13/15 steps); TA 100% 
(23/23 steps). This is similar to the decerebrate cat (Zajac & Young, J. Neurophys.:43, 
1221, 1980) but in contrast to the intact cat (Hoffer et al„ J. Neurophys.: 57, 530, 1987). 
These initial doublets were most predominant in the high threshold units. The mean firing 
rates during stepping were high, as compared to other units active during posture (LG 54- 
86Hz, MG 60-66Hz and TA 100-120Hz). The firing rates following the initial doublet were 
relatively constant, giving rise to an L-shaped firing rate profile. In 26 steps of 2 well 
followed units, the firing rate (excluding initial doublets) was plotted against the amplitude 
of the rectified and smoothed (30Hz) EMG and fitted with the equation Rate(t) = m EMG(t) 
+ b. On average, there were large errors (43% RMS error) in predicting the firing rate based 
on the gross EMG and statistically, the data were just as well accounted for by a line of 
slope zero (ie. weak relationship between EMG and frequency). Our data suggests that the 
firing frequencies of these units during locomotion are not simple reflections of the common 
synaptic drive to the motoneuronal pool. Rather, it may be a result of differential synaptic 
drive to parts of the motoneuronal pool or due to intrinsic membrane properties (ie. plateau 
potentials). Supported by the Danish Research Academy and Danish MRC.

173 .20

A BIOMECHANICAL MODEL OF THE LEECH HYDROSKELETON THAT 
TAKES MUSCLE ACTIVATION AND SIMULATES CRAWLING. 
W.B.Kristan, Jr.1*, R.J.A. W ilson1. B.A. Skierczvnski2 . J.K. Meyer1,
S, Blackwood1, R. Skalak2. 1Dept. of Biology & 2Institute for Biomedical 
Engineering, UCSD, La Jolla, CA 92093-0357.

Leech locomotion has been characterized both kinematically and in terms of 
the underlying pattern of motor neuron activity. However, the biomechanics that 
determine this mapping are poorly understood. By building a biomechanical 
model based on physiological measurements we will better understand the 
relationship between motor neuron activity and muscle force, as well as how 
muscle force produces behavior of the animal as a whole.

A static biomechanical model was developed to predict the shape and internal 
pressure of a leech for a given spatial pattern of muscle activation. The model 
assumes that (a) the volume of each segment remains constant and (b) when at a 
steady-state, the shape of the leech minimizes the potential energy of the body. 
The model incorporates the following experimental data: the dimensions of the 
leech at behavioral extremes, the passive length/tension properties of muscles in 
the body wall, and the active tension produced by activating single identified 
motor neurons at different muscle lengths and firing frequencies. The pattern of 
muscle activation was generated by a model of the crawling pattern generator 
based on kinematic and electrophysiological data.

We have been able to generate leech shapes that ressemble those of crawling 
animal. Whilst attempting to produce pressures equal in magnitude to those 
recorded in real animals, we found that the biomechanical model was very 
sensitive to the time constants of muscle activation and relaxation. In the animal 
these time constants are motor neuron specific and can be modulated by serotonin. 
Supported by NSF Research Grant IBN22039 & NIH Research Grant MH43396.
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174 .1

GAZE DIRECTION PLAYS A ROLE IN GUIDING A NATURAL  
BUT NOT AN INSTRUMENTED WRIST MOVEMENT j .g . Keating*.
T.A. Martin. J.W.Mink. and W.T. Thach. Department of Anatomy and Neurobiology, 
Washington University School of Medicine, St. Louis, MO 63110.

Prism adaptation experiments have shown that visually-detected error is used to 
modify the gaze direction-hand movement relationship (Martin et al., 1995). We were 
interested in determining whether gaze direction played a role in guiding limb 
movements in general. We examined the role of gaze in the production of a targeted 
wrist movement under two different conditions. In each, the subject placed his hand 
in a manipulandum and was asked to make single, fast, ~60 degree targeted wrist 
flexions. In the instrumented condition, the subject looked at an oscilloscope screen 
that displayed a cursor and a target window. Rotation of the manipulandum moved the 
cursor, which the subject had to place in the target window. In the natural condition, 
the subject looked at the manipulandum and a target placed just beyond its radius of 
rotation. The starting position, the stopping position, and the peak velocity reached by 
the wrist during the movements were virtually identical for the two conditions. When 
prism goggles were worn, gaze was shifted, so that the subject had to change the 
direction of his gaze to look at the oscilloscope or at the manipulandum. The change 
in gaze direction had no effect on the wrist movement in the instrumented task. In the 
natural task, however, donning of prisms resulted in the first few trials o f wrist 
rotation missing the target, in the direction o f the gaze deviation.

In summary, the production of movement depends on the conditions under which 
the movement is made. The control of movements made to targets in three 
dimensional space may be different from that produced in response to cursors and 
targets on CRTs commonly used in motor research. (Supported by NIH grant 
NS 12777 and ONR N00014-92-J-1827)

174 .3

EFFECT OF TRUNK SUPPORT IN  M ULTIJOINT ARM  M OVEM ENT 
IN HU N TIN G TO N ’S DISEASE. V .Ham el. T.R.Kaminski. L.A. Q uinn . 
C.C. Bassile*. Teachers College, Colum bia U niversity , NY, NY 10027.

W e investigated the influence of trunk  su p p o rt on the organization  of 
a p o in tin g  task  in  H u n tin g to n 's  d isease  (HD ) p a tie n ts  (pts). We 
h y p o th e s iz e d  th a t  t ru n k  s u p p o rt  w o u ld  a ffec t th e  m o v em e n t 
o rg an iza tio n  by  m in im iz in g  the  d e s tab iliz in g  effect of the  rap id  
fo rw ard  arm  acceleration. 6 HD  p ts  w ith  m odera te  chorea an d  4 age- 
m atched  control subjects (Ss) perfo rm ed  a rap id  po in tin g  task  w hile 
sitting  su p p o rted  an d  u n su p p o rte d  to  a 2.54 cm  targ e t located  at 3 
distances: 90, 115, 140% of a rm  length . 3D kinem atic  analysis  w as 
utilized  to evaluate tru n k  and  a rm  m ovem ents. For the  close d istance 
w hich d id  n o t require  tru n k  m otion, the h ea lthy  Ss a tta in ed  a h igher 
w ris t p eak  v e lo c ity  an d  sp e n t p ro p o rtio n a lly  less tim e  in  the  
deceleration  phase w hen their backs w ere su p p o rted  as com pared  to 
u n supported . In contrast, the H D  p ts  show ed a sm aller peak  velocity, 
and  no  difference in  percentage of tim e spent in  the deceleration phase 
for the  su p p o rte d  condition . For the  m id d le  an d  far ta rg e t w hich  
requ ired  tru n k  m otion, both  g roups show ed  a tren d  for greater w rist 
peak  velocities w hen  u n su p p o rted  as com pared  to su p p o rted . It is 
speculated  th at the greater peak  velocity observed  in the u n su p p o rted  
condition  (m iddle  and  far distances) resu lted  from  the m o to r system  
tak ing  ad v an tag e  of the h ig h er level of p rem o v em en t tru n k  m uscle 
activity. W hen the trunk  was no t requ ired  to m ove (close distance), the 
hea lthy  Ss took advan tage  of the increased  stab ility  p ro v id ed  by  the 
back support, b u t the H D  p ts d id  not.

174 .5

TRANSLATING INSTRUCTIONS INTO SPATIALLY-DIRECTED LIMB 
MOVEMENT. R.K.Parasher & A .M .Gentile* Teachers College, Colum bia 
Univ, NY 10027

The task required  reaching forw ard  to grasp  a dow el and  placing its light 
or b lack end  in one of 4 containers located to left o r right, near or far of the 
subject. It was p roposed  that a v isuospatial representation  of the task-goal 
retained in w orking m em ory guides generation of the spatially-directed 
lim b m ovem ent. Two m odes of instruction specified the goal: (1) 
v isuospatial (VS)-a p icture of the dow el placed in one of 4 containers, or (2) 
visual w ritten  (VW )-verbal description of dow el placem ent (e.g. Light, 
Near, Right). These instructions im plicate tw o d istinct system s of w orking 
m em ory (Baddeley,1992; Logie, 1995) w ith  separate neuroanatom ical 
substrates (Frakowiak,1992): a phonological loop for speech-based inp u t 
and  a  visuospatial sketchpad (VSSP). VS instructions directly  results in a 
VSSP representation p rovid ing  for rap id  organization  of m ovem ent. In 
contrast, VW instructions held  in  the phonological loop m ust be translated 
via a central executive into the VSSP p rio r to  m ovem ent generation. Right- 
h anded  subjects (n=12) w ere tested using  either VS o r VW u n d er the 
2(R ight/Left) x 2(N ear/F ar) x 2(Black/Light) com binations of dowel- 
placem ent. Response latency w as faster for VS than  VW w ith  dow el- 

lacem ent pictorially presented  in the left v isual field, supporting  right 
em isphere advantage in processing v isuospatial input. M ovem ent times 

(MTs) for dow el-approach and  transport to container w ere faster for VS 
than  VW. Slower MTs during  both  phases for VW im plicated sequential 
specification of m ovem ent com ponents d u rin g  execution. Thus, VW 
instructions seem ed to require serial translation  of inform ation in the 
phonological loop to derive a  VSSP representation  necessary for 
generating m ovem ent. This representation  w as readily  available w ith  VS 
instructions an d  led to siirtultaneous and  rap id  specification of m ovem ent 
com ponents.

174 .2
EFFECTS OF BASE OF SUPPORT A N D  TARGET DISTANCE 

O N  THE PREPARATION AN D EXECUTION OF REACHING 
MOVEMENTS T.R.Kaminski* and  S. D. Sim pkins Teachers 
College, Colum bia College NY, NY 10027.

Two ways to increase the postural dem ands of a task are to vary 
the base of support or the excursion of the center of m ass w ithin 
the base. W hile the effects of p ostu ra l dem ands on the 
p reparatory  phase of a m ovem ent have been w idely studied , 
their effects on the organization of arm  m ovem ents have not been 
considered. The purpose of this study  was to exam ine the effects 
of base of support and target location on the preparation  and 
execution of a reaching m ovem ent.

Six subjects w ere videotaped  in 2-D while they reached and 
grasped  a dow el placed at four locations w ith  their feet parallel 
(FP) and  feet astride (FA) u n d er a sim ple reaction tim e condition. 
The locations of targets 1 and 2 w ere w ith in  arm s length while 
targets 3 and 4 were beyond arm s length.

Target location exerted a significant m ain effect on reaction 
tim e and on all m easured param eters of the w rist velocity 
profile. There w as a significant m ain effect of base of su p p o rt on 
m ovem ent time, peak  velocity and  deceleration time, and  a base 
by target interaction for m ovem ent tim e and  deceleration time. 
The results suggest that the degree of postu ral stability  both  
prior to and  u pon  com pletion of the task has significant effects on 
the organization of arm  m ovem ents.

174 .4
COUPLING BETWEEN RELEASE APERTURE A N D  AN TICIPATED 
OBJECT SIZE. S. V. Duff. T. R. Flanagan & A. W ieraszko*. Teachers 
College, Colum bia University, N ew  York, NY 10027.

Based on the w ork of Jeannerod (1981,1984) transport and grasp  have 
been studied  for both their coupling and independence from each other. 
H ow ever coupling and independence d u ring  functional sequential tasks 
has not been investigated. This study  exam ined tw o questions. The 
first question asked w hether peak ap ertu re  at release from  one object 
w ould be influenced by the w idth  of the next object? The second question 
asked w hether the tim e of peak  aperture  at release w ould  be correlated 
w ith peak velocity?

The subjects in this study  w ere instructed to grasp  tw o different square 
dowels, sequentially, using an overhand precision grip  betw een the 
index and thum b, and m ove them  in a forw ard  direction aw ay from  the 
body. The first dow el in the tw o dow el sequence had  a consistent w id th  
of 22 m m. The w idth  of the second dow el was random ly altered betw een 
small (10mm), m edium  (22mm) and large (48 mm). In addition  the 
distance betw een the release site of the first dow el and  the pick up site 
of the second dow el w as random ly altered by 6 cm.

The results indicate that there w as not significant coupling betw een 
peak aperture at release of the first dow el and  the w id th  of the second 
dowel. Instead significant coupling occured betw een peak  ap ertu re  at 
release and a consistent m inim a point, w hich occured prio r to the final 
opening phase. Peak tangential velocity d id  not correlate w ith  release 
aperture. It also correlated w ith  the m inim a point. This s tudy supports 
the concept of pre-p lanning  of g rasp  during  functional sequential tasks, 
how ever the planning  occurs later than  originally hypothesized.

174 .6
ERROR DETECTION AND SPATIAL ASSIMILATIONS IN RAPID 
BIMANUAL MIRROR IMAGE MOVEMENTS. D. E. Sherwood*. Dept, of 
Kinesiology, Univ. of Colorado, Boulder, CO 80309.

When simultaneous bimanual movements are made over different distances, 
the short-distance limb usually overshoots, assimilating the longer-distance 
limb. However, in most studies of this type, movement distance and target 
location have been confounded since the limbs move different distances to 
different target locations. In order to unconfound distance and location, 24 
right-handed subjects paired a quick elbow flexion-extension movement in 
one limb with an elbow extension-flexion in the other limb in the sagittal 
plane in three experimental conditions. In the 20°-20° condition subjects moved 
the same distance to different target locations, in the 20°-40° condition, subjects 
moved different distances to different target locations, and in the 20°-55° 
condition, subjects moved different distances to the same target location. 
Subjects were also asked to estimate their movement distance in each limb 
before knowledge of results (KR) was given.

Overshooting and greater trial-to-trial variability was shown in the short- 
distance limb in the 20°-40° and the 20°-55° conditions compared to single
limb control trials. No differences between single and dual trials were shown in 
the 20°-20°condition, or on the longer-distance limb in the 20°-40° and 20°-55° 
conditions. The mean absolute difference between the subject's estimated and 
actual spatial error increased with distance and was greater in the dual 
conditions relative to single conditions. The results suggest that spatial 
assimilations are greatest when limbs move different distances to different target 
locations but there is no reduction in spatial error when subjects move different 
distances to the same target location . Also error detection capability is hindered 
in bimanual movements relative to single movements.
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174 .7

HUM AN PO IN TING M OVEM ENTS: ER R O R S O F D IR E C TIO N  AND 
EXTENT. J. Messier & J.F. Kalaska*. CRSN, D ép t. de Physiologie, U. M ontréal.

Patterns in end point distributions of reaching m ovements are often used to 
infer strategies used by the CNS to plan the movements. This study examined the 
hypothesis that two im portant movement param eters, direction and extent, arc 
planned by two independent processing ’channels’. If this hypothesis is true in the 
strictest sense, the patterns of variable and systematic direction and extent errors 
should be different and independent. Subjects made reaching movements to 25 
targets at 5 different distances along 5 different directions on a horizontal plane 
in front of them. M ovement velocity was natural and eyes was closed during 
movement to eliminate visual feedback. The subjects did not receive knowlege of 
results. The movement endpoints were recorded using an O ptotrak  3020 motion 
analysis system. Typically, variable errors of movement extent (on-axis error) 
were g reater than for m ovement direction (off-axis error). As a result, the spatial 
distributions of endpoints about a given target usually form ed an ellipse with the 
principal axis oriented in the mean movement direction. Both on- and off-axis 
variable errors increased with movement amplitude, and the slope of the function 
was greater for on-axis errors for all subjects and for all directions. However, 
their ratio (i.e. off-axis / on-axis) rem ained constant at different movement 
amplitudes, as if following the same scaling rules. In o ther words, movement 
amplitude had a similar effect on variable errors of direction and extent. This 
finding dees not support a previous study of variable errors in hum an pointing 
movements (Gordon et al. (1994) Exp. Brain Res. 99: 97). Systematic errors of 
direction and extent showed more complex patterns that varied with both 
movement direction and extent, and also among subjects, suggesting complex 
interactions between direction and extent. Interactions between direction and 
extent are not consistent with their independent planning. Supported by M RC 
G roup G rant in Neurological Sciences (JK), and an FCAR studentship (JM).

1 74 .9

THE INFLUENCE OF TARGET MOTION ON THE CONTROL OF 
MANUAL AIMING. H. Carnahan*. Dept. of Kinesiology, University of 
Waterloo, Waterloo, Ontario, Canada, N2L 3G1.

How are sensory representations of the environment transformed into the 
appropriate frames of reference for the generation of reaching movements? 
To address this issue a series of studies are presented which examined how 
individuals use information about target motion during manual aiming. 
Human subjects moved a mouse on a graphics tablet that controlled a cursor 
on a computer screen. At the bottom of the screen was a target cursor which 
moved upward with a predictable trajectory toward the subject’s cursor, 
which began at the top of the screen. The subject’s task was to arrive in an 
intersection region at the same time as the target. Results showed that 
although subjects were not required to track the target, their trajectories 
toward the target were highly correlated to those of the target, even when the 
target moved at different velocities and when the target was intercepted at 
different points along its path. As well, when vision of the target was 
occluded at various points along the trajectory subjects were still able to 
accurately capture the target, suggesting that continuous vision of a moving 
target is not necessary. Even with limited viewing of the target trajectory the 
subjects were able to anticipate its end point. Finally, when the velocity 
profile of the target was manipulated, aiming velocity was similarly 
influenced, providing more evidence that there is not continuous visual 
sampling, but instead movements are controlled on the basis of a visual 
representation or model of the trajectory. Others have shown that specific 
cells within the motor cortex may be involved in using these representations 
to plan movements. (Supported by NSERC).

174 .11

NONLINEAR DYNAMICS OF VISUALLY-GUIDED SINUSOIDAL 
TRACKING IN NORMALS AND PARKINSONISM. M.T.V. Johnson*. A N. 
Kipnis, R. Arts. T.J. Ebner. Departments of Neurosurgery, Physiology, and 
Chemical Engineering, University of Minnesota, Minneapolis, MN 55455.

Frequent inflections of velocity during tracking have been attributed to 
abnormal motor control in parkinsonism. These inflections were characterized in 
normal (N) and parkinsonian (P) subjects using a sinusoidal, visually-guided, 
flexion-extension wrist tracking task with variable tracking frequency. 
Kinematics were analyzed using phase plots of position, velocity, and 
acceleration. Flexor and extensor EMG was plotted as a function of tracking 
velocity. N and P subjects were similar in the following respects: Both 
demonstrated frequent inflections in velocity over the tracking cycle. At low 
frequencies (0.25-0.5 Hz) these inflections were prominent in the position vs. 
velocity and velocity vs. acceleration phase plots. EMG as a function of velocity 
was symmetrical over positive and negative values. As the tracking frequency 
increased (0.75-1.75 Hz), the velocity inflections became increasingly phase- 
locked to the tracking cycle. The EMG envelope approximated a step-function 
with increased amplitude at velocities in the direction of muscle shortening. N 
and P subjects differed in the following respects: After levodopa, P subjects 
demonstrated a reduced number of inappropriately large velocity excursions per 
tracking cycle. Tracking in some P subjects entrained tremor, superimposing a 
smooth elliptical trajectory on the phase plots. A second-order linear model 
predicts a smooth elliptical trajectory for velocity vs. acceleration plots without 
the noted inflections. However, if a position nonlinearity is added to the model, 
inflections result. The observed sigmoidal shape of the position vs. acceleration 
plots is also predicted. If velocity nonlinearity is added to the model, the model 
becomes self-excitable and capable of oscillation (tremor). Furthermore, the 
observed step-function EMG profile is a propulsion mode typical of this nonlinear 
model. Supported by NIH grants T32 NS07361 and R44 NS28633.

174 .8

PERCEIVED DIFFICULTY IN A CONTINUOUS TRACING TASK UNDER 
VARIOUS LOAD CONDITIONS. J. Boline*. C. Barczys. J. Ashe, and A.P. 
Georgopoulos. Brain Sciences Center, VAMC and Dept. of Physiology, Univ. of 
Minn. Med. School, Minneapolis, MN 55417.

The goal of this investigation was to characterize the performance of human 
subjects during continuous movements under different external load conditions, 
including elastic, viscous and inertial loads. Each load was studied at 5 different 
levels; two positive, zero, and two negative. The range of the load constants 
applied were ±0.0282448 Nm, ±0.0024008 Nm.s, and ±0.0001694 Nm.s2, for 
elastic, viscous and inertial loads, respectively. The task consisted of tracing 
clockwise a circle on a video screen with a cursor controlled by a 2D torquable 
manipulandum. Subjects performed 125 trials in the task, representing all possible 
load (k =  3) and level (m -  5) combinations. After each trial, the subject rated the 
perceived difficulty (P) on an arbitrary numerical scale; the greater the perceived 
difficulty, the greater the value of P assigned. We used a multiple linear regression 
analysis to explore the relations between the load constants and log(P). The 
regression equation was: log(P) = b0 + b1 K + b2 B + b3 J + ε , where K, B 
and J are the elastic, viscous, and inertial load constants, respectively, b0-b3 are 
regression coefficients, and ε is an error term. We found the following, (a) The 
regression model was statistically highly significant (p <  10-4 , F test), (b) All three 
regression coefficients (b1 ,b3) were statistically significant (P <  0.01, t test), (c) All 
of these three coefficients were negative. This indicates that the less positive (or 
more negative) the load constants, the greater the perceived difficulty. This finding 
implies that the greatest difficulty is encountered with a combination of large 
negative constants for the three kinds of loads applied. Such negative constants 
define an unstable system which is unfamiliar in everyday life. These factors of 
instability and unfamiliarity are likely explanations for the greater perceived 
difficulty under those conditions. (Supported by VA and NIH grants).

174 .10

VELO C ITY  PROFILES IN D R A W ING S O F  LISSAJOUS  
FIG U R ES. G. Pellizzer*. and A .P . Georgopoulos. Brain Sciences 
Center, VAM C, Minneapolis, M N 55417, and Dept. o f  Physiology, 
Univ. o f  Minnesota Medical School, Minneapolis, M N 55455.

During drawing and handwriting movements speed varies with 
curvature, so that the hand slows down when the path is more curved. 
In a previous report (Soc. Neurosc. Abstr., 1993) we advanced the 
hypothesis that the relation between speed and curvature results from 
time constraints o f  the transformation o f  the intended direction o f  
movement. That is, the visuomotor system spends time to transform 
the direction o f  the upcoming movement, and the amount o f  time is 
proportional to the angle o f  change in direction. This led to the 
prediction that: Speed-1 =  Vmax-1 +  Curvature/ω  where VMAXrepresents 
the speed in straight portions o f  the trajectory, and w the angular 
velocity o f  transformation o f  the intended direction o f  movement. In 
contrast with models describing drawing and handwriting movements 
as the combination o f  simple orthogonal sinusoidal oscillators, this 
model predicts that the velocity components o f  drawings o f  
geometrical Lissajous figures are not simple sinusoidal functions. To 
test the validity o f  the prediction, w e analyzed the velocity 
components o f  movements o f  subjects drawing geometrical Lissajous 
figures. The results indicate that the velocity components are not 
simple sinusoidal function, and that their features closely resemble 
those predicted by the model. (Supported by NSF).

174 .12

MUSCLE TORQUE DIRECTIONS AT THE HUMAN  
SHOULDER. C. A. Buneo*. J. F. Soechting, and M. Flanders. 
Dept. o f Physiology, Univ. o f Minnesota, Minneapolis, MN 55455.

In order to better understand the neural control o f reaching, 
it would be advantageous to be able to relate observed changes 
in the pattern o f muscle activation (EMG) during reaching to 
concomitant variations in joint torque. An existing model of 
these relations (Soechting et al., 1995) has suffered from 
inadequate information regarding muscle pulling directions, 
which are typically estimated from cadaver measurements 
obtained with the arm in a single posture. We are currently 
developing in vivo estimates o f muscle pulling directions across 
a range o f postures. Superficial muscles crossing the shoulder 
joint were electrically stimulated to contraction using a surface 
stimulation protocol. The resulting forces and moments 
transmitted to the humerus were recorded with a six-degrees o f  
freedom force transducer that was coupled to the distal end o f  
the humerus. Muscle actions changed with arm posture but the 
variation was not random: there was a systematic variation in 
torque direction with one or more o f the shoulder joint angles.
The results provide a description o f muscle actions in three- 
dimensions that can be used to model neural activation o f human 
arm musculature during reaching.
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174 .13

A MODEL OF THE RELATION BETWEEN EMG AND 
JOINT TORQUE. J.F. Soechting.1 J.J. Pellegrini.*2 and 
M. Flanders.1 Physiology Dept., Univ. Minnesota, 
Minneapolis, MN 55455. 2The College of St. Catherine, 
St. Paul, MN 55105.

We have begun to develop an integrated musculoskeletal 
model of the human arm for use in studies of reaching.
As an input, our model takes the rectified EMG recorded 
during unsupported reaching movements in many 
directions, in the sagittal plane of the arm. The postural 
EMG is removed, and the phasic EMG is then 
transformed into a prediction of the dynamic component 
of joint torque. This transformation has several steps and 
is largely based on a Hill-type muscle model, combined 
with published estimates of musculoskeletal geometry.

The model explains how the force-velocity relation 
enhances the efficacy of braking activity (in agonists and 
antagonists alike), and the transformation is moderately 
successful in predicting the pattern of joint torque. The 
weakest aspect of the model seems to stem from a lack of 
physiological data on the muscles’ mechanical actions.

174 .15

COMPARISON OF THREE METHODS FOR LOCATING JOINT 
CENTERS DURING PLANAR ARM MOTION. Rebecca A. States*.
Texas A & M Univ., Dept. of Health & Kinesiology, College Station, TX 77843.

Errors in locating joint centers (JCs) confound kinematic measurements, espe
cially those that depend on multiple JCs (e g. segment length, joint position). 
Reliability of joint center location methods (JCLMs) is limited by skin and soft 
tissue movement, and for simpler methods, by out-of-plane motion. My study ex
plores the sensitivity of kinematic variables to soft tissue and out-of-plane motion 
by comparing segment length variability of the hand, forearm and upper arm dur
ing planar movements for three JCLMs: Observational, 2D Center of Rotation 
(Speigelman & Woo, 1987), and 3D Finite Helical Axis (Hart et al., 1991).

Four college students participated in Five two-hour sessions. Movements of the 
right arm in a transverse plane were restricted to wrist and elbow flexion/extension 
and horizontal ab/adduction of the shoulder. In separate trials, subjects cycled 
each joint through its full range of motion for 10 sec. In a fourth "global" trial, 
subjects moved along a hand path which prompted use of many joint postures for 
10 sec. This set of trials was repeated ten times per session.

Movements were measured by an Optotrak 3020 digitizing system running at 
100 Hz. Sets of three markers permanently fixed to rigid bodies were attached to 
the hand, forearm, upper arm and right clavicle. In addition, a single marker was 
placed over each joint center, to represent the "Observational" method.

For the 2D and FHA methods, new JCs were determined post-hoc using data from 
range of motion trials for a given session. For each subject, means and standard 
deviations in segment lengths from global movement trials were compared using 
ANOVAs with repeated measures on JCLM, Limb Segment, and Session. Results 
yielded smaller differences among JCLMs for the hand segment, and among 
subjects whose limbs showed the least out-of-plane of motion. Results support use 
of the Observational method for kinematic studies of strictly planar motion.

174 .14

D O ES D O N D E R S ’ L A W  A PPL Y  TO  A R M  M O V E M E N T S?  
U .H errm an n . C .A . B u neo. M . F landers.* and J.F. S oech tin g . 
N eu roscien ce Graduate Program and P h ysio logy  Departm ent, 
U niv. M innesota, M inneapolis, M N  55455 .

D ond ers’ Law sp ecifies  that for every  g aze  direction  there 
is  a unique va lu e  o f  the e y e ’s torsion  regard less o f  the 
trajectory on w h ich  the e y e  reach ed  its  f in a l p ositio n . 
A pp lied  to arm m ovem en ts the law  w ould  predict a unique 
set o f  shou lder and e lb o w  an g les correspon d in g  to every  
location  o f  the hand in space independent o f  the hand's prior 
location .

T o  test this prediction human subjects w ere asked to m ake 
p oin tin g m ovem en ts  to a s e le c t  num ber o f  targets in 3D  
space starting from  a w id e range o f  hand p osition s , w h ile  
in itial and final arm postures w ere m easured  w ith  a v id eo  
system .

Contrary to the predictions o f  D onders' Law , final posture 
o f  the arm did vary w ith  in itial posture. It w as found that 
w h ile  k inem atic factors a lon e cou ld  not accou n t for these  
results, final arm posture cou ld  be pred icted  by postulating  
that the peak am ount o f  w ork  n ecessary  to m o v e  the arm  
from initial to final position is m inim ized.

174 .16

DYNAM ICS OF SPATIAL A N D  PAW PREFERENCES IN 
THE MOUSE. T.T. Rogers. M.B. Bulman-Fleming* and M.P. 
Brvden. Dept. of Psychology, Univ. of Waterloo, Waterloo, ON, 
N 2L3G 1 Canada

Tw o lateralized behaviors are w ell-docum ented in the 
literature: spatial preference and paw preference. Waters and 
Denenberg (1994) have suggested that medial and lateral paw 
preferences may be independent. In this study, 44  pigmented 
congenic BALB/c mice (22 M, 22 F) were tested on three tasks: 
a water T-maze measure o f spatial preference (SP), Collins' 
(1985) medial paw preference (MP) test, and Waters' and 
Denenberg's (1991, 1994) lateral paw preference test (LP). First, 
for MP, the proportion o f left-pawed mice differed by sex (log 
odds ratio=1.3, z=2.09, p<.02) with males being more left- 
pawed. Secondly, differences were found between LP measures 
taken during the day and those taken at night, when dopamine 
levels  are high. SP was sign ificantly correlated with the 
nighttime LP measure (r = 0.42, p c .002) and was driven by its 
direction (as opposed to degree) component, suggesting that 
consistent lateral preferences emerge when dopamine levels are 
high. In contrast, the daytime measure o f MP was uncorrelated 
with SP. A negative relation was found betweeen the degree 
components o f MP and the LP daytime measure (r = -0.40, p 
<.01). These data suggest that a more b iologically meaningful 
measure o f lateral preferences in rodents might be obtained by 
assessing preferences when activity levels are high.

INVERTEBRATE MOTOR FUNCTIONS

175 .1

NEURAL CONTROL OF THE PYLORIC REGION IN THE 
FOREGUT OF THE SHRIMP PENAEUS . K. Tazaki. * Biol. 
Lab., Nara Univ. Educ., Takabatake, Nara 630, Japan

Activity patterns o f the stomatogastric ganglion neurons o f the 
shrimp Penaeus which belong to the most primitive decapod 
suborder were studied by recording spontaneous burst discharges 
intracellularly from their somata to establish a neural network 
controlling movement o f the pyloric region from a comparative 
perspective. Motor neurons were identified by analysing the 
innervation pattern o f muscles in the pyloric region. Five types of 
motor neurons and one intemeuron were involved in generation of 
sequentially patterned outputs. One cell type o f  the gastric network 
was also involved in generation o f the pyloric rhythm. Synaptic 
connections among these neurons were qualitatively analysed. 
These neurons were connected to each other either by electrical or 
inhibitory chemical synapses to construct the neural circuit 
characterzied by a wiring diagram. The pyloric circuit o f the shrimp 
is structurally similar to the homologous circuit o f other crustacean 
species previously reported, including a stomatopod which is a 
primitive cruatacean group relative to the order decapod, showing 
that the basic neural network in the stomatogastric ganglion is 
relatively well conserved, despite the differences in the number of 
the pyloric cells, their axon pathway, innervation pattern o f the 
pyloric muscles, and foregut structure. Differences and similarities 
in the innervation patterns, neurotransmitters, and circuitry are 
phylogenetically discussed for relations o f stomatopod and decapod 
crustaceans and for the evolution o f the stomatogastric nervous 
system. Supported by HFSP.

175 .2

A RO LE FOR PROCTOLIN IN POSTURE, LOCOM OTION AND 
MAINTENANCE OF MUSCLE IN GRASSHOPPERS? A.S. Clinton* and E.A. 
Arbas. ARL, Division of Neurobiology, University o f Arizona, Tucson AZ 85721.

In response to hind-limb autotomy, the grasshopper Barytettix psolus exhibits 
atrophy of muscles proximal to the lost leg, that are neither damaged nor denervated 
during autotomy. Previous studies indicate that damage to the leg nerve triggers the 
atrophy process trans-neuronally. We are using this system to study regulatory 
interactions such as neuronal plasticity and trophic support, with identified 
motoneurons (Mns) and their targets.

Following autotomy, fibers in the 16 metathoracic muscles atrophy differentially, 
both within single muscles and between muscles. For example, small-diameter fibers 
in the posterior region of tergo-coxal muscle #120 (M. #120) are resistant to atrophy, 
while large-diameter anterior fibers degenerate completely. Our studies suggest 
differences in muscle properties between the anterior and posterior fibers o f M. #120. 
Immunohistochemical staining and bioassay of HPLC-purified muscle extracts 
demonstrate the presence of the neuromodulatory peptide, proctolin, on posterior 
fibers. Additionally, M. #121 - #126, and #131 - #133a,d contain fibers resistant to 
atrophy, and show proctolin-like immunoreactivity (PLI) 12 weeks post-autotomy. 
Four other muscles, M. #118, #119, #128, and #129, contain no PLI and degenerate 
completely, suggesting that proctolin may confer resistance to autotomy-induced 
atrophy.

In addition, PLI distribution in B. psolus overlaps that reported for the common 
inhibitor (CI) Mn in Schistocerca gregaria (Hale and Burrows, 1985) and Locusta 
migratoria (Wolf, 1990). Proctolin may act to maintain postural muscle tension, which 
is relieved during locomotion by the Cl Mn, as suggested by both Zill (1982) and 
W olf (1990). We are confirming the CI Mn innervation pattern in B. psolus and 
exploring interactions between the proctolinergic Mn pool and the CI Mn during 
posture and locomotion. (Supported by NIH T32 NS07363 and NSF IBN 9210394).
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175 .3

AMINERGIC MODULATION OF REFLEX A N D  SPONTANEOUS  
ACTIVITY OF CRAYFISH BASAL LEG M OTONEURONES  
M .D . Gill. P. Skorupski and A. Nicoll Department o f  Physiology, 
University o f Bristol, BS8 1TD, UK.

Spontaneous as well as reflex activity patterns o f  crayfish leg 
motoneurones can be studied in isolated preparations o f  the thoracic 
ganglia. Reflex activity may be classified as either positive or negative 
feedback. For example remotor motoneurones can be excited by a 
receptor signalling leg remotion (a positive feedback, assistance 
reflex)(Skorupski et al (1992),J.N europhysiol.67 ,648-663).

Octopamine and serotonin modulate spontaneous motoneurone 
output. At 50μ M  amd 100μ M octopamine decreased the rate o f  
promotor firing by 62.5 ±  5.0% (n = 2 5 ) and 85.8  ±  4.3% (n =  16) 
respectively. Serotonin (20μ M) inhibited promotor firing by 100% in 8 
out o f 8 experiments. Both amines modulate spontaneous and reflex- 
evoked remotor activity but a different combination o f  units are 
involved in each case. For example, an identified remotor unit 
responding with an assistance reflex (R ls) is inhibited by octopamine 
(10-100μ M) but excited by serotonin ( ≤ 20/μM).

Mianserin is an effective antagonist o f  octopamine, but not 
serotonin. In 8 experiments 100μ M octopamine evoked a 89.5 ±  5.6% 
inhibition o f spontaneous promotor firing, whereas in the presence o f  
10μM mianserin the octopaminergic inhibition was reduced 
significantly to 5 .6  ±  18.3% (P < 0 .0 0 5 , paired student's t-test). 
Serotonergic inhibition o f  promotor activity was unaffected. In 
addition, octopaminergic inhibition o f R ls  was blocked by mianserin, 
whereas serotonergic excitation was again unaffected.

Supported by the BBSRC (U .K .)

175 .5

EFFECTS OF OCTO PAMINE AND SEROTO NIN ON LEVATOR AND  
DEPRESSOR MOTOR NEURONES OF A CRAYFISH LEG. K.V.Wareham. 
P.Skorupski and B. Matthews* . Dept. Physiol., Univ. Bristol, BS8 1TD, UK.

The injection of octopamine and serotonin into lobsters produces opposite 
postures (Livingstone et al, Science. 208, 76-79). Octopamine induces a 
sustained extended posture, with the body and chelipeds held close to the 
ground (legs levated), and the abdomen arched. Serotonin produces a flexed 
posture, with the body and chelipeds raised (legs depressed), and the 
abdomen tucked in close to the body.

In isolated thoracic ganglia preparations of the crayfish, octopamine and 
serotonin modulate both spontaneous and reflex activity of basal limb motor 
neurones. For example, an identified remotor unit is inhibited by octopamine 
(Skorupski, J. Neurophysiol, (in press)) but excited by serotonin (Gill and 
Skorupski, J. Physiol. (Lond), 480, 99P). Motor neurones of the anterior 
coxobasal levator muscle are spontaneously active in thoracic ganglia 
preparations isolated from peripheral input. Typically one or more units are 
tonically active, with additional units recruited in phase with bursts of activity 
in coxal promotor motor neurones. Ocassionally, in preparations displaying 
high levels of motor output, different levator units may become active in 
antiphase with promotor activity. The motor nerve innervating the basopodite 
depressor muscle is generally silent but may fire during rhymic activity. These 
activity patterns are differentialy modulated by octopamine and serotonin. 
Tonically active anterior levator units are inhibited by octopamine at 100 pM. 
However, other (previously silent) levator units are excited. Serotonin (at 20 
pM) also inhibits tonic levator activity, but without recruiting any other units. In 
the depressor nerve, by contrast, one or more units are excited by serotonin 
but not octopamine. The excitation seems to be maximal at a serotonin 
concentration of 20 pM, with a threshold between 2.0 pM and 0.2 pM.

Supported by the MRC (UK) and BBSRC (UK).

175 .4

A NEURAL MODEL OF THE LEECH CRAWLING CIRCUIT 
Cacciatore. T.W.*. Baader. A and Kristan. W .B.. Jr. Department 
of B iology UCSD, La Jolla, CA 92093-0357.

The medicinal leech crawls to locomote across a solid substrate 
by contracting and elongating its midbody segments in 
alternation. Crawling is a complex and highly variable behavior 
involving the coordination of many distributed elements by 
sensory feedback. Previous studies have characterized this 
behavior, the motor neuron firing patterns and examined the 
effects o f physical manipulations to the animal, but the neuronal 
basis o f crawling remains largely unknown. We have integrated 
results o f the previous studies into a plausible model o f the leech 
crawling circuit to generate inferences about the neural basis of  
crawling. The model hypothesizes elongation and contraction 
circuits, located in each midbody segment, and a circuit in the 
head brain which controls the behavior. Both central and 
peripheral mechanisms were used to coordinate motor activity 
between segments. We simulated the model with integrate-and- 
fire units. The model accounts for observations about crawling 
and makes predictions which will guide future physiological 
experiments. Supported by NIMH Research Grant (M H43396) 
and NIGMS Training Grant (GM 08107).

175 .6

SIMULATION AND ROBOTIC IMPLEMENTATION OF NEURAL 
CONTROLLERS FOR INSECT-LIKE LEG REFLEXES Z. Ding*,
E.C. Welton, M.E. Nelson. Beckman Institute, University of Illinois,
Urbana, IL 61801.

Sensory feedback plays an im portant role in adaptive control of insect leg 
movements. Functionally, insect legs are not ju st effectors—they are also so
phisticated sensory devices that provide the nervous system with a great deal 
of information about the dynamic state of the leg and interactions with its 
environment.

To investigate the role of sensory feedback in leg movement control we have 
developed an integrated set of simulation software and visualization tools in 
C T ++ that allows us to study the dynamic interactions of all the elements in 
the sensory-motor loop: the neural controller, sensors, actuators, leg dynamics 
and interactions between the leg and its environment.

We also develop and test ideas about sensory feedback in physical robotic 
legs which incorporate many of the functionally im portant characteristics of 
insect legs. Each leg segment is equipped with position and stress sensors that 
provide information similar to insect chordotonal organs and campaniforinsen- 
silla. Each joint is controlled by a DC motor actuator th at we have modified to 
emulate the dynamics of antagonistic muscle pairs. Real-time neural controllers 
are implemented using digital signal processor and microcontroller technology.

We describe neural controllers that implement a substrate finding reflex in 
which the leg searches for and establishes a foothold on a spatially-restricted 
support. By analyzing relatively simple single leg reflexes, we dem onstrate 
how rhythmic and adaptive behavior can appear as an emergent property of 
the coupled dynamics of the components of the sensory-motor loop.
Further information at http://som a.npa.u iuc.edu/labs/nelson/hexapod.h tm l 
(Supported by NSF BCS 92-16562)

175 .7 175 .8

MECHANISMS UNDERLYING MODULATION OF CONTRACTION IN THE 
RADULA OPENER MUSCLES OF APLYS1A.
Scott. M.L.*. V. Brezina, and K.R. Weiss. Department of Physiology & Biophysics, 
Mount Sinai School of Medicine, New York, NY 10029, USA

Feeding behavior in Aplysia is an excellent model for studies of the regulation of 
neuromuscular systems over a wide dynamic range, corresponding to changes in the 
internal state of the animal. For example, in the presence of food, starved animals 
exhibit a buildup in the strength and frequency of biting. The Accessory Radula Closer 
(ARC) muscle and its motoneurons have previously been used to demonstrate that 
modulatory substances are present in the motor circuit, that they are released under 
physiological conditions, and that they have effects on the neuromuscular system 
consistent with roles in enhancing bite efficacy. These effects include regulation of 
contraction amplitude, which is accomplished by activation or enhancement of muscle 
membrane currents (Brezina et al., 1994).

The radula opener muscles are ARC antagonists with different functional properties 
and responses to modulators. To continue our reconstruction of the feeding system, we 
have begun to examine these differences. Responses to modulators were studied at the 
cellular level using isolated opener muscle fibers (methods of Brezina et al., 1994). 
Corresponding to modulator-induced depolarization and hyperpolarization in the 
whole muscle, we found two types of modulator-activated currents. Inward current 
carried primarily by Na+ (activated by 5-HT and the Myomodulins) is likely to produce 
the depolarization. Outward current carried by K+ (activated to different degrees by 5- 
HT, the Myomodulins, and FMRFamide) probably produces the hyperpolarization. In 
addition, enhancement of an opener muscle Ca2+ current by modulators is likely to 
underlie potentiation of contraction amplitude. The effects on outward current and 
Ca2+ current are similar to those observed in ARC fibers, but the inward current is not 
present in the ARC. Differences between opener and closer muscles in their responses 
to modulators may have functional consequences that are necessary to achieve 
coordination of the activities of these opposing muscles.

INTRACELLULAR RECORDING FROM, AND DYE 
INJECTION OF NEURONS IN THE THORACIC GANGLIA 
OF ADULT DROSOPHILA MELANOGASTER. j .r . Trimarchi*
and R-K. Murphey. Neuroscience and Behavior Program. Dept. o f Biol., Univ. of 
Massachusetts, Amherst, MA 01003.

We have developed a technique for reliably recording intracellularly from inter- and 
motor neurons comprising the thoracic ganglia. Neurons had resting potentials o f -40 to 
-70 mV and could be recorded from for 2-30 min. (Avg. 3-5 min.). Action potentials (10 
to 30 mV)(inset) and post-synaptic potentials were also routinely recorded 

Subsequent to recording, Neurobiotin (Vector) was injected and ganglia were fixed in 
paraformaldehyde. Neurobiotin was reacted using an ABC elite kit (Vector) allowing 
visualization of the morphology of the neuron that was recorded from.

To elucidate putative sources of synaptic input to 
the central neurons, we compared the locations of 
the arborizations of the central neurons to those of 

■ . . . . . . . sensory aflferents. Specific sensory afferenls can be ̂f A A rY /V / r  using several enhancer trap lines that
1_  express a reporter gene (lacZ) in subsets of sensory

neurons. To confirm the synaptic connections 
suggested by the morphological analysis we are developing a technique for stimulating 
specific sensory afferenls while recording intracellulary from central neurons. These 
techniques will allow the characterization of the properties of synapses between sensory 
aflferents and central neurons in Drosophila. Supported by postdoctoral NRSA grant 1 
F32 NS09700-01 to J.R.T. and NIH NS-15571 to R.K.M.
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175.9
AFFEREN TS FR O M  A SIN G LE FIE L D  PR O V ID E  TH E M A JO R  
HALTERE INPU T TO A STEERIN G  M U SC LE IN TH E BLO W FLY , 
CALLIPHORA. A. Fayyazudd in* and M. H. D ick inson . D epartm ent of 
Organismal Biology & Anatomy, Univ. o f  Chicago, Chicago, IL 60637.

O f the direct synchronous muscles o f the blowfly, the first basalar (b l)  
is unique in that it is active at a specific phase in each w ingstroke cycle. 
Our previous investigations into the neural basis o f  this phase tuning has 
led us to identify a strong connection betw een the haltere afferents and the 
b l m oto rneuron  (m n b l) .  O ur p resen t s tudy  has been  a im ed  at 
determ ining which o f the sensillar fields at the base of the haltere provide 
input to the ipsilateral m n b l. M oving the haltere in its norm al beating 
plane with a 75 Hz triangu lar w aveform  produces large phase-locked  
com pound action potentials (C A Ps) in the haltere  nerve each o f w hich 
appears to represent the activity o f a single field. H altere stim ulation also 
occasionally  produces a spike in m nbl w hich, upon averaging, we found 
im m ediately follow s a particu lar CA P in the haltere nerve. Subsequent 
intracellu lar recordings confirm ed that excita tory  postsynaptic  potentials 
(EPSPs) in m nbl follow  a p articu lar C A P  in the haltere  nerve. These 
observations suggest that a single haltere field  provides a substantial input 
to m n b l. This hypothesis is consisten t w ith our prev ious observations 
w hich show ed that am ong the haltere sensilla, only those in the second 
dorsal field (dF2) produced substan tia l E PS Ps in m n b l.  To test this 
hypothesis we used a sharp needle to ablate all fields except for dF2. In 
this case, stim ulation o f the haltere produces a single large C A P w hich is 
followed by an EPSP in m n b l. C onversely, a fter ablation o f dF2, haltere 
stim ulation evokes no EPSPs in the m n b l even though the haltere nerve 
responds with large com pound APs. These data  suggest that the ipsilateral 
m n b l rece iv es  a larg e  e x c ita to ry  in p u t fro m  dF 2 . A n a to m ica l 
experim ents using double fills of dF2 and m n b l w ith fluorescent tracers 
have identified a region where possible synaptic contact may occur.

175 .11

EV ID ENCE TH A T LA RVAL MANDUCA PR O LEG  M USCLES ARE 
RESPECIFIED FOR HEM O LY M PH CIRC U LA TIO N  IN PUPAE. J.L. 
Lubischer*1. L.D. V erhegge2. and J.C. W eeks1. 1Inst. o f  Neuroscience and 
2Oregon Inst. o f M arine Biology, University o f Oregon, Eugene, OR 97403.

In the tobacco hom worm , Manduca sexta, the accessory planta retractor 
muscles (APRM s) play an im portant role in proleg retraction during larval 
life. During the larval-to-pupal transition, the APRM s (and their apparent 
hom ologs in non-proleg segments) show a segm ent-specific pattern o f 
degeneration: they survive only in abdom inal segm ents 2 and 3 (A2 and 
A3). In pupae, the APRM s exhibit a new, rhythm ic activity pattern not seen 
during larval life. D.J. Sandstrom  (Ph.D. dissertation, 1993) hypothesized 
that rhythm ic activity in the pupal APRM s circulates hem olym ph in the 
developing wings. W e have tested this hypothesis using contact therm og
raphy to m easure hemolym ph flow. A heated therm istor, which transduces 
changes in tem perature into changes in resistance, was placed on the cuticle 
over the developing wing on pupal day 2 or 3 (P2-P3). Therm istor activity 
was strongly correlated with electrom yographic activity in the APRM s 
(n=8). To determine if APRM  activity was necessary for the hemolym ph 
flow m easured by the therm istor, APRM s in A2 and A3 were severed 
unilaterally early in the final larval instar. On days P2-P3, no therm istor 
activity was seen on the side o f the surgery [n=4). Therm istor recordings on 
wings contralateral to the surgery and in sham -operated controls (n=3) were 
correlated with APRM  activity as in normals. Therm istor activity was also 
elim inated or reduced by separating the wing from  contact with the body 
wall (the site o f APRM  attachment) shortly after pupal ecdysis (n=4). These 
observations are consistent with a functional respecification o f the APRM s 
from proleg retraction to hemolym ph circulation.

Supported by NIH F32 NS09687 (JLL) and NIH R O l NS23208, K04 
NS01473, and an NSF Presidential Young Investigator award (JCW ).

175 .13

MODULATORY EFFECTS OF FMRF-AMIDE ON APLYSIA BUCCAL 
MUSCLE: MEASUREMENTS AND A MEMBRANE MODEL. S.-N. Yu. P. 
E. Crago*. and H. J. Chiel Dept. of Biomedical Engineering and Dept. of 
Biology, Case Western Reserve University, Cleveland, OH 44106.

The buccal muscle 12 plays an important role in the feeding behavior of the 
sea hare, Aplysia californica, contributing to protraction. The neuromodulator 
FMRF-amide has been found in 12 muscle tissues. In this study, we examined 
the modulatory effects of FMRF-amide on the activation and contractile 
dynamics of the 12 muscle. The whole 12 muscle was isolated and activation was 
applied by electrically stimulating the radula nerve with a suction electrode. We 
studied the contractile dynamics change of the muscle to FMRF-amide by 
superimposing isovelocity movements on the plateau of isometric contractions 
during constant stimulation in Aplysia saline with different FMRF-amide 
concentrations. FMRF-amide was found to slow down the activation dynamics 
of the muscle, but not to affect its contractile dynamics.

We also constructed a Hodgkin-Huxley-type membrane model for the buccal 
muscles of Aplysia. Because little is known about the membrane properties of 
the 12 muscle, we took advantage of studies on another buccal muscle, the ARC 
(15) muscle, in the same animal, and assumed their properties do not 
significantly differ. This model is based on the published papers on the 
properties of the ionic currents in the ARC (15) muscle by Brezina et al. (Brezina 
V, et al., J. Neurophysiol. Vol. 71 pp. 2093-2138,1994; J. Neuroscience Vol. 
14 pp. 4393-4432, 1994) and Ram et al. (Ram JL and Liu L-X, J. Comp. 
Physiol. B Vol. 161 pp. 626-634, 1991; Liu L-X and Ram JL, J. Biochem. 
Physiol. Vol. 108A pp. 503-514, 1994). We took into account six ionic 
currents: three potassium currents, a calcium current, a current from 
neurotransmitter (ACh) activated ion channels, and a leakage current. The effects 
of neuromodulators were modeled as modulating the kinetic properties of the 
potassium and calcium ion currents.

This work was supported by NIH PPG HL-25830.

175 .10

WING INTERACTION AND FLIGHT CONTROL IN DROSOPHILA.
F-O. Lehmann*, Dept. of Organismal Biology & Anatomy, Univ. of 

Chicago, IL 60637.
Deviation from a straight flight course is accompanied by a displacement of 

the retinal image in the complex eye of Drosophila in opposite direction. To 
counteract involuntary deviations, the fly tries to follow these displacements 
by an increase of the wingbeat amplitude on the outer side, and a decrease of 
the wingbeat amplitude on the inner side, of the intended turn. Rudder-like 
deflections of abdomen and hind legs contribute to the efficiency of course 
control.

Immediately before the downstroke, Drosophila initiates lift-generating 
circulation around the elevated wings by propagation of the wing contact from 
the leading to the trailing edges. This so-called 'squeeze' precedes Weis- 
Fogh's circulation-enhancing 'clap' and 'fling ', and is likely to impart thrust- 
generating backward momentum to the air between the wings. Calculations 
based on wing kinematics show that the 'squeeze' induced flight force amounts 
to about 5% of the total flight force required for hover flight or 18% of the 
thrust response during optomotor behavior.

Reconstruction of wing movement during yaw torque manoeuvers suggests 
course control by lateral deflection of the backward momentum of about 13° 
towards the inner side of the intended turn. The 'squeeze* induced torque 
amounts to about 2% of the optomotor response of 2.6 x10-9 Nm. Although 
'squeeze' generated moments seem to be very small, the effect of electrical 
stimulation of flight control muscles on wing kinematics during 'squeeze' 
behavior suggest that the described flight behavior is fully controlled by the 
fly's motor control system.

175 .12

DEVELOPMENTAL ATTENUATION OF PRE-ECDYSIS BEHAVIOR IN 
MANDUCA SEXTA DOES NOT RESULT FROM CHANGES IN THE 
AMPLITUDE OF INTERNEURON-EVOKED EPSPS IN MOTOR NEURONS.
A. Novicki* and J.C. W eeks. Institute o f Neuroscience, Univ. o f Oregon, 
Eugene, OR 97403.

Manduca sexta, the tobacco hom w orm , molts several tim es as a larva 
before m olting into a pupa and then an adult moth. Each m olt culm inates in 
ecdysis behavior, during which the old cuticle is shed. Prior to each larval 
ecdysis, the old cuticle is loosened by pre-ecdysis behavior, which includes 
rhythm ic compressions that are synchronous along the abdom en and on the 
left and right body sides. Prior to the pupal ecdysis, pre-ecdysis behavior and 
its underlying m otor pattern are severely attenuated (M iles and W eeks, 1991, 
J Comp Physiol A 168:179-190). Previous work has shown that a single pair 
o f interneurons, designated the IN-402s, directly excites com pression motor 
neurons and drives them  during the larval pre-ecdysis m otor pattern (Novicki 
and W eeks, 1995, J Comp Physiol A 176:45-54). In the present study, we 
investigated whether changes in the synaptic connections from  IN-402 to the 
m otor neurons contributed to the developm ental attenuation o f pre-ecdysis 
behavior. The am plitude of the excitatory postsynaptic potentials (EPSPS) 
produced in com pression m otor neurons by IN-402 were m easured in the 
larval and pupal stages and found not to change. O ther possible neural 
mechanism s underlying the attenuation o f pre-ecdysis behavior, including 
developm ental changes in IN-402's activity and/or in the intrinsic electrical 
properties o f IN-402 or the m otor neurons, are under investigation.

Supported by NIH R O l NS23208, K 0 4  NS01473 and N SF IBN-9420796 
and a Presidential Young Investigator Aw ard to JCW .

175 .14

KNOWING YOU HAVE A LEG TO STAND ON: EFFECTS OF 
TROCHANTERAL CAMPANIFORM SENSILLA IN COCKROACH WALKING 
S. N. Zil l  . S. E. Fish and S. F. Frazier. Dept. Anat., Cell and NeurobioL, 
Marshall Univ. Sch. Med., Huntington, WV 25704.

As part of a project to incorporate principles of animal locomotion into the 
design of legged robots, we have studied how inputs from force detecting 
mechanoreceptors of cockroach legs, the trochanteral campaniform sensilla, 
effect motor outputs in walking. A classic experiment demonstrated that 
when a leg was partially amputated, its pattern of coordination with other 
legs was disrupted but returned to normal when a small prosthetic device 
was attached, presumably due to inputs from the campaniform sensilla that 
the 'leg' was then bearing load. We have repeated elements of this 
experiment in freely walking cockroaches while monitoring muscle activities 
myographically and measuring leg joint angles with high speed video. The 
slow motoneuron of the tibial extensor muscle normally fires during stance 
in a burst showing a discrete acceleration. This pattern is abolished in a 
partially amputated leg but is restored when the stump containing the 
campaniform sensilla contacts the walking surface. Experiments on 
restrained preparations establish that 1) the trochanteral campaniform 
sensilla respond vigorously to dorsal bending forces applied to the end of the 
stump, mimicking weight applied to the leg; and 2) mechanical stimulation 
of the caps of specific individual campaniform sensilla reflexively excite both 
the tibial and trochanter extensors. We are currently examining responses 
of subgroups of the sensilla to the changing levels of force calculated to 
occur during stance. We are also testing whether these receptors influence 
walking not only through direct reflexes but also by acting as signals 
activating other central or peripheral elements of the walking pattern 
generator. Support: ONR N00014-93-1-0088 and -1384.
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175 .15

KINEMATIC AND EMG ANALYSIS OF LO CO M O TIO N IN THE  
COCKROACH. J. T. Watson* and R. E. Ritzmann. Department of 
Biology, Case Western Reserve University, Cleveland, OH 44106.

W e have combined high speed video motion analysis of leg movements 
with EMG recordings from leg muscles of Blaberus discoidalis. W e have 
recorded from the depressor and levator coxa and the extensor and flexor 
tibia muscles in the rear and middle legs. Our data reveal consistent 
relationships between EMG activity and joint movements. To date, we 
have analyzed running at 2.5-7.5 Hz.

While in each leg the coxa-femur (CF) joint moves in unison with the 
femur-tibia (FT) joint, the relative joint excursions differ between the T2 and 
T3 legs. In the T3 leg the two joints move through approximately the same 
excursion. In the T2 leg the FT joint moves through a narrower range of 
angles than the CF joint. During each stance phase, the mean firing 
frequencies of the slow coxal depressor (Ds) and the slow tibia) extensor 
(SETi) motor neurons are directly proportional the angular velocity of their 
joints. At any given speed, the SETi in T2 operates at a lower mean firing 
frequency than in T3 resulting in lower stance FT joint angular velocity.

A high frequency burst of Ds activity typically occurs at the beginning of 
stance and significant facilitation of both Ds and SETi EMG amplitude occur 
at the end of stance. However, the joint movements associated with these 
EMG patterns lacked associated inflections during stance.

With the above data as a reference, we will investigate the modifications 
of motor neuron activity which accompany turning, climbing and anomalous 
loading. Preliminary turning data indicate the cockroach modulates motor 
neuron activity on a step-by-step basis, to produce an increase or decrease 
in depressor and extensor activity in the three legs which are in stance at 
the time. Supported by ONR grant N00014-90-J-1545.

175 .17

PROJECTIONS OF THE INFERIOR VENTRICULAR NERVE OF THE 
STOMATOGASTRIC NERVOUS SYSTEM AND ITS ACTIVITY 
DURING FEEDING IN THE CRAYFISH. E. Messaï , H. Böhm, and H.-G. 
Heinzel*. Institute of Zoology, University of Bonn, D-53115 Bonn, Germany

The only direct nerve connecting the crustacean brain to the stomatogastric nervous 
system (STNS) is the inferior ventricular nerve (ivn). It is known that electrical stimulation 
of the ivn-fibers can dramatically change the rhythmic motor output of an isolated STNS, 
but the projections of these fibers in the brain and other ganglia, their natural activity 
within the animal and physiological inputs are largely unexplored.

We made axonal fillings of the ivn with Lucifer Yellow and Neurobiotin in over 50 
crayfish, Orconectes limosus. Fillings towards the brain show several bilateral symmetric, 
dendritic arborizations with dense terminal branches in the anterior protocerebrum and 
arborizations within the antenna I and II neuropils. Surprisingly, at least 5 axons loop back 
via the connectives. Two of them travel via the dorsal-lateral region of the connective 
towards the subesophageal ganglion (SOG) without entering the commissural ganglion 
(COG), 2 project into the COG, and 1 shows projections within the COG and also travels 
further towards the SOG. Fillings of the ivn towards the STG show 4 axons in the 
stomatogastric nerve (stn), at least 6 axons in the inferior (ion) as well as in the superior 
esophageal nerve (son). Some of them have extensive arborizations in the left and right 
COGs. Several stained cellbodies were found in the COGs, 4 in the esophageal ganglion 
(OG), and 2 are located in the ivn itself midway between brain and OG.

Electrophysiological recordings from the ivn and the dorsal ventricular nerve (dvn) 
using implanted wire-electrodes in freely moving crayfish show increased activity of 
several ivn-fibers which is clearly correlated with the increase of the pyloric frequency 
and the onset of a gastric rhythm during feeding of the animal. These in vivo investigations 
support the in vitro results, and the widespread projections of the ivn-fibers can provide 
the basis for the brain’s sensorimotor control of several stomatogastric networks.

Supported by HFSP.

175 .16

TRANSIENT WRINKLES IN A TENDON. N.L.Pé rez, H. Marrero. J. de la 
Cruz, D.S. Smith, R.E. Blanco* and J. del Castillo. Inst. of Neurobiology, 
Univ. of P.R., San Juan, P.R. 00901.1Dept. of Zoology, Univ. of Oxford, 
U.K. OXI 3PS.

The ligament surrounding the spine-test articulation in the sea-urchin 
Eucidaris tribuloides is an energy-dissipating myotendinous organ, 
similar in principle to an automobile friction brake. Very small muscle 
fibers (1.5% of ligament cross-sectional area) control the resistance 
offered by a sturdy set of collagen columns to external forces tending 
to change the inclination of the spine. Morphologically, the ligament can 
be regarded as a variable length tendon; when the spine is inclined, one 
half of the ligament is shortened and the other half stretched. These 
length changes are accommodated by sliding of the collagen columns 
which are kept in position by friction developed at points where collagen 
straps loop across microbeams in the calcified stereom. The muscle 
fibers cross-link the collagen columns; when they contract the ligament 
shortens, increasing friction. Although the surface of the compressed 
region of the ligament has always seemed smooth, wrinkles do form 
when the spine is inclined, but these are very transient, and until now 
have been overlooked. We find that individual wrinkles decay 
exponentially with an average time constant of ca. 1.0 sec. The 
properties of these wrinkles and the information they can supply on the 
mechanism of catch contraction of the echhinoid ligament will be 
discussed with the aid of a physical model. (Supported by NIH and 
NSF-RIMI Grants Nos. NS-07464, NS-14938, HRD- 9353130).

175 .18

SUPPRESSION OF INHIBITORY GLUTAMATERGIC CURRENTS BY 
GABA IN ISOLATED CRUSTACEAN STOMATOGASTRIC NEURONS. 
T.A . Cleland* and A.I. Selverston. Dept. of Biology 0357, University of 
California San Diego, La Jolla, CA 92093-0357.

Inhibitory glutamatergic neurotransmission is an elemental "building 
block" of the oscillatory networks within the crustacean stomatogastric 
ganglion (STG). Superfusion of 1 mM glutamate over isolated lobster STG 
neurons in primary culture evoked two kinetically distinguishable currents. 
The currents were mediated by an outwardly rectifying conductance increase, 
primarily permeable to chloride but also with a variable potassium 
dependence. The currents reversed at -48.8 mV (s= 5.3 mV), and exhibited 
partial desensitization. Ibotenic acid (1 mM) fully activated the glutamate- 
evoked currents, while quisqualate, kainate, NMDA, and AMPA had no 
effect. The currents were blocked by picrotoxin, while 100 μM  niflumic 
acid partially blocked the evoked currents and abolished nearly all 
desensitization. Reduction or elimination of extracellular calcium did not 
abolish the response. GABA superfusion evoked a response similar but not 
identical to that of glutamate, while bath application of GABA partially 
suppressed the neurons’ responses to glutamate, suggesting substantial 
cross-activation of the glutamate receptor(s) by GABA. This may offer a 
mechanism for the suppressive effect of GABA application on the 
oscillatory rhythm observed by Cazalets et al (1987), also induced by 
stimulation of an afferent modulatory nerve known to contain GABAergic- 
like fibers which project into the STG.

Supported by NIGMS training grant GM08107 to TAC and NIH grant 
P01NS25916 to AIS.

175 .19

INTRACELLULAR Ca2+ STORES IN THE ARC MUSCLE OF APLYSIA: 
A KEY SOURCE OF Ca2+ FOR CURRENTS AND CONTRACTIONS.
V. Brezina* and K.R. Weiss. Dept. of Physiology & Biophysics, Mt. Sinai 
School of Medicine, New York, NY 10029.

The accessory radula closer (ARC) muscle of Aplysia californica and its 
motor and modulatory neurons comprise an extensively studied simple model 
circuit in which behaviorally appropriate release of transmitters and peptide 
cotransmitters both mediates and modulates the muscle's contractions. To 
understand the underlying cellular mechanisms in the muscle, we have 
studied the electrophysiology and contractions of single dissociated but 
functionally intact ARC muscle fibers, using a technique that combines 
current or voltage clamp with continuous on-line measurement of 
contractions (P f l ügers Arch. 429:126). As we have previously reported, all 
physiological contractions require entry of extracellular Ca2+, through 
depolarization-activated L-type Ca channels and perhaps also ACh-gated 
channels (Biophys. J. 68:A277). It appears, however, that the entering Ca2+ 
acts chiefly as a trigger to release more Ca2+ from intracellular stores. The 
fibers clearly contain Ca2+ stores, as they contract massively (in Ca2+-free 
solution) in response to caffeine or the Ca2+-ionophore A23187. These 
contractions, but also most physiological contractions, are accompanied by 
transients of Ca2+-activated K current that probably reflect 'quantal' units of 
intracellular Ca2+ release. All current transients and contractions are first 
briefly enhanced, then partially or completely blocked by ryanodine. We are 
now carrying out fluorescence Ca2+ measurements to directly visualize the 
activity of the Ca2+ stores under different physiological conditions. Although 
our evidence so far indicates that modulators that potentiate or depress the 
amplitude of ARC muscle contractions do so primarily by modulating the 
entry of the trigger Ca2+ (J. Neurosci. 14:4393, 4412), we will also be able to 
identify any additional modulation of the Ca2+ stores themselves.
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176 .1
DISTRIBUTION OF mRNA FOR LIMBIC SYSTEM-ASSOCIATED 
MEMBRANE PROTEIN (LAMP) IN HUMAN LIMBIC CORTEX, BASAL 
GANGLIA AND MIDBRAIN. S.E. Bachus* 1 , P. Levitt2 . T .M. Hyde1 , M.M . 
Herm an1 , A. Parent3 . A.F. Pimenta2 . B. Reinoso2 . D.R. Weinberger1 & J.E 

Kleinman1 . 1CBDB, NIMH at St. Elizabeths, Wash., DC, 20032; 2 Dept. 

Neurosci. & Cell Biol., Univ. Med. Dent. NJ, Piscataway, NJ, 08854; 3 Ctr. 
Recherche en Neurobiol., Univ. Laval, Quebec, Quebec, Canada.

We have utilized in situ hybridization histochemistry with an [35S]-labelled 
oligonucleotide probe for mRNA for LAMP, a protein that appears to be 
preferentially expressed by neurons in limbic brain regions of rats, cats and 
primates, in 14 μ  thick sections of human prefrontal and entorhinal cortex, 
basal ganglia and midbrain.

Patterns of labelling differed markedly in limbic vs. nonlimbic cortex. In 
prefrontal cortex, label was densest in layer iii, was also heavy in layers v/vi, 
and was relatively low in layers i, ii, & iv. In entorhinal cortex, label was 
concentrated in layer ii, superficial layer iii, and layers v/vi. The dentate 
gyrus, followed by subiculum and amygdala, were most intensly labelled. In 
contrast, in inferior temporal cortex, while there was label in layers iv-vi, it 
was very sparse in layers i-iii.

Labelling in the basal ganglia was relatively low, with greater intensity in 
caudate than in putamen. It was, however, most intense in (limbic) ventral 
caudate and nucleus accumbens.

In midbrain, label was most intense in substantia nigra, pars compacta. 
and was also heavy in ventral tegmental area. Again, label was less dense in 
(nonlimbic) substantia nigra, pars reticulata, the 3rd nerve nucleus, the red 
nucleus, and the lateral region of the central gray.

Hence, as it is in lower species, LAMP appears to be expressed 
heterogeneously, and preferentially in the limbic regions, in the human brain.

176 .3

GALANIN-POSITIVE SYNAPTIC TERM INALS ON BASAL 
FOREBRAIN CH OLINERGIC NEURONS IN THE RAT Z. Henderson 
(SPON: Brain Research Association). Dept. of Physiology, University of 
Leeds, Leeds LS2 9NQ, U K.

Previous light microscopical studies have indicated that galanin is one of the 
most abundant peptides in the basal forebrain cholinergic nuclei, where the 
peptide is found either in a dense fibre network around the cholinergic cells or 
within a proportion of the cholinergic soma themselves. The aim of the 
present study was to use a light-electron microscopic correlation technique to 
determine whether the galanin terminals form synaptic contacts with basal 
forebrain cholinergic cells of the rat. Six male Wistar rats (300-350g) were 
perfused with fixative either for light microscopy (n=3) or electron microscopy 
(EM, n=3). Brains for light microscopy were immunocytochemically stained 
for galanin to confirm that the distribution of peptide obtained was the same 
as that reported previously (e.g. Melander T. et al., 1986, J. Comp. Neurol. 
248: 475). The brains for EM were double-stained with a two-colour reaction 
method, first for galanin immunoreactivity (with DAB and cobalt) and then 
for choline acctyltransferase immunoreactivity (with DAB alone). The results 
showed that galanin-positive fibres are richly but unevenly distributed in the 
medial septal nucleus, diagonal band and nucleus basalis. In the double- 
stained tissue, galanin-positive terminals were observed on cholinergic soma 
and dendrites in all parts of the cholinergic basal forebrain system, and 
appeared to be most abundant in the nucleus of the diagonal band. The 
galanin-positive synapses on the cholinergic soma did not have clear 
junctional specializations, while those on the dendrites had type I-likc 
junctions. The origins of this galanin are not known, but the results indicate 
that galanin has a major influence on cholinergic basal forebrain neurons.

176 .5

SELECTIVE, LOCAL GABAERGIC INNERVATION OF DIFFERENT 
HIPPOCAMPAL INTERNEU RO NS. Acsády L.. Gulyás A.I.. H ájos N. and 
Freund T.F. Institute of Experimental Medicine, Hungarian Academy of 
Sciences, Budapest, P.O.B 67, H-1450, Hungary

The neuronal hardware underlying cortical activity is thought to consist of 
interconnected excitatory and inhibitory cells. Recent electrophysiological findings 
describe synchronized inhibitory events governing population oscillations in the 
hippocampus, however, the structural basis of this synchronization has not been 
revealed.

Here we show that, three interneuron types exist in the hippocampus, which are 
specialized to innervate other interneurons. Cells of the first type contain 
calretinin, and are connected to each other via multiple dendro-dendritic and axo- 
dendritic contacts. These cells establish multiple synapses on calbindin-positive 
and on VIP/CCK- immunoreactive interneurons, which are responsible for 
dendritic and perisomatic inhibition of pyramidal cells, respectively. The dendrites 
of the second, VIP-containing cell type are confined to str. lacunosum-moleculare 
in the CA1 region, whereas the axon innervates calbindin- and parvalbumin- 
positive interneurons as well as other VIP-containing cells. Over 130 boutons 
belonging to identified Type I and II cells were examined at the electron 
microscopic level, and were shown to establish synapses almost exclusively on 
GABA-immunoreactive neurons. Interneurons of the third type contain both 
calretinin and VIP, and innervate the horizontal dendrites of somatostatin- 
containing cells at the border of str. oriens and alveus in the CA1 region.

Our results show that certain interneuron types are specialized for the selective 
innervation of other interneurons. These cells may participate in the 
synchronization (or inhibition) of different dendritic and perisomatic inhibitory 
events governing principal cell activity.

176 .2
DISTRIBUTION OF 4 PEPTIDES IN THE ANTERIOR PIRIFORM CORTEX 
AND CO-LOCALIZATION WITH CALBINDIN Sharon L. Cummings* 
VM:Anatomy, Physiol and Cell Biology, Univ of California, Davis, CA 95616.

Rats show an anorectic response to a diet imbalanced in amino acids within 1- 
2hr of ingestion. The anterior piriform cortex (APC) has been implicated in the 
early recognition of amino acid deficiency. Our studies have shown induction of c- 
fos expression within the APC 2 hr after introduction of an amino acid imbalanced 
diet. The current studies were initiated in order to identify the chemically-encoded 
neural circuitry which may underlie the role of the APC in the early recognition and 
later anorexic phases of these responses to systemic imbalance in amino acids.

Neuronal cell bodies containing the peptides somatostaun (SS), neuropeptide Y 
(NPY), vasoactive intestinal peptide (VIP), and neurotensin (NT) were localized 
within the APC. Medium and large neurons immunoreactive for SS were 
distributed throughout corucal layer 3; the calcium binding protein Calbindin was 
co-localized in some of these cells. A moderate number of SS-immunoreacdve (IR) 
fibers were present in all 3 cortical layers. Medium sized NPY-IR neurons also 
were limited to layer 3. A small number of these neurons also co-localized 
Calbindin. NPY-IR fibers were distributed at a low density throughout all layers. 
VIP was contained in medium-sized pyramidal cells spaced intermittently along the 
extent of cortical layer 2. VIP-IR fibers were oriented perpendicular to the pial 
surface in layer 1 and were scattered with moderate density within layers 2 and 3. 
NT was localized in very small ovoid to triangular neurons in layer 1 and in reduced 
numbers in layers 2 and 3. NT-IR fibers were scattered at low density through all 
layers. Finally, fibers immunoreactive for CCK were scattered diroughout the 
cortex. It is likely that the peptides within the APC are co-contained with GABA 
or glutamate, and modify the function of those putative neurotransmitters there. 
NIH P30DK35747

176 .4
DEMONSTRATION OF A PRESUBICULAR GABAERGIC PROJECTION TO 
THE MEDIAL ENTORHINAL CORTEX OF THE RAT.
F.G. Wouterlood*, T. van Haeften, and M.P. Witter. Research Institute 
Neurosciences, Vrije Universiteit, Department of Anatomy, Van der 
Boechorststraat 7, NL-1081 BT Amsterdam, The Netherlands.

The presubiculum distributes a strong bilateral projection to layer III of the 
medial entorhinal cortex (MEA), where it terminates amidst both projection and 
parvalbuminergic neurons. The presubiculum contains many GABAergic 
neurons. In this study, we investigated whether 1) the presubicular projection in 
part is GABAergic and 2) presubicular fibers in MEA appose parvalbuminergic 
(PV) neurons. Presubicular neurons projecting to MEA were identified by 
making small injections with HRP in MEA. HRP-labelled neurons were 
visualized by a peroxidase reaction, using DAB-nickel as a substrate. Next, the 
sections were incubated with an antibody to GABA and GABA-ergic neurons 
were visualized using DAB. This resulted in black-granular staining of 
projection neurons, whereas GABAergic neurons were stained brown. Many 
neurons in ipsi- and contralateral presubiculum either contained HRP or GABA. 
However, several neurons in ipsilateral dorsal presubiculum stained for both, 
indicating an ipsilateral GABAergic projection to MEA. Anterograde tracing of 
the presubicular projection to MEA with BDA and subsequent EM-analysis of 
the BDA-labelled terminals in ipsilateral MEA demonstrated the presence of 
both symmetrical and asymmetrical synapses. In contralateral MEA, only BDA- 
positive boutons with asymmetrical synapses were found. Additionally, sections 
were stained for parvalbumine at the LM-level. BDA-positive appositions were 
present on somata, dendrites, and axons of PV-neurons. These results indicate 
that layer III of MEA receives an extrinsic inhibitory input through ipsilateral 
projections from the dorsal presubiculum. This inhibitory input is possibly aimed 
at both projection and PV-neurons.

176 .6

PA R V A LBU M IN-C ON TA IN ING  GABAERGIC NEURONS IN THE MOUSE 
HIPPOCAMPUS RECEIVE MORE NUM EROUS GABAERGIC INPUTS O N  
THEIR SOMATA THAN PARVALBUMIN-NEGATIVE GABAERGIC NEURONS. 
T. Fukuda and T. Kosaka*. Dept. of Anatomy &. Neurobiology, Fac. Med Kyushu 
Univ., Fukuoka, 812, Japan

In order to characterize heterogeneous hippocampal GABAergic neurons morphologi
cally and chemically, we analyzed the density of GABAergic terminals on hippocampal 
GABAergic neurons in the mouse. We first compared sections immunostained for 
GAD67, GAD65 or GABA, and found that anti-GAD67 and/or mixture of anti-GAD67 
and -GAD65 antibodies are far superior to anti-GABA antibody as a marker for 
GABAergic neurons. Next we used combined light and electron microscopic technique 
and ascertained that GAD-positive puncta seen around GAD-positive somata at light 
m icroscopic level were synaptic boutons making symmetrical synapses Three 
dimensional analysis by confocal laser imaging revealed that GABAergic terminals were 
distributed rather evenly around soma of each GABAergic neuron These fundamental 
data indicate that we can estimate the density of perisomatic GABAergic terminals in 
conventional light microscopy. We quantitatively analyzed the density of GABAergic 
terminals on the somata of 1104 hippocampal GABAergic neurons The numbers of 
GAD-positive terminals abutted on GAD-positive somata were counted and divided by 
mean diameter of the somata Neighboring sections were stained for PV, and compared 
to evaluate PV-immunoreactivity in each neuron In all strata of CA1 and CA3 regions, 
most of PV-negative GABAergic neurons received relatively sparse GABAergic 
terminals on their somata. By contrast, in strata oriens and pyramidale of CA 1 and CA3 
regions, PV-positive GABAergic neurons received significantly higher density of 
perisomatic GABAergic terminals than PV-negative ones (p<0.0001), although some 
PV-positive neurons had rather low density of terminals GABAergic neurons receiving 
extremely high density of perisomatic GABAergic terminals were concentrated in 
stratum pyramidale of CA3 and all of them were PV-neurons Considering that most of 
PV-neurons in the hippocampus are basket- or chandelier-type interneurons, our data 
suggest the possibility that PV-positive GABAergic neurons have regulatory effects on 
hippocampal pyramidal cells through both disinhibitory and inhibitory actions.
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176 .7

IM M U N O CY TO CH EM ISTRY  AND CY TO A RC H ITECTO N IC S OF THE 
HIPPO CA M PAL FO RM ATION IN W HALES: COM PARATIVE 
ANALYSES. ' I.I.G lezer*. 2P.R. Hof, 1A.I. Ackerman. 1F.Tsai, 3P.J. M organe. 
1Dept. Cell Biol. Anat. Sci. CUNY Med. Sch. NY, NY 10031, 2M ount Sinai 
Med. Centr., Fishberg Res. Centr. for Neurobiol.,.NY, NY 10029, 3 Dept. 
Pharmacol. Univ. New Engl., Biddeford, M aine 04005.

Three calcium-binding protein-positive (CaBP) populations o f  neurons were 
studied in hippocam pal formation (HF) in four species o f  Odontocete whales, 

two species o f  M ysticete whales and in a  series o f  terrestrial mammals 
(Primates, M onotremes, M arsupialia, Carnivora and Chiroptera). The 
cytoarchitectonics o f  the fascia dentata (FD) and ventral hippocam pus (VH) in 
cetacean species such as Delphinapterus, Monodon, Balaenoptera and 
Megaptera closely resembled these in most terrestrial m ammals, whereas in 
Tursiops, Stenella and Delphinus they appear to closely resemble these 
structures in archetypal mammals (M onotremes Chiroptera and 
M arsupialia). In all studied cetacean species and in M onotremes the basket 
cells in FD and VH and pyram idal cells in some segments o f  VH are calretinin 
(CR)-positive whereas parvalbum in (PV)-positive neurons are absent and 
calbindin (CB)-positive neurons are rare. In m ost terrestrial species all three 
CaBP are present with prominent prevalence o f  PV-positive neurons among 
basket cells and CR/ CB-positive neurons among pyram idal cells. The 
prevalence o f  calretinin and absence or incipience o f  parvalbumin in 
archicortical formations o f  cetacean brain may reflect differences in 
evolutionary traits o f  aquatic and terrestrial mammals as shown for neocortex 
and relay nuclei in acoustic and visual systems o f  whales (Glezer et al., 1992, 
1995). Supported by CUNY PSC grant # 663217, N SF grant # BNS 
89-03717 and  B ro o k d a le  F o u n d a tio n .

176 .9

AMPA RECEPTO RS IN THE RAT AND PRIMATE  
HIPPOCAMPUS: ABSENCE OF G LUR2 SUBUNITS IN M OST  
INTERNEURONS. C Leranth*1,2. Z Szeidemann1. M Hsu3 and G 
Buzsaki3 1Department of OB/GYN and 2Section of Neurobiology, Yale 
Univ, Sch of Med, New Haven, CT 06520 and 2Center for Molecular and 
Behavioral Neuroscience, Rutgers Univ, Newark, NJ 07102.

Recent studies indicate that excitotoxic as well as epileptic and 
ischemic cell damage may be mediated not only by NMDA receptors, but 
also by AMPA receptors. The majority of intemeurons in the hippocampus 
are resistant, but subsets of intemeurons are damaged in different disease 
states. Single-immunolabeling for AMPA receptors, together with double- 
immunolabeling for calcium binding proteins (parvalbumin, calbindin, and 
calretinin) and somatostatin were performed to study the subunit 
composition of intemeurons and to compare them with principal cells. The 
ultrastructure of GluR1-4 labeled neurons was also examined in the 
electron microscope. With the exception of calbindin-positive 
intemeurons, GluR2/3 was absent from hippocampal interneurons in both 
rat and monkey. Intemeurons in the rat were strongly immunoreactive for 
GluR1, but in the monkey, immunoreactivity for GluR4 was stronger than 
for GluR1. In both species, principal cells were darkly immunostained for 
GluR2/3, but only lightly for GluR1; GluR4 immunostaining was absent or 
very weak. AMPA receptors were confined to spines, dendritic membrane 
and cytoplasm surrounding the nucleus, but absent from axons. Our 
findings suggest that hippocampal principal cells and intemeurons express 
different complements of AMPA receptor subunits. Furthermore, the 
absence of GluR2 in both vulnerable and resistant intemeurons indicates 
that knowledge of receptor subunit composition is not sufficient to predict 
neuronal vulnerability. Supported by NS 26068, MH 44866 NS 32393, 
HFSP, and the Whitehall Foundation.

176 .11

HOUSING ENVIRONM ENT REGULATES HIPPOCAMPAL 5- 
H T1A  RECEPTOR G EN E E X PR E SSIO N . T. O lsson*. S. 
Rasmuson. B.G. Henriksson1. A.H M ohammed1 and J.R. Seckl2. 
Dept Med, U m eå U niv Hosp, 1Dept. Ger., Huddinge Hospital, 
Stockholm and 2Dept. Med., West. Gen. Hosp., Edinburgh Univ.

Dysfunction of the hippocampus been suggested to be important in 
the development of depression and cognitive dysfunction, especially in 
old age. Environmental enrichment in rats improves hippocampal 
function. Serotonin (5-H T) affect hippocam pal function and 
glucocorticoid receptor expression. We evaluated hippocampal 5-HT 
receptor gene expression in response to different housing conditions. 
Adult male Sprague-Dawley rats were housed in enriched or isolated 
environments for 30 days. Expression o f mRNAs encoding 5-HT 1 A, 
5HT2A and 5HT2C receptors was determined by in situ hybridization. 
The enriched environment was associated with significantly higher 5- 
HT1A mRNA expression in pyramidal neurons of CA1 (62% rise), 
CA2 (59%) and CA3 (44%), but 5-HT2A and 5-HT2C receptor gene 
expression were not altered in hippocampal subfields. Thus, increased 
hippocampal 5-HT 1A receptor gene expression is associated with 
improved spatial memory. Furthermore, housing conditions may to a 
major extent explain  differences in 5-H T 1A receptor mRNA  
expression in different studies.

176 .8
THE DISTRIBUTION OF GABAergic NEURONS IN THE MONKEY HIPPOCAMPAL 
FORMATION. A.L. Jongen-Rê lo, A  Pitkanenj and D.G. Amaral*. Ctr. for Behavioral 
Neuroscience, SUNY at Stony Brook, Stony Brook, New York 11794-2575 and fA.I.Virtanen 
Institute, University of Kuopio, FIN-70211, Finland.

The distribution of gamma aminobutyric acid (GABA) neurons in the macaque 
monkey hippocampal formation was studied immunohistochemically with a polyclonal 
antibody directed against GABA and with in situ hybridization using cRNA probes to GAD65 
and GAD67. While GABA-immunoreactive (-IR) neurons were found throughout the whole 
hippocampal formation, the densities varied substantially from region to region and within 
different laminae of each region. The highest densities of labeled cells were observed in 
the subicular complex and the lowest within the dentate gyrus. There were higher densities 
of labeled cells rostrally in the hippocampus proper and in the dentate gyrus than at caudal 
levels of these fields. Within the dentate gyrus, the majority of the GABAergic neurons was 
localized in the polymorphic layer (PL) and along the deep aspect of the granule cell layer 
(GL). In the PL, the GABA-IR cell types varied from large multipolar, fusiform and small 
spheroid.The majority of the GABA-IR basket cells in the GL were pyramidal, fusiform or 
horizontal cells. In the CA fields, GABA-IR neurons were densest in the stratum radiatum 
(SR) and least numerous in the stratum lacunosum moleculare. GABA-IR neurons in the SR 
were large fusiform, small spheroid and multipolar cells. In the pyramidal cell layer, GABA-IR 
pyramidal shaped cell bodies as well as fusiform and multipolar cells were found, while in 
the stratum oriens most labeled cells were fusiform. Within the subicular complex, the 
highest densities of GABA-IR cells were found in layer I and deep layer II. While a few large, 
multipolar cells were observed in the deep portions of the subicular complex, the vast 
majority of the GABA-IR cells had a small, spheroidal cell body. GABA-IR neurons were 
distributed in all layers of the entorhinal cortex (EC). There was a slightly higher densitiy of 
GABA-IR cells in the lateral parts of the superficial layers of the EC then medially. The 
morphology of the GABA-IR cells in the EC varied within the different laminae from small, 
spheroid and multipolar in layers I and II to large multipolar and fusiform in deeper layers. 
The distribution of GAD65 and GAD67 mRNA's in the hippocampal formation closely 
resembled the distribution of GABA-IR neurons.

176 .10

CHOLINERGIC AND DOPAMINERGIC M ODULATION OF CENTRAL 
AUDITORY PROCESSING IN A COM PUTER M ODEL OF THE CA3 
REGION OF THE HIPPOCAMPUS. K.A Flach*. G.A. Gerhardt and L.E.Adler. 
Univ. of Colorado Health Sci. Ctr., Dept. of Psychiatry. Denver, CO 80262

We have been developing a computer model of the local CA3 hippocampal 
network in order to understand the effects of cholinergic and dopaminergic input 
on auditory sensory processing. Pyramidal cells and basket cells are individuallly 
modeled using an equivalent circuit representation. Recurrent activity between 
these two populations of cells is modeled with biologically relevant post-synaptic 
conductance changes. Highly processed sensory information from the association 
areas of the cortex enters the CA3 region from the entorhinal cortex and dentate 
gyrus. Brain stem arousal information enters from the septum through cholinergic 
fibers. Dopamine, from the ventral tegmental area, has a diffuse input onto 
pyramidal cells. The model shows how the cholinergic input controls the transfer 
of sensory information from the cortex into the CA3 hippocampus. Dopamine 
enhances the recall of information patterns embedded in the local network by 
increasing the signal to noise ratio. It modulates the response of individual cells by 
enhancing their ability to respond to synchronous input, and decreasing their 
ability to respond to random input. The results of this model are consistent with 
results from a condition-test paradigm. In this paradigm, normal subjects suppress 
their response to the second of a pair of clicks delivered at 0.5 second intervals, a 
phenomenon termed sensory gating. Schizophrenic subjects do not gate. They 
have equal responses to both tones. It has been hypothesized that this sensory 
processing abnormality in schizophrenia is due to a deficit in nicotinic cholinergic 
and dopaminergic neuronal transmission. This model supports this hypothesis. 
We are now using the model to help design experiments to test these ideas in an 
animal model of sensory gating.

176 .12

ANDROGEN RECEPTOR (AR) AND AR mRNA IN PRIMARY CULTURES OF 
RAT HIPPOCAMPUS. M.E. Wilson*. J.A. O’Keefe. R. Price. R.J. Handa.
Dept. of Cell Biology, Neurobiology and Anatomy, Loyola Univ. Chicago, 
Maywood, IL and Div. of Physical Therapy, Univ. Kentucky, Lexington, KY 

Previous studies have demonstrated a high concentration of androgen receptor 
(AR) in rat hippocampal CA1 pyramidal cells. However, the role of the AR in 
modulating hippocampal function is not known. To initiate studies to explore the 
function of the AR in hippocampal pyramidal cells we have examined primary 
cultures of rat hippocampal cells for the presence or absence o f androgen receptor 
protein and androgen receptor mRNA. Hippocampi from fetal rats at gestational 
age 18 were harvested and cells were dissociated and grown on polyethylenamine 
coated plates for 7 days in MEM + 10% FBS. This culture system has been 
previously shown to contain approximately 90% pyramidal neurons. Cells were 
harvested and total protein and total RNA were extracted. The presence of AR was 
determined by Western blot analysis using the PG-21 antibody (kindly provided by 
Dr. G. Prins) generated against rat/human AR. We detected a major band at 115 
kD in all samples. This is the expected size o f AR protein based on previous 
studies. Androgen receptor mRNA was detected by Reverse Transcription - 
Polymerase Chain Reaction (RT-PCR). RT was performed using an oligonucleotide 
primer against nucleotides 2772-2791 of rat AR. Following removal of excess 
primer, PCR was performed with primers directed against nucleotides 2039-2059 
(3’), and 2439-2459 (5’). PCR (annealling temp =  55°C, 32 cycles) yielded a 
single 420 basepair signal which was of the expected size based on primer design. 
This same band was detected in total RNA from tissue samples o f hippocampus, 
hypothalamus, testis, and cortex. These studies have demonstrated that AR and AR 
mRNA are produced by hippocampal cells grown in vitro. The presence of AR and 
AR mRNA in primary cultures of hippocampus provides us with an in vitro model 
for future studies examining AR regulation and function in the hippocampus. 
Supported by NSF IBN 94-08890.
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176 .13
COLOCALIZATION OF ANDROGEN AND GLUTAMATE RECEPTORS WITHIN LIMBIC 
REGIONS OF THE MALE SYRIAN HAMSTER BRAIN. J.M. Swann* and F. Martinez. 
Dept. of Biol. Sci. Rutgers Univ. Newark, N.J. 07102

The bed nucleus of the stria terminalis (BNST), the medial preoptic area (MPOA), 
and the medial nucleus of the amygdala (Me) play important roles in the regulation 
of copulatory behavior in the male Syrian hamster. The neurotransmitters and 
neurotransmitter receptors that regulate copulatory behavior via actions on these 
regions are not completely known. Recently AMPA glutamate receptors 1-4 (GluR1, 
GuR2&3, and G!uR4) have been localized within the BNST and Me of the rat brain 
suggesting that glutamate may play a role in the regulation of mating behavior. 
Androgen receptors have been found within the BNST, MPOA, and Me of the 
hamster brain. The purpose of this study is to (i) determine the extent of distribution 
of AMPA glutamate receptors 1 -4 and (ii) determine colocalization of androgen and 
glutamate receptors within these areas. Tissue from 3 male Syrian hamsters was 
processed for immunocytochemistry using commercial antibodies (Chemicon) 
against GluR1, GluR2&3, and GluR4. Tissue double labeling was carried out using 
antibodies to the androgen receptor (obtained from Gail Prinz) and GluR2&3.

GluR1 labeled fibers in the posterior subdivisions of BNST (BNSTp), the medial 
preoptic nucleus (MPN), and the anterior caudal extent of Me. A few labeled cells 
were also found throughout the Me. GluR2&3 were found in cells of the BNSTp, the 
MPN, the magnocellular subdivision of the MPN (MPN-mag), and throughout the 
Me. Antibodies to GluR4 failed to label cells or fibers in the BNST, MPOA, or Me. 
Within the BNST, Me, and MPOA, there are more GluR2&3 neurons than AR 
neurons. The percentage of GluR2&3 neurons that contain androgen is small: 
MeA-15%, BNST-p-44%, MPN-30%, and MPN-mag-38%. The percentage of 
androgen receptors that are colocalized with GluR2&3 is greater: MeA-80%, BNST- 
p-98%, MPN-98%, and MPN-mag-97%. The distribution o f AMPA receptors and their 
colocalization with AR in the BNST, MPOA, and Me suggest that glutamate may play 
a role in steroidal regulation of mating behavior in the male Syrian hamster. 
Supported by: NIH-NIGMS-MBRS, S06 GM08223-11 to F. Martinez and R29 HD 
28467 to J. Swann.

176 .15

DISTRIBUTION OF M ONOAM INE AXONS IN THE BED NUCLEUS 
OF THE STRIA TERMINALIS OF THE RABBIT AND MOUSE.
L.D . Nguyen and C .F. Phelix*. D iv. Life S ci., Univ. Texas, San 
Antonio, TX 78249

Monoamines like catecholamines (CA) and serotonin (5HT) can have 
dramatic effects on neurons in the bed nucleus o f  the stria terminalis 
(BST) and have distributions that selectively circumscribe various 
subnuclei in the rat (Phelix et. a l., 1992-94). Our objective for the 
present study was to compare two other species, rabbit and mouse, to 
what we have reported in the rat, specifically that the subnuclei exist in 
each species and that monoamine distributions are similar. 
Formaldehyde fixed forebrains were sectioned on a Vibratome at 40 μ m 
in the coronal plane. Immunocytochemical methods were used to detect 
monoamine markers (tyrosine hydroxylase, TH for catecholamines and 
5HT) in each species. Sheep anti-TH and rabbit anti-TH were utilized 
in the rabbit and mouse sections, respectively. Avidin-biotin-peroxidase 
reactions were detected with intensified DAB. All BST subnuclei 
observed in rat were present in both rabbit and mouse. Distribution of 
5HT and TH axons in mouse were virtually identical to rat. For TH 
axons in the rabbit, the case was different only in that CA terminals in 
the nucleus ovalis formed distinctive pericellular basket type 
arrangements, not seen in the rat. W e conclude that the BST is constant 
across species, cytoarchitecurally and chemoarchitecturally, including the 
human. Supported by H L02914-01 to CFP.

176 .17

INTRINSIC CIRCUITRY IN THE RAT M EDIAL SEPTAL/
DIAGONAL BAND COM PLEX. P. Grimwood. H.-W. Yang. Z. Henderson 
and K. Appentene (SPON: Brain Research Association). Dept. of Physiology, 
University of Leeds, Leeds LS2 9NQ, U.K.

The rat medial septal/ diagonal band complex (MS/DB) contains cholinergic 
and GABAergic (also parvalbumin-immunoreactive) neurons that project to 
the hippocampus and modulate its function. Little, however, is known about 
the processing that occurs within the MS/DB itself. Our aim is to examine the 
local synaptic interactions between the known cells types and other putative 
cell types in the MS/DB by using intracellular recording methods on an in 
vitro brain slice preparation. Slices (from 3-week old rat brain) were cut at 
400μm in the longitudinal plane and maintained in an interface chamber at 
30°C. Recordings were made with intracellular electrodes filled with 2M 
KAc. alone or with 2% neurobiotin. The filled neurons were reconstructed 
and some were examined further under the electron microscope (EM).
Neurons were categorised as bursters and non-bursters according to their 
responses to depolarising current pulses applied at membrane potentials of -75 
to -85mV, and -60 to -65mV. The results indicate that the non-burster cells 
can be divided into several subtypes according to their firing properties. All 
the bursters and non-bursters that were filled were found to give off local axon 
collaterals. EM examination showed that filled neurons form synaptic 
contacts and receive contacts from GABA- and glutamate-positive boutons. 
Preliminary experiments involving the use o f the intracellular spike-triggered 
averaging method revealed mono-synaptic connections between pairs of 
identified neurons in the MS/DB. In conclusion, the anatomical and 
electrophysiological results indicate the presence o f a diverse intrinsic 
circuitry within the MS/DB, suggesting that the output of the MS/DB is 
shaped both by the extrinsic and intrinsic connections of the MS/DB.

176 .14
IONOTROPIC GLUTAMATE RECEPTORS IN THE RAT HYPOTHALAMUS 
AND LIM BIC SYSTEM: COEXISTENCE W ITH GONADAL STEROID 
RECEPTORS. S. Diano, F. Naftolin*, C. Leranth, and T.L. Horvath. Yale 
University, Dept. o f Ob/Gyn, New Haven CT, 06520, U S. A.

The excitatory neurotransmitter, glutamate, is suggested to play a pivotal role in 
the central regulation of neuroendocrine and behavioral mechanisms controlled by 
gonadal steroids. To explore the possibility that gonadal steroid-target neurons in the 
hypothalamus and limbic areas colocalize receptors for glutamate, double 
immunocytochemistry was carried for different subunits of ionotropic glutamate 
receptors and either estrogen (ER) or androgen receptors (AR). Sections of either male 
or female rat hypothalamus, septum, hippocampus, amygdala and bed nucleus of the 
stria terminalis were incubated in primary antibodies including rabbit anti-GluR 1, 
anti-GluR 2-3, anti-GluR 4, anti-NMDAR 1, anti-NMDAR 2, anti-androgen- and anti- 
estrogen receptors or a monoclonal antibody raised against GluR 5-7. Light and 
electron microscopic examination revealed the colocalization of AR and GluR 1-3, 5-7 
and NMDAR1-2 in subpopulation of neurons in all examined areas. However, GluR 4 
labeling was restricted to AR-containing neurons in the CA1 region of the 
hippocampus. The highest percentile of AR-containing neurons which coexpressed 
either of the glutamate receptor was found in the hippocampus followed by the lateral 
septum>bed nucleus>medial and central amygdala>ventromedial nucleus>arcuate 
nucleus>medial preoptic area. ER was observed in GluR 1-3-, 5-7-, NMDAR 1-2- 
containing neurons in the ventral portion of the lateral septum, the bed nucleus of the 
stria terminalis, amygdala, ventromedial nucleus, arcuate nucleus and preoptic area. 
No colocalization was detected with GluR4. The frequency of colocalization was the 
highest in the amygdala>bed nucleus>ventromedial nucleus>septum>preoptic 
area>arcuate nucleus. The detection of different ionotropic glutamate receptor subunits 
in subpopulation of gonadal steroid target neurons further indicates that glutamate 
participates in the regulation of certain reproductive functions including 
neuroendocrine and behavioral mechanisms. (Support: NIH Grant HD 13587 to F.N).

176 .16
TR A N S M ITTE R -ID EN T IFIED  PR O JEC T IO N S T O  TH E LATERAL 
HYPOTHALAMUS in  RATS. Andrea B. ..Kelly* & Alan G. Watts, n ib s  
Program & Dept. of Bio. Sci., Univ. of So. Cal., Los Angeles, CA 90089-2520.

The lateral hypothalamic area (I.HA) has been implicated in drinking and water 
balance by electrophysiological, chemical stimulation, and lesion studies. We 
previously reported that a distinct region of the LHA (LHA-crh) responds to 
dehydrating stimuli with alterations in corticotropin-releasing hormone (CRH) 
mRNA levels. The LHA-crh receives direct inputs from the median preoptic nucleus 
(MEPO), the subfornical organ (SFO), the fusiform nucleus of the bed nuclei of the 
stria terminalis (BSTfu), and from the parabrachial nucleus and adjacent brainstem 
regions. The present study uses combined retrograde-tracing with in situ 
hybridization to determine the neurochemical identity of some of these afferent 
neurons.

Fluoro-Gold was iontophoresed into LHA-crh. Forebrain sections were 
hybridized with cRNA probes complimentary to the synthesizing enzymes for 
GABA, glutamic acid decarboxylase 65 (GAD65) and GAD67, or to CRH; 
brainstem sections were hybridized for tyrosine hydroxylase (TH), or for CRH. 
Cells labeled with both hybridization signal and FG were counted on sections 
through the regions of interest.

In the MEPO and SFO, GAD mRNA was colocalized in fewer than 20% of FG 
containing cells. This contrasted with the M EPO /SFO  input to magnocellular 
hypothalamic regions, which has been reported to be primarily GABAergic. 
However, in the BSTfu over 70% of neurons containing FG also colocalized with 
GAD mRNA, suggesting that this major input to LHA-crh is primarily inhibitory; 
in this nucleus, approximately 30% of FG cells also contained CRH. In regions 
adjacent to the parabrachial nucleus, FG was mainly colocalized with TH mRNA, 
and not CRH mRNA, identifying a brainstem input to the LHA-crh from the 
noradrenergic locus coeruleus but not from Barrington’s nucleus, which contains 
CRH. This work was supported by NS29728 from NINDS.

176 .18

N PY  M O D U LA TIO N  OF HY PO TH A LAM IC  G LU TA M A TE  
TRANSMISSION. A.N.van den Pol*. K.Obrietan. and A .B .Belousov. 
Sect.Neurosurgery, Yale Univ. Med.Sch., New Haven,CT. 06520 and 
Dept.Biology, Stanford Univ., Stanford, CA 94395.

Neuropeptide Y (N PY ) has significant effects on a number o f  
hypothalamic functions including endocrine regulation, circadian 
rhythms, and food intake. We used whole cell patch clamp recording and 
fura-2 digital Ca2+ imaging to explore the hypothesis that NPY acts by 
modulating glutamate neurotransmission. NPY (100 nM) had little 
detectable direct effect on either intracellular Ca2+ levels or neuronal 
electrical activity o f cultured hypothalamic neurons in the presence o f 
glutamate receptor antagonists AP5 and CNQX. H owever, in the 
absence o f  glutamate receptor blockade, NPY application caused a 
significant reduction in both the size and frequency of glutamate-mediated 
EPSPs in current clamped neurons. In some neurons, in the presence of 
TTX (1 uM) to block transmitter release, NPY reduced the amplitude of 
glutamate-evoked Ca2+ rises, suggesting a modulation o f glutamate at a 
postsynaptic site. In the absence o f TTX, NPY caused a large reduction 
(80% max) in Ca2+ levels that were raised by glutamate synaptically 
released by hypothalamic neurons. The effect o f NPY in reducing the 
responses o f neurons to endogenously released glutamate was found in a 
greater percent o f cells, and the magnitude o f the effect was larger than 
with evoked responses, suggesting that NPY could exert a significant 
presynaptic effect. A brief two min application o f NPY caused a long 
term depression in glutamate-elevated Ca2+ levels lasting +30 min in 
some cells. Together these data support the concept that a primary mode 
o f NPY's action in the hypothalamus is to modulate glutamate activity.
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177 .1
OLFACTORY PROJECTIONS IN THE TOKAY GECKO.
L.L. Bruce* and T .J . Neary. Dept. Biomed. S ci., Creighton 
University, Omaha NE 68178.

Olfactory projections in geckos were studied after applications 
o f  biocytin in either the main or accessory olfactory bulb. 
Transported tracer was visualized by avidin-peroxidase binding 
followed by reaction with BDHC. Injections restricted to the main 
olfactory bulb projected bilaterally to the lateral cortex, the 
external amygdala and ventral anterior amygdala. Axons passed to 
the contralateral side through the stria medullaris. A second tract 
projected ipsilaterally to the horizontal limb o f  the diagonal band, 
nucleus accumbens, and the anterior septal nucleus. A third tract 
traveled caudally along the medial striatum, crossed in the anterior 
commissure, and coursed rostrally. A fourth tract traveled caudally 
along the ventromedial com er o f  the anterior septal nucleus, 
crossed at the rostral extent o f  the anterior pallial commissure, and 
traveled rostrally. The latter tract projects to the contralateral 
anterior olfactory nuclei and olfactory bulb. After accessory 
olfactory injections, strong projections to the medial amygdala, 
interstitial amygdala, and accessory olfactory bulb were observed, 
possibly bilaterally. These results largely support previous studies 
in geckos by Lohman & Smeets, Brain, Behav. E vol., 1993, 
41:147.

177 .2

DESCENDING PATHWAYS FROM THE TELENCEPHALON 
TO THE OPTIC TECTUM IN THE LEOPARD FROG C A 
Meade*. S.L. Stuesse and W.L.R. Cruce Dept o f  Neurobiology, 
Northeastern Ohio Universities Coll o f  Med., Rootstown, OH 
44272.

There are two disynaptic pathways in amniotes connecting the 
telencephalon with the optic tectum. One pathway has a relay in the 
pretectal area while the other relays in the midbrain tegmentum. These 
pathways may exist in frog but have not been proven (Wilczynski and 
Northcutt, 1977). We used a sensitive tracing method, Dil, to begin 
to delineate the pathways. D il crystals were placed in the dorsal 
telencephalon, ventral telencephalon (putative striatum), and the 
midbrain o f  fixed leopard frogs. The whole brains sat in dilute formalin 
at 32°C for 5 to 7 weeks before embedding and cutting them on a 
vibratome. Dorsal telencephalic fibers were traced to the caudal extent 
o f  the telencephalon but did not extend into the midbrain. Ventral 
telencephalic fibers were seen beyond the caudal extent o f  the 
telencephalon in the lateral forebrain bundle. These fibers continued 
to pretectal levels where small pathways broke o ff and continued 
dorsally and ventrally. A small fiber pathway was also observed 
entering the tectum when crystals were placed at pretectal levels. This 
study shows that ventral telencephalic fibers descend from the striatum 
to the pretectum. Pretectal fibers enter the tectum. (Supported in part 
by NIH grant N S2585).

177 .3

QUANTITATIVE ANALYSIS OF NEURON ARCHITECTURE IN THE 
TELENCEPHALON OF THE SOUTH AFRICAN CLAWED FROG, 
XENOPUS LAEVIS. C. Mohr1,2. J.A. Glazier1, and S.K. Boyd2*. Depts. 
of Physics1 and Biology2, Univ. of Notre Dame, Notre Dame, IN 46556.

Golgi-stained neurons in different parts of the telencephalon of Xenopus 
were three-dimensionally reconstructed and quantitatively analyzed, using 
a computer-supported neuron tracing system (NTS, Eutectics, Inc.). 
Several attributes of the neurons including length and branching order of 
dendrites, spine base and fiber swelling density, 3-D orientation and 
centroids, and fractal growth parameter were determined. Based on 
statistically significant differences among these attributes, we determined 
that the telencephalon of the frog contains at least 9 different cell types. 
These cell types differed, for example, in their 3-D branching pattern 
measured through their branching order, number of single elements and 
preferential orientation in 3-D space. Some cell types differed in spine 
density or volume of influence. In some neurons, both lengths and spine 
densities varied for different dendrites in the same neuron, while for others 
these two values were fairly uniform. The distribution of cell types varied 
across different areas of the telencephalon. In particular, medial pallium 
shows a large variety of different neuron types, with their somas not 
restricted to a certain layer, and their dendrites not restricted to a specific 
projection direction. The telencephalon of Xenopus thus contains more 
neuron types than previously described for lower vertebrates. These cells 
may participate in neural networks of different sizes.

177 .4
HIPPOCAMPAL EVOLUTION IN ARCHOSAURS. K. K. Cookson*. Dept. 
Psychology, University of Maryland, College Park, MD.

A century of debate suggests all amniotes possess a general hippocampal 
homologue, but that detailed hippocampal morphology is homoplastic across 
amniote radiations. Hippocampal morphology was investigated in three extant 
archosaur descendants: caimans (C), pigeons (P), and budgerigars (B). 
Hippocampal morphology in caimans resembles that in other reptiles. Cladistic 
analysis suggests that trilaminar organization and a well-developed ventricular 
fiber tract emerged early. Dispersion of dorsal lamina and superpositional 
breaks with the dorsal cortex emerged later. Lepidosaurs are the most derived 
of all reptiles, followed by archosaurs and chelonians respectively. There are 
major differences in hippocampal morphology between caimans and birds and 
minor differences between pigeons and budgerigars. Cladistic analysis 
suggests that early archosaurs possessed a reptilian pattern of hippocampal 
morphology. Early avian morphology included the bifurcation of lamina in the 
ventral hippocampus and the emergence 
of a well-developed medial fiber tract.
More recent derivations include the 
dispersion of laminar neurons in the 
ventral hippocampus and the loss of a 
well-developed ventricular fiber tract.
Histochemical comparisons suggest: (a) 
the distribution of enkephalin varies with 
the pattern of hippocampal lamination, 
and (b) the distribution of cholinergic 
markers, especially choline acetyl- 
transferase, is similar in squamate
reptiles, pigeons, and budgerigars. Groundplan Divergence
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AFFERENT CONNECTIONS AND COGNITIVE FUNCTION 
OF THE PIGEON NEOSTRIATUM CAUDOLATERALE S.  
Leutgeb, S. Husband. L.V. Riters. V. P. Bingman*. and T. 
Shimizu. Dept. of Psychology, Bowling Green State U niv ., 
Bowling Green, OH 43403; Dept. of Psychology, Univ. of 
South Florida, Tampa, FL 33620.

The pigeon neostriatum caudolaterale (NCL) is a structure 
thought to be critical for the regulation of spatial cognitive 
processes. Retrograde tracer injection into this area revealed 
afferent projections from the vallecular area, a neighboring region 
near the border between hyperstriatum ventrale dorso-ventrale 
and hyperstriatum dorsale, hyperstriatum accessorium, 
anteromedial neostriatum, portions of the archistriatum, nucleus 
dorsolateralis posterior thalami, nucleus subrotundus, nucleus 
tegmenti pedunculo-pontinus pars compacta, and locus ceruleus. 
Notable is that many of these afferent sources are connected with 
the hippocampal formation, a structure critical for spatial 
cognition. Lesions of NCL in homing pigeons also resulted in a 
robust deficit in the ability of the pigeons to navigate home using 
familiar landmarks; a result consistent with previous research 
demonstrating a long-distance navigational deficit in pigeons 
following similar lesions. Taken together, the results indicate that 
NCL receives extensive input from a variety of telencephalic and 
sub-telencephalic structures that together may form a neural 
circuit that in part regulates spatial cognitive processes in birds. 
Supported by NSF grant IBN9209538

CHEMOARCHITECTURE OF THE NEOSTRIATUM CAUDOLATERALE IN 
THE PIGEON. S. Kröttner. D. Durstewitz. O. Güntürkün. C. V. Borlongan*. and 
T. Shimizu Dept. of Psychol., Ruhr-Univ. Bochum, 44780 Bochum, Germany, 
and Depts. of Psychol. & Surgery, Univ. of South Florida, Tampa, FL 33620.

The neostriatum caudolaterale (NCL) is an avian telencephalic structure 
innervated densely by dopaminergic Fibers from the brainstem. Using antisera 
against dopamine (DA) and tyrosine hydroxylase (TH), DA-/TH-like Fibers are 
observed to coil around the perikarya of many neurons in NCL ('basket-type' 
innervation). In the present study, we used an immunocytochemical approach to 
identify the different types of NCL neurons which receive dopaminergic 
innervation. First, we used an antibody against DARP-32 (a D1-receptor- 
associated phosphoprotein) and an antiserum against D2/3 receptors. Double-
labeling experiments with TH- or DA-like staining demonstrated that both DARP- 
32-positive cells and D2/3-positive cells received the 'basket-type' dopaminergic 
input. Secondly, using antisera against GABA/GAD, a number of GABAergic 
neurons were found in NCL. Some of these GABA-positive neurons were co-
localized with somatostatin, and/or parvalbumin. No GABAergic neurons were 
found to receive the 'basket-type' innervation. Finally, we used retrograde tracers 
(e.g., biotinylated dextran amine, fast blue) to identify at least two subsets of 
neurons in NCL based on the targets of their output. One group of neurons sent 
projections to the archistriatum, whereas the other group of neurons sent 
projections to the hyperstriatum accesorium. Using double-labeling experiments, 
we did not observe any neurons in either group to receive the 'basket-type' 
innervation. Some evidence from behavioral studies has suggested that one 
possible function of NCL is 'working memory.' Based on the present results, a 
simple model is suggested for the cellular basis of this function of NCL, where 
dopamine arrests the running neural program by lowering the excitability of some 
of these cells, and thus helps to maintain representations in 'working memory.’ 
Supported by NSF grant (IBN-9209538) and German Research Council grant 
(GU227-3).
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177 .7
NEW  E V ID E N C E  FO R AN AVIAN DO RSAL TH A LA M IC  CENTER  
COMPARABLE TO THE MAMMALIAN VA/VL NUCLEI. L. Medina*. C.L. 
Veenman. and A. Reiner. Dept. Anat. & Neurobiot., Univ. of Tennessee, 
Memphis, TN 38163.

In mammals, the basal ganglia (BG) exerts its major control on movement 
via a prominent projection from the globus pallidus to the ventral 
anterior/ventral lateral nuclei (VA/VL) of the dorsal thalamus, which in turn 
project to the premotor/motor cortices. The m ammalian BG also has 
reciprocal connections with another group of dorsal thalamic nuclei called the 
intralaminar/midline nuclei (INTR /M L). In birds, the BG has reciprocal 
connections with a group of dorsal thalam ic nuclei that includes the 
dorsomedial anterior and dorsointermediate posterior nuclei among others, 
which are comparable to the mammalian INTR/ML. However, no evidence has 
been obtained thus far for the presence of a dorsal thalamic cell group in 
birds comparable to the m ammalian VA/VL. In this study we have 
reinvestigated the BG projections in pigeons by means of injections of the 
sensitive anterograde tracer biotinylated dextran amine. Our results 
confirmed those of previous studies, and in addition revealed projections 
from the dorsal pallidum to a dorsal thalamic cell field located medial to the 
rostral half of the nucleus rotundus and partially immersed in the fasciculus 
prosencephalicus lateralis. Fluorogold injections indicated that this dorsal 
thalamic cell field projects to the dorsomedial pallium or Wulst, a region that 
has descending projections to the hindbrain and is partially comparable to the 
mammalian premotor/motor cortex. Our results provide evidence for the 
presence of comparable BG pathways to the premotor/motor cortex via the 
dorsal thalamus in both birds and mammals, and suggest that a similar 
pathway was likely present in the reptilian common ancestor of birds and 
mammals. Supported by NS-19620 and NS-28721 (A.R.).

177 .9

D O P A M IN E  D IS T R IB U T IO N  IN T H E  F O R E B R A IN  O F  T H E  
SENEGAL BICHIR. C. Piñuela* and R. G. Northcutt. Neurobiology 
Unit, Scripps Institution of Oceanography, and Dept. of Neurosciences, 
School of Medicine, University of Calif., San Diego, La Jolla, CA 
92093-0201.

An antiserum against dopamine (DA) was used to determine the 
distribution of this neurotransmitter in the forebrain of the cladistian 
Polypterus senegalus. The highest density of both fibers and cell 
bodies labeled for DA is found in the diencephalon and pretectum: 
preoptic area, periventricular nucleus of the posterior tuberculum 
(PPT), inferior lobe of the hypothalamus, and periventricular pretectal 
nucleus. A dense fiber plexus occurs among the perikarya of the 
dorsal thalamus but no DA+ perikarya were observed. In the 
telencephalon, DA immunoreactivity is weaker and restricted to the 
subpallial nuclei. Thus, DA+ cell bodies are found in the dorsal 
nucleus (Vd), whereas fibers are distributed in the dorsal (Vd), ventral 
(Vv), and posterior (Vp) nuclei of the ventral telencephalic area.

These data suggest that a dopaminergic system was present in the 
ancestral vertebrates from whom tetrapods and ray-finned fishes 
evolved. However, teleosts and tetrapods seem to have evolved 
pallial dopaminergic pathways independently. In addition, tegmental 
DA+ perikarya likely evolved after the separation of actinopterygians 
and tetrapods, as they are found only in the latter. In actinopterygians, 
it seems that the source of the subpallial DA+ fibers is PPT. 
(Supported by Fulbright 94 07857019 to C.P. and NIH grant NS24869  
to R.G.N.)

177 .11

HEM ISPHERIC LATERALIZATION O F THE DORSAL AND LATERAL 
CORTICES IN LIZARDS. E. B. Day*. W. Wilczvnski and D. Crews. Dept. 
of Psych., Univ. of Texas, Austin, TX 78712.

Neurobiological asymmetries, such as handedness and speech 
lateralization, were once considered to be defining characteristics of 
humans. In recent decades, the discovery of a number of asymmetries in 
non-human primates, non-primate mammals, and birds has revealed that 
lateralization is a widespread phenomena and is not particular to language 
or vocalizations. However, there has been little research conducted on 
neurobiological asymmetries in poikilotherms; probably because of a bias 
towards the association of lateralization with higher levels of neural 
complexity. W e compared the volumes of the left and right hemisphere for 
the lateral, dorsal, and medial cortices relative to whole brain size in two 
species of lizards; both sexes of Cnemidophorus inornatus and females of 
the parthenogenic species C.uniparens. The dorsal cortex is known to be 
involved in reversal learning in reptiles (as is the hippocampus of 
mammals) and the lateral cortex of reptiles is involved in olfactory 
processing. There was a significant right lateralization of the dorsal cortex 
and a marginally significant right lateralization of olfactory cortex across 
the groups studied. These structural asymmetries may speculatively be 
related to right hemisphere lateralization of the hippocampus in rats and 
hemispheric lateralization for the discrimination and recognition of odors 
in humans and in chicks. Supported by grant MH 41770 to D. C. and 
Univ. of Texas URI to W. W.

1 77 .8
The avian dorsal thalamic zone (DTZ) compared with the mammalian intralami- 
nar, midline, and mediodorsal thalamic nuclear complex (IMMC).
C.L. Veenman*. L. Medina, and A. Reiner. Dept. Anatomy & Neurobiology, 
University of Tennessee, Memphis, TN 38163.

DTZ is formed by subdivisions of the medial (DMA, DMP), intermediate 
(DIP) and lateral (DLM, DLP) nuclei of the dorsal thalamus, and the lateral sub- 
habenular nucleus (SHL) that are located dorsomedially in the avian dien
cephalon. Our immunohistochemical studies showed that: 1) the medial 
parts of DMA and DMP, and SHL are enriched in GABAergic, enkephalinergic, 
substance P-ergic, and cholinergic fibers; 2) the lateral parts of DMA and DMP 
are relatively poor in these neurotransmitters; and 3) DIP, DLP, and DLM are 
relatively rich in cholinergic and substance P-ergic fibers. Our anterograde 
tracing studies indicate that DIP receives afferents from the dorsal pallidum, 
while DMA and DMP appear to receive afferents from both the ventral striatum 
and ventral pallidum. Our retrograde tracing studies indicate that the medial 
parts of DTZ project to visceral/limbic striatum, while the lateral parts of DTZ 
project to somatic striatum. Thus, the medial and lateral components of DTZ, 
in general, are connected with visceral/limbic and somatic brain regions, re
spectively. The described characteristics indicate that DTZ is homologous to 
the mammalian IMMC. In particular, 1) medial DMA and DMP, and SHL are com
parable to the midline thalamic nuclei, including the medial components of the 
intralaminar nuclei; 2) the lateral parts of DMA and DMP are comparable to the 
mediodorsal nucleus; 3) DIP is comparable to the parafascicular nucleus; and 
4) DLM and DLP are comparable to the lateral components of the intralaminar 
nuclei. In addition, this and other studies in our lab indicate that the ventrolat
eral and ventral anterior thalamic nuclei are not represented in DTZ but rather 
in the cellular domains of the lateral forebrain bundle medial to the rostral half 
of the nucleus rotundus. Supported by NS-19620, NS-28721 (A.R.)

177 .10

AFFERENT AND EFFERENT CO NNECTIO NS OF THE  
NONOLFACTORY PALLIUM IN THE SENEGAL BICHIR, Polypterus 
senegalus [Osteichthyes: Cladistia], P. H. Holmes* and R. G. Northcutt. 
Neurobiology Unit, Scripps Institution of Oceanography, and Dept. of 
Neurosciences, School of Medicine, University of Calif., San Diego, La 
Jolla, CA 92093-0201.

The telencephalic pallium of bichirs is everted and divided into medial 
(P1), dorsal (P2), and lateral (P3) components. The P1 component is 
the primary target of the secondary olfactory projections, whereas the 
dorsal and lateral components (P2-3) receive ascending projections of 
uncertain origin. The afferent and efferent connections of the 
nonolfactory pallium were determined by injecting horseradish 
peroxidase, horseradish peroxidase conjugated to wheat germ 
agglutinin, or Dil into P2-3 or various portions of the diencephalon. 
These cases indicate that ipsilateral P1, area ventralis pars ventralis 
(Vv), and nucleus medianus of the posterior tuberculum are the major 
sources of afferents to P2-3. Sparser projections also arise ipsilaterally 
from area ventralis pars lateralis (VI), area ventralis pars dorsalis (Vd), 
and the caudal dorsal hypothalamic nucleus and contralaterally from Vv, 
Vd, and nucleus medianus, as well as the superior raphe and locus 
coeruleus. Efferent projections of P2-3 terminate ipsilaterally in Vd, Vv, 
VI, and the preoptic area and contralaterally in the preoptic area, Vv, 
and VI after decussating in the anterior commissure. A small component 
of the decussating fibers turns dorsally in the contralateral pallial tract 
and terminates in the P2-3 component. Bilaterally descending fibers 
continue into the diencephalon and divide into dorsal and ventral 
components, which terminate in the lateral toral complex and dorsal 
hypothalamic nucleus respectively. (Supported in part by a Markey 
Fellowship to P.H.H. and NIH grant NS24869 to R.G .N.)

177 .12

DISTRIBUTION OF IMMUNOREACTIVE TYROSINE  
HYDROXYLASE IN THE FORE- AND MIDBRAIN OF R A N  A  
P IP IE N S  USING WHOLE MOUNT IMMUNOHISTOCHEMISTRY.
J. Chu*1. M. S. Rand2, and W. Wilczynski1, 2. Dept. of Psychology and 
Zoology, University of Texas, Austin, TX 78712.

W e report the feasibility of using whole mount immunohistochemistry to 
localize the distribution of Tyrosine hydoxylase (TH) in anurans. Wholeflana  
pipiens brains were incubated in monoclonal mouse anti-TH (Chemicon) and 
then goat anti-mouse antiserum (Bio-Rad). Using this technique, originally 
reported by Lopez, et al. (Cell Tissue Res., 270:319-337, 1992), both cells and 
fibers were visualized. TH-ir cells were seen in the mitral cell layer of the 
olfactory bulb. TH immunoreactivity was also present in the glomeruli. More 
caudally, cells were seen in the preoptic area densely lining the ventricle wall 
and in the suprachiasmatic nucleus. A large cluster of TH-ir cells was located in 
the caudal hypothalamus, specifically in the dorsal and ventral hypothalamic 
areas, and posterior tuberculum. Finally, a few cells were seen in the isthmal 
reticular region ventral to the cerebellum. Fiber systems were also well stained. 
TH-ir fibers were largely restricted to ventral brain areas. Light fiber staining was 
seen in the striatum and accumbens, and a dense fiber system was seen in the 
medial forebrain bundle traveling between the anterior preoptic area and the 
ventral hypothalamus. In addition, very intense fiber staining was seen in the 
median eminence and infundibulum leading into the posterior pituitary. A few 
fibers were seen caudal to hypothalamic region traveling through the midbrain.

This TH-ir pattern seen corresponds very well to that reported by Gonzalez 
and Smeets (J. Comp. Neurol. 303:457-477, 1991) in a different ranid species. 
However this technique has several advantages over traditional 
immunoreactive techniques. Background staining is virtually nonexistent and 
many samples may be processed simultaneously thus eliminating interassay 
variation. Supported by NIMH T32M H18837 .
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177 .13

CENTRAL PROJECTIONS OF CRANIAL NERVES V, VIII, AND 
IX-X IN THE FROG R A N  A  P IP IE N S .  K .R. V e n a to r*  an d  W. 
W ilc z v n sk i. D e p a r tm e n t of Zoology, U niv. of T exas, A u s tin  TX 78712 

H o rse ra d ish  p e ro x id a se  (H R P ) in je c tio n s  w ere  m ad e  in  c ra n ia l 
n e rv es  V, V III, and  IX-X in  R ana pipiens. A fter V th  n e rv e  in jection  
H R P  filled  f ib e rs  w ere seen  in  th e  r e t ic u la r  fo rm a tio n  a d ja c e n t  to 
filled  tr ig e m in a l m o to r n e u ro n s . T h e se  f ib e rs  p re su m a b ly  rep re s e n t  
th e  p r in c ip a l trig e m in a l  sen so ry  n u c leu s . A  sm a ll b u n d le  ex ten d s  
ro s t r a l ly  from  th is  a re a  in to  th e  m id b ra in  w h e re  H R P  f illed  cell 
bodies w ere located  in  th e  optic tec tu m  an d  p re te c ta l grey. H R P filled 
f ib e rs  w ere a lso  seen  in  tw o o th e r  f ib e r  b u n d le s  w hich  sp a n  th e  
m e d u lla ,  a  m o re  v e n tr a l  b u n d le  a lo n g  th e  l a t e r a l  ed g e  o f th e  
b ra in s te m  an d  a  d o rsa l b u n d le  fro m  w hich  f ib e rs  e n te r  th e  la te ra l  
c e re b e llu m  r o s t r a l ly  a n d  tra v e l  c a u d a lly  th ro u g h  th e  v e s t ib u la r  
nu c le i. T h e  m oto r n u c le u s  of V e x te n d s  in to  th e  ca u d a l m id b ra in , 
m a in ta in in g  a  v e n tra l-m ed ia l positio n . A fter  V III th  n e rv e  in jection  
H R P  filled  f ib ers  filled  th e  d o rso - la te ra l a re a  of th e  b ra in s te m  from  
a n  a re a  v e n tra l to th e  g ra n u la r  cell lay e r of th e  cereb e llu m  to an  a re a  
d o rsa l to th e  fasc icu lu s  so lita r iu s . A fte r  IX-X in jec tio n  tw o a re a s  of 
H R P  fille d  f ib e rs  w ere  seen . O n e  b u n d le  e n te r s  a n d  f il ls  th e  
fasc icu lu s  so lita r iu s . T h e  second fiber b u n d le  w as lo ca ted  alo n g  th e  
la te ra l  w all of th e  m ed u lla  from  th e  cereb e llu m  to  th e  ro s tr a l  sp in a l 
cord. Som e of th e se  f ibers o v erlap  w ith  th e  d o rsa l t r ig e m in a l  f ibers 
an d  VI I I th  n e rv e  fibers. R o stra lly , IX-X H R P  filled  f ib e rs  w ere found 
n e a r  th e  a c o u stic /v e s tib u la r  nu c le i an d  p ro jec t to  th e  g r a n u la r  cell 
lay e r  of th e  cerebe llum . C a u d a lly , th ese  f ib e rs  w ere  found  a long  th e  
d o rsa l w all of th e  sp in a l cord w h ere  th ey  m ig ra te  m ed ia lly  an d  cross. 
F illed  m oto r n e u ro n s  w ere located  v e n tra l  to  th e  fasc icu lu s  so lita riu s  
from  th e  e n try  of IX-X to th e  ro s tra l sp in a l cord.

177 .14

BRAIN MASS COMPARISONS IN CETACEA. S.H.Ridgway and 
R .J.Tarpley*. Bioscience Division, NCCOSC, San Diego, CA 92152-6266

Cetaceans vary markedly in body mass. Some individuals of one of the 
smallest species, the La Plata dolphin, may reach adulthood with a body mass 
o f 24 kg while some individuals o f the largest species, the blue whale, reach 
200,000 kg — a body mass ratio for the largest to the smallest adult cetacean 
o f more than 8000:1. Adult brain mass also varies between individuals of 
cetacean families from as little as 205 g in an adult-size La Plata dolphin 
(family Pontoporidae) to 9,300 g in the largest killer whale (the largest member 
of the family Delphinidae) — a ratio o f more than 45:1. The largest average 
adult brain mass (7,894 g) reportedly occurs in the largest odontocetes — male 
sperm whales; however, brain mass does not vary strictly with body mass. In 
contrast to adult male sperm whales, adult male bowhead whales (a mysticete 
o f the right whale family) that were estimated to have a similar lean body mass 
(total body mass minus blubber mass) had a brain mass average of 2845 g — a 
sperm whale/bowhead whale brain mass difference ratio o f 2.77:1.

As a percentage o f brain mass, cerebellum mass in our data ranged from 18 
to 24% in mysticetes and 13-16% in delphinids. However, the large percentage 
o f cerebellum in mysticetes is apparently due to a lesser forebrain since the 
mysticete cerebellum was not as large relative to body mass as that o f the larger 
dolphins such as the killer whale. Sperm whales, beaked whales, and 
platanistoid dolphins have small cerebellums that range from 6 to 12% o f brain 
mass. Regressions o f data from a group o f the larger delphinids ranging in adult 
body size from about 100 kg to about 5000 kg were compared to a grouping of 
platanistids, zyphiids, and physeterids. The slopes o f these two regressions were 
the same; however, the Y-intercepts were radically different. The delphinid 
intercept was much higher.

BRAIN METABOLISM AND BLOOD FLOW: NITRIC OXIDE

1 78 .1

L-ARGININE INFUSION INCREASES HUMAN CEREBRAL BLOOD FLOW  
STUDIED WITH POSITRON EMISSION TOMOGRAPHY. DC Reutens. MD 
McHuah, PJ Toussaint. AC Evans. LS Wolfe*. E Meyer, DJ Stewart. 
Montreal Neurological Institute & McGill University, Montreal, Canada and 
University of Toronto, Toronto, Canada.

Infusion of L-arginine, the substrate for nitric oxide (N O ) synthase, 
increases blood flow in human peripheral and pulmonary vasculature and in 
the cerebral vasculature of some experimental animals.

W e examined the effects of L-arginine infusion on cerebral blood flow 
(CBF) measured with PET and the quantitative, H2150 bolus method. 
Baseline and activation (vibrotactile stimulation of right hand) scans were 
performed before and immediately after the infusion of L-arginine (16.7  
mg/kg/min) in six subjects (6 male). In another 6 subjects (4 males), 0.9%  
NaCI solution (500ml) was infused instead of arginine.

In baseline scans, mean whole brain CBF was 35.8±2.4  ml/100g/min 
before and 35.9±2.6  after saline infusion but increased from 34.9±1.5  to 
38.2±1 .8 after arginine infusion (p<0.005). In activation scans, whole brain 
CBF also increased from 33.1 ±1.1 to 36 .5±1.5  after arginine infusion 
(p<0.05). In activation scans, we calculated mean CBF in voxels within an 
8mm radius of the principal t-statistic peak. In contrast to whole brain CBF, 
in the activation focus CBF did not change significantly both with saline 
(4 4 .1±3.6 pre; 43 3±1.6 post) and with arginine (46 .7±2.7  pre; 47.3±3.2  
post). Mean plasm a levels of arginine increased from 95nm ol/l to 
9 7 7 9 μ mol/l and mean plasma levels of citrulline increased from 18μ mol/l to 
3 6 μ mol/l at the time of the second measurement of CBF.

W e conclude that basal cerebral blood flow is increased by arginine 
infusion; increases in plasma citrulline suggest a NO-mediated mechanism. 
The findings suggest that under basal conditions, NO can modulate 
cerebral autoregulation. However, arginine infusion does not enhance  
activation-related CBF.

178 .3

NITRIC OXIDE (NO), K + CHANNELS AND PERMISSIVE ELEMENTS OF 
HYPERCAPNIC CEREBROVASODILATION. Q. W ang*. D .A . Pelliorino. and 
V.L. Baughman. Dept. of Anesthesiology, Univ. of Illinois-Chicago, 
Chicago, IL 6 0 6 1 2 .

There are indications that, in hypercapnia (HC), NO synthase (NOS) 
inhibition suppresses cerebrovasodilation because it reduces vascular 
smooth muscle (VSM) cGMP below a critical level that is needed to perm it 
a full response to occur. The specific cGMP action responsible for that 
effect is unknown. In this study, w e tested the hypothesis that the 
permissive action of NO, via cGMP, relates to its capacity to support V SM  
hyperpolarizing K + channels. We studied male Sprague-Dawley rats under 
fentanyl/N2O anesthesia. Cortical blood flow  (CBF) changes were monitored 
using laser-Doppler flowm etry. The following experimental sequence was 
observed: normocapnia (NC) → 3 min HC (PaCO2 ~ 6 5  mmHg) → NC →
inject nitro-L-arginine (L-NA) iv (50  mg kg-1--a dose associated w ith  
irreversible NOS inhibition) → 3 min HC (1 h later) → NC → infuse the K +ATP 
channel opener, cromakalim (CR) (intracarotid [ic] @ 10  μ q -kg-1 min-1) → 3 
min H C ( ~ 2 0  min later) → NC + stop CR → 3 min HC (2 0 -3 0  min later) →
NC → infuse the NO donor, SNAP (@ 50  μ g-kg-1 min-1 ic) → 3 min HC ( ~  15 
min later). During ic CR and SNAP, arterial pressure was maintained via iv 
infusion of phenylephrine. The CBF response to HC was reduced by 8 2%  
at 1 h post-L-NA. CR partially restored the CBF response to HC (45%  below  
control). After discontinuation of CR, the HC response reverted to a > 8 0 %  
reduction from control. A fter SNAP, the CBF response also partially 
normalized (to ~ 3 4 %  below the control response). These results suggest 
that a portion of the NO-dependency of hypercapnic cerebrovasodilation is 
permissive. We speculate that the permissive actions relate to cGMP  
potentiating the activity of V SM  hyperpolarizing K + channels, thus 
providing an optimal environment for their stimulation during HC.

178 .2

EFFECT OF NEURONAL NITRIC OXIDE SYNTHASE INHIBITION ON 
CEREBROVASCULAR RESPONSE TO SOMATOSENSORY STIMULATION. 
N. Cholet, G. Bonvento*. J. Seylaz Laboratoire de Recherches Cérébrovasculaires, 
CNRS UA 641, Université Paris VII, 75010 PARIS, France 

The mediators of the local cerebral blood flow (CBF) increases that occur during 
functional brain activation remain to be elucidated. A number of studies have 
investigated the role of NO in these vascular responses and have led to discordant 
results. Since non-specific NO synthase (NOS) inhibitors were used in these 
studies, the cellular site of NO production, if  involved, is still unknown. In the 
present study, we sought to determine whether neuronal NOS (nNOS) is implicated 
in the cerebrovascular response to somatosensory stimulation. Rats were 
anesthetized (α -chloralose 40 mg/kg, sc) and ventilated without curarizing agent. 
Local CBF was measured using the quantitative [14C]iodoantipyrine technique in 
control rats (n=6), and 30 min following 25mg/kg ip 7-nitroindazole (7-Ni, n=5) 
injection. CBF was determined bilaterally in six regions of the trigeminal pathway 
during mechanical stimulation (4 Hz) of the right C3 whiskers. 7-Ni slightly 
decreased CBF in all 6 brain regions studied (-10 to -27%) and produced a 
moderate hypertension associated with bradycardia. In control rats, whiskers 
stimulation increased CBF from 24 to 28% in the ipsilateral trigeminal nuclei 
(trigeminal spinal subnucleus caudalis, interpolaris, oralis and principal trigeminal 
nucleus) and from 5 to 22% in the contralateral ventrobasal thalamus and 
somatosensory cortex. Under 7-Ni, significant CBF increases were noted in the 
trigeminal nuclei (18 to 30%) whereas no significant CBF changes were observed 
in the ventrobasal thalamus and somatosensory cortex areas. These results suggest 
that nNOS is not the main factor involved in the vascular response associated with 
functional activation of the trigeminal pathway.

1 78 .4

ESTROGEN AND NITRIC OXIDE-DEPENDENT CEREBRAL ARTERIOLAR 
RELAXATION IN THE RAT. D.A. Pelligrino*. Q. W ang. and V.L. Baughman. 
Dept. of Anesthesiology, Univ. of Illinois-Chicago, Chicago, IL 6 0 6 1 2 .

Estrogen (E)-related cerebral protection may, in part, be due to E- 
induced upregulation of constitutive nitric oxide synthase (cNOS) levels in 
the brain, thus increasing the vasodilatory reserve. That may provide a 
benefit during cerebral ischemia by resisting the reduction in intraischemic 
blood flow. 17ß -estradiol (E2) treatm ent in animals can increase cNOS  
activity in brain, but no data exists regarding the cerebrovascular manifes- 
tations of such changes. Furthermore, it is not known which cNOS is 
affected by E/E2--the endothelial NOS (eNOS), the neuronal NOS (nNOS), 
or both. In the present study, we employed a model of E replacement in the 
post-menopausal female--i.e. E2-treated (group 1, 5 00  μ g/kg/day ip, n =  6) 
and untreated (group 2, n =  5) ovariectomized female rats. W e monitored 
pial arteriolar diameter changes during cortical suffusions of an eNOS- 
dependent dilator (acetylcholine [ACh]), a nNOS-dependentdilator (NMDA), 
a direct NO donor (SNAP), and a NO-independent dilator, adenosine (ADO). 
To confirm NO-dependency, arteriolar responses were measured prior to 
and after initiating suffusion of the NOS inhibitor, nitro-L-arginine (L-NA). 
In additional Group 1 and 2 rats, cerebral cortical NOS activity was 
assayed. Untreated ovariectomized rats exhibited little response to ACh. E2 
treatment clearly produced an enhancement of the vasodilatory response 
to ACh, but did not affect arteriolar dilation in the presence of NM DA. The 
NO-dependence of the ACh (group 1 only) and N M DA responses was 
confirmed by the fact that vasodilation was completely blocked after L-NA. 
The absence of any differences in the responses to SNAP or ADO indicates 
that neither L-NA nor E2 treatm ent has any direct influence on vascular 
smooth muscle function. E2-treated rats showed a 61 % greater brain NOS 
activity than their untreated counterparts. These results suggest that E2 
treatment does indeed increase brain NOS activity and cerebral vasodilatory 
capacity. However, that change appears to favor upregulation of eNOS 
over nNOS.
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178 .5
REGIONAL CBF RESPONSE TO VIBRISSAL STIMULATION IN MICE 
LACKING NEURONAL OR ENDOTHELIAL NOS GENE EXPRESSION 
J. Ma*. C. Ayata, W. Meng, P.L. Huang. M.C. Fishman. M.A. Moskowitz 
Stroke and Neurovascular Regulation Lab & Cardiovascular Res. Inst.,
MGH, Harvard Med. Sch., Charlestown, MA, 02129.

We investigated the regional cerebral blood flow (rCBF) response to 
unilateral vibrissal stimulation in SV-129 mice (Wt, n=6), neuronal NOS 
(nNOS) knockout mice (Kn, n=6) or endothelial NOS (eNOS) knockout mice 
(Kv, n=6) under controlled physiological conditions. We measured rCBF by 
laser-doppler flowmetry in the contralateral whisker barrel area over a closed 
cranial window during mechanical vibrissal deflection (2-3Hz) in urethane- 
anesthetized mice. The rCBF response was similar in Wt, Kn and Kv. 
Whisker stimulation caused a mean rCBF increase of 27±6% in Wt, 26±6% 
in Kn and 28±7% in Kv. The rCBF response was inhibited by ~45% in Wt 
and ~60% in Kv 60 min after topical L-NA (p<0.05) whereas there was no 
inhibition in Kn. Our previous studies showed that the duration of L-NA 
superfusion was enough to inhibit NOS sufficiently. We tested the degree of 
inhibition of NOS by the response of pial arterioles to ACh. We measured 
the pial arterial diameter by a video microscopy system in closed cranial 
window. Topical Ach caused a dose dependent dilation in pial arterioles in all 
3 groups. ACh response was inhibited by topical L-NA to the same extent 
(~80%). Our results suggest (1) eNOS is not involved in neuronal activity- 
rCBE coupling, (2) inhibitory effect of L-NA on the rCBF response to 
whisker stimulation is specific to nNOS inhibition, (3) Kn mice have 
developed alternative mechanisms that do not require NO to achieve 
metabolism and blood flow coupling.

178 .7

THE PERMISSIVE ROLE OF NITRIC OXIDE (NO) IN K+ -INDUCED 
RELAXATIONS IN THE RAT MIDDLE CEREBRAL ARTERY (MCA).
M L. Steenberg. M.W.G. Swafford. T.D. Johnson. J.P. You. H. D. Shine*.
R M. Bryan, Jr. Departments of Anesthesiology and Neurosurgery, Baylor 
College of Medicine, Houston, Texas USA 77030.

The roles of endothelium and NO in K+-induced dilations were studied in 
rat MCAs. Rat MCAs were isolated, cannulated with glass micropipets, and 
pressurized. The MCAs were immersed in a bath (37° C) containing 
physiological saline solution, and luminally perfused.

Resting diameter of the MCAs was 208 ± 4 pm (n=7). Additions of K+ 
(KC1) to the bath produced significant dilations in the MCAs at concentrations 
of 15, 30, 45, and 60 mM. The maximum dilation (20% increase in diameter) 
occurred at 15 mM K+ with the magnitude of dilation diminishing with further 
increases in K+ concentration. At 75 mM K+, the diameter was essentially 
unchanged from the original baseline. L-NAME (10-5 M), an inhibitor of 
nitric oxide synthase, abolished the dilations at 45 mM and produced 
constrictions at 60 and 75 mM K+. L-NAME had no significant effect on the 
dilations at 15 and 30 mM K+. Removal of the endothelium produced changes 
in the K+ response identical to that of L-NAME. After L-NAME treatment, 
the addition of an exogenous NO donor, SNAP (10-8 M), or analogs of cGMP 
tended to restore the control response to K+ . We conclude that the dilations 
produced by K+ at lower concentrations (15 and 30 mM) do not depend on the 
endothelium or NO; however, at concentrations above 30 mM (45-75 mM)
NO derived from the endothelium acts in a permissive role in the K+- induced 
response. (Supported by PHS grant PO l NS 27616)

178 .9

NITRIC OXIDE IS A MODULATOR. NOT A MEDIATOR OF CEREBRAL BLOOD 
FLOW INCREASE IN HYPERCAPNIA. N. Akqoren*. M. Fabricius and M. 
Lauritzen. D e p t. of M ed. Physiology. Univ. of Copenhagen, DK-2200 
Copenh., Denmark.

Nitric oxide (NO) synthase inhibition by NG-nitro-L-arginine (L- 
NNA) attenuates the  evoked cerebra l b lood flow (CBF) changes by 
hypercapnia. This cou ld  suggest th a t NO is a m edia tor of the hype rcap
nic increase of CBF. but it is also possible th a t NO is a permissive factor 
cond ition ing the  vessels to  d ila te  in response to  other vasoactive 
substances. In this study, w e  exam ined the e ffe c t of a NO-donor, 
sodium nitroprusside (SNP), on the  hype rcapn ic  CBF increase in L-NNA 
trea ted  animals. CBF was m onitored over the  cerebe lla r cortex by laser- 
Doppler flow m etry in halothane-anesthetized and artificially ventilated 
rats. Hypercapnia was in duced by a dd ing  5 % C O 2 to  the inhalation 
mixture. NO synthase activ ity  was b locked by top ica l app lica tion  of L- 
NNA (1 mM) and  top ica l SNP a t 3, 10 and  30 μ M . was used as the NO 
donor. Under contro l conditions, increasing arterial PaC02 from 
norm ocapnia ( 37 ± 1 mmHg ) to  hypercapn ia  ( final PaCo2, 70 ± 2 
mmHg ) increased CBF by 111 ± 9 %. L-NNA decreased baseline level 
of CBF by 20 ± 4 % and a tten ua ted  the hypercapn ic  CBF increase to  68 
± 5 a fte r 60 min of app lica tion  (p < 0.05 ANOVA). SNP reversed baseline 
CBF chan ge  and restored the  hype rcapn ic  CBF reactivity in a dose- 
dep e n d e n t manner. The restoration of C O2 reactiv ity in L-NNA trea ted 
animals by SNP. suggest th a t NO is a m odulator, not a m edia tor, of the 
hypercapn ic  cerebrovasodila tion.

178 .6
THE PERMISSIVE ROLE OF NITRIC OXIDE (NO) IN α 2 
ADRENOCEPTOR MEDIATED DILATIONS IN THE RAT MIDDLE 
CEREBRAL ARTERY (MCA). R.M. Bryan. Jr.. M.Y. Eichler. M.W.G. 
Swafford. T.D. Johnson. J.P. You. R G. Grossman* Departments of 
Anesthesiology and Neurosurgery, Baylor College of Medicine, Houston, 
Texas, USA 77030.

We have previously shown that α 2 adrenoceptor stimulation on rat MCAs 
produces a relaxation that is dependent on intact endothelium and NO (Abstr. 
Soc. Neurosci. 20:1254, 1994). In this study we tested the hypothesis that NO 
is not the active vasodilator but acts in a permissive role. Rat MCAs were 
isolated, cannulated at each end with a micropipet, and pressurized to 85 mm 
Hg. The MCAs were immersed in a bath (37° C) containing physiological 
saline solution (PSS), and luminally perfused with PSS at 100 μ l/min. Resting 
diameter of the MCAs was 242 ± 10 μm (n=12). Additions of UK14304, a 
selective α 2 adrenoceptor agonist, produced dose dependent dilations showing 
a 14% increase in diameter at a concentration of 10-5M. This dilation was 
completely blocked after removal of the endothelium or inhibition of NO 
synthase with L-NAME (10-5 M). After endothelium removal or L-NAME 
treatment, the addition of an exogenous NO donor, SNAP, at subthreshold 
concentrations (10-8 M) or analogs of cGMP, 8 bromo-cGMP and dibutyryl 
cGMP, fully restored the dilations produced by UK 14304. Since additional NO 
cannot be produced in MCAs treated with L-NAME, it cannot be the active 
vasodilator. We conclude that the basal release of NO from the endothelium 
plays a permissive role in the vasodilation and removal of this basal release of 
NO abolishes the α 2 adrenoceptor mediated dilation. (PHS grant POl NS 
27616).

178 .8
N E U R A L N IT R IC  O X ID E SY N TH A SE (nNO S) IN H IB IT IO N  DOES 
N O T A L T E R  R E G IO N A L BRAIN BL O O D  FL O W  RESPO N SES TO  
HYPOXIA. D .G ozal*. J E . Torres. S .M . L ittw in , Constance S. Kaufman 
Pulmonary Research Laboratory, Depts. Pediatrics and Physiology, and 
Interdepartmental Neuroscience Program, Tulane Univ. Sch. Med., New 
Orleans, LA 70112.

To determine the effect o f a specific nNOS inhibitor (S-methyl-L- 
thiocitrulline; SMTC) on regional brain blood flow (RBF) during hypoxia, RBF 
and nitric oxide (NO) concentration were continuously measured by laser 
dopplcr and NO-selective electrode respectively, in cortical regions o f  6 
anesthetized, paralyzed, mechanically ventilated adult rats during normoxia and 
hypoxia (10% O2), before, and following i.v. SMTC administration. Hypoxia 
elicited an almost immediate and sustained RBF increase which paralleled brain 
tissue NO levels starting approximately at 15-30 sec following hypoxic onset, 
peaking at 3-4 min, and followed by a decrease to a lower plateau which 
persisted throughout hypoxia duration. Administration o f i.v. 10 mg/kg SMTC 
was associated with later and smaller increases in brain tissue NO after hypoxia 
induction. However, RBF responses remained unaffected. Additional injection 
o f i.v. 100 mg/kg L-NAME, a non specific NOS inhibitor, blocked NO increase 
after SMTC blockade, and greatly diminished or abolished hypoxia-induced 
RBF increase. We conclude that nNOS blockade does not modify RBF increase 
during hypoxia. We postulate that the late onset, small NO increase after SMTC 
blockade may represent endothelial NOS- derived NO production which diffuses 
over time from neighboring capillaries to the NO microelectrode.
(Supported in part by HD-1072-2)

178 .10

PROTEIN KINASE C MEDIATES VASOCONSTRICTION AFTER NOS INHIBI
TION IN PARENCHYMAL MICROVESSELS OF THE RAT HIPPOCAMPUS. 
A, Fergus*. Y. Jin, O.A. Thai. N.F. Kassell, K.S. Lee. Dept. of Neurological Surgery 
& Neuroscience Grad. Program, Univ. of Virginia, Charlottesville, VA 22908.

Recent evidence indicates that nitric oxide (NO) participates in the modulation of 
vascular tone in a variety of vascular beds including the parenchymal microvascula
ture. Inhibition of endogenous NO production results in a dramatic and long-lasting 
vasoconstriction. The present studies examined the role of protein kinase activity in 
this constrictor response by testing whether kinase inhibitors modify vasoconstriction 
elicited by the NOS inhibitor NG-nitro-L-arginine (l-NNA). These effects were exam- 
ined in parenchymal microvessels of rat hippocampal slices using computer-assisted 
videomicroscopy

The resting diameter of the microvessels examined in this study ranged from 9 to 
29 μm. Addition o f l 00μM l-NNA to the medium superfusing the slice significantly 
constricted microvessels to 61.2± 0.6% of resting diameter.Addition of 3 distinct 
protein kinase inhibitors to pre-constricted microvessels resulted in dose-dependent 
vasodilation. Specifically, H-7(50μM),a relatively non-selective protein kinase inhibi
tor, or bisindolymaleimide (BIS;5μM),a selective PKC inhibitor, elicited a substantial 
and significant reversal of the constriction [88.8±4.5%(n=5), 65.8±33.7%(n=6) re
spectively], KN-62 ( l0μM), a calmodulin-dependent protein kinase inhibitor, elicited 
a small but significant reversal (24.4±2.7%, n=5).Pretreatment with H-7or BIS com- 
pletely blocked the L-NNA-induced constriction (n=6 for each treatment). Alterna- 
tively, KN-62, only slightly attenuated the contractile response to l-NNA (73.1±1.4% 
of baseline diameter, n=5) and this effect was not significant. These findings suggest 
that the contractile response observed upon removal of endogenous NO production is 
mediated by protein kinase activity,and PKC involvement is greater than that of 
calmodulin-dependent protein kinases.The existence of PKC-mediated tone in resting 
microvessels is also suggested. Supported by NIH grant # HL49396 to KSL.
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178 .11
NITRIC OXIDE SYNTHESIS CONTRIBUTES TO BREAKTHROUGH OF 
CEREBRAL A UTOREGULATION DURING HYPERTENSION. D. Nitschke 
Dragon, H. Ohta*. and W.T. Talman. D ept. of Neurology, Univ. of Iowa and 
VAMC, Iowa City, IA 52242.

At mean arterial pressures (MAP) that exceed upper limits of autoregulation, 
cerebral blood flow (CBF) increases and cerebrovascular resistance falls as 
auloregulation breaks through. In rats pretreated with the nitric oxide synthase 
(NOS) inhibitor L-nitroarginine (L-NA) breakthrough did not occur even when 
MAP exceeded 185 mmHg. Infusion of L-Arginine reversed the effects of L-NA. 
Thus, nitric oxide (NO) or an NO donor may participate in breakthrough of 
autoregulation. Cerebral arteries are innervated by post-ganglionic NO contain
ing fibers that arise from the sphenopalatine ganglion and pass through the eth
moid faramen. We hypothesized that cutting those fibers would dampen 
increases in CBF and cerebral vasodilatation when AP exceeded the upper limits 
of autoregulation. Twelve adult male Sprague-Dawley rats anesthetized with 
chloralose were studied. Animals were artificially ventilated, body temperature 
was controlled and arterial pC 02  was carefully maintained near basal levels. In 
all animals MAP was raised by slow iv. infusion of phenylephrine. In the experi
mental group sphenopalatine fibers were transected bilaterally at the ethmoid 
foramen. Control animals did not undergo surgery. CBF was monitored by laser 
flowmetry. In the control group cerebrovascular resistance fell 59±5% from 
baseline at maximal increases of MAP of 188±5 mmHg. In denervated animals 
cerebrovascular resistance fell 16± 5% (p≤ 0.05) at an MAP of 183±:5 mmHg. 
Basal MAP and maximal MAP did not significantly differ. We conclude that 
breakthrough of cerebrovascular autoregulation in response to hypertension may 
result in part from release of NO from nerves of the sphenopalatine ganglion. 
Support: AHA Grant in Aid, VA Merit Review and Career Award, and NIH 
HL32205 and HL14388.

178 .13
OZONE CHEMILUMINESCENCE (O3-CL) MEASUREMENT OF NITRIC OXIDE 
(NO) PRODUCTION IN CULTURES OF RAT CEREBRAL ENDOTHELIAL 
CELLS, ASTROCYTES, AND NEURONS D.Freyer, S Weikert, M.Weih, N.Issaey, 
I.Victorov. A. Meisel, J. Weber. UDirnagl* Dept. of Neurology, Humboldt University 
Berlin, FRG, and Brain Research Institute, Moscow, Russia

It is believed that practically all cell types found in the mammalian brain are en
dowed with enzymes capable of producing NO, which has been implicated in brain 
physiology as well as pathophysiology We investigated whether production of NO in 
cultured microvascular endothelial cells, astrocytes, cortical neurons, and cerebellar 
granule cells can be measured using the O3-CL method (Sievers Model 270) NO 
production was stimulated with Ca2+ ionophore, glutamate, or KC1 All cell types were 
grown under standard culture conditions in 25 cm2 culture flasks The spontaneous 
oxydation product of NO, NO2  accumulated in the medium (2-15 min) and was redu- 
ced back for NO measurement by dimethylferrocene/perchloric acid.

Endothelial cells Neurons Astrocytes
Cortical neurons [ Cerebellar 

granule cells
Ca2+ionophore I Alkalosis KC1 ! Glutamate Ca2+ ionophore

NO n o  ; NO NO
(pmol/min/ (pmol/min/ i (pmol/min/ (pmol/min/

106 cells) 106 cells) ! 106 cells) 106 cells)
10.8 ±8 .5  | 2.6 ±3.1 0.44 ± 0.22 ! 1.6 ± 0.74 6.3 ± 8 0

NO production in our experiments was stimulated with agents that change [Ca2+]i and 
occured within minutes. We therefore conclude that the stimulated NO production 
was the result of the activation of the Ca2+/calmodulin dependent constitutive NO 
synthase. O3-CL is a sensitive method to investigate production of NO in vitro under 
various physiological and pathophysiological conditions (Supported by the DFG).

178 .15

BASIC FIBROBLAST GROWTH FACTOR-INDUCED VASODILATION IS 
m f:d ia t e d  BY MEMBRANE HYPERPOLARIZATION AND NITRIC 
OXIDE IN RAT INTRACEREBRAL ARTERIOLES. Y. Kajita. H. H. Dietrich 
and R. G. Dacey. Jr*. Dept. of Neurosurgery, Washington Univ. Sch. of Med., 
St. Louis, MO 63110.

Basic fibroblast growth factor (bFGF) is thought to increase cerebral blood 
flow via a mechanism involving, though not exclusively, nitric oxide. The goal 
of this study was to determine whether membrane hyperpolarization is also 
involved in this mechanism. Simultaneous measurement of membrane potential 
(M.P.) of vascular smooth muscle cells (SMC) and vessel diameter was made of 
rat cerebral penetrating arterioles following extraluminal application of bFGF. 
The involvement of nitric oxide and ATP-sensitive potassium (KATP) channels in 
bFGF-induced vasodilation and membrane hyperpolarization was evaluated by 
using their specific inhibitors, i.e., NG-monomethyl-L-arginine (L-NMMA, 100 
μ M) and glibenclamide (GB, 10 μ M), respectively. The vessel diameter and 
resting M.P. of vascular SMC were recorded with a mean value of 50.7 ± 9.2 
pm and -32.3 ± 3.1 mV. bFGF produced significant dose-dependent vasodilation 
(1 - 100 ng/ml) with a maximum 115.2 ± 4.8% of control and hyperpolarization 
with a maximum -13.8 ± 9.2% at 100 ng/ml. Pretreatment with L-NMMA 
caused vasoconstriction to 82.5 ± 5.6% and significantly inhibited bFGF-induced 
vasodilation without change in M.P. On the other hand, in the presence of GB, 
average vessel diameters were significantly reduced to 91.8 ± 4.2% with 
depolarization of +12.8 ± 5.5%, and arteriolar dilation and membrane 
hyperpolarization in response to bFGF was significantly attenuated.

These results suggest that the dilation of cerebral arterioles caused by bFGF is 
mediated by a mechanism involving both nitric oxide and membrane 
hyperpolarization, and that this hyperpolarization is caused by activation of KATP 
channels. (ROl NS30555-01)

178 .12
NITRIC OXIDE-DEPENDENT HYPEREMIA BY PARALLEL FIBER 
S T IM U L A T IO N  OR G LU TA M A TE  M IC R O IN JE C T IO N  IN 
CEREBELLAR CORTEX G. Yang*. F. Zhang. X. Xu and C. ladecola. Lab. 
of Cerebrovascular Biology and Stroke, Univ. of MN, Minneapolis, MN 55455.

Stimulation of the cerebellar parallel fibers (PF) releases glutamate (glu) 
and increases cerebellar cortical blood flow (BF) (AJP 268, R1153, 1995). The 
increases in BF are attenuated by nitro-L-arginine (L-NA) and by the glu 
receptor antagonist kynurenate (kyn) suggesting that they are in part 
mediated by glu via activation of nitric oxide (NO) synthase (NOS). However, 
because L-NA is a non-selective NOS inhibitor, the participation of endothelial 
NOS cannot be ruled out. We, therefore, used 7-nitroindazole (7-NI), a 
relatively selective inhibitor of neuronal NOS, to study whether neuronal NOS 
is involved. Furthermore, we studied whether exogenous glu can mimic the 
increases in BF produced by PF stimulation. The PF were electrically 
stimulated (100pA-30Hz) in halothane-anesthetized rats equipped with a 
cranial window. BF was monitored by a laser-Doppler probe. PF stimulation 
increased BF by 61 ±5% (n=6; p<0.05). 7-NI (10-100 mg/kg; i.p.; n=4-5/dose) 
attenuated the response dose-dependently (-55±7% at 100 mg/kg; p<0.05). 
The attenuation was linearly related to the degree of cerebellar NOS inhibition 
(r2=0.99), determined ex vivo by the citrulline assay. 7-NI did not affect arterial 
pressure (p>0.05). Microinjection (200 nl) of glu (2-200 pmol; n=4/dose) in 
the molecular layer increased BF dose-dependently (55±6% at 200 pmol; 
p<0.05). The increases in BF were attenuated by topical superfusion with kyn 
(-50±9%; p<0.05) or by 7-NI (-53±7%; 100mg/kg; p<0.05). Kyn did not affect 
BF reactivity to hypercapnia (p>0.05). We conclude that the increases in BF 
produced by PF stimulation are mediated, in part, by glu-induced activation of 
neuronal NOS. The finding that glu microinjections produce NO-dependent 
flow increases similar to those evoked by PF stimulation, support the 
hypothesis that glu and NO participate in the mechanisms of functional 
hyperemia in cerebellar cortex. (Supported by the AHA and NIH)

178 .14

STIMULATION OF CHOLINERGIC LATERODORSAL TEG-  
MENTAL NUCLEUS: EFFECTS ON NEURONAL ACTIVITY, 
BLOOD FLOW, AND RELEASE OF NITRIC OXIDE IN THE 
RAT THALAMUS. Y. Kayama*, M. Miyazaki and Y. Koyama 
Dept. Physiol., Fukushima Med. Col., Fukushima 960 -12 , Japan

Cholinergic neurons, gathering in the laterodorsal tegmental 
nucleus (LDT), project to diffuse areas of the brain including the 
thalamus. The cholinergic neurons are invariably stained most 
darkly by NADPH-diaphorase histochemistry; they seem to have 
strong activity of nitric oxide (NO) synthase. W e have shown 
that repetitive electrical stimulation of the LDT excites principal 
(relay) neurons of the lateral geniculate nucleus (LGN) of the 
thalamus through a muscarinic mechanism. Here we report that 
the LDT stimulation increases regional blood flow in the LGN, 
and that NO is released in the LGN upon the LDT stimulation.

All experiments were performed in urethane-anesthetized 
rats; in those for blood flow experiments the cervical cord was 
transected. LGN blood flow, monitored by means of laser 
Doppler flowmetry, increased in response to the LDT stimulation 
and recovered the base-line condition gradually after the 
stimulation. The increase was largely blocked by cholinergic 
blockers. NO concentration, monitored by differential pulse 
voltammetry using carbon fiber electrode, increased just after the 
LDT stimulation. L-Nitroarginine-methyl-ester reduced basal 
level of NO, though the LDT stimulation still increased it.

178 .16

ATP MEDIATED DILATIONS IN RAT M IDDLE CEREBRAL ARTERY 
(MCA) REQUIRE NITRIC OXIDE (NO) AND ENDOTHELIUM. J.P. 
YOU*, T.D. JOHNSON. M.Y. EICH LER & R .M. BRYAN. J r . D ep t of 
Anesthesiology, Baylor College of Medicine, Houston, Texas 77030

It has been demonstrated that in the vascular system ATP can mediate either 
vasoconstriction via stimulation of receptors on smooth muscle or 
vasodilation via activation of P2y receptors on endothelium. In the present study 
we determined the response of exogenous ATP on rat MCAs in vitro.

MCAs were isolated from male Long-Evans rats, immersed in a bath (37° C) 
containing physiological saline solution, cannulated with glass micropipets, 
pressurized to 85 mm Hg, and luminally perfused at lOOμ l/min. Changes in the 
vessel diameter were measured after luminal or abluminal application of ATP.

Resting diameter of MCAs was 223 ± 6 μm (n-7). Luminally applied ATP 
induced a concentration-dependent dilation with a maximum increase of 26 ± 
2% (n=7) above the resting diameter and an EC50 of 50nM. Abluminally 
applied ATP elicited an 8 ± 1% (n=23) decrease in diameter. The dilations 
produced by luminal ATP were completely blocked by removal of the 
endothelium, or the nitric oxide synthase inhibitor, N-nitro-L-arginine methyl 
ester (L-NAME, 10-5 M). The inhibitory effects of L-NAME were reversed by 
the administration of L-arginine (10-3 M). Reactive Blue 2 (10 M), a selective
P2y receptor antagonist, significantly shifted the ATP response curve to the right 
with a depression of the maximum. Suramin hexasodium (10-5 M), a P2y and P2x, 
receptor antagonist, shifted the control curve to the right (significance, p<0.05 
was observed only at 10-6 M of ATP).

We concluded that ATP mediated relaxations in rat MCAs (1) are dependent 
on intact endothelium, (2) involve nitric oxide and (3) act via P2y receptors. 
(PH SP O IN S 27616).
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178 .17

SU B A R A C H N O ID  H E M O R R H A G E  IM P A IR S  N O -M E D IA TED  
V A S O D IL A T IO N  O F  L A R G E  C E R E B R A L  A R T E R IE S  BUT N O T O F  
P E R IP H E R A L  V E S S E L S  IN RA T. S. Yam am oto*. S. N ishizaw a and K. 
U em ura. D ept. o f  N eurosurgery Ham amatsu University School o f  Medicine. 
Ham amatsu, 431-31, Japan

During chronic vasospasm following subarachnoid hemorrhage (SAH), cerebral ischemia 
is a major complication. The cerebral arteries after SAH may reduce their capacity to 
dilate in face of vasodilator stimuli. We sought to determine how SAH would affect the 
vasodilator response to an application of nitric oxide (NO) donor, SIN-1 (3-morpholino- 
sydnonimine) in anesthetized, mechanically ventilated Sprague-Dawley rats. SAH was 
produced by intracistemal injection of autologous blood (SAH group) or saline (sham 
group). This method produces chronic vasospasm of large arteries 48h later in the SAH 
group (Yamamoto et al., Soc. Nuerosci. Abstr. 20:1761, 1994). During this period we 
measured cerebral blood flow (CBF) by laser-Doppler flowmetry over frontal cortex in 
association with: (1) intracarotid injection of SIN-1 (3 mg/kg/h , at a rate of 0.8 ml/hr for 
30 min); (2) local superfusion of SIN-1 ( 1 0 -5M in artificial cerebrospinal fluid, at a rate of 
0.3ml/min for 90 min) through the cranial window over the frontal cortex. During 
intracarotid injection of SIN-1, blood pressure was maintained with phenylephrine. CBF 
was increased by intracarotid injection of SIN-1 up to 128.6±9.6 % and 110.4±6.6 % in 
the sham group (n=6) and the SAH group (n=6) respectively. SAH significantly attenuated 
the response (p<0.01, ANOVA). Topical application of SIN-1 increased CBF up to 
I21.2±7.9 % in the SAH group (n=5) and up to 121.8+9.0 % in the sham group (n=5). The 
responses did not differ in the two groups. We conclude that during chronic vasospasm, 
SAH impaired reactivity of large cerebral arteries to NO, while SAH did not affect the 
response of small cerebral arteries. Therefore, as a net result, SAH reduces the 
cerebrovascular capacity to dilate in face of vasodilator stimuli and to tolerate ischemia.

COGNITION II

179 .1

Multiple neural generators contribute to the classic N2/P3 ERP 
component complex: A  combined Human/Simian electro physiologic 
approach.
J.J. Foxe. A.D. M ehta H.G. Vaughan Jr*.. G.V. Sim pson J. Hrabe. G. 
Karmos and C.E. Schroeder. Neurosci. & Neurol. Albert Einstein Coll Med., 
New York 10461.

Ongoing studies at this laboratory have shown the efficacy o f combining direct 
intracranial investigation in the monkey with indirect source-localization in the 
human, as an approach to elucidating the complex generator patterns underlying the 
surface ERP. Both human and monkey subjects are trained to perform identical 
experimental tasks. In this study, subjects alternated attention across runs, between 
simultaneously presented visual and auditory streams o f stimuli. Subjects were 
required to release a switch upon occurrence o f an oddball (randomly occurring on 
18% of trials) within the attended modality. Classic auditoiy and visual N2/P3 
components were recorded to target stimuli in both species. Source-localization 
of 64-channel human data as well as inspection o f surface Current Source Density 
(CSD) maps reveals multiple occipital areal contributions to the visual N2 
component. The P3 component appears to obtain contributions from a more widely 
distributed set o f occipital, temporal, frontal and especially parietal sources. Monkey 
intracranial recordings from a linear array multicontact electrode (150-200 um 
spacing) inform us further o f the dynamics o f these generators. Multiple passes in 
visual cortical areas (VI, V2, V4 and MT) show local contributions from superficial 
laminae current-sinks to the N2 surface component. The visual P3 was found to 
have a large contribution from current sources in the upper layers o f area V2 but 
much smaller contributions from other visual areas sampled; its largest contributions 
coming from non-occipital sources. Supp. MH47939; NS27900; (J.S. MDonnell).

179 .3

WITHDRAWN

179 .2
SUBCORTICAL MODULATION OF P3-LIKE ACTIVITY: IS TEMPORAL- 
PARIETAL JUNCTION AN IMPORTANT LOCUS OF INTERACTION? J. A. 
Pineda *, C. Hsieh, R. Komesu, and J. Holloman. Dept. Cog. Sci. and 
Neurosci., Univ. Calif., San Diego, La Jolla, CA 92093.

Human studies suggest that temporal-parietal junction (TPJ) is an important 
contributor to cortical P3. It may also play a role in the genesis and modulation 
of monkey P3-like potentials. The relationship between adrenergic and 
cholinergic influences in this region and P3 electrophysiology was examined in 
monkeys. Event-related potentials (ERPs) were recorded from chronically- 
implanted squirrel monkeys (Saimiri sciureus) during a mixed-modality oddball 
paradigm. ERPs were recorded before and after systemic injections of a saline 
placebo or different doses of adrenergic or cholinergic agents. In separate 
experiments, these same agents were microinjected into the TPJ of one subject 
before and after conditioning. Systemic administration, as well as microinjection 
of an adrenergic antagonist (L657.743), resulted in reductions in auditory P3 while 
tending to enhance visual P3. In contrast, systemic administrations of Tacrine, 
an anticholinergic agent, tended to increase visual while decreasing auditory P3. 
Microinjections of Tacrine into the TPJ of the untrained monkey produced effects 
similar to the systemic results. Microinjections of Clonidine, an adrenergic 
agonist, marginally enhanced the magnitudes of habituated auditory and visual 
P3s. Microinjections of the same agent, following conditioning of the auditory 
oddball event as CS +  , did not produce any changes in the conditioned responses. 
The data support the hypothesis that noradrenergic and cholinergic influences 
affect P3-like activity in a complementary fashion and that TPJ is a crucial locus 
of this modulation, though the region may be more sensitive to noradrenergic than 
to cholinergic influences. Furthermore, the effects are conditional, depending on 
the context in which stimuli occur.

179 .4

SOMATOSENSORY P300 AND ITS NONINVASIVE SOURCE ANALYSIS. 
I.M. Tarkka* and D.S. Stokic . Division of Restorative Neurology and Human 
Neurobiology, Baylor College of Medicine, Houston, Tx 77030.

Somatosensory P300 can be evoked b ye .g .a  target detection task in humans. 
The generators of this scalp-recorded potential are not known though multiple 
brain areas have been proposed. We used noninvasive equivalent electrical 
dipole modeling to suggest generators for somatosensory P300. Index and little 
fingers of the left hand of eight healthy subjects were stimulated with ring 
electrodes. Index finger stimuli, non-target 88%, and little finger stimuli, 
targets at random (12%), were delivered. The perception of the stimulus 
intensity between the two fingers was matched (3 x sensory threshold). The 
subject was asked to silently count the target stimuli. The recording was 
performed with 30 Ag-AgCl electrodes on the scalp (bandwidth 0.07 - 80 Hz). 
The source localization was performed using the Brain Electrical Source 
Analysis software with a 3-shell spherical head model and 85 mm in radius. 
First, separate multiple dipole models were developed for the early and late 
parts of the grand averaged wave forms (0-180 and 180-500 ms). The models 
for both the middle latency SEP components and the P300 window were 
combined into one 7-dipole model. Then the obtained model was used to 
model individual data. After iterative fitting the individual residual variances 
ranged from 2.9% to 10.4%. Dipole coordinates were transferred to Talairach 
Atlas. Dipole 1 in postcentral area, contralateral to stimulated hand explained 
N60 and dipoles 2 and 3 in bilateral secondary somatosensory areas explained 
N130 component. Dipoles 4, 5, 6, and 7, with their deep medial temporal 
locations, appeared to represent the main sources of P300. Their dipole 
moments were prominent in the time period after 300 ms. The dipoles on the 
left medial temporal, presumably parahippocampal, area were stronger than 
those in the right hemisphere.
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179 .5

PREFRO NTA L AN D TEM PO RO -PA RIETA L LESIO NS IM PAIR AU TO- 
M ATIC PATTERN PROCESSING. C. Alain*. D, L. W oods and R. T. 
K night. Departm ent o f Neurology, UC Davis and VA M edical Center, 
M artinez, CA 94553, USA.

Either changes in pitch o f a repetitively presented tone or changes 
an alternating tone sequence elicit a  m ism atch negativity (MM N) in the 
hum an event-related brain potential (ERP). Current neurophysiological 
research suggests that M M N generator circuit includes contribution from 
both the supratem poral plane and the prefrontal cortex. The role of 
prefrontal and tem poro-parietal cortex in the generation o f pitch- and pattern- 
deviant M M Ns was investigated by recording ERPs in  patients with prefron- 
tal or tem poro-parietal lesions. Subjects were presented w ith two different 
sequences: (1) a sequence o f identical tones that included occasional tones 
differing in pitch and (2) a sequence o f tones alternating regularly in pitch 
with occasional breaks in the alternating sequence. In both sequences, 
stimuli were presented m onaurally at fixed ISIs, while subjects performed a 
visual discrim ination task. Breaks in repetitive and alternating tone 
sequences elicited a M M N at 140-220 m s post-stimulus. Prefrontal lesions 
had little effect on the M M N elicited by physically deviant stimuli but 
reduced the M M N evoked by breaks in the alternating sequence, particularly 
for stimuli presented ipsilateral to the lesion. Tem poro-parietal lesions 
reduced both pitch- and pattern-deviant M M N for stimuli presented contrala- 
teral and, to a lesser extent, ipsilateral to the lesion. The results are 
consistent w ith distinct pitch- and pattern- M M N generator circuits. The 
effects o f prefrontal lesions suggest that the prefrontal lobe plays a critical 
role in the autom atic storage and retrieval o f auditory patterns.

179 .7

CAN FRONTAL ERP EARLY COMPONENTS ASSESS VIDEO 
MATERIAL?
G. W. Lewis* & D. L. Ryan-Jones. Navy Personnel Research and Development 
Center, San Diego, CA 92152-7250.

Evaluating attention to, and interest in, training materials depends primarily on 
voluntary verbal and written feedback from individuals. Drug abuse prevention 
video tapes were evaluated using irrelevant auditory probes to generate ERPs from 
the frontal regions of 26 individuals (21+1-1 years). The subjects were divided 
equally into two interest groups (HIGH vs. LOW) based on questionnaire factor 
analysis scores. Irrelevant tone probes were 1500 and 750 Hz, 50 ms duration, 
and 75 dB(A). ERPs from the Fz site were digitally referenced to linked mastoids, 
sampled at 128 Hz, and digital bandpass filtered at 1-12 Hz. Comparisons were 
made between prevideo baseline (30 sec) and video material (30 sec) for the HIGH 
and LOW interest groups. With all subjects combined, statistically reliable 
differences were found between prevideo and video segments for the negative 
component at about 90 ms (t=-2.78, p< 01, df=24). For the HIGH interest group, 
prevideo versus video material differences for this same component were 
statistically significant (t=-2.23, p<025, df=24). Differences were also found for 
the LOW interest group, but were marginally significant (t= -l.78, p< 05, df=24). 
When prevideo baselines for the HIGH and LOW groups were compared, no 
differences were found for any components between 50 and 200 ms. Large 
statistically significant differences were found between the HIGH and LOW 
interest groups for the ERP component at about 150 ms recorded during the video 
conditions (t=2.59, p<01, df=24). With further development, early ERP 
components may improve assessment of the effectiveness of education and training 
materials. This abstract does not necessarily reflect the views of the Navy 
Department.

17 9 .9

SIMULATION STUDIES ON SPATIO-TEM PORAL M ODELING OF 
NEUROM AGNETIC DATA. S. Supek*1. C. J . Aine. Los Alamos National 
Laboratory, Biophysics Group, Los Alamos, NM, USA 1 University of Zagreb, 
Faculty of Science, Zagreb, Croatia.

Neuromagnetic measurements allow for direct monitoring of human brain function. 
When coupled with various modeling strategies/statistical techniques and anatomical 
magnetic resonance images (MRI), they allow for noninvasive localization of the 
underlying neuronal substrates and the determination of the temporal dynamics of 
the active regions. Both source locations and temporal dynamics are necessary for a 
comprehensive understanding of the functional organization of human cortex. We 
conducted numerical simulation studies to examine the effects of: 1) source 
configurations; 2) source modeling assumptions; 3) measuring noise; and 4) different 
inverse procedures (e g., MUSIC) on the multi-source resolution and accuracy of 
spatio-temporal parameter estimation. Spatio-temporal simulations demonstrated 
limits similar to those found in the instantaneous simulations for synchronously 
active sources (Supek & A ine, 1993), but improved limits on resolution were noted 
for asynchronously active sources (i.e., sources separated by 1 cm or less were 
resolved). Location determination was more robust than timecourse estimation which 
was a sensitive function both of the model order and the specific starting parameters 
for the minimization procedure. Accurate timecourse estimation was possible only 
with very good location estimates. In contrast to a recent simulation study (Miltner et 
al, 1994), we found that undermodeling leads to inaccurate timecourse estimation 
and overmodeling, which can be more easily avoided, has severe consequences on 
both location and timecourse estimation. These simulations demonstrate that good 
temporal resolution (i.e., millisecond resolution for MEG/EEG measures) can aid in 
spatially resolving sources, as reflected by accurate or acceptably accurate and robust 
localization. They also suggest caution for studies attempting to determine the 
timecourses of active regions as defined by PET and fMRI.
Supported by NIH: EY08610 and DOE contract W-7405-ENG-36.

179 .6

THE LATE POSITIVE COMPONENT OF THE ERP IS PROLONGED BY 
S-R INCOMPATIBILITY AND SLOW RESPONDING. C. A. Christensen*. 
K. J. Drake and D. Ivkovich. Dept. of Psychology, Vassar College, 
Poughkeepsie, NY 12601.

Recent studies suggest that a late positive component (LPC) peaking 

at approximately 540 msec reflects response-related processing, though 

it may be obscured by overlap with earlier components when subjects 
respond rapidly. To evaluate the characteristics and functional 
significance of this component, ERPs were obtained in a symbolic S-R 
compatibility task in which subjects were instructed to emphasize speed 
(S), accuracy (A) or speed and accuracy equally (S-A). Since RT 
prolongation on S-R incompatible trials appears to reflect a response-
processing locus, the LPC was predicted to be discernable and 
prolonged by incompatibility. In addition, a prolongation was predicted 
when reaction times (RTs) were slow, rather than fast. ERPs for the 

fastest and slowest halves all trials (S, A and S-A combined) were 
examined. The predictions for the LPC were confirmed. In addition, 
neither variable was associated with prolongation of the P3a component 
though P3b was prolonged on slow trials. The functional significance of 
these findings and the effects of the variables on ERP amplitude are 

discussed.

179 .8

IN D E P E N D E N T  C O M P O N E N T  A N A L Y S IS  O F  E E G  D A TA
M. Stewart Bartlett*, S. Makeig†, A.J. Bell, T-P. Jung, and T. Sejnowski. 
Com putational Neurobiology Lab., The Salk Institute, PO Box 85800, San 
Diego, CA 92186-5800 and † Naval Health Research Center, San Diego CA.

Because of the spread of electromagnetic signals through CSF and skull 
through volume conduction, EEG d a ta  recorded at different points on the 
scalp tend to be correlated. Bell and Sejnowski (1995) have recently pre- 
sented an artificial neural network algorithm th at identifies and separates sta- 
tistically independent signals from a number of channels composed of linear 
mixtures of an equal number of sources. Here we present a first application 
of this Independent Component Analysis (ICA) algorithm to human EEG 
data. Conceptually, ICA filtering separates the problem of source identifica- 
tion in EEG da ta  from the related problem of physical source localization. 
Three subjects performed a continuous auditory detection task in two half 
hour sessions. ICA filters trained on 14-channel EEG da ta  collected during 
these sessions identified 14 statistically independent source channels which 
could then be further processed using event-related potential (ERP), event- 
related spectral perturbation (ERSP), and other signal processing techniques. 
One ICA source channel contained most eye movement activity, and another 
two collected line noise and muscle activity, while others were free of these 
artifacts. Changes in spectral power in several ICA channels covaried with 
changes in performance. If ICA sources can be shown to have distinct and 
consistent relationships to behavior or other physiological signals, ICA filter
ing may reveal meaningful aspects of event-related brain dynamics associated 
with sensory and cognitive processing but hidden within correlated EEG re- 
sponses at individual scalp sites.

179 .10

BEHAVIORAL A ND  PHYSIOLOGICAL MEASURES IN 
COMPLEX TASK ENVIRONMENT: METHOD DEVELOPMENT. 
L  Kaistinen(1), M . Tervaniemi(l)*, H. Tiitinen(1). and P. May(2). 
(1) Dept. Psychology, P. O. Box 11, FIN-00014 Univ. Helsinki, 
Finland. (2) Dept. Mathematics, King’s College London, WC2R 
2LS, UK.

Measurement o f  human performance in complex task environment 
is usually indirect, measuring mainly the end-result or the outcome 
o f  various internal (cognitive) processes. A lso, the measurement 
systems often interfere with the primary task. Measurement should 
be automatic and unobtrusive, thus enabling objective measurement 
o f cognitive operations at physiological level. Workload and 
vigilance during car driving are usually measured with subjective 
scaling and by measuring the behavioral components o f driving 
(e .g ., steering, lane keeping). Recent EEG studies, however, have 
been successful in measuring vigilance changes in α -, β- and θ- 
frequencies. Furthermore, the P300 component o f  the event-related 
potential (ERP) has also been shown to vary in amplitude with the 
processing demands o f  a task. In the present study, we propose a 
method o f measuring both behavioral and physiological correlates o f  
workload and vigilance in complex, realistic environment using car 
driving as an example.
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180 .1

H em isph eric D ifferen ces in L ayer III P yram id al C ell S iz e s -  
A C ritica l E va lu ation  o f  A sym m etries w ith in  A ud itory  and  
L an gu age C ortices—Jeffrey J. Hutsler* & Michael S. Gazzaniga, 
University of California, Davis, CA 95616

Previously, it has been reported that large, layer III pyramidal cells 
within anterior language regions are greater in size in the left hemisphere 
than the right (Hayes and Lewis, 1993). It has been suggested that this 
difference reflects the functional asymmetry o f these regions in language 
production.

We now report a consistent difference in the size o f  these cells in 
posterior language regions o f the human cerebral cortex stained either 
for acetylcholinesterase, N issl substance, or both. Larger left 
hemisphere layer III pyramidal cells appear at multiple cortical locations, 
including: Heschl's gyrus, the planum temporale, the posterior superior 
temporal gyrus, and the supramarginal gyrus. Several other cortical 
regions either do not show this asymmetry, or are consistently reversed 
in their asymmetry. These areas include the anterior superior temporal 
gyrus and the angular gyrus. In agreement with previously reported 
work that large cells diminish in size with advancing age (Terry et al., 
1987), asymmetries were not present in the cortex o f our oldest case (97 
y.o. male).

Although the functional significance o f these findings are unclear, 
the widespread nature o f these hemispheric ce ll size asymmetries 
suggests organizational differences between the hemispheres in either 
pyramidal cell connectivity, or column spacing. W e are currently 
exploring whether these organizational differences are restricted to 
auditory and language associated regions, or if they can also be found in 
other cortical locations. (This research is supported by the McDonnell- 
Pew Foundation).

180 .3

PERCEPTUAL ASYMMETRY FOR DICHOTIC COMPLEX TONES 
PREDICTS EVENT RELATED POTENTIAL (ERP) ASYMMETRY IN A 
BINAURAL ODDBALL TASK. C.E.Tenke* , G .E.Bruder, J.P.Towey, P.Leite 
and R.Fong, Dept. Biopsychology, N.Y.S. Psychiatric Institute, NY,NY

The Complex Tone Test (CTT) is a nonverbal dichotic listening task that 
typically yields a behavioral left ear advantage in normal adults. The behavioral 
asymmetry observed in this task is associated with a hemispheric asymmetry of 
the ERP late positive complex (LPC; Tenke et al., 1993). Both asymmetries are 
reduced in groups of depressed patients (Bruder et al., 1994), a finding of 
importance for theories linking affective disorders with hemispheric 
abnormalities. As yet, there have been no investigations relating these findings to 
ERP asymmetries during a standard "oddball" task.

We examined the correspondence between behavioral asymmetry on CTT and 
ERP asymmetries produced during an oddball task in 24 normal subjects using 
the binaural stimuli from the CTT. An important extension of the prior work was 
the use of 30 electrodes and application of current source density analysis . ERP 
were recorded for correctly detected target (20%) and nontarget (80%) stimuli at 
four midline and 13 lateral pairs of electrodes. Horizontal and vertical EOGs 
were recorded for eye movement rejection and blink correction. Window averages 
were computed from ERP waveforms and submitted to a repeated measures 
ANOVA. The LPC was greater over the right than the left hemisphere in subjects 
with a left ear advantage on CTT, but not in those without this behavioral 
advantage. Surface Laplacians clearly localized this asymmetry to a source at 
Central electrodes. Although behavior-related ERP asymmetries were greatest 
for subjects responding with their right hands, they were also evident for left hand 
responses. Results indicate that individual differences in hemispheric asymmetry 
in a standard oddball task are linked to characteristic perceptual asymmetries 
assessed by dichotic listening. (Supported by MH36295)

180 .5

HAND PREFERENCE AND MRI ASYMMETRIES OF THE HUMAN 
CENTRAL SULCUS. A.L.Foundasl.KHong2.C.M.Leonard2 and 
K..MHeilman3* Dept. of Psychiatry and Neurology 1. Tulane University 
Medical Center, New Orleans, LA 70112, Neuroscience2 and Neurology3 
Depts. U of Florida College of Medicine, Gainesville, FL 32610.

Hand preference is perhaps the most blatant behavioral asymmetry 
observed in man Morphological brain asymmetries that may be associated 
with this behavioral asymmetry have not been extensively studied. White et 
al(1994) measured the dorsolateral portion of the central sulcus and found 
a leftward asymmetry in 14 of 22 adult brains. The portion of the central 
sulcus they measured contains the representations of the arm and hand. 
Although this asymmetry may be related to hand preference, the hand 
preference of their subjects was not known. Therefore, we measured the 
surface area of the arm-hand region (32 to 57 Talairach mm lateral to the 
midline) of the central sulcus on volumetric MRI in 15 right and 15 left 
handers matched for age and sex. We found a significant leftward 
asy mmetry of the motor bank of the central sulcus in the right handers, but 
no significant asymmetry in the left handers. This differential allocation of 
arm-hand regions of the motor cortex in right and left handers may be 
related to hand preference. It is unclear, however, whether these 
asymmetries are the result of preferential hand use, or whether they reflect 
a biological predisposition to use one limb over the other. (Supported by 
NSF Summer Research Institute).

180 .2

ATTENTIO NA L HEMISPHERIC ASYMMETRIES IN A CHRONOM ETRIC 
ANALYSIS OF IN H IBITION OF RETURN T .C . H a n d y ,  A .P . J h a ,  A. 
K in g s to n e *  a n d  G. R. M a n g u n .  C e n te r  f o r  N e u r o s c ie n c e  a n d  D e p t . 
o f  P s y c h o lo g y , U n iv . o f  C a lifo rn ia , D av is, D av is, CA 9 5 6 1 6 .

S tu d ie s  h a v e  s h o w n  t h a t  r e a c t io n  t im e s  (R Ts) to  n o n - fo v e a l  
t a r g e t  e v e n ts  fo l lo w in g  p e r i p h e r a l  c u in g  a r e  d e p e n d e n t  u p o n  
c u e - t a r g e t  s t im u lu s  o n s e t  a s y n c h r o n y  (SOA ). At s h o r t  SOAs, RTs 
a r e  q u i c k e r  to  t a r g e t s  a t c u e d  vs. u n c u e d  lo c a t io n s .  H o w e v e r, a t  
l o n g e r  SO A s RTs a r e  s lo w e r  to  t a r g e t s  a t  c u e d  v s . u n c u e d  
lo c a t io n s .  T h is  r e la t iv e  s lo w in g  o f  c u e d  lo c a t io n  RTs is k n o w n  as 
i n h ib i t i o n  o f  r e t u r n  (IO R). A l th o u g h  it  h a s  lo n g  b e e n  a s s u m e d  
t h a t  IOR is a t t e n t i o n  r e l a te d  (e .g . P o s n e r  & C o h e n ,  1 9 8 4 ) ,  o n ly  
r e c e n t ly  h a v e  s y s te m a t i c  a n a ly s e s  o f  t h i s  a s s u m p t io n  b e g u n .  
S p e c if ic a l ly , s t r o n g  p a ra l le l s  h a v e  b e e n  s h o w n  b e tw e e n  IOR a n d  
a t t e n t i o n a l  c o s t s  a n d  b e n e f i t s  ( R e u t e r - L o r e n z ,  J h a ,  & 
R o s e n q u i s t ,  in  p r e s s )  a n d  e v id e n c e  f r o m  s ig n a l  d e t e c t i o n  
e x p e r i m e n t s  h a v e  s u g g e s t e d  t h a t  IOR e f f e c ts  h a v e  a n  e a r ly ,  
s e n s o r y - le v e l  c o m p o n e n t  (H a n d y , I h a , D a v ie s , & M a n g u n , 1 9 9 5 ) . 
T o  f u r t h e r  e x a m in e  t h e  r e l a t i o n s h ip  b e tw e e n  IOR a n d  a t t e n t i o n  
w e  u s e d  a  t h r e s h o ld - le v e l  o r ie n t a t i o n  d i s c r im in a t io n  ta s k  in  tw o  
s e p a r a t e  e x p e r im e n t s  i n v e s t ig a t in g  th e  t im e  c o u r s e  o f  IOR. RT 
a n d  d ' m e a s u r e s  r e v e a le d  c u in g  e f f e c ts  a t  s h o r t  SOAs a n d  IOR a t  
lo n g  SO As. M o re o v e r ,  t h e s e  e f f e c ts  w e re  l a r g e r  fo r  EVF t h a n  
RVF t a r g e ts .  T o g e th e r ,  th e s e  f in d in g s  s tr o n g ly  s u g g e s t  t h a t  IOR 
is  a n  a t t e n t i o n - r e l a t e d  p h e n o m e n o n  s e n s i t iv e  to  h e m i s p h e r i c  
a s y m m e tr ie s  in  v i s u a l  o r i e n t in g  (M a n g u n  e t  a l., 1 9 9 4 ;  R e u te r -  
L o re n z , K in s b o u rn e , & M o s c o v itch , 1 9 9 0 ) .

180 .4

SYMMETRY OF THE HUMAN SENSORIMOTOR SYSTEM IN RELATION 
TO HANDEDNESS L.E. White*. J.A. Paydarfar. T.J. Andrews. M. Groelle, A. 
Richards. D. Purves Department o f Neurobiology, Duke University Medical 
Center, Durham NC 27710

We investigated the structure o f the human spinal cord, medullary 
pyramids, and sensorimotor cortex to determine whether the preferred use of the 
right hand in the majority o f humans is reflected in a gross asymmetry o f the 
neural centers devoted to the upper extremities. Using quantitative histological 
and imaging techniques, we found no lateral bias in the average extent o f  white 
or gray matter, or in the number and size o f motor neurons in the cervical 
enlargement of the spinal cord. Nor could we detect any average lateral 
asymmetry in the size of the medullary pyramids. At the cortical level, we found 
a remarkably consistent feature in the depths o f the central sulcus characterized 
by a prominent interdigitation o f the pre- and post-central gyri and an elevation 
o f the fundus. Based on evidence from the neurosurgical literature and more 
recent studies using functional magnetic resonance imaging, we interpret this 
region as the structural hallmark o f the hand representation. In accord with the 
subcortical analysis, but contrary to our preliminary findings in cortex (White et 
al., 1994, Nature 365:197-198), measurements o f the central sulcus and 
cytoarchitectonic areas 4 (primary motor cortex) and 3 (primary somatic sensory 
cortex) in the presumptive hand region (and indeed throughout the entire length 
of the central sulcus) provided little evidence for structural asymmetry. If the 
neural substrate for right-handedness is a corresponding asymmetry o f these 
neural centers, this difference in behavior must arise from suprisingly small 
differences in the amount o f cortical and subcortical circuitry devoted to the 
upper extremities.

180 .6

D E V E L O P M E N T A L  A S P E C T S  O F S E N S O R Y  
INTERHEMISPHER1C TRANSM ISSION TIMES. S. Caillé1 .P . 
Brovgdani2 , D. Brizzolara2 . S .S . Lec lerc1 * and M, Lassonde1. 
l.Groupe de Recherche en Neuropsychologie Expérimentale, Univ. 
de M ontré al, Canada, and 2 .Institute o f  D evelopm en ta l 
Neuropsychiatry and Educational Psychology, University o f Pisa, 
Italy.
Anatomical studies have demonstrated that in humans, the cycle o f 
myelinization o f  the corpus callosum (CC) is not fully completed  
before the age of 10 (Yakovlev and Lecours, 1967). In the present 
study, we wanted to evaluate whether these morphological changes 
were accompanied by an increase in the speed o f interhemispheric 
communication. Sensory interhemispheric transmission times (ITTs) 
were thus measured in children using Poffenberger’s simple reaction 
time paradigm (1912). Lateralized flashes o f light, puffs o f air and 
pure tones were presented to 96 normal right-handed children aged 6 
to 16 in order to evaluate visual, somesthetic and auditory ITTs 
respectively. Subjects were divided into four age groups: 6-7, 8-9, 
10-12 and 13-16 years old. Surprisingly, no age effect was observed 
on the magnitude of ITTs. Furthermore, ITT estimates were similar 
to those reported in studies conducted on adult subjects. This finding 
may reflect the fact that unmyelinated fibers are predominantly used 
to transfer simple sensory information, thus accounting for the 
comparable ITTs observed in children and adults. Alternatively, this 
finding could be regarded as challenging the notion that the CC is not 
functionally mature before the age o f 10.
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180 .7

MEASURING THE CORPUS CALLOSUM. L. A. Rowe8*. M.D. Miller*. C M 
Leonardb & J.M. Kuldauc. Depts. of Foundations of Education3,
Neuroscienceb & Psychiatryc , University of Florida,Gainesville,FL 32610.

Lack of replicability in corpus callosum (CC) studies could be due either to 
differences in measurement technique and/or variability in the populations 
studied. We have compared two methods for subdividing the CC on MR 
images of the same subjects. Both methods divided the CC into 7 regions 
corresponding to the supposed route of different interhemispheric fiber 
pathways. The methods differed in the axis used to define the subdivisions. 
Using the intrinsic CC axis, Witelson found that the isthmus was larger in 
adextral (a)♂ than dextral (d)♂ or ♀. Using the AC-PC axis Steinmetz found 
a sex difference but no interaction with handedness.
The present sample included 66 clinical and control subjects (12 ♀a, 14 

♀d, 15 ♂a, 25 ♂d) aged 6 to 65. Subjects were defined as adextral if they 
performed fewer than 9/12 actions consistently with the right hand. The 
mean difference between the axes of the 2 methods was -6° (+/-5.4) and 
increased significantly with adextrality and age. The sizes of each 
subdivision (normalized for brain size) varied by a factor of two in each 
handedness-sex group. Neither method produced robust sex or handedness 
differences. The size of the rostrum, however, did depend on rotation axis. It 
increased with age only when the AC-PC axis was used (r = 0.44, p < 
0.0002) The subdivisions created by these methods are not based on a 
well-developed anatomical rationale. It is possible that an anatomically 
based technique might produce more reliable brain /behavior relationships.

Supported by a grant from Medical Research Service of the Dept. of VA 
and Grant No 12 FY93-0551 from the March of Dimes Birth Defects

180 .9

RIGHT HANDERS HAVE GREATER NEURON PACKING DENSITY IN 
TEMPORAL CORTEX. S I- Witelson*1. I I Glezer7. D.L. Kigar1. 1Dept. of Psychiatry, 
McMaster Univ., Hamilton, ON, L8N 3Z5;2Dept Cell Biol. Anat. Sci., CUNY Med. 
School, N.Y.C.

Hand preference is related to morphology of the posterior temporal gyrus (Witelson & 
Kigar, JCN. 1992). Consistently right-handed (CRH) men had a greater expanse of the 
posterior segment of the Sylvian fissure and surrounding gyri in both hemispheres than did 
nonCRH men: no evidence for this structure-function relationship was observed in women. 
The current study assessed whether the relationship between gross morphology and hand 
preference is reflected in histological features. We focused on cytoarchitectonic area TA1 
(von Economo) which subserves cognitive functions that are represented asymmetrically 
in this region The sample studied included 17 brains, 9 CRH (5F,4M) and 8 nonCRH 
(4F,4M). (This is the same sample studied for sex differences in our accompanying poster.) 
All cases were selected to be homogeneous for posterior anatomic asymmetry (left greater 
than right) and for functional asymmetry for left-sided representation of language based on 
dichotic listening. Cortical depth and neuron packing density (Nv) were measured under 
direct microscopic analysis from 25μm Nissl-stained sections. Two-way ANOVAs were 
done for depth and Nv with the factors of Hand preference and Sex. Although depth was 
not different, Nv was greater for CRH than nonCRH (p = .001). This was true for men (p 
= .05) and for women (p = .01). Since the size of cytoarchitectonic region TA, is likely 
greater in both hemispheres in CRH than nonCRH men (Witelson & Kigar, 1992), 
therefore the total number of neurons in this region is likely much greater in the CRH men. 
Although temporal gyral morphology was not found to vary with hand preference in 
women, microscopic differences were associated with behavioral laterality. This histologic 
difference between CRH and nonCRH men and women is consistent with the greater 
number of calcium-positive neurons in CRH vs nonCRH (Glezer, Witelson & Kigar, Soc 
NSc. 1994). These findings imply that the pattern of functional lateralization has a 
microscopic substrate in both women and men. Supported in part by grants NS 18954 and 
MRC (CA) MA-10610.

180 .11

CORPUS CALLOSUM SUBAREAS, FOREBRAIN VOLUME, AND 
GENDER. H. Steinmetz*. J. F. Staiger, G. Schlaug. Y. Huang and L. Jäncke‡ 
Departments o f  Neurology and ‡General Psychology I, Heinrich-Heine- 
Universitat, PO Box 101007, D-40001 Düsseldorf, F.R.G.
Using in vivo magnetic resonance (MR) morphometry ( l .0 0 x l .0 0 x 1.17 cmm 
voxel size; 1.5T) we studied 120 persons without neuropsychiatric illness or 
learning disability, most o f  them university students (49 women, 71 men; mean 
age±SD=25.7±4.7 years). Forebrain volume (FBV) was measured using M R 
image segmentation. As previously reported, this sample revealed a  gender 
difference in the FBV-adjusted midsagittal size o f  the corpus callosum (CC), 
with this relative measurement being larger in women (32 sqmm mean 
difference; P=0.01; Steinmetz et al. Neuroreport 1995;6:1002-4). Handedness 
had no significant effect. Here we report our results for 4 CC subareas [anterior 
third, middle third, isthmus, splenium (Steinmetz et al. Neurology 1992;42:749- 
52)]. W e found significant linear and quadratic relationships between CC 
subareas and FBV. Therefore, each CC subarea was adjusted accordingly, and 
then subjected to a two-way ANOVA with handedness and gender as factors. 
As for the total CC, handedness or handedness by gender interaction had no 
effect on the FBV-adjusted CC subareas. In contrast, a  significant gender effect 
emerged for all 4 FBV-adjusted subareas, with women showing larger 
measurements (anterior third, PO .O O l; middle third, P 0 .0 0 l; isthmus, 
P=0.03; splenium, P<0.001). Conclusion: The present study performed in a 
relatively large sample o f  young and healthy adults suggests that sexual 
dimorphism o f  the CC is not restricted to posterior portions o f  the CC [Support: 
DFG, H. & L. Schilling Foundation]

180 .8

D E R M A T O G L Y P H I C  A S Y M M E T R Y ,  P E R C E P T U A L  
ASYMMETRY & I NTE RHE MI SP HE RI C  T R ANS MI SS I ON.
D.  M. S a u c i e r * &  D. K i m u r a , D e p t .  P s y c h o l o g y ,  
U n i v .  W e s t e r n  O n t . ,  L o n d o n ,  C a n a d a  N6A 5C2 

M o s t  p e o p l e  h a v e  m o r e  f i n g e r t i p  r i d g e s  on 
t h e  r i g h t  h a n d  ( R > ) ,  a b o u t  20% h a v i n g  a 
l e f t - h i g h e r  c o u n t  ( L > ) .  H a l l  & K i m u r a  f o u n d  
t h e  d i c h o t i c  R - e a r  e f f e c t  ( s a m p l i n g  L - h e m i -  
s p h e r e  s p e e c h )  w e a k e r  i n  h o m o s e x u a l  men w i t h  
a L> t h a n  a R> p a t t e r n .  T h e y  s u g g e s t e d  t h a t  
s t r o n g e r  c o m m i s s u r a l  c o n n e c t i o n s  may m e d i a t e  
t h e  r e d u c e d  R - e a r  e f f e c t  i n  L> S s .

We a s s e s s e d  R - h a n d e d  p r e s u m p t i v e l y  h e t e r o -  
s e x u a l  men a n d  women w i t h  e i t h e r  L> ( N = 3 0 )  o r  
R> ( N = 3 5 )  d e r m a l  r i d g e  p a t t e r n s  o n :  d i c h o t i c  
w o r d s ;  t a c h i s t o s c o p i c  t a s k s  t a p p i n g  a )  v i s u a l  
f i e l d  a s y m m e t r y  b )  i n t e r h e m i s p h e r i c  t r a n -  
m i s s i o n  t i m e .  L> Ss  h a d  a s m a l l e r  R - e a r  
e f f e c t  ( F = 5 . 3 3 ,  p < . 0 1 ) ,  a n d  v i s u a l  f i e l d
a s y m m e t r y  s h o w e d  a s i m i l a r  p a t t e r n .  On t h e  
i n t e r h e m i s p h e r i c  t a s k ,  c o m p a r i s o n s  a c r o s s  
( c o m p a r e d  t o  w i t h i n )  h e m i s p h e r e s  w e r e  
r e l a t i v e l y  s l o w e r  i n  t h e  R> g r o u p  t h a n  t h e  L> 
( F ,  g r o u p  X t a s k =  4 . 0 1 ,  p < . 0 5 ) .  T h e  f i n d i n g s
c o n f i r m  a n  a s s o c i a t i o n  o f  d e r m a t o g l y p h i  c 
d i r e c t i o n a l  a s y m m e t r y  w i t h  a s p e c t s  o f  b r a i n  
o r g a n i z a t i o n ,  a n d  a d d  w e i g h t  t o  t h e  i d e a  t h a t  
c o m m i s s u r a l  p a t h w a y s  a r e  s t r o n g e r  i n  L> S s .

180 .10

WOMEN HAVE GREATER PACKING DENSITY OF NEURONS IN TEMPORAL 
CORTEX. D.L. Kigar*1. S.F. Witelson1. I.I. Glezer2. 1Dept. of Psychiatry, McMaster 
Univ., Hamilton, ON, L8N 3Z5; 2Dept. Cell Biol. Anat. Sci., CUNY Med. School, N.Y.C.

Brain size is approximately 10% larger in weight and volume m men than 
women. Our hypothesis was that this sex difference could be reflected in histological 
differences, such as size or packing density of neurons. Our work focuses on cortex in the 
posterior region of the superior temporal gyrus which has been associated with gross 
morphologic and cognitive sex differences (e g., Witelson & Kigar, JCN. 1992). We 
previously demonstrated a sex difference in cell packing density (Nv) in right and left 
hemispheres in cytoarchitectonic area 1A1 (von Economo), which includes auditory 
association cortex in the planum temporale within the Sylvian fossa. This work was based 
on 9 cases (5 women, 4 men), all documented to be of normal neurologic and cognitive 
status, and selected to be homogeneous for age, anatomical asymmetry in the planum 
temporale, and functional asymmetry based on consistent-right-hand preference (CRH) 
and on ear asymmetry in dichotic listening. Women had a higher Nv than men by 11 %, 
with no overlap in scores (Witelson, Glezer & Kigar. J Neurosci. 1995). The current study 
assessed microscopic anatomy in area TA, for 8 additional cases (4 women & 4 men) 
who were selected to be a homogeneous group with characteristics similar to the previous 
CRH group, except that these 8 cases had mixed hand preference (nonCRH). Cell counts 
were made directly under the light microscope from 25μ m Nissl-stained sections from 
right and left hemispheres. Results indicated that for both hemispheres, cortical depth did 
not differ between the sexes, but again women had a greater Nv by 14 % (t = 2.72, p = .04, 
two-tailed t-test). These findings buttress the sex difference reported for CRH. Overall 
analysis of all 17 brains showed that women had 15% higher Nv than men, regardless of 
hand preference (N^= 45,559 and 40,195; p < .0001). These results suggest that sexual 
differentiation of the brain has a role in the extent of neuropil or structure of the cortical 
columns in women and men at least in this region of the brain. Supported in part by 
grants NS 18954 and MRC (CA) MA-10610.

180 .12

BODY HEIGHT, FOREBRAIN AND HINDBRAIN VOLUME IN 120 
YOUNG ADULTS. L. Jäncke‡*, J. F. Staiger. G. Schlaug. Y. Huang and
H. Steinmetz. Departments o f  Neurology and ‡General Psychology I, Heinnch- 
Heine-University, PO Box 101007, D-40001 Düsseldorf, F.R.G.
Using in vivo magnetic resonance (MR) morphometry (1.00 x 1.00 x 1.17 cmm 
voxel size; 1,5T) we studied 120 persons reporting no neuropsychiatric illness or 
learning disability, most o f them university students (49 women, 71 men; mean 
age/SD=25.7/4.7 years). Total brain volume (BV) was measured using MR 
image segmentation, i.e., a  semi-automated, interactively controlled procedure 
removing from the M R dataset all pixels not corresponding to brain grey or 
white matter. Forebrain volume (FBV) and hindbrain volume (HBV) were 
separated by a  cut-offline spanning from the base o f  the mamillary bodies to the 
upper margin o f the posterior commissure. The following means/SDs were 
obtained for body height (BH) in cm, BV in ml, FBV in ml, and HBV in ml, 
respectively: Women: 170/6, 1130/111, 986/101, 143/38 Men: 181/6, 
1241/113, 1084/107, 157/34. The following Pearson correlation coefficients 
emerged for BH vs. BV, BH vs. FBV, BH vs. HBV, and FBV vs. HBV, 
respectively: Women: .28, .30, < 0 1 , .04, Men: .06, .04, .05, .01. Conclusions: 
(i) Considering a  specific gravity o f  unfixed brain o f  1 09g/ccm, our m vivo 
BV measurements are still slightly lower than what would be expected from 
postmortem  brain weights reported for deceased subjects o f  com parable age 
and BH. The difference is mainly explained by the ~9%  postmortem 
increase in brain weight, presum ably due to absorption o f  cerebrospinal 
fluid, (ii) BH should not be used for normalizing data obtained with brain 
morphometry. [Support: DFG, H. & L. Schilling Foundation]
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180 .13

GENDER DIFFERENCES IN RELATIONSHIPS BETWEEN 
FUNCTIONAL AND ANATOMICAL LATERALIZATION AND  
COGNITIVE ABILITY. E. Farace, E. Turkheimer, W.M. Alves, J.C. 
Goble, T.R. Jackson, J.W. Snell, J.A. Hollier and C.A. Manning*. Depts. 
of Psychology, Neurosurgery, and Neurology, Univ. of Virginia., 
Charlottesville, VA 22903.

Past findings of gender differences in functional and anatomical 
lateralization have been mixed, but when differences are found it is usually 
that men are more lateralized than women. Considering the stability of 
some gender differences in cognitive ability (e.g., mental rotation), this 
study was designed to determine whether or not gender differences in 
cognitive ability can be accounted for by differences in brain lateralization. 
Thirty normal subjects (15 men, 15 women) were given four cognitive 
ability tests (mental rotation, spatial perception, verbal fluency, analogies), 
four functional lateralization tasks (dichotic listening, divided visual field, 
pegboard, dermatoglyphics) and anatomical measurements of brain 
lateralization (hemispheric asymmetry, interhemispheric commissures) 
were taken from a 3-d MRI sequence. Results indicated gender differences 
in relationships between anatomical and functional asymmetry, and 
cognitive ability.

180 .14

G E N D E R  D IF F E R E N C E S  IN V E R B A L  A N D  S P A T IA L  
F U N C T IO N A L  B R A IN  A S Y M M E T R IE S : A N  E R P  A N A L Y S IS . 
D o m o n ick  J. W e g es in *. U n iv e rs ity  o f  M in n eso ta , M pls, M N 

A cen tra l goa l o f  n e u ro p sy c h o lo g ic a l resea rch  is the d isco v e ry  o f  a 
sy stem atic  re la tio n sh ip  b e tw een  v a ria tio n  in b rain  o rg an iz a tio n  and  
c o g n itiv e  ab ility . M ales and  fem a les  d iffe r  w ith  resp ec t to  the deg ree  
to w h ich  the ce reb ra l h em isp h e res  are  sp e c ia liz e d  for verba l and  spatia l 
p ro cessin g . T h ese  se x u a lly -d im o rp h ic  fu n ctio n al b rain  asy m m etrie s  
m ay acco u n t fo r g en d e r d iffe ren ces  w itn essed  in a sp ec ts  o f  v erbal and 
spa tia l ab ility . T h e  cu rren t w o rk  w as d e s ig n e d  to  ex p lo re  
e le c tro p h y s io lo g ic a l co rre la te s  o f  the  g e n d e r  d iffe re n c e s  rep o rted  in 
b eh av io ra l fu n ctio n al a sy m m etrie s . E v e n t-re la ted  p o ten tia ls  (E R P s) 
w ere reco rd ed  at la teral and  m id lin e  sca lp  sites  in r ig h t-h a n d e d  adult 
su b jec ts  d u rin g  a d iv id ed -fie ld  lex ica l d e c is io n /se m a n tic  m o n ito rin g  
task  and  line  o rien ta tio n  task . T h ese  task s  w ere  d e s ig n e d  to  a ssess 
functio n al la te ra liza tio n  o f  v erbal and  n o n v erb a l m ate ria l. S ub jects  
a lso  c o m p le ted  a m en ta l ro ta tio n  task  as a m easu re  o f  spa tia l ab ility . 
B eh av io ra l resu lts  in d ica te  a m ale  su p e rio rity  on  the m en ta l ro ta tio n  
task , a fem ale  su p e rio rity  in the v erbal la te ra liza tio n  task , and 
eq u iv a le n t p erfo rm an ce  on the line  o rie n ta tio n  task . 
E le c tro p h y sio lo g ica l da ta  ( to p o g rap h y  and  a m p litu d e  o f  the P200, 
N 200 , N 4 0 0  and  P 3 0 0  c o m p o n e n ts )  a lso  rev ea led  fu n ctio n al 
a sy m m etrie s  re la ted  to  the  tasks. G en d er d iffe re n c e s  in P 200  
am p litu d e  w ere rev ea led  in the line  o r ien ta tio n  task  and  in N 4 0 0  
a m p litu d e  in the  sem an tic  task . T h e se  d a ta  perm it a w ith in  su b jec t 
e x am in a tio n  o f  the re la tio n  b e tw een  fu n ctio n al b ra in  o rg an iz a tio n  and 
c o g n itiv e  ab ility .

180 .15

GENDER AND H E M ISPH ER IC  D IFFE R EN C ES FO R AUDITORY 
T EM PO R A L PR O C E SSIN G
C.P. Brown*. R.H. F itch. & P. T a lla l. C en ter for M olecular and 
B ehavioral N euroscience, R u tgers, The S tate  U niversity  o f New 
Je rsey , N ew ark 07102.

It is generally accepted that the left hemisphere is specialized for the processing of 
language and that a greater degree of lateralization is present in males. Research by 
Tallal and colleagues (Schwartz & Tallal, Science 1980) has provided evidence that a 
right ear advantage for processing verbal material depends specifically on the 
temporal parameters of speech stimuli, with more rapidly changing stimuli (both 
linguistic and non-linguistic) processed preferentially in the left hemisphere. This 
experiment further investigates the left hemisphere’s involvement in the processing 
of rapid auditory information, as well as the contribution of gender differences to this 
function. Ten males and 10 females participated in an auditory discrimination task 
involving the detection of a target two-tone sequence. The interstimulus interval 
(IS I) for tone sequences presented was incremented or decremented depending on 
ongoing performance. Each sequence was presented to one ear, paired with white 
noise to the contralateral ear for a total of 60 trials. Initial analysis showed a 
significant interaction occurred as a function of gender, average rate of stimulus 
presentation (i.e. ISI for the first 30 trials vs. second 30 trials) and ear. Subsequent 
analysis demonstrated a significant right ear advantage for males which occurred only 
at the shorter durations (average ISI=20 ms) (p<.05). A similar analysis for females 
failed to reach statistical significance. Thus, males were lateralized in the processing 
of non-verbal rapidly presented auditory tones, specifically for shorter stimulus 
presentations. These findings may relate to the observed gender differences in 
dichotic listening studies for speech stimuli where males have consistently been 
observed to have a greater right ear advantage. These data provide additional support 
for the left hemisphere as a specialized fast processor, more adept at integrating 
changing stimuli within tens of milliseconds, a range which plays a critical role in 
the analysis of the acoustic cues during ongoing speech.

NEURAL PLASTICITY: LTP

181 .1

DIFFERENTIAL TIME COURSES OF C-FOS mRNA EXPRESSION IN THE 
HIPPOCAMPUS FOLLOWING ACQUISITION, RETENTION AND 
EXTINCTION TESTING IN MICE. V. Bertaina and C. Destrade * Lab. 
Neurosciences Comportementales et Cognitives, URA CNRS 339, Univ. 
Bordeaux I, Av. Facultes 33405 Talence Cedex France.

While many recent studies have examined immediate-early gene (IEGs) 
expression in response to a variety of acute stimuli, few have examined the 
pattern of their cerebral expression following a learning task. In the present 
experiments, the spatio-temporal patterns of c-fos mRNA expression were 
studied in the BALB/c mouse brain following either partial or complete 
acquisition and either partial or complete extinction of an appetitive bar
pressing task in a Skinner box. Mice were sacrificed 30, 90 and 180 min 
respectively following the test session. Brain sections were hybridized with an 
oligonucleotide probe and the quantification of c-fos was performed at the 
macroscopic level by computerised densitometric analysis.

Statistical inter-group comparisons showed that 90 min following a partial 
acquisition session, c-fos mRNA levels peaked significantly in CA1, CA3 and 
DG hippocampal regions as compared to the pattern of c-fos expression 
observed either in sham-conditioned mice or in mice subjected to complete 
acquisition or complete extinction of the task. In contrast, at the same time 
interval (90 min post-session) a significant decrease in c-fos expression was 
observed in mice subjected to a partial extinction session.

These results indicate that the IEG c-fos is implicated in the different phases 
of post-acquisition memory processes and suggest that acquisition and 
extinction of the same learning task may involve an inversion of the 
hippocampal synaptic plasticity mechanisms underlying memory trace 
maintenance.
Supported by CNRS and DRET grants.

181 .2

MODULATION OF NADPH-DIAPHORASE ACTIVITY IN 
CULTURED RAT HIPPOCAMPAL NEURONS: EFFECTS OF 
GLUTAMATE RECEPTOR BLOCKADE. B. Murray* and E.J. 
Furshpan. Department of Neurobiology, Harvard 
Medical School, Boston, MA 02115.

Nitric oxide has been implicated in both the 
plasticity and cell death that can occur follow
ing activation of glutamate receptors in the 
hippocampus. NADPH-diaphorase activity (NADPH- 
DA), a widely used marker for nitric oxide 
synthase (NOS), and neuronal NOS immunoreactivity 
(nNOS-IR) were assessed in dissociated hippo- 
campal cultures from newborn rats. NADPH-DA and 
nNOS-IR were co-localized in roughly 10% of the 
cultured neurons after 2-3 weeks. Almost all of 
the neurons displaying NADPH-DA were also immuno- 
reactive for GABA and resembled the inhibitory 
hippocampal interneurons displaying NADPH-DA in 
situ. If the glutamate receptor blocker kynuren- 
ate (1mM) and elevated Mg2+ (11.3mM) were added 
to the culture medium, NADPH-DA and nNOS-IR (but 
not GABA-IR) were initially reduced. If these 
cultures were maintained in blockers for several 
weeks, intense NADPH-DA developed in the majority 
of neurons including putative pyramidal neurons 
not displaying GABA-IR. These results suggest 
that activation of glutamate receptors may 
regulate nNOS levels in hippocampal neurons.
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181 .3

DIFFERENTIAL RNA DISPLAY IDENTIFIES INDUCED LATE 
EFFECTO R GENE EXPRESSION IN LONG-TERM  SYNAPTIC 
PLASTICITY. G. Kauselmann. U. Konietzko. and D. Kuhl*. Center for 
Molecular Neurobiology (ZMNH), Hamburg University, Martinistr. 52, Pav 22, 
D-20246 Hamburg, Germany.

Trans-synaptic activation of gene expression is linked to long-term plastic 
adaptations in the nervous system. While much has been learned about the 
neuronal activation of immediate early genes, surprisingly little is known about 
their specific target genes and later steps in the molecular program underlying 
alterations of neuronal connectivity.

To identify genes that are induced late and whose expression depends on 
the preceeding synthesis of immediate early gene products we employed a 
modification of the differential RNA display technique Total RNA was isolated 
either from the hippocampus of rats 5h after the onset of synaptic activity induced 
by seizures or from the hippocampus of control animals. Duplicate RNA samples of 
control and experimentals were reverse transcribed using a two-base anchored 
13mer primer. Subsequent polymerase chain reactions were conducted with a single 
arbitary forward and reverse l0mer pimer. Activity-dependent alterations in RNA 
expression patterns were identified and confirmed by quantitative Northern blot 
analysis. Increased expression of several genes required new protein synthesis. 
Cloning and sequence analysis indicates that of one of these late genes plays a 
pivotal role in the regulation of membrane synthesis and might contribute to the 
structural alterations characteristic of long-term plasticity. (This research was 
supported by BMFT and by the Hans and Lieseiotte Ritz Stiftung).

181 .5

L O N G  L A S T I N G  P O T E N T I A T I O N  IN  T H E  
S E C O N D A R Y  S O M A T O S E N S O R Y  C O R T E X  
K a w a k a m i.Y .* . M iv a ta .M .#1 . O s h i m a . K #2 D ep artm en t o f  
P h y s io lo g y , T o k y o  W om en 's M edical C o lle g e , T o k y o  162 Jap an , 
# 1 R IK E N , F ro n tie r  R esearch  P ro g ram , SA ITA M A  # 2 D ep artm en t o f 
P h a rm a c o lo g y , M e iji C o lle g e  o f P h arm acy , T anash i

W e in v e s t ig a te d  lo n g  la s tin g  p o ten tia tion  (L L P ) in d u ced  by 
h igh  freq u en cy  stim u la tio n  (H F S ,200H z, 10 pulses, 20 sets) o f  
the th alam ic n u c leu s  in the fe lin e  so m a to se n so r y  co r tex . H FS  
o f  the ven tro  p o ste ro la ter a l n u c leu s  (V P L ) in d u ced  LLP o f  
f ie ld  p o ten tia ls  in the seco n d a ry  so m a to se n so r y  cor tex  (S II ) .  
A s com p ared  to LLP in S II , LLP w as p rod u ced  in o n ly  30  % 
o f  ex p er im en ts  in the prim ary so m a to se n so r y  co r tex  (S I)  
under our exp er im en ta l c o n d it io n s . C urrent so u rce  d en sity  
a n a ly s is  (C S D ) w as ca lcu la ted  w ith  16 f ie ld  p o ten tia ls  
s im u lta n e o u s ly  record ed  a lon g  a v ertica l ax is  in S II . T he  
LLP s h o w e d  a rem arkab le in cr ea se  in the sin k  current in 
layers  II and III (b e tw een  d ep ths o f  150 and 6 0 0  μ m ), w h ile  
s in k  cu rren ts in d eep  layers s h o w e d  sm all c h a n g es . L ayers II 
and III in SII re c e iv e  c o r tico co r tica l in p u ts from  S I. N ex t ,  
w e ex a m in ed  the ro le  o f  c o r tico co r tica l in p u ts on  
s o m a to se n so r y  LLP. T he in p u t to S II from  SI w as b lo ck ed  
w ith  in tracortica l lid o c a in e  in jec tio n  in S I , lea d in g  to fa ilu re  
o f  H F S  to in d u ce  LLP. On the con trary , the seco n d  H F S  
in d u ced  LLP in the sam e an im als f iv e  hours after lid o c a in e  
in jec tio n . H F S  o f  SI a lso  in d u ced  LLP in S II o f  all a n im a ls. 
T he r e su lts  in d ica te  that co r tico co r tica l inputs are required  
for  LLP in the s o m a to se n so r y  cor tex .

181 .7

TIME-DEPENDENT INCREASE IN POLYSIALYLATED CELLS IN THE 
HIPPOCAMPUS AND PERIRHINAL CORTEX FOLLOWING LEARNING 
IN THE ADULT RAT. G.B.Fox*. A. O' Connell, K. Murphy. G. Ficfaera and 
C. M. Regan. Dept. of Pharmacology, University College, Dublin 4, Ireland.

The neural cell adhesion molecule (NCAM) is a cell surface glycoprotein 
which is implicated in the orderly structuring o f the CNS. The polysialylated 
form is predominantly expressed during development. In addition, it is found in 
discrete brain regions such as the olfactory system and the hippocampal 
formation in the adult. NCAM plays an important role in LTP and learning and 
we have previously shown a transient increase in NCAM polysialylation in adult 
rat hippocampal immunoprecipitates in the 12-24h post-training consolidation 
period of a passive avoidance response. Using immunohistochemical techniques 
with a monoclonal antibody which recognises NCAM-polysialic acid, we now 
demonstrate an increase in the frequency of polysialylated neurons located at the 
border of the hilus and granule cell layer of the dentate gyrus. Significant 
(p<0.05, unpaired t-test) increases in polysialylated neurons were observed at 4, 
10 and 12h post-training when compared with untrained animals or those 
sacrificed immediately after training. The maximal number of polysialylated 
neurons was observed at 12h and this decreased to control values at 48h post-
training. In the naive animal, polysialic acid immunoreactivity was observed in 
the CA1 axons, the pre- and parasubiculum, layers I and II of the entorhinal 
cortex and in a discrete band of layer II cells of the perirhinal cortex which 
extended to the piriform cortex. Following passive avoidance training the 
frequency of these perirhinal polysialylated neurons increased markedly at the 4 
and 12h post-training period in a manner similar to that observed for dentate 
polysialylated neurons. These observations demonstrate a regulatory role for 
NCAM polysialylation state in memory processes associated with a cortico- 
hippocampal pathway. (Funded by American Biogenetic Sciences, Inc. and EU 
Biotechnology Programme) .

181 .4

P L A S T IC IT Y -R E G U L A T E D  G E N E S  R E V E A L E D  BY m RNA 
D IFFE R EN TIA L DISPLAY IN T H E  H IPPO C A M P U S. K. Inokuch i* 1, 
F. O z a w a 1. K. H ira i1 and M . In o u e1,2. 1Mitsubishi Kasei Institute of Life 
Sciences, Tokyo 194 and 2Department of Physiology II, Azabu University, Kanagawa 
194,Japan.

Long-term memory, but not short-term memory, requires de novo mRNA and 
protein synthesis, suggesting that the neural activity associated with learning leads to 
expression of various genes whose protein products play a critical role in memory 
consolidation. To understand the molecular mechanisms underlying long-term memory, 
we need to identify the various classes of genes that are regulated during the switch to 
long-term memory. We have differentially displayed, by means of RT-PCR, mRNA 
species isolated from the rat hippocampus in which seizure had been induced by kainate 
or pcntylenetetrazole (PTZ). Eighty-four combination of primer sets made of T 12MA, 
T 12MC, T 12MG, and T 12MT (M, a mixture of A, C and G) and a group of 21 
arbitrary 10-mers were used for screening. By this means twelve independent genes 
were isolated whose mRNA level is greatly modulated by neural activity in the 
hippocampus. DNA sequence analysis shows that three of these genes encode 
previously described genes, NGFI-A, c-fos, and ICAM-1, and six seem to be novel 
genes. Northern blot of the six unknown genes revealed that four of these were 
differentially expressed and two did not give any signals, suggesting that they represent 
rare mRNA. Finally we have found that expression of at least two of the unknown 
genes were greatly induced at granule cell layer of the dentate gyrus following long-
term potentiation at perforant pathway of the hippocampus in vivo. Thus protein 
product of these two genes might play a critical role in long-lasting synaptic plasticity 
in the hippocampus. Further analyses of the specific genes isolated in this study should 
provide insight into the molecular mechanisms underlying long-term memory.

181 .6

N A DPH REACTIVITY OF NEURONS RELATED TO THE VESTIBULO- 
OCULAR PATHWAYS IN THE TURBOT. J.K.S. Jansen* and  P.S. Enger. 
Inst. of Physiology and Biology, Univ. of Oslo, N orw ay.

D uring m etam orphosis and  eye m igration  in flounders there is a 
dram atic reorganization of the connectivity in the vestibulo-ocular 
pathw ays(G raf & Baker, J. Neurobiol. 1990,21:1136-52). Since reorganization 
of neural pathw ays often is associated w ith  the expression of N O  syntase in 
the groups of neurons w hich are involved(D inerm an e t al. PNAS. 
1994,91:4214-18), we have exam ined the expression of the enzym e in the 
brainstem  and the cerebellum  of turbots w ith  N A D PH  histochem istry.

We find consistently N O  syntase expression in  several d istinct 
neuronal groups related to the vestibulo-ocular pathw ays. H ow ever, the 
num ber of positive neurons in each g ro u p  and  the intensity  of the signal can 
vary appreciably betw een preparations, even of the sam e age. The m ost 
intense signal we regularly  find in a m idline g roup  of neurons, just rostral 
to the oculom otor nucleus. A strong expression is also found in  a dense 
dorsom edial nucleus which projects laterally and  ventrally  into the medial 
vestibular nucleus. W eaker label is found in the posterio r lobe of the 
cerebellum  and crista cerebellaris. W eak label is also often present in 
scattered m otoneurons of the oculom otor nuclei.

W e conclude that the N O  syntase is a potential contributor to the 
reorganization of the vestibulo-ocular p a thw ays d u rin g  m etam orphosis and 
eye migration.

1 81 .8

ASSOCIATIVE LONG-TERM POTENTIATION IN TH E IN VITRO 
PERIRHINAL CORTEX D, K. Bilkey*. Department of Psychology and The 
Neuroscience Research Centre, University of Otago, Box 56, Dunedin, New 
Zealand.

Lesions of monkey perirhinal cortex produce seyere memory impairments (e.g. 
Zola-Morgan et al, 1993, J. Neurosci., 13, 251-265). Recent data from this 
laboratory (Wiig and Bilkey, Behavioural Neuroscience in press) suggests that 
perirhinal cortex also plays an important role in rat memory processes. One 
account of these data proposes that information is represented within perirhinal 
cortex for some period of time, suggesting that this structure might exhibit some 
form of plasticity. In an investigation of this hypothesis slices of rat perirhinal 
cortex were maintained in vitro and perfused with normal perfusion medium. LTP 
was induced by applying brief high frequency tetanization (4 bursts of "theta 
patterned” trains; each train comprising 10 pulses at 100 Hz repeated 10 times at 
150 msec intervals) to stimulating electrodes located in intermediate layers of the 
slice. Evoked potentials were recorded through an electrode also placed in 
intermediate layers. Input specific LTP was observed to occur in 27/32 pathways 
tested (mean increase in field potential amplitude 32% +/- 3.8 s.e.m.) Furthermore, 
whereas neither WEAK tetanization (2 -3 pulses per train) applied to one input nor 
STRONG tetanization (normal strength trains) applied to a second input produced 
LTP in the WEAK input, LTP was observed in this latter pathway following 
combined tetanization of WEAK + STRONG inputs. These results indicate that 
neurons within perirhinal cortex have access to an associative mechanism which 
could subserve information storage.
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181 .9

cAMP RESPONSE ELEM ENT M ED IATED  TRANSCRIPTIO N  
COINCIDES WITH THE LATE PH ASE O F L TP IN  AREA CA1 OF  
THE HIPPOCAMPUS Soren Impey. Enrique C. Villacres, and Daniel R. Storm. 
Department of Pharmacology, University of Washington, Seattle, WA 98195 

An increasing amount of evidence points to protein kinase A as being 
necessary and sufficient for the transcriptionally dependent late phase of LTP 
(L-LTP) in the hippocampus of rodents. Furthermore, in a recent study cAMP 
response element (CRE) mediated transcription is required for associative 
learning in Drosophila . In mammals, CREB isoform deficient mice also suggest a 
role for CRE mediated transcription in L-LTP and learning. We propose to study 
whether CRE mediated transcription is necessary for L-LTP in the hippocampus 
using mice transgenic for a CRE-ß-galactosidase (CRE-ß-gal) reporter construct. 
Several lines of mice transgenic for CRE-B-gal have been created and are 
responsive to agents that stimulate CRE mediated transcription, such as, the 
adenylyl cyclase activator, forskolin. Tetanic stimulation, which results in L-LTP 
produces an 8±1.2 fold (n=9) stimulation of ß-gal expression in area CA1 when 
compared to weakly tetanized slices. Furthermore, weakly tetanized control slices 
show no significant stimulation over non-tetanized controls. The protein kinase A 
inhibitor H89 ( l0μM) attenuated L-LTP and the increase in ß-gal expression to 
2.6±0.2 fold (n=7) over weakly stimulated controls. Furthermore, the Ca2+/CaM 
dependent protein kinase inhibitor KN-62 (5μ M) abolished LTP and any associ- 
ated increases in ß-gal. Although it is increasingly clear that cAMP and CRE 
mediated transcription play a role in L -LTP it is still unclear how either are 
generated. Both the functional and behavioral relevance of increases in CRE 
mediated transcription produced by L-LTP need to be further studied.

181 .11

LONG-TERM POTENTIATION (LTP) IN THE INTACT TRANSGENIC 
MOUSE HARBORING A Fl/GAP-43 PROMOTER/INTRON-lacZ 
CONSTRUCT., C.R, Rooney. U. Namgung. R.A. Linsenmeier1*, and A. 
Routtenberg. Cresap Neuroscience Laboratory; 1Department of Biomedical 
Engineering, Northwestern University, Evanston, IL 60208

Neuronal phosphoprotein Fl/GAP-43 shows a cell-type specific expression 
pattern in the rat hippocampus with a higher expression in CA3, compared to 
CA1, pyramidal cells. No expression is detected in hippocampal granule cells. 
Alterations in Fl/GAP-43 gene expression occur in CA3 cells after long-term 
potentiation (Meberg et al., PNAS, 90:12050, 1993). The availability of 
transgenic mice harboring a 6 kb promoter and 11 kb intron 1 of Fl/GAP-43 
gene fused to lacZ reporter gene (see Namgung et al., this meeting) and the 
development of a method to study LTP in intact mouse (Namgung et al., Brain 
Res., 1995) led us to investigate Fl/GAP-43 promoter activity in vivo after 
LTP. Constitutive promoter activity showed a similar pattern to that of rat, 
rather than mouse Fl/GAP-43 mRNA. In vivo LTP experiments in the 
anesthetized transgenic mouse were performed by analyzing population 
responses in the dentate granule cell layer after stimulating perforant path. 
After monitoring potentiated responses for 2 hr post-LTP, animals were 
recovered from anesthesia before analysis of promoter activity and gene 
expression 3 days later. Initial results showed increased ß-galactosidase 
staining in 6 of 10 LTP animals and 1 of 7 controls (P < 0.05) in the 
supragranular zone of the inner molecular layer in the dentate gyrus. Increased 
promoter activity after LTP in cells of hilus could lead to increased transport of 
ß-galactosidase into commissural and associational fibers. We are currently 
studying lacZ and Fl/GAP-43 mRNA in hippocampal subfields after LTP. 
(Supported by MH25281-21).

181 .13

LONG TERM POTENTIATION OF THE RECURRENT INHIBITORY 
PATHWAY IN AREA CA1 OF THE RAT HIPPOCAM PUS. W .I.W adm an *,
I.Fahrenfort and G .C .F aas. Inst. for Neurobiology, Univ. of A m sterdam , 
1098 SM A m sterdam , The N etherlands.

Long-term  potentiation  (LTP) can be evoked by high frequency 
stim ulation (50Hz Is) of the  Schaffer collaterals in the h ippocam pus thus 
enhancing the efficacy of the s tim ulated  synapses in S tra tum  Radiatum . 
The response of a com plete neuronal netw ork to afferent stim ulation  is, 
however, determ ined  by the relative streng th  of excitatory an d  inhibitory 
synaptic connections betw een all participating neurons. In this study  we 
investigated  the m odification in synaptic streng th  that can be induced by 
antidrom ic tetan ization  (50 Hz, 1s) of the A lveus fibres thus stim ulating  
the synapses betw een collaterals and in tem eurons. The ex tracellu la r fields 
of these neurons can not be m easured directly, bu t th eir activation can be 
quantified  th ro u g h  the inhib ition  th a t they prov ide  to  the m ain 
pyram idal neurons. The extracellular fields evoked by Schaffer 
stim ulation  of increasing intensities w ere recorded  in hippocam pal slices; 
next w e m easured  the  inhibition th a t could be in troduced by an antidrom ic 
stim ulus 20 m s before the orthodrom ic stim ulus. Up to  20% reduction in 
response to the larger orthodrom ic stim uli w as observed. Antidrom ic 
tetan ization  enhanced  the inhibition induced  by the an tidrom ic stim ulus 
on the orthodrom ic one w ithout affecting the orthodrom ic responses. The 
enhancem ent lasted longer than  40-60 m inutes. From these m easurem ents 
w e can not deduce w hether the synapses betw een collaterals and 
intem eurons or the ones betw een in tem eurons and pyram idal neurons (or 
both) are enhanced. The m easurem ents show  th at tetan ization  can enhance 
the s trength  of the recurrent feedback loop, which is im portan t for th e  
overall tranfer function of the  local netw ork  and for its  stability.

181 .10
INPU T SPECIFICITY OF HEBB1AN SYNAPSES IN RA T VISUAL 
CORTEX. H.-J. Köppen. H. Lohmann, M. Schmidt* and K.-P. Hoffmann: 
Dept. Gen. Zoology & Neurobiol., Ruhr-University, 44780 Bochum, F.R.G.

Synaptic plasticity according to  the Hebbian m odification paradigm  has been 
demonstrated in pyram idal cells o f  the developing hippocam pus and neocortex 
or under blockade o f  GABAergic inhibition. Only little is known, however, 
about Hebbian synapses in the adult brain. Therefore, we investigated 
hom osynaptic associative plasticity in supragranular pyram idal cells in brain 
slices o f  the adult rat visual cortex. For synaptic stimulation bipolar electrodes 
were placed into the white m atter and into the cortex 300-500μ m lateral to an 
intracellularly recorded neuron. Associative Hebbian plasticity was induced by 
a  pairing o f  an extracellular subthreshold stimulation to one stimulation site 
with an intracellular suprathreshold depolarization. As a  control, the other 
stimulation site was activated asynchronously (delay 500ms) during the pairing 
procedure. In m ost o f  the recorded neurons (N = 25) a  reliable long-lasting 
potentiation o f  the intracellularly recorded EPSP amplitudes could be elicited 
by the pairing procedure. Both, the horizontal intracortical as well as the 
afferent synaptic inputs could be potentiated with equal probability. However, 
the induction o f  this plasticity showed a  clear input specifity in individual 
pyram idal cells. In m ost neurons only one o f  both inputs could be exclusively 
potentiated while the o ther input was unaffected by the pairing procedure. W e 
conclude that the Hebbian modification o f synaptic transm ission observed in 
supragranular pyramidal cells is dependent on the source o f  the synaptic input. 
Further experiments have to  be performed to study the decision criteria which 
are involved in the selection o f  a  proper input.
Supported by DFG (Ey 8/17-2) and DFG-Graduiertenkolleg "KOGNETII".

181 .12
LOW DOSES OFMK801 (.0625 mg/kg) IMPAIR PRIMED BURST POTENTIATION 
IN THE DENTATE GYRUS OF FREELY MOVING RATS. D. Côté*. E.L. 
Hargreaves, and ML. Shapiro. Psychology, McGill University, Montreal, CANADA.

Female Sprague-dawley rats were implanted with recording and stimulating electrodes 
in the granule layer of the dentate gyrus and ipsilateral perforant path, respectively. 
Primed burst potentiation (PBP) parameters were determined for each animal, so that 
potentiation lasted at least 30 min and as long as 3 hr (a prime pulse was followed by 190 
ms and then a 200 Hz burst of 4-9 1000,μa pulses). Evoked potential (EP) stimulation 
intensities produced population spikes between 40-60% of maximum values. PBP was 
tested in each rat under normal conditions and 60 min following an injection of NMDA 
antagonist MK801 (.0625 mg/kg i.p.). All experiments were performed in constant order 
after 5pm.and while the rats were in proestrous as determined by vaginal smears. Because 
this dose of MK801 slightly decreases the amplitude and variance of EP measures, the 
stimulation intensify was increased after the injection so that the evoked response were 
equated with pre-drug baseline values. Increases in stimulation intensity (30-50μ a) 
restored the original, predrug baseline values.

MK801 greatly attenuated the degree of primed burst potentiation, and in the majority 
of cases EP measures did not leave baseline values. The drug also produced hyperactivity, 
mild hindlimb dyskinesia, and abbreviated rearing and grooming bouts. As found 
previously, the amplitude and variance of the EP measures were attenuated under this dose 
of MK801. However, these changes were independent of behavioral changes and 
inconsistent with either a decrease or increase in brain temperature.

Previous work from this laboratory has shown that the same dose of MK801 impairs 
spatial learning, but not spatial memory performance, in rats of the same sex and strain. 
Furthermore, with repeated administrations learning impairments persisted even after 
motor impairments disappeared. The present results extend these findings to show that the 
same dose that impairs learning can interfere with NMDA dependent synaptic plasticity.

181 .14

LO NG -TERM  C H O L IN E R G IC  EN H A N C E M E N T: A FO R M  O F  L T P  IN 
T H E  RA T SO M A TO SEN SO R Y  C O R TE X . D. Verdier. M. M aalouf, A 
Myasnikov , & R.W. Dykes * Departement de physiologie, Umversité de 
Montreal, Montreal, Quebec H3C 3J7

Ramusson and Dykes (1988) showed that pairing a cutaneous stimulus with 
a stimulus to the basal forebrain (BF) could enhance the evoked potential in cat 
somatosensory cortex for long periods o f  time Others showed that this long-term 
cholinergic enhancement (LTCE) could occur in other species and that, at the 
cellular level, it was dependent upon the release o f acetylcholine (ACh), since its 
appearance was blocked by muscarinic antagonists. However, the phenomenon 
has never been studied systematically We developed a preparation in the rat 
where we could reliably generate LTCE and describe its onset and time course 
W hen the BF electrode is located in a site capable o f provoking a short-latency 
excitatory discharge o f somatosensory neurons, the evoked potential elicited by 
cutaneous stimulation can be enhanced by 20-100%  if it is paired 20 times with 
the BF stimulus. This enhancement lasts at least four hours and normally for the 
duration o f the experiment. The enhanced potential was tested once every 30 s 
It varied dramatically from one test to another, both before and after pairing 
However, the responses after pairing showed higher variability than before, often 
dropping below the pre-painng baseline Nevertheless, the average value after 
pairing was significantly greater than the value observed before pairing. 
Frequently, a short-term effect was observed lasting for as long as 30 min before 
LTCE stabilized to the final long-term level. This augmented variability suggests 
that LTCE produced an increase in synaptic efficacy in a selected set o f  neurons 
but that the probability o f their discharge and thus their contribution to the evoked 
potential is determined by other variables. (Supported by the MRC o f Canada)
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181 .15

A POST-TETANIC TIME WINDOW FOR THE REINFORCEMENT OF LT P 
BY APPETITIVE AND AVERSIVE STIMULI. T. Seidenbecher*. D. Balschnn 
and K.G. Reymann. Federal Institute for Neurobiology, Dept. of Neurophysiology, 
POB 1860, 39008 Magdeburg, Germany.

Long-term potentiation (LTP), an activity-dependent long-lasting increase in 
synaptic strength has many features that make it a likely cellular mechanism for 
certain types of learning and memory. If LTP-like processes are involved in 
learning they should show similar characteristics as those found for the 
consolidation of memory. In the present study, we investigated whether LTP. 
induced by weak tetanic stimulation of the perforant path input to the dentate gyrus 
of freely moving rats, may be affected by appetitive (deprivation-induced drinking. 
DID) and aversive (footshock) behavioral stimuli. DID at the same time as weak 
tetanic stimulation resulted in a marked reinforcement of LTP with potentiated 
values even after 24 hours. The reinforcement was still obvious when the water 
was given 30 min after tetanization. However the application of water 30 mm 
before tetanization or one hour post-tetanus was unable to produce a significant 
protraction of LTP. Administration of the footshock at the same time as the weak 
tetanus produced a prolongation of LTP. The same footshock delivered 30 nun 
post-tetanus produced only a temporary enhancement of potentiation which was no 
longer detectable 24 hours after tetanus. No effect was observed when the 
footshock was applied either 30 min before or 60 min after tetanization.

Our data indicate that the initial phase of LTP can be reinforced by appetitiv e 
and aversive stimuli. The properties of the observed reinforcement resemble the 
characteristics of the post-training modulation of a memory trace Although the 
consolidation of memory is presumably brought about by a number of different 
molecular mechanisms, with different time courses, the similarity of the properties 
as well as the mechanisms suggested to underlie the consolidation of LTP and of 
learning provide further evidence that LTP-like mechanisms may be involved in 
learning and memory.

181 .17

ELECTROPHYSIOLOGY AND PLASTICITY OF THE FEMALE RAT DENTATE 
GYRUS ACROSS THE ESTRUS CYCLE. E .L. Hargreaves*, and M.L . Shapiro. 
Psychology, McGill University, Montreal, CANADA.

Female Sprague-dawley rats were implanted with recording electrodes in the granule 
cell and molecular layers of the dentate gyrus (DG) and with stimulating electrodes in the 
perforant path. Electrically evoked potentials (EPs) and vaginal smears were collected 
daily, until behavior and EPs stabilized (8 days), at which time data from each rat were 
collected for 3 full estrus cycles. Abbreviated (lo/med/hi) EP input/output (I/O) functions 
were recorded along with 1 sec EEG epochs immediately prior to each EP. Specific 
behaviors at the time of each EP were also recorded. The EP I/O functions did not change 
across estrus, although within session changes were evident and consistent with increases 
in brain temperature accompanying sustained behavioral activity. The degree of within 
session change itself did not vary across estrus. Analysis of behaviors at the time of EP 
recordings indicated Type I activity throughout 95% of the recording session, supported 
by a predominance of 0 frequencies in the 1 sec EEG epochs. Power spectral analyses of 
0 bearing epochs and phase relations between recording sites did not change across the 
estrus cycle.

Primed-burst potentiation (PBP) parameters were determined for each animal so that 
potentiation lasted at least 30 min and as long as 3 hr (a prime pulse was followed by 190 
ms and then a 200 Hz burst of4-9 l 000μa pulses). PBP during proestrous was compared 
to other cycle phases. All experiments were performed in constant order after 5pm. The 
amplitude of initial PBP did not change during the estrus cycle, but the decay rate 
was slower during proestrous in the majority of the rats.

The results indicate that dentate neurotransmission and slow wave activity are not 
affected by estrogen and progesterone levels. The results further indicate that synaptic 
plasticity in the DG may be affected by estrogen and progesterone levels, evidence 
consistent with the findings of an estrogen-NMDA interaction in CA1.

181 .19

SYNAPTIC ENHANCEM ENT IN CO -C ULTURES OF THE IM PRINTING -
RELEVANT AREA MNH AND DO RSAL THALAM US O F THE DOMESTIC  
CHICK H. Hofmann* and K. Braun. Fed. Inst. for Neurobiology, Magdeburg, 
Germany.

Type I neurons in the imprinting-relevant forebrain area MNH  
(mediorostral neostriatum and hyperstriatum ventrale) of the chick develop 
long-term potentiation as well as long-term depression after tetanic 
stimulation of afferents arising from the dorsal thalamus (Wang et al., 1994, 
Neuroscience 60(3): 689-699). Thus, LTP and LTD may be physiological 
correlates of synaptic plasticity which is observed after auditory filial 
imprinting (Scheich, 1987, J. Comp. Physiol. A, 161: 605-619).
In order to further investigate changes of synaptic efficacy at the cellular and 
synaptic level, we established co-cultures of MNH and its main input area 
DMA/DMP (nucleus dorsomedialis anterior/posterior thalami) (Hofmann and 
Braun, 1993, Soc. Neurosci. Abstr. 19, 808). Intracellular current clamp 
recordings in MNH revealed three physiological types of neurons (regular 
spiking, intrinsically bursting and fast spiking) which are similar to the neuron 
types found in acute slices (Wang, 1993, Soc. Neurosci. Abstr. 19, 905). 
Voltage pulses, delivered via a low resistance extracellular electrode in 
DMA/DMP (5-25 V, 0.1 ms) evoked slow IPSPs and fast and slow EPSPs 
which could reach spike threshold in all three classes of MNH neurons. 
Tetanic stimulation (50 Hz, 1 s) in DM A/DMP leads to a significant increase 
of fast EPSP slope, integral of EPSP, number of evoked action potentials, 
and a significant decrease of action potential latency of MNH neurons up to 
30 min after tetanus. Thus, M NH-DM A/DMP co-cultures provide a suitable in 
vitro model to investigate the pharmacological properties of imprinting- 
induced plasticity.
Supported by DFG Br 950/4-5 and BMBF (G S F 07  NBL 06).

181 .16

HYPEREXCITABILITY IN AREA CA1 AFTER SELECTIVE LESIONS OF 
LAYER III ENTORHINAL CORTEX. M. J. Denslow1*. E. W . Lothman1. T. Eid2. 
F. Du3, and R. Schwarcz3. 1Dept. o f Neurology, Neuroscience Program, University 
of Virginia, Charlottesville, VA 22908; 2Dept. o f Anatomy, University o f Bergen, 
Bergen, Norway; 3Maryland Psychiatric Research Center and Univ. o f Maryland Sch. 
o f  Med., Baltimore, MD 21228.

In human mesial temporal lobe epilepsy there is preferential neuronal degeneration 
in layer III of the entorhinal cortex (Du etal., Epilepsy Res. 16:223, 1993). We now 
use an animal model, produced by an injection o f the indirect cxcitotoxin 
aminooxyacetic acid (AOAA) into the EC (Du & Schwarcz, Neurosci. Lett. 147:185, 
1992). to investigate the physiological consequences of cell loss in EC layer III. 
Rats received injections of AOAA (0.75μ g) or saline into the EC. After 30 days, a 
heterosynaptic or homosynaptic paired pulse protocol was applied in the dorsal 
hippocampus ipsilatcral to the AOAA or saline injection using contralateral CA3 or 
ipsilateral angular bundle stimulation (Bekenstein et al., Brain Res. 603:111, 1993). 
Evoked potentials were recorded in the CA1 and dentate gyrus cell layer ipsilateral 
to the AOAA or saline injection.

In rats treated with AOAA, responses in area CA1 showed multiple population 
spikes. Furthermore, there was a decrease in paired pulse inhibition. In contrast, no 
changes in evoked potentials were detected in the dentate gyrus. Histological 
examination revealed pronounced cell loss in layer III o f the medial EC, but not in 
the dorsal hippocampus of AOAA-treated rats. Neither abnormal evoked potentials 
nor cell loss were detected in the hippocampus or EC o f saline-injected controls.

We conclude that a unilateral entorhinal cortex lesion of layer III leads to 
functional alterations in its target region, area CA1, despite the lack o f dorsal CA1 
cell loss.

Supported by USPHS grants NS-16102 and NS-25605.

181 .18

A D R E N A L  S T E R O ID  E F F E C T S  O N  L O N G -T E R M  
PO T E N T IA T IO N  IN TH E CA1 FIELD  O F  H IPPO C A M PA L  
SLIC ES. Constantine Pavlides*, Sonoko Ogawa, A kihisa Kimura 
and Bruce S. McEwen. The Rockefeller University, New York, NY.

We previously reported that activation o f adrenal steroid Type I 
receptors produces an enhancement w hile activation o f Type II 
receptors produces a suppression in long-term potentiation (LTP), in 
the dentate gyrus o f anesthetized and freely behaving rats (Pavlides, 
eta l., 1995).

In the present study we investigated the effects o f ex vivo 
administration o f Type I and Type II adrenal steroid receptor 
agonists/antagonists on LTP in the CA1 field o f hippocampal slices. 
Rats were either ADX or sham operated 2d prior to the experiment. 
On the day o f the experiment, they were injected subcutaneously with 
either aldosterone(100μ g/kg), corticosterone (40m g/kg), or the 
Type II agonist RU 28362 (100μ g/kg). One hour later hippocampal 
slices were prepared and field potential recordings were performed in 
the CA1 field with stimulation o f the Schaffer collaterals.

High-frequency stimulation in slices o f animals injected with 
aldosterone produced an enhancement w hile injection o f either 
corticosterone or RU 28362 produced a potent suppression in the 
induction of LTP. These changes were seen mainly in the population 
spike but not the slope o f the EPSP. A similar set of experiments is 
currently undertaken in the CA3 hippocam pal fie ld , in the 
anesthetized preparation.

Supported by grants from the W hitehall Foundation the 
USAirforce and NIH.

181 .20

PARTIAL BLOCKADE OF NMDA RECEPTORS BY APV PREVENTS 
LEARNING-INDUCED REORGANIZATION IN THE BARREL CORTEX OF 
MICE. J. Skangiel-Kramska*, B. Jablońska, M . Gierdalski, M. Kossut. Dept of 
Neurophysiology, Nencki Institute, 02-093 Warsaw, Poland

We have demonstrated previously using 2-deoxyglucose (2DG) autoradiography that 
in adult mice cortical representation of whiskers can be altered as a result of sensory 
training. After short-lasting (3 days) classical conditioning training where stroking row 
B of vibrissae was paired with a tail shock, the width of cortical representation of the 
"trained" row of whiskers increased (40%) as compared to the width of representation 
of corresponding row from control hemisphere of the same animal. We asked whether 
these plastic changes could be prevented by the NMDA receptor antagonist DL-2- 
amino-5-phosphonovalerate (APV). We inserted APV (50mM) impregnated EL VAX 
sheets (2mm2) subdurally posterior to the barrel field region a day before the beginning 
of conditioning training. The amount of APV released blocked about 20% of NMDA 
receptors in the barrel field, as ascertained by [3H]MK-801 receptor binding 
autoradiography. The implants did not significantly affect the 2DG basal and stimulus- 
evoked uptake in control mice. 2DG experiment was performed 24 h after the last 
training session. The autoradiograms and Cresyl violet stained tangential sections from 
which the autoradiograms were obtained were analyzed using computer controlled 
image analyzer (Imaging Research). The width of metabolically labeled cortical 
representation of row B whiskers and intensity of labeling were measured. The results 
were expressed as a ratio of the width of the labeled area to the width of histologically 
defined row of barrels. 2DG mapping did not reveal enlargement of cortical 
representation of "trained" row of whiskers. The results demonstrated that low level 
of NMDA receptor blocking did not affect significantly the cortical metabolism but 
prevented the reorganization of SI cortex seen as a result of learning.
(supported by JSMF Grant 96-62 and KBN Grant 6 P203 01406)
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182 .1

TRANSIENT, LEARNING-INDUCED ULTRASTRUCTURAL CHANGE IN 
SPATIALLY-CLUSTERED DENTATE GRANULE CELLS OF THE 
ADULT RAT HIPPOCAMPUS. C. M. Regan*. C. O' Connell and A. 
O'Malley. Dept. of Pharmacology, University College, Dublin 4, Ireland.

Morphological change is a constant feature of memory formation across 
species and paradigms. As the hippocampal formation plays an integral role in 
learning and memory it may be expected to exhibit paradigm-specific, 
functional reorganization. Following acquisition of a single trial passive 
avoidance response we noted a transient increase in the frequency of toluidine 
blue hyperchromatic cells clustered spatially in the dorsal blade of the adult rat 
dentate gyrus. These cells formed a rostral-caudal ribbon, 250μm in diameter 
and 60μm in depth, in a 140pm tissue slice obtained at -3.3mm with respect to 
Bregma. Their frequency significantly increased by 3-4 fold in the 5-7h post-
training period with respect to the number observed at the 2h post-training 
time. In addition, a 1.4 fold increase in the frequency of hyperchromatic cells 
was observed 3h after training however a similar increase was observed at the 
same post-training time in the passive animal, indicating this change to be 
associated with handling and/or exposure to a novel environment. 
Hyperchromatic cell frequency showed no significant correlation with avoidance 
latency in a 600sec criterion time, suggesting that the response is not essential 
to acquiring the task in all animals. Ultrastructural analysis revealed a 
ribosome-dense cytoplasm in these hyperchromatic cells. Further, their 
dendrites, extending into the molecular layer, were electron-dense due to the 
presence of numerous microtubules. These rapid and profound morphological 
changes must provide an important adjunct to processing information acquired 
in the passive avoidance response. (Funded by Forbairt and EU Biotechnology 
Programme).

182 .3

IN C R E A S E D  D E N SITY  O F  M U L T IP L E -H E A D  D E N D R IT IC  SPIN E S 
IN  RA T S TR IA TU M  F O L L O W IN G  E N R IC H E D  E N V IR O N M E N T  
EX POSU RE. S.A. Irw in* , T.A. C o m e ry, C.X. S ta m o u d is ,  R. S h a h  
a n d  W .T. G re e n o u g h . D ep ts . of P sy ch ., Bio., C ell a n d  S tru c t. Bio., 
N eu ro sc i. P ro g ., a n d  B eck m an  In st., U n iv . I llin o is , U rb a n a , IL 61801.

In creases  h a v e  b e e n  o b se rv e d  in  d e n d r i t ic  s p in e  a n d  sy n a p se  
d e n s ity  in  a v a rie ty  o f re g io n s  w i th in  th e  ra t  c e n tra l  n e rv o u s  sy s te m  
fo llo w in g  p o s t-w e a n in g  co m p le x  e n v iro n m e n ta l  re a r in g . W e h a v e  
b e g u n  in v e s tig a tin g  th e  p o ss ib lity  o f e x p e r ie n c e -d e p e n d e n t  
m o rp h o lo g ic a l p las tic ity  in  th e  ra t s tr ia tu m  in  r e s p o n s e  to  
en v iro n m e n ta l  e n ric h m e n t. P re v io u s ly  w e  r e p o r te d  a  30% in cre a se  
in  sp in e  d e n s ity  on  m e d iu m -s iz e d  T y p e  I sp in y  n e u ro n s  in  th e  
d o rso la te ra l  s tr ia tu m  fo llo w in g  30 d a y s  o f c o m p le x  e n v iro n m e n t 
h o u s in g . F o llo w in g  re p o r ts  (T ro m m ald , V a a lan d , B la c k sta d  & 
A n d e rso n , 1990) of in c re a se d  d o u b le -h e a d e d  s p in e s  in  th e  d e n ta te  
g y ru s  fo llo w in g  LTP, G o lg i-C o x  im p re g n a te d  tis su e  w a s  e x a m in e d  
fo r th e  p re se n c e  o f m u lt ip le -h e a d  d e n d r i t ic  s p in e s  in  th e  ra t 
d o rso la te ra l  s tr ia tu m  fo llo w in g  d iffe re n tia l  h o u s in g . L itte rm a te  
p a ir s  o f  a n im a ls  w e re  h o u s e d  e ith e r  in d iv id u a lly  in  s ta n d a rd  
lab o ra to ry  c a g es  o r  g ro u p  h o u s e d  in  c o m p le x  e n v iro n m e n ts  fo r 30 
d a y s  p o s t-w e a n in g . D e n d ritic  s e g m e n ts  o f m e d iu m -s iz e d  T y p e  I 
s p in y  n e u ro n s  in  th e  d o rso la te ra l  s tr ia tu m  w e re  e x a m in e d  fo r  s p in e s  
w ith  m u lt ip le  h e a d s . A n im a ls  h o u s e d  in  a co m p le x  e n v iro n m e n t 
d isp la y e d  a s ig n if ic a n t in c re a se  in  th e  d e n s ity  of m u lt ip le -h e a d  
s p in e s  re la tiv e  to  th a t  o b se rv e d  in  th e  in d iv id u a lly  c a g ed  a n im a ls . 
S u p p o r te d  b y  N IM H  35321.
W e a c k n o w le d g e  th o u g h tfu l  in p u t  f ro m  K ris te n  H a r r is

182 .5

AUGM ENTATION OF CEREBELLAR RESPONSES TO PARALLEL FIBER 
ACTIVATION FOLLOW ING SKILLED M OTOR ACQUISITION IN  RATS. 
A.A. Bendre, R.A.. Swain. Bruce C. W heeler* & W.T. G reenough- Beckman 
Inst., Univ. of Illinois, U rbana, IL 61801.

The m o rpho log ica l consequences of sk illed  m o to r lea rn in g  can  be 
d isc rim inated  from  those stru c tu ra l a lte ra tions occurring  as a resu lt of 
repe titious m oto r activity. Rats tra in ed  to trav erse  an  obstacle course, 
w hich  req u ires  su b stan tia l m o to r lea rn in g  to m aste r, ex h ib it g rea te r 
num bers of synapses per Purkinje cell in the cerebellar param ed ian  lobule 
(Black et al., 1990) than  do rats partak ing  in repetitious m otor activity (but 
no  learning) or to rats housed  in s tan d ard  laboratory  cages. Kleim  et al. 
(1994) have  reexam ined th is p h en o m en o n  and  fo u n d  th a t the  synaptic  
increase can largely be a ttrib u ted  to g rea te r num bers of para lle l fiber to 
Purkinje cell synapses. In the p resen t study , w e exam ined w hether these 
know n s truc tu ra l m odifications p roduce  alterations of cerebellar parallel 
fiber synaptic efficacy. Female Long-Evans rats w ere tra ined  as described 
above for 10 days. The rats w ere then  anesthe tized  an d  record ing  and 
stim ulating  electrodes w ere low ered into the p aram ed ian  lobule along the 
lo n g itu d in a l axis of the fo lium . Field p o ten tia ls  w ere  reco rd ed  to 
stim ulating  cu rren ts rang ing  from  lOuA to 700 uA. The resu lts  ind icated 
that a com plex of oscillations could be evoked by stim ulation. The earliest 
of these oscillations, occurring w ithin 3 m sec of stim ulation, is p resum ed  to 
reflect parallel fiber activation of Purkinje cells. O u r resu lts  ind icated  that 
elicitation of this oscillation w as m uch greater in rats tra ined  on the m otor 
learn ing  task th an  any  of the o ther g roups. These resu lts  ind icate  that 
m otor learn ing  has m ore im pact th an  m otor activity  alone u p o n  synaptic 
transm ission w ith in  the cerebellar param edian  lobule. (This research was 
supported  by AG 10154 and the Retirem ent Research Foundation.)

182 .2

SY NAPSE R ESTRU CTU RIN G  D U RING TH E M A IN TEN A N CE PHASE 
O F LO N G -T E R M  P O T E N T IA T IO N . Y. G e in ism a n * . L. deToledo- 
M o rre l l . F. M o rre ll. I. S. P ersina and M. A. B eatty . D ep t. o f  Cell & 
M olec. B iol., N orthw estern  Univ. M ed. Sch. and D ep t. o f  N eurol. Sci., 
Rush Med. Coll., Chicago, IL 60611.

The aim o f this study was to determ ine w hether the m aintenance phase 
o f  long-term  potentiation  (LTP) is associated with synapse restructuring. 
LTP was elicited in young adult rats by high frequency stim ulation o f the 
m edial perforant path carried out on four consecutive days. Potentiated 
anim als were sacrificed 13 days after the fourth stim ulation when synaptic 
responses were still significantly  enhanced relative to baseline, though this 
en h an cem en t decayed  o v er the 13 day period . S tim ula ted  but not 
p o ten tiated  rats served  as con tro ls. S ynapses w ere quan tified  in the 
m iddle m olecular layer o f  the dentate gyrus. U sing the double disector 
m eth o d , e s tim a te s  o f  the n u m b er  o f  sy n ap ses  p e r n eu ro n  w ere 
d ifferentia lly  obtained  for various synaptic subtypes. The results show 
that only asym m etrical axodendritic synapses are significantly  increased 
in num bers (by 28% ) during the m aintenance phase o f  LTP. O ur earlier 
work has dem onstra ted  that the induction  o f  L TP is fo llow ed by a 
selective increase in the num ber o f  axospinous perforated synapses with 
m ultip le , com pletely  p artitioned  transm ission  zones (G ein ism an et al., 
H ippocam pus, 1993, 3: 435). T hus, the in duction  and m ain tenance 
p h ases  o f  L T P are c h a ra c te r ize d  by  d iffe re n t s tru c tu ra l synap tic  
alterations. These alterations m ay be related to each o ther as indicated by 
another finding o f the present study regarding the existence o f perforated 
sy n ap ses  th a t ap p ear to  be tra n s itio n a l b e tw een  ax o sp in o u s and 
axodendritic  ju n ctio n s. This suggests a m odel o f  structu ral synaptic 
p lastic ity  associated  w ith LTP. A ccording  to the m odel, axospinous 
pe rfo ra ted  sy napses, w h ich  in crease  in  num bers sh o rtly  a fte r  LTP 
induction, are converted into axodendritic ones during LTP m aintenance.

Supported by NIH (AG 08794) and N SF (BN S-891237) grants.

182 .4

THE PERSISTENCE OF EXPERIENCE DEPENDENT M ORPHOLOGICAL 
PLASTICITY IN THE RAT CEREBELLAR CORTEX T.A. Kleim*, D. Ballard. 
K. Vij & W.T. G reenough. Depts. Psych., Cell and Struct. B io ., Neurosci. Prog. 
and Beckman Inst., Univ. Illinois, Urbana, IL. 61801.

Follow ing com plex m otor learning, increased synapse n um ber (1,2) 
and glial volum e (3) have been observed in the rat cerebellar cortex. In this 
study, the persistence of these structu ral changes w as exam ined. Fifty four 
fem ale rats w ere random ly allocated to either an Acrobatic (AC) or a M otor 
control (MC) condition. The AC anim als were trained to com plete an elevated, 
obstacle laden course which required a substantial am ount of m otor skill to 
traverse. Each AC anim al w as pair m atched w ith an M C anim al which was 
forced to travel dow n a flat elevated runw ay equal in length to the acrobatic 
course. A nim als were 1) tra ined  for ten days (10), 2) tra ined  for ten days 
followed by tw enty  eight days w ithou t training (10-28) or 3) tra ined  for the 
entire th irty  eight days (38). U nbiased stereological techniques and  electron 
m icroscopy w ere used  to obtain  estim ates of synapse  n u m b er and  glial 
volum e per Purkinje cell w ithin the m olecular layer of the cerebellar cortex. 
R esults show  the AC an im als to have  a s ign ifican tly  h ig h er synapse 
n u m b e r/P u rk in je  cell th an  MC an im als  across all tra in in g  schedu les 
indicating  a persistence of increased synapse n u m b er in the absence of 
continued training. The increased glial volum e /  Purkinje cell observed in the 
AC10 and AC38 anim als, how ever, appeared  to decrease in the absence of 
continued training in the AC10-28 group. Supported  by AG 10154, NSF BNS 
88 21219 and NSERC S cholarships.

182 .6

AGE-DEPENDENT ALTERATION OF RAT VISUAL CORTICAL 
PLASTICITY TO WHITE MATTER STIMULATION. M.G. Braun. R.A. Swain. 
X. Wang. C.R. Swain*. & W.T. Greenough. Beckman Inst., Univ. of Illinois, 
Urbana, IL 61801 and Logicon Technical Services, Inc., Dayton, OH 45431.

Age-dependent alterations of synaptic efficacy have been noted in the 
hippocam pus. The acquisition of long-term potentiation (LTP) to asymptote is 
slower and the decay rate is faster in the senescent rat compared to young 
adult animals (Barnes & M cNaughton, 1985; Hori et al., 1992). These deficits 
are paralleled with similar declines in learned behavioral performance. The 
current study examined in vivo synaptic transmission in the visual cortex of 
male Long-Evans hooded rats that were aged 6 mos., 12 mos., or 24 mos. Glass 
m icropipette recording electrodes were implanted in layers II/III of visual 
cortex and fEPSP and PS data were recorded in response to variable probe 
stimulation (10 - 400 uA) of white m atter and following tetanization (10 Hz; 0.1 
ms pulse width; 400 uA; 3.5 minutes). Criterion for LTP was defined as a 
persistent increase (> 130%) of PS am plitude relative to pretetanus levels. 
While LTP was consistenty recorded from the 6 mos. and 12 mos. rats, the 
results indicated that LTP induction could not reliably be obtained in the 
oldest group of animals. fEPSP am plitude was also significantly lower across 
the pretetanus I /O  levels of stimulation in the 24 mos. old rats compared to 
either the 6 mos. or 12 mos. rats which did not differ from each other 
(F(8,40)=2.33, p<0.04). These results indicate that LTP induction and synaptic 
transmission are reduced in the visual cortex of aged animals and are 
consistent w ith age-related declines in neuronal characteristics. (This research 
was supported by AG 10154.)

Society for N euroscience, Volume 21, 1995



SUNDAY PM NEURAL PLASTICITY: STRUCTURAL CORRELATES 445

1 8 2 .7

PERSISTENCE OF SYNAPTIC PLASTICITY UNDER PROLONGED 
AN D REVERSIBLE ENVIRONMENTAL CONDITIONS IN ADULT 
RAT VISUAL CORTEX. A. Y. Klintsova*. R. Bhattachaiyy a and W. T. 
G reenough. Depts. of Psych, and Cell & Struct. Biol., Neurosci. Prog, 
and Beckman Inst. Univ. of Illinois, Urbana IL61801.

The number of synapses per neuron in visual cortex is higher in 
young rats reared for 30 days in a complex environment (EC) in 
comparison to individually housed (IC) and socially housed (SC) 
animals (Turner & Greenough, 1985). Although substantial effects of 
environmental complexity occur in adults (e.g. Juraska et al., 1980), 
som e evidence indicates that at least som e experience-induced  
alternations may not persist following prolonged removal from EC 
housing (e.g. capillary density, volum e fraction of mitochondria). To 
assess permanence of additional synapses in adult EC, animals were 
placed either in EC or IC for 60 days (ECEC and ICIC, respectively) or 
switched to the opposite condition after the first 30 days (ECIC and 
ICEC). Unbiased stereological techniques at the light and electron 
m icro sco p ic  lev e ls  w ere u sed  to obtain  m easu res of 
syn ap ses/n eu ron  within layer IV of the visual cortex. Adult rats 
placed in ECEC had a significantly higher number of synapses per 
neuron in layer IV of visual cortex than rats housed in ICIC. In ICEC 
rats the number of synapses/neuron  did not increase significantly 
(when compared to ICIC) whereas in the opposite manipulation (30 
days in EC and 30 days in IC) a significant decrease in number of 
synapses/neuron was found (in comparison with ECEC). Supported 
by MH 35321.

1 8 2 .9

DENDRITIC AND SPINE ANALYSES ACROSS HIERARCHICALLY 
ARRANGED AREAS OF HUMAN NEOCORTEX: A QUANTITATIVE 
GOLGI STUDY. S Baca1, L. Larsen1, B. Fisher1, R, Kem an1, M. Schall2, 
and B. Jacobs1* 1 Laboratory of Quantitative Neuromorphology, Psychology, The 
Colorado College, Colorado Springs, CO 80903. P sy c h o lo g y , Tulane 
University, New Orleans, LA 70130.

The present study explored the relationship between dendritic/spine 
complexity and cortical processing demands. Eight cortical areas were chosen 
from the left hemispheres of 4 neurologically normal subjects (23, 32, 34, and 69 
years), with two blocks representing each level in Benson's (1993, 1994) cortical 
processing hierarchy: Primary (areas 3,1,2 and 4), Unimodal (areas 22 and 6), 
Heteromodal (areas 39 and 44), and Supramodal (areas 10 and 11). Based on 
functional criteria, these regions were subsequently grouped into SIMPLE 
(Primary and Unimodal) and COMPLEX (Heteromodal and Supramodal) cortices. 
After staining with a modified rapid Golgi technique, the basilar dendritic systems 
of 10 supragranular pyramidal cells per tissue block (N=320) were quantified on a 
Neurolucida system (Microbrightfield, Inc.). Dependent measures were total 
dendritic length (TDL), mean dendritic length (MDL), dendritic segment count 
(DSC), dendritic spine number (DSN), and dendritic spine density (DSD).

Despite interindividual variation, neurons in the COMPLEX sample 
consistently exhibited higher TDL (11.1%), MDL (3.5%), DSC (8.1%), DSN 
(35.7%) and DSD (18.3%) values than those in the SIMPLE grouping, with 
significant differences in DSN across all four cortical areas (F  (3, 6) = 6.921, p  < 
.02). These findings suggest that dendritic complexity roughly reflects the 
computational demands placed on those systems. Substantial DSD differences 
were apparent across all dendritic branches, but especially in distal segments. 
Age-DSN and Age-DSD correlations suggested that neurons in COMPLEX areas 
were more susceptible to age-related spine decreases than those in SIMPLE areas. 
(Tissue generously provided by Dr. D. Bowerman, El Paso County Coroner, and 
Dr. R. Sherwin, Penrose Hospital)

1 8 2 .1 1

SYNAPTIC LOSS FOLLOWING REMOVAL OF SEROTONERGIC 
AND/OR NORADRENERGIC FIBERS IN THE VISUAL CORTEX 
OF THE DEVELOPING AND ADULT RAT. M. Matsukawa*. K. 
Nakadate and N. Okado. Dept. Anat., Inst. Basic Med. Sci., Univ. 
Tsukuba, Tsukuba, Ibaraki 305, Japan.

In previous studies serotonin (5-HT) has been shown to regulate 
neuronal plasticity: 5-HT enhances formation and maintenance of 
synaptic structures in developing and adult animals (J. Neurobiol. 24: 
687-698; Neurosci. Res. 19: 111-115). In addition to 5-HT  
catecholamines have been suggested to have a similar role. To examine 
this possibility changes o f synaptic density were examined in the visual 
cortex o f the developing (1-2W after birth) and adult (6-7W ) rat 
following injections o f 5-HT (pCPA) or noradrenaline (N A)(DSP-4) 
depletors.

In developing animals, synaptic densities were reduced (30-40% of 
axodendritic synapses and about 50% of axosomatic synapses) 
compared to saline injected controls in laminae I, II and IV by pCPA  
and/or DSP-4. In the adult rat synaptic density decreased by 30 % in 
lamina I following injections of DSP-4, whereas the synaptic density 
in lamina II was not changed compared to that o f control. Synaptic 
density in lamina I was not changed compared between control and 
pCPA injected animals, whereas axosomatic synapses in lamina II 
decreased by 20 % following injections o f pCPA. The density of 
synapses decreased following simultaneous injections of DSP-4 and 
pCPA in lamina IV. This study has demonstrated that 5HT and NA have 
different facilitatory effects for formation and maintenance of synaptic 
structures in different laminae of the cerebral cortex at different 
developmental stages.

1 8 2 .8

ESTRADIOL INCREASES THE FREQUENCY OF MULTIPLE SYNAPSE 
BOUTONS IN THE HIPPOCAMPAL CA1 REGION OF THE ADULT FEMALE 
RAT. C.S. Woolley*. H.J. Wenzel and P.A, Schwartzkroin Dept. of Neurological 
Surgery, Univ. of Washington, Seattle, WA 98195-6470

Previous studies have demonstrated that the density of dendritic spines and 
axospinous synapses in the hippocampal CA1 s. radiatum are sensitive to fluctuating 
levels of circulating estradiol in the adult female rat. Ovariectomy results in a 
decrease in spine and synapse density which can be either prevented or reversed by 
estradiol treatment. To date, however, presynaptic involvement in this process of 
synapse elimination and formation is unknown. In order to address this issue, we 
have followed 410 complete presynaptic boutons through coded serial electron 
micrographs of CA1 s. radiatum to determine the frequency of multiple synapse 
boutons (MSBs) and number of synaptic contacts per MSB in ovariectomized 
estradiol-treated (OVX+E; n=4) animals vs. ovariectomized oil-treated controls 
(OVX+O; n=4). Qualitative evaluation of this tissue indicated that presynaptic 
boutons in estradiol-treated animals appear anfractuous relative to more discrete 
boutons in control brains. Quantitative analysis revealed that, in OVX+E animals, 
39.8% of presynaptic boutons form multiple synaptic contacts with dendritic spines 
compared to 28.0% in controls (p<0.05); the average number of synapses per MSB 
was 2.7 in OVX+E animals compared to 2.3 in controls (p<0.05). This represents a 
21% increase in the number of synapses formed in estradiol-treated animals (p<0.01) 
which largely accounts for the previously observed estradiol-induced increase in 
axospinous synapse density. These results suggest that new dendritic spines in 
estradiol-treated animals form synapses primarily with existing boutons resulting in 
an increase in the number of contacts per bouton rather than requiring an increase in 
total bouton number. Future analyses will evaluate the volume and absolute number 
of boutons in OVX+E vs. OVX+O animals as well as the nature of spines contacted 
by single and multiple synapse boutons under each of these hormonal conditions.

1 8 2 .1 0

NEURONAL GROWTH CONTRALATERAL TO UNILATERAL 
SENSORIMOTOR CORTEX DAMAGE IN ADULT RATS: A 
QUANTITATIVE ELECTRON MICROSCOPIC EXAMINATION.
T. A. Jones,*J. A. Kleim and W. T. Greenough. Depts. of 
Psychology and Cell and Structural Biology, Beckman Inst., Univ. of 
Illinois, Urbana, IL 61801.

Previous work has shown that unilateral lesions to the forelimb 
representation of the sensorimotor cortex (FLsmc) in adult rats results 
in an increase in the dendritic arborization of Golgi-Cox stained layer 
V pyramidal neurons in the cortex contralateral and homotopic to the 
damage (Jones & Schallert, 1992). The dendritic growth was found 
to be linked, in part, to a lesion-induced over-reliance on the forelimb 
ipsilateral to the lesion (Jones & Schallert, 1994). In the present 
study, quantitative stereological methods and electron microscopy 
were used to assess changes in dendritic morphology and synapse 
number in the cortex contralateral to unilateral electrolytic FLsmc 
lesions. After 18 days, layer V of the cortex opposite the lesions 
showed a significant increase in the volume fraction and surface 
density of dendrites per neuron in comparison to sham operated 
animals. Furthermore, there was a decrease in neuronal density and 
an elevation in the number of synapses per neuron opposite the 
lesions. These results support and extend previous light microscopic 
Golgi impregnation findings of dendritic growth. Work assessing the 
time course of dendritic, synaptic and astrocytic changes is in 
progress. Supported by the Kiwanis Organization Fund for Research 
on Spastic Paralysis and MH35321.

1 8 2 .1 2

EFFECTS OF A NM D A RECEPTOR ANTAGONIST (APV) ON  
PM BSF USE-DEPENDENT REORGANIZATION AND  
VIBRISSAL-GUIDED BEHAVIOR. E. Guic-Robles#. X . Carrasco 
+. E. Rodriguez+ and J.Fiedler+*. # Dept. o f  Psychology, Univ. 
Católica de Chile and + Med. Sch., Univ: de Chile, Santiago, Chile.

We report the effect o f  chronic APV delivery to the 
somatosensory cortex on adult-rats PM BSF reorganization, 
produced by selective vibrissal stimulation, and on vibrissal guided 
behavior. Two month old rats were implanted with Alzet osmotic 
mini-pumps that delivered 100 mM DL AP5 (Experimental Group) 
or 50mM o f  the inactive L stereoisomer (Control Group) to the 
PM BSF at a rate o f  0.5 ul/h for two weeks. During APV 
administration three vibrissae were selectively stimulated in each rat 
and all other whiskers were deprived. Mapping o f  the PMBSF 
revealed that stimulated vibrissae had a significantly larger cortical 
representation than that o f  the deprived vibrissae (t=4.514;df= 16;p 
0.0002) but only in the control group. Preliminary analisis o f  
behavioral data showed that experimental and control rats did not 
differ in their capacity to explore new stimuli or in their performance 
in a gap-crossing test using their vibrissae. These experiments show 
that APV prevented use-dependent cortical reorganization in adult 
rats, being preserved at least some normal sensory functions o f  the 
vibrissae-barrel system. FONDECYT #1930-721
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1 8 2 .1 3

FREE POSTSYNAPTIC DENSITIES: AN ULTRASTRUCTURAL CORRELATE 
OF SYNAPSE TURNOVER IN HIPPOCAMPAL CA1 S. LACUNOSUM- 
MOLECULARE DURING THE ESTROUS CYCLE. N. L Desmond* and W. B 
Levy. Dept. of Neurosurgery, Univ. of Virginia, Charlottesville, VA 22908.

In CA1 s. radiatum, the number of axospinous synapses and the volume 
of astrocytic processes fluctuate in a complementary manner with the 
naturally fluctuating levels of gonadal steroid hormones of the estrous 
cycle (Woolley & McEwen, J. Neurosci. 12(1992)2549; Desmond et al. 
Soc. Neurosci. Abstr. 20(1994)351). Astrocytic volume also fluctuates 
similarly in CA1 s. lacunosum-moleculare (Klintsova, Levy & Desmond, 
submitted). Here we assessed the incidence of free PSDs in s. 
lacunosum-moleculare on the afternoon of each day of the estrous cycle. 
Adult, female Sprague-Dawley rats w ith  at least 2 regular, 4-day estrous 
cycles were perfused with a buffered, mixed aldehyde fixative on one of 
the four days of the estrous cycle. Free PSDs, i.e. PSDs apposed by any 
structure other than a vesicle-containing presynaptic element, were 
counted in a double-blind manner on electron micrographs from s. 
lacunosum-moleculare. From the afternoon of proestrus (when hormone 
levels are high) to the afternoon of estrus (when levels are low), the 
number of free PSDs/100 (μ m)2 decreases 57% from a mean of 5.78/100 
(μ m)2. From the afternoon of estrus to the afternoon of diestrus 1, free 
PSDs increase 83% from a mean value of 2 .47/100 (μ m)2. The incidence 
of free PSDs shows smaller increases over the next tw o  days of the 
estrous cycle. We hypothesize that the changing incidence of free PSDs 
across the naturally occurring estrous cycle may be an ultrastructural 
correlate of both synapse elimination and synaptogenesis in CA1 s. 
lacunosum-moleculare.

Supported by MH50670 to NLD and NS15488 and MH00622 to WBL.

1 8 2 .1 4

CHANGES IN EFFICACY OF EXCITATORY SPINE SYNAPSES LEFT IN 
CHICK FOREBRAIN NEURONS AFTER IMPRINTING
I. Kopvsova1, H. Hofmann2. H. Faber-Zuschratter3. X. Wang*2. K. Braun2. B. 
Bruckner2. S. Koroaod1, S. Tyc-Dumont4
1 State University, D n iepropetrovsk, Ukraine; 2Fed. Institute for Neurobiology, 
Magdeburg, FRG; 3University Otto v. Guericke, Magdeburg, FRG; 4CNRS 
UPR 9041, Marseille, France

Auditory filial imprinting is accompanied by morphological changes of spine 
synapses in the chick's forebrain area MNH (mediorostral neostriatum and 
hyperstriatum ventrale). In order to study the consequences of altered 
morphological parameters on the electrical response properties we performed 
computer simulations with the software CRONA. Morphological data for 
modeling was obtained by ultrastructural analyses and light microscopical 3D 
reconstructions of Golgi-Cox impregnated MNH neurons. The simulations 
were performed for an isolated non-imprinted chick (N) with in average 1.65 
spines/μm and for an imprinted chick (I) with 0,91 spines/μm. The following 
parameters were applied for spines: Mean length of neck (N)561 nm / 
(1)537 nm; mean width of neck (N)112nm / (1)134 nm; mean diameter of 
head (N)283 nm / (1)185 nm, mean PSD length (N)210 nm / (1)312 nm. The 
simulations of synaptic input showed an average 2.5-fold increase in EPSP 
amplitude recorded from the soma of the neuron after imprinting, compared 
to the neuron of the isolated chick. This can be explained by an enhanced 
postsynaptic current (about 2-fold) resulting from an increased number of 
subsynaptic ion channels (PSD length). In addition, an up to 8 % increase of 
input resistance caused by a decreased shunting effect of adjacent synapses 
and decreased neuronal surface (decreased spine frequency) may be crucial. 
Thus, a causal relationship between the observed morphological / 
physiological changes and the imprinting process seems likely.

MOTIVATION AND EMOTION: ANIMAL MODELS

1 8 3 .1

INTERACTION OF GENETIC AND CONTEXTUAL VARIABLES IN 
OPEN-FIELD ACTIVITY IN CXB RECOM BINANT INBRED MICE.
D . F. Peeler.* N eurosurgery  Dept., Univ. of M ississippi Medical Center, 
Jackson, MS 39211.

Previous s tud ies have indicated that com plex in teractions of genetic and 
environm ental factors m ay p roduce significant variations in avoidance and 
exploratory behaviors in inbred mice. In shuttle-box avoidance, ap p a ra tu s  
configuration, as well as tim e of day of testing, sex and strain, com bine to 
produce different responses a n d /o r  different rates of acquisition. 
S im ila rly , tim e  of day  (ToD), sex, strain and the presence or absence of 
objects in an open-field or in a runw ay configuration interact to produce 
com plex v a ria tio n s  in ac tiv ity . The "open-field", as typ ica lly  used in 
behavioral stud ies, is actually  a circum scribed  space (usually .60 o r 1.00 
m eters on a side for rodents) bounded by o p aque  sides which restric t the 
ex tra -f ie ld  a rea  v isually  availab le  to  the  subject. The p resen t s tudy  
exam ined the effects upon open-field activity of exposing mice to a 
v isu a lly  "open” field by u tiliz ing  tran sp a ren t sides and  com paring  this 
d a ta  to  th a t  collected under very sim ilar circumstances, but in an 
a p p a ra tu s  w ith opaque  sides. The effects of strain, sex and ToD w ere also 
assessed. A dult m ale and fem ale recom binant inbred  (RI) mice (CXB) and 
their p rog en ito r (P) s tra ins (N =679) were observed for locomotion in 3 
open-field sectors and for investigation of objects and defecation during  
two, 5-m in sessions separa ted  by 48 hrs. S train and field configuration 
w ere significant effects for all m easures. ToD  w as a significant effect 
except in the center sector of the field and contact w ith  objects. S train and 
ToD  in teracted  significantly  w ith  field configuration  and, in some 
instances w ith  sex. Trivial (to the observer) differences in the  context of 
b ehav io r can be pow erfu l d e te rm in an ts  of the final m anifestation .

1 8 3 .3

SEPTAL NUCLEI MODULATE SEXUAL SATIETY AND REAROUSAL IN 
MALE HAMSTERS. B.N. BUNNELL* Dept. Psychology, U of 
Georgia, Athens, GA 30602-3013.

As part of a program investigating the role of limbic 
forebrain structures in sexual behavior, the effects of 
localized RF lesions of septal nuclei on both the 
satiation and rearousal (Coolidge effect) of copulation 
were studied in male golden hamsters. Males were tested 
with estrous females to a satiety criterion of 15 min 
without an intromission after which the female was removed. 
Five min later, the same female was reintroduced, or a new, 
unmated female was presented. The copulatory test con- 
tinued until the male met a second satiety criterion.
After two tests with both same and new females, males were 
given bilateral lesions of the entire septal area (TOTAL, 
n=6), medial (MSN, n=4) or lateral (LSN, n=4) nuclei.
Shams (n=4) and unoperated (n=4) S s formed the CONTROL 
group. Testing was resumed two weeks later and continued, 
at 7-10 day intervals, for four tests.

Pre- and postoperative mean ejaculation frequencies/ 
test did not differ in CONTROLS: 13.6 vs 13.9, but rose 
significantly in the lesioned groups: TOTAL 14.5 to 18.0; 
MSN 11.9 to 14.6, and LSN 9.5 to 14.2. MSN changes in
volved an enhanced Coolidge effect while LSN animals were 
slower to reach satiety with the first female. Both 
effects were present in the TOTAL group. Results are 
discussed in terms of alterations in response to cues 
controlling sexual satiety.

1 8 3 .2

BEHAVIORAL CHARACTERIZATION OF THE TRANSGENIC RAT 
TGR(mREN2)27. J -P.Voigt*. W W ilson1). M. Bader 2) and H.Fink Institute 
o f  Pharmacology and Toxicology, Medical Faculty (Charité) o f the Humboldt 
University at Berlin, D -10098 Berlin, FRG.  1)Department o f  Physiological 
Science, UCLA, 2322 Life Science, 405 Hilgard Ave., Los Angeles, CA, 
9 0 0 2 4 - 1 5 2 7 ,2)MDC, Berlin-Buch.

The transgenic rat TGR(mREN2)27 was designed to study mechanisms 
involved in the hypertensive process. This rat was shown to have an altered 
brain renin-angiotensin system. The RAS has a number o f  links with other 
neurotransmitters and neuropeptides. Therefore, behavioral differences 
between the TGR and the respective control Sprague-Dawley-rats (SPRD-rats) 
are likely to occur. The present study was aimed to detect basal differences in 
exploratory behavior (open field) and in anxiety related behavior (elevated plus 
maze).

Each animal underwent a test o f  10 min duration meanwhile the behavior 
was recorded and analyzed by a computer driven tracking system When 
placed on the elevated plus maze the TGR(mREN2)27 rats showed a greater 
"anxiogenic" profile than the SPRD-rats, this profile increased further during a 
second exposure to the maze 24 h later. Locomotor activity did not differ 
between either the TGR(mREN2)27 rats or SPRD-rats when placed in an 
open-field arena. This study is the first conducted to describe the behavior o f  
the TGR(mREN2)27 rat.

The different behavioral pattern o f the TGR(mREN2)27 rats compared to 
the control SPRD-rats needs further investigation to reveal the specificity o f  
the underlying neurochemical mechanisms.

1 8 3 .4

BEHAVIORAL SENSITIZATION AND ANTIDEPRESSANT EFFECTS 
PROMOTED BY CHRONIC STRESSFUL CONDITIONS 
Simona Cabib* . Stefano Pualisi-Alleara . Istituto di Psicobiologia e 
Psicofarmacologia (CNR), Rome, Italy; Dipartimento di Psicologia, 
Universita1 1La Sapienza', Rome, Italy

Chronically stressed (food restriction; 13 days + 24hrs free 
feeding) mice o f the DBA/2 inbred stra in  showed reduced  
im m obility in the Porsolt’s test, a w idely used test to screen 
antidepressant activity of drugs. Indeed, a subchronic treatm ent 
with the antidepressant minaprine reduced immobility to the same 
extent as food restriction in DBA/2 mice. By contrast, food 
restriction enhanced immobility in the Porsolt’s test in mice of the 
C57BL/6 stra in . These results ind ica te  th a t dep ress ive -like  
symptoms as well as antidepressant effects can be promoted by the 
in te ractio n  between s tress fu l cond ition s  and a gen etica lly  
susceptibile individuals.
Reduced im mobility in the Porsolt’s test was also observed in 
DBA/2 mice follow ing a beh aviora lly-sensitiz ing trea tm ent with 
amphetamine (10 daily injection of 2.5 mg/kg followed by 7 days 
of drug withdrawal). Moreover, food restricted mice of the DBA/2 
strain showed sensitization to the locomotor stimulating effects of 
systemic amphetamine whilst this effect was not observed in food 
restricted mice of the C57BL/6 strain. Enhanced response to 
amphetamine in DBA/2 mice was due to stress-induced behavioral 
sensitization since it was still evident fo llow ing 10 days of free 
feeding. These results indicate that antidepressant effects of chronic 
stress are related to stress-induced behavioral sensitization.

Society for N euroscience, Volume 21, 1995



SUNDAY PM MOTIVATION AND EMOTION: ANIMAL MODELS 447

1 8 3 .5

ROLE OF STIMULI CHARACTERISTICS IN THE CONDITIONED RESPONSE 
OF BRAIN DOPAMINE SYSTEMS
Stefano Pualisi-Allegra*. Dario Maestripieri. Francesca R. D'Amato 

and Simona C abib . Dip. Psicologia, Universita' "La Sapienza" and 
Istituto di Psicobiologia e Psicofarmacologia (CNR), Roma, Italy 

Both mesolimbic and m esocortical dopamine (DA) systems are 
activated in response to aversive stimuli. However, the environment 
previously associated with shock experiences has been reported to 
prom ote conditioned activation of the mesocortical but not of the 
mesolimbic system. On the other hand, opposite results (conditioned 
response from the mesolimbic but not the mesocortical DA systems) 
have been reported when natura l occurring  aversive s tim uli 
(repeated defeat by conspecifics) were used. To investigate the role 
of cond ition ed and uncond itioned stim uli in de term in ing  this 
discrepancy, we evaluated the responses of male mice previously 
defeated by male or female conspecifics follow ing interaction with 
non aggressive opponents of either sex. Defeated mice showed 
reduced social investigation and cage exploration, increased defence, 
increased 3, 4-dihydroxyphenylacetic acid (DOPAC) levels in the 
fron ta l cortex (FC) and increased 3- m ethoxytyram ine (3-MT) 
levels in the nucleus accum bens septi (NAS) and tuberculus  
olfactorium (TO). The response observed in the FC, NAS and TO were 
more pronounced in mice previously defeated by a female. Finally, 
s ig n ifica n t co rre la tio n s  were found betw een behaviora l and 
neurochemical effects of defeat experiences. These data support the 
hypothesis that the pattern of brain DA responses elicited by stimuli 
previoulsy associated with aversive experiences depends on the 
significance of such experiences as well as of conditioned stimuli.

1 8 3 .7

DISSOCIATIONS BETWEEN THE ANXIOLYTIC EFFECTS OF 
SEPTAL A ND  HIPPOCAMPAL LESIONS. J. Menard* and D. 
Treit. University o f  Alberta, Edmonton, Alberta, CANADA T6G 
2E9.

The septo-hippocampal system has long been implicated in the 
control o f experimental anxiety (e .g ., Gray, 1982). It is not clear, 
however, whether these two areas o f  the limbic system exert unitary 
control over all fear reactions, or whether the two areas play more 
distinct roles in the control o f  specific anxiety reactions. In order 
to clarify this issue, rats were given either septal or hippocampal 
lesions and then tested in two animal models o f  anxiety: i.e ., the 
shock-probe burying test and the elevated plus-maze test. W e found 
that septal lesions produced anxiolytic effects in both tests (i.e ., an 
increase in open-arm activity in the plus-maze and a decrease in 
burying in the shock-probe test). In contrast, hippocampal lesions 
produced neither o f  these anxiolytic effects. Instead, hippocampal 
lesions impaired rats’ passive avoidance o f the electrified shock- 
probe whereas septal lesions did not. These results suggest that the 
septum and hippocampus do not constitute a unitary "system" which 
controls all expressions o f experimental anxiety in the same way. 
Rather, the septum and hippocampus are better represented as two 
anatomical "nodes" that exert parallel and independent control over 
different fear reactions.

1 8 3 .9

DEFENSIVE BEHAVIORS IN THE MOUSE: COMPARISON TO RAT 
PATTERNS. E.B. Yudko*, R. Agnes, S-A Hall, M. McCluskey,
R.J. Blanchard, and D .C . Blanchard, Dept. o f  Psychology, University of 
Hawaii, Honolulu 96822

Studies o f natural defensive behaviors indicate that wild and laboratory 
rats show relatively similar patterns o f  response to a predator, including 
flight; freezing; defensive threat and attack; proxemic avoidance; inhibition 
o f nondefensive behaviors, and, risk assessment. Similar studies now 
describe defensive behaviors o f  Swiss-W ebster mice in a visible burrow 
system (VBS) habitat, and in a M ouse Defense Test Battery (MDTB).

M ice in a familiar VBS show clear patterns o f defense, including 
flight, risk assessment, and proximic avoidance to both a rat and to a cat 
stimulus, but with greater response to the latter. In contrast to rats in the 
VBS they show immediate, rather than delayed, risk assessment. Also in 
contrast to rats, cat-elicited inhibition o f nondefensive behaviors such as 
eating, drinking, and aggression were minimal in the mouse. In the MDTB 
mice show freezing, flight, and defensive threat and attack in response to 
approach and contact by the human experimenter, a cat, or a rat, with the 
magnitude o f responsiveness also dependent on the animation and 
movement o f the predator. Thus the defense profiles o f  Swiss-Webster 
mice to natural predators while generally similar to those o f  rats, are 
sufficiently different that the differences need to be considered in analysis 
o f the underlying physiological systems. Supported by a grant from the 
Howard Hughes Med. Inst. through the Undergrad. Biol. Sci. Educ. Prog, 
and NIH RR03061.

1 8 3 .6

AREAS OF THE POSTERIOR SEPTUM ANTERIOR TO THE 
TRIANGULAR NUCLEUS M EDIATE ANXIOLYSIS IN THE 
ELEVATED PLUS-M AZE A N D  SHOCK-PROBE BURYING 
TESTS. D. Treit* and J. Menard. University o f  Alberta, Edmonton, 
Alberta, CANADA T6G 2E9.

Previous studies in our laboratory (Treit & Pesold, 1990; Pesold 
& Treit, 1992) showed that posterior (but not anterior) septal lesions 
produced anxiolytic effects in the elevated plus-maze and the shock- 
probe burying tests ( i .e . , posterior septal lesions increased open-arm 
activity in the plus-maze test and decreased burying behavior in the 
shock-probe burying test). It is unclear, however, whether these 
anxiolytic effects would also occur after lesions to areas caudal to 
the fornix, such as the triangular septal nucleus. Accordingly, rats 
were anaesthetized and bilateral electrolytic lesions were produced 
by passing anodal current through an electrode aimed at the 
triangular nucleus. Septal damage restricted to the triangular 
nucleus was without effect in the plus-maze and shock-probe tests. 
In contrast, triangular nucleus lesions which included even minimal 
damage to septal areas rostral to the fornix produced clear anxiolysis 
in both tests. Taken together with earlier results (Treit & Pesold, 
1990), the present results suggest that an area o f the septum 
bounded rostrally by the genu o f  the corpus callosum and caudally 
by the fornix mediates fear reactions in the rats.

1 8 3 .8

A LABORATORY MODEL OF PREDATION IN THE RAT: A BEHAVIOR 
SYSTEMS ANALYSIS M. Vigorito* and D M. Tozzi. Department of 
Psychology, Seton Hall University, South Orange, New Jersey, 07079 

The predatory behavior of animals is characterized by a sequence of 
responses that begins with the chasing of prey and ends with the 
ingestion of the prey. However, this behavioral sequence can be viewed 
as comprising two separable sets of behaviors within the feeding system, 
appetitive (APP) behavior (e g,, chasing and capturing) and 
consummatory (CON) behavior (e g , chewing and swallowing) Natural 
prey support both APP and CON behaviors thereby guaranteeing that 
these sets of behaviors are linked to produce the familiar predatory 
behavior sequence In the laboratory. APP and CON behaviors can be 
artificially separated and linked through associative learning. When 
physical contact with a moving ball bearing (supportive of APP behavior) 
is reliably followed by food (supportive of CON behavior) rats begin to 
display complex predatory behavior toward the ball bearings (Timberlake. 
JEAB, 60,105-128,1993). In the present study we examined rats' 
responses toward cool and heated ball bearings that predict food reward 
The heated bail bearings were included to support the defensive 
behavior system along with the feeding system Although individual 
differences were observed, rats generally captured the cool and heated 
bearings and displayed defensive behaviors toward the heated beanngs 
(e g., defensive boxing). Chlordiazepoxide did not affect the rats' 
responses toward the heated bearings. When the heated beanngs did 
not predict food the rats avoided them but continued to vigorously 
capture the cool bearings which predicted food The laboratory 
simulation of predation provides a useful model for studying the 
pharmacology and neural control of behavior systems and their 
integration.

1 8 3 .1 0

THE VENTRAL TEGMENTAL AREA AND FEAR 
MOTIVATION: EFFECTS OF ELECTRICAL STIMULATION 
AND EXCITOTOXIC LESIONS. T.B. Borowski and L. 
K o kk in id is * . D ept. of Psychology, Univ. of 
Saskatchewan, Saskatoon, Sk. Ca. S7N 5A5 

The central amygdala is an essential component o f the 
neural circuitry that mediates aversive emotional 
behavior. Efferent fibres from this limbic region 
innervate the midbrain tegmentum, and the ability of 
electrical stimulation of the ventral tegmental area 
(VTA), periaqueductal gray (PAG), red nucleus, and the 
substantia nigra to enhance the acoustic startle reflex 
was assessed in Experiment 1. Of these nuclei only low 
intensity activation of the VTA and PAG increased 
startle amplitudes. In a second experiment the effects 
of neuronal damage in the VTA on the expression of a 
classically conditioned emotional response were 
determined. Fear-potentiated startle was evaluated prior 
to and after the infusion of N-methyl-D-aspartic acid into 
the VTA. The axon-sparing lesions attenuated the 
acquired fear response w ithou t affecting baseline 
acoustic startle. These results suggest that the VTA 
regulates levels o f emotional arousal w ithin the 
amygdala-PAG fear system.
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SUM M ATION BETW EEN R EW AR D IN G  EFFECTS OF 
GUSTATORY A N D  LATERAL HYPO THALAM IC STIM ULA
TION IN THE RAT K. Conover* and P. Shizgah CSBN, 
Concordia Univ., Montreal, Quebec, Canada H 3G  1M8.

Summation between the rewarding effects o f  tastants and lateral 
hypothalamic (LH) stimulation was assessed by means o f  matching 
on concurrent VI schedules. The strength o f  one reward, a train o f  
LH stimulation, w as varied across trials, whereas the second 
reward, either an intraoral infusion o f  a tastant or the combination 
o f  the tastant and a stimulation train, w as held constant. In four o f  
the five rats, a greater proportion o f  tim e w as allocated to the 
invariant reward when it included a stimulation train. Similarly, the 
stimulation strength required to maintain equipreference was 
greater when the LH stimulation competed against the compound  
reward than when it competed against the tastant alone. The 
magnitudes o f  both summation-induced shifts are consistent with 
the predictions o f  a model in w hich the effects o f  gustatory and 
electrical stimulation undergo independent spatiotemporal 
integration before additive combination. However, it is possible that 
the gustatory component o f  the compound reward lagged behind the 
electrical component because o f  delays inherent in the delivery and 
evaluation o f  the tastant. If so, the results do not rule out the 
possibility that the signals triggered by both the tastant and the LH 
stimulation are processed by a single integrator. One could 
distinguish between the tw o m odels in future work by measuring 
summation w hile varying the onset times o f  the two rewards.

1 8 3 .1 3

BEHAVIORAL TESTS FOR SOCIAL AND NON-SOCIAL CONSEQUENCES OF 
CONDITIONED DEFEAT IN MICE. M.A. Hebert*. A.R. Evenson. H. Saxena. G. 
Saviolakis and J L. Meverhoff. Div. Medical Neurosciences, Walter Reed Army Institute 
of Research, Washington, DC 20307-5100.
The experience of defeat in agonistic situations is a potent, biologically-relevant stressor 

that has well-documented effects upon social behavior in a number of species. We have 
observed that repeatedly defeated mice fail to display territorial aggression but show 
marked flight and defensive reactions toward non-aggressive intruders (NAIs) used as 
"target" stimuli in response generalization tests administered on days subsequent to defeat. 
However, variability in the behavior of the NAIs can have significant interactive effects 
upon the subject’s behavior, thereby greatly affecting experimental outcomes. Insertion of 
a perforated barrier between the subject and the NAI during generalization tests minimizes 
this problem. In the first experiment, DBA/2 mice were exposed to either 0, 2, or 4, two 
min defeat trials using isolated C57BL/6 mice as aggressors. On later days, an NAI was 
placed in the subject's cage across from the barrier The total time the subject spent away 
from the barrier (i.e., in the far half of its side) was found to be a simple measure with very 
low variability that reliably distinguished defeated and non-defeated mice. For up to 4 
days, the group that received 2 defeat trials showed the most avoidance, nearly 90% on 
each day, compared to approximately 10% for the non-defeated group. Surprisingly, the 
group given 4 trials displayed an intermediate amount of avoidance, spending about 50% 
time away. In other experiments defeated mice were tested for behavioral signs of learned 
helplessness. DBA/2 mice were defeated as before, then given a swim test either 
immediately or 24 hours following defeat. Defeated animals ceased swimming (kicking) 
much sooner than non-defeated controls when the test occurred immediately following the 
defeat encounters. Pre-treatment with naloxone, which reverses defeat-induced analgesia, 
did not affect the defeat-induced suppression of swimming. Both the barrier and swim 
tests appear promising for the screening of pharmacological agents that may be of value 
in reversing either specific or global reactions of defeated animals
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PREFERENCE-AVERSION RESPONSES TO SACCHARIN, QUININE AND 
ALCOHOL IN ROMAN HIGH AND LOW AVOIDANCE RATS
R. Razafimanalina. P. Mormède  and L. Veliey* Lab Gé né tique du Stress, 
INSERM CJF 9405, Univ. Bordeaux II Bordeaux, France

Rats of Roman high (RHA) and Roman low avoidance (RLA) sublines 
selectively bred to diverge in active avoidance behavior are known to differ 
in alcohol consumption. But in disagreement with the well known anxiolytic 
action of alcohol, the ethanol preferring rats are the supposedly less anxious 
RHA animals, while the more anxious RLA rats show lesser intake of alcohol. 
In order to test the possibility that this reaction to alcohol could be due to a 
modification of the gustatory perception of ethanol we compared the taste 
preference and aversion responses of RHA and RLA rats in four tasks: 1) 
saccharin-water choice with increasing concentrations of the sweetener; 2) 
gustatory negative contrast test; 3) quinine-water choice with increasing 
concentrations of quinine and 4) 10% v/v alcohol-water choice.

Our results confirm the finding that RHA rats drink more alcohol than RLA 
rats. In the saccharin-water choice task RHA rats showed significantly higher 
preference than RLA rats for the most palatable concentrations, while their 
aversion to the highest concentration of saccharin (50mM) was significantly 
inferior to the aversion showed by RLA rats. The negative gustatory contrast 
test did not clearly differentiate the two sublines, though RHA rats only 
showed significant negative contrast. Lastly, while RLA rats showed only 
aversion to quinine when the concentration increased, RHA rats did not show 
any aversion and preferred quinine to water for a middle range of 
concentrations.

To explain these results two main hypotheses are discussed: selective 
breeding could have 1) improved brain hedonic processes implicated in the 
evaluation of palatability, 2) decreased aversiveness to quinine adulterated 
solutions, as well as to saccharin and alcohol solutions which include a 
quinine-like taste component.
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BILATERAL SUMMATION BETWEEN REWARDING  
EFFECTS OF LATERAL HYPOTHALAMIC STIMULATION 
IN THE RAT. P. Shizgal*, P. Marinelli. and K. Conover CSBN, 
Concordia Univ., Montreal, Quebec, Canada H3G 1M8.

How good is summation between the rewarding effects 
produced by stimulating different brain sites? A statistic derived 
from Yeomans’ formula for estimating recovery from 
refractoriness at a single site has been used to obtain such 
measurements. High values have been interpreted as evidence 
that the two electrodes stimulate the same system and low values 
as evidence that they stimulate largely different populations o f  
reward-related neurons. Application o f  this paired-pulse 
effectiveness formula is based on the assumption that the volleys 
o f stimulation-induced impulses in the reward-related neurons 
fired by the two electrodes converge on a common 
spatiotemporal integrator. Alternatively, the effects o f  
stimulating each site may be integrated separately before 
combination. We set out to determine whether this was the case 
for bilateral summation between the rewarding effects o f lateral 
hypothalamic stimulation. Summation was measured by means 
o f matching on concurrent VI schedules. The results fall 
between the predictions o f  single-integrator and independent- 
integrator models. Thus, some combination o f these schemes 
may be employed.
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THE EFFECT OF CAUDATE AND NUCLEUS ACCUMBENS LESIONS ON THE 
DYNAMIC ORGANIZATION OF PROGRESSIVE RATIO RESPONDING. P. 
Pierre*1 P. Skjoldager2. & G. Mittleman2. 1Dept. of Psychiatry, Univ.of Chicago, 
Chicago, IL 606037 & 2Dept. of Psych., Univ. of Memphis, Memphis, TN 38152 

Rats with ibotenic acid lesions of either the nucleus accumbens, caudate or non- 
lesioned controls were compared on a progressive ratio 10 lever press task. The 
number of responses emitted in the last reinforced ratio was termed the rats 
“breakpoint” and is thought to be an indicator of an animals motivational state. 
Behavioral analyses included the recording breakpoint, as well as the temporal 
measures of responding: post-reinforcement pause time, inter-response time, lever 
press duration, latency to retrieve the food pellet and time-out response rate. 
Caudate-lesioned rats made more entries into the food well than accumbens-lesioned 
rats during acquisition which resulted in increased reinforcement during early 
training. The recurrent checking of the food well by caudate-lesioned rats resulted in 
lower breakpoints and longer food retrieval latencies than accumbens-lesioned or 
controls rats, and was due to perseverative lever press responding. The additional 
manipulations of partial satiation and increased lever height further distinguished the 
lesioned rats from controls. Partial satiation resulted in decreased breakpoints and 
time-out response rates as well as increased food retrieval latencies in the accumbens- 
lesioned rats. Caudate-lesioned rats differed from controls only for the measure lever 
press duration which lengthened as the amount prefed increased. Raising the lever 
height from the cage floor decreased breakpoint in all rats. Lesion effects were found 
for the measures lever press duration and time-out response rate which were 
increased in caudate-lesioned rats from controls. The data suggest that accumbens 
and caudate lesions produce distinct deficits in progressive-ratio responding that link 
the nucleus accumbens to motivational aspects of behavior, while distinguishing the 
caudate as not simply involved in the expression of the motor aspects of behavior. 
Supported by NI DA grant DA07517
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ANXIETY-LIKE RESPONSE IN THE PLUS-MAZE IS PREDICTED BY 
COMBINED INDIVIDUAL DIFFERENCES IN SUGAR FEEDING AND 
NOVEL EXPLORATION C. De Cabo. N.J. DeSousa. M.E. Traubici and 
F.J. Vaccarino1,2*. Depts. of Psychology and Psychiatry, Univ. of 
Toronto, Toronto, Canada, M 5S 1A1, and 2Clarke Inst. Psychiatry, Toronto, 
Canada, M 5T 1R8.

Recent studies have implicated CCKB receptor activation in the 
expression of anxiety. Further, research suggests that activation of CCKB 
receptors is negatively correlated with individual differences in both sugar 
feeding and novelty-induced exploration. This raises the intriguing 
possibility that individual differences in these behavioural measures may be 
predictive of anxiety-like responses

48 male Wistar rats were placed in a novel environment for a period of 
3hrs and their locomotor activity recorded. Based on a median split of this 
data, animals were assigned to either low (LR) or high (HR) responder 
groups. Next, animals were exposed to powdered chow and sugar in their 
home cage for a period of 1hr daily for 5 days and their intake measured. 
Animals were designated either low (LF) or high (HF) feeders according to 
a median split of their sugar intake in response to a saline injection on day 
6 . Finally, animals were placed in a plus-maze for a period of 10 min. 
Duration in the open and closed arms was recorded.

Results showed that the percentage of time spent in the open arms (% 
OAD) was lower for both LR and LF than for HR and HF, respectively 
However, this difference reached statistical significance for only the sugar 
feeding groups (p < 0.05). Animals were further subdivided into combined 
LR/LF (L), mixed (M), and combined HR/HF (H) groups. Subsequent 
analysis achieved increased predictive resolution, and showed significant 
differences (p < 0.001), such that % OAD was lowest in L, followed by M, 
and H groupings. Supported by an MRC grant to FJV
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STRAIN DIFFERENCES IN NEOPHO BIA, AM PHETAM INE-CTA  
AND NO VELTY-IND UCED LO CO M O TION. W.J . Bowers. D. Kunin.
E. Attias & Z. Amit*. Dept Psychology, Concordia University, Montreal, 
CANADA H3G 1M8.

W e have previously reported that acute exposure to stressors decreases 
novelty-induced locomotion, increases taste neophobia, and prolongs both the 
duration o f am phetamine-CTA and the aversive response to reward reduction 
Since responses to appetitive stimuli were not affected in these paradigms, 
these results suggest that stressors may differentially influence reactivity to 
appetitive and aversive stimuli If so, then strains that are more reactive 
should also exhibit differences in response to these stimuli consistent with 
the effects o f stressors. To test this we compared acquisition and extinction 
of am phetamine CTA and novelty-induced locomotion in two rat strains that 
differ in their reactivity to stimuli (Long-Evans and Sprague-Dawley strains) 
Rats were placed on restricted water schedule (20 min/day) for 10 days. On 
the next day all rats were given saccharin for 20 min instead o f water and 
injected with saline or amphetamine (2 m g/kg) immediately after saccharin 
consumption A second saccharin-amphetamine pairing was conducted 48 hrs 
later Twelve extinction trials (saccharin only) were conducted on alternate 
days W ater was always presented on days between saccharin days Novelty - 
mduced locom otion was tested 14 days after the last extinction test Sprague- 
Dawley rats exhibited a larger taste neophobia, greater resistance to 
extinction o f the amphetamine CTA and less novelty induced locomotion 
than Long-Evans rats. These results are consistent with stressor-induced 
increases in reactivity to aversive stimuli since the more reactive strain 
exhibited the same behavioral alterations as stressed animals.

1 8 3 .1 9

EFFECTS OF PPTG LESIONS ON RESPONDING FOR SUCROSE REWARD ON 
A PROGRESSIVE RATIO SCHEDULE OF REINFORCEMENT. M.C. Olmstead*, 
D.R. Eramian, D.A. Purdy, and K.B.J. Franklin. Dept. of Psychology, McGill 
University, Montreal, Canada, H3A 1B1

The pedunculopontine tegmental nucleus (PPTg) has afferent and efferent 
connections with neural sites associated with reward. PPTg lesions block the 
development of a conditioned place preference (CPP) to opiates or stimulants when 
animals are drug-naive, and to food when they are sated. In contrast, PPTg lesions do 
not affect a CPP to drugs or food when animals are drug experienced or food 
deprived respectively (Bechara, et al, Behav.Neurosci. 106: 798-807, 1992). These 
findings suggest that deficits induced by PPTg lesions may depend on the motivational 
state of the animal. The present study examined the effect of PPTg lesions on the 
ability of changes in levels of motivation to alter behaviour. Male Long-Evans rats 
with PPTg lesions induced by NMDA (0.5 ul of 0.1 M solution injected bilaterally 
over 10 minutes) or vehicle (sham) were trained to lever press for sucrose reward (0.1 
ml of 16% sucrose) on a progressive ratio schedule of reinforcement. Break points, 
or the number of responses animals would emit for a single presentation of the 
stimulus, were assessed across sucrose concentrations (8%, 16%, 32%) or under 
different levels of deprivation (85%, 90%, or 95-100% free feeding weight). PPTg 
lesioned animals had the same break point at each sucrose concentration, whereas 
break points of sham lesioned animals increased with increasing sucrose 
concentrations. Break points of both sham and lesioned animals increased with 
increasing levels of deprivation, but the effect of deprivation was more variable in 
lesioned animals. PPTg lesions did not affect magazine training or impede acquisition 
of lever pressing for sucrose reward. These results indicate that PPTg lesions interfere 
with the modulation of behaviour in response to changes in reward magnitude, and 
provide further evidence that the PPTg is involved in incentive motivational processes.
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TRAUMATIC FLASHBACK? CONTEXTUAL CUES REINSTATE 
THE STRESS-INDUCED ENHANCEMENT OF NONASSOCIATIVE 
AND ASSOCIATIVE LEARNING IN RATS. R.J. Servatius* and T.J. 
Shors. Department of Psychology, Princeton University, Princeton NJ.

Exposure to inescapable shock persistently enhances both sensory 
reactivity and acquisition of the classically conditioned eyeblink response 
in freely moving rats. Previously, stressed rats extensively exposed to 
unpaired stimuli and not exhibiting sensitization, displayed facilitated 
acquisition of the conditioned response 48 h after stressor cessation. The 
present study sought to examine the durability of the associative 
enhancement consequent to stressor exposure in naive rats and to assess 
the ability of contextual cues to prolong these behaviors. Rats were 
exposed to 30, 1-mA tailshocks delivered on a FI 1-min schedule. Rats 
were either stressed in a different context [DIFF, our standard protocol] 
or stressed within the conditioning chambers [SAME], then tested 48 or 
96 h after stressor cessation. Separate groups of stressed rats [SAME 
and DIFF] were exposed to explicitly unpaired stimuli 72 h after stressor 
cessation. For DIFF rats, sensory reactivity was normal at 48 and 96 h 
post-stressor. Facilitated acquisition of the eyeblink response, evident at 
48 h, had disappeared by 96 h poststressor. For SAME rats, enhanced 
sensory reactivity and facilitated acquisition of the conditioned response 
were apparent both at 48 h and 96 h after stressor cessation. Thus, 
contextual cues can serve to reinstate the persistent stress-induced 
facilitation of nonassociative and associative learning. These data may 
provide insight into the etiology and durability of symptoms 
characteristic of stress-related mental illnesses, such as PTSD. Supported 
by Whitehall and McDonnel-Pew Foundations and ONR to TJS.
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FOREBRAIN STRUCTURES STILL CONNECTED TO VTA 
REWARD SITES AFTER LARGE LESIONS IN ROSTRAL MFB. 
Janine M. Simmons.* R. F. Ackermann. & C. R. Gallistel. Brain 
Research Institute, UCLA, Los A ngeles, CA 90095

In the search to determine which fibers within the medial forebrain 
bundle (MFB) mediate the rewarding effects o f brain stimulation, a 
paradox has arisen. Multiple lines o f evidence suggest that either the cell 
bodies or the terminals o f these reward fibers lie within one o f several 
forebrain nuclei-including the septum, the nucleus o f the diagonal band 
and the nucleus accumbens. However, lesions which should disconnect 
the forebrain from the site o f stimulation do not decrease the rewarding 
efficacy o f brain stimulation. To reconcile these disparate findings, we 
have examined the effects o f MFB lesions anterior to a stimulating 
electrode on the rewarding efficacy o f  the stimulation, on the anatomical 
connectivity o f  forebrain neurons to the site o f  stimulation, and on the 
stimulation-induced metabolic activity in regions rostral to the lesion. 
Rewarding stimulation was delivered to Sprague-Dawley rats through an 
electrode in the ventral tegmental area (VTA); electrolytic lesions were 
made through an electrode in the ipsilateral lateral hypothalamus (LH).
A fluorescent retrograde tracer, True Blue, was implanted at the VTA 
electrode in order to determine whether neuronal somata within the 
forebrain were anatomically disconnected by the anterior lesion. In 
another set o f rats, [ 14C] deoxyglucose autoradiography was used as a 
measure o f activity in neuronal terminals. In only one-third o f the 
animals did anterior lesions reduce the rewarding efficacy o f VTA  
stimulation. Despite massive damage to the MFB from the LH lesion, 
significant metabolic effects o f VTA stimulation were still observed in 
the nucleus accumbens, diagonal band and medial preoptic area.

B IO L O G IC A L  RH YT H M S A N D  SL E E P: N E U R O T R A N S M IT T E R S  A N D  HORM O NES II
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CELLULA R  A NA LY SIS O F G A D 65 G EN E EX PR ESSIO N  
T H R O U G H O U T TH E LIG H T-D A R K  C Y C LE IN THE  
D O R SO M ED IA L A N D  V EN TR O LA TER A L SUPRA - 
C H IASM ATIC N UC LEU S (SCN ). K. L. Huhman* & H. E.
Albers. Lab. of Neuroendocrinology & Behavior, Depts. of Biol. & 
Psych., Georgia State Univ., Atlanta, GA 30303.

Gamma-aminobutyric acid (GABA) is found in all, or nearly all, 
neurons of the suprachiasmatic nucleus (SCN). We measured the relative 
levels of mRNA encoding the two isoforms of the synthetic enzyme for 
GABA, glutamic acid decarboxylase (GAD) using in situ hybridization 
histochemistry in 24 adult male, Sprague-Dawley rats killed at 4 hr 
intervals around the clock. The purpose of the present experiment was to 
determine if there is a daily rhythm in GAD65 and GAD67 mRNA levels 
in the SCN. Computerized image analysis of signal density on film 
revealed that GAD65 mRNA was high during the day and decreased 
significantly (p< 0.01) during the night. GAD67 levels were lower and 
did not decrease significantly in the dark. Next, we assessed whether the 
differences on film were reflected by alterations in the quantity of 35S- 
labeled probe within individual cells in the dorsomedial and ventrolateral 
SCN. Grain counts following emulsion autoradiography showed that 
GAD65 mRNA was highest in the dorsomedial SCN during the subjective 
day (p< 0.01). These data suggest that GAD mRNA varies in a rhythmic 
manner in the SCN and that it appears to be differentially regulated 
within SCN subdivisions in the light and the dark.

Supported by NS30022, NS34586 & MH10178

GABA R ELEASE AND M U SCIM O L M IC RO IN JEC TIO NS IN 
THE PO STER IO R  H Y PO TH A LAM US IN RELATIO N  TO  
SLEEP. D. N itz1, F. López-Rodriguez*2, J. S iegel3 UCLA Brain 
Research Institute1,2 and Dept. o f  Psychiatry3, Neurobiology 
Research-Sepulveda VAMC3

Lesions o f  the posterior hypothalamus (PH) are associated with 
hypersomnolence. Most units in this area are active during waking 
and REM sleep as compared with slow-wave sleep (SW S). We 
employed microdialysis and HPLC to measure the release o f  GABA  
as a function o f  sleep/wake state in the cat. In addition, 
microinjection studies were carried out to determine the 
responsiveness o f  dialysis collection sites to the administration o f  the 
GABA-A agonist muscimol. GABA release in the PH was found to 
increase during SWS by 41% and 35% over wake and REM sleep 
values (p<.05). N o change in the release o f  glutamate or glycine 
was found as a function o f  arousal state. Microinjection o f  muscimol 
(0.5 micrograms/0.5 microliters ACSF) produced a 17% increase in 
SWS time over a 6 hour period (p<.01). The findings suggest that 
GABA mediates the inhibition o f  wake/REM sleep active neurons 
in the PH during SWS. Increases in GABA release during SWS 
could be mediated by GABAergic neurons intrinsic to the PH or by 
SWS-active neurons o f  the basal forebrain and/or preoptic 
hypothalamus.
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EFFECTS OF IONTOPHORETiC INJECTIONS OF STRYCHNINE AND 
BICUCULLINE ON THE ACTIVITY OF THE NORADRENERGIC NEURONS 
OF THE RAT LOCUS COERULEUS DURING THE SLEEP-WAKING CYCLE. 
L. Darracq. D. Gervasoni. C. Peyron. G. Chouvet♦  M. Jouvet. P. Fort* and 
P-H. l.iippi. INSERM U52, ♦ INSERM U 171, 69373 Lyon, France.

It has been demonstrated that the noradrenergic (NA) neurons of the locus 
cocruleus (LC) tonically discharge during wakefulness (W), decrease their 
activity during slow wave sleep (SWS) and completely cease firing during 
paradoxical sleep (PS). A large number of studies suggest that this cessation of 
activity might be due to LC inhibition during PS by glycinergic or GABA-ergic 
afferents. In order to test this hypothesis, we developed in rat a method 
allowing extracellular recordings of the LC neurons and iontophoretic 
injections of substances across the sleep-waking cycle. A device specially 
designed for this kind of studies is fixed to the skull with screws and dental 
cement. It allows to obtain a painless immobilization of the head. After 
habituation, the restraint was well accepted and rats presented normal 
quantities of the different vigilance states. The unitary recordings coupled with 
iontophoretic applications (strychnine or bicuculline) were done according to 
classical methods. In agreement with previous studies, LC neurons had a 
spontaneous activity during W (2,07Hz) superior than during SWS (0,64Hz) 
and PS (0,03Hz). The local application of strychnine induced strong excitation 
whatever the sleep-waking stage. This increase was not associated with 
changes in the vigilance state. In contrast, the local application of bicuculline 
induced only a small increase of the discharge during all sleep-waking stages.

Our results suggest that the LC neurons are tonically inhibited by glycinergic 
and to a minor extent GABA-ergic inputs not only during PS but also SWS and 
W. Such inhibition might be either of the same value during W, SWS and PS 
or stronger during sleep stages and therefore responsible for the cessation of 
activity of the NA neurons during sleep. Another possibility is that other 
inhibitory neurotransmitters specifically inhibit NA cells during sleep.
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EFFECTS OF GAMMA-HYDROXYBUTYRATE ON PARADOXICAL SLEEP 
IN THE RAT ARE RELATED TO DOSE AND TIME OF ADMINISTRATION.
R. Godbout*V. Girodias . H. H. Webster. Dé p. de psychiatrie, University 
de Montréal, Montréal (Qué bec) Canada H4J 1C5 

Gamma-hydroxybutyrate (GHB) is an endogenous fatty acid known for 
its sedative-hypnotic effects. Since some physiological effects of GHB are 
dose-related (Brain Res. 1995,673:157-160), we recorded sleep in rats 
after a low and a high dose of GHB administered at two different times of 
the main sleep period. Rats were housed individually in cages lighted 
from 6:00 to 18:00. Sleep was recorded by means of EEG, EOG and EEG. 
Injections of GHB (1 cc/kg; 10 or 160 m g/kg ip) were made at 8:00 or 
14:00 and results were compared to saline (1 cc/kg) using paired f-tests. 
Only latencies to sleep and sleep stages in 6 rats are reported here. 
Significant effects of GHB were restricted to morning administrations:
GHB 10 mg/kg decreased latency to paradoxical sleep (PS: 53.5±10.2 vs 
24.0 ±4.8 min, p < 0.02) and GHB 160 m g/kg increased the latency to 
sleep onset and light slow wave sleep (SWS: 34.0 ±9.0 vs 57.9±29.2 min, 
p<0.05). Regardless of dosages, afternoon administrations showed a 
trend toward increased latency to deep SWS but no effects on PS latency 
whatsoever. These are the first data showing a facilitatory effect of GHB 
on PS latency in the rat. Based on previous results (see ref. above) 
effects of GHB at low doses are thought to be mediated by a selective 
activation of high affinity GHB receptors whereas effects of higher doses 
involve a more complex mechanism. We suspect that GHB is bound to 
exert its effects on sleep preferably at the beginning of the non-active 
(light) phase of the light-dark cycle of the rat.
Supported by CRSNG and FRSQ
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H Y P O T H A L A M IC  IN F U S IO N S  O F N M D A  D IS R U P T  
E N T R A IN M E N T  IN R A T S . D .N . B r y a n t*  and  M -T . 
R o m e r o . P sych o logy  D epartm ent, State U n iversity  o f  New  
York at Bingham ton, Bingham ton, NY. 13902

NM DA receptors have been shown to be involved  in the 
light entrainm ent o f  circadian rhythms (C o lw e ll, et al., Brain 
Res. 554:105, 1991). This e ffect appears to be m ediated by the 
m am m alian pacem aker, the h yp oth a lam ic  su p rach iasm atic  
nucleus (SC N ).

In order to determine excitotoxic effects o f  NM D A upon 
entrainm ent, adult m ale Sprague D aw ley  rats received  
bilateral injections o f NM D A stereotaxically  aim ed at the 
ventral hypothalam ic area. The dose used (20u g in lu l/s ite )  
is known to produce exten sive neuronal dam age. Upon  
recovery from anesth esia, anim als were placed in cages  
where locom otor activ ity , feed in g , and drinking behaviors  
were m onitored continuously under a 11:13 LD  schedule. 
Forty-eight hours before sacrifice  6 o f  the 7 anim als received  
an intraocular injection o f  cholera toxin  B subunit in order 
to exam ine the distribution o f  retinal fibers in the ventral 
hypothalam us. Prelim inary data indicate a clear disruption  
o f  locom otor activ ity , feed in g  and drinking entrainm ent to 
the LD schedule during the exam ination period o f  14 days. 
Im m unocytochem ical analysis o f  the brains revealed VIP, VP 
and NPY distributions characteristic o f  the normal SCN.
Retinal input to the SCN also appeared unaffected by the 
injections. Further studies w ill determ ine the duration and 
locus o f  action o f  N M D A -m ediated disruption o f  entrainment.
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EXPRESSION OF mRNAs ENCODING TWO FORMS OF 
GLUTAMIC ACID DECARBOXYLASE (GAD) IN THE HUMAN 
SUPRACHIASMATIC NUCLEUS (SCN). B. Gao* and R.Y. M oore. D ep t. 
of P sy ch ia try  an d  C en te r  for N eu ro sc ien ce , U niv. of P ittsb u rg h , 
P ittsburgh, PA 15261.

In the hum an  and o ther m am m als, the functional organ ization  of the 
SCN in the h ypo thalam us is characterized  by  several distinct subgroups 
of n europep tide-con tain ing  neurons. In the rat, m ost SCN n eurons are 
GABA -producing (Moore and Speh, 1993). In the present s tudy  we sought 
to d e te rm in e  w hether SCN n e u ro n s in the h u m an  are  a lso GABA- 
p ro d u c in g , u s in g  in s itu  h y b r id iz a tio n  h is to c h e m is try  to localize 
tran scrip ts  encoding  tw o isoform s of the G A B A -synthesizing enzym e 
GAD65 and GAD67. Postm ortem  h u m an  h y p o th alam u s sam ples were 
co llected  from  in d iv id u a ls  w ith o u t an y  n eu ro lo g ic  o r psy ch ia tric  
d iso rd ers  (n=2) and from  p a tien ts (n=3) w ith a lzh e im er's  disease (AD). 
The AD SCN has not been found significantly  d iffe ren t from  that in 
con tro l (M oore et al, 1994). Serial sectio n s  th ro u g h  the an te rio r  
h y p o th a la m u s  w ere h y b r id iz ed  w ith  35 S -lab e led  th re e  sy n th e tic  
oligonucleotides (42-48 m ers) com plem entary  to d ifferent regions of each 
GAD m RNA sequence. Both GAD65 m RNA an d  GAD67 m RNA are 
ab u n d an tly  expressed  in the hu m an  SCN and  ad jacen t hypothalam ic 
areas. As in m any brain  areas (Esclapez et al, 1994), the level of GAD65 
m RN A  in the SCN is lo w er th an  th at o f GA D67 m RN A . The 
hybrid ization  signal is present over the entire SCN. The pattern  of GAD 
m essag e  ex p ress io n  c o rre sp o n d s  c lose ly  to th a t for n e u ro te n s in  
im m unoreac tiv ity  ind icating  that in the hu m an , as in o th er anim als, 
m ost SCN neurons are GABA-producing. Supported  by the AFOSR.
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SYNERGISTIC MODULATION OF CALCIUM BY GLUTAMATE AND 
SEROTONIN IN SUPRACHIASMATIC NUCLEUS GLIA H aak*, 
H.C. H eller, a n d  A.N. v an  d e n  P o l .1 D ep t. B iol. S c i., S ta n fo rd  Univ., 
S tanford, CA 94305  an d  1Sect. N eurosurgery , Yale Univ. Sch. Med., New 
Haven. CT 06520.

Several lin e s  o f ev id en ce  su g g e s t  th a t  SCN g lia  m a y  b e im portant  
for th e  norm al fu n ctio n in g  o f th e  c irca d ia n  clock . T he p resu m ab ly  
g lu ta m a terg ic  re tin o h y p o th a la m ic  tract an d  th e  sero to n erg ic  (5HT) 
projection  from th e rap h e form  tw o m ajor afferen t p a th w a y s to the  
SCN, an d  both  tra n sm itters  are cap ab le  o f p h a se  sh ift in g  circadian  
rh y th m s. We u se d  fu ra -2  ra tio m etr ic  d ig ita l im a g in g  o f g lia l c e lls  
(N > 1 0 0 0 ) c u ltu r e d  from  SC N p u n c h e s  o f  P I  r a ts  ( 8 -2 5  DIV) to  
in v e st ig a te  tra n sm itte r  in te r a c t io n s . M ore th a n  90%  o f SCN g lia  
r e s p o n d e d  to  5H T , s o m e  a t c o n c e n t r a t io n s  a s  lo w  a s  1 0 nM; 
eq u im o la r  a m o u n ts  o f  g lu ta m a te  ev o k ed  n o  m e a s u r a b le  c a lc iu m  
f lu x e s . 5H T e n h a n c e d  g lu ta m a te - in d u c e d  c a lc iu m  r is e s  in  so m e  
5H T -unresp onsive glia. Control cortical glia  were equally sen sitive  to 
5HT b u t m u ch  m ore likely to resp on d  to 100μM glu tam ate th a n  SCN 
glia. In so m e  c a s e s , g lu ta m a te  (1 0 0 μ M) in h ib ited  th e  5H T -in d u ced  
c a lc iu m  r is e  in  SC N  g lia . I n t e r e s t in g ly ,  g l ia  w h ic h  s h o w e d  no  
resp on se  to either 100μM g lu tam ate or 100μM 5HT resp onded  to the  
c o m b in a tio n  o f 5HT a n d  g lu ta m a te  w ith  a  large  ( 150nM ) c a lc iu m  
increase. G lutam ate not only m od u lated  cell re sp o n s iv en ess  to 5HT, 
b u t  a ls o  m o d u la te d  th e  f r e q u e n c y  o f  u ltr a d ia n  c e llu la r  c a lc iu m  
o sc illa tio n s  in d u ced  by 5HT. T h ese  r e su lts  in d ica te  th a t g lu tam ate  
a n d  5HT c a n  in tera c t in  a sy n e r g is t ic  m a n n e r  to p ro d u ce  ca lc iu m  
f lu x e s  th a t  are d r a m a tic a lly  d ifferen t from  th e  r e sp o n s e  to  s in g le  
tran sm itters.

1 8 4 .8

Modulation of the wake-sleep cycle by cholinergic and 
glutam atergic system s in the nucleus basalis of 
Meynert of the rat.
A. Manfridi* and M. Mancia. Istituto di Fisiologia Umana II, Universita’ di Milano, 
Milano, Italy

The nucleus basalis of Meynert (NBM) in the basal forebrain (BF) is the 
major source of cortical acetyl-choline. Many studies have indicated a 
relationship between NBM activity, Ach and arousal. Moreover, a role for the 
BF in the non-REM sleep as well as in REM sleep has been recently 
suggested. The effects on the sleep-wake state of carbachol, a cholinergic 
agonist, microinjections in the NBM of rats were studied. Carbachol injections 
(0.5pg/100nl) were able to increase the wake and to decrease dramatically 
REM sleep with no statistically significant effect on non-REM sleep. Some 
recent evidence suggest that the non-cholinergic projections to the NBM from 
the peduncolopontine and laterodorsal tegmental nuclei may utilize glutamate 
as neurotrasmitter. Moreover, glutamatergic afferents to the NBM from the 
cortex are described. We investigated the role of the glutamatergic system in 
the NBM on the sleep-wake cycle and his interaction with the NBM cholinergic 
system. Injections of kainic acid, a glutamate agonist, in the NBM (0.4μg/100nl) 
had a very different effect from the carbachol injections in the same area: wake 
was increased and non-REM sleep decreased with no specific effect on REM 
sleep. To test the hypothesis that the effects of carbachol in the NBM on the 
sleep-wake cycle were at least in part mediated by the glutamatergic system, 
we administered AP-5 and GAMS (both 5mM/100nl), glutamate antagonists 
respectively to the NMDA receptor and to the kainate receptor, in the NBM 5 
min before the injection of carbachol. In this experimental situation the effect of 
carbachol on REM sleep was completely antagonized.

These results support the hypothesis that the effect of carbachol 
microinjections in the BF on REM sleep is at least partially mediated by the 
glutamatergic system.
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GLUTAMATE RECEPTOR ANTAGONISTS BLOCK GASTRIN-RELEASING 
PEPTIDE-INDUCED PHASE DELAYS. H D. Piggins*. J.A. Stamp. G. Scott.
B. Rusak- and K. Semba. Depts. Anatomy & Neurobiology, and Psychology, 
Dalhousie University, Halifax. N.S., CANADA B3H 4H7.

The main circadian pacemaker, housed in the suprachiasmatic nucleus of the 
hypothalamus (SCN) receives a direct retinal input via the retinohypothalamic tract 
and glutamate is thought to be the principal neurotransmitter of this projection. We 
examined the distribution of ionotropic glutamate receptor subunits in the male Syrian 
hamster SCN using antibodies to the non-NMDA receptor subunits GluRl, GluR2/3, 
GluR4, and GluR5/6/7 as well as the NMDA receptor subunit NMDAR1. 
Immunostaimng for all subunits was found throughout the rostrocaudal extent of the 
SCN and overlapped the known immunoreactive distribution of a number of 
neuropeptides including gastrin-releasing peptide (GRP). Since we previously 
demonstrated that GRP has effects similar to light on the circadian pacemaker, and 
because ionotropic glutamate receptor antagonists have been shown to block the 
effects of light on the circadian pacemaker, we examined the effects of an NMDA 
antagonist (MK-801) and a non-NMDA receptor antagonist (NBQX) on GRP-induced 
phase shifts in hamster locomotor rhythms. Hamsters were implanted with cannulae 
aimed at the SCN region and maintained in constant conditions in cages equipped with 
running wheels. Animals received 0.5 μl injections of GRP (150 pmol), GRP + 
NBQX (1 mM), or GRP + MK-801 (1 mM) at circadian times 12-14 (where circadian 
time 12=activity onset). GRP caused phase delays in the locomotor rhythm of ~58 
min. MK-801 reduced GRP-induced delays by ~35%, while NBQX reduced them by 
~60%. These data suggest that functional glutamate receptors may be required for the 
full expression of GRP-induced phase delays of the circadian pacemaker.
Supported by the US AFOSR and the MRC and NSERC of Canada.

1 8 4 .1 1

NO ESCAPE FROM THE THALAMUS AND HIPPOCAMPUS. J.A. 
Williams*, S.R. Vincent and P.B. Reiner Kinsmen Laboratory of 
Neurological Research, Dept, of Psychiatry, University of British 
Columbia, Vancouver, B.C. Canada, V6T 1Z3.

Nitric oxide (NO) has been suggested to act as a neurotransmitter 
in the CNS, however its role in behavior has remained unclear. Using in 
vivo microdialysis, we tested the hypothesis that NO production in the 
thalamus and in hippocampus would be state-dependent. Male wistar 
rats were implanted with a transverse dialysis probe in either thalamus or 
hippocampus. Electrodes for recording cortical EEG and hippocampal 
theta were also implanted for monitoring behavioral states of wake, slow- 
wave sleep (SWS) and rapid-eye-movement sleep (REM). The 
hemoglobin-trapping technique was utilized for the detection of NO. The 
determination of NO production was based upon the conversion of 
oxyhemoglobin (HbO2), which was included in the dialysis perfusion 
solution, to methemoglobin (metHb) as measured spectrophotometrically 
at 577 and 591 nm. In the thalamus, NO concentration was high both 
during wake (1.31 ± 0.16 pmols/min) and REM (1.47 ± 0.12 pmols/min) 
and significantly lower during SWS (1.04 ± 0.12 pmols/min; p<.005). 
Preliminary results obtained from hippocampus show a similar pattern of 
fluctuation, with high production of NO observed during both wake and 
REM, and much lower concentration during SWS. In order to determine if 
the HbO2 oxidation measured was dependent upon NO synthase (NOS) 
activity, rats were treated with 50 mg/kg of the NOS inhibitor, Nω-nitro-L- 
arginine (N-ARG). N-ARG significantly reduced baseline concentrations 
of NO from 1.31 ± 0.07 to 0.94 ± 0.07 pmols/min (p<.005). These data 
suggest that endogenous NO may play a role in arousal mechanisms.

1 8 4 .1 0
THE EFFECTS OF KETAMINE ON GAMMA RHYTHM S IN HUMANS. 
G. Plourde*. Dept. of Anesthesia, McGill University, M ontreal (QC) Canada, 
H3A 1A1.

Neural oscillations in the gamma range are believed to play a role in 
vigilance and cognitive functions (Neuroscience 44, 521-35, 1991). We have 
studied the effects of ketamine (1 mg/kg) on driven gamma rhythms using the 
40-Hz auditory steady-state response (40 Hz-ASSR). Twelve patients (aged 
19-47 yrs) having received no other drugs were tested before surgery. The 
stimuli were 500 Hz tonebursts (10 ms; 82 dB PeSPL) delivered at the rate of 
40/second. Recordings were obtained every minute, starting 3 minutes 
before the injection of ketamine and ending 5 minutes after the injection. 
The 40 Hz ASSR was recorded from the vertex with the right mastoid as 
reference. Each recording consisted of the average of 10 consecutive artifact- 
free, 3.425-second epochs. The amplitude (base to peak) at 40 Hz was 
measured with Fast Fourier Transform. Results are expressed as mean ± 
standard deviation. Ketamine caused a significant (P<0.01) increase in 
amplitude from a baseline value of 0.52±0.17/iV to 0.70±0.30 and 
0.67±0.32μ V at 4 and 5 minutes respectively after injection. The increase 
cannot be attributed to spontaneous upward drift because control recordings 
obtained under the same conditions in 7 drug-free subjects revealed no 
amplitude changes over time. The effects of ketamine sharply differ from 
those of thiopental and isoflurane which profoundly attenuate the amplitude 
of the 40 Hz-ASSR (Anesth Analg 71, 460-8, 1990).

1 8 4 .1 2

TH E EFFEC TS OF NITRIC O XIDE D O NO RS SIN-1 AND SNAP ON 
EEG PO W ER SPECTRUM  IN RA TS L. Kapás* and J. M. Krueger 
Dept Physiology and Biophysics, Univ o f Tennessee, Memphis, TN 38163 

It is hypothesized that endogenous NO is involved in the regulation o f  sleep 
Injection o f  NO donors molsidomine (SIN-1) or S-mtroso-N-acetylpemcill- 
amine (SNAP) induces sleep in rats (1), and NO synthase inhibitors suppress 
spontaneous sleep (2,3) and interfere with the somnogenic effects o f interleukin 
1 (2) suggesting that endogenous NO is involved in the maintenance o f  
physiological sleep In the present experiments we studied the effects o f  SIN-1 
and SNAP on the EEG power spectra. Male rats were implanted with EEG 
electrodes and intracerebroventricular (icv) guide cannula. After recovery the 
animals were injected icv at dark onset with isotonic NaCl (5 μ l) on the control 
day, and SNAP (400 μg, n=5) or SIN-1 (7 μg, n= 5, 70 μg, n=7; 70 μg in- 
jected also at light onset, n= 10) on the test day EEG was recorded for 24-48 h 
after the treatments EEG power was determined in delta (0 5-4 Hz), theta (4 5- 
8 Hz), alpha (8.5-12 Hz), and beta (12.5-30 Hz) ranges separately for wake- 
fulness (W), rapid-eye-movement sleep (REMS) and non-REMS (NREMS) 
SNAP did not affect delta activity, but suppressed theta, alpha and beta activi- 
ties durmg W and NREMS SIN-1, when injected at dark onset, dose- 
dependently increased EEG power during NREMS in each band for 8-12 h 
EEG power during REMS and W was suppressed in each band for ~24 h. 
When SIN-1 was injected at light onset EEG power was suppressed for 24 h in 
each band in each vigilance state, except for delta activity during NREMS 
which was not affected. These results indicate that activation o f NO receptive 
brain mechanisms by two separate NO donor substances results in profound 
changes in EEG power This is in accordance with our hypothesis that NO has 
a fundamental role m the regulation o f vigilance.
1 Kapás, L. and J M. Krueger, Soc Neurosci. Abstr. 1994 Vol 20, Part 1:150 2 
Kapás, L , et al., Am. J Physiol. 1994 266 R151 3 Kapás, L., et al., Brain Res
1994 664:189. Supported by NIH (NS-25378, NS-27250, NS-31453, and NS- 
30514).

1 8 4 .1 3

CHARACTERIZATION OF THE NITRIC OXIDE SYNTHASE IN THE 
SUPRACHIASMATIC NUCLEUS OF RAT. D. Chen*. J.M. Ding. W J. Hurst.

Biophysics and Cell & Structual Biology, Univ. of Illinois, Urbana, IL 61801.
Several lines of study indicate that the biological clock in the suprachiasmatic 

nuclei (SCN) can be reset at night through activation of nitric oxide synthase 
(NOS). Both the glutamate-induced phase-shifts of the neuronal firing rhythm 
in the rat SCN and the light-induced phase-shifts of the locomotor activity in the 
hamster involve the release of nitric oxide (NO) (see Ding et al. Science 266: 
1713, 1994). However, the SCN stain only weakly for NADPH diaphorase or 
with antibodies to neuronal NOS. Therefore, this study was directed at the 
characterization of the NOS activity in the rat SCN. Extract of SCN tissue from 
early night exhibited significant NOS specific activity (218 ±48 pm ol/mg 
protein/30 min, n=3). The enzymatic conversion of L-arginine to L-citrulline 
required NADPH and Ca2+. H4-Biopterin (100 μ M) enhanced the reaction 
rate. The calmodulin antagonist, TFP (30 μ M), reduced the activity to the half 
maximum. The reaction was linear witnin the first 10 minutes. The optimum 
pH for the activity was 6.7, a pH optimum similar to that of the NOS isoform 
purified from rat cerebellum. NADPH-diaphorase staining revealed more 
positive cells at lower pH than at neutral pH. The specific NOS activity in the 
SCN was comparable to that of rat cerebellum, but several fold higher than in 
hippocampus. NOS activity levels during midday and during late night were 
similar to the early night level. These data show that, despite low staining, the 
SCN express significant NOS activity with biochemical characteristics similar to 
those of rat cerebellum NOS. Further, regulation of nocturnal SCN sensitivity 
to phase shifting through this pathway must be downstream from NO. 
(Supported by NINDS grants NS22155, NS33240.)
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EFFECT OF A SHORT PHOTOPERIOD ON ESTROG EN AND 
PROGESTIN RECEPTOR IM M U NO REA CTIVITY IN SY RIAN 
HAMSTER BRAIN. R.A. M angels*, J.D . Blaustein and J.B. Pow ers. 
Dept.of Psychology and Neuroscience and Behavior Program , University of 
M assachusetts, Am herst, MA 01003-7710.

Prolonged exposure of female Syrian ham sters to short photoperiods (SP) 
inhibits reproduction, in part by altering gonadotropin and behavioral 
responses to gonadal steroids. This may be accom plished by changing the 
concentration of estrogen or progestin receptors (ER, PR) in discrete neural 
sites. W e used im m unocytochem istry (IC C) to evaluate SP influence on 
ER and PR concentration in the brain. O variectom ized Syrian hamsters 
were housed in either LP (14L:10D ) or SP (8L:16D ) for 10 weeks. A 
subset of females from each group received prim ing with estradiol benzoate 
(EB) and progesterone and were tested for sexual receptivity. SP females 
exhibited significant behavioral im pairm ents. A second group was 
sacrificed and their brains were processed for im m unocytochem ical analysis 
of ER or PR. A nim als used to assess photoperiodic effects on ER received 
no hormonal treatm ent. Anim als to be used for PR-ICC were treated with a 
low dose o f EB 48h prior to sacrifice. The num ber and staining intensity 
of ER- and PR- containing cells w as evaluated using com puterized image 
analysis. Initial results indicate that SP does not affect the num ber of ER- 
containing cells in either the ventrom edial or ventrolateral hypothalam us, or 
in the medial preoptic area. These data suggest that the effects of SP on 
responses to gonadal steroids are not m ediated by changes in neural steroid 
receptor concentration. A nalysis o f additional estrogen-responsive areas, as 
well as effects on PR, will be presented.

1 8 5 .3

DIFFERENCES IN SLEEP AND TEMPERATURE VARIABLES BETWEEN 
HYPOTHYROID AND EUTHYROID RATS AT BASELINE AND AFTER 
RAPID EYE MOVEMENT SLEEP (REMS) DEPRIVATION. R.J. Salin- 
Pascual*, M. Franco-Guevara, R. Garcia, L. Beltran 
Parrazai, J. Vá zquez and R. Drucker-Colin. Dept. de 
Fisiologia, Facultad de Medicina and Dept. de 
Neurociencias, Institutes de Fisiologia Celular, UNAM. 
Mexico, D.F. 04510. Mexico.

REMS deprivation produces an increase in body- 
temperature. The present study was done in order to 
determine whether REMS recovery after its deprivation can 
be related to an increase in body-temperature. Thyroid 
glands were surgically removed in one month old Wistar 
rats (n=ll) (HTX). Parathyroid glands were reimplanted 
in muscle. Another set of animals were sham operated 
(n=ll) (ETX) four months after the surgery, both set of 
animals were implanted for sleep recordings. Also an 
abdominal thermometer (Mini-Mitter, Co., Inc.) was 
installed. After habituation and baseline recordings, 
animals were REMS deprived for 96 hr. One recovery day 
was allowed after REM sleep deprivations ended. The main 
difference in sleep variables at baseline between both 
groups was in stage II (ETX: 210.11 ± 63.6 vs HTX: 285.27 
± 30.68, p < 0.002). REMS recovery did not show 
differences between both sets of animals. HTX animals 
decreased body temperature. ETX animals increased body 
temperature. These results showed that ETX and HTX 
animals have oppossing patterns of responses in 
temperature, but REMS recovery after its deprivation does 
not seem to be affected.

1 8 5 .5

TIME OF DAY AND PHOTOPERIOD MODULATE EXPRESSION 
OF NEUROPEPTIDE MESSENGER RNAS IN THE SIBERIAN 
HAMSTER SUPRACHIASMATIC NUCLEI. M.J. Duncan* X. Cheng 
and K.S. Heller. Dept. of Anatomy and Neurobiology, Univ. of 
Kentucky Med. Sch., Lexington, KY 40536.

Photo period induces seasonal changes in reproduction in many 
mammals by regulating the circadian rhythm of pineal melatonin 
secretion. These photoperiodic changes depend on the suprachiasmatic 
nuclei (SCN), which exhibits circadian rhythms of neuronal activity and 
neuropeptide expression. This study examined how photoperiod affects 
24-h rhythms of expression of neuropeptide mRNAs. In situ 
hybridization and semi-quantitative autoradiography were used to assess 
mRNA levels for AVP and vasoactive intestinal peptide (VIP) in the 
SCN of Siberian hamsters sacrificed at 6 times of day (0200, 0600, 1000, 
1400, 1800, 2200 h) after 2 weeks of exposure to long days (LD, 16L:8D) 
or short days (SD, 10L:14D). AVP mRNA and VIP mRNA in the SCN 
were affected significantly (P<0.001) by both time of day and 
photoperiod. SD inhibited both neuropeptide mRNAs in the SCN, 
especially AVP mRNA at 0600 and 1000 h. In conclusion, neuropeptide 
mRNA expression in the Siberian hamster SCN not only exhibits 24-h 
profiles, as previously shown in the rat, but is modulated by 
photoperiodic exposure. These findings suggest that photoperiod affects 
the activity of neuropeptide-containing neurons which are known to be 
involved in entrainment of the circadian pacemaker (VIP neurons) 
and/or to have efferent projections (VIP and AVP neurons) which may 
serve to transmit circadian and photoperiodic information to other brain 
regions. (Supported by USPHS DK-42056 and the UKMC Research 
Fund.)

1 8 5 .2

CASTRATION AT BIRTH INDUCES FEMALE SLEEP PATTERNS IN MALE 
MICE; NEONATAL TESTOSTERONE REPLACEMENT REVERSES THE 
EFFECT. William Fishbein* & Suk Won Yang, Dept. of Psychology, The City 
College & Graduate School, CUNY, New York, 10031.

We previously reported: (1) female mice spend more time in Paradoxical Sleep 
(PS) than males, (2) orchidectomy, by prenatal stress, increases the amount of PS in 
males to that of females, and (3) in androgen receptor deficient mutant mice (Tfin), 
genetic males have female PS patterns. On these findings we proposed: (1) the 
organization of sleep rhythmicity follows the same rule as sexual differentiation of the 
reproductive system; the basic plan is female and (2) circulating perinatal testosterone 
is responsible for the sex differentiation of sleep. The objective of this study is to 
directly examine the role of testosterone in organizing the sexual dimorphism of sleep.

METHOD: Under hypothermia anesthesia the testes are removed from mice less 
than 24 hours old. Sham operated animals’ testes and ovaries are left intact. 
Testosterone replacement (250 μg/25μl safflower oil) or safflower oil is injected 
subcutaneously into animals. Sleep recordings are taken for four consecutive days 
beginning at 100 days of age

RESULTS: 1) PS is significantly greater in females than males (4.05 versus 3.23 
min./hour; F(l,19)= 16.39, p<0007). The difference is solely accounted for by a 
greater number of PS bouts in females (3.48 versus 2.80 bouts/hr., F(l,19) 8.81, 
p<0.008). 2) The PS sex difference is virtually eliminated in the neonatal castrated 
males. 3) No differences in PS could be detected in the castrated males with 
testosterone replacement, compared to normal males.

CONCLUSIONS: 1). Testosterone appears to exert an inhibitory effect on the 
amount of PS, mainly by decreasing PS bout generation in males. 2). Elimination of 
testosterone by neonatal castration causes male mice to develop a female sleep pattern. 
(3) The PS pattern of neonatal castrated males receiving testosterone replacement is 
sex differentiated from females and indistinguishable from normal males.

1 8 5 .4

ANTI-VIP A N T I BODY-RICIN A C O N J UGATE ELIMINATES NEURONS IN 
THE SUPRACHIASMATIC NUCLEUS SELECTIVELY A ND ABOLISHES THE 
C IRCADIAN RHYTHM. K. Shimizu, K. Nagai* and H. Nakagawa. 
Inst. Prot. Res., Osaka Univ., Suita, Osaka 565, Japan 

We examined the function of neurons in the h y p o t h a l a 
m i c  suprachiasmatic nucleus (SCN) involved in the m e c h a - 
nism of circadian rhythm by lesioning with an immuno- 
toxin, anti-vasoactive intestinal p o l ypeptide (VIP) 
antibody-ricin A conjugate. We found that the immuno- 
toxin h ad a specific lethal effect on cultured PCl2h cells 
when VIP was added to the medium. W hen the conjugate i n -
fused into the third cerebral ventricle of rats above the 
SCN, two specific types of selective lesions of neurons 
w as o b served in the SCN: selective lesions of neurons 
c ontaining arginine v asopressin (AVP) (AVP-neurons) and 
selective lesions of neurons c o n taining VIP (VIP-neurons). 
The former lesions caused disappearance of the circadian 
rhythm of d r inking behavior, whereas the latter did not 
under constant dim lighting. N o n - s pecific lesions of the 
SCN w as also o b served after the infusion of the conjugate 
or normal rabbit serum immunoglobulin-ricin A conjugate.
If these non-specific lesions included entire region of 
the SCN, the circadian rhythm was not observed. These 
findings suggest that neurons in the SCN having VIP 
receptors such as AVP-neurons, but not VIP-neurons, are 
involved in the me c h a n i s m  of circadian rhythms.

1 8 5 .6

DEVELOPMENTAL EXPRESSION OF PRE-PROVASOACTIVE 
INTESTINAL POLYPEPTIDE (VIP) mRNA IN THE SYRIAN HAMSTER 
SUPRACHIASMATIC NUCLEUS (SCN). S. Kuhlman. A.G. Watts. G. 
Sanchez-Watts, and F.C. Davis*. Dept. of Biology, Northeastern Univ., 
Boston, MA 02115 and Dept. of Biological Sciences, Univ. of Southern 
California, Los Angeles, CA 90089.

The ability to generate circadian oscillations is likely to be a property of 
individual SCN cells and may be a property unique to the SCN. A funda- 
mental problem in developmental neurobiology is to understand how cells 
obtain their identity, for example, in the case of the SCN, how cells obtain 
the ability to generate circadian oscillations an d /or  how  cells outside of the 
SCN lose this ability. To address this problem it is useful to determine 
w hen SCN cells first express their identities. Within the hypothalamus, a 
sub-population of SCN neurons are unique in their strong expression of VIP 
and the mRNA encoding the pre-prohormone. VIP neurons may be among 
those that generate circadian oscillations and receive direct retinal input 
sufficient for entrainment to light/dark cycles. The present study was 
undertaken to determine w hen SCN neurons first express the m RNA which 
encodes VIP. 35S-labeIed riboprobes were synthesized using a 380 base pair 
rat pre-pro VIP cDNA. Syrian hamster brains were collected at postnatal 
days 1, 7, and 14 and embryonic days 11 ,12 ,13 ,14 , and 15, with the first 24 
hours after fertilization being designated El. By both film and emulsion  
autoradiography, dear hybridization w ith  the anti-sense probe in the 
suprachiasmatic region of the fetal hypothalamus was observe on E14 and 
older ages. By E14 the expression of VIP mRNA appears to be restricted to 
the ventral SCN as in adults. Hybridization above background was not 
observed on E11 or E12, ages when neurogenesis of the hamster SCN is still 
occurring. Expression of VIP mRNA may begin by E13 but additional work is 
needed to predsely define the onset. Supported by NIH grants HD18686 to 
FCD and NS29798 to AGW.
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VASOPRESSIN DEFICIENCY AND SHIFTS IN CIRCADIAN 
RHYTHMS WITH NOCTURNAL OR DIURNAL FEEDING.
H. M. Murphy*. C. H. Wideman and G. R. Nadzam.
Departments of Psychology and Biology, John Carroll University, 
Cleveland, OH 44118.

Male, vasopressin-containing, Long-Evans (LE) and vasopressin- 
deficient, Brattleboro (DI) rats were maintained in individual cages 
while telemetered body temperature (BT), heart rate (HR), and 
activity (AC) data were collected. The rats were exposed to a 
12h/12h light/dark cycle (photic zeitgeber) and were subjected to one 
feeding period (nonphotic zeitgeber) which commenced either at the 
start of the second hour of the dark cycle or second hour of the light 
cycle. After a habituation period, the animals were subjected to a 
light period shortened by 6h (simulating a 6h time shift to the east). 
Feeding was shifted in synchrony with the photic cycle. With 
nocturnal feeding, the natural nocturnal cycles of BT, HR, and AC 
were maintained in both DI and LE animals following the shift. 
Dramatic changes, however, were observed in both the DI and LE 
animals with diurnal feeding following the shift. DI animals 
synchronized to the nonphotic zeitgeber of food presentation; whereas, 
LE animals lost a well-defined circadian rhythmicity. Results show 
that vasopressin is a major regulator of the photic zeitgeber, which is 
obvious only when the photic and nonphotic zeitgebers are separated. 
(Research supported by a Focused Giving Grant from Johnson & 
Johnson.)

1 8 5 .9

DIURNAL VARIATION OF VASOACTIVE INTESTINAL PEPTIDE (VIP) 
2 RECEPTOR mRNA IN THE SUPRACHIASMATIC NUCLEUS OF RATS.
Jacob P. Harney and Phyllis M. Wise, Department of Physiology, University of 
Kentucky College of Medicine, Lexington, KY 40536.

The suprachiasmatic nucleus (SCN) of the hypothalamus plays a critical role in 
the generation of circadian rhythms. VIP is an abundant neuropeptide located in 
the ventrolateral region of the SCN that may participate in entrainment of 
biological rhythms to the light/dark cycle. Both VIP mRNA and protein levels 
change diumally. [I25I]VIP binding and VIP 2 receptor (R) mRNA levels are high 
in the SCN, suggesting that VIP receptors may be an important component of 
SCN function. The purpose of this study was to (1) characterize VIP2R mRNA 
distribution throughout the SCN and (2) determine if VIP2R mRNA abundance 
changes with the light/dark cycle. Young (4 months; n=20) female Sprague- 
Dawley rats (maintained on a 14:10 light:dark cycle; lights off at 1800 h) were 
sacrificed at 0300, 0800, 1600 or 2300 h and brains rapidly frozen on dry ice. 
Coronal tissue sections (12 μm) throughout the SCN were collected for in situ 
hybridization histochemistry. In situ hybridizations were performed using [35S]- 
UTP-labeled cRNA probes that were transcribed from rat VIP2R cDNA (kindly 
provided by Dr. Eva Mezey). Brain sections were incubated, washed under high 
stringency conditions and exposed to photographic emulsion for 10 d. Silver 
grains were quantified using computer-assisted image analysis. Abundant VIP2R 
mRNA was localized to both rostral and caudal regions of the SCN throughout the 
dorsomedial and ventrolateral subdivisions. VIP2R mRNA levels changed 
(P<0.02) with time of day. Peak and nadir VIP2R mRNA levels were detected 
at 0300 h and 1600 h, respectively. The similar diurnal rhythms in VIP and 
VIP2R mRNAs suggest that VIP may be important in regulation and entrainment 
of SCN function. Supported by NIH AG02224 to PMW and AG05664 to JPH.

1 8 5 .1 1

IM M UNOHISTOCHEM ICAL ANALYSIS OF RHYTHM -ASSOCIATED 
STRUCTURES IN THE IGUANID LIZARD BRAIN. M S. Grace*. V. Alones. and 
M. Menaker. Dept. of Biology and NSF Science and Technology Center for Biological 
Timing, University of Virginia, Charlottesville, VA 22903.

Light affects the circadian and reproductive systems of iguanid lizards through the 
lateral eyes, parietal eye, pineal, and basal forebrain, and at least three of these (eyes, 
parietal, and pineal) contain biological clocks. It is unknown how iguanids integrate 
the information from these multiple structures to produce coordinated circadian and 
seasonal rhythms. We used immunohistochemistry to help define the neuroanatomy of 
circadian and reproductive systems in the telencephalon and diencephalon of Iguana 
iguana and Anolis carolinensis. We used antisera specific for neuropeptide Y (NPY), 
vasoactive intestinal polypeptide (VIP), and vasopressin, all of which are found in the 
circadian systems of mammals. Anti-NPY labeled cells in the lateral hypothalamus 
(LH) and dorsolateral paraventricular nucleus (PVN), and a dense cluster of cells lateral 
to the nucleus rotundus. Fibers were observed throughout the telencephalon, and within 
the PVN, suprachiasmatic nucleus (SCN), and lateral geniculate nucleus. Anti-VIP 
labeled cerebrospinal fluid (CSF)-contacting neurons of the basal lateral ventricles 
(putative “deep brain” photoreceptors), and fibers in the SCN and PVN. Anti-
vasopressin labeled both fibers and soma throughout the supraoptic nucleus and within 
the PVN, as well as a dense plexus of fibers in the median eminence. Vasopressin- 
immunoreactive fibers approached the CSF-contacting neurons of the basal lateral 
ventricles. We also tested a polyclonal antiserum against the chicken II form of 
gonadotropin releasing hormone (cGnRH II), the most phylogenetically widespread 
GNRH, but whose reproductive role is unclear (Millam et al., J. Comp. Neurol. 
333:68-82. 1993). Anti-cGnRH II labeled cells in the LH and in an area near the 
periventricular stratum griseum. This is the first demonstration of cGnRH Il-like 
immunoreactivity in a reptile, and the labeling pattern is similar to that in birds. 
Support: NIH T32 DK07646-03 (MSG) and Air Force OSR F49620-94-1-0356 (MM).
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THE EFFECT OF PINEALECTOM Y ON THE SU PRACHIASM ATIC 
NUCLEUS OF THE RAT. W. Zhang. C. Yu*, and K. Ou. Dept. Histol. 
Em bryol., W est China Univ. Med. Sci., Chengdu, P. R. China.

The suprachiasm atic nucleus (SCN) is an important circadian rhythm 
oscillator in m am m als; there is interaction between the SCN and the pineal 
gland in regulating the circadian rhythm . In order to further understand the 
m echanism s o f m odulation o f the circadian pattern, we explored the effects 
o f  pineaiectom y on the circadian expression o f  vasoactive intestinal 
polypeptide (VIP) in the rat SCN. The pineal gland was surgically removed 
from ten experimental rats, which were then m aintained for 30 days under a 
normal light/dark cycle (06:30 - 18:30 light on) with 10 additional non- 
surgical control rats. Five experim ental rats and five control rats were 
sacrificed by perfusion at 09:00 - 10:00 on survival day 31. The other five 
experim ental rats and five controls were sim ilarly sacrificed at 16:00 - 17:00 
on the same day. Coronal sections (20 μ m) through the diencephalon were 
cut on a cryostat and processed for im m unoreactivity to an antibody against 
VIP using the ABC procedure. The expression o f  VIP within the SCN was 
quantified by m easuring the size o f  the im m unoreactive area under control 
and experim ental conditions. The results showed that the expression o f VIP 
within the SCN in control anim als varied with the circadian rhythm . There 
was significantly greater im m unoreactivity in anim als sacrificed at 09:00 - 
10:00 than at 16:00 - 17:00 (tw o-tailed /-test, p  < .05). However, in the 
pinealectom ized rats there was no difference between these tim e periods 30 
days after surgery. These data suggest that the pineal gland m ay participate 
in the regulation o f  VIP synthesis and secretion in the SCN.

1 8 5 .1 0

EFF ER EN T PROJECTIO NS OF T H E SU PRA CHIASM A TIC NUCLEUS 
(SCN) IN AN TERIO R HY PO TH A LA M IC (AH) TRANSPLAN TS: 
CORRELATIO N W ITH FU N CTIO N A L RECOV ERY OF CIRCADIAN 
BEHAVIOR. P .J. Sollars* and G .E . P ickard . Departm ent o f  Psychiatry, 
University o f Pennsylvania School o f M edicine, Philadelphia, PA 19104.

Circadian rhythmicity can be restored by transplantation of fetal AH tissue 
containing the SCN into hosts rendered arhythmic by SCN ablation. However, the 
nature of the SCN efferent pathways mediating functional recovery has remained 
elusive. To examine implant-derived SCN innervation of the host, AH homografts 
(hamster-to-hamster; n =  12) and heterografts (mouse- or rat-to-hamster; n = 28) were 
used (Sollars et al., J. Neurosci. 15:2109-2122 ’95) and the distribution of vasoactive 
intestinal peptide (VIP) within the host SCN terminal fields was evaluated. A 
comparison was made between cases where circadian locomotor activity was restored 
(n = 23) and cases where circadian rhythmicity remained disrupted (n= 17) following 
AH transplantation. A dense aggregation of VIP neurons and processes was 
identified in each transplant that restored behavioral rhythmicity in the host. In these 
cases, SCN-derived VIP fibers were integrated with the host brain and could be 
identified in host terminal fields typically innervated by SCN VIP fibers. VIP 
innervation of the host paraventricular thalamic nucleus (PVT) correlated with the 
restoration of circadian behavior; in 22 of 23 animals with restored behavior, VIP 
processes were noted in the host PVT whereas 10 of 17 animals that remained 
arhythmic contained no VIP in the host PVT. Neither qualitative nor quantitative 
differences in transplant VIP projections were noted between AH homografts and 
heterografts. These results demonstrate that SCN VIP neurons in AH transplants 
send an appropriately restricted set of efferent projections to the host brain and 
suggest that SCN efferent projections to the PVT may be necessary, although not 
sufficient, to mediate the functional recovery of circadian locomotor activity 
following AH transplantation. Supported by MH 01252 (PS) and MH 47501 (GP).
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EXPRESSION OF BRAIN-DERIVED NEUROTROPHIC FACTOR 
mRNA IN SCN CELLS IN VIVO AND IN VITRO . F.-Q. Liang*. F. 
Sohrabji. R. Miranda. B. Earnest, and D. Earnest. Dept. of Human 
Anatomy and Medical Neurobiology, Texas A&M Univ., College of 
Medicine, College Station, TX 77843.

Brain-derived neurotrophic factor (BDNF) is expressed both 
constitutively and in response to specific sensory input, such as light, by 
neurons within the central nervous system. In the present study, 
expression of endogenous BDNF mRNA was examined in both the rat 
suprachiasmatic nucleus (SCN) and immortalized lines of SCN cells.

Total RNA from rat SCN tissue and cultures of immortalized cells was 
subjected to reverse transcription (RT), followed by polymerase chain 
reaction (PCR) using primers designed to amplify a 161bp sequence 
from Exon V of the rat BDNF gene. The PCR products from the SCN 
in vivo and immortalized cell lines were appropriately sized and showed 
sequence homology with the rat BDNF gene. SCN expression of BDNF 
mRNA in vivo and in vitro was confirmed by non-isotopic in situ 
hybridization using a digoxigenin-labelled oligonucleotide probe 
complementary to specific sequences within the porcine BDNF gene. 
Most cells expressing BDNF mRNA were distributed throughout the 
dorsal two-thirds of the SCN. In cultures of immortalized SCN cells, 
expression of BDNF mRNA was not restricted to cells with a specific 
morphological phenotype, although hybridization signal was more 
common in those with neuronal properties. In immortalized SCN 
neurons, BDNF mRNA was localized within a thin rim of cytoplasm 
surrounding the nucleus and proximally within neuritic processes. 
Continuing work exploring the influence of light, circadian time, aging 
and sex differences on BDNF expression in the SCN may yield insight 
into the role o f this neurotrophin in the functional and structural 
changes underlying SCN generation and entrainment of circadian 
rhythms.
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EVIDENCE FOR A BILATERAL GENICULOHYPOTHALAMIC TRACT 
IN THE DIURNAL RODENT. OCTQDON DEGUS. N. Goel* and T.M. Lee. 
Dept. o f  Psychology, Neuroscience Lab Bldg., University o f Michigan, Ann 
Arbor, MI 48104.

The intergeniculate leaflet (IGL) o f the thalamus, a neural component o f  the 
circadian timing system in mammals, has been postulated to mediate photic and 
nonphotic entrainment in rats and hamsters. The IGL modulates neural 
information to the suprachiasmatic nuclei (SCN) via the geniculohypothalamic 
tract (GHT), which contains the neurotransmitter neuropeptide Y (NPY). In 
Octodon degus. NPY cell bodies are found in the IGL (6-10 cells per 40 μm 
section), and fibers and terminals are located in the SCN, all in amounts similar 
to those reported for rats and hamsters. This study determines if  the GHT is 
present in diurnal, highly social degus. Unilateral and bilateral IGL lesions were 
performed on adult male degus using an electrolytic lesion maker (2mA for 15 
seconds). Five days following lesioning, degus were perfused, lesion accuracy 
was assessed, and immunocytochemistry for NPY (antisera 1:2000, Peninsula) 
was performed using the avidin-biotin complex technique. Bilateral lesions 
resulted in a complete loss o f  NPY fibers and terminals in both SCN, while 
fibers and terminals in the periventricular and paraventricular nuclei remained. 
Unilateral lesions resulted in an equal loss o f  fibers and terminals in both SCN. 
These findings indicate that the GHT bilaterally innervates the SCN in degus, 
and that NPY is one neurotransmitter carried within this fiber tract. The degu 
IGL also receives direct, predominantly contralateral innervation from the retina. 
Thus, the diurnal degu has similar connections between the retina, the SCN and 
the IGL as have been characterized for nocturnal rodents.

1 8 5 .1 5

LO CAL NEU RO PEPTID E Y BLOCKS LIG H T-IN D U C ED  PHASE 
ADVANCES OF TH E CIRCAD IA N W H EEL-R U N N IN G  ACTIVITY 
RHYTHM  IN TH E SYRIAN HAM STER. E .T . W eber*, M. Cagle and 
M .A. R ea., Biological Rhythms and Integrative Neuroscience Research 
Institute, Arm strong Laboratory, Brooks AFB. TX , 78235.

Neuropeptide Y (NPY )-containing fibers project to the suprachiasm atic 
nuclei (SCN) from the intergeniculate leaflet o f the thalamus. NPY is 
necessary for non-photic phase shifts (Biello, Janik and M rosovsky, 
1994), and local application during subjective daytim e causes phase 
advances o f the circadian clock, both in vivo (Huhm an and Albers, 1994) 
and in vitro (Medanic and G illette, 1995). Recent evidence has also 
implicated NPY in regulation o f photic phase-shifting mechanisms (Biello 
and M rosovsky, 1995; Biello, 1995). Therefore, we examined the 
effects o f local NPY adm inistration on light-induced phase shifts.

Syrian hamsters received 0 .3  μ l injections into the region o f the SCN, 
o f either vehicle (A C S F +  1%BSA) or NPY (1.0 or 0.01 m g/m l), 10 
m inutes prior to light stim ulation (10 m inutes @ 20 lux) at CT 19. 
Light-induced phase advances (114 ± 27 m inutes, n =  9) were completely 
blocked by 1.0 mg/ml NPY (-8 ± 7  m inutes, n =  9), while preliminary 
results dem onstrate attenuation o f light-induced shifts by 0.01 mg/ml 
NPY (47 ±  10 minutes, n =  5). These results support the hypothesis that 
NPY regulates the response o f the SCN circadian clock to photic 
stimulation. Supported by AFOSR 2312CA (MAR).
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M ECHANISM S O F ACTION O F NEUR O PEPTIDE Y (NPY) IN 
THE SUPRACHIASM ATIC N U C LEU S. H. E. Albers*. C. F. 
G illespie. C. L. M arvel & K. L. Huhm an. Laboratory of 
Neuroendocrinology & Behavior, Depts. o f  Biology & Psychology, Georgia 
State University, Atlanta, GA 30303.

Neuropeptide Y (NPY), which is the prim ary neurotransm itter o f  the 
geniculohypothalamic tract, phase shifts circadian rhythm s when 
administered in the SCN. We are currently  examining the mechanisms of 
the SCN response to NPY by determ ining which NPY receptor subtype(s) 
are responsible for the phase shifting effects o f NPY and whether the phase 
shifting effects o f NPY require sodium -dependent action potentials. Male 
Syrian hamsters were implanted with cannula aimed at the SCN and were 
maintained in constant darkness. In Experim ent 1, the Y1 receptor agonist, 
[Leu31.P ro34]-neuropeptide Y, and the Y2 receptor agonist, neuropeptide Y 
(3-36) (200 ng in 200 nl saline) were injected into the SCN at ct 6 in a 
counterbalanced order (injections separated by 7-10 days). The Y2 agonist 
produced significantly greater phase advances than did the Y 1 agonist (53.8 
±  9.8 vs. 1 2 .2 ±  11.6 min, respec tive ly , P< 0 .0 5 ). In Experim ent 2, NPY 
(200 ng)/saline and N P Y /tetrodotoxin (TTX - 1μ M) were injected into the 
SCN at ct 6. TTX inhibited NPY-induced phase advances (N PY /TTX :-12.8 
±  11.9 vs. NPY/vehicle: 24 ±  6.5 min, p <  0 .05). These data suggest that 
the NPY Y2 receptor and sodium -dependent action potentials are important 
for the phase shifting effects o f NPY in the SCN.

Supported by NS30022, NS34586 & M H10178
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I N H IB I T I O N  O F  T U M O R  N E C R O S I S  F A C T O R  
A T T E N U A T E S  S L E E P  R E B O U N D  A F T E R  S L E E P  
D E P R IV A T IO N . S. Takahashi*. L. Kapás. Y. Wang. J. M, Seyer 
and J. M . Krueger. Department o f Physiology and Biophysics, 
University o f Tennessee, Memphis, TN 38163.

It is hypothesized that tumor necrosis factor (TNF) is one of the key substances 
involved in sleep regulation. Administration of exogenous TNF induces excess 
non-rapid-eye-movement sleep (NREMS) in rabbits and rats. In contrast, inhibition 
of endogenous TNF using TNF inhibitors, including a bioactive fragment of the 
TNF binding protein I, TNF-R-(159-178), suppresses spontaneous sleep in rabbits. 
The aim of the present study was to test the effect of blocking TNF using TNF-R- 
(159-178) on sleep rebound after sleep deprivation (SD). Male New Zealand White 
Pasteurella-free rabbits (3.3 - 5.5kg) were implanted with electroencephalographic 
(EEG) electrodes, a brain thermistor and a lateral ventricular guide cannula for 
intracerebrovcntricular (icv) injection. The animals were kept on a 12:12 h light- 
dark cycle (light on at 0600) at 21±1‘C. The rabbits (n = 6) received 50 μg TNF-R- 
(159-178) before 6-h of total SD. On a separate control day, the same rabbits 
received 50 μl pyrogen free saline (PFS) without sleep deprivation. The effects of 
SD alone were determined after PFS injection and 6-h of SD. All injections were 
performed icv between 8:45 and 9:45 a.m. EEG and brain temperature (Tbr) were 
recorded for 23 h after injection. Two-way ANOVA was used for statistical 
analyses. Time spent in NREMS was significantly increased from 393 ± 17 min 
(control) to 513 ± 31 min (SD alone) for 17 hr after SD. The NREMS rebound 
after SD was significandy reduced to 457 ± 16 min if rabbits were pretreated with 
TNF-R-(159-178). Furthermore, TNF-R-(159-178) significantly suppressed the 
enhancement of EEG slow-wave activity after SD. These results support the 
hypothesis that brain TNF is involved in physiological sleep.

Supported by NIH, NS-25378, NS-31453, NS-27250 and NS-30514.
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PHYSIOLOGICAL VERIFICATION OF EXTRATYMPANIC  
SOUND ROUTES TO THE INNER EAR IN THE LEOPARD FROG 
(RANA PIPIENS). J H. Fox* and T. E Hetherington Dept o f  
Zoology, Ohio State University, Columbus, OH 43210.

Although the existence o f  extratympanic sound reception (i e through 
nontympanic body surfaces) is known in frogs (Wilczynski et al , 1987 
JCP A 161:659), specific sound pathways remain undetermined. 
Physiological experiments were done on leopard frogs, Rana p ip ie n s ,  
using chronically implanted inner ear electrodes to measure 
microphonic responses to sound. Initial work using a vibrating probe to 
stimulate body surface points identified four putative sound-receptive 
body surfaces: the tympanum, suprascapula (shoulder), lateral body 
wall overlying the lung, and, unexpectedly, the dorsal pelvis and 
vertebral column. Subsequent work with closed field stimulation (i e 
through a sound tube sealed around a specific surface) verified that 
selective stimulation o f  each surface generated inner ear responses at 
biologically relevant levels. Tympanic stimulation yielded significant 
responses to higher frequencies, whereas the shoulder (suprascapula) 
was effective for lower frequencies only. Stimulation o f  the body wall 
over the lungs typically generated weak responses The pelvic/vertebral 
route responds selectively to intermediate frequencies. Investigation o f  
internal sound transfer pathways suggests that sound from the body 
wall reaches the inner ear through routes bypassing the tympanic middle 
ear. These, findings provide the first physiological verification o f  
specific extratympanic routes. Furthermore, they indicate the existence 
o f  multiple acoustic channels to the inner ear

1 8 6 .2

CHANGES IN BRAIN AND PLASMA αMSH CONTENT DURING 
HABITUATION IN TOADS. Y. Kim and J.A. Carr*. Dept. Biol. Sci., Texas 
Tech Univ., Lubbock, TX 79409.

Peptides related to alpha-melanocyte-stimulatino hormone (oMSH) and 
adrenocorticotropin (ACTH) improve the acquisition of learned behaviors 
in a number of vertebrate species. To determine if acquisition is 
associated with changes in the activity of brain or pituitary αMSH/ACTH 
cells, we used radioimmunoassay to detect changes in the αMSH content 
of specific brain areas and plasma in male Bufo cognatus during stimulus- 
specific habituation of the turning response to a rotating prey dummy. 
Toads were sacrificed 0, 20, 60 or 120 min after presentation of the 
artificial prey stimulus. Control animals were placed in the test apparatus 
and sacrificed at the same time intervals but were not exposed to the 
prey stimulus. There were no significant differences in brain αMSH 
concentrations between control and habituated animals at any time point. 
In contrast, αMSH concentrations in the hypothalamus and preoptic area 
increased while concentrations in the telencephalon decreased as a 
function of time spent in the testing apparatus in both control and 
habituated toads. αMSH concentrations in the brain stem and optic 
tectum did not change over time in either control or habituated toads. 
Plasma aMSH levels were significantly higher at 120 min versus 0 min in 
control toads but did not differ as a function of confinement time in 
habituated toads. Our data suggest that habituation per se is not 
associated w ith changes in the αMSH content of brain or plasma. In 
contrast, prolonged confinement causes pronounced alterations in the 
activity of neuronal and pituitary POMC cells in toads. Supported by a 
grant from the TTU Research Enhancement Fund.
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PREY PREFERENCE BY FROGS OF DIFFERENT SIZES.
A. Weerasuriya*. L. Harkins and M. Hartley. Mercer University Schools of 
Medicine and Engineering, Macon, GA 31207.

Frogs pursue and capture prey of varying size. These prey range from 
small wood lice to large earthworms. The objective of this study was to 
analyze the prey preference of frogs (Rana pipiens) when offered a choice of 
two prey objects of different lengths (wood lice (Armadillidium sp.) - 5 to 8 mm, 
and earthworms (Lumbricus sp.) - longer than 50 mm). To determine whether 
the size of the frog influenced the length of the prey it preferred, frogs of two 
sizes were selected. Based on their body weight and snout to vent lengths, 
the frogs were divided into two groups, large (42.5 ± 1.8 g, 81 ± 2  mm) and 
small (16.2 ± 2.2 g, 59 ± 3 mm). For each trial, a frog was placed in a 
terrarium and presented with a wood louse and an earthworm in a 
Y-shaped maze. A trial was considered successful if the frog entered one of 
the limbs in the maze and snapped at the prey. For both sizes of frog, in 
better than 90% of the trials (n>30) the earthworm was the preferred prey. 
Since these two prey types differ in size as well as in movement, in the next 
series of experiments two prey objects of different length, but with identical 
velocities were presented to the frogs. This was achieved by creating two 
rectangular images on a computer screen and observing the frog’s response 
to it. Two black 'electronic worms’ moving in the left and right halves of a 
white screen were presented to a frog. Both images were 2 mm wide and 
traversed the screen at 8 mm/sec. One image was 5 mm in length and the 
other was 50 mm. Both sizes of frogs snapped more often (L>90%, S>70%) 
at the longer image. Hence, for prey objects ranging from 5 to 50 mm, the 
tendency to elicit prey capture is proportional to its length. This relationship 
appears to hold even for smaller frogs where the preferred prey is frequently 
‘longer’ than the frog. (Supported by NSF IBN-9420525).
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BEHAVIO RAL AN D PHYSIO LOG ICAL FEATURES OF SEXUAL 
IMPRINTING. H - J. B ischof *. A. Rollenhagen and S. O etting. 
Universitä t Bielefeld, Fakultä t Biologie, Postfach 100131, 33501 
Bielefeld, F.R.G.

O ur behavioral experim ents show that sexual imprinting in zebra  
finches is a two stage process. Firstly, a young m ale acquires, in an 
early sensitive period, features o f its social environm ent 
(acquisition). These features serve to guide the selection o f an 
appropriate sexual partner when the sexually m ature bird begins 
courting. Secondly, the preference for a sexual partner is stabilized 
during the first courtship events (consolidation). Thus, the imprinting 
process, which is characterized by the stable storage o f an im age of 
the sexual partner, occurs much later and is much shorter than  
previously believed. It can be strictly controlled by the experim ental 
design.

2-DG experim ents and radioim m unoassay of ACTH show that the  
consolidation process is characterized by high arousal. W ithin two of 
the four areas which are highly activated during consolidation (2-DG  
experim ents), a reduction o f spine density can be observed which is 
not reversible by later experience. Because this irreversibility is the  
m ost im portant characteristic o f sexual imprinting, and because it 
can be observed only in these two areas which have previously  
been shown to  be involved in imprinting, we believe that the spine  
reduction is the anatom ical m anifestation o f the imprinting process. 
Behavioral and physiological evidence indicates that the high 
arousal level is a prerequisite fo r consolidation as well as fo r spine  
reduction. Supported by the Deutsche Forschungsgem einschaft.

1 8 6 .7

O R B IT A L  C O R TEX  D A M A G E  D O ES N O T  IM PAIR  
IN D IV ID U A L  O D O R  D ISC R IM IN A T IO N  IN G O LDEN  
H A M STER S. A. Petrulis*. I. deSouza and R. E. Johnston. 
Department o f Psychology, Cornell University, NY 14853.

Hamsters, like many mammals, are capable o f discriminating 
individuals on the basis o f their odors. Although this ability appears 
to be common-place, the neural mechanisms underlying individual 
discrimination have not been w ell characterized. Consequently, we 
have focused  on the orbital prefrontal cortex as a possib le  
neuroanatomical substrate for individual odor discrimination. This 
area is reciprocally connected to olfactory cortical areas and has 
been shown to be involved in com plex, albeit artificial, odor 
discriminations and learning tasks. W e tested the ability o f female 
hamsters to discriminate two individual male's urine and flank 
scents (using a habituation paradigm) follow ing lesions o f the 
orbital cortex, medial cortex or sham surgery. W e also assessed  
their ability to discriminate sex-specific odors and to scent mark in 
response to male flank scent after surgery. Damage to the orbital 
cortex or to another part o f prefrontal cortex (medial cortex) did not 
elim inate the hamsters ability to spontaneously discriminate 
individual conspecific odors. Moreover, animals with orbital cortex 
or medial cortex lesions were not impaired in discrimination of sex 
odors nor did they differ from sham animals in scent marking 
frequency. Thus, it appears that orbital cortex is not important for 
com plex social discrim inations as w ell not being involved in 
potentially less demanding discriminations such as those of sex. In 
addition, orbital and m edial prefrontal cortices appear to be 
unimportant for scent marking responses to social odors.
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CHAM ELEONS AND SANDLANCES: OPTICAL AND BEHAVIORAL 
CONVERGENCE BETWEEN TERRESTRIAL AND MARINE LIFESTYLES. 
J.D.Tettigrew *. C. W ildsoet. K. Fritsches. 1. W allman, S.P. Collin . Vision, 
Touch and Hearing Research Centre, University of Queensland 4072.

Chameleon eyes have unusual optics, w ith a greatly reduced pow er of the 
crystalline lens, a highly developed accom m odative apparatus, non-uniform  
magnification w ith eccentricity, a deep pit fovea, a nodal point placed far 
forw ard in the eye and a fixed pupil form ed by the skin. All of these features 
can be linked to the cham eleon's prey-catching technique that relies on the 
use of accom m odation to judge distance. The same optical features have 
evolved in a teleost, Limnichthyes fasciatus, the sandlance.

Using infrared photorefraction, we have verified that sandlances have 
active accom m odation despite  the large d ep th  of field that w ould  be 
expected in their 1 mm diam eter eyes. Active accom m odation on axis appears 
to be supplem ented by an increase in the pow er of the eye w ith eccentricity. 
Sandlances make rap id  darting  strikes from sand to prey and back again. 
These strikes have a non-triv ia l resem blance to the tongue strikes of 
chameleons. Replay of video frames (1/2000s) filmed in dark  field enabled 
the recognition of the prey taken and the m easurem ent of distance to prey and 
length of the sandlance strike. This analysis showed extraordinary accuracy 
of depth  judgem ents, w ith tiny prey taken from the rapidly-m oving water 
column w ithout error from all polar angles of attack at distances from 1 to 50 
cm. Like m onocular cham eleons, m onocular sandlances still take prey 
accurately. The small size of the sandlance eye has so far defeated attem pts 
to show directly that changes in eye pow er change distance judgem ents, but 
accom m odation is the m ost likely m echanism  to explain the accuracy of the 
strikes and the extraord inary  sim ilarity of sandlance optics to chameleon 
optics in all the features listed above.
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TWO AVIAN MAGNETIC RECEPTORS? R.C. Beason*. Biology 
Dept. State Univ. of NY, Geneseo, NY 14454.

Evidence from experiments on the behavioral and 
physiological abilities of vertebrates to detect the geomagnetic 
field involve either magnetite (an iron oxide) or wavelength 
dependent biomolecules.

There are two proposed mechanisms of magnetic field 
transduction by vertebrates. One involves the use of magnetite 
(or a similar ferrimagnetic compound) and the other is based on 
a wavelength sensitive mechanism requiring light. These 
mechanisms are not mutually exclusive. Electrophysiological 
recordings from the Bobolink (Dolichonyx oryzivorus) indicate 
that receptors associated with the trigeminal system respond to 
changes in the ambient magnetic field as do cells of the optic 
tectum. The responses of the trigeminal cells are thought to be 
associated with identified magnetite deposits. Magnetization 
results in a 90° clockwise or counterclockwise rotation in 
migratory orientation, depending on the polarity of the applied 
field. Blocking the ophthalmic branch of the trigeminal nerve with 
lidocaine restores the original orientation, but the birds were well 
oriented. These results indicate the presence of two, 
independent magnetic receptor mechanisms in this species.
Only one appears to be based on magnetite.

1 8 6 .8

SPONTANEOUS TURNING BEHAVIOR IN MALE A N D  FEMALE 
ADULT RATS: THE EFFECTS OF NEONATAL CASTRATION AND  
TESTOSTERONE TREATMENT O N SEX TYPICAL PATTERNS OF 
TU RNING. S. M. Pellis.* V. C. Pellis and E. F. F ield . Dept. 
Psychology, Univ. Lethbridge, Lethbridge, AB. T1K 3M4.

A sex difference was found between adult male and female controls 
in the com position of m ovem ents used during turns, of 90 degrees or 
greater, in an open field paradigm. Females step initially in a forward 
direction aw ay from the m idline with the hindfoot ipsilateral to the 
direction of the turn. This step is followed by a large forward step with 
the contralateral h indfoot. A final step is m ade by the ipsilateral 
hindfoot to either realign the hindfeet or initiate forward locomotion. 
Males use an alternate strategy. An initial forward step is made with 
the hindfoot contralateral to the direction of the turn. This step moves 
the pelvis forward and out to the side away from its initial position. 
The second step is m ade by the ipsilateral hindfoot forward away from 
the m id lin e o f the body, realigning the h ind and forequarters. 
Neonatally  castrated m ales turn in a m ore fem ale typical manner. 
Females treated neonatally w ith testosterone propionate use a more 
m ale typical pattern of m ovem ent. These find ings suggest that sex 
differences in motor organization are affected by the action of gonadal 
hormones neonatally.
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THE INFLUENCE OF SEX A N D  NEONATAL HORMONE EXPOSURE 

ON LOCOMOTION IN ADULT RATS. V. C. Pellis*. E. F. Field and S. 
M. Pellis. Dept. Psychology, Univ. Lethbridge, Lethbridge, AB. T1K 

3M4.
A sex difference was found in the patterns of w alking for males and 

fem ales. M ales make greater angular displacem ents o f the pelvis  

horizontally from the m idline than do fem ales w hich results in a 

"swaggering" gait. This is coupled  w ith  d ifferences in both the 

position of the hindfeet prior to release and in the placem ent of the 

hindfeet at the end of a step. Males push obliquely backwards with  

their hindfoot. Females how ever, push directly backwards with their 

hind foot. During the placem ent o f the hindfoot after a step, males 

place the foot, turned inward, near the midline. Females also place the 

foot near the m idline but in a position either parallel to the body or 

turned outward. The pattern of walking exhibited by males is altered 

to a m ore fem ale typical pattern w ith  neonatal castratration. 

Conversely, females injected with testosterone propionate neonatally  

change to a more male typical pattern of locomotion. This suggests that 

there is a basic difference in the motor organization of male and female 

rats that is shaped by the action of gonadal hormones.

1 8 6 .1 1

ORGANIZATION OF DESCENDING OUTPUT NEURONS IN THE 
FERRET SUPERIOR COLLICULUS L K. Miller. A.S. Ramoa. M .A.
Meredith* Dept. Anatomy, Virginia Commonwealth U., Richmond, VA

An increasing number o f  investigators are using ferret brain slices to 
study visual and auditory development and function. The superior 
colliculus (SC) is a site at which these sensory modalities converge and 
w e are using ferret in vitro  and in vivo  preparations to examine multi- 
sensory convergence and integration. Given that tectal output neurons 
in other animals are critical for the integration o f  multisensory 
information as well as for coding gaze shifts, w e have examined the 
origins o f and inputs to neurons o f  the tectospinal tract (TS) in the ferret.

HRP (25%, 150nl) was pressure injected into the cervical spinal cord 
o f anesthetized adult ferrets (n=3) and routine procedures were used to 
visualize the reaction product in the SC. TS neurons were predominantly 
found in the lateral half o f  the intermediate and deep layers o f  the SC, but 
their distribution remained fairly constant in the rostro-caudal dimension. 
A total o f  556 TS neurons were identified per SC and their soma 
diameters averaged 21.7μ m (range 9.4-42.4μ m). TS neurons were 
exclusively observed deep to stratum opticum, yet in vitro  stimulation 
o f the superficial layers inhibited spontaneous activity in the deep layers.

When compared with data from other laboratory animals, these data 
suggest that the ferret follows the standard mammalian plan for 
organization o f  the deep SC and its connections. Supported by NSF IBN 
9308576 and IBN 9421983.

1 8 6 .1 0

THE RELATIONSHIP BETWEEN SEX, NEONATAL HORMONE 
EXPOSURE A N D  MOVEMENT PATTERNS IN A COMPETITIVE 
FEEDING PARADIGM USING ADULT RATS. E. F. Field*. I. O. 
W hishaw and S. M. Pellis. Dept. P sychology, Univ. Lethbridge, 
Lethbridge, AB. T1K 3M4.

Feeding rats w ill dodge laterally away from conspecifics w ho  

attem pt to steal their food. Females and m ales, w h ile  appearing 

similar in the direction and the m agnitude of a dodge, differ in the 

com position of the underlying m ovem ents. Females pivot around a 

point more posterior along the m idline than m ales, producing a 

greater amount of m ovem ent by the snout as compared to the pelvis. 

This difference in pivot point is further illustrated by analysis of the 

m ovem ent of the torso compared to the pelvis. Females show  less 

pelvic m ovem ent relative to the torso than males. Neonatal hormone 

m anipulation appears to alter these sex typical patterns. Neonatal 
castration appears to m ake m ales m ore fem ale-like, w hereas  

injections of testosterone propionate, neonatally in females, alters the 

fem ale typical pattern to a m ore m ale-like one. These findings 
suggest that a functionally similar motor pattern can differ in motor 

organ ization  b etw een  the sexes and that this d ifferen ce in 

organization involves the action of gonadal horm ones perinatally.

1 8 6 .1 2

ANDROGEN LEVEL INFLUENCES ALARM REACTIVITY IN ADULT  
SQUIRREL M ONKEYS. I .D . New m an*. D.E. Bernhards and N.D. 
S m ith . Lab o f Comparative E thology, NIC HD NIH, P oo lesv ille , 
MD 20837.

D efen siv e  reactions to external sources o f  danger are 
com m on p lace  in so c ia l m am m als. In squirrel m on k eys, 
d efen siv e  reactions typ ically  take the form  o f  characteristic  
voca liza tion s, as w ell as changes in locom otor activ ity , and 
fixating on the source o f alarm. The present study exam ined  
the possib le  role o f  circulating testosterone (T) leve l on the 
threshold and strength o f alarm reaction in a standardized  
b eh avioral paradigm . A d ult squirrel m on k eys (S a i m i r i l  
w ere in d iv id u a lly  tested  w ith  w eek ly  1-m in. ex p o su re  to 
fam iliar hum ans stan din g m o tio n less  adjacen t to the test 
cage. Intact m ales (n=12), castrated m ales (n=4) and intact 
fem ales (n=18) served as subjects. Strongest alarm reaction  
was by castrated m ales, fo llo w ed  by intact fem a les , then 
intact m ales, at all drug doses. N on sign ifican t d ifferen ces in 
strength o f alarm occurred during control (v eh ic le  a lon e)  
trials. RIA confirm ed very low  lev e ls  o f  plasm a T in the 
castrates. T h ese  resu lts su g g est that p lasm a le v e ls  o f  
testo stero n e , in teractin g  w ith s ite s  o f  ch o lin e r g ic  a ctio n , 
m ay in flu e n c e  the strength  o f  alarm  r e a ctiv ity  in the 
squirrel m on k ey.

1 8 6 .1 3

WHY CHIMPANZEES CAN'T TALK: THE LAUGH PROBE.
R R. Provine* and K. A. Bard. Dept. of Psychology, Univ. of Maryland 
Baltimore County, Baltimore, MD 21228 and Yerkes Regional Primate Center, 
Emory Univ., Atlanta, GA 30322.

The inability of chimpanzees (Pan troglodytes) to vocalize English 
words was once the basis of an underestimate of their linguistic competence, a 
conclusion dispelled in part by their ability to communicate with American Sign 
Language. To probe the neuromuscular mechanisms of primate vocalization, 
this study contrasts the ability of chimpanzees and humans to produce laughter, 
a vocalization common to both species.

Human conversational laughter has series of discrete, vowel-like notes 
(i.e., "ha," "he," "ho") of about 75 ms duration that recur regularly at intervals of 
about 210 ms (Provine & Yong, Ethology [1991] ,  115). Chimpanzee 
tickle-evoked laughter is also rhythmic, but differs in being pant-, or grunt-like, 
and lacks discrete, vowel-like, note structure. In contrast to chimpanzees that 
produce only one note per exhalation or inhalation, as in panting, humans parse 
the expiratory airflow to produce multiple notes. You may simulate this 
difference by placing your hand on your abdomen and comparing the pulsations 
of chimpanzee-like panting with the more constant contraction produced by 
forcefully speaking "ha-ha-ha." The notes of human laughter are the product of 
modulations of the expiratory air stream, as is speech. In contrast, chimpanzee 
laughter is tied more closely to respiration. If this locking of vocalization to 
respiration is a general property of vocal control, it suggests a fundamental 
constraint on the evolution of vocal speech in chimpanzees and perhaps other 
great apes.

Supported by NIH Grants RR-00165, RR-06158 and RR-03591.
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AN INCREASE IN ACTIVITY OF SEROTONERGIC RETZIUS NEURONS IS 
NOT NECESSARY FOR FEEDING IN THE LEECH, HIRUDO MEDICINALIS. 
R.J.A. W ilson1*. J.E. Lewis1. W.B. Kristan, Jr.1 & A.L. Kleinhaus2. 1Dept. of 
Biology, UCSD, La Jolla, CA 92093-0357. 2Dept. Cell Biology & Anatomy,
Basic Science Building, NYMC, Valhalla, NY-10595.

During the consummatory phase of feeding medicinal leeches display a 
characteristic set of behaviors: they extend their jaws, are less responsive to sensory 
input, produce mucus, relax the body wall, and exhibit waves of peristalsis that can 
run the length of the body. Earlier reports suggested that these behaviors are 
orchestrated by serotonin, released from Retzius (Rz) cells in response to the 
appropriate sensory stimulation of the lip.

We have developed a semi-intact preparation in which only the nervous system in 
the posterior half of the leech was exposed. The gut was tied off in the middle of the 
animal. Continuous intracellular and extracellular recordings were made from 
identified cells and the nerve roots of the exposed segments. The front half of the 
leech was free to explore, bite through and feed until satiated from a blood-filled 
sausage casing.

Prior to the animal’s attachment to the feeding device the firing frequency of the 
Rz cell increased transiently in conjunction with spontaneous movements or tactile 
stimuli to its front or posterior ends. In contrast, attachment of the anterior sucker 
followed by biting and subsequent peristaltic pumping led to a significant decrease 
in Rz cell activity (30% of control; Paired t test: t(5)=3.10, p=0.03). Increased 
activity of the Leydig cell (known to modulate several circuits in the leech) was also 
associated with exploration. However, unlike Rz cells there was no significant 
change in Leydig cell firing during feeding, although the data did indicate a transient 
increase (151% of control; Paired t test: t(5)=2.4, p=0.06). These results suggest 
that increased activity of Rz cells in midbody ganglia is not a prerequisite for the 
consummatory phase of feeding and raises questions regarding the role of serotonin 
in regulating this behavior.
Supported by NSF Research Grant IBN92220391 & NIH NS180542.

1 8 7 .3

HORMONAL A N D  NEURONAL REGULATION OF CHANGES  
IN THE PHONOTACTIC SENSITIVITY OF FEMALE CRICKETS 
(.ACHETA DOMESTIC US) J. Stout*, J. Hao, D. Kim, P. Kim, S. 
Slikkers and G. A tkins. Biology Dept., Andrews University, Berrien 
Springs, MI, 49104.

As a result o f decreasing thresholds (from 80-85+ dB to 45 to 60  
dB), female crickets (A. domesticus) become phonotactically respon- 
sive to calling males during the first three to four days of adult life. 
Thereafter phonotactic thresholds remain at these low values. 
However, a variety o f external factors influence the changes in phono- 
tactic threshold that occur during the first few days o f adult life. 
Among many factors tested, time of day, exposure to models o f the 
male’s call or chemical exposure to males have the largest influences.

Juvenile hormone III (JHIII) has been demonstrated to influence 
the female’s sensitivity to models o f the m ale’s calling song. The LI 
auditory neuron’s (a first order auditory intemeuron whose response 
to the m ale’s call is necessary for phonotaxis) threshold changes di- 
rectly in parallel with changes in the fem ale’s behavioral threshold. 
We have proposed that the increasing sensitivity o f the LI neuron was 
in part due to up regulation by JHIII of the expression of a gene like 
that demonstrated to encode alpha-Ll nicotinic receptors in locusts 
(Marshall et al. 1990). This proposal is being evaluated by knock- 
down experiments using nucleotide probes that should reduce the 
translation of this gene.

Using a combination o f behavioral, neurobiological and molecular 
procedures, the influence of JHIII and its possible regulation o f the 
expression o f neurotransmitter receptors will be evaluated as a basis 
for controlling developmental and other changes (like those mentioned 
above) in phonotactic sensitivity by crickets.

1 8 7 .5

Behavioral strategies underlying pheromone-modulated flight in the moth 
Manduca sexta: Lessons from simulation studies. JH Belanger* and EA Arbas. 
ARL Div. of Neurobiology, Univ. of Arizona, Tucson, AZ 85721.

Several different behavioral strategies have been proposed to explain the 
characteristic ‘zig-zag’ tracks produced by moths flying upwind in an odor plume. 
However, the complexity of the interactions between the moving animal and the 
turbulent structure o f the plume make it necessary to simulate explicitly the 
behavior of any proposed model in order to accurately test its predictions. To this 
end, we have developed a simulated wind tunnel to use as a ‘virtual environment’ 
in which to test behavioral models. The simulator can replicate any experiment 
which may be performed with real moths. Thus, it uses several types of ‘odor 
plume’, with which model moths can interact. One type is based on digitized 
images of smoke plumes, with the concentration o f ‘phéromone’ in the simulated 
plume scaled according to the intensity o f the image. These simulated plumes 
have characteristics that are indistinguishable from those o f real plumes measured 
in a wind tunnel or in the field. In addition to these realistic turbulent plumes, the 
simulator is capable of either continuous or pulsed delivery o f ‘pheromone’.

We have constructed three behavioral-level models o f pheromone-modulated 
flight, and used the simulator to explore their performance. All o f the models are 
essentially reflexive, and all share a common set of control mechanisms. They 
differ in the ways in which sensory input drives the control systems. Even the 
simplest of the models is capable of successfully tracking a pheromone plume to its 
source, and of producing realistic-looking flight tracks. However, none of the 
models performs as well as real moths. Across a range o f parameters far wider 
than is biologically-plausible, the most successful algorithms achieve a success rate 
of only about 50%. Since real moths have a success rate close to 100%, we 
suspect that no purely-reflexive model will sufficiently explain the behavior.

[Supported by NSF Grant IBN-9216532]

1 8 7 .2

A MODEL FOR BAND-SELECTIVE RESPONSES IN AN AUDITORY INTER-
NEURON in  THE CRICKET. G. Atkins*, J. Ramseier. H.B ingol  and J, Stout 
Dept. of Biology, Andrews University, Berrien Springs, MI 49104.

L3 is an ascending, prothoracic, auditory intemeuron that responds in a band- 
selective manner that matches the band-pass nature of phonotaxis. In young females 
(5 days), L3 shows a strong decrementing response to calling songs (the first 
syllable of the call produces twice as many spikes by L3 than either the second or 
third syllables) that have syllable periods of 50-70 ms. Shorter and longer syllable 
periods do not induce a strong decrement. L3s in older females (21-28 days) do not 
show this decrement at any syllable period tested and thus are unselective.

We have formed a working hypothesis of the circuit by which L3 exhibits a 
band-selective response and how this might change with age. This model proposes 
excitation and a delayed inhibition on the side ipsilateral to L3s ascending axon, and 
contralateral inhibition of both the ipsilateral excitatory and inhibitory inputs. 
Accordingly, the delayed inhibition is responsible for the band-selective decrement. 
The contralateral inhibition is proposed to be strongest in older females and inhibits 
the decrementing inputs of L3 in old females. Evidence to date, is consistent with 
this model. 1) Legphone experiments confirm that essentially all excitation is from 
the axon-ipsilateral side. 2) Two-tone inhibition experiments show L3 receives 
inhibition from both axon-ipsilateral and contralateral ears. 3) Model songs having 
single syllables, show that young L3’s receive delayed inhibition following initial 
excitation. This inhibition falls at a time that would reduce the excitatory response 
to the second syllable if it were occurring with a period of 50-70 ms (predominant in 
5-day-olds and much reduced in 28-day-old L3s). 4) Monaural stimulation of the 
axon-ipsilateral side in old females that would normally not show decrement, results 
in strong decrement. 5) Cutting the contralateral leg nerve and using single syllable 
model songs, increases both the excitation and delayed inhibition. 6) 
Photoinactivation results suggest that ONI is the source o f contralateral inhibition.

1 8 7 .4

Altering the visual surround predictably shapes the pheromone-modulated 
flight performance of moths Manduca sexta. MA Willis* and EA Arbas. ARL 
Div. of Neurobiology, Univ. of Arizona, Tucson, AZ 85721.

Many animals that locomote through fluid media (birds and insects in air, fish 
in water) to locate distant unseen sources of odor use maneuvers that result in 
remarkably similar tracks. They determine wind (or current) velocity and 
direction, and control their own velocity and steering according to visual flow 
fields. Successful odor source location requires the blending of visual, olfactory 
and mechanosensory information with centrally-generated behavior. Using the 
upwind flight of male moths, Manduca sexta, to female sex-pheromones as a 
model we have studied how altering the visual surround shapes odor-guided flight 
performance.

The pheromone-modulated upwind flight of M. sexta males was video-recorded 
in a laboratory flight tunnel over four different patterns: 1) a pseudo-random 
array of 10cm diam. circles; 2) 10cm wide stripes parallel to the longitudinal axis 
of the flight tunnel (=  wind direction); 3) 10cm wide stripes perpendicular to the 
axis of the flight tunnel; 4) a checkerboard pattern consisting of 10x10cm 
squares. Each individual was challenged to fly over all four patterns. Of the 
animals that exhibited pheromone-modulated flight over all the patterns; 30% 
were able to fly upwind 2m and locate the pheromone source only over the circle 
and checkerboard patterns; 27 % were able to successfully locate the source over 
the circle, checkerboard, and parallel stripes; 12% were able to locate the source 
over the circle, checkerboard and perpendicular stripes; the most adaptable 24% 
were able to locate the source over all four patterns. The tracks o f individuals 
differed significantly, and predictably depending on the pattern flown over, while 
timing of turns remained consistent regardless of visual surround. [Supported by 
NSF Grant IBN-9216532]

1 8 7 .6

R ETIN O TO PIC  PA R A LLEL M O TIO N  SE L E C T IV E  A N D  
N O N -SE L E C T IV E  N E U R O N S IN FL IE S A N D  
M O R PH O L O G IC A L  E Q U IV A L E N T S IN A H U M M IN G B IR D  
H A W K  M O T H . J. K. Douglass* M. Wicklein. & N. J. Strausfeld. 
ARL Div. Neurobiology, University of Arizona, Tucson, AZ 85721.

Identified small-field retinotopic neurons are involved in motion 
computation peripherally in the optic lobes o f flies (Douglass and 
Strausfeld, J. Neurosci, 1995, in press). In this pathway, bushy T-cells 
(T5), four of which arise in each retinotopic column and are postsynaptic 
to columnar type Tml directionally-sensitive neurons from the medulla, 
relay information about directional motion to wide-field collector cells in 
the lobula plate. We have identified a parallel system into the lobula plate 
carried by quadruplets of T4 neurons, a cell type almost identical to T5 
but which is associated with iTm columnar neurons in the medulla. Tml 
and iTm occur in each retinotopic column and provide a system of 
parallel relays. Unlike T5, T4 responses follow the spatial frequency of 
the motion stimulus and are not directionally sensitive. Neither is it’s 
putative presynaptic neuron, iTm. The results support the contention 
(Srinivasan et al. [1993] Naturwiss. 80: 38-41) that retinotopic pathways 
computing directional motion are accompanied by parallel direction 
insensitive pathways which could be used in depth perception by relative 
velocity. Studies of the moth Macroglossum stellatarum, a species that is 
exquisitely sensitive to motion and depth, demonstrate that analogous 
morphological types of neurons in its medulla also provide relays to 
wide-field lobula plate systems that function like those of flies. 
Supported by a grant from  the National Center fo r  Research Resources 
(RR08688) and from the Alexander von Humboldt Foundation.
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INTER- AND INTRASPECIFIC CONSERVATION AND 
VARIATION AMONG NEURONS SERVING VISUAL 
MOTION PROCESSING. E. K. Buschbeck* and N. J. Strausfeld 
Dept. of Ecology and Evolutionary Biology, and the ARL Division 
Neurobiology, University of Arizona, Tucson, AZ 85721

In cyclorrhaphan flies, visual motion computed by a subset of 
retinotopic small-field neurons is relayed via small directionally sensitive 
elements to two layers of lobula plate collector neurons (HS and VS 
cells) that are important for the control of yaw, pitch, and roll during 
flight. Comparison amongst 11 taxonomic groups, representing a range 
of dipteran phylogenies, demonstrate evolutionary conservation of the 
retinotopic subset. However, the postsynaptic lobula plate neurons show 
considerable cross-family variation with respect to their organization into 
assemblies, their interactions with peripheral inputs, their dimensions, 
morphologies, and stratification. Comparison between different families 
of Diptera demonstrate that such differences appear to be correlated with 
characteristic flight behaviors, and gross morphologies. We report here 
that specific differences of neuronal organization, each indicative of a 
different aerodynamic type, can be demonstrated at a finer organizational 
level within a family. A comparison of two syrphid species, 
exemplifying two extremes of body shapes (truncated and extended) and 
flight behaviors, with two asilid species representing two extremes of 
flight dynamics (ballistic and hovering), reveal corresponding 
specializations and modifications in the organization of motion sensitive 
collector neurons in their lobula plates. Such differences also provide 
phylogenetic information for reconstructing evolutionary history within 
the Diptera. Supported by a grant from the National Center for Research 
Resources (RR08688) and the McArthur Foundation.

1 8 7 .9

CONVERGENT EVOLUTION OF OLFACTORY ASSOCIATION 
NEUROPILS IN INSECTS AND CHELICERATES. L. C. Hansen. R.
S. Gomez, and N. J. Strausfeld* ARL Div. Neurobiology, University 
of Arizona, Tucson, AZ 85721.

Insect mushroom bodies (MBs), which are defined by strict 
morphological criteria, are reputed to underlie associative learning and 
memory (Strausfeld, N.J., et al. [1995] The arthropod mushroom body: 
its functional roles, evolutionary enigmas and mistaken identities. Eds: 
Breidbach, O., and Kutsch, W. Birkhäuser, 349-381). MBs receive their 
afferents mainly from projection neurons arising in the antennal lobe 
within the third preoral segment of the brain (deutocerebrum), itself the 
site of termination of antennal olfactory receptor axons. The 
deutocerebrum is absent in all chelicerates; likewise, MB-like structures 
associated with olfactory neuropils are absent in pycnogonids, scorpions, 
and probably all araneans (spiders). However, MBs are present in 
certain terrestrial chelicerates where the palps or the first leg pair have 
undergone evolutionary modifications to antenna-like sensory organs. 
These are least exaggerated in solifugids, which have small but clearly 
defined MBs, and are most elaborate in amblypygids, where the first leg 
pair is modified as grotesquely long tentacular sensory appendages. In 
this group, MBs occupy most of the brain, with all other neuropils 
reduced or displaced. In solifugids, uropygids, and amblypygids, 
antenniform appendages are served by increasingly elaborate glomerular 
neuropils within the first postoral ganglion. These observations suggest 
that, in insects and chelicerates, evolutionary modification of appendages 
to olfactory organs (antennae) was concomittant with the evolution of 
similarly designed olfactory association networks. Supported by a John 
Simon Guggenhein Memorial Foundation Fellowship to N. J. S.

1 8 7 .1 1

EFFECTS OF BEHAVIORAL REVERSION ON BRAIN 
STRUCTURAL PLASTICITY IN THE HONEY BEE. S.M. Farris. 
S,E. Fahrbach. and G.E, Robinson*. Department of Entomology, 
University of Illinois at Urbana-Champaign, Urbana, IL 61801.

Adult worker honey bees display endocrine-mediated behavioral 
development. They feed ("nurse") brood within the hive early in 
life, when blood titers of juvenile hormone are low, and later shift 
to foraging outside the hive when juvenile hormone titers are high. 
During this transition, a reorganization occurs within the 
mushroom bodies of the brain. The volume occupied by the cell 
bodies of intrinsic neurons decreases, while the volume of the 
neuropil of the mushroom bodies increases. To explore the 
correlation between endocrine, behavioral and neuroanatomical 
changes, foragers were forced to "revert" to nursing activities, 
which is associated with a drop in juvenile hormone. This was 
accomplished by creating an experimental colony composed solely 
of foragers (as well as a queen and a frame of brood). We collected 
from this colony foragers that reverted to nursing and bees that 
continued to forage. RIA analyses revealed that, as expected, 
foragers had higher juvenile hormone titers than nurses or reverted 
nurses in each colony. Volume measurements were calculated from 
brain sections using the Cavalieri method.

1 8 7 .8

MULTIMODAL NEURONS IN MUSHROOM BODY
ASSOCIATION NEUROPILS. Y.S. Li* and N. J. Strausfeld. 
ARL Div. Neurobiology, University of Arizona, Tucson, AZ 85721.

In the cockroach Periplaneta americana, mushroom bodies (MBs) 
are paired neuropils consisting of many thousands of closely packed 
intrinsic neurons (Kenyon cells) arranged in parallel and locally 
interconnected. MBs are thought to underlie associative memory, 
particularly for olfaction. However, although reputed to be supplied 
mainly by olfactory interneurons, mushroom bodies of several species 
are known also to receive visual and mechanosensory relays, suggesting 
that they are multimodal integrators. Ensembles of intrinsic neurons are 
transected by the dendrites of efferent (extrinsic) neurons which report 
computations performed by the intrinsic networks. Extrinsic neurons 
project axons to a variety of brain areas, including those that provide 
descending pathways that supply motor pools governing behavioral 
actions. Indirect evidence from lesioning experiments and extracellular 
recordings earlier suggested that the MBs in cockroaches serve a variety 
of premotor functions (M. Mizunami, et al. [1993] in: R. D. Beer, R. E. 
Ritzmann & T. McKenna (eds) Academic Press, pp 199-225). Here we 
report the results of intracellular recordings from MB extrinsic neurons, 
identified from dye filling and serial reconstruction. We demonstrate that 
MB efferent neurons arising in the α-lobes are multimodal, responding to 
sensory stimuli such as visual motion, sound, and touch. The results 
corroborate the earlier extracellular studies that indicated different roles 
for different MB lobes, and further suggest that these centers are 
composite neuropils. Supported by grant IBN 9316729 from the 
National Science Foundation and an N1H training grant, NS07309 .

1 8 7 .1 0

COINCIDENT MATURATION OF FLIGHT BEHAVIOR AND THE 
MUSHROOM BODIES IN THE HONEY BEE. S.E.Fahrbach*. S.
M. Farris. and G. E. Robinson Department of Entomology, 
University of Illinois at Urbana-Champaign, Urbana, IL 61801.

The mushroom bodies of the adult honey bee brain are reorganized 
during the normal course of behavioral maturation. Both experience 
and exposure to juvenile hormone may control this neural plasticity.
In this study, we analyzed the volume of the mushroom bodies of 
worker bees with known flight histories. Worker bees were marked 
with number tags at one day of age and returned to their colony, which 
was otherwise unmanipulated. The flight activity of each tagged bee 
was recorded continuously. Bees were collected at the hive entrance, 
and their brains were processed for histology. Volumes were 
estimated using the Cavalieri method. We compared the volume 
occupied by the Kenyon cell bodies and their associated neuropil in 
bees with differing flight experience: one day old bees (no flight); bees 
returning from their first orientation flight; bees returning from their 
fifth orientation flight; bees returning from their first foraging flight; 
and bees with one, two, and three weeks of foraging experience. The 
results indicate that the reorganization of the brain into a "forager 
configuration" is the culmination of a process that has already begun 
when the bee takes its first foraging flight. We also detected a 
significant loss of volume in both the neuropil and Kenyon cell somal 
regions in the three week foragers, suggesting that there may be brain 
aging, and perhaps, performance deterioration in aged worker bees.

1 8 7 .1 2

ACTION AND COMPOSITION OF THE NEUROTOXIC 
SALIVA OF THE ASSASSIN BUG Platymerus. J.S. Edwards*, 
W. Grueber and L. Hurley. Dept. of Zoology, University of 
Washington, Seattle WA 98195.

The assassin bug Platymerus (Hemiptera, Reduviidae) injects a 
salivary venom into the body cavity of its prey. The prey 
undergoes immediate convulsions leading to flaccid paralysis. The 
venom is also ejaculated defensively in behavior analogous to that 
of spitting cobras. This behavior allows the collection of pure 
saliva in quantity for physiological and biochemical study.

The saliva contains 11 proteins, including 3 proteases, a 
phospholipase 2a, a hyaluronidase and a 5kD peptide.

Application of the venom to the insect ventral nerve cord at 
concentrations corresponding to natural predation causes rapid 
massive discharge leading to electrical silence. Behavioral effects 
e.g. ability of Periplaneta to regain normal posture after inversion 
are observed after injection of whole saliva at doses down to 0.015 

μ g/gm. The 5kD peptide inhibits Ca-dependent K current in crab 
axons (n=l).

The composition and action of Platymerus venom is an insect 
analog o f cobra venom. Supported by University. of Washington 
Royalty Research Fund.
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1 8 8 .1

SYNAPTOPHYSIN-LIKE PROTEIN IN HEPATIC 
PARENCHYMAL CELLS: MECHANISM FOR HEPATIC 
SIGNALLING? C. DellaCorte*. P. Ulrich. M. Ketchum. J. Nuss.
L. Johnson and M.I. Friedman. Monell Chemical Senses Center, 
Philadelphia, PA 19104

The mechanism generating neural signals from liver to control 
feeding behavior is unknown. To address this problem, we examined 
liver tissue for the presence of synaptophysin, an integral membrane 
protein of synaptic and synaptic-like micro vesicles. Immunocyto- 
chemical analysis using different monoclonal antibodies to 
synaptophysin revealed synaptophysin-like immunoreactivity within 
parenchymal cells in discrete areas of the median lobe. Staining 
appeared punctate and was sparse in nuclear region of the cells. 
Western blot analysis of crude liver homogenates suggested the 
presence of putative mono-, di-, and trimeric forms of synaptophysin. 
PCR products generated using primers specific for synaptophysin and 
sequencing studies further suggested the presence of synaptophysin- 
like transcripts and sequences in the median lobe. The results 
suggest that synaptophysin is present in a subpopulation of hepatic 
cells and raise the possibility that a vesicular secretory mechanism 
is involved in hepatic signalling.
(Supported by NIH grants MH-50363 and DK-36339)

1 8 8 .3

ADRENOMEDULLIN IS A POTENT SUPPRESSOR OF SALT 
APPETITE IN THE RAT. T.C. Murphy and W.K. Samson*. 
Physiology, UND Schl of Med, Grand Forks, ND 58202.

Adrenomedullin (AdM) is a novel, hypotensive peptide which is 
produced in a variety of tissues including brain. AdM acts in the 
kidney to promote natriuresis, in the pituitary to inhibit basal and 
CRH-stimulated ACTH secretion, and in the adrenal gland to 
restrain aldosterone secretion. We have reported previously that 
AdM acts within the CNS to inhibit water drinking and now 
demonstrate that it is a potent inhibitor of salt appetite. Male rats 
were injected sc with 5 ml/ 300 g bw, polyethylene glycol (PEG, 
30%) to induce an isotonic hypovolemia and food and water 
removed overnight. On the following day, rats received saline 
vehicle (2 μ l) injectioμn icv or saline containing synthetic AdM (rat 
AdM11-50, Phoenix Pharmaceuticals) and water and s a lt water (0.3 
M NaCI) bottles returned to the cages. Drinking was monitored for 
24 hr. None of the doses of AdM tested (88 and 176 pmol) 
significantly altered heart rate or blood pressure; however, 
significant and transient (1 hr) inhibition of water drinking was 
observed as previously reported. More remarkable was the longer 
lasting, significant (p<0.01) but reversible (no significant differences 
at 24 hr) inhibition of saline drinking. These results suggest that 
AdM may act in a coordinated fashion in a variety of sites including 
the CNS to control fluid and electrolyte homeostasis.

1 8 8 .5

CCK-8 AND AMYLIN PRODUCE DIFFERENT PATTERNS OF EFFECTS 
ON ANOREXIA AND DELAYED GASTRIC EMPTYING. L. S. Birkemo, M. 
F. Johnson, G. N. Ervin*. Dept. Pharmacology, Glaxo Res. Instit., RTP, NC 
27705 (USA).

Both amylin and sulfated cholecystokinin26-33 (CCK-8) have been shown to 
induce anorexia and to delay gastric emptying. In this study we compared the 
effects of amylin and CCK-8 on both feeding and gastric emptying in male 
Long-Evans rats (Charles River, Co.; Raleigh, NC). To measure feeding, rats 
were food deprived at 1600 hr and offered 4 pellets of their usual food (Lab 
Blox, Purina Rodent Chow No. 5001) for 30 min on the next morning at 1000 
hr. To assess the effects of peptides on feeding, groups of rats (N=8-10) were 
administered i.p. doses of CCK-8 or amylin (1 -1000 nmol/kg B.W.) 15 min 
before feeding. To measure the effects on gastric emptying, 18-hr food- 
deprived rats were injected i.p. at 0930 hr with amylin or CCK-8 (1, 10, 100, 
and 1000 nmol/kg). Fifteen min later, rats received intragastric intubations or
1.5 ml of dye-containing, 1.5% methyl cellulose. Thirty min later, rats were 
decapitated and their stomachs surgically isolated and assessed for emptying of 
dye. Using an ANOVA followed by Dunnett’s Multiple Comparison Test, it 
was determined that both amylin and CCK-8 significantly decreased gastric 
emptying and induced anorexia. For significant delays in gastric emptying, the 
threshold dose was I nmol/kg for amylin and 100 nmol/kg for CCK-8, and the 
maximal suppression of gastric emptying was to 18 (+/- 5.3) % for amylin and 
to 5.5 (+/- 5.3) % for CCK-8. For significant anorexia, the threshold dose was 
1000 nmol/kg for amylin and 50 nmol/kg for CCK-8, and the maximal 
suppression of feeding was to 63 (+/-10.9) % of control for amylin and to 8 
(+/- 4.4) % of control for CCK-8. From these data we conclude that although 
CCK-8-induced anorexia and delayed gastric emptying appeared correlated, 
delayed gastric emptying per se is not sufficient to induce anorexia.

1 8 8 .2

TACHYKJNINS MODIFY THE PALATABILITY OF NaCI.
M E. Smith and F W . Flynn. Dept. o f Psychology and Neuroscience Program, 
Univ. o f Wyoming, Laramie, WY

We previously reported that lateral intracerebroventricular (icv) injections of 
a tachykinin NK3 receptor agonist, senktide, blocked the sodium deficiency- 
induced increase in ingestive taste reactivity (TR) responses to 0.5 M NaCI. 
This suggests that tachykinins interact with the perceived palatability o f  NaCI. 
The following experiments pursed this notion by testing the effects o f  senktide 
on TR responses to NaCI concentrations in sodium replete rats. Male rats (n= 
6) received icv injections o f saline or senktide (20 ng, 200 ng). Five min 
later, rats were administered, on separate days, intraoral infusions o f  0.03 M, 
0 15 M NaCI or 0.1 M sucrose and TR responses during the first m in and 
intraoral intake were measured. Compared to saline injections, senktide 
produced a reliable increase in ingestive, and a decrease in aversive responses 
to 0.03 M NaCI. Infusions o f  0.15 M NaCI elicited predominantly ingestive 
responses in saline injected rats, and few ingestive responses and many 
aversive responses following senktide, p 's< .05. Intraoral intake o f 0.03 M 
NaCI increased, while 0.15 M NaCI intake decreased following icv senktide, 
p's < 05 . Senktide had no effect on responses to sucrose. Thus, following icv 
senktide, intraoral intake and TR to 0.03 M NaCI is more like the response to 
a normally preferred concentration, while the response to 0.15 M NaCI is like 
that to a more concentrated, normally avoided NaCI concentration. This 
pattern o f responding suggests that the central stimulation o f NK3 receptors 
causes a leftward shift o f the NaCI concentration response function along the 
concentration axis. (Supported by NIH NS24879 to F.W.F.)

1 8 8 .4

INFLUENCE OF SEX AND AGE ON THE HYPOHAGIC EFFECT OF CCK-8S 
IN RATS. M. Voits*. S. Förster. S. Rödel. H. Fink Institute of Pharmacology and 
Toxicology, Charité , Humboldt University, D-10098 Berlin, Germany.

Besides a variety of behavioral effects, the sulphated CCK ociapeptide (CCK-8S) 
regulates food intake by peripheral and central mechanisms. There is some evidence 
of sex differences in responsivity to the hypophagic effect of CCK in food deprived 
rats and mice. It is supposed that other factors as state of hunger, age or stress may 
influence the sensitivity to exogenous CCK. Thus, we studied the effects of CCK-8S 
in satiated male and female rats of different ages.

Litter size of Wistar rats was adjusted to ten pups on day three of life. After 
weaning on day 21, all rats had free access to commercial food and tap water. Rats 
were kept under a 12h light-dark schedule in groups of 5 and housed singly during 
the experiments. Male and female rats were treated with CCK-8S (1.6; 8.0; 
40μg/kg, i.p.) at day 30, 44, 58, 79, 93, 149 of life at the beginning of the dark 
period and food intake was measured. Compared to treatment with saline (i.p.) two 
days before the test, CCK-8S reduced food intake in male rats at days 44 (40μg/kg) 
and 58, 79, 93 and 149 of life (8.0 and 40μg/kg) during the first hour. No reduction 
of food intake was observed at an age of 30 days. In females, CCK-8S lowered food 
intake at the highest dose (40pg/kg) at day 30 and 149, but had no satiating effect at 
any dose in rats from day 44 to 93. Moreover, in 44 day old female rats, CCK-8S 
(1.6 μg/kg) enhanced food intake. These results support our recent data that female 
rats are less sensitive to the satiating effect of CCK-8S than male rats, although the 
state of estral cycle was not considered. Conversely, young male rats are less 
sensitive to the hypophagic effect of CCK-8S than young females. The reverse of 
sensitivity to the satiating effect of CCK-8S during this life period in male and 
females may be of interest with regard to anorexia nervosa patients, who are mostly 
women at puberty and who are reported to have abnormalities in plasma levels of 
CCK. Supported by BMFT (01 ZZ 9101).

1 8 8 .6

SUPPRESSION OF REAL FEEDING BY FAT IS RELATED TO 
POSTPRANDIAL PLASMA CHOLECYSTOKININ (CCK) CONCENTRATIONS 
IN RATS. B. Burton-Freem an1 .  DW. G ietzen2 VE. M endel*3 . BO. 
Schneeman1. 1Dept. of Nutr., 2Anat. Physiol. & Cell Biol. and Food Intake 
Lab, 3Neurobiol., Physiol. & Behav., UC Davis, Davis CA 95616.

Previously we demonstrated, through meal pattern analysis (MPA), that 
intestinal infusions of fat reduced meal size and total daily energy intake, 
independent of energy, in rats. Intermeal interval (IMI) lengthened dose- 
dependerrtly as the percent energy from fat was increased in the infusates. A 
CCK receptor antagonist reversed the satiety response to intestinal fat 
suggesting a role for endogenous CCK. The purpose of the present study 
was to determine if plasma CCK concentrations rise and fall concurrently with 
feeding patterns of rats infused with high and low doses of lipid. Under 
anesthesia, male Wistar rats were prepared with a duodenal cannula for lipid 
delivery and a jugular cannula for serial blood sampling to measure plasma 
CCK. Rats were infused, duodenally, with 1 of 2 isocaloric solutions (10 mL of 
1 kcal/mL at 0.45 mL/min) varying in fat and carbohydrate content: 20 or 80% 
of the energy was from fat. Blood was collected and analyzed for CCK by RIA 
at 0 (fasting), 10, 65 and 160 min after starting the duodenal infusion. Time 
points for blood sampling corresponded to when rats stopped eating (10 min) 
and when they resumed eating (65 min when infused with 20% fat and 160 
min with 80% fat solution), as determined by MPA. Results showed that the 
integrated CCK response after infusion with the 80% fat solution was 50 times 
greater than the CCK response after the 20% fat infusion. Moreover, the 
pattern of the CCK response indicated that meal termination (10min) occurred 
once a threshold concentration of plasma CCK (above fasting levels) was 
released and eating did not resume (65 or 160min) until plasma CCK returned 
to levels similar to fasting. The cone of CCK after the 80% fat infusion at 10min 
was nearly twice that invoked by the 20% fat infusion. The magnitude of the 
initial increase in CCK, which was dependent on the fat load, determined the 
extent of postprandial satiety (IMI). DK35747, Nestlé  Fellow
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CHOLECYSTOKININ ALTERS INGESTIVE, BUT NOT 
AVERSIVE, TASTE REACTIVITY RESPONSES TO A 
BITTERSWEET SOLUTION IN RATS. L .A . Eckel* and K.-P. 
Ossenkopp. Neuroscience Program, University o f  Western Ontario, 
London, Ontario, Canada, N6A 5C2.

Peripheral administration o f cholecystokinin (CCK) has been 
shown to reduce ingestive taste reactivity responses to oral sucrose 
infusions without increasing aversive responses in rats. This finding 
is consistent with a satiogenic effect o f  CCK, and further suggests 
that the production o f  aversive, nausea-like internal cues does not 
contribute to CCK-induced changes in taste reactivity to a palatable 
solution. The present study examined the effects o f CCK on oral 
infusions o f a bittersweet solution that elicits a mixture o f  ingestive 
and aversive responses. Rats were injected with CCK (8 μ g/kg, ip) 
or saline and taste reactivity responses were videotaped during brief 
(30 s) oral infusions o f  a bittersweet solution (0.0003 M 
quinine/0.03 M sucrose) which began 2 min post-injection and were 
repeated at 2 min intervals for 10 min. CCK treated rats produced 
significantly fewer ingestive responses and more passive drip in 
comparison to controls (p s< .0 1 ) . However, the frequency of 
aversive responses (gapes and chin rubs) did not differ between 
groups. Therefore, CCK failed to alter aversive responses elicited 
by a bittersweet tastant. These results are consistent with a satiety 
effect o f CCK. (Supported by NSERC and MRC).

1 8 8 .9

NMDA RECEPTOR ANTAGONISM INCREASES FOOD INTAKE AND 
ATTENUATES SUPPRESSION OF FEEDING BY CCK. G.A. Burns*. T. Pauls, 
and R. C. Ritter. Dept. of VCAPP, Washington State University, Pullman, WA. 
99164-6520.

Previous reports have implicated glutamate in the control of food intake. 
Glutamate is released by activation of some visceral sensory neurons and 
conceivably participates in inhibition of food intake by visceral stimuli. The gut 
peptide, cholecystokinin (CCK), suppresses food intake via an action on visceral 
sensory fibers of the vagus nerve. Therefore, we have investigated possible 
involvement o f glutamatergic neurons in suppression of food intake by exogenous 
CCK-8, using the N-methyl-D-aspartate (NMDA) receptor antagonist, MK-801. 
Male Sprague-Dawley rats were adapted to ingest a 15% sucrose solution for 30 
min, following overnight food deprivation. Fifteen minutes prior to sucrose 
presentation the animals received intraperitoneal injections of MK-801 (50, 100, 200 
or 300 μg/kg) or vehicle. This injection was followed by intraperitoneal CCK-8 (4 
μg/kg) or vehicle 5 min before sucrose presentation. Real sucrose intake following 
CCK-8 (3.1 ± 0.6 ml/30 min) was significantly reduced compared to intake after the 
vehicle solution (10.4± 0.6 ml/30 min). When MK-801 preceded CCK-8, reduction 
of intake was attenuated. Attenuation of CCK-induced reduction of real feeding was 
significant (p < 0.001) at an MK801 dose of 50 μg/kg (6.7± 0.6 ml/30 min). At 
100 μzg/kg MK-801, CCK-induced suppression of 30 minute food intake (8.7± 0.4 
ml/30 min) was nearly abolished (p<  0.001). MK-801 (100 μg/kg), administered 
to real feeding animals in the absence of CCK-8, caused a 53 % increase in sucrose 
consumption. However, when administered to sham feeding animals there was no 
change in intake. The results suggest that NMDA receptors may participate in 
control of food intake by altering the detection or motivational salience of visceral 
cues. Supported in part by NINDS Grant NS20561.

1 8 8 .1 1

CCK-A RECEPTOR ANTAGONIST INCREASES FOOD INTAKE 
IN CAPSAICIN-TREATED RATS. R.C. Ritter* and Z. Malbasa. 
Dept. of VCAPP, Washington State University, Pullman, WA.

Reduction of food intake by injection of exogenous cholecystokinin 
(CCK) is attenuated by CCK-A receptor antagonists, such as 
devazepide. Devazepide, or other CuK-A receptor antagonists, 
administered without exogenous CCK, increases food intake, 
suggesting that endogenous CCK participates in the control of food 
intake. Destruction of vagal afferents, either surgically or with the 
sensory neurotoxin capsaicin, attenuates suppression of food intake 
by exogenous CCK. However, subdiaphraamatic vagotomy 
apparently does not abolish devazepide-induced increases in food 
intake (Reidelberger, 1992). To determine whether both exogenous 
CCK and CCK-A receptor antagonists alter food intake via capsaicin- 
sensitive neurons, we measured sucrose intake following 
intraperitoneal injection of CCK-8 or devazepide in capsaicin-treated 
and control rats. CCK-8 (4 μ g/kg) reduced food intake by 
48.3+13.1% in control rats, but did not significantly reduce food intake 
in capsaicin treated rats (0.1+10.8%). However, devazepide alone 
(25-500 pg/kg) significantly increased sucrose intake in control and 
capsaicin treated rats. For example devazepide (300 μ g/kg) 
increased intake by 29.4+5.4% in control rats and by 23.6+6.9% in 
capsaicin treated rats. These results confirm previous reports that 
exogenous CCK reduces food intake acting at capsaicin-sensitive, 
subdiaphragmatic vagal sites. They also suggest that CCK receptor 
antagonists increase food intake via action at capsaicin insensitive 
sites, perhaps outside of the abdominal cavity. Supported in part by 
NINDS grant NS20561.

1 8 8 .8

INHIBITION OF GASTRIC EMPTYING AND OF FOOD INTAKE 
APPEAR TO BE INDEPENDENTLY CONTROLLED IN RODENTS.
S.P. Bhavsar. B.R. Gedulin. K. Beaumont*. T.J. Rink and A.A. Young. 
Amylin Pharmaceuticals Inc., San Diego, CA 92121.

Several peptides which inhibit gastric emptying are reported to also 
suppress food intake, raising the possibility that both processes are 
obligatorily linked. Amylin is a 37 amino acid peptide cosecreted with 
insulin from pancreatic β-cells in response to nutrient stimuli. Like 
cholecystokinin and glucagon-like peptide [7-36]NH2 (GLP-1), which are 
secreted from the gut in response to nutrients, amylin potently inhibits 
gastric emptying. The ED50 values for this action in rats, measured by the 
recovery from the stomach of gavaged gel containing phenol red, were 
respectively 0.42 ± 0.07, 8.5 ± 0.20 and 6.1 ±0.12 (nmol/kg ± log units) for 
rat amylin, cholecystokinin octapeptide (CCK-8) and for GLP-1, each 
administered intraperitoneally immediately before gavage. To determine 
whether a similar relationship existed between these peptides for the 
inhibition of food intake, varied intraperitoneal doses of rat amylin, CCK-8 
and GLP-1 were given to mice fasted 18 to 20-hours, immediately before 
presentation of a food pellet. Food consumption was followed by serially 
weighing food pellets. Amylin dose-dependently inhibited food 
consumption over 30-min by up to 55 %, with an EC50 of 
1.15 nmol/kg ± 0.08 log units. CCK-8 inhibited food consumption by up to 
70 % with an EC50 of 5.63 nmol/kg ± 0.07 log units. GLP-1 did not 
significantly inhibit food consumption in this model at any dose tested, 
despite being able to fully inhibit gastric emptying in the rat. Thus, the 
inhibition of gastric emptying by these peptides is not invariably linked to 
their suppression of food intake in rodents.

1 8 8 .1 0

DELAYED EFFECTS OF DEVAZEPIDE, A CCK ANTAGONIST, 
ON FOOD AND WATER INTAKE AND BODY WEIGHT.
M. Skupinsky and D. E. Woolley*. Univ. Calif., Davis, CA 95616.

Devazepide (DEV), a proposed antianorectic agent, increases food 
intake by antagonizing endogenous CCK. We compared the relative 
effects of DEV on food and water intake and body weight in adult 
female rats, to determine if food intake is always the most sensitive 
index of DEV's effects. Using a 12:12 light:dark cycle, DEV or 
vehicle was injected (in DMSO; 0.5 ml/kg) IP after a 12-h fast. Food 
and water intake and body weight were measured every 2 h for 12 h 
after the first injection and then at 24 h. When a relatively high dose 
of DEV (1.0 mg/kg) was injected at 0 and 6 h after lights on, no 
effect was observed until lights-off at 12-24 h when food intake of 
the DEV group was 77% greater than that of the controls. For the 24 
h, the greatest increase was in food intake, followed by body weight, 
then water intake. The same dose injected once at 0 time when lights 
went off increased food intake only during the 4-6 h (dark) and 14-24 
h (light) periods. When the same dose was injected twice (0 and 6 h 
after lights off) two weeks later to the same animals, food and water 
intake and body weights decreased during the 6-8 h period with the 
greatest decrease in water intake, followed by body weight, then food 
intake. During the 14-24 h period when lights were on, food and 
water intake and body weights were significantly increased in the 
DEV group. Thus, whether food intake was not affected, increased, 
or decreased 4-8 h after first injection, food intake was always 
increased 12-24 h later, regardless of the light cycle, indicating that 
DEV either persisted a long time or produced a secondary effect.

1 8 8 .1 2

BOMBESIN AND CHOLECYSTOKININ BOTH REDUCE THE SALT INTAKE 
OF SODIUM DEPLETED RATS. S.P. Frankmann* A.K. Cobb and F. 
Knight .  Dept. of Psychology, U. Southern Colorado, Pueblo, CO 81001.

Little is known of the signals for the satiation of salt appetite. Peripheral 
injection of the peptide, Bombesin (BN), elicits satiety for liquid food in 
overnight food-deprived rats and for NaCI intake in sodium depleted rats. 
The present study asked whether another hormone implicated in satiety for 
food, cholecystokinin (CCK), would decrease the NaCI intake of sodium  
depleted rats.

Male, Sprague-Dawley rats (n = 8) were sodium depleted by injection of the 
natriuretic-diuretic drug, furosemide (10 mg, sc) and overnight sodium 
deficient food and water. Twenty four hours later, 0.3M NaCI and water 
intakes were recorded for 2h (5, 10, 15, 30, 45, 60, 75, 90, 105 and 120 
min) in a salt appetite test. .Rats were injected (ip) with Vehicle (V, isotonic 
saline), BN (4 or 8 μg/kg) or CCK (0.5, 1.0, 2 or 4 μg/kg) at 5 min prior to the 
onset of the salt appetite test.

Both BN and CCK suppressed NaCI intake in a dose dependent and 
reversible manner. Following BN, the intakes for the first ten minutes were 
similar to V, but then intakes tapered off, as if satiety was occurring earlier. In 
contrast, following CCK, there was a delay in the onset of NaCI intake. Even 
the 0.5pg/kg dose of CCK (a dose which is ineffective in reducing food 
intake) resulted in a delay of the onset of NaCI intake. Thus, CCK retarded 
the onset of NaCI intake, whereas the BN resulted in an earlier cessation of 
NaCI intake, after a normal initiation. By the end of the 2h test both BN and 
CCK groups had recovered intakes to volumes comparable the V group.

These data suggest that CCK may retard the onset of NaCI intake, whereas 
BN may act to hasten the onset of satiation of salt appetite, perhaps 
mimicking an endogenous satiety mechanism.

Support: NIH - DK39180 & USC - FSCAG
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FOS EXPRESSION IN THE BRAIN FOLLOWING PERIPHERAL AND CENTRAL 
ADMINISTRATION OF BOMBESIN. B.-H. Li* and Neil E. Rowland. Dept of 
Psychology, Univ of Florida, Gainesville, FL 32611.

Bombesin (BBS) is a brain-gut peptide that suppresses food intake both when 
administered peripherally and centrally. However, the brain sites involved in the 
anorectic action of BBS, and whether peripheral and central BBS exert the action 
through the same neural substrates, remain unclear. We addressed these questions by 
examining Fos-like immunoreactivity (FLI), a marker of neuronal activation, in rat 
brain following either intraperitoneal (IP) or 4th cerebroventricular (4V) administration 
of BBS. It was found that the hypothalamic paraventricular nucleus showed a strong 
FLI following IP BBS at a 20-80 μg/kg and 4V BBS at 60 ng/rat, but the FLI was 
much weaker following IP BBS at 5-10 μg/kg or 4V BBS at 3-30 ng/rat. Additionally, 
different effects of IP and 4V BBS were observed in the following regions: 1) a strong 
FLI was seen in the area postrema (caudal part) only following IP but not 4V BBS; 2) 
while IP BBS-induced FLI was almost evenly distrubuted throughout the medial 
subdivision of the nucleus of the solitary tract, 4V BBS-induced FLI was much stronger 
in the rostral part than in the caudal part of this region; 3) although the lateral 
parabrachial nucleus, the central nucleus of the amygdala and the bed nucleus of the 
stria terminalis showed strong FLI following both IP and 4V BBS, subregional 
distribution of the FLI was not the same. What is interesting is that these brain sites 
were previously found to show strong FLI following administration of cholecystokinin 
and dexfenfluramine, and the FLI pattern induced by IP BBS was similar to that 
induced by cholecystokinin, and the FLI pattern induced by 4 V BBS was similar to that 
induced by dexfenfluramine. It is concluded that the commonly activated brain sites 
may be the neural basis for the common effects of different anorectics; however, 
different populations of the neurons within these brain regions seem to be differentially 
engaged not only by different anorectics, but also by different routes of administration 
of BBS.

1 8 8 .1 4

A QUANTITATIVE ASSESSMENT OF FOS EXPRESSION IN THE RAT BRAIN 
AFTER PERIPHERAL ADMINISTRATION OF BOMBESIN (BN) OR A MIXTURE 
OF NEUROMEDIN B (NMB) AND GASTRIN-RELEASING PEPTIDE (GRP). T.R. 
Stratford*. J. Gibbs and G.P. Smith. Bourne Laboratory, Dept. of Psychiatry, The New 
York Hospital - Cornell Medical Center, White Plains, NY 10605 U.S.A.

We have demonstrated previously that injections of low doses of BN increase the 
expression of Fos-like proteins in various brain regions, including the central amygdaloid 
nucleus (Ce) and medial and commissural subdivisions of the nucleus of the solitary tract 
(NTS). We have also shown that injections of equimolar doses of BN or a mixture of 
NMB+GRP produce an equivalent suppression of food intake in rats. In the current study, 
we examined whether BN and the mixture of NMB+GRP had similar effects on neurons 
in these nuclei by employing the immunocytochemical localization of Fos-like proteins 
as a marker for altered cellular activity.

Method. Treated rats received an intraperitoneal injection of either 10 nmol/kg BN, an 
equimolar mixture of NMB+GRP, or the isotonic saline vehicle. Ninety minuteslater they 
were placed under deep, sodium pentobarbital anesthesia and were perfusedtranscardially 
with saline followed by buffered 10% Formalin. The brains were removed, postfixed, 
cryoprotected with 30% sucrose, sectioned a t 30 μm, and processed for Fos protein-like 
immunoreactivity (LI) using a sheep anti-Fos primary antibody (Cambridge). Every third 
section was examined and Fos-positive nuclei were counted throughout the extent of the 
Ce and the sub-postremal NTS.

Results. The mean (± S.E.) number of Fos-positive nuclei counted in each brain region 
is given in the table. Asterisks indicate means differing significantly from BN. In both 
the Ce and the NTS, significantly more nuclei were labeled after BN injections than after 
NMB+GRP injections. Thus, although the two treatments are equipotent at suppressing

No Injection (2) Saline (3) BN (4) NMB+GRP (4)
Ce 103.5 ± 32.5* 1413.7 + 92.8 2191.5 ± 284.3 1435.5 ± 48.5*
NTS 101.0± 4.0* 345.3 ± 30.5* 869.0± 146.6 401.8 ± 69.5*

Supported by NIH DK08836 (TRS), DK33248 (JG), and MH00149 (GPS).

1 8 8 .1 5

CYCLIC ESTRADIOL ENHANCES THE SATIATING ACTIONS OF 
BOMBESIN AND GASTRIN-RELEASING PEPTIDE (1-27) IN 
OVARIECTOMIZED RATS. J.M . Smith. N. Gearv. D. Greenberg. J. Gibbs* 
and G.P.Smith. Bourne Laboratory, Cornell Medical Center, White Plains, 
NY 10605.

Because the mechanisms for the inhibition of meal size by estradiol (E2) 
are unclear, we investigated whether E2 would increase the satiating 
action of bombesin-like peptides. Ovariectomized adult Sprague-Dawley 
rats received cyclic E2 [E2 benzoate (10 μ g) subcutaneously, or oil vehicle 
each Mon and Tues] . On Thurs after overnight food deprivation rats 
received: bombesin (BN), 5.7 μg/kg; gastrin releasing peptide1-27 (GRP), 
1 9 .6 μg/kg; neuromedin B10 (NMB), 32 μg/kg; or the 0 .1 5M NaCI (SAL) 
vehicle IP. Five min later, rats were offered 0.4M  sucrose for 30 min.

BN and GRP decreased sucrose intake (Table). E2 increased the potency 
of each peptide. NMB failed to affect sucrose intake.

30 min sucrose intake (mean ± sem)
SAL BN GRP NMB

OIL 1 1 .0 ± 1 .0  4.6 ± 0 .9 *  8 .0 ± 0 .9 *  10.1 ±1.1
E2 10.4 ± 0 .5  2.8 ± 0 .7 * † 4 .7 ± 0 .7 *† 10.7±1.1
•Different from SAL, p < 0 .0 1 . †Different from OIL, p < 0 .0 5 .

Cyclic estradiol replacement enhances the satiating actions of BN and 
GRP. The reduction of meal size associated w ith  high estrogen 
concentration in the female rat may be due to enhanced activity of 
endogenous bombesin-like peptide satiety systems.

Supported by: MH51135(NG), DK38757(DG), DK33248(JG) and 
MH00149(GPS).

1 8 8 .1 6

PERIPHERAL INJECTIONS OF BOM BESIN RECEPTO R ANTAGONISTS 
BLOCK THE EFFECTS OF BOMBESIN BUT NOT STOM ACH LOADS ON 
FOOD INTAKE. F W. Flynn*. Dept. o f  Psychology and Neuroscience Program, 
Univ. o f Wyoming, Laramie, WY.

The endogenous meal contingent release o f  bombesin (BN)-like peptides is 
thought to contribute to the termination o f a meal. In the following experiments 
the ability o f three BN receptor antagonists to facilitate voluntary milk intake or 
attenuate the ability o f nutritive stomach loads to suppress food intake was tested. 
In separate experiments, male rats were either food deprived overnight or non
food deprived, and administered intraperitoneal injections o f  saline, [D- 
Phe1,2,Lcu14]BN (0.5, 1.0 mg/kg), the Neuromedin B- preferring receptor 
antagonist (#23042; 0.1 mg/kg [Biomeasure Inc., MA]), or the gastrin releasing 
peptide-preferring receptor antagonist, [D-Phe6, Des-M et14]-BN (6-14) ethyl 
amide (0.1, 0.5 mg/kg). Five min later rats were administered intragastric milk 
loads (10 ml/kg) or no load, and then given access to sweetened condensed milk 
for 1 h. Stomach loads reduced subsequent milk intake compared to the no load 
condition and rats ate similar amounts following pretreatment with saline or the 
antagonists regardless o f  the load condition. To verify the potency o f the BN 
antagonist, rats were pretreated with saline or [D-Phe12,Leu14]BN (0.1 mg/kg) and 
5 min later administered 8 μg/kg BN. M ilk intake was measured every 5 min for 
1 h. The antagonist blocked the ability o f  BN to suppress food intake in food 
deprived rats. The differential effects o f  BN antagonist on blocking the effects of 
exogenous BN and that o f stomach loads suggests that endogenous BN-like 
peptides do not contribute significantly to the termination o f milk intake under 
these test conditions. (Supported by NIH NS24879 to F.W .F.)
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Enduring Effects of Early S tress on M otor A ctiv ity  and T ransm itter  
Laterality. M. H. Teicher*. S. L. Andersen. D ept. of Psychiatry, Harvard 
Medical School, Laboratory of Developm ental Psychopharmacology, McLean 
Hospital, Belmont MA 02178.

The study was designed to determ ine the effects of early severe stress on 
brain and behavioral development. L itters were culled to 12 on d 2. Pups 
were assigned to one o f 4 groups, balanced w ithin  litters. The non-stressed 
group resided w ith  their mother, though they  were removed and handled  
to the sam e exten t as pups in th e other groups. Pups in th e maternal 
separation group were rem oved from th eir  m other, but w ere housed  
together with litterm ates at therm oneutral tem perature for 4 hours per day 
during days 2 - 20. Pups in the isolation group were removed from the dam  
and isolated  at therm oneutral tem perature for th e sam e duration and  
period. Pups in the isolation + cold stress group were removed from their  
dam and isolated at 3°C below therm oneutral tem perature for th e sam e  
period, at th e  sam e ages. Pup s w ere w eaned  at 25 d, and w ere  
group-housed w ith  sam e-sex litterm ates. Activity w as m onitored at 50 d 
u sin g  a infrared  m otion  a n a ly s is  sy stem  (Q u alysis: G lastonbury, 
Connecticut), that traced the X-Y position of an infrared reflective marker 
10 tim es a second to a resolution of ~0.04 mm (Teicher et al, 1995). 
Anim als who were isolated from m other and litterm ates were significantly  
more active; producing more m ovem ents and locom otion (displacem ent, 
forw ard/reverse ratio), th ey  spent less  tim e in active (tem poral scaling, 
im m ob ility  tim e), and had less  com plex m ovem ent p attern  (fractal 
dim ensions). P relim inary find ings su g g est differen ces in tran sm itter  
la terality  at 60 d. DA and 5HT innervation to the prefrontal cortex w as 
greater on the left side than  the right in isol+cold stressed  anim als, but 
was reversed in controls. There also appeared to be a reverse asym m etry in 
laterality of 5HT turnover in hippocampus.

Supported by M H-43473 from NIMH.

1 8 9 .2

STRESSOR-INDUCED IMMUNE, ENDOCRINE AND CENTRAL 
TRANSMITTER ALTERATIONS IN HIGH AND LOW STRESS- 
REACTIVE MICE. H. Anisman*. C. Song. S. Lacosta. A. V.  
Ravindran and Z. Merali. Dept of Psychology, Carleton University & 
University of Ottawa, Dept of Psychiatry, Royal Ottawa Hospital. 
Ottawa, Ont, Canada.

The effects of stressors on central neurotransmitter and endocrine 
activity vary across strains of mice. Whereas profound alterations of 
norepinephrine (NE) and dopamine (DA) occur in several brain regions 
of BALB/cByJ mice, these effects are less marked in C57BL/6ByJ 
mice. The present investigation assessed whether differential responses 
to stressors (both acute and chronic) would also be evident with respect 
to a functional immune measure (mitogen-provoked cell proliferation). 
In BALB/cByJ mice acute and chronic stress increased T cell 
proliferation in response to both PHA and Con A. In C57BL/6ByJ mice 
the increased cell proliferation elicited by acute stress was less 
pronounced than in BALB/cByJ mice. In contrast to BALB/cByJ mice, 
in C57BL/6ByJ this effect declined further with repeated stressor 
exposure (involving the same stressor or a series of different stressors). 
The stressors, irrespective of chronicity, increased plasma corticosterone 
and ACTH concentrations, and this effect was greater in BALB/cByJ 
mice. Likewise, the variations of NE and DA were more profound in 
mesolimbic regions in the BALB/cByJ strain than in C57BL/6ByJ 
regardless of the stress regimen. These data suggest that the increased 
stress reactivity of BALB/cByJ apparent with respect to brain 
monoamines and plasma endocrines are also evident with respect to cell 
proliferation. However, the divergent patterns associated with acute and 
chronic stressors suggest that the mechanisms operative in provoking 
these various endogenous changes are independent of one another.
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INTRA-VTA INFUSIONS OF THE OPIOID RECEPTOR ANTAGONIST, 
NALTREXONE METHYLBROMIDE, BLOCK STRESS-INDUCED 
ANALGESIA IN THE FORMALIN TEST. N. A ltie r*and J. Stewart. 
Center for Studies in Behavioral Neurobiology, Department of 
Psychology, Concordia University, Montreal, Quebec, Canada, H3G1M8.

Several lines of evidence suggest that stimulation of opioid receptors in 
the ventral tegmental area (VTA) might underlie stress-induced analgesia 
in the formalin test. The present study examined this possibility by 
infusing the opioid receptor antagonist, naltrexone methylbromide (NMB), 
into the VTA. Rats were given a formalin (2.5 %) injection into one hind 
paw followed after 10 min by bilateral intra-VTA infusions of NMB (0.1 
pg/0.5 μ l/side) or saline. Five min following the intracranial infusions, rats 
were placed in the observation boxes and, after a 3-min adaptation 
period, were exposed to footshock (3 1-sec, 1-mA shocks at 20-sec 
intervals) or no footshock. Pain responses were recorded for 55 min 
following the third shock. Intra-VTA infusions of NMB blocked the 
stress-induced analgesia. The reversal of analgesia was complete 24 to 
30 min after the NMB infusions and continued throughout. This reversal 
of analgesia parallels the block of stress-induced activation of midbrain 
dopamine neurons (Kalivas & Abhold, 1987). These findings indicate 
that stimulation of opioid receptors in the VTA plays a critical role in 
mediating stress-induced analgesia in the formalin test and suggest that 
activation of midbrain dopamine systems is important for the mediation of 
this response. These results are consistent with those of Fanselow 
(1984), who showed that exposure to similar footshock caused 
naloxone-reversible analgesia in the formalin test and point to a 
neuroanatomical locus for the actions of opioids during footshock stress.

1 8 9 .5

REPEATED FOOTSHOCK STRESS INCREASES TYROSINE HYDROXYLASE 
ACTIVITY IN DOPAMINERGIC SYSTEMS IN THE RAT BRAIN
EL..Natsukari*, RJ , Wyatt, I , Baker, s.J. Chrapusta and J.M, 
Masserano. Neuropsychiatry Branch, NIMH Neuroscience Center 
at St. Elizabeths, Washington, D.C. 20032.

Rats received 10 sessions of unavoidable footshock stress (2/day, 
5 days). Each session consisted of 60 footshocks (2.0 mA, 3 sec 
duration) over a 30 min period with an intertrial interval of 30 sec 
±  5 sec. Immediately after the last footshock (day 0), and on days 
1, 4, 8, 24, the rats were sacrificed and 7 brain regions and the 
adrenal glands were dissected. Tyrosine hydroxylase (TH) activity 
was measured by the 14CO2 decarboxylase assay at 0.5 mM BH4 
cofactor. TH activity was maximally increased in the adrenal gland 
on day 1 and gradually decreased over 24 days compared with sham 
controls. In the central nervous system, TH activity was maximally 
increased on day 8 after stress in the ventral tegmental area, 
prefrontal cortex, locus ceruleus and cerebellum. These changes 
were primarily due to an increase in TH protein as shown by 
quantitative Western blot analysis. There were no changes in TH 
activity in the substantia nigra, striatum or nucleus accumbens. 
These data indicate that repeated unavoidable footshock stress 
produces long lasting changes in selective dopaminergic and 
noradrenergic systems in the rat brain.

1 8 9 .7

IMMOBILIZATION STRESS INDUCED CHANGES IN CERTAIN 
ADRENOM EDULLARY TRANSCRIPTION FACTORS AND  
EXPRESSION o f  n e u r o p e p t i d e  Y. p.Hiremagalur*1, B .Nankova1, 
R. Kvctnansky2. S.Orrin1. and E .L Sabban1. 1Dept. Biochem. and Mol. 
Biol., New York Medical College, Valhalla, NY 10595 & 2Inst. o f Exp. 
Endocrinol. Bratislava, Slovakia.

Activation o f sympatho-adrenal system by stressors such as 
immobilization (IMO) and cold leads to increased adrenal pre- 
proneuropeptide Y  (NPY) mRNA levels. This increase is transcriptionally 
mediated by nicotinic receptors and requires intact adrenal innervation. In 
vitro studies have demonstrated that the upstream promoter region between 
-36 to -85 o f the NPY gene contains several regulatory elements that could 
interact with transcription factors o f  the family AP1/CREB, AP2 and SP1. 
To gain further insight into the molecular mechanism o f stress induced 
NPY gene expression in the adrenal medulla, we have analyzed changes 
in some o f  these transcription factors by western blotting. With in 5 
minutes, immobilization stress increased the phosphorylation o f CREB 
without affecting the level o f  CREB in the adrenal medulla. A marked 
induction in c-fos protein was evident between 15-60 minutes o f  IMO that 
remained high for several hours and declined after repeated IMO. 
Members o f  the Jun family (c-Jun and JunD) were not much affected by 
IMO. Denervation o f adrenals prior to IMO, prevented the increase in 
NPY mRNA, but not the induction o f c-fos or phosphorylation o f CREB. 
These results suggest that changes in c-fos and phosphorylation o f CREB 
may not be sufficient for immobilization induced NPY mRNA increase in 
the adrenal medullar.

1 8 9 .4

ROLE OF MONOAMINERGIC SYSTEMS IN THE FOS 
RESPONSE TO STRESS IN THE MOUSE AND RAT 
BRAIN. Y. Zhang* and E.A. Stone. Dept. Psychiatry, New 
York University School of Medicine, New York, NY 10016 

Stress is well known to cause the expression of the immediate 
early gene c-fos in the CNS. The central neurotransmitters that 
control this response however have not been well characterized. 
In the present experiment we examined the effect of various 
monoaminergic receptor blockers on the fos response to stress in 
the mouse and rat brain. Male Swiss Webster mice and male 
Sprague Dawley rats were given either s.c. or i.p. injections of 
one of several receptor antagonists 30 min prior to exposure to 1 
hr of immobilization stress. The animals were perfused for fos 
immunohistochemistry 2 hr following the stress. Stress was 
found to produce widespread increases in fos staining throughout 
the brains of both species. In the mouse, adrenergic antagonists 
(primarily alpha-1, secondarily beta-1) blocked the response in 
numerous regions of the telencephalon and brainstem. In the rat, 
adrenergic antagonists (beta-1) also blocked the response but their 
effects were more restricted (piriform cortex). Antagonism of 
beta-2, alpha-2, D1/D2, 5HT1A and 5HT2 receptors did not have 
broad effects on the fos response to stress. It is concluded that of 
the various monoaminergic systems, the noradrenergic is the 
chief regulator of the fos response to stress. In the mouse brain, 
this system has widespread effects on the latter response and acts 
primarily via alpha-1 receptors whereas in the rat brain it controls 
the response primarily in the piriform cortex through beta-1 
receptors. Supported by grants MH45265 and MH08618.

1 8 9 .6

IMMOBILIZATION STRESS ELEVATED GENE EXPRESSION 
OF CATECHOLAMINE BIOSYNTHETIC ENZYMES AND 
SEVERAL NEUROPEPTIDES IN SYMPATHETIC GANGLIA. 
R. Kvetnanskv*1. B.B. Nankova2. M. Rusnak1. B. Hiremagalur2. B. 
Sabban2. and E.L. Sabban2. 1Inst. Exp. Endocrinology, Bratislava, 
Slovakia; 2Dept. Biochem. & Mol. Biol., New York Medical Coll., 
Valhalla, NY 10595.

Immobilization stress (IMO) was shown to increase tyrosine 
hydroxylase (TH), dopamine ß-hydroxylase (DBH), neuropeptide Y 
(NPY) and preproenkephalin (PE) gene expression in the adrenal 
medulla. However, sympathetic ganglia are the major contributors 
to the rise in circulating norepinephrine and NPY in response to 
stress. We examined the effect of immobilization (IMO) stress on 
mRNA levels for TH, DBH, NPY and PE in superior cervical 
ganglia (SCG) and stellate ganglia (STG). Our results show several 
fold increased expression of all genes studied in response to a single 
and particularly to repeated daily IMO. The effect was more 
pronounced in SCG than in STG. Repeated ACTH administration 
(4 IU/rat, sc) or prolonged cortisol administration by osmotic 
minipumps also elevated expression of these genes in SCG, about 
as much as observed by repeated IMO. The results suggest an 
possible involvement of the pituitary adrenocortical axis in the stress 
induced changes in gene expression of catecholamines and these 
neuropeptides in sympathetic ganglia.

1 8 9 .8

REM SLEEP DEPRIVATION INDUCES A SPATIAL REFERENCE 
MEMORY DEFICIT AND INCREASES BRAIN 5-HT METABOLISM IN 
RATS B.D. Youngblood*. J. Zhou. G. Smagin. and R.B.S. Harris Neuroscience 
Department, Pennington Biomedical Research Center, Baton Rouge, LA 70808.

Rapid eye movement sleep deprivation (REMd) is a stressor that impairs cognitive 
function. Learning disfunction has been associated with increased hippocampal 5-HT 
metabolism. Therefore, spatial learning behavior was measured daily in rats during 96 
hours REMd. On day 4 hippocampal, hypothalamic, and prefrontal cortex 
catecholamines, 5-HT, and their metabolites were measured. Male Wistar rats were 
assigned to three groups: REMd housed on 6.5 cm platforms over water, large 
platform controls housed over water and home cage controls. Reference and working 
memory were tested using the Morris water maze in which rats were required to swim 
to locate a hidden platform. A Learning-Set Task procedure was used which consisted 
of 6 starting locations with duplicate 2-min trials from each location. Latency, distance 
swum, and swim speed were significantly increased in REMd rats from day 2. On each 
day, for each rat distance was plotted against set number for each trial and the area 
under the curve was calculated. Areas for trial 1 were significantly different from day 
2. By day 4 the area for REMd rats was twice that of either control group, indicating a 
substantial impairment of reference memory. There were no consistent differences 
between groups for a working memory deficit (trial 2). REMd caused weight loss, 
increased serum corticosterone and mild hypoglycemia. 5-HIAA/5-HT ratios were 
significantly increased in all three brain areas. There were no differences in dopamine 
or norepinephrine metabolism. These results indicate the Morris water maze reliably 
detects a reference memory deficit in REMd rats using the learning-set task. The 
deficit is associated with increased 5-HT metabolism.

Supported by the U.S. Army Grant DAMD-17-88-2-8023.
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ATTENUATION OF PRESYNAPTIC CHOLINERGIC RELEASE IN THE 
DORSAL HIPPOCAMPUS ALTERS RESPONSES TO ADULT CONSPECIFICS 
IN THE PREWEANLING RAT. L. K. Takahashi* & C. S. Goh. Dept 
Psychiatry, Univ Wisconsin Med Sch, Madison, Wl 53792

In rats, the hippocampus (HC) plays a prominent role in the 
development of stress-induced behavior. The stress-induced release of 
acetylcholine in the dorsal HC may be especially important in cognitive 
processes that mediate the expression of freezing. This study examined 
whether a reduction in presynaptic release of acetylcholine in the HC, 
using a muscarinic M2 agonist, produces deficits in freezing.

Guide cannulae were placed bilaterally into the dorsal HC of 10-day- 
old rats. A t 14 days of age, rats received bilateral infusions of 0, 0.1, or 
1.0 μ g (0.5 μ I vol) of oxotremorine (OXO) using 28-ga. cannulae. After a 
10-min period, rats were tested in proxim ity to an anesthetized adult male 
rat that typically elicits freezing and suppresses the emission of 
ultrasounds. Bilateral infusions of 1.0 μ g, but not lower doses, of 0 X 0  
were highly effective in reducing freezing (P<0 .0 0 1 ). In order to 
determine whether the behavioral disrupting effects of OXO is specific to 
threatening situations, pups were infused bilaterally w ith  1.0 μ g 0 X 0  in 
the dorsal HC and tested in the presence of their anesthetized mother or 
in a social isolation context. When tested in noncontact proxim ity to their 
mother, control pups emitted a high number of ultrasounds that was 
significantly reduced by OXO (P<0.001). During social isolation, OXO 
had no reliable effects on ultrasound production or on the number of 
quadrants traversed. By 14 days of age, cholinergic release in the dorsal 
HC plays a prominent role in behavioral expression. The dorsal HC- 
cholinergic system may be critically involved in the integration of adult 
conspecific stimuli important in the selection of behavioral responses.

1 8 9 .1 1

PREVENTION OF STRESS-INDUCED FOS IMMUNOREACTIVITY IN THE 
PVN DUE TO 5 -H T 1A RECEPTOR AGON IST FLESINOXAN 
PRETREATMENT J.C. Compaan*, L. Groenink, J. van der Gugten, and B. 
Olivier. Universiteit Utrecht, Faculty of Pharmacy. Dept, of Psychopharmacology, 
Sorbonnelaan 16, 3584 CA Utrecht, The Netherlands.

Stressful events are known to activate the hypothalamic-pituitary-adrenal (HPA) 
axis: c-Fos activation in the paraventricular nucleus of the hypothalamus (PVN) 
and finally adrenal corticosterone (Crt) release. Flesinoxan (Fles), a full 5-HT1A 
receptor agonist, shows anxiolytic properties in a variety of animal models. 
However, 5-HT1A agonists, among which Fles enhance also plasma Crt levels. 
Pretreatment with Fles prevents this Fles-induced Crt response, whereas the 
anxiolytic effects on behavior remain. In order to investigate the neural 
mechanisms underlying the effects of Fles, we studied the immunoreactivity of the 
immediate early gene protein product Fos (Fos-ir). In the current experiments male 
Wistar rats (Harlan-CPB, Zeist, The Netherlands), used to handling, received an 
injection of Fles (3 mg/kg s.c.) or vehicle (V: saline) at day 1. At day 2 all animals 
received a second injection of Fles or V, followed by the shock-probe burying 
(SPB) paradigm 30 min. later. One hour after the injection (30 min. after the start 
of SPB) the animals were decapitated and brains were fixated in paraformaldehyde 
(4%). This procedure included 4 groups: VV, VF, FV, FF, which we studied for 
Fos-ir in the brain. The animals who had received Fles at day 2 (VF) showed more 
Fos-ir neurons in the PVN, as compared to vehicle (VV) treated rats. Apparently, 
Fles-activated Fos is superimposed on the stress-induced Fos-ir. However, in both 
Fles pretreated groups (FV and FF) the activation of Fos in the PVN is prevented, 
revealing the following order: VF > VV > FV = FF. Accordingly, stress and 
flesinoxan induced Fos in the PVN might be mediated by the same mechanism. 
However, 5-HT1A receptors are not present in the PVN, hence other brain areas 
are involved in the desensitization of the activation of the HPA-axis.

1 8 9 .1 3

THE EFFECTS OF  ACUTE AND CHRONIC STRESS ON RAT BRAIN GLUTAMATE RECEPTOR 
BINDING. G.ö . Peker*, T. Uz, L. Kanit, 0. Algan. Ege University, School 
of Medicine, Department of Physiology, Bomova, izmir, 35100 Turkey.

The excitatory amino acid receptors of different types are involved 
in all forms of plasticity, including development, learning-memory and 
neurodegeneration. NMDA and AMPA/KA receptors are implicated as func- 
tional in neuroendocrine regulation also. Stress, especially if unavoi
dable or controllable, induces changes in norepinephrine, serotonin, 
dopamine and acetylcholine receptor systems. This study was undertaken 
to investigate (in the level of specific binding) the vulnerability of 
the glutamatergic receptor system to acute and chronic stress. The 
chronic stress group consisted of four weeks old male Sprague Dewley 
rats (n=12) that were exposed to irrmobilization and bright light for 45 
min., three times a day, five days a week, for 12-14 weeks. In the 
acute stress group, peer rats (n=15) were stressed likewise for a single 
session of three hours. L-3H-Glutamate receptor binding was assayed in 
synaptoscmes of cerebral cortices, cerebella and hippocarrpi, seperately, 
and the specific binding was defined by addition of L-glutamate. One 
way ANOVA of our results revealed a prominent significance (p< 0.0001) 
between three groups. Duncan's Multiple Range Test showed a significant 
difference (p<0.01) between two experimental groups with much higher 
values for chronically stressed rats in each brain region, assayed, 
whereas the difference between the control and acute stress groups was
insignificant, We conclude a genomic action of stress hormones induced 
chrorucally,within a time course longer than three hours.

1 8 9 .1 0

CHOLINERGIC BLOCKADE PRODUCES INCREASED ENDOCRINE AND 
BEHAVIORAL MEASURES OF FEAR IN RATS. J.W, Smythe*1, D. 
Murphy1, S.Bhatnagar2, M. Dallman2, and B, Costall1. 1Dept. of Pharmacology. 
Univ. of Bradford, Bradford, U.K., BD7 1DP and 2Dept. of Physiology, UCSF, 
San Francisco, CA 94143-0444, U.S.A.

Brain cholinergic systems arc known to regulate sensory processing of stressful 
environmental stimuli as demonstrated by electrophysiological and neuroendoenne 
studies. Central cholinergic blockade with scopolamine (SCOP) enhances stress- 
induced adrenocorticotrophin (ACTH) and corticosterone (CORT) secretion, and 
abolishes hippocampal cholinergic theta, elicited by arousing auditory and tactile 
stimulation. These data are particularly intriguing given the presumed role of 
cholinergic systems in the mediation of cognitive behaviors; such behaviors 
would be profoundly affected by changes in an animals level of fear. We sought 
to investigate if cholinergic blockade might also elevate behavioral and endocrine 
indices of fear as a corollary to the previously demonstrated physiological 
responses. In Exp. 1, adult rats were injected with 20 mg/kg SCOP i.p. and 
subjected to a 20 min period of restraint stress. Plasma CORT concentrations 
were monitored for 2 hr following termination of restraint. SCOP treated rats 
(n=4) markedly hypersecreted CORT at 0 min following restraint compared to 
vehicle treated rats (n=4), but rapidly recovered basal levels. In Exp. 2, adult rats 
were administered vehicle (n=8), 5 (n=8) or 20 (n=7) mg/kg SCOP i.p. and tested 
in the Black-White box for fear responses. SCOP treated rats made fewer entries 
into the white chamber and spent more time in the black chamber. These 
differences were not due to any locomotor suppression. On the basis of these 
behavioral data, we suggest that cholinergic systems mediate attentional 
mechanisms related to fear. Cholinergic blockade appears to increase fearfulness, 
perhaps by interfering with the animals ability to estimate the degree of threat 
contained within the immediate environment. Cognitive deficits following 
cholinergic blockade may result from these heightened fear responses.
(Supported by MRCC, FRSQ and U. of Bradford)

1 8 9 .1 2

RAPID SAMPLING OF EXTRACELLULAR GLUTAMATE IN THE 
PREFRONTAL CORTEX AND HIPPOCAMPUS IN RESPONSE TO 
REPEATED STRESS; EFFECT OF DIAZEPAM., J. Baolev and B. 
Moohaddam*. Dept. of Psychiatry, Yale University School of Medicine 
and West Haven VA Med. Ctr. 116A/2, West Haven, CT 06516.

Intracerebral microdialysis was used to examine the effect of repeated 
tail-pinch stress on the efflux of glutamate (Glu) from the prefrontal 
cortex (PFC) and hippocampus. One minute microdialysis samples were 
collected in these studies. Animals were stressed three times beginning 
at 10:30 a.m. and continuing at tw o  hour intervals. In the PFC, the initial 
ten-minute tail-pinch caused a robust increase in extracellular levels of 
Glu that became apparent immediately (i.e, one minute) after the start of 
the stress procedure. The second and third stress sessions caused an 
increase in Glu levels that was less than observed in the firs t stress. In 
the hippocampus, the initial stress response was smaller in magnitude 
than that observed in the PFC. Furthermore, all three stress session 
produced similar increases in Glu efflux. Treatment w ith  diazepam (3 
mg/kg i.p.) 30 min. prior to the first stress session abolished the stress 
response in the PFC and hippocampus. However, in the PFC, during the 
next tw o stress periods, there was a significant increase in glutamate 
levels; in fact, the second stress session in this group of rats caused a 
robust increase in Glu efflux that was similar in magnitude to the first tail 
pinch stress of untreated animals. A recovery in stress response was also 
observed in hippocampus. These data indicate that stress causes a rapid 
rise in Glu efflux in the PFC and hippocampus which is blocked by 
diazepam. Furthermore, in the PFC there is a desensitized response to 
repeated stress while the responsiveness of the hippocampus remains 
unchanged.

1 8 9 .1 4

BEHAVIORAL AND NEUROCHEMICAL RESPONSES TO STRESS OF THE 
CENTRAL BENZODIAZEPINE RECEPTOR ARE MODIFIED BY OVARIAN 
STEROIDS. Daniel Bitran* and Jennifer Dowd. Department of Psychology, 
Biopsychology Concentration, College of the Holy Cross, Worcester MA 01610.

The role of ovarian steroids on the functional responsiveness of the central 
benzodiazepine (BDZ) receptor was evaluated in two experimental paradigms. In 
Experiment 1, behavior in the elevated plus-maze was assessed after the 
administration of diazepam (DZ; 0.5, 1, 2, or 4 mg/kg) in diestrous, proestrous, or 
estrous female rats. After vehicle administration, proestrous females displayed a 
greater exploration of the open arms of the maze, relative to diestrous or estrous 
rats. The minimal anxiolytic dose of DZ was 1 mg/kg in diestrous rats, and 0.5 
mg/kg in estrous animals. Whereas in proestrous females, 0.5 or 1 mg/kg of DZ 
did not increase the proportion of time spent on the open arms beyond that found 
after vehicle administration, a significant decrease in open arm exploration was 
observed after 2 and 4 mg/kg. In Experiment 2, administration of ovarian steroids 
affected the potentiation of 3H-flunitrazepam (FLU) binding by NaCl in frontal 
cortical, hippocampal, and cerebellar homogenates from ovariectomized rats after 
restraint stress. Restraint stress increased the maximal chloride ion potentiation of 
FLU binding in cortical and cerebellar, but not in hippocampal membranes. In all 
brain regions examined, estradiol benzoate (EB, 2 μ g) prevented the potentiation of 
FLU binding by chloride in nonstressed and stressed animals, whereas progesterone 
(P, 500 mg) increased the chloride-induced potentiation of FLU binding in both 
nonstressed and stressed animals. Combined EB and P treatment produced effects 
that were intermediate to those seen after injection of either steroid alone. In a 
third experiment, the in vitro addition of 20 nM of 3α -hydroxy-5α -pregnan-20-one 
(allopregnanolone) increased chloride-enhanced FLU binding to levels found in 
stressed females injected with vehicle and in nonstressed and stressed P-treated 
ovariectomized rats. The results are discussed in terms of the facilitative effects of 
neuroactive pregnane steroids on GABAA/BDZ receptor-mediated functions. This 
research was funded by the UPSH Grant MH 50450.
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MEASUREMENT OF mRNA LEVELS OF THE MITOCHONDRIAL 
BENZODIAZEPINE RECEPTOR IN PERIPHERAL TISSUES OF RATS 
EXPOSED TO COLD SWIM STRESS. P. Siripurkponq. P. 
Harnvuttakorn. N. Kotchabhakdi. C. Chindadounqratana and S. O. 
Casalotti*. Neuro-Behavioural Biology Center, Institute of Science and 
Technology for Research and Development, Mahidol University, Salaya, 
Nakorn Pathom, 73170, Thailand.

We aimed to establish whether the previously reported rapid increase 
in specific binding to the Mitochondrial Benzodiazepine Receptor 
(MBR)following acute stress is due to specific transcriptional activation 
of the MBR gene. Accordingly we have developed a "one tube" semi- 
quantitative reverse transcriptase polymerase chain reaction assay (RT- 
PCR) to simultaneously measure specific mRNA levels of MBR and of 
the reportedly constitutively expressed enzyme glyceraldehyde 6 
phosphate dehydrogenase (GAPDH). The RT-PCR yielded 
exponentially increasing products for up to 28 amplification cycles and 
linearly increasing products with initial total RNA ranging 0.1- 0.5 μg. 
Sprague-Dawley rats were subjected to a 15 min. swim session in a 18°C 
water tank and sacrificed either immediately or 30 min later. 
Measurement of kidney, testes and adrenal gland MBR mRNA levels, 
expressed as a ratio of GAPDH mRNA levels, did not show a significant 
increase in the swim stress treated rats as compared to control animals. 
However, we did observe an apparent change in the expression of 
GAPDH which may have compromised the relative value of MBR mRNA. 
We therefore suggest that GAPDH, contrary to other reports, is not a 
suitable "control gene" in this stress paradigm, and that post- 
translational mechanisms may be involved in the regulation of MBR 
binding following acute stress .

1 8 9 .1 7

THE BENZODIAZEPINE ANTAGONISTS FLUMAZENIL AND CGS-8216 
PREVENT THE EFFECTS OF INESCAPABLE SHOCK ON CONDITIONED 
FEAR AND SHUTTLEBOX ESCAPE PERFORMANCE IN RATS. R.E. 
Grahn*. S. Maswood. L.R. Watkins, and S.F. Maier. Behavioral Neuroscience 
Program, Department of Psychology, University of Colorado, Boulder, CO 80309.

Uncontrollable stressors, such as inescapable tailshock (IS), cause behavioral 
changes including enhanced conditioned fear and shuttlebox escape deficits.
Previous work has established that enhancing GABAergic inhibition prior to 
stressor exposure prevents these alterations. These and other data support the 
idea that exposure to inescapable stressors leads to the release of an endogenous 
ligand that impedes GABA function by binding to the BZ site on the GABAa  
receptor. If so, ligands that prevent this binding should prevent the behavioral 
sequelae of IS. Recent studies also suggest that the dorsal raphe nucleus (DRN) 
is an important site mediating the effects of IS. Thus, the BZ antagonists 
flumazenil (FLU) and CGS-8216 were injected into the DRN of male Sprague- 
Dawley rats before IS or before behavioral testing. In a subsequent experiment 
the role of stressor controllability was addressed using intra-DRN injection of 
FLU prior to stressor exposure. IS was a single session of 100 1mA, 5 sec 
tailshocks. Conditioned fear and shuttlebox escape testing were conducted 24 hr 
later. When given before IS, FLU (5μg in lμg vehicle) blocked the effects of IS 
on both measures. FLU given before behavioral testing had no effect. The 
same pattern of results occured in rats given CGS-8216 (5 μg in 2 μg vehicle).
The enhanced conditioned fear and shuttlebox escape deficits that follow stressor 
exposure only occur when the stressor is uncontrollable. When administered 
before stressor exposure, FLU prevented the effects of IS without affecting the 
behavior of rats exposed to escapable shock or restraint. These experiments 
support the possibility that IS causes the release of an endogenous BZ inverse 
agonist that would impede GABAergic inhibition in the DRN.

1 8 9 .1 6

THE BENZODIAZEPINE RECEPTOR INVERSE AGONIST DMCM 
MICROINJECTED IN THE REGION OF THE DORSAL RAPHE 
NUCLEUS MIMICS THE EFFECTS OF INESCAPABLE SHOCK. 
S.F. Maier*. C.R. Busch, S. M aswood. R.E. Grahn. and L.R. 
Watkins. Behavioral Neuroscience Program, Department of  
Psychology, University of Colorado, Boulder, CO, 80309.

Uncontrollable stressors, such as inescapable electric tailshock (IS), 
cause behavioral changes including enhanced fear conditioning and 
shuttlebox escape deficits. A variety of evidence has suggested that IS 
produces these effects, at least in part, by interfering with GABAergic 
inhibition. In support of this idea, systemic administration of the 
benzodiazepine (BZ) receptor inverse agonists FG-7142 and DMCM 
have been shown to duplicate many of the effects o f IS measured 24 hr 
later. We have suggested that the critical site o f IS-induced GABA  
interference may be the dorsal raphe nucleus (DRN). Thus the BZ 
receptor inverse agonist DMCM (1 μg in 1 μl) was microinjected in the 
region of the DRN and both fear conditioning and shuttlebox escape 
learning were measured 24 hr later. DMCM administration exaggerated 
the amount o f fear conditioning and interfered with escape learning. A 
second experiment determined whether lesion o f the DRN would block 
the impact of systemically administered DMCM (0.3 mg/kg IP).
DMCM led to enhancement of fear conditioning and interference with 
escape learning 24 hr later. These effects of systemic DMCM were 
blocked by electrolytic lesion of the DRN. These results are compatible 
with the hypothesis that release of an endogenous inverse BZ agonist at 
the DRN is critical in producing the behavioral effects o f IS.

1 8 9 .1 8

RELATIONS BETWEEN FOS-POSITIVE NEURONS ACTIVATED BY COLD- 
RESTRAINT STRESS AND SOME NEUROTRANSMITTER-CONTAINING 
NEURONS OR SPINAL PROJECTING NEURONS. L. Wang, V. Martinez. S. 
Cardin. D. Hodgson* and Y. Taché . CURE/Gastroent. Biol. Ctr., VA Med. Ctr., 
Dept. Med.,and Brain Res. Inst., UCLA. Los Angeles, CA 90073.

Previous studies have shown that cold-restraint stress-activated neurons 
were located in the brain nuclei related to neuroendocrine and autonomic 
functions. In this study, we attempted to identify the relationship between 
some neurotransmitter-containing neurons or spinal cord- and dorsal vagal 
complex-projecting neurons and the cold-restraint stress-activated neurons in 
the paraventricular nucleus of the hypothalamus (PVN), nucleus of the raphe 
pallidus (RPa) and ventrolateral medulla (VLM). Rats were restrained and 
placed in a cold room (4-6°C) for 3 h. Double-staining of Fos and NADPH- 
diaphorase, tyrosine hydroxylase (TH), 5-hydroxytryptamine (5-HT), oxytocin 
(OX) or arginine-vasopressin (AVP) were processed by immunohistochemistry and 
NADPH-diaphorase histochemistry methods (n = 8). Some rats were microinjected 
with Fluorogold (FG) either in the upper thoracic spinal cord (n = 4) or in the 
dorsal vagal complex (n = 8) one week prior to the stress. After FG labeling, 
Fos-expressing neurons were revealed by immunofluorescent technique. In the 
PVN, Fos-expressing neurons induced by cold-restraint stress mainly appeared 
in the parvocellular part. About 10% of the Fos-positive neurons were NADPH- 
diaphorase-positive, less than 1 % were OX- and none were AVP-immunoreactive'. 
More than 75% Fos-positive neurons in the VLM showed TH immunoreactivrty. Many 
Fos-positive neurons were found in the RPa, but only a few of them were 
identified with 5-HT immunoreactivity. Most of the FG neurons in the RPa and 
VLM retrogradely labeled from the spinal cord had Fos expression induced by 
cold restraint, however only a few in the PVN. The dorsal vagal complex- 
projecting neurons were rarely seen with Fos expression in the PVN. These 
results indicate that NO-containing neurons in the PVN and catecholaminergic 
neurons in the VLM may participate in the neuronal mechanism of cold stress, 
and that the spinal cord-projecting neurons activated by cold stress may play 
a role in modulating the activity of the neurons in the spinal cord to the 
response.

HORMONAL CONTROL OF REPRODUCTIVE BEHAVIOR: PARENTING AND SEX DIFFERENCES

1 9 0 .1

INC REA SE IN  SOMAL S IZ E  IN  M EDIAL PR EO PTIC  
AREA (MPOA) NEURONS AFTER PREGNANCY AND 
PREG NANCY-LIKE STER O ID A L TREATMENT IN  THE RAT. 
L . K e v s e r ,  G . S a n d o z . L . N i g h t i n g a l e  & C .H .  
K i n s l e y  D e p t .  P s v c h . , U . R ic h m o n d .  VA 2 3 1 7 3 .

T h e r e  i s  a  m a r k e d  i n c r e a s e  i n  t h e  m a t e r n a l  
b e h a v i o r  (MB) o f  a  f e m a l e  r a t  f o l l o w i n g  p r e g 
n a n c y  —  d u e  p r i m a r i l y  t o  e x p o s u r e  t o  t h e  
g o n a d a l  h o r m o n e s ,  p r o g e s t e r o n e  ( P )  a n d  e s t r o 
g e n  (E 2 ) • We e x a m i n e d  t h e  h o r m o n a l - n e u r a l  c o n -  
c o m i t a n t s  i n  t h e  MPOA, a n  a r e a  o f  t h e  b r a i n  
t h a t  r e g u l a t e s  MB, b y  c o m p a r i n g  s o m a l  s i z e  i n  
t h e  MPOA o f  OVX, d i e s t r u s  ( D I ) , s e q u e n t i a l  P -  
E 2 - t r e a t e d  o r  l a t e - p r e g n a n t  (L P ) r a t s .  We u s e d  
G o l g i - C o x  s t a i n e d ,  V i b r a t o m e - s e c t i o n e d  n e u r o n s  
v i s u a l i z e d  a n d  t r a c e d  u s i n g  c o m p u t e r i z e d  m i c -  
r o s c o p y  a n d  i m a g e  a n a l y s i s .  W h e r e a s  t h e r e  w a s  
n o  d i f f e r e n c e  b e t w e e n  OVX a n d  D I f e m a l e s ,  b o t h  
h a d  s m a l l e r  s o m a l  a r e a s  c o m p a r e d  t o  P - E 2 a n d  
LP f e m a l e s .  F u r t h e r ,  t h e r e  w a s  a  t r e n d  f o r  t h e  
LP f e m a l e s  t o  h a v e  a  l a r g e r  s o m a l  a r e a  t h a n  
t h e  P - E 2 g r o u p .  We f o u n d  n o  c h a n g e  i n  c o r t i c a l  
n e u r o n s ,  w h i c h  l a c k  s t e r o i d  r e c e p t o r s .  An  
i n c r e a s e  i n  s o m a l  a r e a  d e n o t e s  i n c r e a s e d  
c e l l u l a r  a c t i v i t y .  P r e g n a n c y  a n d  i t s  a t t e n d a n t  
h o r m o n a l  e x p o s u r e ,  t h e r e f o r e ,  m a y  s t i m u l a t e  
n e u r o n s  i n  t h e  MPOA w h i c h  t h e n  c o n t r i b u t e  t o  
t h e  d i s p l a y  o f  MB. ( N S F - 9 2 5 0 5 3 7  & K e c k  F n d n )

1 9 0 .2

STEROIDAL DEPENDENCE AND POTENCIES OF RAT PROLACTIN AND RAT 
PLACENTAL LACTOGEN-I IN MATERNAL BEHAVIOR. R.S. Bridges*. J.D. 
Sturgis. M.C. Robertson'. R.P.C. Shiu1. A.M. Stuer and P.E. Mann. Dept. Comp. 
Med., Tufts Univ. Sch. Veterinary Med., North Grafton, MA 01536, USA and 1Dept. 
Physiol., Univ. Manitoba Sch. Med., Winnipeg, Manitoba, R3E OW3, Canada.

Adult virgin female rats display maternal behavior (MB) when continuously exposed 
to foster young for 5 to 6 days. Central infusions of prolactin (PRL) or placental 
lactogens (PLs) together with systemic treatment with progesterone (P) and estradiol 
(E2) stimulate MB in 1 to 2 days. In the present study we asked whether the actions 
of lactogenic hormones are dependent upon both E2 and P. Moreover, we wanted to 
know whether central infusions of rat (r) PRL and PLs were equally effective in 
inducing MB. In the first study, adult, virgin rats were ovariectomized (ovx) and 
implanted with bilateral cannulas directed at the medial preoptic area (MPOA). Rats 
were then assigned to 1 of 4 groups: P & E2, Blank (B) & E2, P & B, and B & B. 
P-filled or B capsules were implanted sc on treatment day 1 and removed on day 11, 
while E2 or B capsules were implanted on day 11. All groups were infused with 
rPRL (40 ng/side) 5 times from days 11 to 13 and injected with bromocriptine (CB- 
154) sc (days 11 to 17) to suppress endogenous PRL release. Behavioral testing was 
conducted daily from day 12 to 17. It was found that exposure to both P and E2 was 
necessary to induce a fast onset of MB in PRL-treated females. In the second study, 
rats were ovx, fitted with bilateral cannulas (MPOA), treated with P, E2, and CB-154, 
and given 1 infusion of rat placental lactogen-I (rPL-I) or rPRL (40 ng/side/infusion) 
on day 11,3 infusions of rPL-I or rat PRL (days 11 and 12) or vehicle. Although the 
effect was not as robust as in the initial study, rats infused with rPL-I or rPRL 
responded faster than controls. The rPL-I and rPRL groups did not differ from each 
other. These studies indicate that both P and E2 are required for lactogenic 
stimulation of MB and that extended treatment of females with lactogenic hormones 
is more effective in stimulating the onset of MB. [PHS Grant HD19789 to RSB]
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THE EFFECTS OF KINDLING-LIKE STIMULATION OF THE MEDIAL 
PREOPTIC AREA AND THE MEDIAL AMYGDALA ON MATERNAL 
BEHAVIOR IN FEMALE RATS. H.D. Morgan. J.A. Watchus. A.S. Fleming,
N.W. Milgram and M.L. Smith*. Department of Psychology, University of 
Toronto, Mississauga, Ontario, Canada.

The effects of kindling-like electrical stimulation of the medial preoptic area 
(MPOA) or the medial amygdala (AME) on maternal and other associated 
behaviors were investigated. Stimulation was applied daily for 2 weeks 
using 2 second trains of biphasic square wave pulses at 1 ms duration and 
400μA. Confirmation of afterdischarge using these parameters was 
established. In the first study, maternally experienced (but not post-partum) 
MPOA kindled females became maternal faster upon reinduction with pups 
than not-kindled animals. Conversely, AME kindled animals exhibited a 
delay in maternal onset latencies. In the second study, virgin animals were 
used. MPOA (kindling-like) stimulation enhanced the female’s preference for 
pup associated environments in the conditioned place preference (CPP) 
paradigm and heightened the female’s attraction for pup odors in a modified 
hole board test. MPOA stimulation had no effect on open-field emotional 
responses. AME stimulation had no effect on CPP performance, but 
produced a decreased preference for pup odors and increased ’anxiety’ in 
the open-field. The above results confirm that the MPOA and the AME are 
involved in facilitating and attenuating maternal responsiveness and related 
(precursor?) behaviors, respectively. Chronic stimulation (kindling-like) these 
neural structures enhances their functions, causing a decreased latency to 
become maternal in maternally experienced females and causing a 
decrease in the phobic reaction to pup stimuli in virgin females.

Supported by NSERC grant awarded to A.S. Fleming

1 9 0 .5

C -F O S  EX PR E SSIO N  IN  THE B R A IN  OF RATS DURING  
LACTATION AFTER MOTHER-YOUNG INTERA CTIO N WITH OR 
WITHOUT SU C K LIN G . J . S .  L o n s t e i n .  J .M .  S w a n n + . J .M .  
S t e r n * . P s y c h o l o g y ,  R u t g e r s  U . , N ew  B r u n s w i c k ,  N J  
0 8 9 0 2 ;  + B i o l .  S c i . ,  R u t g e r s  U . , N e w a r k ,  N J  0 7 4 5 0 .

T h e  i m m e d i a t e  e a r l y  g e n e ,  c-fos, i s  e x p r e s s e d  
a f t e r  s p e c i f i c  s e n s o r y  s t i m u l i  o r  b e h a v i o r a l  
p e r f o r m a n c e .  A f t e r  a  4 8 - h  s e p a r a t i o n  f r o m  p u p s  
o n  d a y  5 p o s t p a r t u m ,  L o n g - E v a n s  d a m s  w e r e  a l l o w e d  
a  1 - h  i n t e r a c t i o n  w i t h  ( 1 )  s u c k l i n g  o r  ( 2 )  n o n -
s u c k l i n g  p u p s ,  ( 3 )  p u p s  i n  a  w i r e  b o x ,  ( 4 )  a n  
e m p t y  b o x ,  o r  ( 5 )  n o t h i n g .  O f 1 9  s i t e s ,  SUCKLED 
d a m s  h a d  s i g n i f i c a n t l y  m o r e  F o s  t h a n  a l l  o t h e r s  
o n l y  i n  t h e  caudal midbrain central gray (MCG), 
w h i c h  m a y  m e d i a t e  t h e  q u i e s c e n t  n u r s i n g  p o s t u r e .  
NONSUCKLED d a m s  h a d  m o r e  F o s  t h a n  o t h e r s  i n  t h e  
cortical amygdala, w h i c h  m a y  m e d i a t e  a f f e c t i v e  
r e s p o n s e s  t o  p u p  o d o r s .  SUCKLED a n d  NONSUCKLED 
d a m s  h a d  s i m i l a r l y  h i g h  F o s  i n  s i t e s  p r e v i o u s l y  
i m p l i c a t e d  i n  m a t e r n a l  b e h a v i o r  (m PO A, L H b , l a t .  
s e p t u m )  a n d  s o m e  n o t  (n A C C , P V T , r o s t .  MCG, d o r s ,  
r a p h e ) . F o s  w a s  s i m i l a r  a n d  h i g h e r  i n  G r o u p s  1 - 4  
t h a n  5 i n  p y r .  c t x . , mAMY, a n d  PV N , r e f l e c t i v e  o f  
g r e a t e r  s t i m u l a t i o n .  We f o u n d  n o  g r o u p  d i f f s .  i n  
a r c . ,  p o n t .  a n d  p e r i p e d .  n u c . ,  a n d  l i t t l e  o r  n o  
F o s  i n  MHb, SO N , V T A , a n d  s p V .  D i s t a l  s t i m u l i  
f r o m  p u p s  h a d  n o  s p e c i f i c  e f f e c t  a t  a n y  s i t e .

S u p p o r t e d  b y  M H 4 0 4 5 9  (JM S ) a n d  RU B u s c h  G r a n t .

1 9 0 .7

IDENTIFICATION OF HYPOTHALAMIC NEURONS ACTIVATED AT 
THE ONSET OF INCUBATION IN THE RING DOVE. P. J. Sham* and R. 
W.Lea. Roslin Institute (Edinburgh), Midlothian EH25 9PS, UK. and Dept. 
Applied Biology, Univ. Central Lancashire, Preston PR1 2HE, UK.

The onset of incubation in birds is associated with a decrease in the secretion 
of luteinising hormone (LH) and a marked change in behavior involving sitting 
on and defending, the clutch of eggs. The objective o f this study was to 
identify neural loci mediating the neuroendocrine and behavioural changes 
which occur at the onset of incubation. This was achieved by taking advantage 
of the stereotyped reproductive behaviour o f the ring dove making it possible 
to predict within a few hours, when the onst of incubation will occur. Neuronal 
activation was identified using /oy-immunocytochemistry on Vibratome brain 
sections.

Fcw-immunoreactivity was observed in several forebrain areas irrespective of 
reproductive status and no changes were seen which correlated with the onset 
of incubation behaviour. No f os-immunoreactivity was seen in the 
hypothalamus of non-breeding controls. Fos-immunnoreactivity was seen in the 
hypothalamus in both sexes 3-4 hours after beginning to incubate the first and 
second eggs o f the two egg clutch in the nucleus preopticus anterior and in the 
caudal nucleus tuberalis. An additional group o f fos -immunoreactive cells 
were seen in males only, in the anterior nucleus tuberalis. Fos-
immunoreactivity was also seen in both sexes in the nucleus preopticus anterior 
towards the end of incubation (12-14 days). Virtually no fos-immunoreactivity 
was seen at this time in the nucleus tuberalis in either sex.

It is suggested that cells have been identified in the nucleus preopticus 
anterior which are involved in the expression of incubation behavior and in the 
nucleus tuberalis which are involved in the inhibition of LH secretion.

Supported by BBSRC Linked Research Grant LR044/0304.
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EFFECTS OF AXON-SPARING LESIONS OF THE LATERAL 
SEPTUM ON MALE AND FEMALE PARENTAL BEHAVIOR IN 
THE PRAIRIE VOLE. B. Kirkpatrick*. J.W. Kim. K. Xiang. G.J. 
De Vries. Md. Psych. Res. Cntr, Univ. Md. Sch. of Med., 
Baltimore, MD 21228.

The prairie vole (M. ochrogaster) is remarkable for the 
high levels of parental behavior typically exhibited by both 
males and females on first exposure to pups. Previous 
evidence has implicated a vasopressinergic projection to the 
lateral septum in the control of male parental behavior in this 
species. Although females have a virtual absence of 
vasopressin fibers in the same area, exposure to a pup 
increases Fos peptide expression in the lateral septum in 
females (as well as males). These findings raise tw o 
possibilities: the lateral septum is involved in female parental 
behavior in this species, but females utilize neurotransmitters 
other than vasopressin; or, the lateral septum is not involved in 
female parental behavior, despite the similarity in behavior and 
Fos expression. We tested these hypotheses by making axon-
sparing lesions of the lateral septum in male and female voles. 
Preliminary data suggest a decrease in parental behavior in 
both males and females. Results on additional animals will be 
presented.

1 9 0 .6

PROJECTION SITES OF PREOPTIC AND BED NUCLEUS OF STRIA 
TERMINALIS NEURONS THAT EXPRESS FOS DURING MATERNAL 
BEHAVIOR IN FEMALE RATS. M. Numan* and M.J. Numan. Dept. 
Psychology, Boston College, Chestnut Hill, MA 02167.

Preoptic area (POA) and bed nucleus of stria terminalis 
(BST) are involved in maternal behavior, but the neural 
sites to which they project have not been determined.
Since POA and BST neurons express Fos during maternal be
havior, we used a double-labeling immunocytochemical pro- 
cedure for Fos and wheat germ agglutinin (WGA) to deter- 
mine where these Fos neurons project. On Day 4 postpartum, 
female rats were separated from their litters. On Day 5, 
WGA was iontophoretically injected into nucleus accumbens 
(NA), lateral septum (LS), lateral habenula (LHb), ventral 
tegmental area (VTA), retrorubral field (RRF), or central 
gray (CG). On Day 7, females were reunited with their pups 
for 2 hrs, after which they were perfused, and their 
brains were processed for the detection of Fos and WGA. 
Initial findings indicate: (1) the groups do not differ in 
total number of Fos-labeled cells in the POA and BST; (2) 
few cells are double-labeled after WGA injections into the 
LHb; (3) the most double-labeled cells (expressed as 
either an absolute number or as a percentage of all Fos 
cells) are observed in POA/BST after WGA injections into 
either LS or VTA. The results suggest the importance of 
POA/BST projections to VTA and LS for maternal behavior, 
but also implicate the involvement of additional circuits. 
Supported by NSF Grant IBN 9319315.

1 9 0 .8

SEQUENTIAL ESTROGEN (E) AN D TESTOSTERONE (T) WITH T 
WITHDRAWAL ENHANCES VASOPRESSIN (AVP) MESSENGER  
RNA IN THE PARAVENTRICULAR NUCLEUS (PVN) OF THE RAT. 
A, Thomas*. N.B. Kim. J.A. A m ico. University o f  Pittsburgh School o f  
Medicine and the VA Medical Center, Pittsburgh, PA 15261.

The hypothalamic peptide AVP is an important mediator o f  certain 
centrally mediated processes such as memory and social behaviors. Within 
24 h o f  parturition, oxytocin (OT) and AVP mRNAs increase dramatically 
in the rat hypothalamus. We recently reported that sequential exposure to 
E and progesterone (P) and the subsequent decline in P is key to the 
prepartum increase in OT mRNA, yet AVP mRNA is unaffected. A decline 
in T, coincident with waning P levels, also occurs prepartum. T increases 
after day 10 o f  pregnancy, peaks on days 18-20, and declines. Peak levels 
o f  AVP mRNA prepartum coincide with the prepartum decline in T. We set 
forth to determine if  sequential E and T followed by T withdrawal, which 
m imics the steroid exposure prepartum, increases AVP mRNA. Ovx rats 
were implanted with either 2 mm empty or E-filled capsules on day 1, 25 
mm empty or T-filled capsules on day 3 and both sustained until day 14, 
when T or empty capsules were removed. Animals were sacrificed on day 
16. The PVN were dissected and analyzed by Northern blot hybridization 
for AVP mRNA. There was significantly more AVP mRNA in the 
steroid-exposed group than in the sham-treated group (P <0.05). The data 
suggest sequential E and T with T withdrawal enhances PVN AVP mRNA. 
T may mediate behavior through alterations in AVP expression.
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SEX-SPECIFIC AND REVERSIBLE CHANGES IN THE SIZE OF AVT-IR 
CELLS IN THE PREOPTIC AREA ARE ASSOCIATED WITH SERIAL ADULT 
SEX REVERSAL. M.S. Grober* and T. Sunobe† . Department of Biological 
Sciences, University of Idaho, Moscow, ID 83844-3051, and †Natural History 
Museum and Institute, Chiba, Chuo-ku, Chiba 260, Japan.

Trimma ofanawae (Pisces: Gobiidae) is a small marine fish that changes sex 
multiple times and in both directions. Sex change in either direction can be 
completed in as little as 4 days. A number of rapid changes occur during this 
transformation including, 1) the shape of the sexually dimorphic genital 
papilla, 2) regression of the testes and expansion of the ovaries (or vice 
versa), 3) regression/expansion of the accessory gonadal structure (a "male" 
organ present in all gobies), 4) onset/elimination of male specific behaviors 
including nest preparation, aggression towards conspecifics and courtship 
"skipping". Previously, nothing was known about the neuroendocrine 
correlates of multiple sex reversals. The AVT/AVP (arginine vasotocin / 
vasopressin) peptide family is known to play a role in the direct control of sex- 
specific reproductive behaviors. Immunocytochemistry was used to identify 
AVT- immunoreactive (ir) cells in the forebrain preoptic area We found a 
significant increase in the size of AVT-ir preoptic cells following male to female 
sex reversal. Subsequent reversal of females back to males resulted in a 
significant decrease in cell size. Finally, a third sequential reversal of males 
back to females resulted in a similar and significant increase to the "female- 
specific" cell size. Although previous work has shown specific neurochemical 
changes associated with transition between alternative male phenotypes or 
with unidirectional sex reversal, this is the first study to demonstrate a sex- 
specific neurochemical character that changes predictably and reversibly 
during sequential sex reversals. The present results highlight the utility of 
fish as model systems for investigations of neuroendocrine control of 
vertebrate sexual plasticity. Supported by NSF (IBN-9309555 to MSG) and a 
University of Idaho Seed Grant.

1 9 0 .1 1

DIFFERENTIAL REGULATION OF AVT PEPTIDE AND MRNA 
CORRELATES WITH NATURALLY OCCURRING ADULT SEX CHANGE.
R. Sawbv. A. Ghazanfar. C. Morrey†. M. DeSantis* and M.S. Grober. 
Department of Biological Sciences, University of Idaho, Moscow, ID 83844- 
3051, and †Hawaii Institute of Marine Biology.

The saddleback wrasse Thalassoma duperrey is a diandric protogynous 
hermaphrodite. Individuals begin life in the initial phase as either females or 
males. Dependent upon specific social stimuli, initial phase fish may 
transform into terminal males via sex or role change. Each sexual phase 
exhibits unique reproductive behaviors. Terminal male-specific behaviors 
are rapidly exhibited by initial phase fish when the terminal male is removed 
from their social group. However, little is known about the neuroendocrine 
bases for these rapid changes in behavior. Previous work on a diverse 
range of vertebrates implicates a major role for the AVT/AVP (arginine 
vasotocin/vasopressin) peptide family in the direct control of sex-specific 
reproductive behaviors. Immunocytochemistry and in situ hybridization 
were used to identify cells in the forebrain preoptic area (POA) that 
produced AVT peptide and/or mRNA. We examined the major 
components of the fish POA: pars parvocellularis (PP), magnocellularis 
(PM), and gigantocellularis (PG). There were 1) significantty more ir-PM cells 
relative to the PP or PG, 2) significantly more mRNA producing PM cells 
relative to the PG, 3) significant differences in the number of mRNA 
expressing PM cells among the sexual morphs, 4) greater variation in levels 
of mRNA expression in PM cells relative to the PG, 5) significantly more 
mRNA containing cells relative to ir-cells, and 6) this mRNA:peptide ratio was 
greater in the PM relative to the PG. These results indicate that each AVT- 
producing nucleus of the teleost POA may have distinct functions, and that 
AVT-producing PM cells may be critical for generating the behavioral shifts 
that accompany sex/role change. Supported by NSF (IBN-9309555 to MSG 
and REU to MSG/AAG) and a University of Idaho Seed Grant.

1 9 0 .1 3

SEXUAL DIMORPHISM IN THE ANAL PLEXUS OF A TELEOST, THE 
WESTERN MOSQUITOFISH, Gambusia affinis affinis. E. Rosa-Molinar*. 
@J. Haefele. #S.E. Hendricks, and @B. Fritzsch. *Dept. of Cell Biol. & 
Anat., and #Dept. of Psychiatry, Univ. Nebraska Med. Ctr., Omaha, NE 
68198, and @Dept. of Biomed Sci., Creighton Univ., Omaha, NE 68178.

We have recently described the development of the sexual dimorphic anal 
fin appendicular support bones in Western Mosquitofish (Rosa-Molinar et 
al., Acta Anat. (1994) 151: 20). We present here the first account of sexual 
dimorphism and the development of the anal nerve plexus which lies 
between the 14th and 16th vertebrae in this species. In larvae, the 
innervation pattern of this plexus is not sexually dimorphic. In the adult 
male, this plexus has translocated anteriorly three segments concomittantly 
with the developmental shift of the anal fin; in the male, the plexus has a 
more elaborate innervation of the enlarged erector and inclinator muscles 
than in the female. In the male, these muscles are used to circumduct the 
transformed anal fin (gonopodium) for copulation. In addition to the 
suprasegmental innervation of almost all inclinator and several erector 
muscles of one side, some motor fibers cross to innervate a smaller 
population of contralateral inclinator muscles. Likewise, sensory fibers 
cross to the contralateral side. Backfills of the motoneurons with 3kda 
dextran amines show that in the male there are larger motoneurons with a 
more extensive dendritic field than seen in the female and are located more 
laterally.

Supported by APA/MFP Pre-doctoral Fellowship in Neuroscience 
(NRSA1T32MH18882) and Blanche Widaman Fellowship to E.R-M.

1 9 0 .1 0

SEASONAL AND SEXUAL DIFFERENCES IN THE NUMBER OF 
IMMUNOREACTIVE VASOTOCIN NEURONS IN AN AMPHIBIAN. 
F.L. Moore*. C. Richardson and C.A. Lowrv. Department of Zoology, 
Oregon State University, Corvallis, OR 97331-2914.

Vasotocin (VT), a nonapeptide found in non-mammalian vertebrates, has 
many physiological and behavioral functions, including the modulation of 
specific reproductive behaviors. In the roughskin newt (Taricha granu- 
losa) VT administration enhances courtship behaviors in males and egg- 
laying behaviors in females. To investigate whether seasonal and/or sexual 
differences in reproductive behaviors are associated with differences in the 
number of VT-containing neurons, males and females were sampled in 
April (breeding), June (egg-laying), and August (post-breeding). 
Immunocytochemistry revealed that there were site-specific differences in 
the number of VT neurons, comparing males and females across seasons. 
Males had significantly more VTir cells than females in the lateral 
forebrain, bed nucleus of the stria terminalis, and medial anterior preoptic 
area (POA). Conversely, females had more VTir cells than males in the 
ventromedial hypothalamus (VMH) in April and the caudal amygdala pars 
lateralis in August. Numbers of VTir cells were not significantly different 
in males and females in eleven other brain areas, including the 
magnocellular and parvocellular subdivisions of the preoptic area. These 
results indicate there are site-specific differences in the control of VT. 
Furthermore, in the POA of males and VMH of females (important brain 
areas for sex-specific reproductive behaviors), VTir cell numbers are 
highest during the breeding season, which is when sex steroid hormones 
also are highest. (NSF IBN-9319633)

1 9 0 .1 2

MALES HAVE MORE GALANIN CONTAINING NEURONS THAN 
FEMALES IN THE POA OF A TELEOST FISH. T. Bushnik* and R.D. Femald. 
Neuroscience Program, Stanford University, Stanford, CA.

Galanin (GAL), a 29 amino acid neuropeptide has been implicated in diverse 
endocrine functions. For example, it has been co-localized in mammalian 
hypothalamic neurons containing gonadotropin-releasing hormone (GnRH) and 
the mRNA expression and presence of GAL in GnRH neurons has been correlated 
with events in the estrous cycle in mice. This evidence of regulation led us to 
examine GAL and GnRH co-localization, and its correlation with reproductive 
state, in the POA of the teleost fish, Haplochromis burtoni. In this species, 
reproductive stage can be easily determined in females, and males exist in a social 
dominance dichotomy in which they are either reproductively active (territorial) 
or quiescent (non-territorial). GAL and GnRH were simultaneously localized 
using immonhistochemistry in the two types of males - territoral and non- 
territorial - and in females in three reproductive states - gravid, brooding, and 
quiescent (small, immature eggs in the ovaries). GALwas localized using a 
polyclonal GAL antibody (Peninsula Labs, CA) and GnRH was localized using a 
monoclonal antibody (LRH13 courtesy of Dr. Min Kyun Park, Japan) with 
fluorescein and Texas Red labelling, respectively. No co-localization was 
observed in any group of subjects, supporting our previous finding that GAL 
neurons did not appear to project to the pituitary. However, there was a striking 
dichotomy in the number of GAL neurons in the POA: males had approximately 
twice as many GAL neurons than females. This difference appeared to be due to 
an additional sub-population of GAL neurons found only in males and suggests 
that GAL may play a different or enhanced role in males as compared to females. 
Supported by NSERC post-doctoral scholarship to TB and NIH HD 23799 to 
RDF.

1 9 0 .1 4

SEX DIFFERENCES IN NUMBER OF GNRH NEURONS IN THE POA AND 
TERMINAL NERVE OF A PROTANDROUS HERMAPHRODITE.
S. Winberg. U. Elofsson and R.C. Francis*. Department of Limnology, Vertebrate 
Physiology and Behavior Unit, Uppsala University, Uppsala, Sweden, S-752-36; 
and Department of Psychology, University of California, Berkeley, CA 94720.

Ten pairs of Amphiprion melanopus were collected by SCUBA at the 
Christiansen Research Institute in Papua New Guinea. The brains were immersion- 
fixed in 4% paraformaledhyde and stained with a monoclonal antibody (LRH-13, 
graciously supplied by Min Kyun Park) to salmon GnRH, which indicated 
immunoreactivity in both the terminal nerve (TN) and the preoptic area (POA). 
Previous reports on protogynous (female to male sex change) hermaphrodites 
(Grober et al. 1991) indicate that terminal phase males exhibit a larger number of 
GnRH-ir neurons in the POA than do females or initial phase males. In this study, 
by using protandrous (male to female sex change) hermaphrodites, we sought to 
determine whether the differences observed in males and females of protogynous 
hermaphrodites actually constituted a sex difference or simply represented different 
stages in the sex differentiation process. Our preliminary results indicate that male 
Amphiprion also exhibit more GnRh-ir neurons in the POA than do females, 
though maleness is the initial phase of sex differentiation in this species. Hence 
there may be a real sex difference in POA GnRH-ir number in at least some teleosts. 
Additionally, females appear to have more GnRH neurons in the TN. The 
mechanism underlying the change in GnRH expression during both protogynous 
and protandrous sex change remains to be elucidated.
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Loss of GnRH-immunoreactivity and axonal regrowth 
following terminal nerve section in juvenile clearnose 
skates, Raja eglanterla. L.S.Demskl*. J.J.Sudberry,
J .A.Beaver. Div. of Natural Sciences, New College of the 
Univ. of South Florida, Sarasota, FL, 34243.

The terminal nerve and associated ganglion (TN) was 
cut either unilaterally or bilaterally where it enters 
the forebrain hemispheres in 6 juvenile (3 month old) 
skates. In cases where most TN ganglion cells were 
separated from the forebrain, loss of GnRH-immuno 
reactivity (ir) was observed in the central bundles of 
the TN as described in normal GnRH~stained sections 
(Neurosci. abstr. 409.1, 1994); thus confirming a well- 
developed TN projection to the medial part of the 
forebrain. Diffuse fibers in the telencephalon appear 
mostly unaffected by the cut suggesting that some 
originate from non-TN GnRH-ir cells. In all cases, 
axonal sprouting was observed from severed ends of the 
TN ganglion. At 7 days post lesion, ir-processes 
resembling growth cones are present in the connective 
tissue surrounding the peripherally isolated ganglion. 
At longer survival times (14-49 days) beaded fibers, 
similar to mature TN GnRH-ir fibers, also emanate from 
the severed ganglion. The fibers form a dense plexus in 
the connective tissue near the ganglion and in some 
cases appear to re-innervate the olfactory bulb and 
enter the olfactory epithelium. Regrowth of TN axons 
into the telencephalon was probably blocked by either 
the removal of a part of the TN or separation of its cut 
ends by procedures instituted for the GnRH-mapping 
study. Supported by NSF-RUI Grant IBN 9308952 and 
Leonard S. Florsheim, Sr. Endowment to the New College 
Foundation.

PSYCHOTHERAPEUTIC DRUGS: ANTIPSYCH OTICS I

1 9 1 .1

MODULATION OF DOPAMINE AND SEROTONIN RELEASE AND DOPAMINE CELL 
IMPULSE ACTIVITY BY HALOPERIDOL AND CLOZAPINE IN MESOCORTICO- 
LIMBIC AND NIGROSTRIATAL AREAS A. Saleem1*. W E Hoffmann3. O. Hope2. C. 
Okonje2. M.F. Piercey3. P.A. Broderick1. 1Dept. Pharmacol., CUNY Med. Sch NY 
10031, 2MARC CCNY NY 10031,3CNS Res., Upjohn Co.,Kalamazoo MI 49007.

While typical antipsychotics like haloperidol (HAL) produce severe 
extrapyramidal symptoms, the atypical antipsychotic clozapine (CLOZ) does not. 
To better understand this, we evaluated HAL and CLOZ for their 
electrophysiological and neurochemical effects on A9 and A 10 pathways of male, 
Sprague-Dawley chloral hydrate anesthetized rats. Dopamine (DA) neuron impulse 
activity in substantia nigra pars compacta (SNPC) and ventral tegmental area 
(VTA) was studied electrophysiologically (JPET 155:560, 1973). CLOZ was 
equipotent in both the SNPC and VTA in antagonizing apomorphine (APO) which 
stimulates autoreceptors to depress DA neuron firing, and amphetamine (AMP) 
which depresses DA neuron firing via postsynaptic feedback pathways. Similar 
antagonistic effects of HAL on APO and AMP occurred in SNPC. Stearate 
microelectrodes were implanted in caudate (CPU), nucleus accumbens (NAcc), and 
medial prefrontal cortex (mPFC); semidifferential voltammetry was used for 
detection of DA and 5-HT (Brain Res. 495:115, 1989). Both HAL and CLOZ 
increased DA and 5-HT release with regional allocations in all three areas. With 
initial doses (1.0 mg/kg HAL and 20 mg/kg CLOZ), HAL regionally increased DA 
more in CPU, whereas CLOZ most effectively increased mPFC DA. Following 
additional 2.5 mg/kg HAL, peak DA increases were highest in PFC, but longer 
durational increases were in CPU; with additional 20 mg/kg CLOZ, DA was 
highest in NAcc and mPFC. Overall, HAL had greater effects on NAcc 5-HT, 
whereas CLOZ was most profound on mPFC 5-HT release. Although no 
differential neuroleptic effects could be found for long loop negative feedback 
pathways for DA neuron firing, differential effects on DA and 5-HT release could 
reflect differential local feedback mechanisms on DA and 5-HT terminals.

1 9 1 .3

THE EFFECTS OF SEQUENTIAL CHALLENGES OF HALOPERIDOL (HAL) 
AND CLOZAPINE (CLZ) ON SECRETION OF PROLACTIN (PRL) IN RATS. 
ML. Sims and I.R. Cohen* Toxicology Research Laboratories, Lilly Research 
Laboratories, a Division of Eli Lilly and Company, Greenfield, IN 46140.

Typical antipsychotics such as HAL, which are D2 antagonists, cause sustained 
elevation in circulating PRL levels while treatment with atypical antipsychotics 
such as CLZ produce only a transient rise. To characterize both the inhibitory and 
stimulatory component of the PRL response, we examined the effects of consecutive 
challenges with HAL/CLZ, CLZ/HAL or CLZ/CLZ on PRL secretion.

Male Fischer 344 rats bearing an atrial cannula were assigned to the following 
groups (n=8-10): control, vehicle (VEH), or treatment groups which received HAL 
(.75mg/kg) or CLZ (20mg/kg) at Ohr and lhr. Blood samples (0.5mL) were taken 
at Ohr (prior to 1st inj.), .5, 1,1.5, 2, and 3 hr and an equal volume of saline 
returned. Plasma samples were analyzed for PRL by RIA.

In response to the first injection of HAL or CLZ, there was a significant elevation 
of PRL levels (59-72ng/mL) above basal levels (6-12ng/mL). PRL returned to 
basal levels by 1.5 hr in rats receiving CLZ (Ohr) and VEH (lhr). HAL (lhr) given 
to rats which had received CLZ at Ohr produced a significant elevation in PRL 
(61ng/mL) which remained above baseline at 3 hr. When the order of treatment was 
reversed, with HAL at Ohr and CLZ at lhr, similar results were seen. In contrast, 
when CLZ was given sequentially, only a partial elevation (36ng/mL) in PRL was 
produced with levels returning to baseline by 3hr.

In conclusion, the present study provides evidence that CLZ may be acting at least 
in part through a mechanism other than via the D2 receptor to both (a) promote the 
release of PRL and (b) inhibit the PRL response. This is supported by the 
following results: (a) on a background of CLZ, HAL (having only D2 antagonist 
activity) produced a full PRL response while a second challenge with CLZ (which 
has activity at various receptor sites) produced only a partial response, (b) on a 
background of HAL, treatment with CLZ, while able to produce a transient rise in 
PRL above HAL-induced levels, was unable to inhibit PRL secretion to baseline.

1 9 1 .2

EFFECTS OF CLOZAPINE AND PIMOZIDE ON THE PARAMETERS OF 
HERRNSTEIN’S MATCHING EQUATION APPLIED TO MULTIPLE 
OPERANT SCHEDULE RESPONDING IN RATS. A. D. Compton* and 
J. H. Porter. Dept. of Psychology, VA Commonwealth Univ., Richmond, 
VA 23284.

Both motor deficits and anhedonia have been advanced as possible 
mechanisms by which neuroleptic drugs suppress operant response 
rates. Analysis of multiple operant schedule responding via Herrnstein’s 
matching equation affords a mathematical technique by which these two 
effects can be separated and quantified by deriving two parameters: k, 
which reflects motor effects, and R° , which reflects hedonic effects. Nine, 
male, Sprague-Dawley rats were trained to barpress for food reward 
under a seven-component, multiple VI operant schedule in which average 
interval lengths across components varied from 3- to 108-s. Response 
rate and reinforcement rate data for each schedule component were 
used to fit the matching equation to the across-components pattern of 
each animal’s responding at each drug dose and to derive the equation 
parameters. All animals distributed their responses in a pattern 
consistent with the matching equation at all doses of pimozide (VEH, .2, 
.3, .6, & 1.0 mg/kg). Dose dependent motor deficits were produced by 
the 3 highest doses; however, anhedonia was evident only at the 10 
mg/kg dose. Clozapine (CLZ) (1.25, 2.5, 5.0, & 10.0 mg/kg), on the other 
hand, disrupted the matching behavior in a dose dependent manner, 
without decreasing overall response rates except at 10.0 mg/kg. For the 
subset of rats that did display matching behavior, CLZ did not produce 
any significant changes in k or Re. These data provide further evidence 
for CLZ’s unique behavioral profile as an atypical antipsychotic.

1 9 1 .4

FOS INDUCTION SUGGESTS ACTIVATION OF THALAMIC MIDLINE 
NUCLEI BY ANTIPSYCHOTIC DRUGS B. M. Cohen*. W. Wan. McLean 
Hospital, Harvard Medical School, Belmont, MA 02178

Recent brain imaging and post mortem data suggest abnormalities of the 
thalamus in schizophrenia. These observations raise the question of whether 
drugs which alleviate the symptoms o f schizophrenia work in part through 
effects on the thalamus. To test this hypothesis, rats (3/group) were given 
acute intraperitoneal doses of the typical neuroleptic haloperidol (1 mg/kg), the 
atypical neuroleptic clozapine (20 mg/kg) or vehicle (2% lactic acid) and 
sacrificed two hours after injection. Cellular activation in rat brain was 
estimated by the expression of Fos protein, a product of the immediate early 
gene cfos. using immunohistochemistry. The number of cells expressing Fos 
in the thalamus was very low in animals treated with vehicle injections. By 
comparison, animals treated with haloperidol or clozapine had a marked 
increase in the number of Fos expressing cells. These cells were quite 
specifically localized to thalamic midline structures including the 
paraventricular nucleus, central medial nucleus, rhomboid nucleus and nucleus 
reuniens. Increases were 2.2 to 3.2 fold compared to vehicle treated animals, 
p<0.0001 for each region. The number o f cells activated in response to each 
drug was very similar in each of these regions of the thalamus. The nuclei 
showing activation receive innervation from dopamine and other 
monominergic tracks and are notable in primates as well as in rats for having 
reciprocal innervation with limbic structures, including nucleus accumbens, 
cingulate cortex, amygdala and hippocampus, as well as prefrontal cortex, all 
of which have been implicated in mediating symptoms of schizophrenia. 
Taken together, the evidence suggests that thalamic midline sites may play an 
important role in mediating the shared effects o f neuroleptic drugs, possibly 
including their antipsychotic effects.
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D IF F E R E N T IA L  E X P R E S S IO N  O F  C -F O S  m R N A  IN  RA T 
ST R IA T U M , N. A C C U M B E N S  A N D P R E F R O N T A L  C O RTEX  
A F T E R  T Y PIC A L AND A TY PICA L A N T IP S Y C H O T IC S : AN I N  
S I T U  H Y BR ID ISA TIO N  STUDY.
J . Sem ba*. M, S a k a i. Rie M iyo s h i1, N. M a ta g a 2. F. F u k a m a u c h i2 
an d  S. Kito. U n iv e rs ity  of th e  A ir, C h ib a  261, J a p a n ;  1Royal F ree  
H o sp ita l School o f M edic ine, L ondon, UK ; 2T okyo M edica l a n d  
D en ta l U n iv e rs ity , M edical R esearch  In s t i tu te ,  Tokyo, J a p a n .

T h e  reg io n a l d iffe ren ce  in th e  e x p re s s io n  o f c - fo s  m R N A  
induced  by ty p ica l an d  a ty p ic a l a n tip sy c h o tic s  w as d e te rm in e d  in 
s tr ia tu m , N. a ccu m b en s  an d  p re f ro n ta l  co rtex  in  r a t s  by  in  s itu  
h y b r id isa tio n . Two ty p ica l a n tip sy c h o tic s , h a lo p e r id o l (2 m g/kg) 
an d  f lu p h e n a z in e  (2 m g/kg), an d  th re e  a ty p ica l a n tip sy ch o tic s , (-)- 
s u lp ir id e  (100 m g/kg), c lo zap in e  (20 m g/kg) a n d  O P C -14597 (40 
m g/kg), w ere  u se d . B ra in s  w e re  f ix ed  45 m in  a f te r  d ru g  
a d m in is t r a t io n  (i.p .). B ra in  se c tio n s  o f 30 p m -th ic k n e s s  w ere 
h y b r id ise d  w ith  35S -la b e lle d  c -fo s  o lig o n u c leo tid e  p robe. T h ese  
sec tio n s  w ere ap p o sed  to X -ray  f ilm s a n d  a u to ra d io g ra m s  w ere 
a n a ly se d  by c o m p u te r-a s s is te d  d e n s ito m e try . All a n tip sy c h o tic  
d ru g s  te s te d  in creased  c-fos m RN A  gene  ex p ress io n  in  th e  shell of 
th e  N. accum bens. On th e  o th e r  h an d , only typ ical an tip sy ch o tic s  
in c re a se d  th e  e x p re s s io n  o f c -fo s  m R N A  in  th e  d o r so la te r a l  
s tr ia tu m  T hese re su lts  s trong ly  su g g est th a t  th e  shell reg ion  of the
N. a c c u m b e n s  is in v o lv e d  in  th e r a p e u t i c  e ffe c ts  o f  th e s e  
a n tip sy ch o tic s .
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DIFFERENTIAL ACTIONS OF TYPICAL AND ATYPICAL 
ANTIPSYCHOTIC DRUGS ON DOPAMINE RELEASE IN THE CORE AND 
SHELL REGIONS OF THE NUCLEUS ACCUMBENS. M.M. Marcus. G.G. 
Nomikos. M-L Deckner* and T.H. Svensson Dept. of Physiology and 
Pharmacology, Div. of Pharmacology, Karolinska Institutet, S-171 77 
Stockholm, Sweden.

The effects of antipsychotic drugs on extracellular dopamine 
concentrations were examined in tw o  subdivisions of the nucleus 
accumbens, core and shell, which are associated w ith  m otoric and 
limbic functions, respectively, by using in vivo Differential Normal Pulse 
Voltammetry in anesthetized, pargyline pretreated rats. The following 
drugs were administered intravenously: Haloperidol (0.1 and 1.0 
mg/kg), clozapine (1.0 and 5.0 mg/kg), amperozide (1.0 and 2.0 
mg/kg), risperidone (0.1 and 1.0 mg/kg), the selective 5-HT2A/5-HT2C 
receptor antagonist, ritanserin (1 mg/kg) and the selective DA-D2/D3 
receptor antagonist, raclopride (10 and 320 μg/kg). Drugs w ith  
prominent 5-HT2A receptor antagonistic action, such as amperozide and 
ritanserin, as well as low doses of both risperidone and clozapine, 
increased DA concentrations to a greater extent in the shell compared 
to the core. In contrast, drugs w ith  prominent D2 receptor antagonistic 
action, such as haloperidol and raclopride, as well as high doses of both 
risperidone and clozapine, elicited a larger DA increase in the core 
compared to the shell. Consequently, atypical antipsychotis w ith  potent 
5-HT2a receptor antagonistic action, can be differentiated from classical 
antipsychotic drugs on the basis of their preferential e ffect on DA 
transmission in the shell region of the nucleus accumbens.
(Supported by Karolinska Institutet & Personalutbildningen)
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O LAN ZAPINE, A NO VEL ATYPICA L A N TIPSY C H O TIC, 
REVERSES d -  AM PH ETA M IN E-IND UCED IN H IB ITIO N  OF 
M IDBRAIN DO PAM INE CELLS
Marsha E. Stockton and Kurt Rasmussen*
Lilly Research Laboratories, Eli Lilly and Company, Indianapolis, IN 46285 

This study compared the ability of the novel antipsychotic olanzapine 
(LY170053) with that of clozapine to reverse the d-amphetamine (d-AMPH)- 
induced inhibition of substantia nigra (A9) and ventral tegmental area (A 10) 
dopamine (DA) cells. Previously, the atypical antipsychotic clozapine and the 
classical antipsychotic haloperidol have been shown to reverse the inhibitory 
effects o f  d-AMPH on A9 and A 10 DA cells. Extracellular single-unit recordings 
were made from A9 and A10 DA cells in chloral hydrate anesthetized male rats.
As previously reported, d-AMPH administration (0.5, 1.0 and 2.0 mg/kg, i.v.) 
decreased the firing rate of A9 and A10 DA cells. Administration of vehicle did 
not reverse the effects of d-AMPH. As previously reported, clozapine completely 
reversed the inhibitory effects of d-AMPH on A10 DA cells (EDioo = 3.3 mg/kg, 
i.v.). However, clozapine only partially reversed the effects of d-AMPH on A9 
DA cells at the highest dose tested (8.0 mg/kg, i.v.). Administration of 
olanzapine completely reversed the inhibitory effects of d-AMPH on A 10 DA 
cells (ED100 = 0.19 mg/kg, i.v.) and on A9 DA cells (ED100 = 0.9 mg/kg, i.v.). 
Thus, olanzapine, like clozapine, was more potent in reversing the effects of d- 
AMPH on A 10 than A9 DA cells. In addition, olanzapine was more potent than 
clozapine in its actions in reversing the effects of d-AMPH on A9 and A10 DA 
cells. The selectivity of clozapine for A 10 vs. A9 dopamine cells has been 
hypothesized to play a role in its atypical therapeutic profile. In conclusion, 
olanzapine has selective effects on A 10 vs. A9 dopamine cells. The selectivity of 
olanzapine is similar to the selectivity of the atypical antipsychotic clozapine and 
may indicate that olanzapine will have antipsychotic efficacy with a low incidence 
of extrapyramidal side effects (EPS) in man. Indeed, in clinical trials olanzapine 
has displayed antipsychotic efficacy at doses that show a low incidence of EPS.
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DOPAMINERGIC AND GABAERGIC TRANSMISSION IN RAT TREATED 
WITH MULTIPLE DOSES OF CHRONIC HALOPERIDOL AND 
CLOZAPINE. K. Sakai*. T. Hashimoto. X.-M. Gao, A.J. Tobin1 and C.A. 
Tamminga Maryland Psychiatric Research Center, University of Maryland, 
School of Medicine, Baltimore, MD 21228 and Department of Biology, 
University of California, Los Angeles, CA 900241 

Chronic neuroleptic treatment is associated with tardive dyskinesia (TD) 
in humans, a condition often modeled by vacuous chewing movements 
(VCM) in rat. We quantified rat VCM after multiple doses of chronic 
haloperidol and clozapine to further examine this model. Rats were 
treated orally with haloperidol (1.5 and 3.0 mg/kg/day) and clozapine (10, 
20 and 30 mg/kg/day) for 6 months. VCM rates were 7.5± 1.9 and 9.6± 1.7, 
VCM/5 min respectively for haloperidol and 4.5± 1.1, 4.7± 1.3 and 3.9±0.8, 
VCM/5 min, respectively for clozapine compared to 1.8±0.5 for water alone 
(mean±S.E.). In these rats we examined D,, D2 and GABAa receptor 
density, and enkephaline (ENK) and GAD67 mRNA expression. In 
striatum, D2 receptor density, ENK mRNA, and GAD67 mRNA increased 
with haloperidol but was unchanged with clozapine. D1 receptor density 
was unchanged with any treatment in striatum. In globus pallidus, the low 
dose of haloperidol and clozapine decreased expression of GAD67 mRNA. 
No GAD67 mRNA change was observed either in substantia nigra reticulata 
(SNR) or reticular thalamus with these drugs. D1 receptor density in SNR 
decreased with haloperidol, unrelated to dose. Clozapine decreased D1
receptors in SNR more potently than either dose of haloperidol. GABAa 
receptor density and GAD65 mRNA in all areas will be reported Data will 
be analyzed for neurochemical changes selective for VCMs. These results 
indicate different effects of typical and atypical neuroleptics on neuro-
chemical measures in the basal ganglia-thalamic circuit.
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THE EFFECTS OF CHRONIC NEUROLEPTIC TREATMENT AND COCAINE 
ADMINISTRATION ON THE ACQUISITION OF POLYDIPSIA IN RATS. 
Mittleman* and P.A. LeDuc. Dept. of Psychology, The University of 
Memphis, Memphis, TN 38152

In humans, 70 to 85% of the cases of polydipsia occur in 
schizophrenics. Because of the high rate of concordance between 
schizophrenia and chronic neuroleptic treatment, it has been suggested 
that neuroleptics can induce episodes of polydipsia. In contrast, acute 
administration of neuroleptics in rats produces reductions in polydipsia. 
In these experiments, we investigated the possibility that chronic 
neuroleptic treatment might enhance polydipsia in rats tested in the 
schedule-induced polydipsia (SIP) paradigm. Additionally, the effects of 
typical (haloperidol) and atypical (clozapine) neuroleptics were 
compared. Results from the first experiment indicated that when 
neuroleptics were given in a manner that approximated human 
medication schedules, rats did not exhibit a reduction in water 
consumption, as is typically reported in studies administering the drug in 
close proximity to the start of the test session.

In addition to the high incidence of polydipsia among schizophrenics, 
these patients also exhibit high rates of psychostimulant abuse. The 
possible effects of such abuse on polydipsia have not been 
investigated. Thus, in a second experiment, we investigated the 
influence of cocaine on the acquisition and performance of SIP. Results 
indicated that administration of cocaine significantly increased the 
acquisition and performance of SIP in rats given chronic haloperidol. In 
contrast, cocaine did not enhance polydipsia in rats treated chronically 
w ith clozapine. Considered together these results indicate that chronic 
treatment with neuroleptics as well as exposure to cocaine may play 
important roles in the etiology of polydipsia.
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5-HT2C RECEPTORS IN THE RAT CHOROID PLEXUS AFTER CHRONIC 
SERTINDOLE TREATMENT. M. Kuoopamä ki. E.-P. Pä lvimäki. A. Laakso. J. 
Hietala* and E.K.G. Svvalahti. Dept. of Pharmacology, Univ. of Turku, Turku, 
Finland.

We have treated rats for 21 days with clozapine (CLOZ, 25 mg/kg) and 
sertindole (SERT, 20, 300 and 1250 μ g/kg) and measured 5-HT2C receptor 
binding parameters with [3Hlmesulergine and [125l]DOI by quantitative 
autoradio-graphy after 8 days' withdrawal. Scatchard analysis with 
l3H]mesulergine revealed that while CLOZ downregulated 5-HT2C receptors 
(Bmax) without affecting the affinity (Kd), SERT with the highest dose only 
increased the Kd value of [3H)mesulergine for 5-HT2C receptors. In line with 
this, we found residual SERT concentrations from the brain only after the 
highest dose. We also compared 5-HT2C receptor agonist and antagonist 
binding by using one saturating concentration of [125l]DOI and 
[3H]mesulergine, respectively. It was found that SERT affected more 
profoundly 5-HT2C receptor (125l]DOI binding sites (-44% and -77% after 300 
and 1250μg/kg of SERT, respectively) compared to [3H]mesulergine binding 
sites (-12% and -26% after 300 and 1250 μ g/kg of SERT, respectively). In 
the case of 300 μg/kg of SERT, there was no residual drug in the brain and 
no increase in Kd for [3H]mesulergine, suggesting that also other mechanisms 
than residual drug explain these findings. According to our results, SERT 
differentially affects 5-HT2C receptor high-affinity (G-protein coupled) binding 
sites labeled with [125l]DOI and low-affinity (free receptor, i.e. not G-protein 
coupled) sites labeled with [3H]mesulergine (most of [3H)mesulergine binding 
is to low-affinity sites). In contrast to 300 and 1250 μg/kg of SERT, CLOZ 
decreased equally (by about 30%) 5-HT2C receptor [125l]DOI and 
[3H]mesulergine binding.
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NGD 94-1: THE PRECLINICAL BEHAVIORAL PROFILE OF A POTENT 
AND SELECTIVE DOPAMINE D4 RECEPTOR ANTAGONIST. D.C. 
Hoffman*. H. Donovan. C.A. Bankoski. S.H. Lang . A. Thurkauf. A. 
Hutchison. J.V. Cassella . Neurogen Corporation, Branford, CT 
0 6 4 0 5 .

NGD 94-1 is a potent and selective D4 receptor antagonist 
being developed as a novel antipsychotic agent. In preclinical 
testing, NGD 94-1 was compared to clozapine and haloperidol in 
behavioral tests indicative of antipsychotic efficacy as well as 
seda tive and extra pyra m ida l s ide e ffec t lia b ility . In an 
antipsychotic efficacy model, haloperidol, clozapine and NGD 94- 
1 significantly decreased the disruptive effects of apomorphine on 
prepulse inhibition of the acoustic startle response in rats. Its 
behavioral profile in tests of adverse effects in rodents differs 
significantly from that of existing antipsychotic drugs. Unlike 
haloperidol and high doses of clozapine, NGD 94-1 did not produce 
catalepsy nor did it block amphetamine- or apomorphine-induced 
stereotypy. Furthermore, NGD 94-1 did not affect spontaneous 
locomotor activity nor did it alter acoustic startle responsiveness. 
These data suggest that NGD 94-1 w ill be an e ffective  
antipsychotic agent and should not produce extrapyram idal or 
sedative side effects in humans.
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LOCALIZATION AND CHARACTERIZATION OF DOPAMINE D4 BINDING 
SITES IN RAT AND HUMAN BRAIN USING THE D4 SUBTYPE SELECTIVE 
LIGAND [3H]NGD 94-1. R.J. Primus*. J. Xu. A. Thurkauf. J.F. Tallman and 
D.W. Gallaaer. Dept. of Pharmacology, Neurogen Corporation, Branford, CT 
06405.

The regional distribution of dopamine D4 binding sites was evaluated 
autoradiographically in adult rat brain using the D4 subtype selective ligand 
[3H]NGD 94-1. The regional distribution of [3H]NGD 94-1 binding sites was 
compared to the distribution of dopamine D2 and D3 receptor subtypes using 
the subtype selective ligands [3H]raclopride and [3H](+)7-OH-DPAT, 
respectively. Binding sites for [3H]NGD 94-1 appear to be much less abundant 
than the binding sites for either D2 or D3 receptor subtypes in rat brain. The 
regional distribution was also markedly different between the dopamine 
receptor subtypes. Specific [3H]NGD 94-1 binding was greatest in 
hippocampus, lateral septal nucleus, occipital cortex and entorhinal cortex. 
This non-striatal distribution of [3H]NGD 94-1 binding was distinct from the 
distribution of binding seen using ligands selective for dopamine D2 and D3 
receptor subtypes. In autopsied human brain tissue, saturable [3H]NGD 94- 
1 binding was observed in homogenate preparations from hippocampal and 
hypothalamic brain regions. The density of [3H]NGD 94-1 binding sites in 
these regions was low, consistent with the density observed by measuring 
the difference between [3H]emonapride and [3H]raclopride in these same 
human brain areas. The pharmacology of [3H]NGD 94-1 binding to sites in 
these regions was also consistent with that measured in mammalian cell 
lines stably expressing D4 receptors. The unique autoradiographic distribution 
of [3H]NGD 94-1 binding and the similarity of its pharmacology to expressed 
D4 receptors suggest the existence of a population of dopamine D4 receptors 
in both rat and human brain.
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NOVEL ANTI DOPAMINERGIC STRATEGIES FOR THE TREATMENT 
OF SCHIZOPHRENIA. A C. Lahti*. M.A, Weiler. P.K. Corey . R.A. Lahti, 
A. Carlsson, C.A. Tamminga. MPRC, University of Maryland School of 
Medicine, P.O. Box 21247, Baltimore, Maryland 21228

New antidopaminergic pharmacologic strategies in schizophrenia might 
contribute to improved therapeutic efficacy and reduced side effects. 
Partial dopamine D2 agonists (PDA) have preferential affinity for the DA 
autoreceptor and reduce DA synthesis and release from DA neurons, 
and thus potentially could exert a neuroleptic-like effect. (-)-3PPP is a 
PDA with 35% intrinsic activity (IA) at the D2 receptor; it was tested for 
efficacy in drug-free schizophrenic patients (N=9) in a 6 week double 
blind placebo-controlled crossover trial. Positive and negative symptoms 
of the illness improved during the first week of treatment without the 
occurrence of motor side effects. Tolerance to the antipsychotic effect 
developed after the first week of treatment with (-)-3PPP. FCE 23884 
is another PDA with 10% IA at the D2 receptor and a broader receptor 
profile; it was without antipsychotic effect in a 4 week double blind 
placebo-controlled dose escalation crossover study (N=4). The 
Selective D3, dopamine receptor antagonist. UH232 is an amino tetralin 
with preferential 4:1 affinity for the D3 receptor; these receptors are 
located predominantly in the nucleus accumbens. We will report the 
action of UH232 in schizophrenic volunteers to determine its 
pharmacokinetic properties and mental status effects in this population. 
Because D2-family antagonists have potent antipsychotic properties, 
refinement of these antidopaminergic approaches may contribute new 
treatments in schizophrenia.
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THE EFFECTS OF NGD 94-1, A POTENT AND SELECTIVE DOPAMINE 
D4 RECEPTOR ANTAGONIST IN TWO MODELS OF LEARNING AND 
MEMORY. L. Rajachandran*. A.B. Johnson. A.C. Enders. D.L. 

Gambini. A. Thurkauf. A. Hutchison. J.V. C asse lla . Neurogen 
Corporation, Branford, CT 06405.

NGD 94-1 is a potent and selective D4 receptor antagonist being 
developed as a novel antipsychotic agent. Given the localization of D4 
receptors in the rodent hippocampus and the im portance of this 
brain region in learning and memory processes, NGD 94-1 was 
tested in two learning and memory paradigms: step down passive 
avoidance and a spatial water maze. Separate groups of male Sprague 
Dawley rats were pretreated w ith either NGD 94-1 (0.03-1.0 
mg/kg IV), clozapine (0.25-2 mg/kg IV) or haloperidol (0.007-
0.06 mg/kg IV) prior to training in these tasks. Clozapine produced 
an acquisition deficit in the passive avoidance task but produced no 
significant deficits in retention. There were no deficits produced in 
the water maze with clozapine at the doses tested. Haloperidol 
produced s ignifican t im provem ent in retention in the passive
avoidance task at one dose (0.015 mg/kg) but had no effects in the
spatial water maze. Like haloperidol, anim als in the passive
avoidance paradigm  receiv ing NGD 94-1 show ed s ign ifican t
im provem ent in retention at one dose (0.25 m g/kg). Moreover, 
anim als that received NGD 94-1 in the w a ter maze showed 
significant improvement in retention (MED=0.03 mg/kg IV). These 
data indicate that in both of these behavioral paradigms NGD 94-1, 
dem onstra tes a patte rn of a c tiv ity  cons is ten t w ith  m em ory 
enhancement.
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PREFERENTIAL ACTIVATION BY RISPERIDONE OF SEROTONIN BUT 
NOT DOPAMINE METABOLISM IN THE RAT MEDIAL PREFRONTAL 
CORTEX. P. Hertel. G.G. Nomikos, J.L. A nderson*. M. lurlo and T.H. 
Svensson. Dept. of Physiology & Pharmacology, Div. of Pharmacology, 
Karolinska Institutet, S-171 77 Stockholm, Sweden.

The antipsychotic drug risperidone shows high affin ity for both central 
5-hydroxytryptamine (5-HT)2A receptors and dopamine (DA) D2 receptors 
in vivo. By using microdialysis, we examined the effects of risperidone 
and other neuroleptics on extracellular concentrations of DA and its 
metabolites DOPAC and HVA as well as its effects on 5-HIAA, the major 
metabolite of 5-HT, in the medial prefrontal cortex (MPC), the nucleus 
accumbens (NAC) and the striatum (STR) of awake rats. A low dose of 
risperidone (0.2 mg/kg, s.c.) increased concentrations of DA, DOPAC and 
HVA by 90%, 100% and 120%, respectively, in all three areas. A high 
dose of risperidone (2.0 mg/kg, s.c.) further increased levels of DA, 
DOPAC and HVA by about 120%, 180% and 220% , respectively, in all 
three areas. Also, risperidone dose-dependently enhanced 5-HIAA 
concentrations by 35% preferentially in the MPC, as compared to both 
the NAC and the STR. In addition, risperidone (2.0 mg/kg, s.c.) increases 
5-HT release in the frontal cortex by about 70%. The results indicate that 
in contrast to typical antipsychotics, e.g. haloperidol, which exert a more 
pronounced action on DA transmission in the STR, and atypical 
neuroleptics, e.g. clozapine, which preferentially enhance DA transmission 
in the MPC, risperidone uniformly increases DA release and metabolism 
in the three dopaminergic terminal regions. Our finding that risperidone 
markedly increases 5-HT release in the frontal cortex may be of relevance 
for its reported ameliorating action on depressive symptoms in psychosis.

1 9 1 .1 6

BEHAVIORAL AND BIOCHEMICAL STUDIES ON SM- 
13496, A N O V EL A T Y P IC A L  A N TIPSY C H O TIC  
AGENT. Y. Ohno*. K. Ishida. T. Ishibashi. R. Tojima. J. Yasui.
T. Morita. H. Sakamoto and M. Nakamura. Res. Cent., Sumitomo 
Pharmaceuticals Co., Ltd., Konohana-ku, Osaka 554, Japan.

SM -13496 is a novel dopamine antagonist with minimal 
extrapyramidal and CNS depressive side effects. SM-13496 (0.3-10 
mg/kg, p.o.) inhibited various behaviors induced by dopamine (DA) 
agonists and selectively blocked the conditioned avoidance response 
in the shuttle-box test. In addition to the antipsychotic activity, SM- 
13496 showed significant anxiolytic and mood stabilizing actions, 
i.e., it significantly increased the punished water licking in the 
Vogel's conflict test (MED=10 mg/kg, p.o.) and attenuated the rat 
freezing behavior induced by the conditioned fear stress (MED=3 
mg/kg, p.o.). SM-13496 also exhibited only negligible actions in 
inducing catalepsy, bradykinesia, potentiation o f anesthesia, muscle 
relaxation and potentiation of convulsion (ED50>1000 mg/kg, p.o.). 
Administration of SM -13496 (1-30 mg/kg, p.o.) significantly 
increased the levels of the DA metabolites, DOPAC and HVA, in the 
frontal cortex and striatum. The extent of SM-13496-induced DA 
turnover (DOPAC/DA or HVA/DA ratios) was similar in the striatum 
and cerebral cortex or slightly higher in the latter structure. These 
characteristics resembled the actions of clozapine (10-100 mg/kg, 
p.o.), but the typical antipsychotic haloperidol (0.3-10 mg/kg, p.o.) 
predominantly increased the striatal DA turnover. These findings 
suggest that SM-13496 is a novel atypical antipsychotic agent that has 
a clozapine-like preferential action on the mesocortical (vs. 
nigrostriatal) dopaminergic system in increasing DA turnover.
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EFFECTS O F CHRONIC AD M INISTR ATIO N O F TH E PO TENTIAL  
ANTIPSYCH OTIC CI-1007 ON BR AIN DO PA M IN E RECEPTO R  
SENSITIVITY IN RATS. T.G. Heffner*. A .E. Corbin. J.N. W iley . Parke- 
Davis Pharmaceutical Research, Division o f Warner-Lambert Company, Ann 
Arbor, MI 48105.

CI-1007 is a dopamine (DA) autoreceptor agonist and partial DA agonist that 
produces antipsychotic-like effects in preclinical tests and that should have low 
liability for acute extrapyramidal side effects based on its profile in haloperidol- 
sensitized monkeys. Because increased brain DA receptor sensitivity during 
chronic antipsychotic dosing may be related to their induction o f tardive 
dyskinesia (TD) during long-term clinical use, we estimated brain DA receptor 
sensitivity with a behavioral test in rats dosed chronically with CI-1007, 
clozapine (a drug that has low TD liability) or haloperidol (a drug that produces 
TD). Rats were dosed orally for 21 days with drug doses that represented 
equieffective multiples of the respective ED50s for acute inhibition of locomotor 
activity (LMA). After 48 and 96 h withdrawal periods, LMA was measured for 
30 min following a low dose of the DA agonist apomorphine (APO, 0.1 mg/kg 
SC). APO reduced LMA in rats given chronic vehicle, CI-1007 (9 mg/kg) or 
clozapine (45 mg/kg) but stimulated LMA in rats given chronic haloperidol (1 
mg/kg). The uniform stimulation o f LMA by APO in rats given higher chronic 
doses o f clozapine as well as CI-1007 indicates the lack of predictive validity 
when such tests are conducted at very high drug doses. These results indicate 
that CI-1007 does not induce brain DA receptor supersensitivity when given 
chronically at behaviorally effective doses, a profile seen with clozapine but not 
haloperidol. To the extent that DA supersensitivity is involved in TD, this 
suggests that CI-1007 should have a low liability for this neurological disorder.
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MEMANTINE INHIBITS THE DEVELOPMENT OF 
HALOPERIDOL-INDUCED PERSISTENT ORAL MOVEMENTS 
IN RATS. H.A. Jo rgense n1* and O.A. Andreassen2. Depts. of 
Psychiatry1 and Physiology2, Univ. of Bergen, N-5009 Bergen, Nonway.

Tardive dyskinesia (TD) is a serious side effect of long-term  
neuroleptic treatment. It has been proposed that TD may be a result of 
neuroleptic-induced excitotoxic neuronal dam age in the striatum. To 
investigate this hypothesis, the effect of memantine, a selective NMDA  
antagonist, was studied in a rat model of TD  (fem ale Sprague-Dawley  
rats). Six groups of rats (n=15) were treated for 20 weeks with 
com binations of haloperidol decanoate 38 m g/kg IM per 4 weeks, 
m em antine 20 or 40 m g/kg/day per os or placebo (sesam e oil and 
saline). In an initial acute experiment, a sim ilar regimen was used, but 
then ordinary haloperidol 1,2 mg/kg was injected IP. The behavior was 
videotaped at intervals and vacuous chew ing movements (VCM), a 
putative analogue to hum an TD, as well as the total behavior, were  
recorded.

Haloperidol induced a significant increase in VCM both in the acute 
and in the chronic experim ent. Co-adm inistration of m emantine 
attenuated the decrease in m otor activity seen after haloperidol IP, but 
had no significant effect on VCM  during haloperidol treatment. A fter 
cessation of long-term treatm ent, the haloperidol-induced increase in 
VCM persisted for 16 weeks. Rats treated with m emantine together 
with haloperidol had VCM on control level after cessation of treatment, 
showing that m em antine significantly inhibited developm ent of 
persistent VCM.

The effect of memantine on haloperidol-induced VCM suggests that 
striatal g lutam ate receptor stim ulation may underlie the developm ent 
of persistent VCM in rats and m aybe TD in humans.
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CHARACTERIZATION OF THE INCREASE IN MEDIAL PREFRONTAL 
CORTEX (mPFC) DOPAMINE (DA) RELEASE PRODUCED IN THE 
RAT BY THE PUTATIVE ANTIPSYCHOTIC, MDL 100,907. G.M. 
Fadayel. S.C. Ring . R.J. Dinerstein* and C.J. Schmidt Marion Merrell 
Dow Research Institute, 2110 E. Galbraith Rd. Cincinnati, OH 45215.

Numerous studies indicate that the negative symptoms of schizophrenia 
may be attributed to a deficiency in mesocortical dopaminergic function 
Clozapine, the only antipsychotic drug generally accepted to alleviate 
negative symptoms, has been shown to preferentially increase mPFC DA 
release. Unfortunately, the nonselective pharmacology of clozapine has 
made it difficult to determine the mechanistic basis of this activity. In vivo 
microdialysis studies with the selective antagonist, MDL 100,907, indicate 
that the blockade of cortical 5-HT2A receptors is sufficent to increase DA 
release in the mPFC. Pretreatment with p-chlorophenylalanine to deplete 
endogenous 5-HT prevented the increase in mPFC DA release produced 
by either MDL 100,907 or clozapine. In contrast, direct infusion of the 5- 
HT2A/2C agonist DOI into the mPFC had no effect on DA efflux. Recent 
electrophysiological results suggest that a primary function of cortical 5- 
HT2A receptors is to increase local GABA-ergic activity. The role of GABA 
in mPFC DA release was investigated by infusion of the selective GABAA 
antagonist bicuculline or the GABAB antagonist, saclofen into the mPFC. 
Although saclofen had no effect on DA efflux, bicuculline increased mPFC 
release 8-fold. The results suggest that both clozapine and MDL 100,907 
increase mPFC DA release by blocking tonically activated 5-HT2A 
receptors. An attenuation of local GABA-ergic function may be an 
intermediate step between these effects. Further studies are needed to 
clearly establish the neurochemical sequence of events in this system.
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A S S O C IA T IO N  B E T W E E N  H A L O P E R ID O L -IN D U C E D  O R A L  
M O V E M E N T S  AN D  D E C R E A S E D  N U M B E R  O F E N K E P H A LIN  
m R N A  C O N T A IN IN G  N E U R O N S  IN S T R IA T U M  O F RATS. 
O.A. Andreassen1*. B.R. Finsen2, K. Ostergaard2. M. W est3. H.A. 
Jorgensen4. Depts. o f 1 Physiology and 4Psychiatry, Univ. of Bergen, N- 
5009 Bergen, Norway; 2PharmaBiotec, Dept. of Anatomy, Univ. of 
Odense; 3Stereological Research Lab., Univ. of Aarhus, Denmark.

Tardive dyskinesia (TD), a side-effect of chronic neuroleptic treatment, 
has been proposed to be a result of excitotoxic neuronal damage in the 
striatum. To investigate if GABAergic neurons with Enkephalin (ENK) as 
co-transmitter are affected, female Sprague-Dawley rats were treated 
with haloperidol decanoate 38 mg/kg IM per 4 weeks for 7 months. The 
behavior was videotaped at intervals and vacuous chewing movements 
(VCM), a putative analogue to human TD, were recorded. Six rats with 
high levels of VCM, and 6 rats with low levels, together with 6 control 
rats, were perfused and the fixated brains were removed. Two series of 
vibratome sections of striatum were in situ hybridized for ENK mRNA 
using an alkaline phophatase labeled oligonucleotide probe. The total 
number of neurons expressing ENK mRNA in the dorsal striatum was 
estimated with the optical fractionator technique. The optical density of 
single neurons was measured in a random sample of dorsal striatum  
neurons using NIH Image software.

The mean number of ENK mRNA containing neurons was significantly 
lower in haloperidol treated rats with many VCM compared to rats with 
few VCM. The mean optical density per neuron was significantly higher 
in both haloperidol treated groups compared to control rats, with the 
highest level in rats with few ENK mRNA containing neurons.

These results indicate that a reduction in the number of ENK mRNA 
containing neurons, maybe as a result of excitotoxic damage, may play 
a role in the development of VCM in rats and maybe TD in humans.
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SYNAPTIC VARICOSITIES BECOME MARKEDLY FEWER IN 
THE AGING RAT CEREBELLUM. N. Brown. R. Huang and C. 
Huang*. Sch. of Biol. Sci., Univ. Missouri-Kansas City, KC, MO 
64110-2499.

As a prelude to a study o f movement-related deficit in aged animal, 
we examined the number and size of varicosities along parallel fibers 
in Rapid Golgi sections prepared from the cerebellar cortex of 3-, 9-, 
and 23-month-old rats (NIA Fischer 344). The density of these 
varicosities should reflect the density of synapses between the parallel 
fibers and the Purkinje cells whereas the size of varicosities should 
represent the size of the mitochondria contained in these varicosities. 
Seventy-five parallel fiber segments, approximately equal numbers 
from the 3 age groups, each fiber 250μ  long, were examined with a 
camera lucida at 1000X. The number of the varicosity (per 250μ  of 
parallel fiber) was 14±5.6 , 8 .0 ± 1 .8 , and 6 .3 ± 2 .4  for 3-, 9-, and 23- 
month-olds respectively. Preliminary data showed that the size of the 
varicosity also became smaller in older rats. These results indicate 
that significant changes occur in the rat cerebellar cortex in both the 
frequency and the size of the parallel fiber varicosities. These age- 
related changes suggest a sharp decrease in the number of synapses as 
well as in the number and the size o f mitochondria along the parallel 
fibers. Furthermore, much of the observed age-related changes may 
have already been present prior to the 9th month. (Supported by 
UMKC Faculty Research and EPIP Grant)

MICROGLIAL ACTIVATION IN MONKEYS INCREASES WITH 
AGE. LG . Sheffield*. J.A. Purcell and N.E.J. Berman. Dept. o f  
Anatomy & Cell Biology, Univ. o f  Kansas Med. Ctr., 3901 Rainbow 
Blvd., Kansas City, KS 66160-7400, USA.

Microglia are the resident immune cells o f  the central nervous 
system. Activated microglia phagocytose debris and release factors 
which can be cytotoxic to neurons. This study focused on the activation 
level o f  microglia during the aging process. Immersion-fixed 
hemispheres o f  normal macaque monkeys were obtained from the 
University o f  Washington Regional Primate Research Center. The ages 
ranged from 2 years to more than 15 years. Frozen sections were 
labeled with LN-3 (ICN Biomedicals, Inc ), a monoclonal antibody 
against the HLA-DR antigen which is expressed in activated, but not 
resting, microglia. In the 2-year-old macaque, no microglia were 
labeled, however, at the age o f  5 years, some microglial activation was 
seen localized almost entirely to the white matter. By 15 years o f age, 
microglial activation was present throughout the white matter, with 
some activated cells labeled in cortical gray matter.

The activation o f  microglia with normal aging may have 
implications for neurodegeneration processes. In an activated state, the 
microglia may release cytotoxins. Activation o f  microglia with normal 
aging may be important to the progression o f  neurodegenerative 
disorders such as Alzheimer’s disease and AIDS dementia complex. 
(Supported by MH38399, HD02528 and RR00166.)
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A LTERA TIO N S IN TH E IM M U N O R EA C TIV ITY  FO R  P K C γ IN THE 
AGING RABBIT HIPPO CA M PUS. I.F. Palm. E.A. Van der Zee. E.T. Maizels. 
M. Shanmugam. M. Hunzicker-Dunn. and J.F. D isterhoft*. CM Biology, 
Northwestern University Med. Sch., 303 E. Chicago Ave., Chicago, IL 60611 USA.

Rabbits display age-related learning deficits as compared to young subjects when 
trained in a hippocampally-dependent trace eyeblink conditioning task. Aging induces a 
calcium-mediated increase in the AHP, leading to decreased excitability of hippocampal 
neurons. Calcium-dependent Protein Kinase C (PKC) isoforms modulate hippocampal 
neuronal functioning in relation to learning and memory. The aim of the present study 
was to determine whether the hippocampus of aging rabbits shows changes in the 
immunoreactivity (ir) for calcium-dependent PKC isoforms. Young adult (2 months; 
n=7) and aged (36 months; n=10) female NZW rabbits were used. Brain sections were 
stained for the PKC isoforms α , βI, βII and γ . The hypothalamus served as a control 
region. The total amount of hippocampal PKCγ  and the subcellular distribution was 
determined by Western blotting. The activation state of PKC in the soluble fraction 
was measured by the degree of neurogranin phosphorylation under in vitro conditions.

young (n=7)
staining

+

hippocampus
distribution

s> p
 4 activity#

+

hypothalamus
staining

+/-
aged (n=10) ++++ s » > p + +

PKCγ characteristics; s = soluble; p = pellet; # = all PKC isoforms
No gross changes in ir were observed for PKCα  or βH in the aging hippocampus. In 

contrast, the ir for predominantly PKCγ and PKCβI was increased in all hippocampal 
subfields. Western blot results showed a significant increase in cytosol content for 
PKCγ in aging, while no change in total amount was observed. These results suggest a 
crucial role for PKCγ in mediating the observed behavioral and electrophysiological 
changes in aging. (Supported by N1H ROl MH47340 and ROl AG08796, HD 28472, 
and Dr. J.L. Dobberke Foundation for Comparative Psychology to I.F.P.)
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V A S O T O C IN  IM M U N O R E A C T IV IT Y  IN  S E P T O -P R E O P T IC  
RE G IO N  OF M ALE JA PA N ESE QU A IL VARIES W ITH  AGE AND 
SEXUAL B EH A V IO R.
C .V ig lie tt i -P a n z ic a *°. E .G a rc ia -O je d a °. G .C .P a n z ic a °. N .T h o m p so n ° ° .
M .A.Ottinger°°. °Dept. Human Anatomy & Physiology, Univ. Torino, I- 10126 
Torino, Italy, and °°Dept. Poultry Sc., UMD, College Park, MD, USA.

The septo-preoptic region of Japanese quail (Cotumix japonica) controls various 
aspects of reproduction. There is rich innervation of vasotocin (VT) immunoreactive 
(IR) fibers in the sexually dimorphic medial preoptic nucleus (POM) and in the lateral 
septum (LS), which decreases with prepubertal castration and increases in testosterone 
treated castrates. In the present study we have quantitatively investigated the 
immunocytochemical localization of VT innervation in septo-preoptic region in male 
Japanese quail during aging and relative to sexual behavior and plasma testosterone. 
Six groups of male quail were studied: young, sexually active (6-months; YA), 
young, photoregressed sexually inactive (6-months; YP), middle-aged, sexually active 
(18 months; MA), middle-aged, sexually inactive (18 months; MI), old, sexually 
inactive (36 months; OI), and old, senescent males treated with Silastic implants of T 
(36 months; OT). Immunostaining in POM, LS, and nucleus of stria terminalis 
(nST) was significantly reduced in YP, MI, and OI groups compared to YA and MA 
males. The intensity of immunostaining in OI birds was clearly lower than in YP and 
MI; treatment with T (OT) restored it to a level comparable to that observed in 
younger birds (YA, MA). In conclusion, VT innervation of POM, LS, and nST is 
highly reduced during aging. This reduction appears to be due to reduced circulating T 
rather than to neuronal loss as shown by recovery of VT-IR in the old testosterone 
treated males (OT). These data confirm that VT innervation of septo-preoptic region 
in male quail is sensitive to T and changes relative to age and reproductive status. 
This work was supported by grants from  CNR, EU (GCP), NRI (MAO); 
cooperation between Torino and College Park was supported by NATO.
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CHOLINERGIC RECEPTOR BINDING IN BEHAVIORALLY 
CHARACTERIZED AGED RATS. M. V. Waoster*1,2,5. K. M. Frick5. A. L. 
Markowska5. S. J. Breckler5. J. A. Kotzuk1,2. D. L. Price1-4. 1Neuropathol. 
Lab., 2Dept. of Pathol., 3Neurol., 4Neuroscience, Johns Hopkins Univ. Sch. 
of Med. and 5Dept. of Psychol., Johns Hopkins Univ., Balt., MD 21205.

Aged primates and rodents can display varied behavioral performance 
on a number of tasks, particularly those in cognitive and motor realms.
We have sought to distinguish the neurobiological profile of rodents that 
"successfully age" in these cognitive and motor domains from those that 
do not. Fisher 344 male rats (n=72), divided equally among four age 
groups (4, 11, 17, and 23 mos.), were tested in a water maze and on 
tasks of motor ability. After sacrifice, cholinergic receptor subtype binding 
was quantified via in vitro receptor autoradiography. Using partial 
correlation analysis, we examined the relationships between age, task 
performance, and receptor binding. Unique relationships between age 
and receptor binding were as follows: [3H] pirenzepine binding (M1) was 
decreased with age in frontal, cingulate, parietal, and sensorimotor 
cortices and striatum; [3H] oxotremorine-M binding (M2) was decreased in 
temporal, occipital, and sensorimotor cortices and substantia nigra; and 
[3H] cytisine binding (Nic) was decreased in cingulate and entorhinal 
cortices, striatum, and substantia nigra. Increased M2 binding in occipital 
and entorhinal cortices was associated with poor performance on a 
reference memory task. Decreased nicotinic binding in cingulate and 
sensorimotor cortices was associated with poor performance on a 
reference memory task. In summary, from regions analyzed to date, 
limited evidence was determined for the role of muscarinic or nicotinic 
receptor binding in the underlying neural basis of age-related cognitive 
and motoric deficits in the Fisher 344 male rat.
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E F F E C T  O F  A G IN G  ON  N A D P H -D IA P H O R  A S E 
H IS T O C H E M IS T R Y  IN T H E  R A T H IP P O C A M P U S  AND 
STRIATUM . H. Kuo*. J. Hengemihle. and D. K. Ingram. GRC, NIA, NIH, 
4940 Eastern Ave., Baltimore, MD 21224.

Age-related reductions have been reported in neuronal number and size in 
selected brain loci in both human and experimental animals. It has also been 
reported that neurons positive for nitric oxide synthase (NOS) and NADPH- 
diaphorase (NADPH-d) appear to be resistant to neurodegenerative processes in 
the caudate nucleus in Huntington's disease (Ferrante et al. Science 230:561, 
1985) and in the hippocampal formation in Alzheimer's disease (Hyman et al. 
Ann. Neurol. 32:818, 1992); however, few studies have provided quantitative 
assessment of age-related changes in these neuronal populations. NADPH-d 
histochemistry provides a simple method to visualize the nitric oxide system in 
the CNS. In the current study, we examined age-related changes in NADPH-d 
containing neurons and neuropil in the hippocampus and striatum of male F344 
rats at 6, 12, and 26 mo of age (ns=6-12). Rat brains were processed for 
NADPH-d histochemistry in frozen sections (Kuo et al.. Brain Research, 660:57, 
1994) and then analyzed morphometrically using a computerized imaging 
analysis (IBAS system, Zeiss). The following NADPH-d histochemical 
parameters were examined: neuronal counts, neuronal size, neuronal optical 
density, and neuropil staining optical density. In the hippocampus no distinct 
age-related changes in any NADPH-d histochemical parameters were found. In 
the striatum, although no age-related changes were noted in neuronal size and 
neuronal optical density in the NADPH-d positive neurons, neuronal counts and 
neuropil staining optical density showed a statistically significant reduction with 
aging, 30% and 15% from 6 mo of age, respectively. These results suggest that 
NOS neurons have a differential vulnerability to aging in different brains 
regions.
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PRESYNAPTIC CHOLINERGIC MARKERS IN THE RAT BRAIN: 
RELATIONSHIPS WITH AGE AND BEHAVIORAL STATUS. L.K. Gorman*.
K.P. Joung. K.M. Frick. M.G. Baxter. A.L. Markowska. & D.L. Price. Depts. 
of Anesthesiology/CCM, Psychology & Pathology, JHU School of Med, Baltimore, 
MD 21205 & UNC Curriculum in Neurobiology, Chapel Hill, NC 27599.

Changes in the function of the cholinergic system with age may underlie deficits 
in cognitive and sensorimotor function. We measured presynaptic cholinergic 
markers in discrete brain regions of 4, 11, 17, and 24 mos old rats that had 
undergone extensive behavioral characterization. After completion of behavioral 
testing, brains were microdissected and activity of the synthetic enzyme for 
acetylcholine, choline acetyltransferase (ChAT), and binding of high-affinity choline 
uptake sites, hemicholinium-3 (HC-3), were measured. There were pronounced age 
effects on cholinergic markers in several brain regions. Age affected ChAT activity 
in the hippocampus differentially: it decreased in the dorsal hippocampus and 
increased in the ventral hippocampus. Age-related changes in HC-3 binding were 
also observed, for example, HC-3 binding decreased in the dorsal hippocampus with 
age. Age effects were frequently not linear; one of the intermediate groups often 
had higher or lower levels of a marker than either the youngest or oldest group. 
Several of these markers were also significantly correlated with behavioral 
performance, even when main effects of age were partialled out; for example, HC-3 
binding in temporal cortex and the dorsal CA2/3 region of hippocampus correlated 
with acquisition of a place discrimination in the water maze. Additionally, 
significant interactions between age, behavioral performance, and neurochemistry 
were present, indicating that reliable correlations between cholinergic markers and 
behavioral ability existed only in certain age groups. These results indicate that 
there are complex, non-linear age-related changes in presynaptic cholinergic 
markers, and that cholinergic activity in different brain regions may be differentially 
related to behavioral performance. (Supported by NS20471).
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AGE-DEPENDENT LOSS OF CORTICOSTERONE MODULATION OF 
HIPPOCAMPAL SEROTONIN 5-HT1A RECEPTORS. L.W. Maines* and J.M. Lakoski. 
Depts. Pharmacology & Anesthesia, Penn State Univ. Col. of Med., Hershey, PA 17033.

As animals age, they become less adaptive to stressors and more susceptible to 
deleterious effects of stress. Glucocorticoids and serotonin 5-HTIA receptors have been 
associated with stress responses; acute adrenalectomy increases 5-HT1A receptor density. 
Studies will elucidate this interaction between 5-HTIA receptors and glucocorticoids to 
understand the reduced effectiveness of the stress response with aging.

Virgin Female Fischer 344 rats (2, 12, and 17 mo) were bilaterally adrenalectomized 
(ADX) or sham operated under sodium pentobarbital (40 mg/kg, i.p.) anesthesia; another 
group was carried as unoperated controls. At 7 days postop. the brain was harvested, and 
the hippocampus used in an equilibrium binding assay for the 5-HT1A subtype ([3H]8- 
OH-DPAT). Modulation of density and affinity of 5-HT1A receptors was quantified in 
this region across age and varying corticosterone (CORTS) levels determined through 
serum RIA analysis. In a second set of experiments, all animals were ADX as above and 
received placebo, 15 mg or 300 mg corticosteroid pellets implanted subcutaneously. 
Following 21 days, binding analysis was conducted to determine modulation of 5-HT1A 
receptor density and affinity as a function of age and plasma corticosteroid 
concentration.

Findings revealed differential regulation of 5-HT1A receptor density and affinity 
between the different age groups with 1) upregulation of 5-HTIA receptor density with 
high levels of CORTS in 2 mo animals and 2) an inverse relationship (down regulation) 
in the 12 mo group. 3) A marked decrease in the ability to modulate the 5-HT1A receptor 
population following ADX and CORTS pellets was observed in older treatment groups. 
In conclusion, enhanced vulnerability to stressors with age may be, in part, due to loss 
of glucocorticoid-induced modulation of the 5-HT1A receptor population. Pharmacologic 
intervention in this neuroendocrine system may prove beneficial in clinical treatment of 
the elderly. Pub. No. 32A supported by U.S.P.H.S Grant POl AG10514
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APOPTOSIS IN THE RAT DENTATE GYRUS: THE EFFECT OF AGING, 
STIMULATION BY DEXAMETHASONE, AND THE APPARENT 
PROTECTIVE ROLE OF CORTICOSTERONE. A.H.S. Hassan. V.K. Patchev. 
F. Holsboer & O.F.X. Almeida*. Max Planck Institute of Psychiatry, 
Kraepelinstr. 2, D-80804 Munich, Germany.
Using in situ TdT-mediated dUTP-biotin nick end labeling (TUNEL stain) we 
observed an age-dependent increase in the number of apototic (relative to 
healthy) cells in the dentate gyrus (hilus and granule cell layers) of rats aged 
between 1 and 36 months, with the incidence of apoptosis in the hilus exceeding 
that seen in the granular layers. Within 24h of a single injection of the synthetic 
glucocorticoid dexamethasone (DEX; 60 (g/kg), rats aged 6 months and above 
showed a further increase in apoptosis; cell death was again more prominent in 
the hilus. On the other hand, as compared to measures in age-matched controls, 
there was no significant change in the number of apoptotic cells when rats were 
treated with a single dose of corticosterone (CORT; 1 mg/kg), over the same 
time interval. At all ages, DEX-induced apoptosis was attenuated if rats were 
given CORT 3h prior to the challenge with DEX. Our interpretation of the 
"protective" role displayed by CORT is based on the differential selectivities of 
CORT and DEX; while DEX is a selective ligand of Type II corticosteroid 
receptors, in the brain, CORT binds with a higher affinity to Type I, than Type II 
corticosteroid receptors. The balance between occupation of either of these 
receptors thus seems to be an important determinant of glucocorticoid-induced 
apoptosis. The greater susceptibility of aged subjects to DEX would then be 
explicable by the fact that aged subjects have reduced availability of the Type I 
ligand: we found their basal CORT levels to be significantly diminished. Studies 
of Type I and Type II receptor binding in rats of different ages are under way to 
examine to verify this hypothesis.
Supported by the European Union and DFG (SFB 220/TP-C8).
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ADRIAMYCIN-INDUCED CHANGES IN CELL SIZE AND GEOMETRY OF 
ADULT CAT SPINAL MOTONEURONS COMPARED WITH CHANGES IN 
MOTONEURONS OF AGED CATS. R.-H. Liu*. J. Yamuy. C. Bertolotto. M.-C. 
Xi. F. R. Morales and M. H. Chase. Dept. of Physiol. and the Brain Res. Institute, 
UCLA School of Medicine, University of California, Los Angeles, CA 90024.

Adriamycin (ADM), an antineoplastic antibiotic, when injected intramuscularly, 
is taken up by motoneuron axonal terminals and retrogradely transported to the 
motoneuron soma where it exerts its neurotoxic effect ( Yamamoto et at., Neurology, 
34:1299, 1984). We have described ADM-induced changes in the electrical properties 
of lumbar motoneurons when injected into their target muscles (Liu et at., Soc. 
Neurosci. Abstr., 20:390, 1994). In the present study we examined the effects of 
ADM on the size and geometry of spinal cord motoneurons and compared these 
effects with those which occur in motoneurons of aged cats. ADM was injected into 
hindlimb muscles of five adult cats and, after survival periods ranging from 12 to 40 
days, measurements of the electrophysiological properties were obtained from lumbar 
motoneurons using intracellular recording techniques. The equivalent cylinder model 
was used to estimate changes in cell geometry and cell size. The size of cell somas in 
the ventral horn was also measured using light microscopy and computer imaging 
software. Input resistance was significantly increased (50%) in motoneurons whose 
muscles were treated with ADM (ADM-MNs). The total cell capacitance, which 
reflects the total surface area of the cells, was significantly reduced (15%) in ADM- 
MNs compared to the control motoneurons. Calculations based on cable theory 
suggest that, while there was no change in the length of the equivalent cylinder for 
ADM-MNs, there was a significant decrease (17%) in the diameter of the equivalent 
cylinder for ADM-MNs. Morphological analysis also indicated that the mean cross- 
sectional area of the somas of those ventral horn neurons, which are likely to 
correspond to the motoneuron population, was significantly reduced on the ADM- 
treated side compared to that of neurons on the control side.

Our electrophysiological and histological data indicate that ADM, when injected 
intramuscularly, induced geometrical changes in spinal cord motoneurons. It is 
interesting to note that, in old cats, similar electrophysiological changes, which may 
also be correlated with changes in cell size, have been previously observed in spinal 
cord motoneurons (Engelhardt et at., J. Neurophysiol., 61:194, 1989; Morales et al. 
J. Neurophysiol., 58:180, 1987). Supported by USPHS Grant AG04307.
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R E O R G A NIZA TIO N OF H IPPO C AM PA L C IR CU ITRY IN TH E AG ED  
RAT. E.C. Stack. M. Gallagher*1 and P.R. Rapp. Cntr. for Behav. Neurosci., 
SUNY Stony Brook, Stony Brook, NY 11794-2575; 1Dept. o f Psychol., Univ. 
o f North Carolina, Chapel Hill, NC 27599.

The Timm histochemical method and volumetric morphometry were used 
to examine the organization o f hippocampal circuitry in young (~4 mos., n=6), 
mature adult (~9 mos., n=7), and aged (~28 mos., n=10) male Long-Evans rats. 
Subjects were selected to represent a range o f learning capacities: half the aged 
rats displayed deficits on a water maze procedure that requires the functional 
integrity o f  the hippocampus, and the other half learned as quickly as young 
subjects. H istological sections throughout the rostro-caudal extent o f the 
hippocampus were prepared using a modified Timm method, labeling various 
subregions for morphometric analysis: 1) the entorhinal cortical (PP) input to 
outer portions o f  the dentate gyrus m olecu lar  layer, 2) the 
com m issural/associational pathway o f  intrinsic projections to the inner 
molecular layer, and 3) the m ossy fiber (MF) projection to CA3 pyramidal 
cells. Although the total volume of the individual regions failed to differ as a 
function o f age or cognitive status, aging significantly affected the balance 
between various elements o f  hippocampal circuitry. The proportion o f the 
molecular layer occupied by PP input significantly decreased in aged rats 
relative to mature adults (p<0.05). A corresponding increase occurred in the 
commissural/associational path (p<0.05), accounting for the overall stability of 
the total molecular layer volume. Measures reflecting the relationship between 
dentate gyrus input and output were also affected: the PP to MF volume ratio, 
and the ratio o f  granule cell layer to MF volumes both decreased with age 
(p<0.01). Together, these results suggest that the balance between cortical 
input and intrinsic hippocampal circuitry shifts substantially during aging. 
Although these alterations alone are not sufficient to account for age-related 
learning and memory impairment, they may contribute to a constellation o f  
neurobiological changes that produces functional decline. Supported by NIH 
grant POl AG09973.

1 9 2 .1 0
HORMONAL AND AGING INDUCED CHANGES IN ANTI-PROLACTIN AND  
CHOLERA TOXIN SURFACE LABELING OF RAT AN TERIOR PITUITARY 
CELLS. S.A. DcR icmcr* and M.S. Rose. Div. Biomedical Sciences, Meharry 
Medical College, Nashv illc. TN 37208.

The anterior pituitary shows considerable plasticity in adult animals which may 
include tiansdiffcrentratron of one phenotype (GH secreting) to another (PRL 
secreting). Fluorescence actuated cell sorting has been used to characterize the 
surface properties o f anterior pituitary cells punlicd from rats in different 
physiological or hormonal states and to purity three somalgemc cell types 
(somatolropcs (STs), mammotropcs (MTs), and mammosomalolropcs (MSs)) in 
order to better understand the extent and control o f transdiffere ntralion in these cells. 
FITC-eonjugatcd cholera toxin subunit and phycoerrythnn conjugated 
streplav idin/bioliny lalcd goat anti-rabbit/rabbil anti-rat prolactin were used to label 
and sort acutely dissociated anterior rat anterior pituitary cells. Results were 
compared with ICC determinations o f intracellular prolactin and growth hormone. 
The percentage of cells showing the highest intensity of cholera toxin labeling was 
significantly less in old (>8 mo) vs young (2-4 mo) males (-34 .5± 7 .1 7% n=3) from 
cither Long Evans or Sprague Dawley strains. Castration prior to puberty enhanced 
this difference. Anli-PRL labeling was similar in all three groups of males, but 
was higher in estrogen treated vs control females ( 10% to 400% in Long Evans or 
F344 respectively). Progesterone blocked the estrogen induced increase and reduced 
anti-PRL staining re lativc to controls in Long Evans females (E344s not tested). 
Comparison of changes in staining intensity with the re lativc proportions of STs. 
MTs, and MSs under these conditions supports the hypothesis that there are three 
types of plasticity oecunng. selective proliferation, Iransdillcrentialion from one cell 
type to another and a further modulation of membrane properties within a cell type. 
The contributions of each to phy siologically important alterations in 
hypothalamic/pituitarx responsiveness are being examined. Supported by NSF 
MRCE (HRD-92-55157) & NIH RCMI (5-G 12-RR03032) with the assistance o f 
Drs. Jack Clark and Frank Hatcher of Mcharry Medical College.
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ANATOMICAL AND BEHAVIORAL ASSOCIATIONS FOR EXPRESSION OF 
CANDIDATE GENES IN AGING LONG-EVANS RATS. M. McKinney*. K. 
Sugaya, S.-J. Xu, C. Kent, D. Personett, M. Chouinard. T. Pauly. J. Price, and M. 
Gallagher. Dept. of Pharmacology, Mayo Clinic, Jacksonville, FL 32224; Dept. of 
Psychology, University of North Carolina, Chapel Hill, NC 27599.

In situ hybridization histochemistry (ISHH) and immunostaining were used to 
assess gene expression in brain regions of young and aged (27 mo) rats with 
quantified spatial learning performance. Message RNAs for two nitric oxide 
synthases (c-NOS and i-NOS), two superoxide dismutases (Mn-SOD and Cu/Zn- 
SOD), GFAP, and beta-amyloid precursor protein (BAPP), were quantified in the 
hippocampus, dorsal striatum, entorhinal cortex, the MS/DB region, and in the 
brainstem reticular core. An elevation in GFAP mRNA in impaired animals was 
found in all brain regions examined, suggesting global astrocyte activation. The 
markers in hippocampus that were correlated with learning impairment were the 
mRNAs for BAPP, Mn-SOD, GFAP, b-NOS, and BDNF. In the striatum, BAPP, 
Mn-SOD, GFAP, and b-NOS were elevated in impaired rats, but in the brainstem 
only GFAP was correlated with the learning index. In the DB, the level of mRNA 
for the NGF receptor (p75) was lower in impaired animals. Cu/Zn-SOD mRNA 
was not correlated with behavior in any brain region examined, but generally was 
weakly correlated with the level of Mn-SOD mRNA. There were numerous 
intercorrelations between markers in the hippocampus and striatum, but fewer were 
evident in the brainstem. In the dentate gyrus more markers correlated with 
impairment and intercorrelated with each other than in the CAI-CA3 regions. 
GFAP-immunostained astrocytes were observed proxiimal to neurons expressing 
high levels of BAPP mRNA. GFAP, Mn-SOD, and BAPP proteins will be 
examined using Western blotting, but the significant elevation of mRNAs for these 
systems indicates that neurons and astrocytes are involved in plasticity reactions in 
the brains of impaired aged rats. Supported by AG09973.
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INCREASED HIPPOCAMPAL EXPRESSION OF TYPE 1 INSULIN-LIKE 
GROWTH FACTOR (IGF) RECEPTOR MESSENGER RNA IS ASSOCIATED 
WITH COGNITIVE DECLINE IN AGED RATS. K.L. Stenvcrs*. P.K. Lund, 
and M. Gallagher, Curriculum in Neurobiology; University of North Carolina,
Chapel Hill, NC 27599.

IGF mRNAs are expressed in adult rat brain. However, little is known about the 
effects of aging on the expression of the IGFs, IGF receptors, and IGF binding 
proteins (IGFBPs) in different regions of rat brain. The goal of the current study was 
to assess whether there is altered expression of the IGF system in the hippocampus 
during normal aging and whether altered expression correlates with cognitive decline. 
A spatial learning task in the Morns water maze was used to assess the cognitive 
status of young (7-8 month) and aged (28-29 month) male Long-Evans rats. 
Expression patterns and abundance of IGF-1, type 1 IGF receptor, and IGFBP-4 
mRNAs were then examined by in situ hybridization histochemistry and solution or 
northern blot hybridization assays. In situ hybridization histochemistry revealed no 
qualitative differences in the regional distribution of IGF-I, type I receptor, and 
IGFBP-4 mRNAs within the hippocampal formation of young and aged rats. 
However, quantitative analysis of mRNA abundance in hippocampal tissue 
homogenates showed a significant age-related increase in type 1 IGF receptor mRNA 
(n = 25; t = -2.5; p < 0.02). Furthermore, linear regression indicated that type 1 
receptor mRNA abundance was significantly correlated with spatial learning 
impairment in the water maze (r = 0.44; p<0.03), such that learning impaired animals 
expressed the highest levels of IGF receptor mRNA in the hippocampus. Neither 
IGF-I nor IGFBP-4 mRNA abundance was correlated with age or behavior. These 
data indicate that elevated hippocampal expression of type 1 receptor mRNA is 
associated with cognitive decline in aged rats. Up-regulation of the type 1 IGF 
receptor may be part of a trophic response to degeneration known to occur within the 
hippocampal formation during aging. Supported by NIA research grant AG09973 and 
RSA K05-MH01149 2MG (M.G.); NIMH predoctoral fellowship OCF1 MH10375A 
(KLS); NIH grant DK1022 (PKL).
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ß-Adrenergic Receptors in Quail: Distribution and Age-Related Changes.
M.A. Ottineer*1. N.E. Thompson1, D.J. Bernard2 J.M. Casto2, and G.F. Ball2. 
1Dept. of Poultry Science, Univ. of Maryland, College Park, MD 20742; 
2Dept. of Psychology, Behavioral Neuroendocrinology Group, Johns Hopkins 
Univ, Baltimore, MD 21218-2686.

Norepinephrine regulates hypothalamic GnRH neurons via specific receptor 
systems. In birds, in vitro studies have shown that cGnRH-I release is 
stimulated through the a, and ß-nonadrenergic receptor systems (Li et al., 
1994; Gen. Comp. Endo. 95:13-24). Further, in quail cGnRH-I content 
decreases during aging. There is evidence in female rats for an age-related 
change in these receptors (Weiland and Wise, 1986; Brain Res. 398:305-312). 
We examined the distribution of ß1 and B1 adrenergic receptors and the effects 
of aging on these systems. Male Japanese quail were categorized according 
to age (young, middle-aged and old) and sexual behavior. Brains were 
collected and immediately frozen. Frozen sections collected from 
hypothalamic regions were subjected to autoradiography to localize ß1 and ß2 
receptor subtypes. Beta-adrenergic receptors were labeled with an in vitro 
quantitative autoradiography procedure with the non-selective beta receptor 
antagonist [3H] CGP 12177 (CGP) as the ligand. Alternate sections were 
exposed to CGP plus a ß2 selective antagonist (ICI 1 18551) or a ß2 selective 
antagonist (atenolol) to label specifically ß1 and ß2 receptors, respectively. 
Highest densities of ß1 receptors were found in the medial and lateral septal 
regions (SL/SM) and in the anterior portion of the preoptic area (POA). The 
medial preoptic area (POM) was characterized by a lower density of both B 
receptor subtypes. With aging, there was a decrease in ß1 receptor density in 
the SL/SM and in the POA with little change in the POM. During aging, the 
decrease of cGnRH-I may be associated with declining adrenergic receptor 
populations. Further, these changes may reflect the loss of sexual behavior 
during aging.

1 9 2 .1 6

BASIC FIBR O BLA ST GROW TH FACTOR A N D  STEROID  
RECEPTORS IN THE AGING HIPPOCAMPUS OF THE BROWN  
NORW AY RAT: IM M UNOCYTOCHEM ICAL A N A L Y SIS IN 
COMBINATION WITH STEREOLOGY. A. Cintra. M. Bhatnagar 
and K. Fuxe*. Department o f Neuroscience, Division o f Cellular and 
M olecular Neurochem istry, K arolinska Institute, S-171 77, 
Stockholm, Sweden

The effect o f  aging on the hippocampal formation was studied by 
immunohistochemistry and stereological counts o f immunoreactive 
hippocampal cells. The study was performed using 3, 6, 12, 18, 24, 30 
and 36 month old male Brown Norway rats. Stereological analysis o f 
basic fibroblast growth factor (bFGF) immunoreactive glia cells in 
CA1 area showed a significant decrease in the number o f cells with 
increasing age, starting at 18 months o f age. Specific mean grey 
values o f the immunoreactivity for bFGF were reduced in CA3 area 
and in the dentate gyrus and in subfields o f  CA1 area. There was no 
difference in the number o f  glial fibrillary acid ic protein or 
glucocorticoid receptor (GR) immunoreactive cells o f  CA 1-CA2  
areas between the age groups. H owever, the intensity o f the GR 
immunoreactivity was decreased in the aged animals. N o changes in 
the immunoreactivity for the m ineralocorticoid receptor were 
observed in the CA1-CA2 areas.
The present findings give evidence that in the aged Brown Norway rat 
there is no loss o f the neuronal population containing glucocorticoid 
or mineralocorticoid receptors o f  the CA1-CA2 areas, but suggest that 
aging is characterized by substantial deficits o f glially derived growth 
factors, such as bFGF.

1 9 2 .1 7

AGE-RELATED DEFICITS IN β-ADRENERGIC SIGNAL 
TRANSDUCTION MECHANISMS OF CEREBELLAR PURKINJE CELLS 
FROM F344 RATS. T J. Gould*2 & P C. Bickford1,2. 1VAMC; 2Dept of Pharm 
Univ. Colorado, Health Sciences Ctr., Denver, CO 80262.

In aged F344 rats the ability of β -adrenergic receptors to modulate GABAergic 
inhibition of Purkinje cells is impaired. The β-adrenergic receptor is a Gk-linked 
receptor in which the signal transduction mechanism involves adenylate cyclase 
activation of cAMP which activates PKA. The specific site (or sites) of the age- 
related deficit in the β-adrenergic receptor signal transduction cascade, however, is 
unknown. In order to identify the mechanisms underlying the age-related decline 
in β-adrenergic receptor function, this study examined the signal transduction 
cascade of Purkinje cell β - adrenergic receptors in 18 month old F344 rats. In 
anesthetized rats, cerebellar β-adrenergic receptor function was assessed by 
iontophoresis of GABA and the β-adrenergic agonist isoproterenol (ISO). 
Forskolin was used to directly activate adenylate cyclase and adenosine 3' 5’-cyclic 
monophosphothioate (Sp-cAMPs) was used to activate PKA using pressure 
ejection. The ability of ISO and forskolin or Sp-cAMPs to modulate GABAergic 
inhibition was compared within rats and differences between forskolin and Sp- 
cAMPs were compared across rats. Initial results with forskolin show that ISO and 
Forskolin reveal similar age-related impairments in the ability to augment 
GABAergic inhibition. This suggests that the problem is located at or beyond the 
level of adenylate cyclase. Initial tests with Sp-cAMPs show that in Purkinje cells 
where ISO augments GABAergic inhibition, Sp-cAMPs has similar modulatory 
effects Tests of Sp-cAMPs on cells with age-related deficits are underway. This 
approach allows for identification of specific points in the β-adrenergic 
transduction cascade affected by aging. This work was supported by USPHS grant 
AG04418, grant AG05686-01 and the VAMRS.
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AGED ANIMALS HAVE A DEFICIT IN PHORBOL ESTER STIMULATION 
OF SYNAPSIN PHOSPHORYLATION. K E.Eckles*. E M. Dudek. T.J. Gould.
P C. Bickford, and M.D. Browning. Dept. of Pharmacology, UCHSC and Medical 
Research, VAMC, Denver CO 80262

Synapsin I is neuron specific synaptic vesicle-associated phosphoprotein. In the 
dephosphorylated state, synapsin is thought to anchor synaptic vesicles to the cytoskeleton 
reducing the availability of vesicles for release. Phosphorylation by Ca2+/calmodulm- 
dependent protein kinase II (CaM KII), removes the synapsin constraint. Phorbol esters, 
activators of protein kinase C (PKC), have been shown to enhance transmitter release 
(Parfitt et al. J. Physiol. 47:245, 1993) and also to increase synapsin phosphorylation 
(Browning and Dudek, Synapse, 10:62, 1992). We have previously described deficits in 
isoproterenol stimulated synapsin phosphorylation in aged (24 mos) Fischer 344 rats. In 
the present study we tested whether phorbol ester stimulation of synapsin phosphorylation 
might also be deficient in aged animals. A quantitative "back-phosphorylation" assay was 
used to determine the ability of PdBu to stimulate synapsin phosphorylation at the CaM KII 
sites in aged Fischer 344 rats. In contrast to young animals, in aged animals 1 μM PdBu 
had no effect on synapsin phosphorylation. One theory of aging is the 'free radical 
hypothesis' in which it is proposed that aging is accompanied by a decrease in the ability 
of cells to cope with free radicals produced by normal cellular metabolism. Spin-trapping 
compounds have been demonstrated to ameliorate some age-related deficits. Therefore, 
we tested the ability of one such compound, N-ferf-butyl-α -phenylmtrone (PBN), to 
ameliorate the deficit in PdBu stimulated synapsin phosphorylation in aged animals. In 
preliminary experiments, i.p. PBN (32mg/kg) given twice daily for ten weeks produced 
a reinstatement of PdBu stimulated synapsin phosphorylation in 4 of 5 animals. We have 
also found that PBN treated rats show significant improvement in β -adrenergic receptor 
function in the cerebellum. Further studies with additional animals and different doses of 
PBN will be required to assess the reliability of these effects. Supported by PHS grant AG 
04418.
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EFFECTS OF AGE AND TRANSPLANTATION OF FETAL TISSUE 
CONTAINING THE SUPRACHIASMATIC NUCLEUS ON THE 
DIURNAL RHYTHM OF HYPOTHALAMIC CORTICOTROPIN 
RELEASING HORMONE GENE EXPRESSION. A.Cai#, P M. Wise#. 
*Dept. of Physiology, University of Maryland School o f Medicine, Baltimore, 
MD 21201; #Dept. o f Physiology, Univ. of Kentucky College of Medicine, 
Lexington, KY 40536.

We previously reported an age-related change in the diurnal rhythm of 
corticotropin releasing hormone (CRH) gene expression in the paraventricular 
nucleus (PVN). In this study, we assessed whether transplantation o f fetal 
tissue containing the suprachiasmatic nucleus (SCN) can restore the diurnal 
rhythm of CRH mRNA. Young, middle-aged and middle-aged SCN- 
transplanted rats were killed at 7 time points over a 24 hour period. Using in 
situ hybridization CRH mRNA levels in the PVN were measured in three 
different regions: dorsomedial, periventricular and lateral PVN. In young 
rats, CRH mRNA levels exhibited a diurnal rhythm in the dorsomedial PVN, 
but not in the lateral and periventricular PVN. No diurnal rhythm was 
detected in any subdivision of the PVN in middle-aged rats. The average 
level o f CRH mRNA did not change with the age. Middle-aged rats received 
transplantation o f fetal tissue containing the SCN exhibited a diurnal rhythm in 
CRH gene expression, but the timing of the peak was altered. We conclude 
that (1) in young rats, the diurnal rhythm in CRH mRNA in the PVN exists 
selectively in the dorsomedial PV N; (2) aging abolishes the diurnal rhythm in 
CRH mRNA; (3) SCN transplants can partially restore the diurnal rhythm of 
CRH mRNA (supported by NIH AG02224 to PMW).

1 9 2 .2 0

TYROSINE HYDROXYLASE mRNA EXPRESSION IN LOCUS 
COERULEUS IS DECREASED IN AGED BROWN-NORWAY RATS 
MM Shores. P Szot  RC.Yeith* GRECC, Seattle VAMC, WA 98108

In normal aging in humans there is degeneration and loss of cells in the 
locus coeruleus (LC), the main noradrenergic site in the brain, which 
projects diffusely to many areas including the hypothalamus, frontal cortex 
and limbic regions. Possible etiologies for LC neuronal degeneration 
include neuronal loss secondary to estrogen, glucocorticoids, free radical 
damage and changes in catecholamine synthetic enzymes.

This study examined changes in noradrenergic function and LC cell count 
in aged versus mature and young rats by examining changes in mRNA for 
tyrosine hydroxylase (TH) the rate-limiting enzyme for noradrenergic 
synthesis.

Tyrosine hydroxylase (TH) mRNA was measured in young (3 months), 
mature (12 months) and aged (24 months) Brown-Norway rats via in situ 
hybridization with a 33P labeled oligonucleotide. TH mRNA expression 
was quantified as optical density (OD). TH mRNA was found to be 
significantly lower in the aged (OD=0.307±.04, n=4) versus mature 
(OD=0.414±.03, n=5) and young rats (OD=0.517±0.04, n=4). The lower 
expression of TH mRNA in aged rats suggests that decreases in 
norepinephrine synthetic enzyme function may contribute to noradrenergic 
deficits in aging. Further data is pending on LC cell numbers and mRNA 
for the norepinephrine uptake transporter in young, mature and aged rats. If 
a significant decrease in TH mRNA precedes LC cell loss, this may suggest 
a possible neurotrophic role for norepinephrine in the locus coeruleus. 
(Supported by VA Research Service. Technical support kindly provided by 
S. White)
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OCCIPITAL NEURONAL RNA CHANGES IN ALZHEIMER’S DISEASE. R. K. 
Kan. G. P. Ballough. J. A. Strauss. G. J. Colurso. L. J. Martin. R. B. Mitchell. J. 
R. Day.* and A. Anthony. Department of Biology, Pennsylvania State University, 
University Park, PA 16802.

Alterations in nucleic acid metabolism, protein synthesis and amyloid 
accumulation have been suggested to be factors responsible for Alzheimer's disease 
(AD). Primary visual cortex (Brodmann area 17; striate cortex) is part of the 
occipital lobe that exhibits few neurofibrillary tangles and large amount of amyloid 
Possible effects of amyloid on RNA metabolism were assessed in area 17 in 10 AD 
patients and 9 age-matched controls. Brain samples were bisected along the mid- 
sagittal plane, preserved in 10% neutral buffered formalin, paraffin-processed, serially 
sectioned at 8μ m with a rotary microtome. Three representative adjacent sections 
from each subject were processed as follows. The first section was stained with 
Galiyas’ silver impregnation method for neurofibrillary changes (Galiyas, 1971). 
The second section was stained with ß-amyloid monoclonal antibody (Dako, Beta- 
amyloid, 6F/3D) for amyloid distribution. The third section was stained with Shea's 
(1970) azure B-RNA procedure for total perikaryal RNA. Neuronal RNA content was 
measured cytophotometrically using a Vickers M85a scanning-integrating 
microdensitometer. Twenty-five individual neurons without tangles and near amyloid 
accumulation were measured from each section. In AD pateints there was a 
significant reduction in total RNA (39%) in neurons located near amyloid deposits 
(p<0.05). On the other hand, neuronal RNA measurements of brain regions with 
weak amyloid reactivity, such as the midfrontal gyrus, reveal no appreciable RNA 
loss (Colurso et al., 1995). The results suggest that 13-amyloid protein may be 
neurotoxic and support the hypothesis that neuronal nucleic acid metabolism 
disturbance occurring in AD is an important component of the disease process. 
However, whether 13-amyloid exerts direct neurotoxic action to neurons or alters the 
neuronal synaptic network remains to be established.
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NEUROCYTOPATHIC EFFECTS OF ß-AMYLOID STIMULATED  
MONOCYTES: A  POTENTIAL MECHANISM FOR NEURONAL  
DEATH IN ALZHEIMER’S DISEASE.
J.S. Pachter, D. Biegel and J.A. London*. Depts. Physiology and 
BioStructure and Function, Univ. CT Health Center, Farmington, CT 
06030.

There is indication that mononuclear phagocytes and the products they 
secrete may be involved in the destruction o f central nervous system tissue 
in Alzheimer’s disease. The present study sought to determine whether 
exposure of peripheral blood monocytes (PBM) to ß-amyloid protein (AB), 
the major protein of amyloid fibrils, could induce cytopathic activity in 
these cells upon their subsequent incubation with neural tissue. PBM were 
incubated with either 2.0 or 20 μ M of AB for 3 days, centrifuged and 
washed to remove all traces of AB and then applied to organotypic cultures 
of rat brain. Using a cell viability assay, after 3 days there was an 
approximate two-fold increase in cell death in cultures incubated with 2.0 
pM AB (p<.05), and a four fold increase in cultures incubated with 20 pM 
AB (p< .0 l). After 10 days, a drastic increase in cell death was noted with 
PBM treated with 20 pM AB, the effect being nearly a twenty-six fold 
increase in cell death (p<.001). PBM treated with 2.0 pM AB were also 
effective, producing approximately an eighteen fold increase in cell death 
(p<.01). The amount o f cell death in cultures incubated with PBM treated 
with reverse peptide treated or untreated PBM did not significantly differ 
from that o f untreated cultures. These results indicate that stimulation of 
PBM with A ß significantly heighten their neurocytopathic activity.
This work was supported by a grant from the Sandoz Foundation and the Martin 
Foundation.
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β-AMYLOID-INDUCED NEUROTOXICITY (I): DIRECT
COMPARISON OF β-AMYLOID AND HUMAN AMYLIN IN 
PRIMARY CULTURES. M.A. Fortes*, G, Bores, S. Sahasrabudhe, J.B. 
Clarke and A. Giovanni . Hoechst-Roussel Pharmaceuticals, Inc., 
Neuroscience PGU, Somerville, New Jersey 08876.
β-Amyloid peptide (Aβ) has been shown to induce neurotoxicity in vitro in 

primary cultures. Likewise, human amylin induces neurotoxicity in similar 
culture systems (May et al, 1993). The studies presented here represent a series 
of experiments designed as a direct comparison between human amylin and Aβ 
with respect to dose and time response. Additionally, several indices for cell 
viabi1ity/toxicity were examined in our primary culture system. The results 
clearly demonstrate neurotoxic effects of Aβ (1-40 and 1-42) and amylin as 
indicated by several measures, including indices of mitochondrial function 
(MTS), neurotransmitter uptake (GABA, glutamate and choline), cytosolic 
enzymes/membrane integrity (LDH activity and calcein) and cellular 
antioxidants (glutathione content). Amylin was more potent at inducing 
decrements of these parameters than either form of amyloid. Some of these 
output measures appeared more sensitive than others. For example, at a given 
dose, glutathione levels and neurotransmitter uptake were reduced to a greater 
extent than MTS or LDH. Additionally, in time course studies, effects on 
neurotransmitter uptake as well as glutathione levels occurred before effects on 
the other measures (LDH and MTS). It appears that, as reported in the 
literature, β-amyloid and amylin exert neurotoxic effects in primary culture 
systems. Additionally, there may be a loss o f neuronal function prior to neuron 
death as well as a compromised ability to deal with oxidative stress as a result 
of acute amylin or β-amyloid exposure.
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ARE CHOLINERGIC NEURONS OF THE BASAL FOREBRAIN 
DESTROYED IN VIVO BY CHRONIC CHALLENGE W ITH AM YLOID 
FRAGMENTS β1 -42 OR β 1 -40? G.K. R ie ke *. D e p t. o f A nat. & Cell 
Biol., Sch. o f M edicine, Univ. o f North Dakota, Grand Forks, ND. 
58 2 0 2 .

β 1-42 and β 1 -40  are m ajor am yloid frag m en ts in brains w ith  
A lzhe im er's Disease (AD). Since cholinerg ic neurons die in AD, do 
the am yloid fragm ents induce such cell loss? To te s t th is 
hypothesis, a stainless steel cannula coupled to  an A lze t m inipum p, 
or a guide cannula were im planted in to the  region o f the  diagonal 
band. C oncentra tions o f tes t frag m en ts ranged from  (2 0 fm o l/μ l to 
2 2 2 n m o l/μ l , pH 7 .3 , in d istilled w a ter). Neurons w ere  challenged 
fo r 7 days w ith  the A lze t pum p or by repeat in jections (4/day) 
th rough the guide cannula. Choline actey ltran sfe rase  (ChAT) 
im m u noreactiv ity  was used to  id e n tify  cho linerg ic neurons. 
Comparisons o f cell coun ts of ChAT positive  neurons between 
experim ental and contro l brains reveal a progressive loss o f neurons 
w ith  increase in the conce ntra tion  o f am yloid frag m en t delivered. 
H isto logically, the fragm ent-induced lesion consis ts  o f a center filled 
w ith  phagocytic neutrophils, a pykno tic  rim and a peripheral 
spongiose region. The fragm ents tested  appear to  be neuro tox ic  to 
cholinerg ic neurons and m ay play a role in the  neuropatho logy of
AD. Supported by UNDSoM & FAC Grants.
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Toxicity of Ap Peptide Variants in Rat Brain L.A. Holcomb*, B.D. Greenberg, 
R.G. Siman, J.K. Kawooya and D.G. Morgan. Dept. of Pharmacology, 
University of South Florida, Tampa, FL 33612-4799 and Cephalon Inc.,
West Chester PA 19380.

The mechanisms by which Ap amyloid causes neurotoxicity in vivo 
remain uncertain. One hindrance to identifying these mechanisms has been 
the absence of a consistent animal model in which to monitor, and 
potentially intervene in the neurodegenerative process. Using an infusion 
technique developed in our laboratory, we previously identified the heparan 
sulfate proteoglycan "periecan" as critical for the maintenance of Ap 
amyloid in rat brain (Snow et al, Neuron 12:219, 1994). Here we report that 
infusions of A β with perlecan consistently produce greater amounts of 
neurodegeneration than control infusions.

Young male SD rats were infused with a) A β1-40 + perlecan, b) A β 1-42 
+ perlecan, c) 1,7 isoaspartate A p i-4 2  + perlecan (IsoAβ ), d) perlecan 
alone or e) PBS vehicle (n=5 for each group). Infusions of 100 μ1 over one 
week were made directly into the hippocampus. Seven days after beginning 
the infusions, rats were killed and frozen sections prepared. Both the 
perlecan alone and the PBS vehicle control infusions produced small areas 
of necrosis near the needle tip. The A β1 -40 + perlecan group produced 
areas of necrosis 4 fold larger than the control infusions, with no overlap 
between the groups. The A β1-42 and IsoAβ groups produced lesions that 
were twice as large as control infusions. These data indicate that inclusion 
of perlecan with A β peptides can consistently cause neurodegeneration in 
the rat brain, and may provide a more rapid screen for pharmacological 
agents designed to prevent AD neurodegeneration than transgenic models.

These experiments are supported by a contract to DGM from Cephalon.
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β-AMYLOID-INDUCED NEUROTOXICITY (II): EFFECTS OF AGE OF 
PRIMARY CULTURES ON INDICES OF NEURONAL VIABILITY AND 
NEURODEGENERATION. G. Bores*. M.A. Fortes. S. Sahasrabudhe. 
J.B. Clarke and A. Giovanni. Hoechst-Roussel Pharmaceuticals, Inc., 
Neuroscience PGU, Somerville, New Jersey 08876.
Primary cultures and cell lines have been used extensively to examine trophic 

and neurotoxic effects in vitro. Many measurements are used to assess neuronal 
viability and neurotoxicity. We have examined 7 parameters in primary cultures 
to assess neuronal viability and followed these indices with time in culture to 
gain insight into the pattern of growth and maturation of neurons in vitro. The 
parameters examined include 1) MTS (mitochondrial function, 2) LDH 
(membrane integrity) 3) calcein (membrane integrity), 4) glutathione 
(antioxidant capacity), 5) high affinity GABA uptake, 6) high affinity glutamate 
uptake and, 7) high affinity choline uptake (uptakes indicate neuronal function). 
Time courses for the expression and development of these parameters will be 
presented as well as the effects of β-Amyloid peptide (AP) exposure. Some 
general conclusions can be made based on these findings. First, there is an 
increase in all parameters measured with time in vitro, up to at least 14 days. 
This is most likely due to neuronal maturation, particularly with respect to the 
neuron specific markers, since neurons do not tend to divide. The data are 
consistent with increased synapse formation. Changes in neuronal viability and 
function with age in culture must be taken into account in interpreting results of 
exposure to putative neurotoxic agents. For example, depending on the age on 
the culture, the particular index of neuronal viability, and the length of 
exposure, there may be a neurostatic or neurotoxic effect of Ap. The neurostatic 
as well as the neurotoxic effects of Aβ may contribute to memory loss in 
Alziieimer’s disease, since they may have dramatic consequence on the capacity 
to store and retrieve information in vivo.
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RAT BRAIN SYNAPTOSOMES BLOCK ß-AMYLOID FIBRIL 
TOXICITY
J.G. Schulz*, D. Megow. R Reszka, T. Dyrks, U. Dimagl Dept. of 

Neurology, Humboldt University, Max-Delbrück-Center and Schering 
AG, Berlin, Germany

In vitro, ß-Amyloid fibrils are neurotoxic in the nanomolar range, 
an effect mediated by oxidative damage and not observed with soluble ß- 
Amyloid peptide Furthermore, (3-Amyloid fibrils activate microglial 
cells, astrocytes and macrophages and induce platelet aggregation 
By what mechanism ß-Amyloid fibrils get into contact with these cells is 
currently unknown
Using changes in MTT reduction induced in PC 12 cells as an early indi- 
cator of 13-Amyloid fibril toxicity, we were to approach this question by 
adding rat brain synaptosomes to the cell culture medium Synaptosomes 
blocked ß-Amyloid fibril toxicity to PC 12 cells in a dose-dependent 
fashion. Heating the synaptosomes (90°C, 15 min) did not disrupt this 
effect, whereas protease pretreatment of synaptosomes did reduce it 
Neither liposomes nor lipids extracted from synaptosomes by chloro- 
form/methanol-extraction were sufficient to block the toxic effect of 13- 
Amyloid fibrils on PC 12 cells.
These data indicate that non-lipid components of the cell membrane are 
necessary to bind ß-Amyloid fibnls

193.9

TRANSFORMING GROWTH FACTORS-β PROTECT PRIMARY RAT 
HIPPOCAMPAL NEURONAL CULTURES FROM DEGENERATION INDUCED 
BY β-AMYLOID PEPTIDE. Renee F. Ren*, Anita B. Roberts. Michael B. Spom and 
Kathleen C. Flanders. Laboratory of Chemoprevention, National Cancer Institute, NIH, 
Bethesda, MD 20892

Excessive deposition o f the β-amyloid protein in brain is a characteristic of patients 
with Alzheimer's disease (AD). Both in vitro and in vivo studies have shown that β- 
amyloid peptide (PAP) directly contributes to neurodegeneration in AD. Transforming 
growth factors-β (TGFs-β) are multifunctional peptide growth factors that exhibit 
protective effects in several neuronal injuries, but their ability to protect neurons 
against the cytotoxicity o f PAP is unknown. Using primary rat embryonic neuronal 
cultures, we examined the protective effects of TGFs-β isoforms 1, 2 and 3 against 
neuronal degeneration caused by PAP fragment (25-35). The cell viability was 
quantitated by the MTT method. After a 24 hr pretreatment with TGF-β l , 2 or 3 (0.1, 
1 or 10ng/ml) or carrier solvent, cells were exposed to PAP (10-5M) for 24 hr. MTT 
OD readings showed a statistically significant increase of cell viability in cultures 
treated with TGF-p2 (1.9-fold, p < 0.01) and with TGF-β l ( 2.9-fold, p < 0.025-0.05 ) 
compared to cultures treated with PAP alone . The increase in cell viability observed 
with TGF-β 3 pretreatment was not statistically significant. Treatment with TGF-βl 
(0.1, 1, 10 ng/ml) and TGF- β2 ( 1 ng/m l) begun 24 hr after exposure to PAP led to a 
similar protective effects (p < 0.05 ), while TGF- β3 treatment did not. The same 
experiments were carried out with the human and mouse neuroblastoma cell lines, SK-N- 
SH and CCL-Neuro2a and similar protective effects by TGF-β were found. Our data 
is the first demonstration of the protective effect of TGF-β 1 and TGF- β 2 against the 
cytotoxicity of PAP in neurons.

193.11

AGGREGATION AND DEPOSITION OF Aβ  IN A LZH EIM ER’S 
DISEASE ARE DISTINCT BIOCHEM ICAL PROCESSES 

WP Esler, ER Stimson. JR Ghilardi. Y-A Lu. AM Felix, HV Vinters. JP 
Lee. PW Mantyh and JE Maggio*
BCMP Dept., Harvard Med. Sch., Boston, MA 02115; Molec. Neurobiol. Lab 
(151), VA Med. Cntr., Mpls., MN 55417; Peptide Research, Hoffmann-La Roche, 
Nutley NJ 07110; Dept. Pathol., UCLA Med. Cntr., LA, CA 90024; Chem. Dept., 
Boston Univ., Boston, MA 02215.

The proteinaceous deposits (plaques) of Alzheimer's disease (AD) are composed 
largely of β-amyloid peptide (AP). Radiolabelled Aβ peptides at physiological 
concentrations deposit onto pre-existing plaques in human AD cortex but not onto 
age matched non-AD tissue. Using this in vitro model of plaque growth, rates of 
deposition were determined for various analogs of Ap. Rates of deposition for full 
length peptides AP(l-40) and AP(l-42) and the truncated analog Aβ( 10-35)-NH2 
were similar, and each displayed first order kinetics for deposition. In contrast, 
aggregation of the peptides showed higher order kinetics, with the 42-mer 
aggregating much faster than the shorter analogs. NMR experiments in water 
revealed that the active analog Aβ( 10-35)-NH2 , while folded in solution, had little 
if any α -helix or β-sheet structure. Peptide analogs were synthesized to test the 
importance of particular regions of the deduced solution structure, then assayed as 
above. Deposition of physiological concentrations of Aβ onto a preexisting 
template (plaques) and aggregation in the absence of template show quite distinct 
structure activity relationships, kinetics and pH dependences. Consequently, two 
distinct biochemical processes may be involved in plaque formation, an initial 
seeding event (aggregation) and later plaque growth (deposition). Supported by 
NIH, VA, American Health Assistance Foundation.

193.8

PROTECTIVE EFFECTS OF TGF-61 ON ß-AMYLOID NEUROTOXICITY IN 
RAT HIPPOCAMPAL NEURONS. M. F. Galindo*. J. M. H. Prehn. V. P. 
Bindokas. J. Jordán. G. D. Ghadge. R. P. Roos. Richard J. Miller. Departments 
of Pharmacol. and Physiol. Sci. and Neurology Univ. of Chicago, 111, 60637.

The transforming growth factors ß (TGF-ß) arc a family of cytokines that 
regulate a wide range of biological processes. TGF-ß 1 is rapidly expressed 
following brain injuries such a lesioning of the entorhinal cortex, 
ischemia/hypoxia and trauma. In humans, TGF-ß 1 immunoreactivity has been 
observed in plaques in brains of patients with Alzheimer’s disease (AD). ß-
amytoid (AB) is believed to be involved in neurodegeneration associated 
with AD. Treatment of hippocampal pyramidal neurons with AB (1-40) or the 
active f ragment Aß (25-35) ( l µM) for 5 days led to a 30-60% decrease in 
neuronal viability. This neurotoxicity was associated with double stranded 
DNA breaks visualized using the TUNEL technique. indicating apoptotic cell 
death. AB neurotoxicity was significantly attenuated by single treatments 
with the cytokine TGFß-1 and completely prevented by several repetitive 
treatments. Aß-induced neuronal injury was accompanied by a decrease in 
mitochondrial potential and function as determined by rhodamine-123- based 
microfiuorimetry. TG F-ß 1-treated cultures showed both an improved 
mitochondrial function and less frequent signs of DNA fragmentation. In 
parallel experiments we found that treatment of neurons with TGF-B1 led to 
an increased expression of the apoptosis inhibiting proteins Bcl-2 and Bcl-xL, 
whereas the level of Bax protein remained unchanged. Despite the protective 
effects of antioxidants. overexpression of the cytosolic enzyme Cu/Zn- 
superoxide dismutase by means of adenovirus-mediated gene transfer did not 
protect against AB neurotoxicity, moreover, both acute and prolonged 
treatments with AB were not associated with increased cytoplasmic 
production of superoxide anions (using the fluorescent probe hydroethidium, 
Bindokas el al. this meeting). However, AB-induced neuronal death was 
ameliorated in cultures overexpressing calbindin D28k.

193.10

INSULIN-LIKE GROWTH FACTOR-I PROTECTS RAT PRIMARY 
HIPPOCAMPAL CULTURES AGAINST ß-AMYLOID NEUROTOXICITY
S. Doré*, R. Quirion and S. Kar. Douglas Hospital Research Centre, Department of 
Psychiatry, McGill University, Montreal, Quebec, Canada, H4H 1R3.

IGF-I is a well known trophic factor and its specific receptor is uniquely 
distributed throughout the brain, being especially concentrated in the hippocampal 
formation (Kar et al. J. Comp. Neurol. 333:375, 1993). Previous studies have 
shown that IGF-I possessed neurotrophic activities in the hippocampus, an area 
severely affected Alzheimer’s disease (AD). These data together with the evidence 
that B-amyloid (Aß)-derived proteins may play an important role in the process of 
neurodegeneration in AD, led us to study whether IGF-I could be neuroprotective to 
hippocampal neurons against AB-induced toxicity. As a first step, a primary 
hippocampal neuronal culture was established using rat embryos (E l8-19) grown 
for 6 days in serum-free conditions. These neurons were reported to be enriched 
with 125I-IGF-I receptor binding sites (Doré et al. Soc. Neurosc. Abst. 20:40, 1994) 
and to be sensitive to 0.03 - 30 µM Aß25-35-induced neurotoxicity as determined 
using the MTT colorimetric assay when cultured in a Neurobasal medium with N2 
supplement (Gibco BRL). Exposure of hippocampal neurons to 30 µM Aß25-35
resulted in a survival rate below 50% after a 6-day incubation period A random AB 
sequence had no significant effect on neuronal survival. IGF-I (Genentech, Inc ) at 
concentrations ranging from 10 - 300 nM significantly protected hippocampal 
neurons against Aß25-35-induced neurotoxicity. The homologue IGF-II ( 10 - 300 nM,
Sigma) was also effective although much less potent than IGF-I suggesting the 
involvement of a typical IGF-I receptor in the neuroprotective effect While the 
precise mechanism involved remains to be established, these data suggest that IGF-I 
should be considered as a putative neuroprotective agent against Aß-related 
neurotoxicity. (Supported by The Alzheimer Society of Canada and the MRCC).

193.12

Distribution, Stability and Ultimate Fate of aggregated ß- 
amyloid Injected into the Rat Brain. J.P. Cleary*. E. O'Hare.
D .T .W eldon, W.P. Esler. J.R. Ghilardi, S, Rogers. J.E. M aggio and 
P.W. Mantyh. Behav Pharmacol Lab and M ol Neurobiol Lab, VA  
Medical Center and University o f Minnesota, Minneapolis, MN 55417; 
and Department o f Biological Chemistry and Molecular Pharmacology, 
Harvard Medical School, Boston, MA 02115.

Alzheimer disease (AD) is characterized by the presence in brain of 
numerous extracellular amyloid deposits, whose major component is the 
human ß-amyloid peptide (AB). Recent work has suggested that the 
neurotoxicity o f AB is related to its aggregation state. In an effort to 
better understand the biochemical and behavioral effects o f AD in the 
mammalian CNS, we have examined the distribution, stability and fate 
o f the aggregated A ß(l-40) after injection into rat brain.

Synthetic A ß(l-40 ) was aggregated into plaque-like structures in vitro. 
Aggregation was induced by either adding metal cations or by isoelectric 
precipitation. After aggregation, approximately 90% o f the original 
soluble AB was in the form o f amyloid aggregates ranging in size from 
2-25 pm in diameter. These aggregates were further separated from the 
remaining soluble AB by centrifugation and then resuspended in artificial 
CSF at a concentration o f approximately 200 aggregates/µl. The 
aggregates were then stained with Thioflavin S and a total o f 2000 
aggregates in 10µl was injected unilaterally into the cerebral cortex and 
striatum o f the adult rat. Rats were sacrificed at several time intervals 
after injection, and the brains and visceral organs sectioned and 
examined m icroscopically for the presence o f  aggregated AB. The 
stability, toxicity and glial response are currently being assessed. 
Supported by the NIH and the VA.



476 BETA-AMYLOID: NEUROTOXICITY AND AGGREGATION SUNDAY PM

193.13

EFFECTS O F SITE-SPECIFIC MUTAGENESIS ON THE 
A GGREGATION O F AMYLOID ß-PROTEIN (ABP): 
INTERACTIONS WITH ALUMINUM.
M. KAW AHARA* l. S. KOJIM A2, M. K A T O 1.H . MORI3, K. M IU R A 2., Y.
KU RODA,1. 1Dept. of Molecular & Cellular Neurobiology, Tokyo Metropolitan 
Institute for Neuroscience. Musashidai 2-6, Fuchu-shi. Tokyo 183. 2Institute for 
Biomolecular Science. Gakushuin University. Mejiro Tokyo 171. 3Department of 
Molecular Biology, Tokyo Institute for Psychiatry. Setaguya-ku. Tokyo 156 , Japan.

We have shown that alum inum  (AI). an epidem iological risk factor fo r 
A lzheim er's disease (AD), enhances the aggrega tion  o f A lzheim er's am yloid  
ß-protein (ABP) (Kawahara, et al. B.B.R.C.. 198. 531, 1994). Furtherm ore, 
the aggregation  o f ABP enhances its neuro tox icity . suggesting that 
aggregation  m ay play a key role in the etio logy o f AD. It is well established 
that tyr-residues o f transferrin  are  essential fo r Al b inding . A ccord ing ly . in 
this work we p repared  two m utants o f ABPµ -4 0 | by o ligonucleotide- 
directed site-specific m utagenesis. and substituted M et35 fo r Ala ( wild) or 
in troduced  two substitutions. T yrIO  fo r Ala and M et35 fo r Ala ( mutant). 
A fter incubation  at 37° C fo r 24  h with or w ithout Al (Im M ), interactions 
between these peptides and Al were evaluated by SD S-PA G E and 
im m unoblo tting  using an an tib o d y  to ABP ( α B42). Also, the deposition  on 
the surfaces o f cu ltured  rat hippocam pal neurons o f these wild and mutant 
am yloids was detected by im m unohistochem istry . In the presence o f Al. 
solutions o f  wild A ßP showed rem arkable  aggregation , in contrast, 
aggrega tion  o f the mutant A ßP lacking the tyr-residue. was not affected by 
Al. In cu ltured  hippocam pal neurons, Al caused widely spread fibrillary  
deposition  o f the wild type and no accum ulation  o f mutant type even in 
the presence o f Al. We interpret these results to indicate that Al b ound  to the 
tyr-residue of AßP allows c ross-linking  and aggregation .
This work was supported in part b\ Grant-m-Aid for Encouragement of Young 
Scientists. No.0685805, from the M inistry of Education, Science and Culture o f Japan.

193.15

β-AMYLOID PROTEIN AG GREG ATES IN ATHYM IC HOST RAT BRAIN 
AFTER HUMAN LEPTOMENINGEAL CELL GRAFTS. L.A. DeGioraio1*.
J.J. Bernstein2. W.J. Goldberg2 and J.P. Blass1. 1Comell Univ. Med. Coll, 
at Burke Med. Res. Inst., W hite Plains, N.Y. 10605, 2VA Med. Center, 
W ashington, D.C. 20422.

Human leptomeningeal cells derived from autopsy-confirmed 
Alzheim er’s disease (AD) brain were grafted into athym ic adult male rat 
brain. Hosts were sacrificed at 3, 7, 14, 30 or 44 days postimplantation. 
Immunohistochemical evaluation of host brain sections revealed the 
presence o f human-derived β -amyloid protein aggregates in lateral 
ventricles, in parenchymal and leptom eningeal vessels and as 
extracellu lar deposits in parenchyma. Aggregates were composed of 
discrete rounded, granular bodies of variable size (2-5 µm) and number 
(20-70). Ventricular and vessel aggregates were typically more compact 
than were parenchymal counterparts whose overall dimensions averaged 
100 pm x 150 pm. In parenchyma human β -amyloid aggregates were 
either tightly configured as in vessels or had assum ed a plaque-like 
morphology in which intensely stained individual granular bodies formed 
a periphery around a largely diffuse central area. No dense cores were 
present. Parenchymal aggregates were primarily localized in corpus 
callosum and adjacent cortex at day 3, more numerous and widespread 
at days 7 and 14 postim plant and were largely dispersed at later time 
points. Similar structures were not present in immunologically normal rat 
brain.

193.17

A M Y LOID ß -P R O T E IN  A G G R E G A T IO N  A B O LISH ES ITS 
PATHOLOGIC PROPERTIES IN CULTURED CEREBROVASCULAR

Van Nostrand*. D epartm ent of M icrobiology and  M olecular Genetics, 
College of M edicine, University  of C alifornia, Irvine, CA 92717-4025.

Alzheim er's disease and related d iso rd ers  are  characterized by 
deposition  of the insoluble, aggregated , 39-42 am ino acid am yloid ß- 
p ro te in  (Aß ) w ith in  the n eu ro p il an d  w ith in  the  w alls  of the 
cerebral blood vessels. P revious studies have show n that incubation 
of preaggregated  synthetic A ß pep tid es  w ith  p rim ary  rat or hum an 
cortical and  h ip p o ca m p a l n e u ro n a l c u ltu re s  cau ses  enhanced  
neurotoxicity . Furtherm ore, subseq u en t s tud ies have reported  that 
the neurotoxic effect is d e p en d en t upon  the ag gregated  state of the 
peptide. This suggests the im p o rtan ce  of AC ag grega tion  in the 
induction of the pathologic changes accom panied  by AC deposition. 
Recently, we have found that soluble Aß1-42 can induce cytotoxicity 
w ith a concom itant increase in the levels of ce llu la r am yloid  ß- 
p ro te in  p recu rso r and  so lu b le  AC p e p tid e  in c u ltu red  h u m an  
cerebrovascular sm ooth m uscle cells. In contrast, p reaggregated Aß1. 
42 pep tide w as incapable of indu cin g  pathologic  responses in the 
cultured cerebrovascular sm ooth m uscle cells. The present findings 
su g g est th a t th ere  a re  d is t in c t  m ec h a n ism s  of A C -induced 
cytotoxicity for cultured neuronal and cerebrovascular sm ooth muscle 
cell cultures.

193.14

INFLUENCE OF THE C-TERMINAL HYDROPHOBIC DOMAIN OF THE 
ALZHEIMER'S Aß PEPTIDE ON ITS SURFACTANT AND SELF-ASSEMBLY 
PROPERTIES. B. Soreghan*. J. Kosmoski. D. Burdick and C. Globe Dept. of 
Molec. Biol. and Biochem., Univ. of Calif., Irvine. CA 92717 

The amyloid β-peptide (AP) is the major proteinaceous component found in 
extracellular amyloid deposits characteristic of Alzheimer's disease. The primary 
sequence of Aβ is amphipathic: residues 29-42 consist of sequences within the 
hydrophobic transmembrane domain of the amyloid precursor protein (APP) and 
the amino-terminal segment of Aβ is primarily hydrophilic as it is comprised of 
sequences within the extracellular domain of APP just prior to the membrane 
domain. We have previously discussed the axially amphipathic structure of Ap in 
solution and demonstrated that it displays several properties of detergents or 
surfactants, and suggested that the principles which govern micelle formation may 
also apply to the mechanisms of amyloid aggregation assembly. To test whether the 
hydrophobic nature or the specific amino acid sequence of the hydrophobic carboxyl 
terminus of Aβ is critical for its surfactant-like properties, we substituted residues 
29-42 with sequences derived from the transmembrane domains of the β-adrenergic 
receptor and the LDL receptor. These chimeric anaologs display several properties 
similar to Ap. they form higher molecular weight SDS-resistant aggregates on 
SDS-PAGE, and do so in a concentration dependent manner; they form aggregates 
that contain a hydrophobic environment which excludes water as measured by the 
partitioning of diphenylhexatricne; and they are able to form mixed aggregates with 
Aβ as observed by SDS gel electrophoresis. However, although the primary 
sequence of these chimeric peptides is amphipathic, they do not lower the surface 
tension of water, and only Aβ forms typical 6 nm amyloid fibrils. These results 
suggest that the specific sequence of the hydrophobic domain of Aβ, and not solely 
its hydrophobic nature, is important for its surface activity (its linear amphipathic 
structure in solution) and its ability to self assemble into amyloid fibrils.

193.16

EXTENSION OF A CONGO RED SPECTROPHOTOMETRIC ASSAY TO 
CHARACTERIZE Aβ AGGREGATION. G. Mihalenko. R. Arias* and C. A. 
Boast. CNS Disorders, Wyeth-Ayerst Research, CN 8000, Princeton, NJ 08543.

Congo Red staining of both natural and synthetic (Castaño et al., Biochem 
Biophys Res Comm; 141:782, 1986) amyloid is dependent upon the characteristic 
ß-pleated sheet configuration of the fibril (Glenner et al., J Histochem Cytochem; 
20:821, 1972). Using Congo Red with spectrophotometric techniques. Brining (Soc 
Neurosci Abstr; 20:253.11, 1994) has described a method which predicts the 
potential toxicity of Aß protein batches before they are utilized in experiments. Our 
current studies focused on the aggregation characteristics of AB protein under 
various conditions. The assay used 150 µl of different concentrations (1-54 µM) of 
Aß1-42 solubilized in deionized water. Two microliters of Congo Red (1.7 mg/ml) 
were added to each AB sample. After incubating at room temperature in the dark 
for one hour, each sample was spun at 15,000 rpm for five minutes in a 
microcentrifuge. One hundred microliters of the supernatant were then diluted with 
200 µl of deionized water and absorbance was measured at 490 nm. Decreases in 
absorbance were interpreted to indicate the degree of aggregation into ß-pleated 
sheets by the AB protein. Percent absorbance scores were obtained by comparing 
the average of triplicate samples of each AB concentration to a Congo Red blank. 
Results showed that Aß protein bound Congo Red in a concentration dependent 
manner such that higher concentrations produced lower absorbance readings. We 
also measured absorbance readings at ten minute intervals for one hour to determine 
aggregation characteristics over time. Solution pH drastically affected the extent to 
which AB aggregated, however, pH did not alter the rate of aggregation . In 
accordance with Otvos et al. (Eur J Biochem; 211:249, 1993) it seems that high pH 
values interfere with ß-pleated sheet formation. consequently making the AB protein 
more soluble. In general, this assay appears useful in determining the 
characteristics of AB aggregation and could help to identify agents which alter those 
characteristics.

193.18

CROSS-LINKING OF ALZHEIMER'S β-AMYLOID PEPTIDES BY 
PLASMA TRANSGLUTAMINASE T.C. Baradet.1G.C. Kopan,1 L.J. Bovne.2 
&. B.J. Balin*1 Departments of Pathology1 and Anatomy2, Medical College 
of Pennsylvania and Hahnemann University, Philadelphia, PA 19129 

Factor XIIIa is a transglutaminase that normally binds fibrin fibers into 
an insoluble clot during the blood-clotting cascade. Upon activation of 
Factor XIII to Factor XIIIa by thrombin and calcium, this enzyme catalyzes 
glutamyl-lysl group bonds that cannot be cleaved by any known protease. 
Factor XIIIa has also been shown to cross-link proteins that are major 
components of extracellular basement membranes including fibronectin, 
laminin, collagen, and heparan sulfate proteoglycans. Data obtained by gel 
electrophoresis and electron microscopy indicates that Factor XIIIa 
catalyzes covalent bonds between β-amyloid peptides, forming large, 
bundled polymers. Data from in situ immuno-cytochemistry implicate 
Factor XIIIa in the binding of β-amyloid peptides to the extracellular 
basement membrane of blood vessels. Damage to the blood-brain barrier by 
trauma, aging, and age related diseases (e.g. diabetes, hypertension, and 
arteriosclerosis) can activate plasma Factor XIII and/or intracellular Factor 
XIII that is found in platelets, macrophages, and fibroblasts. This process 
may form insoluble amyloid deposits within the abluminal spaces of the 
blood vessels and adjacent neuropil. Subsequent deterioration of blood 
vessel integrity and diminished transport of metabolites and oxygen to 
specific areas of the brain would lead to neurodegeneration and other 
pathologies. Further studies will help to determine the role of Factor XIII 
in the development of cerebral amyloid angiopathy and possible role in 
Alzheimer's Disease. This work is supported by PHS/NIA grant AG 10160 
to BJB.
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CHARACTERIZATION OF A RAT IN VIVO MODEL FOR THE ANALYSIS OF 
β-AMYLOID AGGREGATION. D. Rush. E.K. Dutton*. P. Yamdagni, F.
Camacho. J. Winslow. A. Giovanni. S. Sahasrabudhe. Neuroscience Product 
Group Unit, Hoechst-Roussel Pharmaceuticals Inc., Somerville, NJ 08876.

Amyloid plaques are one of two striking pathological hallmarks of 
Alzheimer's disease. The major component of these plaques, β-amyloid, is a 4.2 
kDa peptide resulting from proteolysis of a larger precursor protein. It is thought 
that the aggregation of β-amyloid into cross β-sheet Fibrils leads to plaque 
formation and subsequent neuronal cell loss. The mechanism by which plaque 
formation leads to neurodegeneration is not clearly understood. It has been 
suggested that β-amyloid neurodegeneration could simply be due to the 
displacement of tissue during the process of β-amyloid aggregation or to some 
other putative toxic effect of the β-amyloid peptide.

We developed a rat in vivo model to study β-amyloid aggregation and 
putative amyloid toxicity. Using ALzet minipumps, β-amyloid was infused into 
the hippocampus of animals for one week and sacrificed immediately, or 1, 2 or 3 
weeks after infusion. Animals were perfused, and brains were embedded in 
paraffin, sectioned and stained with congo red, thioflavin S, or anti- β-amyloid 
antibody. In addition, astrocytes and activated microglia were labeled with anti-
GFAP and anti-EDl antibodies respectively. We found positive Congo red, and 
thioflavin S stain and anti-β-amyloid immunoreactivity in brain sections from all 
animals. It appears that Congo red fluorescence and birefringence intensity vary 
in relation to the incubation period; brain sections from animals sacrificed 3 weeks 
after infusion displayed bright, apple-green birefringence and a greater intensity of 
Congo red fluorescence compared to sacrificed immediate, and 1 and 2 week 
sacrificed animals. In addition, we found increased GFAP immunoreactivity in all 
β-amyloid infused brains with little EDI immunoreactivity.

BETA-AMYLOID: NEUROMODULATION

194.1

MEMBRANE CURRENTS INDUCED IN XENOPUS OOCYTES BY THE C-TERMINAL 
FRAGMENT OF THE ALZHEIMER'S DISEASE β  -AMYLOID PRECURSOR PROTEIN 
β - APP). S, P. F ra se r1, Y.H. Chung2. M.B.A. D.jamgoz1 and Y. H.
Suh2*. 1Neurobiology group, Department o f Biology, Im perial 
College o f Science, Technology and Medicine, P rin ce  Consort Road, 
London, SW7 2BB. 2Department o f Pharmacology, Seoul N ational 
U n iversity , College o f Medicine, 28 Yongon-Dong, Chongno Gu, 
Seoul 110-799, Korea.

There is  mounting evidence th a t  a t  le a s t  some o f the  
n e u ro to x ic ity  a s so c ia te d  w ith A lzheim er's d ise a s e (AD) is  due to  
fragments from the  β - amyloid p recu rso r p r o te in ( β  APP)1-5. Most 
resea rch  has focused on the ion channel a c t i v i t y  o f the  Amyloid 
β  p ro te in (A β ) in c a u sa tio n  o f the  d ise a s e 1-5, the  p o ss ib le  ro le  
of o th er cleaved  p roducts o f the  β APP is  le s s  c le a r .  We have 
in v es tig a te d  the channel-form ing a b i l i t y  o f v a rio u s  p roducts of 
β APP when a p p lied  to  Xenopus oocytes. This inclu d es  the 105
amino ac id  C-term inal(C T 105) fragment (co n ta in in g  the fu ll
sequence Aβ ) which has p rev io u sly  been found to  be to x ic  to  
c e l l s ,  although l i t t l e  is  known about i t s  mode o f a c tio n 6-11. We 
fin d  th a t  CT105 is  exceedingly  p o ten t a t  ~500 nM co n c en tra tio n  in 
forming n o n -se le c tiv e  ion channels during  a p p lic a tio n  from e i th e r  
o u ts id e  or in s id e  the oocyte and is  more to x ic  than e i th e r  o f the 
Aβ  fragm ents, β 25-35 o r  β 1-40. The ion channel a c t i v i t y  o f CT105 
is  blocked by a monoclonal an tibody to  Aβ  These r e s u l ts  
suggest the  p o ss ib le  involvement o f CT105 in inducing  the  neural 
t o x ic i ty  c h a ra c te r i s t ic  o f AD.

194.3

β - a m y l o i d  i n h i b i t s  g l u t a m a t e  u p t a k e  i n

CULTURED R AT A STR O C Y TES. A. Parpura-Gill*, C. Martens 
and E. Uemura. Dept. o f  Veterinary Anatomy and Neuroscience 
Program, Iowa State University, Ames, IA 50011.
L-glutamate is the major excitatory neurotransmitter in the mammalian 
CNS. Additionally, it has been implicated in the pathogenesis of 
Alzheimer's disease. Normally, the extracellular levels o f  glutamate rise 
to high levels only briefly and in a spatially localized manner during 
synaptic transmission. Astrocytes possess a cytoplasmatic membrane 
glutamate uptake carrier which normally keeps extracellular levels o f  
glutamate below neurotoxic concentrations. In this study we 
investigated the effect β -amyloid on astrocytic glutamate uptake. 
Purified astrocyte cultures were prepared from hippocampi o f  P2-5 
Sprague-Dawley rats. Cells were plated onto 24-well tissue culture 
plates coated with P25-35 peptide (lm g/m l). At postplating day 7, 
culture media was exchanged and 3H-glutamate added. The reaction 
was stopped after various experimental times and radioactivity was 
measured in cell lysates . We found that P25-35 peptide significantly 
inhibits glutamate uptake in astrocytes, suggesting that β -amyloid 
might play a role in neuronal cytotoxicity by lowering the efficacy o f  
the glutamate uptake carrier.

194.2

Astrocytes and L-glutamate transport: Effects of oxidation and amyloid 
peptides in relation to Alzheimer’s disease. Marni E. Harris*, Yaning Wang, 
Norman Pedigo and John M. Carney Dept. of Pharmacology, University of 
Kentucky, Lexington, KY 40536.

Large numbers of neuritic plaques surrounded by reactive astrocytes are 
characteristic of Alzheimer's disease (AD) There is a large body of research 
supporting a causal role for amyloid (AB). a main constituent of these plaques, in 
the neuropathology’ of AD. Several hypotheses have been proposed to account for 
the toxicity of AB including free radical injury and excitotoxicity. It has been 
reported that treatment of neuronal/astrocytic cultures with AB increases the 
vulnerability of neurons to glutamate induced cell death. One mechanism that 
may account for this finding is inhibition of the astrocyte glutamate transporter by
AB. The aim of the current study was to determine if Aßs inhibit astrocyte 
glutamate uptake and if this inhibition involves free radical damage to the 
transporter. We have previously reported that AB can generate free radicals and 
directly oxidize neurons in culture. The effects of AB(25-35) on astrocyte cultures 
were compared to the effects of the free radical generating system Fe(2+)/H202. 
Both AB(25-35) and Fe(2+)/H202 significantly inhibited L-glutamate uptake in 
rat hippocampal astrocyte cultures. Pre-treatment with Trolox and L-trans- 
pyrrolidine-2,4-dicarboxylate (glutamate transporter antagonist) provided 
protection against AB(25-35) and Fe(2+)/H202 induced transport inhibition. 
Whereas treatment with AB or Fe(2+)/H202 decrease glutamine synthetase and 
Na+/K+ ATPase activities, only Fe(2+)/H202 significantly decreased creatine 
kinase activity and astrocyte viability. Decreases in astrocyte function. particularly 
L-glutamate uptake, may indirectly contribute to neuronal degeneration such as 
that seen in AD. These results lead to a revised excitotoxicity/free radical 
hypothesis of AB toxicity involving astrocytes. This work was supported by grants 
from NIH [AG-10836, AG-09690 and NS-23307[.

194.4

Functional changes in cultured glial cells induced by β-amyloid protein.
Takehiko Miyagawa* and Yukio Nishizawa. Eisai Research Laboratories, 
5-1-3 Tokodai, Tsukuba, Ibaraki 300-26 Japan

The major pathological features of Alzheimer's disease in the brain are 
senile plaques, neurofibrillary tangles, and neuronal cell loss. Insoluble 
extracellular deposits in senile plaques contain β-amyloid proteins (AP) 
composed of 40 to 43 amino acids as a main constituent. The formation of 
senile plaques has been suspected to be a cause of this disease because of 
well-defined association with the onset of Alzheimer's disease. Neuronal 
cell loss and activated glial cells, astrocytes and microglia, are observed 
around the senile plaques. Although it is well known that Aβ is toxic to 
cultured neurons, there are few studies on the relationship between Aβ and 
glial cells. We investigated the effects of Aβ on cultured astrocytes and 
microglia. The cells were prepared from the cortex of rat embryos. The cell 
death of astrocytes was not observed by microscopic examination or WST-1 
assay at 10 pM of Ap (25-35), whereas the changes in morphology, e.g. 
reactive astrocytes, and enhanced uptake of glutamate were induced at this 
concentration. However, MTT assay revealed a dose-dependent decrease in 
the activity from 10 nM of Ap (25-35), suggesting that functional changes 
were induced by Aβ (25-35) at relatively lower concentrations. In contrast, 
A p (25-35) did  not alter the MTT activity in microglia at the 
concentrations up to 50 pM. Ap (25-35) appeared to be chemotactic to 
microglia at the concentrations between 1 nM and 10 nM. There was no 
difference between the effects of AP (25-35) and Aβ (1-40) on MTT or 
chemotactic activity. These results suggest that Aβ acts as a stimulant to 
astrocytes and microglia leading to the reactive gliosis surrounding senile 
plaques and that the effects of Aβ on glial cells might be independent on 
the aggregation states of Aβ
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194.5

BET A -A M Y L O ID ( 1 -40) P E P T ID E  A N D  A ST R O C Y T IC  ION  
C H A N N ELS . T.O. Jalonen* and C.J. Charniga. D ivision o f  
Neurosurgery, A-60, A lbany M edical C ollege, Albany, N .Y. 
12208.

O ne o f  the factors causing neuronal death in A lzheim er’s 
disease is suggested to be the accum ulation o f beta-amyloid  
peptides (beta-A P) in senile plaques in brain. A ccording to 
studies on artificial lipid bilayers and neurons, beta-A P both  
m odulates endogenous calcium channels and forms giant 
nonselective cation channels, and thus causes im balance in 
intracellular calcium (C aj). Glial cell responses to beta-A P are 
still largely unknown, though increased numbers o f reactive 
astrocytes are found around the senile plaques. W e here show  
that a majority o f  the acutely isolated and cultured rat cortical 
astrocytes do not show increased Cai (m easured with Fura-2) 
after addition o f 1 uM  freshly prepared b eta-am yloid(l-40) 
peptide solutions, though occasional transient C ai increase is 
detected. Exposure to 1 uM concentrations o f  m etal ions (A 13+, 
Z n 2 + , P b 2 + ) leads to m orphological changes in astrocytes, 
especially in their nuclei, but even then no consistent increase in 
Cai is detected  after beta-A P addition. In patch-clam p single-
channel recordings w e have d etected  m odulation o f K +  and Cl-
channel activity, as w ell as occurrence o f  giant currents related to 
the addition o f  100 nM to 20 uM beta-A P. Thus, also in 
astrocytes beta-A P is able to both m odulate the endogenous 
channel function and form pores causing larger ion fluxes and 
eventual m em brane breakdown.

194.7

A G PR O T E IN -D E P E N D E N T  M E C H A N IS M  IS 
IN V O L V E D  IN T H E  PO T E N T IA T IO N  OF  
N E U R O N A L  C A L C IU M  C H A N N E L  C U R R E N T S  
M ED IA TED  BY A M Y L O ID  β  P E P T ID E . L. K.
Simmons*. W. Y. Li and D. L. Czilli. CNS Research, LRL, 
Eli Lilly & Co, Indianapolis, IN 46285  

Membrane conductances activated by amyloid β  peptide 
(Ap) may contribute to the cytosolic Ca+  overload believed 
to underly the toxic actions o f this peptide. W e used whole-
cell voltage-clamp protocols to study Ap interactions with 
voltage-sensitive Ca2+ channels (VSCCs) in rat hippocampal 
neurons. A β  1-40 and Ap 1-42 elicited a rapid onset and 
potent (threshold response below 10 nM) increase in VSCC  
currents. Since neuronal Ca2+ function can be regulated by 
receptors functionally G protein-coupled to VSCCs, we 
investigated whether a G protein-dependent process was 
involved in the Ap modulatory response. When the GTP in 
the pipette solution was hydrolyzed to the inactive GDP 
isoform, Ap did not alter VSCC currents. Moreover, cells 
preincubated with 100 nM pertussis toxin did not display A β-
mediated increases in VSCC currents, suggesting that the G 
protein involved is a member o f the Gi/Go family. These 
findings identify a novel mechanism whereby A β  interactions 
with membrane ion channels could lead to a disruption of 
intracellular Ca2+ homeostasis.

194.9

THE AMPLIFYING EFFECT OF BETA-AMYLOID ON CELLULAR 
CALCIUM SIGNALLING IS REDUCED IN ALZHEIMER’S DISEASE. A.
Eckert*. H. Förstl. H. Hartmann and W.E. Mailer. Depts. 
Psychopharmacology & Psychiatry, Central Institute of Mental Health, 
68159 Mannheim, Germany

There is growing evidence that β-amyloid (ßA) influences neuronal Ca2+ 
regulation and renders neurons more sensitive to stimuli elevating free 
intracellular calcium (lCa2+]i). To investigate the effects of ßA on Ca2+ 
homeostasis in man it is necessary to use peripheral tissues as model system. 
The mitogen-induced Ca2+ response in circulating human lymphocytes of 
healthy volunteers is similarly affected by ßA to its effects on central 
neurons. In the present study we investigated the effect of the ßA fragment 
25-35 (BA25-35) on Ca2+ signalling in lymphocytes of patients with 
Alzheimer's disease (AD) (n=40). These findings were compared with non- 
demented age-approximated controls (n=  34).   BA25-35 significantly
amplified the Ca2+ response following phytohemagglutinin (PHA) 
stimulation of the lymphocytes of the aged controls. The amplifying effect on 
Ca2+ signalling was significantly reduced in lymphocytes from AD patients. 
No significant differences were observed in Ca2+ responses to BA25-35 
between early- and late-onset AD patients. Our findings indicate that the 
sensitivity or the lymphocyte for ß-amyloid's effect is reduced in a high 
percentage of patients with probable or possible AD. Therefore, the effect of 
ß-amyloid on Ca2+ regulation represents a promising peripheral marker for
AD. Furthermore, we investigated the inhibition of the PHA induced Ca2+ 
response by tetraethyl ammonium (TEA) looking for possible potassium 
channel dysfunction in AD. There was a tendency to lower TEA effects on 
[Ca2+]i elevation after PHA stimulation in the AD group (n =  14) compared 
to aged controls (n=12). Further studies on the mechanisms of the reduced 
reponse to ß-amyloid and the possible involvement of ionic channel 
properties might give important insights in the molecular pathology of AD.

194.6

SECRETED PAPPs MODULATE NEURONAL EXCITABILITY BY 
ACTIVATING K+ CHANNELS THROUGH A cGMP PATHWAY.
K. Furukawa*. S.W. Barger. E. M. Blalock and M .P. M attson Sanders- 
Brown Research Center on Aging and Dept, of Anatomy & Neurobiology,
University of Kentucky, Lexington, KY 40536.

Secreted forms of the Alzheimer's β-amyloid precursor protein (sAPPs) are elicited 
from membrane-spanning PAPPs in an activity-dependent manner in neural cells.
We previously reported that sAPPs modulate neuronal plasticity and survival, at 
least partially through regulation of [Ca2+]i (Neuron 10:243 [1993]; J. Neurobiol. 
25:439 [1994]). In cultured rat hippocampal neurons, outward current and 
hyperpolarization were induced by the application of 1 nM sAPP (695 or 751) under 
voltage-clamp and current-clamp conditions, respectively. These responses were 
completely blocked by 4-aminopyridine (4-AP), indicating that K+ channels were 
responsible. sAPPs increased voltage activated K+ current (Ik ) to approximately 
150% of control level at step pulses from -60 to +80mV. Antibodies recognizing a 
specific domain of sAPP (a.a. 444-595 of APP695) blocked the activation of Ik  by 
sAPPs. In order to determine the type of K+ channels activated by sAPPs, we 
employed glibenclamidc, apamin and charybdotoxin (CTX). Only CTX blocked 
activation of Ik  by sAPPs. Single channel recordings demonstrated that sAPPs 
activate high-conductance CTX-sensitive K+ channels. Rp-8-cGMPS, a selective 
inhibitor of cGMP-dependent protein kinase, blocked the activation of Ik  by sAPPs 
and a membrane permeant cGMP analog mimicked the activation of Ik  by sAPPs. 
[Ca2+]i imaging using the dye fura-2 showed that K+-channel agonists pinacidil and 
diazoxide mimicked, and 4-AP abolished, the [Ca2+]i-lowering effect of sAPPs, 
indicating that activation of Ik  by sAPPs stabilizes Ca2+ homeostasis. Our data 
show that sAPPs modulate neuronal excitability and suggest important roles for 
sAPPs in activity- and Ca2+-dependent processes including developmental and 
synaptic plasticity.

194.8

A SECR ETED  ISO FO R M  O F TH E A M Y L O ID  PR EC UR SO R  
PR O TEIN  (SAPP751) INH IBITS T H E PO TEN TIA TIO N  OF  
N EUR O N A L V O LTA G E-SEN SITIV E C A LC IU M  CHANNEL  
A CTIV ITY  M ED IA TED  BY  A M Y LO ID  A β PEPTID E (Ap).
Y. Li. * D. L. Czilli. J. E. Hale. J. P. Butler. D. B. McClure. S. P. 
Little and L. K. Simmons. CNS Research, Lilly Res. Labs., Eli Lilly 
& Co., Indianapolis, IN 46285.

Although Ap may have a primary role in Alzheimer’s disease (AD) 
neurodegeneration, different forms o f sAPP appear to serve 
physiological functions as neurotrophic factors that enhance neuronal 
survival in cultures exposed to Ap, while stabilizing intracellular 
calcium levels. Since we have recently demonstrated that direct 
application o f A β(l-4 0 ) can potentiate the activity o f neuronal 
voltage-sensitive calcium channels (Simmons et al., 1995), we 
investigated whether recombinant sAJ’PTSI can interfere with this 
A β-mediated modulation o f calcium channel response. Sister cultures 
o f ED 18 hippocampal cells were incubated in defined medium with or 
without 30 nM sAPP751 for 24 hours. Calcium channel responses 
were assessed using whole-cell voltage-clamp protocols. Neurons 
preincubated with sAPP751 revealed no changes in calcium channel 
response (relative to control) with direct application o f 1 µM Ap. 
Conversely, 1 µM A β induced a 1.6-fold increase (relative to control) 
in calcium channel response in neurons preincubated with the defined 
medium vehicle alone. These findings suggest that the 
neuroprotective properties o f sAPP751 and the toxic actions o f Ap 
may reflect interactions with a common calcium channel population.

194.10

ENANCHEMENT OF EAA-NEUROTOXICITY IN 25-35-p-AMYLOID- 
TREATED CEREBELLAR GRANULE CELLS. A Scorziello. O. Meucci. M. 
Fattore. M. Grimaldi. T. Florio.§C. Ventra*. #M. Salmona. #G. Forloni and ^G.
Schettini Dept. Neurosci. Sect. Pharm., Univ. Napoli, §Casa di cura Villa Chiarugi' 
Nocera Inferiore, Salerno, #Inst. Pharm. Res. Mario Negri, Milano, ^Chair of 
Pharm., Inst. of Clinical and Experimental Oncology, Univ. Genova, ITALY.

Cerebellar granule cells were used to study glutamate neuroxicity during their 
postnatal maturation. Cells at different stages of maturation in vitro (3 or 7 DIV), 
were challenged with glutamate (500 µM for 30 min in Locke'solution without 
Mg+ and containing 2.3 mM CaCl2), and neuronal viability assayed 72 hr after 
treatment, by fluorescein diacetate and by counting nuclei of intact cells. Glutamate 
was not toxic when added to 3 DIV cerebellar granules, while it significantly 
affected neuronal viability of 7 DIV cerebellar cultures. The pretreatment of both, 3 
and 7 DIV cerebellar granule cells, with 25-35-β-amyloid (P-25-35) fragment for 
48 hr, was able to induce glutamate toxicity in "immature" cells, and to potentiate 
glutamate-induced neurotoxicity in mature cerebellar granules. To study 
intracellular pathways mediating this effect, we analyzed the alterations of calcium 
homeostasis following glutamate stimulation, in control and p-25-35-treated single 
cells, by using fura 2 and image analysis, β-25-35 did not modify basal [Ca2+]i, 
while significantly affected glutamate-induced [Ca2+]i increase, namely keeping a 
sustained plateau phase of [Ca2+]i also after glutamate removal.
In conclusion, these results suggest that an alteration in calcium homeostasis 

following exposition to p-25-35, could be responsible for the enhancement of 
glutamate-induced neurotoxicity in cerebellar granule cells (MURST 40% 1993, 
T.P. AGING CNR 1993, AIDS 1994 GRANTS to G.S.).



SUNDAY PM BETA-AMYLOID: NEUROMODULATION 479

194.11

BETA AM YLO ID  PEPTIDE (1-42) DEPRESSES EVOKED  
A C E T Y L C H O L IN E  R E LE A S E  IN C U LTU R E D  C IL IA R Y  
GANGLION NEURONS. S. M iller and D. B. G ray*. Departm ent of 
Biology, S im m ons College, 300 The Fenway, Boston, MA 02115.

The avian ciliary ganglion is m ade up of cholinerg ic neurons and 
contains a subset of cells expressing som atostatin. This is also true of 
presynaptic neurons in the hum an CNS which lose cholinergic content 
and die as a resu lt of A lzh e im er's  D isease (AD). C ilia ry  ganglion 
neurons also innervate the iris which has been recently used in an early 
diagnostic test fo r AD. Recent evidence has implicated the presence of 
mature neuritic plaques containing insoluble beta am yloid peptides as a 
precursor to neuronal degeneration associa ted with AD. In this study, 
the beta am yloid peptide fragm ent 1-42 was 'aged' fo r 7 days and then 
incubated for 20 hours at a concentration of 25 um with cultured stage 40 
em bryonic chick ciliary ganglion neurons. At this concentration aged 1- 
42 peptide solution clearly contained insoluble crystals which decorated 
the neurons. Peptides were added 30 min a fte r neuronal plating to 
prevent effects on cell-substrate adhesion. Control wells either had no 
peptide or were incubated with am yloid fragm ent 1-28 which has not 
been reported to have any toxic effects. Acetylcho line (ACh) release 
was m easured with labeled choline and evoked by 60 mM potassium -
Tyrodes. The presence of beta peptide 1-42 blocked 70 -90 % of K-
evoked release relative to either control. Interestingly, only 10 % of this 
dram atic effect could be accounted fo r by decreases in uptake of the 
precursor, tritium -labeled choline chloride. This in vitro preparation can 
be used to investigate cellu lar m echanism s underlying degradation of 
ch o line rg ic  function  as well as neu ro tox ity .    Su pported  by The 
S immons Fund for Research.

194.13

IN VIVO EFFECTS OF AMYLOID PEPTIDES LOCAL INJECTION ON RAT 
FOREBRAIN CHOLINERGIC NEURONS: MORPHOLOGICAL, NEURO-
CHEMICAL AND BEHAVIORAL STUDIES. L. Giovannelli. F. Casamenti. C. 
Scali. L. Bartolini and G. Pepeu*Dept Pharmacol., Univ. Florence, ITALY 50134.

The extracellular deposition of β-amyloid (Aβ) in senile plaques is one of the 
neuropathological hallmarks of Alzheimer's disease (AD) and might be crucial to 
initiate the associated neuronal degeneration. As the cholinergic system is severely 
compromised in AD, we have investigated the effects of A(3 on cholinergic forebrain 
neurons by injecting 10 µg of Aβ fragments 1-40, 25-35 or scrambled 25-35 into the 
right nucleus basalis (NB) of 3 month-old Wistar rats. At different times, cortical 
ACh output was studied by microdialysis, cognitive function was assayed by passive 
avoidance and object recognition (OR) tests, and the brains were prepared for 
histology. Congo Red staining showed a birefringent deposit of aggregated peptide at 
the injection sites of β 1-40 and 25-35. but not of the scrambled. peptides. However. 
while the (3 25-35 deposit lasted for about 2 wks, the β 1-40 one was detectable up to 
at least 4 mo. A decrease in the number of cholineacetyltransferase (ChAT)-immuno- 
reactive neurons in the NB was also found 1 wk after injection of all peptides 
including the scrambled. However, after 2 mo such a decrease was only detectable in 
the β 1-40-injected rats (-30%), while a complete recovery of ChAT IR was observed 
following the other treatments. The reduction in ChAT IR was paralleled by a 
decrease in ACh output from the parietal cortex ipsilateral to the injection. While no 
major peptide effect was observed on passive avoidance up to 2 mo post-surgery, 
disruption of OR was brought about by (3 25-35 in the first wks and by β 1-40 
starting 2 mo post-surgery. The effects of β 1-40 on ChAT IR, ACh release, neurite 
morphology and cognitive function are currently being evaluated at longer times (4 to 
6 mo). The results so far obtained indicate that the deposition of Aβ may contribute 
to the cholinergic deficit associated with AD. Furthermore, rats injected with the β 1- 
40 peptide may be a useful model to study the long term effects of Aβ deposition in 
the brain Supported by a CNR grant- Target Project on Aging.

194.15

EFFECT OF OF β-AMYLOlD PEPTIDE INJECTIONS ON MUSCARINIC 
RECEPTORS IN RAT HIPPOCAMPUS. Neelam Narane* NeuroDsvchiatric Research 
Institute, 700-1st Ave. South, Fargo, ND, 58103, Departments of Neuroscience, 
Pharmacology & Toxicology, University of North Dakota, School of Medicine, Grand 
Forks, ND 58202.

Deposits of beta amyloid peptide (PAP), and degenerated neurons are some of the 
charactensties of patients with Alzheimer’s disease (AD). This peptide has been shown 
to be neurotoxic when injected into rat hippocampus or incubated m cell cultures 
However, the mechanism by which this neurodegeneration occurs is not known . In 
addition, many receptors, particularly muscarinic receptors are known to be altered in 
AD patients and aging. In order to examine whether the neurotoxicity induced by 
amyloid peptide affects the muscarinic receptors, we injected beta amyloid 1-40 
fragments in rat hippocampii and examined changes in various subtypes of muscarinic 
receptors using autoradiography and in situ hybridization techniques. One group of Long 
Evans rats were unilaterally mjected with 3 nmols (2 µl) of βAP fragments in the 
hippocampus, whereas the second group was injected with the vehicle m the same 
coordinates

A significant decrease (11-23%) in [3H] QNB binding in all hippocampal layers 
were detected in the lesioned rats, when compared to controls. Both M1 receptor 
binding (labeled with [3H] pirenzepme) and mI mRNA were reduced (8-16%) in CA1, 
CA2 , CA3 , and dentate gyrus of the hippocampii of the lesioned brains Similarly, a 
significant decrease in [3H] AFDX-384 binding, but no change in m2 mRNA was 
observed m the lesioned rats, m3 mRNA was also reduced in dentate gyrus and CA1 
region of the hippocampus. However, no difference was found m nu mRNA in any of 
the hippocampal layers The data suggest that β amyloid peptide are neurotoxic and may 
modulate muscarinic receptors and the mRNA encoding some of the receptor subtypes.

194.12

THE AMYLOID-β PROTEIN REDUCES THE INTRACELLULAR  
LEVELS OF ACETYLCHOLINE IN A MURINE SEPTAL CELL 
LINE, SN56. W .A . Pedersen and J.K. Blusztain.* Department of 
Pathology, Boston Univ. School of Medicine, Boston, MA 02118.

Ap, a 39-43 amino acid fragment of the β-amyloid precursor protein, 
has been implicated in the pathogenesis of Alzheimer’s disease (AD), 
but a relationship between reduced expression o f cholinergic markers 
in AD and Ap deposition has not been established. Treatment of SN56 
cells with Ap 1-28, 25-35, 1-40 and 1-42 reduced the intracellular 
levels o f acetylcholine (ACh) as determined by HPLC. Ap 1-28 at a 
saturating concentration o f 50 pM resulted in a 33% decrease in the 
levels of ACh after 48 hours, whereas Ap 1-42 caused a reduction of 
approximately 40% over the same period when administered at a 
saturating concentration of 100 nM. In an experiment where several 
peptides were tested at a concentration of 10 nM for 48 hours, A β 1-40 
was found to be only 50% as effective as A β 1-42 at reducing the 
intracellular levels of ACh in SN56 cells, Ap 1-28 was as effective as 
Ap 25-35, and Ap 1-16 was inactive. We also observed that treatment 
of the cells with A β 1-28 (50 pM) or A β 1-42 (5 nM) for several weeks 
caused no further reduction in ACh levels. No cytotoxicity o f the 
peptides was observed at the concentrations tested (up to 1 µM). Our 
results suggest that Ap suppresses the cholinergic phenotype of septal 
neurons at sub-toxic concentrations, an event which may precede the 
degeneration of these neurons in AD and may contribute to the loss of 
memory and learning functions characteristic of this disease.
(Supported by AG09525)

194.14
TIME COURSE ANALYSIS OF ACETYLCHOLINE NEUROTRANSMISSION 
AFTER INJECTION OF N-METHYL-D-ASPARTATE INTO THE NUCLEUS 
BASALIS MAGNOCELLULARUS. P.A. Shea*. T.M. Kerr, S.T. 
Ablers, W. Wallace2, and V. Haroutunian3 Naval Med. Res. 
Inst., Bethesda, MD;3Nat. Inst. Aging, Baltimore MD, and 
3Bronx VA, Bronx, NY.

Administration of N-Methyl-D-Aspartate (NMDA) into the 
Nucleus Basalis Magnocellularus (NBM) produces a reduction 
in ACh and subsequent increase in ß -amyloid precursor 
protein (ß -APP) . We have previously demonstrated that brief 
hypofunction of the NBM after infusion of the local 
anesthetic lidocaine is sufficient to increase cortical ß -
APP. In order to further characterize the relationship of 
ACh to ß-APP, we measured ACh before, during, and after 
infusion of NMDA in anesthetized rats in which 3mm 
microdialysis probes had been inserted on the contralateral 
and/or ipsilateral side. 2 µl of 50mM NMDA was infused 
into the NBM at a rate of 0.5 µ l/min. Rats were maintained 
at a surgical plane of anesthesia with an initial dose of 
400 mg/kg chloral hydrate (CH) and supplemental doses as 
needed for a period of 6-8 hours. For dialysis sampling 
beyond 8 hours, rats were lesioned, allowed to recover, re-
anesthetized, and then sampled over several hours. The flow 
rate was 1.5 µl/min and samples were collected every 20 
minutes. Cerebral spinal fluid (CSF) was collected from the 
cistema magna after rats were given a euthanizing dose of 
CH. Infusion of NMDA into the NBM resulted in a rapid 200% 
increase of ACh on the ipsilateral side. This increase was 
sustained for six hours and then decreased to below 
baseline levels thereafter. The increases and subsequent 
decreases in cortical ACh corresponded to specific 
alterations in ß -APP measured in CSF. These data 
demonstrate the functional relationship between ACh and ß - 
APP .

194.16

REDUCTION OF TYROSINE HYDROXYLASE AND GLUTAMATE IN 
THE LOCUS COERULEUS AS WELL AS CHOLINE 
ACETYLTRANSFERASE IN THE MEDIAL SEPTUM FOLLOWING 
THE INTRAHIPPOCAMPAL INJECTION OF β-AMYLOID PEPTIDE 
(25-35). Charles D. Barnes* and Shiouh-Yi Chen. Department of 
Veterinary and Comparative Anatomy, Pharmacology and Physiology, 
Pharmacology/Toxicology Program, Washington State University,
Pullman, WA 99164-6520.

Alzheimer’s disease is associated with the presence of (3-amyloid plaque 
and cell loss in the cortex and certain subcortical structures. To 
investigate if the subcortical changes are due to the accumulation of β- 
amyloid protein (βAP), the major constituent of neuritic plaques, in the 
cortex, multiple injections of β AP fragment β (25-35) (1 or 3 nmol, 1 
µl/site, 3 injection sites) were administered into rat left hippocampal area 
CA1-3 and dentate gyrus once a week for one or two weeks. The 
immunoreactivities of tyrosine hydroxylase (TH) and glutamate (Glu) in 
the locus coeruleus (LC) as well as choline acetyltransferase (ChAT) in the 
medial septum (MS) were studied at 1-week or 3-month survival times.

One week following the intrahippocampal injection, in addition to the 
hippocampal tissue damage, one injection of β(25-35) at either dose also 
substantially reduced the ChAT immunoreactivity in the MS and repetitive 
injections of 3 nmol of (3(25-35) decreased the TH and Glu expressions in 
the LC. The loss of ChAT neurons was in a dose-dependent manner. 
Moreover, the severity of these effects was progressive over time. At 3- 
month survival time, the hippocampal lesions progressed to a remarkable 
loss of dorsal hippocampus and atrophy of cerebral cortex as well as 
enlargement of the ventricles. The enzyme expressions in the MS and LC 
were further reduced at this time point. These results suggest that 
accum ulation  of β AP in the cortex over tim e could lead to 
neuropathological changes in the subcortical regions.
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194.17

AMYLOID β-PROTEIN DIRECTLY INHIBITS ENDOGENOUS ACETYLCHOLINE 
RELEASE IN THE HIPPOCAMPAL FORMATION: A ROLE AS NEUROMODULATOR. 
S. Kar*. D. Scto, P. Gaudreau# and R. Quirion Douglas Hospital Res. Centre, 
Depts of Pharmacol. & Psychiatry, McGill Univ., # Hopital Notre-Dame, Univ. 
Montreal, Montreal, Canada.

Excessive extracellular deposition of ß-amyloid protein in brain parenchyma 
and cerebral blood vessels is a pathological hallmark of Alzheimer's disease 
(AD). Until recently, it was assumed that an aberrant AD-specific proteolysis 
generated ß-amyloid peptides which subsequently could initiate and/or contribute 
to plaque formation and losses of basal forebrain cholinergic neurones that 
provide major inputs to the hippocampus and the cortex. However, the recent 
detection of soluble ß-amyloid fragments in the cerebrospinal fluid of normal 
individuals as well as in the media of brain cell cultures suggest a role for ß- 
amyloid peptides in normal brain functions. In the present study, we investigated 
the potential effects of ß-amyloid related peptides on the release of endogenous 
acetylcholine (ACh) from rat hrain slices. ß-amyloid 1-28, in a concentration 
dependent manner (10-18 - 10-8M), was found to potently inhibit K+-evoked 
ACh release from hippocampal slices. The inhibition of ACh release was found 
to be fully reversible and was also observed using ß-amyloid 1-42, ß-amyloid 1-40 
and ß-amyloid25-35 but not with random or reverse ß-amyloid peptide sequences. 
The evidence that tetrodotoxin (10 µM) failed to alter the effect of B-amyloidl-28 
on ACh release suggests a direct action of the peptide on hippocampal 
cholinergic nerve terminals. Interestingly, besides the hippocampal formation, 
the inhibitory effect of B-amyloidl-28 was also observed in frontal cortical slices 
but not in the striatum - this is in accordance with the preferential vulnerability 
of hippocampal and cortical vs striatal cholinergic afferents in AD. Taken 
together, our results demonstrate that ß-amyloid can regulate the in vitro release 
of ACh by acting directly on cholinergic terminals. Accordingly, ß-amyloid 
peptides should be considered as a new family of neuromodulator. Additionally, 
the evidence that selected cholinergic neurones respond to ß-amyloid provides a 
potential link between deposition of ß-amyloid and the preferential vulnerability 
of certain cholinergic projections in AD. (Supported by MRCC and FRSQ)

194.19

AMYLOID β-PEPTIDE DISRUPTS CARBACHOL-INDUCED MUSCARINIC 
CHOLINERGIC SIGNAL TRANSDUCTION IN CORTICAL NEURONS. J.F.
Kelly*. K. Furukawa, S.W. Barger, M R. Renaen. G.S. Roth and M.P. Mattson 
Gerontology Res. Ctr., NIA/NIH, Baltimore, MD 21224 and Sanders-Brown 
Res. Ctr. on Aging and Depts of Anatomy and Neurobiology, University of 
Kentucky, Lexington, KY 40536.

Diffuse amyloid plaques and impairments in muscarinic cholinergic signal 
transduction are both pathognomonic of Alzheimer’s disease. However, it 
is unclear whether β amyloid accumulation per se causes cholinergic 
deficits. Recent evidence suggests that Aβ may produce free radical- 
mediated neuronal toxicity. In order to investigate whether Aβ causes 
impairment of muscarinic cholinergic signalling, we exposed cultured rodent 
fetal cortical neurons to 20-50 µM AP25-35 for varying periods of time. Basal 
and carbachol (CB) stimulated low Km GTPase activity, inositol phosphate 
production and calcium release [Ca2+]i were assessed. AP25-35 exposure 
resulted in (1) a reduction in CB stimulated, but not basal low Km GTPase 
activity [(C) 18 ±3.6 % increase over basal vs (AP) 5 ±2.5%; p< 0.05]; (2) a 
complete loss of CB-induced IP3/4 accumulation; and (3) a complete loss of 
CB-induced increase in [Ca2+]i. Preincubation with vitamin E (50 µg/ml) 
significantly attenuated Aβ effects on GTPase activity. Vitamin E and propyl 
gallate(50 pM) completely restored and PBN (50 pM) partially restored [Ca2+]i 
response to CB. These data suggest the possibility that Aβ - mediated free 
radicals produce a disruption in muscarinic cholinergic signal transduction 
by interfering with receptor-G protein coupling.

194.18

AMYLOID β-PROTEIN INHIBITS ACETYLCHOLINE RELEASE FROM 
THE HIPPOCAMPAL FORMATION IN BEHAVING RATS: AN IN VIVO 
DIALYSIS STUDY SUGGESTING A  ROLE AS NEUROMODULATOR. 
1D.S. Auld* 1 ,2 A, Hers, 1S. Kar. 2P, Gaudreau and 1R. Quirion. Douglas 
Hospital Res. Centre, Depts of Neurology & Neurosurgery & Psychiatry, 
McGill Univ., 2Hopital Notre-Dame, Univ. of Montreal, Montreal, Quebec, 
Canada

Amyloid ß-protein, the major component of cerebral and cerebrovascular 
plaques in Alzheimer's disease (AD), is derived from the proteolytic cleavage 
of amyloid precursor protein (APP). Since the piuporated normal processing of 
APP precludes the formation of intact ß-amyloid, it was believed that an 
aberrant AD-specific proteolysis generates ß-amyloid which subsequently 
contributes to the cascade leading to plaque formation and loss of selected 
neuronal populations. However, the recent detections of soluble ß-amyloid 
fragments in the cerebrospinal fluid of normal individuals and in the media of 
brain cell cultures suggest a role for ß-amyloid peptides in normal brain 
physiology. Considering the neurotoxic potential of ß-amyloid and the 
selective vulnerability of hippocampal/cortical cholinergic projections in AD, 
it is highly relevant to address the physiological role of ß-amyloid in the 
regulation of cholinergic functions. Using in vitro slice preparations we have 
shown that ß-amyloid related peptides potently inhibit K+ -evoked  
acetylcholine (ACh) release from the rat hippocampal formation (S. Kar et al., 
this meeting). We have now investigated the effects of ß-amyloid related 
peptides on hippocampal ACh release in awake, freely moving rats using in 
vivo microdialysis. Our results show that B-amyloid25-35 ( lµM - 10 µM) 
significantly reduced the basal level of ACh release in the hippocampal 
formation. Moreover, a random ß-amyloid25-35 (10 µM), unlike the regular 
sequence, did not alter hippocampal ACh release. These data reinforce the role 
of ß-amyloid related peptides in the regulation of ACh release from the rat 
hippocampal formation thus providing evidence that these peptides may act as 
an endogenous ACh neuromodulators. (Supported by MRCC, FRSQ and 
Alzheimer Soc. Canada)

DEGENERATIVE DISEASE: ALZHEIMER'S — COGNITIVE FUNCTION

195.1

SOURCES OF PRIMING OF THE REREADING EFFECT. EVIDENCE FOR 
INTACT IMPLICIT MEMORY FOR NEW ASSOCIATIONS IN OLDER 
ADULTS AND IN PATIENTS WITH ALZHEIMER'S DISEASE. L. A.
Monti*. J, D. E, Gabrieli. R. S. Wilson. C. J. Vaidva. E. Grinnell. and D, 
Aikins. Rush Alzheimer's Disease Center, Chicago, IL 60612.

Explicit memory declines in normal aging, and declines even more in 
Alzheimer's disease (AD), but implicit memory often remains unaffected by aging 
and AD. Most reports of intact implicit memory in AD involve the processing of 
individual items and, therefore, do not examine the acquisition of new associations 
between items. One study, however, found that AD patients show normal 
decreases in times for successive readings of text indicating that they can 
implicitly learn associations between words. This conclusion remains tentative 
because the sources of priming that underlie the rereading effect in older adults and 
patients with AD have never been systematically evaluated. We investigated the 
sources of priming that contribute to the rereading effect in 18 younger adults 
(mean age = 20 yrs), 18 older adults (mean age = 71 yrs), and 18 mildly demented 
AD patients (mean age = 73 yrs). Subjects read a meaningful text three times in 
succession (a measure of priming for meaning), a meaningless or scrambled 
variant of a text three times in succession (a measure of between-word associative 
priming), and three unique meaningless or scrambled variants of a text (a measure 
of word-level priming). After the third reading in each condition, a recognition 
test was administered. For explicit memory, older and younger adults had similar 
recognition scores; AD patients had impaired scores. Priming was not dependent 
on explicit memory, because it was intact in AD patients. Priming in all groups 
was equivalent in the meaningful text and repeated meaningless text conditions, 
indicating that text meaning did not contribute to priming. Priming in all groups 
was less but still reliable in the unique meaningless text condition. These results 
indicate two bases of the rereading effect: (1) a larger between-word associative 
basis, and (2) a smaller word-level basis. Both priming components appear to be 
intact in older healthy and AD subjects. Supported by Alzheimer's Association 
Grant # IIRG-94-059.

195.2

ABNORMAL LEXICAL ACTIVATION IN ALZHEIM ER’S DISEASE: 
EVIDENCE FROM TARGET DEGRADATION IN A SEMANTIC 
PRIMING TASK R. McGlinchev-Berroth*. W. Milberg. L. Grande. Geriatric 
Research, Education and Clinical Center, Brockton/West Roxbury VA Medical 
Center and Harvard Medical School.

The nature of the semantic memory deficit in patients with Alzheimer’s disease 
is controversial. Facilitation in semantic priming tasks suggests that the structure 
of semantic information is intact in AD. However, larger-than-normal priming 
effects observed in some patients ( ‘hyperpriming’) and semantic judgment deficits 
suggests possible structural problems with semantic memory. This study 
investigated whether physical degradation of a target word, known to produce 
increased priming in normal subjects, would add to or interact with the priming 
effects in AD and thus suggest a possible locus of impairment in AD.

Twelve normal controls (NC) and 7 AD patients have participated in a semantic 
priming, lexical decision task. Within subject manipulations included target 
quality (undegraded, degraded) and prime type (related, unrelated). Subjects were 
tested with an ISI of 400 ms or 1200 ms. A significant interaction of group, target 
quality and prime type revealed greater priming given a degraded compared to an 
undegraded target in NC’s, attributable to an increase in RT to unrelated targets 
(p<.01). AD patients showed significantly greater priming than NC’s in the 
undegraded condition (p<.05) and significantly less priming in the degraded 
condition relative to the undegraded condition (pc.05), attributable to an increase 
in RT following related primes and a decrease in RT following unrelated primes. 
Normal models of this effect (see Neely, 1991) would suggest that semantic 
information from both related and unrelated primes had a reduced influence on the 
processing of targets whose identification had been slowed by degradation. This 
would imply that for AD patients the primed pool of structurally normal semantic 
associates show a pattern of initial “hyperactivation” followed by rapid decay. 
Such a deficit in semantic activation would have general implications for the 
semantic memory function of AD patients.
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195.3

PERCEPTUAL AND CONCEPTUAL IMPLICIT PRIMING WITHIN 
A SINGLE TASK IN DEMENTIA OF THE ALZHEIMER’S TYPE. C. 
Fennema-Notestine*, K. Jain,  P. Salmon, and N. Butters. UCSD  
Depts. o f Psychology & Cognitive Science, La Jolla, CA 92093 & 
VAMC Psychology Service, San Diego, CA 92161

Recent theoretical explanations o f the mechanisms underlying 
implicit priming effects have suggested the existence o f separate 
perceptual and conceptual systems. Patients with dementia o f the 
Alzheimer’s type (DAT) are thought to have a deficit in the conceptual 
system, although their perceptual system remains intact. Often, 
however, comparisons of performance are made between different tasks 
confounding the interpretation o f DAT patients' performance since other 
task-specific processes may be deficient in this population. Therefore, 
the perceptual identification priming (PI) task, a task on which DAT  
patients primarily perform normally, was modified to include a 
conceptual component. A list o f "study" words was presented for 
subjects to read aloud and to say whether or not each represented 
something living. The subsequent measure o f PI required subjects to 
identify briefly presented words. Some o f these words were repeated 
from and some were semantically or associatively related to words 
presented in the previous study list. Priming, then, was reflected by the 
change in performance o f identifying repeated (perceptual, repetition 
priming) or related (conceptual priming) words relative to words that 
were unrelated. It was expected that DAT patients' conceptual priming 
would be impaired and their repetition priming normal. The findings 
supported this prediction o f an intact presemantic, perceptual system and 
a deficient conceptual system thought to reflect a degradation in 
semantic memory in DAT patients.

195.5

REMOTE MEMORY FOR PUBLIC EVENTS IN ALZHEIMER’S DISEASE: 
RELATIONSHIPS TO REGIONAL BRAIN VOLUMES. R. Fama. E.V. Sullivan*. 
P.K. Shear. J.A. Yesavage. J.R. Tinklenberg. and A. Pfefferbaum. Dept. of 
Psychiatry and Behavioral Sciences, Stanford University School of Medicine and DVA 
Medical Center, Palo Alto, CA 94304.

Patients with Alzheimer's disease (AD) are deficient in the ability to recognize and 
date public events, and the memory deficits may be temporally graded. Few studies, 
however, have addressed the neuropathological correlates of impairment in specific 
components of remote memory. This study assessed remote memory for public events 
(modified Presidents Test) and MRI-derived regional brain volumes in 11 AD patients 
and 26 age-matched normal controls (NC). The Presidents Test comprised several 
conditions: recognition of paired presidential candidates (past 60 years), election date, 
and identification of candidates from black and white photographs. This measure was 
divided into three time periods to assess temporal gradients of forgetting. Photo 
identification in AD was highly correlated with scores on the Boston Naming Test; 
both measures were selectively correlated with atrophy as measured by frontal sulcal 
CSF volumes that likely included Broca's area. For name recognition of candidate 
pairs, the NC showed better recognition at the more recent periods relative to the most 
remote one, whereas the AD had best performance for the middle period. Total name 
recognition was not related to any brain region studied. For dating of recognized 
candidate pairs, the NC and AD showed opposite gradient directions, with NC 
performance best for the most recent period and worst for the most remote, whereas 
AD showed the opposite gradient. Further, dating performance by AD was related to 
gray matter volume of the prefrontal and frontal-temporal regions. Thus, within AD, 
recognition of public events (i.e., content memory) and dating (i.e., contextual 
memory) have dissociable temporal gradients. Furthermore, ability to date recognized 
events is linked to integrity of the prefrontal and frontal-temporal cortical regions. 
Lastly, remote memory tests based on photo identification may be significantly 
confounded with naming disability. [Funded by MH40041, MH18905, AG11427,
MH30854, DVA]

195.7

THE MECHANISM BEHIND THE APPEARANCE OF BALINT'S 
SYNDROME IN ALZHEIMER'S DISEASE - ANALYSIS OF 
EXPERIMENTS USING A MIRROR AND VISION ANLYZER -
M. Fujii *, Y. Hatakevama. S. Murakami .S. Hayashi , N. Nakano , K. Utsumi ,
Y .Hayashi .Y. Midorikawa. R. Fukatsu , and N.Takahata
Dep. of Neuropsychiatry, Sapporo Med. Univ. Sch. of Med., Sapporo, Japan 060

It is known that visuo-spatial cognitive dysfunctions often occur in Alzheimer's 
disease(AD) patients. Constructional disability is the most frequently observed 
symptom among the visuo spatial cognitive dysfunctions. For example,results of 
tests have shown that AD patients can not copy figures and find it difficult to 
follow the lines of geometrical figure. We have carried out analysis of eye 
movement during the constructional performance of AD patients .and reported that 
the eye movements observed were similar to the abnormal eye movements seen in 
Bilint's syndrome.The mechanism behind the appearance of this symptom in AD 
is still not clear. However,elucidation of this mechanism is important for an 
understanding of the pathophysiology of AD.

As the results of past research have suggested that symptoms of Bálint's 
syndrome appear due to a deficit in the supposition of the coordinate system(Fujii 
et al,1994),we carried out experiments .first using healthy subjects an which the 
subjects copied a mirror-reflection of a geometrical object,and investigated under 
what conditions the Bilint's syndrome-like eye movements appear. The results of 
this experiment.which required a reversal of the visual image,showed that eye 
movements of AD patients,such as deviation of focus from the object,were similar 
to those seen in Bilint's syndrome.

These results suggest that a deficit in the higher brain functions,such as rotation 
of the mental image of the object,plays a role in the mechanism behind the 
appearance of Bilint's syndrome-like eye movements in AD.

195.4

STUDIES ON ALZHEIMER DISEASE PATIENTS SHOW THAT COGNITIVE 
FUNCTIONS ARE LINKED TO EEG REACTIVITY. A. L. Politoff*, N. Monson 
R. Stadter and P. Hass. Neuropsychiatric Research Institute, Fargo VAMC and 
Dept. of Neuroscience, UND Medical School.

The purpose of this study was to investigate the relationships between cognitive 
function (measured by the Mini-Mental Status Examination score) and the ability 
of the EEG to respond to photic stimulation. The power spectra of the EEGs of 
Alzheimer Disease (AD) patients and Age Matched Control (AMC) individuals 
was recorded during the resting state and during rhythmic flash stimulation at 
different frequencies. AD patients had several features that were both abnormal (i. 
e., significantly different from normal) and cognition related (i. e., significantly 
correlated with MMSE scores). The cognition-related abnormalities (CRAs) found 
in the power spectrum of the resting EEG of AD patients were (1) slower dominant 
occipital frequency, (2) decreased resting power in the 10.4 Hz region and (3) 
increased delta power in the frontal regions. The CRAs found in the stimulated 
EEG were (1) decreased responses of the delta band in the frontal regions, (2) 
decreased responses of the alpha, beta and gamma bands of the occipital region to 
all stimulation frequencies tested, particularly to 12 Hz stimulation, and (3) 
decreased number of measurable harmonic peaks induced by 2 Hz stimulation. The 
CRAs observed during the resting state demonstrate that cognitive deficits are 
associated to well defined spectral abnormalities. The CRAs observed during flash 
stimulation reveal that (1) the reactivity of the brain of AD patients to rhythmic 
flash photic stimulation is linearly related to the severity of the cognitive loss and 
(2) cognitive functions of AD patients and AMC subjects are closely linked to the 
ability of the brain to respond to flash stimulation as measured by several 
functions, such as the logarithm of the average power response of the power 
spectrum.

195.6

THE ISHIHARA PLATES ARE A SIMPLE CLINICAL TEST TO 
DETECT VERY MILD DEMENTIA, DISTINGUISH AD FROM VD 
& MEASURE VISUAL CORTICAL ASSOCIATIVE TASKS OF THE 
"WHAT" & ’WHERE" SYSTEMS. WR Shankle* R  
M cC leary.UC Irvine A lzheim er's Disease Research Center.
Rm. 1100. M edical Plaza. M edical Plaza Rd. Univ. o f  Calif..

email: rshankle@uci.edu mccleary@uci.edu
Neither aging nor Alzheimer's (AD) affects red-qreen 

color vision. In addition to red-qreen color 
vision, correct performance of the Ishihara Color 
Plate tasks requires intact object recoqnition & 
cateqori zati on (the Number-naminq task = INN), 
fiqure-qround discrimination & eye-hand 
coordination (the Trai1-tracinq task = IT T )  with 
minimal requirements for other coqnitive skills.
The tasks take about two minutes each. We tested 
378 normal or demented elders usinq the INN & ITT 
tasks. The results suqqest these tasks can 1) help 
differentiate vascular dementia from AD; 2) 
accurately differentiate normal aqinq from dementia 
(th e  INN); 3) measure overall functional skills 
(th e  ITT); 4 ) provide easily obtained, quantitative 
data on object recoqnition & other visual cortical 
associative tasks that are analyzable in diverse 
ways; 5) be a simple clinical tool for detectinq 
very mild dementia & followinq its course.

195.8

COPYING ABILITY CORRELATES WITH EARLY NEURITIC 
CHANGES IN PARIETAL-OCCIPITAL CORTEX IN AD.
K. A. Nielson*. B. J. Cummings, and C. W, Cotman. The Brain Aging and 
Dementia Institute, University of California, Irvine, CA 92717.

Global dementia severity scores generally correlate with neuropathology in 
Alzheimer’s disease (AD). Although many cognitive.tests are localizable to 
specific brain regions, few attempts have been made to determine whether regional 
neuropathology relates to tests of specific regions. Figure copying is primarily a 
parietal-occipital lobe function which is often preserved even into. the late stages of
AD. We examined whether preserved copying relates to less severe 
neuropathology in relevant brain regions (Brodmann areas 7, 19, 18).

Fixed brain tissue was obtained from 12 moderate to severely impaired AD 
patients (mean MMSE = 5.83, range = 0-19) who were cognitively assessed 
within one year of death. Six were “good copiers” (≥ 7/11) while the others were 
“poor copiers” (< 7/11). Areas 7, 19, and 18 were examined by 
immunocytochemistry for abnormally phosphorylated tau protein at both early 
(anti-AT8) and later stages (anti-PHF-1) of neuropil thread and tangle formation. 
Immunostaining was quantified by computer-based imaging to compute total 
PHF-1 and AT8 “loads” for each area and subject. AT8 immunostaining, which 
was abundant in each of the areas examined, correlated well with copying ability, 
particularly in area 18 (r = -.7, p < .01). In contrast, there was very little PHF-1 
staining in the areas examined and there was little correlation with copying 
performance.

Primary sensory areas are known to exhibit little AD neuropathology until 
very late in the disease course. Thus, area 18 showed primarily only very early 
stage pathology (i.e., AT8-positive neuropil threads and tangles) which was highly 
correlated with performance of a cognitive task designed to assess this brain 
region. Therefore, this study demonstrates clear links between a) copying ability 
and parietal-occipital cortex, and b) neuritic pathology and impaired cognitive 
performance in AD.
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195.9

DETECTION OF ALZHEIM ER'S DISEASE W ITH EYEBLINK 
CLASSICAL CONDITIONING AND TH E PUPIL DILATION 
RESPONSE. D. S. Woodruff-Pak*. S. J. Romano. R. M. Hinchliffe. Lab. of 
Cognitive Neuroscience, Philadelphia Geriatric Center & Temple University, 
Philadelphia, PA 19122

The aim of this research was to evaluate two tests that have initially been 
shown to have a high sensitivity and specificity for the NINCDS-ADRDA 
diagnosis of probable Alzheimer's disease (AD): eyeblink classical condi
tioning (EBCC); and the pupil dilation response (PDR). Data were collected 
for 22 elderly subjects (8m, 14f; 68-96 years) who were administered tropic- 
amide (0.01%) in the right eye, videotaped with measurements taken of the 
pupil 8 times in 60 min, and tested in the 400 ms delay EBCC paradigm in 
the left eye. Five were probable AD, and 17 were cognitively normal as 
assessed by the Blessed test. Comparing pupil dilation in the probable AD 
and normal subjects, there was a statistically significant difference between 
the groups with greater dilation occurring in the probable AD patients. With 
the normal elderly subjects, 8 were normal conditioners and 9 were poor 
conditioners. Poor conditioners are at risk for dementia within 3 years after 
testing. At the 29 min post-tropicamide test, probable AD patients had 75% 
pupil dilation, poor conditioners had 19%, and normal conditioners had 11%. 
All 5 probable AD patients fell within the AD range on both tests, making 
the sensitivity of the combined tests 100%. Subjects testing in the normal 
range on the Blessed test but in the poor conditioner range on EBCC show 
more pupil dilation than normal conditioners. These results indicate that there 
is potential utility in combining EBCC and the PDR to detect AD.       Supported 
by AG09752 from NIA and 11-91-059 from the Alzheimer's Association.

195.11

DISORGANIZED EYE MOVEMENT AND VISU0SPATIAL DEFICITS IN 
DOWN'S SYNDROME.
N.Nakano*. S.Murakami, S.Havashi, M.Fujii, R.Fukatsu, KUtsumi, Y.Hayashi
Y.Midorikawa.  +, and N.Takahata
Dep. of Neuropsychiatry, Sapporo Med. Univ.,Sapporo, Japan 060.
+ Prefectural training School for Mentally Retarded, Date, Japan 052.

It is well established that patients of Down's syndrome (DS) show age- 
dependent increase in the incidence of neuropathology associated with 
Alzheimer's disease (AD). However,little is known about the cognitive 
deficits of DS patients, who are associated with AD, presumably because 
of preexisting mental retardation. On the other hand, characteristic eye 
movements are observed in AD patients from the early stage of the 
disease. In this paper, we studied the eye movements of 9  DS(21 trisomy) 
and 9 age-matched simple mental retardation (MR) using vision analyzer 
(TKK939) and compared with those of AD patients. Eye movements of 
the subjects were analyzed when drawing and coping geometric figures, 
and during performance of Raven progressive matrices(RPM).

As a results, 1) eye velocity(EV) of 3 DS (DA) over 35 years old were 
widely distribution and no peak velocity was notable. These findings were 
similar to those of AD patients. In 6 DS(DN) and 9 MR, there were EV 
peak below 12 deg/sec., instead of widely distribution pattern. 2) average 
gazing time (AG) and total gazing time/total performing time of DA were 
significantly lower than DN and MR, except for AG in RPM . 3) gazing 
points of DA distributed in small areas of the figures and RPM map when 
compared to those of DN and M R

These data indicate that DS show visual cognitive deficits similar to 
those of AD. The objective observations of visual cognitive processing 
may provide a better understanding of pathophysiology of DS associated 
with AD.

195.13

PROGRESSIVE NEURODEGENERATION IN RATS AFTER CHRONIC 2-VO OR 3-
VO. I.C. de la Torre*. B.A. Pappas. T. Fortin. Division of Neurosurgery, U of New 
Mexico, Albuquerque, NM 87131

Dementia is characterized by progressive neurodegeneration leading to memory 
impairment. We have reported (Behav. Br. Res. 63:35,94) that 3-vessel occlusion (3- 
VO) consisting of bilateral carotid and left subclavian artery occlusion, for 1-9 weeks 
results in reduced hippocampal blood flow, reactive gliosis, selective CA1 neuronal 
damage, brain phospholipid synthesis alteration and visuo-spatial memory 
impairment. These changes are consistent with pathological abnormalities observed 
in Alzheimer's disease. In this study, we compared 3-VO (N -48) to 2-VO (bilateral 
carotid artery occlusion, N -36) in 10 month moderately aged Sprague-Dawley rats 
and examined the progression of CA1 neuron damage for 1-25 weeks. Histologic 
assessment consisted of silver stains and glial fibrillary acidic protein (GFAP) 
immunoreaction. The water maze and the radial arm maze were used at specific 
time periods to examine memory function. Some rats with 3-VO were subjected to 
3,P-magnetic resonance diffusion weighed imaging (DWI) at 9 and 25 weeks after 
surgery. Results indicate that selective CA1 neuron damage is seen initially 3 weeks 
after 3-VO and progresses steadily to 25 weeks where damage extends to the parietal 
and entorhinal cortex. By contrast, no CA1 damage is seen at 9 weeks after 2-VO 
and a small but significant loss of CA1 cells is observed at 25 weeks. Working 
memory impairment is observed 1 week after 3-VO and this function deteriorates 
progressively with time. Memory impairment is first observed 2 weeks after 2-VO 
in the water maze and after 9 weeks in the radial arm maze. Working memory never 
recovers between 2 and 25 weeks after 2-VO but appears to improve (unlike 3-VO) 
with time. It is concluded that 2-VO and 3-VO can induce dementia-like 
abnormalities in this rat model but that long-term recovery of memory function is 
possible only with 2-VO despite some cell loss of CA1.

195.10

NEUROENDOCRINE RESPONSES TO STEADY-STATE INTRAVENOUS 
INFUSIONS OF ARECOLINE AND PHYSOSTIGMINE IN SUBJECTS WITH 
ALZHEIMER'S DISEASE. S. Asthana.* N.H. Greig. K.C. Raffaele. M.B. 
Schapiro. T.T. Soncrant. Laboratory of Neurosciences, National Institute on Aging, 
National Institutes of Health, Bethesda, MD, and Seattle/American Lake Geriatric 
Research, Education and Clinical Center (GRECC), Tacoma, WA.

It has been hypothesized that cognition enhancement by cholinergic drugs in 
Alzheimer's disease (AD) is mediated by central activation of the hypothalamic- 
pituitary-adrenal (HPA) axis. To address this hypothesis and to characterize 
differential neuroendocrine responses, we measured plasma hormones during high- 
dose acute and low-dose chronic steady-state intravenous (i.v.) infusions of 
arecoline (arec) and physostigmine (phy) in 5 subjects with AD. High-dose 
neuroendocrine responses were measured during and for 24 hours after i.v. infusions 
of arec (5 mg over 30 min) and phy (1-1.5 mg over 45-60 min). Chronic responses 
were measured during i.v. administration of arec (0.5-40 mg/day) and phy (0.5-25 
mg/day) escalating over two weeks (dose-finding), and then during a 1 week 
infusion of the "optimum-dose" in a randomized, double-blind, cross-over 
replication phase. High-dose infusions of both arecoline and physostigmine caused 
significant elevations in ACTH (arec: p=0.002; phy: p=0.0001), cortisol (arec: 
p=0.0001; phy: p=0.0001), and ß-endorphin (arec: p=0.0009; phy: p=0.0003). 
These findings, however, were associated with significant adverse effects in all 
subjects. Chronic infusions during both dose-finding and replication phases were 
free of side effects, and did not result in significant elevations (p>0.20) in any of the 
measured hormones at any dose of either drug. Replicable improvements in verbal 
memory were found, and did not correlate (p>0.10) with alterations in any 
hormones during administration of both the drugs. These results demonstrate that 
high doses of cholinomimetic drugs activate the HPA axis, likely representing a 
"stress response". Cognition-enhancing doses of these drugs, however, neither 
produce a peripheral corticosteroid response nor a differential neuroendocrine 
response in same subjects. Hence, arecoline-and physostigmine-induced memory 
improvement is independent of the activation of the HPA axis.

195.12

C O G N ITIVE AND C EREBR AL M ETABO LIC  EFFECTS OF 
SC O PO LAM IN E IN O LD ER  AD ULTS. J. A. M atochik*, S. E. 
M olchan, A. M artin . A. J. Zam etkin , R. M. Cohen and T. 
Sunderland. Lab. o f C erebral M etabolism , and the Section 
on G eria tric Psychiatry, NIMH, Bethesda, MD 20892.

Scoplam ine, a m uscarin ic antagonist, causes tem porary 
m em ory im pairm ent w hich can be used to m odel cognitive 
defic its  tha t accom pany d isruption o f the cholinergic 
pathways, such as tha t w hich occurs in A lzhe im er's d isease. 
Six o lder subjects (3 m ales, 3 fem ales; ages 62-79) with 
W echsler in te lligence and m em ory scale scores in the 
average or h igher range w ere included in the study. The 
effect o f an in travenous injection o f 0.5 mg scopolam ine on 
functiona l brain activ ity  and m em ory function  w as determ ined 
in tw o consecutive (baseline vs. drug) positron emission, 
scans using [18F]2-fluoro-2-deoxy-D -g lucose as the tracer. 
G lucose m etabolism  w as decreased a fte r scopolam ine 
adm in istra tion in 13 o f the 60 brain regions sam pled. The 
m etabolic decreases w ere observed prim arily in the 
prefrontal cortex. Episodic m em ory (word list learning) was 
im paired a fte r drug adm in istra tion, w hereas retrieval from  
sem antic m em ory (category re trieva l) w as not affected.

195.14

IN SEARCH OF NEUROANATOMICAL SUBSTRATES OF MEMORY AND 
EXECUTIVE ABILITIES: AGING AS A MODEL SYSTEM. N. Raz*. F.
Gunning, D.P. Head. S.D. Briggs. J.H. Dupuis. J. McQuain, W. J. Loken. A.E.
Thornton, and J.D. Acker*. Department of Psychology, The University of Memphis, 
and B̂aptist Memorial Hospital, Memphis, TN 38152.
Neither the brain, nor the cognitive functions it serves age in a uniform and diffuse 
fashion. Executive functions and explicit memory are especially vulnerable to 
aging, whereas priming is relatively resilient. In a sample of 60 healthy adults (19-
77 years old) we examined the relationship between selected brain structures and 
selected cognitive functions. We used highly reliable MRl-based morphometry to 
estimate the size of gray matter in the association (dorsolateral prefrontal, DLPFC) 
and in the primary visual (pericalcarine, VC) cortex, and hippocampal formation 
(HC). Subjects were administered Wisconsin Card Sorting Test (WCST), a measure 
of executive function, three tests of working memory (WM), a number of visual and 
verbal paired-associates tests as measures of explicit memory, and three priming 
tests (stem completion, fragmented pictures and category' association). On the basis 
of cumulative evidence we hypothesize that the DLPFC volume would predict 
WCST and WM performance independently of age, and the volume of the HC would 
be correlated with explicit memory performance, and the volume of visual cortex - 
with priming. The results of multiple regression analyses supported only the first 
hypothesis: WCST perseverative responses were significantly increased in 
individuals with smaller DLPFC. There was no associations between the 
amalgamated scores of explicit memory, WM, and priming with any of the examined 
cerebral structures. Differential age effects on explicit memory and WM (but not 
priming) and on executive function were replicated. Also, DLPFC, and HC were 
reduced with age, VC volume was age-invariant. Supported by the NIA grant 
AG 11230 to N.R.
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CLO N IN G  A N D C H A R A C T ER IZA T IO N  O F TH E RAT ATROPHIN-1 
(D R P LA ) cD N A . S.J. Loev. R .L . M argo lis . W .S. Y oung. S-H. Li. 
R .G . A shw orth . H. C hen*. C .A . R oss . L aborato ry  of M o lecu lar 
N e u ro b io lo g y , Jo h n s  H o p k in s  U n iv e rs i ty , S ch o o l o f  M ed ic in e , 
B altim ore, M D 21205-2196.

D e n ta to ru b ra l p a ll id o lu y s ia n  a tro p h y  (D R P L A ) is a rare , 
p r o g r e s s iv e ,  f a t a l  n e u r o p s y c h ia t r i c  d i s o r d e r  s im i l a r  to
H u n tin g to n 's  d ise a se . An e x p a n s io n  o f a C A G  tr in u c le o tid e  
rep e a t e n c o d in g  g lu ta m in e  in a g en e  o r ig in a lly  id e n tif ie d  in 
our laborato ry  (C T G -B 37, Li e t al, G enom ics, 1993) is the cause 
o f  th is  d iso rd e r  (N a g a fu c h i e t al an d  K oide et a l, N a tu re  
G e n e tic s , 1994). W e have  c lo n e d  the rat h o m o lo g u e  o f this
g en e  by s c re e n in g  cD N A  l ib ra r ie s  fro m  w h o le  b ra in  and 
c e re b e llu m , s u p p le m e n te d  by lo w  s tr in g e n c y  P C R . T he 
m essag e  c o n ta in s  a 3549  b ase  p a ir  open  read in g  fram e 92%  
id e n tic a l  to  th e  h u m an  g en e . T h e  p re d ic te d  a m in o  ac id  
seq u en ce  o f the  open  rea d in g  f ram e  is 98%  id en tica l to the 
hu m an  se q u en c e . T h e  c o n s e c u tiv e  g lu ta m in e  rep e a t is on ly  
fiv e  res id u es  in len g th  (n o rm al ran g e  in hum an 7-35 trip le ts )  
and  is fo llo w e d  by a se rie s  o f  a l te rn a tin g  g lu ta m in e  and 
p ro lin e  re s id u e s  (P Q P Q P Q P Q Q ). T h ree  d iffe re n t p o ly m o rp h ic  
sites w ere d e tec ted  in th is  reg ion . The serine repea t 5' to the 
g lu tam in e  rep ea t is a lso  sh o rte r  than  in the  hum an gene. The 
reg io n  o f a lte rn a tin g  ac id ic  and b asic  am ino  acids is id en tica l 
to th e  h u m an  se q u e n c e . N o r th e rn  a n a ly s is  an d  in s itu  
h y b r id iz a tio n  in d ic a te  th a t the g en e  is w idely  ex p re sse d  as a
4.5 kb m RN A  in rat tissue. T he ava ilab ility  of the rat cD N A  of 
a troph in -1  w ill h e lp  e lu c id a te  the  fu n c tio n a l ro le  o f th is  gene.

196.3

VESTIBULAR AND OCULOMOTOR ABNORMALITIES IN GENETICALLY 
DISTINCT AUTOSOMAL DOMINANT CEREBELLAR ATAXIAS.
J.H.Anderson*. L.P. Ranum, L.J. Schut, and C.M. Gomez. Depts. of 
Otolaryngology and Neurology, Univ. of Minn., Mpls., MN 55455.

The autosomal dominant cerebellar ataxias (ADCA) are a genetically 
heterogeneous group of disorders characterized by degeneration of brainstem and 
cerebellar neurons in patterns that might be correlated with one or more of the genes 
responsible for these syndromes (Rosenberg, RN. Autosomal dominant cerebellar 
phenotypes: The genotype has settled the issue. Neurology. 45( 1): 1 -5, 1995). We 
hypothesized that there would be unique functional deficits for different genetic 
varieties. This was studied by examining the vestibular and oculomotor systems in 
subjects with clinically and genetically defined spinocerebellar ataxia (SCA) types 1, 
3, and 5 and in others with clinical signs of SCA 4 and 6. Quantitative testing was 
done on postural stability, the vestibulo-ocular reflex (VOR), saccadic eye 
movements, and pursuit eye tracking. Postural sway in the sagittal plane was 
estimated with the subjects standing on a compliant platform (Equitest). The 
horizontal VOR was recorded during rotation (using ramp changes in angular 
velocity) of the subject in complete darkness. Horizontal and vertical eye 
movements were recorded with the magnetic search coil technique when the subjects 
looked at a visual target displaced 25 deg. laterally and up/down. All groups had a 
significant vestibular deficit on posturography, although there were some quantitative 
differences with the SCA 4 phenotypes. The slow phase of the VOR was similarly 
reduced or absent in all groups, except SCA 5. The SCA 5 subjects were unique in 
having a strong VOR, even though they had a severe vestibular deficit affecting 
postural stability. In some cases the quick phases of the VOR were absent, even 
though there was a definite slow phase component. There were saccadic deficits in 
all groups, but there were different patterns with regard to dysmetria vs. decreased 
eye velocity, horizontal vs. vertical, and up vs. down. These results indicate that 
there are definite physiological differences in motor behavior among the SCAs. 
Additional subjects need to be tested to further quantify these differences and 
establish the time course for the pathophysiology.                  (Supported by NTH grants P01 NS 
33718-01 and P01 DCD 00110-21 and Bob Allison Ataxia Research Center.)

196.5

GENETIC STUDIES BY LINKAGE ANALYSIS, SEQUENCING OF GTP 
C Y CLO H Y D RO LA SE GENE AND EXON 11 OF TY ROSIN E 
HYDROXYLASE, REPEAT EXTANSION DETECTION IN A LARGE 
CAUCASIAN DOPA-RESPONSIVE DYSTONIA’S FAMILY. MC. Chartier- 
Harlin1*. S. Brique1,2. J. Pérez-Tur1. F. W avrant1. A. Destée2. A. Delacourte1. 
1Unit6 INSERM U422, Place de Verdun, Lille, France, F-59045 Cedex. 2Clinique 
Neurologique A, CHU, Lille, France, F-59037 Cedex.

Dopa-Responsive Dystonia (DRD) is distinct from others dystonia because it is 
dramatic treatable with low doses of levodopa, absence of the severe levodopa related 
motor fluctuations and likely a dominant autosomal transmission pattern with 
variable penetrance. Neurochemically, the levels of dopamine, tyrosine hydroxylase 
protein and the activity of tyrosine hydroxylase (TH) are severly reduced in the 
striatum. Tetrahydrobiopterin and neopterin are both reduced in blood and 
cerebrospinal fluid. Positron emission tomography with 6-(18F) fluorodopa studies 
have been normal or near normal localizing the functional lesion proximal to dopa 
decarboxylation. A partial GTP cyclohydrolase I deficit had been inferred in 
dopamine biochemical cerebral synthesis defect.

A DRD locus has been localised to the chromosomal region 14q 22.1-22.2 by 
genetic linkage. The human gene of GTP cyclohydrolase I was localised in the same 
region. Four different mutations with or without frame shift were identified in this 
gene on 3 japanese affected families and one sporadic apparent case of DRD. 
Another mutation was found in exon 11 of TH gene about one DRD family. 
However, the apparent inconstancy of a founder mutation in these genes and the 
various clinical phenotypic expression raise the possibility that there may be 
another critical regulation gene. We have studied a large Caucasian DRD family with 
9 affected subjects. We have noted a genetic anticipation phenomenon. We have 
performed a linkage analysis on chromosome 14, sequencing of GTP cyclohydrolase 
I gene and exon 11 of TH. We also performed a Repeat Expansion Detection technic 
for researching a putative trinucleotide repeat

196.2

cDNA CLONING AND M OLECULAR CHARACTERIZATION 
OF A GENE RELATED TO THE DRPLA (CTG-B37 or 
ATROPHIN-1) GENE IN RAT.
F.A. Khan. S.J. Loev. R.L. M argo lis . R.G. A shw orth . P .R .
M cH ugh*.and C .A . R oss. L ab o ra to ry  o f M o lecu lar  
N e u ro b io lo g y , Jo hns H o p k in s  U n iv e rs ity , S chool of 
M edicine, 720 R utland  A venue, Ross 615, B altim ore, MD 
21205 .

D en ta to rubra l p a llid o lu y sian  a trophy  (D R P L A ) is a 
p ro g re s s iv e  n e u ro d e g e n e ra t i  ve d i s o r d e r  c h a ra c te r iz e d  
by w idespread  loss o f neurons. D R PLA  is caused  by an 
un stab le  ex p an sio n  o f a CA G  trin u c le o tid e  repeat 
cod ing  for g lu tam ine  in a gene on ch rom osom e 12 
(N agafuchi et al and K oide et al, N ature  G enetics 1994), 
o rig ina lly  id en tified  in o ur labora to ry  ( CTG B -37, Li et 
al, G enom ics, 1993). The function  o f this gene is not 
know n. In add ition  to the  g lu tam in e  repeat, it has a 
se rine  rep ea t and a reg ion  o f a lte rn a tin g  ac id ic  and 
basic residues. W e have iso la ted  a p artial sequence o f a 
s im ila r  gene by screen in g  rat cD N A  lib raries. L ike the 
D R PLA  gene, it has a reg io n  o f a lte rn a tin g  acid ic  and 
basic residues. It a lso has four repea ts o f the sequence 
RERE(L or I). It is w idely expressed  as a 4.2 kb mRNA 
w ith  e n ric h m e n t in the  k id n ey .

196.4

C H A R A C T E R IZ A T IO N  O F cD N A  F R A G M E N T S  FR O M  H U M AN 
BRAIN CO N TA IN IN G  LO N G  CA G  TR IN U C L EO TID E REPEATS. R.L. 
M argolis*. S.J. Loev, A.S. Kidwai, S-H. Li, T.S. Breshcel, R.G. Ashworth, 
M G. M clnnis and C .A . Ross. Laboratory  o f M olecular N eurobiology, 
Johns H opkins U niversity , School o f M edicine, B altim ore, M D 21205- 
2196.

Eight diseases, each with neuropsychiatric features, are now known to be 
caused by expansion  o f CA G , CTG, o r CCG trinucleotide repeats. To 
identify candidate genes for sim ilar disorders, we screened hum an fetal 
brain and frontal cortex cDN A libraries for inserts containing CAG repeats 
with a (CAG) 15 o ligonucleotide probe. A fter purification and sequencing 
of the cDN A inserts, PCR was used to test for length polym orphism  of the 
repeat in the genom ic D N A o f norm al indiv iduals and to determ ine the 
chrom osom al location o f the repeat locus. Am ong the novel sequences 
thus far characterized, five have m ore than 15 consecutive CAG triplets, 
and at least four are polym orphic. In addition, an insert with alternating 
stretches o f CA G and C A A  trip le ts  has a ten tative open reading frame 
encoding a region o f 40 consecutive glutam ines. A nother insert appears 
to encode for 26 glutam ines, in groups o f one to eight, separated by single 
p ro lin e  res id u es. T he locus o f  a c lo n e  w ith 21 CA G  repea ts, 
serendipitously obtained from  a retinal cD N A  library, has been mapped to 
chrom osom e 13q l3 . T his locus is highly polym orphic (approxim ately 
90%  h e te ro z y g o s ity ) ,  and  N o rth e rn  an a ly s is  in d ic a te s  that the 
correspond ing  gene is expressed  in hum an brain. This co llection  of 
cD N A  fragm ents p ro v id es  can d id a te  genes for ex pansion  m utation  
diseases. Since genes w ith glu tam ine-rich  regions frequently  function as 
transcrip tion  factors, som e o f these genes m ay also  participa te  in the 
regulation o f neurodevelopm ent or neuroplasticity .

196.6

C E R U L O P L A S M IN  G E N E  E X P R E S S IO N  IN M O U S E  
B R A IN
M. T. T odo rova , P. Tandem ,* A. L. S chw arzm an  and T. N. 
Seyfried , Dept. B io logy, B oston  C ollege, C hestnu t H ill, MA 
02167.

C e ru lo p la sm in  (C p) is a m ultifunc tiona l copper-con ta in ing  
glycoprotein that regulates the transport and hom eostasis of Fe and 
Cu. Cp is synthesized mainly in liver, is secreted into serum, and 
functions as a ferroxidase (O saki et a l., 1966, JB C , 241:2746). 
R ecent findings suggest that Cp gene defects are associated w ith 
neurological disease, e.g., dem entia and m ovem ent disorder in man 
(Y oshida et al., 1995, N ature G enet., 9 :267; H arris e t al., 1995, 
PNAS, in press) and epilepsy in EL m ice (G arey et al., 1994, N ature 
Genet. 6:426). L ittle is know n, how ever, about Cp expression or 
function in m am m alian brain. W e used R T-PCR and 3 '-R A C E to 
exam ine Cp transcripts in liver and several different brain regions of 
the D BA/2J, A BP/LeJ, DDY , and EL  m ouse strains. T he prim ers 
used were obtained from a mouse Cp cDNA (J. Mercer). A single Cp 
transcript was expressed in frontal cortex, hippocam pus, cerebellum , 
and brain stem. It is unlikely that brain Cp is synthesized mainly in 
choroid plexus as previously suggested (A ldred et al. 1987, JBC, 
262:2875). The brain transcript was also qualitatively sim ilar to the 
transcript expressed in liver. Furtherm ore, no qualitative difference in 
the Cp transcript was observed betw een the various mouse strains. 
Studies are in progress to better define the genetic regulation of Cp 
expression in the developing mouse brain. (Supported by NIH grant 
N S23355 and Boston College REG).
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196.7

PROTEOLIPID PROEIN GENE ANALYSIS IN PELIZAEUS- 
M ERZBACHER DISEASE. H. Osaka. C. Kawanishi#. K. Inoue#. N. 
Sugiyama#. K. Suzuki#. . S. Kimura. A. Nezu. N. M ivagawa#. T.

D ept. of Pediatr., Psychiatr.#, Yokohama City univ. Sch. of Med.,
3-9, Fukuura, Kanazawaku, Yokohama 236, Japan

Introduction; To examine detailed relationship between 
Proteolipid protein (PLP) gene and Pelizaeus-M erzbacher 
disease (PM D), we investigated 5-U T R  and dosage o f PLP gene, 
in addition to all 7 exons and exon/intron boundary. 9 pedigrees 
fu lf illed  following criteria of PMD; 1) male 2) X-linked 
inheritance 3) nystagmus 4) progressive pyramidal, dystonic, 
and cerebellar signs 5) neuroim aging and neurophysiological 
evidence of dysmyelination limited in CNS. 4 patients did not 
fullfill only one of them were defined as atypical PM D (a-PMD). 

Result; 6 novel M uta tions (4/9 of PMD, 1/4 of a-PM D )
Family 2 exon I -34 (5'-UTR); C-> T +(Pvu II)
Family 2 exon 2 G55G GGA->GGG +(Ava I)
Family 10 exon 3 W144S TGG->TAG +(Alu I)
Family 7 exon 5 V209A GTT->GAT +(Sau 3AI)
Family 8 exon 5 P211L CCA->CTA -(Sty I)
Family 9 exon 6 A240P Gcr->ocr -(Bsr FI)
D uplication ; suspected in 2 families (2/9 PMD, 0/4 a-PMD) 
Discussion; (1) We first observed a mutation in promoter 

region. Clinical phenotype is mild. (2) A de novo mutation in 
Family 10 resides in region which is spliced out in DM 20. 
Phenotype is spastic paraplegia. (3) Abnorm alities in PLP gene 
in our cases are higher than previously reported (15-20%).

196.9

EVIDENCE OF REDUCED BRAIN TISSUE DNA REPAIR IN 
NEURODEGENERATIVE DISEASE. G.E. Kishy*. C. Sweatt. P.S. 
SpencerA. Center for Research on Occupational, and Environ. Toxicol., 
and Dept. ∆Neurol., Oregon Health Sci. Univ., Portland, OR 97201.
It has been suggested that the degeneration of neurons in age-related 

neurodegenerative disorders (e.g. A lzheim er's disease, AD and 
Parkinson's disease, PD) is caused by an accumulation of DNA damage as 
a consequence of a general DNA repair defect (Robbins et al. , 1983). 
The recent identification of elevated brain DNA damage (e.g. oxidative) 
in certain neurodegenerative disorders (AD, PD) suggests that DNA repair 
may be faulty. To test this hypothesis, we examined the distribution of 
the base-excision DNA repair proteins N -methylpurine DNA glycosylase 
(MPG) and apurinic/apyrimidinic endonuclease (APE) in diseased CNS 
tissue from AD, PD, amyotrophic lateral sclerosis (ALS) and Guam ALS 
patients, and in 'wasted' mice, a mutant animal model of early-onset ALS. 
MPG levels were uniformly distributed in control human brain tissue (e.g. 
cortex, hippocampus, substantia nigra). APE was specifically localized in 
the nucleus of post-m itotic human SY5Y neuroblastom a cells 
immunoprobed with HAP1, a polyclonal antibody to APE. In general, 
APE levels were lower (~2-5x) in diseased vs. control human brain tissue. 
APE levels in AD cortical tissue and Guam ALS tissue from various brain 
regions (cortex, hippocampus, substantia nigra) were significantly lower 
(~4-5x) when compared with corresponding control tissue. A similar 
reduction (2-4x) of APE levels was detected in CNS tissue (e.g. midbrain, 
brainstem , spinal cord) of 'wasted' mice when com pared with 
corresponding tissue from wild and heterozygote mice. These findings 
suggest that base-excision repair is reduced in neurodegenerative disease 
and may be a contributing factor that increases the susceptibility of 
neurons to DNA damage by endogenous (e.g. oxidative stress) or 
exogenous agents (e.g. xenobiotics). [Supported by a grant from 
NS 19611 ]

196.11

NADPH-DIAPHORASE-CONTAINING NEURONS IN MOUSE STRIATAL OR 
CORTICAL CULTURES ARE SELECTIVELY RESISTANT TO APOPTOSIS 
DEATH. M l. Behrens*. J.Koh and D.W. Choi. Dept. of Neurology and Center for 
the Study of Nervous System Injury, Washington Univ. School of Medicine, St.
Louis, MO 63110.

The small subpopulation of striatal neurons which contain high levels of 
nicotinamide adenine dinucleotide phosphate diaphorase (NADPH-d, recently 
identified as nitric oxide synthase, NOS) are selectively spared in Huntington’s 
disease. The search for candidate pathogenic mechanisms capable of producing 
striatal neuronal death with sparing of NADPH-d(+) cells has so far identified only 
NMDA receptor-mediated excitotoxicity. The present study was performed to 
examine the specific vulnerability of NADPH-d(+) neurons to several insults capable 
of inducing apoptosis death.

To induce apoptosis, murine striatal or cortical neuronal cultures lacking glia were 
deprived of serum for 24 hr, or cultures containing both neurons and glia were 
exposed to 100 nM staurosporine , 50 µM nimodipine, or 2 mM 3-nitropropionic acid 
for 24-48 hr. As previously reported, all 4 treatments induced widespread neuronal 
apoptosis characterized by cell body shrinkage, DNA laddering, and sensitivity to 
cycloheximide. However in all 4 paradigms, NADPH-d(+) striatal or cortical neurons 
were selectively spared. The addition of N-arginine, an inhibitor of NOS, did not 
change the amount of total death, or specific NADPH-d(+) cell death, induced by 
serum deprivation or staurosporine, suggesting that the resistance of NADPH-d(+) 
neurons to apoptosis was not explained by their high levels of NOS activity. These 
results support the interesting possibility that injury mechanisms common to several 
forms of apoptosis can mimic the NADPH-d(+) neuron-sparing patterns observed in 
Huntington’s disease.

Supported by NIH NINDS grant NS 30337 (DWC).

196.8

CYP2D6: A MAJOR MODIFIER GENE OF NEURODEGENERATION 
X, Chen. Y. Xia. E. Masliah. J.Q. Trojanowski. W. C. Wiederholt* 
and T, Saitoh Dept. of Neurosciences, Sch. of Med. University of 
California-San Diego, La Jolla, CA 92093

Etiology of neurodegenerative disorder is complex having both 
genetic and environmental components, added to the effect of aging. 
We have been interested in identifying genetic components that 
affect the progression of neurodegeneration. Our case-control 
studies demonstrate that CYP2D6 might be a gene affecting several 
different disorders such as A lzheim er’s disease (AD), Parkinson’s 
disease (PD) and progressive supranuclear pulsy (PSP). We 
know that APOE alleles are the major modifier of AD, but they are 
also the major susceptibility factor of Creutzfeldz-Jakob disease. 
In a current study, we examined the CYP2D6 gene, which is a 
susceptibility gene for PD and Lewy body variant (LBV) in AD, and 
in PSP. The data we collected shows that an allele closely linked to 
B mutation in this gene but not B mutation per se, is associated 
with PD, LBV and, surprisingly, the milder pathology in AD. We 
can draw two conclusions. First, it appears that additional genes 
may be dictating the manifestation of the specific allele phenotypes 
of CYP2D6. Second, the allele linked to PD, LBV and mild AD 
pathology is not associated with the defective CYP2D6 gene 
product. The “gain of function” or “ linkage d isequ ilib rium ” is 
therefore the mechanism for its association with these diverse 
phenotypes.

196.10

CHARACTERIZATION OF PROGRESSIVE FUNCTIONAL LOSS IN THE RCS 
RAT RETINOTECTAL PATHWAY. Y. Sauve. J. Atkinson’ and R.D. Lund. 
Dept. of Pathology, Inst. Ophthalmology, Bath St., London, EC1V 9EL, UK.

In order to assess the functional impact of ongoing retinal dystrophy on 
transmission of visual information to the CNS, urethane-anaesthetized RCS- 
p + (dystrophic) rats of various ages, from 3 to 60 weeks, were visually 
stimulated and extracellular recordings made from the superior colliculus 
(SC). Comparable recordings were made from RCS-rdy+ (control) rats.

At 3 weeks, both RCS-rdy+ and RCS-p+ rats showed unitary responses to 
illumination of restricted receptive fields (mapped by projecting spots on a 
translucent hemisphere) which could be recorded all over the SC and formed 
a precise retinotopic map. The onset of light elicited a burst of action 
potentials (65-135 msec latency) followed by a sustained discharge (0.5-1.5 
sec duration). By 8 weeks, both the latency and duration of these responses 
had increased (100-300 msec and 1-4 sec respectively) but in the RCS-p + 
rats alone. These units habituated to low frequency repeated illumination 
(0.3-0.5 Hz). An area in the RCS-p+ SC could be defined which was 
incapable of responding to stimulation of defined receptive fields but 
electrodes placed in this region could still record brisk responses to direct 
illumination of the whole retina. By 22 weeks, this area had expanded and 
almost entirely covered the SC. Visual responses were comparable in their 
latency and duration to responses recorded at 8 weeks but had lower 
amplitudes and were accompanied by intense spontaneous activity. The SC 
of 60 week old dystrophic animals was completely unresponsive to any 
visual stimuli.

These results provide a reliable baseline for assessing the benefit of 
experimental strategies designed to restore visual function in RCS-p+ rats.

Work supported by the British MRC and Fight for Sight (UK).

196.12

STRIATAL NADPH-DIAPHORASE POSITIVE NEURONS DO NOT LACK 
FUNCTIONAL NMDA RECEPTORS. S.L. Sensi *. L M TCanzoniero, H.S.Ying 
and D.W. Choi. Dept. of Neurology and Center for the Study of Nervous System 
Injury, Washington Univ. School of Medicine, St. Louis, MO 63110.

The small subpopulation of striatal neurons that contain high levels of the 
enzyme, NADPH diaphorase (recently identified as nitric oxide synthase) are 
selectively spared in Huntington’s disease (HD). The relative resistance of these 
cells to death induced by NMDA agonists, or by insults triggering apoptosis (M I. 
Behrens, elsewhere this meeting), has thus received attention as a clue to the nature 
of HD pathogenesis. Here we examined the possibility that the resistance of striatal 
NADPH-d(+)cells to NMDA toxicity might be explained by expression of few 
functional NMDA receptors.

About 5% of the neurons in murine striatal cell cultures stain darkly for NADPH- 
diaphorase with nitro blue tetrazolium histochemistry. Using fura-2 
videomicroscopy, we measured the increase in [Ca2+]j induced by local perfusion 
of 50 µM NMDA in the neurons present in several marked 400x microscope fields 
in DIV 12-17 striatal cell cultures. Subsequently, NADPH-d(+) cells were 
histochemically identified. Application of NMDA produced a marked increase in 
[Ca2+]j in virtually all cells tested. The calcium response (peak, area under the 
curve) exhibited by 16 NADPH-d(+) cells did not differ from that exhibited by the 
general population. These observations suggest that the selective resistance of 
striatal NADPH-d(+) neurons to NMDA toxicity is explained by factors downstream 
of NMDA receptor expression.

Supported by grant NS 30337 NINDS (DWC).
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196.13

APOPTOSIS IN THE RAT OLFACTORY CORTEX AFTER 
BULBECTOMY: AN IN VIVO ANIMAL MODEL OF CORTICAL CELL 
DEATH. S.A. Capurso1'2. M.E. Calhoun12. R.R. Sukhov12. T.A.
Lukaczvk12, D.L. Price1-4. V.E. Koliatsos*1-4. 'Neuropathology Laboratory, 
Dept. of 2Pathology, 3Neuroscience, 4Neurology; The Johns Hopkins 
School of Medicine, Baltimore, MD 21205 

Cortical degeneration is common in neurodegenerative diseases 
characterized by dementia. To date, the pathogenic mechanisms of 
cortical cell death are still poorly understood. The present study provides 
an in vivo model of death of olfactory cortical neurons in adult rats 
following total bulbectomy. Terminal transferase-mediated (TdT) 
deoxyuridin triphosphate (d-UTP)-biotin nick end labeling (TUNEL) and 
DNA electrophoresis were used as markers of apoptosis. Lesioned 
animals were studied over a time course of 14-46 hours. The TUNEL 
method stained dying neurons in olfactory cortex ipsilateral to the lesion; 
labeled neurons were condensed in a round single mass or fragmented in 
small confluent round pieces. The maximal loss of neurons, quantitated 
with stereology, occurred in the rostral pyriform cortex 18-26 hours after 
bulbectomy. Gel electrophoresis of DNA purified from lesioned olfactory 
cortex showed a ladder pattern of fragmentation. The present model can 
be used to investigate the mechanisms that lead to degeneration of 
cortical neurons and to test new therapeutic strategies.

196.15

M E L A T O N IN  IN H IB IT S  O X Y G E N  R A D IC A L S  IN D U C E D  LIP ID  
D A M A G E
B. Longoni1-*. M. G. Salgo2. W.A. Prvor2 . P.L. M a rc h ia fa v a l1.
1Dipartimento Fisiologia e Biocnim ica, Univ. Pisa, Pisa, 1-56100 
ITALY, 2 Biodynam ics Institute, Louisiana State University, 
70803-1800 Baton Rouge, La, USA 

Recently it has been proposed that the neurohorm on m elatonin may 
be a good candidate as an endogeneous antioxidant. In this w ork we 
have tested the efficacy of m elatonin aga inst Fe-EDTA induced lipid 
peroxidation of linoleic acid (LA) d ispersed in SDS micelles. Lipid 
peroxidation was observed as a change in the rate of form ation of 
conjugated dienes, m easured spectrophotom etrica lly  at 234 nm. The 
reaction was initiated by adding the OH- genera ting system  ( Fe2+
0.15 mM, EDTA 3 mM) to a 2.6 mM em ulsion o f LA in SDS-phosphate 
buffer and kept for two hours at 37 °C. The addition of m elatonin at 
concentrations varying from 20 to 200 nM reduced the rate of the 
reaction in a dose-dependent fashion. M elatonin inhibition was 
com parable to that of an equim olar concentration of vitam in E. Above 
200 nM m elatonin, the rate of the reaction p lateaus at 50% . These 
results may be interpreted as a selective scavenging action of 
m elatonin against hydroxyl radicals. M elatonin was found ineffective 
against LA peroxidation induced by ABAP, an oil-soluble initiator. This 
is the first d irect evidence that m elatonin inhibits lipid dam age induced 
by oxygen free radicals. This w ork suggests that m elatonin may be 
useful in those cases of neurodegeneration where hydroxyl radicals 
produce m ajor oxidative dam age.

196.14

ARGINYLATION AND UBIQUITINATION OF OXIDIZED PROTEINS. N. 
Zhang and N.A.Ingoglia*, Dept. of Physiology, Graduate School of 
Biomedical Sciences, New Jersey Medical School, UMDNJ, Newark,
N .J.07103.

Cellular proteins can be oxidized by oxygen free radicals under various 
pathophysiogical processes. Oxidized proteins are degraded intracellularly, 
however, the degradation mechanisms are not fully understood. N- 
terminal arginylation of a protein has been proposed as an early step in 
the subsequent degradation of a protein by the ubiquitin (Ub) proteolytic 
pathway. In the present experiments, we have tested the hypothesis that 
oxidized proteins can be arginylated and ubiquitinated prior to degradation 
by the Ub proteolytic pathway. Bovine serum albumin (BSA) and 
ribonuclease (RNase) were used as test proteins. BSA was oxidized by 
incubation w ith H20 2 and ferrous sulfate. Oxidized BSA (oBSA), as 
measured by the 3H borohydride reaction, showed a 40% increase in 
carbonyl groups compared with controls. Oxidized RNase (oRNase) was 
purchased from Sigma. A system capable of arginylating endogenous as 
well as exogenous proteins ("F1") was prepared from rat brain extracts. 
Varying amount of test proteins were incubated w ith the "F1" fraction 
and 3H-Arg. A portion of the arginylation reaction product was separated 
by SDS-PAGE, gels were cut into 2mm slices and radioactivity was eluted 
from the slices and counted. Peaks of radioactivity comigrated with oBSA 
and oRNase markers (but not w ith controls) suggesting that the "F1" 
fraction was arginylating the oxidized forms of both proteins. Western 
blots using a MAB to Ub showed a weak band of immunoreactivity in the 
positions of both oxidized BSA and oxidized RNase. These data support 
the hypothesis that oxidized proteins can be arginylated and ubiquitinated.

196.16

THE TEMPORAL DISTRIBUTION OF CATHEPSIN B mRNA IN RAT 
BRAIN REGIONS FOLLOWING KAINIC ACID ADMINISTRATION: A 
POTENTIAL ROLE FOR CATHEPSIN B IN NEURODEGENERATIVE 
PROCESSES. R. Ryan. M. Towner. C. Torres. K. Murray. S. Leonhardt and 
P.J.Isackson*. Mayo Clinic, Jacksonville, FL. 32224.

Our interest in cathepsin B (CB) as a proteolytic mediator of neuroinflammation 
derives from the observation that CB has been observed to positively correlate 
with inflammation. To determine whether CB may be involved in 
neurodegenerative processes we employed in situ hybridization with a CB cRNA 
probe to determine if CB RNA levels increased in various rat brain regions 
following kainic acid administration (10mg/kg, i.p.) with a time course consistent 
with the induction of neuronal cell death. CB mRNA was widely distributed in 
control brain with the highest levels in the hippocampal formation, and the lowest 
levels in the thalamus. Significant increases in CB mRNA expression were 
observed 12 hours after kainic acid administration, particularly in those brain 
regions reported to be most susceptible to kainic acid induced cell death. CB 
mRNA increases were apparent in the neocortex, and the CA1/CA3 hippocampal 
cell regions, as well as the diencephalic brain regions. Further increases in both 
neuronal and glial CB mRNA were observed for up to 5 days in the CA1/CA3, 
stratum lacunosum, and molecular cell layers of the hippocampus; as well as the 
amygdala, and piriform cortex. Brain regions with elevated CB RNA were also 
those associated with significant cell death, as determined by cresyl violet 
staining. Northern blot analysis confirmed an increase in CB mRNA in rat 
cortex, and hippocampus, as well as in cultured murine microglia, following 
kainic acid treatment. The data suggest that CB may play a role in processes 
associated with neurodegeneration. (Support: Mayo Foundation)
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197.1

REDUCED IGF GENE EXPRESSION ASSOCIATED WITH 
SYMPTOMATIC NEUROPATHY IN THE (Fa/Fa) RAT MODEL OF 
SPONTANEOUS TYPE O DIABETES. H -X, Zhnang L. Wuarin. Z.-J. Fei and 
D. N. Ishii*. Dept. of Biochemistry and Molecular Biology & Dept. of Physiology, 
Colorado State University, Fort Collins, CO 80523.

Hyperalgesia (pain), impotence, bladder atony, gastroparesis, and limb 
amputations are severe manifestations of diabetic neuropathy afflicting about a 
million patients in the USA. Because its cause is unknown, no treatment is 
available. Insulin-like growth factors (IGFs) are neurotrophic factors, and 
circulating IGF levels are known to be reduced in clinical type I (juvenile onset; 
IDDM) and type II (adult onset; NIDDM) diabetes. A new theory proposes that 
diabetic neuropathy is due in large measure to a decline in IGF activity (DN. 
Ishii, Brain Res Rev. 20: 47-67, 1995). It was tested and found that IGF gene 
expression is reduced early in diabetic nerves, and that administration of IGF-II 
can prevent neuropathy despite hyperglycemia in a rat model of type I diabetes 
where there is weight loss and hypoinsulinemia. However, ninety percent of 
patients have type II disease, which, by contrast, is accompanied by weight gain 
and hvperinsulinemia. Therefore, we tested the hypotheses that (i) IGF gene 
expression is reduced, and (ii) symptomatic neuropathy emerges in type II 
diabetes, using the Zucker (fa/fa) rat as a model. We report that IGF mRNA 
content was significantly reduced (P < 0.025) in sciatic nerve, liver, and brain of 
obese diabetic (fa/fa) v§ lean nondiabetic (+ /+ )  rats. Moreover, this biochemical 
abnormality was associated with the development of hyperalgesia (P < 0.001), 
detected by a paw pressure test, in (fa/fa) vs. ( + /  + ) rats. These results provide 
further support for the new theory, and show that the decline in IGF gene 
expression is independent of the type of diabetes, change in body weight, and 
insulinemic state. (Supported by NINDS Grant RO l NS24327)

197.2

BRAIN IGF-II GENE EXPRESSION IS REDUCED IN BOTH TYPE I AND 
TYPE D DIABETES. L. Wuarin*. Z.-J. Fei. R. Namdev. J.G. Burns and DN. 
Ishii. Dept. of Biochemistry and Molecular Biology & Dept, of Physiology, 
Colorado State University, Fort Collins, CO 80523.

Widespread neural disturbances are observed in type I (juvenile onset; IDDM) 
and type II (adult onset; NIDDM) diabetic patients. Encephalopathy is 
characterized by electrophysiological, neurochemical, cognitive, and structural 
abnormalities in the brain. Neuropathy is characterized by disturbances in the 
sensory, sympathetic, and motor nervous systems; the primary pathology is a 
dying-back axonopathy followed by neuronal death. This suggests a deficiency in 
neurotrophic support. Insulin-like growth factors (IGFs) are neurotrophic factors 
that are implicated in the pathogenesis of diabetic neuropathy. We showed in the 
streptozotodn (STZ) rat model (type I; insulin and weight loss) that IGF mRNA 
content is reduced early in diabetic nerves, and that administration of IGF-II can 
prevent neuropathy despite unabated hyperglycemia. In this study we tested the 
hypothesis that a decrease in IGF gene expression is a common biochemical 
lesion in encephalopathy and neuropathy, and occurs in both type I and type II 
diabetes. IGF-II is the predominant IGF in brain. We report that IGF-II mRNA 
per mg wet tissue was reduced (P < 0.01 to 0.025) in whole brain, hypothalamus, 
striatum, and midbrain of STZ rats at 2 weeks. Reduction was also observed 
relative to poly(A) + RNA, and could be partially reversed by insulin therapy. A 
similar decline in brain IGF-II mRNA content (P < 0.01) was observed in 
spontaneously diabetic (fa/fa; hyperinsulinemia with obesity) vs nondiabetic 
( + /  + ; lean) Zucker rats. These results show that IGF-II gene expression is 
reduced in brain as well as nerves in diabetes. This biochemical lesion is 
independent of type of diabetes, direction of change in body weight, and 
insulinemic state. (Supported by NINDS Grant R O l NS24327)
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197.3

THE EX PR ESSIO N  PA TTERN OF M O U SE  A E D O SE  
R E D U C TA SE A N D  SO R BITO L D E H Y D R O G E N A S E  IN THE  
N E R V O U S SY STEM . S.K . C hung*1. C .X .F . L in 1. C. 
N ishim ura2 and S.M . C hung1. 1Institute o f  M olecu lar B io logy , 
The U niversity o f  H ong Kong, 8 Sassoon  Rd.. H ong Kong and 
2Dept. o f  Pediatric Pharm acology, N ational C hildren’s M edical 
Research Centre, Setagayaku, Tokyo, Japan.

A ld ose reductase (A R ) and sorbitol dehydrogenase (SDF1) are 
tw o en zym es in the polyol pathway w hich is thought to be 
involved in the pathogenesis o f  diabetic com plications. There are 
strong indications that chronic h yperglycem ia and galactosem ia  
affect the nervous system  and the presence o f  A R  and SDH  in 
the nervous system  suggest that the p o lyo l pathw ay may be 
involved. To determine the cellular location  o f  A R  and SDH  
expression in the nervous system , w e perform ed in situ 
hybridization on the m ouse brain and sciatic nerve using the 
probes specific  for m ouse SD H , A R , and tw o A R -lik e genes, 
M V D P (m ouse vas deferens protein) and F R -1 (fibroblast growth 
factor-induced factor). Both A R  and SD H  show ed  very strong 
expression in the m ouse central and peripheral nervous system , 
suggesting the validity o f  using m ouse as a m odel to understand  
the role o f  polyol pathway in diabetic neuropathy.

197.5

A PO PTO SIS AN D D ELA Y ED  N E U R O N A L DEATH IN CA RBON 
M O N O X ID E PO ISO N IN G . J. Z hang. H. B enveniste*. R.J. Pritchard. 
E D. Levin. D.E. Schm echel. and C.A. P iantadosi. D ept. o f  M edicine, 
Duke Univ. M ed. Ctr., Durham , N C  27710.

The delayed neurological syndrom e (D N S) o f carbon m onoxide 
(CO ) poison ing  occurs days to w eeks a fte r  CO exposure. Brain 
dam age o bserved  in  pa tien ts  w ith  D N S in v o lv es  both  glia  and 
neurons inclu d in g  co rtex , basal g an g lia  and h ippocam pus. To 
determ ine w hether or not apoptosis is involved in the degeneration of 
neurons after CO hypoxia, m ale SD  rats w ere exposed to either air or 
CO (2,500 ppm ) for 60 m in and then  re-oxygenated  w ith air for 3, 7 
and 21 days respectively. D uring this period, rats w ere tested in a 
radial 8-arm  m aze to assess the effects o f CO poisoning  on learning 
and m em ory. A t each  tim e point, the brains o f  three rats in each 
group w ere perfusion-fixed  for e lectron  m icroscopy. Sections (100 
µ M ) o f  d iffe ren t b rain  reg ions w ere sta ined  w ith  uranyl acetate, 
em bedded in Epon and cut into sem iultrath in  sections (0.5 µM). The 
results show ed that C O -exposed rats had significant learning deficits 
1 to 2 weeks after exposure. There was variable pathological damage 
in cortex, cerebellum  and hippocam pus w ith the cortex  affected the 
m ost se rio u sly . N eu ro n a l d e g e n era tio n  w as c h a rac te rized  by 
m arg in a tio n  o f  d en se ly  co m p a c ted  ch ro m a tin  on the n u c lear 
m em brane consistent w ith early  nuclear alterations o f  apoptosis. This 
p a tte rn  o f  n eu ro n a l d e g e n era tio n  w as d em o n strab le  by day 3, 
increased  at day 7 and p ersisted  th rough  day 21. No neutrophil 
infiltration was observed. These data suggest that apoptotic cell death 
is an essential m echanism  o f delayed neuronal dam age in the rat after 
CO hypoxia which m ay be involved in the developm ent o f the DNS.

197.7

EXPOSURE TO MILD DECOMPRESSION STRESS PRODUCES SELECTIVE 
BEHAVIORAL CHANGES AND INDUCTION OF HEAT SHOCK PROTEIN. 
S.T. Ahlera*. C.R. Auker. W. Roller, and C.B. Pvesa. Diving 
Exp. Physiol. Dept., Naval Medical Research Institute, 
Bethesda, MD 20889-5607.

Decompression sickness (DCS) produces distinct 
neurological abnormalities which are usually alleviated by 
controlled recompression treatment protocols. Recent 
evidence suggests that mild decompression stress that does 
not result in overt symptomatology may produce silent 
residual pathology. To address this question we exposed 
rats trained on a multiple fixed interval (FI)/fixed ratio 
(FR) schedule to relatively mild hyperbaric stress (125 
f .s.w. for 1 hour) followed by decompression to the surface 
at a rate of 1 ft. per sec. 30 minutes later rats performed 
on the task. Control rats were exposed to the chamber but 
were not compressed. Another group of untrained rats was 
exposed to the decompression protocol and euthanized after 
24 hours. Their brains were removed and assayed (Western 
blot) for 72KD heat shock protein (HSP). Acute exposure to 
the decompression stress did not produce any effects on the 
behavior. However, after approximately 20 exposures, the 
rate of responding on the FI component showed a sustained 
increase above control levels which endured for the 
remainder of the experiment (approx. 60 exposures). This 
change in performance appeared to be selective because the 
rate of responding on the FR component was unchanged. 
Analysis of pooled whole brain homogenates of rats exposed 
to the mild decompression stress showed an increase in the 
expression of HSP. The data indicate that mild 
decompression stress that does not result in acute symptoms 
may nevertheless produce enduring changes in behavior; 
expression of specific stress proteins may be a marker for 
these changes. (Supported by NMRDC Work Unit 63713N- 
M0099.01C-1424)

197.4

INHIBITION OF EXCESSIVE PROTEIN MONO-ADP-RIBOS YLATION 
PREVENTS FUNCTIONAL ALTERATIONS IN DIABETIC NEUROPATHY. 
A. Gorio*. M.L. Donadoni. C. Finco. E. Lesma. F. Borella and A.M. Di Giulio. 
Lab for Research on Pharmacology of Neurodegenerative Disorders, Dept Medical 
Pharmacology, Via Vanvitelli 32, 20129 Milano, Italy.

The extranuclear endogenous mono-ADP-ribpsylation of proteins in cellular 
fractions from retinas of control and diabetic rats were studied. At least 6 protein 
are ADP-ribosylated in the crude extract, membrane and cytosolic fractions from 
control preparations, while in diabetic rats the number of labelled proteins and the 
extent of labelling are highly reduced. Treatment of diabetic animals with ADP- 
ribosyltransferase inhibitors Vitamin K1 and silybin, a flavonoid, prevents the 
alteration of ADP-ribosylation of the 38 K cytosolic, 39 K and 40 K membrane, 
and 39 K, 40 K, 42 K crude extract proteins from retina and liver preparations. 
The excessive protein mono-ADP-ribosylation is correlated with increased 
adenylate cyclase activity in retina and liver, the prevention of excessive protein 
mono-ADP-ribosylation by both agents prevents also the adenylate cyclase 
functional changes caused by diabetes, confirming previous observations that G- 
proteins modifications are involved in diabetes-induced dysfunctions. Treatment 
with antioxidant agents such as vitamin E have mild effects on protein mono- 
ADP-ribosylation and worsen the effects of diabetes upon adenylate cyclase. 
Treatment with vitamin K1 and silybin also prevents the diabetes-induced 
reduction of substance P axonal transport. The protective effects of silybin and 
vitamin K1 treatment of diabetic rats take place in spite of high glucose levels. 
These results suggest that abnormal endogenous ADP-ribosylation of proteins 
might play a role in the onset of diabetic neuropathy and its inhibition may 
represent a novel pharmacological approach to the treatment of diabetes 
complications.

197.6

BATTEN DISEASE: LONG-TERM CEREBRAL CORTEX CELL CULTURES 
OF M URINE M ODEL (MND) SHOW D ISEASE-RELATED 
CHARACTERISTICS. S. Kubose. K.Dobrenis. S. Wurzelmann. P, March*. S.U. 
Walklev. Dept. Neuroscience, Rose F. Kennedy Center, Albert Einstein College of 
Medicine, Bronx, NY 10461.

Batten disease (neuronal ceroid lipofuscinosis) is an inherited neurological 
disorder in which affected individuals appear normal at birth but later exhibit 
progressive neurological deterioration and death. Characteristic neuropathologic 
features are intracellular storage, particularly of the subunit c of mitochondrial 
ATP synthase, and neuronal cell death. Our work on several animal models of 
Batten disease has shown that GABAergic neurons often die in this disease and 
that mitochondria in some GABAergic cells exhibit structural abnormalities. We 
have also found that cytochrome oxidase activity is substantially reduced in all 
cortical neurons. We are proposing that suboptimal mitochondrial function would 
likely exacerbate effects of loss of inhibition and lead to an excitotoxic cell death. 
To facilitate investigation of mechanisms of cellular pathology, we have established 
long-term cultures from the cerebral cortex of embryonic day 15 MND mice, a 
putative model for Batten disease. Neuronal survival and neuritic development in 
MND cultures appeared grossly similar to that in normal mouse cultures up to l i  
months in vitro. Abundant formation of synapses was also confirmed. By 1 month 
in vitro, pathology in MND neurons was evident by electron microscopy. 
Characteristic storage bodies and mitochondria with abnormal ultrastructure were 
present. In addition, autofluorescent cytoplasmic bodies were detectable by 
fluorescence microscopy at 41 days in vitro in MND but not in normal neuronal 
perikarya, also consistent with accumulation of storage material. This cell culture 
system will be useful for functional assessment of mitochondrial activity and for 
elucidation of mechanisms of neuronal cell death in Batten Disease. (NS30163)

197.8

REGULATION OF INTERLEUKIN-1β CONVERTING ENZYME IN TWO 
NECROTIC SYSTEMS. K. M Keane*. J. P. Vasilakos. J. J. Cordon. N. Kurina. 
J. M. Saunders. G. P. Schielke and B. D. Shivers. Therapeutics, Parke-Davis 
Pharmaceutical Research, Division of Warner-Lambert Co., Ann Arbor, MI 48105.

Interleukin-ip is a major proinflammatory cytokine involved in necrotic cell death 
in neural tissues. Bioactive IL-lp is formed from a precursor by cleavage with the 
enzyme interleukin-1β converting enzyme (ICE). To investigate the role of ICE in 
necrosis, we studied the regulation of this processing enzyme following 
lipopolysaccharide (LPS) stimulation of transformed mouse microglia and after 
hypoxic-ischemic insult in the brain of the perinatal rat pup. Previously, it was 
shown in microglia that LPS increases IL-lβ mRNA (2-fold) through an increase in 
transcriptional rate and the stabilization of message. Likewise, we observed a 2 to 
3-fold increase in mRNA encoding ICE following a 4 h LPS stimulation of the 
microglia. This effect was blocked by cyclohexamide, suggesting that the observed 
increase in ICE message is dependent on protein synthesis. After culturing 
unstimulated and LPS stimulated microglia in the presence of actinomycin D 
(5pg/ml), we observed a rapid decline in ICE mRNA in the unstimulated cells and a 
slow decline in ICE mRNA in the 4 h LPS stimulated cells. This suggests that 
message stabilization is involved in the increase in ICE message seen after LPS 
stimulation. Like IL-lp mRNA, the increase in ICE mRNA appears to be due to an 
increase in both the transcriptional rate and stability of this message. LPS 
stimulation resulted in a 2 to 3-fold increase of both IL-lp and ICE protein. 
Bioactive IL-lβ was detected in microglia only after they had been stimulated with 
LPS, an effect which was blocked by ICE inhibitors suggesting that ICE is the only 
processing enzyme for IL-lβ. In ischemic-hypoxic rat pup brain, ICE mRNA 
content increased 5-fold between 4 to 6 h and remained elevated for at least 72 h. 
Moreover, IL-lβ message was not detected until 72 h post-hypoxia at which time it 
was fairly abundant. Taken together, the evidence suggests that ICE and IL-lβ are 
coordinately regulated; and ICE inhibitors may be an effective way to abate the 
detrimental effects of IL-lβ seen in necrotic death.
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197.9

Treatment of human T-Iymphocytes with in terferonβ- lb  (IFN β-lb )  
m odulates m igration through extracellular m atrix (ECM) 
com ponents. Stüve, Q.. Dooley. N.P ..Uhm .J.H.. Durham. H.D*„ 
Yong. V.W.. and Antel. J.P. Montreal Neurological Institute, Dept. of 
Neuroimmunology, McGill University, Montreal, Canada, H3A 2B4.

As the influx o f immune cells through the brain parenchyma is 
implicated in the pathophysiology o f multiple sclerosis (M S), we have 
investigated the migratory abilities o f T-lymphocytes through specific 
ECM components (fibronectin, FN; collagen I, COL I; collagen IV, 
COL IV and laminin, LN) and the effects o f  IFNβ - lb  on this migration. 
Using a Boyden chamber assay (Collaborative Research /3 micron 
pores), unstimulated T-lymphocytes (600,000/upper chamber) from 
normal donors were seeded in 2.5% FCS in RPMI, whereas the lower 
chamber contained 10% FCS in RPMI. Migrated cells were 
subsequently counted in the lower chamber six hours later. All ECM 
components were found to be permissive for migration, with migration 
on FN> COL IV> COL I> LN. When cells were seeded with IFNβ-lb  
( 1000U/ml) a marked decrease in T-lymphocyte migration was observed 
when compared to untreated controls: on FN, COL I, and COL IV, the 
reduction o f migrating cells was 33%, 51%, and 38% respectively, p <
0.05. Recent clinical trials have demonstrated that IFNβ - lb  treatment 
is efficacious in a proportion o f patients afflicted with MS; these 
findings may suggest a potential mechanism o f IFNβ - lb  action in MS.

197.11

ANTI-α  TREATMENT REVERSES ACTIVE EAE 28 DAYS FOLLOWING 
DISEASE APPEARANCE. S.J. Karlik*1. E.J. Keszthelvi1 and H.C. Homer2 
department o f Physiology, University o f Western Ontario, ON, Canada and 
2Athena Neurosciences, South San Francisco, CA, USA.

Experimental Allergic Encephalomyelitis (EAE) is an autoimmune animal model 
for Multiple Sclerosis, characterized by leukocytic infiltration of the CNS leading 
to inflammation, edema formation, and myelin damage. The interactions between 
α βon leukocytes and its endothelial cell ligand VCAM-1, are believed to be 
involved in inflammatory cell migration. We hypothesize that interfering with the 
αβ1  /VCAM-1 interaction at various times following acute disease onset will alter 
the clinical progress of EAE. In this study, GG5/3, a new anti-α  monoclonal 
antibody was administered to reverse the clinical and pathological signs of acute 
disease. EAE was induced on day(d) 0 in 78 female Hartley guinea pigs by a 
nuchal intradermal injection of 1:1 homogenized isologous CNS tissue and CFA 
with 10 mg/mL of M. tuberculosis. Animals were weighed and assigned a clinical 
score daily by a blind evaluator. Two doses of GG5/3 were administered (3.0 
mg/kg, s.c.) at 3 day intervals to 3 Groups of animals (I:dl2&15, II:d25&28 and 
III:d32&35). Seventy-eight percent of Group I animals displayed a reduction in 
their clinical signs to normal values, compared with 9% of control animals 
(p< 0.0001, Fisher-Exact). Fifty percent of Group II animals reverted to normal 
(p < 0.0001), while 100% of control animals had an unchanged or worsened clinical 
score. Disease reversal was also observed up to one month following onset; 39% 
of animals in Group III recovered compared with only 4% of control (p = 0.013). 
Histological analysis of CNS tissue indicates that the pathological features of disease 
were noticeably attenuated in those GG5/3-treated animals which improved 
clinically. Demyelination was extensive in non-responding animals. These results 
demonstrate an essential role for α β1/VCAM-1 interaction throughout active EAE 
disease course.

197.13

EVIDENCE FOR AN INTERACTION OF THE PARANEOPLASTIC 
CEREBELLAR DEGENERATION ANTIGEN CDR2 WITH C-MYC. J . P. 
Corradi and R. B. Darnell*. Laboratory of Molecular Neuro-Oncology, 
The Rockefeller University, New York, NY 10021

Paraneoplastic cerebellar degeneration (PCD) is a neurologic 
disorder characterized by Purkinje cell death. PCD patients harbor 
gynecologic malignancies and an autoantibody (Yo) reactive with 
their tumors, the cytoplasm of Purkinje neurons and some cell lines 
(e.g. HeLa). Yo antisera has previously been used to clone a gene 
encoding a target antigen (cdr2) whose predicted amino acid sequence 
contains a leucine zipper adjacent to a  coiled-coil region, forming a 
potential protein interaction domain. To test th is hypothesis we 
have employed the yeast two-hybrid system. A HeLa cell cDNA 
library encoding transcriptional activation domain fusion proteins 
was screened with the putative protein interaction domain of cdr2 
fused to the LexA DNA binding protein. One clone identified in the 
screen and determined to give a specific positive signal with the cdr2 
bait protein encodes the C-termtnal 240 amino acids of c-Myc, 
including the basic helix-loop-helix leucine zipper (bHLH-Z) region. 
Two other members of the bHLH-Z family, Max and Mxi-1, were 
tested in the two-hybrid system. Interestingly, cdr2 did not interact 
with Max, but did interact with Mxi-1. In  vitro binding assays are 
being carried out to verify the cdr2-Myc interaction. To determine 
whether cdr2 and c-Myc are colocalized regionally and subcellularly, 
we performed immunohistochemical analysis of c-Myc expression. 
Staining of adult rat cerebellum with a monoclonal antibody against 
c-Myc reveals predominantly cytoplasmic immunoreactivity only 
in Purkinje cells. The above results suggest that cdr2 may interact 
with c-Myc in post-mitotic neurons. Experiments to investigate the 
nature of this putative interaction may help to elucidate the function 
of cdr2.

197.10

LYMPHOCYTE EXPRESSION OF VLA-4 AND INFILTRATION OF THE 
GUINEA PIG CENTRAL NERVOUS SYSTEM DURING ACUTE 
EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS. S.J. Kent*1. S.J. Karlik1 
and H.C. Homer2. 1 Department of Physiology, University of Western Ontario, 
London, Canada and 2 Athena Neurosciences, South San Francisco, CA, USA.

Experimental allergic encephalomyelitis (EAE) is a T cell mediated autoimmune 
disease of the central nervous system (CNS) characterized by blood-brain barrier 
(BBB) breakdown, cerebral edema and perivascular mononuclear cell inflammation 
of the brain and spinal cord. Adhesion molecules are believed to mediate 
inflammatory cell infiltration of the CNS. We examined the time course of 
inflammatory cell infiltration of the CNS using hemotoxylin-eosin and solochrome- 
R cyanin stained tissue sections. Histological analysis revealed that inflammatory 
cells started to appear in the meninges on d8. This is followed by perivascular 
infiltration and encephalitis on d9 and dlO. Demyelination is initially observed on 
dl3  following several days of inflammatory cell infiltration of the CNS tissue. 
Administration of AN 100226m, a monoclonal antibody to the a.4 subunit of VLA- 
4, led to a significant reduction in the level of perivascular infiltration and 
encephalitis by dl3 (p< 0.05 Mann Whitney Rank Sum) and prevented the onset 
of demyelination. Immunocytochemistry was used to analyse the temporal 
expression of VLA-4 on the infiltrating lymphocytes. Inflammatory cells in the 
perivascular spaces of cerebral vessels stained strongly for VLA-4 in EAE tissue. 
Infiltrating cells in the brain parenchyma were also VLA-4*. Prior to clinical 
onset of EAE and in control non-EAE animals, VLA-4+ inflammatory cells were 
found only within the blood vessels and the choroid plexus. VLA-4 mediates 
lymphocyte infiltration of the central nervous system and is therefore an essential 
component of the pathology of EAE.

197.12

ANTI-GLYCOSPHINGOLIPID ANTIBODIES IN THE SERA FROM 
EXPERIMENTAL AUTOIMMUNE NEURITIS (EAN)
M. Yamawaki i*, Y. Maeda 2, T. Kanda L T. A riga3, and R.K. Yu 3
1 Department of Neurology, Tokyo Medical & Dental Univ., Tokyo, Japan ;
2 Department of Neurosciences, University of Medicine & Dentistry of NJ,
Newark, NJ, USA; 3 Department of Biochemistry, Medical College of VA, 
Richmond, VA, USA

EAN is an animal model of acute immune-mediated neuropathy. We 
recently investigated the possible etiological role of anti-glycolipid antibodies 
for the development of EAN. First we studied anti-glycolipid antibody 
activities in sera from Lewis rats sensitized with guinea pig peripheral nerve 
using TLC immunoblotting and ELISA. In addition, anti-protein antibody 
activities were also assessed by Western-blotting. Eight out of 11 sensitized 
rats developed EAN. Anti-GMl and anti-sulfoglucuronosyl glycosphingolipid 
(SGGL) antibody activities were detected in all rats which developed EAE but 
not in unaffected rats. Western-blotting analysis revealed EAN sera reacted 
with P0 and a protein band at about 70 KD from rat peripheral nerve. In the 
second part of our experiment, we sensitized 4 Lewis rats with GM1 and 5 
with SGGL. Both groups of rats showed serum anti-GMl or anti-SGPG 
antibodies. None of the rats sensitized with GM1 developed EAN. The rats 
immunized with SGGL developed peripheral neuropathy, and nerve conduction 
studies of the rats sensitized with SGPG revealed conduction block 
(proximal/distal muscle action potential amplitude ratio was 0.46 ± 0.24, 
control 0.84 ± 0.11; p<0.05) and a mild decrease in conduction velocity 
(MCV 28.0 m/sec ± 7.8 m/sec, control 34.6 m/sec ± 7.1 m/sec). Although 
cell mediated immunity was not analyzed in this study, our results showed 
that glycosphingolipids as well as peripheral nerve proteins may represent 
potential antigens in the etiology of EAN.

197.14

CHARACTERIZATION OF ANTI-Ta ANTIBODIES FROM A PATIENT 

WITH PARANEOPLASTIC NEUROLOGICAL SYNDROME.
K, Yoshimura* 1. A. Kaneko2.. Y. Yamamuro1  K. Kitamura1.
Y. Sakamotpi, T. Hosokawa2.K. Hamaguchi2 and M, Nomura1. Dept. 

of Physiology1 and Neurology2, Saitama Medical School, Moroyama, 
Iruma-gun, Saitama 350-04, Japan

Although it is well known that there are various autoantibodies 

in sera from patients with mediastinal neoplasm, antibodies we 

obtained from a patient with paraneoplastic neurological 

syndrome recognized the Ta antigens were specifically located on a 

subpopulation of neurons where the antigens were localized in the 
cytoplasm and nuclei. Western blot analysis of a rat brain 
homogenate revealed that the patient's IgG reacted to various bands 
with apparent molecular weights range from 39 to 44 kDa. 

Interestingly, immunocytochemical study by the anti-Ta 
antibodies showed that the Ta antigens were expressed in the 

neuronal cells in E14 embryo, and especially in the spinal 
ganglion neuron. The Ta antigens were expressed in the primary 
neuronal culture (E16 rat embryo) as well. Furthermore, when 

neuronal cells were cultured in the medium with the anti-Ta 
antibodies, the cells were morphologically changed, suggesting 
cell damage or death. Therefore, the Ta antigens may play an role 

for development and maintenance in a subpopulation of neurons.
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197.15

SPINAL EPIDURAL LIPOMATOSIS: THREE NEW IDIOPATHIC CASES 
AND ONE STEROID INDUCED ASTHMATIC CASE WITH A REVIEW OF 
THE LITERATURE. S. C. Robertson* and V.C. Traynelis University of Iowa 
Hospitals and VA Medical Center, Division of Neurosurgery, Iowa City, IA 
52242.

Epidural lipomatosis (EDL) is a rare disorder often associated with either the 
administration of exogenous steroids or elevation of endogenous steroids. There 
is a small group of patients reported with idiopathic spinal epidural lipomatosis 
having no exposure to steroids. We have identified three new cases of idiopathic 
spinal epidural lipomatosis and one new steroid-induced case in an asthmatic, 
adding significantly to the number of reported cases. Three patients had lumbar 
and one patient thoracic EDL. All four of the patients were obese males. Two 
patients were Afro-American and the other two Caucasian. Three patients with 
lumbar EDL presented with radicular symptoms, while the patient with thoracic 
EDL presented with lower extremity hypoesthesia and paraparesis. Three 
patients underwent surgical laminectomy and fat debulking with good 
postoperative results, while the remaining patient with lumbar EDL was treated 
with weight loss with good relief of symptoms.

Review of our patients in conjunction with the other reported cases suggests:
1) the majority of cases of idiopathic EDL are associated with obesity, 2) unlike 
steroid-induced EDL, idiopathic EDL is equally distributed between lumbar and 
thoracic spine, 3) a strong male predominance exists, 4) patients with lumbar 
EDL usually present c/o radiculopathy versus myelopathy as seen in thoracic 
cases, 5) thoracic EDL appears to present earlier in patients (x = 36.5y.o.) 
compared to lumbar EDL patients (x=52.9y.o.), 6) idiopathic EDL may affect 
the Afro-American population more frequently , 7) surgical decompression and 
fat debulking remains the treatment of choice.
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198.1

EXPRESSION OF FULL-LENGTH HUNTINGTON'S DISEASE (HD) GENE IN
THE BACULOVIRUS EXPRESSION VECTOR SYSTEM
M. Shih. C. Wu. L.R. Shi. X.T. Ji. C.M Huang . L.L. Pike-Buchanan+ .
S. Singh. R.AIbin*. and D.A. Tagle+. PharMingen 10975 Torreyana Rd. 
San Diego, CA 92121, +NIH-NCHGR, 49 Convent Dr. Bethesda, MD 
20892. *Dept. of Neurosciences, University of Michigan, Ann Arbor, 
Ml 48109.

Huntington's disease (HD) is an adult-onset autosomal dominant 
neurodegenerative disorder characterized by psychiatric disorders, 
involuntary movements and dementia. The gene responsible for HD 
has recently been identified. However, both the function of the HD 
protein and the mechanisms of neuronal death in HD brains remain 
unknown. The availability of purified HD protein as well as specific 
HD monoclonal antibodies (mAbs) are critical for defining the 
mechanisms underlying this genetic disease. We cloned the entire HD 
coding region (9432 bp) into a baculovirus transfer vector and 
expressed it as a HD-GST fusion protein. The recombinant fusion 
protein migrated at approximately 350 kD by SDS-PAGE, consistent 
with a full-length product. This expression system provides a rich 
source of purified HD protein for structural, association and cellular 
studies. Mabs were raised against an N-terminal HD-GST fusion 
protein and the hybridomas were screened for reactivity using the 
full-length recombinant HD-GST protein. These mAbs are being used 
to characterize the expression of HD in brain and other tissue types.

198.3

HUNTINGTIN IS EXPRESSED IN EMBRYONIC MOUSE AND HUMAN 
BRAIN. M. Day. C. Schwarz. A. Sheth. E. Sapp. F.M. Bovce. A.B. Young. J. 
Penney. N. Aronin. J. Golden. P. Bhide. and M. DiFielia*. Massachusetts 
General Hospital, Boston MA 02114, Brigham and Women’s Hosp., Boston, MA 
and Univ. Mass. Med. Ctr, Worcester, MA 01655.

Huntington’s disease (HD) is an autosomal dominant neurodegenerative 
disorder characterized by motor and cognitive impairment, brain atrophy, and 
loss of neurons, particularly in the striatum. HD pathogenesis may be 
developmentally regulated. Neuronal degeneration in the HD brain occurs prior to 
the onset of symptoms, which usually occurs in mid-life (adult onset). Also, there 
is a more clinically severe juvenile form of HD. We studied the expression of 
huntingtin, the protein encoded by the HD gene (IT15) in the normal E 10-adult 
mouse brain and the normal 19-21 week human fetal brain using Western blot and 
immunocytochemistry (ICC). Western blot of total mouse brain protein extracts 
revealed a single high molecular weight protein (≈350Kd) when probed with 
antibodies against huntingtin at all embryonic and postnatal stages examined. 
The same band was detected in both the 19 and 21 week human fetal brain cases 
in all regions screened. In adult mouse, ICC labeled neuronal perikarya and 
proximal dendrites in all brain regions. This pattern of staining was evident as 
early as P0. In the embryonic mouse brain, both pre and post-mitotic cells were 
labeled. In the human fetal brain, ICC labeling was apparent in several 
populations of neurons. At 19 weeks, subplate cells showed more labeling 
whereas at 21 weeks, more diffuse labeling was seen in cortical plate and dark 
staining cells were visible in the subplate. In the brain of another case, a 10 week 
old human infant with the expanded HD allele, the mutant and wild-type 
huntingtin were detected by immunoblot. Taken together, these data suggest that 
huntingtin is widely expressed early in the developing mammalian brain.

198.2
THE HUNTINGTON’S DISEASE PROTEIN: PURIFICATION 
FROM RAT BRAIN AND INTERACTION WITH CALMODULIN. 
J. Bao*, A. H. Sharp, G. Shilling, J. P. Steiner, S. H. Snyder, C. A. 
Ross, V. L. Dawson, and T. M. Dawson. Departments of Neurology, 
Psychiatry, and Neuroscience, Johns Hopkins University, School of 
Medicine, Baltimore, MD 21287.

Huntington’s disease (HD) is an inherited neurodegenerative 
disorder and is caused by the expansion of a CAG repeat within the 
IT-15 gene. The HD protein and mRNA are widely expressed and 
enriched in brain and the localization of the protein does not explain 
the selective neuronal death in HD. Abnormal protein-protein 
interactions involving the HD protein may account for the selective 
neuronal vulnerability in HD. To facilitate the identification of 
binding proteins, we have purified the HD protein to apparent 
homogeneity, using a combination of DE-52 anion exchange 
chromatography, ammonium sulfate precipitation, and preparative 
PAGE. The purification was monitored by Western blot analysis, 
using an antibody (AP78) against an N-terminal peptide of the HD 
protein. The native HD protein migrates with a molecular weight .of 
approximately 750 kDa on gel filtration and 670 kDa on non-
denaturing PAGE, suggesting that it exists as a dimer. The purified 
HD protein migrates as a monomer of 350 kDa on SDS-PAGE, 
consistent with its predicted molecular weight. We have used the 
purified HD protein to identify and exclude candidate binding 
proteins. We found that the HD protein binds calmodulin in a Ca2+ - 
dependent fashion. The calcium-dependent interaction of the HD- 
protein with calmodulin suggests that the biological function of HD 
protein may be a calcium dependent process. The purified HD 
protein will facilitate the identification of other binding proteins and 
hence the elucidation of the biological function of the HD protein.

198.4

VARIABLE EXPRESSION OF THE MUTANT PROTEIN OF THE HD GENE 
IN HUNTINGTON’S DISEASE BRAIN. N. Aronin*. K. Chase. C. Young. E. 
Sapp. C. Schwarz. N. Matta. R. Komreich. A. Sheth. B. Landwehrmever. P. 
Bhide. E. Bird. J-P Vonsattel. T. Smith. F. M. Bovce. M. F. Beal. A B. Young. 
J.B. Penney. M. DiFielia. Univ. Mass. Med. Ctr, Worcester, MA, 01655 Dianon 
Systems, Inc, Stratford CT. and Massachusetts Gen. Hosp., Boston, MA. 02114 

The Huntington’s disease (HD) gene mutation is an unstable trinucleotide 
(CAG) repeat expansion encoding glutamines within the translated region of the 
protein, huntingtin. The CAG repeat expansion is known to correlate inversely 
with age of onset in HD. To determine the effect of CAG expansion on huntingtin 
expression in the HD brain, immunoblot analysis was performed on adult onset 
(n=l1) and the more clinically severe juvenile onset (n=10) HD cases. In all HD 
cases a mutant form of huntingtin as well as the wild-type protein was detected in 
cortex synaptosomal fractions. A high correlation (r=0.91) was seen between the 
increased size of the mutant protein relative to the wild-type and the extent of 
CAG expansion. Mutant huntingtin migrated as a broader band in the cortex, a 
region of known neuropathology, than in the cerebellum which is minimally 
involved in HD. DNA instability in the juvenile cases was suggested by the 
presence of multiple bands in the mutant protein in both regions. The most 
prominent expression of mutant huntingtin was found in the juvenile HD cortex, 
which also had larger CAG repeat expansions of the HD allele than the 
cerebellum. The cytoplasmic distribution of immunoreactive huntingtin in 
neurons of the HD cortex and cerebellum appeared similar to controls. Thus, the 
CAG expansion of the HD gene is linked to HD pathology most closely by the 
increased size and differential expression of a mutant protein in vulnerable brain 
regions. The “gain of function” mutation is most likely the result of abnormal 
protein structure and not altered intraneuronal distribution or accumulation.
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198.5

LOCALIZATION OF HUNTINGTIN IN RAT, M ONKEY AND 
HUMAN TISSUES W ITH ANTI-FUSION PROTEIN  ANTIBODIES.
C-A. Gutekunst*. A.I. Levey. C.J. Heilman. W.L. Whaley. H.Yi. N.R. 
Nash. H.D. Rees. J.J. Madden. S.M. Hersch. Emory Univ. Sch. of Med., 
Atlanta, GA 30322

Huntington's Disease (HD) is associated with expansion of a 
trinucleotide repeat in a gene coding for a predicted 348 kDa protein 
named huntingtin. We have developed monoclonal and polyclonal 
anti-fusion protein antibodies against the human huntingtin sequence, 
and used these antibodies to identify native huntingtin in rat, monkey 
and human tissues. Western blotting revealed a protein with the 
expected molecular weight which is present in the soluble fraction of 
rat and monkey brain tissues, and lymphoblastoid cell lines from 
control cases. In lymphoblastoid cell lines from juvenile onset 
heterozygote HD cases, both normal and mutant huntingtin are 
expressed, and increasing repeat expansion leads to lower levels of the 
mutant protein. Immunocytochemistry demonstrates that huntingtin is 
located in neurons throughout the brain. In the human striatum, 
huntingtin is enriched in a patch-like distribution, potentially 
corresponding to the first areas affected in HD. Subcellular localization 
of huntingtin using DAB and immunogold is consistent with a 
cytosolic protein prim arily found in som atodendritic regions. 
Huntingtin appears to particularly associate with microtubules, 
although some is also associated with synaptic vesicles. Based on the 
localization of huntingtin in association with microtubules, the genetic 
defect may im pair the cytoskeletal anchoring or transport of 
mitochondria, ribosomes, vesicles, or other organelles or molecules, 
causing an energetic defect that renders neurons susceptible to 
excitotoxicity.

Supported by NS01624, DA05002, HDF, Emory URC and APDA.

198.7

CLO N IN G  O F A PRO TEIN  (H A P-1) TH A T A SSO CIA TES W ITH 
TH E H U N TIN G TO N 'S D ISE A SE PRO TEIN . S-H. Li. X-J. Li. A. 
Lanahan. P. W orley. T. M. D aw son and C.A. Ross*. Laboratory o f 
M olecular N eurobiology, D ept. o f Psychiatry and N euroscience. Johns 
Hopkins U niversity, School of M edicine, Baltimore, M D 21205-2196.

The neuropathology o f H untington's disease (HD) is characterized by 
selective neuronal loss in hum an brain. H owever, the HD gene product 
is w idely expressed  in the brain and the periphery , w ith sim ilar 
expression levels between HD patients and controls. One hypothesis of 
the pathogenesis of HD is a gain o f function related to interaction o f the 
HD protein with other proteins in the cell. Using the N-terminal portion 
of the HD protein containing 44 glutam ine repeats in the yeast two- 
hybrid system , we have identified a rat brain cD N A  encoding a novel 
H untingtin A ssociated Protein (H A P-1) w hich interacts with the HD 
protein. HAP-1 can also interact with the HD protein with 23 glutamine 
repeats, but its association with the HD protein is enhanced by expanded 
glutam ine repeats. An unrelated protein w ith 21 glutam ine repeats 
(Atrophin-1) does not interact with HAP-1, suggesting that HAP-1 does 
not bind directly to the polyglutam ine tract. The full length HAP-1 
cDNA has no significant hom ology to other know n genes. Northern 
blot analyses show that the mRN A  is preferentially expressed in brain. 
HAP-1 is thus a candidate for interaction with the HD protein, and may 
be involved in the selective brain pathology in HD.

198.9

OXIDATIVE DNA DAMAGE AND IMPAIRED MITOCHONDRIAL 
METABOLISM IN HUNTINGTON'S DISEASE. S.E. Browne* A C. 
Bowling, U MacGarvey and M.F. Beal. Neurology Research,
Massachusetts General Hospital and Harvard Medical School, Boston, MA.

A number of recent studies indicate that mitochondrial energy 
metabolism is impaired in brain regions susceptible to neurodegeneration 
in Huntington's disease (HD). Using spectrophotometric assays to
measure activities of the enzyme components of the electron transport 
chain in crude mitochondrial fractions, we previously demonstrated a 29% 
decrease in complex II-III activity in HD caudate, relative to age and sex- 
matched controls (HD = 0.222 ± 0.013, control = 0.311 ± 0.034 nmol/min/ 
corrected for citrate synthase (CS) activity). We have subsequently found 
that complex II-III activity is also markedly reduced in HD putamen (- 
69%; HD = 0.134 ± 0.033, control = 0.43 ± 0.076 nmol/min/CS). 
Complex I and IV activities were unaltered in caudate and putamen. No 
differences in the activities of complexes I, II-III or IV were found between 
HD and controls in frontal and parietal cortices, or in cerebellum. These 
results are of particular interest since the complex II inhibitor 3-nitro- 
propionic acid (3-NP) has been shown to produce discrete basal ganglia 
lesions, in rodents and in man, which closely resemble those seen in HD.

One possible mechanism whereby such a defect in mitochondrial 
energy metabolism might occur is by free radical-induced oxidative 
damage to DNA encoding the affected enzyme subunits. We have used 
HPLC techniques to measure the amount of the oxidative damage product 
8-hydroxy-2-deoxyguanosine (OH8dG) in nuclear DNA from the same 
subject populations used in the enzyme activity studies. There were no 
significant differences in the levels of OH8dG between HD and control 
subjects in frontal and parietal cortices, cerebellum or putamen. However, 
OH8dG in HD caudate was increased 21 % relative to control levels. These 
results further support roles for oxidative damage and mitochondrial 
energy metabolism dysfunction in the etiology of cell death in HD.

198.6

H U N T IN G T IN -L IK E  IM M U N O R E A C T IV IT Y  IN THE 
EXCITOTOXICALLY LESIONED STRIATUM. S.B. Tatter*-1,2 n .S.K. 
Haque1, W .R . G a lp e rn l . A .T . H oogeveen3  and O. Isacson1 ,2  
1Neuroregeneration Laboratory, Harvard Medical School, McLean Hospital, 
Belmont, MA 02178. 2Neurology and Neurosurgery Services MGH, Boston, 
MA. 3Dept. of Clinical Genetics, Erasmus University, 3000 DR Rotterdam, The 
Netherlands.

The defect of the IT 15 gene responsible for Huntington's disease (HD) on 
chromosome 4 p 16.3 results in an increase in the length of polyglutamic acid in 
the 348 kD huntingtin protein. There is also considerable evidence that 
susceptibility to excitotoxic damage is a factor involved in the specific neuronal 
loss observed during HD however, the relationship between this pathology and 
the mutation in the IT 15 gene remains obscure. To determine if regulation of 
huntingtin protein levels is influenced by excitotoxic challenge and plays a role in 
its cellular specificity, an antipeptide antibody against amino acids 3114-3141 of 
the human huntingtin protein was used to describe a time course of IT 15 
expression after intrastriatal quinolinic acid injection in the mouse and primate 
(M. mulatta). Increased levels of huntingtin immunoreactivity were observed in 
both neuronal cell bodies and cell processes in the white matter following 
quinolinic acid exposure, suggesting that huntingtin may function as a stress 
response protein in these neurons. Using antisense RNA procedures we have 
modified IT15 gene expression of striatal neurons in culture and in vivo, and will 
present data on the physiological and neuropathological consequences of 
modified huntingtin levels on vulnerability induced by mitochondrial inhibitors 
and glutamate receptor activation. These results provide information about the 
role of the IT 15 protein in neurotoxic processes implicated in HD.

198.8

EXPRESSION OF THE IT 15 PROTEIN IN HD PATIENTS. G. Schilling. A.H. 
Sharp. S.J. Loev, M.V. Wagster. S-H. Li. Q.C. Stine, G.D. Pearlson*and C.A. 
Ross . Laboratory of Molecular Neurobiology, Johns Hopkins University, School 
of Medicine, Baltimore, MD 21205-2196.

Huntington's disease (HD) is an inherited, neurodegenerative disorder caused by 
expansion of a CAG repeat in the IT 15 gene, leading to an expanded glutamine repeat 
in the HD protein. The mechanism by which the expanded repeat causes expression 
of the disease is not known, though there does not appear to be a change in the 
mRNA level. Altered levels of IT 15 protein expression in HD patients, or abnormal 
protein interactions of the expanded IT 15 protein remain possibilities. We have 
conducted quantitative Western blot analysis of HD and control frontal cortex and 
caudate using the IT15 protein specific, affinity purified antibody AP 81. Expression 
of the IT15 protein in HD frontal cortex is essentially equal compared to controls. In 
HD caudate IT15 protein is decreased to a one tenth of controls, exactly paralleling the 
decrease in a neuronal marker IP3 Receptor Type I. This suggests that the IT 15 
protein loss in HD caudate is secondary to neuronal loss. In order to determine 
expression of the two alleles of IT 15 protein in HD-lymphoblastoid cell lines and 
post-mortem HD brain, we used Western blots of 4% polyacrylamide gels. Both 
alleles of the IT 15 protein were expressed at similar levels in HD lymphoblastoid cell 
lines, indicating that even very long CAG repeats can be translated into 
polyglutamine. In HD hippocampus and cerebellum (regions relatively spared in 
HD) both alleles of the IT 15 protein appeared to have similar levels of expression. 
By contrast, in cerebral cortex and caudate (regions relatively severely affected in HD), 
the two alleles were expressed at similar levels only in the shorter expanded repeat 
cases. In long expanded repeat cases, the intensity of the band representing upper 
allele was significantly lower present compared to the normal allele. There was a 
smear of reactivity above the upper allele only seen HD cerebral cortex and caudate. 
These results are compatible with a "gain of function" hypothesis for the disease 
mechanism of HD, which suggest the possibility of altered structure, selective 
ubiquitination, or abnormality of protein-protein interactions involving the IT 15 
protein with the expanded glutamine repeat.

198.10

CH RON IC 3-N IT R O PR O P IO N IC  ACID TREA TM EN T IN 
BABOONS : A PRIM A TE M ODEL FOR HUNTINGTON'S 
DISEASE ? P.Hantraye. E.Brouillet. S.Palfi°. R.J. Ferrante°°. R.Dolan*.
M.Peschanski° and M.F.Beal#. UR A CEA-CNRS 1285, SHFJ, DRIPP, CEA- 
DSV, 91401 ORSAY Cedex and °INSERM U 421, Faculté de Médecine, 94010 
CRETEIL Cedex, FRANCE. °°Grecc Unit, 182B, Bedford VA Medical Center, 
Bedford MA 01730 and #Neurochem. Lab., Dept. Neurol., Mass. General Hospital, 
Boston MA 02114, USA.

Huntington's disease (HD) is an inherited degenerative disorder characterized 
by involuntary choreiform movements, frontal-type cognitive deficits and a bilateral 
progressive neuronal loss in the caudate and putamen nuclei. No naturally occuring 
or experimental animal model of HD reproducing this pathophysiological triad has 
been found to date. In an extension of our previous work on 3NP-toxicity in 
primates , we now report on behavioral, MRI and histological data obtained in 13 
baboons or macaques chronically treated with the mitochondrial inhibitor. Long-
term 3NP treatment was associated with the progressive appearance of a variety of 
abnormal movements ranging from apomorphine-induced dyskinesias 
(presymptomatic phase) to spontaneous generalized dystonia and dyskinesias in the 
final part of the treatment (symptomatic phase). The cognitive performances of 
presymptomatic 3NP-treated animals were compared with those of control baboons 
using the object retrieval detour task (ORDT) and found to be diminished in the 
3NP-treated baboons. In all cases, spontaneous motor symptoms were associated 
with selective striatal lesions detectable by anatomical techniques which indicated 
striking similarities between the striatal lesion induced by 3NP and that observed in 
HD patients. The results of these studies indicate that chronic 3NP-treatment can 
reproduces in baboons multiple behavioral and anatomopathological aspects of HD 
including the fronto-striatal syndrome typically associated with this human disorder.
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198.11

COGNITIVE AND M OTOR DEFICITS IN A PRIM A TE M ODEL OF 
H U N TIN G TO N 'S D ISEA SE. S.Palfi° . E.Brouillet. R .J .Ferran te°° .
M .F.Beal#- M.Peschanski° and P.Hantraye*. URA CEA-CNRS 1285, 
SHFJ, DRIPP, CEA-DSV, 91401 Orsay Cedex and °INSERM U 421, 
Faculté de Médecine, 94010 Cré teil Cedex, FRANCE. °°Grecc Unit, 
182B, Bedford VA M edical Center, Bedford, MA 01730 and 
#Neurochem. Lab., Dept. Neurol., Mass. General Hospital, Boston MA 
02114, USA.

We recently showed that chronic adm inistration  o f the 
mitochondrial inhibitor 3-nitropropionate (3NP) produces a variety of 
dyskinesias in baboons and macaques which are associated with selective 
striatal lesions displaying many similarities with the pathologic features 
o f the HD striatum. The present study examined whether 3NP treatment 
could also induce a frontal-type cognitive impairment in baboons similar 
to the one observed in HD patients. The cognitive performances of 3NP- 
treated and control baboons were compared using the object retrieval 
detour task (ORDT), a task designed to assess the functional integrity of 
the fronto-striatal pathway in both humans and non-human primates. At 
the same time, the functional integrity o f the striatum was assessed using 
tim e-sam pled neurological observations after adm inistration of 
apomorphine. Histological analysis of control and 3NP-treated baboons 
was performed to correlate cognitive and motor deficits with anatomical 
brain lesions. A significant impairment (p<0.001) in the ORDT was 
observed in the 3NP-treated animals, which occured simultaneously with 
the progressive appearance of abnormal movements under apomorphine 
treatment. Histologic evaluation showed selective bilateral caudate- 
putamen lesions sparing other cerebral regions including the frontal 
cortex. The present study demonstrates that chronic 3NP treatment 
reproduces in primates multiple aspects of HD including the fronto- 
striatal syndrome of cognitive impairment typically associated with this 
human disorder.

198.13

ABNORMAL NADPH-DIAPHORASE STAINING IN 
STRIATAL INTERNEURONS OF RATS CHRONICALLY 
TREATED WITH 3-NITROPROPIONIC ACID. M .-C . 
G u y o t. P. H a n tra y e , K , M o y a * . M . M a z ié re  a n d  E . 
B ro u ille t. C E A -C N R S  U R A  1 2 8 5 , S H F J , D R IP P ,C E A - 
D SV, 4 p la ce  du G e n e ra l Lec le rc , 91401 O rsa y , F R A N C E

C h ro n ic  s y s te m ic  a d m in is tra tio n  o f th e  m ito c h o n d ria l 
to x in  3 -n itro p ro p io n ic  a c id  (3 N P ) ca n  in d u ce  a n u m b e r of 
h is to lo g ica l c h a ra c te r is tic s  o f H u n tin g to n 's  d is e a s e  (H D ). 
T h e  p a th o lo g ic a l c h a n g e s  in c lu d e  s e v e re  lo ss  o f m ed ium  
s iz e  s p in y  n e u ro n s  w h ile  s tr ia ta l N A D P H -d ia p h o ra s e  
c o n ta in in g  in te rn e u ro n s  a re  s p a re d . T h e s e  s p a re d  
in te rn e u ro n s  in H D , h o w e v e r, h a ve  s tr ik in g ly  a b n o rm a l 
d e n d r ite s  w ith  c o a rs e  v a r ic o s it ie s . H e re  w e  e x a m in e d  
w h e th e r  th e  p a th o lo g ic a l c h a n g e s  s e e n  a fte r  s y s te m ic  
3 N P  e x te n d e d  to  th e  le ve l o f n e u ro n a l m o rp h o lo g y .

C h ro n ic  3 N P  in to x ic a t io n  p ro d u c e d  m o rp h o lo g ic a l 
c h a n g e s  in ra t s tria ta l N A D P H -d  n e u ro n s  co n c o m m ita n tly  
w ith  m o to r s y m p to m s . T h e  m o rp h o lo g ic a l c h a n g e s  w e re  
re m in isce n t o f th o s e  se e n  in H D . W e  o b s e rv e d  n u m e ro u s  
s tr ia ta l in te rn e u ro n s  w ith  v a r ic o s e  d e n d rite s  a n d  b e a d e d  
fib e rs  in  th e  s tr ia tu m . O u r re s u lts  n o t o n ly  v a lid a te  3N P  
in to x ic a tio n  in  ra ts  as  a  m o d e l o f s o m e  a s p e c ts  o f HD, 
th e y  a ls o  s tre n g th e n  th e  h y p o th e s is  th a t a  p r im a ry  
im p a irm e n t in  e n e rg y  m e ta b o lism  co u ld  be  in vo lve d  in the  
e tio lo g y  o f th e  d ise a se .

198.15

BEHAVIOURAL ANALYSIS OF THE EFFECTS OF UNILATERAL 
STRIATAL LESIONS IN THE COMMON MARMOSET.
L. Kendall. L.E. Annett. E.M. Torres & S.B. Dunnett SPON: European Brain 
and Behaviour Society
MRC Cambridge Centre For Brain Repair, University of Cambridge, UK

Recent attention has focused on neural transplantation as a possible treatment 
strategy in Huntington’s disease (HD). However, issues such as techniques of 
tissue preparation and graft placement must be addressed before clinical 
transplants can proceed. In order to conduct transplantation studies we have 
recently developed a unilateral striatal lesion model of HD in the common 
marmoset. Following pilot studies we have found that multiple, small deposits
0.1M Quinolinic acid injected into either the Caudate nucleus or the putamen 
produces a stable and reliable lesion.

A range of behavioural tests, which include tests of reaching ability designed 
to demonstrate lateralised motor impairments, have been used to analyse the 
functional consequences of these lesions. The putamen lesioned monkeys 
exhibit a contralateral reaching impairment on such tasks where both the 
reaching ability and the accuracy of reaching is impaired. The caudate lesions 
tend not to be associated with actual reaching impairments but instead we see 
impaired co-ordination and dexterity of the contralateral hand. Since the extent 
of the functional deficit is greater in the putamen lesioned marmosets we have 
chosen to transplant only into this group. This presentation will discuss the 
behavioural tests used to assess the striatal lesions.

This work is supported by the Welcome Trust.

198.12

SY STEM IC AD M IN ISTRA TIO N OF 3-N ITR O PR O PIO N IC  ACID IN 
PR IM A T ES: C O R R E L A T IO N  B ETW EEN  M R I FIN D IN G S AND 
SY M PTO M A TO LO G Y . E.Brouillet*. S.Palfi. R.Ferrante2. A.Lerov-Willig. 
M.C.Guvot. M.F.Beal1 and P.Hantraye . URA CEA-CNRS 1285, SHFJ, DRIPP, 
CEA-DSV, 91401 Orsay, FRANCE. 1Neurochem.Lab., Dpt of Neurol., Mass. 
General Hosp. Harvard Med. Sch. Boston, MA 02114 and 2Grecc Unit 182B. 
Bedford VA Med Center, Bedford MA 01730, USA.

Chronic systemic administration of the mitochondrial toxin 3-nitropropionic 
acid (3NP) produces selective striatal lesions with histological features similar to 
the lesions seen in Huntington's disease (HD). Here, 6 adolescent baboons were 
treated by im injections of 3NP using different intoxication regimens and the 
results of longitudinal neurological evaluation compared with magnetic resonance 
imaging (MRI). Progressive 3NP intoxication in 2 animals using low doses 
regimen (10-18 mg/kg/day) during 2 months did not lead to major changes in T1 
and T2 weighed signal intensity although animals showed spontaneous frontal-type 
cognitive impairment and were 'pre-symptomatic' i.e. showing motor symptoms 
after apomorphine administration. Prolonged progressive treatment (18-28 
mg/kg/day) in these two animals during 2 further months produced a 30-80% 
increase in T2 values in both caudate and putamen associated with spontaneous 
motor and cognitive symptoms. Similar MRI changes and spontaneous 
neurological impairment could be obtained in 3 animals receiving a less 
progressive 3NP regimen (18-30 mg/kg/day) for 2 months. Finally, one animal was 
treated with low doses of 3NP (7-16 mg/kg/day) for more than 2 years. This animal 
became 'presymptomatic' after 4-5 months and 'symptomatic' after 9-10 months of 
treatment. MRI did not show obvious changes in signal intensity although a clear 
lateral ventricle enlargement was observed indicating striatal atrophy. The present 
MRI observations are reminiscent of the reported difference between patients with 
early and late onset HD i.e. rapid and slow time-course respectively. This suggests 
that depending on the intoxication regimen, 3NP treatment can replicate the 
different onsets and stages of HD.

198.14

DIFFEREN TIA L RESPONSE OF EXTRA CELLULA R GABA IN TH E 
STRIATUM  AND NUCLEUS ACCUMBENS USING TH E 3-N1TRO- 
PROPIONIC ACID RAT MODEL OF HUNTINGTON’S DISEASE. W . LIN. 
C. MEYER. D.L.ROERIG. and N.C. REYNOLDS*. Neurology Dept., Medical 
College of WI and VA Medical Center, Milwaukee, W I 53295 

The purpose of this study was to observe dynamic changes in extracellular GABA 
in the striatum and nucleus accumbens (NA) in a freely-moving rat model of 
Huntington’s Disease (HD). The goal was to determine whether a striatal 
excitotoxic process produced by 3-nitropropionic acid (3-NPA) could cause 
neurochemical changes in the NA. a major functional interface between the limbic 
and motor systems in locomotor processes. If early changes in the NA parallel 
changes in the striatum, then abnormal NA physiology could be implicated in 
certain cognitive or behavioral problems noted early on in HD before cortical 
atrophy has occurred. We determined the effects of intrastriatal 3-NPA on GABA 
levels in both the striatum and the NA. Microdialysate samples of GABA were 
collected and then quantified using orthophthalaldehyde derivatization and liquid 
chromatography with electrochemical detection. 50 minutes after 3-NPA perfusion 
into the striatum, GABA levels were increased in striatum (5742% of baseline 
P<0.05) and persisted for 60 minutes. GABA concentrations in the NA were not 
significantly different from those of controls (P>0.05). 30-40 min after 3-NPA 
perfusion in the striatum, the rats displayed hypermotility. contralateral turning 
movements, rigidity in the neck and forelimbs with jaw tremors persisting for 48 
hours. In studies infusing quinolinic acid (QA). we found modest increases of 
extracellular GABA (280% P<0.05) in NA compared with striatal increases (3947% 
P<0.05) that were relatively stable over 48 hours post perfusion. This suggests that 
although QA and 3-NPA produced similar behavioral changes, corresponding 
GABA levels in the NA did not parallel those in the striatum. The changes of 
GABA in the NA are not directly secondary to the changes of GABA in the 
striatum in both rat models. There may be additional neurons or circuit systems 
between the striatum and NA which mediate changes in GABA activity.

198.16

AN EXAMINATION OF EXECUTIVE AND MNEMONIC FUNCTIONS 
IN MILD HUNTINGTON S DISEASE A.D. L aw rence . B. J. Sahakian2.
J .R . Hodges3. K. W. Lange4 and T. W Robbins1 (SPON European Brain 
and Behaviour Society). Depts Exp Psychology1, Psychiatry2 & Neurology3 
University of Cambridge, Cambridge CB2 3EB, UK, Institute of Neurology4 
University of London, UK.

Patients with mild, symptomatic Huntington’s disease (HD) (n=I8) were 
compared with age- and IQ- matched controls on computensed tests from the 
CANTAB battery. A test o f visual discrimination leammg was administered 
which consists of a series of visual discriminations and reversals, culminating 
in an extradimensional shift (EDS). This task has previously been shown to be 
sensitive to fronto-striatal dysfunction In addition, tests of planning (The 
Tower of London) and spatial working memory (SWM) sensitive to focal 
frontal lobe lesions and a test of pattern recognition memory sensitive to 
temporal lobe lesions and amygdalo-hippocampectomy were administered In 
contrast to patients with moderate HD, who are markedly impaired even 
at simple reversal learning, patients with mild HD are unimpaired at reversal 
learning but are impaired at making an EDS which is akin to a change in 
category on the Wisconsin Card Sorting Test. Patients with mild HD are also 
impaired in terms of thinking times on the Tower o f London and in the use of 
an effective ‘search strategy’ on the SWM task Further, patients with HD 
were impaired on the task of pattern recognition memory. This could be the 
result of the well known perceptual problems present in HD, or could possibly 
reflect a true mnemonic impairment. These results will be interpreted with 
reference to the known neuropathology of HD and the functional 
neuroanatomy of cortico-striatal circuitry
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198.17

OLFACTORY FUNCTIONAL TESTING: CORRECT CLASSIFICA
TION OF PATIENTS WITH HUNTINGTON'S DISEASE. C. Murphy*.
L. Acosta L. J. Razani. S. Nordin. J. Paulsen(UCSD Medical Center, 
VAMC, and San Diego State University, San Diego, CA 92120) and 
Nancy S. Wexler and the Huntington's Venezuela Study Group (Hereditary 
Disease Foundation and Columbia University, New York, NY 10032) 

Huntington's disease is present in approximately 5 in 100,000 persons 
in the U.S. In Venezuela, prevalence is much greater. Identification of 
persons homozygous for the disease who are first developing symptoms of 
dementia is a challenge for neuropsychology in this population. Patients 
with Huntington's disease show deficits in odor threshold sensitivity and 
odor identification (Nordin, Paulsen & Murphy, JINS. 1995). In the 
present study, non-lexical odor identification and odor memory for a battery 
of odorants was studied in Venezuela in patients diagnosed with 
Huntington's disease and in persons diagnosed as unaffected. Odor 
identification employed a battery of odors chosen on the basis of previous 
pilot testing to be relatively easily identified by unaffected Venezuelans, and 
a picture response mode which eliminated lexical demands. Scores for 
identification of the photographs used for picture recognition did not differ 
for HD patients and controls. The same odors were used in an odor recall 
task and in an odor recognition task. The results demonstrated significantly 
poorer recall and recognition of odors in the HD patients when compared 
with unaffected persons. Odor recognition performance was superior to 
odor recall. When sensitivity and specificity of the odor recall and odor 
recognition testing of affected and unaffected persons was compared, 
results showed that odor testing correctly classified patients at a high rate. 
Assessment of olfactory function using a battery of tests will enhance the 
accuracy of neuropsychological testing in correct classification of patients. 
*Supported by NIH grants AG08203-7 (CM) and NS22031-10 (NSW)
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199.1

UNIQUE GENES IN SPORADIC ALS LIBRARIES. D.C. Kelley-Geraghty. K.L. 
Rickert and B. Jubelt.* Dept. Neurol., SUNY HSC, Syracuse, NY 13210.

Objective: In order to determine if any differentially expressed messages could 
be found in sporadic ALS we have constructed and subtracted cDNA libraries from 
autopsy spinal cord gray matter. Background: Antisense cDNA - mRNA 
subtraction of differentially expressed genes of abundantly or easily obtainable 
material from tissue culture and animal sources has led to identification of tissue 
specific genes. In general, autopsy spinal cord from ALS patients is neither abundant 
nor easily attainable. As a result cDNA libraries needed to be made and subtracted 
since the source material was non-renewable. Subtraction of cDNA libraries has led 
to identification of at least two specific gene products in scrapie infection (Duguid, 
J.R., PNAS 85:5738-5742,1988) and also in hepatic cancer (Schweinfest, C.W., 
Genet Annal Techn Appl 7:64-70, 1990). We have constructed cDNA libraries from 
normal and ALS spinal cords [Kelley-Geraghty, D.C., Neurol 429 (Suppl 3); 230, 
1992]. Methods/Design: The cDNA libraries have been constructed in Unizap 
Lambda-XR so that they are all in the same orientation. All libraries were made into 
ssDNA. Anti-sense RNA and DNA probes were made from each library using defined 
oligomers as promoters or primers. The labeled control library was subtracted from 
the ALS library. All non-hybridizing clones were selected and DNA was prepared 
from each. RFLP, cross hybridization and sequencing were performed to select 
unique clones. Results: There are 7 unique clones and 4 clones that share 
extensive homology to one another. Back subtraction of these clones to the control 
library showed them to be absent totally (less than 1 in 50,000) from the controls. 
These clones have inserts ranging in size from 0.5 to 2 kB of DNA. Partial sequence 
analysis has been performed on 7 of the clones. Computer analysis, using the GCG 
program FASTA and GenEmbl databases, has identified one clone with 95% 
homology to RNA helicase and another with 95% homology to β-galactosidase. The 
other clones have homology to human CNS clones from Stratagene whose function 
has not been identified. Further sequencing is underway. Full length clones are 
being sought in the ALS library. In Situ hybridization is being performed to localize 
the clones to glia or neurons.

199.3

NITRIC OXIDE MEDIATED OXIDATIVE DAMAGE ARISING FROM A 
FAMILIAL ALS-LINKED MUTATION IN SOD1
L.I. Bruijn1, J.B. Schulz2. P. Wong3. M. F. Beal2. D.L. Price3 and D.W. 
Cleveland1* 1Ludwig Institute for Cancer Research, UCSD, La Jolla, CA 92093; 
2Mass. General. Hospital, Boston, MA 02114; and 3Johns Hopkins Univ. Sch. of 
Med., Baltimore, MD 21205

Amyotrophic Lateral Sclerosis (ALS) is fatal neurological disease 
characterized by progressive muscle atrophy resulting from loss of spinal and 
cortical motor neurons. Mutations in the enzyme Cu/Zn superoxide dismutase 
(SOD1), which destroys oxygen free radicals that are toxic to cells, have been 
linked to some of the familial ALS cases. This discovery provides the first clue 
that a specific defect in antioxidant defenses may be responsible for a 
neurodegenerative disease and raises the question of how these mutations affect 
SOD1 function. To examine the mechanism of SOD1-mediated disease, 
oxidative damage has been measured in mice with progressive motor neuron 
disease arising from expression of one FALS-linked SOD1 mutant (G37R). 
Using the conversion of salicylate to 2,3- and 2,5-dihydroxybenzoic acid 
(DHBA), no significant increase in hydroxyl free radicals is found when 
compared with control mice or mice expressing elevated levels of wild-type 
human SOD1. Intemeurons surrounding motor nuclei produce nitric oxide which 
is highly reactive with the oxygen free radical superoxide to form peroxynitrate, 
which in turn reacts with SOD1 to produce a nitronium-like intermediate which 
can nitrate tyrosine residues. Using HPLC and an electrochemical detector, 
levels of nitrotyrosine were found to be elevated in transgenic mice expressing 
the G37R mutant SOD 1, providing direct evidence that nitric oxide plays a key 
role in motor neuron degeneration.

199.2

TRANSGENIC MICE CARRYING A HUMAN MUTANT SUPEROXIDE 
DISMUTASE TRANSGENE DEVELOP NEURONAL CYTOSKELETAL 
PATHOLOGY RESEMBLING HUMAN AMYOTROPHIC LATERAL 
SCLEROSIS LESIONS. P.-H. Tu1. P. Raju1. K. A. Robinson1. M. E. Gumey2. J. Q. 
Trojanowski1* and V. M.-Y. Lee1. 1Dept. of Pathol. and Lab. Med., Univ. of 
Pennsylvania Sch. of Med., Philadelphia, PA 19104-4283; 2Dept. of Cell, Mol., and 
Structural Biology, Northwestern Univ. Med. Sch., Chicago, IL 60611.

Mutations in human Cu,Zn superoxide dismutase (SODI) gene are found in 
20% of kindreds with familial amyotrophic lateral sclerosis (FALS). Transgenic 
mice (line G1H) expressing a human SOD1 containing a gly93-ala mutation develop 
a disease similar to FALS, but transgenic mice (line N1029) expressing a wild-type 
human SOD1 transgene do not. Vacuolar degeneration was observed in the G1H 
transgenic mice but not in the N1029 transgenic mice. Neurofilament (NF)-rich 
inclusions similar to axonal spheroids and Lewy bodies were first detected in G1H 
mice at 82 days of age but the N1029 mice did not develop similar inclusions until 
they were 132 days old. Other neuronal intermediate filament proteins (α- 
internexin, peripherin) also accumulated in these spheroids. The onset of ubiquitin 
immunoreactivity in the G1H mice paralleled the emergence of vacuoles and NF- 
rich spheroids but they did not colocalize exclusively with spheroids. However, 
ubiquitin immunoreactivity was not increased in the N1029 mice at up to 199 days 
of age. Astrocytosis in spinal cord was associated with a marked increase in glial 
fribrillary acidic protein immunoreactivity in the G1H mice, but not in the N1029 
mice. Finally, comparative studies revealed a striking similarity between the 
cytoskeletal pathology in the G1H transgenic mice and in ALS patients. These 
findings link a specific SOD1 mutation with alterations in the neuronal cytoskeleton 
of patients with motor neuron disease.

199.4

MATRIX METALLOPROTEINASES (MMP-2 AND MMP-9) IN THE CNS 
OF ALS PATIENTS. G.P. Lim. I.G. Lin. M.J. Cullen*. R.D. Atkinson. C.A. 
Miller, and Z.A. Tökés. Departments of Cell and Neurobiology, 
Biochemistry and Molecular Biology, and Pathology. University of Southern 
California, School of Medicine, Los Angeles, CA. 90033.

Matrix metalloproteinases (MMPs) were investigated in the CNS of ALS 
and control patients using zymography (SDS-PAGE gels containing 
gelatin). Four MMPs with the molecular masses of 70, 100, 130, and 280 
kDa were consistently seen in neocortical and spinal cord regions. 
Immunodepletion experiments, using sonicated tissue homogenates and 
MMP-specific monoclonal IgG’s, confirmed that the 70 kDa enzyme was 
MMP-2 (72 kDa gelatinase) while the 100, 130, and 280 kDa proteinases 
were different molecular forms of MMP-9 (92 kDa gelatinase). Using 
quantitative zymography, no significant changes in MMP-2 activity were 
seen between ALS and control. However, significant increases (p < 0.05) 
in MMP-9 activity were observed in ALS neocortical (BA4, 10, and 17) and 
lower spinal cord regions. The highest MMP-9 activity was detected in 
motor cortex and lower spinal cord regions. Immunostaining localized 
MMP-2 to astrocytes and perivascular regions. MMP-9 was observed in 
cell bodies and neurites of a subpopulation (40-60%) of upper and lower 
motor neurons. If MMP-9 is transported along the axon toward the 
synapse, an excess amount of this enzyme may alter the structural 
integrity of the synaptic matrix, thereby contributing to the pathogenesis of 
the degenerative process. Supported by NIA R01-AG09681.
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199.5

INCREASED PKC ACTIVITY IN PATIENTS WITH AMYOTROPHIC LATERAL 
SCLEROSIS. R.A. Lanius*. H.B. Paddon, M. Mezei. R. Wagey. C. Krieger, S.L. 
Pelech & C.A. Shaw. Depts. of Ophthalmology and Medicine, Biomedical Research 
Center, and Kinetek Biotechnology Corporation, University of British Columbia, 
Vancouver, B.C., Canada.

Amyotrophic lateral sclerosis (ALS) is a human neurodegenerative disorder of 
unknown origin which is characterized by progressive degeneration of corticospinal 
tracts and anterior hom cells in the brainstem and spinal cord. Previous studies have 
indicated that motoneuron degeneration associated with ALS may be triggered by 
mechanisms leading to increased intracellular calcium (Ca2+). In the present study, 
Ca2+-activated phospholipid-dependent protein kinase C (PKC) was evaluated in 
cervical spinal cords from 14 ALS patients and 14 control subjects. In patients who 
died with ALS, PKC histone HI phosphotransferase activity was significantly 
increased by 330% in cytosolic and 118% in particulate-derived extracts compared to 
control. This increase in PKC phosphotransferase activity appeared to be partially 
due to an increase in the amount of PKC protein present in ALS spinal cord tissue. 
PKC histone H1 phosphotransferase activity also showed a tendency to be increased 
in particulate-derived fractions from motor cortex, another area pathologically affected 
in ALS. However, these increases did not reach conventional levels of statistical 
significance. PKC histone HI phosphotransferase activity was not found to be 
significantly different in cytosolic- and particulate-derived extracts obtained from 
visual cortex, an area pathologically unaffected in ALS. Moreover, non neuronal 
controls, including platelets and leukocytes, showed no difference in PKC histone H1 
phosphotransferase activity compared to control. The specific nature of PKC 
alterations in affected regions of the central nervous system support a role for PKC in 
the events leading to motoneuron death in sporadic ALS.

199.7

EVALUATION OF NUTRITION AS A FACTOR IN THE PROGRESS OF 
WOBBLER MOUSE MOTONEURON DISEASE. P. Bose, R. Fielding1 and L.L. 
Vacca-Galloway*. Depts. of Anatomy and Community Medicine & Behavioral 
Science1, The University of Hong Kong.

The Wobbler mouse provides a good model for the evaluation of human moto-
neuron disease. During the course of the Wobbler motoneuron disease (MND), the 
significant loss of motoneurons in the cervical spinal cord and cranial motor nuclei 
leads to the progressive loss of motor function in the forelimbs and the head and neck 
region. The loss of cutting and chewing ability result in a lower mean body weight for 
the Wobbler mouse that is experimentally half that of the normal phenotype 
littermate controls. The present study was undertaken in order to determine whether 
or not nutritional deficits contribute to the weight loss and thereby influence the 
progress of the MND. Wobbler and normal phenotype control littermates were 
dropper-fed thrice daily on a regular diet of Rat Chow ( PMI FEEDS Inc., USA; 
Crude Protein 23.50%, Crude Fat 5.1%, Crude fiber 3.9% , and Nitrogen-free extract 
50.3%) beginning at postnatal age 12 days to 3 months. Weight measurements were 
taken daily for 30 days and every alternative day thereafter. Scores from several 
behavioral tests (for forelimb power, climbing, walking, and footprints) were taken 
every alternative day. Weight of the liver, brain, spinal cord, heart, gastrointestinal 
tract and muscles of the forelimbs were measured in order to determine where the 
nutritional benefit was incurred. Although the mean weight loss in the Wobblers was 
reduced and was significantly different from the control value during the course of the 
experiment, the progress of the MND was not affected. We conclude that nutritional 
factors and weight loss/gain are not primary considerations during the measurement 
of the progress of the MND. The behavioral deficits result primarily from the spinal 
cord motoneuron losses. These experiments precede pharmacological manipulations 
of the Wobbler mouse that may influence the progress of the MND. This work was 
supported by Crouchers Grant 360/031/0814 and RGC Grant 338/031/0010

199.9

SPORADIC AMYOTROPHIC LATERAL SCLEROSIS (SALS): OXIDATIVE ENERGY 
METABOLISM AND CALCIUM HOMEOSTASIS IN PERIPHERAL BLOOD 
LYMPHOCYTES. D. Curti1*, C. Cam ana3, L . B ram billa1, G. F acchetti1, P. 
Tosca2,F.Zerbi2. L  Mazzini3, P.Bezzi4,A. M alaspina2 and M  Ceroni2. 1Inst 
Pharmacol. Univ. Pavia; 2 Inst Neurology "C .Mondino", Univ. Pavia; 3 lnst. Rehabilitation 
’Oinica del Lavoro" Veruno,Novara;4Ctr. Neuropharmacol. Univ. Milano,Italy.

In familial ALS various mutations in the gene encoding for cytosolic 
superoxide dismutase (SQD1) were found (Siddique et al., N.EngLJ.Med., 1991: 
Rosenetal.,Nature, 1993). Experimental data on post-mortem brain and spinal 
cord and on CSF showed evidences of oxidative injury also in SALS 
(Bowling et al. J.Neurochem, 1993; Iwasaki et al., Lancet, 1993; Bergeron et al., Brain 
Res,1994). These findings suggest that disturbed free radical homeostasis is 
likely to play a primary role in the pathogenesis of both familial and 
sporadic ALS. Since m itochondrial im pairm ent, altered glutamate 
metabolism and calcium homeostasis may all lead to increased oxidative 
damage, we investigated the oxygen consumption rate (QO2), complex IV 
activity and the calcium homeostasis in peripheral blood lymphocytes of 
22 SALS patients (analyzed for mutations in exon 1,2,4 and 5 of the SOD1 
gene) and 20 age-matched normals. No alterations were found in the basal 
QO2 and complex IV, whereas QO2  stimulated by an uncoupler of oxidative 
phosphorylation was somewhat lesser in SALS. The basal levels of free 
cytosolic calcium (free [Ca++]in) was higher in lymphocytes from SALS than 
from normals: 39.43±2.53 and 27.55±1.49 respectively (p<0.01). The ∆Ca++ 
induced by tetraethylammonium blockade of K+channels or by an 
uncoupler was not different in the two groups, but the overall free [Ca++]in 
remained significantly higher in lymphocytes from SALS. We also found a 
decrease in the plasma levels of glutamine and GABA and a non 
significant increase in glutamate in a subset of SALS (n=10). The results 
show that some changes consistent with the possibility of increased 
oxidative damage are present also in peripheral tissue of sporadic ALS 
patients.

199.6

KAINATE AND QUISQUALATE ARE SELECTIVELY TOXIC 
TO LARGE MOTOR NEURONS IN SPINAL CORD SLICE 
CULTURES. D.M. Saroff, J . R.  De lfs ,  Y . N ishida and C. 
Geula*. Harvard Medical School, B oston , MA 02215.

One of the proposed pathophysiological mechanisms 
responsib le for the degeneration of spinal cord motor neurons 
in amyotrophic lateral sclerosis  (ALS) is  tox ic ity  mediated by  
glutamate recep to rs . Earlier work in  our laboratory  
demonstrated relative resistance of α-motor neurons in 
organotypic roller tube cultures of rat spinal cord (OTC-SC) 
to neurotoxicity caused by NMDA receptor activation . While 
NMDA caused  sig n ifica n t lo ss  of v en tra l horn  
acety lcholinesterase-positive  neurons (VH ANs), large  
VHANs (>500µm2) ,  most of which are the α-motor n eurons, 
were relatively  well p r e se r v ed . The presen t stu d y  explored  
the e ffects  of the non-NMDA glutamate receptor agon ists  
kainate and quisqualate on VHANs in OTC-SC. When 
compared with control, quisqualate and kainate reduced the 
number of VHANs b y  46% and 62%, resp ec tiv e ly . Large 
VHANs (>500µm2) ,  were more sen sitiv e  to quisqualate and 
kainate tox icity  and displayed lo sses  of 95% and 94%. Small 
VHANs (<500µm2) ,  on the other hand, were reduced in 
number by  41% and 61% only . T hese resu lts  dem onstrate that 
the α-motor neurons are considerably more sen sitiv e  to the 
toxic e ffec ts  of quisqualate and kainate than to NMDA 
to x ic ity . The proposed excitotoxic  mechanism of ALS, 
th erefore, is  most likely mediated through non-NMDA 
su b typ es of glutamate receptors.

199.8

NEUROPATHOLOG1C ANALYSIS OF BRAINS FROM ASYMPTOMATIC 
CHAMORROS REVEALS CHANGES IN THE PATTERN OF GUAMANIAN 
ALS/PD COMPLEX. D.P.Perl* 1.2, P.R. Hof2 . D.P. Purohit1 and A.J. Loerzel3. 
Depts of 1 Pathology and 2Neurobiology, Mount Sinai School of Medicine, New 
York, NY 10029; 3Guam Memorial Hospital, Tamuning, Guam.

The indigenous population of Guamanian Chamorros is characterized by a well- 
documented high prevalence of ALS and parkinsonism-dementia complex (ALS/PDC). 
ALS/PDC is characterized by widespread neurofibrillary tangle (NFT) formation 
throughout the cerebral cortex and in several subcortical structures. Recent 
epidemiologic surveys demonstrate a greater than 10 year increase in the age of onset 
of the disease in Guamanian patients compared to studies made 30 years ago. 
Interestingly, many young Chamorros who had died of unrelated causes and were free 
of neurologic symptomatology, had consistent amounts of NFT in hippocampus and 
neocortex (Anderson et al., Brain 102:65, 1979). In the present analysis, we assessed 
NFT formation in brains of asymptomatic Guamanian Chamorros, age-matched to the 
cases reported by Anderson et al., and who died between 1988 and 1992. Many of these 
cases also showed a severe involvement of the entorhinal cortex and hippocampus, and 
the age at which the lesions were first observed matched closely that reported by 
Anderson et al. Also, it was observed that in older individuals showing such changes, 
the severity and the distribution patterns of the lesions was approaching that found in 
cases with clinically documented ALS/PDC. These results imply that the tendency to 
develop prematurely inordinate numbers of NFT remains among the current 
inhabitants of Guam. Thus, Guamanian with premature NFT formation may represent 
an early and asymptomatic stage of ALS/PDC, and have not yet developed a sufficient 
level of neurodegenerative changes to express overt clinical symptoms. It is therefore 
likely that extensive NFT formation among the native current population of Guam 
remains unaltered, although changes in the development and progression of the overt 
neurologic symptoms have been observed. This unique focus of neurodegenerative 
disorders has important implications to studies of related neurologic illnesses 
encountered elsewhere in the world. Supported by NIH AG08802 and AG05138.

199.10

TANGLE ASSOCIATED AMYLOID D EPOSITS IN PARKINSON 
DEMENTIA ALS COMPLEX OF GUAM. C. Schwab*1. P.L. McGeer1 and
l.C. Steele2. 1Kinsmen Lab. of Neurological Research, Dept. of Psychiatry, 
University of British Columbia, Vancouver, B.C. Canada, V6T 1Z3,
2 Guam Memorial Hospital, Agana, Guam
The clinical symptoms of Guamanian lytico-bodig disease (LB) resemble a 
mixture of A lzheimer's disease (AD), Parkinson 's disease (PD) and 
amyotrophic lateral sclerosis (ALS). It is characterized by the widespread 
appearance of neurofibrillary tangles (NFTs) in the hippocampal formation, 
cerebral cortex and substantia nigra, but an absence of AD type senile plaques 
(SPs). The NFTs in LB are immunohistochemically indistinguishable from 
those in AD. We therefore studied LB as a means of gaining new insight into 
the relationship between NFTs and ß-amyloid (6AP) deposits. We studied 
this relationship using various antibodies against tau, ubiquitin, ßAP and its 
precursor protein in LB hippocampus, entorhinal cortex and substantia nigra. 
We found in LB hippocampus an almost complete loss of pyramidal neurons 
in CA1 and subiculum with a high density of remaining ghost tangles. There 
were no SPs, but 6AP deposits were frequently detected building up around 
the ghost tangles. The LB substantia nigra was characterized by cell loss of 
pigmented neurons. In contrast to PD there were frequent extracellular and 
intracellular NFTs, with occasional ßAP deposits on the extracellular NFTs. 
We describe these lesions as tangle associated amyloid deposits (TAADs). 
They are thioflavin S and congo red positive indicating a consolidated 6- 
pleated sheet structure for the 6AP. In AD, diffuse 6AP deposits are thought 
to evolve into the consolidated form of SPs, with the consolidated form being 
toxic to neurons, possibly leading to NFT development. In LB NFTs appear 
first, followed by neuronal death, with 6AP deposits appearing only later. 
Supported by the Parkinson Fnd. of Canada, MRC of Canada, Alzheimer Soc. 
of B.C. and Jack Brown and Family AD Research Fund.
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199.11

CEREBRAL PATTERNS OF METABOLIC DYSFUNCTION IN FRONTO
TEMPORAL DEMENTIA (FTD). G.E. Alexander*. J.R. Moeller2. P. Pietrini. 
I. Grafman1. C.L. Grady. D. Brady. C. Hollnagel1,1. Szczepanik. M. Mentis,
M.B. Schapiro. Lab. Neurosci., NIA, and 1Cog. Neurosci., NINDS, NIH, 
Bethesda, MD 20892; 2Biol. Psychiat., NYSPI, New York, NY 10032.

FTD is neuropathologically distinct from Alzheimer disease (AD). To 
investigate the neurophysiological effects of FTD, we com pared nine 
patients with a clinical diagnosis of FTD (6F/3M; Mean±SD age = 61±7) to 
22 patients with probable AD (NINCDS-ADRDA; 7F/15M; Mean±SD age 
= 62±7) and 26 healthy controls (HC; 12F/14M; Mean±SD age = 60±9) using 
18-FDG PET (Scanditronix PC1024-7B, 6mm FWHM) in a resting state (eyes 
covered/ears occluded). The groups did not differ in demographics and the 
two patient groups were matched in dementia severity. Both dementia 
groups had lower global cerebral glucose metabolism (CMRglc, p<0.005) 
than controls, but did not differ from each other. Group differences in the 
expression of regional CMRglc patterns were assessed with the Scaled 
Subprofile Model (SSM). SSM analysis of the FTD and HC groups extracted 
a regional pattern whose expression was higher in FTD patients (p<0.0001) 
and showed decreased metabolism in bilateral, frontal association regions 
with covariate increases in the calcarine/occipital and posterior medial 
temporal areas. In a previous SSM CMRglc study of AD, a parietotemporal 
deficit (PTD) pattern  and a left frontal deficit (LFD) pattern  each 
distinguished AD patients from a HC group. In the current study, the FTD 
patients had a lower expression of the PTD pattern and a higher expression 
of the LFD pattern than the AD patients (p’s<0.0001). These results suggest 
that the neurophysiological effects of FTD are regionally distributed and 
can be clearly distinguished from the topographies of AD, supporting the 
use of functional neuroimaging in aiding the clinical diagnosis of FTD.

199.13

DIFFERENTIATING ATROPHY, HYDROCEPHALUS, AND NORMAL 
PRESSURE HYDROCEPHALUS BASED ON CSF FLOW AND BRAIN 
MOTION DIFFERENCES
A. L. Berez. M.D..A. M. Norbash. M.D.. E. F. Grady._Ph.D.L N. J. Pelc, 
Sc.D.. D. R. Enzmann. M.D.

To measure aqueduct and spinal canal CSF flow and brain motion and 
compare with ventricular index ratios in normal, communicating 
hydrocephalus (CHC), Normal Pressure Hydrocephalus (NPH) and brain 
atrophy patients using a cine phase contrast (PC) technique, in order to 
differentiate patients who may respond to shunting.

A retrospectively gated cine PC MR pulse sequence was used to 
evaluate 24 normal, 18 atrophy, and 12 CHC patients , and CSF flow was 
evaluated in the aqueduct, incisura and C2/3 spinal canal. Brain motion 
was studied in the brainstem, cord, and cerebellar tonsils. Ventricular size 
was measured using a modified ventricular size ratio.

CHC patients had highest aqueductal flow (.16 ± .05 ml/cardiac cycle) 
which was significantly higher than normal (.03 ± .02 ml/cycle), atrophy 
patients had mildly elevated aqueductal flow (.06 ± .03 ml/cycle). There 
was a linear relationship between aqueductal flow and ventricular size. 
C2/3 level flow, which reflects intracranial brain expansion, was highest for 
normals (.57 ± .16 ml/cardiac cycle). This was reduced with atrophy (.54 ± 
.24 ml/cycle) and CHC patients (.39  ± .15 ml/cycle).

We concluded that aqueductal CSF flow was significantly increased in 
patients with communicating hydrocephalus and approximately 5x normal. 
Aqueductal flow for all patients was linearly related to ventricular size, and 
clear differences in flow wave-forms were shown when comparing NPH 
and atrophy patients.

199.15

PROPERTIES OF THE PRION PROTEIN ENCODED BY DIFFERENT 
ALLELES IN FAMILIAL PRION DISEASES. S.G. Chen**. P. Parchi*.
P. Brown*. R P, Roos .̂ C.L. Vnencak-Jones*. Q. Wang*. J. Teller*. and
P. Gambetti#  'Division of Neuropathology, Case Western Reserve 
Univ., Cleveland, OH 44106; +Lab. of CNS studies, NINDS, Bethesda, 
MD 44120; D̂ept. of Neurology, Univ. of Chicago, Chicago, IL 60637; 
&Dept. of Pathology, Vanderbilt Univ., Nashville, TN 37232

An aberrant isoform of the prion protein (PrPres), characterized by 
relative resistance to proteolysis and to solubilization by non-denaturing 
detergents, is a hallmark of prion diseases. PrPres is thought to derive 
from the normal isoform of PrP as a consequence of a change in 
conformation. Numerous mutations in human prion protein gene 
(PRNP) have been linked to the development of familial prion diseases 
such as familial Creutzfeldt-Jakob disease, fatal familial insomnia and 
Gerstmann-Straussler-Scheinker syndrome. To understand the role of 
the mutant PrP in the formation of PrPres in familial prion diseases, we 
have analyzed detergent solubility and protease resistance of PrP 
encoded by different alleles from brains of patients heterozygous for a 
mutation at codon 178. We found that PrP encoded by the mutant 
allele is enriched in the detergent-insoluble and protease-resistant 
fraction; in contrast, PrP encoded by the normal allele is mostly 
segregated in the detergent-soluble and protease-sensitive fraction. 
Thus our results demonstrate that the mutated PrP is predisposed to 
convert into PrPres and is likely to cause distinct disease phenotypes 
determined by the specific mutations in PRNP. Supported by NIH 
grants AG-08155 and AG-08992 and the Britton Fund.

199.12

PET STUDY OF CEREBRAL CHOLINESTERASE CHANGES IN PROGRESSIVE 
SUPRANUCLEAR PALSY (PSP) WITH [11C]-PHYSOSTIGMINE. S. Pappata*. 
L. Travkov. B. Tavitian, B. Dubois. F. Boiler, P. Remy. A. Michon. A Jobert. 
H. De la Caffiniere. C. Crouzel and L. Di Giamberardino. INSERM U334, CEA, 
SHFJ, 91401 Orsay, INSERM U.324, and Hopital La Salpêtriére, Paris France

Severe cholinergic loss, especially in sulxortical structures, has been reported in 
post-mortem studies of patients with PSP. Loss of cholinergic interneurons in the 
striatum and consequent alteration of the nigrostriatal output circuit might in part 
explain the lack of benefit of dopaminergic therapy in these patients We have 
previously reported (Tavitian et al, NeuroReport 4, 535-538, 1993) that in vivo 
visualization of human brain cholinesterases (ChE) by PET and [11C]-labeled 
physostigmine (11C]-PHY) could provide a useful tool to investigate cholinergic 
dysfunction associated with neurodegenerative diseases. This method was applied 
here to assess the hypothesis of the loss of cholinergic striatal interneurons in PSP 
The in vivo regional brain kinetics of [11C]-PHY were obtained using the PET-ECAT 
953B camera in five patients (3 males and 2 females, mean age: 74 ± 8 yrs, range 63 
- 86) with a diagnosis of possible PSP (Dubois et al. Arch Neurol, 45, 1194, 1988) 
and in five male healthy volunteers with no neurological illness (mean age: 63 ± 9 
yrs, range 58 - 76). Brain regional time-activity curves were calculated for cerebral 
cortex and striatum. No significant differences were noticed in the kinetics obtained 
in PSP compared to controls The ratios of radioactivity concentrations between the 
striatum and the whole cortex were calculated at early (0-4 min) and late (25-35 min) 
times after the injection of [11C]-PHY. There was a significant reduction of the 
average striatum/cerebral cortex ratio at late times in patients with PSP relative to 
controls (1.88 ±0.09 vs 2.05 ±0.12, p=0.03). In agreement with the higher 
cholinergic loss observed post-mortem in the striata with respect to the cerebral 
cortex, the relative decrease of striatal radioactivity uptake of [11C]-PHY found in 
these patients might reflect a decrease of striatal ChE concentration.

Supported in part by CNAMTS.

199.14

D EG EN ERA TIO N  OF C O R TIC A L TR AC TS FOLLOW ING  
M ILD  TH IA M IN E D EFICIEN CY  IN T H E  RAT. P.J. Langlais*.
S.X. Zhang Psychology D ep t, San D iego State University, and V.A. 
Med. Ctr., San D iego, CA, 92182

Cortical atrophy and loss o f cerebral white matter in alcoholics are 
frequently attributed to direct neurotoxic effects o f alcohol. 
However, significant thinning o f corpus callosum, and frontal and 
parietal cortices were recently observed following an acute bout of 
pyrithiamine-induced thiamine deficiency (PTD) in the rat (Langlais 
& Savage, Behav. Brain Res. 68:75-89, 1995). In the present study, 
the distribution o f degenerating fibers and terminals was examined 
in groups o f male SD rats exposed to either a subacute or acute bout 
o f PTD. Following restitution o f thiamine and a 5 day recovery 
period, the brains were perfused and frozen sections impregnated 
with ammoniacal silver (Eager method). In the subacute group, 
degenerating fibers were observed in corpus callosum, anterior 
commissure, cingulum, external and internal capsules and corona 
radiata but not in fornix, mammillothalamic or optic tracts 
Degenerating terminals were also evident in cingulate and frontal 
cortex. Neuronal counts in thalamic and mammillary body nuclei 
were unchanged from controls. In the acute group, further damage 
was evident in a dense pattern o f degenerating fibers and terminals in 
layers III and IV o f cingulate, frontal, and parietal cortex and in the 
mammillothalamic tract and thalamus. Hence, mild thiamine 
deficiency can selectively damage cortical white matter tracts while 
sparing the thalamus and mammillary body and may be responsible 
for pathological and behavioral changes in alcoholics without 
W ernicke’s encephalopathy. Supported by NIH grant NS29481 and 
V A  Merit Award to PJL.

199.16

M U T A T IO N S  IN T H E  P R IO N  P R O T E IN  A L T E R  
PR O C ESSIN G  IN T R A N S FE C TE D  H U M AN  C E LLS . 
Petersen*. S.L. R ichardson. C .B . U rig . P. Parchi. N. S ingh. 
S .I.A . Za id i. S. C ap e lla ri. and P. G am betti. D iv is ion  of 
N e u ro p a th o lo g y , C a se  W e s te rn  R e s e rv e  U n iv e rs ity , 
C leveland, Ohio 44106

M utations in the  prion protein, PrP, have been linked to  a 
num ber o f neurodegenera tive  d iseases: C reu tz fe ld t-Ja kob  
(C JD), G e rs tm a n n -S tra uss le r-S ch e in ke r (G SS), and Fatal 
Familial Insomnia (FFI). In all these d iseases there is protease 
resistant PrP in the brain of a ffected individuals, however, the 
distribution and nature of the lesions present depends on the 
specific  m utation. The p rotease  res is tance  is be lieved to 
result from  an a lte ra tion  in the  confo rm ation  of th e  PrP, 
although the m echanism  by which th is occurs is unknown. To 
understand the effect o f the  m utations on the ce llu lar location 
and synthesis of the  PrP we created  tra n s fe c te d  ce ll lines 
expressing  e ither norm al PrP or m utant PrP. W e used a 
hom ologous system  com prised  o f th e  hum an PrP coding 
sequence and the  hum an neurob lastom a ce ll line M 17, to 
s im p lify  ana lys is . O ur fin d in g s  sh ow  th a t th e  va rio u s  
m utations do not share the sam e m etabolic defect and that the 
129 polym orphism  m edia tes d iffe re n ce s in m etabolism  in 
conjunction with the mutation.
This w ork w as supported by NIH grant AG -08992, AG-08155, 
and the Britton Fund.
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199.17

M O LEC ULAR  PATH O LO G Y OF S PO R AD IC  C R EU TZFELD T- 
JA K O B  D IS E A S E  (C JD ): C O R R E LA T IO N  W ITH  C LIN IC O - 
P A T H O L O G IC A L  F E A T U R E S  A N D  P R IO N  P R O T E IN  
GENOTYPE. P. Parch i. R. C aste llan i. S. C ape lla ri. S.G. C hen. 
R.B. P etersen, Young ,̂ M. F a rlow^. J.Q. TrojanowsK&, A, 
S i m a ® . B. G h e tt i^ . and  P. G a m b e tti. (S P O N : S o c ie ty  of 
N eu ro sc ie n tis ts  o f A frica) C W R U , C le ve la n d , OH; Ind iana 
U n ive rs ity , In d ia n a p o lis , IN ^; U n ive rs ity  o f P en nsy lvan ia , 
Philadelphia, PA&; University of M ichigan, Ann Arbor, Ml ® .

The m olecular basis o f phenotyp ic va riab ility  in the  sporadic 
form of CJD, the m ost com m on hum an prion d isease is largely 
unknown. W e analyzed the prion protein gene (PRNP) and the 
protease-resistant PrP (PrPres) in 19 cases of CJD  and correlated 
the  data w ith those  obta ined  from  c lin ica l and patholog ica l 
e xam in a tio n . S p o ra d ic  ca se s  w e re  s e le c te d  a fte r d irec t 
sequencing of the PRNP. 10 subjects w ere co do n -129 methionine 
h o m o zyg o te s , 3 w ere  va lin e  h o m o z y g o te s  and  3 w ere 
heterozygotes. The pattern of deposition  and the in tracerebral 
d istribution of P rP res were exam ined in all cases by m eans of 
im m unohistochem istry and quan tita tive  W estern  blot on brain 
homogenates. The results show the existence of defin ite subtypes 
of sporadic CJD which can be identified at m olecu lar level. The 
polymorphic locus at codon 129 of PRNP is the m ajor determinant 
o f th is phenotypic variab ility. The data  prov ide  new  m olecular 
basis for the classifica tion  of the  d isease. S upported  by AG- 
08155, AG-08992, NS-29822 and the Britton Fund.

199.19

PROPERTIES OF SCRAPIE-INFECTED CA1 HIPPOCAMPAL PYRAMIDAL 
CELLS. NK MacLeod1. AR Johnston1. CJ Black1 & JR Fraser2. 1Department of 
Physiology, University Medical School, Edinburgh, UK; 2BBSRC Institute of Animal 
Health, Neuropathogenesis Unit, West Mains Road, Edinburgh, UK.( SPON: BRA) 

We have recorded electrophysiological responses in vitro, from hippocampal CA1 
pyramidal neurones infected with ME7 scrapie in the C57B1XVM mouse over an 
incubation period of about 220 days. Following Schaffer collateral stimulation, a 
population epsp was recorded in the CA1 area up to 160 days, in both age-matched 
control and scrapie-infected hippocampi, after which no response was elicited in the 
majority of scrapie-infected mice even after greatly increasing the stimulus intensity. 
Intracellular recordings from pyramidal neurones showed that after 160 days, the 
epsp-ipsp sequence following Schaffer collateral stimulation was highly attenuated 
and that the stimulus intensity required to evoke the response was increased by 2-4 
fold. Paired-pulse facilitation analysis showed no change throughout the course of 
the disease. Other properties, including spike shape, spike after-hyperpolarisation, 
spike frequency adaptation and membrane rectification appear unaltered by the 
disease Analysis of the Schaffer-evoked epsp revealed a reduction in rise-time but 
not decay time in terminally infected animals. Most infected cells showed an increase 
in spontaneous single spike activity after about 160 days, presumably as a result of 
having more positive resting potentials. These cells often showed bursting behaviour 
which was abolished by cutting the Schaffer collateral pathway between CA3 and 
CA1. All spontaneous activity was abolished by l µM TTX. An increase in 
membrane input resistance was observed in animals infected for at least 180 days. 
Changes in the membrane time constant were more variable. Intracellular dye 
injections revealed a noticeable loss of dendritic spines from CA1 pyramidal cells at 
about 2/3 of the way through the incubation period. In terminal animals these cells 
showed an almost total loss of spines and other dendritic abnormalities, including the 
appearance of large vacuolar swellings, also seen in dye-filled axons.

199.18

THE PRION PROTEIN FRAGMENT 106-126 INCREASES 
INTRACELLULAR CALCIUM LEVELS THROUGH A 
DIHYDROPYRIDINE-SENSITIVE MECHANISM AND INDUCES 
CORTICAL TYPE I ASTROCYTE PROLIFERATION IN  VITRO. T. Florio*.
M. Grimaldi. A. Scorziello. M. Salmona°. O. Bugiani#. F. Tagliavini# G. 
Forloni° and G. Schettini^ . Dept. of Neuroscience, Sect. of Pharmacology, Univ. 
of Naples Federico II;°Inst. of Pharmacological Research Mario Negri and 
^Neurological Inst. Carlo Besta, Milan; ^Chair of Pharmacology, Inst of 
Clinical and Experimental Oncology, Univ. of Genoa, ITALY.

In prion diseases, such as scrapie of the sheep and Creutzfeld-Jacobs 
encephalopathy of the humans, the cellular prion protein (PrPc) is converted in 
an altered form (PrPSc), distinguishable from the normal protein for its 
resistance to proteolytic digestion. PrPsc accumulates in the brain of affected 
individuals in amyloid-like aggregates, causing neuronal death and astrocyte 
proliferation. A fragment of PrP (PrP106-126) was reported to be able to 
resemble these property of PrPSc in vitro. Our study was aimed to identify the 
effects o f PrP 106-126 on the proliferation of cultured cortical astrocytes and the 
intracellular mechanisms involved. PrP 106-126 induced a remarkable increase 
in the proliferative activity of quiescent (cultured in absence o f serum) rat 
cortical astrocytes. This effect was prevented by pretreating the cells with the L- 
type voltage-sensitive calcium channel inhibitor nicardipine, while inhibitors of 
PKA or of the NMDA glutamate receptor-operated calcium channel were 
ineffective. PrP 106-126, but not the scrambled peptide, induced a rapid spike in 
[Ca2+]i that was blocked by both EGTA and nicardipine. These data suggest 
that PrP 106-126 induces astrocyte proliferation through the modulation of L- 
type calcium channels activity. (MURST 40% 1993; CNR TP Aging to G.S.)

199.20

PATCH CLAMP ANALYSIS OF SYNAPTIC TRANSM ISSION IN 
CEREBELLAR PURKINJE CELLS OF PRION PROTEIN KNOCK-OUT MICE. 
J. Herms# *. H. A. Kretzschmar# . S. T itz+ & B. U. Keller* . # Dep. of 
Neuropathology, +Center of Physiology and Pathophysiology, Georg-August 
Universitat Gottingen, 37073 Gottingen, Germany.

The prion protein (PrP) plays a pivotal role in transmissible spongiform 
encephalopathies such as Creutzfeldt-Jakob disease in humans and scrapie and BSE 
in animals. Previous experiments suggested that cellular prion protein (PrPc ) may 
be necessary for synaptic function in CA1 hippocampal neurons (Collinge et al. 
Nature 370:295, 1994) To investigate the synaptic properties of cerebellar Purkinje 
cells in prion protein knock-out (PrP 0/0) mice (Büeler et al. Nature 356:577, 
1992) we performed patch clamp measurements in thin slices.

Spontaneous monosynaptic i.p.s.cs were recorded in slices of 9-16 day old 
PrPo/o and control mice (C57black/SV129). I.p.s.c. amplitudes ranged from -40 
pA to more than -1000 pA and could be reversibly blocked by 10 µM bicuculline, 
identifying the underlying receptors as GABA(A) receptor types. The kinetics of 
i.p.s.cs in PrPo/o mice were characterized by an activation time of 2.4 ± 0.6 ms 
(10 - 90% max. amplitude, n = 23 cells) and a monoexponential decay time 
constant of 11.3 ± 2.6 ms (n = 23). Purkinje cells in control mice displayed 
i.p.s.cs with an activation time of 2.7 ± 0.7 ms (n = 18) and a decay time constant 
of 12.1 ± 2.4 ms (n = 18). Patch clamp recordings from outside-out membrane 
patches revealed that GABA(A) receptors in Purkinje cells of PrP 0/0 mice had 
kinetic properties that were indistinguishable from those in control animals. 
Similar to the results obtained for inhibitory synaptic currents, we could not find 
any significant deviation in either the activation or deactivation time of excitatory 
currents in PrP 0/0 mice compared to those in control animals. In contrast to data 
derived from hippocampal neurons, our findings support the view that excitatory 
and inhibitory synaptic transmission is undisturbed in Purkinje cells of prion 
protein knock - out animals.
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200.1

RAPID DEGRADATION OF HEM E OXYGENASE DURING 
PROTEIN SYNTHESIS INHIBITION. B.E. Dwyer*. R.N. Nishimura. 
N.L. Banik, J.T. Laitinen. M olecular N eurob io logy Laboratory, VA 
Medical Center, Sepulveda, CA 91343.

Heme oxygenase (HO) catalyzes the  rate-lim iting step in 
degradation of hem e to  b ilirubin. Hem e oxygenase-2 is the 
predom inant isoenzym e in brain, sp ina l cord, and retina and 
appears to  be predom inantly neuronal. Hem e oxygenase-1 (HO- 
1) is a heat shock or stress prote in  and is inducib le  in CNS tissue 
under a variety o f patholog ica l cond itions. HO probab ly  plays a 
role in the  norm al tu rnover o f hem e proteins. It is also the 
physio logica l source o f carbon m onoxide, a putative diffusible 
neuroregulatory m olecule. As a stress prote in  it m ay be 
im portant in the  pathophysio logy o f CNS in ju ry  b u t its role is 
unclear. Previously w e reported  th a t HO-1 w as a glial stress 
protein and PEST prote in  (Dwyer et al, GLIA 5:300-305,1992; 
Dwyer et al, Mol Brain Res, 1995, in press). Here w e confirm  the 
rapid degradation of HO-1 in astrocytes treated with 
cyclohexim ide fo r 4 hours. D ensitom etric analysis o f 
im m unosta ined western b lo ts revealed a 37%  reduction  in HO-1: 
C ont (3.16 + /-  0.49, N = 4 ) vs CHX-treated (2.00 + /-  0.35, N =4). 
The m echanism  is under investigation.

Supported Departm ent o f Veterans Affairs M edical research funds 
and by the United C erebral Palsy Research and Educational Fdn.

200.2

TIME-COURSE OF IL-1 RECEPTOR ANTAGONIST (IL-lra) EXPRESSION 
AFTER BRAIN TRAUMA IN THE RAT.
S. Toulmond* and N. J. Rothwell.
School of Biological Sciences, Neuroscience Division, 1.124 Stopford Building, 
University of Manchester, Manchester M13 9PT, UK.

Overexpression of interleukin-1 (IL-1) is thought to play a role in the 
development of inflammatory and injury-induced brain pathologies. Although increased 
cerebral IL-1 expression after brain injury in humans and rodents is now well 
documented, little is known about the cerebral expression of the naturally occuring IL-1 
receptor antagonist (EL-Ira), which blocks many of IL-1 actions, and has been shown 
to limit traumatic and ischaemic brain damage. We have investigated by 
immunocytochemistry cerebral IL-lra expression in head-injured rats (lateral fluid 
percussion trauma). Rats were anaesthetised at 2h, 4h, 8h, 24h, 48h, 72h or 7 days 
after brain injury, and perfused intracardiacally with saline, followed by 4 % PFA. 
Sham-operated (same time points) and normal (non-injured) rats were used as controls. 
IL-lra was detected by immunocytochemistry (avidin-biotin method) on 80 µm 
vibratome brain sections, using polyclonal rabbit anti-rat IL-lra antiserum as primary 
antibody (1:2000; Synergen), and diaminobenzidine as chromogen. Results show that, 
while EL-Ira was detectable in non-injured and sham-operated rat brains, its expression 
was markedly enhanced between 4 and 24 hours after brain trauma, particularly in 
coitical and hippocampal neurones. Distribution of IL-lra expression 7 days after injury 
was comparable to distribution in normal brain. These results indicate that endogenous 
IL-lra expression is enhanced after brain injury, and may control inflammatory and 
ncurotoxic processes induced by IL-1 overexpression.
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200.3

INDUCTION OF HEMEOXYGENASE-1 (HO -1) AFTER BRAIN INJURY IN 
THE RAT. K. Fukuda. S.S. Panter, F.R. Sharp.and L.J. N ob le*. 
D epartm ents o f Neurosurgery and Neurology, Univ. o f Calif., San 
Francisco Gen. Hosp., and DVA Med. Center, San Francisco, CA 94110.

HO-1, the 32kDa heat shock protein, is induced in the  brain a fte r 
subarachnoid hemorrhage. Since subarachnoid and intraparenchym al 
hem orrhage are hallmarks o f tra u m a tic  brain in jury, we examined 
the immunoexpression o f HO-1 in the  traum atized brain. Rats were 
sacrificed  a t 24  hours a fte r  e ith e r mild or severe brain in ju ry or 
sham surgery. HO-1 was immunolocalized in fixed sections o f brain.

In sham operated animals, HO-1 was immunolocalized in glia in the 
cortex adjacent to  the s ite  o f bone removal and in macrophages in the 
subarachnoid space. The protein was also noted in scatte red neurons 
in the  dentate gyrus o f the  hippocampus as well as occasionally labeled 
glia in th e  cerebellum . A f te r  m ild brain in ju ry, hem orrhage was 
apparent in the  subarachnoid space, external capsule and cerebellum. 
HO-1 was localized in macrophages in the  subarachnoid space and in 
glia in th e  co rte x  ad ja cent to  the  s ite  o f im pact, th e  ipsila tera l 
hippocampus, external capsule and cerebellum. A fte r  severe brain 
in ju ry, extens ive  hem orrhage occurred  in th e  e x te rna l capsule, 
hippocampus and cerebellum. HO-1 was localized in sim ilar regions 
o f the  brain as noted a fte r  mild brain in jury bu t was more extensive 
and included the  contralatera l external capsule and hippocampus.

These findings dem onstrate remarkable induction o f HO-1 in glia in 
th e  in jured brain. Since heme is a p o te n t inducer o f HO-1, it  is 
possib le th a t  subarachnoid a n d /o r  in traparenchym al hem orrhage 
con tribu ted  to  th is glial response. (NS14543, NS28167, H L53040, 
DODDVA Cooperative Res. Prog., and the DVA Merit Rev. Prog.)

200.5

NEURONAL DEATH IN THALAMIC NUCLEI LATERALIS DORSALIS 
AND RETICULARIS IPSILATERAL TO TRAUMATIC SENSORIMOTOR 
CORTEX INJURY. D. M. Feeney* & M.P. Weisend. Departments of Psychology 
and Physiology, The University. of New Mexico, Albuquerque NM 87133, USA 

This investigation is a continuation of our description of histopathological sequalae 
following focal impact traumatic brain injury (TBI) using the weight drop impact 
(Brain Res., 211; 67-77, 1981) which causes a focal contusion to the sensorimotor 
cortex (SMCX). We report here a profound neuronal loss in the thalamic nucleus 
Lateralis Dorsalis (LD) and Nucleus Reticularis (NR) in 10 rats from which other 
subcortical selective neuronal injury (SN1), cortical necrosis and behavioral symptoms 
were related to brain temperature (J. Neurosurgery, 80, 120-132, 1994). To determine 
if this subcortical SNI was unique to TBI, we examined the brains of 10 rats with 
unilateral SMCX ablation prepared with identical histological procedures (thionin 
stained sections cut on a cryostat). All rats were sacrificed 25-30 days after injury. A 
complete loss of neurons in the LD ipsilateral to the injury was seen after TBI but not 
following SMCX ablation. Similarly, a marked loss of NR neurons was seen after TBI 
but not following ablation. This loss of NR neurons was similar to that of 
hippocampal CA3 pyramidal neurons and hilar cells being more severe in posterior 
planes and less severe or negligible in anterior planes. Unlike the necrosis in cortex 
and SNI in hippocampus, medial geniculate and ventral posterior thalamic nuclei; the 
neuronal death in LD and NR was severe and unrelated to brain temperature. This 
lack of relationship to brain temperature is similar to that for the dorsolateral 
striatum. These findings support the hypothesis that multiple pathological processes 
are initiated by TBI. The marked vulnerability of NR to in rat TBI is similar to that in 
human beings (J. Neurotrauma, 10, 151-165,1993). Attentional deficits are purported 
to be related to NR damage, however, multiple and diverse areas of the brain are 
damaged by TBI. Relating such complex symptoms to a single damaged structure is 
difficult without appropriate behavioral and anatomical measurements.

200.7

T R A N S C R IP T IO N A L  IN D U C T IO N  O F H E A T  S H O C K  
PR O T E IN  7 0  A N D  G F A P  F O L L O W IN G  T R A U M A T IC  
H E A D  IN J U R Y  IN  R O D E N T S  A N D  H U M A N S . S .A . 
Dutchcr. B.D. Underwood. D.B. Michael*. F.G. Diaz. and P.D . 
Walker Depts o f Anatomy/Cell Biology & Neurosurgery, Wayne State 
University School o f Medicine & The Detroit Medical Center, Detroit, 
MI 48201.

Stress-induced expression o f heat shock proteins is hypothesized to 
be a mechanism by which damaged and undamaged proteins are 
processed and stabilized within the cell. Within the nervous system, 
excitotoxic injury induces a transcriptional wave o f heat shock protein 
70 (HSP70) that overlaps with neuronal death and glial activation 
(Walker and Carlock, NeuroReport 4  [1993] 699-702). The present 
study sought to determine if  H SP70 gene expression was triggered in 
human brain tissue following traumatic injury. Human brain tissue was 
obtained during routine neurosurgery for trauma and subjected to total 
RNA extraction and Northern mRNA analysis. The largest increase in 
HSP70 mRNA levels was detected in trauma tissue obtained 4-6 hours 
following injury. However, H SP70 mRNA levels fell to baseline by 
12 and 24 hours post-injury. GFAP mRNA increases paralleled the 
H SP70 mRNA response observed in human RNA samples. In a 
separate study, rodent models involving penetrating stab wound or 
injection o f the excitotoxin, quinolinic acid (QA) into the frontal cortex 
were used to analyze HSP70 gene induction during the first 24 hours of 
damage. Comparisons o f  the rodent and human H SP70 response will 
test the hypothesis that H SP70 gene induction may play a role in 
neurodegeneration or glial activation.       Supported by NS30550 (P.D.W.)

200.4

BRIEF POTASSIUM DEPOLARIZATION DECREASES CHOLINE 
ACETYLTRANSFERASE ACTIVITY IN MIXED SEPTO-HIPPOCAMPAL 
CULTURES. J.S. Whitson*. A.W. KamnfL X. Zhao. K. Yang. C.E. Dixon and 
R.L. Haves. Dept. of Neurosurgery, U. of Texas Health Science Center, Houston, 
TX 77030.

In animal models, traumatic brain injury is accompanied by transient potassium 
depolarization, cytoskeletal degradation, and cholinergic deficits. We have 
previously shown that six minute potassium depolarization of cultured neurons did 
not cause neuronal death, but did produce calcium-dependent decreases in 
neurofilament protein levels that were prevented by treatment with Calpain Inhibitor 
1 or 2 (Boehringer Mannheim) immediately after depolarization (Whitson, J.S. et 
al., submitted; Kampfl, A. et al., abstract, this meeting). To investigate the effect 
of short-term depolarization on cholinergic activity, mixed septo-hippocampal 
cultures, that had been in vitro for 10 days, were exposed for 6 minutes to 60 mM 
KC1 in the presence of 5.8mM extracellular CaCl2. Two days following 
depolarization, cultures were assayed for choline acetyltransferase (ChAT) activity 
by the method of Fonnum. In depolarized cultures, ChAT activity was decreased 
to approximately 22% as compared to nondepolarized cultures. Furthermore, 
preliminary data indicate that treatment with the broad spectrum protease inhibitors 
leupeptin (2 /rg/ml) or aprotinin (1 µg/ml) protect against loss of ChAT activity. 
These observations suggest that protease activation produced by brief depolarization 
could also contribute to cholinergic deficits observed in rat models of traumatic 
brain injury (see Dixon, et al., this meeting).       (Supported by NIH grant POl NS 
31998)

200.6
TEMPORAL AND REGIONAL PATTERNS OF Zif/268 AND GFAP EXPRESSION 
IN A RODENT MODEL OF ACUTE ALCOHOL INTOXICATION AND MODERATE 
TRAUMATIC BRAIN INJURY. J.M. Sall*. M. Morehead. S, Murphy, H. Goldman 
and P.D. Walker. Departments of Pharmacology and Anatomy & Cell Biology, 
Wayne State University School of Medicine, Detroit, Ml 48201.

In the CNS, lEGs regulate the transcriptional activation of late response genes 
whose products are crucial for synaptic organization and neuronal viability. 
Therefore, induction of IEG expression following moderate traumatic brain injury 
(TBI) may be important in determining neuronal survival. Since there is abundant 
evidence indicating that alcohol exacerbates the pathological sequelae following 
TBI, we examined its effects on IEG expression in our model of moderate TBI 
(Goldman et al, J. Neurotrauma, 8,1991). Adult male Wistar rats (330-430g) were 
given alcohol (2.4g/kg) i.p. in 20ml normal saline (~5% solution) 10min prior to 
fixed-head, mechanical injury. Maximal blood alcohol concentration level 
(260mg%) was reached 5min after injection. Using Northern analysis, we 
observed a 400% increase in Zif/268 mRNA levels 45min after injury for both TBI 
and TBI intoxicated rats compared to their respective uninjured controls in the 
olfactory bulb (OB), a region closest to the impact site. In the piriform/amygdala 
cortex (P/A) however, TBI and TBI intoxicated rats had similar levels of Zif/268 
mRNA as uninjured controls. Preproenkephalin mRNA levels were constant for 
both control and experimental groups. We also examined glial fibrillary acidic 
protein (GFAP) mRNA and found a 200% induction in OB for TBI rats at 6h post-
injury compared to controls. Although, 24h after injury both TBI and TBI intoxicated 
rats had >300% inductions in GFAP expression in OB. In the frontal cortex, GFAP 
expression was induced 1000% for TBI rats while TBI intoxicated rats had >600% 
induction 24h after injury. TBI rats had >400% increase in GFAP mRNA levels in 
the P/A while TBI intoxicated rats showed >200% induction. These studies indicate 
that intoxication prior to moderate TBI does not increase the transient induction of 
Zif/268 expression nor does it increase the subsequent induction of GFAP 
expression up to 24h post-injury. Supported by NIH NS30550 (P.D.W.)

200.8

IM M ED IATE EA RLY  G ENE R E S P O N S E  TO T R A U M A T IC  
H E A D  IN J U R Y  IN  R O D E N T S  A N D  H U M A N S . B.D. 
Underwood, S.A. Dutcher, D.B. Michael, F.G. Diaz, and P.D. Walker* 
Depts of Anatomy/Cell Biology & Neurosurgery, Wayne State University 
School of Medicine & The Detroit Medical Center, Detroit, MI 48201.

Transient induction o f immediate early genes (IEGs) links 
environmental signals to the cellular genome. In the nervous system, 
many IEGs (c-fos, c-jun, jun-B, zif/268) operate as nuclear proto- 
oncogenes; e.g. “m olecular switches” that program transcription 
patterns important to neuronal survival, synaptic organization, and 
intercellular communication. Interestingly, cell stimulation which leads 
to degeneration triggers a prolonged wave o f IEG transcription that 
correlates with neuronal demise (Walker and Carlock, J. Neurosci. Res. 36 
[1993] 588-595). In order to determine a similar prolonged IEG 
response occurs following hum an traumatic brain injury, we analyzed 
IEG mRNA levels in brain tissue isolated during routine neurosurgery for 
trauma.. Total RNA was extracted from hum an brain and subjected to 
Northern analysis o f IEG mRNAs. In general, traumatic injury resulted 
in variable increases in IEG mRNA levels following traumatic injury with 
the largest IEG mRNA increases observed in tissue collected 4-6 hours 
after injury. This post-injury time corresponds to the peak o f the 
prolonged IEG response observed in rodents following excitotoxic 
injury. Because the majority o f  the hum an tissue originated from the 
cerebral cortex, we compared the hum an IEG response to that which 
occurs in rodent frontal cortex subjected to models o f penetrating head 
wound or injection of the excitotoxin, quinolinic acid (QA). Both models 
produced rapid and prolonged waves o f  IEG transcription that appeared 
to correlate with the severity o f  injury. These results support the 
hypothesis that prolonged IEG transcription serves as a marker of 
traumatic brain injury and may play a role in neurodegeneration o r glial 
activation. Supported by NIH NS30550 (P.D.W.)
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200.9

SPECIFIC FRAGMENTATION OF 28S rRNA AS A MARKER OF TISSUE 
INJURY IN RAT FLUID PERCUSSION TRAUMATIC BRAIN INJURY. 
L. Fan*. A. G. Yakovlev. A. I. Faden. Departments of Neurology and 
Pharmacology, Georgetown University Medical Center, Washington DC 20007

Traumatic brain injury (TBI) initiates reactive biochemical changes that 
contribute to secondary tissue damage. Molecular strategies can be used to identify 
genes involved in this secondary injury cascade. Subtractive hybridization permits 
comparison of cDNA fragments expressed in normal versus injured tissue. Male 
SD rats were subjected to lateral fluid-percussion brain injury (2.5 atm.). After 
three rounds of subtraction, cDNA fragments were derived from traumatized 
hippocampus against sham uninjured tissue. We were able to select and clone 
several individual cDNA sequences. One of cloned cDNA fragments (clone #27) 
was shown to be 100% homologous to a region of 28S ribosomal RNA.

Northern blot analysis demonstrated that the cloned rRNA sequence (#27) 
hybridized to 0.8 kb 28S rRNA fragment clearly detectable in RNAfrom injured 
tissue but not in control RNA samples. A discrete pattern of 0.8 kb hybridized 
RNA fragments on Northern gels suggests a mechanism of specific cleavage of 
28S rRNA during the post traumatic period.

Northern blots of total RNA from different rat brain regions probed with the 
clone #27 cDNA fragment show the presence of 0.8 kb 28S rRNA fragment only 
in cortex and hippocampus ipsilateral to the trauma site and contralateral cortex 
(which shows tissue damage) but not in uninjured midbrain, brain stem or 
cerebellum. This 28S rRNA fragment was first observed at 30 min after TBI, with 
maximum level at 2 hours and return to control levels by 18 hours. Increased 
amounts of 0.8 kb 28S rRNA fragment in TBI tissue were greater for severe as 
compared to moderate or mild trauma. The injury dose- and time-dependent changes 
in 28S rRNA fragmentation suggest that it may play a role in the response of 
brain to traumatic injury and that it may serve as a potential specific marker of 
posttraumatic tissue damage.

200.11
EFFECT OF COMBINED FLUID PERCUSSION INJURY AND ENTORHINAL 
CORTICAL LESION ON THE CHOLINERGIC SYSTEM IN THE RAT. J.P. Zhu. 
E.T. Belardo. T.M. Reeves. L.L. Phillips*. Dept. of Anatomy and Div. of 
Neurosurgery, Medical College of Virginia, Richmond, VA 23298.

Excessive neuroexcitation and deafferentation both contribute to long-term 
morbidity following human head injury. Cholinergic neurons show altered choline 
acetyltransferase (ChAT) histochemistry and functional activity after fluid 
percussion (FP) injurv(J. Neurotr.. 11:379.1994:Neurosci. Abstr.. 20: 195,1994) and 
undergo significant synaptic plasticity following entorhinal cortical (EC) 
deafferentation(J.Neurotr. 6,: 99,1989). To understand how these injury processes 
interact, we have assessed the histochemistry of septohippocampal cholinergic 
neurons following the combination of FP neuroexcitation and EC deafferentation. 
Hippocampal acetylcholinesterase (AChE) staining density and the number of 
forebrain ChAT staining neurons were measured at 2 and 15 days after each of the 
following injury conditions: moderate central FP, bilateral entorhinal deafferentation 
(BEC), combined FP+BEC, or sham injuries. AChE stain density was not different 
among the groups at 2 days post injury, but was highly increased in the combined 
FP+BEC (87.4%, p<0.001) and BEC lesion (121.5%, p<0.001) groups at 15 days 
postinjury. Interestingly, this AChE increase was localized within the outer third of 
the dentate molecular layer. FP injury showed a trend for intensified AChE staining 
(28% increase), but did not reach significance. The number of ChAT positive 
forebrain neurons did not differ significantly among the injury conditions at 2 or 15 
days. These results suggest that the combined FP+BEC injury model produces 
prolonged changes in the terminal field of septohippocampal cholinergic neurons 
without corresponding changes in the numbers of ChAT positive septal cells. 
Moreover, since the BEC lesion alone induced an even greater magnitude of AChE 
staining, this suggests an interaction between FP and BEC pathobiologies when the 
two insults are combined. Supported by N1H grant NS 12587.

200.13

ACTIVITY OF ORNITHINE DECARBOXYLASE IN NEUROTRAUMA: 
SPATIAL AND TEMPORAL RELATIONSHIP AFTER INJURY. C. Henley.
M. Takashima. M.C. Payán. D.L. Himes. L. Cherian#. B.J. Baumgartner#* and 
C.S. Robertson#. Dept. of Otorhinolaryngology and Communicative Sciences and 
#Neurosurgery. Baylor College of Medicine, Houston, TX 77030, USA.

Ornithine decarboxylase (ODC; EC 4.1.1.17), the initial enzyme in polyamine 
synthesis, is activated in traumatized brain and may contribute to 
pathophysiological events including edema and cell death. The purpose of this 
study was to determine ODC activity in neuronal tissue following traumatic brain 
injury (TBI). A controlled right superomedial cortical impact injury (2.5 mm 
deformation; 5 m/sec) was executed. Tissue samples were retrieved 4,8,48 and 72 
hr after TBI from 4 different bilateral areas: superomedial "A", lateral "B", and 
inferomedial "C" parietal cortex and the hippocampus. Controls received SHAM 
operations without cortical impact. ODC activity was measured as the rate of 
14CO2 production from [14C]-ornithine sensitive to inhibition by a specific ODC 
inhibitor, α -difluoromethylornithine (DFMO). Following TBI, an increase in 
right sided ODC activity was seen as early as 4 hours in regions "B", "C" and 
hippocampus. In areas "A", "B" and hippocampus there was a bimodal peak in 
ODC activity noted at 8 and 72 hr following injury, with a trough at 48 hr. In area 
"C", there was a sharp increase in ODC activity at 4 hr with a gradual decrease in 
activity up to 72 hr. In the control animals a significant variance between the left 
and right side was not observed. We have shown that ODC activity increases 
substantially in the area of neurotrauma, as well as the ipsilateral hippocampus. 
Studying ODC activity in post traumatic brain injury will provide new 
information about the molecular mechanisms involved in neuronal response to 
injury. The increases in putrescine which is seen with increased ODC activity 
following neurotrauma is hypothesized to play a role in the pathophysiology of 
neuronal damage. Thus in the future, it may be possible to decrease ODC activity 
and prevent further self-induced damage following traumatic brain injury.
      ( Work supported in part by NINDS - #NS27616-05A1)

200.10
HEMOGLOBIN-INDUCED EXPRESSION OF HEME-OX YGENASE-1 IN RAT 
BRAIN. Christopher , P. Turner*. s. Scott Panter & Frank R. Sharp. Dept. 
Neurology 127, VA Medical Center, 4150 Clement St., San Francisco, CA 
94121, USA.

Heme is broken down into billiverdin, carbon monoxide and iron by heme- 
oxygenase (HO). Two forms of HO are presently known, HO-1 and HO-2. HO-2 is 
constitutively expressed throughout the rat central nervous system (CNS) and 
expression is thought to be influenced by few stimuli. HO-1 is expressed at low 
levels in normal brains, and only in discrete areas of the CNS. HO-1 expression is 
profoundly influenced by a number of stimuli, including ischemia, free-radicals, 
and other forms of oxidative stress. In the traumatized brain, release of 
oxyhemoglobin from injured blood vessels is thought to have a toxic effect upon 
cells of the CNS. As oxyhemoglobin is broken down, heme is released. Heme is a 
powerful inducer of free-radicals, and its metabolism is therefore crucial to the 
brain's ability to control oxidative stress. As a model of subarrachnoid hemorrhage 
(SAH), we injected a variety of hemoglobin solutions into the cerebrospinal fluid 
(CSF) via the cistema magnum of adult male and female rats. At various times 
post-injection, we sectioned the brains from these animals and stained for HO-1- 
immunoreactivity (HO-l-ir) using a polyclonal rabbit, anti-rat antibody. As early 
as 4 hours post-injection, we observed induction of HO-l-ir in many regions of the 
CNS. HO-1 induction increased at 12 hours and appeared to peak at 24 hours post-
injection. A significant decline of HO-l-ir was observed 2 days post-injection and 
by 8 days HO-l-ir had returned to basal levels. Double-labeling techniques revealed 
that HO-l-ir was confined mostly to microglial cells. Areas expressing HO-l-ir 
included the cerebral cortex, hippocampus, striatum, cerebellum and brainstem. 
There results represent a clear response of the HO-1 gene to the presence of a heme- 
based molecule. The restricted expression in microglia suggests that these cells 
may have an important role to play subsequent to traumatic injury of the brain. 
Supported by NIH Grant HL53040 and DVA/DOD Cooperative Research Program.

200.12

CORTICAL CONTUSION CAUSES AN INCREASE IN EXTRACELLULAR SEROTONIN LEVELS: 
ANALYSIS OF TW O MINUTE MICRODIALYSIS SAMPLES C.Z. Africk. D. E. Dolan. J .R. Lister
P.C. Jobe and P.K. Mishra* Departments of Neurosurgery and Basic Sciences, University of 
Illinois College of Medicine, Peoria, IL 61656

Previous reports indicate decreases in whole brain norepinephrine (NE) and increases in whole 

brain serotonin (5-HT) following traumatic lesions in rats. These changes have been implicated in the 

development of decreased cerebral glucose metabolism following traumatic brain injury and the 

subsequent breakdown of the blood-brain-barrier. In previous reports, the quantification of 

monoamines was performed primarily using autoradiography or whole brain homogenate assays. In 

other studies where extracellular microdialysis sampling was done, data were collected from a wide 

window of 15-20 min after the injury. The precise alterations in biogenic amines at the time of 

impact have not been identified in the hyperacute post-impact setting. We have evaluated changes in 

extracellular NE, dopamine (DA) and 5-HT in the hyperacute stage following Controlled Cortical Impact 

(CCI) in rats. Under halothane anesthesia, two all-fused silica microdialysis probes (3 mm, loop-type) 

were inserted in preimplanted guides in the fronto-parietal cortex of Sprague-Dawley rats (300-350 

g). The probe on the side ipsilateral to CCI was placed in the penumbra region rostral to the 

contusion, while the contralateral probe was placed in the same location in the non-traumatized 

cortex. One hour after probe insertion, three two-min baseline samples were collected. CCI was 

administered using a pneumatic compactor (35 psi, 5 mm impactor tip, 3.5 m/s velocity, and 2 mm 

contusion depth centered over the right sensorimotor cortex). Microdialysis probes were not removed 

during CCI. Immediately following CCI, four two-min samples were collected bilaterally. These 

microdialysates were analyzed using a high sensitivity microbore-microflow HPLC system (Mishra, et 

at., Soc. Neurosci. Abstr., Vol 21). Levels of extracellular NE and DA were unchanged in the 

hyperacute period following trauma. Levels of 5-HT were elevated immediately after impact in the 

penumbra rostral to the CCI. These observations demonstrate for the first time that changes in 

biogenic amines occur at impact in traumatic brain injury. Further, the selective increase in 

extracellular 5-HT in the samples immediately after the impact suggest that this augmentation is due 

to neuronal release rather than disrupted blood brain barrier.

200.14

IN VIVO 1251 MK 801 AUTORADIOGRAPHY 
DEMONSTRATES GLUTAMATERGIC ION CHANNEL 
ACTIVATION AFTER SUBDURAL HEMATOMA. X. Di, R.J . 
Hamm*, J.T. Povlishock. H.F. Young, M.R.R. Bullock. Division o f 
Neurosurgery, Medical College of Virginia, Richmond, VA 23298. 
Acute subdural hematoma (SDH) complicates 20% of severe 
human head injuries, and causes death, or severe disability in 60%, 
due to brain swelling, and high intracranial pressure (ICP). Previous 
studies have implicated excitatory amino acid mediated 
mechanisms, in both humans and animal models. We have 
employed in vivo autoradiography with 1251 MK801, a high- 
affinity non-competitive NMDA receptor antagonist, to spatially 
and temporally evaluate NMDA ion channel activation as a factor 
causing cytotoxic swellings. Thirty, 60 and 120 minutes after 
induction of acute SDH, in the anesthetised Sprague Dawley rats 
(n=25) using 0.4 ml analogous venous blood, 50 µCi 125I MK801 
was injected via an aortic arch cannula. Four hours later the animals 
were sacrified and brain sections prepared for autoradiography. A 
61% increase in 1251 MK801 binding was seen in the “penum bral 
zone” compared to contralateral hemisphere (p<0.001), CBF is 
known to be low (<18 m l/100g/min.) in this region in this model at 
30 min. Cold MK801 pretreatment abolished 125I MK801 uptake, 
in this penumbral zone (2.2±0.3 nCi/mg vs. 1.3±0.2 nCi/mg, 
p<0.001). Uptake was maximal at 30 minutes. (1.6±0.3, vs. 1.4±0.1, 
vs. 1.1±0.2 nCi/gm, respectively at 30, 60, and 120 minutes, 
p>0.05). These studies show intense foci of penumbral NMDA 
receptor-mediated ion channel activation, after SDH, maximal at 30 
minutes after injury. This thus appears to be a potent mechanism 
mediating hemispheric swelling, and cell death, after SDH. 
Supported by NIH grants NS 12587.
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200.15

GLUTAMATE MEDIATED CELL DAMAGE IN MECHANICALLY INJURED 
NTERA-2 NEURONS. M. C. LaPlaca. S. Djali†. K. E. Saatman*‡. L. E. Thibault. 
Depts. of Bioengineering, Pharmacology†, and Neurosurgery‡, University of 
Pennsylvania, Philadelphia, PA 19104.

Several in vitro models of traumatic brain injury (TBI) have been developed to 
determine the mechanisms involved in altered biochemical pathways which lead to 
cellular damage. In particular, neurotoxic injury has been implicated in many models 
of TBI. Although excitatory amino acid levels have been shown to rise immediately 
following fluid percussion1 and cortical impact2 in rats and TBI in humans3, 
glutamate levels following injury in vitro have not been directly measured.

NTera-2 neurons (NT2-N) were subjected to either a mechanical injury using the 
Cell Shearing Injury Device (CSID)4 or a chemical injury with 0.5 mM glutamate (15 
min.). NT2-N terminally differentiate, extend dendritic and axonal processes, and 
possess NMDA receptors.5 Intracellular free calcium concentration ([Ca2+]i) was 
monitored for both insults. Extracellular buffer was sampled before and after the 
injury to measure lactate dehydrogenase (LDH) release and glutamate (using HPLC).

lCa2+)i and LDH were elevated to similar levels following both mechanical and 
glutamate injury, but the response required extracellular free calcium. A 
noncompetitive NMDA receptor antagonist (80µM MK-801) partially blocked the 
response in cells injured with the CSID, indicating that glutamate may be involved in 
the response to mechanical injury. In addition, extracellular glutamate increased 
following mechanical injury from baseline levels (2.0±0.4 µM) to 3.6± 1.8 µM (n=2) 
1 min. following injury and to 5.5±1.7 µM (n=5) at 24 hrs. following the injury. 
These increases in glutamate correlated with the elevations in LDH (r=0.771).

These experiments suggest that the response to mechanical injury may be mediated 
by glutamate. Further experiments will investigate possible modes of glutamate 
release and the effects on glutamate receptor activation and cell damage resulting from 
mechanical injury in vitro.

I Faden, A.I et al. Science 244:798-800 (1989); 2. Palmer. A M. el al. J  Neurochem. 61(6): 2015-24 (1993); 
3 Baker, A J et al. J. Neurosurg 79(3) 369-72 (1993); 4. LaPlaca, M.C. and Thibault. L.E. 2nd World Congress 
of Biomechanics II 209a (1994); 5 Pleasure, S.J. et al J. Neurosci. 12, 1802-1815 (1992)

200.17

INCREASE IN BASIC FIBROBLAST GROWTH FACTOR AND 
FIBROBLAST GROWTH FACTOR RECEPTOR-1 FOLLOWING SCIATIC 
NERVE INJURY AND NEUROMA FORMATION. S. Zhao. D. Zhang. D.G. 
Kline*. R.W. Beuerman, Q. Ma. D. Zhang . H . Tran. Depts. of Neuro-
surgery and Ophthalmology, LSU Eye Center, New Orleans, LA 70112 

Neurosurgical practice has indicated that nerve ends that have the 
endoneurium and perineurium sealed with a bipolar coagulator or that are 
buried in the muscle are less likely to produce a neuroma, compared with 
nerve ends that are ligated or untreated. These experiments were 
undertaken to investigate the roles of basic fibroblast growth factor (bFGF) 
and FGF receptor-1 in neuroma development. The sciatic nerves of adult 
rats were severed below the sciatic nerve notch and the severed ends 
were treated in one of four ways: 1] buried in the muscles; 2] perineurium 
and endoneurium sealed with a bipolar coagulator; 3] perineurium tied 
with #6 suture; and 4] no treatment. The nerves were harvested at 2, 4, 
8, and 16 days after surgery. A section (0.5 mm) was removed from the 
proximal severed end of each nerve and total proteins were extracted. 
The results of Western blot analysis showed increased amounts of bFGF 
and FGF receptor-1 beginning 2 days after surgery, compared with normal 
controls. The nerves that had been treated with the bipolar coagulator or 
buried in the muscles yielded less bFGF and FGF receptor-1 than the 
nerves that were ligated or the nerves that were not treated. This study 
provides evidence that bFGF and FGF receptor-1 play a significant role 
in neuroma formation from the very early stages of nerve repair after 
injury. Supported in part by DAMD17-93-V-3013.

200.19

ACUTE EXPOSURE TO CNTF IN VIVO INDUCES MULTIPLE 
COMPONENTS OF REACTIVE GLIOSIS. S.W. Levison*.
M.H. Ducceschi. G.M. Young, and T.L. W ood. Dept. o f Neuroscience 
and Anatomy, PSU C ollege of Medicine, Hershey, PA 17033 

Trauma to the CNS induces resting non-neuronal cells to become 
activated; a condition known as reactive gliosis. Ciliary neurotrophic 
factor (CNTF) recently has been described as an inducer o f several 
aspects of gliosis. To establish which gliosis-associated molecules are 
modulated by CNTF, w e intracerebrally injected 1 µ1 o f rhCNTF into the 
adult rat neocortex and evaluated the effects by in situ hybridization and 
immunohistochemistry. The response to CNTF was elicited with as little 
as 10 ng, and was observed between 10 and 72 hours after 
administration. Microglia were more apparent and astrocytes became 
hypertrophic after injecting 100 ng o f CNTF. By in situ hybridization, 
GFAP, vimentin, clusterin, and osteopontin were upregulated when 
compared to the control hemisphere, which received heat inactivated 
CNTF. α B-crystallin, CNTF ligand, and CNTF areceptor mRNA  
levels were unaffected. GFAP, vimentin, GST Yb, S-100, and CD1 lb  
immunohistochemical staining was elevated at 48 hours, while MAP-2, 
NSE, GST Yp, and CNPase staining was unchanged. That CNTF 
induces astrocytic swelling, activates multiple "gliodc" genes, induces 
chemokine expression, and alters a microglial marker, leads to the 
conclusion that CNTF is suffficient to induce multiple aspects of gliosis. 
These data support a model whereby CNTF, which is synthesized by 
astrocytes but is not released until the cell is injured, acts as an early 
injury signal. After release CNTF likely functions as a neurotrophic 
factor and as a proinflam matory cytokine. This work was supported by 
the National MS Society, award #PP0407.

200.16

SECONDARY CHANGES IN SUBSTANTIA NIGRA AFTER INTRA
CEREBRAL HEMORRHAGE IN RAT STRIATUM.
T. Kondoh*. A.L.Rivard. X.O.Liu and W.C.Low. Dept. o f Neurosurgery, 
University o f Minnesota, Minneapolis, MN 55455

Primary brain damage is known to be followed by secondary 
pathological changes in the distant non-damaged area. In particular, the 
secondary changes in the motor circuit in the basal ganglia are known to 
cause progressive movement disorders. In experimental animals, we have 
demonstrated that rats with collagenase-induced intracerebral hemorrhage 
in striatum show persistent motor abnormalities (Stroke 26:312-317, 
1995).

In the present study, we studied histological changes in the substantia 
nigra (SN) after intracerebral hemorrhage in the striatum at different time 
periods. A 2 µl of collagenase (Sigma, type VII: 0.5 unit in saline) was 
injected into unilateral striatum of adult Sprague-Dawley rat (n=30). 
Animals were sacrificed at D l, D3, D7, D14 and D28 and carried out 
immunohistochemical studies using antibodies o f GFAP, tyrosine 
hydroxylase (TH) and 0X42. TH immunoreactivity (-ir) revealed 
progressive atrophy in both SN pars compacta and SN pars reticulata 
unilaterally. GFAP-ir revealed persisting reactive astrocytes in SN 
bilaterally, which became obvious at D3. OX-42-ir revealed reactive 
microglia/macrophage in unilateral SN from at D14. Interestingly, 
unilateral thalamus showed increase in OX-42-ir but not in GFAP-ir. 
These results indicate that secondary degenerations, both anterograde and 
retrograde, take place after intracerebral hemorrhage and are closely 
associated with non-neuronal reactions in the distant area, including 
expressions of microglia/macrophage. (Supported in part by PHS grant 
R01-NS-24464)

200.18

CALPAIN INHIBITORS REDUCE DEPOLARIZATION INDUCED LOSS OF 
NEUROFILAMENT PROTEINS IN PRIMARY SEPTO-HIPPOCAMPAL 
CULTURES. A. Kampfl*. J.S. Whitson. X. Zhao. R. Posmantur. G. Clifton and 
R.L. Haves. Dept. of Neurosurgery, U. of Texas Health Science Center, Houston, 
TX 77030.

Overactivation of calcium dependent proteases (i.e. calpains) triggered by brief 
potassium depolarization and exposure to certain excitatory amino acids, may play 
a major role in the pathology of traumatic brain injury (TBI) and cerebral ischemia 
(Wang, et al., Trends Pharmacol. Sci., 1994). These central nervous system 
disorders are associated with increased proteolysis of neuronal cytoskeletal proteins. 
Loss of neurofilament proteins has been described after TBI (Posmantur, et al., J 
Neurotrauma 1994) and cerebral ischemia (Kaku, et al., J. Cereb. Blood Flow 
Metab., 1993) in vivo. Similarly, brief depolarization in vitro is followed by high 
losses of neurofilament proteins (Whitson, et al., Brain Res., 1995, submitted). In 
order to investigate the role of calpain and protective effects calpain inhibitors on 
neurofilament loss in vitro, calpain inhibitors 1 and 2 were applied immediately after 
a six minute depolarization with 60 mM KC1 and 2.8 or 5.8 mM CaCl2. Calpain 
inhibitors were available to the cultures for 24 hours. One day after depolarization, 
cultures were lysed and analyzed via SDS-PAGE and Western blotting using 
antibodies N52 (total NF-H), NN18 (total NF-M) and NR4 (total NF-L). 2D 
densitometry was used for quantification. While brief potassium depolarization 
resulted in losses of all three neurofilament proteins to approximately 80% of 
control values, calpain inhibitors 1 and 2 reduced neurofilament protein loss to 
approximately 14% of control values. Qualitative immunohistochemical evaluations 
confirmed semi-quantitative Western blot data on neurofilament loss and protection 
by calpain inhibitors 1 and 2. We propose that protease inhibitors could represent 
a viable therapeutic strategy for preserving the cytoskeletal structure of injured 
neurons. (Supported by NIH grants POl NS 31998 and ROl NS 21458)
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203

SYMPOSIUM. NEURAL PROGENITOR CELLS AND CNS LINEAGE 
DEVELOPMENT. M.F. Mehler. Albert Einstein Coll. Med. (Chairperson); R.D. 
McKay. NINDS, NIH; M R Iuskin Emory Univ.; A. Al varez-Buylla. Rockefeller 
Univ.; S. Weiss. Univ. Calgary.

The identification and characterization of multipotent neural stem and 
progenitor cell species from the embryonic, postnatal and adult mammalian brain 
have significantly altered our understanding of the developmental mechanisms 
governing lineage elaboration and phenotypic plasticity. This symposium will 
examine the spectrum of relevant in vitro and in vivo experimental model systems 
and the range of cellular and molecular techniques necessary to explore a variety 
of developmental themes in this rapidly expanding neurobiologic discipline. 
Quiescent, self-renewing neural stem cells are initially activated in central, 
paramedian generative zones and undergo constitutive proliferation, with graded 
responses to competing cell regulatory signals, progressive lineage restriction and 
progenitor cell interconversions, regional migration and terminal differentiation 
under the influence of numerous genetic and epigenetic signals. Recent 
experimental studies have begun to define the developmental profiles of these 
interrelated classes of inductive signals and the cell cycle and transcriptional 
regulatory pathways that are targeted. Specific topics will include: signals 
regulating differentiation of CNS stem cells (McKay); characterization of neuronal 
progenitor cells derived from the neonatal subventricular zone (Luskin), birth, 
migration and differentiation of neuronal progenitor cells in the adult CNS 
(Alvarez-Buylla); proliferation and self-renewal of adult CNS stem cells in vitro 
and in vivo (Weiss). These investigations have broad implications for our 
understanding of neurogenesis, and the biologic principles underlying neural 
regeneration.

204

SYM POSIUM . THE NEUROBIOLOGY OF EARLY TRAUMA; 
IMPLICATIONS FOR THE PATHOPHYSIOLOGY OF MOOD  
A N D  ANXIETY DISORDERS. N .H .K alin . Univ. o f  Wisconsin 
(Chairperson); C .B .N em eroff. Emory U niv.; S.Schanberg. Duke 
U niv.; D . C ham ey. Yale Univ.

This symposium w ill review the effects o f  psychological and 
environmental trauma, occurring early in life, on the development 
and expression o f  psychopathology. Emphasis w ill be placed on 
central nervous system alterations thought to underlie the 
dysregulation o f  emotional and behavioral systems that occur in 
trauma victims. Dr. Kalin w ill present an overview o f  nonhuman 
primate models o f  psychopathology underscoring the importance o f  
social and hormonal factors during development that modulate 
behavioral and emotional vulnerability to stress exposure. Dr. 
N em eroff w ill discuss the role o f  corticotropin releasing factor 
(CRF) in anxiety and depression and w ill present data demonstrating 
that social deprivation in rats results in changes in limbic CRF 
systems. Dr. Schanberg will discuss molecular mechanisms 
underlying that reduction in growth hormone secretion and 
subsequent growth failure in rats undergoing maternal deprivation. 
Dr. Chamey w ill discuss CNS changes occurring after exposure to 
traumatic events later in life. He will present data demonstrating 
hippocampal alterations in adults suffering from post-traumatic stress 
disorder.
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206.1

ELECTROPHYSIOLOGICAL AND NEUROPSYCHOLOGICAL 
PREDICTORS OF ALCOHOL-RELATED DRINKING BEHAVIORS. A
W. Deckel*. L. Bauer. & V. Hesselbrock. Alcohol Res. Ctr, Dept. Psych,
Univ. of CT. Med Schl, Farmington, CT 06030.

This study assessed the relationship between neuropsychological and 
electrophysiological functioning and four alcohol-related measures: the 
Michigan Alcoholism Screening Test (MAST), the age at which the first drink 
was taken, frequency o f drinking to "get high", and frequency o f drinking to 
"get drunk". Ninety-one young adult men with no history o f alcohol 
dependence were recruited. Subjects completed a variety o f alcohol-related 
scales, and a battery o f neuropsychological tests. Resting EEG activity was 
also recorded. Stepwise regression analysis found that neuropsychological 
tests commonly regarded as measuring frontal and/or temporal neocortex 
functioning predicted the age at which subjects took their first drink and their 
scores on the MAST. Tests of frontal functioning, along with tests of 
memory, also predicted the frequency with which subjects reported drinking to 
"get drunk". Tests o f memory also predicted the frequency at which subjects 
drank to "get high". On two of the alcohol measures, including age at which 
the first drink was taken and frequency o f drinking to "get high", left-frontal 
slow alpha EEG activity was a significant predictor. These results suggest that 
markers of anterior brain functioning/dysfimctioning are associated with self- 
reports of alcohol-related behaviors, and that disturbances in the integrity of 
the anterior neocortex may be a risk factor in the development of alcohol- 
related behaviors.

206.3

BLUNTED KETAMINE RESPONSES IN ALCOHOLICS.
J. Krystal*. I. Petrakis. E. Webb. N. Cooney. L  Kap er. S. 
Namanworth. L  Trevisan. and D. Chamey. VA-Yale Alcoholism 
Research Center, VA Med. Center, West Haven, CT 06516.

Ethanol and ketamine are non-competitive NMDA antagonists. 
Chronic ethanol upregulates NMDA receptors associated with 
cross-tolerance to NMDA antagonists. The current study 
evaluated whether recently detoxified alcoholic patients 
showed altered ketamine responses relative to healthy 
subjects. METHODS: In an ongoing study, alcoholics (n=19) 
and healthy subjects (n-10) completed 3 double-blind test 
days in a randomized order involving a 40 min. i.v. infusion of 
placebo, ketamine 0.1 mg/kg, and ketamine 0.5 mg/kg. 
RESULTS: Preliminary analyses indicated that alcoholics 
showed reduced ketamine-induced psychosis, perceptual 
alteration, and cognitive impairment relative to healthy 
subjects. In contrast, ketamine-induced euphoria was not 
blunted in patients. IMPLICATIONS: Reduced ketamine 
sensitivity in patients may reflect cross-tolerance with 
ethanol. Mechanisms underlying the preservation of drug- 
induced euphoria are unclear, but may link NMDA receptor 
function to addiction.

206.2

ELECTROPHYSIOLOGICAL CORRELATES OF RESPONSE PRODUCTION 
AND INHIBITION IN ALCOHOLICS AND HIGH RISK INDIVIDUALS
H.L.Cohen*. B. Porjcsz. H. Begleiter and W. Wang.. Neurodynamics Lab., S.U.N.Y. 
Hlth Sci. Ctr., Bklyn., Brooklyn, N.Y. 11203

The P300 component of the ERP was recorded from a group of abstinent, chronic 
alcoholics and a control group during the performance of a simple visual choice 
( Go /  No go ) reaction time ( R T) paradigm. The subjects received two 
equiprobable Go stimuli ( button press with left or right hand) and two equiprobable 
No go stimuli ( inhibit left or right hand response). Scalp recordings were made from 
31 electrodes in five regional groups: F ( frontal), C ( central), P ( parietal), O 
( occipital) and T ( temporal). Initially, control P300 amplitudes on Go trials were 
significantly larger than on No go trials in the C, P and T regions; alcoholics 
manifested no such differences in any region. Further, controls had significantly 
larger Go and No go P300 amplitudes than alcoholics in each region; no group 
differences in latency were present in any region. Surface energy ( SE; Wang et al. 
1994) magnitudes paralleled P300 amplitudes and were greater in controls than 
alcoholics during both Go and No go trials. To ascertain whether the P300 deficits in 
alcoholics were due to chronic alcohol abuse or, in fact, antecede its development, 
P300 was also assessed in a group of individuals at high risk ( HR ) to develop 
alcoholism. HR, compared to controls, had reduced P300 amplitudes in each region 
on both Go and No go trials; SE magnitudes were also reduced.

Our findings demonstrate that both abstinent, chronic alcoholics and HR individuals 
manifest widespread P300 amplitude deficits while performing a simple information 
processing paradigm. This deficit may reflect genetic influences. It precedes the 
onset of alcoholism and may function as a phenotypic marker for its development 
Further, the deficit may result from a deficient inhibitory mechanism proposed to 
underlie P300 generation.

Supported by grants AA-05524 and AA-02686 to HB.

206.4

KETAMINE HAS DOSE-RELATED ETHANOL-LIKE 
EFFECTS IN ALCOHOLICS. l. Petraskis, P. Randall*, E. 
Webb. N. Cooney. L. Karper, S. Namanworth. L. Trevisan. D, 
Charney . and J. Krystal VA-Yale Alcoholism Research Center, 
VA Med. Center, West Haven, CT 06516.

Ethanol and ketamine are non-competitive NMDA antagonists. 
The current study evaluated whether ketamine produced 
ethanol-like subjective effects in recently detoxified alcoholic 
patients. METHODS: In an ongoing study, alcoholics (n=19) 
completed 3 double-blind test days in a randomized order 
involving a 40 min. i.v. infusion of placebo, ketamine 0.1 
mg/kg, and ketamine 0.5 mg/kg. RESULTS: Pre lim inary 
analyses indicated that ketamine produced dose-related 
increases on scales measuring euphoria, ethanol-like 
sensations and perceived similarity to ethanol. Ketamine 0.1 
mg/kg was perceived as sim ilar to 1 -2 standard ethanol 
drinks while ketamine 0.5 mg/kg was perceived as sim ilar to 
8-10 standard drinks. Neither ketamine dose increased desire 
for alcohol. IMPLICATIONS: The sim ilarity of ketamine and 
ethanol effects in humans provides support for an important 
role for NMDA receptors in the behavioral effects of ethanol.
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206.5

A NEW ANIMAL MODEL FOR ALCOHOL CRAVING AND ITS 
VALIDATION BY ANTI-CRAVING DRUGS. R. Spanagel*. S, 
Hölter K. A llingham  W. Danysz+ and W. Zieglgänsberger. Drug 
Abuse Group, Max Planck Institute o f Psychiatry, Clinical Institute, 
Kraepelinstr. 2-10, 80804 Munich; + Merz, Frankfurt, Germany 

In the present study we describe an alcohol-drinking reinstatement model in the 
alcohol-dependent rat which mimicks relapse behaviour in human alcoholics. 
Wistar rats had free choice between water or different concentrated alcohol 
solutions (5,10,20% v/v). After two months of continuous alcohol presentation all 
alcohol solutions were withdrawn for three days. This withdrawal phase was 
repeated once per month. Reinstatement tests were conducted at least six months 
following such an intermittent alcohol presentation. Rats consumed 3.5 ± 0.3 g/kg 
alcohol per day. When alcohol was withdrawn for three days and then presented 
again alcohol intake rose to 5.2 ± 0.3 g/kg/d which resulted in blood alcohol levels 
up to 45 mg/dl. Interestingly, during such a reinstatement phase the drinking 
behaviour was altered: animals drunk significantly more from the highest 
concentrated alcohol solution (20% v/v). The admixture of the alcohol solutions by 
quinine or the additional presentation of a 5% sucrose solution did not change 
alcohol intake or drinking patterns during the reinstatement phase. These results 
demonstrate that demand for alcohol in these rats were incentive and inelastic 
suggesting alcohol-dependence. The effect of the anti-craving compounds 
acamprosate (Ca-acetyl-homotaurinate), memantine and naltrexone upon 
reinstatement behaviour of alcohol drinking was tested. Acamprosate suppressed 
reinstatement behaviour of alcohol drinking dose-dependently. Taken together, the 
described reinstatement model seems to be a suitable animal model to screen 
compounds for their anti-relapse properties and subsequently for their anti-craving 
action.

206.7

INCREASED GLUTAMATERGIC NEUROTRANSMISSION AND 
OXIDATIVE STRESS DURING ALCOHOL WITHDRAWAL G. Tsai*. 
P. Ragan.R. Chang. V.M. I. Linnoila. J. T. Coyle Lab. of Molecualr and 
Developmental Neuroscience, Department of Psychiatry, Massachusetts General 
Hospital and Harvard Medical School, MA 02129. Lab. of Clinical Studies, National 
Institute on Alcohol Abuse and Alcoholism, MD 20817 

Alcohol withdrawal symptoms may last for days to weeks despite aggressive 
treatment with GABAergic drugs. Accumulating evidence now suggests that the 
neurophysiological and pathological effects of alcohol are mediated, to a considerable 
extent, via the glutamatergic system. Acute effects of alcohol disrupts glutamatergic 
neurotransmission by inhibiting the response of NMDA receptor. Chronic attenuation 
of glutamatergic neurotransmission by alcohol results in compensatory upregulation 
of NMDA receptors. As a consequence, alcohol withdrawal is expected to be 
associated with increased excitatory neurotransmission. We hypothesize the synaptic 
concentration of excitatory amino acids is enhanced during alcohol withdrawal; 
consequently, oxidative stress is augmented. CSF was obtained from 19 patients of 
alcoholism. Serial samples were acquired both at the seventh and twenty-first days 
after their enrollment in the study. Age- and sex-matched controls were also obtained. 
CSF samples were subjected to neurochemical assays for markers of excitatory 
neurotransmission and oxidative stress. We found CSF aspartate, glutamate, and N- 
acetylaspartylglutamate levels were increased during the withdrawal stages. In 
addition, the concentration of lipid hydroperoxide in CSF was increased and SOD 
activities decreased during alcohol withdrawal. Our findings also indicated significant 
correlations between excitatory neurotransmitters and oxidative stress markers which is 
consistent with glutamate induced neuronal damage being mediated by reactive oxygen 
species. The data suggest enhanced oxidative stress and augmentation of synaptic 
concentration of excitatory neurotransmitter, in concert with the upregulation of the 
postsynaptic receptors, may contribute to the enhanced glutamatergic 
neurotransmission during alcohol withdrawal. The activation of glutamatergic 
neurotransmission and enhanced oxidative stress may contribute to the symptoms of 
alcohol withdrawal and alcohol-mediated neurodegeneration.

206.9

ALCOHOL WITHDRAWAL SEIZURES ARE RELATED TO VOLUME 
DEFICITS IN TEMPORAL LOBE WHITE MATTER BUT NOT ANTERIOR 
HIPPOCAMPUS. E.V. Sullivan. L . Marsh. D.H. Mathalon. K.O. Lim. A. 
Pfefferbaum*. Department of Psychiatry and Behavioral Sciences, Stanford 
University School of Medicine and Psychiatry Service, Palo Alto, CA 94305, 
and Department of Veterans Affairs Medical Center, Palo Alto, CA 94304.

Magnetic Resonance Imaging (MRI) studies report that patients with chronic 
alcoholism have widespread brain volume deficits involving cortical gray 
matter and white matter as well as anterior hippocampus. Because the 
occurrence of seizures is a relatively common sequela of alcohol withdrawal 
and epilepsy often involves hippocampal pathology, we asked whether the 
hippocampal volume deficit was predictive of withdrawal seizure history. 
Accordingly, we reviewed the medical charts of 46 alcoholic men, previously 
examined with MRI. Patients with a history of one or more seizures during 
alcohol withdrawal formed the seizure group (N=11); patients free of this 
history formed the seizure-free group (N=35). Patients had already been 
excluded from study if they had a seizure disorder unrelated to alcohol 
withdrawal. The two alcoholic groups did not differ significantly in age, 
education, alcohol consumption variables, premorbid intelligence, or Memory 
Quotient. The volumes of each brain region were corrected for normal 
variation in head size and age, based on 72 controls. Although each 
alcoholic group showed significant bilateral volume deficits of the anterior 
hippocampus and frontal-parietal and temporal gray matter, relative to 
controls: the seizure group had significantly smaller temporal lobe white 
matter volumes than either the control (p<.003) or the seizure-free groups 
(p<.035); the seizure-free and control groups did not differ from each other. 
Both alcoholic groups, however, had white matter volume deficits in the 
frontal-parietal region, but the two alcoholic groups did not differ significantly 
from each other. Thus, reduced white matter volume in the temporal lobes 
appears to be a risk factor for or sequela of alcohol withdrawal seizures. 
Supported byAA0696S, MH30854, MH40041, DVA

206.6

NEUROANATOMICAL SUBSTRATES OF ETHANOL 
INTOXICATION. MAPPING OF C-FOS EXPRESSION IN 
RAT BRAIN. A. E. Ryabinin*. J. R. Criado. S. J. Henriksen. 
M. C. Wilson. Dept. Neuropharmacology, The Scripps Research 
Institute, La Jolla, CA 92037.

Ethanol intoxication leads to profound changes in neural 
activity and behavior. Our studies have shown that ethanol 
selectively inhibits stress- and experience-induced Fos expression 
in the rat hippocampus (A. E. Ryabinin et al., J. Neuroscience 
1995). In order to understand which neural structures mediate this 
inhibition, changes in c-Fos expression after an acute ethanol 
intoxication were assessed using immunohistochemistry. To 
minimize the effect o f stress, rats were habituated to the injection 
procedure prior to the experiments. Two hours after an 
intraperitoneal injection o f 1.5 g/kg of ethanol (16% w/v) c-Fos 
expression was significantly induced in the central nucleus of 
amygdala, the Edinger-Westphal nucleus and several areas o f the 
neocortex as compared to the saline-injected controls. A less 
intense increase in c-Fos expression was found in the nucleus 
accumbens. Comparing c-Fos expression maps obtained after 
injection of 1.5 g/kg and 0.5 g/kg o f ethanol revealed distinct 
patterns of neuroanatomical structures. To determine whether the 
neuronal structures expressing c-Fos in response to ethanol are 
directly due to ethanol intoxication or represent emotional or 
sensory confounds of the injection procedure, the effects of 
stereotaxic intra-cerebral injections o f ethanol are under study.

206.8

EFFECTS OF ETH AN O L ON N EUR O N AL NIC O TINIC  
RECEPTORS EXPRESSED IN XENOPUS  OOCYTES. C .M . 
de Fiebre*. R.L. Papke and E.M. Mever. Dept. of Pharmacology, Univ. 
of Florida Col. of Med., Gainesville, FL 32610.

Smoking and drinking are positively correlated; however, relatively 
little is known about the factors which regulate the co-use of nicotine 
and ethanol. Evidence has suggested that these agents may share 
sites of action in the CNS, specifically both may act on nicotinic 
acetylcholine receptors (nACHRs). Ethanol may have inhibitory 
and/or stimulatory effects on nicotinic responses which might be dose- 
or subtype-dependent. In the present study, the α 2β2, α 3β2, α 4β2 
and a l  neuronal nAChR subtypes were expressed in Xenopus 
oocytes and studied under two-electrode voltage clamp for 
responsiveness to bath-applied ACh, nicotine, ethanol or co-applied 
nicotine and ethanol. Ethanol displayed no direct agonist activity at 
any receptor subtype. At the a l  receptor subtype, ethanol (50 and 
25 mM) significantly inhibited responses to 10-4 M nicotine. Studies 
with oocyte-expressed metabotropic glutamate receptors (mGluRla) 
suggested that this inhibition was due to a direct action of ethanol at a l 
receptors and not due to an inhibition of the calcium-dependent chloride 
current component of the α7 signal. At the three β2-containing receptor 
subtypes, ethanol (50 mM) produced an apparent, albeit 
nonsignificant, increase in responsiveness to nicotine. Dose-response 
analyses are being conducted at these as well as other neuronal 
nAChR subtypes to characterize further potential inhibitory and/or 
stimulatory effects of ethanol.
CMdeF was supported by training grant AA-07561 and by a grant from the 
Alcoholic Beverage Medical Research Foundation. The nicotinic cDNA 
clones and the m GluRla cDNA clone were generously provided by Dr. Jim  
Boulter and Dr. Jean-Phillipe Pin, respectively.

206.10

VOLATILE GENERAL ANESTHETIC RESPONSES IN ALCOHOL 
NONTOLERANT (ANT) RATS. L Firestone*, E Korpi# , L Niemi+, P 
Rosenberg+ , G Homanics, J Quinlan. Dept of Anesthesiology, U 
Pittsburgh, # Biomedical Research Center, Alko, Ltd, Helsinki, Finland, and 
+ Dept of Anesthesia, Helsinki University Central Hospital 
The alcohol- and benzodiazepine-sensitive ANT rat line has been shown to 
carry a point mutation (Arg100->Gln), at a functionally critical position in 
the α6-subunit-containing GABAA-receptor subtype expressed in cerebellar 
granule cells. Based on abundant data implicating GABAA-receptors 
(GABAA-R) in both the motor ataxic and obtunding effects of volatile 
general anesthetics (GAs), we predicted that ANT rats would also be more 
sensitive than controls to two clinical GAs with different potencies, 
halothane (HAL) and desflurane (DES). To test this, ataxic effects were 
assessed by the loss-of-righting reflex (LRR) endpoint; obtunding effects 
were measured by a standard tail clamp/withdrawl response. Quantal data 
were fit to logistic equations, yielding median effective doses and standard 
errors; these were compared using z-statistics. ANT rats were significantly 
(P < 0.0001) more sensitive to the ataxic effects of both HAL and DES 
(0.45 ± 0.030 % atm for ANT vs 0.95 + 0.043 for controls; 2.16 ±  0.170 vs 
3.69 ± 0.127, respectively). ANT rats were also significantly (P < 0.0001) 
more sensitive than controls to the obtunding effects of HAL, as measured 
by the tail clamp/withdrawl assay (1.10 ±  0.082 vs 1.76 ±  0.086). However, 
ANT and control lines were equally sensitive (P > 0.50) to the obtunding 
effects of DES (6.38 ± 0.780 vs 5.85 ±  0.208). These data strengthen the 
link between a molecular defect in a cerebellar GABAA-R and drug- 
induced motor ataxia; linkage to the obtunding response was not as clear. 
Measurement of Cl- permeability responses in ANT brain homogenates may 
provide direct evidence of this GABAA-R’s relevance to specific GA 
actions.
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206.11

BEHAVIORAL TOLERANCE TO THE EFFECTS OF ETHANOL ON 
CORTICOSTERONE SECRETION. R.J. Seeley*. M.H. Hawkins. P.S. Ramsay.
C.W. Wilkinson, and S.C. Woods. Departments of Psychology, Psychiatry, and 
Pediatric Dentistry, University of Washington, Seattle, WA and American Lake 
VA Medical Center, Tacoma, WA.

Despite being an anxiolytic drug, ethanol causes a pronounced release of the 
classic stress hormone corticosterone (CORT) in naive rats and humans. This 
CORT response, however, diminishes with subsequent ethanol administration 
(i.e. tolerance develops). The current study explored the possibility that 
environmental cues that predict ethanol administration are responsible for the 
suppression of the CORT response to ethanol. Rats were placed in one of two 
environments made distinct by tactile, auditory, visual and odor cues. In one 
environment, rats were administered ethanol (3.2 g/kg) by a surgically 
implanted gastrostomy tube. In the other environment, they were administered 
an equal volume of isotonic saline. Blood samples were taken and assayed for 
CORT. CORT levels were significantly elevated after ethanol administration as 
compared to saline. Subsequently, rats were given 9 more administrations of 
ethanol and saline in their respective environments. The CORT response to 
ethanol was significantly decreased after the 10th administration of ethanol as 
compared to the 1st administration of ethanol. Finally, rats were administered 
ethanol in the environment that had previously been paired with saline. The 
CORT response to ethanol in the "saline" environment was significantly greater 
than the CORT response to ethanol in the "ethanol" paired environment. The 
results indicate that the reduction in CORT release following repeated ethanol 
administrations is not completely due to a permanent change in HPA function 
due to repeated ethanol exposure. Rather, tolerance development is at least 
partly due to a learned response that inhibits the release of CORT and is elicited 
by environmental cues that predict the effects of ethanol administration.

STRESS: HPA AXIS

207.1

NEONATAL SEPARATION ALTERS HPA AXIS FUNCTION, 
CENTRAL CRF mRNA LEVELS, BEHAVIOR, AND ALCOHOL 
PREFERENCE IN ADULT RATS. P.M. Plotsky*. Y. Su. C. Keng. and
K.V. T h riv ik ra m a n . Stress N eurob io logy Labora tory, D ept. of 
Psychiatry, Emory University, Atlanta, GA 30322.

Adverse rearing conditions during the neonatal period have been 
shown to exert long-term  e ffects  on neu roe ndocrine  function, 
behavioral adaptability, and central neural pathways in rodents. In 
the current study, we report that maternal separation for 180 min 
(HMS180) on days 2-14 a fter birth o f Long-Evans male rats was 
associated with a significant increase in the anxiety-like behavior of 
adult rats (age >65 days) in a defensive withdrawal task as compared 
to rats subjected to 15 min o f m aternal separation (HMS15) as 
neonates. The HMS180 rats exhibited an enhanced latency to exit into 
the open field (454±112 sec) as com pared to the HMS 15 group 
(31± 5 sec). In response to home cage airpuff startle, the HMS180 
group displayed a significant 2.5-fold elevation in the integrated ACTH 
response vs the HMS15 rats. CRF mRNA levels were also significantly 
increased in the hypothalamic PVN (1.6-fold) and central nucleus of 
the amygdala (2.1-fold) of the HMS180 group vs the HMS15 group in 
unstressed rats. When presented with a choice between 2.5% sucrose 
water and 2.5% sucrose-5% ethanol in their home cages, the HMS180 
group displayed a distinct alcohol preference as compared to HMS15 
rats (33±4 m l/24 hr HMS 180 vs 9±2 m l/24 hr HMS15). These 
observations suggest that adverse early experience permanently alters 
the function o f hypothalamic and extrahypothalam ic CRF circuits. 
These a lte ra tio ns  are c lo se ly  a sso c ia te d  w ith  dys func tiona l 
neuroendocrine and behavioral responsiveness. Finally, adverse 
neonatal rearing conditions must be considered as a contributory 
facto r in the vu ln e ra b ility  to s e lf-a d m in is te r d rugs  of abuse. 
(Supported by grant MH50113).

207.3

REDUCED LOCUS COERULEUS RESPONSIVITY TO CORTICOTROPIN-
RELEASING FACTOR AND STRESS SUGGESTS CROSS-DESENSITIZATION. 
L.H. Conti* and S.L. Foote. Dept, of Psychiatry, UCSD, La Jolla, CA 92093.

Corticotropin-releasing factor (CRF), a neurotransmitter involved in mediating 
behavioral and physiological responses to stress, increases electrophysiological activity 
of the noradrenergic locus coeruleus (LC). We have previously shown that LC 
responsivity to CRF challenge is attenuated following repeated intracerebroventricular 
(ICV) administration of CRF. A similar attenuation occurs 24 after repeated ICV 
vehicle infusions; an effect which appears to be the result of repeated stress. The 
present experiments addressed whether repeated CRF (ICV) alters a stress-induced 
increase in LC discharge rate, and whether repeated stress alters subsequent CRF-
induced activation of LC neurons. Hemodynamic stress caused intravenous (IV) 
sodium nitroprusside (SN) infusion, has been shown to activate LC through a CRF- 
dependent mechanism. In the first experiment, the effect of SN (IV) on LC 
electrophysiological activity was examined in rats that had received the last of 8 
(1/day) ICV infusions of CRF 24 hrs previously. The repeated CRF pretreatment 
produced a significant attenuation of the LC response to SN infusion which was not 
accompanied by an attenuation of the SN-induced decrease in blood pressure. In a 
second experiment, the effect of CRF (ICV) on LC discharge rate was examined in 
rats which had been exposed to either repeated (8 sessions) or single white noise 
stress. 24 hr after repeated stress, LC responsivity to CRF was significantly 
attenuated. LC responsiveness to clonidine, assessed in a separate group of rats, was 
not affected by repeated stress. Further, a single session of stress had no significant 
effect on LC responsivity to CRF 24 hrs later. One week after the last of 8 sessions 
of white noise stress, LC response to CRF was no different from the response in naive 
controls. These data indicate that repeated CRF alters LC responsivity to stress, and 
repeated stress alters LC responsivity to CRF. This modifiabilty of the relationship 
between CRF and LC has potential implications for stress-related affective disorders.

207.2

PRENATAL STRESS INCREASES CRF-IMMUNOREACTIVITY IN 
THE FOREBRAIN OF ADULT MALE RATS. T.S. Gray*. A. JAVED. 
and D.L. BIRKLE Dept. of Cell Biology, Neurobiology and Anatomy, 
Loyola University Stritch School of Medicine, Maywood, II. 60153 

Strong evidence supports the hypothesis that endogenous corticotropin-
releasing factor (CRF) mediates neuroendocrine, autonomic and behavioral 
responses to stressful stimuli. Previous studies have demonstrated that 
prenatal stress results in profound behavioral changes, increased basal 
corticosterone levels, and enhanced CRF release from the amygdala in adult 
male rats. This data suggests long-term alterations in the brain CRF 
activity in prenatally stressed rats. The present study has been conducted to 
test the hypothesis that CRF immumnoreactivity is altered in prenatally 
stressed adult male rats. The subjects of this study were male adult rats 
(18-20 weeks old) obtained from stressed and control dams. Stressed dams 
were subjected to daily saline injection (0.1ml, s.c) during gestational days 
14-21. Brains were fixed, cut, and processed according to standard 
imm unohistochem ical procedures. The total number of CRF 
immunoreactive cells was obtained from every third section of 7 control 
and 7 prenatally stressed rats from the lateral bed nucleus of the stria 
terminalis (BSTL), paraventricular hypothalamic nucleus (PVN), and 
central amygdaloid nucleus (CeA). The mean number of CRF 
immunoreactive cells was higher in the BSTL, PVN, and CeA in 
prenatally stressed rats compared to controls. However, a statistically 
significant difference was observed only in the PVN of prenatally stressed 
animals as assessed by the paired T-test (p< 0.005). In 2 of the 7 animals 
subjected to prenatal stress, a substantial number of CRF immunoreactive 
perikarya were seen in the lateral and medial portions of the septum. No 
CRF immunoreactive cell bodies were observed in the septum of control 
animals. Overall, this data suggests a long-term increase in CRF activity 
in animals prenatally exposed to stress.

207.4

CORTICOTROPIN-RELEASING FACTOR RECEPTOR ANTAGONIST 
INFUSED INTO THE LOCUS COERULEUS (LC) ATTENUATES 
IMMOBILIZATION STRESS-INDUCED DEFENSIVE WITHDRAWAL 
IN RATS Gennady N. Smagin* Department of Neuroscience, Pennington 
Biomedical Research Center, Baton Rouge, LA 70808 

It has been proposed that CRF released endogenously during stress may act 
on LC neurons to modulate certain behaviors. This experiment tested the 
ability of a CRF antagonist, ahCRF, to attenuate stress-induced defensive 
withdrawal (DW) in rats. 1 µg of αhCRF in 300 nl was infused bilaterally in 
the LC of rats 10 min prior to restraint stress. Control animals received aCSF 
alone. The apparatus consisted of a small chamber set on one side of one-meter 
open field, into which the rat was placed to start the test. Thirty minutes 
restraint induced DW in rats familiar with the apparatus and a significant 
increase in latency time to emerge from the chamber (19.9 ±4.9 vs 6.0 ± 0.9 in 
control), total time(457.6 ± 32.7 vs 281 ± 77.2 in control) and mean time (220.4 
± 70.9 vs 105.7 ± 41.6 in control) spent in the chamber. No changes were 
observed in locomotor activity. Infusion of ahCRF into the LC prior to 
restraint significantly decreased total time (236.1 ± 61.4, p<0.05 vs stress 
control) and mean time (48.0 ± 12.5, p < 0.05 vs stress control) spent in the 
chamber but had no effect on the latency to emerge from the chamber, and 
locomotor activity. Although infusion of αhCRF alone produced increase in 
locomotor activity and number of rearings, this effect was not statistically 
significant. These results are consistent with anatomical, electrophysiological 
and neurochemical evidence that CRF receptors located in or close to the LC 
region influence behaviors induced by stress.

Supported by grant from US Army DAMD-17-88-2-8023
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207.5

c-fos EXPRESSION FOLLOWING AGONISTIC BEHAVIOR IN THE MALE 
SYRIAN HAMSTER BRAIN. S. Kollack-Walker*. H. Akil and S.J. Watson. 
Mental Health Research Institute, University of Michigan, Ann Arbor, MI 
48109-0720.

During an agonistic encounter, subordinate male hamsters display defensive 
and submissive postures and show increased secretion of glucocorticoids, while 
dominant males do not [Huhman et al., 1990, 1991]. To determine if specific 
neuronal pathways are activated during the behavioral and neuroendocrine 
responses of subordinate males, expression of c-jbs mRNA was compared 
between dominant and subordinate males following an acute agonistic encounter. 
Male hamsters, paired by weight, were exposed to their partner's cage for IS min 
daily for one week to habituate them to the novelty of a different cage and the 
odor of another male. On the day of testing, random pairs were either switched 
as before (handled control males, HC), or were allowed to interact for 30 min 
(dominant males, DOM; subordinate males, SUB). To control for the effects of 
handling and exposure to male pheromones, a second control group of 
nonhabituated, unhandled males (UHC) was included. Following testing, all 
animals were killed by decapitation, their brains removed for c-fos in situ 
hybridization, and trunk blood collected for analysis of plasma cortisol and 
corticosterone levels. Results demonstrate significant elevation of c-fos mRNA 
within specific regions of the septum, neocortex, striatum, hypothalamus, 
amygdala and midbrain in DOM and SUB males in comparison to HC males. In 
addition, in SUB males, selective elevation of c-fos mRNA was observed within 
rostral and dorsal aspects of the septum, anterior hypothalamic area and arcuate 
nucleus of the hypothalamus. These data suggest that the comparison of brain 
activity patterns between DOM and SUB males may provide a useful approach 
for identifying the neuronal circuitry mediating the behavioral and 
neuroendocrine responses of social stress. (Supported by NIMH MH42251, SJW)

207.7

D ELAY ED  A N D  N O N -HABITUATING STRESS: EFFECTS ON  
ACTH A ND  CORTICOSTERONE RESPONSES TO RESTRESS L 
Liberz on*, K . M . Hafer, E. A. Young. MHRI, University o f Michigan, 
Ann Arbor, MI, 48104

W hile ACTH and corticosterone responses have been extensively 
studied in normal or chronically stressed animals, little is known 
regarding the longer lasting effects o f  a single severe stressor on this 
system. In the current study we examined the effects o f delayed and 
chronic non-habituating stress on corticosterone and ACTH responses 
to restress. 26 Sprague-Dawley male rats (250 g) were divided into 3 
groups: Controls, Chronically Stressed (non-habituating stress: swim, 
cold room, restrain or ether anesthesia - two stressors/day, for 7 days) 
and Delayed Stressed (single stress: 2 hours restrain + swim + ether, 
then left untouched for 7 days) - 6,8 and 6 animals, respectively. In 
both Chronic stress and Delayed stress groups plasma corticosterone 
levels returned to baseline within 24 h from the last stress. Animals 
were restressed in restraint, and plasma ACTH and corticosterone 
levels were measured at 0, 5 and 30 minutes. There was a significantly 
higher plasma corticosterone response both in chronic and delayed 
stress groups compared to controls (Chronic > D elayed > Controls), 
accompanied by significantly low er ACTH plasma levels  at 30 
minutes. The results o f this study suggest that in spite o f normal 
baseline levels o f corticosterone in plasma, following both chronic and 
severe single stress, there are long lasting phasic alterations in ACTH - 
corticosterone response to restress. Changes in adrenal response to 
ACTH, both in sensitivity and kinetics, as w ell as central changes in 
sensitivity to glucocorticoid negative feedback, could be responsible 
for the observed alterations.

207.9

ALTERED ALPHA-2 ADRENORECEPTOR MODULATION OF SPIKE 
ACTIVITY IN LOCUS COERULEUS NEURONS OF CHRONICALLY COLD 
STRESSED RATS. M.J. Mana* and A.A. Grace. Depts ojNeuroscience & 
Psychiatry, Center for Neuroscience, University of Pittsburgh, Pittsburgh, PA 15260 
We have previously demonstrated that the basal and footshock-evoked spike activity 
of locus coeruleus (LC) neurons are significantly increased in rats previously 
exposed to chronic cold stress. Using in vivo extracellular single-unit recordings in 
anesthetized rats, we now demonstrate that this alteration in spike activity is 
accompanied by an increased sensitivity of LC neurons in cold stressed rats to the 
effects of the α-2 agonist clonidine (cumulative dose 0.5 - 8.0 µg/kg, iv) but not the 
α-2 antagonist idazoxan (cumulative dose 0.05 - 1.0 mg/kg, iv ). Twenty hours after 
termination of chronic cold stress (5°C for 14-21 days), LC neurons from cold 
stressed rats were more sensitive to clonidine’s effect on basal spike activity (initial 
suppression activity observed at 0.5 pg/kg for stressed rats compared to 2 pg/kg for 
controls; complete suppression observed at 2 pg/kg for cold stressed rats compared 
to 8 pg/kg for controls). In contrast, idazoxan’s effect on the basal spike activity of 
LC cells did not differ between the cold stressed and control rats (initial increase in 
spike activity observed at a cumulative dose of 0.25 mg/kg for both groups; 
maximum increase in spike activity at 1 mg/kg dose was 170% above predrug values 
for stressed rats compared to 187% for controls). Furthermore, footshock-evoked 
spike activity was not altered by idazoxan (1.0 mg/kg) in either group of rats. These 
results indicate that the altered electrophysiological characteristics of LC cells in 
chronically cold stressed rats exists in spite of a significant enhancement of a-2 
adrenoreceptor sensitivity, raising the possibility that alterations in local extracellular 
NE levels in the LC may contribute to the observed alterations in spike activity. 
Supported by USPHS MH 43947 and the Tourette's Syndrome Association (MJM).

207.6

EFFECTS OF CHRONIC DESIPRAMINE TREATMENT ON THE 
CORTICOSTERONE AND BEHAVIORAL RESPONSES TO FORCED 
SWIMMING IN THE RAT. I. Lncki*. L. G. Kirhv and M. J. Detke. 
Departments of Psychiatry, Pharmacology and Psychology, University of 
Pennsylvania, Philadelphia, PA 19104.

The Porsolt behavioral despair test, or the forced swimming test (FST), is an 
animal behavior test sensitive to antidepressant drugs. The present study examined 
the effects of chronic treatment with desipramine on behavioral and endocrine 
responses to forced swimming. Rats received either a single injection of 
desipramine (10 mg/kg IP) or saline (acute treatment) or were injected with 
desipramine (10 mg/kg IP) or saline once daily for 14 days (chronic treatment). 
Half of each treatment group was subjected to a 30-min forced swim and the other 
animals were merely handled and served as controls. Immediately after the swim, 
rats were sacrificed and trunk blood was collected for assay of plasma 
corticosterone. The behaviors in the swim were recorded on videotape, and the 
first 15 minutes of the test were scored.

The FST produced a 10-fold increase in plasma corticosterone. This 
endocrine response was attenuated significandy (by 38%) after chronic treatment 
with desipramine, but not by acute treatment. Chronic treatment with desipramine 
also altered the behavioral response of animals in the FST; ratings of immobility 
were reduced and climbing behavior was increased. Behavioral ratings correlated 
with the magnitude of the endocrine response; immobility correlated positively (r 
= .76, p < .01) and climbing correlated negatively (r = .68, p < .01) with the 
corticosterone response in the FST. The finding that behavioral and endocrine 
responses in the FST are correlated suggests either that endocrine changes may 
mediate the behavioral effect of antidepressants or that antidepressants might alter 
behavior in the FST, in part, by blunting the stress response.

Supported by USPHS grants MH-36262 and GM-07170

207.8

CRH-EVOKED NOREPINEPHRINE RELEASE IN MEDIAL 
PREFRONTAL CORTEX IS ENHANCED IN RATS PREVIOUSLY 
EXPOSED TO CHRONIC STRESS. J.M. Finlav*. M.J. Zigmond. A.F. 
Sved. and M.J. Mana. Dept. of Neuroscience, University of Pittsburgh, 
Pittsburgh, PA, 15260

Rats previously exposed to chronic cold stress exhibit enhanced 
norepinephrine (NE) release in response to an acute novel stressor 
(Nisenbaum et al., 1991, J Neurosci, 11:1478-1484). The present 
experiment examined whether the enhanced responsiveness of NE neurons 
to stress is mediated by an alteration in the responsiveness of locus 
coeruleus noradrenergic neurons to the stress-related neuropeptide 
corticotropin releasing hormone (CRH). In vivo microdialysis was used 
to assess the impact of intra-ventricular CRH (3 µg/3 µl of aCSF) on NE 
release in the medial prefrontal cortex (mPFC) of naive rats (n=6) and rats 
previously subjected to cold exposure (14-21 days @ 5°C; n=l 1). Basal 
extracellular NE was not significantly different in naive and cold exposed 
rats (3.0 ± 0.4 and 2.8 ± 0.2 pg/20 µl, respectively). In naive rats, CRH 
produced a 35 ± 10% increase in extracellular NE in the mPFC. In 
contrast, in rats previously exposed to chronic stress CRH elicited a 62 ± 
16% increase in extracellular NE. These data are consistent with the 
hypothesis that enhanced responsiveness of central noradrenergic neurons 
to CRH contributes to stress-induced sensitization of NE efflux in the 
mPFC. [This work is supported by the Tourette Syndrome Association, 
National Alliance for Research on Schizophrenia and Depression and 
USPHS grants MH 45156 and MH43947. J

207.10

THE PITUITARY-ADRENAL RESPONSE TO SEPARATION IN 
A NOVEL ENVIRONMENT IS  ATTENUATED IN PRENATALLY 
STRESSED, PREWEANLING RAT OFFSPRING. M. T. 
W il l ia m s * . M. B. H e n n e ssy  and H. N. D a v is .
D e p t . o f  P s y c h o lo g y ,  W r ig h t S t a t e  U n i v . , D a y to n , 
OH 4 5 4 3 5 .

R e se a r c h  h a s  d e m o n s tr a te d  t h a t  p r e n a t a l  
s t r e s s  ca n  a l t e r  t h e  n orm al c o u r s e  o f  
d e v e lo p m e n t  o f  t h e  o f f s p r i n g .  T h is  s tu d y  
i n v e s t i g a t e d  t h e  e f f e c t s  o f  p r e n a t a l  s t r e s s  
( i . e . ,  h e a t / l i g h t / r e s t r a i n t ,  3 t im e s  d a i l y )  
d u r in g  t h e  t h i r d  t r i m e s t e r  in  S p ra g u e -D a w le y  
r a t s .  S p e c i f i c a l l y ,  2 1 - d a y - o ld  m a le  and fe m a le  
o f f s p r i n g  w ere  a s s ig n e d  t o  a b a s a l  c o n d i t i o n  o r  
w ere  s e p a r a t e d  f o r  1 -h  i n  a n o v e l  e n v ir o n m e n t .  
T runk b lo o d  w as a s s a y e d  f o r  c o r t i c o s t e r o n e  
(CORT) and ACTH b y  RIA. We fo u n d  t h a t  t h e  
p r e n a t a l l y  s t r e s s e d  o f f s p r i n g ,  r e g a r d l e s s  o f  
s e x ,  had r e d u c e d  CORT and ACTH t i t e r s  a f t e r  th e  
1 -h  s e p a r a t io n  p e r io d  in  a n o v e l  e n v ir o n m e n t  
r e l a t i v e  t o  t h e  n o n s t r e s s e d  c o n t r o l s .  
F u rth e rm o re , b a s a l  l e v e l s  o f  CORT w e re  fo u n d  t o  
b e  s i m i l a r  f o r  b o th  g r o u p s ,  w h i l e  b a s a l  ACTH 
l e v e l s  w ere  fo u n d  t o  b e  r e d u c e d  r e l a t i v e  t o  
n o n s t r e s s e d  c o n t r o l s .  T h e se  d a t a  s u g g e s t  t h a t  
s t r e s s  d u r in g  t h e  t h i r d  t r i m e s t e r  a t t e n u a t e s  th e  
o f f s p r i n g ' s  l a t e r  p i t u i t a r y - a d r e n a l  r e s p o n s e  t o  
a p s y c h o l o g i c a l  s t r e s s o r .
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207.11

CHRONIC CORTICOSTERONE ALTERS PHARMACOLOGICAL 
PROPERTIES OF HIPPOCAMPAL GABAa RECEPTORS. M. Orchinik .
N.G. Weiland and B.S. McEwen. Lab. of Neuroendocrinology, Rockefeller 
University, New York, NY 10021.

Chronic stress alters hippocampal excitability and induces structural 
changes in CA3 apical dendrites. These effects may be mediated, in part, 
by corticosteroid regulation of the expression of GABAa receptors. We 
examined the effects of 10-day exposure to stress levels of corticosterone 
(CORT) on radioligand binding to hippocampal GABAa receptors. The 
binding of the convulsant pSJTBPS to the chloride channel was 
decreased in CA1 following CORT treatment. GABA (1.5 µM) had 
regionally-specific effects on [35S]TBPS binding. Exposure to CORT 
potentiated the enhancement of [35S]TBPS binding by GABA in CA1, CA2 
and CA3 stratum oriens and attenuated the inhibition of [35S]TBPS binding 
by GABA in CA3 stratum radiatum. In addition, CORT decreased the 
ability of a steroid that is released during stress (5a-pregnane-3a,21-diol- 
20-one; THDOC) to inhibit [35S]TBPS binding in CA3 stratum radiatum 
and CA4. These data suggest that the changes in mRNA levels for 
GABAA receptor subunits induced by chronic exposure to CORT (Orchinik 
et al., in press) result in the regionally-specific expression of GABAa 
receptors having different sensitivities to GABA and endogenous steroids. 
Since the sensitivity of GABAa receptors to modulation by GABA and 
THDOC differed in the strata oriens vs. radiatum of CA1-CA3, it is likely 
that pyramidal neurons express functionally different GABAa receptors in 
the basal vs. apical dendritic regions. Supported by fellowship from the 
Pharmaceutical Manufacturer’s Association Foundation (M.O.), NIH grants 
NS30105 (N.G.W.), MH41256 and NS07080 (B.S.M.).

207.12

CORTICOSTERONE REGULATES mRNA LEVELS OF SPECIFIC 
SUBUNITS OF THE NMDA RECEPTOR IN THE HIPPOCAMPUS BUT 
NOT IN THE CORTEX OF RATS. N.G. Weiland*. M. Orchinik. and B.S. 
McEwen. Neuroendocrinology, Rockefeller Univ., New York, NY 10021.

Chronic corticosterone may increase the sensitivity of the hippocampus to 
glutamate and alter the morphology of hippocampal CA3 dendrites through 
activation of NMDA receptors [Magarinos and McEwen, in press]. Some of 
the effects of corticosterone may be mediated by increases in the absolute 
density or by alterations in the subunit composition of the NMDA receptor 
resulting in changes in the pharmacological properties of the receptor. Native 
NMDA receptors exhibit regional and functional heterogeneity that is subunit 
dependent. Vector expression of the NR1 subunit of the NMDA receptor 
results in a functional channel whereas co-expression of the NR2A or NR2B 
subunit with the NR1 subunit is required for function equivalent to that of the 
native receptor. We examined the effects o f 10 days of stress levels of 
corticosterone on the mRNA levels of the NR1, NR2A, and NR2B subunits 
of the NMDA receptor in intact male rats using in situ hybridization with 35S- 
oligonucleotide probes. Corticosterone increased the mRNA levels of the 
NR2A and NR2B subunits in all regions of the hippocampus but not in the 
cingulate cortex. mRNA levels of the NR1 subunit were not altered by 
corticosterone in any region examined. Our data show that corticosterone 
increases the expression of NR2A and NR2B in the absence of changes in 
NR1, which may alter the sensitivity of the NMDA receptor to ligand 
activation without changing the total number of receptors.         (Supported by NIH 
grant NS30105 to N.G.W. and Pharmaceutical Manufacturer’s Association 
Foundation grant to M.O.)

207.13

NEUROSTEROIDS AND ANXIETY IN OVARIECTOMIZED FEMALE RATS. 
INTERACTIONS WITH BENZODIAZEPINE AND PICROTOXININ SITE 
LIGANDS. Y. Akwa. M. D. Brot. R. H. Purdy*. G. F. Koob and K. T. Britton 
Dept. of Psychiatry, V.A.M.C and the UCSD School of Medicine, and Dept. of 
Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037.

The neurosteroids allopregnanolone (Allo-P, 3α -hydroxy-5oc-pregnan-20- 
one), pregnenolone-sulfate (PREG-S) and dehydroepiandrosterone-sulfate 
(DHEA-S) are known to act, in vitro, at the GABA/benzodiazepine (BZ) 
receptor-chloride ionophore complex. The purpose of the present work was 
to characterize the behavioral effects of these steroids in an animal model of 
anxiety and to examine the role of various ligands of the GABA/BZ complex in 
these effects. Ovariectomized female Wistar rats were trained on a Geller- 
Seifter conflict paradigm modified for incremental shock. Allo-P (8 mg/kg, sc) 
produced a significant increase in punished responding of the conflict test 
(170% of baseline compared to the vehicle-injected control), indicating a 
strong anxiolytic-like behavioral effect. No significant effects of PREG-S and 
DHEA-S (0.5-8 µg/µL, icv), or PREG and DHEA (0.1-8 mg/kg, ip) were 
observed. The increased responding induced by Allo-P was dose- 
dependently reversed by the partial inverse BZ agonist R 0 15-4513 (0.75 
and 1.5 mg/kg, ip) and by the picrotoxin site ligand isopropylbicyclo- 
phosphate (5-10 µg/kg, ip) which was previously shown to block anti- 
punishment effect of alcohol. In contrast, the BZ antagonist, flumazenil 
(R015-1788) was not effective at reversing or attenuating the anti-conflict 
effect of Allo-P at any dose. These results suggest that the neurosteroid Allo- 
P can modulate the GABA/BZ receptor complex sufficiently to have a 
functional action in an operant rat conflict test. The anti-conflict activity of Allo- 
P seems to be mediated via the GABA/BZ receptor at a site different from the 
BZ binding site.These results also suggest that the anxiolytic-like action of 
Allo-P may be similar to that of ethanol. Supported by V.A. Merit Review (KB) 
and grant AA06420 (GK).

BETA-AMYLOID: SECRETION I

208.1

SELECTIVE ATTENUATION OF LESION-INDUCED INCREASES IN 
SECRETED β-APP BY ACETYLCHOLINESTERASE INHIBITORS. 
V. Haroutunian*. N. H. Greig, R. Gluck, E. Fiber, K.L. Davis, W. C. 
Wallace. The Mount Sinai School of Medicine, New York, NY. and 
National Institute on Aging / GRC, Baltimore, MD.

Subcortical forebrain cholinergic system lesions induce β-amyloid 
precursor protein (β-APP) synthesis in the cerebral cortex and increase 
the CSF levels of a secreted form of P-APP containing at least the first 
28 amino acids of the Ap sequence. To better understand the 
relationship between acetylcholine levels and APP expression, we 
studied the ability of various ACHE inhibitors to alter β-APP induction. 
Different groups of rats (n=8-9) received NMDA-induced lesions of the 
nucleus basalis of Meynert. Some groups then received vehicle 
injections for 7 days prior to CSF collection and sacrifice. Other 
groups received either diisopropylflurophosphonate (DFP) or a novel, 
acetyl-selective anticholinesterase, phenserine, on a schedule 
intended to chronically inhibit brain ACHE for 7 days. DFP and 
phenserine inhibited cortical ACHE activity by 75% and 20% 
respectively. Chronic ACHE inhibition by phenserine significantly 
reduced the levels of secreted β-APP in the CSF of lesioned rats, but 
DFP did not. These results suggest that acetyl-selective anti-
acetylcholinesterases may not only enhance central cholinergic activity 
and cognition, but may reduce lesion-induced increases in secreted β- 
APP.

208.2

METABOTROPIC mGluRlα  RECEPTORS STIMULATE APPs 
SECRETION IN TRANSFECTED 293 CELLS. R.M Nitsch*, M. Deng, 
J. H. Growdon, R. J. Wurtman. Dept. of Brain and cognitive sciences, 
MIT, Cambridge MA 02139; Dept. of Neurology, Mass. General 
Hospital, Boston, MA 02114; and Center for Molecular Neurobiology, 
University of Hamburg, 20246 Hamburg, Germany.

We have shown previously that several neurotransmitters 
including acetylcholine and serotonin can regulate posttranslational APP 
processing. In particular, APPs secretion is readily increased by agonist- 
induced stimulation of 5-HT2aR and 5-HT2cR as well as by ml and m3 
AChR subtypes. In order to test the effects of glutamate on APP 
processing, we stably expressed metabotropic m GluRla receptors in HEK 
293 cells, stimulated the cells with agonists, and measured APP derivatives 
secreted into the conditioned medium. Cells were both preincubated and 
stimulated in the absence of glutamine in serum-free medium. Glutamate 
increased PI turnover to 4- to 5-fold basal levels in the transfected cells, as 
compared to the unstimulated control condition, but failed to change PI 
turnover in control-transfected cells without the receptor cDNA as well as 
in the wild-type parent cell line. Glutamate in the range of 50µM-lmM  
stimulated APPs secretion 2- to 3-fold in three independent transfected 
clones, as compared to the unstimulated control condition. Glutamate 
failed to change APPs release in control-transfected cells and in the 
untransfected parent 293 cell line. The non-specific glutamatergic agonist 
quisqualate (50-500 pM) as well as the selective metabotropic agonist 
ACPD (amino-cyclopentane dicarboxylic acid, 100-500 pM) also 
stimulated APPs secretion from cells stably overexpressing mGluRla. 
These data indicate that stable transfection of 293 cells with the cDNA 
construct used caused the expression of functionally intact, Pi-coupled 
metabotropic glutamate receptors. The data show that stimulation of 
mGluRla can increase APPs secretion. We conclude that m GluR la can 
be added to the list of neurotransmitter receptors capable of regulating 
secretory APP processing.
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208.3

NMDA TOXICITY INDUCES MEMBRANE BLEBBINGS ACCUMULATING 
APP DERIVATIVES IN HUMAN AND RAT NEURONAL CULTURES 
M. Lesort. C. Yardin. F. Esclaire. J. Hugon* - Cellular Neurobiology Unit, Lab. 
Histology, Fac. Medicine 87025 Limoges - FRANCE 

Alzheimer’s disease (AD) is neuropathologically marked by the presence of senile 
plaques (SP) in the brains of affected individuals. ß amyloid (1-42 aminoacid 
residus) accumulates in SP. The formation of SP and the cellular mechanisms of ß 
amyloid release from the Amyloid Precursor Protein (APP) are not elucidated. 
Glutamate toxicity has been implicated in a large variety of neurodegenerative 
disorders and enhances neuronal tau phosphorylation (Brain Res., 1994, 646.124- 
128). Neurodegeneration induced by excitotoxicity is mainly linked to an increased 
intracellular calcium influx throught NMDA receptors. This influx can produce 
membrane blebbings (mb). The goal of the present study is to analyse in primary 
rat and human (hNT) neuronal cultures ; 1 - The presence of cellular mb after 
chronic NMDA exposure (20 pM from 10 to 16 hours); 2 - The modifications of 
APP localization using various ß amyloid and APP antibodies (22c 11 Boehringer, 
8-17 Dako, 12-28, 25-35 ß amyloid) by confocal laser immunocytochemistry and 
scanning electron microscopy. In rat neuronal cultures NMDA produces a larged 
number of mb per neurons as compared to controls (x8). Quantified 
immunocytochemistry reveals an accumulation of APP derivatives in mb. In hNT 
cultures excitotoxicity is also linked to an augmented number of mb with 
accumulation of APP derivatives revealed by the 22c 11 and 8-17 monoclonal 
antibodies as compared to control cultures not exposed to NMDA (255 % of 
controls). This study shows that chronic NMDA toxicity induces in rat and human 
neuronal cultures the accumulation of APP derivatives in mb produced by an 
intracellular calcium influx throught NMDA receptors.
Study supported by the French “Minist&res de la Santé, de PEnseignement 
Supérieur et de la Recherche”.

208.5

PHARMACOLOGICAL MANIPULATION OF ALZHEIMER'S AMYLOID ß 
PROTEIN IN VITRO AND IN VIVO. C. B. Eckman. C-M. Prada. and S. G. 
Younkin.* Case Western Reserve Univesity, Cleveland, OH and Mayo Clinic 
Jacksonville, Jacksonville, FL.

Evidence compiled over the last several years indicates an important role for 
amyloid B protein (AB) in the pathology of Alzheimer’s Disease. AB is produced 
by proteolytic cleavage of a set of 677-770 amino acid precursor proteins 
collectively referred to as the amyloid ß protein precursor (ßAPP). In an effort to 
characterize the protease(s) responsible for the generation of AB, we have utilized 
highly sensitive and selective sandwich ELISAs to analyze the effects of various 
compounds on the level of Aß1-40 and Aß 1-42(43) detected in the conditioned 
medium of cells transfected with various ßAPP isoforms. Utilizing this strategy, 
we have identified compounds that cause marked increases or decreases in the level 
of Aß1-40 and Aß 1-42(43) in vitro. Western blot analysis of C-terminal and 
secreted derivatives of ßAPP suggests that one of the AB lowering compounds is 
acting through the inhibition of γ secretase. Recently our laboratory has developed 
methods for the reliable determination of AB concentration in plasma. In an effort 
to establish the in vivo efficacy of the compounds that modulate AB concentration 
in vitro, we treated guinea pigs with various compounds and followed their plasma 
AB concentration. Guinea pigs were chosen for this analysis because guinea pigs 
and humans are identical with respect to AB sequence and similar with respect to 
plasma AB concentration. Utilizing this approach, we have identified several 
compounds that dramatically increase the concentration of Aß1-40 and Aß1-42 in 
guinea pig plasma. Preliminary analysis indicates that these drugs also increase 
AB in guinea pig brain. Since AB concentration is likely to play an important role 
in amyloid deposition, these compounds may be useful in developing an animal 
model of AD in which the rate of amyloid deposition can be conveniently 
controlled.

208.7

REGULATION OF THE RELEASE OF CYTOPLASMIC DOMAIN-CONTAINING 
POTENTIALLY AMYLOIDOGENIC APP FROM CHROMAFFIN CELLS. S, 
Efthimiopoulos. D. Vassilakopoulou. J. A. Ripellino. N. Tezapsidis and N.K. 
Rohakis* Dept. Psych. and Fishberg Res. Cntr for Neurobiol., Mount Sinai Sch. of 
Med. New York, N.Y. 10029.

Aβ  peptide is derived by proteolytic processing of a family of amyloid 
precursor proteins (APP) which are considered type I transmembrane glycoproteins. 
A large fraction of APP is cleaved by "secretases" close to the junction of the 
extracytoplasmic and the transmembrane sequence and secreted into the media. This 
soluble APP is not amyloidogenic and does not contain any cytoplasmic sequences. 
However, we identified in conditioned media of CHO and primary chromaffin cell 
cultures a soluble APP species of about 130kDa containing all of the cytoplasmic 
domain (sAPPcyt). This observation suggests that in addition to the transmembrane 
topology there may also be a potentially amyloidogenic full length APP that assumes 
a soluble topology. We found that the release of sAPPcyt is temperature-, time- and 
energy dependent. Our results also show that the release of sAPPcyt is increased upon 
depolarization by 56 mM KC1, BaCl2, or stimulation with cholinergic receptor 
agonists. These results suggest that the release of sAPPcyt is an active, regulated 
functional process. The MW of sAPPcyt is intermediate between the MW of cellular 
immature and mature membrane-bound APP. Upon transfection with APP751 cDNA 
CHO cells oversecrete sAPPcyt excluding the possibility that sAPPcyt is a result of 
alternative splicing. The difference in MW between the mature membrane bound full 
length APP and the sAPPcyt may derive from post-translational modifications and/or 
post-translational proteolytic processing. The release of APP species that contain the 
cytoplasmic, transmembrane, and most, if not all, of the extracytoplasmic domain may 
contribute to the pathophysiology of AD. Soluble sAPPcyt may be the precursor of 
Aβ  since in the soluble topology of APP, rather than in the transmembrane one, the 
cleavage site of Y-secretase is exposed and accessible to proteolysis.

208.4

DIFFERENTIAL REGULATION OF PROTEASE NEXIN II (PNII) 
SECRETION BY INSULIN-LIKE GROWTH FACTOR-1 (IGF-1) AND 
TUMOR NECROSIS FACTOR (TNFa) IN RAT C6 GLIOMA CELLS. I.M. 
Hussaini1. G.T. Redpath1. S.L. Gonias1-2 and S.R. VandenBere1*. 
Departments of Pathology (Neuropathology) and Biochemistry, University 
of Virginia Health Sciences Center, Charlottesville, VA 22908.

Altered processing of the amyloid precursor protein (APP) in the brain 
is a fundamental aspect of Alzheimer’s disease. Isoform expression and 
post-translational processing may be differentially regulated in astroglial cell 
types. The non-amyloidogenic, large N-terminus fragment (APP,) produced 
by α-secretase cleavage has a variety of putative functions related to 
neurotrophism and extracellular matrix interactions. Previous studies by 
others have shown an increase in the KPI-containing isoforms (PNII) in 
reactive astroglia and microglia. In the present study, the effect of inflamm
atory cytokines (IL-lα and β , IL-6, TNF-α and IGF-1) on APP expression 
and secretion were examined. C6 cells secreted isoforms with the KPI 
domain (APP751, APP770), while the APP695 without the KPI-insert was 
expressed but not secreted. RT-PCR further confirmed C6 cell expression 
of the three APP transcripts (APP695, APP751 and APP770). TNF-α (5- 
100 ng/ml) reduced the secretion of APP751 in a concentration-dependent 
manner. In contrast, IGF-1 (5-100 ng/ml) stimulated up to a three-fold 
increase in the secretion of APP751. The cellular expression of glial 
fibrillary protein was also regulated by these cytokines. These data 
demonstrate that 1) astrocytic cell types can express and differentially 
secrete multiple isoforms of APP, including a non-secreted form of 
APP695, and 2) cytokines may be significant regulators of PNII secretion.

208.6

TACRINE BUT N OT PH Y SO ST IG M IN E  R EDU C ES  
SEC R ETIO N  OF THE BETA -AM YLO ID  PRECURSOR  
PROTEIN (ßAPP) IN CELL LINES. D. K. Lahiri*. M. Farlow and
C.Nall. Lab.of Molecular Neurogenetics, Institute of Psychiatric Research, 
791 Union Drive, Indiana Univ. Sch. of Med., Indianapolis, IN-46202.

Amyloid ß-protein that aggregates to form the core of senile plaques in 
Alzheimer’s disease (AD), is generated from a family of large integral 
membrane glycoproteins, ßAPP. Secreted derivatives of ßAPP are the 
proteolytic cleavage products of full length ßAPP. In AD, there is a severe 
loss of cholinergic neurons and a decreased synthesis of acetylcholine in the 
neocortex. The enzyme, acetylcholinesterase, is responsible for terminating 
the physiological role of acetylcholine at cholinergic synapses. We used cell 
cultures to investigate whether the processing of ßAPP can be regulated by 
cholinesterase (ChE) inhibitors, physostigmine and tacrine, which were 
shown to improve memory and cognitive functions in some patients with
AD. We analyzed the level of ßAPP in cells by immunoblotting cell lysates 
and conditioned media with different antibodies.

Normal levels of secretion of soluble ßAPP derivatives by cells into 
conditioned media were severely inhibited by treating cells with only tacrine 
but not by physostigmine. The effect of tacrine on the secretion of ßAPP 
was unaffected by cotreating cells with either the muscarinic antagonist 
atropine, the protein kinase inhibitor staurosporine, or the calcium 
ionophore A23187. The treatment of cells with tacrine plus leupeptin reduced 
the secretion of ßAPP in the medium to the same degree as did the treatment 
with tacrine alone. The effect of treating cells with tacrine did not depend 
upon the growing state of the cells. The difference in action of tacrine and 
physostigmine on the processing of ßAPP may be due to differences either in 
their selectivity for ChE enzymes, in stability or in their pKa values.

We thank Dr. S. Younkin, Dr. L. Younkin and Ms. S. Lewis for their 
help and NIH for supporting this research (R01 AG 10297).

208.8

A PROTEASE INHIBITOR SPECIFICALLY BLOCKS CLEAVAGE 
AT THE N-TERMINUS OF AMYLOID ß -PEPTIDE. M. Citron*.
D.B. Teplow. A .C apell. and D.J. Selkoe. Ctr. Neurologic Diseases, 
Brigham & Women's Hosp. & Harvard Med. Sch., Boston, MA 02115.

Alzheimer’s disease is characterized by the progressive formation in 
the brain of insoluble amyloid plaques consisting of the 4 kDa amyloid 
ß -peptide (AB) derived by proteolysis from the large precursor protein 
ßAPP. AB production is controlled by three different proteolytic 
cleavages, one at the N-terminus (ß-secretase) and one at the C-terminus 
(γ-secretase) of AB and a non-amyloidogenic cleavage (α -secretase) in 
the middle o f AB. None of these enzymes have been identified.

We have tested a panel of protease inhibitors in a variety of cell types 
for their effects on AB production. We have identified a compound 
which reduces AB production in a dose dependent manner in both cells 
transfected with the wild type and the "Swedish" mutant form of 
BAPP695  cDNA. In contrast, under the same conditions, p3 levels are 
constant or increased. In all cell types examined, full-length ßAPP and 
the 10 kDa fragment are increased. The decrease in AB in the presence 
of normal α -  and γ - secretory cleavages suggests inhibition of ß - 
secretase rather than general toxicity. Furthermore, the decrease in AB is 
not observed in cells transfected with mutant forms of ßAPP which only 
give rise to AB like peptides starting at positions other than Aspl. Thus, 
the inhibitor preferentially blocks a Met-Asp cleaving enzyme. These 
data strongly suggest that (i) α - ,  ß -, and γ-secretase cleavages are 
performed by different enzymes; (ii) ß -secretase comprises a collection 
of different enzymes cleaving at and around the Met-Asp site, and a 
Met-Asp cleaving enzyme is specifically blocked by the inhibitor. These 
results are significant for the design of protease inhibitors to retard ß- 
amyloidosis in Alzheimer’s Disease.
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208.9
NON-TRANSMEMBRANE FULL-LENGTH APP IN CHROMAFFIN GRANU
LES N.Tezapsidis*. J.A.Ripellino, S.Efthimiopoulos. D.Vassilacopoulou and
N.K.Robakis. Dept.Psych. and Fishberg Res. Center for Neurobiol., Mt.Sinai Sch. 
Med., New York, NY 10029.

Recently, we detected a soluble APP species in the lumen of chromaffin granu
les (CG) containing the intact cytoplasmic sequence. The apparent MW of this spe
cies was very similar to that of full-length APP. We also showed that a fraction of 
membrane-bound full-length APP is solubilized in vitro by an apparent enzymatic 
mechanism, sensitive to protease inhibitors. To examine the origin of the released 
full-length APP, we used 125I-TID (3-Tri-fluoromethyl)-3-(m-[125] iodophenyl) di- 
azirine) to label the transmembrane APP. This probe partitions strongly in favor of 
the lipid phase of membranes and the photogenerated carbene labels selectively the 
transmembrane sequence of proteins. Following labeling, membranes were incuba
ted under optimum conditions for the release of full-length APP (Vassilacopoulou et 
al. (1995), J. Neurochem., 64, 2140-2146) and after immunoprecipitation with C-
terminally directed antibodies, its distribution was analysed by western blots and 
autoradiography. Our results indicated that although the majority of CG APP trans- 
versed the membrane, solubilized APP did not originate from that population. This 
suggested that CG contain a form of APP that is associated with the membranes by 
a mechanism other than the widely accepted transmembrane topology of a type I 
protein. We also detected low levels of Aß in the lumen of CG. Of great impor- 
tance for Alzheimer’s disease is the speculation that the soluble full-length APP is 
the precursor of Aß  This suggestion is supported by the observation that produc
tion of Aß from the transmembrane precursor requires a proteolytic cleavage within 
the transmembrane domain of APP, a region relatively inaccessible to pro-teases.
In contrast, this region is not protected by the lipid bilayer in a soluble full-length 
APP and therefore is more accessible to proteolysis.

208.10
CHARACTERIZATION OF PEPTITOMIMETIC COMPOUNDS CAPABLE OF 
DECREASING THE SECRETION OF THE Aß PEPTIDE P. Gonzalez-DeWhitt*
F. Camacho. J . Tomer   D. Kaminos. .G. Shutske, F. Desdouits1, E. Koo2_ J. 
Buxbaum1. P. Greengard1. S. Achmies. R. Carlson and S. Sahasrabudhe. 
Neuroscience PGU, Hoechst-Roussel Pharm., Inc., PO Box 2500, Somerville, NJ 
08876, 1Lab. Mol. & Cell. Neuroscience, Rockefeller Univ., NY, NY 10021, 
2Brigham and Women's Hospital and Harvard Medical School, Boston, MA 02115.

AD is characterized by the accumulation of extracellular amyloid deposits in the 
brain and cerebral vasculature. The primary constituent of these deposits is the 39- 
43 amino acid self-aggregating Aβ peptide derived from the proteolytic cleavage of 
the larger β-Amyloid Precursor Protein (ßAPP). Although Aβ production and 
release are normal physiological processes, at least two possible pathways for APP 
metabolism have been identified: a non-amyloidogenic α -secretory pathway 
involving cleavage by an unknown protease (α -secretase) which bisects the Aβ
resulting in the extracellular secretion of APPs and creation of a 10kDa membrane 
bound C-terminal fragment thereby precluding Aβ production; and an altenative 
pathway involving two or more unknown proteases β - and γ-secretases) which 
generate Aβ-containing C-terminal derivatives of APP and the Aβ.

By taking advantage of several of the characteristic features of the Aβ peptide we 
have designed a series of peptidomimetic compounds in an attempt to identify 
molecules which may interfere with Aβ formation/production and may allow us a 
better understanding of the cellular mechanisms of Ap production. Several of these 
non-peptide compounds, which are cell-permeant, significantly reduce Aβ secretion 
in a mammalian cell culture-based assay system. These compounds were 
characterized with respect to their effects on wild type APP751 molecules and 
APP751 molecules with the Swedish (Lys-Met-→Asp-Leu) and APP717 (Val→Phe) 
familial mutations.

208.11

Alternative Splicing of APP Influences Polarised Sorting 
AND 0A4 Secretio n  T. Hartmann1, C. Bergsdorf1, P. Tienari1 , R. 
Sandbrink1 N. Ida. A.W eidernann. w .B. H uttner1* C. L. Masters3 and k . 
beyreu ther. 'ZMBH Univ. Heidelberg, Germany, 2Neurobiol. Univ. of Heidelberg, 
Germany 1Dept. Pathology, Univ. Melbourne, Australia.

In polarised cells like MDCK II secretory proteins are found to be secreted 
either basolaterally, apically or randomly. All basolateral sorting signals 
found so far have been localised to the cytoplasmic tail o f  transmembrane 
proteins. No signals have been found for either soluble proteins or apical 
sorting.

APP is sorted basolaterally due to at least one cytoplasmic signal (QYTSI). 
Curiously, secretory isoforms o f  APP, as well as APP constructs lacking the 
cytoplasimc tail are still secreted basolaterally arguing for the important 
role o f the luminal domain in APP sorting.

The Alzheimer ßA4-amyloid precursor protein (APP) exists as 8 different 
isoforms due to alternative splicing o f  exons 7, 8 and 15. L-APP isoforms 
lack exon 15. As a consequence an ENE-GSG fusion sequence is generated 
that is selectively modified by chondroitin sulfate glycosaminoglycan 
addition.

When we analysed secreted APP (APPsec) from MDCKII cells stably 
transfected with different APP isoforms, APP695, APP751, APP695γ,top or 
endogenous APPsec was. as expected, always sorted basolaterally. In 
contrast to this we found that MDCKH cells stably transfected with L-APP677 
secrete the L-APP677sec apically and basolaterally while the endogenous 
APPsec was sorted basolaterally. To our knowledge this is the first report o f  
alternative splicing used by ceils to generate or to modulate a sorting signal 
for polarised secretion.

In order to answer the question whether this sorting difference influences 
ßA4 release, we stably transfected COS cells with different APP isoforms. 
The ratio o f ßA4 versus P3 was the same for APP695 and APP751 while 
L-APP677 transfection resulted in a significant decrease o f  ßA4 relative to P3.

POTASSIUM CHANNEL PHYSIOLOGY

209.1

A N O V EL K + INW A R D  RECTIFY ING  C UR R EN T ENDO W ED  
W ITH AN INTR INSIC  INA C TIV A TIO N  A N D  A (V -Ek)- 
IND EPEN D ENT A C TIV ATIO N  IS PRESENT IN NEOPLASTIC  
AND IM M A TU RE CELLS FR O M  EX CITA BLE TISSUES.

E Wanke*. A. Arcangeli^. M, Qlivotto^. L . Bianchi & L. Faravelli. 
Dept. o f  Gen. Physiology and Biochemistry, Univ. o f  Milan, Via Celoria 
26, 1-20133 Milano and ^Inst. o f  Gen Pathology, Univ. o f  Florence, 
Vle. Morgagni 5 0 ,I-50134 Firenze, ITALY.

A novel inactivating inward-rectifying current, described in murine and human 
neuroblastoma cells, turned out to be modulated by integrin-mediated adhesion 
processes and regulated by cell-cycle phases in the adjustment of the resting potential 
(Vrest) (Arcangeli et al., 1993 J. Cell Biol. 122:1131; Arcangeli et al.. 1995 J. 
Physiol, in press). In contrast with normal anomalous rectifier, this current is 
characterized by a [K+]°-independent intrinsic voltage-gated inactivation centered 
around the cell Vrest (-20/-45 mV) and an activation gating independent of (V-EK) 
and [Na+]0 These biophysical properties produce the impossibility for the cell to 
hyperpolarizc towards Vrest at -70/-80 mV, typical of normal excitable cells. We 
observed this current also in the following tumor cells lines: rhabdomyosarcoma 
(TE671), pheochromocytoma (PC 12), mammary adenocarcinoma (SK-BR-3), small 
cell lung carcinoma (NHI-N592). Experiments in progress are showing that the 
novel K+ channel is also transiently expressed in quail embryonic neural crest cells 
undergoing neural differentiation, and in neonatal mouse myoblasts before fusion. 
These findings suggest that, at certain stages of cell differentiation, a novel type of 
inward rectifying channel is expressed, whose biophysical properties could coincide 
to those encoded in oocytes by the H-ERG gene. In conclusion our findings should 
help to understand not only the physiological role of the novel channel but also its 
linkage to the proliferating phase of normal and cancer cells.

, PHARMACOLOGY AND MODULATION I

209.2
INTRACELLULAR POLYAMINES DETERMINE OUTWARD CURRENT 
THROUGH INWARD RECTIFIER K+ CHANNELS. M. Taglialatela*1. L. Bianchi1 E.
Fickar2 ML. Roy2 and A M  Brown2 1Dept of Neuroscience, Section of Pharmacology, 
U.of Naples, 80121 Naples, Italy and 2Rammelkamp Center for Research, MetroHealth 
Campus, Case Western Reserve University, Cleveland, OH 44109.

The naturally occurring polyamines (PAs) Spermine (SPM) and Spermidine 
(SPD) induce strong voltage-dependent inward rectification in cloned IRK channels. The 
purpose of this study was to determine whether inhibitors of the PA metabolism such as 
DFMO or MDL73.811, a SAMDC inhibitor, affect the amount of outward current 
flowing through IRK channels in RBL1 cells. RBL cells were appropriate for such 
experiments since whole cell currents are dominated by large inward rectifying 
conductances. RBL cells were treated with a combination of 500µM DFMO and 500µM 
MDL73.811 for up to 6 days. Outward currents increased and the maximal response 
developed after 2 days. Thereafter, the currents were stable and did not change with 
longer incubation times. Incubating RBL cells for 2 days with 500µM DFMO/500µM 
MDL resulted in normalized outward currents of 1.24 ± 0.149 pA/pF (n=5) at a test 
potential of -55mV compared to -0.34 ±0.225pA/pF (n=4) in untreated control cells. 
Total SPD and SPM levels were reduced from 414±17 and 133±10pM/µgDNA (n=5) 
to 98.8±10 and 79.5±14pM/ugDNA (n=4), respectively. The pharmacological treatment 
changed neither the cell capacitance nor the resting membrane potential. With 
MDL73.811 reduced to 50µM and DFMO kept constant similar changes could be 
observed. In contrast, treatment of cultures with 500µM DFMO alone resulted in only 
a moderate increase of outward current. At -55 mV we measured -0.25±0.065 pA/pF 
(n=8) in control cells and 0.184±0.174 pA/pF in cells treated for 3 days (n=7). Total 
SPD and SPM levels measured were 158±25 and 127.5±6 pM/ugDNA (n=4). These 
data support the hypothesis that changes of cytoplasmic PA levels alter inward rectifier 
K+ channels and may have significant effects on cellular excitability.
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209.3
ATP-SENSITIVE K+ (K-ATP) CHANNELS OF RAT NEOCORTICAL 
NEURONS IS BI-GATED BY INTRACELLULAR ATP AND VOLTAGE: A 
NOVEL CHANNEL GATING MECHANISM? X .D.Tana and Z.Q.Tong* 
Dept. of Physiol., First Military Med. Univ., Guangzhou 510515, PR China, 
whether the K-ATP channels are gated by membrane potentials still 
remains controversial. Previous studies in this and other laboratories, 
however, have s h o w  that the K-ATP channels indeed show some voltage- 
dependence. The present study is designated just to address this question. 
Single channel currents were recorded with standard inside-out 
configurations from neurons acutely dissociated from Sprague-Dawley rat 
neocortex. The pipettes and bath were filled with the same solution 
containing 0.001 mM tetrodotoxin, 0.3 mM CdCl2 and 135 mM KCI. Single-
channel conductance of the K-ATP channels recorded was 96.97± 5.32 pS 
(n=11) at potentials of 10-60 mV to 98.31± 3.26 pS (n=11) at -10 - -60 mV. 
Besides being inhibited by intracellular ATP, channel kinetics was also 
affected by membrane potentials. Open- and closed-time histograms were 
well fitted by two exponentials, suggesting that the channel has two open 

and closed states. Mean open time (τ om) and open probability increased 

while mean closed time (τ cm) decreased with depolarization. The fitted 

equations of the relationships between mambrane potentials and those 

kinetic parameters may be described as: τ om = -159.26 InVm + 403.64, Po 

= - 0.01 Vm2 + 0.08Vm + 0.87 and τ cm = 0.17Vm3 - 2.5Vm2 + 10.35Vm - 

7.68, respectively. We suggest that the K-ATP channels be bi-gated by 
both intracellular ATP and mambrane potentials. This property of the 
channels may be related to their pathophysiological functions.

209.5
PHOSPHORYLATION MAY BE REQUIRED TO ACTIVATE SHAW RELATED 
K+ CHANNELS. E. Vega-Saenz de Miera*. H. Moreno and B. Rudy. Dept. of 
Physiology and Neuroscience and Dept. of Biochemistry; New York University 
Medical Center, New York, NY. 10016.

Incubation of oocytes injected with Kv3.3a (KShIIID.1) cRNAS with 1 µM 
PMA increased the magnitude of the expressed transient voltage-dependent currents 
2 to 5 fold. The stimulated currents did not show appreciable differences in voltage 
dependence or kinetics to the currents seen prior to the addition of PMA. Amino 
terminal deleted mutants of Kv3.3a subunits that express delayed rectifier type 
currents, were also stimulated more than two fold by PMA, indicating that the 
increase of current is not due to a changes in N-inactivation. The application of 100 
µM H7, an inhibitor of several protein kinases, (Ki for: PKA (3µM), PKC (6pM), 
PKG (5.8 µM)) decreased the current in oocytes expressing Kv3.3a proteins by 
70%. The inhibitor of serine threonine phosphatases Calyculin A at 500 nM 
increased the currents expressed in oocytes injected with Kv3.3a cRNA more than 
100%. The injection of 0.005 units of alkaline phosphatase into oocytes injected 
with Kv3.3a abolished the Kv3.3a current almost completely. The effect of the 
phosphatase was also seen in oocytes injected with Shaw related Kv3.1b cRNAS, 
but not with Shaker related Kvl.4 cRNA. Kv3.3a channels in inside out patches of 
oocyte membranes were blocked by alkaline phosphatase. The channels returned 
after the patch was washed and perfused with ATP and pyrophosphate, a 
phosphatase inhibitor. The current expressed in stably transfected CHO cells with 
Kv3.2a (another Shaw related product) decreased about 70% when the recording 
electrode contained alkaline phosphatase (0.001 units/µl of electrode filling 
solution). These findings strongly suggest that phosphorylation is required for Shaw 
related voltage gated channels to be in a functional state.
Supported by a Grant-in-Aid from the American Heart Association, and NIH grant: 
NS-30989

209.7

C affein e  c a u s e s  d ir ect  b l o c k a d e  o f  d e l a y e d  rectifier  p o t a s siu m

CURRENTS IN VERTEBRATE NEURONS AND SECRETORY CELLS. Stuart E. 
Dryer*. Michelle Drake. Theresa D’Souza & Sanja Raucher. Program in 
Neuroscience, Florida State University, Tallahassee, FL 32306-4075  

The effects of caffeine on delayed rectifier K + currents (/DR) were 
examined using conventional whole-cell recordings from acutely 
dissociated chick ciliary and sympathetic ganglion neurons, chick 
pineal cells and cultured rat anterior pituitary cells. In chick ciliary 
ganglion neurons, caffeine produced a substantial blockade of /DR. 
Blockade was rapid in onset, reversible, and dose-dependent, w ith  
approximately 50% inhibition produced by 1 mM caffeine and 30% 
inhibition produced by 0.1 mM caffeine. The inhibitory effects of 
caffeine on /DR were voltage-dependent, w ith  greater blockade 
observed w ith  greater depolarization. Blockade of /DR was also 
observed in excised outside-out "maxi-patches" in which soluble 
cytoplasmic components were removed from direct contact w ith  the 
patch membrane. Caffeine also caused inhibition of /0R in chick 
sympathetic neurons, chick pineal cells, and rat anterior pituitary cells. 
In each case, blockade was rapid in onset, reversible, and voltage- 
dependent, although supramaximal concentrations of caffeine blocked 
a slightly smaller percentage of total /DR in rat pituitary cells. 
Inhibition of voltage-activated K+ currents can potentially produce 
significant secondary effects on intracellular free Ca2 + . These results 
indicate that caution must be used in the design and intrepretation of 
experiments in which millimolar concentrations of caffeine are used to 
study complex intracellular Ca2 + dynamics. Supported by PHS NS 

32748, AFOSR F49620. and Florida Affiliate Am. Heart. Assoc.

209.4
THE ROLE OF CHANNEL PHOSPHORYLATION IN TYROSINE 
KINASE DEPENDENT SUPPRESSION OF Kvl.2
A.D. Morielli*. T.G. Cachero. and E.G. Peralta. Dept. of Mol. Cell Biol., 
Harvard University, Cambridge, MA 02138

The delayed rectifier potassium channel Kvl.2 becomes fully suppressed 
upon activation of tyrosine kinases by G-protein coupled receptors. Tyrosine 
132 in the cytoplasmic N-terminus has an important role in modulation since 
its replacement with phenylalanine generates channels that undergo partial but 
not complete suppression. However, deletion o f the entire N-terminus 
restores the ability o f the channel to become fully inhibited. Therefore, 
phosphorylation of tyrosine 132 may not directly cause suppression, but 
instead may permit the expression o f other events which do.

To test the effect o f phosphorylation at position 132 within the Kvl.2 
channel, we replaced tyrosine-132 with serine in a consensus protein kinase A 
(PKA) phosphorylation site. Currents generated by Y132PKA mutant 
channels have wild type kinetics and voltage dependence. Activation of PKA 
by dibutyryl cAMP, β-adrenergic or PGE1 receptors caused phosphorylation 
of serine-132 but failed to cause suppression of Y132PKA generated current. 
Muscarinic receptor activation caused full inhibition o f Y132PKA-generated 
currents in oocytes treated with dibutyryl cAMP but caused only partial 
suppression in untreated oocytes. Y132PKA channels in which serine-132 has 
been replaced with alanine also became only partially inhibited by muscarinic 
receptor activation in the presence or absence o f PKA activators. Therefore, 
phosphorylation of the N-terminal amino acid 132 does not cause suppression 
but instead appears to enable full suppression caused by other modifications 
to the channel.

209.6

A PHOSPHORYLATION CASCADE CONTRIBUTES TO THE 
OPENING OF K+ CHANNELS BY BRADYKININ. M.A. Wilk- 
Blaszczak and F .Belardetti*. Dept. Pharmacol., U.T. 
Southwestern Med. Ctr., Dallas, TX 75235.

In neuroblastom a-gliom a cells (NG108-15), the Gq and/or G „ 
G proteins m ediate bradykinin (BK) activation of a transient, 
voltage-independent outw ard K+ current (lk,8K). The G proteins 
activate lK,BK via phospholipase C/inositol trisphosphate/Ca2+ 
release. Using whole-cell patch-clam p, we provide evidence that 
an additional cascade, involving at least tw o phosphorylation 
steps, is involved in the generation of lk,BK. W e find that 10 nM 
calyculin A, an inhibitor o f protein phosphatase type 1 and 2A, 
b locks the activation of lK,BK evoked by 10 nM BK (n=9, 6% of 
DMSO controls, n = 8 ; P<0.001) but does not b lock activation of 
the outward K+ current evoked by the Ca2+ ionophore A23187 
(20 µ M, n = 5 , 80% of DMSO controls, n = 6 ; P=0.54). These 
observations indicate that serine/threonine dephosphoryla tion is 
required fo r som e step of BK action but rule out a purely 
permissive role o f dephosphoryla tion at the level o f the K+ 
channel. Finally, tyrphostin  B46 (10 µ M), which inhibits certain 
tyrosine kinases, reduces the activation of lk,BK (n=10, 35% of 
DMSO controls, n = 1 0 ; P<0.02). This observation suggests that 
phosphorylation of a tyrosine residue m ay also play a prominent 
role in this action of BK.

209.8

NOREPINEPHRINE AND CYCLIC AMP MODULATES THE Q/H-CURRENT 
INDEPENDENTLY OF PROTEIN KINASE A IN HIPPOCAMPAL NEURONS.
J.F. Storm* & P. Pedarzani Inst. of Neurophysiol., University of Oslo, Norway. 
Transmitters acting via cyclic AMP (cAMP) usually modulate target proteins by 
activating protein kinase A (PKA), and this is the only mechanism of cAMP so 
far demonstrated in the brain. Here we show that cAMP and transmitters 
acting via cAMP, can act in a kinase-independent manner in the brain. In 
hippocampal neurons, cAMP and norepinephrine were found to enhance the 
hyperpolarization-activated, depolarizing cation current Iq (also called lh),
even when PKA was b locked.- - -  Whole cell recordings were obtained in
CA1 pyramidal cells (n = 80) in slices from young rats. In current clamp, nor- 
epinephrine (in the presence of a receptor blockers) or isoproterenol caused a 
slow depolarization and block of the slow afterhyperpolarization (sAHP) after a 
spike burst. In voltage clamp, these agents caused a slow inward current 
accompanied by a conductance increase and blocked the K(Ca) current Ia h P 
Both of these actions were mimicked by the membrane permeable cAMP 
analogue 8CPT-cAMP. Intracellular application of a potent and selective 
inhibitor of PKA (Walsh peptide; 1 mM in the pipette) blocked the effect of 
isoprenaline and cAMP on Ia h p > 1 x 1 0 0 1  reduce the inward current in the
same cells, indicating that the latter effect of cAMP was independent of PKA. 
The inward current was blocked by 1 mM Cs, but not by Ba (1 mM), tetraethyl- 
ammonium (10 mM) or 4-aminopyridine (1 mM), i.e. a pharmacological profile 
corresponding to that of lQ/h* Isoproterenol or 8CPT-cAMP reversibly 
enhanced the Iq /h relaxation elicited by a hyperpolarizing voltage-clamp step, 
while changing the instantaneous membrane conductance in a manner 
consistent with enhancement of Iq /^h - - - We conclude that norepinephrine 
and cAMP enhances lQ/n in a kinase-independent manner. The modulation of 
this current by ascending fibers from the brainstem is likely to participate in the 
state control of the brain during arousal and attention. [Supported by NFR.]
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209.9

NITRIC OXIDE TONICALLY DEPRESSES A VOLTAGE- AND Ca- 
DEPENDENT OUTWARD CURRENT IN SLICES OF HIPPOCAMPUS.
G. Erdemli* & K. Krnjevié. McGill Unlv., Anaesthesia Research Dept, H3G 
1Y6, Montreal, P.Q. Canada

Nitric oxide - a diffusible messenger - has many actions in the CNS 
(Gartbwaite, Trends Neurosci. (1991) 14:60); but there have been no reports 
of effects on outward currents of hippocampal pyramidal cells. In this study 
we tested the effects of sodium nitroprusside (SNP, 100-500 µM) -  a NO 
donor, L-aigjnine (L-ARG, 10-400 pM) — a NO precursor and Nω-nitro-L- 
aiginine methyl ester (L-NAME, 200 µM)— a NO synthase inhibitor — on 
voltage-dependent outward currents (Iout’s) of CA1 pyramidal neurons. In 
whole-cell recordings in slices from rats, net 1out — evoked in CA1 neurons 
by depolarizing pulses to ≈-20 mV (from V„ ≈- 5 0  mV) — were depressed by 
SNP by 39.5 ± 6.6 % (n=10) and by L-ARG by 49 ± 5.2 % (n=23). L-NAME 
restored the L-ARG-depressed Iout to ≈ 80 % of control. The inactive isomer 
D-arginine (100 pM) had no significant effect on Iout at ≈ -20 mV (20.2  ± 20.0 
%, n=4). In 18 cells, L-NAME increased 1out (at ≈ -20 mV) by 45 ± 12.6 %. 
The L-NAME-enhanced was reduced to ≈ 80 % of initial magnitude by 
farther addition of L-arginine (n=5). The NO-sensitive Iout is Ca-dependent, 
because neither L-NAME nor L-ARG was effective in M n/low Ca medium or 
when [Ca2+]i was buffered at ≈200 nM with 2.2  mM EGTA. High voltage- 
activated Ca-currents were unaffected by L-NAME (200 pM). Although both 
TEA (1-5 mM) and carbachoi (20 pM) prevented 1out potentiation, M-current 
was not enhanced by L-NAME.

These results suggest that NO tonically enhances excitability of CA1 
neurons by depressing a voltage- and calcium-dependent K-currenL

Supported by Medical Research Council of Canada.

209.11

ACTIVITY-DEPENDENT RESPONSE DEPRESSION MEDIATED BY 
GRADUAL FACILITATION OF THE SLOW IK(Ca)S IN CA1 
HIPPOCAMPAL PYRAMIDAL CELLS IN VITRO. Washington Buno* 
and Michel Borde. Instituto Cajal, CSIC, Av. Dr. Arce 37, E-28002 Madrid, 
SPAIN.

Responses evoked by prolonged (2s) repeated (5-180s intervals) 
depolarizing (0.5nA) pulses or Stratum oriens and radiatum stimulations 
(80Hz) eliciting repetitive firing were analyzed under single electrode current- 
and voltage-clamp in CA1 pyramidal cells (n=85) in hippocampal slices of 
young (20 days) rats. Stimulation was initiated after a 3min silent period, and 
invariably resulted in a progressive decrease of the response termed 
"depression". Whereas the initial spike burst was unmodified, depression 
markedly reduced the subsequent adapted response, usually originated a 
prolonged silent interval between the initial burst and the succeeding lower 
firing rate, and increased the slow after-hyperpolarization (AHP). The build
up of depression was relatively slow, occurred with inter-stimulation intervals 
as long as 60s, and could last up to 3min. Depression was insensitive to 
synaptic transmission block by the toxin w-aga-IVA. Ionic, pharmacological 
manipulations, and voltage clamp experiments, suggest that a gradual 
facilitation of the slow Ca2+-dependent K+ current (IK(Ca)S) mediating AHPS 
plays a key role in the genesis of depression. A computer model was 
developed which closely mimicked depression either by increasing the 
activation time constant of IK(Ca)S or decreasing the intracellular Ca2+-buffering 
kinetic.

Supported by CEC DGXII-PVD (Europe) and DGICIT (Spain) grants to W.B.’ 
M.B. was a CEC fellow.

209.10

NITRIC OXIDE AND cGMP MODULATE A PRESYNAPTIC K+ CHANNEL IN 
VITKO.H. Moreno E.Bueno1, A. Hernandez Cruz*2, A. Ponce1 and B.Rudy1 
. 1 Dept of Physiology and Neurosciences and Dept. of Biochemistry, New York 
University Medical Center, NY NY 10016 2 Instituto de Fisiologia Celular, 
UNAM. 3 Dept Fisiologia Universidad Nacional de Colombia-CIF.

KV3.2, a member of the Shaw related K channel subfamily has been 
shown to be present in thalamocortical projections (Moreno et al, J. Neuros, in 
Press). Transcripts of this gene express voltage dependent delayed rectifier type 
currents in Xenopus oocytes and in CHO cells. In the present studies, whole cell 
recording of stably transfected CHO cells demonstrate that the currents expressed 
by KV3.2a (an isoform with a single putative cGMP dependent kinase 
phosphorylation site) are reversibly inhibited~ 30% by bath application of ImM of 
a membrane permeable cGMP analog (8 Bromo cGMP). Similar effects were 
obtained upon local application of 50 µM of either S Nitroso N acetylpenicillamine 
(SNAP) or Sodium nitroprusside (SNP), two different nitric oxide (NO) donors. 
Pretreatment of cells with 20 pM KT 5823 (a specific cGMP dependent kinase 
inhibitor) prevented the effects of cGMP, SNAP or SNP. The present data strongly 
suggest that NO modulates KV3.2a proteins in CHO cells through the activation of 
cGMP dependent kinase and not through redox sensitive signaling cascades as has 
been reported for other channels. Further experiments are being performed to 
demonstrate the direct phosphorylation of KV3.2 proteins in situ, and the effects of 
NO scavengers. This study suggests that the labile free radical gas, NO, which has 
been shown to be an important diffusible messenger in the CNS may be involved in 
the modulation of thalamocortical presynaptic K+ channels and could therefore 
regulate signal transmission across the thalamocortical circuit. Experiments 
addressing the cellular and subcellular localization of the molecular elements 
(NOS-cyclase-channel) involved in this cascade are required. Supported by NIH 
grant NS 30989 and NSFIBN 9209523.

209.12

SUPERFICIAL AND DEEP NEURONS IN PIRIFORM CORTEX DIFFER IN THE 
INACTIVATION OF IA. M.I, Banks* and M. B. Jackson Department of Physiology 
and Center for Neuroscience, University of Wisconsin-Madison, WI 53706 

Piriform cortex (PCx) in the rat is highly susceptible to the induction of 
epileptiform activity, and experiments in vivo and in vitro have shown that such 
activity originates in deep layers, especially endopiriform nucleus (EP). In normal 
slices, EP neurons are more excitable than layer II cells, with more positive resting 
potentials and lower spike thresholds. We studied outward currents in EP and layer 
II cells in slices of PCx (400 pm; 9 to 18 day old rats) to determine the origin of 
these differences in membrane excitability. Whole-cell currents were recorded under 
direct vision using standard patch clamp techniques. IA was isolated by subtracting 
currents in response to depolarizing pulses preceded by a prepulse to -30 mV (to 
inactivate IA) from currents elicited without the prepulse. Peak IA at -30 mV was 
70.8 ± 4.75 pA/pF in layer II cells (mean ± 2SE; n = 9), and 66.1 ± 3.43 pA/pF in 
EP cells (n = 16). Steady-state inactivation was measured by preceding a 100 msec 
test pulse to -30 mV with 1 sec conditioning pulses to voltages ranging from -100 to 
-40 mV. The half-inactivation voltage (V0 5) was more depolarized in layer II cells. 
(V0 5 = -56.5 ± 1.83 mV; n = 7), than in EP cells (V0.5 = -65.7 ± 1.52 mV; n = 8; p 
< 0.001). The slope of the inactivation function was not different (II: k = 5.94 ±
1.03 mV; EP: k = 6.86 ± 1.06 mV). The time constant of inactivation at -30 mV 
was faster in layer II cells (6.43 ± 0.394 msec; n = 9) than in EP cells (10.0 ± 0.287 
msec; n = 16; p < 0.001). Steady-state activation was not different in the two cell 
groups (II: V0.5 = -27.3 ± 3.12 mV, k = 7.73 ± 2.55 mV; n = 3; EP: V0.5 = -29.6 ±
1.83 mV, k = 7.98 ±1.17 mV; n = 8). Activation kinetics, estimated from time to 
peak (tpK) at -30 mV, also did not differ in the two groups (II: tpk = 3.29 ± 0.100 
ms; n = 9; EP: tpK = 2.83 ± 0.107 ms; n = 16). The differences in inactivation of IA 
observed between layer II and EP cells may contribute to their differences in 
excitability and susceptibility to the induction of epileptiform activity.

PEPTIDES; PHYSIOLOGY AND ANATOMY

210.1
IMMUNOIIISTOCHEMICAL LOCALIZATION OF THE NEUROTENSIN 
RECEPTOR IN RAT BRAIN. H. Boudin1. D. Péla n r a t1. W. Rosténe1 * and A . 
Beaudet2 . *INSERM U339 Hôpital St Antoine, Paris, France;2Montreal 
Neurological Institute, Me Gill University, Montreal, Canada.
Neurotensin acts through at least one receptor recently cloned in the rat. This 
receptor belongs to the family of G-protein-coupled receptors with 7 
transmembrane domains. We have raised a polyclonal antibody against the third 
intracellular domain of the rat neurotensin receptor (NTR), characterized in 
transfected cells (Boudin et al., Biochem. J„ 1994). This antibody was used for 
immunocytochemical detection of diis receptor in rat brain sections. Intense NTR- 
like immunoreactivity was detected within neuronal perikarya and dendrites 
throughout the medial septum, diagonal band of Broca, magnocellular preoptic 
nucleus, suprachiasmatic nucleus and substantia nigra. Moderate perikaryal and 
dendritic labeling was also observed in anterodorsal thalamic nucleus, zona incerta, 
ventral tegmental area and superior colliculi. Finally, a few weakly labeled cells 
were apparent within the paraventricular and dorsomedial hypothalamic nulei.. In a 
few regions, such as the bed nucleus of the stria terminalis and the paraventricular 
thalamic nucleus, the labeling was mainly associated with thin varicose fibers. This 
labeling distribution broadly conformed to that previously observed using 
radioaulography techniques with radiolabeled ligands. However, a few regions in 
which neurotensin binding sites had been previously demonstrated, such as the 
periacqueductal gray and the anterior pretectal nucleus, were devoid of 
immunostaining suggesting the possible occurrence of other receptor sub-types in 
these structures. In conclusion, the present results provide the first 
iminunohistochemical description of NTR distribution in rat brain and support the 
implication of this receptor in the transduction of widespread pre-and post-synaptic 
effects of neurotensin in mammalian central nervous system.

210.2
ANTISENSE MODULATION OF ANGIOTENSIN II ATI RECEPTORS IN 
ORGANOTYPIC CULTURES OF RAT BRAINSTEM. G. E. Gonye*. P. Hartig. and
J. S. Schwaber1. CNS Diseases Research, Dupont Merck Pharmaceutical Company, 
and 1Central Research Department, DuPont Co. Wilmington, DE 19880.

The nucleus of the solitary tract (NTS) plays a key role in the control of all 
autonomic functions, in particular the baroreflex-mediated regulation of blood pressure. 
Angiotensin II (ANG) causes well documented effects on blood pressure regulation, and 
in the brainstem, concentrations of ANG-specific ATI receptors are most prominent in 
the NTS. We have combined organotypic culture and antisense knockdown, mimicking 
the action of a pharmaceutical antagonist, in order to study physiological effects of 
ATI receptor level perturbation. ATI expression in the rat brainstem was visualized by 
in situ hybridization from postnatal day 0 (P0) through P20 allowing us to define the 
most appropriate region and age from which to initiate cultures. P10 animals were 
chosen due to the sufficient level and extent of expression and the difficulty of 
generating viable organotypic cultures from older animals. After 5 days in vitro (5DIV) 
major dorsal structures of the caudal medulla (NTS, X and XII nuclei motor cells, area 
postrema, and solitary tract) were easily identified by Nissl staining. Expression of 
tyrosine hydroxylase paralleled in vivo expression temporally and spatially. 
Spontaneous activity of functionally identified nucleus X motor cells showed the 
characteristic EPSP's and clustered spiking of intact synaptic function. The ability to 
deliver phosphothioate-based oligonucleotides (S-oligos) to cells within the constraints 
of the culture system was demonstrated by imaging the appearance of S-oligos, from 
the media, in the tissue. Penetration was rapid (<4 h plateau at 5 µM) and through the 
entire thickness of the slice. The vast majority of cells demonstrated varying degrees of 
oligonucleotide uptake, however a small subset appeared unlabelled. ATI mRNA 
expression was demonstrated after 5DIV by RT-PCR. ATI protein levels are being 
determined by in situ receptor autoradiography and membrane binding assays. A kinetic 
analysis of expression as a function of culture time in the presence or absence of a 
panel of S-oligos is underway. Once validated, this approach should prove widely 
applicable to ligand/receptor systems where no pharmaceutical reagents are available, 
and, ultimately, if the sole reagent available is the cDNA sequence.
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210.3
DIFFERENTIAL. INCREASES OF C-FOS EXPRESSION IN THE SEPTUM 
AND HYPOTHALAMUS BY EXOGENOUS ARGININE8-VASOPRESSIN 
(AVP) AND DESGLYCINAMIDE9-[ARG8]-VASOPRESSlN (DGAVP). A.J. 
Lanca*. P.H. Wu, J-F. Liu, B. Jung and H. Kalant. Dept. Pharmacology, Univ. of 
Toronto, and Addiction Research Foundation, Toronto, Canada M5S 1A8 

Peripheral injection of AVP or DGAVP has been shown to retard the extinction 
of learned behaviors and to retain functional tolerance to ethanol (E) by acting on 
central vasopressin V1 receptors. However, the precise central site(s) of action of 
these neuropeptides is not known. Adult Sprague Dawley rats were injected s.c. 
with saline, AVP (10 µg/rat) or DGAVP (10 µg/rat) and were perfused with 
fixative 2 hrs after the s.c. injection. Serial coronal brain sections were processed 
with antibodies against Fos and Fos-like proteins and AVP. The number of 
neuronal cell bodies showing Fos immunoreactivity (Fos-IR) was counted in 
selected nuclei in left or right side under a Nikon Optiphot microscope. The 
average Fos-IR cell counts/side/section (Fos-IRCSS) for the suprachiasmatic 
nucleus (SChN) was increased by AVP and DGAVP vs. saline [F(2,15)=51.9, 
p<0.0001]. AVP increased Fos-IRCSS in the supraoptic nucleus (SON) 
[F(2,17)= 15.83, p<0.0001J and in the paraventricular nucleus (PVN) 
[F(2,17)= 19.9, p<0.0001] but DGAVP did not. Two-way ANOVA revealed a 
significant effect of treatments [F(2,49)=72.5, p<0.0001] and brain areas 
[F(2,49)= 16.4, p<0.0001] but no treatment x area interaction [F(4,49)=3.6, 
p>0.13]. AVP increased the over-all Fos-IRCSS in the medial septum but not in 
the lateral septum. Subregional analysis of the lateral septum indicated a 
significant increase of Fos-IRCSS only in the intermediate lateral septum [t=2.35, 
p<0.04). Double immuno-labelling revealed that Fos-IR cells were also AVP-IR 
cells. Results indicate that AVP-containing neurons in the SChN are potential sites 
of action for exogenous AVP. Supported by NIAAA grant #  RO-1-AA08212-06.

210.5
LOCALIZATION OF NK1, NK2, AND NK3 TACHYKININ RECEPTORS BY 
IMMUNOFLUORESCENCE. E.F. Grady. H. Wong. S. Böhm, P. Gamp.
P. BaluK. P. Payan. D.M. McDonald .N.W. Bunnett* Depts. Surgery,
Physiology, Anatomy, UCSF, San Francisco, CA 94143-0660.

Understanding the physiological role of the tachykinin receptors requires their 
localization in cells and tissues. We raised antibodies to the rat NK1, NK2 and 
NK3 receptors and localized receptors by immunofluorescence and confocal 
microscopy. Peptides corresponding to the C-terminal 15 amino acids of the rat 
NK1 (393KTMTESSSFYSNMLA407), NK2 (376YQDGEPAGPICKAQA390, P→Y 
substitution) and NK3 (438SSFISSPYTSVDEYS452 ) receptors were conjugated 
to keyhole limpet hemocyanin using carbodiimide (NK1), disdiazotized 
benzidine (NK2) or glutaraldehyde (NK3) (30-70% efficiency). Each conjugate 
was used to immunize 3 rabbits. Useful antibodies were obtained from all rabbits 
after the second boost with titers (measured by ELISA) of 1:8,000 - 1:50,000. 
The antibodies were used to localize the receptors by immunofluorescence in 
transfected KNRK or CHO cells which stably expressed the receptors. 
Paraformaldehyde-fixed cells were processed for indirect immunofluorescence 
using receptor antibodies diluted 1:500 - 1:4,000. The NK1, NK2 and NK3 
receptors were detected at the plasma membrane. Staining was abolished by 
pre-absorption of the antibodies with the peptide fragments (1 µM), and non- 
transfected cells were unstained. Each antibody only stained cells transfected 
with the appropriate receptor and did not stain cells transfected with the other 
receptors. Therefore, the antibodies are specific and do not cross-react with 
other tachykinin receptors. We used immunofluorescence to determine if the 
antibodies recognized cells in the rat intestine which naturally express 
tachykinin receptors. The NK1 and NK3 receptor antibodies specifically stained 
myenteric and submucosal neurons. The NK2 receptor antibody specifically 
stained longitudinal and circular muscle cells. These reagents will be used to 
map the cellular and subcellular distribution of the tachykinin receptors and will 
help to define their physiological roles. Supported by NIH grants DK 43207, NS 
21710, HL 24136.

210.7
DISTRIBUTION OF SOMATOSTATIN RECEPTOR sst,., mRNAs IN RAT 
BRAIN: EMBRYONIC AND POSTNATAL DEVELOPMENT. V.S. Thoss. J. 
Pérez1, D. Due, H. Lübbert and D. Hoyer* Preclinical Research, 360/604, Sandoz 
Pharma Ltd., CH 4002 Basel, Switzerland and 1Department of Biological 
Sciences, Columbia University, New York, NY, 10027, USA.

The messenger RNA (mRNA) expression of somatostatin receptors sst1-5 was 
studied in rat brain at embryonic days E17, E18 and post-natal day P5 by in situ 
hybridization histochemistry using 39-42mer oligonucleotides.

sst1, receptor mRNA expression was restricted to the pons at E17; it was present 
in frontal cortex, S. nigra and hypothalamus at E18; at P5, sst1 mRNA was very high 
in posteromedial amygdaloid nucleus and cingulate cortex and wider distributed than 
at E18 (e.g. in claustrum, CA1, subiculum, hypothalamus), sst2 receptor mRNA was 
low at E17/E18 and found mainly in telencephalon; at P5, significant levels were 
observed in allocortex, hippocampus (CA1, CA3, DG), locus coeruleus, but also 
amygdala, medial habenula and cerebellum, sst3 receptor mRNA was prominent at 
E17/E18 in most regions including tel-, di- and mesencephalon, pons and spinal cord; 
similarly, sst3 mRNA was widely distributed at P5, especially in anterior olfactory 
nuclei and cerebellum; hippocampus (CA3, DG), amygdala and hypothalamus were 
also labelled. There was no detectable sst4 receptor mRNA at E17, whereas at E18 
low levels were found in hippocampus, amygdala and habenula; at P5, signals showed 
a wider distribution, especially in hippocampus and cerebral cortex. There was no 
detectable or very little sst, receptor mRNA at E17/E 18; at P5, low levels of sst5 
mRNA were found in cortex (all layers), hippocampus (CA1, CA3) and cerebellum.

The embryo and adult brain distributions of sst1-5 receptor mRNAs differ 
substantially. Some mRNAs are present throughout development (e.g. sst3), while 
others appear later. There are striking differences in somatostatin receptor mRNA 
levels, sst5 mRNA being comparatively very low. It remains to be seen to what extent 
receptor mRNA and protein levels are related.

210.4
EFFECT OF INTRAVESICAL INSTILLATION OF XYLENE ON 
SUBSTANCE P AND SUBSTANCE P RECEPTOR TRANSCRIPTS IN RAT 
URINARY BLADDER. L. Kushner*, P.Y. Chiu, Y. Chen, S.M. Press, C. 
Primiani and R.M. Moldwin. Dept. of Urology, Long Island Jewish Medical 
Center, New Hyde Park, NY 11040.

The urinary bladder is innervated by substance P (SP) -containing afferent 
neurons and is highly dense in SP receptors. In order to explore the role of SP 
in an animal model of urinary bladder inflammation, we induced inflammation 
in the the rat bladder by instillation of xylene. The bladders of anesthetized adult 
female Sprague-Dawley rats were either catheterized (controls), instilled with 0.3 
ml silicone oil (vehicle) or 0.3 ml 30% xylene in silicone oil for 15 min. Evans 
Blue perfusion to determine plasma protein extravasation demonstrated 
significant differences for Evans Blue content of xylene-instilled (72.63 ± 12.37 
ng/wet wt. tissue) compared to vehicle-instilled (27.39 ± 6.85, p<0.01) or control 
(14.43 ± 2.43, p<0.001) bladders. The SP content of xylene-treated bladders 
(1.57 ± 0.12 pg/mg protein) was significantly reduced compared to control 
bladders (4.28 ± 0.89, p<0.01) as determined by RIA. Transcripts encoding SP 
(NK1) receptors were detected at 4.7 and 2.8 kb by Northern analysis of total 
bladder RNA. Levels of transcripts encoding SP receptors were increased three
fold in the bladder 6 hrs following 15 min of 30% xylene instillation as 
determined by solution hybridization/nuclease protection normalized to the 
constituitive IB 15 transcript. Taken together, these data suggest that 15 min of 
30% xylene instilled in the rat bladder results in SP release from sensory neurons 
which causes SP receptor mediated plasma protein extravasation and 
upregulation of SP receptor transcripts 6 hr later. Increase in the levels of SP 
receptor transcripts indicates a response to SP depletion consistent with 
neurogenic inflammation and similar to changes seen in other tissues with 
inflammatory disease. (Supported by the Interstitial Cystitis Association).

210.6
INSULIN CAUSES RELEASE OF INTRACELLULAR CA2+ IN 
MOLLUSCAN NEURONS FROM AN IP3-INSENSITIVE STORE.
E.A. Jonas*, R.J. Knox, J.A. Connor, and L.K. Kaczmarek. Dept. of 
Pharm., Yale Univ. Sch. of Med., New Haven, CT 06510 and Roche 
Inst.of Mol. Bio., Nutley, NJ, 07110.

The bag cell neurons of Aplysia contain significant levels of a receptor 
tyrosine kinase that binds vertebrate insulin with high affinity 
(Solomon et al., 1992), and causes acute changes in the activity of 
voltage dependent Ca2+ and K+ channels (Jonas et al., 1992). 
Furthermore, insulin causes release of intracellular Ca2+ (Jonas et al.,
1993). We have now demonstrated using imaging of intracellular Ca2+ 
with fura-2, that the intracellular store sensitive to insulin is 
apparently novel. Insulin releases Ca2+ from an intracellular source in 
cells pre-injected with heparin, an agent that blocks the effect of IP3 in 
these neurons. A response to insulin is still detected after treatment of 
the cells with thapsigargin, an agent that depletes Ca2+ from most 
endoplasmic reticulum stores. Moreover, the effect of thapsigargin in 
these cells is most evident in the soma, whereas the insulin responses 
are observed both in somata and in neurites. In addition to its effects on 
intracellular release of Ca2+, insulin induces Ca2+ entry through the 
plasma membrane under conditions where intracellular stores have 
been depleted by thapsigargin. Particularly in the neurites, this 
appears as an increase in Ca2+ that is sensitive to extracellular Ca2+, 
and, in voltage clamp experiments, is correlated with the induction of 
an inward current at the resting potential. The observed acute changes 
in intracellular Ca2+ in response to insulin suggest that mobilization of 
Ca2+ from the described store plays a role in changes in neuronal 
excitability .

210.8
DISTRIBUTION OF CORTICOTROPIN-RELEASING HORMONE 
(CRH) IMMUNOREACTIVE FIBERS AND CRH RECEPTOR mRNA 
IN THE HUMAN BRAINSTEM. M.C. Austin*. J.L. Rhodes. S.M. O'Donnell. 
T.G. Sherman, and D.A. Lewis. Departments of Psychiatry and Neuroscience, 
University of Pittsburgh, Pittsburgh, PA 15213.

Previous immunohistochemical studies revealed a discrete distribution of CRH- 
containing fibers in the locus coeruleus and raphe nuclei in the human brainstem 
(Austin et al. 1995; Arango et al. 1993). These findings suggest that CRH may 
modulate noradrenergic and serotonergic neurotransmission in the human brainstem. 
The present study was designed to further characterize the CRH Fiber distribution in 
the human brainstem and to determine whether neurons in the location of CRH-
positive axons express the mRNA encoding the CRH receptor. These studies were 
conducted in a new cohort of 9 human brainstems with negative toxicological results 
and no known neurologic or psychiatric disorders. Coronal tissue sections (20 or 40 
µm) were either thaw-mounted on gelatin-coated slides and processed for in situ 
hybridization using 35S-labeled cRNA probes (CRH receptor plasmid courtesy of Dr. 
W. Vale) or placed in cryoprotectant and subsequently processed for 
immunohistochemistry. The previous reports of CRH-immunoreactive (IR) fibers in 
the human brainstem were confirmed and extended by our observations of dense CRH- 
IR fibers in the locus coeruleus (LC), median raphe (MR) and caudal region of the 
dorsal raphe (DR). In addition, very dense CRH-IR fibers were located in the 
interfascicular n. (IF), paranigral n. (PN) and parabrachial pigmented n. (PBP) of the 
ventral mesencephalon. CRH-IR fibers in these cell body regions contained numerous 
large varicosities that surrounded many pigmented and non-pigmented perikarya. 
Abundant levels of CRH receptor mRNA were found in neuromelanin-containing LC 
neurons. Dense hybridzation signal was also localized to pigmented neurons in the 
IF, caudal linear n. (CLi), PN, PBP and substantia nigra pars compacta. Low levels of 
CRH receptor mRNA were expressed in a small number of non-pigmented neurons of 
the CLi, DR and MR. Together, these anatomical observations provide evidence for a 
CRH afferent modulation of noradrenergic, serotonergic and dopaminergic neurons in 
the human brainstem. (Supported by MH51159).
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210.9
CELLULAR AND SUBCELLULAR DISTRIBUTION OF PROLACTIN-
LIKE ANTIGENS IN THE HYPOTHALAMIC PARAVENTRICULAR AND 
SUPRAOPTIC NUCLEI OF THE RAT. S. Mena. M. A. M orales. G. 
M artinez de la Escalera and C. Clapp*. N eu rob io logy  C enter and  
B iom edical R esearch  Institu te , N ational U n iversity  o f  M exico, 
Mexico City 0 4 5 1 0 , Mexico.

We h ave d escribed  th e exp ression  o f  the p rolactin  (PRL) gene  
an d  th e  o c c u r r e n c e  o f  PRL-like a n t ig e n s  w ith  d e f in e d  
b io lo g ic a l a c t iv it ie s  in  th e  h y p o th a la m o -n e u r o h y p o p h y se a l  
sy ste m  o f  th e  rat (PNAS 9 1 :1 0 3 8 4 , 1 9 9 4 ) . H ere w e h ave  
in v e s t ig a te d  b y  im m u n o c y to c h e m is tr y  th e  c e llu la r  an d  
su b ce llu lar  d istr ib u tion  o f th e  PRL an tigen s in the fem ale rat 
h y p o th a la m ic  p a ra v en tr icu la r  (PVN) an d  su p ra o p tic  (SON) 
n u c le i .  S er ia l 3 0  µ m fr o n ta l s e c t io n s  th r o u g h o u t  th e  
h yp oth a lam u s w ere sta in ed  w ith  sp ec ific  an tisera  d irected  to  
th e  16 kDa N -term in al fragm en t o f  PRL, v a so p ressin  (VP) or  
o x y to c in  (OX). PRL-like im m u n o rea c tiv ity  w as lo c a liz e d  in  
m agn ocellu lar  n eu ron s, b u t n ot in p arv ice llu lar  p erikarya, o f  
th e  PVN an d  SON. PRL p o sit iv e  c e lls  w ere fo u n d  sca ttere d  
th ro u g h o u t th e  SON an d  co n ce n tra te d  in th e  la te ro p o ster io r  
reg ion  o f  th e  PVN. T he d is tr ib u tio n  o f  PRL im m u n oreac tive  
ce lls  resem b led  m ore c lo sed ly  that o f  VP cells than  o f  OX cells, 
b u t no c o lo ca liza t io n  o f  PRL w ith  VP in th e  sam e ce ll w as 
d e tec te d  b y  d o u b le  im m u n o-lab e llin g . At th e  u ltrastru ctu ra l 
level, PRL im m u n oreac tiv ity  was d etec te d  in d en d r ites  o f PVN 
n eurons. T h ese fin d in gs su b stan tia te  th e  exp ression  o f  PRL like 
m o le cu le s  b y  sp e c if ic  h y p o th a la m ic  m a g n o ce llu la r  n eu ro n s. 
(Supported by DGAPA-UNAM IN 201992 and CONACyT 1893N 9212
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211.1

HO W  M O R PH O LO G Y  DETERM IN ES R ETIN A L G A N G LIO N  
CELL FIRING PATTERNS. Robert F. Miller* and Jurgen Fohlmeister. 
Department o f  Physiology, University o f  Minnesota, Minneapolis, MN  
55455.

We have developed models o f  repetitive impulse generation in ganglion 
cells o f  the amphibian retina. Each model consisted o f  realistic 
representations o f  morphological features, including (1) dendrites; (2) 
soma; (3) axon hillock (AH); (4) narrow segment (N S) and (5) an 
infinitely long axon beyond the narrow region. For each model, five non
linear and one linear (leakage) ionic currents were used to simulate 
impulse waveform, F/I characteristics and the ability to conduct impulses 
in both ortho and antidromic directions. Models which have good  
correspondence to these criteria have the following characteristics: the 
dendrites must have ion channels, including Na channels, in which case 
the dendrites generate spikes after spike initiation occurs in the AH/NS  
region; (2) a high density o f  Na channels is required in the N S to support 
ortho and antidromic impulses, one consequence o f  which is that the NS  
region participates in spike initiation; (3) simulations o f µ̔̔Yast” vs “slow” 
or “sluggish” cells can be achieved by altering the dendritic to somatic 
conductance ratio, through increasing the diameter o f  the equivalent 
dendritic cylinder; (4) the existence o f  multiple oscillators embedded in a 
complex morphology can provide unique impulse encoding behavior, 
particularly evident near impulse generation threshold. Supported by NIH  
grant EY03014 to RFM.

211.2

SPATIAL ARRANGEMENT OF GANGLION CELL RECEPTIVE 
FIELDS IN RABBIT RETINA. S. H. DeVries and D. A. Bavlor*. 
Dept. o f Neurobiology, Stanford University, Stanford, CA 94305.

How do retinal ganglion cells o f a given type sample visual space? 
Action potentials from up to 80 neighboring ganglion cells in a piece 
o f isolated, rabbit retina were recorded simultaneously using a multi-
electrode array. Cells were classified using the timecourses o f their 
light responses and their characteristic firing patterns. Receptive fields 
were determined by cross-correlating a cell's spike train with a dim, 
randomly varying checkerboard stimulus. The spatial profile o f each 
receptive field was fitted with a 2D-Gaussian to estimate center 
location and width. Anatomical studies o f W assle and colleagues 
showed that the dendritic processes o f both a  and β ganglion cells tile 
the cat retina, leaving no gaps. We find that the physiological 
correlate o f this tiling is a receptive field spacing in which the centers 
are two standard deviations (S.D.) apart. The centers and 1 S.D.

borders o f  OFF-center brisk sustained 
cell fields in one retina are shown  
(bar=200 µm; hexagon represents array 
outline). Receptive fields o f 7 classes of 
ganglion cells (including both concentric 
brisk/sluggish and complex types) were 
arranged similarly. Thus, the 2 S.D. 
spacing between receptive field centers 
may be a general organizational principle 
(supported by NEI EY05750).

211.3
SPIKING PROPERTIES OF ANATOMICALLY CLASSIFIED CAT BETA- 
RETINAL GANGLION CELLS IN RETINAL WHOLEMOUNTS. D.W 
Robinson*. G.M. Ratto and L.M. Chalupa. Section of Neurobiology, Physiology 
and Behavior, University of California at Davis, Davis, CA 95616.

It is commonly assumed that the distinct response patterns of different classes 
of retinal ganglion cell (RGCs) to visual stimulation are due largely to variations 
in retinal circuitry and synaptic activity. Recent patch-clamp studies, however, 
revealed intrinsic differences in the firing patterns and voltage-gated 
conductances expressed by acutely dissociated RGCs. In the present study we 
have assessed the degree to which the intrinsic spiking patterns of 
morphologically identified cat β cells correspond to the well established visual 
response properties of these neurons. The perforated patch variation of the 
patch-clamp technique was used to obtain current-clamp recordings from 
postnatal β-RGCs in retinal wholemounts. The fluorescent probe Lucifer Yellow 
was incorporated into the electrode to anatomically identify the cells from which 
recordings were made. The wholemount was continually perfused with 
oxygenated EMEM and all experiments were conducted at 35°C. To date, 
successful recordings have been made from 17 RGCs which had an average 
resting membrane potential of -55 mV. In all cases regenerative firing was 
observed at the resting membrane potential, occasionally exhibiting bursting 
activity. In response to constant current depolarizations all β-cells responded 
with maintained discharges. Underlying this maintained firing pattern was a 
transient component which increased with larger depolarizations, even if the 
cells were stimulated well below the maximum firing rate of the cell. This 
finding is consistent with the temporal properties observed in cat X cells in 
response to visual stimulation of the center of the receptive field and suggests 
that at least some of the temporal properties of X cells are intrinsic to the 
neuron. Supported by NIH grant EY-03991 to LMC

211.4
MORPHOLOGICAL AND PHYSIOLOGICAL BASIS OF STARBURST-ACH 
AMACRINE INPUT TO DIRECTIONALLY SELECTIVE (DS) GANGLION 
CELLS IN RABBIT RETINA. F.R. Amthor* and Norberto M. Grzywacz'
*Dept. of Psychology, University of Alabama at Birmingham 35294 
'Smith-Kettlewell Eye Research Institute, San Francisco, CA 94115.

Mechanisms for directional selectivity require a spatially asymmetric process. 
A major input to directionally selective ganglion cells (DS-GC) cells of the rabbit 
retina comes from cholinergic (starburst) amacrine cells. We have investigated 
whether this input may be spatially asymmetric by recording and staining pairs of 
neighbor starburst amacrines and and DS ganglion cells.

Anatomically, DS ganglion cells appear to be contacted asymmetrically by 
starburst amacrine cells depending on their preferred direction. For starbursts 
directly on the preferred null axis, preferred-side starburst dendrites tend to 
fasciculate with those of the DS-GC, whereas the null-side starburst dendrites often 
end in terminating appositions.

Physiologically, extracellularly recorded spikes at starburst somas are tightly 
correlated with spikes in On-Off DS ganglion cells. We have analyzed the 
characteristics, identity and coupling of the extracellularly recorded starburst spikes, 
including analysis of spike waveforms and coupling failures, and change in coupling 
as a function of stimulus parameters. Analysis of the spike waveforms indicates that 
spikes recorded at the starburst soma elicited during null and preferred direction 
motions come from the same current source. However, null spikes fail to elicit 
spikes at the DS-GC soma because of GABAergic inhibition, as evidenced by 
picrotoxin data. Our data indicate that the spikes recorded at the starburst somas do 
not appear to be generated in the starburst amacrine somas themselves, nor can they 
be from the DS-GC soma. Remaining possibilities include dendritic spikes of either 
the starburst amacrines or DS ganglion cell.
Supported by NEI EY05070 and EY08921.
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211.5
CONTRIBUTION OF DISPLACED AMACRINE CELLS TO THE RESPONSE 
PROPERTIES OF MOUSE RETINAL GANGLION CELLS S.A. Nirenberg and 
M. Meister* Dept. of Molecular and Cellular Biology, Harvard University, 
Cambridge, MA 01238.

Amacrine cells constitute a large and heterogeneous class of retinal cells, 
yet their role in shaping ganglion cell responses is not well understood. A 
direct way to assess this role would be to remove specific amacrine subtypes 
from the retinal circuitry and examine the effects on ganglion cell response 
properties. We have used a technique for selective cell ablation (Nirenberg 
and Cepko, 1993) to explore the roles of one subtype, a class of displaced 
amacrine cells expressing the gene for the neuropeptide vasoactive 
intestinal peptide (VIP). In the mouse, these comprise nearly one third of 
displaced amacrine cells. Ganglion cell spike trains were recorded from the 
isolated mouse retina using an extracellular multi-electrode array, while 
presenting stimuli displayed on a computer monitor. Ablation of the VIP- 
expressing amacrine cells altered the response dynamics of the ON-type 
ganglion cells: Their response to a step increase in uniform illumination was 
greatly prolonged, from 110 ± 14 ms (time above 25% of maximal firing rate) 
to 250 ± 45 ms. Thus the ablated amacrine class may normally serve to 
truncate a sustained excitatory input to the ON cell. To also examine spatial 
receptive field organization, we stimulated the retina with moving square 
wave gratings of 8 different orientations. In normal retinae, the response of 
~20% of all ON-type ganglion cells showed a significant dependence on the 
grating orientation, indicating anisotropy in their receptive field structure. In 
VIP amacrine-depleted retinae, that proportion increased about 3-fold. Thus 
the VIP-expressing amacrine cells make strong contributions to both spatial 
and temporal integration by retinal ganglion cells.
Supported by a NRSA to S.A.N. and a grant from the Whitaker Foundation to 
M.M.

211.7
HOW THE SPATIO-TEMPORAL DISTRIBUTION OF TRANSMITTER 
QUANTA DETERMINES GANGLION CELL SENSITIVITY. C.K Kier1. (x 
Buchsbaum1. R.G. Smith2. P. Sterling2* Departments of Bioengineering1 and 
Neuroscience2, University of Pennsylvania, Philadelphia PA 19104

Quantal size at central synapses is approximately known, but how the 
spatial and temporal distribution of excitatory quanta transfer information in a 
real neural circuit has not been explored. We constructed anatomically correct 
compartmental models of three beta (X) ganglion cells that respond linearly and 
span both a ten-fold range of dendritic field diameter and a ten-fold range in the 
number of bipolar cell synapses. For reasonable values o f membrane resistance 
and quantal conductance, synapses on distal and proximal dendrites are equally 
effective. Spatial summation could be linear in this passive model only if no 
more than ~5% of a cell’s synapses are activated. Under this constraint, 
sensitivity across the dendritic field is dome-like with a peak that is greater by 
6-fold for the smallest cell. Temporal summation can be linear only if quantal 
rates are no higher than ~50 quanta/synapse/sec. The simulations suggest that 
both peak sensitivity and the Gaussian distribution of sensitivity across the 
receptive field are set by the density of excitatory synapses within the dendritic 
field. Linearity constrains the quantal conductance to be small, brief, and 
infrequent; whereas signal-noise considerations constrain quantal frequency to 
be high.

Supported by EY00828, MH48168

211.9
SYNAPTIC INPUTS TO PARASOL GANGLION CELLS IN THE 
PRIMATE RETINA. R. Jacobv *, D. Marshak1 , D. Stafford1 , N. Kouyama1 
and A. Wiechmann2 'Dept. of Neurobiology and Anatomv, U. of Texas 
Medical School, Houston, TX 77225 2Dept. of Anatomy and Neurobiology, 
Boston University School of Medicine, Boston, MA 02118.

In primates, the retinal ganglion cells that project to the magnocellular layers 
of the LGN are more sensitive to luminance contrast than the color-opponent 
ganglion cells that project to the parvocellular layers, and they respond more 
transiently to light stimuli at all levels of adaptation. Recently, neurons with 
these response characteristics have been identified morphologically as parasol 
ganglion cells by means of intracellular recording and dye injection. To 
investigate whether their light responses could be explained by their synaptic 
inputs, we injected parasol cells with Neurobiotin in lightly-fixed baboon 
retinas and analyzed them by electron microscopy. They received only 20% of 
their input directly from bipolar cells. They were clearly different from human 
midget ganglion cells but similar to alpha cells of cats. To identify the bipolar 
cells, we injected parasol cells with Lucifer Yellow, labeled the retinas with 
anti-calbindin or anti-recoverin and analyzed them by confocal microscopy. 
The OFF parasol cells made extensive contacts with the DB3 subtype of 
diffuse bipolar cells, and in some instances their dendrites invaginated into the 
DB3 axon terminals; flat midget bipolar cells made only a few contacts. ON 
parasol cells made less extensive appositions with another set of calbindin- 
positive processes. The remainder of the synaptic input to parasol cells was 
from at least two types of amacrine cells via conventional synapses and gap 
junctions. CCK-IR amacrine cells co-stratify with parasol cells, form gap 
junctions and synapse with ganglion cell dendrites. They are similar to 
amacrine cells that are labeled by Neurobiotin injection into parasol cells. 
Taken together, these findings suggest that some of the amacrine cells 
presynaptic to the parasol cell contain CCK.

211.6
SPATIAL ASYMMETRY IN CAT RETINAL GANGLION CELL 
RESPONSES A . W. Przybyszewski1*, P. Gaudiano2, R. van Wezel and W. A  
van de Grind Cognitive and Neural Systems, Boston University, Boston, 
MA Dept. of Comparative Physiol., Utrecht University, The Netherlands. 
Enroth-Cugell and Robson (1966) proposed a classification of retinal gan
glion cells into X cells, which exhibit approximate linear spatial summation 
and largely sustained responses, and Y cells, which exhibit nonlinearities 
and transient responses. Gaudiano (1994) has suggested that the dominant 
characteristics of both X and Y cells can be simulated with a single model 
simply by changing receptive field profiles to match those of the anatomical 
counterparts of X and Y cells. He also proposed that the spatial nonlin
earities observed in Y (and sometimes X) cells can result from photorecep
tor nonlinearities coupled with push-pull bipolar connections. We recorded 
from optic-tract fibers of anaesthetized cat the responses of ganglion cells to 
rectangular gratings at different locations in the receptive field under two 
conditions: introduction/withdrawal (on-off), or contrast reversal. When 
measuring the response to these patterns as a function of spatial phase, 
the standard difference-of-Gaussians model predicts symmetrical responses 
about the receptive field center, while we predicted slight but significant 
asymmetry in the on-off case only. The mean and standard deviations of 
responses to both patterns were compared. From 16 recorded X and Y 
cells, in 6 the responses to on-off patterns showed clear asymmetry in spa
tial responses shown as angular displacement of the grating from center of 
the receptive field. These cells did not show this asymmetry for contrast- 
reversed gratings. Only one cell showed a slight asymmetry in response 
to contrast-reversed gratings, while in other cells the standard deviation of 
mean responses was too large to find a significant difference.
Supported by 1 Whitehall S93-24, 2AFOSR-F49620-92-J-0499/0334.

211.8
COUPLING BETWEEN FOVEAL CONES IMPROVES CONTRAST 
SENSITIVITY FOR AN IDEAL OBSERVER. A. Hsu* and P. Sterling 
Dept. Neuroscience, U. Penn, Phila. PA. 19104-6058

Foveal cones couple electrically by gap junctions at their synaptic terminals 
Spatial averaging at this stage should improve contrast sensitivity at low 
frequencies and reduce spatial resolution, but the magnitudes of these effects 
have not been evaluated. We constructed an ideal observer limited by human 
optics, cone spacing and cone aperture, plus photon noise, and different 
amounts of electrical coupling, and post-coupling Gaussian noise. The 
observer computed the contrast sensitivity function at the array of cone 
terminals. For maximum coupling consistent with the ultrastructure (~ 40 
connexons/neighbor) a cone signal would spread to its nearest neighbors at 
about 1/e amplitude. Assuming postcoupling noise 3X the photon noise, the 
cut-off frequency falls from 73 to 68c/deg and contrast sensitivity at 5 c/deg is 
doubled. If postcoupling noise is 10X the photon noise, contrast sensitivity 
further improves only slightly. Since neural noise dominates at high luminance, 
when photon noise is small, coupling of foveal cones may be useful to improve 
contrast sensitivity at minor cost to acuity.

In real observers when the optics are bypassed by interference patterns, 
distortion products are detected up to 140c/deg. In the ideal observer, when the 
optics are bypassed, cone coupling does not eliminate detection of these 
patterns.
Supported by EY 08124.

211.10
GENETIC HISTOCHEMISTRY OF NEURAL NETWORKS IN THE RETINA.

Dept. Neurobiology 1 and Genetics 2, Harvard Medical School, Boston, MA 02115.
The gene for human placental alkaline phosphatase (PLAP) was introduced into 

the mouse genome linked to the promoter of the tyrosine hydroxylase (TH) gene 
(Baneijee et al., J. Neurosci. 12:4460/92). A mouse line was obtained and bred to 
homozygosity in which PLAP was expressed in catecholaminergic neurons of the 
CNS. In the retina, the transgene product was expressed at the surface of two classes 
of amacrine cells: a) Type 1 cells had dendrites localized in the scleral stratum of the 
IPL. Occasionally, one of their dendrites ascended to the OPL. b) Type 2 cells had 
dendrites localized in the central stratum of the IPL. Type 1 cells were intensely 
immunoreactive with an antibody to TH, whereas Type 2 cells were unstained, in 
keeping with observations in other mammalian species. Sequential staining of the 
same section of the retina, first with anti-TH antibody then with the histochemical 
method for PLAP activity, showed that the cells containing TH were also positive 
for PLAP. Both cell types were stained by a monoclonal antibody to PLAP (E6, De 
Waele et al., Arch. Int. Phys. Biochim. 90:21/82). The PLAP-containing 
amacrines were identified at the electron microscope by using a lead citrate method 
(Mayahara et al., Histochemie 11:88/67) and the reaction product was localized in 
the intercellular space. Cytological details of the neurons were well preserved and 
synapses could be readily identified. The PLAP bound to the neuronal surface 
survived the procedures of papain digestion and mechanical trituration of the retina. 
After dissociation, neurons that expressed PLAP were stained by both the 
histochemical method for the enzyme and the E6 antibody conjugated to Cy3 
fluorochrome. Thus, the way is now open to record from PLAP-labeled solitary 
cells with the patch and whole-cell techniques and correlate their physiology with 
their connections. Supported by NIH EY 01344 and the McKnight Foundation.
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211.11
A POSSIBLE BLUE CONE SELECTIVE HORIZONTAL CELL IN THE 
HORSE RETINA. L. Peichl*1, D. Sandmann1 and B. B. Boycott2. 1Max 
Planck Inst. f. Hirnforschung, Deutschordenstr. 46, D-60528 Frankfurt, 
FRG; 2Div. of Anat. & Cell Biol., Guy's Hospital, London SE1 9RT, UK.

Most mammalian retinae contain two morphologically distinct types 
of horizontal cell, the axonless A-type and the axon-bearing B-type. 
The dendrites of both synapse with the same cones and contact 
nearly all cones within their dendritic fields.

The morphology of horse horizontal cells was observed by Lucifer 
Yellow injections in lightly fixed retinae. The horse has the axon-
bearing B-type cells, but lacks the conventional axonless A-type cells, 
as do the retinae of some murids (Peichl & Gonzalez-Soriano, Vis. 
Neurosci. 11:501-517, 1994). However, it has an unexpected type of 
horizontal cell we call C-type as a regular population. These cells are 
axonless, have very large and sparsely branched dendritic trees and 
a low density of synaptic terminal aggregates which suggests cone 
selectivity. Counterstaining, with antibodies (kindly provided by J. 
Nathans) specific for the blue cones and the red/green cones 
respectively, shows on average 15% of the cones across the horse 
retina are blue cones. While B-type terminals were associated with 
both spectral types of cone, inspection of one C-type cell showed 44 
of its 45 terminal aggregates to be congruent with blue cones. Only 
in rabbit has a similar, also possibly blue cone selective, C-type 
horizontal cell been described (Famiglietti, Brain Res. 535: 174-179,
1990). These horizontal cell features make the horse exceptional 
among mammals. The functional implications remain obscure.

211.12
A FULL-RANGE LINEAR MODEL OF THE ACTIVATION STAGES 
OF VERTEBRATE PHOTOTRANSDUCTION. Russell D. Hamer. 
Christopher W. Tvler & Norherto M. Grzvwacz*. Smith-Kettle well Eye 
Research Institute, San Francisco, CA 94115

The mechanisms of cellular transduction have been widely studied in 
recent years. One of the best understood transduction pathways is that of 
vertebrate phototransduction, as exemplified by the analysis by Lamb & 
Pugh (J  Physiol 449: 719-758, 1992) of the activation processes in rod 
phototransduction based on biophysical and biochemical considerations. 
From evaluation of their model against salamander rod photocurrent 
responses (Cobbs & Pugh, J  Physiol 394:529-512, 1987), they conclude 
that the rising phase is well-described as an absolute delay followed by a 
Gaussian acceleration. This process appeared to be linear up to ~104 
photoisomerizations (<i>) per flash, above which pronounced changes in the 
model parameters were required to fit the data.

We have re-analyzed the early rising phase of the Cobbs & Pugh data 
using the classic intensity scaling approach of Baylor, Hodgkin & Lamb (J 
Physiol 242: 685-727,1974). Response segments from the early portion of 
the derivative of the photocurrent were scaled by dividing each by its flash 
intensity up to ɸ = 1.6xl08 isomerizations/flash, The early response region 
up to ~30ms, obtained with ɸ ≥ 2.5X104, is well described by the linear n- 
stage filter of Baylor et al. (1974) The response after ~30ms (for ɸ ≤
2.5x104) follows a markedly slower time course.

We conclude that: (1) The range of linearity in the activation stages of 
the Rh*-PDE* cascade may be 4 orders of magnitude greater than in the 
Lamb & Pugh analysis. (2) Any absolute delay in amphibian rod responses 
can be no greater than ~6ms at all flash intensities. This analysis provides 
a unified model for the rising phase of rod and cone light responses.

VISUAL PSYCHOPHYSICS AND BEHAVIOR II212.1
CONTRAST-SENSITIVE BIN OCU LA R M ATCHING A ND  M ASK 
ING BY CORTICAL CO M PLEX  CELLS N. M cLoughlin* & S. Gross- 
berg. D ept. of N eurobiology, H arvard M edical School, M A 02115; 
D ept. o f Cognitive & Neural Systems, Boston U niversity, M A 0 2 1 15.

Recent psychophysical studies have illustrated the im portance o f con
trast in stereoscopic matching. In particular, M cKee, Bravo, Taylor & 
Legge, (1994) dem onstrated that stereo-m atching has a contrast-thresh
old and can prevent dichoptic masking, the phenom enon whereby the 
threshold for detecting a contrast increm ent presented to one eye is 
raised when a masking contrast is presented at retinal correspondence to 
the other eye. M cK ee has also shown that the uniqueness constraint of 
classical stereopsis does not hold in Panum ’s lim iting case. Taken 
together, these results challenge traditional models o f stereopsis and bin
ocular com bination. This study introduces simulation results from a con
trast-sensitive model of binocular vision (G rossberg 1994; M cLoughlin 
& Grossberg 1994), w hich was form ulated to address the issues con
cerned with how m onocular regions are perceived in binocularly viewed 
scenes (daVinci stereopsis). The model includes a new analysis o f how 
com plex cortical cells generate disparity-sensitive tuning curves. The 
model simulates M cK ee’s dichoptic stimuli and variations on Panum ’s 
limiting. It accounts for both contrast-sensitive binocular com bination 
and the breakdow n o f uniqueness in Panum ’s lim iting case. No other 
published model o f stereopsis can account for both these effects. Sup
ported in part by A FO SR 90-0175, N SF IRI-90-000530, ONR N 000I4- 
92-J-4025, and ONR N 00014-91-J-4100.
Grossberg, S. (1994), Perception & Psychophysics, 55, 48-120.
McKee, S., Bravo, M„ Taylor, D., Legge, G. (1994) Vision Research, 34, 1047-1060. 
McLoughlin, N. & Grossberg, S. (1994) IOVS, 35.

212.3
PERCEPTIO N O F 3D SH APE FROM  TEX TU R E - A M O D EL BASED 
O N  C H A R A C T E R IZ A T IO N  A N D  N O R M A L IZ A T IO N  O F TH E 
SPA TIAL FREQU ENCY SPECTRUM . K. Sakai** and L. H. Finkel*, Dept. 
of Bioengineering, Univ. of Pennsylvania, Philadelphia, PA 19104. (** Current 
Address: Inst. of Phys. & Chem. (RIKEN), Wako, Japan)

We sought to investigate how the human visual system estimates 3D shape and 
depth from changes in the spatial frequency spectrum across an image. Texture 
analysis based on the local frequency spectrum does not require the identification 
of individual texture elements, and transformations of the frequency spectra can 
be tracked by a small number of parameters, such as the second-order moments of 
the frequency distribution. We carried out a set of psychophysical experiments to 
determine how the visual system may characterize the local spatial frequency 
spectrum. These experiments, together with computational analyses, suggest that 
the visual system characterizes the frequency spectrum by the spatially-averaged 
peak frequency, which is computed by averaging local peak frequencies over a 
spatial neighborhood. A network-based model has been developed to investigate 
how the visual system determines 3D shape and depth from the average peak 
frequency. Simulations of the model incorporate properties of striate cortex, 
particularly those of complex cells. Slant and tilt are determined by normalization 
and lateral inhibition of the average peak frequency. The model is capable of 
determining three dimensional depth from both orthographic and perspective 
projections. Responses of the network are in qualitative agreement with human 
psychophysical responses to a variety of real and artificial images, including images 
corrupted by varying degrees of noise.

212.2
L A TER A L C O R TIC A L C O N N E C T IO N S  M A Y  C O N T R IB U T E  
TO  B O T H  C O N T O U R  C O M P L E T IO N  A N D  R E D U N D A N C Y  
R E D U C T IO N  IN  V IS U A L  P R O C E S S IN G
M. S tem m ier & E. Niebur* CNS P ro g ra m , C altech  139-74, P a sa d en a  
CA 91125, and  M. U sher, D e p t. o f Psychology, C arnegie-M ellon U ni- 
versity, P ittsb u rg h  PA 15213.

Physiological and psychophysical evidence shows th a t  stim uli o u t
side the  classical receptive field (C R F ) can b o th  fac ilita te  and  su ppress 
th e  cell response to  stim uli w ithin th e  C R F . We suggest th a t  fac ilita tion  
serves th e  com pletion o f con tours o f poor stim uli while suppression  re 
duces th e  redundancy  of m ultip le  iden tica l s tro n g  stim uli. We show th a t  
b o th  effects can be o b ta in ed  in a  m odel layer of 10,000 o rie n ta tio n -tu n e d  
cells in p rim ary  visual co rtex . M odel neurons a re  o n e-co m p artm en t 
in teg rate -an d -fire  un its  of two kinds: ex c ita to ry  cells w ith a d a p ta t io n , 
and  inh ib ito ry  cells w ith o u t. Cells a re  o rien ta tio n  selective and  con
nected  by local and  by long-range connections akin to  those  in a re a  V I; 
synapses a re  m odelled as co n d u ctan ce  changes. It is found th a t  high- 
c o n tra s t s tim ulus bars  are  suppressed  by sim ilar bars  in th e ir  su rro u n d  
(red u n d an cy  red u c tio n ) and  th a t  low -co n tras t b a rs  a re  enhanced  by th is  
su rro u n d  (con tour-com ple tion). B o th  effects in th e  m odel a re  a  conse
quence o f th e  sto ch astic  n a tu re  of th e  spiking in p u t to  cells (sto ch astic  
resonance) and  of th e  d ifferential ex c itab ility  o f  py ram idal cells an d  in 
tern eu ro n s. T h e  resulting- con tex t dependence can  serve as a  powerful 
co m p u ta tio n a l m echanism  for figure-ground segrega tion , line com ple
tio n  and  g rouping .

212.4
PERIPHERAL MECHANISMS OF TEXTURAL ANALYSIS: DETECTING 
SPATIAL FREQUENCY CHANGE. F. W ilkinson*. _H.R.Wilson. & D. 
E llem berg . Psychology Dept., McGill Univ. Montreal Que, H3A 1B1 & 
Visual Sciences Center, Univ. of Chicago, Chicago IL 6063

How is the perception of a single elem ent within a visual texture 
influenced by the presence of the surrounding elements? Do such 
contextual effects vary in strength with retinal eccentricity?

The stimulus was a horizontal array of equally spaced Gabor elements 
of identical orientation (vertical) and contrast (40%). The subjects 
judged in which of two temporal intervals the central element in the 
array was of lower spatial frequency than the surrounding elements. 
In agreement with our earlier results for contrast (ARVO, 1995), we 
have found a threshold elevation for spatia l frequency which is 
m aximal (2.4 x single elem ent threshold) at sm all inter-e lem ent 
spacings (.5°) and decreases with increasing spacing. This effect is a 
property of the peripheral visual field, decreasing in am plitude with 
decreasing eccentricity (over range 5.7 to 1.9°). Both the spatial 
frequency and contrast effects are much reduced for a horizontal target 
embedded in a row of vertical elements.

We model these spatial interactions by a network in which complex 
cells responding to spatially dense arrays of like elements inhibit the 
local simple cell responses to individual texture elements. The much 
diminished effect under 90° target rotation indicates that the complex 
cell input is orientation tuned, and that the inhibitory interactions are 
between complex and simple cells of like orientation tuning.

Supported by NSERC grant #OGPOO7551
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2 1 2 .5

B inocular Eye Movements Caused by the P erception 
of T hree-D imensional Shape from Motion D. L. Ringach*, 
M. J. Hawken and R. Shapley. Center for Neural Science, New York 
University, New York, NY 10003.

We report th a t the perception of three-dimensional (3D) structure 
from monocular two-dimensional (2D) images changing over time -  
the kinetic depth effect (KDE) -  can evoke binocular eye movements. 
We used a KDE stimulus tha t induced a vivid perception of a rigid 
3D sphere rotating in space. The gaze directions of both eyes were 
measured while observers visually tracked a patch on the surface of 
the perceived sphere as it went through a complete revolution. The 
eyes converged when the patch was perceived on the front surface of 
the KDE sphere, and diverged when the patch was perceived in back. 
The pattern  and m agnitude of binocular eye movements observed in 
the KDE experiment resembled those obtained when subjects viewed 
binocularly a single light-emitting-diode (LED) rotating in space, and 
to the responses elicited by a dynamic stereogram of a rotating sphere. 
Thus, the perception of 3D structure from motion, stereopsis, or mo
tion and stereopsis combined, were effective in guiding binocular eye 
movements. This finding is consistent with the notion th a t multiple 
visual cues to depth are integrated in a single 3D representation of 
surfaces, which can be used by the brain in the planning of motor 
activities. Binocular eye movements could be used to study the visual 
perception of 3D surfaces in humans and non-human primates.

2 1 2 .7

D E PT H  FR O M  O C C L U SIO N  A N D  N O N -F O U R IE R  M O TIO N
G. R. Stoner* and T. D. Albright. The Salk Institute, La Jolla, CA 92037  

X- and T-junctions are patterns o f image intensity associated with 
occlusion (transparent and opaque, respectively) o f one stationary surface 
by another. Similarly, an occlusive surface moving over a background 
surface results in a changing pattern o f intensity manifest as X or T 
junctions in space-time plots. We hypothesized that the depth-ordering 
promoted by these dynamic junctions would be the same as found for 
static junctions (Trueswell and Hayhoe, Vision Res. 33: 313-328, 1993). 
Human subjects judged the depth-ordering between a gray stationary bar 
and a superimposed m oving black bar. Relative binocular disparity 
between the two bars and the intensity o f their region o f overlap were 
varied from trial-to-trial. Over the range of disparities tested, the dynamic 
occlusion cue usually overrode the stereo cue if  it conflicted. These 
results are virtually identical to that found for static junctions suggesting 
that similar computations underlie the processing o f static and dynamic 
occlusion cues.

Dynamic junctions also arise from motion defined by luminance 
contrast m odulation o f  a stationary “carrier” com ponent. This 
observation lead us to hypothesize that this type o f “non-fourier” motion 
functions as a depth-ordering cue. Consistent with this prediction, human 
subjects judged the low contrast phase o f these stimuli to be traveling in 
front o f its stationary carrier even when binocular disparity cues 
conflicted with this foreground/background interpretation. These two sets 
of results reveal that cues for dynamic occlusion play an important role in 
depth-ordering. Moreover, they suggest that neural mechanisms sensitive 
to non-fourier motion supply depth as well as velocity information.

2 1 2 .9

U P/D O W N  V IS U A L  FIE L D  A SY M M E T R Y  IN TH E  
PER C EPTIO N  O F ILLU SO R Y  C O N TO U R S. N. Rubinh K . 
Nakayama1 and R. Shaplev2*: 1Harvard University, Cambridge MA 
02138; 2N ew  York University, New York NY 10003.

When viewing stereograms such as that in Fig. 1, observers report 
two different scene interpretations, depending on whether they fixate 
the upper or lower fixation cross. In both cases the two black 
rectangles are seen in front o f the vertical lines. However, when 
fixating the upper cross (i.e., when the stimulus falls on the lower 
hemifield) the rectangles were reported as connected by an illusory 
horizontal stripe. Such an illusory stripe was reported not to be 
present when fixating the lower cross by 22 out o f 25 observers. 
This perceptual asymmetry may be related to the preferential fMRI 
activation found in the upper-right quadrant o f visual area V2 when 
observers viewed an illusory contour stimulus (Hirsch et al. PNAS 
’95; Neuroscience abs. ’95). Interestingly, w e did not observe a 
perceptual right/left asymmetry (see also Breitmeyer, Julesz & 
Kropfl, Science 7 5 ). The up/down asymmetry was observed also in 
a psychophysical illusory-contour related task.

1*1 1*1 1*1

1 1  1 1  1 1
M  l+ l l+ l

11 diverge X  cross-eye
Fig.l (Note: for best results enlarge figure by a factor of two)

212.6
DEMONSTRATION OF A ,FILEHNE-ILLUSION, IN THE RHESUS 
MONKEY. P, ThierC J, Glashaaen. P. Dicke. T. Haarmeier. Sekt. f. Vis. 
Sensomotorik, Neurologische Universitatsklinik, 72076 Tubingen, Germany.

During smooth-pursuit eye movements made across a stationary 
background humans perceive an illusionary motion of the background 
(Filehne-illusion=F\). The FI is widely assumed to reflect a non-zero 
comparison of retinal image slip and an estimate of eye movement, the latter 
depending on both visual and non-visual signals. In order to become able to 
study the neuronal basis of this comparison and the processing of pursuit- 
induced retinal image slip in general in a monkey model, we have first tried 
to demonstrate the existence of a FI-like phenomenon in the monkey. The FI 
induced by horizontal pursuit can be measured in humans by determining 
the amount of horizontal background motion, which has to be added in order 
to compensate for pursuit-induced illusionary background motion, thus 
yielding the impression of a stationary background. Using 2-alternative 
forced choice with varying background velocities, the background velocity 
yielding subjective stationarity (point of subjective stationarity, PSS) is 
identified as the one giving on average as many left as right responses. We 
used the same technique to measure the PSS in rhesus monkeys. The 
background used was a 23*x17‘ random dot pattern, presented for 300ms 
during 12’/s steady-state pursuit to the right. The PSS measured for this 
configuration was 27s, similar to that of humans, where it indicates a FI of 
27s to the left. We have recently demonstrated that in humans, the FI can 
be modified in a characteristic way by visual motion unrelated to the pursuit 
eye movement and, moreover, preceding it (Haarmeier & Thier, Vision Res., 
in press). The fact that the PSS of rhesus monkeys shows the same 
dependence on the visual history supports our view that the neuronal circuits 
processing pursuit-induced visual motion in monkey and man are indeed 
very similar. Supported by the DFG  'KFG: Neuroophthalmologie'.

212.8
LUM INANCE CONDITIONS FOR PERCEIVING A 
TRANSPARENT SURFACE Y.-X. Zhou* and R. M. Shapley. Center 
for Neural Science, New York University, 4 Washington Place, Room 809, 
New York, NY 10003

Perceiving overlapping transparent surfaces is an 
operation of image segmentation. We study the 
contribution o f luminance cues to this operation, 
using two overlapping-squares as stimuli. Five 
subjects participated in 3-altemative forced choice 

experiments. They reported whether either the left or right square was 
perceived as a surface in front o f the other, or if  neither was seen in 
front. α v ,βv,α h,βh are the contrasts o f the edges around the intersec
tion. The stimulus samples were constrained such that α v*βv>0 and 
α h*βh>0. The physical condition for the left square as an overlapping 
surface (L) is that the contrast o f  contrasts Gv=(α v-βv)/(α v+βv)>0. 
However, subjects respond L mainly when Gv> | Gh=(α h-βh)/(tth 
+ βh)l , suggesting the existence o f competition before the left square is 
perceived as an overlapping surface. The percentage o f L-reports 
declined with reduction in Gv. Mistaken L-reports for Gv<0 (non-
physical surface condition) were give when lα vl, Iβvl were small, 
causing poor visibility o f the right square, or when Iα hl  Iβhl were both 
large with a black left square having enhanced surfaceness from its 
dark color. Symmetric results were obtained for the right square 
perceived as an overlapping surface.
Supported by HFSP (LT-159/93) to Y-XZ.

212.10

OCULOMOTOR BEHAVIOR DURING VISUAL SEARCH IN HUMANS.
F.H. Previc*Armstrong Laboratory, Brooks AFB, TX 78235-5104.

Previous research has shown that humans resort to extensive saccadic scanning 
during free visual search, and that such scanning may be biased toward certain 
sectors of the visual field (i.e., the upper and right visual fields). This study 
examined several parameters of oculomotor behavior during three visual search 
conditions: high-density feature-search (HDFS), low-density conjunction-search 
(LDCS), and high-density conjunction-search (HDCS). Six subjects performed a 
choice-RT task to determine the quadrant location of a target defined by a 
particular size and orientation. Eye movements were recorded by means of an 
ISCAN infrared video camera and were sampled at 20 Hz. The results showed that 
subjects made an average of 1.80, 1.18, and 0.76 saccades per trial in the HDCS, 
LDCS, and HDFS conditions, respectively, with an average saccadic amplitude of 
2.49 deg. Saccadic scanning was equally likely in the clockwise and 
counterclockwise directions, but much less likely along the diagonal axes (e.g., 
upper-right to lower-left quadrant). A significantly greater number of initial 
saccades were made to the upper visual field, but no left-right asymmetries in either 
initial search direction or overall viewing time were observed. The probability of 
making a saccade when the target appeared in the upper and right visual fields was 
much lower than when it appeared in the lower and left ones, especially in the 
HDCS task. This anisotropy accounted, in turn, for much of the search 
performance advantages of the upper and right fields because RTs were several 
hundred milliseconds faster overall on trials when saccades were not used to locate 
the target. In general, the results suggest that although humans consistently resort 
to saccadic scanning (even when it is not needed and slows down the search process 
considerably), they are much less likely to do so when the target appears in 
attentionally favored regions such as the upper right visual quadrant (see Previc & 
Blume, Vision Res. 1993; 33:2597).
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212.11
PARALLEL PROCESSING OR PERCEPTUAL GROUPING? J. Hegdé* and
D. J. Felleman. Department of Neurobiology and Anatomy, University of Texas 
Medical School, Houston, TX 77030.

A blue vertical bar among yellow vertical bars pops out, but a blue vertical bar 
among blue horizontal and yellow vertical distractors usually does not. In general, 
popout occurs, that is, visual search is parallel, if the target is defined apart from 
the distractors by differences in a single feature. Popout does not occur, ie, the 
search is serial, if two or more features are involved. However, it has been shown 
that under certain conditions several pairs of features, including stereoscopic 
disparity and color, or stereoscopic disparity and vernier acuity, can be found by 
parallel rather than serial search. It is possible that the parallel search in these 
cases is facilitated not by some anomaly in the extraction of these pairs of features 
per se, but by strong perceptual grouping induced by stereopsis. We tested 
stereoscopic disparity and color for this possibility under conditions which either 
allowed or disallowed perceptual grouping of colored bars according to their 
stereoscopic depth planes. Reaction time was measured as a function of the 
number of distractors and perceptual grouping. When perceptual grouping is 
allowed, as when a number of neighboring distractors belong to the same depth 
plane, the search for the target is parallel, as previously reported. However, when 
perceptual grouping is made difficult, for example by arranging the bars such that 
the immediate neighbors of a given bar belong to the other depth plane, reaction 
time increases in proportion with the number of distractors, suggesting a serial 
search. Similar experiments involving stereoscopic disparity and vernier acuity 
also show that popout does not occur if perceptual grouping based on stereoscopic 
disparity is degraded. These results suggest that the popout of targets defined by 
stereoscopic depth and color/vernicr acuity is due to perceptual grouping, and not 
because the visual system processes these features in some unusual way. Supported 
by NEI EY-08372 to DJF and a Fight for Sight postdoctoral fellowship to JH.

ISCHEMIA: ISCHEMIC TOLERANCE

213.1
IN VIVO PATTERN OF BCL-2, BAX AND BCL-X EXPRESSION IN MOUSE 

NEOCORTEX: EFFECT OF CEREBRAL ISCHEMIA. J.H.M. Prehn*. B.
Daniel. S. K raiew ski+. and J .C .R e e d . Dept. Pharmacol. Toxicol., Philipps- 
Univ., 35032 Marburg, F.R.G., + La Jolla Cancer Res. Fdn., La Jolla, CA 
92037.

Naturally occurring cell death in the developing nervous system is regulated by 
the activity of members of the bcl-2 oncogene family, such as bcl-2, bax and bcl- 
x. We were interested in evaluating the role of these genes in pathophysiologically 
occurring cell death in the adult nervous system. To this end, we induced focal 
cerebral ischemia in male NMRI mice by a permanent occlusion of the middle 
cerebral artery. Using immunohistochemistry and western blot analysis, Bcl-2, 
Bax and Bcl-x oncoprotein expression was studied in the neocortex of ischemic 
and non-ischemic animals.

In non-ischemic adult animals, Bcl-2 protein expression was low in most 
neocortical neurons in comparison with postnatal (P3) animals. High levels of 
expression were confined to single neurons in cortical layers 2 to 5. Focal cerebral 
ischemia led to an increase in Bcl-2 protein expression 12 to 24 hours after artery 
occlusion, particularly in neurons surrounding the infarcted regions. After 24 to 
48 hours, Bcl-2 protein was also induced in activated glial cells at the border-zone 
of the infarct and in glial cells penetrating the infarcted tissue. As with Bcl-2, Bax 
and Bcl-x oncoprotein expression was low in non-ischemic animals, but was 
induced 12 to 48 hours after artery occlusion in neurons at the border-zone of the 
infarct. Bax oncoprotein expression was frequently observed in neurons exhibiting 
shrinkage of the cell soma. In the case of Bcl-x, Western blot analysis revealed 
that the long form (Bcl-XI) was the predominantly expressed.

These results suggest that the members of the bcl-2 oncogene family do not only 
influence the survival of neurons during naturally occuring cell death, but also 
play a role in determining cell survival in the adult CNS after cerebral ischemia.

213.3

STRESS RESPONSE IMAGING: DECREASED PROTEIN 
SYNTHESIS CORRELATES WITH INDUCTION OF HSP70 HEAT 
SHOCK PROTEIN IN RAT BRAIN FOLLOWING FOCAL 
ISCHEMIA, GLOBAL ISCHEMIA AND STATUS EPILEPTICUS.
F.R. Sharp , M. Bergeron , and S.M. Massa . Dept. of Neurology, 
University of California, San Francisco, California 94121.

The HSP70 heat shock protein is induced in brain following kainic acid 
seizures, global ischemia and focal ischemia. Focal ischemia induces HSP70 in 
endothelial cells in infarcts, and induces HSP70 in neurons in the penumbra 
outside areas of infarction. We have been searching for in vivo methods of 
imaging the stress response in brain. Such methods would make it possible to 
image injured regions of tissues following stresses that do not lead to infarction.

The possibility that HSP70 induction would temporally and regionally 
correlate with decreases of total protein synthesis was examined. Rats had focal 
ischemia produced for 30min using the suture model. Global ischemia was 
produced in gerbils for 10min using bilateral carotid occlusion. Status epilepticus 
was produced by injections of kainic acid (10mg/kg). Either Id, 2d or 3d later 
total protein synthesis was quantified using 2h infusions of methionine. 
Subjects were then anesthetized, perfused and brain sections cut and processed 
for HSP70 immunoreactivity. The same sections were used to produce 
autoradiographs representing areas of total protein synthesis. The data show that 
regions of HSP70 induction in neurons in cortex have regions of decreased 
protein synthesis in the same precise locations. This correlation occurs in regions 
where there is no infarction, and is apparent at 1, 2 and possibly 3d following 
each type of injury. This data suggests that imaging total protein metabolism in 
humans should be useful for indirectly imaging the stress response in brain and 
other tissues following injury produced by ischemia, seizures and other stresses.

213.2

ALTERATION IN ANTI-APOPTOTIC GENE EXPRESSION  
ASSOCIATED WITH INDUCTION OF TOLERANCE TO FOCAL 
ISCHEMIA . R.P. Simon. J. Chen. R . L.Zhu. J.O. Lan. D.A.
Greenberg*. S.H. Graham. Dept. o f Neurology, Univ. o f Pittsburgh, PA 
15261.

Ischemic tolerance is the phenomena whereby brief sub lethal 
ischemia protects brain against subsequent ischemia. Alterations in gene 
expression may be the mechanism o f tolerance but the responsible gene 
products are unknown. Candidates include the protooncogenes bcl-2 
and bcl-x which have been shown inhibit programmed cell death and are 
expressed in neurons that survive focal cerebral ischemia 

The temporary focal ischemia model produced by suture occlusion o f  
the MCA was used to explore the role o f bcl-2 and bcl-x in ischemic 
tolerance. As we have previously shown, rats preconditioned with three 
10 min intervals o f  ischemia 72 hrs prior to 100 min o f  ischemia have 
significantly (P<.01) smaller infarction than naive or sham operated rats. 
Accordingly, brain tissue form regions spared by this pre treatment was 
obtained and protein expression determined by western blotting at
1,2,3,5,7 and 14 days after 3 X  10 min ischemia.

Both bcl-2 and bcl-x protein were increased in tolerant brain. Their up 
regulation occurred with a time course consistent with a role in 
tolerance as their concentration was increased before (1 day) and during 
(2, 3 and 5 days) the period o f  tolerance with concentrations 
approaching control levels after tolerance is lost (7 and 14 days). The 
presence o f these proteins alone does not assure tolerance however. 
Altering gene expression by such techniques as gene transfection and 
antisense oligonucleotides w ill be required to definitively determine the 
neuroprotective role o f individual genes.

213.4

ISCHEMIC TOLERANCE CAN BE INDUCED IN UNILATERAL  
HIPPOCAMPUS AND  AUGMENTATION OF TOLERANCE IS NOT  
ACCOMPANIED BY INCREASED PRODUCTION OF HSP72.
K.Kitagawa. M .Matsumoto . K.Mandai. T.Mabuchi. K.Matsushitar
T.Yanagihara* and T.Kamada. 1st. Dept. o f Medicine and Dept. o f  
Neurology, Osaka Univ. Med. Sch., Suita, Osaka 565, Japan.

Ischemic tolerance has been shown in transient global cerebral 
ischemia in gerbils and rats. In this study, w e established a reliable 
model which allowed us to examine the effect o f unilateral ischemic 
stress in the same animal, and evaluated the correlation between 
augmentation o f ischemic tolerance and the induced amount o f HSP72. 
The right common carotid artery (RCCA) o f each gerbil was occluded 
for 2 min under light ether anesthesia and only those with severe 
symptoms (n=24) were selected and recirculated. In the double ischemia 
group, both CCAs were occluded for 5 min at 2 or 4 days after 2 min 
RCCA occlusion, whereas in the triple ischemia group 5 min bilateral 
CCA occlusion took place 2 days after the 2nd RCCA occlusion for 3 
min which occurrea 2 days following the 1st RCCA occlusion. 
Histological examination 7 day after recirculation following the last 
ischemia revealed that 50-70%  and 95% of the right hippocampal CA1 
neurons were preserved in the double and triple ischemia group, 
respectively, while the left hippocampal CA1 neurons were completely 
destroyed in both groups. However, mere was no significant difference 
between two groups in the induced amount o f HSP72 in the right 
hippocampus by western blots just before the last ischemia. The results 
clearly showed that not the ischemia-induced secondary physiological 
changes such as postischemic hyperthermia but ischemia itself caused 
ischemic tolerance in the unilateral hippocampus and that the 
enhancement o f ischemic tolerance with repetitive mild ischemic insults 
could not be explained by increased induction o f HSP72 before the last 
lethal ischemia.
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213.5
FRUCTOSE-1,6-BISPHOSPHATE INFLUENCE ON HYPOXIA-INDUCED 
EXPRESSION OF hsp70 AND c-fos IN RESPIRING NEONATAL RAT 
CEREBROCORTICAL SLICES. K. Haseoawa*. M.T. Esoanol. L. Litt. G.A. 
Gregory. F.R. Sharp. P.H. Chan. Depts. of Anesthesia, Neurology, 
Neurosurgery. The University of California, San Francisco, CA 94143 

In a previous study of respiring neonatal brain slices, we found that 
p retrea tm ent with fructose-1,6-b isphosphate (FBP) prevented ATP 
reductions during hypoxia. Because ATP is needed for protein 
synthesis, we investigated if FBP would also influence hypoxia-induced 
mRNA expression of hsp70 and c-fos. In each of 6 experiments, forty 
350µm thick cerebrocortical slices were obtained from ten 7-day old 
Sprague-Daw ley rats. Slices were first perfused for 60 min with 
artificial cerebrospinal fluid (ACSF) having or not having 2 mM FBP 
(pretreatment and no treatment). Thirty minutes of hypoxia was then 
applied, followed by 2 hrs of recovery. Three slices were frozen just 
before hypoxia, and at 0, 1, 2, 4, 6, 8 hrs after hypoxia. In situ 
hybridization of hsp70 and c-fos mRNA, using 35S-labeled probes, was 
done in 20pm adjacent sections of all slices, and in a normoxic control 
group. After hypoxia hsp70 was detected weakly at 2 hrs and strongly 
at 4 hrs. Progressively less hsp70 was found at 6 hrs and 8 hrs. 
Although c-fos was almost undetectable immediately after decapitation, 
it was present in recovered slices before hypoxia, and more strongly 
after hypoxia, being maximal at 4 hrs. At all times after hypoxia, 
hsp70 and c-fos signals were slightly less in the FBP pretreatm ent 
group. Histology of Nissl stained slice sections revealed less edema in 
FBP treated slices. Decreased hsp70 and c-fos mRNA expression in 
FBP treated group are suggestive of the better histology found in that 
group. Supported by NIH GM34767, NS14543, NS25372.

213.7
SOMATIC GENE THERAPY IN RAT GLOBAL ISCHEMIA BY GRAFTING 
OF NGF- AND BDNF-SECRETING FIBROBLASTS. Peter A. Pechan*1. 
Masazumi Fujii2. Tazuka Yoshida2. Hideaki Hara2. Mark Edgar3. Michael A. 
Moskowitz2 and Xandra O. Breakefield*. Depts.of Neurology and Neurosurgery, 
* Molecular Neurogenetics Unit, 2Stroke Research Laboratory, -3Neuropathology 
Unit, Massachusetts General Hospital, Harvard Medical School, Boston, MA 
02119.

The protective effects of nerve growth factor (NGF) and brain-derived 
neurotrophic factor (BDNF) secreted by genetically modified cells were 
investigated in a rat model of ischemia-induced hippocampal injury. Cells were 
generated previously by infection of an immortalized rat fibroblast cell line, Rat I, 
with a MoMLV retrovirus vector carrying cDNAs encoding preproNGF or 
preproBDNF (Frim et al., Neuroreport 4, 367, 1993). Seven days before 
induction of ischemia, cultured Rat I or NGF+ , or BDNF+ cells were implanted. 
Rats were subjected to 10 min of cerebral ischemia in a four vessel occlusion 
model. Extensive CA1 hippocampal ischemic damage was confirmed 7 days later 
in all ischemic controls and in animals implanted with control Rat I cells by 
characteristic loss and necrosis of pyramidal neurons on hematoxylin-eosin stained 
and neuron specific enolase (NSE) immunocytochemically stained sections. 
Neurons protected by NGF+ and BDNF+ fibroblasts appeared normal and were 
NSE-positive. On the non-grafted contralateral side and in the animals grafted 
with placebo Rat I fibroblasts, the percentage of the normal appearing neurons was 
only 1-2 % of controls. In the animals grafted with the NGF+ cells, the 
percentage of normal appearing CA1 neurons on the grafted side was about 60 % 
of the neuronal counts in controls. Better protection was observed in the animals 
treated with the BDNF+ cells, where 80-95% of neurons were protected on the 
grafted side and 20-30% on the contralateral side. These results may have 
significance for gene therapy of this CNS disorder.

213.9
INHIBITION OF ADENOSINE DEAMINASE WITH DEOXYCOFORMYCIN 
(DCF) POTENTIATES PRECONDITIONING CEREBROPROTECTION IN A 
PERINATAL RAT MODEL OF ISCHEMIC TOLERANCE. J.M. Gidday*.
J.C. Fitzaibbons. R.G. Maceren. A.R. Shah. N.R. Shah. T.S. Park. Dept. of 
Neurological Surgery, and Center for the Study of Nervous System Injury, 
Washington University School of Medicine, St. Louis, MO 63110

In the postnatal-day-7 rat, exposure to hypoxia (8% oxygen) 24 h before 
hypoxia-ischemia can provide duration-dependent cerebroprotection from 
ischemic injury (Gidday et al., Neurosci. Lett. 168:221,1994). Our finding 
that this hypoxic preconditioning (PC) was blocked by caffeine (Fitzgibbons 
et al., Soc. Neurosci. Abstr. 20:618,1994) is consistent with the hypothesis 
that hypoxia-induced increases in extracellular adenosine levels may be 
important in triggering the PC mechanism. To pursue this hypothesis further, 
we tested the ability of the adenosine deaminase inhibitor DCF to potentiate 
the ≈50% protection achieved with 1.5 h PC hypoxia. Six litters of postnatal- 
day-6 pups were divided into 3 groups: one group was subjected to1.5 h PC 
hypoxia, the second received DCF (2.5 mg/kg ip) 30 min before 1.5 h PC 
hypoxia, and the remaining group was isolated from the dam but was not 
exposed to PC hypoxia; 24 h later, all pups underwent unilateral carotid 
ligation followed by 3 h hypoxia, which results in brain injury ipsilateral to the 
ligation. The relative reduction in ipsilateral hemispheric weight on day 14, 
an index of ischemic injury, was 33±4% for non-PC animals (n=18), 20±4% 
for 1.5 h PC animals (n=19), and only 4±3% for pups pretreated with DCF 
prior to PC (n=23). Differences between groups were significant at p<0.05. 
These results demonstrate that inhibition of adenosine catabolism can 
improve the extent of hypoxia-induced cerebroprotection, and suggest that 
sustained elevations in extracellular adenosine may initiate the intracellular 
mechanisms whereby hypoxia induces subsequent tolerance to ischemia.

213.6
INDUCTION OF SUPEROXIDE DISMUTASES IN GERBIL HIPPOCAMPUS 

BEFORE AND AFTER ACQUISITION OF ISCHEMIC TOLERANCE. T. 
Matsuyama. S. Shimizu. H. Nakamura. R. Hata. Y. Terayama, Y. Yajima* and M. 
Sugita. 5th Dept. of Med., Dept. of Physiol.*, Hyogo College of Med., 
Nishinomiya, Hyogo 663, Japan.

To examine the involvement of superoxide dismutase (SOD) in the acquisition 
of ischemic tolerance, we performed in situ hybridization and immunocytochemistry 
lor manganese and copper-zinc SODs (MnSOD, CuZnSOD) and 72 kd-heat shock 
protein (HSP72) in gerbil hippocampus following lethal or non-lethal transient 
cerebral ischemia to the hippocampal CA1 neurons. We produced transient global 
cerebral ischemia by occluding the common carotid artery bilaterally. The animals 
were divided into three groups: 1) a single 5-min ischemic insult group, 2) a single 
2-min ischemic insult group, and 3) a repeated ischemic insult group with 
underwent a 5-min period of ischemia 2 days after a single 2-min period of 
ischemia. Histochemical examinations revealed a transient increase in the expression 
of CuZnSOD mRNA and a decrease in CuZnSOD immunoreactivity in CA1 
pyramidal neurons following 5 min of ischemia. MnSOD and HSP72 mRNAs were 
induced in the same area without expression of these proteins following 5 min of 
ischemia. After non-lethal 2 min of ischemia, CuZnSOD mRNA and protein 
showed no significant change in their expression during the entire recirculation 
period. On the contrary, MnSOD and HSP72 proteins were expressed in the CA1 
pyramidal neurons by 2 day after the same insult, following the massive induction 
of their mRNAs. HSP72 protein expression was disappeared by 7 days, but MnSOD 
expression was lasting during 7-day recirculation following the ischemia. Repeated 
ischemia demonstrated a subtle change in the expression of these proteins as 
compared to that expressed before the last ischemic insult. These results suggest that 
MnSOD but not CuZnSOD in the neurons has an important role in the cell defense 
mechanism against oxidative stress.

213.8
ANOXIC PRECONDITIONING IN HIPPOCAMPAL SLICES: ROLE OF 
ADENOSINE. M. A, Pérez-Pinzón*. ML Rosenthal and T.J. Sick. Dept. of 
Neurology, U. of Miami Sch. of Medicine, Miami, FI. 33101 

Sublethal hypoxic/anoxic/ischemic insults may protect against subsequent 
insults in intact brain or hippocampal slices. We tested the hypothesis that 
ischemic preconditioning (IPC) improves electrical recovery in 
hippocampal slices and that preconditioning involves adenosine. 
Hippocampal slices were preconditioned by anoxia prolonged only until the 
onset of anoxic depolarization (AD). The slices were then reoxygenated for 
30 min after which a second anoxic insult was induced. After 2 min of AD, 
slices were reoxygenated and evoked potentials (EPs) were recorded for 30 
min. Control slices were given a single anoxic insult followed by 
reoxygenation after 2 min of AD. We found that EP amplitudes recovered to 
a significantly greater extent after reoxygenation in preconditioned slices. 
To determine whether adenosine modulates IPC, adenosine (100 µM) was 
superfused onto other slices for 15 min and washed out for 30 min. After 
adenosine was washed out, anoxia was provoked in these slices as in 
controls. Latencies to AD were unchanged by preconditioning but these 
times were markedly prolonged in adenosine-treated slices. Adenosine also 
improved recovery of evoked potentials after reoxygenation. These data 
confirm that preconditioning by anoxia improves electrical recovery after 
anoxia in hippocampal slices. Evidence supports that adenosine may be 
involved in the neuroprotection afforded by preconditioning.

213.10
POSSIBLE MECHANISM OF ISCHEMIC TOLERANCE INDUCED BY 
PLASMA FROM HIBERNATING SQUIRRELS. Y. YASUMA. R. M. 
McCARRON. H. WAGNER*. M. SPATZ and J. M. HALLENBECK 
Stroke Branch, NINDS, NIH, Bethesda, MD 20892-4128.

During entry into hibernation >90% reduction in circulating leukocytes 
occurs. This leukocyte adhesion may underscore the ability of hibernating 
animals to escape damage due to stroke-like conditions (i.e., reduced blood 
flow). Leukocyte adhesion was assessed using 51Cr-labeled WKY rat periph-
eral blood monocytes (Mo) added to monolayers of rat cerebrovascular 
endothelial cells (EC) cultured in media alone or with TNFα, LPS, or plasma 
from hibernating (H) and non-hibernating (NH) thirteen-lined ground 
squirrels. After incubation (37° C, 0.5 h), non-adherent cells were removed 
and adherent cells were lysed with 2% Triton-X (% adherent cells = Triton-X 
cpm/total cpm x 100%). ICAM-1 expression by EC was quantitated by ELISA 
using monoclonal anti-rat ICAM-1 (clone 1A29). The low constitutive expres
sion of ICAM-1 on EC was dose-dependently increased (up to 5-10-fold) by 
LPS, TNFα, and either H or NH plasma, with maximum levels at 24-48 h of 
treatment. Dilutions of H plasma (1:2-1:20) upregulated ICAM-1 expression 
to a significantly greater extent than NH plasma. Incubation with H plasma, 
and to a lesser extent NH plasma, also induced significant and dose- 
dependent increases in Mo adhesion to EC (i.e., 25.0 ± 2.3% and 20.9 ± 
3.0%, respectively; untreated EC = 18.4 ± 0.6%). Treatment of Mo with H or 
NH plasma variably inhibited (25-60%) adhesion to EC. Treatment of both 
EC and Mo with plasma resulted in intermediate levels of Mo adhesion.

These findings indicate that H (and to a lesser extent NH) squirrel plasma 
affects ICAM-1 expression and adhesive interactions between Mo and EC 
and suggest mechanism(s) by which hibernation may protect against 
ischemic injury in conditions similar to those observed in stroke.



514 ISCHEMIA: ISCHEMIC TOLERANCE MONDAY AM

213.11
ELECTRICAL STIMULATION OF CEREBELLAR FASTIGIAL NUCLEUS (FN) 
CONDITIONALLY INHIBITS EXPRESSION OF INDUCIBLE NITRIC OXIDE 
SYNTHASE (INOS) AFTER FOCAL CEREBRAL ISCHEMIA. E. Galea*, E.V. 
Golanov, K. Kobylarz, D.L. Feinstein and D.J. Reis. Div. of Neurobiol., Dept. 
Neurol. & Neurosci., Cornell Univ. Med. Coll., New York, NY 10021.

Electrical stimulation of the FN for 1h reduces by >50%, even days later, 
the volume of the focal ischemic infarction produced by occlusion of the middle 
cerebral artery (MCAO) in rat (Reis et al., J. Cereb. Blood Flow Metab. 11:810,
1991). We investigated if FN stimulation altered expression of iNOS induced 
by MCAO. MCAO was performed in 40 rats without or with 1 h of stimulation 
(50 Hz, 1s on/1 s off, 75 µAmps). iNOS mRNA was measured 4-72h after 
MCAO by quantitative competitive PCR with primers specific for rat iNOS cDNA 
(Galea et al., J. Neurosci. Res. 37:406, 1994). mRNA was measured in the 
ischemic core and penumbra, areas respectively unaffected or salvaged by FN 
stimulation. Homologous contralateral areas were controls. After MCAO, iNOS 
mRNA, normally not present, was induced in core and penumbra ipsi- but not 
contralaterally. It appeared at 8, peaked between 14-24, and recovered by 48h. 
At 14h it was 269.5.2+92.0 and 382.6±160 fgcDNA/µg total RNA in ipsilateral 
core and penumbra respectively and <2% contralaterally. iNOS protein, 
localized with a polyclonal antibody to mouse macrophage iNOS, was in 
monocytes in the core and in blood vessels in the penumbra 24h after MCAO. 
FN stimulation did not affect expression or localization of iNOS in the core but 
reduced it in the penumbra by over 90% 14h after MCAO (to 30.4±22.2 
fgcDNA/µg total RNA; p<0.01) and eliminated vascular expression of protein. 
We conclude FN stimulation conditionally reduces expression of iNOS mRNA 
and protein in the ischemic penumbra primarily in blood vessels. Whether 
suppression of iNOS mRNA is causally related to the central neurogenic 
neuroprotection is not known.

213.12
MODERATE HYPERGLYCEMIA (HG) INCREASES HYPERGRAVIC 
(+Gz) TOLERANCE OF RATS. Asha R. Shahed.* Roger Echon and 
Paul M. Werchan. Oper. Tech. Corp., Krug Life Sci., Armstrong 
Laboratory, Brooks AFB, TX 78235.

We have previously shown that exposure o f rats to >+20 Gz causes 
global cerebral ischemia and loss of consciousness (G-LOC) within 15 s. 

Present study tests the hypothesis that moderate HG may delay the onset of 
G-LOC by increasing the level of energy substrate. Methods: Four groups 
of rats (n=6/gr) were injected (ip) with 1.25 to 7.5 g glucose/kg, 30 min 
before +22.5 Gz exposure in a small animal centrifuge. Two 
normoglycemic (NG) control groups were exposed to +0.5 or 22.5 Gz.
All rats received two +GZ exposures 15 min apart. G-LOC (isoelectric 
EEG) and recovery to normal EEG was monitored during centrifugation. 
Metabolites were measured in the brains collected during the2nd exposure, 
by freeze fixation, 30 s post G-LOC. Results: NG rats exhibitedG-LOC 
at 13.2 ± 2 s. G-LOC was observed at 68.2 ± 50, 65.7 ±  35, 32.4 ± 14 
(P< 0.05) and 23.4 ±  10 s in HG rats receiving 1.25, 2.5, 5.0 and 7.5 
g/kg respectively. Brain and blood glucose were elevated significantly in 
HG vs the NG rats. Lactate levels increased 4 fold in NG, and 5-7 fold in 
HG rats at the time of G-LOC. ATP and Cr-P were not significantly 
different than NG rats despite longer exposure duration (ischemia). 
Discussion: Moderate HG can increase +GZ tolerance by delaying the onset 
of G-LOC. Although HG increased G-LOC-induction time > five fold, 
lactate levels increased two fold over NG.These levels were well below the 
lactate levels associated with compromised neurologic out come following 
ischemia. We speculate that moderate HG can be useful for increasing +GZ- 
tolerance and preventing G-LOC during brief +GZ exposures.
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214.1
ISOLATION AND MODULATION OF ON-GATING CURRENTS OF A CLONED 
HUMAN N-TYPE Ca2+ CHANNEL A.Randall* and ITBleakman*. Neurobioloey 
Division, MRC Laboratory of Molecular Biology, Cambridge, UK and §Lilly 
Research Centre Ltd., Windlesham, Surrey, UK.

G-protein-dependent modulation of the N-type Ca2+ channel has characteristic 
features such as a depression of peak current, slowing of activation and a profound 
voltage-dependence. The biophysical mechanisms by which modulation occurs 
remain controversial. Gating currents arise from conformational rearrangements of 
ion channels as they undergo transitions between states. Analyses of gating currents 
arising from the opening of Na+ and K+ channels has provided information on the 
process of activation and the mode of action of pharmacological agents. Previously, 
gating currents arising from Ca2+ channel activation have been difficult to record 
since preparations expressing Ca2+ channels in the absence of other voltage-gated 
channels have been unavailable. We have investigated the properties of gating 
currents recorded in HEK293 cells following expression of a recombinant human 
N-type Ca2+ channel (α1B.1α2bδβ1-3 subunits, Jonnson et al., 1993 Soc. Neurosci. 
Abs. 19, 1329).

Ionic currents were studied in a TEACl-based extracellular solution containing 
5mM Ca2+. On-gating currents were isolated by blocking ionic fluxes with Cd2* 
(ImM) and La3+ (100µM). The P/4 method of leak subtraction was usually 
employed. In cells with >4nA of ionic current, robust gating currents were observed 
(typically 60-150pA, 1/2 width ~800µs at +90 mV). In the small percentage of 
HEK293 cells in which no ionic current could be recorded no gatinc charge 
movement was detectable (n=4). Gating currents were observed whether the major 
intracellular cation was Cs+ or NMDG+ Analysis of the voltage-dependence of 
gating current activation revealed that charge movements were first detected with 
depolarizations exceeding -20mV and maximal activation occurred >+80mV (1/2 
activation at approx. +30mV). At larger depolarizations, gating currents both 
activated and inactivated faster. Pharmacologically, the on-gating current was 
insensitive to the selective N-type channel blocker ω-CTx-GVIA, it could however 
be inhibited in a voltage-dependent fashion by holding the steady state membrane 
potential at levels positive to -80 mV. Intracellular dialysis with 300µM GTP-γ-S 
(but not control electrode solution) resulted in gating currents with amplitudes that 
were increased by brief prepulses to +90mV. These observations suggest that G- 
protein activation has an effects on the gating machinery of a human N-type Ca2+ 
channel.

214.2
MODULATION OF CALCIUM CURRENTS BY SUBSTANCE P AND NEUROTENSIN IN 
CULTURED RAT NUCLEUS BASALIS NEURONS. M. Maroeta-Mitrovic1* . Y. Nakalima2 and S. 
Nakaiima1. Dept. of Pharmacology1 and Dept. of Anatomy and Cell Biology2, Univ. of Illinois 
at Chicago, Chicago, IL 60612.

Nucleus basalis neurons, the main source of cortical cholinergic innervation, degenerate 
in Alzheimer's patients. We investigated the modulation of whole-cell Ca2+ currents by 

substance P (SP) and neurotensin (NT) in cultured nucleus basalis neurons. SP (200 nM) 
inhibited 55.8 ± 1.8% (mean ± S.E.M., n = 7) and NT (200 nM) 72.7 ± 2.3% (n = 8) of the 

control Ca2+ current (holding potential, -80 mV; test pulses to 0 or +10 mV; measured at 100 
ms). In GTP7S-loaded neurons, SP or NT application caused a completely irreversible 

inhibition of the Ca2+ current, indicating that all of these effects were mediated by G proteins. 
Neither the SP nor the NT effect was voltage-dependent: the Inhibition of the peak current did 

not change after a conditioning pulse to +70 mV (60.1 ± 3.4% vs. 57.4 ± 2.2% in SP; 57.9 
± 2.4% vs. 52.9 ± 4.7% in NT; n = 6).

Nimodiplne (3 µM) blocked 24.2 ± 2.5% (n = 15) and ω-CgTx-GVIA (0.5 µM) 46.4 ± 2.0% 
(n = 13) of the Ca2+ current (measured at 100 ms), showing that the neuron has the L- and 

the N-type Ca2+ channel; combination of both drugs blocked 58.7 ± 2.2% of the current (n 
= 15). ω-Aga-IVA (100 nM, Pfizer Inc.) did not inhibit the current (0.3 ± 4.2%, n = 12), 
indicating the absence of the P-type channel. However, the combination of 5 µM ω-CgTx- 
MV1IC and 3 µM nimodipine blocked 75.7 ± 1.9% (n = 12) of the current, ≈17% more than 
ω-CgTx-GVIA + nimodipine, indicating the presence of the Q-type Ca2+ channel.

Both nimodipine alone and ω-CgTx-GVIA alone attenuated the NT response; the 

combination of ω-CgTx-MVlIC + nimodipine attenuated a larger portion of the NT response 
than ω-CgTx-GVIA + nimodipine, but the response was not abolished. Similar results were 
obtained with SP, except that nimodipine did not affect the SP response amplitude. Thus, in 
these neurons both the N- and Q-type channels are modulated by SP, while the L-, N- and 
Q-types are modulated by NT. Initial experiments indicate that a small remaining response 
induced by SP and NT may represent a modulation of the T-type current. Supported by NIH 
grant AG06043.

214.3 214.4

THREE TYPES OF OPIOID RECEPTORS REGULATE N-CURRENTS 
IN F-11 CELLS. Peter. T. Toth *. Raja. Goswami. Aaron. Jastrow. 
Vytas. P. Bindokas, Glyn. Dawson & Richard. J. Miller. Dept. of 
Pharmacology and Physiology, Dept. of Pediatrics, University of 
Chicago, Chicago, IL 60637

Opioid regulation of Ca2+-channels may be an important factor in 
opioid mediated presynaptic inhibition. We studied the regulation of 
Ca2*-channels by different opioid receptors in F-11 (mouse 
neuroblastoma N18TG-2 x rat DRG) cells. These cells normally possess 
H and 5 but not k-opioid receptors. Under normal growth conditions cells 
contain small L-currents which are blocked by dihydropyridines but not 
by µ and δ agonists. On differentiation with cAMP the whole cell Ba2+- 
current increased greatly in magnitude and was blocked by > 80% with 
ω-conotoxin GVIA. The current was inhibited by δ and µ  opiate agonists 
but not by k agonists. The inhibition was PTX-sensitive and attenuated 
by prepulse depolarization. F-11 cells were stabily transfected with k- 
opioid receptors. After differentiation the whole cell Ba2*-cunrent current 
in these cells was inhibited by U69.593 (200 nM) and the inhibition was 
reversed by the k-selective antagonist nor-BNI. Ca2+-transients evoked 
by 50mM K+ were also monitored in Fura-2 loaded F-11 cells by digital 
imaging. U69.593 (200 nM) inhibited the K*-evoked Ca2+-transients in k- 
receptor expressing cells but not in control cells. These data 
demonstrate the functional coupling of the expressed K-opiate 
receptors to the endogenous signaling machinery in F-11 cells.

VOLTAGE-DEPENDENT INHIBITION AND FACILITATION OF SINGLE N- 
TYPE CHANNEL KINETICS BY NORADRENALINE AND 5-OPIOID 
AGONISTS IN IMR32 CELLS. E. Carbone*. V. Carabelli. M. Lovallo. H, Zucker§ 
and V. Maenelli. Dept. of Anatomy and Human Physiology, Univ. of Turin, Italy.
(§) Max-Planck-Institut for Psychiatry, Planegg, Germany

The V-dependent depression induced by noradrenaline (NA) and DPDPE (δ- 
opioid agonist) on N-type channels was studied in cell-attached patches of human 
neuroblastoma IMR32 cells. 5µM nifedipine in the pipette and bath solutions ensured 
full block of L-type channels. Comparing single Ca2+ channel recordings in l00mM 
Ba2+ at control and with 20µM NA+ lµM DPDPE, both agonists markedly 
decreased the probability of channel opening (po 30% vs 17% at +20mV), prolonged 
the first latency of openings (7ms vs 13ms) and increased the number of null sweeps 
(Fig. 1). The two agonists had little action on the single open channel conductance 
(19pS at control and 19.2pS with NA+DPDPE) and minor effects on the mean open 
time (0.6ms vs. 0.7ms at +20mV). Prepulse-induced facilitation of reconstituted 
currents was small at control but significant in the presence of NA+DPDPE (p0
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increased from 10% to 17% before 
and after pre-pulse), suggesting a 
marked V-dependent removal of 
inhibition at positive potentials. 
First latency after pre-pulse was 
much shorter compared to normal 
tests (4ms vs 13ms) and channel 
re-inhibition developed with 
kinetics similar to that of 
macroscopic currents (decay half-

time 20ms). Our data suggest that V-dependent inhibition of Ca2+ channels by 
neurotransmitters derive mainly from reduced channel gating and can be simulated 
by previously proposed kinetic models (Polio et al., 1992, Pflügers Archiv 422:75).
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214.5
VOLTAGE-DEPENDENT INHIBITION OF N- AND P-TYPE CALCIUM 
CHANNEL CURRENTS IN CULTURED BOVINE ADRENAL CHROMAFFIN 
CELLS. K.P.M. Currie* and A.P. Fox Dept Pharm. Physiol. Sci.. Univ of 
Chicago, Chicago IL 60637.

N- and P-type calcium channel currents( Ica) were recorded from adrenal 
chromaffin cells in the presence of nisoldipine to block any L-type Ica In TEA-Ba2+ 
based recording medium the non-voltage clamped cells in the recording bath released 
an "endogenous blocker" which inhibited ICl in a reversible, voltage dependent 
manner if the bath was not kept flowing (fig A) (Doupnik & Pun 1994, JMB HO 47- 
56). Both N and P-type currents were inhibited. DAMGO, a µ-opioid agonist, 
m im icked  the inhibition (fig A,B), however naloxone prevented inhibition by 
DAMGO but not the endogenous blocker. Norepinephrine, serotonin, baclofen, 
chloroadenosine and NPY all failed to mimic the inhibition produced by the 
endogenous blocker.
Fig: A: control ICa , inhibition by the endogenous blocker and DAMGO and reversal 
of block by pre-pulses to + l00mV . B: Ramp I/V curves under similar conditions.

214.7

RECEPTOR-MEDIATED CALCIUM INFLUX IN A9 CELLS TRANS
FECTED WITH THE M3-MUSCARINIC RECEPTOR
P.G. Holbrook*. L.A. Holtzclaw. J.T. Russell. Lab. of Cellular and 
Molecular Neurophysiology, NIH, Bethesda, MD 20892.

A fura-based imaging technique was used to characterize the 
relationship of calcium influx to receptor occupancy and to the 
calcium release-activated calcium current (Icracc) described in mast 
cells (Hoth and Pennner; J. Physiol. Lond. (1993) 465, 359-86). At 
early passage, 100 % of the transfected cells (from Mark Bran, 
University of Vermont) responded to carbachol with an increase in 
intracellular free calcium ([Ca]i). Resting [Ca]i was in the 100 nM 
range and reached µM levels with saturating concentrations of 
agonist. Individual cells displayed oscillations in the range of 10 nM 
to 10 µM carbachol. At 100 µM carbachol or higher, cells displayed a 
characteristic tonic reponse consisting of a single peak that declined 
to a sustained plateau. The sustained component of the increase in 
[Ca]i was dependent on: 1) extracellular calcium (Km = 1 .4  mM) 2) 
receptor occupancy and was 3) apparently blocked by polyvalent 
cations. It is concluded that this component is due to calcium influx. 
Influx was assessed separately from the calcium released from 
intracellular stores by subtracting the change in [Ca]j occurring when 
EGTA and no calcium were present in the perfusion buffer (pure 
release) from the change in [Ca]i occurring when calcium was 
present in the perfusion buffer (release + influx). Comparison of 
carbachol dose response curves for release and influx are 
consistent with the notion that separate effectors mediate these two 
components of the receptor-mediated calcium response.

214.6
NOREPINEPHRINE M O DULATIO N OF SIN G LE CALCIUM  
CHANNELS IN FROG SYM PATHETIC NEUR O N S. Keith S. 
Elmslie* & Elizabeth Kelly Dept. o f Physiology, Tulane University 
Medical Center, New Orleans, LA 70112.

W hole-cell recordings of calcium current in 100 mM Ba2+ have 
revealed a novel calcium current (Elmslie et al.,1994, Neuron 13:217). 
Novel current dominated at voltages < 0 mV while N-current dominated 
at > 0 mV. In addition, novel current was inhibited < 10% by NE while 
the inhibition of N-current was -50%  and voltage-dependent. Delcour 
and Tsien (1993, Science 259: 980) examined the NE effect on single 
calcium channels at -10 mV. These channels were inhibited by ~60% in 
a voltage-independent manner. We wanted to determine (1) if NE can 
inhibit novel calcium channels in cell-attached patches and (2) if we can 
demonstrate voltage-dependent modulation of single N-channels.

M odulation o f novel current was exam ined in cell-attached  
macropatches (100 mM Ba2+) during application of NE to the pipet tip 
and during desensitization o f the NE response. The time course o f the 
NE effect was monitored using modulation o f N-current as an index. In 
4 patches, novel current at -10 mV was not altered while the NE effect 
on N-current either increased or decreased.

We have identified a calcium channel which has characteristics 
expected for the N-channel. As part of the characterization we wanted to 
exam ine the modulation by 100 µ M NE in the pipet solution. 
Pseudomacroscopic currents show the 2 characteristics expected for 
voltage-dependent inhibition. Slow  activation was observed during 
voltage steps to > +30 mV and strong depolarization (+70 mV) 
facilitated the current. Supported by PhRMA.

214.8

MODULATION OF THE α1A (P/Q-TYPE) AND α1B (N-TYPE) CA 
CHANNELS BY DISTINCT G-PROTEINS
M. Wakamori*. T. Niidome#. K. Katavama#. T. Nukata§ and Y. Mori 
Inst. Molec. Pharmacol. & Biophys., Univ. of Cincinnati, Cinti., OH 
45267-0828, #Eisai Co., Ltd., Tsukuba, Ibaraki 300-26, Japan, §Dept. of 
Neurochem. Tokyo Inst. of Psychi., Setagaya, Tokyo 156, Japan

Voltage-dependent Ca channels are one prominent target of Guanine 
nucleotide-binding regulatory proteins (G-proteins) in mediating signal 
transduction between cell surface receptors and various intracellular 
proteins. In neurons, it has been reported that not only ω-CgTx-GVIA- 
sensitive N-type but also ω-Aga-IVA-sensitive P-type Ca channels are 
susceptible to neurotransmitter inhibition via G-protein, characterized by 
slow phase of current activation. In the present study, we examined 
modes of modulation of the recombinant α1A and α1B channels expressed 
with the α2a and β1b subunits in baby hamster kidney (BHK) cells which 
have no endogenous Ca channel activity. The α1A and α1B channels 
produced Ca currents that were characterized by 1) voltage-dependence 
of activation and inactivation, 2) unitary conductances of 15 and 19pS, 
and 3) sensitivity to ω-Aga-IVA and ω-CgTx-GVIA characteristic of the 
P/Q- and N-types, respectively.

Intracellular dialysis of the recombinant BHK cells with 0.2mM 
GTPγs induced slowing of activation of α1B currents, which was relieved 
by an 80ms conditioning pulse to +70 mV, as reported for the N-current 
in native neurons. However, under the same recording conditions, the 
slow activation phase was not observed for the α1A currents, although 
the same channels were modulated by opiate receptors when 
coexpressed in Xenopus oocytes. These results, together with the blot 
hybridization studies of RNA from BHK cells, suggest that the N and 
P/Q channels are modulated by distinct sets of G-protein subtypes.

214.9

THE β SUBUNIT CONTRIBUTES TO THE DIRECT G-PROTEIN
DEPENDENT INHIBITION OF NEURONAL CALCIUM CHANNELS.
E. Bourinet*. T W. Soong, A. Stea. S.J. Dubel. L. Yu†and T. P. Snutch. Biotech. Lab., 
University of British Columbia, Vancouver, B.C., V6T 1Z3 and (†)Dept. of Med. & 
Molec. Genetics, Indiana Univ. Sch. of Medicine, Indianapolis, IN 46202.

The modulation of ion channel activity is a key step in regulating a number of 
physiological processes including excitability and neurotransmitter release. Several 
types of native calcium channels have been shown to be directly coupled to activation 
of seven-helix transmembrane receptors via pertussis toxin sensitive G proteins. In 
order to elucidate the specificity and molecular mechanisms of calcium channel 
regulation by G-proteins we have utilized Xenopus oocytes to reconstitute a 
physiological cascade through coexpression of cloned rat brain α1A,α1B, α lc and α1E 
calcium channels with the µ-opioid receptor. Application of the opioid receptor 
agonist DAMGO did not significantly affect (< 5%) the magnitudes of α1C or α1E 
whole cell currents. In contrast, stimulation of the opioid receptor resulted in 
decreased α1A and α1B whole cell currents (by ~ 20% and ~55%, respectively).
Similar to that for native calcium currents, the decrease in α1A and α1B currents was 
accompanied by a significant slowing of the rate of activation. The fast onset of the 
effects (1 to 2 sec) and the prevention by pertussis toxin and GDPβS are suggestive of 
a membrane delimited direct G protein effect. The G-protein-dependent inhibition 
was voltage-dependent and was partially relieved by application of strong 
depolarizations. Examination of the role of coexpression of calcium channel α2 and β
subunits showed that in the absence of a β subunit the G-protein-dependent inhibition 
of the α1A current was significantly increased (to ~ 70%). Comparison of different 
neuronal β subunits indicated that the response to G-protein activation is dependent 
upon the nature of β subunit coexpressed. The possibility that the β subunit and 
activated G-protein interact at overlapping sites on the calcium channel is being 
investigated.

214.10

SPEED OF G-PROTEIN-MEDIATED INHIBITION OF Ca2+ CHANNELS 
BY NEUROTRANSMITTERS IN RAT SYMPATHETIC NEURONS. J-Y. 
Zhou, M.  S. Shapiro and B, Hille* Physiology and Biophysics, Univ. of 
Washington, Seattle, WA 98195.

We studied the rate of inhibition of N-type Ca2+ channels in adult rat superior 
cervical ganglion (SCG) neurons by several neurotransmitters, using the whole-cell 
patch clamp, in 5 mM external Ca2+. With a local perfusion pipette, which completely 
changed the bathing solution within 40 ms, we measured the time course of inhibition 
of Ic a  by norepinephrine (NE), oxotremorine-M (oxo-M, a muscarinic agonist) and 
somatostatin (SS). The agonists were applied at various times before a brief 
depolarization from = -80 mV to elicit lCa. At maximally inhibiting
concentrations, τNe  (20 pM) was 607 ± 63 ms, and τSS (500 nM) was 2360 ± 85 ms. 
Oxo-M inhibits lCa via two (fast and slow) G-protein pathways in SCG neurons. 
Isolating these pathways yielded τoxo 904 ± 92 ms for the fast one and 6700 ±1100 
ms for the slow one at 20 pM. The concentration dependence of is shown in the 
figure(τon, • )• To estimate what fraction of τNE is due to the time for the presumed G 
protein/channel association, we measured re-inhibition kinetics in the presence of 
several concentrations of NE, using a double-pulse protocol where ICa at various times 
after a strongly depolarizing pre-pulse 
was compared to ICa without a pre-pulse. 10 
These time constants are also shown in ^  
the figure(Xn, ▼). Clearly some earlier E. 
step(s) contribute significantly to the ® 5 
overall Xj^g. Supported by NS08174, , **
and the McKnight and W.M. Keck 
Foundations.

0*
P1



516 CALCIUM CHANNELS: PHYSIOLOGY, PHARMACOLOGY AND MODULATION I MONDAY AM

214.11

PROTEIN KINASES ATTENUATE TWO MEMBRANE-DELIMITED G-PROTEIN 
PATHWAYS MODULATING Ca2+ CHANNELS, SPARING A SECOND- 
MESSENGER PATHWAY. M. S. Shapiro*. J-Y. Zhou and B. Hille. Physiology and 
Biophysics, Univ. Washington, Seattle, WA 98195.

Several labs report attenuation by phorbol esters of a ubiquitous G-protein pathway 
that inhibits neuronal N-type calcium currents (Ic a ) via a membrane-delimited, 
voltage-dependent and PTX-sensitive mechanism. We studied the effects of 
pretreatment with phorbol 12-myristate 13-acetate (500 nM PMA, 2-3 min) on 
neurotransmitter-induced inhibition of N-type Ca2+ and M-type K+ currents in adult 
rat superior cervical ganglion (SCG) neurons using the whole-cell patch clamp in 5 mM 
external Ca2+. We tested three of five G-protein signaling pathways that inhibit ion 
channels in SCG neurons. Inhibition of ICa by norepinephrine (10 µM NE) and by 
somatostatin (250 nM SS) was attenuated by about one-half in neurons pretreated with 
PMA but was normal in neurons pretreated with 4-a-phorbol, an inactive analog. NE 
acts dually via the ubiquitous G-protein pathway and one similar to it that is PTX 
insensitive. After pretreatment with N-ethylmaleimide (50 µM  NEM, 2 min) to block 
PTX-sensitive G proteins, we found the PTX-insensitive NE pathway was still 
attenuated by about half by PMA. Muscarinic agonists also use two pathways in SCG 
neurons: the ubiquitous one and a different one that is PTX insensitive, uses an 
unknown second messenger and inhibits M currents as well as Ca2+ channels. PMA 
was without effect when used with NEM to test PTX-insensitive lCa inhibition by 
muscarinic agonists, and it had no effect on M current or its suppression by muscarinic 
agonists. Protein kinases are implicated in PMA action since pre- and co-treating 
neurons with staurosporine (1 µM, pipette and bath, 2 min), a broad-spectrum kinase 
inhibitor, blocked the attenuation by PMA of ICa inhibition by NE and SS. However, a 
specific protein kinase C pseudosubstrate inhibitor (20 pM PKC 19.35, 8-15 min in the 
pipette) only modestly blocked PMA action, leaving unresolved the identity of the 
kinase. Supported by NS08174, and the McKnight and W.M. Keck Foundations.

MOTOR SYSTEMS: CORTEX

215.1

RECEPTIVE FIELDS OF NEURONS IN ANTERIOR SOMATOSENSORY CORTEX 
DEFINE RESPONSES TO PREHENSION OF OBJECTS . E.P. Gardner*. S. Ghosh+. 
C.E. Kops. J. Wirth and J.Y. Ro. Department of Physiology and Neuroscience, 
NYU Medical Center, New York, NY 10016, and +Department of Physiology 
and Pharmacology, University of Queensland, St. Lucia, Australia.

Single unit recordings were made in parietal cortex while monkeys 
grasp and lift knobs (spheres, cylinders, cubes and rectangular blocks) in 
response to visual cues. Videotapes of hand movements were digitized to 
allow frame-by-frame correlation of activity with neuronal firing patterns. 
The firing patterns of neurons in areas 3b and 1 differ during phases of the 
task, depending upon the receptive field location on the hand. Neurons with 
receptive fields on the digit tips typically show phasic responses. They fire at 
high rates during initial contact as fingers move and encompass the knob. 
The firing rate diminishes during the grasp and lift stage, especially against 
loads. Most show little sensitivity to the object shape, signalling instead 
parameters of hand motion as the fingers scan its surface. However, object 
size modifies firing, as cells respond better to small knobs held in a precision 
grip than to large objects held in a power grip. These neurons show rapidly- 
adapting responses to passive stimuli, and respond more vigorously to 
stroking than tapping the skin. Cells with receptive fields on the proximal 
phalanges and the palm are more vigorously excited during grasp and lift 
stages when the hand does not move with respect to the surface of the object, 
than during the positioning phase. Their firing rates are higher when the 
hand is actively grasping than when passively resting in the same posture. 
Responses to edged objects are stronger than to rounded ones. These cells 
usually have slowly-adapting responses to passive stimuli. These findings 
suggest that object size may be encoded by location in the somatotopic map: 
large objects preferentially activate palmar regions, whereas small objects 
activate the digit representation. (Supported by N1NDS Grant NS11862).

215.3

SELF-ORGANIZATION M ODELING OF FIRIN G  ACTIVITIES IN 
PRIMATE MOTOR CORTEX. S. Lint and J . Si† D ept. of Electrical 
Engrg., Arizona S tate University, Tempe, AZ 85287; A. B. Schw artz†. The 
Neurosciences Institu te , 10640 John Jay  H opkins Drive, San Diego, CA 
92121; G. T. Yamaguchi*†. D ept. of Chemical, Bio and M aterials Engrg., 
Arizona S tate University, Tempe, AZ 85287. †The W hitaker Center for 
Neuromechanical Control, Arizona S tate University, Tempe, AZ 85287.

Neurophysiological investigation of cerebral activity  during  monkey 
arm movements has shown th a t cells in the prim ate motor cortex fire in 
such a way th a t a neural representation  of the arm 's trajectory can be 
extracted from the discharge patterns. The population vector algorithm 
has been developed to combine th e  sim ultaneous d irec tion-re la ted  
activities of a population of motor cortical neurons to predict the trajectory 
of the arm  movement. In  the  present paper, a self-organizing network 
was applied to investigate the m ovem ent-related featu res in the  motor 
cortical discharge patterns. Kohonen feature m apping was used to select 
the optimal set of weights in the model to determ ine the contribution of 
individual neurons to the overall movement. The correspondence between 
the movement directions and discharge pa tte rn s  of the motor cortical 
neurons w as estab lished  in  a self-organizing  m ap. The topology 
preserving property of the self-organizing maps was used to analyze real 
recorded data  of behavioral monkeys. The da ta  used in  th is  analysis 
were taken  while the monkey was moving in eight different directions 
and when the monkey was draw ing spirals, respectively.

215.2

NEURONS IN AREAS 2 AND 5 DEMONSTRATE COMPLEX RESPONSES TO 
PREHENSION OF OBJECTS. T.Y. Ro*. S. Ghosh+. C.E. Kops. J. Wirth and E.P. 
Gardner. Dept. of Physiol. & Neurosci., NYU Med. Center, NY, NY 10016, 
and +Dept. of Physiol. & Pharmacol., Univ. Queensland, St. Lucia, Australia.

Neurons in areas 2 and 5 were characterized in the same prehension task 
used to study areas 3b and 1. Posterior cortical responses are more complex 
and receptive fields are difficult to define. Most units responded more 
vigorously during use of the hand than when stimulated passively, and 
appear to integrate cutaneous and proprioceptive inputs. Many showed 
differential responses to object size and shape, preferring a large round knob. 
These neurons tend to be more active during grasp and lift than during 
scanning the knob. Another type responds more vigorously to touch when 
the fingers are extended than when flexed. These cells are excited when the 
extended fingers press on a flat surface and inhibited during active grasp of 
objects. A third group requires placement of several fingers on the object, as 
in the precision grip where contact of both the thumb and index finger is 
required. Still others sense hand posture on the knob as well as skin contact. 
A fifth group is inhibited during active prehension; these neurons are most 
active when the hand assumes its relaxed flexed posture. Finally we 
observed cells that are active only during performance of the task. These 
task-specific cells fire as the hand approaches the object with fingers 
extended and preshaped. The response increases upon contact, and is 
sustained during grasp and lift. These data support the notion of cyclic 
parallel processing of som atosensory inform ation during  tactile 
manipulation and prehension. Activity begins in area 5 when the hand is 
preshaped and approaches the object. Skin contact provides the signal for 
finger flexion necessary for grasp. Reciprocal interactions between sensory 
and motor areas argue against hierarchical serial processing of information 
in posterior parietal areas. (Supported by NINDS Grant NS11862).

215.4

SELECTIVE SPATIO-TEMPORAL FIRING PATTERNS IN THE MOTOR 
CORTEX DURING A REACTION-TIME TASK. A.E.P. Villa*1. I.V. 
Tetko2. A. Riehle3, and J. Requin3. 1-Lab. de Neuro-heuristique, Institut de 
Physiologie, UNIL, CH 1005 Lausanne, Switzerland; 2-Inst. Bioorganic & 
Petroleum Chem istry, Kiev-660, Ukraine; 3-Cognitive Neuroscience 
Laboratory, CNRS, F-13402 Marseille Cedex 20, France

The activity of multiple single neurons, recorded simultaneously from the 
primary motor cortex (Ml) of two monkeys performing a reaction-time task, 
was studied by applying a new technique for comprehensive search of firing 
patterns. A task trial consisted of the following: (1) w arning signal; (2) 
preparatory period (PP) lasting 600, 900, 1200, or 1500 ms; (3) pointing 
m ovement to a target light. The pattern analysis was based on a 
probabilistic com binatorial algorithm  for precise estim ation of the 
expected number of spatio-temporal patterns of firing (with an accuracy of 
1 ms) that can be found by chance. Standard burst and rate filtering 
procedure was also improved by a new heuristic algorithm, based on the 
Poisson distribution and characterized by only a single adjustable 
parameter. We analyzed the firing properties of 51 groups of neurons 
corresponding to 211 spike trains. Discharges during PP was compared with 
discharges during spontaneous activity (intertrial periods). Most groups 
(34/51) were characterized by a significant excess of patterns during 
spontaneous activity, which remained significant during PP only in 8/34 
groups. Interestingly, we found 2 groups of 4 units exhibiting significant 
excess of patterns exclusively during PP. These results suggest that the 
temporal structure of the spike train is an important feature of the changes 
that M l neurons undergo in reaction time-tasks.

Sponsored by Swiss grants 31-37723.93 and 7.UKPJ.041507.
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215.5

SY N C H R O N IZA TIO N  BETW EEN  TRA N SC O R TIC A L FIELD 
POTENTIALS OF THE VISUAL, PARIETAL AND MOTOR CORTEX IN 
THE AWAKE CAT. P. R. Roelfsema. A. K. Engel. P. König* and W. 
Singer. M ax-Planck-Institute for Brain Research, Deutschordenstr. 46, 
60528 Frankfurt, Germany

It has been proposed that synchronization with a millisecond precision 
plays an important role in the integration of distributed neuronal activity. 
In anesthetized cats synchronization between neuronal responses occurs 
within a single visual area, and also between different visual areas. Also in 
the awake monkey synchronization has been found between different areas 
of the visual cortex, areas of the somatosensory and motor cortex, and even 
between areas of the visual and motor cortex. In the present study, we 
investigated the interactions between transcortical field potentials of the 
visual, parietal and motor cortex of awake behaving cats. The animals were 
trained to push and release a lever in response to visual stimuli for a food 
reward. When the animals performed the task reliably, transcortical 
electrodes were implanted chronically in various areas of the visual, parietal 
and motor cortex. In the episodes that the animals paid attention to the 
visual stimuli, precise synchronization occurred between various areas of 
the visual cortex, and this synchronization was particularly strong in the 
interval between the visual stimuli and the subsequent behavioral responses. 
Interactions between areas of the visual, parietal and motor cortex were also 
characterized by synchronization with a millisecond precision. During 
food reward, however, precise synchrony was not preserved, but large phase 
shifts occurred between low frequency EEG rhythms that developed 
simultaneously in the visual and parietal cortex. These changes in the 
interactions were also observed in spike triggered averages of the 
transcortical field potentials. The enormous changes in the pattern of 
interactions under different behavioral conditions indicate that the 
interareal interactions are highly flexible, and suggest that interareal 
synchronization may play an important role in visuomotor integration.

215.7

NEURAL SUBSTRATE FOR EFFECTS OF REHABILITATION ON 
MOTOR RECOVERY FOLLOWING FOCAL ISCHEMIC INFARCT. R.J. 
Nudo*. B.M. Wise, and F. S iFuentes. D ept. of Neurobiology & Anatomy, 
Univ. of Texas Medical School, Houston, TX 77030.

Our previous studies have examined spontaneous reorganization in 
the hand representation of prim ary motor cortex (area 4) following small 
lesions created by ischemic infarct. The results showed decreases in the 
areal extent of spared digit representations adjacent to the lesion and 
increases in adjacent proximal representations. In the present study, we 
examined the neurophysiological and behavioral consequences of physical 
rehabilitation following ischemic infarct. A dult squirrel monkeys were 
trained  daily on a task  requiring fine digit m anipulation (Klüver board). 
The monkeys were restricted to using the ir preferred hand. Criterion 
performance levels were achieved w ithin a few weeks. Then intracortical 
microstimulation (ICMS) techniques were used in area 4 contralateral to 
the preferred hand to derive detailed maps of the representations of distal 
forelim b m ovem ents, and re p re sen ta tio n s  of ad jacen t proxim al 
movements. Focal ischemic infarcts were created by electrocoagulation of 
a small vascular bed supplying a portion of th e  hand  representation. 
Within a few days, post-infarct re-training was begun. While each monkey 
initially displayed a mild to m oderate deficit in pellet retrieval from small 
food wells, recovery to pre-infarct performance levels was achieved within 
a few weeks. Then ICMS mapping procedures were repeated. The results 
show th a t behavioral recovery was accompanied by an areal expansion of 
the spared hand represen tations into the  ad jacent cortical te rrito ry  
formerly occupied by proximal representations. These results suggest tha t 
following a sm all ischem ic in fa rc t, physical rehab ilita tio n  shapes 
subsequent reorganization in the adjacent in tac t cortex, and th a t this 
neural substrate plays an im portant role in motor recovery.
Supported by NIH NS 30853. This work was done during the tenure of an 
Established Investigatorship from the American H eart Association.

215.9

PLASTICITY OF M OTOR CORTEX ELICITED BY  
TRAINING OF SYNCHRONOUS M O VEM ENTS OF HAND  
AND SHOULDER. Leonardo G. Cohen*. Christian Gerloff. 
Katsunori Ikoma and Mark Hallett. Human Cortical Physiology 
Unit, Human Motor Control Section, NINDS, National Institutes of 
Health, Bethesda, MD 20892.

Rearrangement of timing of inputs in somatosensory and auditory 
systems induce cortical plasticity (Merzenich et al. Ann N Y Acad 
Sci, 682, 1-22). We investigated whether attempts to activate 
muscles simultaneously would induce changes in their motor cortical 
representations.

Deltoid and abductor pollicis brevis (APB) muscles were mapped 
twice a day in 6 normal volunteers using transcranial magnetic 
stimulation. In each mapping session, we determined motor 
thresholds (T= 100%); cortical maps and centers o f gravity (COG). 
We used magnetic stimulation delivered through an 8-shaped 
magnetic coil (intensity T 110%). The subjects were trained between 
the two mapping sessions to activate both muscles simultaneously . 
Feedback information on EMG onset times was available after each 
trial. On separate days, the subjects performed only non- 
simultaneous muscle activations between mapping sessions.

APB (n=6) and deltoid (n=5) maps were larger each day after 
training. The COG for APB shifted medially and for deltoid laterally 
on training days. In one subject who was trained on 4 consecutive 
days, these effects were seen each of the four days. We conclude that 
training to change the timing of execution o f two motor acts can 
enhance their motor representations leading to greater overlapping, 
perhaps due to enhancement o f a population of cortical motoneurons 
that excite both muscles.

215.6
EVOLUTION OF PREFERRED DIRECTIONS IN THE SUPPLEMENTARY 
EYE FIELD DURING CONDITIONAL OCULOMOTOR LEARNING. S.P. 
Wise* and L.L. Chen. Lab. Systems Neurosci., NIMH, Poolesville, MD 20837

We assessed the preferred directions (PDs) of supplementary eye field (SEF) 
neurons during and after the acquisition of conditional oculomotor associations. 
Two rhesus monkeys learned to associate 1 of 4 saccades (or saccade targets) — 7° 
up, down, left or right from center — with centrally and foveally presented visual 
instruction stimuli (IS). The ISs were either familiar or novel. Each neuron's 
activity was analyzed as a separate case for each of 4 task periods (IS on, instructed 
delay, pre- and post-saccade), and each case was designated task-related if mean 
discharge rates during the appropriate task period differed significantly from pre-IS 
activity. Significant time-trends in neuronal activity were observed in SEF as the 
monkeys chose the correct response more frequently (Chen and Wise, J. 
Neurophysiol. 73: 1101, 1995). This evolution in task-related discharge often 
correlated either directly or inversely with learning.

We examined 67 SEF cases for which it was possible to study conditional 
oculomotor learning for all 4 saccade directions. Of these, 22 cases showed 
significant PDs for familiar-stimulus trials. Only 8 of these 22 cases (36%) 
maintained the same PD throughout learning, although most (86%) maintained 
some directional bias at all times. The PD often changed during learning, 
reorienting to that for familiar-stimulus trials after the monkey had mastered the 
initially novel conditional motor association. The remaining 45 cases were either 
nondirectional (13) or lacked task-related activity (32) for familiar-stimulus trials. 
Although these 45 cases lacked a PD for well-learned associations, 31 (69%) of 
them showed a significant PD during the course of learning. These findings 
demonstrate pervasive lability of SEF PDs as monkeys learn arbitrary associations 
between actions and stimuli. Such lability may underlie the flexible response- 
selection capacity of the premotor cortical network.

215.8

SHARED HAND M OVEM ENT REPRESENTATIONS IN HUMAN 
PREMOTOR AREA REVEALED BY FUNCTIONAL MRI. J. N. Sanes*. J. P. 
Donoghue. V. Thangarqj, R. R. Edelman. S. Warach. Dept. Neuroscience, Brown 
University, Providence, RI 02912, Depts. Radiology and Neurology, Beth Israel 
Hospital, Harvard Medical School, Boston, MA 02115.

Representations for different hand movements in human primary motor cortex 
(MI) spread across a wide expanse of the precentral gyrus in an overlapping 
pattern. Whether this pattern also occurs for hand movement representations of 
human premotor area (PMA) remains unclear. These experiments examined hand 
movement representations in PMA using functional MRI. Relative cerebral blood 
flow of humans was measured with EPISTAR MR imaging. Proximal arterial 
blood was tagged with a radio frequency inversion pulse and locally measured in 8 
mm slices using echo planar imaging. During each 50 sec EPISTAR acquisition, 
subjects fixated a central spot while continuously moving the thumb, index finger, 
ring finger or wrist of the dominant hand. Functional MR images were obtained 
from four to five horizontal slices. Finger and wrist movements activated sites in 
the contralateral PMA (defined as the region immediately anterior and posterior to 
the precentral sulcus) that spanned 2-3 slices and distributed from the precentral 
sulcus fundus to the lateral brain surface. Representations for different 
movements had no discernible or ordered organization to separate finger from 
wrist sites. Instead, movement activated distinct territories with areas of overlap 
and with multiple separable foci. Activation occurred in the ipsilateral PMA, but 
less so than for contralateral PMA. In comparison to MI, the PMA activation 
pattern exhibited less proportionate activated volume in fewer slices and less 
representational overlap. These data support the view that non-primary motor 
cortex of humans, like MI and other central motor areas, has widespread 
movement representations. An overlapping cortical movement representational 
pattern may be useful for forms of motor learning that have recently been ascribed 
to PMA and MI. Support: NIH AG 10634, NS01634, and NS25074 and Harcourt 
General Charitable Trust.

215.10

PET IMAGING OF HUMAN MOTOR LEARNING
Brashers-Krug, T.*,1,2, Krebs, H.1’8, Rauch, S.5,6,7, Savage, C.*5,6,7, Rubin,
R.5,7, Alpert, N.5,7 Fischman, A.5,7, Hogan, N.1,4, Bissi, E.1,2
1MIT; 2Dept. of Brain and Cog. Sci.; 3Dept. of Ocean Eng.; 4Dept. of 
Mech. Eng.; ‘ Mass. Gen. Hosp.; 6Dept. of, Psychiatry; 7Dept. of Radiology 

Imaging studies of both explicit and implicit learning tasks in humans 
have suggested that distinct neural systems are involved in early and late 
phases of learning. Here, we report on the progression of neural activations 
in subjects as they learned a novel sensorimotor transformation. Subjects 
moved the handle of a portable robotic arm (MIT-MANUS) to a series of 
targets. 0 1k-CO2 was used to perform repeated PET determinations of re
gional cerebral blood flow (rCBF) on 8 right-handed, adult male subjects. 
PET brain images were transformed to the standard anatomy of Talairach. 
PET SPMs were generated with a threshold for significance set at Z =  3.0. 
Scans from three conditions were compared. 1) In the baseline condition, we 
scanned as subjects moved the handle to the targets. 2) In the early learn
ing condition, scans were taken as subjects moved to the targets while the 
robotic arm perturbed their movements with directional velocity-dependent 
forces. 3) In the late learning condition, we acquired scans after subjects 
practiced the task and were able to guide the handle accurately to the tar
gets despite the presence of the perturbing forces. We observed distinct 
patterns of rCBF in the early and late learning minus baseline conditions. 
We comment on a few of the activations here. As subjects became skilled at 
the motor task, activations shifted from bilateral parietal multimodal senso
rimotor areas to left-sided motor and premotor cortical areas. The plasticity 
of the human sensorimotor system has been demonstrated in a number of 
paradigms. Our results suggest that distinct neural systems are involved in 
sequential stages of sensorimotor plasticity. ONR N00014/90/J/1946,NIH 
AR40029,AR26710,GCRC Grant M01RR00088,Burke Inst. for Med. Res.
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215.11

MOTOR REPRESENTATION FOR REAL OBJECT GRASPING  
INVOLVES ROSTRAL SMA, PREMOTOR AND PARIETAL AREAS: 
A PET STUDY. S.T. Grafton*. M.A. Arbib. A.H. Fagg. and G. 
Rizzolatti. PET Imaging Science Center, University of Southern 
California, Los Angeles, CA 90033.

When normal subjects imagine grasping virtual objects, parietal and 
ventral premotor areas are activated, suggesting that movements may be 
represented in these sites. We sought to determine if imagined grasping 
of real objects recruits similar areas. The PET rCBF brain imaging 
technique was used with 7 right handed young adults. For all scans, 
familiar, stationary real objects were presented in clear view every 4.6 
seconds. Subjects imagined grasping the objects with a natural grip of the 
right hand in 2 scans (90 sec) and merely observed the objects in 2 
control scans. No real movements were made in any scan. Three way 
ANOVA (subject, task, repetition) was used to identify task related areas 
of increased activity during imagined grasping. At a threshold of p <
0.001 contralateral rCBF increases were located in the rostral SMA (at the 
vertical AC plane) and adjacent cingulate cortex, as well as dorsal and 
ventral premotor, primary motor, posterior parietal and intraparietal 
sulcus areas. Ipsilateral activations were present in cerebellar cortex, 
caudate and anterior parietal cortex. The rostral location o f the SMA  
rCBF increase is concordant with an area observed to be active during 
ideation o f other movements such as finger tapping as well as the control 
of complex real limb movements. The location o f rCBF changes in dorsal 
parietal cortex (rather than temporal cortex) suggests recruitment o f a 
dorsal “pragmatic “ processing stream. The findings also demonstrate 
that the motor representation for natural grasping of real objects is 
distributed in both parietal and frontal cortical systems.

215.12

INVOLVEMENT OF PRIMARY SENSORIMOTOR CORTEX IN 
MOTOR IMAGERY: A NEUROMAGNETIC STUDY. A. Schnitzler*.
S. Salenius. R. Salmelin. V. lousmaki and R. Hari. Low Temp. Lab., 
Helsinki Univ. of Technology, 02150 Espoo, Finland and *Dept. of 
Neurology, Heinrich-Heine-Univ., 40225 Diisseldorf, Germany.

Several cortical and subcortical areas have been shown to be active 
during motor imagery, similarly as during intentionally executed  
action. However, the role of the primary sensorim otor cortex in 
m otor im agination  has not been estab lish ed . We recorded  
sensorimotor oscillatory and evoked activity from 7 healthy right- 
handed subjects with a 122-channel whole-head neuromagnetometer 
during imagined and actual movements. In all conditions, the right 
median nerve was stimulated at the wrist once every second.

During rest, som atosensory evoked fields (SEFs) w ere accom
panied by suppression and subsequent rebound of oscillations in the 
sensorimotor hand area, mainly in the 20-Hz band and with contra
lateral dominance. Overt m anipulation of objects suppressed the 
rebound bilaterally  and changed SEFs in the contralateral 
hemisphere markedly. During imagined manipulation of an object 
the rebound was clearly reduced, predominantly in the contralateral 
hemisphere, whereas no change was observed in the SEFs. SEFs 
remained unchanged also during isom etric finger extension; 
however, the rebound of oscillations clearly exceeded that during 
motor imagery. During im agery, EMG activity w as negligib le  
compared with that during finger extension task. Imagination of 
movement thus includes changes of neuronal activity in the primary 
sensorimotor cortex.
S upported by BIRCH Large-Scale Facility (EC HCM  Program m e).

OCULOMOTOR SYSTEM: SMOOTH PURSUIT AND VESTIBULOOCULAR REFLEX

216.1

DYNAMIC RESPONSE OF THE HUMAN SMOOTH PURSUIT SYSTEM TO 
TARGET POSITION AS STIMULUS. J. Pola* and H. J. Wvatt. Schnurmacher 
Inst. for Vision Res., SUNY College of Optometry, New York, NY 10010.

Several studies have suggested that target position relative to the fovea can 
serve as a stimulus for smooth pursuit eye movement (Pola & Wyatt, 1980; 
Morris & Lisberger, 1987). However, little is known about the dynamics of the 
response to target position and whether the response can occur at the onset 
of pursuit or only after pursuit is well under way. Methods. Subjects attempted 
to pursue a target that suddenly began moving horizontally at either 6 or 12 
deg/sec. After 0.2,0.5 or 1.0 sec of this ramp target motion, the target jumped 
2 deg ahead of the fovea where it became stabilized on the retina. On some 
trials the target, instead of first moving smoothly, simply jumped 2 deg ahead 
and became stabilized. 40% of the trials consisted of ramp motion with no 
jump. Results. A smooth pursuit response occurred to the target jump whether 
the jump occurred at the beginning of the trial or after one of the three time 
delays. The response (saccades removed) can be roughly characterized as 
an exponential increase in eye velocity. For a given subject, the time constant 
of the exponential (τ = 0.5s) and plateau velocity was about the same for all 
time delays. Furthermore, the plateau velocity was independent of initial target 
velocity. Conclusions. The human smooth pursuit system can respond to 
target position at the onset of pursuit or at any time during the course of 
pursuit. The invariance of the response across conditions suggests that the 
response is processed by well-defined internal dynamics. All of the above 
features of the pursuit response can be simulated by a simple model of the 
smooth pursuit system with target velocity and position inputs, and an internal 
positive feedback loop.

(Supported by SIVR Grant #93-94-051)

216.3

ADAPTATION OF THE PHASE OF THE LINEAR VOR AT LOW FREQUENCY. 
D. S. Zee*. M. Shelhamer. P. D. Kramer. D. C. Roberts. Johns Hopkins University, 
School of Medicine, Baltimore, MD 21287.

The gain of the angular VOR (AVOR) can be adaptively modified by continuous 
exposure to a visual-vestibular mismatch. We have recently demonstrated a robust 
adaptation of the phase of the AVOR using similar stimuli. Here, we demonstrate 
adaptation of the phase of the linear VOR (LVOR).

Five subjects were oscillated laterally at 0.5 Hz, 0.3 g peak acceleration, while 
sitting upright on a linear sled. LVOR was assessed before and after adaptation with 
subjects tracking the remembered location of a target at 1.2 m in the dark. Sled 
motion began in the dark to eliminate the effects of predictive pursuit. Phase was 
measured by removing saccades from the EOG eye movement records, and fitting 
sine waves to nine cycles of tracking. The first cycle was omitted due to stimulus 
acceleration transients. Sled and eye position were compared to each other.

To train the phase of the LVOR, the subject viewed a scene fixed in space (xl 
viewing), calling for a phase of zero deg (compensatory). Adaptation lasted 20 min, 
during which subjects were oscillated with the same motion profile as for testing.

The LVOR always had a phase lead (eyes with respect to head). This lead was 
idiosyncratic, varying from 8.5 to 47.4 deg before training, and from 0.7 to 34.5 deg 
after training. All subjects showed a decrease in phase lead — adaptation toward zero 
phase shift — as a result of the training paradigm. The mean change in phase was 13.7 
deg (range 7.3 to 32.3 deg), which is significant (ANOVA, P<0.0001). Cycle-to- 
cycle variance in phase also decreased significantly in 4 of the 5 subjects (P<0.03).

AVOR phase adaptation has been linked to the function of the velocity-position 
integrator of the oculomotor system. Comparison of the results of AVOR and LVOR 
phase adaptation may provide information on the signal processing that is performed 
to generate the translational LVOR.

Supported by NIH Grant P60-DC00979 and NASA Grant NAGW-2874.

216.2

ADAPTATION OF THE GAIN OF THE ANGULAR VESTIBULO-OCULAR 
REFLEX WHEN RETINAL SLIP IS ZERO. M. Shelhamer*. B. Ravina. P. D. 
Kramer. Johns Hopkins University, School of Medicine, Baltimore, MD 21287.

Adaptation of sensorimotor functions is necessary to compensate for physiological 
changes due to growth, aging, and disease. The nervous system must be able to 
determine that a change in the gain of the VOR is needed so that the appropriate 
adaptive modification can be made. Motion of images across the retina (retinal slip) 
is considered to be an important component of this signal. We investigated this 
hypothesis by using a stimulus (a foveal after-image) that produced no retinal slip yet 
produced a drive to change the gain of the VOR.

Three subjects were each rotated at 0.2 Hz for 30 min. Approximately every three 
minutes, a foveal after-image was refreshed by stopping the rotation and having the 
subject look at an LED target while a camera flash tube was triggered. When the 
subject was told to actively track the motion of the after-image, the amplitude of the 
VOR increased immediately. This served as a stimulus to adaptively increase the 
gain. When the subject was told to keep the after-image in front of his head, the 
amplitude of the VOR decreased immediately. This was a gain decrease stimulus. 
VOR gain before and after adaptation was measured during 0.2 Hz rotation in the 
dark as the subject attempted to maintain gaze at the remembered location of a point 
fixed in space.

After adaptation, the gain was found to increase by 18% or to decrease by 19%, 
depending on the instructions given to the subject. Adaptive changes in gain were 
correlated with the amplitude of the VOR during the adaptation period.

The results indicate that motor learning in the VOR does not require retinal slip. 
Smooth pursuit -  presumably used to augment or to diminish the VOR during after-
image tracking -  can serve as an error signal that indicates that the VOR needs 
adaptive correction.

Supported by NASA Grant NAGW-2874 and NIH Grant P60-DC00979.

216.4

SHORT-LATENCY OCULAR FOLLOWING: DEPENDENCE ON BINOCULAR 
HORIZONTAL DISPARITY. C. Busettini*, F. A. Miles, and G. Masson. Lab. of 
Sensorimotor Research, National Eye Institute, Bethesda, MD 20892.

Movements of the visual scene elicit ocular following at short latency. It has been 
suggested that the underlying tracking system may help stabilize gaze in a world with 
3-dimensional structure by responding preferentially to images in the plane of fixation 
(Howard & Simpson, 1989; Miles, Schwarz & Busettini, 1992). Accordingly, we 
tested the dependence of early ocular following on binocular horizontal disparity in 
two humans and two monkeys. Subjects faced a tangent screen onto which two 
identical random dot patterns subtending 80°x80° were back-projected. Orthogonal 
polarizing filters in the two projection paths ensured that each of the two eyes saw 
only one of the patterns, movements of which were achieved with mirror 
galvanometers. Stimuli were step-ramps applied in the wake of 10° centering 
saccades: steps were disconjugate (disparities ranging 0-12.8°) and served to position 
the scene with respect to the plane of fixation, whereas ramps were conjugate (40°/s, 
leftward & rightward, with durations of 100ms for monkeys and 200 ms for humans) 
and served to elicit ocular following. Shutters in the two projection paths allowed a 
brief blanking of the images (< 15 ms) during the onset of the step-ramp to eliminate 
any differential smear due to the step; such blanking had little effect on early ocular 
following.

Ocular following of all 4 subjects showed strong modulation with disparity, with 
effects on initial eye acceleration and latency, mostly the former in monkeys and the 
latter in humans. Initial eye accelerations were greatest (and latencies shortest) when 
the scene was imaged in the immediate vicinity of the plane of fixation. Eye 
accelerations decreased and latencies increased when the scene was imaged outside 
the plane of fixation, effects reaching a maximum with a disparity of 3.2° (crossed or 
uncrossed). In some cases, there was slight recovery with further increases in 
disparity (Mexican hat vs. bell profile), possibly reflecting active inhibition outside 
the plane of fixation or default responses to uncorrelated images. In sum, the data 
indicate that the motion detectors mediating early ocular following in both monkeys 
and humans are sensitive to binocular disparity.
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216.5

EFFECT OF TARGET DISTANCE AND ECCENTRIC ROTATION 
ON HUMAN HORIZONTAL VESTIBULO OCULAR REFLEX (VOR).
B. T. Crane. E. S. Viirre*. and J. L. Demer. Jules Stein Eye Institute and 
Department of Neurology, University of California, Los Angeles, CA 90095-7002.

During vertical axis eccentric rotation, the head experiences combined linear and 
angular acceleration, requiring VOR gain to exceed 1.0 to stabilize retinal images of 
earth-fixed near targets. We studied the effects of vergence, target distance, and axis 
eccentricity on gain, phase, and initiation properties of the human horizontal VOR.

Six adults underwent recordings of binocular eye and head movements using 
magnetic search coils. Subjects were rotated eccentrically in a servo driven chair, 
with eyes 20 cm and otoliths 13 cm in front of the axis of rotation, or 
oculocentrically with the otoliths 7 cm behind the axis of rotation. Subjects 
visualized targets at 10 cm or at 6m from the eyes [VVOR], and were asked to 
remember the same targets in darkness [VOR]. Rotational stimuli included sinusoids 
at 0.8-2.0 Hz, peak velocity 30°/s, and pseudorandom impulses (200-300°/s2). 
Impulse data were analyzed for 25-80ms after rotation onset, thus prior to visual 
feedback. Results were simulated using otolith data of Fernandez and Goldberg (1976).

With eccentric sinusoidal rotation, VVOR gain with near targets was markedly 
enhanced to ~2.6 (ideal value is 3), but VOR gain was only slightly enhanced to 1.2 
as compared with 1.0 in the far target condition (P<0.0001); phase lag was observed 
with increasing frequency. For impulses of eccentric rotation, VVOR and VOR gains 
in the first 80 ms were slightly increased from 0.87 to 1.05 with the near target 
(P<0.001). During oculocentric rotation, VVOR and VOR gains during near target 
fixation were lower than far target fixation (P<0.0001). A phase lead was observed at 
high frequencies. Vergence changes were not correlated with VOR gain changes.

During eccentric yaw rotation, a short-latency, non-visual mechanism effects a 
small but significant VOR gain increase for near targets. This mechanism can be 
quantitatively simulated by a linear interaction of canal with otolith signals scaled by 
target distance, accounting for phase error changes during oculocentric as compared 
with eccentric rotation. Visual feedback is required to increase gain to near ideal levels.

Supported by MSTP, NEI EY-08656, and Research to Prevent Blindness.

216.7

INFERIOR OLIVARY ACTIVITY DOES NOT CHANGE DURING VISUO- 
MOTOR LEARNING. E. Marsh* and R. Baker. Department of Physiology and 
Neuroscience, NYU Medical Center, NY, NY, 10016.

Inferior olivary signals to cerebellar Purkinje cells were quantitatively characterized 
throughout adaptation of visuo-motor behavior by recording single unit responses of 
complex spike (CS) activity in alert goldfish. CS discharges were analyzed during 
visual velocity steps, visuo-vestibular interactions, and the vestibulo-ocular reflex. 
CS activity of P-cells (n=l 1) were modulated using a projected random dot pattern 
rotated about the vertical axis. Five types of P-cells with CS that are visually 
responsive have been identified by difference in their combined eye/head simple 
spike sensitivities. In all cases, CS modulated with nasally directed rotation of the 
visual pattern. The resting firing CS rate (n=5) was 1.0 ± 0.7 sp/s. With visual 
stimulation, firing rates were calculated for an early (0-.5s) and late window (.5-4s) 
by generating a peristimulus time histogram and averaging over 40 cycles the number 
of spikes in the selected time intervals. A large transient increase (3.4 ± 1.2 sp/s) was 
found in the early window, and this “dynamic sensitivity” was independent of either 
stimulus amplitude or eye velocity. A smaller, sustained increase in firing occurred in 
the second window (1.8 ± 1.1 sp/s) and remained elevated for the duration of the 
stimulus. Firing rate decreased for temporally directed rotation. The dynamic CS 
discharge was 0.6 ± 0.6 sp/s and was independent of stimulus amplitude. A small, 
sustained decrease in firing occurred during the second window (0.8 ± 0.7 sp/s). 
After visuo-motor training with a 0.125 Hz visual velocity step that increased eye 
velocity from 8°/s to 24°/s, the CS firing rate was unchanged throughout the three 
hour training period. During period tuning, eye velocity decreased prior to the 
change in stimulus velocity, resulting in a transient increase averaging 15% in CS 
firing rate. Like the dynamic increase in firing after stimulus onset, this later increase 
in CS firing is in the appropriate direction for slip sensitivity changes; however, in 
this case, eye velocity is oppositely directed. These results demonstrate that CS firing 
rate distinguishes between retinal slip and eye velocity, that dynamic and sustained 
slip velocity sensitivity both saturate at low stimulus velocities, and that adapted gain 
changes are not correlated to CS firing rate. We suggest that inferior olivary signals 
are appropriately directed, but not directly correlated with, and therefore can not 
produce visuo-motor adaptation in brainstem neurons.

216.9

EFFECTS OF ELECTRICAL STIMULATION WITHIN THE CEREBELLAR 
POSTERIOR VERMIS AND VENTRAL PARAFLOCCULUS ON SMOOTH EYE 
MOVEMENTS IN MONKEYS R. J. Krauzlis* and F. A. Miles Laboratory of 
Sensorimotor Research, National Eye Institute, Bethesda, MD 20892.

We have recently shown that electrical stimulation of the posterior vermis can 
modify an ongoing pursuit eye movement, although it cannot initiate pursuit during 
fixation. Previous studies indicate that electrical stimulation of the ventral 
paraflocculus can elicit smooth eye movements regardless of behavioral context. We 
have now confirmed the latter observation and have asked two questions: 1) During 
fixation, can floccular stimulation enable the effect of vennal stimulation, and 2) 
During pursuit, do the effects of floccular and vennal stimulation sum linearly? 
Results to date were obtained in one Rhesus monkey with currents (2-100 µA, 50-500 
Hz) delivered through microelectrode tips placed in vennal lobules VI and VII and in 
the rostral folia of the ventral paraflocculus. Trains of stimulation were applied while 
the monkey either fixated a stationary target or maintained pursuit of a spot moving at 
15°/s. At floccular sites that produced ipsiversive eye movements, concurrent vennal 
stimulation applied during fixation produced a change in eye speed similar to that 
produced by vennal stimulation applied alone during maintained pursuit. At these 
sites, combined vennal and floccular stimulation applied during pursuit produced a 
change in eye speed that did not equal the sum of the changes produced by separate 
floccular and vennal stimulation (during pursuit). In contrast, at floccular sites that 
produced contraversive eye movements, floccular stimulation did not enhance the 
effects of vennal stimulation during fixation and the effects of floccular and vermal 
stimulation summed linearly during pursuit. Floccular sites producing ipsiversive eye 
movements may reflect direct activation of horizontal gaze velocity Purkinje cells, 
most of which are excited during ipsiversive pursuit. That the effects of stimulation 
at these floccular sites were not linearly additive with the effects of stimulation at 
vennal sites suggests that the vermal and floccular pathways for pursuit are partly 
shared. Floccular sites producing contraversive eye movements may reflect back-
firing of input fibers or activation of other P-cells, perhaps unrelated to pursuit eye 
movements.

216.6

Violations of Listing's Law in Patients with Cerebellar Atrophy: Angular Velocity 
Vectors of Upward Drifts are Eye-Fixed. D. Straumann*. D.S. Zee. D. Solomon. R.F. 
Lewis. S.T. Reich. Neurology Dept., Johns Hopkins Hospital, Baltimore, MD, USA.

An important question is whether the cerebellum is involved in the implementation of 
Listing's law. In 8 patients with cerebellar atrophy we measured 3D ocular movements 
(dual search coils) during a fixation paradigm that includes targets in tertiary positions. 
Spontaneous upward drifts of downbeat nystagmus were analyzed using angular veloc
ity vectors (ω), which are parallel to the instantaneous axis of eye rotation with respect 
to the head. 3D directions of individual slow phases were given by the directions of 
their mean ω . The following hypotheses were considered: (1) Downbeat nystagmus is 
produced by a leaky neural integrator in the downward direction. In this case, upward 
drifts are restricted to Listing's plane, i.e. to rotates by half the gaze angle in the direc
tion of horizontal eye position. (2) Downbeat nystagmus is due to an upward vestibular 
signal. Hence, ω is head-fixed and therefore independent of eye position. (3) Upward 
drift is caused by a vestibular or pursuit to in combination with a deficient multiplica
tive feedback of eye position, which compensates for the non-commutative properties 
of eye rotations (Crawford and Vilis 1991). (3A) With this defect, a vestibular signal 
would produce eye movements in Listing's plane, with ω rotating by half the gaze angle 
(as in hypothesis 1). (3B) A pursuit velocity signal, however, which in normal subjects 
generates eye positions in Listing's plane, would, in the absence of the multiplicative 
position feedback, result in an eye-fixed ω . Our results are consistent with hypothesis 
3B: The average slope of a first-order linear regression between the angle of horizontal 
gaze direction and the angle of ω in the horizontal plane was 1.07 (SD: 0.28) in the 5 
patients with a significant r2 (p < 0.01). We conclude that the violations of Listing's law 
observed during upward drift in cerebellar atrophy could be due to a pursuit-type 
velocity signal with deficient multiplicative position feedback or, more generally, a 
failure of the cerebellum to transform to into eye muscle coordinates.

Supported by Schweiz. Stiftung fur medizin.-biolog. Stipendien and NIH EY0J849.

216.8

BRAINSTEM EYE VELOCITY SIGNALS ARE NECESSARY FOR VISUAL 
AND VESTIBULAR MOTOR LEARNING. M. Weiser*. E. Marsh and R. Baker. 
Dept. of Physiology and Neuroscience, NYU Medical Center, NY, NY, 10016.

Discrete lesions in the brainstem and cerebellum were made to examine the 
origin and routing of eye velocity signals involved in visual (OKR) and 
vestibular (VOR) motor learning in goldfish. The extent of pathway 
interruption was verified with biocytin labeling. Acute removal of the 
cerebellar caudal lobe (n=9) abolished about 40% of the previously acquired 
adapted eye velocity and prevented the acquisition of any additional motor 
learning. Period tuning, as reflected by rhythmic changes in eye velocity 
related to the stimulus profile, also was abolished by either acute or chronic 
cerebellar removal. These data corroborate the necessity of signaling through 
the cerebellum for acquisition of motor learning by brainstem neurons. 
Neither VOR nor OKR motor behavior and learning were affected by removal 
of the telencephalon and optic tectum. Acute (n=5) and chronic (n=13) 
midline brainstem lesions were made that completely separated the entire 
caudal medulla excluding the vestibular commissure and intemuclear pathway. 
Neither the direct (0-.2s) and delayed ( 2-4s) components of OKR, nor the 
dynamic (O-.ls) VOR response were affected. However, the sustained (,l-8s) 
VOR velocity storage component was absent. Adaptive changes in eye 
velocity during visuo-m otor training were b locked, yet sm all, 30% 
modifications were observed in the dynamic component o f the VOR. 
Selective midline interruption of the olivary decussation (n=6) produced a 3-8 
Hz oscillation of eye velocity in either light or dark, yet did not block adaptive 
changes in OKR and VOR eye velocity including period tuning. In contrast, 
sparing olivary pathways and interrupting the slightly more rostral Area II 
decussation (n=6) prevented the acquisition of adapted and rhythmic eye 
velocity modifications. These data strongly suggest that the inferior olivary 
pathway is not essential for the acquisition of motor learning by brainstem 
neurons; however, it is necessary for maintaining the stability (i.e. set point) of 
the current adapted state of eye velocity. We conclude that both the ipsi- and 
contralateral eye velocity feedback loops from Area II to the cerebellum 
provide the signals essential for visual and vestibular motor learning.

216.10

EVIDENCE AGAINST IMAGE-ACCELERATION ANALYZERS IN 
HUMAN SMOOTH PURSUIT S.N .J. W a tam a n lu k * & H elnen . 
The Sm ith-Kettlewell Eye R esearch  In s titu te , S an  Francisco, CA 

A prominent model of smooth pursuit differentiates the retinal-image 
velocity signal to obtain image acceleration and guide smooth eye 
movements (Krauzlis & Lisberger, 1989). We tested directly the human 
smooth pursuit system's sensitivity to target acceleration. Eye movements 
were measured to single spots that moved at different accelerations (0-16 
d e g /s e c 2) w ith random ized initial target speed (4-8 deg/sec). Eye 
acceleration was determined from each eye movement record for a 20 msec 
bin centered at 130 msec after pursuit onset (end of the open-loop period). 
Eye acceleration at the end of the open-loop period was only weakly 
related to target acceleration; a four-fold increase in target acceleration 
produced a 20% increase in eye acceleration. However, eye acceleration was 
strongly dependent upon initial target speed; a doubling of target speed 
produced a 77% increase in eye acceleration. We found similar results when 
the stimuli were small random -dot dnem atogram s (10 deg square) which 
obscure position information. Psychophysical acceleration discrimination 
thresholds were measured under comparable stimulus conditions. Consistent 
w ith  sm ooth  p u rsu it perfo rm ance, psychophysica l acceleration 
discrimination thresholds were very poor. Our results suggest that smooth 
pursuit is relatively insensitive to target acceleration, and makes the 
presence of image-acceleration analyzers in the pursuit system tenuous. The 
insensitiv ity  to acceleration  observed in  sm ooth  pu rsu it and 
psychophysical performance may indicate that both are limited by a 
common motion processing stage. Supported by AFOSR F49620-92-J0156 and 
The Smith-Kettlewell Eye Research Institute.
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216.11

A MODEL OF PREDICTIVE SMOOTH PURSUIT BASED ON TIM ING 
OF TARGET MOTION. S. J. Heinen* The Smith-Kettlewell Eye Research 
Institute, San Francisco CA.

Previous work has shown that activity of dorsomedial frontal cortex 
(DMFC) neurons peaks before periodic target motion reverses direction during 
smooth pursuit (Hemen, 1992; 1993). The timing of the peak suggested a role 
for the DMFC in predictive tracking. Last year we demonstrated that some 
neurons here were more active when upcoming target motion was predictable 
than when it was unpredictable (Heinen, 1994). All other aspects of the motion 
and behavior were the same, ruling out the possibility that the cells were simply 
responding to visual motion or issuing a direct motor command. Other 
important characteristics of DMFC neurons were a gradual rise to peak in 
activity, and an ability to readjust their temporal waveform when the time of 
the upcoming target event was changed. We here introduce a conceptual model 
in which DMFC neurons are part o f an internal dynamic mechanism that 
integrates the elapsed time of predictable target motion until a critical threshold 
is reached and the integrator is dumped. The peak then indicates to the 
oculomotor system that the target's motion is about to change. If the 
predictable motion is changed, the retinal slip that occurs as a result during the 
current cycle (or trial) of tracking is sampled and stored until the next trial. 
The direction of the slip determines if the threshold is increased or decreased 
in the next cycle. By reiterating this process over successive cycles, the 
predictive mechanism is recalibrated. This mechanism is a separate component 
within the feedback loop of basic smooth pursuit models that can be switched 
out when target motion is unpredictable and the system must rely on visual slip 
The model has implications for how internally generated signals are coupled 
with motor commands, and how biological systems keep track of elapsed time 
Supported by: Shannon Award EY09260 and the Smith-Kettlewell Eye 
Research Institute.

216.12
PREDICTIVE SMOOTH PURSUIT EYE MOVEMENTS ARE GENERATED BY A CEREBELLAR MODEL 

RE Kettner*. S Mahamud. H-C Leung. AG Barto, 1C Houk, & BW Peterson. Dept. Physiology, 

Northwestern Univ. Med. School, Chicago, IL 60611, and Dept. Computer Science, Univ. Mass., 

Amherst, MA 01003.

Monkeys can pursue simple periodic trajectories with little or no lag. Our current experiments 

also indicate that well-trained monkeys can track relatively complex sum-of-sines trajectories with 

lags that average less than 20 ms. In contrast, responses to target perturbations occur after 

delays of about 110 ms. This demonstrates that the brain systems controlling smooth pursuit can 

predict target trajectories based upon delayed visual inputs. While many existing models of 

smooth pursuit do an excellent job generating some pursuit behaviors, they have not been 

designed to explain the complex predictive pursuit that we observe.

A network model based upon the anatomy and physiology of the cerebellum generates short- 

lag tracking along complex trajectories, as well as making corrections in response to unexpected 

changes in trajectory. Briefly, 200 mossy fibers convey delayed position and velocity information 

about the location of the target image on the retina, as well as information about the position 

and velocity of the eye in the orbit, to 6000 granule units. Mossy fiber delay and response 

distributions are based upon results from neural recordings. Following local interactions, the 

granule units innervate Purkinje units via parallel fibers. Purkinje units then generate eye 

movements via known brainstem pathways. Synaptic weights between parallel fibers and Purkinje 

units are modified using a biologically feasible learning rule. A weight is changed when a climbing 

fiber signals a visual error while the fiber’s "eligibility trace" is active.

Model performance is robust with respect to changes in training parameters and can 

generate several different trajectories. The model works by acquiring a control rule that maps 

distributions of delayed input signals over a small time window into appropriate motor outputs. 

Visual inputs signaling retinal errors generate feedback corrections in response to target 

perturbations. Visual inputs also combine with eye position and velocity inputs to allow 

feedforward target predictions. These short-range predictions eliminate problems due to the long 

feedback delays in biological systems and may be a primary function of the cerebellar circuitry 

(Supported by grants MH 48186 and T32 DC00015-13).

EXCITATORY AMINO ACIDS: EXCITOTOXICITY III

217.1

PRIMARY CORTICAL NEURONAL CULTURES FROM 
NEURONAL NOS NULL MICE ARE RESISTANT TO 
GLUTAMATE NEUROTOXICITY. V.L. Dawson*13. P.L . 
Huang4. M.C. Fishman4. S.H. Snvder2. and T.M. Dawson1,2. 
Departments of Neurology1, Neuroscience2 and Physiology3, Johns 
Hopkins University School of Medicine, Baltimore, MD 21287; 
Mass. General Hospital4, Boston, MA 02129  

Derangements in glutamate neurotransmission have been 
implicated in several neurodegenerative disorders including, stroke, 
epilepsy, Huntington's disease, Alzheimer's disease, and 
amyotrophic lateral sclerosis (ALS). Activation o f the N-methyl-D- 
aspartate (NMDA) receptor subtype o f glutamate receptors results in 
the influx of calcium which binds calmodulin and activates neuronal 
nitric oxide synthase (nNOS), to convert L-arginine to L-citrulline 
and nitric oxide (NO). While NO may have many roles in the 
central nervous system as a messenger molecule, when generated in 
excess NO can be neurotoxic. Excess NO is in part responsible for 
glutamate neurotoxicity in primary neuronal cell cultures and in 
animal models of stroke. Primary neuronal cultures from transgenic 
mice which lack expression o f neuronal NOS are resistant to NMDA 
induced neurotoxicity. Inhibitors o f NOS and poly(ADP ribose) 
synthase are effective in protecting cultures from wild-type mice but 
not from NOS null mice. Exogenous superoxide dismutase 
provides neuroprotection against the residual toxicity in NOS null 
cultures suggesting this cell death is mediated by oxidative stress. 
These data provide further evidence that neuronally derived NO, 
under appropriate conditions, is neurotoxic.

217.3

QUINOLINIC ACID ACCUMULATION AND FUNCTIONAL DEFICITS 
FOLLOWING EXPERIMENTAL SPINAL CORD INJURY IN GUINEA PIGS. 
M.P. Heye s1*. T.I. Cohen2 . K. Saito1 and A.R. Blight2 Lab. of Clinical 
Science*, NIMH, Bethesda, MD 20892. Div. of Neurosurgery*, University of 
North Carolina, Chapel Hill, NC 27599.

Quinolinic acid (QUIN) is an neurototoxin produced by activated macrophages 
that has been implicated in the etiology of inflammatory neurologic diseases. To 
investigate whether QUIN is an endogenous neurotoxin requires agents to reduce 
QUIN synthesis, and animal models where QUIN levels increase in association 
with neurologic disease. Compression injury of the spinal cord of guinea pigs 
results in elevated QUIN levels, and secondary neurologic deficits related to 
inflammation and macrophage activation. In the present study, intraperitoneal 
injections of the inhibitor of 3-hydroxyanthranilate-3,4-dioxygenase, 4-chIoro-3- 
hydroxyanthranilate (4C1-3HAA; 100 mg/kg every 12 hours), attenuated QUIN 
accumulations in spinal cord when measured 3 days after injury, and reduced the 
severity of delayed functional deficits as measured by the area of the cutaneus 
trunci muscle refelx and motor scores. A direct subdural infusion of 4C1-3HAA 
into the injured spinal cord (50 pM, 1 µL/h), however, promptly exacerbated 
functional impairments within 1 h, which suggests that the 4C1-3HAA 
preparation had direct toxic effects. Guinea pigs with spinal cord injury may be a 
useful model to study the mechanisms that increase CNS QUIN levels in CNS 
inflammation, and to evaluate the neurochemical and neurological effects of 
agents designed to reduce the accumulations of QUIN and other potential 
pathogenic mediators within the CNS. The results are consistent with a 
contributory role for QUIN in the pathogenesis of secondary functional 
impairments in spinal cord injury, although the possibility that 4C1-3HAA had 
additional effects independent of QUIN cannot be excluded.
(Supported in part by grant NS21122 from NIH, NINDS)

217.2

NITRIC OXIDE PRODUCES A SLOW DISRUPTION OF CA2 + HOMEOSTASIS 
IN CULTURED HIPPOCAMPAL NEURONS. J.R. Bronson*. R.A. Sulit. and H. 
Zhang. Depts. of Neurology and Neurosurgery, The University of Chicago, Chicago, 
IL 60637.

The neurotoxicity of nitric oxide (NO) has been shown to involve peroxynitrite 
formation, activation of poly-ADP synthetase (PARS), and energy depletion. In many 
forms of neuronal death, elevation of the cytoplasmic Ca2+ concentration ([Ca2+]i) is 
an important mediator of toxicity. Using fluorimetric [Ca2+]j imaging and delayed 
neuronal toxicity assays, we have studied the effects of NO releasing agents S- 
nitrosocysteine (SNOC, freshly prepared), S-nitroso-A-acetylpenicillamine (SNAP), 
and 3-morpholinosyndnonimine (SIN-1) on Ca2+ homeostasis and neuronal survival 
in dissociated cultures of hippocampal pyramidal neurons.

Each of the NO releasing agents SNOC (300µM), SNAP (300µM), and SIN-1 
(ImM) were found to produce a slow, delayed rise in [Ca2+]j in most hippocampal 
neurons. The magnitude of the [Ca2+]j increases was variable; the mean (±S.D.) rise 
in [Ca2+]i over a 20min exposure to SNOC was approximately 134±70 nM. These 
responses were only partially reversible and were greater upon repeat exposures to 
NO. The pharmacology of the responses to SNOC were studied in further detail. The 
[Ca2+]j rises were nearly completely abolished by removal of extracellular Ca2+ or 
by the NMDA receptor antagonist MK-801 ( l µM) but were not qualitatively altered 
by tetrodotoxin, CNQX, nimodipine, cyclosporin A, or lanthanum. The kinetics of 
Ca2+ extrusion were substantially slower after SNOC exposure, even if changes in 
the basal [Ca2+]i were prevented. In toxicity experiments SNOC caused delayed 
neuronal death which could be partially blocked by the calpain antagonist MDL- 
28170 (10µM ) as well as by the PARS antagonist benzamide ( 100µM).

We conclude that prolonged exposures to NO disrupt Ca2+ extrusion mechanisms 
and allow a Ca2+ influx involving NMDA receptors, and that the resultant persistent 
[Ca2+]j elevations may contribute to the delayed neurotoxicity of NO.

217.4

DECREMENTS IN INTRACELLULAR NAD AND ATP 
FOLLOWING EXPOSURE OF PRIMARY NEURONAL 
CULTURES TO NEUROTOXIC CONCENTRATIONS OF NMDA. 
M. Sasaki*1. H.P. Brahmbhatt1. T.M. Dawson12. V.L. Dawson1'3. 
Departments o f Neurology1 Neuroscience2, and Physiology3 Johns 
Hopkins University, School o f Medicine, Baltimore, MD, 21287.

Activation o f the N-methyl-D-aspartate (NMDA) receptor 
subtype o f glutamate receptors results in the influx o f calcium which 
binds calmodulin and activates neuronal nitric oxide synthase (nNOS), 
to convert L-arginine to citrulline and nitric oxide (NO). NO has many 
roles in the central nervous system as a messenger molecule, however, 
when generated in excess NO can be neurotoxic. Excess NO is, in 
part, responsible for glutamate neurotoxicity in primary neuronal cell 
culture and in animal models of stroke.

The mechanism by which NO as well as other free radicals elicit 
cell death is unknown. One mechanism may be through activation o f a 
cellular suicide response by the nuclear enzyme poly(ADP- 
ribose)synthase (PARS) which transfers ribose units from NAD to 
nuclear proteins. When PARS is activated, NAD and ATP levels drop. 
Primary neuronal cultures exposed to neurotoxic concentrations of 
NMDA suffer decrements in NAD and ATP concentrations 4 hours 
post exposure. This decrease is blocked by the NMDA receptor 
antagonist, MK-801, and by several different PARS inhibitors. 
Previously we showed that PARS inhibitors are neuroprotective. 
Taken together these data indicate that NMDA neurotoxicity is linked to 
energy depletion mediated in part through activation o f PARS.

Society for N euroscience, V olume 21, 1995
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217.5

REDUCTION OR POTENTIATION OF NMDA NEUROTOXICITY BY 
ACTIVATION OF DIFFERENT SUBTYPES OF METABOTROPIC 
GLUTAMATE RECEPTORS. A. Buisson* and D.W. Choi. Dept, of Neurology and 
Center for the Study of Nervous System Injury, Washington Univ. School of 
Medicine, St. Louis, MO 63110.

Eight major subtypes of metabotropic glutamate receptors (mGluRs) can be 
classified into three groups: mGluR 1 and 5 which are positively coupled to 
phosphoinositol hydrolysis, mGluR 2 and 3 which are negatively coupled to 
adenylate cyclase; and mGluR 4,6,7 and 8 which are also negatively linked to 
adenylate cyclase, but show a different agonist preference than the mGluR 2/3 
subtypes. We examined the effect of two novel phenylglycine derivative drugs on 
excitotoxicity in murine cortical cell cultures: s-4-carboxy-3-hydroxy-phenylglycine 
(4C3HPG), a selective agonist of mGluRs 2/3 and an antagonist at mGluRs 1/5, and 
s-3 hydroxy-phenylglycine (3HPG), an agonist of mGluRs 1/5. 4C3HPG attenuated 
slowly-triggered NMDA-induced excitotoxic neuronal death, as well as the death 
induced by combined oxygen-glucose deprivation, but did not affect slowly- 
triggered excitotoxicity induced by AMPA or kainate. As expected, 4C3HPG also 
reduced NMDA-induced increases in cAMP in near-pure neuronal cultures, and the 
protective effect of 4C3HPG on NMDA toxicity could be reversed by adding a 
cAMP analog (CPT cAMP) to the exposure medium. Furthermore, addition of 10 
µM forskolin enhanced both NMDA toxicity and oxygen-glucose deprivation- 
induced neuronal death. In contrast, 3HPG did not did not have any protective 
effects in these paradigms; in fact, slowly-triggered NMDA-induced excitotoxicity 
and oxygen-glucose deprivation-induced death were both potentiated. These results 
are consistent with the idea that the “inhibitory” mGluRs 2/3 can reduce NMDA 
receptor-mediated toxicity by reducing neuronal cAMP levels, whereas “excitatory” 
mGluRs 1/5 exert a positive modulatory action on NMDA receptor-mediated 
toxicity. Supported by NIH NINDS grant NS 30337 (DWC).

217.7

NM DA-INDUCED EXCITOTOXICITY IN VISUALLY IDENTIFIED 
NEOSTRIATAL NEURONS IN SLICES. M O D U L A T IO N  BY 
METABOTROPIC GLUTAMATE RECEPTORS. C.S. C o lwell*. C. Cepeda, 
M.S. Levine. Mental Retardation Research Center, University of 
California, Los Angeles, CA 90024.

Previous data from our laboratory indicate that activation of 
metabotropic glutamate receptors (GluRs) inhibits NM DA-evoked 
responses in neurons in neostriatal slices and we became interested in 
understanding the functional consequences of this regulation. Infrared 
differential interference contrast video microscopy was used to measure 
and characterize G luR-induced cell swelling in a neostriatal brain slice 
preparation from Sprague-Dawley rats. Activation of both N M D A and 
AMPA/KA GluRs were found to be capable o f inducing swelling. Results 
from ion substitution experiments suggested that sodium, chloride and to 
a lesser extent calcium play critical roles in the induction o f swelling. 
Activation o f metabotropic GluRs by t-ACPD was found to inh ib it NM DA- 
but not AMPA/KA-induced swelling. This regulation was cell-type 
specific as t-ACPD did not alter NM DA-induced swelling in pyramidal 
cells of the hippocampus. Supported by USPHS Grants H D  05958 to 
MSL and M N 10735 to CSC.

217.9

CYSTEINE-INDUCED BRAIN DAMAGE IN NEONATAL RATS 
SELECTIVELY AFFECTS GABAERGIC NEURONS C. Ikonomidou, T. C. Per. 
M. A. Sesma*. Y. O. Pin. M. Ishimam. J. Labruvere and J. W. Olney. Washington 
Univ. Med..Sch., St. Louis, MO

Cysteine is an endogenous amino acid which when given systemically at 
high doses to infant rodents freely penetrates the blood brain barrier and causes 
neuronal damage in the frontal and parietal cortices, caudate nucleus, thalamus and 
hippocampus. Cysteine-induced cytopathology closely resembles that caused by the 
excitatory neurotransmitter glutamate (Glu) in infant rodents and primates. It is 
mediated by activation of the NMDA type of glutamate receptor and can be 
prevented by the NMDA receptor antagonist MK-801. In the present study we 
evaluated the relative vulnerability of different cell types to the the cell killing effect 
of cysteine. Sprague-Dawley rats at the age of seven days were injected i.p. with 
cysteine (lg/kg), were allowed to survive for two weeks, and then were anesthetized 
and transcardially perfused with fixative containing 4% paraformaldehyde in 
pboshate buffer. Vibratome sections (50µm) were obtained from corresponding 
brain areas in control and experimental animals and were immunocytochemically 
stained with antibodies to glutamic acid decarboxylase (GAD) and 
cholineacetyltransferase (ChAT). In addition, a histochemical stain for identifying 
neurons containing NADPH diaphorase was applied. The dose of cysteine employed 
caused damage in the frontal and parietal cortices which was so widespread and 
severe that no reliable quantitation of surviving neurons could be performed in those 
areas. Damage in the caudate nucleus was mare subtle and neuronal counting o f 
immunopositive and NADPH-diaphorase positive neurons was performed at 
corresponing levels in control and experimental animals. Cysteine treated animals 
demonstrated a marked loss of GAD-positive neurons in the caudate nucleus 
compared to control animals that was more pronounced rostrally. NADPH and ChAT 
positive neurons were preserved after cysteine treatment These results indicate that 
excitotoxic lesions induced in the caudate nucleus by excessive activation of NMDA 
receptors in the neonatal period preferentially affect GABAergic neurons. Supp. by 
NS 32568, AG 11355 and RSA MH 38894 (JWO).

217.6

MODULATION OF EXCITOTOXIC DAMAGE IN THE NEOSTRIATUM BY 
METABOTROPIC GLUTAMATE RECEPTORS. K.L. ALTEMUS*. C.S. Colwell. M.S. 
Levine. Mental Retardation Research Center, University of California, Los 
Angeles, CA 90024.

Previous data indicate that activation of metabotropic glutamate receptors 
(mGluRs) inhibits NMDA-evoked responses measured electrophysiologically as 
well as NMDA-induced toxicity in neostriatal slices of Sprague-Dawley rats. If 
the actions of 1SR,3RS-1-Aminocyclo-pentane-l,3-dicarboxylic acid (t-ACPD) in 
the neostriatal brain slice preparation can be extended to the whole animal, then 
the administration of the mGluR agonist t-ACPD should act to lim it the damage 
induced by the intrastriatal administration of the NMDA agonist quinolinic acid 
in vivo. In the present study, pretreatment with t-ACPD was found to lim it the 
lesion size and loss of medium-sized spiny neurons associated with quinolinic 
acid treatment. By itself, t-ACPD did not cause lesions in the neostriatum. In 
order to determine if the protective effects of t-ACPD extend to quinolinic acid- 
induced behavioral deficits, a behavioral test was utilized in which animals were 
treated with the dopamine agonist apomorphine. Animals whose neostriatum 
was unilaterally lesioned with quinolinic acid were found to rotate in the 
direction of their lesion (ipsilaterally) when apomorphine was administered. 
Animals treated with t-ACPD plus quinolinic acid did not show this 
apomorphine-induced rotational behavior. Finding novel mechanisms to inhibit 
NMDA-induced toxicity is particularly important in the neostriatum where 
abnormal excitatory transmission may play a role in a variety of neurological 
disorders. Supported by USPHS Grants HD 05958 to MSL and MN 10735 to 
CSC.

217.8

H O M O C Y ST E IN E : A N  N M D A  A G O N IST  A N D  G L Y C IN E  
S IT E  P A R T IA L  A N T A G O N I S T  T H A T  I N D U C E S  
C O R T IC A L  N E U R O T O X IC IT Y . W.-K. Kim*. P.V. Rayudu. Y -
B. Choi, S. Kumar, J.S. Stamler, S .A . L ipton . Departments o f  
Neurology and Medicine, Harvard Medical School, Boston, MA 02115 
and Duke Univeristy Medical Center, Durham, NC 27710.

Hyperhomocysteinemia, an elevation in blood homocysteine level, is 
a common finding in humans, affecting an estimated 2% o f  the general 
population, predisposing them to stroke. Although the mechanism for 
this has been thought to be related to premature atherosclerosis, we now 
show that homocysteine can act at the NM DA receptor to contribute to 
neurotoxicity. Hom ocysteine was applied to rat cortical neurons in 
culture while monitoring [Ca2+]i with fura-2 digital imaging techniques or 
w hile recording w h o le -ce ll currents w ith  patch e lectrod es. 
Homocysteine-mediated increases in [Ca2+]i were blocked by NMDA  
receptor antagonists, including APV, 7-chlorokynurenate, and MK-801, 
but not by the non-NM DA receptor antagonist CNQ X. However, 
homocysteine was less potent and less efficacious than NM DA. In fact, 
homocysteine partially antagonized NM DA-mediated rises in [Ca2+]i. 
Increasing the glycine concentration from 1 µM to 50 µM resulted in a 
remarkable increase in the maximal effect o f homocysteine in producing 
elevated [Ca2+]i and abolished its antagonistic effect on responses to 
NM DA. Qualitatively similar results were obtained by patch-clamp 
recording. In addition, homocysteine induced neurotoxicity in cortical 
cultures in a dose-dependent manner, as assayed by neuronal cell counts 
or LDH release. These data suggest that homocysteine competes with 
glycine at its binding site on the N M DA receptor, but also acts as an 
agonist at the NMDA binding site, and thus contributes to neurotoxicity.

217.10

KAINATE INDUCES APOPTOSIS IN NEURONS IN VITRO.
N.A. Simonian*. R. Getz. J.C. Leveque. C. Konradi. J.T. Coyle. 
Lab. Mol. and Devel. Neuroscience, Massachusetts General Hosp., 
Boston, MA 02114.

Growing evidence suggests that non-NM DA receptor activation 
may contribute to neuronal death in both acute and chronic 
neurologic diseases. The intracellular processes that mediate this 
form o f neuronal death are poorly understood. W e have previously 
characterized a model o f kainic acid neurotoxicity using cultured 
cerebellar granule cell neurons and we sought to determine whether 
kainic acid-induced neuronal death was apoptotic. W e found DNA  
laddering by agarose gel electrophoresis, D NA  fragmentation by in 
situ end labeling o f DNA, and chromatin condensation using a 
fluorescent DNA intercalating dye, in cerebellar granule cells 
following 30 minutes o f kainic acid exposure (100 µM). 
Aurintricarboxylic acid, an endonuclease inhibitor, protected 
cerebellar granule cells from kainic acid-induced cell death. While 
the morphologic and biochemical features o f kainic acid- induced 
neuronal death resembled low K+-induced apoptosis in cerebellar 
granule cells (D'Mello et al. 1993 PNAS 90, 10989), the time 
interval from the institution o f the death promoting condition to 
neuronal death was briefer with kainic acid and neither new protein 
nor RNA synthesis was required. These results demonstrate that 
KA receptor activation can induce transcription-independent 
apoptosis in neurons in vitro. This system should provide a model 
to investigate the intracellular pathways that link KA receptor 
activation with apoptosis. Supported by NIH/NIA K 11 AG00653- 
01 and the Ellison Scholars Foundation
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217.11

SPONTANEOUS AND EVOKED GLUTAMATE SIGNALLING INFLUENCES 
Fos-lacZ EXPRESSION AND PYRAMIDAL CELL DEATH IN HIPPOCAMPAL 

SLICE CULTURES FROM TRANSGENIC RATS

L. D. Pozzo-Miller* 1, N. K. Mahantv2. G. M. KaSQf1 -3,
T. Curran1. J. A. Connor1. and J. 1. Morgan1 

1 Roche Institute of Molecular Biology, Nutley, NJ 07110 
2 Division of Biology, Caltech, Pasadena, CA 91125 

3 Dept. of Biological Sciences, Columbia University, New York, NY 10027

Previously, we established that a regionally and temporally predictable 
pattern of spontaneous cell death occurs between 14-21 days in vitro in 
pyramidal neurons maintained in organotypic hippocampal slice cultures 
(Pozzo-Miller et al. Neuroscience 63: 471-478,1994). We have begun to 
examine the signalling events that may be relevant to this process by 
analyzing the expression of cellular immediate-early genes (clEGs). In the 
present studies, organotypic hippocampal slice cultures were generated 
from transgenic rats that cany a fos-lacZ fusion gene, β-galactosidase activity 
in these rats accurately recapitulates Fos expression (Kasof et al. J. Neurosci. 
in press). An association was observed between neuronal cell death, as 
determined by confocal microscopy of propidium iodide staining of living 
cultures, and Fos-lacZ expression detected by β-galactosidase 
histochemistry. There was a consistent rise in (Lgalactosidase activity in 
vulnerable regions 1-2 days before the peak of spontaneous neuronal 
death. Long-term (7-21 days) treatment with TTX, CNQX, or D.L-APV 
inhibited Fos-lacZ expression as well as spontaneous neuronal death. 
Furthermore, Fos-lacZ induction preceded cell death evoked by removal of 
TTX or the glutamate receptor antagonists, as well as by application of the 
excitotoxin, kainic acid. The association between clEG expression and cell 
death shown here and by others, suggests that these genes contribute to 
regulatory events involved with cell death and/or protection.

217.12

AN EARLY LOSS IN MEMBRANE PROTEIN KINASE C ACTIVITY PRECEDES 
THE EXCITATORY AMINO ACID (EAA)- INDUCED DEATH OF PRIMARY 
CORTICAL NEURONS J.P. Durkin*1 R. Tremblay1 A. Buchan1, J. Blosser2. B. 
Chakravarthy1. G. Mealing1. P. Morley1 and D. Song Cellular Neurobioloey 
Group, Institute for Biological Sciences, National Research Council of Canada, 
Ottawa, Ontario, Canada K1A 0R6, 2 Department, of Biology, Fisons 
Pharmaceuticals, Rochester NY 14603

Several lines of evidence indicate that a rapid loss of protein kinase C (PKC) 
activity may be important in the delayed death of neurons following cerebral 
ischemia. However, in primary neuronal cultures, cytotoxic levels of glutamate have 
been reported not to cause a loss in PKC as measured by immunoblot and 
conventional activity methods. This apparent contradiction has not been adequately 
addressed. In this study, the effects of cytotoxic levels of glutamate, NMDA and 
AMPA on membrane PKC activity was determined in cortical neurons using an assay 
which measures only PKC which is active in isolated membranes, and which 
differentiates active from inactive enzyme associated with membranes. A 15-min 
exposure of day 14-18 cortical neurons to 100 µM glutamate, AMPA or NMDA 
caused a rapid and persistant loss in membrane PKC activity which by 4 hours fell to 
30-50% of control cultures. However, despite the loss in activity, the amount of 
enzyme in these membranes remained unchanged during this period. The 
inactivation of PKC activity was confirmed by the fact that MARCKS protein 
phosphorylation was reduced in intact neurons following transient glutamate 
treatment. By contrast, activation of trans(lS,3R)-ACPD receptors was not 
neurotoxic and induced a robust and prolonged activation of PKC activity in neurons. 
PKC inactivation by NMDA and AMPA was dependent on extracellular Ca++ but not 
N a \ although cell death was dependent on both ions. The inactivation of PKC was 
likely effected by Ca++ entry through specific routes because increasing [Ca++]i non- 
specifically using the Ca++-ionophore ionomycin did not inactive PKC. Significantly, 
younger (day 8) cultures, not normally susceptible to glutamate, were killed by 
glutamate only after PKC activity was down-regulated by TPA. These results suggest 
that PKC activity is part of the mechanism by which EAA’s effect neuronal death, 
and indicate that the pattern of PKC activity in neurons killed by EAA’s in vitro is 
consistent with that observed in neurons injured by cerebral ischemia in vivo.

217.13

SM I-32 AND OTHER M OTO R NEU RO N  M ARKERS IDEN TIFY 
LA RGE KAINATE SEN SITIV E N EURO NS IN SPIN A L CO RD 
CU LTURES. S.G. Carriedo*. H. Yin and J.H . W eiss. Depts. of 
N eurology and Psychobiology, U.C. Irvine, Irvine C a 92717 

W e have previously found the nonphosphorylated neurofiiam ent 
m arker, SM I-32, to label large neurons in dissociated spinal cord 
cultures with m orphologic characteristics o f  m otor neurons ("large 
SM I-32(+) neurons"). These neurons were unusually  sensitive to C a2+- 
dependent kainate (KA) injury and generally  possessed C a2+-perm eable  
AM PA /K A channels (as shown by K A -stim ulated C o2+ uptake), a 
feature that may explain their high KA vulnerability . (Carriedo, 1995) 

W e have extended these initial studies. First, providing further 
evidence that SM I-32 labels m otor neurons, several m otor neuron 
m arkers show a high rate of co-localization with SM I-32 (acetylcholine: 
40/51 were SM I-32(+); peripherin: 36/53; calcitonin gene related 
peptide: 31/50). In addition, the high KA vulnerability  o f SM I-32(+) 
neurons is also seen with other indices o f  the m otor neuron population: 
both peripherin(± ) neurons and choline acety ltransferase  (ChAT) 
activity (as ChA T im m unostaining was weak and variable) were highly 
vulnerable to rap idly-triggered (10-15 m in) C a2+-dependent KA injury. 
Also, consistent with prior studies in spinal cord slice (Rothstein, 1992), 
selective degeneration o f large SM I-32(+) neurons was induced by the 
glutam ate uptake blocker, l-trans-pyrro lid ine-2-4-d icarboxylic  acid 
(PDC: l 00µM, 24 hr) and could be blocked by A M PA /K A  antagonists 
but not by NM D A antagonists. In sum m ary, several lines o f evidence 
indicate that SM I-32 m ay be an excellent m arker for m otor neurons in 
culture. The present system  may thus be useful for e lucidating factors 
(such as possession o f  C a 2+ permeable AMPA/kainate channels) that 
may predispose m otor neurons to injury, as well as for screening 
neuroprotective strategies.

HYPOTHALAMIC-PITUITARY-ADRENAL REGULATION

218.1

PITUITARY BINDING OF CORTICOTROPIN RELEASING HORMONE IS 
DECREASED IN A MODEL OF CHRONIC STRESS IN INFANT RATS.
E.E. Gilles. S. Avishai-Eliner, M.C. Citron* and T.Z. Baram. Childrens Hospital 
Los Angeles/USC, Los Angeles, CA 90027.

BACKGROUND: A chronic stress model of infant rat based on restricted 
handling and bedding was developed (Gilles,E.E. et al., Ann Neurol 36:517,
1994). We now report on basal CORT and on altered pituitary corticotropin 
releasing hormone (CRH) receptor binding.

METHODS: Rats (n = 63) were assigned to treatment groups on postnatal 
day (PND) 2: NH, not handled, permitted access to bedding: NHNB, not 
handled, no access to bedding. On PND 9, pups were sacrificed at 0730, 
0900 or 1130. Plasma CORT was analyzed by radioimmunoassay. Pituitary 
glands of pups sacrificed at 0730 (n = 32) were pooled (n = 8/group) and 
subjected to CRH receptor binding using 125l-Tyr-ovine CRH (De Souza et 
al., 1987).

RESULTS: 1) Basal morning plasma CORT tended to be higher in NHNB vs 
NH , with NHNB animals exhibiting much higher individual variability. 2) Basal 
CORT output over 6 hours was significantly higher in the NHNB group 
(784.5) than the NH group (552). 3) Mean pituitary CRH receptor binding was 
much lower in the NHNB group (526.95 cpm/mg protein) as compared to the 
NH group (2162.85 cpm/mg protein). Scatchard analysis conformed to 
published data (Kd =192 pM).

CONCLUSION: Infant rats exposed to NHNB have 1) elevated basal CORT 
release: i.e. they have the hormonal features of. "chronic stress" and 2) 
decreased (4 fold) pituitary CRH receptor binding . This might be due to an 
absolute decrease in the number of receptor sites or saturation of these sites 
with CRH in NHNB animals. Whether NHNB rats have increased CRH 
synthesis and secretion is under investigation.

218.2

INCREASED HYPOTHALAMIC-PITUITARY-ADRENOCORTICAL AXIS 
REACTIVITY AFTER I.C.V. TREATMENT OF RATS WITH ANTISENSE 
MINERALOCORTICOID RECEPTOR OLIGODEOXYNUCLEOTIDES J.M .H.M. 
ReuT. J.C . Probst. T. Skutella. I.S.M. Stec. A. Montkowski and F. Holsboer. Max 
Planck Institute of Psychiatry, Clinical Institute, Dept. Neuroendocrinology, 80804 
Munich, Germany.

Brain corticosteroid receptors, the Type 1 mineralocorticoid receptor (MR) and the 
Type 2 glucocorticoid receptor (GR) are involved in the regulation of neuroendocrine 
and behavioral responses during ongoing and stressful conditions. To investigate 
further the role of MR in these responses, we treated male Wistar rats i.e.v. for 1 
week with 18-bases endcapped phosphorothioate antisense oligodeoxynucleotides 
(ODNs) directed against MR (MR-AS). The mixed bases sequence (MR-MB) and the 
vehicle (0.9% saline) served as controls. The ODNs were administered by continuous 
infusion (1 µg/0.5 µl/h) via an i.e.v. canula connected with tubing to a s.c. implanted 
Alzet miniosmotic pump. No non-specific effects of the ODNs such as sickness, fever 
or anorexia, were observed at any time during the treatment. The MR-AS treatment 
produced a 20-25% decline in hippocampal MR concentrations whereas MR mRNA 
levels were increased. Hippocampal GR levels were not affected by the treatment. MR 
and GR levels after MR-MB treatment were virtually the same as those found after 
treatment with the vehicle. No changes were found in basal early morning levels of 
plasma ACTH and corticosterone which is consistent with the lack of any changes in 
adrenal and thymus weight. When rats were exposed for 5 min to the elevated plus- 
maze test after experiencing for 10 min a social defeat by a male and female resident, 
no behavioral changes were observed. However, MR-AS-treated rats killed 
immediately after the behavioral test had markedly higher plasma ACTH and 
corticosterone values than the controls. In conclusion, a partial knock-out of the brain 
MR produces an enhanced HPA axis reactivity to stress.
Supported by the Volkswagen-Foundation (1/68 430 and 1/70 543)
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218.3

DEVELOPMENTAL PROFILE OF MESSENGER RNA FOR 
THE CORTICOTROPIN-RELEASING HORMONE RECEPTOR
IN THE RAT LIMBIC SYSTEM. S. Avishai-Eliner1. E.E. Gilles. C.J.L. 
Newth1 and T. Z. Baram*. Divisions of Critical Care1 and Neurology, Childrens 
Hospital Los Angeles, University of Southern California, Los Angeles, California 
90027

RATIONALE: The ontogeny of corticotropin-releasing hormone (CRH) receptor 
messenger RNA (mRNA) in rat brain, using in situ hybridization is the focus of this 
study. The developmental profile of CRH receptors using membrane binding assays 
and receptor autoradiography has been reported, but may be confounded by the 
presence of a binding protein. The recent cloning of the rat CRH receptor gene has 
permitted the use of in situ hybridization histochemistry (ISH) to map the 
distribution of cells expressing CRH receptor mRNA in the developing brain. 
METHODOLOGY: Antisense 35S-labeled oligodeoxynucleotide probes for the two 
reported splice variants of CRH receptor mRNA were developed. ISH was 
preformed on coronal sections of rats aged 2,4,6,9,12 and 16 days in comparison 
to adults. RESULTS: CRH receptor mRNA was clearly detectable in infant rat 
brain starting on the second postnatal day. Signal in hippocampal CA1, CA2 and 
CA3a increased to 300-600% of adult levels by postnatal day 6 with a subsequent 
gradual decline. In the amygdala, in contrast, CRH receptor mRNA abundance 
increased steadily, reaching adult levels by the ninth postnatal day. CRH receptor 
mRNA levels in frontoparietal cortex were high on postnatal day 2 and decreased 
gradually. Transient signal over the hypothalamic paraventricular nucleus, observed 
on the second postnatal day, was not evident at older ages. DISCUSSION: CRH 
receptor gene expression in rat forebrain demonstrates an age- and region-specific 
developmental profile. This unique developmental pattern is highly relevant to the 
evolving role of CRH in the development of the stress response.

218.5

NUCLEAR LOCALIZATION OF GLUCOCORTICOID RECEPTOR 
(GR) IN THE RAT BRAIN AFTER HEMORRHAGE (HEM).
K.V. Thrivikraman*. Y. Su. and P.M. Plotsky. Stress Neurobiology 
Laboratory, Dept. of Psychiatry, Emory Univ., Atlanta, GA 30322.

Many of the pathways participating in stimulus-induced activation of the 
hypothalamic-pituitary-adrenal (HPA) axis and in feedback regulation of this 
axis contain an abundance of GR. Ligand binding to the cytoplasmic GR 
leads to activation and translocation of GR to the nucleus, where it acts as a 
transcriptional regulator. In the present study, we evaluated HEM-induced 
(14 ml/kgbw blood loss) GR activation in chronically catheterized, male 
Sprague-Dawley rats. Sequential venous sampling was initiated on the 
morning o f the experiment and rats were anesthetized for perfusion 
immediately after the initial sample or at various times following HEM. 
Coronal brain sections were immunostained using the polyclonal GR-57 
antiserum. HEM elicited >30-fold increases in both plasma ACTH and 
corticosterone (B) by 18 min which then declined towards prestimulus levels 
by 60 min. Prior to HEM, irGR staining was sparsely distributed in the 
paraventricular hypothalamus (PVN), arcuate nucleus, locus coeruleus (LC), 
and other limbic structures. A majority of this staining was cytoplasmic. 
Within 30 min after HEM, regionally intense nuclear irGR was observed. At 
60 min post-HEM, nuclear irGR was primarily located in the CA1 area with 
only sparse staining in other hippocampal regions, the lateral septal nucleus, 
septohypothalamic nucleus, central amygdaloid nucleus, dorsolateral bed 
nucleus, parvocellular PVN, brainstem neurons (NTS, VLM, LC), and the 
caudate putamen. This pattern of nuclear staining was present, although 
diminished, at 12 h post-HEM. These observations suggest that: (1) stress- 
induced increases in B are sufficient to activate GR and cause nuclear 
translocation, (2) factors in addition to B modulate the availability and/or 
activation of GR. (Supported by Grant MH45216).

218.7

HIPPOCAMPAL INTERACTION WITH INTRAHYPOTHALAMIC 
NEURONS THAT PROJECT TO THE PARAVENTRICULAR 
NUCLEUS. W.E, Cullinan* and S.J . Watson, Mental Health 
Research Institute, The University of Michigan, Ann Arbor MI 48109- 
0720.

The hippocampus has previously been implicated in inhibition 
of the hypothalamic-pituitary-adrenocortical axis, although the neuronal 
pathways by which such influences are mediated remain to be fully 
disclosed. Anatomical data have suggested that a number of 
hypothalamic regions are in a position to relay input from the 
hippocampus to the paraventricular hypothalamic nucleus (PVN), and 
studies com bining retrograde neuronal tracing and Fos 
immunocytochemistry have revealed that several o f the same 
hypothalamic regions may provide input to the PVN in response to 
acute stressors. In the present experiment we examined whether 
hippocampal efferents might contact PVN-projecting neurons located 
within the hypothalamus. Iontophoretic injections of the anterograde 
tracer Phaseolus vuigam-leucoagglutinin (PHA-L) were made in the 
ventral subiculum, and the retrograde tracer Fluoro-gold was deposited 
in the ipsilateral PVN. An immunocytochcmical double-labeling 
protocol was applied for detection of the PHA-L and Fluoio-gold, and 
light microscopic evidence was obtained for subicular input to PVN- 
piojecting neurons located within the medial preoptic area, dorsomedial 
hypothalamic nucleus, and to a lesser extent the posterior hypothalamic 
area. Studies are presently underway to determine whether 
hippocampal efferents might contact intrahypothalamic PVN-projecting 
neurons that are activated in response to acute stressors. Supported by 
MH 42251.

218.4

NORADRENERGIC STIM ULATION OF CRF RELEASE FROM 
ORGANOTYPIC CULTURES OF RAT HYPOTHALAMUS REQUIRES 
GLUCOCORTICOIDS. J .J .  Mulchahey * and P.M. P lotskv. Stress 
Neurobiology Laboratory, Dept. of Psychiatry, Emory University 
School of Medicine, Atlanta, GA 30322 

Regulation of hypothalamic corticotropin releasing factor (CRF) is 
dependent on the balance between neural input and glucocorticoid 
negative feedback tone. The relative influence of these factors is 
difficult to evaluate in vivo. To overcome this difficulty, we developed 
organotypic cultures of the CRF-producing region of the hypothalamus. 
Hypothalamic tissue from 10 day old Sprague-Dawley rats containing 
the presumptive PVN was sectioned at 350 pm thickness and cultured 
on Millicell supports for 3 days in MEM/HBSS supplemented with 5% 
charcoal-stripped horse serum. Production and release of irCRF was 
tested at the end of this period. Unstimulated cultures secreted 
detectable amounts of CRF (16±3.3 pg/culture; mean±SEM) and KCI 
depolarization significantly increased CRF secretion (23.2±3.7 pg; 
n=11). Incubation with cortisol (50 pg/ml) significantly reduced 
unstimulated secretion of CRF (5±0.5 pg; n=14) and, under these 
conditions, KCI depolarization failed to evoke significant CRF release 
(5.610.5 pg; n=13). Cultures treated with DEX (10‘8 M) and NE (1C 
7 M) showed significant increases in CRF secretion (18.3±9 pg; n=5) 
as compared to cultures treated with either DEX or NE alone. In the 
absence of DEX, low basal CRF secretion (8.8±3.5 pg/culture) was 
observed which was not significantly altered by NE. Overall, these data 
demonstrate the usefulness of the hypothalamic organotypic culture 
model for investigating the local regulation of CRF secretion and have 
revealed that the ability of NE to stimulate hypothalamic CRF secretion 
in vitro appears to depend on the presence of glucocorticoids.

218.6

REGULATION OF THE C R Ff RECEPTOR m RN A IN THE 
PARAVENTRICULAR NUCLEUS (PVN) OF THE RAT HYPOTHALAMUS 
BY EXOGENOUS CRF.
James Mansi*. Seroe Rivest and Guv Drolet. Laboratoires de Neurobiologie 
& d’Hypertension et d’Endocrinologie Moldculaire, Centre de Recherche du 
CHUL, University Laval, Quebec, Canada, G1V 4G2.

The present study sought to examine the effects of intracerebroventricular 
(icv) administration of CRF on the expression of CRF-i receptor mRNA 
within the hypothalamus as determined by quantitative in situ hybridization 
histochemistry (ISHH) using a 35S-labeled riboprobe.

Adult male Sprague-Dawley rats were stereotaxically implanted with guide 
cannulae directed towards the right lateral ventricle. Following 10 days of 
recovery, either 10 µl of r/hCRF (5pg) or vehicle was injected into the lateral 
ventricle over a 2 min period. The rats were then deeply anesthetized at 15, 
60, and 180 min after icv injection, transcardially perfused and their brains 
cut into 30-pm coronal sections. Brain sections were then processed using 
standard ISHH revealing the expression of the CRF-) receptor mRNA.

Low to moderate basal levels of CRFi receptor transcript were observed 
in several regions of the forebrain (bed nucleus of the stria terminalis, dorso
medial nucleus of the hypothalamus, basolateral nucleus of the amygdala, 
medial nucleus of the amygdala). However, the hybridization signal for the 
mRNA encoding the CRFi receptor was barely detectable in the PVN of 
vehicle injected rats. In contrast, 180 min following icv administration of CRF 
a significant increase in CRFi receptor transcript was measured specifically 
in the PVN, despite having virtually any hybridization signal prior to 180 min.

These results provide evidence that elevated levels of central CRF may 
trigger CRFi receptor transcription selectively in the PVN. This positive 
feedback of CRF on its own receptor may represent a functional adaptation 
of the hypothalamic-pituitary-adrenal axis in response to stress.

Supported by M R C  of Canada and HSFQ.

218.8

FACILITATED ACTH RESPONSES TO ACUTE RESTRAINT IN COLD- 
EXPOSED RATS REQUIRE APPRECIABLE OCCUPANCY OF TYPE II 
CORTICOSTEROID RECEPTORS (GR). S.F. Akana* C.l. H orsley. M.F. 
D allm an . Dept. Physiology, UCSF, San Francisco, CA 94143-0444.

Chronic stressors result in elevated corticosterone (B) levels, and chronic 
exogenous B potently  inhibits stim ulated ACTH responses. H ow ever, it is 
characteristic of chronically  stressed rats that they  respond w ith  at least 
norm al elevations in ACTH and B to a novel, acute stressor. Thus, chronic 
stressors (like cold) induce facilitation after acute stress that negates the 
e levated B feedback signal. To characterize the sensitiv ity  of the  COLD- 
induced facilitatory inpu t to B, 66 m ale, 200g rats w ere adrenalectom ized  
and given pellets of B that p rov ided  constant p lasm a B levels; half served 
as room  tem peratu re  (RT) controls and half w ere placed at 5° C. ACTH 
and B w ere m easured on d3 in the PM (basal), and on d 5 in the AM: 0,15 
and 30 m in after restraint. No COLD rats survived for 5 d unless plasm a B 
w as > 2.3 µg /d l ;  B occupies m ineralocorticoid receptors (MR), but few GR in 
this range. ACTH responses to restra in t were the same in COLD and RT 
w hen B w as < 5 µg /d l ,  and d id not differ significantly in the range of 5-10 
u g /d l.  H ow ever, w hen B w as in the range of 10-15 p g /d l  (considerable GR 
occupancy) COLD rats had greater ACTH responses (p < 0.05). Basal 
ACTH in the PM predicted the AM ACTH response to restra in t (r2 = 56.3, p 
= 0.001). We conclude that: 1. some GR occupancy is required for survival in 
chronic cold; 2. the sim ilar responsivity  of ACTH in the PM and after 
restra in t in the AM confirm s that in both states ACTH is u n d e r sim ilar 
facilitatory and feedback controls; and , 3. w hen B is held constant and rats 
are exposed to COLD, facilitation is observed only w hen appreciable GR 
occupancy occurs. This provides the capacity to respond to acute stressors 
despite  inhibition by high levels of B. (S upported, in p art, by DK28172).
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218.9

MATERNAL DEPRIVATION RESULTS IN AN ENHANCED PITUITARY- 
ADRENAL ACTIVITY AND AN INCREASED DOPAMINE 
SUSCEPTIBILITY AT ADULTHOOD. N.Y. Rots1,2, J.O. Workel1. W. Sutanto1,
A.R. Cools2, S. Levine3, E.R. de Kloet1. M.S. Oitzl1*. ’Div. of Medical 
Pharmacology, Leiden/Amsterdam Center for Drug Research, University of 
Leiden, 2300 RA Leiden, The Netherlands. 2Dept. Pharmacol., University of 
Nijmegen. 3Dept. Psychiatry and Behavioral Sciences, Stanford University, 
California, U.S.A.

During development maternal factors have an inhibitory influence on the 
hypothalamus-pituitary-adrenal (HPA) axis of the neonatal rat. Maternal 
deprivation of the pup for 24 hours at 3 days of age results in an immediate 
increase in basal and stress induced corticosterone (CORT). CORT levels play 
an important role in the development of neuronal systems. Long-term effects of 
increased CORT levels during development, induced by maternal deprivation, are 
poorly described. Therefore we studied the consequences of this treatment on (i) 
basal HPA activity and (ii) dopamine activity in the young adult male Wistar rat. 
The following characteristics were found when adult rats deprived at 3 days of 
age (DEP) were compared with adult control rats which were non-deprived 
(NDEP) at 3 days of age: (i) significantly higher levels of CORT, free CORT and 
of ACTH. In the hippocampus mRNA levels of the two corticosteroid receptor 
types, MR and GR, were not influenced by the deprivation procedure. However, 
binding studies revealed a significant decrease in GR capacity. In the PVN of the 
hypothalamus and in the pituitary GR mRNA levels were decreased as a possible 
attempt to downregulate the HPA activity. CRF mRNA levels in the PVN were 
decreased, (ii) In the substantia nigra TH mRNA levels were significantly 
increased. Moreover, DEP rats showed a higher stereotypical gnawing behavior 
after an injection with apomorphine.

We showed that maternal deprivation resulted in an enhanced basal pituitary- 
adrenal activity, altered corticosteroid receptor dynamics and an increased 
responsiveness to apomorphine at adulthood.

218.11

Glucocorticoids or Stress Increase M yocardial Infarct Size 
in Rats Deborah A. Scheuer* and Steven W. Mifflin Department of 
Pharmacology, University of Texas Health Science Center, San 
Antonio, TX 78284-7764.

Chronic elevations in glucocorticoids resulting from repeated 
stress or other causes, produce modulatory effects on neurohumoral 
control of the circulation. We hypothesized that these actions of 
glucocorticoids would exacerbate the myocardial injury resulting from 
myocardial ischemia-reperfusion. To produce chronic elevations in 
glucocorticoid levels, male Sprague-Dawley rats (350-450g) were 
treated with 100 mg pellets of 100% corticosterone B implanted 
subcutaneously under methoxyflurane anesthesia (B rats; n=4), or 
subjected to 1 hr of restraint stress each morning (R rats; n=4). Control 
rats had either sham (100% cholesterol) pellets or no treatment (Con 
rats; n=6). A minimum of 7 days after initiation of treatment rats were 
anesthetized with Inactin (100 mg/kg, i.p.) and instrumented to measure 
arterial pressure and to produce ischemia (30 min) and reperfusion (3 
hrs) injury in a portion of the left ventricular myocardium. Area at risk 
(Unisperse Blue) and infarct size (Tetrazolium Red) were determined at 
the conclusion of the experiment. The area at risk as a percentage of the 
left ventricle was not significantly different between groups (47±7, 
36±6 and 49±6% in Con, B and R rats, respectively.) The percentage 
of infarct relative to area at risk was significantly (P<0.05) greater in 
both B (74±2%) and R (76±1%) relative to Con (57±3%) rats. We 
conclude that repeated stress or chronic elevations in corticosterone 
increase infarct size in anesthetized rats. (Supported by AHA, TX 
Affiliate)

218.13

DEXAMETHASONE SENSITIVITY IN FEMALE VETERANS 
WITH POST-TRAUMATIC STRESS DISORDER M.M.
Murburg* J . Stewart K. Drescher.S. A  BallaghNationalCenterfor Post- 
traumaticStressDisorder, Palo Alto VAMC, Palo Alto, CA 94804.

In order to determine the relative frequency of HPA axis 
supersensitivityto glucocorticoid feedback inhibition in female patients 
with PTSD, we have compared the serum cortisol responses to three 
doses of dexamethasone(0.25 mg, 0.50 mg, and 1.0 mg) in three groups 
of medically healthy, drug free female veterans with PTSD. Patient 
groupsconsistedof Viet Nam veterans(N=7), ODS veterans(N=  7), and 
sexually abused veterans (N = 5). 49% of Viet Nam veterans, 83% of 
ODS veterans^nd 60% of sexualtraumaveteransshowedsuppressionof 
senun cortisol to < 5.0 g/dl following dexamethasone0.25 mg. 43% of 
Viet Nam veterans,86% of ODS veterans,and 80% of sexual trauma 
veteransBhowedsuppressionof cortisol following dexamethasond). 50 mg. 
86% of Viet Nam veterans,100% of ODS veterans and 100% of sexual 
traumaveteransshowedsuppressionof cortisol following dexamethasone
1.0 mg. There were no statisticallysignificantdifTerencesin the rats of 
suppression, nor in post -dexamethasone cortisol values. Comorbid 
diagnoses did not affect the responses to dexamethasone,except that 
there were no significant trends for patients with past history of Major 
Depression to have higher cortisol values following dexamethasone0.5 
mg, and patientswith current dysthymiedisorder to have lower cortisol 
levels after dexamethasone0.25 mg. These data suggest that PTSD in 
women is associated with a high incidence of increased HPA axis 
sensitivityto glucocorticoids, regardlessof trauma type.

218.10

TARGETED MOLECULAR ABLATION OF ADRENOCORTICOTROPIN 
(ACTH)- PRODUCING PITUITARY CELLS RESULTS IN INCREASES OF 
BCL-XL mRNA IN SPECIFIC ADRENOCORTICAL CELL POPULATIONS 
THAT IS REVERSED WITH ACTH THERAPY. R.G. A llen* @ . M.J. 
Sirianni@. C.C. Carey@. Malcolm J. Low#- and P.C. Wynn.@ @Center for 
Research on Occupational and Environmental Toxicology, #Vollum Institute, Ore. 
Hlth. Sci. Univ., Portland, OR, 97201.

While much has been learned about the mechanisms of apoptosis in 
hematopoietic cells, less is known regarding the regulation of this process in 
neuroendocrine systems. The original observations of the biochemical markers of 
apoptosis came from studies of the ACTH-deprived adrenal gland, and methods 
now exist to exploit this system. We hypothesize that the apoptosis and 
regenerative changes induced in the adrenal cortex by removing or replacing 
ACTH are the result of genetic programs controlling the apoptotic state of the 
target organ. We have produced transgenic mice that express a pituitary-specific 
fusion gene allowing us to ablate pituitary pro-opiomelanocortin (POMC) cells and 
therefore ACTH production. Using this transgenic model system we ablated 
pituitary POMC cells and then injected one group of mice with vehicle and another 
group with ACTH(1-24) for 8 days. In the ablated group and the group injected 
with vehicle after POMC cell ablation, we observed marked adrenocortical 
degeneration. This degeneration was reversed by the ACTH-replacement therapy. 
We then performed in situ hybridization on cryostat sections from each group 
using probes directed at the mRNAs encoding the cell protective bcl-2 and bcl-xL 
genes. We found that bcl-2 and bcl-xL were expressed in specific cell populations 
in the adrenal cortex. We also found that ACTH deprivation caused an apparent 
increase in bcl-2 and bcl-xL. Additionally, 8 days of ACTH therapy also increased 
mRNA levels compared to that observed in the control group. These data suggest 
that bcl-xL and bcl-2 may be regulated by ACTH. The results also imply that the 
immune system may share common apoptotic signaling pathways with specific 
endocrine systems. This work was supported by (NSF BNS #9108426).

218.12

EFFECTS OF SOCIAL DEPRIVATION ON CORTISOL REGULATION IN 
INSTITUTIONALIZED ROMANIAN INFANTS M. Carlson*. C. Dragomir.
F. Earls. M. Farrell. O. Macovei, P. Nvstrom and J. Snarling 
Harvard Medical School, Boston, MA and Leagane de Copii, Iasi, Romania 

To explore the impact and persistence of early stimulation on the regulation of 
the hypothalamic-pituitary-adrenal axis (diurnal variation and response to acute 
stress), samples of salivary cortisol were obtained from 2-year old infants 
institutionalized from the first months of life. Samples were obtained from two 
groups of children, 28 controls (C) raised in the standard conditions and 30 
intervention (I) children given a 13-month enrichment program beginning at 2-9 
months of age. Samples were taken prior to meals (8 AM, noon and 7 PM) on Day 
1, and on Day 2 at AM, noon, pre- (5 PM), stress (6:30 PM) and post-stress (7 
PM) and assayed by RIA methods. Although the I group had significantly greater 
gains than the C group on social, motor and language performance and height and 
weight immediately following the intervention, these performance and weight 
differences faded 6 months after the program ended. At that time the average basal 
levels of both groups (.55 ug/ml) was twice that of U.S. infants of the same age, 
with the C group showing a higher level than the I group at AM and noon. For 
both the I and C groups low AM and PM cortisol correlated with high behavioral 
performance and physical growth, but only the Cgroup showed similar correlations 
with the noon period. For the stress period sample only the / group had low 
cortisol levels correlated with high behavioral scores and greater growth gain. 
Although group differences in growth and behavior faded 6 months after the 
program ended, the significant association between HPA regulation, behavioral 
competence and growth for the C group at noon and the I group during acute stress 
persisted, consistent with laboratory studies showing the critical role of 
tactile/social stimulation in HPA and growth regulation and mental and motor 
development early in life.

218.14

STEROID REGULATION OF HIPPOCAMPAL GLUCOCORTICOID 
RECEPTOR AND MINERALOCORTICOID RECEPTOR GENE EXPRESSION 
IN  VIVO. I.P. Herman*. R.L. Spencer. D.G. Morrison. D. Rucker and S.T. 
Watson. Univ. of Kentucky, Univ. of Colorado, and Univ. of Michigan.

Glucocorticoid receptor (GR) and mineralocorticoid receptor (MR) proteins 
are responsible for transcriptional effects of glucocorticoids. Evidence 
suggests that the GR and MR genes may themselves be glucocorticoid- 
regulated, providing a pathway whereby glucocorticoids can modulate their 
own cellular impact. To examine mechanisms underlying steroid regulation 
of GR and MR, the present studies examined GR and MR gene transcription, 
mRNA expression and p ro te in  levels in the h ippocam pus of 
adrenalectom ized (ADX) and sham-ADX rats. cRNA probes were 
constructed to recognize GR and MR intronic sequences, mature GR and MR 
mRNA and alternatively polyadenylated GR mRNA species. Expression of 
RNAs was assessed by in situ hybridization. GR and MR proteins were 
analyzed by immunoauto-radiography and Western blot analysis. ADX- 
induced increases were seen in GR hnRNA, GR mRNA and GR protein in 
subfield CA1 of the hippocampus. Increases in GR hnRNA, mRNA and 
protein were comparable in magnitude (60-80%), suggesting that changes in 
GR are transcriptionally driven. A probe complementary to the distal 3’ 
untranslated region of the GR mRNA revealed similar increases, indicating 
that ADX does not preferentially affect selection of polyadenlylation site. 
In contrast to GR, MR hnRNA was not induced by ADX. ADX did produce a 
small increase in expression of MR mRNA (20%). No change was seen in MR 
protein expression. Thus, the observed increase in MR mRNA may be due to 
changes in RNA stability. The data suggest that the GR is susceptible to 
glucocorticoid autoregulation at the transcriptional level in vivo. The MR 
gene does not appear to be up-regulated by glucocorticoid depletion. 
Supported by MH49698.
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218.15
THE N U C LE A R  ROLE OF TH E IN T E R A C T IO N  
OF THE GLUCOCORTICOID RECEPTOR WITH HSP90
C.A. Caamaño*. M.I. M orano, S.T. W atson and H . Akil 
M en tal H ea lth  R esearch  In stitu te , U n iv e r s ity  o f  
M ichigan, A nn Arbor MI, 48109.

It is n o w  generally  accepted that steroid receptors 
depend on  the interaction w ith  hsp90 for proper folding. 
By expression o f corticosteroid receptors in bacteria, and 
by subsequent in v itro  assem bly w ith  m am m alian hsp90, 
w e  have p rev iou sly  sh ow n  that hsp90 association  is 
required for the receptors to  sh o w  high -affin ity  for 
steroid ligands. In order to study  the possib le  role of 
hsp90 interaction on  the nuclear function of the receptor 
w e generated a series o f single-am ino acid m utations in 
the hsp90-binding region o f the glucocorticoid receptor 
(GR). The effect of the m utations w as evaluated using a 
m u ltilevel analysis that inclu ded  receptor steroid- and 
D N A -bin ding, in v itro  assem bly and stability w ith  hsp- 
90, protein  exp ression , and transactivation  o f gen e  
transcription. W e found that a GR m utation involv ing a 
conserved proline caused  a substantial decrease in the 
transactivation activity w ithout suppressing the steroid- 
and D N A -binding specificity and high affinity.

218.16
ABSOLUTE MEASUREMENT OF ADRENOCORTICOID RECEPTORS 
mRNA EXPRESSION BY QUANTITATIVE PCR.
L.NJL. Marlier*1, F.R. Patacchioli2, O. Porzio1, R. Di Grezia2, R. Chiusaroli2, P 
Borboni1, R. Lauro1 and L. Angelucci2.
I: Dept. Internal Medicine, Univ. of Rome ‘Tor Vergata”, Italy;
2. Inst, of Pharmacology, 2nd chair, Univ of Rome “La Sapienza”, Italy 
A quantitative PCR assay was developped to measure mRNA for mineralocorticoid 
(MR) and glucocorticoid (GR) receptors. For this purpose, two internal standards 
(i s.) cDNA were cloned. The i s. templates differ form respective wild type (w.t.) 
templates for a single base-pair mutation introduced by PCR that generates a unique 
restriction site which allows to distinguish amplification products arising from co-
amplification of w.t. and is.. Known increasing amounts of is. RNA were mixed to a 
constant amount of w.t. RNA and reverse transcribed. The subsequent cDNAs were 
PCR-amplified using a single primer pair one of which was labeled with 32P-γATP 
After appropriate digestion, PCR products were resolved on agarose gel, bands 
excised and the incorporated radioactivity counted. The ratio w.t./i.s. was plotted as a 
function of i.s. concentration and the curve fitted in order to determine the 
concentration of w.t. mRNA present in the sample.
We combined quantitative PCR and cytosolic binding assay to measure MR and GR 
mRNA, Kd and Bmax in various rat CNS regions. Results demonstrate that mRNA 
expression is not always correlated with respective Bmax. In a second set of 
experiments, we followed MR and GR expression in hippocampus and lumbar spinal 
cord after adrenalectomy (ADX) and/or corticosterone (B) treatment. One week ADX 
did not changed significantly MR and GR mRNA expression while respective Bmax 
were increased. B treatment of ADX rats (2 or 24 Hr.) severely decreased MR and GR 
mRNA expression and Bmax; in intact rats it led to a significant increase of MR 
mRNA expression while Bmax was reduced to 50% vs intact animals.
These data suggest a differential regulation of various adrenocorticoid receptors 
isoforms. Besides, this quantitative PCR method is very sensitive and can be applied 
to assay small amount of material to get absolute measurements of mRNA expression.

OPIOID RECEPTORS I

219.1
CHARACTERIZATION OF THE NONPEPTID1C 5 OPIOID AGONIST TAN-67 
AT HUMAN δ AND µ OPIOID RECEPTORS. R.J. Knapp*. R. Landsman. S. 
Waite. E. Malatynska. E. Varga, W. Haq. V.J. Hruby. W.R. Rosske .  H. 
Nagase† . and H.l. Yamamura. Pharmacol. & Chemistry Dept’s. U. of AZ Coll, 
of Med., Tucson, AZ 85724; †Torav Industries. Japan..

TAN-67 is a heterocyclic, nonpeptidic 5 opioid 
receptor agonist with high selectivity for the δ 
opioid receptor. It was recently shown to have 
analgesic activity in the mouse abdominal 
constriction assay after i.p. administration 
(Kamei et al., Eur. J. Pharmacol., 276: 131,
1995). The binding affinities of TAN-67 and the 
cyclic enkephalin analog, [D-Pen2, 4'-CI-Phe4,
D-Pen5]enkephalin (pCI-DPDPE) were measured by radioligand binding 
inhibition studies at mouse and human variants of the 5 and µ opioid receptor 
using [3H]Naitrindole and [3H]CT0P, respectively. TAN-67 showed high 
binding affinity (Kj = 0.647 nM) at the human 5 receptor and high 5 receptor 
binding selectivity (>1000-fold) relative to the human p receptor. TAN-67 also 
showed high potency (EC5 0  = 1.72 nM) for the inhibition of forskolin- 
stimulated cAMP accumulation at human 5 receptors expressed by intact 
Chinese hamster ovary cells but low potency (EC50  = 1520 nM) at human p 
receptors expressed by intact B82 mouse fibroblast cells. While TAN-67 is a 
full agonist in the adenylyl cyclase assay, it has about 50% lower efficacy than 
pCI-DPDPE which may explain its relatively low analgesic potency. The 
results show that TAN-67 has similar binding selectivity as pCI-DPDPE at 
human δ and µ opioid receptors. These results, combined with the 
nonpeptidic structure of TAN-67, suggest that this compound has therapeutic 
potential as a 5 receptor agonist. Supported by NIDA grants.

219.3
DYNORPHIN A IS AN ENDOGENOUS AGONIST WITH HIGH AFFINITY 
FOR HUMAN KAPPA, MU AND DELTA OPIOID RECEPTORS. Shengwen 
Zhang. Anton Mestek. Mingting Tian. Andrew Campbell. Leighan S. Bye.

Indiana Univ. Sch. of Med., Indianapolis, IN46202; 1 ESBS, Univ. Louis Pasteur, 
67 Strasbourg, France

Dynorphin A is an endogenous opioid peptide that has been shown to activate 
the kappa opioid receptor (KOR) with high potency. In vivo studies also showed 
that it caused some physiological effects which are not mediated by KOR. Recent 
cloning of all three major types of opioid receptors, mu, kappa and delta, made it 
possible to evaluate the affinity of dynorphin A for these receptors. We used 
AV12 cell lines stably transfected with the cDNA clones for the human kappa, mu 
and delta opioid receptors (hKOR, hMOR, hDOR) to perform binding assays. 
Saturation and competition binding experiments using [3H]-diprenorphine as the 
radiolabled ligand showed that dynorphin A possesses Ki values in the nM range 
for all three opioid receptors. The results indicate that dynorphin A has relatively 
high affinity for all three human opioid receptors under the physiological 
concentration range.

By coinjecting cRNA of hKOR, hMOR or hDOR with a G protein-activated 
potassium channel (KGA) cRNA into Xenopus oocytes, we found that dynorphin 
A can induce an inwardly rectifying potassium current by activating all three 
receptors. This activation can be blocked by pertussis toxin and by non-selective 
opioid antagonist naloxone. Dose response experiments showed that dynorphin A 
has high potency, with EC* values in nM range. These results further indicate that 
dynorphin A is an endogenous agonist that is capable of activating all three opioid 
receptors in human.

219.2
MU, DELTA AND KAPPA SELECTIVE LIGANDS IDENTIFIED FROM A 
POSITIONAL SCANNING COMBINATORIAL LIBRARY MADE UP OF L-, D- 
AND UNNATURAL AMINO ACIDS. C.T. Doolev1. A N. Bower1. J.M. Bidlack2* 
and R.A. Houahten1. 1Torrey Pines Institute for Molecular Studies, San Diego, CA 
92121; University of Rochester Medical Center, Pharmacology Dept., 
Rochester, NY 14642.

Synthetic combinatorial libraries (SCLs) have been used for the identification 
of new opioid ligands. These include peptides composed entirely of L- or D- 
amino acids. Both highly active agonists (Ac-rfwink-NH2 Science 266:2019-2022, 
1994) and antagonists (the acetalins PNAS 90:10811-10815, 1993) for the µ 
receptor have been identified using SCLs. Positional scanning SCLs contain a 
series of mixtures in which the defined position is walked through the length of 
a peptide (Life Sci. 52:1509-1517,1993). These libraries do not require the usual 
iterative process for the identification of individual active compounds since the 
most active mixtures at each position are identified in an initial screening. The 
screening process, synthesis and testing of individual compounds may be 
completed within a week to 10 days. One such PS-SCL, composed of 
7,311,616 tetrapeptides from 52 different L-, D- and unnatural amino acids, was 
screened in assays selective for the µ, δ and k receptors. The 208 mixtures (52 
mixtures x 4 positions), when examined in the three receptor assays, exhibited 
different binding profiles. Combinations of the most active amino acids found at 
each position were synthesized as individual peptides. In this manner, highly 
active (subnanomolar activities were observed for a number of individual 
peptides) and receptor-selective individual peptides were identified. The 
screening profiles, receptor affinities and selectivities of the individual peptides 
identified will be detailed for each of the three receptors.

219.4
Isolation of an endogenous ligand for an orphan G protein-coupled 
receptor with high homology to known opioid receptors
Olivier Civelli*. Rainer K. Reinscheid. Hans-Peter Nothacker & Frederick J. 
Monxma Jr.. Hoffmann-La Roche, PRPN, CH-4002 Basel, Switzerland.

Recently, several groups have reported the cloning of an "orphan" G protein- 
coupled receptor with striking sequence homology to the µ, δ and K-opioid 
receptors. However, this receptor was shown not to bind any of the natural 
opioid peptides, indicating that its natural ligand was unknown. We therefore 
set out to identify the endogenous ligand of this receptor from brain tissue 
homogenates. The inhibition of cAMP accumulation in exogenously 
transfected cells was used as a specific assay for recording receptor 
activation. Purification to homogeneity of an active fraction was achieved by 
a five-step chromatographic procedure. This led to the identification of a 
novel peptide which potently inhibits forskolin-stimulated cAMP production 
at nanomolar concentrations in transfected but not control cells. The 
sequence of this novel neuropeptide is reminiscent of that of the opioid 
peptides. Our biochemical approach to the identification of this novel 
neuropeptide may prove applicable to other members of the growing number 
of "orphan" G protein-coupled receptors.
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219.5

A HALOPERIDOL-INSENSITIVE BINDING SITE FOR SIGMA-ACTIVE ARYL 
ETHYLENE DIAMINE-RELATED COMPOUNDS: A NOVEL SIGMA 
RECEPTOR SUBTYPE? W.D. Bowen*. B.J. Vilner. K.S. Lee. X.-S. He. B.R.
de Costa, and D.R. Weinberger. Unit on Receptor Biochemistry and 
Pharmacology, Laboratory of Medicinal Chemistry, NIDDK, NIH, Bethesda, MD 
20892 and CBDP, NIMH, St. Elizabeth's Hospital, Washington D.C. 20032.

We have developed a large series of compounds containing the aryl 
ethylene diamine (AED) moiety, which exhibit high affinity and selectivity for 
sigma receptors. The prototypic compound in this series is BD1008. 
Replacement of the chlorine atoms of BD1008 with an iodine in the 4-position 
gave SH344, a potential SPECT ligand (He et al., J. Med. Chem. 36:566,
1992). SH344 bound with high affinity to both sigma-1 and sigma-2 receptors 
(Kj = 2.5 nM and 43.1 nM, respectively). Thus, [125I]SH344 was synthesized 
and characterized. Using standard sigma assay conditions in membranes from 
guinea pig brain (rich in sigma-1 sites) and C6 glioma cells (rich in sigma-2 
sites), competition studies (0.1 nM (125I]SH344) showed that the prototypic 
sigma ligands haloperidol, DTG, (+J-3-PPP, and (+)-pentazocine, displaced 
radioligand from high affinity (IC50 = 3 -1 0 0  nM) and low affinity (IC50 = 2 - 3 0  
µM) sites. In contrast, AED's such as BD1008, BD1047, BD1063, BD737, 
and SH384 displaced with high affinity (IC50 < 50 nM) and monophasic curves. 
These data are consistent with [125l]SH344 labeling sites other than sigma-1 
or sigma-2 receptors. When sigma-1 and sigma-2 sites were masked with 
saturating haloperidol (400 nM), AED's maintained high affinity, whereas DTG, 
(+)-3-PPP, haloperidol and other prototypic sigma ligands displaced from a 
single site with micromolar affinity. An exception was reduced haloperidol, 
which exhibited IC50 ~ 300 nM. Ligands for muscarinic, dopamine, serotonin, 
adrenergic, NMDA, and opiate receptors, and cytochrome P-450 and MAO 
enzymes failed to interact with this site. The high affinity and selectivity of the 
AED's for sigma-1 and sigma-2 receptors, coupled with their extensive cross-
reactivity as described here suggests that the site labeled by [125I]SH344 
represents a novel sigma receptor class (tentatively termed "sigma-4").

219.7

ROLE OF REDUCED AND OXIDIZED CYSTEINES IN µ AND δ OPIOID 
RECEPTOR BINDING. M. Shahrestanifar, W.W. Wang and R.D. Howells*. Dept of 
Biochem. & Mol. Biol., UMD-New Jersey Med. Sch. and Grad. Sch. of Biomed. Sci., 
Newark, NJ, 07103.

Human embryonic kidney 293 cell lines were established that stably express either 
the cloned p or δ receptor cDNA. These cell lines were used to explore the role of 
cysteines in receptor-ligand interactions. Disulfide linkages were crucial for proper 
ligand binding: reduced glutathione inhibited binding to both p and 5 receptors with an 
IC50 of 10-15 mM; binding was totally inhibited at ≥25 mM. The sulfhydryl reagent, 
N-ethylmaleimide (NEM), inactivated binding to both receptor types, although the 
IC50 of NEM was 5-fold lower for inhibition of p receptor binding (70 pM) as 
compared to δ receptor binding. Both receptor types were protected against NEM 
inactivation by preincubation with peptide agonists, non-peptide agonists, and non-
peptide antagonists. This suggested that the sensitive cysteine on the receptor was in 
the vicinity of the ligand binding site, and that the binding of agonists and antagonists 
overlapped in this region. Saturation analysis of bremazocine binding to δ receptors 
indicated that NEM affected Bmax, not affinity. It appeared that alkylated receptors 
totally lost the ability to bind ligand. Sodium ions protected against NEM inactivation 
of bremazocine binding to p and δ receptors. In sharp contrast, sodium ions increased 
the sensitivity of DAGO binding to p receptors, and DSLET binding to δ receptors. 
Overlay of the NEM dose-response curves in the presence of sodium ions strongly 
suggested the involvement of at least 2 cysteines in both the p and δ receptors: 
alkylation of one cysteine at low [NEM] inhibited peptide binding, while alkylation of 
a different cysteine at higher [NEM] inhibited bremazocine binding. The rank order of 
reactivity with N-substituted maleimides for bremazocine binding to δ receptors was N- 
phenyl>N-butyl>N-ethyl>N-methyl, suggesting that the reactive cysteine resided in a 
hydrophobic environment. Comparison of the reactivity of wild type and µ/δ receptor 
chimeras toward NEM suggested that the relevant cysteine in the p receptor resided in 
the region between TM2 and TM5. Site-directed mutagenesis is being used to confirm 
this prediction. Supported by a Biomedical Research Support Grant from NIH.

219.9

MOLECULAR SIZE OF RECOMBINANT OPIOID RECEPTORS. 
C. J  . Cosci a1*.M.M.Belcheva1, L.B. J e f c o a t1. T .A vldor-R eiss2.
J . Barg2. and Z.Vogel . D ept. biochem . & Mol B io l . , S t. 
Louis Univ. Sch. Med., S t. Louis, MO 63104, zDept. 
N e u ro b io l., Weizmann I n s t . o f S c i . ,  Rehovot, I s r a e l .

Upon c ro s s - l in k in g  o f 125I - β -endorph in  to  r a t  b ra in  
membranes, la b e led  bands a t  Mr 65 and 53 kDa (assig n ed  to  
µ and 8 r e c e p to rs ,  r e s p .)  as w e ll as 43 kDa were d e te c te d  
by SDS- PAGE follow ed by au to rad io g rap h y . In  c o n tra s t ,  
NG108-15 membranes sed im enting  a t  20000 g (P2o) generated  
predom inantly  a 27 kDa r e a c t io n  p roduct a long w ith  le s s e r  
amounts o f 43 and 53 kDa bands. The m olecu lar s iz e s  of 
o p io id  re c e p to rs  in  t ra n s fe c te d  c e l l s  were e s tim a ted  to  
ga in  in s ig h t  in to  the  o r ig in  o f the  43 and 27 kDa re a c t io n  
p ro d u c ts . We c ro s s - l in k e d  β - endorphin  to  P20 f r a c t io n s  
from CHO c e l l s  s ta b ly  t ra n s fe c te d  w ith  µ o r k re c ep to rs  
and PC12 c e l l s  s ta b ly  t ra n s fe c te d  w ith  mouse δ re c e p to rs .  
The µ CHO c e l l  P20 membranes a ffo rd ed  a major (52±1X o f the 
t o t a l )  band a t  65 kDa w ith  le s s e r  amounts o f 43 kDa 
(34±2X) and 27 kDa (14±2X) fragm ents. The k recom binant 
p ro te in  gave bands a t  53, 43 and 27 kDa. No s p e c if ic  
la b e lin g  was o b ta in ed  in  p a re n ta l  CHO c e l l  P20 membranes. 
In  most experim ents PC12 P,0 f r a c t io n s  gave predom inantly  
a 27 kDa fragm ent. To reduce p ro te o ly s is ,  c ro s s - l in k in g  
was perform ed on in ta c t  c e l l s .  NG108-15 and k CHO c e l l s  
a ffo rd ed  e x c lu s iv e ly  a 53 kDa band, whereas PC12 c e l l s

gave e i th e r  27 o r 43 kDa fragm ents w ith  l i t t l e  o r no 53 
Da re a c t io n  p ro d u c t. The d a ta  suggest th a t  the  

recom binant 43 and 27 kDa p ro d u c ts  a re  d e riv ed  from p, k 
and 8 r e c e p to rs .  Recombinant re c e p to rs  do n o t appear to  
d i f f e r  in  m olecu lar s iz e  from n a tiv e  o p io id  re c e p to rs  in  
b ra in  anil neuroblastom a l in e s .  Supported by g ra n ts  from 
NIDA and the  Israel-U SA  B in a tio n a l Science Foundation.

219.6

IDENTIFICATION OF TYPE-SPECIFIC LIGAND BINDING DOMAINS IN THE 
CLONED MU AND DELTA OPIOID RECEPTORS. W.W. Wane. M. Shahrestanifar. 
R.W. Ledeen* and R.D. Howells. Department of Biochemistry & Molecular Biology, 
UMD-Graduate School of Biomedical Sciences and New Jersey Medical School, Newark, 
NJ 07103

This study was designed to identify domains in µ and δ opioid receptors that account 
for type-specific ligand binding. Chimeras of closely related receptors have proved to be 
very useful in the delineation of ligand binding and other functional domains of receptors. 
This strategy has been used recently to reveal ligand binding domains of the cloned k 
opioid receptor. We were able to construct chimeric receptors both efficiently and rapidly, 
with a method that involves a modified 2-step PCR process. This technique does not 
depend on the presence of common restriction endonuclease sites and ligation of receptor 
DNA fragments. Based on the cloned rat p and mouse 6 opioid receptors, we constructed 
4 chimeras with N-terminal domains of the δ receptor fused to C-terminal domains of the 
p receptor (DM constructs), as well as 2 of their reciprocal versions (MD). These chimeric 
receptors were transiently or stably expressed in human embryonic kidney 293 
cells. All 6 chimeras bound [3H] bremazocine, a nonpeptide nonselective ligand, 
with high affinity. Competition binding assays showed that all chimeric receptors 
also displayed high affinity for the nonselective antagonist, naloxone, and the nonselective 
agonist, etorphine. The µ-selective agonist, DAGO, and δ-selective agonist, DSLET, were 
used to examine type-specific binding of the chimeric receptors. The data suggested that 
the first extracellular loop and its neighboring transmembrane (TM) regions were essential 
for high affinity binding of the µ-selective peptide, while a major DSLET binding domain 
was located between TM6 and the C-terminus. Regions other than these major type- 
specific binding domains must be involved in high affinity ligand binding since there were 
differences between binding affinities of different chimeras containing the same major 
type-specific binding domains. Supported by a Biomedical Research Support Grant from 
NIH.

219.8

DIFFERENCES IN THE AVAILABILITY OF ECTO- AND 
ENDODOMAIN EPITOPES OF DOR1 IN BRAIN VERSUS CELL 
LINES. U Arvidsson*. M Riedl. J Ko. AH Nakano. L Vulchanova. RJ Dado. 
LS Stone. J Lai. EJ Bilksy. F Porreca. GL W ilcox. HH Loh. P-Y Law, 
MW Wessendorf and R Elde. Dcpts of Cell Biology and Neuroanatomy and 
Pharmacology, U of Minnesota, Minneapolis, MN 55455 and Dept of Pharmacology, 
U of Arizona, Tucson, AZ 85724.

The cloning of cDNAs that encode opioid receptors makes it possible to produce 
antisera that can be used as probes for the localization and characterization of these 
receptors in brain as well as in cultured cells. We previously developed and 
characterized antisera to different ectodomains of the cloned 5-opioid receptor (DOR1) 
and used these antisera for anatomical localization of the DOR1 protein in the brain 
(Dado et al., 1993; Arvidsson et al., 1995). More recently we generated an endodomain 
antiserum against the carboxy terminus of DOR1. Ectodomain antisera intensely 
stained nerve fibers and terminals in brain, but poorly stained cell lines that express 
DOR1. Staining of brain was determined to be specific for DOR1 since antisera against 
different ectodomains stained identical structures. Moreover, treatment with a DOR1 
antisense oligonucleotide specifically depleted DOR1 staining. Endodomain antisera 
stained cells transfected with DOR 1 or hemagglutinin tagged-DOR 1 but did so only 
after permeabilization, consistent with the prediction that the carboxy terminus is 
intracellular. However, antisera against cytoplasmic epitopes failed to stain brain or 
cell lines that endogenously express a 5-opioid receptor. This is probably not a 
detection problem since these antisera recognize DOR1 in transfected CHO cells that 
express 18,000 reccptors/cell whereas NG108-15 cells, which were unstained, express
350,000 receptors/cell. In conclusion, our ectodomain antisera recognize DOR1 in 
brain but fail to do so in cell lines, whereas the endodomain antisera stain DOR1 
transfected cell lines but not cell lines or brain regions that endogenously produce 
DOR1. Thus, post-translational processing and/or the conformation of DOR1 differs 
among brain and various cell lines. Supported by grants from NIDA.

219.10

MUTATIONAL DISSECTION OF AGONIST VS. ANTAGONIST 
BINDING EPITOPES ON THE KAPPA OPIATE RECEPTOR - 
THE CRUSIAL SIGNIFICANCE OF RADIOLIGAND CHOICE.
S. A. Hjorth1, K. Thirstrup1, C. Stidsen2*. and T. W. Schwartz1
1 Lab. for Molecular Pharmacology, Rigshospitalet 6321, DK-2100 Copenhagen,
2 Health Care Research, Novo Nordisk A/S, DK-2880 Bagsværd, Denmark.

Receptor mutagenesis of the opiate kappa and the mu receptors was employed to 
delineate essential epitopes for the binding of kappa selective ligands. The analysis of 
a systematic series of kappa/mu receptor chimeraes demonstrated that essential 
epitopes for the binding of the kappa selective nonpeptide antagonist, nor-BNI, was 
present in a receptor segment including the extracellular (EC) loop 3 and 
transmembrane (TM) segment VII. Point mutagenesis of a single residue at the start 
of EC loop 3, Glu297→Lys297, resulted in a >100 fold selective loss of affinity for 
nor-BNI.In contrast to antagonists, as norBNI, the localization of agonist interaction 
sites was crusially dependent on the radioligand employed. For example, competition 
binding analysis using [3H] diprenorphine indicated the presence of essential epitopes 
for the binding of the peptide agonist dynorphine A in a receptor segment 
encompassing EC loop 2. In contrast, when using pH]-CI977, the exchange of 
kappa receptor EC loop 2 did not significantly affect binding of dynorphine A. A 
previous mutational analysis of the tachykinin receptor NK1 similarly demonstrated 
binding vs. competition by peptide agonist to be crusially dependent on the choice of 
antagonist vs. agonist radioligand (J.Biol.Chem. (1994) 269:28160-28164).
In conclusion, a selective acidic contact point for the non-peptide antagonist, nor- 
BNI, was identified at the top of TM-IV of the kappa opiate receptor independent of 
radioligand choice; in contrast, the localization of selective binding epitopes for the 
non-peptide agonist, CI977, and the peptide agonist, dynorphineA, required the 
combined use of radiolabelled agonist and antagonist.
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219.11

CHARACTERIZATION OF THE KAPPA3 -LIKE OPIOID 
RECEPTOR ON RAJI B LYMPHOMA CELLS. J.S.H. Hom *. Y.X.. 
Pan. A.I. Brooks. K.M. Standifer. J.P. Mathis. D.A. Scheinberg.
G.W. Pasternak. Memorial Sloan Kettering Cancer Center, New York, 
New York 10021

The kappa* opioid receptor is the predominant opioid receptor in the 
mammalian brain. It is distinguished from µ, δ, and k1 and K2 receptors 
by its distinctive pharmacological profile using the kappa* opioid ligand, 
Naloxone Benzoylhydrazone (NalBzoH). Kappa and delta receptors 
have been demonstrated on immune cells, predominantly on T cells, but 
also on other hematopoietic cells. This study characterizes a kappa3- 
related opioid receptor on a B cell line. In cAMP accumulation assays, 
dose response curves were demonstrated with Cyclazocine (a non- 
selective agonist) and NalBzoH. All other agonists for µ (DAMGO), δ 
(DPDPE), k1 (U 50,488H ) receptors were inactive. No µ, δ , and k1 
binding is present, indicating the lack o f these receptors on this cell line 
Monoclonal antibody mAb8 D8  interacts specifically with kappa3  opioid 
receptors and blocks kappa3  binding in neuroblastoma membranes and 
mouse and rat brain. Given i.c.v. mAb8 D8  also blocks kappas 
analgesia. Western blot analysis using mAb8 D8  revealed a 69 Kd 
protein that was consistent with the kappa3 opioid receptor. RT-PCR, 
performed on the Raji ceil line demonstrated message for the kappa-like 
opioid receptor, identical to the KOR-3 clone, which encodes a kappa3- 
related receptor. These results, based on function, Western blot 
analysis, and molecular biological studies, show the presence o f a 
kappa3-related opioid receptor on Raji B lymphoma cells

219.12

MULTIPLE OPIOID RECEPTORS IN DESIPRAMINE (DMI) INDUCED C6 
GLIOMA CELLS. L.B . J e f c o a t t .  M.M.Belcheva† . A.Gorodinsky† . 
J ,B arg # † .E .Ig n a to y a† .F .E ,Johnson*† ,Z .V ogel#. and C .J . 
C oscia† . †D ept. Biochem. & Mol. B io l . ,  ‡Dept. Surg., S t. 
Louis Univ. Sch. Med., S t. L ouis, MO 63104, #Dept. 
N eu ro b io l., Weizmann I n s t . o f S c i . , Rehovot, I s r a e l .

DMI induces o p io id  re c e p to rs  in  C6 gliom a c e l l s  th a t  
can fu n c tio n  v ia  two d i f f e r e n t  s ig n a l l in g  system s. The 
o p io id  re c e p to r  types invo lved  in  th e se  s ig n a l l in g  
pathways a re  n o t known. Here we fu r th e r  c h a ra c te r iz e d  the 
b ind ing  p ro p e r t ie s  o f th e  o p io id  re c e p to rs  induced by DMI 
in  C6 c e l l s .  C ro ss - l in k in g  o f 125I - β -endorphin  to  DMI- 
t r e a te d  C6 c e l l  membranes sed im enting  a t  20000 g (P20) . 
gave la b e le d  bands a t  Mr 65 and 53 kDa, (a ssig n ed  to  µ and 
k re c e p to rs ,  r e s p .)  p lu s  bands a t  43 and 27 kDa d e tec ted  
by SDS-PAGE. P20 membranes from u n tre a te d  C6 c e l l s  gave 
no s p e c i f i c a l ly  la b e led  b an d s . C ro s s - l in k in g  experim ents 
were perform ed in  the  p resence  o f v a rio u s  o p io id s  and 
d e n sito m etr ic  an a ly ses  were undertaken  to  e s tim a te  t h e i r  
r e la t iv e  com pe tition  w ith  la b e le d  β -endorph in . Morphine 
proved to  be the  most e f f e c t iv e  co m p e tito r, reducing  
la b e lin g  o f a l l  4 bands from 42±3X to  55±7X. In h ib i t io n  
by the  k -s e le c t iv e  a n ta g o n is t n o r-b in a lto rp h im in e  (NBNI) 
ranged from 13±7X (65 kDa band) to  32±8X (53 kDa band). 
The k -a g o n is t dynorphin B gave r e s u l t s  s im ila r  to  those of 
NBNI. The a n ta g o n is ts  n a l t r in d o le ,  brem azocine and β - 
funa ltrexam ine  were le s s  e f f e c t iv e  than  the  a g o n is ts . 
B inding assays u s in g  125I - β -endorph in  in  the  p resence of 
the  same µ - and k - s e le c t iv e  lig a n d s  gave s im ila r  r e s u l t s .  
These d a ta  suggest th a t  DMI Induces th e  ex p re ss io n  of 
subtypes o f bo th  µ and k re c e p to rs  in  C6 c e l l s . Supported 
by g ra n ts  from NIDA and the  I s r a e l  M in is try  o f H ealth .

CELL LINEAGE AND DETERMINATION I

220.1
INDUCING A N D  RESPONDING REGIONS IN A N  EXPERI
MENTAL MODEL OF NOTOCHORD FORM ATION IN AVIAN  
EM BRYOS. S. P. Yuan . D. K. Darnell and G. C. Schoenw olf* 
Neurobiol. Anat., Univ. Utah Sch. o f Med., Salt Lake City, UT 84132 

Inductive events play important roles in the formation and pattern- 
ing o f  mesoderm and ectoderm in vertebrate embryos. One o f the 
earliest such inductive events results in formation o f  the notochord, a 
structure directly involved in early patterning o f the neural tube. The 
notochord normally arises from committed cells at the rostral tip o f  
the primitive streak. After removal o f  these ce lls from the avian 
embryo, notochords nevertheless develop in the majority o f  cases. A 
region required for the formation o f this reconstituted notochord was 
identified in previous work (Devel. Genet, in press) and lies lateral to 
the primitive streak. W e have microsurgically determined that this 
region induces more lateral ce lls in the epiblast to form reconstituted 
notochord in these experimental embryos. The region o f strongest 
induction lies within the area 250 µm lateral to the streak and 500-750  
pm  caudal to the node, and contains ce lls  normally fated to form 
somitic and lateral plate mesoderm. The origin o f  the reconstituted 
notochord cells was determined using quail-chick chimeras and lies 
250-500 pm lateral to the streak and 0-750 pm  caudal to the node. 
This area chiefly contains cells fated to form neural plate, although 
cells fated to form somite and lateral plate mesoderm are also within 
the responding area. The inducing and responding areas interact to 
form notochord when grafted into an ectopic site; neither can alone. 
These findings increase our understanding about the early relation
ships between m esoderm and ectoderm and provide a new model 
system  that is w ell defined and accessible for studying inductive 
events in higher vertebrates. Supported by NIH. Grant #NS 18112

220.3

IN VITRO DEVELOPMENT OF NEURONAL PRECURSOR CELLS 
FROM EM BRYONIC STEM CELLS. K Forsberg-Nilsson. S Okabe. 
J Pickel. J Bengzon* and R M cKay LM B, N IN D S, NIH, Bethesda 
MD 20892

Embryonic stem cell (ES cell) lines maintain totipotency in vitro, and 
are capable o f  generating multiple tissues when reintroduced into 
embryos. To understand the mechanism o f  the sequential restriction of 
multipotency o f stem cells during development w e attempted to dissect 
out the intermediate stages o f  differentiation from ES cells toward a 
neuronal lineage. In a three-step protocol four ES cell lines (J l, D3, R1 
and CJ7) were cultured in conditions that selected neuronal precursors. 
These nestin-positive precursors could be maintained in bFGF, and 
could be induced to change morphology and express markers that 
indicate that they were differentiating to neuronal and glial fates: 1) ES 
cells were induced to differentiate without LIF or feeder cells under 
serum-free conditions. During this period there was an extensive cell 
death leaving a population o f  cells that was >50% nestin positive. 2) 
After dissociation and replating, these ce lls were expanded in the 
presence o f bFGF to obtain a population that was >80% nestin-positive. 
3) After withdrawal o f  bFGF the cells stopped expressing nestin and 
differentiated spontaneously. A large proportion becam e M AP-2 
p ositive and had a neuronal m orphology. T his suggested  a 
predominantly neuronal differentiation. A small percentage o f  cells 
expressed GFAP. In conditions optimal for neuronal survival and 
maturation elaborate neurites containing synaptic vesic le  proteins 
developed. Furthermore, the presence o f  excitatory and inhibitory 
neurotransmitters reveled the presence o f distinct neuronal phenotypes.

220.2
MULTIPOTENTIAL STEM CELLS FROM THE MAMMALIAN CNS.
T, M u lle r, K.K, Jo h e , T,G, H aze l, M.M, D ugich-D jord jev ic* , 
R.D.G, McKay. Laboratory  of M olecular B iology, NINDS, 
N ationa l I n s t i t u t e s  of H ealth , B ethesda, MD 20892

The m ature v e r te b ra te  b ra in  c o n s is ts  of th re e  p r in c ip a l  
c e l l  ty p es: neurons, o lig o d en d ro cy te s , and a s tro c y te s .  
U nderstanding how p r o l i f e r a t in g  n e u ro e p ith e lia l  c e l l s  in  
the  developing  b ra in  d iverge  to  g ive r i s e  to  th e se  c e l l  
types in  the  m ature b ra in  i s  one of the  c e n t ra l  is su e s  
in  developm ental neurob io logy . We have defined  c u ltu re  
co n d itio n s  th a t  a llow  long-term  expansion of the  m ito tic  
c e l l s  from embryonic hippocampus and from ad u lt subepen
dymal la y e r .  These c e l l s  can be d i f f e r e n t ia te d  under 
p re c is e ly  c o n tro lle d  c o n d itio n s . When c lo n a lly  expanded 
d i f f e r e n t ia te d ,  the  n e u ro e p i th e l ia l  c e l l s  c o n s t i tu -  
t iv e ly  g ive r i s e  to  p o s t-m ito tic  neurons as w e ll as to  
the  c e l l s  of major g l i a l  lin e a g es  in c lu d in g  m ature o l i 
godendrocytes and a s tr o c y te s .  This m u lt ip o te n t ia l  .
cap ac ity  can be renewed and m aintained  in  v i t r o  a f te r  
subclon ing . Adult subependymal c e l l s  expanded c lo n a lly  
a re  a lso  m u lt ip o te n t ia l  and gen era te  neurons, o ligodendro
c y te s ,  and a s tr o c y te s .  T h ere fo re , th e se  se lf -re n e w ab le , 
m u lt ip o te n t ia l  n e u ro e p i th e l ia l  c e l l s ,  which a lso  e x is t  in  
the  ad u lt b ra in  a re  the  n e u ro e p i th e l ia l  stem c e l l s  of the  
b ra in .  The commitment of the  stem c e l l s  to  a p a r t i c u la r  
lin e a g e —neu ro n a l, o lig o d e n d ro c y tic , or a s t r o c y t ic —can 
be d ire c te d  in  v i t r o  by a d d itio n  of s in g le  f a c to r s .

220.4

DIFFERENTIATION OF DEEP-LAYER CORTICAL NEURONS IN 
SUPERFICIAL LOCATIONS. J.M. Weimann* and S.K. McConnell. Dept. of 
Biological Sciences, Stanford University, Stanford, CA 94305.

Transplantation studies have shown that cortical neurons make a commitment to 
a layer-specific fate just before their last division in the ventricular zone (VZ).
This commitment endows a neuron with the ability to home to a particular cortical 
layer, and ultimately to form axonal connections that are appropriate for that layer. 
Here we ask whether the signal received in the VZ is the only signal used to 
determine a cortical neuron's final mature phenotype, or whether additional signals 
acting after migration trigger the formation of specific patterns of axonal 
projections or the development of physiological properties typical of that layer.

To address this issue we have removed committed, premigratory layer 5 neurons 
from the ventricular zone and introduced these cells into ectopic locations within 
the cortex, thus preventing them from choosing their own laminar positions. 
Proliferating ferret neurons were labeled with 3H thymidine on E32, dissociated on 
E33, labeled with Dil, then transplanted into layers 2 and 3 of P23 host ferrets (in 
which upper-layer neurons have migrated into place), where they were allowed to 
differentiate. At P42-60, slices were prepared and Dil-labeled neurons targeted 
with microelectrodes containing neurobiotin and rhodamine dextran. Strikingly, 
deep layer neurons placed in the upper layers do not migrate backwards into their 
normal positions. Anatomical and physiological analysis reveals that transplanted 
neurons survive in ectopic locations and develop local axonal projections within 
the cortex. We are interested in determining whether these connections are typical 
of the cells' origin or their new position. Supported by Damon Runyon-Walter 
Winchell Fellowship DRG1227 and NIH EY08411.
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220.5

UPPER-LAYER CORTICAL PROGENITOR CELLS EXHIBIT RESTRICTED 
DEVELOPMENTAL POTENTIAL. G.P. Frantz*. C.E. Kaznowski and S.K. 
McConnell. Dept. of Biological Sciences, Stanford University, Stanford, CA 
94305.

Transplantation studies have shown that early cortical progenitor cells can 
respond to altered environmental signals by adopting new laminar fates. Early 
progenitor cells normally produce daughters that migrate to the deep cortical 
layers 5 and 6. When such progenitor cells are transplanted during S-phase into 
an older environment in which upper layer neurons are being generated, their 
daughters change their normal fates and migrate to layers 2 and 3, demonstrating 
that early progenitor cells are multipotent. Here we ask whether the late 
progenitor cells that normally produce upper layer neurons are also multipotent, or 
whether their developmental potential becomes restricted over time. To address 
this question, upper-layer progenitors from newborn ferrets were labeled with 3H- 
thymidine and transplanted into the cortical ventricular zone of E32 ferret hosts, 
in which deep layer neurons are being generated. The laminar positions of 
transplanted neurons were assessed several weeks later. In isochronic control 
transplants, E32 progenitor cells transplanted into E32 hosts adopted deep-layer 
fates. In heterochronic transplants, if late progenitors were competent to respond 
to the fetal ventricular environment, labeled neurons should also migrate to the 
deep cortical layers Remarkably, PI progenitor cells in an E32 environment 
produced neurons that migrated exclusively to the upper layers 2 and 3, even 
though these cells were transplanted long before the upper layers even begin to 
form in the host. These results suggest that over time cortical progenitors lose 
their potential to produce deep-layer neurons and become restricted to the 
production of the upper layers. Supported by NIH EY06342.

220.7

BIRTH ORDER AND PHENOTYPE IN LINEAGES OF CORTICAL CELLS. 
M.C. Mione*. L. Douratsos and J.G. Pamavelas. Department of Anatomy, 
University College London, Gower Street, London WC1E 6BT, U.K.

The organization of cortical cell lineages was studied with a combination of 
techniques in the neocortex of 8 two-week old rats that had received injections of 
BAG retrovirus and BrdU at E16. Clonally-related cortical cells were visualized by 
their expression of ß-galactosidase and their order of birth was deduced from the 
level of BrdU immunoreactivity. These cells were further classified as neurons 
(pyramidal or nonpyramidal) or glia according to their morphological and 
neurochemical properties. This analysis was carried out on 54 clusters composed 
of 2-120 ß-gal+ cells and 72 single B-gal + cells. In clusters composed of neurons 
with the same phenotype (30 out of 54), cells with a high level of BrdU were 
located in the infragranular layers, while cells labelled lightly with BrdU were 
located in the supragranular layers. In clusters composed of both pyramidal and 
nonpyramidal types (10 out of 54), nonpyramidal neurons were always born before 
their sibling pyramidal cells, as documented by their location (infragranular layers) 
and high BrdU content. In clusters composed of pyramidal neurons and astrocytes 
(14 out of 54), pyramidal neurons were born before the glial cells, but after 
several divisions of their progenitors, as suggested by their low level of BrdU 
immunoreactivity and their location in layers 2/3. Only 16 out of the 72 single ß- 
gal + cells found in these brains were heavily labelled with BrdU antibodies, 
suggesting that the majority are from dispersed clones rather than true single cell 
clones. All but 3 single ß-gal-F cells were nonpyramidal neurons, which also 
indicates that there may be a relationship between the acquisition of the 
nonpyramidal phenotype and nonradial migration. These studies begin to shed light 
onto the internal organization of cortical cell lineages and the relationship between 
birth order and phenotype in cortical cells.
Supported by the Wellcome Trust.

220.9

LIN EAGE A NA LYSIS OF ADULT NEURAL STEM C E LL S IN V IV O . 
C.M. Morshead* C.G. Craig and D. van der Kooy. University of Toronto, Department of 
Anatomy and Cell Biology, Toronto, Ontario
The adult mammalian forebrain contains a population of multipotential neural stem cells in 
the subependyma of the lateral ventricles. In vivo, the stem cells are relatively quiescent 
but give rise to the constitutively proliferating (C P ) subependymal cells. The CP 
population comprises up to 33% of the subependyma and proliferates rapidly (Tc-12.7 
hours). Under baseline conditions the CP cells undergo a steady state mode of division 
whereby one daughter cell dies. As well, some of the CP cells migrate within the 
subependyma to the olfactory bulb (ob) where they differentiate into neurons. Depleting 
the CP population with high doses of tritiated-thymidine (3H-thy) to kill the mitotically 
active cells results in a complete reconstitution of the CP population within 8 days. The 
stem cells responsible for this reconstitution proliferate within the first 3 days after the kill 
with 50% of the total stem cell population being induced to proliferate on day 2 post-kill. 
We have injected limiting dilutions of replication deficient retrovirus (rv) into the lateral 
ventricles of adult mice to examine the clonal progeny of the stem cells which repopulate 
the subependyma after a kill. Control animals (no 3H-thy kill) received rv injections on 
day 0 and survived for 36 hrs or 6 days. Control 0-36hr brains had an average clone size of 
2.3+0.4 cells (18/33 brains had clones). All of the clones were confined to the 
subependyma lining the lateral ventricles. The 0-6 day brains had an average clone size of 
2.6±0.6 cells for lateral ventricle cells and an average clone size of 4.3+0.5 cells for all 
cells (lateral ventricle and ob). This suggests that 2 ob cells were derived from each clonal 
infection by 6 days. If all the cells from a clone survived and migrated to the ob, we would 
predict a minimum of 10 ob cells after 6 days (evidence suggests that the progeny continue 
to proliferate en route to the ob). Finding 2 cells within the ob suggests that 20% of the 
clonal progeny migrate to the ob and 80% of the clonal progeny undergo cell death. A third 
group of animals received rv injections on day 2 after a kill and survived for 6 days. One 
prediction is that the size of clones will increase after a kill in order to repopulate the 
subependyma. Indeed, the kill group had an average clone size of 12.2+2.7. The larger 
clone size, combined with the finding that 31 day survival animals have 1 cell clones, 
supports our working model that stem cells self-renew at each division and give rise to an 
intermediary cell which amplifies the population to produce the CP cells.

220.6
Differentiation signals for cortical neuroepithelial cells.
B.P. W illiams* and B. W arren. Boston Biom edical Research 
Institute, 20 Stamford Street, Boston, MA 02114.

We have used retroviral vectors to follow  the fate o f cortical 
precursor ce lls in tissue culture, and to identify signals that 
influence their developm ent. U sing this strategy, w e have 
identified a type of cortical precursor cell, called a neuroepithelial 
(N E) ce ll, that has the capacity to generate neurons, 
oligodendrocytes and astrocytes. In culture, the differentiation o f 
these NE cells can be influenced by cell-cell interactions and by the 
presence o f specific peptide growth factors. When grown on a 
poly-D -lysine (PDL) substrate, NE cells generate neurons and 
astrocytes. In contrast, NE cells grown on a monolayer o f purified 
cortical astrocytes generate neurons and oligodendrocytes. NE cells 
were observed to generate all three neural cell types when they were 
grown on PDL in the presence o f basic fibroblast growth factor 
(bFGF). Furthermore, we have shown that NE differentiation can 
also be influenced by platelet derived growth factor (PDGF). In the 
presence o f this factor NE cells only generate neurons. These 
experiments show that the types o f cells generated by NE cells can 
be controlled, at least in culture, by the environment.

220.8
AGE- AND TGF-α -DEPENDENT EFFECTS ON NEURAL STEM AND 
PROGENITOR CELLS IN THE ADULT MAMMALIAN FOREBRAIN 
SUBEPENDYMA. V. Tropepe*. C. G. Craig. C. M. Morshead and D. van der Kooy. 
Neurobiology Research Group, Dept. of Anatomy & Cell Biology, University of 
Toronto, Toronto, Ontario M5S 1A8.

The adult mammalian forebrain subependyma contains subpopulations of neural 
progenitor and stem cells that can proliferate in vivo in response to exogenous 
epidermal growth factor (EGF) and transforming growth factor-α (TGF-α). EGF and 
TGF-α also regulate the proliferation of subependymal neural stem cells in vitro to 
generate aggregates of clonally derived cells (neurospheres) with the capacity for self- 
renewal and differentiation into CNS phenotypes. We asked if the proliferation of 
stem and progenitor cells was dependent on age and on the endogenous expression of 
TGF-α , which may be the endogenous ligand for the EGF-receptor on both cell 
populations. We tested the effects of a hypomorphic (waved-1) and a null mutation in 
TGF-α and the effect of old age (24 mo) on cell proliferation in three assays: (1) the 
incorporation of bromodeoxyuridine (BrdU) to label constitutively proliferating 
progenitor cells in the lateral ventricle subependyma (LVSE); (2) BrdU labeling of 
LVSE progenitor cells that proliferate and migrate to the olfactory bulbs; and (3) the 
in vitro clonal proliferation of LVSE stem cells. In vivo data demonstrate that in TGF- 
α knock-out and waved-1 mice there is a 50% decrease in the number of BrdU- 
labeled cells in the dorsolateral comer of the LVSE. BrdU-labeled cells (day 0) are 
decreased by 66% (day 28) in the olfactory bulbs of waved-1 mice, preferentially in 
the granule cell layer. The total number of constitutively proliferating LVSE cells in 
24 mo mice is decreased by 50%. Preliminary in vitro data show no apparent decrease 
in the number of neurospheres generated in 24 mo and TGF-α knock-out mice. These 
data suggest that TGF-α regulates (but is not essential for) the normal proliferation of 
progenitor cells in the adult subependyma. Although the number of neural stem cells 
may not decrease with age, the endogenous proliferation of the constitutively 
proliferating progenitor cells may diminish.

220.10
GENERATION OF NEURONS AND GLIA FROM SINGLE PRECURSOR 
CELLS IN CLONAL DENSITY CULTURES OF EMBRYONIC MOUSE 
RETINA. A. M. Jensen*. C. Neophvtou and M.C. Raff. MRC Laboratory for 
Molecular Cell Biology, University College London, London WC1E 6BT,
U.K.

The mechanisms by which mulipotential precursor cells differentiate into 
distinct cell types in the mammalian CNS remain largely unknown. Retroviral 
lineage analysis has established that multipotential precursor cells can generate 
all types of neurons and photoreceptors, as well as Muller glial cells in the 
mouse retina (Turner et al, 1990), but it is not known how individual precursor 
cells chose between alternate fates.

We have developed an in vitro system where embryonic mouse retinal cells 
are cultured at clonal density, so that the division, death, and differentiation of 
all the progeny of individual precursor cells can be followed in a controlled 
environment by either video time-lapse recording or daily documenting the 
cellular composition of each clone.

Our preliminary findings suggest the following: (1) Both neurons and glia are 
generated from single precursor cells. (2) Precursor cells from E14 and E17 
retinas generate neurons before glia, just as in vivo. (3) Despite being cultured 
in a homogeneous environment in the same culture dish, different precursor 
cells generate clones of different sizes and cellular composition, suggesting that 
the precursor cells at a given age are heterogeneous.

This culture system should be useful for studying the mechanisms of 
cell diversification in the mammalian retina.

Turner, et al.(1990) Neuron 4, 833-845.



MONDAY AM CELL LINEAGE AND DETERMINATION I 529

220.11
TWO STAGES IN ROD PHOTORECEPTOR DEVELOPMENT IN 
DISSOCIATED CELL CULTURES OF RODENT RETINA. 
C. Neophvtou*. A. M. Jensen, and M . C. Raff. MRC Laboratory for 
Molecular Cell Biology, University College London, Gower Street, 
London WC1E 6BT, England.

An important question in developmental neurobiology is how diverse 
cell types arise from a seemingly uniform population of neuroepithelial 
cells. We are studying the mechanisms of cell fate determination in 
dissociated cell cultures of developing mouse retina where development 
can be studied in a controlled environment. In particular, we are 
investigating the factors that govern rod photoreceptor differentiation 
using a monoclonal anti-rhodopsin antibody to identify differentiated 
rods.

We find that many cells in our cultures have a morphology that is 
similar to rhodopsin-positive rods but do not express rhodopsin, or any 
of the available markers for amacrine cells, bipolar cells, ganglion cells, 
horizontal cells or glial cells, even after 20 days in culture. These cells 
do not incorporate bromodeoxyuridine, and we suspect that they are 
committed to the rod photoreceptor pathway but are arrested at a 
developmental stage prior to the expression of rhodopsin. To test this 
hypothesis, we are examining the effects on these cells of various 
factors that have been reported to promote rod cell development.

220.13

IN  VIVO AND IN  VITRO  ANALYSIS OF CONE PHOTORECEPTOR 
DEVELOPMENT IN XENOPUS LAEVIS. Wesley S. Chang1*. Cheryl M. 
Craft2 and William A. H arris.1 1 D ept. of Biology, UCSD, La Jolla, CA 
92093-0366, 2 D ept. of Cell and Neurobiology, USC, Los Angeles, CA 
90033.

The cellular and m olecular m echanism s w hich underlie the 
determination of cell fate in the vertebrate retina are poorly understood. 
The differentiation of retinal cell types is thought to occur through 
inductive interactions w ith cues in the local microenvironment of newly- 
born retinal progenitor cells. In a previous study  (H arris and 
Messersmith, 1992), two distinct cellular inductions during photoreceptor 
development in Xenopus were identified using dissociated cultures of 
embryonic retinal cells. An early induction occurs prior to stage 26 and 
leads to expression of a general photoreceptor marker. After stage 26, a 
second induction promotes expression of a rod-specific antigen. The 
determination of cone photoreceptors could not be addressed, due to the 
lack of a specific marker.

Recently, we have identified two cone markers which are being used 
to more fully characterize the developmental pathways which lead to 
determination of photoreceptors in Xenopus. A  monoclonal antibody to 
calbindin-D binds specifically to cones in sections of embryonic retina, 
and also recognizes cone photoreceptors in dissociated retinal cultures. 
Calbindin-D immunoreactivity initially appears at stage 29/30 in a small 
number of cells located in the central retina. In situ hybridization with a 
probe for X enopus  cone arrestin  also shows expression in cone 
photoreceptors. Currently, these markers are being used in conjunction 
with a number of other photoreceptor markers in situ and in dissociated 
retinal cultures to elucidate the spatial and temporal induction of cones 
and the development of mosaic patterning in the Xenopus retina.

Supported by grants from NIH.

220.15

SPATIAL AND TEMPORAL PATTERN OF EXPRESSION OF THE 
HOMEOBOX GENE, PBX1, IN THE RAT RETINA. M. A. Morabito*. 
L. Redmond and K. C. Wikler. Dept. of Pharmacology and Section 
of Neurobiology, Yale School of Medicine, New Haven, CT 06510.

We are interested in the cellular and molecular mechanisms 
underlying pattern formation and the determ ination of cellular 
phenotypes in the retina. Here we determine if the homeobox gene, 
PBX1, which has been implicated in the regulation of neurogenesis 
and cell lineage determ ination of olfactory bulb interneurons 
(Morabito et al., Soc. Neurosi. Ab. 20: 1078), exhibits an expression 
pattern that correlates with the genesis of specific cell types in the 
developing retina.

In situ hybridization was performed on rat retinae at different 
developmental stages and the laminar and regional distribution of 
PBX1 mRNA was mapped. PBX1 expression was first detected at 
E14. By E16, PBX1 is expressed by the retinal pigment epithelium 
(RPE) and cells in the ganglion cell layer. This bilaminar pattern 
of expression is further restricted to only the ganglion cell layer by 
E18 and E20. We saw no evidence of anterior- posterior or dorsal- 
ventral variation in PBX1 expression. These results indicate that 
the early expression of PBX1 is coincident with the generation of 
ganglion and displaced amacrine cells. The sustained and restricted 
expression of this homeobox gene to the ganglion cell layer suggests 
a role for PBX1 in the determination of ganglion an d /o r displaced 
amacrine cell fates. Supported by EY09917 (KCW).

220.12
FACTORS PRODUCED BY GANGLION CELLS INFLUENCE CELL 
COM M ITM ENT IN THE DEVELOPING RETINA. D.K. Waid*. 
S.C. McLoon. Univ. of Minnesota, Minneapolis, MN 55455.

The seven major retinal cell types arise during development from common 
progenitor cells. There is evidence suggesting that local environmental factors 
are important in determining the fate that a cell chooses. Ganglion cells are 
one of the first cell types to develop in the retina and few are bom late in 
development. It is possible that the environment of the older retina is not 
conducive to ganglion cell determination. To test this, retinal cells from young 
(E4) chick embryos, an age prior to the genesis of most ganglion cells, were 
cultured in the presence of retinal cells from E4 or E9 embryos, an age by 
which most ganglion cells have been generated. BrdU was present in the 
culture media to label dividing cells. The two cell populations were separated 
by a membrane that prevented direct cell-cell contact but allowed the passage 
of soluble molecules. After 24 hours, the number of new ganglion cells that 
were produced in the E4 test population was determined by 
immunohistochemistry with retinal ganglion cell and BrdU specific 
antibodies. E4 retinal cells cultured in the presence of E9 cells produced 5 
times fewer ganglion cells compared to E4 cells cultured in the presence of 
other E4 cells. This suggests that the cells in an older retina produce a 
diffusible factor that actively inhibits determination of the ganglion cell 
phenotype and/or promotes determination of other cell types. This factor 
could be produced by ganglion cells that have already differentiated. To test 
this, E4 retinal cells were cultured opposite either normal E14 retinal cells or 
E14 retinal cells from embryos whose ganglion cells degenerated due to 
ablation of the tecta. More ganglion cells developed in the E4 population 
adjacent to ganglion cell-free E14 retinal cells than adjacent to normal E14 
retinal cells. This result suggests that ganglion cells actively prevent 
uncommitted cells from choosing the ganglion cell fate. (Supported by 
EY07133 and EY09537.)

220.14
THREE TYPES OF SEROTONIN AMACRINE CELLS IN TADPOLE RETINA 
HAVE DISTINCT SPATIAL DISTRIBUTIONS AND LINEAGES. Sally A. 
Moody* and Sen Huang Department of Anatomy and Neuroscience Program, The 
George Washington University Medical Center, Washington, D.C. 20037

Both cell lineage and cell-cell interactions may influence the type of 
neurotransmitter expressed by neurons. In this study lineage labeling and serotonin 
immunocytochemistry were combined to determine if the three different serotonin- 
containing amacrine cells in the Xenopus tadpole retina share a common lineage 
and/or microenvironment. Two types of serotonin-containing amacrine cells are 
located in the innermost sublayer of the inner nuclear layer: large-brightly 
immunofluorescent cells (LB) that synthesize serotonin and small-dimly 
immunofluorescent (SD) cells that merely take up serotonin. A third type of 
serotonin-containing amacrine cell is displaced in the ganglion cell layer. Although 
serotonin cells were found in all regions of the retina, the LB and SD cells are not 
uniformly distributed. Along the annular axis both types were located more in the 
intermediate than central and peripheral zones at stages 39-44; this difference 
disappears by premetamorphic stages. Along the cardinal axes, LB cells were 
densest in the temporal and ventral retinal quadrants at all stages, while SD cells 
were densest in the dorsal quadrant between stages 44 to 48. Lineage analysis 
showed that all nine blastomere progenitors of the retina produced serotonin- 
containing amacrine cells, but in a non-random manner. First, only eight of them 
produced LB and only five of them produced displaced serotonin amacrine cells. 
Second, three blastomeres produced significantly fewer LB and displaced cells 
than expected based on their contribution to all retinal cell types. Two blastomeres 
produced significantly more SD and displaced cells than expected. The 
asymmetrical blastomere contribution to each serotonin amacrine subtype suggests 
early restriction in the generation of the serotonin-containing cells.
Supported by NIH grant EY10096.

220.16

C l o n a l  a n a l y s is  o f  r e t in a l  g a n g l io n  c e l l s  w it h  c r o s s e d
AND UNCROSSED PROJECTIONS. D. S. Rice.* R. W. W illiams, and IL 
Goldowitz. Department of Anatomy and Neurobiology, University of 
Tennessee, Memphis, TN 38163
To test the possibility that cell lineage influences the differentiation of 
ipsilateral and contralateral populations of ganglion cells, we identified 
both the genotype and projection phenotype o f these cells in chimeric 
mice. Chimeras were generated between a pigmented transgenic strain 
(129/Sv; ROSA26), and an albino strain (BALB/c). Ganglion cells with 
crossed or uncrossed projections were labeled by injecting HRP into the 
right thalamus. Uncrossed cells in the venual temporal crescent (VTC) 
were plotted and counted. Transgenic cells are then labeled using the X- 
gal reaction. The topography of crossed and uncrossed cells was 
determined without reference to the clonal structure. Cells derived from 
the transgenic strain made up 5% to 95% of the retina. Five findings are 
noteworthy. 1. The clonal structure o f the VTC does not generally differ 
from other parts of retina. Polyclonal cohorts extend cross the VTC 
boundary. 2. Small cohorts often contain cells with both crossed and 
uncrossed projections. 3. Ratios o f genotypes and phenotypes often 
differ greatly from ratios expected from the local chimerism ratio. 4. 
Although ganglion cells are often confined within the boundaries of 
regions of the same genotype, there can be substantial lateral 
displacem ent. Both ipsilateral and contralateral cells are displaced up 
120 µm from the nearest cohort o f the same genotype. 5. The ventral 
(embryonic) fissure is identifiable in chimeric retinas as a radial streak 
o f like-genotype cells extending from the optic nerve head to the retinal 
edge. With rare exception, cells with ipsilateral projections are situated 
temporal to the fissure. Supported by EY-9586.
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220.17

ACTIVIN AND FOLLISTATIN MODULATE THE EFFECT  
OF FGF ON THE FORM ATION OF NEURAL RETINA  
FROM CULTURED PIGMENTED EPITHELIUM. C. Pittack* 
and T. A. Reh. Dept. of Biological Structure, University of Washington, 
Seattle WA 98195.

Previous studies have demonstrated that the developmental fate o f the 
pigment epithelium (PE) is not immediately fixed and until embryonic 
day 4.5 in chick embryos, the PE is able to change it's phenotype and 
generate neural retina (NR) when treated with fibroblast growth factors 
(FGF). We studied the effects o f activin and follistatin on PE by 
culturing PE explants from an E3.5 chick embryo in activin, follistatin, 
FGF, or a combination of these factors. After 4  days in culture, the 
explants were sectioned and processed for immunochemistry with 
neuronal specific markers. We found that culturing PE explants in 
activin or follistatin alone had no effect on the cells. When activin and 
FGF were added to the PE simultaneously, activin suppressed FGF's 
ability to cause PE to generate a NR. Addition o f follistatin prior to 
FGF, enabled us to extend the period of competence during which the 
PE is capable o f generating a NR. PE from an E3.5 chick embryo lose 
their ability to generate a NR within 12 hours in culture, however, with 
the addition of follistatin, the PE was able to generate NR even after 48  
hours in culture prior to addition of FGF. These studies show that 
activin, follistatin and FGF may all be involved in specifying NR and 
PE cell fates.
Research supported by NSF Grant IBN-9309502.

220.19

THE DEVELOPING NEURAL RETINA EXPRESSES THE RXRγ RECEPTOR 
AND FORMS ADDITIONAL ROD PHOTORECEPTORS AFTER EXPOSURE 
TO RETINOIC ACID. M.W. Kelley*. R.C. Williams. J.K. Turner and T.A. Reh. 
Dept. of Biological Structure, University of Washington, Seattle, WA 98195 

Previous studies in our laboratory have demonstrated that progenitor cells in 
the developing rat retina can be specifically directed to differentiate as rod 
photoreceptors by exposure to retinoic acid (RA) in vitro. To better 
understand the role of retinoic acid during normal retinal development, the 
expression of RXRγ was determined by in situ hybridization, and the effects of 
exogenous RA in vivo were examined by injecting pregnant rats with RA.

Digoxygenin-iabeled cRNA probes for RXRγ were generated and then 
hybridized to whole retinas from different developmental time points. Retinas 
were then embedded and sectioned on a cryostat. Results indicate that RXRγ 
is expressed throughout the progenitor and retinal ganglion cell layers of the 
neural retina on E15 and E18. By P0 expression is restricted to the progenitor 
cells, amacrine cells and ganglion cells.

For the in vivo studies, timed pregnant Sprague-Dawley rats were given two 
intraperitoneal injections of 30 mg/kg of RA in vegetable oil on embryonic day 
18 (E18) and again on E20. Age matched controls were injected with vehicle 
alone. Pups were sacrificed on P0 or P1. Retinas were fixed as whole mounts 
and rods were detected by immunolabeling. Results indicate that newborn 
pups that were exposed to RA on E18 and E20 had a significantly greater 
number of rod photoreceptors in all regions of the retina.

The results of these experiments indicate that progenitor cells in the 
developing retina express RXRy while differentiated photoreceptors do not 
express this class of RXR. In addition, exposure to RA induces the 
differentiation of rod photoreceptors both in vitro and in vivo. These results 
are consistent with the hypothesis that RA plays a role in the determination of 
cell fate in retinal progenitor cells.

Supported by funds from NINDS and NEI.

220.18

DIFFERENTIAL DISPLAY PCR IDENTIFIES CHANGES IN GENE 
EXPRESSION DURING CELL FATE DECISIONS IN THE DEVELOPING 
RETINA. L. Chow. R. Rostomilv* and T. A. Reh. Department of 
Biological Structure, University of Washington, Seattle, WA 98195.

Previous studies in our laboratory have shown that a number of extrinsic 
factors influence cell fate decisions in the developing retina. Anchan et at. 
(1993) have shown that the addition of EGF to E18 rat retinal cultures causes 
an increase in the proportion of amacrine cells generated. In contrast, when 
retinoic acid is added to similar cultures, a significant increase in the 
proportion of photoreceptors is observed (Kelley et al., 1994). To study the 
changes in gene expression which take place during commitment to either the 
amacrine cell or photoreceptor phenotype, we utilized the technique of 
differential display (Liaw and Pardee, 1992). This is a PCR-based technique 
which uses extremely degenerate primers to amplify the repertoire of mRNA in 
a specific cell population. Using a high resolution gel, the differential 
expression of various mRNAs can then be compared between cells placed under 
different conditions. E18 rat retinal cultures were treated with either no factors, 
EGF (20 ng/mL), or retinoic acid (500 mM) for 24 hours. RNA was then 
extracted from these cultures and used for RT-PCR. Differential display on a 
polyacrylamide gel revealed the presence of bands which were upregulated in 
the presence of EGF while downregulated in the presence of retinoic acid, or 
vice versa. Thus far, 23 differentially displayed bands between 200 and 400 bp 
have been cut out, and of these, 10 have been reamplified. Using these 
reamplified PCR products to probe a developmental dot blot, we have found 
three that are upregulated by retinoic acid. One of these is also expressed at 
high levels at E15 and at PI, time points at which key cell fate decisions are 
being made in the retina. It is possible that this method of screening will 
allow us to isolate early genes which are important in choosing between two 
different neuronal fates. (Funded by NINDS).

220.20

PLASTICITY IN OLIGODENDROGLIAL CELL DEVELOPMENT in 
vitro. C.A. Ingraham*. L.J. Rising and J.M. Morihisa. Dept. of 
Psychiatry, Albany Medical College, Albany, N.Y. 12208.

Oligodendroglial development from progenitor cell to mature 
oligodendrocyte in vivo and in vitro has been well characterized by the 
sequential expression of antigenic markers: A2B5, GD3, 0 4 , 0 1 , GC and 
MBP. Previous studies confirm that in culture A2B5 + Oligodendrocyte- 
Type 2 astrocyte (0-2A) progenitor cells retain developmental plasticity, 
differentiating into oligodendrocytes in serum-free medium and into 
astrocytes in serum-containing medium. To determine if pre- 
oligodendroglia retain this differentiative plasticity, cerebral cortical cells 
from 5 day-old rats were immunopanned with 0 4  antibody then cultured in 
either serum-free Basal Defined Medium (BDM) or BDM with 20% FCS 
(BDM-FCS). Cells were processed for double-label indirect 
immunofluorescence using antiserum to glial fibrillary acidic protein 
(GFAP) with either A2B5, GD3, 0 4 , GC, 01 or MBP antibodies. 04  
immunopanned cells exhibited various morphologies: simple multipolar, 
complex multipolar with intricate processes, and multipolar with 
membranous pads. After 4 days in BDM-FCS, most 0 4 +  cells also 
expressed GFAP. By contrast, in serum-free BDM, 0 4 +  cells were 
GFAP-. 01 +  cells that developed from 0 4  panned cells rarely expressed 
GFAP, and MBP+ cells were GFAP-. These results suggest that, at least 
in vitro, 0 4 +  cells retain bipotentiality. With the expression of 01 , 
however, cells appear to lose their developmental plasticity and ability to 
differentiate into GFAP+ astrocytes in the presence of serum. Supported 
by BRSG SO7RR05394-31 and a Schaffer Faculty Fellowship.
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221.1
GOAL AND NEURONAL CELL RESPONSE TO PATTERNED 
SUBSTRATES COATED WITH SILK POLYMERS CONTAINING 
ELASTTN, FIBRONECTIN, OR LAMININ CELL BINDING 
MOTIFS K.S. O’Shea , A. Sioshansi, C. Buchko2 J. Cappello3, 
and D.C. Martin2, Depts. of Anatomy & Cell Biology1, Materials 
Science & Engineering2, Univ. o f Michigan, Ann Arbor, MI, and 
Protein Polymer Technologies3, San Diego, CA

The extracellular matrix (ECM) is important in both the 
development and response to injury o f the nervous system. In the 
current investigation, we have examined glial and neuronal cell 
behavior on substrates coated with protein polymers produced in E. 
coli engineered to produce repeating silk like domains (GAGAGS) 
combined with ECM - cell binding motifs, e .g ., the RGD sequence 
from fibronectin (SLPF), IKVAV from the laminin alpha chain 
(SLPD, or an glastin repeat (VPGVG; SELP). Neuro-2A, or 
neonatal Schwann cells were added (5 x l 0-5 cells/ml) to coverslips 
coated with SLPF, SELP or SLPF (1 ug/ml to 1 mg/ml). On even 
very low concentrations of SLPF, both glial cells and neurons 
attached and there was significant glial cell spreading. On SLPL, 
neurons spread and extended neurites at all concentrations examined, 
while SELP coated substrates supported little adhesion of either cell 
type. These results suggest that bioengineered polymers reproduce 
cell-type specific behaviors typical o f intact ECM molecules. Since 
recombinant protein polymers combine the processibility and stability 
of silk with biologically active moieties, they may form useful 
coatings for biocompatability.
Supported by NIH NINDS Contract No. NOl-NS-5-2322.

221.2
THE NEURITE PROMOTING EFFECT OF LAMININ IS MEDIATED 
BY DIFFERENT MECHANISMS IN EMBRYONIC AND ADULT 
REGENERATING MOUSE OPTIC AXONS IN VITRO. C.A. Bates* and
R.L. Meyer. Dev. and Cell Biol., UC Irvine, Irvine, CA 92717.

We have previously shown that both adult and embryonic (E l5) 
retinal explants respond to laminin with increased axonal outgrowth.
In order to further study the response of retinal axons to laminin, we 
used antibodies to the cross arm region of the laminin molecule (2E8) 
and to the neurite promoting globular region at the base of the molecule 
(Clone III). We also used an antibody which blocks the β l/β3 integrin 
subunit (GP140).

Retinas were removed from adult and embryonic day 15 (E l5) mice, 
cut into 400 µm squares and incubated at 37°C, 5% CO2  in serum free 
media (DME-N2 or -N2.1) containing the 2E8, Clone III or GP140 
antibody.

Clone III severely inhibited axonal outgrowth from E15 explants, 
while adult explants were unaffected. Antibody 2E8 had no effect on 
outgrowth from E15 or adult explants. GP140 blocked axonal 
outgrowth from E15 retinal explants, but had no effect on adult 
explants.

This suggests that the neurite promoting effect of laminin on adult 
retinal axons is mediated through receptors other than the integrins. In 
addition, blocking the globular domain of the laminin molecule, a 
fragment which promotes neurite outgrowth, has no effect on outgrowth 
from adult explants, indicating that adult retinal axons interact with a 
different portion of the laminin molecule.
Supported by NS 26750 to RLM
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221.3

PHENOTYPIC M ATURATION OF RAT H IPPO CA M PA L NEURONS IS 
DIFFERENTIALLY M OD U LA TED  IN CU LTU RE BY SUBSTRATE- 
BO UN D D O M AINS OF LA M IN IN . M. M a ts u z a w a 1* and P. Liesi2 
1.Exotic N anom ateria ls  G roup, FRP, RIKEN, Saitam a, 351-01 Japan  2.Lab 
of M olecular and  C ellu lar N eurobio logy, N ationa l Institu te  on Alcohol 
A buse and  A lcoholism, Rockville, MD 20852 USA 

W e investigated the influence of different functional dom ains of lam inin 
on the m o rp h o lo g ica l d ev e lo p m en t of em b ry o n ic  ra t ce rebe lla r an d  
h ippocam pal neu ro n s in culture. Specifically, w e s tu d ied  the effects of 
substra tes chem ically m odified w ith  synthetic  pep tid es  derived  from  the 
B2 and A chains of lam inin (P1543 and  P364) on  neurite  o u tg row th  and 
m atu ratio n  of h ippocam pal neurons. O n su b stra tes  un ifo rm ly  m odified 
w ith  P1543, n e u ro n s  d ev e lo p ed  a m u ltip le  m o rp h o lo g y , typ ica l for 
hippocam pal neurons in 24 hours. The m ultip le  processes e longated and 
show ed  the characteristics of d endritic  trees w ith in  the follow ing 24- to 
48 hours. N eurite  g row th-pa thw ays consisting  5 µm  w ide paths, w hich 
w ere form ed by placing the synthetic p ep tides on tem plates m ade on glass 
coverslips, a lte red  the p h en o ty p e  of the  n eu ro n s. Instead  of h av ing  
m ultip le  short and single long processes, the neu ro n s exhib ited  a bipolar 
m orpho logy  w ith in  24 hours of cu ltivation . D evelopm ent of neu ro n a l 
p o la rity  u s in g  the d iffe ren t p a tte rn e d  su b s tra te s  w as a lso  s tu d ied . 
Im m u n o cy to ch em istrv  w as used  to d e te rm in e  d e n d ritic  an d  axonal 
d iffe ren tia tio n  of the p a tte rn ed  n eu ro n s. T hese resu lts  ind ica te  th a t 
n e u ro n a l geom etry  an d  p o larity  can be d iffe re n tia lly  reg u la te d  by 
d ifferent dom ains of lam inin and by d ifferent geom etric p a tte rns of these 
substrates.

221.5

DRG GROWTH CONES MAKE FOCAL CONTACTS ON 
FIBRONECTIN-TREATED SUBSTRATA. P.C. Letoumeau* and T.
M. Gomez. Dept. of Cell Biology & Neuroanatomy, Univ. of MN, 
Minneapolis, MN 55455.

The adhesive interactions of nerve growth cones stabilize elongating 
nerve fibers and mediate transmembrane signaling to regulate growth 
cone behaviors. We used interference reflection microscopy and 
immunocytochemistry to ask whether growth cones of chick embryo 
sensory (DRG) neurons make focal contacts on substrata treated with 
extracellular adhesive glycoproteins, fibronectin (FN) and laminin. 
Interference reflection microscopy indicated that DRG growth cones on 
FN-treated substrata, but not on laminin, make contacts with the 
appearance and immobility of fibroblastic focal contacts. Interference 
reflection microscopy and subsequent immunocytochemical staining 
showed that ß1 integrin and phosphotyrosine residues were 
concentrated at growth cone sites that resemble focal contacts. Two 
other components of focal contacts, paxillin and zyxin, were also co-
localized with concentrated phosphotyrosine residues at sites that 
resemble focal contacts. Such staining patterns were not observed on 
laminin-treated substrata. Growth cone migration on FN-treated 
substrata was more sensitive to inhibition by herbimycin A, a tyrosine 
kinase inhibitor, than on laminin. We conclude that DRG growth cones 
make focal contacts on FN-, but not on laminin-treated substrata. This 
finding suggests that growth cone interactions with different adhesive 
molecules lead to distinct transmembrane organization and signaling to 
regulate nerve fiber elongation. Supported by NIH grants HD19950 
(PCL) and EY07133 (TMG).

221.7

INDUCTION OF LAMININ IN THE DENERVATED NEUROPIL OF THE 
DENTATE GYRUS. P.E. Schauwecker* and O. Steward. Dept. of Neuroscience, 
University of Virginia, Charlottesville, VA 22908 

Extracellular matrix molecules (ECMs) have been shown to play an important 
role in the formation of neuronal connections both during development and 
following injury. However, the molecular mechanisms by which ECMs participate 
in the reestablishment of functional synaptic connections following injury is 
unknown. Since astrocytes express ECMs that can either favor or inhibit neurite 
extension and previous studies have suggested that the balance of expression of 
these molecules can determine the potential for neuronal regeneration, we were 
interested in examining how the expression of two ECMs, laminin (a neurite 
outgrowth promoting molecule) and tenascin (a growth inhibiting molecule), would 
be affected following an entorhinal cortex (EC) lesion at timepoints associated 
with degenerative and reactive sprouting events. At 1, 2, 4, 8, 12, and 20 days 
postlesion animals were assessed for laminin and tenascin immunoreactivity. In 
unlesioned animals, neither laminin or tenascin staining was observed, while within 
1 day following an EC lesion, immunoreactivity for laminin was increased 
significantly within the dentate gyrus outer molecular layer and staining appeared 
maximal in the outer molecular layer at 8 days postlesion, a timepoint coincident 
with maximal sprouting. Tenascin immunoreactivity was increased within the outer 
molecular layer at both 4 and 8 days postlesion, but to a much lesser extent than 
that observed with laminin. These results indicate that an increase in the 
expression of neurite outgrowth promoting molecules during postlesion sprouting 
is consistent with a role for these molecules in the growth response and that 
injury-induced axonal sprouting in the adult hippocampus may be promoted by 
laminin. Supported by NS 29875-04.

221.4
LAMININ-RESPONSIVE FAK AND PHF-1 TAU IN CULTURED CHICK 
RETINA GANGLION CELLS. K. Baiter*. G. Stevens. C. Zhang, and W.L. 
Klein. Dept. of Neurobiology & Physiology, Northwestern University, Evanston, 
IL., 60208.

Focal adhesion kinase (FAK) is an unusual nonreceptor protein tyrosine 
kinase associated with cytoskeletal regulation by integrins and other receptors in 
non-neuronal cells. Recent work has established its presence in nerve cell lines 
(Zhang et al, 1994, J. Biol. Chem. 269:25247). The current work shows that FAK 
is expressed robustly by retinal ganglion cells, which can be recognized by their 
strong PHF-1 immunofluorescence (Pope et al, 1993, Exp. Neurol. 120:106). 
PHF-1 is a monoclonal antibody specific for a tau phosphoepitope recently found to 
be upregulated by laminin (Martin et al, 1995, Neurosci. in press). Anti-FAK im- 
munoblots of retina homogenates recognized an abundant protein at ~ 120 kDa. In 
retina cell cultures, the nonneuronal flat cells localized FAK to focal adhesions, as 
expected. Expression was strikingly greater, however, in cells of neuronal mor
phology. Double-labeling showed a large fraction of the FAK in PHF-1 positive 
cells. FAK was found in growth cones and neurites as well as in cell bodies. We 
observed a tendency, within a given cell, for FAK to be localized in processes dif
ferent from the axon-selective PHF-1 tau, suggesting that FAK localizes to den- 
dritic processes during neuronal polarization. In maturing cultures, FAK "hot 
spots" were observed, possibly at nascent synapses. Culturing cells on a laminin 
substratum increased FAK puncta, which co-localized with PHF-1 puncta, indicat
ing a link between laminin-evoked integrin clustering, FAK clustering, and cy
toskeletal organization. Data are consistent with the hypothesis that FAK may play 
an important role in integrin-dependent morphogenic signal transduction, and pos
sibly for other morphogenic signal pathways as well.

221.6
DEVELOPMENTAL REGULATION OF BRAIN FOCAL ADHESION 
KINASE AND ITS TYROSINE PHOSPHORYLATION. G. R. Stevens.*§A. 
Manelli1 P. Puttfarcken.1 I. Cantallops.§ A. Routtenbere.* & W.L. Klein.§ 
‘Department of Neurobiology and Physiology, Northwestern University, Evanston, 
IL 60208 & 1Abbott Laboratories, Abbott Park, IL 60064.

Focal adhesion kinase (FAK), a non-receptor protein tyrosine kinase, appears to 
play a central role in integrin-mediated signal transduction in non-neuronal cells, 
especially by linking the extracellular matrix to the actin-based cytoskeleton in the 
focal adhesion contacts (FACs). Biochemical analysis recently has revealed the 
presence of FAK in cells of neuronal lineage (Zhang, et al, J.Biol.Chem., 1994, 
269:25247). Although there are no demonstrable FACs in neurons, several of their 
components have been identified in nerve growth cones, including actin, α -actinin, 
vinculin, talin, ß l-integrin (Cypher & Letoumeau, J.NSci.Res., 1991, 30:259) and 
pp60c-src (Sobue, NSci.Res., 1990, S13:80). In the current work, we have examined 
the immunodistribution of FAK in rat CNS cell cultures and sections. FAK 
immunolabeling of B103 rat CNS neuroblastoma cells revealed an asymmetric 
localization of FAK in the cell soma that was similar to the distribution of 
phallacidin, a probe for filamentous actin. Double-immunolabeling studies in both 
cultured E18 rat hippocampal cells and E19 coronal rat brain sections demonstrated 
a precise co-localization of FAK and ß1,-integrin. In particular, cells along the 
neuronal migratory pathway adjacent to the lateral ventricles were abundant with 
both FAK and ß1-integrin. In adult rat hippocampus, FAK selectively labeled the 
granule cell bodies of the dentate gyms, but it was absent both from the molecular 
layers and mossy fibers. Western blot analysis comparing embryonic and adult total 
brain lysate revealed a 3.5-fold developmental downregulation of FAK. More 
remarkably, adult brain showed a complete absence of tyrosine phosphorylated 
FAK. Our data show that phosphoiylated FAK is present in the embryonic brain, 
where it could play a role in integrin-dependent growth or migration. In addition, 
the presence of FAK in non-phosphorylated form in adult brain may point to a 
potential role in plasticity.

221.8
SEPARATE CELL BINDING SITES IN CYTO TACTIN /TENASCIN 
HAVE DIFFERENTIAL EFFECTS ON NEURITE OUTGROW TH. 
G.R. Phillips and K.L. C ro ss in / Departm ent o f Neurobiology, The 
Scripps Research Institute, La Jolla, CA, 92037.

Cytotactin/tenascin (CT/TN) is an extracellu lar matrix protein 
involved in cell a ttachm ent and neurite outgrowth. It has a 
m ultidom ain structure with regions hom ologous to  epiderm al growth 
factor-like repeats, fibronectin (FN) type III repeats, and fibrinogen 
(Fg). W e found that a fusion protein spanning FN repeats 4-6 could 
support the attachm ent o f chick dorsal root ganglion (DRG) neurons 
and prom ote neurite outgrowth. This activity was fu rther m apped to 
the sixth FN repeat (CTfn6). Fusion proteins corresponding to the 
third FN repeat (CTfn3) and to  Fg (CTfg) also supported DRG neuron 
attachm ent and neurite outgrowth, but only CTfn3 and CTfn6 could 
prom ote neurite outgrowth above the control levels o f outgrowth 
observed on polylysine. In contrast to DRG neurons, CNS neurons 
from  chick forebra in bound only to CTfn6 and CTfg and only CTfn6 
could prom ote neurite outgrowth from  these cells. W hen CTfn3 and 
CTfn6 were com bined on the sam e substrate, a dram atic increase in 
DRG neurite outgrowth was observed, which m ore closely 
approxim ated the activity o f intact CT/TN. The m echanism  o f the 
synergism  between CTfn3 and CTfn6 is being exam ined in ongoing 
studies. The effect o f these recom binant ligands, alone or in 
com bination, on intracellu lar calcium  levels in DRG growth cones is 
a m ajor focus. Supported by NSF grant IBN-9422111 to  KLC.



532 PROCESS OUTGROWTH, GROWTH CONES, AND SPROUTING II MONDAY AM

221.9

VEIL INHIBITION BY  CHONDROITIN-6-SULFATE.
M. Stekete and K.W. Tosney *. Neuroscience Program & Biology 
Department, The University o f Michigan, Ann Arbor, MI 48109.

During development, motor and sensory axons form segmented 
spinal nerves by interacting with somites. One somitic population, 
posterior sclerotome, guides by inhibiting advance o f the growth 
cone, the motile tip o f the advancing axon. Contact with posterior 
sclerotome alters growth cone motility specifically, as shown using 
time-lapse video microscopy in dissociated cell cultures (Oakley and 
Tosney, 1991, J. Neurosci. 13:3773). Contact inhibits veil 
extension locally. The local veil inhibition mediates avoidance 
behaviors by causing the growth cone to turn, branch or stop.
The veil inhibition is elicited in both motor and sensory growth 
cones. In addition, lightly fixed sclerotome cells retain this specific 
inhibitory activity.

We are using the specific veil inhibition on contact as an assay to 
identify molecules on posterior sclerotome that are responsible for 
avoidance behaviors. We ask if posterior sclerotome cells treated 
with various enzymes or inhibitors will still inhibit veil extension in 
sensory growth cones. Currently, we are evaluating the role of 
chondroitin-6-sulfate expression. We incubate posterior sclerotome 
cultures with either chondroitinase ABC or tunicamycin, an N- 
linked glycoprotein synthesis inhibitor. Both treatments prevent the 
contact-mediated inhibition of veil extension and the subsequent 
avoidance response. These results implicate chondroitin-6-sulfate 
in the specific inhibitory activity and suggest that the saccharide 
itself is essential for the inhibition. Supported by NIH #N S21308.

221.10

CHONDROITIN SULFATE AT M YOTOMAL MUSCLE AND SKIN 
DURING AXONAL PATHFINDING IN XENOPUS. T. Somasekhar* and
R. H. Nordlander. Depts. Oral Biol., Cell Biol., Neurobiol., and Anat.
The Ohio State University, Columbus, OH 432 10

Glycosaminoglycan chains such as chondroitin sulfate (CS) and CS- 
bearing proteoglycan (CSPG) have been implicated in axonal guidance 
in the developing nervous system. During Xenopus neurodevelopment, 
m otor neuron (MN) axons grow  across myotomal surfaces to  their 
synaptic sites and sensory axons grow  through loose connective tissue 
and on both myotomal and epidermal basal lamina to  reach their 
targets. This study examined the distributions o f CS along tw o  of 
these paths.

M yotome and skin preparations were double-labeled w ith  CS and 
HNK-1 antibodies to  simultaneously visualize CS localization and 
axons. A t the myotomes, CS-imm unoreactivity (CS-IR) appears mainly 
at the intermyotom al junction where MN axons term inate. Neither MN 
or their axons show SC-IR. However, neural crest cells along the 
m yotomes are labeled. On the inner surface o f the skin, epidermal 
cells show CS-IR w ith  the exception o f those bearing cilia. A fte r stage 
30, sensory axon$, m ostly located at the interfaces of adjacent cells, 
form  a network o f varicose term inations over CS-IR cells. However, 
axon density at CS-negative (ciliated) cells is noticeably greater than 
tha t at CS-IR cells. The patterns described here are consistent w ith  an 
involvement of CS in pathfinding by selective restriction.

AXON GUIDANCE MECHANISMS AND PATHWAYS III

222.1
THE THROMBIN RECEPTOR IN THE RAT NERVOUS SYSTEM
S. Niclou. H.S. Suidan. A.L. Jenkinst. S.R. Stonet and D. Monard* 
Friedrich Miescher-Institut, P.O. Box 2543, CH-4002 Basel, 
Switzerland. †Department o f Haematology, MRC Centre, Hills Road, 
Cambridge CB2 2QH, UK.

The serine protease thrombin dramatically affects the 
morphology o f cultured neuronal and astroglial cells via cleavage- 
induced activation of a G protein-coupled receptor. Neuronal cells 
retract their neurites in response to thrombin, w hile astrocytes 
differentiated in serum-free medium in the presence o f cAMP revert 
their stellate morphology to an epithelial-like shape. Thus, the 
thrombin receptor is hypothesized to play a role in establishing 
connectivity patterns in neural tissues. In the present study the 
distribution o f the thrombin receptor in the nervous system is 
reported. The level of receptor mRNA was found to be higher in the 
embryonic and early postnatal brain as compared to the adult. By 
immunohistochemistry, the receptor was found to be expressed  
mainly in the hippocampus and the cortex o f the developing brain 
and in the spinal cord as early as E l4. In the adult it was found in 
the olfactory system, in some cells o f the cortex and striatum, in the 
ventral tegmental area and hindbrain tegmentum, in some Purkinje 
cells and cells o f the white matter. Neuronal and glial cells were 
stained. The present results lay the basis needed to begin to 
understand the role played by the thrombin receptor in the 
developing and adult nervous system.

222.3
A MEMBRANE PROTEIN IN COCKROACH EMBRYONIC 
LIMBS IS DIFFERENTIALLY DISTRIBUTED IN TWO AXES: 
Indrani Raian* and Jeffrey L. Denburg. University o f Iowa, Iowa city, 
Iowa 52242

The insect body has been shown to be patterned into distinct 
molecular compartments and borders. A monoclonal antibody has 
been isolated which recognizes an antigen that is non-uniformly 
distributed along both the proximal-distal axis and the dorsal-ventral 
axis o f  embryonic cockroach limbs. This antigen is distributed in a 
gradient decreasing from the proximal to the distal end and is also 
restricted to the ventral half o f  the leg. This putative positional 
information marker has been called PROVE. This antigen is o f  interest 
as it appears in its characteristic distribution shortly after the very first 
pioneer neurons have grown and remains throughout embryonic 
development. The growth o f  early pioneer neurons is also restricted to 
the ventral half o f  the limb. Its spatial and temporal distribution and its 
localization to the surface membranes o f  the epidermal epithelial cells 
makes PROVE a good candidate for an axonal guidance molecule for 
the developing peripheral nervous system. The PROVE antigen was 
solubilised in 1% Triton X -100 and immunoaffinity purified. The SDS- 
PAGE purified protein was tryptic digested and fragments o f  it 
sequenced. The peptide sequence information was used to identify and 
isolate cDNA clones encoding the antigen.

222.2
DIFFERENTIAL EXPRESSION OF LAMININ CHAINS IN THE DEVELOPING 
MURINE PERIPHERAL NERVOUS SYSTEM. S. I. Lentz*1. J.H. Miner2 J R.
Sanes2 and W.D. Snider1. 1 Department of Neurology, CSNSI and 2Department of 
Anatomy and Neurobiology, Washington University School of Medicine, St. Louis, 
MO 63110.
Laminin, a major constituent of basal laminae, was first isolated as a trimer of A, Bl, 
and B2 (now renamed α l, β1, γ 1) chains. Further studies have identified additional α , 
(β, and γ chains. Laminin is thought to be involved in cell migration and neurite 
outgrowth, but most studies have not distinguished among the chains. In order to 
better delineate functions of laminin during the development of the murine peripheral 
nervous system, we examined the expression patterns of laminin chains by in situ 
hybridization. Here we characterize the distribution of γ l, β2, α 2, the recently 
described α4, and a newly cloned α5 chain (Miner et al., in preparation), α2, a4, and 
γ l were expressed by mesenchyme (future dura mater) surrounding the spinal cord, in 
non-neuronal cells of the dorsal root ganglia (DRG), and along peripheral nerves at 
embryonic day (E) 11. β2 was expressed diffusely at low levels in these regions, but 
no α5 was detected. Expression of α2, α4, and γ l increased along peripheral nerves 
between El 1 and E l5. At all embryonic stages, expression of α2, α4, β2 and γ l was 
readily apparent in a variety of peripheral tissues, while a5 was most prominent in 
surface ectoderm of limb bud. At later stages, some laminin genes were expressed by 
neurons. For example, β2 and γ l mRNAs were undetectable in spinal neurons 
prenatally but were present by postnatal day (P) 5. Similarly, α2 and β2 were not 
observed in DRG neurons until P5. We suggest that early expression of laminin 
chains by non-neuronal cells in the developing peripheral nerve may regulate axon 
outgrowth from late-born neurons. In addition, developmental regulation of laminin 
chains leads to prominent expression by neurons, the precise function of which 
remains to be determined. (Supported by NIH).

222.4

MOLECULAR CLONING AND EXPRESSION ANALYSIS OF A ZEBRAFISH 
NETRIN. J. D. Lauderdale. N. M. Davis. J. T. Warren Jr..* and
J. Y. Kuwada. Dept. Biology, Univ. Michigan, Ann Arbor, Ml 48109-1048 

Netrins are chick proteins which act as chemoattractants for 
developing axons (Serafini et al., 1994, Cell 78: 409-424; Kennedy et al.,
1994, Cell 78:425-435). They are secreted, laminin-related molecules 
similar to the product of the unc-6 gene of C. elegans (Ishii et al., 1992, 
Neuron 9:873-881), which is required for circumferential guidance of 
growth cones and migrating mesodermal cells (Hedgecock, Culotti, and 
Hall, 1990, Neuron 2:61-85). In order to examine the in vivo function of 
netrin in vertebrates, a zebrafish homolog has been cloned and analyzed. 
A 3.2 kb cDNA predicts an amino acid sequence which is 83% identical to 
chick netrin-1,72% identical to chick netrin-2, and 53% identical to 
UNC-6. Whole-mount RNA in situ  hybridization revealed that zebrafish 
netrin is expressed in a pattern similar, but not identical, to that observed 
for netrin-1 in chick embryos. At 24 hr of development, zebrafish netrin 
is expressed in a broad band of cells in the ventral diencephalon, a more 
restricted longitudinal stripe of cells immediately adjacent to the floor 
plate in the tegmentum and hindbrain, and in the ventral half of the spinal 
cord. It is not expressed in floor plate ceils at 24 hr but is at 18 hr. netrin 
is also expressed in the optic cup, optic stalk, a cluster of cells in the 
telencephalon, and in dorso-ventral stripes in the caudal tegmentum and 
hindbrain. This complex pattern of expression suggests that netrin may 
be involved in guiding several different types of growth cones. We are 
presently analyzing those growth cones which are likely to respond to 
netrin. Supported by NIH-NRSA, NSF-RTG, and NINDS.
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222.5

MOLECULAR CLONING AND EXPRESSION ANALYSIS OF ZEBRAFISH 
TAG-1. J.T. Warren Jr.* J. P. Kanki*2, R. Rangarajan1, A. Furley3 and J. Y. 
Kuwada1. 1) Dept. of Biology, Univ. of Michigan, Ann Arbor, MI 48109.
2) Dept. of Molecular Biology, Princeton Univ., Princeton, NJ 08544.3) Dev. 
Neurobiology, NIMC, London, UK-NW71AA.

TAG-1 is a cell adhesion molecule of the immunoglobulin superfamily that is 
expressed transiently by a subset of neurons in rat and serves as a fertile 
substrate for neurite outgrowth in vitro (Cell 61,157-170). In order to examine 
the in vivo function of this molecule, we have cloned and analyzed a zebrafish 
homolog to TAG-1. Using the rat TAG-1 cDNA as a probe, both cDNA and 
genomic clones were isolated. A partial sequence of the zebrafish cDNA shows 
62% nucleotide identity to both rat TAG-1 and its chick homolog, axonin-1 
(Eur. J. Biochem. 204,453-463), over 2036 base pairs of the coding region. In 
situ hybridization to wholemounted embryos revealed that zebrafish TAG-1 is 
expressed transiently in specific subsets of developing neurons. Expression is 
first detected at about 15-16h in the trigeminal ganglion. By 24h the facial, 
acoustico-vestibular, and posterior lateral line ganglia in the periphery heavily 
express zebrafish TAG-1, while expression in the trigeminal ganglion has 
declined from levels observed at earlier times. In the CNS by this stage, several 
clusters of hindbrain neurons and a subset of spinal neurons express TAG-1. In 
the spinal cord, combined in situ hybridization and labeling of axons with anti-
tubulin confirmed that primary and secondary motor neurons, Rohon-Beard 
sensory neurons, and some commissural neurons express TAG-1. By 30h a 
subset of cells in the primordium of the lateral line and by 36h retinal neurons 
express TAG-1. This specific and dynamic pattern of zebrafish TAG-1 
expression is consistent with its proposed role in axon guidance.

Supported by the Spinal Cord Research Foundation and the Muscular 
Dystrophy Association

222.7

OLFACTORY RECEPTOR PROTEINS: EVIDENCE FOR A DUAL ROLE IN 
ODOR RECEPTION AND AXON GUIDANCE. M. S. Singer*1. G. M. 
Shepherd1 and C. A. Greer1’2. Sections of Neurobiology1 
and Neurosurgery2, Yale Medical School, New Haven, CT.

Axon guidance from olfactory receptor neurons 
(ORNs) to target glomeruli in the olfactory bulb requires 
cues other than the spatial relations between the 
neurons. ORNs express putative odor receptors which 
belong to the 7-transmembrane domain G-protein coupled 
receptor superfamily. We have tested the hypothesis that 
these receptor proteins, whose mRNA is expressed in the 
axon terminals, could contribute to axon guidance (Vassar 
et al, 1994; Ressler et al, 1994) . Correlated mutation 
analysis shows that specific residues in the 
extracellular loop E2 are highly correlated with specific 
transmembrane domain residues believed to play critical 
roles in differential binding of odor molecules. These 
variable E2 residues thu3 provide a unique surface tag 
for the sensory specificity of the subset of ORNs 
expressing them. E2 also contains a motif of constant 
residues that shows high homology with growth factors and 
cell adhesion molecules. We hypothesize that this 
constant motif may allow the receptor protein to take 
part in general properties of axon guidance and 
targeting, while the variable residues may confer the 
ability to make selective interactions mediating 
fasciculation of axons belonging to the same ORN subset 
and convergence of those subsets onto common target 
glomeruli. Tests of this hypothesis are in progress. 
Supported by NIDCD and NIMH, NASA & NIDCD (Human Brain 
Project)

222.9

EFFECTS OF SEROTONIN ON NEURITE OUTGROWTH FROM VENTRAL 
POSTEROMEDIAL NUCLEUS NEURONS IN  VITRO. V. Lieske, C.A. 
Bennett-CIarke* and R.W. Rhoades. Dept. of Anatomy and Neurobiology, Medical 
College of Ohio, Toledo OH 43699.

Previous experiments from this laboratory have shown that depletion of serotonin 
(5-HT) from the developing cortex decreases the area of the patches of 
thalamocortical axons in the primary somatosensory cortex (S-I) corresponding to 
the mystacial vibrissae. One possible interpretation of these results is that 5-HT 
has a direct positive effect upon axonal outgrowth of the ventral posteromedial 
nucleus (VPM) cells projecting to S-I. We tested this possibility by growing VPM 
cells from newborn (P-0) rats in dissociated culture for 7 days and then adding 
either 0, 10, or 100 µM 5-HT. After 5 additional days, the cultures were fixed, 
stained with neuron specific enolase, and neuritic outgrowth was measured. For 
the cells that received no 5-HT (N = 65), the average soma diameter was 10.6 ± 
4.2 µm, the average length of the longest neurite was 63.0 ±  21.0 µm , and the 
average of the summed length of all neurites was 133.5 ±  61.0 µm. For the cells 
treated with 10 µM 5-HT (N=84), the respective values were 10.1 ±  3.5 µm,
70.3 ±  43.0 µm, and 143.0 ±  89.0 µm. For the cells treated with 100 µM 5-HT 
(N=77), the values were 10.8 ± 3 .1  µm, 64.5 ± 3 1 .0  µm, and 136.2 ± 95.0 
µm. None of the small between-group differences were statistically significant. 
These results indicate that 5-HT, in the concentrations assessed, has no significant 
effect on the outgrowth of neurites from VPM cells maintained in vitro. They 
suggest further that the effects of 5-HT deprivation upon the patches of VPM cell 
axons in the primary somatosensory cortex in vivo is not likely to be the result of 
the loss of a trophic effect of this amine upon these cells or their cortical axons.

Supported by EY 08861 and DE 07734.

222.6
EVIDENCE OF LABELED PATHWAYS IN THE EMBRYONIC 
VERTEBRATE BRAIN. R.B. Anderson* and B. Key. Laboratory of 
Molecular Neurodevelopment, D epartm ent of Anatomy and Cell Biology, 
University of Melbourne, Parkville, Victoria, A ustralia, 3052.

It is well established th a t molecular interactions between cells and 
the ir environment are crucial for axon growth and guidance. Few 
molecules, however, have been identified in vertebrates which 
specifically and accurately guide axons to the ir target. A comprehensive 
screening of Xenopus embryos using a panel of p lant lectins and anti-
carbohydrate antibodies was undertaken in order to identify putative 
guidance molecules within the embryonic vertebrate brain. 
Anaesthetised embryos were fixed in 4% paraformaldehyde and whole 
brains were dissected and processed for immunohistochemistry and 
viewed using brightfield and reflected light fluorescence microscopy. 
This analysis has identified the presence of phenotypically distinct 
subsets of axons with restricted expression of novel carbohydrate 
moieties of the neural cell adhesion molecule, NCAM. Axons expressing 
these unique NCAM glycoforms, were observed to self-fasciculate at 
specific sites within the early embryonic scaffold of axon tracts. The 
presence of such heterogeneity of cell surface carbohydrates on the 
earliest growing axons, provides compelling support for the presence of 
chemically-coded or labeled pathways within the vertebrate nervous 
system.

222.8
NAALADASE MAY BE INVOLVED IN AXON-SCHWANN CELL 
SIGNALING DURING DEVELOPMENT. U.V. Berger* and M.E. Schwab†. 
Massachusetts General Hospital/Harvard Medical School, Charlestown, MA 02129, 
†Brain Research Institute, University of Zurich, CH-8029 Zurich, Switzerland.

N-acetylated α-linked acidic dipeptidase (NAALADase) is a membrane-bound 
CNS peptidase that cleaves the putative neurotransmitter N-acetyl-aspartyl- 
glutamate (NAAG) to N-acetyl-aspartate and glutamate. Recently, we have shown 
that NAALADase is expressed by non-myelinating Schwann cells in peripheral 
nerve. The function of NAALADase in peripheral Schwann cells is however 
obscure. Because NAALADase activity is orientated towards the extracellular 
compartment and because NAAG is contained in peripheral axons and can be 
released, we hypothesize that NAALADase may be involved in a NAAG-mediated 
signaling mechanism between axons and Schwann cells. Such signaling would 
likely occur during development before completion of myelination. As a first step to 
test this hypothesis, we have characterized NAALADase expression by Schwann 
cells early in development. Radioenzymatic assays and immunoblots using an 
antiserum against NAALADase indicate that NAALADase is contained in rat sciatic 
nerve on postnatal day 1 (PI), i.e. before extensive myelination has occured. 
Moreover, immunocytochemical analysis shows that NAALADase is expressed by 
most Schwann cells on P3, and, as myelination proceeds, is increasingly restricted to 
non-myelinating Schwann cells. Furthermore, we observed NAALADase- 
immunolabeling on the surface of Schwann cells obtained from P2 sciatic nerve and 
cultured without neurons for three weeks, suggesting that NAALADase expression 
in Schwann cells is independent of axonal contact. The presence of NAALADase at 
PI and its neuron-independent expresssion support our hypothesis that NAALADase 
could take part in axon-Schwann cell signaling by cleaving NAAG released from 
growing axons.

222.10
Sym pathetic nerve pathways in rat orbit are defined by fibroblasts 
with smooth m uscle-like phenotype. Peter G. Smith* and Qin Fan. 
Department o f  Physiology, University o f  Kansas Medical Center,
Kansas City KS 66160-7401

Sympathetic nerves reach orbital targets by travelling through specific 
regions o f  connective tissue while avoiding others. This study comp
ared phenotypic features o f  nerve pathway connective tissue with those 
o f  non-pathway and smooth muscle target. Regions o f  orbital connect
ive tissue that do not contain sympathetic fibers immunostained strongly 
for fibronectin (FIB), vimentin (VIM), and non-muscle myosin (NMM), 
but not laminin (LAM), desmin (DES), α -smooth muscle actin 
(ASM A), or smooth muscle myosin heavy chain (SM-MHC); this 
pattern is consistent with undifferentiated fibroblasts. In contrast, 
smooth muscle target was immunoreactive for LAM, DES, ASMA, and 
SM-MHC, but not FIB, VIM or NMM. Connective tissue that carried 
sympathetic fibers displayed a phenotype intermediate between smooth 
muscle and fibroblast; staining was strong for FIB, VIM, and NMM, but 
also SM-MHC, ASM A, and to a lesser degree LAM and DES. This 
pattern is most consistent with that o f  the myofibroblast, a modified 
fibroblast with contractile properties that can differentiate into smooth 
muscle cells. It is concluded that orbital sympathetic nerve trajectories 
are defined by a specific population o f  connective tissue fibroblasts with 
a phenotype intermediate between that o f  surrounding connective tissue 
and the nerve's ultimate target. Supported by N S23502.
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222.11
DISTINCT BINDING SITES OF AXONIN-1 FOR THE HOMOPHILIC 
AXONIN-1 AND THE HETEROPHILIC NG-CAM INTERACTION
B. Kunz. C. Rader. R. A. Lierheimer. and P. Sondereaaer *.
Institute of Biochemistry, University of Zurich, CH-8057 Zurich, Switzerland.

The axon-associated cell adhesion molecule axonin-1 engages in a ho- 
mophilic binding (Rader et al., Eur. J. Biochem. 215:133-141, 1993) and 
forms heterophilic contacts with Ng-CAM (Kuhn et al., J. Cell Biol. 115:1113- 
1126,1991). To determine whether the same or distinct regions are involved 
when heterophilic or homophilic contacts are established, we have tested 23 
different monoclonal antibodies (mAbs) against axonin-1 for their ability to 
interfere with the ligand binding functions of axonin-1. Interference with the 
homophilic binding was addressed in a cell aggregation assay. Axonin-1- 
expressing myeloma cells were mechanically dissociated and incubated with 
50µg/ml IgG. Thereafter, single cells and cell aggregates were counted. 
Nine mAbs were found to perturb the homophilic binding, but only five were 
able to prevent the aggregation for a period of more than two days. The 
epitope of four antibodies was localized on the fibronectin-type-lll-like 
domains and one was mapped to the immunoglobulin-like domains. The 
tests of the antibodies for interference with the heterophilic binding between 
axonin-1 and Ng-CAM was performed with fluorescent polystyrene beads to 
which Ng-CAM was covalently coupled and COS cells transiently expressing 
axonin-1 after transfection with the axonin-1 cDNA. The COS cells were 
incubated first with the mAb and then with Ng-CAM-Covaspheres. The 
bound fluorescent beads were visualized by means of a fluorescence 
microscope. Two mAbs reduced the binding of Ng-CAM Covaspheres 
markedly; the epitopes of both were localized to the first four 
immunoglobulin-like domains. These two mAbs did not interact with the 
homophilic binding of axonin-1. Conversely, the antibodies interfering with 
the homophilic binding did not perturb the heterophilic binding of axonin-1 to 
Ng-CAM. We conclude that different binding sites are used for the two 
interactions.

222.13

DEVELOPMENTAL UPREGULATION OF THE NCAM VASE EXON IN 
SLICE CULTURES OF HIPPOCAMPUS E. Forster and M. Frotscher* 
Institute of Anatomy, University of Freiburg, D-79001 Freiburg, Germany.

The neuronal cell adhesion molecule (NCAM) is implicated in CNS cell 
migration and axonal outgrowth. NCAM is expressed in distinct patterns in 
the adult hippocampus. The development of the hippocampus is associated 
with an upregulation of the 30 bp variable alternative, spliced exon (VASE) 
in NCAM. It has been shown that VASE reduces the ability of NCAM to 
promote neurite outgrowth. In the hippocampus VASE expression is highest 
in the adult.

To determine whether VASE containing transcripts are also upregulated 
in slice cultures of hippocampus in vitro, slice cultures of rat hippocampus 
were prepared from P4 and maintained in vitro for up to 20 days. VASE 
expression was analyzed by RT-PCR after 0, 5, 10, 15 and 20 days in vitro 
and compared to equivalent stages from the hippocampus in vivo. The 
increasing VASE expression in vitro matched the upregulation found in 
vivo.

The time course of VASE expression indicates that the factors regulating 
the expression may be maintained in the slice culture system. We suggest 
that slice cultures of hippocampus are a valuable in vitro model to study the 
role of cell adhesion molecules in axonal growth and axon-dendrite 
interactions.
(Supported by the Deutsche Forschungsgemeinschaft)

222.15

LAMININ oc2 IS A COMPONENT OF BRAIN CAPILLARY BASE
MENT MEMBRANE: REDUCED EXPRESSION IN DYSTROPHIC 
dy MICE. M. Tian1*. J. W. Kusiak1. M. Jucker1,2. 1 Molecular Neurobiology 
Unit and laboratory  of Cellular and Molecular Biology, Gerontology 
Research Center, National Institute on Aging, NIH, Baltimore, MD, USA.

Laminin α2 mRNA is expressed at low levels in brain and α2 immuno- 
labeling is localized to blood vessels throughout the brain and to neuronal 
processes and postsynaptic structures in the hippocampus and some other 
limbic brain structures. The neuronal Immunolabeling has been reported to 
correspond to an α2-isoform or closely related molecule which is processed 
very similarly to α2 (Tian et al., Soc. Neurosd. Abstr. 20:865,1994). Here we 
focus on the blood vessel labeling and demonstrate that a2 is a component 
of the capillary endothelial basement membrane. While in peripheral base
ment membranes the laminin α 1 and α2 chains have an almost mutually ex- 
clusive distribution, the present results suggest the presence of both α1 and 
α2 in the cerebral capillary basement membrane. Towards elucidating the 
function of α2 in brain, we have performed ultrastructural analysis of the 
capillary basement membrane in dystrophic dy mice which show by quantita
tive PCR a 70-90% and >95% reduction of a2 mRNA compared to het
erozygous and wildtype mice, respectively. Moreover, immunofluorescence 
revealed a nearly total absence of the α2 protein. In contrast to the muscle 
and Schwann cell basement membrane where a2 deficiency causes 
basement membrane structural abnormalities, the present results show that 
the lack of the α2 subunit in the cerebral capillary basement membrane is not 
detrimental to its structure. This observation might be explained by the fact 
that the cerebral capillary basement membrane expresses both a chains and 
therefore exhibits structural redundancy.

222.12
The neural cell adhesion molecule LI is phosphorylated by casein kinase 
II. E. V. Wong. A. W. Schaefer. G. Landreth. and V. Lemmon*. Case 
Western Reserve University, Cleveland, OH 44106.
LI is an axonal cell adhesion molecule found primarily on projection 
axons of both the CNS and PNS. LI is a phosphorylated membrane- 
spanning glycoprotein which can be immunoprecipitated from rat brain 
membranes in association with protein kinase activities. Western blot 
analysis demonstrates that casein kinase II (CKII), a ubiquitous serine- 
threonine kinase enriched in brain, is present in these immunoprecipitales. 
CKII preparations partially purified from PC12 cells are able to 
phosphorylate recombinant LI cytoplasmic domain (L1CD), which 
consists of residues 1144 to 1257. Using these as well as more highly 
purified kinase preparations, phosphorylation assays of small peptides 
derived from the LI cytoplasmic domain were performed. Casein kinase II 
is able to phosphorylate a peptide encompassing aal 173-1185, as well as 
a related peptide representing an alternatively spliced non-neuronal LI 
isoform which lacks aal 177-1180. Both peptides are phosphorylated with 
similar kinetic profiles. Serine to alanine substitutions in these peptides 
indicate that the CKII phosphorylation site is at Ser-1181. This is 
consistent with experiments in which LI CD is phosphorylated by these 
kinase preparations. The L1CD is digested, separated by HPLC, and the 
radiolabeled fragments sequenced. Furthermore, when LI 
immunoprecipitates are used to phosphorylate L1CD, one of the residues 
phosphorylated is the same residue phosphorylated by CKII. These data 
show that casein kinase II is associated with and able to phosphorylate 
LI. Such phosphorylation may be important in regulating certain aspects 
of LI function, such as adhesivity or signal transduction. This research 
was supported by the National Eye Institute (EY-05285).

222.14

Heterophilic Binding Interactions of DM-GRASP. A.P. DeBernardo and
S.Chang*. D epartm ent of Neuroscience, University of Pennsylvania 
School of Medicine, Philadelphia, PA 19104.
DM-GRASP/SC1/BEN (GRASP) is a 100 kd neurite outgrowth promoting 
glycoprotein expressed in a temporally regulated and spatially restricted 
pattern in the developing chick nervous system. GRASP is known to bind 
to itself. We are now  investigating  w hether GRASP interacts 
heterophilically as well. To isolate potential GRASP binding partners, 
we have used an affinity chromotography approach using baculovirus- 
produced recombinant GRASP protein coupled to CNBr-Sepharose. When 
E15 chick brain membrane proteins are passed through the GRASP protein 
column, elution at pH10.5 yields 7-9 bands on silver stained non-reducing 
SDS-PAGE. This pattern of bands is reproducible across separately 
prepared columns and multiple preparations of GRASP. They are not 
observed if the same purification scheme is carried out using IgG 
monoclonal antibodies coupled to CNBr-Sepharose. The GRASP binding 
protein mix contains a potent neurite outgrow th activity; 500 ng /m l 
adsorbed on a coverslip supports robust outgrowth from both dorsal root 
ganglion and retinal explant cultures. Western blots of the GRASP binding 
protein samples used for activity assays show a G4/L1 immunoreactive 
band at 130 kd, but no reactivity for GRASP, NrCAM/BRAVO, F ll, 
neurofascin, axonin-1, or NCAM. Blocking antibodies against G4/L1 reduce 
the outgrowth activity of GRASP binding protein samples, but do not 
eliminate it. Outgrowth on purified G4 is completely eliminated by the 
same treatment. We are currently investigating both the interaction 
between G4 and GRASP and purifying the novel neurite outgrow th 
activity present in the samples.

222.16

DEVELOPMENT OF AN EXTRACELLULAR MATRIX EQUIVALENT IN 
ORDER TO DIRECT AND PROMOTE NEURITE EXTENSION IN VITRO 
AND IN VIVO. M.Borkenhaaen1. J.F. Clemence2. H. Siqrist2, V. Padrun1* 
and P. Aebischer1. 1 Surgical Research Division & Gene Therapy Center, 
Lausanne University Medical School, Lausanne , Switzerland. 2University of 
Bern, Bern, Switzerland.
Growing neurites are guided through their environment during development 
and regeneration via different extracellular matrix (ECM) molecular cues. In 
order to mimic cell/matrix interactions, a three-dimensional (3-D) hydrogel 
based ECM equivalent containing different immobilized laminin oligopeptides 
has been designed. The present report demonstrates that the oligopeptide 
domains CDPGYIGSR and IKVAV can successfully support neurite 
outgrowth from dorsal root ganglia (DRG) and PC12 cells in vitro. The 
specificity of the neurite promoting activity was tested in a competitive binding 
assay, showing that neurite outgrowth from DRGs in a CDPGYIGSR 
derivatized gel was significantly inhibited after incubation with soluble 
CDPGYIGSR peptide for 2h prior to suspension. The effect of derivatized 
gels on the regeneration of transected rat spinal roots was evaluated using a 
polymeric guidance channel bridging a 4mm gap. Four weeks after 
transection, nerve guidance channels filled with a CDPGYIGSR derivatized 
gel, contained a regenerated nerve cable with a higher number of myelinated 
axons than an underivatized gel. While the current system allows only 
random peptide immobilization, another system is currently being developed 
to facilitate spacially controlled immobilization by making use of a light- 
activated coupling agent. A simple 3-D pattern has been achieved by laser- 
activation of the coupling agent. The present work shows that 3-D bioartificial 
matrices containing ECM molecules or laminin oligopeptides can be 
constructed to promote neurite outgrowth in vitro and nerve regeneration in 
vivo.
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222.17

ORIENTED GROWTH OF HIPPOCAMPAL NEURONS ON PATTERNED 
SELF-ASSEMBLED MONOLAYERS. D.H. Cribbs*1 . D.A. Stenger2.1.T. 
Hickman3 . K.E. Foster3 and C.W. Cotm an1. IRU in Brain Aging, UCI, 
Irvine, CA 927171, NRL, Wash. DC 203752, SAIC, McLean, VA 221023.

The ability to direct neurite growth along defined pathways and to orient 
the polarity of neurons are essential steps in producing models that mimic 
the ordered arrangement of neurons in vivo. We have patterned the neuron 
adhesive organosilane DETA with the non-adhesive 13F into high 
resolution self-assembled monolayers (SAM) using photochemical 
microlithography to test models on the development of neuronal polarity. 
We have designed a m ask with 28 different permutations to study directed 
polar growth of neurons. Our initial studies have concentrated on patterns 
containing discontinuous neurite pathways, whereby the rate at which a 
neurite extends in a given direction is retarded by the incorporation of 
"speed bum ps" w hich consist of micron-scale non-adhesive 13F 
interruptions of the otherwise a
dhesive DETA pathways except in the direction of the desired axon. This 
type of pattern provides a unique test of the hypothesis that the axon 
develops from the fastest growing neurite which in turn commits the 
remaining neurites to become dendrites. We have observed enhanced 
neurite growth on the continuous pathways and shorter neurites on the 
discontinuous pathways. With further refinements in the pattern features 
and surface chemistry of the substrates it will be possible to direct the 
axonal and dendrite polarity  of neurons and to produce defined 
cytoarchitectural models w ith ordered arrangem ent of neurons which 
should provide new insights into the factors which regulate neurite 
guidance, axonal determination and synapse formation.

NEUROTRANSMITTER SYSTEMS AND CHANNELS I

223.1

OUTWARD CURRENTS OF A P L Y SIA  BAG CELL NEURONS 
DECREASE WITH DEVELOPMENT OF AFTERDISCHARGE 
AND W ITH BDNF TREATM ENT. T .A .N ick 1 *. S .E .M cK av2. 
L.K.Kaczmarek1,3. and T.J.Carew1,2. 1Interdept. Neurosc. Prog., Depts. of 
2Psychol. and 3Phann., Yale University, New Haven, CT 06520

To determine the mechanisms of developmental regulation of excitability in 
the bag cell neurons (BCNs), macroscopic currents of cultured BCNs from 
Aplysia that exhibit afterdischarge (adult; >100 g) were compared to those that do 
not normally discharge (juvenile; <12 g). Whole cell patch clamp revealed at 
least three outward currents (expressed as mean peak current densities) that are 
larger in juvenile BCNs; (1) Ika (Adult: 16.7 nA/nF, n=21; Juv: 29.5 nA/nF, 
n=10; p<0.001); (2) Combined noninactivating delayed rectifier (Ik i) and 
calcium-dependent K+ (Ikca) (Adult: 17.4 nA/nF, n=23; Juv: 46.3 nA/nF, n=10; 
p<0.001); and (3) Inactivating delayed rectifier (Adult: 14.6 nA/nF, n=23; Juv:
36.8 nA/nF, n=10; p<0.001). Inward currents were not significantly different 
(Adult: 5.9 nA/nF, n=15; Juv: 4.7 nA/nF, n=10; NS). Thus, an overexpression 
of outward currents in juvenile compared to adult BCNs may account for lack of 
afterdischarge in these neurons.

To study possible mechanisms underlying the decrease in outward currents, we 
are investigating the effects of neurotrophic factors in vitro. Preliminary data 
show that, whereas acidic FGF, NT-3, and TGFa do not affect juvenile BCN 
outward currents, BDNF significantly decreases Iki and/or Ikc.  (Control: 90.8 
nA/nF, n=10; BDNF: 70.2 nA/nF, n=10; p<0.02). BDNF does not appear to 
affect Ika or inward currents, suggesting a relatively specific effect These results 
show that the BCNs provide a system to examine the developmental maturation 
of electrical excitability on a mechanistic level.
(BDNF and NT-3 from Amgen/Regeneron Partners, Thousand Oaks, CA.)

223.3

DISTRIBUTION OF [3H]MK-801, [3 H]KAINATE and [3H]AMPA 
BINDING SITES IN HUMAN SPINAL CORD DURING FIRST 
TRIMESTER DEVELOPMENT EL-Akesson*, A.  Kiaeldgaard*. L. 
N ilsson, E . Sundström .an d. Å . Seiger Department of Clinical 
Neuroscience and Family Medicine, ’Department of Obstetrics and 
Gynecology, Karolinska Institutet, Huddinge Hospital, S-141 86 
Huddinge, Sweden.

Receptor autoradiography with [3H]MK-801, [3H]kainate and 
[3H]AMPA was used to investigate the distribution of NMD A, kainate 
and AMPA receptors in the developing human spinal cord. Human 
embryonic spinal cord tissue was recovered from elective first 
trimester abortions from the fifth to twelfth gestational week. The 
tissue was sectioned and processed for receptor autoradiography. 
Optical density was measured in ventral and dorsal spinal cord and 
correlated to cresyl violet stained sections. At five weeks of gestation 
dense binding of [3H]kainate was seen in the basal plate of the 
ventral spinal cord, while the dorsally located alar plate which is 
formed later showed binding with one week delay. From 6 weeks of 
gestation there was an increasing homogeneous distribution of the 
pH] kainate binding in both ventral and dorsal areas up to late first 
trimester, when there was a higher binding in the dorsal compared to 
the ventral quadrants. [3H]AMPA and [3H]MK-801 binding was also 
detected as early as 5 weeks of gestation in the human spinal cord but 
in lower levels than for [3H]kainate and with a distribution showing 
higher binding in the ventral than in the dorsal part of the spinal 
cord. Late in the first trimester there seemed to be higher [3H]AMPA 
and [3H]MK-801 binding in the dorsal quadrants. No differences 
were observed between the segmental levels. These results may 
indicate the expression of kainate, AMPA and NMDA receptors in the 
developing human spinal cord already during the first trimester.

223.2

NMDA RECEPTORS SYNCHRONIZE ACTIVITY OF GABA- 
INTERNEURONS IN IMMATURE RAT HIPPOCAMPUS.
Khazioov R .1, Gaiarsa J.i . McLean H .1, N. König*2 & Ben-Ari Y 1 
UNSERM, Unite 29, 75674 Paris Cedex 14, FRANCE. 2EPHE/INSERM U336, 
34095 Montpellier CEDEX 5 France

In im m ature CA3 pyram idal neurons, synap tic  activity is  
characterized by giant spontaneous currents (GSQ resulting from the 
synchronous activation of GABAergic intem eurons (Ben-Ari et al., 
1989). The GSCs w ere blocked by APV suggesting  that N M D A  
receptors are involved in this synchronization (McLean et al., 1995). 
We performed simultaneous whole cell recordings from intem eurons 
(IN) and pyram idal cells (PC) in the im m ature rat h ippocam pus. 
Selective block of GABAa -receptors by substitution of intracellular 
chloride with fluoride blocked the majority of GSCs in PCs, but not in 
INs. The rem aining com ponent o f the GSC in  IN s revealed  
polysynaptic glutam atergic currents m ediated m ainly by N M DA  
receptors.This indicates that the glutamatergic input onto intem eurons 
w hich  triggers GSCs is primarily NM DA-receptor m ediated. A n  
important feature of isolated NM DA-mediated monosynaptic EPSCs 
in INs is their long decay time constant (350-400ms). We conclude 
that the synchronous activation of GABAergic INs is controlled by 
N M D A  receptors. The slow kinetics of NM DA EPSCs provides for 
the summation of consecutive EPSCs that may result in synchronous 
activation of GABAergic INs triggering the generation of GSCs.

223.4

DEVELOPMENTAL APPEARANCE OF DIFFERENT CLASSES OF CALCIUM 
PERMEANT GLUTAMATE RECEPTORS ON EMBRYONIC XENOPUS 
SPINAL NEURONS. Evanna Gleason* and Nicholas C. Spitzer. Department of 
Biology and Center for Molecular Genetics, UCSD, La Jolla CA 92093-0357.

Transient elevations of [Ca++]i regulate various aspects of neuronal development. 
Since activation of glutamate receptors can elevate [Ca++]i we have examined 
glutamate receptors on differentiating primary spinal neurons dissociated from neural 
plate stage embryos. AMPA- and NMDA- elicited currents were first characterized by 
whole cell voltage clamp recordings at 1 day in vitro. At -70 mV, AMPA (100 µM) 
currents averaged 410±312 pA (mean±SD, n=36) and NMDA (100 µM) currents 
averaged 81 ±75 pA (n=14). Fast application of 100 µM AMPA revealed rapidly 
inactivating as well as sustained components in 82% of cells tested (n=17). Fast 
application of 100 µM kainate produced only sustained current that was always 
greater in amplitude than that elicited by AMPA (n=ll), suggesting that AMPA 
preferring receptors are the dominant form of nonNMDA receptors expressed. Both 
AMPA and NMDA receptors are calcium permeant as revealed by reversal potential 
measurements. AMPA currents reversed at -10.6±1.8 mV (n=10) in 1 mM [Ca++]i and 
at 0±1.9 mV (n=18) in 20 mM Ca++. NMDA currents reversed at -9.4±1.5 (n=5) in 1 
mM Ca++ and at 11.1±3.6 mV (n=l 1) in 20 mM Ca++.

The developmental appearance of functional receptors was examined using voltage 
clamp and fluo-3 calcium imaging. In whole cell recordings, at 6-9 hr 41% of 
neurons were responsive to AMPA (n=27) but no cells responded to NMDA (n=26). 
NMDA-elicited currents were detectable at 18-24 hr in 61% of cells (n=54) when 90% 
of neurons responded to AMPA (n=44). At 2 days 93% (n=15) and 100% (n=15) of 
cells responded to NMDA and AMPA, respectively. Ca++ signals elicited by AMPA 
and NMDA followed a similar time course of appearance. At 1 day, treatment with 
100 nM thapsigargin revealed that both AMPA- and NMDA- induced calcium signals 
were amplified by a Ca-ATPase-dependent store. These results show that NMDA and 
nonNMDA glutamate receptors are independently regulated during development, and 
suggest that both can participate in calcium signaling. Supported by NS 15918.

Society for N euroscience, V olume 21, 1995
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223.5

D e v e l o p m e n t a l  R e g u l a t i o n  o f  G l u t a m a t e  
R e c e p t o r  E x p r e s s i o n  i n t h e  m o u s e  R e t i n a .
C. Z h a n g 1*. D.E, H am assak i-B ritto2. L R G , B ritto2, and R.M .  
D u v o is in 1. 1 D yson V is io n  R ese a rch  In s titu te , D e p t. of 
O p h th a lm o lo g y, C orne ll U n ive rs ity  M edica l C o llege, New 
York, N Y10021; in s t i tu te  of B iom edical Sciences, University 
of Sao Paulo, Sã o Paulo, Brazil.

The d is tribution  of expression  in the deve lop ing  m ouse 
re tin a  o f n ine A M P A /ka ina te  g lu ta m a te  re ce p to r (G luR ) 
s u b u n its  w as d e te rm in e d  by in s itu  h y b r id iz a t io n  
h is to ch e m is try  using 35S -la b e le d  a n tise n se  R NA probes. 
T ranscrip ts  encoding all A M P A /ka ina te  G luR  subun its  were 
detected starting at E16 in the prospective ganglion cell layer. 
A t PO, w ith  the  em ergence of a p rim ord ia l inner p lexiform  
layer, express ion  w as also seen in the p rospective  inner 
nuclear layer. The level and d istribution of expression of each 
subun it during deve lopm ent appeared d iffe ren tia lly  regulated. 
In te resting ly , p re lim inary  d a ta  suggest a un ique, transien t 
e xpre ss ion  of G luR 7  in the  o u te r re tina , p resu m a b ly  in 
p ho to re ce p to r p recu rso r ce lls  o r in m igra ting  neurob lasts. 
Most G luR subunits appeared to be expressed at h igher levels 
during deve lopm ent than in the adult, suggesting  a role in 
retinal d ifferentiation, possibly in synaptogenesis. (Supported 
by EY09534, RPB, FAPESP and CNPq).

223.7

GENE TRANSFER INTO SPINAL CORD USING HSV VECTORS
Shu Hong. R. Neve. J. Howe and R. G. Kalb*. Yale Medical School, New Haven
CT 06510, Harvard Medical School, McLean Hospital, Belmont, Mass

One method of studying the function of a individual protein during neuronal 
maturation is to increase its level of expression during a novel stage of 
development. We used Herpes Simplex Virus (HSV) as a means of expressing a 
reporter gene and a glutamate receptor gene in the spinal cord.

Infection of CNS neurons could be accomplished by injection of virus directly 
into the spinal cord and by application of virus to peripheral nerve or muscle. The 
highest levels of expression were found with direct injection of the spinal cord and 
neurons appear preferentially infected. One advantage of administering virus to a 
peripheral site is that only neurons within the neuromuscular unit are transduced. 
With all delivery methods, the level of transgene expression declined over time, but 
remained clearly evident at least 3 weeks after injection. Transgene expression was 
present in the cell body and neuronal processes. No evidence for transsynaptic 
transfer of virus was found. To assess toxicity, animals received an intracord 
injection and two weeks later motor neurons were labeled by retrograde transport of 
fast blue after intramuscular injection. The labeled motor neurons were present 
within the infected segment of spinal cord. In comparison with animals receiving 
no injection, there was no significant reduction in the number of motor neurons 10 
days after injection of virus into the spinal cord.

HSV was also used as an expression vector for the GluRl gene. Infection of 
HEK 293 cells produced functional homomeric GluRl channels which could be 
activated by application of glutamate. Injection of HSV-GluRl into the spinal cord 
generated high levels of GluRl immunoreactivity with little evidence of toxicity.

These results show viral vectors provide spatio-temporal control of exogenous 
gene expression in postmitotic neurons. High levels of transgene expression for 
several weeks can be accomplished with little evidence of neurotoxicity.

Supported by the NIH.

223.9

DEVELOPMENTAL CHANGES IN POTENTIATION OF NMDA 
INDUCED CURRENTS BY ARACHIDONIC ACID. N. Horimoto*, J. 
Nabekura and T. Ogawa. Dept. of Physiology, Akita Univ. Sch. of Med., 
Akita 010, Japan

Arachidonic acid (AA) is an essential polyunsaturated fatty acid 
stored in tissue phospholipids, and reportedly can modify a number of 
neuronal functions. Here we investigated the changes in effect of A A 
on NMDA response in freshly dissociated neurons of the visual cortex 
in developing rats, using the conventional whole-cell patch clamp 
configuration. AA was found to potentiate NMDA-induced currents 
(Inmda) in a concentration-dependent manner. At 2 to 3 postnatal days 
(P2-3), the potentiation by AA was significantly greater than that at P7- 
8 and P16-18. Indomethacin, a cyclooxygenase inhibitor, significantly 
attenuated AA-provoked potentiation of INmda at P2-3, whereas it was 
ineffective from P7-8 onwards. Baicalein and caffeic acid, 12- and 5- 
lipoxygenase inhibitors, respectively, did not affect the potentiation of 
INMDA . These findings suggest that m etabolites of AA by
cyclooxygenase, such as prostaglandins, may contribute, in part, to the 
facilitation of INMDA by AA at P2-3; while lipoxygenase products are 
not involved. It is reported that AA enhances protein kinase C (PKC), 
which modulates NMDA response. Thus, we also evaluated the effect of 
staurosporine, a PKC inhibitor. At P2-3, staurosporine reduced the 
potentiation of INmda by AA, but had no effect at P7-8 and P I6-17, 
suggesting that a second messenger system including PKC might 
participate in the potentiation of INMda during the early stage of 
postnatal development.

223.6
ACTIVITY DEPENDENCE OF NMDA RECEPTOR SUBUNIT EXPRESSION IN 
THE RAT SUPERIOR COLLICULUS. S.M. Aamodt* and M. Constantine-Paton. 
Biology Department, Yale University, New Haven, CT 06520.

Synaptic reorganization to refine the topographic visual map in the developing rat 
retinocollicular pathway depends on NMDA (N-methyl-D-aspartate) receptor 
activation. Local blockade of these NMDA receptors from birth prevents the 
elimination of incorrectly positioned arbors. The duration of currents through 
collicular NMDA receptors decreases substantially after map refinement, which 
suggested to us that highly correlated activity may trigger replacement of a neonatal 
form of the NMDA receptor that is permissive of synaptic plasticity by an adult 
form. We previously found that expression of the NMDAR 1 subunit in normal rat 
pups increases substantially between postnatal day 6 (P6) and P I2. Chronic NMDA 
receptor antagonism from birth prevents this developmental rise in NMDAR1 levels, 
but early blockade might simply stall development.

We tested this hypothesis by blocking NMDA receptors after the rise was 
established (at P8), and then using an RNase protection assay with probes against 
NMDAR1, NMDAR2A and NMDAR2B to examine subunit expression in the 
superficial layers of superior colliculus at P12, P19 and P27. Unoperated controls 
were compared to pups given a local implant of the slow-release plastic Elvax 
containing 100 µM concentrations of the NMDAR antagonist D,L-AP5, its inactive 
stereoisomer L-AP5, or the agonist NMDA. Levels of NMDAR 1 and NMDAR2A 
transcript did not change substantially between P12 and P27 in controls or any drug- 
treated group. Chronic NMDA treatment maintained moderate (P I2) NMDAR2B 
subunit expression, intermediate between the high levels of the first neonatal week 
and the low levels typical of adulthood. This result may reflect a downregulation of 
NMDA receptor effectiveness by chronic NMDA application, as has been observed 
in the frog tectum. Such an effect might then prevent the normal activity-dependent 
decline in NMDAR2B levels. However, D-AP5 treatment had no effect on 
NMDAR2B expression. We are currently investigating the possibility that NMDA 
receptor protein levels may change after D-AP5 treatment, as well as examining 
subunit transcript levels after treatment with a higher concentration of D-AP5.

223.8

CHARACTERIZATION AND DEVELOPMENTAL PROPERTIES OF 
NMDA RECEPTORS IN RAT SUPRAOPTIC MAGNOCELLULAR 
NEURONS.
N. Hussy* & M. G. Desarmenien. Lab. de Neurobiologie Endocrinologique, URA 
1197, CNRS, Univ. Montpellier II, France.
Electrophysiological properties of NMDA receptors were studied in acutely 
dissociated rat supraoptic magnocellular neurons during the first postnatal month 
(P1-P25). Most neurons responded to application of NMDA (100 µM in the 
presence of 10 µM Gly) already at PI. The density of NMDA currents increased 3 
fold between P7 and P15 and decreased slightly thereafter. NMDA-induced 
currents were blocked by the competitive antagonist d-APV in a dose-dependent 
manner, but the sensitivity to d-APV was found to decrease 7-8 fold between P4 
and P 14 (IC50 of 1.0 µM at PI-4, 8.1 pM at PI4-15 and 7 1 pM at P24-25). The 
receptors were highly sensitive to blockade by 100 pM extracellular Mg2+ (74-90 
% block at -80 mV), displayed a low sensitivity to glycine (EC50 of 1.8-2.5 µM) 
and ifenprodil (55-65 % block at 100 pM) and had a ~50 pS unitary conductance. 
None of these properties changed during development. These characteristics are 
remarkably similar to those reported for the heterologously expressed NR1/NR2A 
NMDA receptor subtype. These results suggest that supraoptic NMDA receptors 
are composed of these two subunits as early as postnatal day 1. The change in the 
sensitivity to d-APV could be best explained by a developmental switch in a 
splice variant of the NR1 subunit (Nakanishi et al, PNAS 89: 8552, 1992; 
Hollmann et al, Neuron 10: 943, 1993). Characterization of the subunits mRNAs 
expressed in these neurons during development are currently investigated by in 
situ hybridization and PCR techniques.

223.10

AGONIST-EVOKED INCREASES IN INTRACELLULAR CALCIUM SUGGEST 
SUCCESSIVE ROLES FOR ACh, GABA AND GLU IN EARLY DEVELOPMENT 
OF THE CHICK RETINA. M. Catsicas. S. Allcom. V. Bonneβ and P. Mobbs* 
Dept. of Physiology, University College London, Gower St., London, WC1E 6BT, 
U K

Many of the developmental effects of neurotransmitters seen prior to the formation 
of synapses are mediated via increases in intracellular calcium ([Ca2+]i) Agonist- 
evoked changes in [Ca2+]i are known to be important in processes as diverse as cell 
migration, neurite outgrowth and cell survival. The aim of this study was to 
determine the developmental sequence of the expression of neurotransmitter 
receptors in the embryonic chick retina by monitoring their effects on [Ca2+]i.

We have used imaging techniques employing the calcium indicator Calcium Green 
to determine when ACh, GLU and GABA receptors are expressed during the early 
development of the embryonic chick retina. ACh ( l0µM) elicited large increases in 
[Ca2+]i as early as embryonic day 4 (E4). These responses were blocked by a mixture 
of tubocurarine and hexamethonium (100 and 200µM respectively), suggesting that 
the effects of ACh result from activation of nicotinic receptors. By E5 and E6 
respectively application of GABA ( l00µM) and kainic acid (KA l0µM) elevated 
[Ca2+],. The increase in [Ca2+], produced by GABA could be blocked with bicuculline 
(50pM) or with the L channel blockers diltiazem and nifedipine (each at 20µM). 
However, the effects of KA persisted in the presence of these blockers, the NMDA 
receptor antagonist AP5 (20pM), and when changes in membrane voltage were 
prevented by replacing external sodium with choline. This suggests that Ca2+- 
permeable AMPA/KA receptors are present in the embryonic chick retina from early 
times. In contrast responses to NMDA could only be detected from E8/9 onwards.

These results suggest successive roles for ACh, GABA and glutamate in the 
development of the chick retina prior to synaptogenesis (El2).
Supported by the Wellcome Trust and the MRC.
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223.11

DEVELOPMENTAL PROFILE OF GLUTAMATE-INDUCED INTRACELLULAR 
CALCIUM RISE IN THE EARLY EMBRYONIC CHICK NEURAL RETINA.
M. Sugioka. Y. Fukuda* and M. Yamashita.
Dept. Physiol., Osaka Univ. Med. Sch., Suita, Osaka 565, Japan.

Glutamate (Glu) causes increases in intracellular Ca2+ concentration and the 
Glu-induced Ca2* rise plays important roles in synaptic plasticity or synapse 
formation. It is significant to determine when the Glu-induced Ca2+ rise appears 
during development. We studied developmental profile of the Glu-induced 
Ca2+ rise in embryonic chick retina with Fura-2 fluorescence measurements.

Ca2+ responses to bath-applied Glu (200 µM) were examined at the period 
from embryonic day 3 (E3), the stage of neurogenesis, to E13 before 
synaptogenesis. The Ca2+ response was not observed at E3-5, and it first 
appeared at E6. The Glu-induced Ca2+ rise reached its peak in amplitude at E9- 
10, and then declined towards E13. The Ca2+ response to 100 mM-K*, which 
evoked depolarization and induced Ca2+ influx through voltage-dependent 
Ca2+ channels, was already detected at E3 and monotonously increased from 
E3 to E13 without any transient increase at E9-10 such as shown in the 
response to Glu. This difference in the developmental profiles of Glu and 100 
mM-K+ responses suggested that the transient increase of Glu-induced Ca2+ 
rise at E9-10 could not be due to the change in the Ca2+ influx through the 
voltage-dependent Ca2+ channel but rather to the characteristic profile of the 
Ca2+ response to Glu during the course of development.

A/ methyl-D-aspartate (NMDA) receptor channel could be regarded as 
another Ca2+ influx pathway besides the voltage-dependent Ca2+ channel. The 
receptor subtype involved in the Glu-induced Ca2+ rise was identified at E9. 
NMDA (150 µM) evoked a Ca2+ rise at this stage. Both NMDA- and Glu-induced 
Ca2+ responses were enhanced by the elimination of extracellular Mg2+. The 
Glu response occurred even in a medium containing CNQX (100 µM), an 
antagonist for non-NMDA receptors. These pharmacological results indicated 
that the Ca2+ rise by Glu at E9 was mediated at least by NMDA receptors.

223.12

LTP UNCOUPLES PRESYNAPTIC AP4 AND ADENOSINE A1 
RECEPTORS FROM INHIBITING N CHANNELS AND TRANS
M ITTER RELEASE IN TH E REGENERATING RETINOTECTAL 
PROJECTION O F GOLDFISH. John T. Schmidt"
Dept. Biol. Sci. SUNY-Albany, Albany, NY 12222

During regeneration there is an enhanced capacity for LTP during 
the period of activity-driven retinotopic sharpening (Schmidt 1990 J. 
Neurosci. 10: 233). The LTP is NMDA receptor-mediated and blocked 
by PKC inhibitors, as is retinotopic sharpening (Schmidt 1994 J. 
Neurobiol. 25: 555), and LTP may serve as the first step in synapse 
stabilization underlying the sharpening. LTP results in a 3-4X larger 
monosynaptic field potential that is much more resistant to fatigue--a 
presynaptic change. Here, I tested for presynaptic changes in control of 
N type Ca++ channels. Retinotectal transmission is mediated by N 
channels, since it is almost entirely blocked by omega-Conotoxin GVIA 
(1µ M). Elsewhere, both adenosine A1 and AP4 (mGluR4 or 7) 
receptors are known to inhibit N channels, thereby mediating 
autoinhibition of release, and they are uncoupled by PKC activation 
(Swartz et al, 1993 Nature 361: 165). In both normal and regenerating 
projections, saturating concentrations of AP4 (100µ M), ACPD (100µM) 
and adenosine (100-300µM) all decrease transmission by about 40-60%. 
They also augment paired-pulse facilitation in normals, indicating a 
presynaptic effect. After LTP in regenerates, the ability of adenosine, 
AP4 and ACPD to decrease transmission is greatly reduced or 
abolished. These results indicate a presynaptic change underlying LTP 
probably in the control of N-type Ca++ channels. 't h e increased Ca+ + 
influx might also affect growth. Whole cell recording of cultured 
ganglion cells will be used to directly test for PKC uncoupling of AP4 
and adenosine receptors from the N channels. Supported by NIH grant 
EY-03736.
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224.1

GRAFTING OF GENETICALLY MODIFIED CELLS THAT PRODUCE 
NEUROTROPHINS IN ORDER TO RESCUE AXOTOMIZED NEURONS IN 
RAT SPINAL CORD. B.T. Himes*1,2 J. Solowska-Baird1  L. Bovne1  E.Y. 
Snvder3  A. Tessler1,2, and I. Fischer1 1 Department of Anatomy and Neurobiology, 
Medical College of Pennsylvania Hahnemann University, 2The VA Medical Center, 
Philadelphia, PA, 3Depts. of Genetics, Neurology, and Pediatrics, Harvard Medical 
School, Boston, MA
Our previous studies have shown that grafting fetal CNS regions expressing the 
mRNA for neurotrophins prevents axotomy-induced death of adult rat Clarke's 
nucleus (CN) neurons. We have begun to transplant cells genetically modified to 
produce brain-derived neurotrophic factor (BDNF) or nmeurotrophin-3 (NT-3). A 
neurotrophin-coding DNA was introduced into a novel retroviral vector (provided by 
L. Lillien) containing a reporter gene (alkaline phosphatase, or ß-galactosidase) and 
an IRES sequence that allows translation to be initiated from an internal site of a 
single mRNA. The retroviral vectors expressing neurotrophins were used to infect 
various primary cultures and cell lines. PCR, immunocytochemistry and bioassay 
using embryonic chick DRG explants confirmed the expression of biologically active 
neurotrophins by infected cells. These cells were transplanted into a hemisection 
cavity that axotomizes ipsilateral CN neurons and leaves the contralateral CN intact. 
CN neuron survival at LI is determined on both sides. Current experiments are 
focused on genetically modifying and transplanting immortalized neural progenitor 
cell lines C17-2 (provided by E. Snyder) and RN33B (provided by S. Whittemore). 
Since these cells can differentiate in response to local cues, they are promising for 
enhancing axon regeneration and spinal cord repair. We have found that these cells 
survive grafting into a hemisection cavity in the adult rat thoracic spinal cord, are not 
tumorigenic, appear not be rejected, and continue to express the reporter gene for at 
least 2 months. Supported by The VA Research Service, NS 24707, and NS 09486.

224.3

POLYMER ENCAPSULATION OF POST-MITOTIC C2C12 CELLS 
GENETICALLY ENGINEERED TO RELEASE CILIARY NEUROTROPHIC 
FACTOR. S.A. Tan*. N. Déglon. M. Tekaya. V. Padnin. A, Menoud. B. Hevd. A. D. 
Zum and P. Aebischer. Gene Therapy Center and Div. of Surgical Research, 
Lausanne University Medical School, Switzerland 1011.

Demonstration of the neuroprotective effects of trophic factors in the central 
nervous system and in various animal models of neurodegeneration has lead to the 
development of strategies for the treatment of motoneuron diseases. Using the 
immunoisolation technology, we were able to show that transplantation of polymer 
capsules containing ciliary neurotrophic factor (CNTF) secreting BHK (Baby hamster 
kidney) cells into pmn/pmn mice, an animal model displaying a neuronopathy 
resembling ALS, delay the progression of the disease. However, BHK cells divide 
until they fill the capsule and an accumulation of debris is observed after several 
months. In order to overcome this problem, we have tested the mouse C2C12 cell line 
which can be differentiated into a post-mitotic state upon exposure to low serum 
containing medium. The mouse C2C12 myoblast cells have the advantage of rapidly 
dividing cells, they can be grown in large quantity in vitro, transfected to express 
proteins and selected clones can be isolated.

Mouse C2C12 myoblasts have been transfected with the pNUT expression vector 
containing the human CNTF gene. The level of expression of the hCNTF gene and 
the bioactivity of the factor were analyzed by Northern blot, Elisa assay, and ChAT 
activity on embryonic spinal cord motoneuron cultures. One C2C 12 clone has been 
found to secrete approximately 0.2 µg CNTF/106 cells/day. The rate of secretion of 
hCNTF is not altered upon differentiation of C2C12 myoblasts. Finally C2C 12- 
hCNTF can rescue motoneurons from axotomy-induced cell death. Morphological 
study of the facial nuclei of newborn rats, 1 week after axotomy, indicates that only
13.4 % of the facial motoneurons are retained in control animals whereas a 
continuous release of hCNTF results in 22.7% survival of the motoneurons. 
Experiments are underway to test the conditions of long-term encapsulation of these 
transfected myoblasts as a possible source of neurotrophic factors.

224.2

A NOVEL METHOD FOR IN VITRO AND IN VIVO DELIVERY OF 
NEUROTROPHINS. D. C. Lo*. D.R. Riddle and L.C. Katz. Department of 
Neurobiology, Duke University Medical Center, Durham, NC 27710.

We have developed a novel method for delivering neurotrophins, based on the 
ability of certain fluorescent latex microspheres ("beads") to bind large quantities of 
protein. Fluorescent beads (Lumafluor) were incubated overnight at 4°C with 
NGF or NT-4 (500 ng of factor per µl of beads). The beads were isolated by 
ultracentrifugation and resuspended in sterile water. The supernatant and the beads 
were assayed for neurotrophic activity by testing their ability to promote the 
survival, in serum-free media, of PC12 cells stably-expressing trkB in addition to 
trkA (PC12trkB cells). Approximately 10% of the neurotrophin remained in the 
supernatant; the labeled beads had neurotrophic activity at least as great as free 
factor at the concentration used to activate them. To test their stability and release 
properties, aliquots of beads were incubated in media at 37°C and then 
recentrifuged. Assays of the beads and the media indicated that the beads maintain 
neurotrophic activity for at least 96 hours at 37°C. The beads release neurotrophin 
into the media, but at a level insufficient to account for their potency. Thus, most 
survival-promoting activity results from microsphere-bound factor. Preliminary 
tests of the ability of labeled beads to elicit neurite extension from PC 12 cells 
indicate that differentiated cells are associated with internal and external clusters of 
beads. We have also successfully used the beads in vivo to probe neurotrophin 
effects in the developing visual system (Riddle and Katz, this volume). Since most 
of the activity of the beads appears to result from bound factor, bead fluorescence 
marks both the site and extent of in vivo neurotrophin application. In addition, 
since the beads are retrogradely transported (Katz et al., 1984, Nature 310.498), it is 
possible to determine which neurons were exposed to, bound and internalized the 
neurotrophin, and to select neurotrophin-treated cells for anatomical, 
electrophysiological or molecular analysis. This method should have utility in a 
variety of studies of neurotrophins (and other proteins) and their biological effects. 
Supported by NS32742 (DCL), EY06617 (DRR) and EY07690 (LCK). We thank 
Regeneron Pharmaceuticals Inc. for the NT-4 and the PC 12trkB cell line.

224.4

THE EFFECT OF GLIAL CELL LINE-DERIVED NEUROTROPHIC FACTOR 
IN FIBRIN GLUE ON DEVELOPING DOPAMINE NEURONS. M.B. 
Giacobini*. H. Cheng, B.I. Hoffer. I. Stromberg, D. Russellt-and L. Olson. 
Dept. of Neuroscience, Karolinska Institute, S-171 77 Stockholm, Sweden; 
+Synergen Inc., Boulder, CO, USA.

Glial cell line-derived neurotrophic factor (GDNF), a member of the 
transforming growth factor-β superfamily, promotes the survival, morpho
logical differentiation, and high-affinity dopam ine uptake of cultured 
nigral dopamine neurons. In order to test potential methodology for peptide 
delivery in vivo, pieces of fetal ventral mesencephalon (El 5) were incorpo- 
rated into GDNF-containing fibrin glue balls (8 µg /ba ll) and transplanted 
into the anterior chambers of sympathetically denervated adult rats. Five 
weeks after grafting, combining the nigral grafts w ith GDNF-containing 
fibrin glue led to a tripling of the number of TH-positive nerve cell bodies 
and to almost double the TH fiber density in the grafts as compared to con
trols. In addition, the laminin and GFAP immunoreactivities were similar 
between the two groups. The data suggest that the extent of gliosis in grafts 
is not affected by GDNF a n d /o r  fibrin glue. Also, as indicated by the 
laminin immunoreactivity, neither fibrin glue alone nor addition of GDNF 
in glue appeared to influence the development of the microvasculature in 
grafts. To our knowledge, these are the first studies to demonstrate release 
of physiologically relevant levels of trophic molecules from fibrin glue 
balls. The data support the concept that GDNF is a potent trophic factor for 
DA neurons in vivo and also suggest that fibrin glue may provide a unique 
and safe means to permit prolonged delivery of trophic molecules to CNS 
tissues.
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224.5

EFFECT OF A RECO M BINA N T A D EN O V IR U S ENCODING  
NERVE GROWTH FACTOR (NGF) ON B A SA L  FOREBRAIN  
CHOLINERGIC N EURONS OF AGED RATS. M .N. C A ST E L - 
BARTHE*. F. JAZAT-POIN P E SSO S .  P.  BARNEOU D, E. VIGNE. 
F. REVAH. J. MALLET and Y. LAMOUR. CNRS/GENCELL, LGN, 
91198 Gif-sur-Yvette, and INSERM U 161, 75014 Paris, FRANCE.

Gene therapy, in particular recombinant adenoviruses, can be 
used to deliver growth factors to the CNS for the treatment o f neuronal 
disorders. W e tested the trophic effect o f a recombinant adenovirus 
encoding NGF (AdNGF) both in vitro and in vivo. Application o f  
AdNGF (50 pfu/cell) to PC 12 ce lls  induced neurite outgrowth, in 
contrast with that observed with a recombinant adenovirus encoding ß- 
galactosidase (AdBgal). In vivo experiments were performed on basal 
forebrain cholinergic neurons o f  30-m onths old rats, a neuronal 
population affected during normal and pathological aging. Three weeks 
after the unilateral injection o f AdNGF (2 X 1 0 6  pfu/cell) into the nucleus 
basalis magnocellularis, a significant increase (about 9%) in the somal 
area o f cholinergic neurons was observed ipsilaterally to the injection 
site (n = ll  rats). No increase was detected in AdBgal-treated animals. 
No tissue loss or massive inflammation was detected around injection 
sites. These observations suggest that recombinant adenoviruses 
encoding growth factors are powerful tools for improving neuronal 
deficits associated with degenerative processes.

224.7

E V A L U A T IO N  O F  H U M A N  G L IO B L A S T O M A  C E L L  
L IN ES FO R  N E R V E  G R O W T H  F A C T O R  R E L E A S E . C.J. 
Emmett*, P.A. M c Neeley and R .M . Johnson Syntex Research, 
Department o f Neurosciences, Palo Alto, CA 94303.

Nerve growth factor (NGF) is being considered for treatment of patients 
with Alzheimer’s Disease. The complexity o f an intracerebroventricular 
route for its administration has prompted several groups to explore the 
alternate use of small molecules, delivered peripherally, that will enhance 
the synthesis and/or release of NGF. A diverse range of compounds have 
already been tested that demonstrate NGF synthesis and/or release in 
cultures of primary glial cells or in non-neuronal and fibroblastic cell 
lines. The following studies describe the evaluation o f six human 
glioblastoma cell lines for their ability to stimulate NGF release. When 
assessed for time to quiescence from initial plating examined over seven 
days in culture, SW 1088; SW 1783; CRL 1718 astrocytomas and U-138; 
U-373; T98G glioblastomas had similar mitotic profiles. They 
demonstrated variable long-term survival in defined media. To test the 
cells for NGF release they were grown to confluence, pre-treated with 
defined media (Optimem+O.5% BSA) and tested for 24 hours with a range 
of compounds. These included isoproterenol, interleukin-IB (IL-1ß), 
endothelin and phorbol myristate acetate. The supernatant was harvested 
and NGF levels analyzed by two-site ELISA. Of all the lines, T98G, 
demonstrated the most robust response to the largest number of these 
molecules e.g. IL-1ß increased NGF release 8 -fold above vehicle. T98G 
cells were then characterized further with additional compounds: 
clenbuterol, 4-methyl catechol and propentofylline had no activity in vitro; 
6-(4-hydroxybutyl)-2,3,5,-trimethyl-l,4,benzo quinone, dexamethasone 
and 1,25-dihydroxy-vitamin D3  elevated NGF levels as much as 3-fold in 
vitro. The predictability of the ability of compounds to enhance release 
NGF in T98G cells to NGF responses in vivo are being examined.

224.9

DOES NGF REMAIN BIOLOGICALLY ACTIVE IN RAT BRAIN 
TISSUE FOR SEVERAL DAYS? C. Peterson*. J.L. Venero. D R. Kaplan, 
and B. Knüsel University o f Southern California, Los Angeles, CA 90089 
and NCI-Cancer Research and Development Center, Frederick, MD 21701.

Intraparenchymal injection o f NGF into rat striatum results in 
sustained tyrosine phosphorylation (ptyr) o f Trk type NGF receptors. Up to 
3 days after injection o f 1 µg NGF, Trk ptyr is maximal and is not increased 
by acute treatment o f the tissue with NGF in an ex-vivo microslice 
preparation. Two mechanisms might account for such maintained signals: (1) 
Trk proteins remain phosphorylated after activation by NGF binding, (2) 
biologically active NGF remains in the tissue and activates newly available 
receptors To decide between these possibilities we incubated striatal 
microslices from NGF injected rats in glucose free Krebs’ buffer. After 30min 
glucose free incubation no Trk ptyr was detected in any samples, derived from 
control or NGF injected striatum, and treated or untreated acutely with NGF 
during the assay. However, after an additional 30min recovery period in 
presence o f glucose, strong ptyr signals were detected again, not only in 
samples acutely treated with NGF during the assay but also in untreated tissue 
samples prepared from NGF injected striatum. We further determined dose- 
response curves for injected NGF for 2hr and 48hr survival after the injection. 
Maximal response was the same for both survival times but dose-response 
curves were shifted to higher concentrations with 48hr survival. Together, our 
results suggest that injected NGF remains biologically active in rat brain and 
is slowly cleared from the tissue over several days after the injection.

224.6

HERPES SIM PLEX  V IR U S (H S V ) VECTO R M E D IA T E D  
EXPRESSION OF BIOLOGICALLY ACTIVE NERVE GROWTH  
FACTOR (NGF). W.F. G oins1*. K.A. L ee1. S.T. D eK oskv2. D J . Fink3. 
and J.C. G lorioso1. Dept. o f  M olecular G enetics & Biochem istry , 1 

Western Psychiatric Institute & C lin ic2 and Dept, o f  N eurology ,3 
University o f Pittsburgh School o f Medicine, Pittsburgh, PA, 15261.

In order to study the effects o f neurotrophic factors in vitro and 
in vivo, we have constructed replication compromised and replication 
defective herpes simplex virus type 1 (HSV-1) gene transfer vectors that 
express the beta subunit o f nerve growth factor (ß-NGF) from the human 
cytom egalovirus immediate early promoter (HCM V IEp). Acute 
infection o f non-neuronal cells with the NGF vectors resulted in NGF 
specific transcript production as detected by Northern blot analysis, 
demonstrating that the NGF vectors were transcriptionally active in 
vitro. Cell culture supernatants displayed immunoreactive NGF protein 
production as detected by ELISA and also induced P C -12 cells to 
differentiate as observed by neurite sprouting. These results indicate 
that the NGF expression vector infected ce lls produce and secrete 
mature, biologically active ß-NGF. The NGF expression vectors were 
also evaluated in vivo in the mouse PNS and rat CNS. The vectors 
expressed NGF protein and message in mouse trigeminal ganglia at two 
days post infection as detected by ELISA and RNA se protection. In 
vivo expression o f  the NGF transcript was observed by in situ 
hybridization two days following stereotactic injection o f the expression 
vectors into the hippocampus o f rat brains. Vectors with NGF driven by 
the viral latency promoter system are currently under construction and 
testing in in vivo animal models.

224.8

Evaluation of Nerve Growth Factor Grafts: PET Studies in Aged Nonhuman 
Primates. J.L. Eberling. M.H. Tuszvnski. J.A. Roberts. D.M. Mungas*. W.J. 
Jagust Center for Functional Imaging, Lawrence Berkeley Laboratory, University 
of California, Berkeley, CA 94720; Dept. Neurosci., University of California - 
San Diego, La Jolla, CA 92093-0608; California Regional Primate Research 
Center, University of California, Davis, CA 95616.
Positron emission tomography (PET) was used to evaluate the efficacy of nerve 
growth factor (NGF) grafts as a potential therapy for Alzheimer's disease. We used 
PET and 18F-fluorodeoxy glucose (FDG) to measure regional cerebral metabolic 
rates for glucose (rCMRglc) before and after the surgical implantation of 
fibroblasts genetically modified to produce NGF (N=3) into the nucleus basalis of 
aged rhesus macaques. In addition, 3 aged animals were implanted with control 
grafts modified to produce β-galactosidase (N=3), and 3 aged animals were studied at 
2 different time points and served as nonsurgery controls. Using a high-resolution 
PET scanner, we scanned 6 brain levels, 3 that passed through the anterior, middle 
and posterior aspects of the hippocampus and included temporal neocortex, 1 that 
passed through the amygdala and included frontal cortex, and 2 anterior to the 
amygdala, also including frontal cortex. Regional cerebral metabolic rates for 
glucose (rCMRglc) were calculated and rCMRglc ratios were constructed by 
dividing rCMRglc values for each region of interest by rCMRglc value for the 
entire brain. We compared rCMRglc ratio values in temporal cortex, frontal 
cortex, orbital frontal cortex and hippocampus for the first and second time points 
using paired t-tests. The NGF animals showed a significant (p<0.05) increase in 
rCMRglc for the orbital frontal cortex. No other significant changes were 
observed. The orbital frontal cortex receives dense cholinergic projections from the 
nucleus basalis, and the increased rCMRglc we observed may reflect a specific 
effect of NGF on this pathway. These results support the use of PET for the in 
vivo monitoring of the NGF graft survival.

224.10

EN CA PSU LATED  EN G INEER ED  CELLS CONTINUE TO 
SECRETE HUM AN NGF FOR OVER ONE YEAR IN RAT  
V E N T R IC L E S: A B E H A V IO R A L  A N D  A N A TO M IC A L  
A N A L Y SIS
S.R. Winn*. M.D . Lindner. J.M. Francis, G. Haggett. C.R. Greco, 
B. Frydel. and D.F. Emerich
CytoTherapeutics, Inc., Two Richmond Square, Providence, Rl 02906 

In the present studies, the gene encoding human nerve growth factor 
(hNGF) was engineered into a clonal baby hamster kidney (BHK) cell 
line. BHK-hNGF23 and mock-transfected cells were encapsulated in 
an immunoisolating polymeric device and transplanted into the lateral 
ventricles of healthy young adult rats for 13.5 months. Nanogram 
quantities o f hNGF were released by encapsulated cells both prior to 
implantation (3.6 ±  0.8 ng/device/24 hr) and upon removal from rat 
lateral ventricles after 13.5 months in vivo (2.2 ±  0.4 ng/device/24 hr). 
Long-term encapsulated cell survival was confirmed by histologic 
analysis and the hNGF released into the tissue culture medium was 
biologically active. No deleterious effects from hNGF were detected on 
body weight, mortality rate, motor/ambulatory function, or cognitive 
function in these healthy young adult rats. Tests o f somatosensory 
thresholds revealed effects related to the hNGF, however, this effect 
was limited to a decrease in the number o f trials to asymptote. Animals 
receiving BHK-hNGF23 implants exhibited a marked hypertrophy of 
cholinergic neurons within the striatum (2 2 % increase) and nucleus 
basalis (7% increase) but not the medial septum ipsilateral to the 
capsule. Moreover, sprouting of cholinergic fibers was observed 
within the frontal cortex and lateral septum proximal to the implant. 
These results indicate that encapsulated xenogeneic cells provide a safe 
and effective method for the long-term delivery o f hNGF and T 
potentially other neurotrophic factors within the CNS.
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224.11
ADENOVIRAL-MEDIATED GENE TRANSFER TO SYMPATHOADRENAL 
PRECURSOR CELLS. T.K.W. Woo. M.A. Tokiwa. K. Young. L.C. Doering*. 
Anatomy, McMaster University, Hamilton, Ontario L8N 3Z5 Canada

A current focus in neuroscience involves the expression of selected transgenes 
in cells with the intent to enhance neuronal survival and direct functional 
improvement. Our efforts are directed at extending the life span of neurons that 
differentiate from a sympathoadrenal progenitor (MAH) cell line. For this 
purpose, we are constructing and using replication defective (El region deleted) 
adenoviral (Ad) constructs to study the course and effect of neurotrophic factor 
transgene expression in MAH cells.

We have established that MAH cells in culture can be readily infected with 
adenovirus. Extensive β-galactosidase reaction product is present in proliferating 
MAH cells after 2 days of infection with an Ad5-Pgal construct. MAH cells have 
also been modified to overexpress ciliary neurotrophic factor (CNTF) with an Ad5- 
CNTF expression vector (gift from C. Gravel, Laval University). This construct 
contains the CMV promoter and a prepro-NGF signal sequence that drives the 
synthesis and secretion of CNTF. Epifluorescence microscopy was used to show 
elevated CNTF immunoreactivity in the cytoplasm of the modified MAH cells. 
We are currently evaluating whether an autocrine loop will increase the proportion 
and viability of MAH cells that differentiate into neurons. The level and effects 
of the CNTF transgene will be examined in culture and in transplants to the brain.

Our results illustrate that adenoviral vectors can be used for efficient gene 
transfer to neural cells and this vector system provides new avenues to further 
study the role of neurotrophic factors on neural lineages and cell survival. 
Supported by the Parkinson Foundation of Canada and the Natural Sciences 
and Engineering Research Council of Canada.

224.13
CLONING AND EXPRESSION OF THE MATURE HUMAN ß-NGF IN 
NEURONAL AND GLIAL CELLS. D.C. Huang.** A. Muro.b F.E. Baralle b 
and A.C. Cuello a. a Department of Pharmacology and Therapeutics, McGill 
University, 3655 Drummond Street, Montreal, Quebec, Canada, H3G 1Y6, b 
International Centre for Genetic Engineering and Biotechnology, Padriciano 99, 
1-34012 Trieste, Italy.

In order to study the effects of the over-expression of NGF in the nervous 
systems, we set out to clone and express the human NGF gene separately in 
cells of neuronal and glial lineage. The mature human 6-NGF cDNA of 330 bp 
was cloned in frame with the signal peptide ApoCIII sequence to allow secretion 
of NGF from mammalian cells. For this, plasmid pRC/CMV-NGF was 
generated. A HindJTL 430 bp DNA fragment comprised of the ApoCIII/NGF was 
subcloned into the plasmid p92, comprised of the vector pBluescript+SK and 
SV40 poly A signal, to generate plasmid p8. To obtain specific expression in 
neuronal or glial cells, the neuron-specific enolase (NSE) or the glial fibrillary 
acidic protein (GFAP) promoters were cloned into p8 to generate plasmids 
pNN38 and pNG435 respectively. The neuroblastoma cell line N18TG2 or the 
glial cell line M03.13 (astrocyte-oligodendrocyte hybrid) were co-transfected with 
pNN38 or pNG435 respectively and selection plasmid pcDNA3. Southern blot 
analysis showed that several clones from N18TG2 and MO. 13 displayed the 
insertion of NSE/NGF gene complexes. Two of them, NN96/N18TG2 and 
NG236/M0.13, demonstrated immunoreactivity to NGF, via application of a 
polyclonal antibody. The NN96 and the NG236 cells apparently secreted 
biologically active NGF as their conditioned media could stimulate neurite 
outgrowth in PC 12 cell cultures. These investigations confirm that active 
human NGF can be expressed by murine neuronal cells. These recombinant 
plasmids should allow for generation of a transgenic mouse model over- 
expressing human 6-NGF in neurons of the central and peripheral nervous 
systems. Supported by NeuroScience Network of the Canadian Centers of 
Excellence.

224.15

STRIATAL ASTROCYTES CO-TRANSPLANTED WITH VENTRAL 
MESENCEPHALIC TISSUE INTO THE INTACT STRIATUM HAVE A 
TROPHIC EFFECT ON GRAFTED DOPAMINE NEURONS. P. Pierret*.
N. Quenneville. P. Crine †, and G. Doucet. Dép. pathol. and CRSN and 
† Dép. bioch. Univ. Montreal, Montreal, Quebec, Canada.

Recent interest has focused on the use of neurotrophic factors to prevent 
the degeneration of nigrostriatal dopamine (DA) neurons observed in 
parkinsonism. In vitro studies have shown that astrocytes may secrete 
factors that promote the development and survival of DA neurons. To test 
whether astrocytes from the striatum, ventral mesencephalon or cerebral 
cortex have such a trophic effect on DA neurons in vivo, we co
transplanted astrocytes from primary cultures o f each o f these b rain  
regions together with foetal ventral mesencephalic tissue (E14) into the 
intact neostriatum of adult rats. Astrocytes were cultured from newborn rat 
brains until confluence. They were labeled with Hoechst fluorescent dye 
prior to transplantation in order to monitor their survival and eventual 
migration into the host brain. The great majority (~95%) remained within 
the transplants. The dissected mesencephalic pieces were parted before 
dissociation: half being used for single mesencephalic transplantation and 
half being mixed with astrocytes. DA neurons were identified by tyrosine 
hydroxylase immunocytochemistry. In contrast with single transplants, DA 
neurons were uniformly distributed between the core and periphery of the 
co-grafts. They were measured and counted by com puterized image 
analysis in every 4 section through the whole extent o f the grafts. In the 
presence of striatal astrocytes, the somatic area o f DA neurons was 
significatively larger than in single mesencephalic transplants and co
transplants including cortical or mesencephalic astrocytes. Experiments are 
underway to see if a similar neurotrophic action will also be demonstrated 
in the 6-hydroxydopamine denervated neostriatum. (Supported by MRC 
grant MT 10982, GRSNC (FCAR), FRSQ and Fac. M6d„ Univ. Montreal).

224.12
ADENOVIRAL (Ad)-MEDIATED GENE TRANSFER OF GDNF AND ß- 
GALACTOSIDASE (LAC Z) TO THE RAT NIGROSTRIATAL SYSTEM IN

Neurobiol. & Anat., U. of Rochester, Roch., NY 14642, Genetic Therapy, Inc., 
Gaithersburg, MD 20878, 3Dept. Internal Med., U. of Iowa Coll, of Med., Iowa 
City, IA 52242.

GDNF is a potent neurotrophic factor for midbrain dopaminergic neurons and 
therefore is a potential therapeutic agent for Parkinson’s disease.

Ad vectors lacking Ela and E3 regions and containing nuclear localized lacZ, 
huGDNF, huGDNF with a FLAG epitope, or a deleted form of huGDNF cDNA 
under the control of the RSV promoter were used. To test bioactivity of the Ad- 
huGDNF vectors, primary cultures of dissociated embryonic day (E14) rat 
ventral mesencephalon (mes.) were infected. Ad-huGDNF significantly 
increased the number of tyrosine hydroxylase immunoreactive (TH-IR) neurons 
and neurite outgrowth at 8 days in vitro compared to Ad-mutant GDNF and Ad- 
GDNF-FLAG. To determine cell types infected by the adenoviral vectors, 
cultures of dissociated E l7 rat striatum were infected with Ad-CMV promoter- 
lacZ and double stained with X-gal and either the neuronal marker MAP-2 or the 
astrocytic marker GFAP. High percentages of both MAP-2 and GFAP positive 
cells co-expressed lacZ.

To optimize protocols for using Ad vectors in the nigrostriatal system, adult 
rats were injected in the striatum with 4xl0e5,6 or 7 pfu of Ad-lacZ. At 4 days, 
an average of 1300, 3800, and 15,000 total blue nuclei were observed in the 
striatum, respectively. At the highest titer, an average of 1170 blue nuclei were 
also observed in the substantia nigra (SN). Double staining revealed 52% of 
these to be TH-IR neurons, likely demonstrating retrograde transport of virus.

These studies demonstrate the potential of Ad vectors to produce biologically 
active GDNF and deliver gene products to both the striatum and SN following 
Striatal injection. (Supported by Genetic Therapy, Inc. & the National Parkinson’s Fdn)

224.14
DIFFERENTIAL SURVIVAL EFFECTS OF GDNF, TGFBs AND 
TYPE 1 ASTROCYTE-CONDITIONED MEDIUM ON VENTRAL 
MESENCEPHALIC DOPAMINE NEURONS IN CULTURE.
B.-A. Sieber*. G. Mendoza. B.R. Racey. S. Bektesh**. L.-F.H. Lin**. S. Stein. I.B. 
Black and C.F. Dreyfus. Dept. Neuroscience and Cell Biology, University of 
Medicine and Dentistry of New Jersey- RW Johnson Medical School, Piscataway, NJ 
08854; **AMGEN Boulder Inc., Boulder, CO 80301.

Medium conditioned by postnatal rat ventral mesencephalic (VM) Type 1 astrocytes 
(CM) contains a low molecular weight, basic protein that selectively increases the 
survival of dopamine (DA) neurons in vitro. Recent research has suggested that 
members of the TGFß superfamily also have significant effects on the survival of DA 
neurons in vitro. Therefore, we compared the actions of TGFB-1, TGFB-2, TGFB-3 
and glial cell line-derived growth factor (GDNF) with that of CM in cultures of 
dissociated embryonic rat VM.

Cultures were treated at the time of plating with CM, TGFBs or GDNF. After 7-8 
days in vitro (DIV), effects on DA neuron survival were assessed by TH+ cell number 
or TH catalytic activity assay. CM treatment consistently resulted in a 2-3 fold 
increase in DA neuron number. In contrast, TGFßs ( l 0ng/mL) did not significantly 
enhance the survival of DA neurons. Moreover, multiple treatments with TGFßs, 
which increases DA neuron number in E14 cultures, failed to increase survival of DA 
neurons in E16 cultures. These data suggest that TGFßs are not responsible for the 
CM effect. GDNF treatment (Ing/mL) resulted in a 40% increase in DA neuron 
number. Although GDNF exerted a small effect in our cultures, two experiments 
suggest that GDNF is not present in CM. First, neutralizing antiserum to GDNF 
failed to block the action of CM in El6 VM cultures. Second, GDNF ELISA failed 
to detect GDNF in crude or partially purified CM. Taken together, these data suggest 
that CM contains a novel molecule(s) that selectively enhances the survival of DA 
neurons in vitro. We are presently purifying this protein to homogeneity. (Support; 
NICHD 23315, Trophix Pharmaceuticals, Inc.)

224.16
MICROGLIAL CELLS AFFECT NEURONAL CELL POPULATIONS FROM THE MEDIAL 
SEPTAL AREA. R. L. Keniosbera* and I. E. Mazzoni. Centre de Recherche Pediatrique, 
Hôpital Ste. Justine, Montreal, Quebec, Canada. H3T 1C5.
It has become increasingly apparent that the normal development of the central 
nervous system is regulated in part by the glia. One such glial cell type, the microglia, 
has, in addition to its phagocytic properties, been found to produce and secrete 
molecules with both neurotrophic and neurotoxic activities. During early stages in 
development, microglia are activated and thought to play a role primarily in tissue 
remodeling. Their effects on the biochemical differentiation of central neurons have 
not been examined. In this study, we investigated the effects of microglial cells on 
the biochemical development of rat embryonic (ED 17) neuronal cells derived from the 
medial septal area in culture. We found that the addition of increasing numbers of 
purified microglia from the medial septum to our mixed neuronal-glial cultures induces 
a proportional increase in choline acetyltransferase (ChAT) activity. On the other 
hand, exogenous microglia do not affect the number of astrocytes or oligodendrocytes 
present in these cultures. Furthermore, as microglia also increase ChAT activity in 
pure neuronal septal cultures, they appear to act directly on the neurons. In addition, 
exogenous microglia also enhance glutamic acid decarboxylase (GAD) activity, albeit 
to a lower extent than ChAT activity. Once again, this effect appears to be directly 
mediated. In view of these findings, we then proceeded to examine which molecules 
with cholinergic or GABAergic differentiating activity are produced by these microglial 
cells from the medial septum. In this regard, the addition of immunoneutralizing anti-
nerve growth factor (NGF) antibodies does not block the increase in ChAT activity 
induced by microglia. Furthermore, when septal cultures are treated simultaneously 
with NGF and exogenous microglia the increase in ChAT is additive, suggesting 
distinct mechanisms of action. We are thus currently extending this investigation to 
determine which microglia-derived growth factors (i.e. basic fibroblast growth factor, 
interleukin-3), may be implicated in the cholinergic and GABAergic cell response. 
These findings demonstrate that microglia may play a role in controlling the 
biochemical differentiation of central neurons during development.
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224.17
0-2A PROGENITOR CELLS RESCUE DOPAMINERGIC NEURONS FROM 
APOPTOTIC CELL DEATH THAT IS ACCELERATED BY SERUM- 
DEPRIVATION. T.Takeshima*. Y. Wakutani. K. Takahashi. J W, Commissioned: 
Div.Neurol., Tottori Univ.Fac. Med., 86 Nishimachi, Yonago 683, Japan. #LMB- 
NINDS-NIH, Bldg.36/3D02, Bethesda, MD.

In rat E14 ventral mesencephalis cultures with a high (20%) percentage of TH-pos 
neurons, and few (<2.5%) glia, 95% of the neurons normally do not survive longer 
than 48 hours (Takeshima T. et. al. Neuroscience, 1994). 0-2A progenitor cells and 
the conditioned medium (CM) prepared from them rescue dopaminergic neurons 
from death that is induced by serum-deprivation. (Takeshima et.al Neurosci Lett, 
1994). Using an in situ DNA extension labeling method (ApopTag, Oncor), we have 
identified fragmented DNA in dying neurons, that is suggestive of apoptotic death. 
We tested the CM from 0-2A and B49 cells for their effectiveness in suppressing 
apoptotic cell death in vitro. The E14 cultures were prepared as described before. 
Cells were plated on 8-well chamber slides, using a microialand culturing technique 
(Takeshima et al, J Neurosci, 1994). Cultures were treated with either serum free 
defined-medium, or serum-supplemented (10% FCS), or 50% (v/v) of CM from 0 2 A. 
or 20% (v/v) of CM from B49. The evaluation was done at 6 hours after plating using 
ApopTag. In control cultures grown in defined medium only, 64% of the neurons 
were positively stained with ApopTag. In contrast, in serum-supplemented medium, 
CM from 0 2 A  cells and CM from B49 cells, the percentages of cells that were 
positively stained were 38%, 24% and 49%, respectively (p<0.001, ANOVA, p<0.05 
post hoc vs. DM). We extracted mRNA from 0 2 A  and B49 cells. Using the RT- 
PCR method, we found that B49 cells, but not 0-2A progenitors expressed mRNA for 
GDNF. We hypothesize that 0-2A progenitors may produce a novel, potent 
neurotorphic factor that can protect dopaminergic neurons from apoptotic cell death. 
Such a factor could enhance the survival of transplanted, mesencephalic 
dopaminergic neurons when used in the treatment of Parkinson’s disease.

224.19
ASTROCYTE-DERIVED SOMATOSTATIN AS A NEUROTROPHIC 
FACTOR. J.P.Schwartz. T. Taniwaki*. T. Araki. A. 
Messina1, and M. Brenner2. Clinical Neuroscience 
Branch, 2Stroke Branch, NINDS, NIH, Bethesda MD 
20892, 1Dept. Pathobiol. Sci., Univ. Wise. Sch. 
Vet. Med., Madison WI 53706.

Astrocytes express a number of neuropeptide 
genes, including somatostatin (SS). Astrocyte 
expression of SS occurs only in the cerebellum, 
with levels of both mRNA and peptide high around 
birth and then declining to adult levels by 2 
weeks postnatally. SS acts as a neurotrophic 
factor on cultured cerebellar granule cell 
neurons, stimulating neurofilament synthesis and 
neurite outgrowth. Transgenic mice were generated 
in which somatostatin is expressed under the 
control of the astrocyte GFAP promoter. In these 
mice, both SS mRNA and peptide are expressed in 
astrocytes throughout the brain and into 
adulthood. Data obtained using a Digiscan open 
field monitor show that female transgenic mice 
have elevatated horizontal and total activity, as 
well as increased stereotypy. These changes are 
apparent within 3 months of age and persist for 
more than a year. Pharmacological and 
histochemical analyses are in progress to 
determine which neurotransmitter system has been 
altered in response to astrocyte-derived SS.

224.21
RECOMBINANT COLONY STIMULATING FACTOR-1 REDUCES INFARCT 
SIZE AND RESCUES NEURONS IN CEREBRAL FOCAL ISCHEMIA.
O.Berezovskava, D.Mavsmger.i R.Zhai and S.Fedoroff*. Dept. of Pharmacology, 
McGill University‡ and Dept. of Anatomy,Univ of Saskatchewan , Canada, S7N 
5E5.

We have shown (Berezovskaya et al., Int.J.Dev.Neurosci.,1995) that systemic 
absence of CSF-1 leads to enhanced neuronal vulnerability and inhibition of 
microglial response to cerebral focal ischemia. The delivery of CSF-1 by grafting 
astroglia into the cerebrum or by intraperitoneal implantation of encapsulated CSF-1 - 
producing LM cells restores microglial reaction to injury and potentiates neuronal 
survival. Now we show that the remedial effect was indeed due to CSF-1. 
Microencapsulated recombinant CSF-1 was implanted in C3H/HeJ and systemically 
CSF-1 deficient op/op mice, either into the peritoneum two weeks before the lesion 
was made or locally, at the site and time of the lesioning. The delivery of rCSF-1 
to op/op mice significantly reduced the infarct size, restored microglial response to 
injury and increased neuronal survival by a factor of 3.7 in the area of lesion. The 
delivery of rCSF-1 to lesioned CSF-1-producing C3H/HeJ mice did not change the 
number of microglial cells per mm2 or degree of morphological transformation of 
microglia. However, the infarct size was decreased and the neuronal survival in the 
area of the lesion was enhanced by a factor of 2. In the sections of cerebrum most 
neurons showed CSF-1 receptor immunoreactivity (c-fms RI) and the staining was 
more intensive in the area of the lesion. The c-fms RI of cerebral neurons in situ and 
in cultures was confirmed by using antibodies to c-fms from four different sources. 
We conclude that: 1) the hematopoietic cytokine CSF-1 acts as a growth factor in the 
CNS; 2) CSF-1 is required for activation of microglia in injury; 3) rCSF-1 can 
reduce the infarct size and 4) CSF-1 can act directly on microglia or neurons. Our 
observation that delivery of extraneous rCSF-1 to lesioned CSF-1-producing 
C3H/HeJ mice did not significantly increase the degree of microglial response to 
focal ischemia, supports the notion of a limit to how much microglia can increase in 
number in response to neuron injury. This work was supported by MRC of Canada 
Grant No. MT-4235 to S.F. and by NCE NeuroScience Network fellowship to O.B.

224.18
ASTROCYTE CONDITIONED MEDIUM FACTOR(S) REGULATE SENSORY 
NEURONAL SURVIVAL AND TRANSMITTER EXPRESSION. J.E. Adler* 
and R.P. Skoff. Depts. of Neurology and Anatomy & Cell Biology, 
Wayne State Univ. Sch. of Med., Detroit, Ml 48201.

Neuronal developm ent, repair and transm itte r expression are 
regulated by complex interactions with environmental factors, many 
of which remain undefined. Relatively little attention has been 
focused on the role of astrocytes in sensory neuronal physiology, 
even though axons of spinal ganglion neurons projecting into the 
central nervous system are in direct contact with astroglia. To 
determ ine whether soluble astrocytic factors influence sensory 
transmitter expression, enriched cultures of dissociated dorsal root 
ganglion neurons were grown in medium from cultured astrocytes. 
After seven days in culture, substance P levels in neurons exposed to 
cond itioned m edium increased fou r to five -fo ld  over controls 
regardless of whether the conditioned medium was added immediately 
or after five days of pre-incubation. Neuronal cell counting indicated 
that astrocyte conditioned medium could replace nerve growth factor 
(NGF) in enhancing neuronal surviva l. Addition of anti-NGF 
antiserum sufficient to block supersaturating doses of NGF did not 
alter the conditioned medium effect. Basic fibroblast growth factor 
(bFG F), which is secreted by cu ltu red  astro cytes, increased 
substance P levels at high conce n tra tions (100ng/m l) in the 
presence of NGF, but could not replace NGF in enhancing neuronal 
survival, suggesting that bFGF was not the agent acting in conditioned 
medium. We are further characterizing the factor contained in 
astrocyte conditioned medium.

224.20
MICROGLIAL NEUROTROPHIC RESPONSE IN HIV 
INFECTION. C .L. Achim*. P.G. Samacki. M. Baldwin. G. Wang and
C.A. W ilev. Div. o f Neuropathology, Univ. o f Pittsburgh, PA 15213.

HIV encephalitis (HIVE), the pathologic substrate o f  AIDS dementia 
complex, is characterized by abundant infection o f the tissue 
macrophage population and diffuse neuronal damage. Proposed 
mechanisms o f disease include neurotoxicity associated with viral 
proteins and/or CNS macrophage immune activation factors. We 
hypothesize that: 1) normal microglia have neurotrophic functions and 
2) presence o f HIV is associated with loss o f these functions followed  
by phenotypic changes consistent with immune activation. Human 
microglial cultures were assessed in vitro for production o f  
neurotrophins like BDNF, TGF-b, NT-3 and hepatocytic growth factor 
(HGF). Production o f  these neurotrophins was measured in HIV 
infected and non-infected second trimester fetal brain cultures and 
monocyte derived macrophages using ELISA, RT-PCR and IF-LCM. 
Mixed fetal brain cultures enriched in microglia are characterized by 
abundant neuronal survival and differentiation. In vitro, normal human 
fetal microglia produce significant amounts o f TGF-b, NT-3 and BDNF  
but less or no HGF. Infection with HIV results in temporary increased 
production o f neurotrophins followed by high levels o f immune 
activation markers. Based on trophic factor production we conclude that 
human microglia are neurotrophic. HIV infection is associated with a 
phenotypic transition to "immune activated" microglia and decreased 
neurotrophic functions. (CLA is a PAF Scholar, 77241-16-PF)

224.22
AAV Vectored Gene Therapy In Primate Parkinsons Model. D.E. Redmond. 
Jr.*. K.L. O’Mtlley. M.J . Ktnlitt  R.J . Samulski. J.D. Elsworth. J.R. Sladek. Jr.. P. 
Leons. X.Xiao. A.Frera. J.R. Taylor. R.H. Roth. M.J. During- Yale Univ., New 
Haven, CT; Chicago Med. Sch., Chicago, IL; Washington University, St. Louis, MO; 
Rockefeller Univ., New York, NY; UNC, Chapel Hill, NC.

Replacement of dopamine neurons using fetal neuroblasts in patients with Parkinson's 
disease has shown some success. However, difficulties with collection and possible 
immunological rejection may limit the long-term clinical applicability of fetal tissue 
transplantation, supporting the need for a more fundamental “repair.” In 12 MPTP treated 
adult male S t Kitts green monkeys we have explored the use of a defective Adeno 
Associated Virus vector (AAVthlRESaadc) expressing truncated and epitope-tagged 
(FLAG) human tyrosine hydroxylase as well as amino icid decarboxylase, with control 
comparisons with a ß-galactosidase-expressing vector (AAVlac). AAVthlRESaadc 
constructs were injected into the caudate nucleus of four monkeys unilaterally and six 
bilaterally. Two monkeys received AAVlac bilaterally into the caudate as a control. AAV 
concentrations were 5 X 103 infectious units/µl, and 15 µl were injected stereotaxically per 
site. The methods used were (1) PCR and RT-PCR far vector DNA and vector-transcribed 
mRNA respectively; (2) FLAG and TH immunohistochemistry; (3) measurement of 
dopamine and HVA concentrations in post mortem punch samples from the striatum using 
HPLC to address (1) safety issues such as spread of the AAV vector from the injection 
tract; (2) vector-encoded gene expression; (3) increases in dopamine concentrations or 
decreases in homov anil lie acid (HVA)/dopamine ratios. Monkeys were sacrificed after 
periods ranging from one week to over four months. Preliminary results showed little 
evidence of vector toxicity. There was evidence of TH gene expression in a small number 
of cells within a few millimeters of the injection tracts. DA and HVA/DA effects were 
significant in some tracts treated with AAVthlRESaadc, but not in the controls. Some 
behavioral effects were consistent with observed increases in DA, but variability in gene 
expression between tracts and animals and the small number of subjects make this study 
still preliminary. Support by Axion Research Foundation, the St. Kitts Biomedical 
Research Foundation, Research Scientist Award MH00643 to DER, USPHS NS24032 .



MONDAY AM NEUROTROPHIC FACTORS: BIOLOGIC EFFECTS III 541

225.1
GLIAL DERIVED NEUROTROPHIC FACTOR (GDNF) EFFECTS ON THE 
NIGROSTRIATAL DOPAMINE SYSTEM IN THE RHESUS MONKEY Z. Zhang1*. 
W. Cass*. A. Ovadia1. D. Russell2. D. Martin2. F. Collins2. B. Hoffer3. G. Gerhart3 and
D. M. Gash1 1. Univ. of Kentucky Medical Center, Lexington, KY; 2. Amgen, Inc. 
Thousand Oaks, CA; 3. Univ. of Colorado Health Sci. Ctr., Denver, CO.

Effects of a single injection of either 150µg human rGDNF or vehicle into the right 
substantia nigra were analyzed in 12 normal adult female rhesus monkeys. Whole 
animal behavior, electrochemical, neurochemical and immunohistochemical evaluations 
are included in this study. The behavioral effects over the three week observation 
period following trophic factor administration were small with blinded observers unable 
to distinguish between GDNF and vehicle treated animals. Quantitative measurements 
did show that five of six trophic factor recipients experienced some weight loss and 
four of the six GDNF recipients displayed small, but significant, increases in daytime 
activity levels. In vivo electrochemical recordings in the ipsilateral caudate and 
putamen three weeks after GDNF administration revealed increased potassium-evoked 
release of dopamine in trophic factor recipients. In a second series of animals 
sacrificed at the same time point, nigral levels of dopamine and its metabolites 
increased on the injected side in GDNF recipients compared to vehicle injected rhesus 
monkeys. There was a trend towards increased HVA levels in the ipsilateral caudate 
and putamen, but the ratios of HVA/dopamine were not significantly different between 
vehicle and GDNF recipients. The only differences in histopathological features 
between controls and trophic factor recipients were seen in the mesencephalon on the 
injected side. Some tissue damage from the delivery of concentrated trophic factor was 
evident. However, the most prominent histological feature in the midbrain was the 
massive numbers of TH+ processes emanating from dopamine neurons in the ipsilateral 
substantia nigra. We conclude that, in the adult rhesus monkey, a single intranigral 
GDNF injection induces a significant upregulation of mesencephalic dopamine neurons 
lasting for weeks. Studies are now being performed on hemiparkinsonian rhesus 
monkeys. The results from these experiments will be presented at the meeting.

225.3

GROWTH FACTORS RESCUE DOPAMINE NEURONS FROM APOPTOSIS. 
W.M.Zawada’.D.L.KirschmanE.D.Clarkson. C.R.Freed. Div. Clin. Pharmacol., 
Depts. Med. and Pharmacol., Univ. Colorado Sch. of Med., Denver, CO 80262.

Embryonic dopamine (DA) neurons can be transplanted to treat Parkinson's 
disease in man and experimental animals. Only 5 to 10% of these neurons survive 
transplantation. Since apoptosis or programmed cell death plays a critical role in 
the selective elimination of cells during development of the CNS, we examined the 
possibility that the observed DA neuron loss is the result of active cellular suicide. 
In an attempt to prevent cell death, we have studied the effects of the growth 
factors IGF-1 and bFGF on DA neuron survival in vitro. Cultures were made 
from dispersed E l5 rat ventral mesencephalon. DA neuron survival was estimated 
by counts of tyrosine hydroxylase immunoreactive cells and apoptosis was 
determined by characteristic nuclear chromatin condensation imaged by Hoechst 
33258 fluorescence. Astrocytes were identified using glial fibrillary acidic protein 
immunoreactivity. Half of the cultures were treated with a combination of IGF-1 
(150ng/ml) and bFGF (15ng/ml) upon plating and on day 3 in vitro. All cells were 
grown in FI2 medium containing 5% human placental serum. Growth factor 
treatment increased the number of surviving DA neurons on days 1, 3 and 7 in 
vitro. The protein synthesis inhibitor, cycloheximide (10µM) also improved DA 
neuron survival, while blockade of actrocyte proliferation with ARA-C abolished 
growth factor effect. The apoptotic rate of DA neurons was constant during the 
week. The combination of the growth factors reduced the apoptotic rate from 12% 
to 6%. About 10 hours were required for a DA neuron to undergo apoptotic 
death. In astrocytes, the rate of apoptosis was always below 1%. Other, non- 
dopaminergic cells also showed apoptosis. These data indicate that the growth 
factors, IGF-1 and bFGF, improve DA cell survival in vitro. Prevention of 
apoptotic cell death with growth factors and blockade of apoptosis may improve 
the viability of dopamine neurons used for transplantation in Parkinson's disease.

225.5
GLIAL CELL-DERIVED NEUROTROPHIC FACTOR AUGMENTS K+ 
EVOKED OVERFLOW OF DOPAMINE IN RAT STRIATUM M.A. Hebert.
C.G. van Home. B.J. Hoffer. and G.A. Gerhardt*. Neuroscience Training 
Program, Dept. of Pharmacology, and Dept. of Psychiatry, University of Colorado 
Health Sciences Center, Denver, CO 80262.

Glial cell-derived neurotrophic factor (GDNF) has been shown to be a potent and 
specific neurotrophic factor for dopaminergic neurons in vitro and in vivo. In vivo 
studies have shown that single intranigral injections of GDNF in Fischer 344 rats 
produced a significant increase in dopamine (DA) levels in the substantia nigra. 
In addition, GDNF administration led to a dose-dependent sprouting of 
dopaminergic fibers toward the site of injection. In order to further our 
understanding of the changes seen after GDNF administration, we investigated the 
functional effects of intranigral GDNF injection. In this study high-speed 
chronoamperometric recordings were employed to measure the magnitude of 
potassium-evoked DA release in the rat striatum. Male Fischer 344 rats received a 
unilateral stereotaxic injection of GDNF (10 µg/10 µl/40 min) or cytochrome C (10 
µg/10 µl/40 min) into the substantia nigra. One, two, and three weeks post-
injection potassium-evoked overflow of DA in the rat striatum was measured. At 
one week no difference in DA overflow was seen as compared to cytochrome C 
control injections. At three weeks post-injection, a significant (p<0.001, n=31) 
increase was observed. These data support functional changes in DA fibers from a 
single injection of GDNF. (Supported by USPHS grants AG06434 & NS09199).

225.2
GDNF REDUCES APOPTOSIS IN DOPAMINERGIC CELLS IN VITRO: 
EXAMINATION OF MECHANISM(S) OF GDNF. E.D,Clarkson*.
W.M.Zawada. C.R.Freed. Div. Clin. Pharmacol., Depts. Med. and Pharmacol., 
Univ. Colorado Sch. of Med., Denver, CO 80262.

Poor survival of embryonic dopamine neurons is a primary problem 
limiting the value of neurotransplantation for Parkinson's disease. Several 
individual neurotrophic factors have been shown to promote dopamine neuron 
survival in cultures, possibly by reducing apoptosis. We have found that Glial-Cell 
Line Derived Neurotrophic Factor (GDNF) reduces the rate of apoptosis in 
dopaminergic cells. Dissociated cell cultures were prepared from embryonic day 
15 (ED 15) rat mesencephalon in F12 + 5 % human placental serum (HPS). In these 
cultures GDNF reduced the rate of apoptosis in dopamine neurons from ~ 5 % to 
~ 2 %. By contrast, GDNF had no effect on apoptosis in astrocytes from ED 15 cell 
cultures or in neonatal astrocyte cultures. To clarify the site of action of GDNF, 
ED 15 mesen cultures were prepared m the presence and absence of dividing glial 
cells. We found that the neurotrophic factors GDNF, Insulin Like Growth Factor- 
1 (IGF-1), basic Fibroblast Growth Factor (bFGF) and growth factors derived 
from striatal cell cocultures had additive effects in prolonging dopamine cell 
survival in serum enriched cultures supporting glial proliferation. The best 
condition for prolonging dopamine cell life was coculture with striatal cells in the 
presence of a combination of HPS (5%), GDNF ( l0ng/ml) and IGF-1 (150 
ng/ml). With this combination, about 60% of the dopamine cells visualized on 
day 1 survived to day 3 in culture. In serum free media (B27 substituted for serum) 
survival at day3 was only 5% of dayl. We conclude that the survival promoting 
activity of these factors requires the presence of surviving glial cells.

225.4
IMMUNOHISTOCHEMICAL IDENTIFICATION OF CELLS AFFECTED BY 
INFUSION OF GDNF IN THE UNILATERALLY 6-OHDA LESIONED RAT.
K. E. Bowenkamp.1* A.-C. Granholm.L M. A. Henry.3 and B. J. Hoffer. 1,2 
School of Medicine, Departments of Pharmacology, Psychiatry, and School of 
Dentistry, Department of Basic Sciences,3 University of Colorado Health Sciences 
Center, Denver CO 80262.

Two month old male Fischer 344 rats were unilaterally injected into the right 
medial forebrain bundle with 6-hydroxydopamine (6-OHDA, 9 µg/ 4 µl/ 4 min) in 
order to lesion the dopaminergic nigrostriatal pathway. Low-dose apomorphine- 
induced rotational behavior (0.05 mg/kg, injected SC,) tested once 9 days following 
the lesion, was used to select animals whose rotations were indicative of a >95% 
striatal dopamine depletion. These rats then received a single infusion of either
P.B.S. control or 100 µg GDNF into the ipsilateral substantia nigra in a volume of 8 
µl over 12 min. using a dome-tipped needle, silica tubing and a syringe mounted in 
an infusion pump on the tenth day following the 6-OHDA lesion. Apomorphine- 
induced rotational behavior was quantified weekly for five weeks following GDNF 
or P.B.S. delivery, then every two weeks beyond the fifth week. Subsets of rats 
were sacrificed at 5 weeks post-GDNF for immunohistochemistiy while others were 
monitored for long-term behavioral effects. The rats which received GDNF showed 
a >63% decrease in rotational behavior, which persisted for over 9 weeks. 
Immunohistochemistiy of striatal sections showed no increase in tyrosine 
hydroxylase-like immunoreactivity following GDNF treatment, but markedly 
increased numbers of TH-positive cells were identified within the lesioned 
substantia nigra. Vacuoles seen adjacent to the injection site in previous studies 
were decreased in these rats which received GDNF infusions more slowly via the 
infusion pump. Nigral sections were also stained with cresyl violet and for cellular 
markers such as GFA, CCK, Neu N, and GABA to identify cell types present in the 
lesioned substantia nigra following GDNF treatment. The results demonstrate that 
GDNF produces profound, long-lasting behavioral improvement in unilaterally- 
lesioned rats which may be due to increased numbers of TH-positive nigral neurons 
following GDNF administration. Supported by USPHS Grants 1-F32-AG05693, 
MH49661, and MSP50-NS09199.

225.6
DEFICITS IN SPONTANEOUS LOCOMOTOR ACTIVITY IN THE 
UNILATERALLY 6-HYDROXYDOPAMINE-LESIONED RAT. A.F. Hoffman. 
C.G. van Home. G.A. Gcrhardt, and B.J. Hoffer*. University of Colorado Health 
Sciences Center, Denver, CO 80226.

Unilateral 6-hydroxydopamine (6-OHDA)-induced denervation of the rat 
nigrostriatal dopamine (DA) system has long been utilized as a functional model for 
human Parkinson’s disease. Pharmacological activation of either the intact or 
lesioned pathway using DA agonists produces a well characterized circling behavior 
which accurately reflects the extent of DA loss. Although it has been suggested 
that these animals manifest normal behavior in the absence of such pharmacological 
manipulations, the spontaneous activity of these animals has not been rigorously 
investigated. Male Fischer 344 rats received a single injection of 6-OHDA (9 pg/4 
µl/4 min) into the medial forebrain bundle. Apomorphine (0.05 mg/kg, s.c.)- 
induced circling behavior was quantified two weeks following the lesion. Animals 
which circled >300 contralateral tums/hr were selected as having a >95% striatal 
DA loss and were subsequently monitored for deficits in spontaneous locomotor 
activity. One week later, rats were placed into an Omnitech light-based activity 
chamber for a period of one hour. Results showed that, although both lesioned and 
non-lesioned animals display similar activity upon initial placement into the 
chamber, the lesioned animals showed a rapid decrease in locomotor activity that 
persisted over time. Locomotion scores, before and after lesioning, respectively, 
and reported as total distance traveled in cra/hr, were as follows: lesioned- 5534 ± 
732/ 1650 ± 216; unlesioned 4687 ± 967/ 5303 ± 807. Thus, animals with a 
marked DA depletion, as assayed by the rotational paradigm, also displayed a 70% 
reduction in spontaneous locomotor activity three weeks following the lesion. 
Preliminary evidence also indicates that this deficit can be reversed following 
intranigral administration of GDNF, a dopaminergic neurotrophic factor, and that 
this reversal correlates with nigral DA content.
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225.7
EFFECTS OF GDNF ON FETAL SEPTAL FOREBRAIN 
TRANSPLANTS IN  OCULO. M.L. Price*1, B.J. Hoffer2. and A-Ch. 
Granholm12.Depts. of Basic Science1 and Pharmacology2, University of 
Colorado HSC, Denver, CO 80262.

Recently, a novel member of the TGF-ß superfamily, Glial Cell Line- 
Derived neurotrophic factor (GDNF), was cloned and sequenced. To 
date, most of the research on GDNF has focussed on its dopaminotrophic 
activity and to our knowledge, the effects o f GDNF on other neuronal 
populations in the brain have not been investigated. Intraocular 
transplantation was used to examine the effects of GDNF on developing 
septal forebrain tissue. Adult Fischer 344 rats received intraocular 
transplants of fetal septal forebrain tissue (E l7) which was preincubated 
for 20 minutes with either GDNF or vehicle at the time of grafting. The 
two treatment groups received intraocular injections of either GDNF or 
vehicle weekly for 6 weeks following transplantation. Transplants treated 
with GDNF grew twice as much as control transplants treated with 
vehicle. Preliminary histochemical data of transplants stained with an 
antibody to rat nerve growth factor receptor (p75) suggests an 
upregulation of p75 receptors, a marker for cholinergic neurons, in the 
GDNF treated transplants. Analyses of GDNF effects on other cell 
populations in the septal forebrain tissue are currently underway. These 
results suggest that in addition to dopaminergic neurotrophic effects, 
GDNF may act as a trophic factor for other cell populations. Supported 
by USPHS grant AG12122 and MH49661.

225.9
NEUROPROTECTION AND NEUROREGENERATION IN RODENT AND 
PRIMATE PARKINSONIAN MODELS USING AAV VECTORS EXPRESSING 
GDNF M J. During*. D. Choi-Lundberg. P. Leone, Q. Lin. JA G . Kanlitt. X.Xiao. 
RJ. Samuiski. A..Freese. P. Hoffer, r.h. Roth. J .D. Eisworth. j .r . Siadek, Jr.
K.L. O'Malley. H.J. Federoff. D.E. Redmond. Jr.. M.C. Bohn Yale Univ., New 
Haven, CT; Univ. Rochester, Rochester, NY ; Rockefeller Univ., New York, NY; 
UNC, Chapel Hill, NC; Washington Univ., St. Louis, MO; U. Penn, Phil., PA; 
Chicago Medical School, Chicago, DL.

The isolation and characterizauon of brain peptides which support survival and 
regeneration of specific types of neurons suggest that such neurotrophic factors (NTF) 
may ultimately be used clinically to treat neurodegenerative disorders. These disorders, 
although not simple genetic diseases caused by a deficiency in NTF, or in NTF 
signaling pathways, may be ameliorated by the local delivery of appropriate factors) 
using gene therapy. One of the major limitations of current approaches using NTF is 
that delivery witnin the CNS is problematic. These peptides do not pass the blood- 
brain barrier efficiently, moreover, preliminary clinical trials suggest that high systemic 
or intracerebroventricular levels of NTF may be toxic. Ideally, the best NTF or 
combination of NTF should be delivered locally at sufficient concentrations and 
duration to obtain the desired neurotrophic effect. GDNF is the most potent NTF in 
vitro to promote survival and differentiation of mesencephalic dopaminergic neurons. 
We constructed an AAV vector expressing rat GDNF (AAVgdnf) and showed that 
infection of embryonic mesencephalic cultures with this vector increases survival of 
dopaminergic neurons. Two models were investigated. In the rat we used a bilateral 
progressive degeneration of nigrostriatal neurons with prelabelling with fluorogold and 
subsequent intrastriatal 6-OHDA. The AAVgdnf was injected unilaterally and 
neuroprotection on the injected side was determined using a combination of behavior, 
neurochemical and histological analyses. Our results demonstrate local protection of 
dopamine terminals, potassium and nomifensine-induced increase in ECF dopamine 
ana behavioral improvement over AAVlac and PBS-treated controls. In 2 MPTP-treated 
African Green Monkeys, AAVgdnf was injected stereotactically into one partially 
denervated caudate. Monkeys underwent ß-CIT SPECT to image dopamine 
transporters both before and 3 months following AAVgdnf injection. This index of 
dopamine terminals increased by 9 and 19% in the 2 monkeys whereas historical 
controls (both sham and cerebellar tissue transplant) showed no change over a similar 
time interval. These experiments suggest that AAVgdnf has promise as a gene therapy 
approach to Parkinson s Disease. Supported by the Axion Reseach Foundation, the St. 
Kitts Biomedical Research Foundation, and the National Parkinson's Foundation

225.11
INTRACEREBROVENTRICULAR rhGDNF PREVENTS 6-HYDROXYDOPAMINE 
MEDIATED NIGRAL CELL LOSS IN VIVO. G. Miller1*. D. Martin1 
& F. Collins2. ’Depts. of Inflammation1 & Neurobiology2 
Research, Amgen Inc, Thousand Oaks, CA. 91320.Recombinant human glial derived neurotrophic factor 
(rhGDNF), a recently discovered member of the TGF-P 
superfamily has been shown to promote the survival and 
morphological differentiation of fetal dopamine neurons 
in culture and increase dopamine levels in the substantia 
nigra of adult rats. The possibility that exogenous 
rhGDNF may have neuroprotective properties on midbrain 
dopamine neurons was investigated using the neurotoxin 6- 
hydroxydopamine (6-OHDA) in rats. This study demonstrated 
that intracerebroventricular (icv) rhGDNF injected 1 hr 
prior to administration of 6-OHDA to the nigral bundle 
prevented neuronal loss in the ipsilateral substantia nigra pars compacta when compared to vehicle treated 
animals. Furthermore, there was extensive TH+ staining in 
the pars compacta of animals that received rhGDNF. These 
results indicate that rhGDNF has significant 
neuroprotective properties against injury to the 
substantia nigra neurons by 6-OHDA. Moreover, these 
results suggest that rhGDNF may be useful in Parkinson's 
disease a neurodegenerative disorder.

225.8
BEHAVIORAL AND NEUROCHEMICAL ASSESSMENT OF 
INTRANIGRAL INJECTIONS OF OSTEOGENIC PROTEIN 1. C.G. van 
Home*. R. Whistler. S. Eken. G.A. Gerhardt. D.C. Rueeer. and B.J. Hoffer. Dept. 
of Pharmacology, U. of Colorado H.S.C., Denver, CO. 80262.

Glial cell line derived neurotrophic factor (GDNF) has recently been shown to 
have dopaminergic neuron potentiating effects both in vitro and in vivo. When 
injected into the substantia nigra (SN) in normal rats, GDNF produces transient 
increases in spontaneous and amphetamine (AMP) induced motor activities. In 
addition, significant increases in DA content within the SN and decreases in DA in 
the striatum (STR) both ipsilateral to the injection are observed. Because GDNF 
and osteogenic protein 1 (OP-1) are members of the transforming growth factor 
beta (TGF-ß) superfamily and OP-1 has been found to have neurotrophic activity 
in vitro we sought to determine whether the in vivo effects described for GDNF 
could also be produced by OP-1. Forty two rats were monitored for spontaneous 
and AMP induced activity for 60 minutes then divided into seven experimental 
groups (n=6/group): (1) non-operative control, (2) 1 meg soluble OP-1, (3) 10 meg 
soluble OP-1, (4) soluble vehicle, (5) 1 meg mature OP-1, (6) 10 meg mature OP-1, 
and (7) mature vehicle. The rats were monitored for five weeks following 
unilateral intranigral injections. The STR and SN were then analyzed by HPLC 
for DA and metabolite levels. Unlike GDNF, neither form of the OP-1 produced 
changes in spontaneous or AMP induced activity or changes in DA or metabolite 
concentrations within the injected SN. Similar to GDNF, the high dose OP-1 
soluble and mature injections produced a modest but significant decrease in striatal 
DA levels (ANOVA, p<05). The effects of OP-1 on spontaneous and 
apomorphine induced activity on unilaterally lesioned rats is currently being 
investigated. (Supported by Creative Biomolecules Inc., Hopkington, MA. and 
Dept. of Neurosurgery, Brigham and Women’s and Children’s Hospitals, Boston, 
MA)

225.10
TIME COURSE OF GDNF NEUROPROTECTION AGAINST 6-OHDA IN VIVO. 
CM. Kearns* and DM. Gash. Dept. of Anatomy and Neurobiology, University of 
Kentucky, Lexington, KY 40536.

In a recent study from our laboratory, an intranigral administration of glial cell 
line-derived neurotrophic factor (GDNF) 24 hr prior to either an intranigral or 
intrastriatal 6-OHDA neurotoxic lesion significantly protected dopamine (DA) 
neurons in the substantia nigra pars compacta (Snpc) and ventral tegmental area 
(VTA) in vivo. To further characterize this neuroprotection, the present study was 
designed to identify the optimal time points for administering GDNF prior to a 6- 
OHDA challenge. Fifty-six young adult male Fisher 344 rats were divided into 7 
groups (n=8/group) prior to surgery. At the 0 hr time point there were 3 groups : 1) 
intranigral lesion only, 2) citrate + 6-OHDA and 3) GDNF + 6-OHDA. The 
remaining 4 groups received the following treatments : 4) GDNF 1 hr prior to 6- 
OHDA, 5) GDNF 6 hr prior to 6-OHDA, 6) GDNF 12 hr prior to 6-OHDA and 7) 
GDNF 24 hr prior to 6-OHDA The GDNF treated groups received an intranigral 
injection of l0µg GDNF. At 0,1,6,12 or 24 hrs later, the animals received a 
unilateral 8µg/2µl 6-OHDA infusion into the nigra. At the 0 hr time point, there 
was less than 13% survival of DA neurons in the Snpc in all 3 groups. However, in 
the VTA there was a 79% survival in the lesion only group, 87% survival in the 
citrate + 6-OHDA group and 100% survival in the GDNF + 6-OHDA group. At the 
1 hr time point, there was a 26% survival in the Snpc and a 100% survival in the 
VTA. When GDNF was administered 6 hr prior to 6-OHDA there was significant 
sparing of the Snpc (100%) and VTA (100%). At the 12 hr time point, the survival 
decreased to 49% in the Snpc and remained at 100% in the VTA. To repeat our 
previous study, at the 24 hr time point, there was a 59% survival of DA neurons in 
the Snpc and a 100% survival in the VTA. Based on these results, GDNF is 
neuroprotective when administered 6,12 or 24 hr prior to a 6-OHDA intranigral 
lesion, with the most complete protection at the 6 hr time point.

225.12

EFFECTS OF POLYMER ENCAPSULATED GDNF RELEASING 
CELLS ON AN AXOTOMY MODEL OF PARKINSON’S DISEASE. J.L. 
Tseng*1. J.P. Hammang2. A.D, Zurn1. and P. Aebischer1. d iv is io n  of 
Surgical Research and Gene Therapy Center, CHUV, Lausanne University 
Medical School, Lausanne, Switzerland 1011 2CytoTherapeutics, Inc., 
Providence, R I02906

The objective of this study was to determine whether Glial cell line- 
derived neurotrophic factor (GDNF) released from polymer-encapsulated 
genetically engineered cells is able to prevent the loss o f tyrosine 
hydroxylase immunoreactivity (TH-IR) in the neurons o f the substantia 
nigra (SN) o f rats that have been subjected to a medial forebrain bundle 
(MFB) axotomy. Baby Hamster Kidney (BHK) cells were transfected with 
the published cDNA for GDNF. These cells were encapsulated in poly 
(ether-sulfone) (PES) macrocapsules. The capsules were then implanted 
into the brains of female Wistar rats at a location lateral to the MFB and 
rostral to the SN. One week after implantation, the animals were subjected 
to a unilateral MFB axotomy. Eight days post-axotomy, the animals were 
sacrificed and their striata examined for catecholamine content using HPLC 
in order to determine the extent of lesioning. The striatal dopamine content 
of the lesioned side as compared to the non-lesioned side was found to be 
similarly decreased regardless of whether the animals were implanted with 
GDNF-releasing or control cells; implying that, at this time point, GDNF 
did not induce regeneration of the nerve terminals. The region o f the SN 
was fixed and analyzed for TH-IR. The ratio o f lesioned to non-lesioned 
side TH-IR positive neurons was 1.5 times greater in animals that had 
received GDNF-releasing cell implants as opposed to those that had 
received control cell implants. Polymer encapsulated genetically engineered 
cells could thus be used as biological mini-pumps to deliver GDNF in situ to 
protect dopaminergic neurons from axotomy-induced cell death.
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225.13
GDNF but not TGFß prevents delayed degeneration of 

nigral dopaminergic neurons following axon terminal lesion 
induced by intrastriatal 6-hydroxydopamine

C. Rosenblad. H. Sauer and A. Biörklund*. Dept. of Med. Cell Research, 
Biskopsg. 5, 22362 Lund, SWEDEN

Glial cell line derived neurotrophic factor (GDNF) and transforming 
growth factor-beta 3 (TGFB3) have been reported to show trophic effects 
on cultured dopaminergic neurons in vitro  and for GDNF also in vivo.
Here we investigated the effects of intracerebral administration of GDNF 
and TGFB3 on the delayed cell death of dopamine neurons in the 
substantia nigra (SN) following 6-hydroxydopamine (6-OHDA) lesions of 
the terminals in the striatum. Flourescent retrograde tracer and tyrosine 
hydroxylase(TH)- immunocytochemistry showed cell death in SN starting 
at one week postlesion and progressing to be extensive by four weeks 
(65% loss of FG labeled neurons).After 6-OHDA either GDNF(10µg/inj.), 
TGFB3(10µg/inj.) or vehicle was injected above the substantia nigra every 
second day for four weeks starting on the day of lesion. Another group 
received one single injection ( l 0µg) of GDNF one week post lesion.

In the vehicle injected controls, FG labeled neurons in the SN were 
reduced by 65.5% and TH positive neurons by 39.6%. In animals injected 
with GDNF for four weeks, the number and size of nigral neurons were (% 
of contralateral, intact side): FG-labeled, 99%; TH-IR, 96.6%; cell size, 
95%; whereas in the single GDNF dose group: FG labeled, 65%; TH-IR, 
81%, cell size, 72%. Thus, a continuous supply of GDNF gives complete 
rescue of the SN neurons from the lesion effects, and a single GDNF dose 
given with a one week delay is partially effective.The group injected with 
TGFB did not show any significant difference in cell numbers compared to 
the vehicle-injected group (63% cell loss), and both showed clear signs of 
neuronal atrophy.

We conclude that GDNF but not TGFB3 is a potent neurotrophic factor 
for adult lesioned dopaminergic neurons in  vivo.

225.15
GDNF PARTIALLY PROTECTS DOPAMINE NEURONES IN RATS 
EXPOSED TO 6-HYDROXYDOPAMINE (6-OHDA): IN VIVO STUDY 
USING PET AND MICRODIALYSIS. J. Qpacka-Juffrv. S. Ashworth. SP 
Hume. R. Mvers. SB Blunt*. Departments of Neurology and Biology, MRC 
Cyclotron Unit, Hammersmith Hospital, London W12 OHS, UK.

Rats received injections of buffer (control group) or recombinant human glial 
derived neurotrophic factor (rhGDNF group - courtesty of Synergen) just above 
the left SN (25µg rhGDNF) and into the left lateral ventricle (50µg rhGDNF). 6- 
OHDA (8µg in 4 µL) was then injected into the left medial forebrain bundle. 
Animals were assessed in vivo using: (1) a novel small animal positron emission 
tomography (PET) scanner and [11C]RTI 121 as a PET tracer which is selective 
for dopamine (DA) reuptake sites; (2) microdialysis of the striata.

PET studies showed nearly 100% loss of DA reuptake sites in the lesioned 
striatum of control rats at 48 hrs and one week after 6-OHDA. In rhGDNF rats 
this effect was only partial (10%-40% loss) between 48 hrs and 1 week. In vivo 
microdialysis of the left striatum at 7 days after the lesion showed that K+- 
stimulated DA release was significantly (~4 times) greater in GDNF rats 
compared with control; basal levels of DA, DOPAC and HVA were considerably 
spared in rhGDNF rats.

Post mortem analysis of catechol content at 14 days showed >98% DA 
depletion in the left control striatum confirming completeness of the lesion. The 
ratio of DOPAC/DA was ~3 times higher in left control striatum compared to the 
right one which confirms a known compensatory increase in DA turnover. This 
index, although elevated beyond normal values, was significantly lower in 
rhGDNF rats. DA levels in the left striatum were markedly higher in rhGDNF 
rats compared with control.

We conclude that rhGDNF administered into the lateral ventricle and above the 
SN exerts a protective effect on DA neurons exposed to the neurotoxin 6-OHDA.

225.17
GDNF PREVENTS DEATH BUT NOT LOSS OF TYROSINE HYDROXYLASE 
OF AXOTOMIZED ADULT RAT SUBSTANTIA NIGRA NEURONS T. Hagg*. 
X. Lu Dept. Anat. & Neurobiol., Dalhousie Univ., Halifax, B3H 4H7, Canada 

GDNF (glial cell line-derived neurotrophic factor) promotes survival of 
developing dopaminergic mesencephalic neurons in culture and preserves 
presence of TH-positive substantia nigra neurons after axotomy or MPP+ 
lesions in adult animals. Here we tested the protective effects of GDNF in our 
well-established axotomy model where 14 days after nigrostriatal transection 
without treatment only 30% of the neurons survive (unequivocally identified by 
retrograde labeling from the striatum with fluorescent Dil 2 weeks before 
lesion; Hagg, PNAS 90:6315). Recombinant human GNDF (0 .1 ,0 .3 ,1 , 3,10, 
30 pg/d; a gift from Synergen, Inc.) was infused with Alzet pumps for 14 days 
between the lesion and the rostral pole of the substantia nigra. After 
transcardial fixation with paraformaldehyde, every sixth section through the 
nigral complex was analyzed. GDNF had rescued 100% of the neurons (Dil 
positive) at 3 or more µg/d and had an ED50 of ~0.3 µg/d. A 14 day GDNF 
treatment (3 pg/d), started 7 days after the transection, when ~70% of the 
nigral neurons are still alive, prevented the death of this remaining population. 
The same sections were immunostained for tyrosine hydroxylase with 3 
different antibodies (Mab318, Ab152 Chemicon; TE101 EugeneTech) at 
dilutions where antigen decreases are recognizable. In all GNDF treated 
animals the rescued neurons were very faintly stained, similar to control PBS- 
infused lesioned nigral neurons. Thus, GDNF can rescue axotomized 
dopaminergic substantia nigra neurons even when the neurons have been 
damaged for a week, but apparently not their loss of tyrosine hydroxylase, the 
rate-limiting enzyme in the synthesis of dopamine. Supported by a grant to TH 
and a fellowship to XL from the Parkinson Foundation Canada.

225.14
bFGF AND GDNF STIMULATE THE GROWTH OF DOPAMINE NEURONS IN 
CULTURE BY INDEPENDENT PATHWAYS. J.G. Hou* and C. Mvtilineou. Dept. 
of Neurology, Mt. Sinai Sch. of Medicine, New York, N Y. 10029.

It has been shown that basic fibroblast growth factor (bFGF) has neurotrophic 
activity for mesencephalic dopamine (DA) neurons in culture and this effect is 
mediated through the stimulation of glial cells (Engele & Bohn, 1991, Park & 
Mytilineou, 1992). One of the ways by which glial cells support the survival and 
growth of neurons is through secretion of growth factors. Glial cell line derived 
neurotrophic factor (GDNF), a potent neurotrophic factor for DA neurons, was 
isolated from a rat glial cell line (Lin et al., 1993) and is synthesized by rat 
mesencephalic astrocytes (Schaar etal., 1993). We examined the possibility that 
the neurotrophic effect of bFGF on dopamine neurons was mediated through the 
secretion of GDNF by astrocytes. Mesencephalic cultures were treated with 1 
ng/ml GDNF or 10 ng/ml bFGF. Our previous studies showed that at these 
concentrations the growth factors exhibited maximal neurotrophic activity for DA 
neurons. After 7 days in vitro [3H]DA uptake in the cultures was increased 1.6- 
fdd  by GDNF and 2-fold by bFGF. When an antibody to GDNF was included in 
the medium with the growth factors, the neurotrophic effect of GDNF was 
completely abolished, while the bFGF effect was only slightly reduced (86±4% 
of bFGF control). The same concentration of the GDNF antibody had no effect 
on the development of DA neurons in control cultures. These data indicate that 
the neurotrophic effect of bFGF on DA neurons does not depend solely on the 
secretion of GDNF by glial cells and that the neurotrophic effect of glia is 
probably accomplished through multiple pathways. The survival and growth of 
DA neurons in control cultures treated with GDNF antibody indicates that 
although GDNF exerts neurotrophic activity for DA neurons, its presence is not 
required for DA neuron survival. Supported by NIH NS23017 and NS30898 We 
thank Dr. L.-F. Lin (Synergen) for the generous supply of the growth factors and 
GDNF antibody.

225.16
EFFECTS OF INTRASTRIATAL INJECTIONS OF GLIAL CELL LINE- 
DERIVED NEUROTROPHIC FACTOR (GDNF) IN RATS. C. W. ShultsV#. 
C. Shin#. C. Ernesto# and D. MartinO. +VA Med. Ctr., San Diego, CA 
92161, #Dept. of Neurosciences, Univ. Calif., San Diego, La Jolla,
CA 92037; ◊Amgen, Boulder, CO 80301

Four groups of rats received a series of 6 injections into the 
right striatum of vehicle (n=8) or recombinant human GDNF at the 
doses of 0.1 µg (n=7), 1 µg (n=6) or 10 µg (n=7) per injection 
over a period of 2 weeks. The animals were tested for amphetamine- 
induced rotation during the week before treatment, during each of the 
2 weeks of treatment and during the week following treatment. The 
animals that received GDNF had significantly greater amphetamine- 
induced contraversive rotation than did the vehicle-treated animals. 
This pattern of rotation is consistent with increased dopaminergic 
(DA) activity in the mesostriatal DA system on the side of injection. 
The size of the cell bodies of the nigral DA neurons ipsilateral to the 
injected striatum, when normalized to the size of the nigral neurons 
on the uninjected side, increased with increasing doses of GDNF.
This normalized size of DA neurons was significantly greater in 
animals that received GDNF, at a dose of 10 pg/injection, than it was 
in vehicle-treated animals. Tyrosine hydroxylase immunoreactive 
profiles in the injected striatum, reminiscent of growth cones in the 
developing mesostriatal DA system, were significantly more 
numerous in GDNF-treated animals than in vehicle-treated animals. 
GDNF may be useful in the treatment of Parkinson’s disease.

225.18
GLIAL CELL LINE-DERIVED NEUROTROPHIC FACTOR (GDNF) 
PROMOTES THE SURVIVAL AND MORPHOLOGICAL 
DIFFERENTIATION OF PURKINJE CELLS. H.T.J. Mount*. D.O. 
Dean. J. Alberch1. C.F. Dreyfus and I.B. Black. Dept. Neurosci. & Cell Biol., 
Robert Wood Johnson Medical School-UMDNJ, Piscataway, NJ 08854 and 
1Dept. de Biologia Cel.lular i Anatomia Patologica, Univ. Barcelona, Spain.

Glial cell line-derived neurotrophic factor (GDNF) promotes survival of 
midbrain dopaminergic neurons and motoneurons. Expression of GDNF 
mRNA in cerebellum (Dean etal., this meeting) raises the possibility that 
neurons within this structure might also respond to GDNF.

To examine potential trophic activity of GDNF, dissociated cultures of 
gestational day 18 rat cerebellum were grown 6 days in the presence of 
human recombinant GDNF. GDNF increased the survival of Purkinje cells, 
identified by immunocytochemical staining for calbindin. A maximal, 1.5-fold 
increase in survival was elicited with 1 pg/ml GDNF. Concentrations >100 
pg/ml produced submaximal effects. No effect was seen on the total number 
of neurons, suggesting that the action of GDNF is specific for this neuronal 
subpopulation. Effects of GDNF on Purkinje cell differentiation were 
examined by scoring the morphologic maturation of GDNF-treated and control 
cultures. GDNF exposure increased the proportion of neurons that displayed 
more mature morphologies, characterized by dendritic thickening and the 
development of spines and filopodial extensions.

In sum, our data indicate that GDNF is a potent survival and differentiation 
factor for Purkinje cells, the efferent neurons of cerebellar cortex. Together 
with its other actions, these findings raise the possibility that GDNF may be a 
critical trophic factor at multiple loci in circuits that control motor function.

Supported by NICHD 23315, the Medical Research Council of Canada and 
Ministerio de Education y Ciencia (Spain).
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225.19

GDNF PROVIDES POTENT N EU R O PR O TEC TIO N  O F M O TO R  
NEURONS AGAINST CHRONIC G LU TA M A TE TO X ICITY .
A.M. Corse*. C.F. Coccia. J.D. Rothstein and R.W . Kuncl.
Johns Hopkins University School o f  M edicine, Departm ent o f  N eurology, 
M eyer 5-119, 600 N. W olfe St., Baltim ore, M aryland 21287.

GDNF is a potent survival factor for embryonic and neonatal motor neurons. It is 
also a potent survival factor for nigrostriatal dopaminergic neurons and prevents 
MPTP-induced neurotoxicity in adult rats in  v ivo . GDNF is being considered as a 
therapeutic candidate for neurodegenerative diseases, such as amyotrophic lateral 
sclerosis (ALS) and Parkinson's disease. Chronic glutamate excitotoxicity is a 
postulated pathogenic mechanism in ALS; however, there are no reports of neuro- 
protective effects of GDNF in glutamate-mediated neurotoxicity. Using a model of 
chronic glutamate-mediated motor neuron degeneration, we here demonstrate that 
GDNF is a potent neuroprotective neurotrophic factor in  v itro . Long-term incubation 
of postnatal spinal cord explants in the presence of threo-hydroxyaspartate (THA), 
a potent glutamate-transport inhibitor, results in slow motor neuron degeneration as 
determined by a gradual reduction of choline-acetyltransferase activity (ChAT) and 
numbers of motor neurons. GDNF (0.1-10 ng/ml) has no inherent effect on ChAT 
activity at 14, 21,28 and 35 days. In the presence of THA 100 µM at 28 days, ChAT 
activity is reduced to 65% of controls. When GDNF (10 ng/ml) is added 
simultaneously with THA, ChAT activity is in c r e a s e d  to 398% compared to 
THA-treated controls. The neuroprotective effects of GDNF are dose-dependent; 
concentrations as low as 0.1 ng/ml result in increased ChAT activity to 227% 
compared to THA controls. Moreover, GDNF is the most potent of the neuro
protective neurotrophic factors studied here, including IGF-1, NT-3 and NT-4/5.
By contrast, BDNF, CNTF, bFGF and LIF fail to show neuroprotection. Data will 
also be presented on the neuroprotective effects of combination therapies with GDNF 
and anti-glutamate agents, including riluzole and the AMPA antagonist GYK1-52466.

225.21

SURVIVAL OF RAT SYM PATHETIC NEURONS IN TH E 
PRESENCE OF GDNF. P.T. Kotzbauer. P A. Lampe*. J. Milbrandt and
E.M. Johnson. Jr. Dept. of Neurology, Mol. Biol. and Pharm. and Dept. of 
Pathology, Washington University School of Medicine, St. Louis, MO. 63110.

The TGF-J3 superfamily includes a wide variety of multifunctional proteins that 
serve as regulators of cell proliferation and differentiation. We have examined the 
ability of various members of this family to support the survival of rat sympathetic 
neurons in culture. Embryonic-day-21 rat SCG neurons were maintained in the 
presence of NGF, and recombinant growth factors were assayed for their ability to 
prevent the programmed cell death of sympathetic neurons that normally occurs 
after NGF deprivation on day 5 of culture. TGF-β 1, activin A, BMP-2, BMP-4, 
and BMP-6 had no effect on sympathetic neuronal survival after NGF deprivation. 
However, survival promoting activity was observed for GDNF (glial cell line- 
derived neurotrophic factor), a recent addition to the TGF-β superfamily that has 
been shown to promote the survival of dopaminergic and other neurons in vitro and 
in vivo. The specific activity of GDNF in the SCG survial assay was significantly 
lower than that previously reported for promotion of survival for motoneurons or 
dopaminergic neurons. Approximately 50 ng/ml GDNF was required for half- 
maximal neuronal survival 3 days after NGF deprivation, suggesting that the 
effects of GDNF may be mediated by a lower affinity interaction with a distinct 
receptor on sympathetic neurons. Since activin A, BMP-2, and BMP-6 have been 
previously shown to regulate gene expression in sympathetic neurons, the inability 
of these factors to promote neuronal survival distinguishes the receptors for these 
ligands from the receptor mediating the survival promoting effects of GDNF.

225.23

G D N F PR O M O TES P O ST N A T A L  D IF F E R E N T IA T IO N  O F  
D O PA M IN E R G IC  N E U R O N S IN V IV O . K. D. Beck*. Janet 
Valverde and F. Hefti. Genentech, Inc., Department o f Neuroscience, 
South San Francisco, CA 94080.

GDNF has been shown to increase the survival and differentiation o f  
dopaminergic neurons in vitro and, more recently, to protect 
dopaminergic neurons from degeneration in rat and mouse models of 
experimentally induced Parkinsonism. The development o f target 
innervation by dopaminergic neurons occurs over a relatively long 
period (E l5 to P30 in rats) and the GDNF mRNA expression pattern 
suggests that GDNF might play an important role in the development o f 
dopaminergic projections. We investigated whether exogenous 
administration o f GDNF to early postnatal rats affects the 
differentiation o f the developing nigrostriatal projection. 10µg GDNF  
was injected intracerebrally in P2 rats. After 4 days, the rats developed 
generalized dystonia, characterized by increased muscle tonus and 
hyperextended forelimbs, which lasted usually for 2-3 weeks. Their 
body weights were reduced to about 60% most likely due to feeding 
problems. At P7, levels o f dopamine, DOPAC and HVA in striatum 
and ventral mesencephalon were increased twofold compared to rats 
injected with an inactive control protein. Immunostaining for tyrosine 
hydroxylase did not reveal any abberant innervation. In contrast, a 
single nigral or striatal administration o f 10µg GDNF in adult rats, with 
fully developed dopaminergic projections did not result in any 
behavioral or biochemical changes.

225.20

EFFECTS OF CONTINUOUS DELIVERY OF GDNF BY ENCAPSULATED 
GENETICALLY ENGINEERED CELLS ON AXOTOMIZED ADULT RAT FACIAL 
MOTONEURONS. E.G. Fine. S.A. Tan. A. Menoud. J.P. Hammanq. A.D. 
Zurn*. and P. Aebischer. Gene Therapy Center and Surgical Res. Div., 
Lau sanne  U n iv e rs ity  M edica l S ch o o l, S w itz e rla n d  1 0 1 1 . 
Cytotherapeutics Inc., R.l. 0 29 06 .

In co n tra s t to  neonatal rats, no loss o f m otoneurons is observed 
fo llow ing  peripheral nerve axo tom y in adu lt ra ts . However, the  
expression o f choline ace ty ltran s fe rase  (ChAT) is decreased, and 
p 7 5 lngfr is re-expressed in th e  lesioned neurons one week post- 
axotom y. In the  present report, the  e ffe c ts  o f Glial cell line-derived 
neuro troph ic  fa c to r  (GDNF) on ChAT and p 7 5 lngfr expression a fte r 
facial nerve axo tom y were explored. Baby Ham ster Kidney (BHK) 
cells genetica lly engineered to  release GDNF were encapsulated in 
m icroporous polym er fibers and im planted a t the  lesion site at the 
tim e of axotom y. A fte r one week, less than 2% o f the  motoneurons in 
the  facial nucleus expressed ChAT im m unoreactiv ity  on the  lesioned 
side under con tro l cond itions, whereas 25%  o f the  neurons were 
ChAT-positive in the  presence o f GDNF-releasing cells. In addition, 
GDNF increased the  re-expression o f p 7 5 ingfr 3 -fo ld  com pared to  
contro l. The intra thecal im plantation o f capsules, which should allow 
fo r the delivery o f GDNF d irectly  to  the  m otoneurons, bypassing the 
blood brain barrier, is currently being examined.

225.22

REGULATION OF EXPRESSION AND FUNCTIONS OF GDNF 
ON NEURAL CELLS. C. Suter-Crazzolara, L. Farkas and K. 
Unsicker. Dept. of Anat. & Cell Biol., Univ. Heidelberg, INF 307, D- 
69120 Heidelberg, Germany (SPON: ENA).

GDNF is a distant member of the TG Fß superfamily and a potent 
neurotrophic factor for DAergic m idbrain and motoneurons. We and 
others have shown that GDNF is expressed in many tissues and 
regions outside and within the CNS. We now report the expression 
and regulation of GDNF mRNA in a variety of neural cell lines, 
including glioma and neuroblastom a cells, and in prim ary neural 
cells. To explore possible roles of GDNF in the developing striatum  
and compare them with functions of other striatal growth factors we 
have cultured striatal cells from E14 ra t embryos in the presence of 
GDNF and NT-3. Surviving cells num bers were determined after 3 
and 8 days in vitro. GDNF concentrations of 10ng/ml increased the 
total num ber of surviving cells. Staining of cultures with antibodies 
against calretinin (CalR) revealed that GDNF significantly increased 
numbers of CalR positive cells at a concentration as low as 1 ng/ml. 
Numbers of CalR-reactive cells were higher than in cultures treated 
with NT-3. Studies in progress will reveal w hether actions of GDNF 
reflect a survival or phenotype promoting effect. O ur findings suggest 
tha t GDNF expression in neural cells is restricted to specific cell types 
(B49, C6, Schwannoma, chromaffin cells; n   o   t neuroblastom a, 
PC12). Even so, GDNF may have w ider roles in the developing CNS 
than previously established. Supported by DFG/SFB 317

225.24

THE IN VIVO RESPONSES OF NEONATAL RAT DORSAL 
ROOT GANGLION NEURONS TO NEUROTROPHINS AND  
GDNF. C R. Matheson.* J Pinkstaff. and O. Y an. Dept. of 
Neurobiol. Amgen Inc., Thousand Oaks CA, 91320

W e have examined the effects o f neurotrophic factors, 
including NGF, BDNF, NT-3 and GDNF, on neonatal DRG 
neurons in v iv o . After injection into the hindlimb o f neonatal 
rats they all were retrogradely transported to sensory  
neurons in the L4/L5 DRG. The neonatal sciatic nerve 
axotom y model was used to determine whether any of these 
factors could rescue DRG neurons from axotom y-induced  
neuronal cell death. When applied locally to a cut sciatic 
nerve, both NGF and GDNF could rescue nearly 100% of the 
sensory neurons while BDNF and NT-3 did not promote any 
detectable leve l o f  neuronal survival. Exam ination o f  
axotom y-induced changes in peptide expression revealed  
that unlike NGF, BDNF or NT-3 could not rescue changes in 
substance-P, CGRP and NPY in the neonatal DRG neurons. 
D espite the fact that both BD N F and NT-3 support the 
survival o f embryonic chick DRG neurons in v itr o , we found 
no in v iv o  effect in the parameters we exam ined. The 
positive effects o f GDNF on neonatal DRG neuronal suggest 
that this factor may play a role in the developm ent and 
function o f sensory neurons.
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2 2 6 .1
T H E  C O M M O N  N E U R O T R O P H IN  R E C E P T O R , p 75 , 
M E D IA T E S  IN C R E A SE S  IN B A SA L  F O R E B R A IN  (B F) 
CH OLINERGIC N EU RITE EX TENSIO N  ELICITED  BY NT-3. S, 
S am ple* . M .V. C hao**. I.B . B lack , and C .F. D reyfus. Dept. 
N euroscience & Cell B io logy, R obert W ood Johnson M edical 
School /U M D N J, P iscataw ay, NJ 08854 and **Dept. of Anatom y 
and Cell Biology, Cornell M edical College, New York, NY 10021 

O ur previous observations suggest tha t N T-3 e lic its  neurite 
extension  from  developing BF cholinerg ic neurons grow n in the 
presence o f glia (Sam ple et al. Soc N eur Abs, 1994). To begin 
defining this action, we sought to identify the receptor-m ediated  
m echan ism (s) tha t accoun t for N T-3 enhancem en t o f neurite  
extension. Prim ary cultures from  em bryonic day 17 rat BF were 
treated with NT-3 and grown for 7 days under conditions that foster 
the establishm ent o f glia. C holinergic neurons were identified by 
ac e ty lc h o lin e ste rase  (A C hE ) h is to ch em istry . D o se -response  
experim ents revealed that neurite extension was stim ulated at high 
concentrations o f NT-3 (100 ng/m l) suggesting  that NT-3 acted 
through the p75 receptor. To determ ine w hether p75 was required, 
cultures were treated with an anti-p75 blocking antibody (H uber and 
Chao, 1994). A nti-p75 abolished the NT-3 effect. To determ ine 
w hether trk  receptors were required for the N T-3 effect, cultures 
w ere treated with K -252a (200nM ), a potent inhib itor of all trk 
fam ily members. Enhanced neurite extension in response to NT-3 
was unaffected by K-252a treatm ent. These data suggest that p75, 
but not trks, mediated NT-3 stim ulation of neurite outgrow th in the 
basal forebrain. Support: NICHD: HD 23315

2 2 6 .3

N E U R O T R O P H IN S  IN D U C E A C U T E TRANSMITTER- 
MEDIATED CHANGES IN BRAIN ELECTRICAL ACTIVITY 
M. P. Berzaghi. R. Gutierrez2 .U. Heinemann2 . D. Lindholm* and H. 
Thoenen. Max Planck Institute for Psychiatry, Dept. Neurochemistry, 
D-82152 Martinsried 2 Institut fur Physiologie der Charite, Humboldt 
University, Dept. Neurophysiology, 10117- Berlin, FRG.

Neurotrophins have, to date, been considered primarily as mediators 
of neuronal survival, differentiation and maintenance of specific 
functions. However, the rapid regulation of BDNF and NGF synthesis 
and release by neuronal activity, and the enhancement of neuromuscular 
transmission by BDNF and NT-3, suggested an involvement of 
neurotrophins in synaptic plasticity. Here we demonstrate that BDNF, 
NGF and NT-3 injected into the rat hippocampus alter hippocampal and 
cortical electrical activity reflecting transmitter release from neurons 
expressing trkB (BDNF), trkA (NGF) and trkC (NT-3) receptors. 
BDNF elicited epileptiform activity accompanied by corresponding 
behavioural changes predominantly mediated by NMDA type glutamate 
receptors, whereas NGF and NT-3 induced epileptiform activity 
followed by a sustained theta-like activity mediated via muscarinic 
receptors. K252a, a tyrosine kinase inhibitor, predominantly affecting trk 
receptors, prevented the effects elicited by neurotrophins. These data 
show that the acute effects of neurotrophins are mediated by transmitter 
released from neurons expressing the corresponding trk receptors. These 
observations also suggest that endogenous neurotrophins released by 
neuronal activity may act as retrograde messengers to acutely modulate 
synaptic transmission .

2 2 6 .5

CH RO N IC PERFUSIO N  O F BRA IN -D ERIV ED  N EU RO TRO PH IC 
F A C T O R  BLO C K S K IN D LIN G  PR O C E SS IN T H E  RA T. Y. 
Larmet 1  S. Reibel 2  J. Carnahan *3  H. N aw a 4. C. M arescaux 2, and
A. D epaulis 2. l URA 1446 C N R S, U niversite  Louis P asteur, 
Strasbourg, France, 2U nite IN SERM  398, U niversite Louis Pasteur, 
S trasbourg , France, 3A m gen C enter, T housand O aks, C aliforn ia , 
4Beckm an N euroscience Center, Cold Spring Harbor, New York. 
S ev era l d a ta  h ave  rece n tly  su g g e s te d  the in v o lv em e n t o f 
neuro troph ins in the cascade o f  events occuring  during  seizure 
deve lopm en t. In particu la r, ex p ress io n  o f  b o th  b ra in -d eriv ed  
neurotrophic factor (BD N F) and its high affinity  receptor mRN A s 
increase in the hippocam pus and the am ygdala after convulsive 
se izu res. The p h ysio log ica l s ig n ifican ce  o f  th is  inc rease  w as 
investigated  by chronic local perfusion o f B D N F in the m odel o f 
hippocam pus and am ygdala kindling in the rat. A seven-day perfusion 
o f B D NF (5 µg/fil/h) in the dorsal hippocam pus, blocked the kindling 
process, as evidenced by a significant reduction  o f seizures’ scores 
and both hippocam pal and cortical afterdischarges. This effec t was 
observed w ithout any e lec troencephalograph ic  abnorm alities nor 
m otor im pairm ents. A perfusion o f N erve G row th F actor in sim ilar 
cond itions (5µg /µ l/h) had no effec ts. C o lo ra tion  o f m ossy fiber 
sprouting using T im m ’s technique did not reveal any effect o f BD NF 
on k ind ling-induced  sprouting . A seven-day perfusion  o f BD N F 
(2µg/µ l/h) in the basolateral am ygdala, partially blocked the kindling 
process, as evidenced by a reduction o f am ygdala afterdischarges but 
w ithout effects on seizures' scores. These results p rovide in vivo 
evidence for a protective role o f BD N F in the regulation o f plasticity 
involved in epileptogenesis in adult brain.

2 26 .2
BDNF GENE TRANSFER TO THE ADULT RAT BRAIN: TROPHIC EFFECTS 
ON BASAL FOREBRALN CHOLINERGIC NEURONS. Martincz-Serrano A, 
Hantzopoulos P*. Medford A, Sauer H, Yancopoulos G, Lindsay R and Björklund 
A. Dept. of Medical Cell Research, Univ. of Lund, Sweden; and Regencron 
Pharmaceuticals, Inc, Tarrytown, New York, USA.

Exogenous supply of neurotrophic factors to the brain by means of gene therapy 
procedures may have potential therapeutic implications in situations of 
neurodegeneration. We have produced a hBDNF-sccreting cell line of neural origin, 
by repeated retroviral infection of the parental HiB5 cell line (which is a 
conditionally immortalized neural progenitor , CINP, cell line). The heterogeneously 
infected HiB5-BDNF line was subcloned and a clone named BDNF-CINP C7 was 
isolated. This subclone secretes BDNF at a rate of 0.2 ng/hour/lO5cells, as assayed 
in a PC12-trkB bioassay. The BDNF-CINP cells were transplanted in two different 
experiments either to the striatum (for 2 weeks) or to the globus pallidus-nuclcus 
basalis region (GP-NBM)(1 month survival), to study potential trophic effects on the 
basal forebrain cholinergic system. The cells showed the same properties after 
transplantation as the parental cell line, or the control subclone. They survive well, 
do not require immune suppression, integrate into the host brain architecture and 
differentiate producing mostly glia like cells.

Two weeks after grafting to the striatum, the BDNF-CINPs (but not the control 
CINPs) induced a hypertrophic response of the cholinergic striatal intemeurons 
(volume increased a 77% over intact or control-graft values), as assessed by AChE 
histochemistry (in DFP-treated rats). Other markers did not show any remarkable 
change (among them, LNGFR, Calbindin or Parvalbumin). In a second experiment 
the BDNF-CINP cells we grafted in the GP-NBM region, BDNF induced an 
increase in cell volume of the magnocellular cholinergic neurons of around 40% 
(both for LNGFR- and ChAT-positive immuno-rcactive neurons). Consistent with 
the results obtained in the intrastriatal trasplant, the cholinergic intemeurons (ChAT- 
positive) in the caudal aspect of the caudate-putamen, showed a 70% increase in cell 
volume. Other markers, as above, did not show any remarkable change. We 
conclude that the striatal and NBM cholinergic neurons are responsive to BDNF in 
vivo, when this neurotrophin is supplied locally at the target region.

2 2 6 .4
NEUROPROTECTION OF NT-4/5 IN ADRENALECTOMY- 
INDUCED APOPTOSIS OF RAT HIPPOCAMPAL DENTATE 
GRANULE CELLS J.L. Venero*. X. Qiao. P. Hughes. M.M. Dugich- 
Piordievic. N. R. Nichols. F. Hefti and B. Knusel. Andrus Gerontology 
Center, University of Southern California, Los Angeles, CA 90089.

Adrenalectomy (ADX) has been shown to induce dentate granule cell 
degeneration, characterized as apoptosis. We tested whether neurotrophins 
are able to protect hippocampal neurons in this model o f neurodegeneration. 
NT-3, NT-4/5 or cytochrome-C were injected through a cannula into the left 
side of rat hippocampus for 4 days starting 1 day before adrenalectomy. Acid 
fuschin staining of cryostat sections was used to identify pycnotic cells in the 
dentate gyrus. Cell counts were performed on 10 sections posterior to the 
cannula implant site both ipsilateral and contralateral. Analysis o f variance 
with posthoc Student-Newman-Keuls test indicated significantly less cell 
death on both brain sides in the NT-4/5 group than in ADX or ADX+cannula 
groups. Cytochrome-C injections slightly decreased cell death on the 
ipsilateral side, possibly due to local release o f endogenous neurotrophic 
factor(s). NT-3 did not further increase this effect. TUNEL staining was 
performed on some of the serial sections from the same animals. The 
staining response confirmed the results using the acid fuschin method. Our 
results demonstrate that NT-4/5, but not NT-3, promotes neuron survival in 
the hippocampus of adrenalectomized rats. They further suggest that daily 
injections of a control solution in the brain might induce local release o f 
endogenous trophic factor.

2 2 6 .6
NEUROTROPHINS AMELIORATE STRESS-INDUCED DAMAGE TO 
CULTURED RAT SEPTAL CHOLINERGIC NEURONS. D. Nonner. E.F. 
Barrett* and J.N. Barrett. Dept. Physiology & Biophysics, Univ. Miami 
Med. Sch. Miami, FL 33136.

These studies were done to test the hypothesis that survival-promoting 
effects of neurotrophins on basal forebrain cholinergic neurons are 
enhanced under stress. Septal neurons from embryonic day 14-15 rats 
were plated at a density of 600-800 cells/mm2 and grown for 10-14 days 
in a defined medium supplemented with a neurotrophic serum fraction 
that contains no bioassayable neurotrophin activity. Under these condi
tions addition of exogenous neurotrophins (nerve growth factor (NGF), 
brain-derived neurotrophic factor (BDNF), neurotrophin 3 (NT-3), or 
neurotrophin 4) at 100 ng/ml all produced a 2 to 3-fold increase in choline 
acetyltransferase (ChAT) activity, but had no effect on the number of 
acetylcholinesterase (AChE)-positive neurons. However, when plating 
density was reduced to 2-20 cells/mm2 (low-density stress) BDNF and 
NT-3 (but not NGF) increased by 2-fold the number of AChE-positive 
neurons. All four neurotrophins increased (by 75 -120%) the number of 
AChE-positive neurons that survived a 24 hr exposure to medium con
taining only 0-55 M glucose (hypoglycemic stress). The enhanced 
survival of AChE-positive neurons following low density and 
hypoglycemic stresses was usually accompanied by increased ChAT 
activity. Thus we suggest that neurotrophins enhance survival of central 
cholinergic neurons primarily under stressful conditions. Supported by 
NS 12207. Neurotrophins kindly supplied by Regeneron Pharmaceuti
cals.
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226.7

NEUROTROPHIN-4 INDUCES THE PRODUCTION OF C-FOS IN 
SPECIFIC POPULATIONS OF DEVELOPING CORTICAL 
NEURONS THAT EXPRESS TRKB. A.L. Pearlman*. W.D. Snider. P A. 
Osborne, and J.E. Brunstrom. Depts. of Neurology, Cell Biology and Pharmacology, 
Washington University School of Medicine, St  Louis, MO 63110.

Since neurons in each layer of the cerebral cortex differ in their connectivity and 
function, we sought to determine whether the responsiveness of neurons in individual 
layers is specific to members of the neurotrophin family during development. We 
applied neurotrophins to an organotypic slice preparation of murine cortex, and 
detected the protein product of the immediate early gene c-fos 
immunohistochemically. Acute (3 hr) exposure of slices to NT-4, but not BDNF, 
NT-3 or NGF, induces expression of c-fos early in development in neurons of the 
preplate and its derivatives (marginal zone and subplate), and later in layers 2/3 and 5 
but not 4 or 6. Cortical neurons in slices from trkB knockout mice do not express c- 
fos in response to NT-4, confirming that the effect is mediated via the trkB receptor. 
To determine the expression pattern of trkB in developing cortex, we used in-situ 
hybridization to label mRNAs for its extracellular and cytoplasmic domains. 
Message for both domains is present in the preplate, marginal zone and subplate, and 
to a lesser extent in the early cortical plate. As cortical development proceeds (El8), 
the highest mRNA levels are in the subplate and forming layer 5, with relatively 
little at the top of the dense cortical plate (presumptive layer 4). At later stages (P5, 
P10), trkB message is diffusely present throughout the neocortex. Finally, we used 
intrauterine, intraventricular injections to demonstrate that embryonic cortical 
neurons express c-fos in response to NT-4 in vivo in the same pattern that is evident 
in slices. Thus responsiveness of early cortical neurons to NT-4, as measured by c- 
fos expression, is layer specific, developmentally regulated, and mediated by trkB. 
(Support: NEI and NINDS; neurotrophins generously provided by Regeneron and 
E.M. Johnson).

226.9

EFFECTS OF BDNF ON THE LEVELS OF SYNAPTIC PROTEINS.
N. Takei*, K. Sasaoka, K. Inoue, Y. Endo, 1M. 
Takahashi and . Hatanaka Dept. of Applied Biol., 
Kyoto Inst. Tech. Kyoto 606 , 1 Dept. of Neurosci.,
Mitsubishi Kasei Inst. Life Sci. Tokyo 187,  ̂ inst.
Protein Res., Osaka Univ. Osaka 565 Japan

Effect of BDNF on central neurons have been 
studied about regulations of the content of 
neurotransmitters, the activity of enzymes which 
synthesize neurotransmitters, the expression of mRNA of 
neuropeptides or survival of neurons. Little is reported 
about the long term effects of BDNF on synaptic 
transmission. Among many steps of neurotransmission, one 
important step is regulated release of transmitters. 
Recently, several proteins involved in this step are 
identified. Therefore, the effect of BDNF on the levels 
of these proteins was investigated.

Cortical neurons from E17 rats were cultivated in MEM 
containing 10% FBS with or without BDNF for 5-6 days. 
Neurons were collected and electrophoresed for Western 
blotting or fixed for electron microscopic observation. 
Neurotransmitter release was also measured by HPLC-ECD. 
BDNF increased s y n a p t o t a g m i n , s y n a p t obrevin,
synaptophysin and rab3A, which were known as vesicle 
protein. Syntaxin and SNAPs were also increased by BDNF. 
In contrast, there were no changes of the levels of 
tubulin and actin by BDNF.

These results may suggest that BDNF increses 
regulated release of neurotransmitters through the up- 

regulation of secretary mechanisms.

226.11

SUPPRESSED EPILEPTOGENESIS IN BDNF MUTANT MICE.
Merab Kokaia. Patrik Ernfors*ti. Zaal Kokaia. Eskil Elmer. Rudolf Jaeniseht. and 
Pile Lindvall. Restorative Neurology Unit, Department of Neurology, University 
Hospital, S-221 85 Lund, Sweden; †Whitehead Institute for Biomedical Research and 
Department of Biology, Massachusetts Institute of Technology, Nine Cambridge 
Center, Cambridge, Massachusetts 02142, USA; ‡Laboratory of Molecular 
Neurobiology, Department of Medical Biochemistry and Biophysics, Karolinska 
Institute, S-171 77 Stockholm, Sweden.

Kindling is an animal model of epilepsy in which repeated electrical stimulations 
lead to progressive and permanent amplification of seizure activity, culminating in 
generalized convulsions. Each brief period of seizure activity during kindling 
epileptogenesis causes a marked, transient increase of the synthesis of brain-derived 
neurotrophic factor (BDNF) in cortical and hippocampal neurons. We found that the 
development of kindling is markedly suppressed in mice heterozygous for a deletion 
of the BDNF gene. The fully kindled state (third grade 5 seizure) was reached after 
37±7 daily stimulations in the BDNF+/- and 17±3 stimulations in the BDNF+/+ 
mice. The deficit in the BDNF mutants mainly reflected dampening of the 
progression from focal to generalized seizures. In contrast, the maintenance of 
kindling was unaffected. The mutant mice showed lower levels of BDNF mRNA 
(25 to 51%) in cortical and hippocampal neurons after seizures compared to wild- 
type mice, while neither basal nor seizure-evoked TrkB mRNA levels were affected. 
Hippocampal mossy fiber sprouting was augmented in BDNF mutants at 9-10 
weeks following 10 grade 5 seizures, probably due to larger number of seizure 
episodes. Both BDNF+/+ and BDNF+/- mice showed a significant increase of 
Timm's staining in the supragranular layer, indicating sprouting of mossy fibers. 
However, the staining was clearly more pronounced in the BDNF mutants (score 
1.8±0.2) compared to wild-type animals (score 1.0±0.3). The cell number in 
dentate hilus, cortical thickness, calbindin and parvalbumin expression in 
hippocampus and cortex seemed to be normal in knockouts. These results show 
that BDNF plays an important role in establishing hyperexcitability during 
epileptogenesis, probably by increasing efficacy in stimulated synapses.

226.8

N E U R O T R O P H IN -4  P R O D U C E S  H E T E R O T O P IC  C O L L E C T IO N S  
O F  N E U R O N S , P R E C O C I O U S  N E U R O N A L  M A T U R A T IO N ,  
AND  E X U B E R A N T  P R O C E S S  O U T G R O W T H  D U R IN G  E A R L Y  
C O R T I C A L  D E V E L O P M E N T  IN  V I T R O  AND IN  V IV O . J .E .  
Brunstrom. P .A . Osborne. E.M. Johnson* and A .L . Pearlman. Depts. of 
Neurology, Cell Biology, and Pharmacology, Washington University School of 
Medicine, St. Louis, MO 63110

Early cortical neurons respond selectively to acute application of NT-4 by 
expressing c-fos: this response is developmentally regulated and layer-specific (see 
Pearlman et al, this volume). To determine the effects of longer neurotrophin 
exposure on cortical neurons, we applied NT-4, BDNF, NT-3 or N GF to 
organotypic slices of murine neocortex for 1-4 days. NT-4 induces distinct effects 
that are not apparent with other neurotrophins. These include: i) A marked 
increase in the number of neurons (identified by immunoreactivity for MAP2) in 
the normally cell-sparse marginal zone. These cells form horizontal bands or large 
clusters that indent the top of the cortical plate, ii) A striking increase in the 
number of cortical plate cells that express MAP2, indicating early maturation, iii) 
Enhanced outgrowth of axonal and dendritic processes, most striking in the 
marginal zone, which doubles or triples in thickness. Vigorous process outgrowth 
often disrupts the normal architecture of the cortical plate. Application of NT4 to 
cortical slices at preplate or early cortical plate stages induces marked alterations of 
the cortical mantle in less than 24 hrs. The effects are less prominent and occur 
over 2-4 days when NT-4 is applied after the cortical plate is well established. We 
used intrauterine, intraventricular injections to demonstrate that in  v ivo  application 
of NT-4 (but not BDNF) also induces the formation of abnormal collections of 
neurons in the marginal zone and abnormal neurite outgrowth. These observations 
suggest that cortical anomalies such as the heterotopias that form in developing 
human cortex may result from increased availability of NT-4 or increased 
sensitivity to its effects during specific developmental stages. (Support: NEI and 
NINDS; neurotrophins generously provided by Regeneron).

226.10

EVIDENCE FOR NEUROTROPHIN REGULATION OF NEURON 
SURVIVAL IN THE DEVELOPING ZEBRA FINCH TELENCEPHALON.
F. Johnson*  M. M. Sab lan . S. H ohm ann . & S. W. Bottj er. USC Neurobiology, Los 
Angeles, CA 90089-2520

Telencephalic regions that control vocal behavior in zebra finches undergo 
dramatic morphological changes as juvenile birds learn to sing. We have attempted 
to identify factors that regulate this striking relationship between neural and 
behavioral development by examining the role of afferent input in the development 
of a motor-cortical region for song (RA). RA doubles in volume during vocal 
learning, and we have previously demonstrated that afferent input from another 
cortical region (IMAN) is required for the survival of 30-50% of RA neurons in 
juvenile males during early vocal learning (Johnson & Bottjer, 1994). In the present 
study we have: I.) begun to characterize the cytoplasmic mechanisms underlying 
anterograde transneuronal degeneration in RA, and 2.) attempted to identify 
anterograde f a c to rs  that IMAN neurons m ig h t  normally release to promote RA 
neuron survival and development. Transneuronal degeneration studies indicate that 
removal of IMAN afferent input initiates mechanisms involving both in creosed  
oxidative metabolic activity and d e c re a se d  levels of rRNA (implying d e c rea se d  protein 
synthesis) in dying RA cells, whereas RA neurons that survive the loss of IMAN 
afferent input show no patent changes in metabolic activity or rRNA. Anterograde 
factor studies show that direct infusion of a neurotrophin (BDNF or NT-3) into RA 
completely prevents the death of deafferented RA neurons. In addition to rescuing 
RA neurons in IMAN-lesioned birds, neurotrophin treatment prevents the increase 
in oxidative metabolism and decrease in rRNA normally seen when deafferented RA 
neurons die, suggesting that these cytoplasmic changes are specific to mechanisms of 
RA neuron death and are not a consequence of deafferentation generally. These 
data are suggestive of a role for neurotrophins in the afferent regulation of RA 
neuron number and development during zebra finch vocal learning.

226.12

EFFECT OF NEUROTROPHIC FACTORS ON OLFACTORY EPITHELIUM IN 
VITRO. N. Liu. G. Yorke* & F.J. Roisen. Anatomical Sciences & 
Neurobiology, Univ. of Louisville School of Medicine, Louisville, KY 40292.

Previous studies in this laboratory have shown that chemical trauma to 
mouse olfactory epithelium (OE) stimulates mitotic activity in situ which 
continues when transplanted to culture. The present Immunofluorescence 
studies of cytoskeletal components aim to characterize the cells in the OE 
cultures. After nasal irrigation with 1% ZnS04 for 30 min, mice (25 g) were 
maintained for 4 days. Following removal and trypsinization of the OE, the 
cells were cultured on glass coverslips for a minimum of 6 days in vitro in 
Minimum Essential Medium supplemented with 10% FBS & gentamicin. 
These cultures exhibit three morphologically distinguishable cell types: (a) 
polygonal, keratln-positlve epithelioid cells that form clusters; (b) fusiform, 
relatively undifferentiated cells that are presumptive precursor ceils; and (c) 
spindle-shaped cells that resemble bipolar neurons. Some of the bipolar cells 
were immuno-positive for neurofilament protein and olfactory marker protein. 
Since the bipolar cells were immuno-negative for GFAP, it is likely that they 
are the neurosensory cells of the OE. These cells undergo asymmetric 
neuritogenesis in vitro, with establishment of short and long processes. Since 
axons and dendrites have different microtubule-associated proteins, we are 
examining the distribution of MAPs and tau to probe structural polarity. 
Embryonic OE cells exhibit receptors for neurotrophic factors in vivo. 
Therefore, the effects of trophic agents (EGF, BDNF, GDNF or NGF) on the 
distribution of cytoskeletal components is being examined. Chemical trauma- 
induced regenerating adult OE provides a unique tissue source for the in vitro 
study of factors affecting neuronal differentiation.
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226.13

SURVIVAL REQUIREMENTS OF A GLUTAMATERGIC NEURON.

A. Mever-Franke*. M. R. Kaplan. F. W. Pfrieger. and B. Barres. 

Stanford University School o f Medicine, Stanford, CA 94305-5401.

The signaling mechanisms that control the survival o f CNS neurons 

are poorly understood. The survival o f purified PNS neurons in vitro is 

promoted by peptide trophic factor stimulation. In contrast, our recent 

findings show that the survival o f purified postnatal rat retinal ganglion 

cells (RGCs) in vitro is not promoted by peptide trophic factors unless 

their intracellular cAM P is increased pharmacologically or they are 

depolarized by K+or glutamate agonists. The cAMP- and depolarization- 

induced responsiveness to survival factors are blocked by protein kinase 

A inhibition. Long-term survival o f the majority o f RGCs in culture 

requires a combination o f trophic factors, including BDNF, CNTF, 

IGF-1, an oligodendrocyte-derived protein, and forskolin. These results 

suggest that neurotransmitter stimulation or electrical activity may be 

essential for optimal survival o f RGCs and raise the question o f whether 

the survival control mechanisms o f PNS and CNS neurons are different.

226.14
ROLE OF IDENTIFIED GROWTH FACTORS IN THE DEVELOPMENT AND 
REGENERATION OF THE VERTEBRATE VISUAL SYSTEM. J A. Clausen*. C. 
McLauchlaiu D. J. Gooday. R. B. Lotto and D. J. Price Dept. of Physiology, Univ. 
Med. Sch., Teviot Place, Edinburgh, EH8 9AG, U. K..

We are studying the mechanisms involved in the development and regeneration 
of ordered projections in the vertebrate retino-tectal and thalamo-cortical sy stems. 
Previous work in this and other laboratories has implicated the identified growth 
factors: brain-derived neurotrophic factor (BDNF). neurotrophins 3 and 4/5 and 
fibroblast growth factor (FGF) in these processes.

We first used reverse-transcription polymerase chain reaction and 
immunocytochemistry to examine the expression of these molecules and their 
receptors. Second, we studied the effects of adding these molecules to cultured 
CNS cells. The temporal expression of BDNF, trkB mRNA, full-length Trk B and 
Trk C proteins coincides with neuronal differentiation, axonal growth, axon 
terminal arborization and patterning during development of these visual pathways 
In the prenatal and early postnatal cortex. I  rk C is found in the deepest and most 
superficial layers, whereas Trk B is found in most cortical layers.

We have shown that FGF has survival promoting properties when added to 
dissociated embryonic but not postnatal cortical cultures. We are using 
bromodeoxyuridinc to birthdate specific cortical layers and then culturing these 
embryonic cortical explants alone, with exogenous FGF. or embryonic thalamus to 
assess whether the survival promoting effect of FGF is cortical layer specific

Overall, these experiments further support the hypothesis that these growth 
factors are involved in the development and regeneration of the visual system, that 
different pathways use different factors and that their roles vary at different times.

226.15

THE EFFECTS OF CILIARY NEUROTROPHIC FACTOR ON ADULT 
MOUSE RETINAL GANGLION CELL OUTGROWTH IN  VITRO. J.A. 
Miotke* and R.L. Meyer, Dev. and Cell Biol., UC Irvine, Irvine, CA 
92717.

It has been speculated th a t the neurocytokine CNTF promotes the 
survival and regeneration of injured neurons. CNTF appears in the 
extracellular space after peripheral nerve damage and has been 
proposed to be a PNS lesion factor, released by damaged Schwann cells. 
CNTF protein and mRNA are also upregulated in astrocytes in lesioned 
adult CNS, and the application of exogenous CNTF has been shown to 
rescue a variety of axotomized CNS neurons in  vivo.

We have used a modified form of our explant culture system where 
regenerating adult retinal ganglion cells (RGCs) extend neurites onto a 
laminin substrate to test the effects of recom binant hum an CNTF 
(rhCNTF) under controlled in  vitro conditions. 400 µm  explants from 
normal adult mice were oriented RGC side down on a laminin substrate 
and incubated a t 37° C, 5% CO2 in serum-free defined media (DME- 
N 2.1). At 3 days in vitro (DIV), rhCNTF a t a final concentration of 100 
ng/ml, but not 10 ng/ml, significantly increased the num ber of neurites 
per explant (p< 0.005). This suggests th a t CNTF may be a survival or 
regeneration factor for adult retinal ganglion cells.
Supported by NS 26750 to RLM

226.17

BDNF ENHANCED NEURAL REGENERATION IN AN AGED 
HUMAN RETINA IN VITRO. M. Takano*, H. Horie, N. Miyata,
T. Takenaka and S. Ohno, Depts. of Ophthalmology and Physiology, 
Yokohama City Univ. Sch. of Med., Yokohama 236, JAPAN.

Recent studies have clarified that the adult mammals have a capability 
of axonal regeneration from injured retina and that some neurotrophic 
factors enhance this ability in vitro. However, these effects have not 
been observed in adult human retina. In the present study, we investigated 
the capability of neural regeneration in adult human retina in vitro. The 
human retina was obtained at surgery from 69-year-old patient with 
retrobulber carcinoma. The retina was incised, embedded in a collagen 
gel and the explant was cultured in a serum free medium with or 
without BDNF ( brain-derived neurotrophic factor ). The capabilities 
of neural regeneration were evaluated by counting number of outgrowing 
neurites. There were no neurites from retinal explants after 2 days in 
culture without BDNF. In contrast, neurites with spread growth cone 
appeared within 24 hr in culture with BDNF. The application of BDNF 
increased the neurite numbers approximately ten-fold ( 5.6 vs 0.6 per 
explant) compared to control at 3 days in culture. The enhancements 
by BDNF continued longer than one week after in culture. These results 
indicate that aged human retina might have neural regeneration capability 
in vitro and BDNF could promote this capability.

226.16
CNTF IN THE RAT RETINA: EXPRESSION AND BIOLOGICAL EFFECTS. 
M. Kirsch, E. M. Kasper* and H.-D. Hofmann. Institute of Anatomy, 
University of Freiburg, P.O.B. 111, D-79001 Freiburg, Germany.

Ciliary neurotrophic factor (CNTF) promotes survival and differentiation 
of several populations of neurons in the central and peripheral nervous 
system. The receptor for CNTF (CNTFRa) is widely distributed in the 
central nervous system, suggesting a prominent role for this neurotrophic 
factor. We are interested in the role of CNTF in the vertebrate retina and 
have investigated the expression of CNTF and its receptor (CNTFRa) in 
the rat retina using PCR, Western blotting, immunocytochemistry and in 
situ hybridization. Quantitative PCR shows that CNTF- and CNTFRα - 
mRNA expression in the retina is developmentally regulated with maxima 
in early postnatal and adult tissue. CNTF can be localized in Muller cells 
and by immunocytochemistry it can be detected in their distal and 
proximal processes. Neurons immunoreactive for CNTFRα  are detectable 
in the amacrine and horizontal cell layer. In cultures of newborn rat retina 
addition of CNTF (5ng/ml) results in a 3-fold increase of [3H)-choline 
uptake and choline acetyltransferase (ChAT) activity and in an enhanced 
expression of ChAT-mRNA during a seven day culture period. These 
results suggest that CNTF is involved in the regulation of the 
development of the cholinergic phenotype of retinal amacrine cells. In 
addition to this stimulatory action of CNTF we have found that the 
spontaneous differentiation of rod photoreceptors occuring in rat cultures 
is dramatically (82-93%) inhibited by CNTF. Taken together our results 
provide evidence that CNTF plays an important role during the 
development of at least tw o different retinal cell types, which are non-
projection neurons, lending support to the hypothesis that CNTF acts in a 
local, paracrine or autocrine fashion.

226.18
NEUREGULIN PROMOTES RAT RETINAL CELL SURVIVAL IN VITRO
0. Bermingham-McDonogh, K. McCabe and T. Reh*. Cambridge 
NeuroScience, Cambridge MA 02139 and University of 
Washington, Seattle, WA 98195.

The neuregulins are a group of structurally related 
proteins that may have important roles in the development, 
maintenance and repair of the rtervous system. Transcripts 
of the neuregulin gene are alternatively spliced to pro
duce many distinct growth factors. To determine whether 
these molecules play a role in the retina, we examined the 
expression of neuregulin and putative receptor molecules 
in the developing and adult rat retina by in situ hybridi
zation and immunohistochemistry. In addition, we treated 
retinal cell cultures with rhGGF2 (a secreted member of 
the neuregulin family that was initially purified as a 
Schwann cell mitogen) and assayed for effects on cell pro
liferation, neuruonal differentiation and survival. We 
have found that l)neuregulin is expressed in the developing 
and mature retina, primarily in the retinal ganglion cells; 
2)the receptors for neuregulins, neu/erbB2, erbB3 and 
tyro2/erbB4 are expressed in the retinal ganglion cells in 
the developing retina; and, 3)that rhGGF2 promotes rat 
retinal cell survival in cell culture in an age-dependent 
manner, in the presence of absence of serum. These results 
indicate that neuregulin has actions on neurons in the 
developing retina, and suggest that these factors may be 
acting in an autocrine or paracrine manner, during develop
ment .
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226.19
NEUROTROPHINS REGULATE THE DIFFERENTIATION 

AND PROLIFERATION OF BRAIN DERIVED 02A PROGENITOR 
CELLS. R. I. Cohen. R. Marmur. W. T. Norton*. M. F. Mehler. and J.
A. Kessler Albert Einstein Col. of Med , Bronx, N Y 10461.

The proliferation of optic nerve derived 02A progenitors (OLP) is 
stimulated by neurotrophin 3 (NT3) and platelet-derived growth factor 
(PDGF), and NT3 alone promotes the survival of mature 
oligodendrocytes (Barres et a l, Nature, 1994). However, the presence, 
function and developmental profile of Trks, the high affinity neurotrophin 
receptor family, in brain derived OLP remain to be described. 02A 
progenitors derived from P2 rat brain have been treated with NT3, nerve 
growth factor (NGF), brain derived growth factor (BDNF), basic 
fibroblast growth factor (FGF) and PDGF. NT3 treatment only 
moderately increased the incorporation of BrdU in 04+ OLPs but 
NT3/PDGF and to a great extent NT3/bFGF significantly increased the 
number of 04+/BrdU+ cells. In addition, MTT assay showed that NT3 
and NGF but not BDNF increased the survival of GC+ OLs in a dose 
dependent manner. Western blot and RT-PCR analysis showed that 
TrkC, the high affinity receptor of NT3, Trk A, the high affinity receptor 
of NGF, and truncated form of TrkB that lacks the tyrosine kinase 
domain are expressed in early OLPs as well as mature OLs. However, 
the low affinity neurotrophin receptor, P75, is not expressed in 02A cells, 
and is positively regulated as a function of differentiation. Our data 
provide evidence that the neurotrophins play an important role in 
orchestrating the proliferation and survival of developing and mature OLs 
in vitro.

226.20
EXTENDED NEUROPROTECTION OF AXOTOM IZED NEURONS IN THE 
LATERAL G ENICULA TE N U CLEU S (LGN) BY CILIAR Y NEUROTROPHIC 
FACTOR (CNTF). R .E. Kalil*. S. Aearwala and J. Luehring. Center for 
Neuroscience and Department of Ophthalmology and Visual Sciences, University of 
WI, Madison, WI 53706.

Neurons in the LGN  of the rat die quickly after axotomy. This death does not begin 
immediately, but appears to be delayed for at least 3 days. However, between 3 and 
7 days most of the neuronal death that will occur in the LGN  takes place. Our 
previous work demonstrated that CNTF is capable of protecting axotomized LGN  
neurons from dying, but it did not determine whether this protection was temporary or 
enduring.

To answer this question, we axotomized LG N  neurons in adult rats by making a 
unilateral lesion of visual cortex (areas 17, 18, and 18A). A gelatin sponge soaked in 
a solution of CNTF (0.78mg/ml) was placed on the surface of the lesion and the 
animals survived for 4, 8, or 12 weeks. Control rats survived for comparable periods 
of time, but received only a lesion of visual cortex. The animals were perfused with 
mixed aldehydes and frontal sections through the LGN  and visual cortex were stained 
with cresyl violet. The number of surviving LG N  neurons in control (RVC) and 
CNTF-treated animals (RVCC) at each survival period was compared with the number 
of neurons in normal adults. Four, 8 and 12 weeks after a lesion of visual cortex, the 
number of surviving LGN  neurons in RVC rats is approximately 28%, 20% and 19% 
of normal, respectively. In R V CC rats, the corresponding number of surviving 
neurons is 50%, 48% and 30% with respect to normal.

Thus, a single administration of CNTF at the time of axotomy can increase the 
survival of injured LGN  neurons by nearly 80%, 140% and 60% at 4, 8 and 12 weeks 
postoperatively. These results suggest that if CNTF is delivered to damaged LGN  
neurons at the time of injury, it can protect many of them from dying for extended 
periods of time.
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M O N O C L O N A L  ANTIBOD IES TO N G F  A F F E C T  L E A R N IN G  O F  RAD IAL  
M A ZE  IN AD U LT RATS. Costagliola R„ Cenni M .C., Ruberti F.. Cattaneo A., 
Maffei L.. Giuditta A. and Berardi N .* Dipartimento di Fisiologia Generale e 
Ambientale, Universitá di Napoli; Istituto di Neurofisiologia del CNR, Pisa; Scuola 
Normale Superiore, Pisa; SISSA, Trieste ITALY.

Recent results indicate that neurotrophins, such as NGF and BDNF, might be 
involved in processes of synapse stabilization and neural plasticity during nervous 
system development. In addition, exogenous supply of NGF in aged rats improves 
their learning performance in Morris water maze. To investigate whether 
endogenous NGF plays a role in spatial learning in adult rats, performance in a 
radial maze was assessed before and after a treatment aimed at blocking endogenous 
NGF activity. 12 adult Long Evans rats were intraventricularly implanted with 
aD ll hybridoma cells producing antibodies preventing NGF binding to its 
receptors. As a control 12 littermates were implanted with parental P3U myeloma 
cells and 4 littermates were left untreated. Cells were labelled with lipophilic tracer 
Dil prior to injection to allow subsequent histological identification. The antibody 
litre was determined in samples of CSF collected at different intervals from the time 
of implant (ELISA). At the end of the experiment conventional histological analisys 
and immunohistochemistry for ChAT were performed.

We have found that pre- and post-treatment performances were 
undistinguishable in all control rats. In contrast, in all a D ll implanted rats post 
implant performance was significantly impaired in comparison to their pre-implant 
performance, both in terms of acquisition rate and of final level of accuracy. In 4 
aD ll and 4 P3U rats learning performance was again assessed 3 months after 
implant, when aD ll antibodies were no longer detectable in the CSF. Complete 
recovery of performance was found in all aDl 1 implanted rats.

We conclude that endogenous NGF plays a crucial role in spatial learning in 
adult rats. (Supported by HFSP RG 93/93).

227.3

MICE HETEROZYGOUS FOR NERVE GROWTH FACTOR (NGF) 
GENE DELETION SHOW DEFICIT IN SYNAPTIC PLASTICITY IN 
THE HIPPOCAMPUS. N. Shinsky*. M.C. Nishimura. J.L. Zheng.
H.S. Phillips and W.-Q. Gao. Department of Neuroscience, 
Genentech, Inc., South San Francisco, CA 94080.

We hypothesized that NGF, in addition to its known effects on 
survival and function of the basal forebrain cholinergic system, also 
plays a role in modulation of synaptic plasticity. Heterozygous 
mutant mice were generated that contained only one normal copy of 
the NGF gene. The reduction of NGF level in hippocampus was 
confirmed by ELISA assay and immunohistochemistry with a specific 
antibody against NGF. In hippocampal slices prepared from the 
mutant and wild-type mice (8-12 months old), we have examined 
short-term synaptic plasticity (post-tetanic potentiation, PTP, and 
paired-pulse facilitation, PPF) and long-term synaptic plasticity (Iona- 
term potentiation, LTP). Field excitatory postsynaptic potentials 
(fEPSPs) were recorded in stratum radiatum of CA1 area after 
stimulation of Schaffer collaterals. PPF was obtained by giving 2 
pulses with an interval of 50-250 msec. LTP was elicited by 4 trains 
of tetani (100 Hz, 1 sec) with an interval of 20 msec. A significant 
deficit in late phase of LTP (L-LTP, 3 hours after tetanic stimulation), 
a process closely associated with memory storage, was seen in the 
slices prepared from the mutant mice as compared to the wild-type 
animals. In contrast, PTP and early phase of LTP (E-LTP, within 1-2 
hr after tetanus) were essentially the same in the slices prepared 
from both types of animals. The finding that reduction of NGF level 
in the hippocampus results in a decline exclusively in the 
maintenance of LTP, suggests a non-NMDA, protein synthesis- 
dependent mechanism involved in this process. In addition, the 
mutant mice showed a significant decrease in the magnitude of PPF, 
suggesting a pre-synaptic mode of NGF action.

227.2
CO M PA R ISO N  O F  T H E  E FF ECT S O F  N G F  A N D  A  RECO M B IN AN T  
PANTROPHIN O N  SPATIAL W O R K IN G M E M O R Y  IN A G E D  RATS. K .M. 
Frick*. A .L . Markowska. D.L. Price, L.E. Burton. R.R. Sukhov, and V.E, 
Koliatsos. Depts. of Psychology, Pathology, Neurology, & Neuroscience, and 
Neuropathology Laboratory, Johns Hopkins University, Baltimore, M D  21218 and 
Genentech, Inc., S.San Francisco, C A  94080 

Degeneration of the basal forebrain cholinergic system is correlated with 
spatial memory deficits in aged rats. Treatments which attenuate cholinergic 
degeneration in the aged brain can effectively improve spatial memory. Four 
weeks of intraventricular administration of nerve growth factor (NGF) in aged 
rats has been shown to diminish basal forebrain cholinergic degeneration, as well 
as improve spatial working memory. The primary aim of this study was to 
determine whether a new synthetic recombinant molecule, which activates the 
high affinity neurotrophin receptors trk A , trk B, and trk C  (pantrophin), would 
improve spatial working memory to a greater extent than N G F, which activates 
trk A  only. Because trk B and trk C  activation have been associated with motoric 
function, sensorimotor abilities were also examined. Young (3 months) and aged 
(21 months) Fischer-344 rats were trained preoperatively in a delayed non-match- 
to-position water maze task (to test spatial working memory) and in a battery of 
sensorimotor tasks. Preoperatively, aged rats had significantly lower choice 
accuracy in the spatial working memory task, as well as impaired sensorimotor 
performance in some tasks. N G F, pantrophin, or a cerebrospinal fluid vehicle 
was delivered intraventricularly to young and aged rats via an osmotic minipump 
for four weeks. A  comparison of the effects of N G F  and the pantrophin on 
spatial working memory and sensorimotor performance will be discussed.

227.4

ANTI-TRAN SFERRIN  R ECE P T O R  A NT IB O D Y-N G F C O N JU G A T E  
IM PR O V ES SPA TIA L M E M O R Y  AND A M E L IO R A T E S C H O L IN E R G IC  
N EURO N A TR OPH Y IN A G ED  RATS. C. Backmanl 2*. A-C Granholm123. 
R. Bartus5. M. Henry2, B. Hoffer1,3 ,4 and G . Rose1,3 4. Neuroscience Program1, 
Depts. of Basic Science2 and Pharmacology3, University of Colorado HSC, 
Denver, CO 80262 and Medical Research Service V AM C\ Denver, CO 80262. 
Alkermes Inc.5, Cambridge, MA.

We have previously demonstrated that an anti-transferrin receptor antibody 
(OX-26) conjugated to nerve growth factor (NGF) enhances the survival of aged 
cholinergic neurons in basal forebrain intraocular transplants, thus suggesting that 
the conjugate passes the blood-brain barrier. In the present study, we have 
investigated the effects of intravenous administration of OX-26-NGF on retention 
of a spatial memory task and morphology of forebrain cholinergic neurons in rats 
during aging. Male Fischer 344 rats at the age of 24 months were trained in the 
Morris water maze prior to the NGF treatment. A mixture of OX-26 and NGF  
(mix) or OX-26-NGF conjugate was injected (50 µg/injection) into the tail vein 
twice a week for a period of 6 weeks. During the last week of injections the 
animals were retested in the water maze. Treatment with OX-26-NGF 
significantly improved the retention of this spatial memory task in the aged rats 
that were behaviorally impaired prior to treatment. In contrast, the performance 
of behaviorally unimpaired aged rats was worsened by OX-26-NGF treatment. 
The aged rats treated with the OX-26-NGF conjugate showed a significant 
increase in number of cells and cell size in the medial septal nucleus of neurons 
showing low affinity NGF receptor (p75) immunoreactivity when compared to 
similar cells in the controls. These results indicate that treatment with OX-26- 
NGF can partially reverse the cholinergic cell loss and improve the retention of 
a spatial memory task in behaviorally impaired aged rats. Support: NIH, 
National Institute of Aging # AG 12122.
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227.5

LIGHT AND ELECTRON MICROSCOPIC LOCALIZATION OF OX-26- 
IMMUNOREACTIVITY IN BRAIN. M.Curtis*1 M.A.Henry2. B.J. Hotter3,4. 
R.T. Bartus5. and A.-Ch. Granholml1.2.3.4. Depts. Cell. & Struct. Biology1, 
Basic Sciences2, Pharmacology3, Neuroscience Program4, Univ. of Colo. 
HSC, Denver, CO 80262, and Alkermes Inc.5, Cambridge, MA 02139.

We have previously demonstrated that an anti-transferrin receptor 
antibody (OX-26) conjugated to nerve growth factor (NGF) stimulates the 
survival of aged cholinergic neurons in the basal forebrain in situ and in 
intraocular septal transplants. Here, we examine the immunocytochemical 
localization of the OX-26 antibody in the CNS to better understand the 
mechanism of this effect. Ten normal adult rats (Fischer 344) were injected 
with 50 µg of the OX-26-NGF conjugate in the tail vein. Following survival 
periods ranging from 20-30 minutes, the subjects were perfused and the 
brains were processed for OX-26 immunocytochemistry using the avidin- 
biotin method (Vector Labs) at both the light (LM) and electron microscopic 
(EM) levels. EM investigations were limited to labeling of endothelial cells in 
the brain. LM results demonstrated the presence of OX-26- 
immunoreactivity (IR) in blood vessels and cells located in the basal 
forebrain, cranial motoneurons, hippocampus, and cerebellum. EM studies 
showed the presence of OX-26-IR within the cytoplasm of endothelial cells 
as well as at the lumenal and ablumenal membrane surfaces. The profiles 
that contained the OX-26-IR in endothelial cells included vesicles of various 
sizes and shapes, amorphous dense bodies and tubules. Especially 
striking was the concentration of vesicular profiles at the ablumenal 
membrane. These results show that the OX-26-NGF conjugate, as 
demonstrated with OX-26 immunocytochemical techniques, is internalized 
in endothelial cells. Future studies will examine longer survival periods to 
determine possible transport into brain parenchyma and will use double 
labeling methods to selectively visualize the OX-26 and the NGF 
components of the conjugate. Support: NIH, Grant #AG12122.

227.7

FA CILITA TIO N  OF RAPID H IPPO CA M PA L KINDLING 
INDUCED BY INTRAVENTRICULAR INJECTION OF 192 IgG- 
SAPORIN. I.Ferencz. M .K okaia. M .Keep*. E.Elm ér . Z .K okaia. and
O.Lindvall. Restorative Neurology Unit, Department of Neurology, University 
Hospital, S-221 85 Lund, Sweden.

Cholinergic neurons have been implicated in the mechanisms underlying kindling 
development as well as in the regulation of neurotrophin gene expression. The 
recently developed immunotoxin 192 IgG-saporin induces an effective lesion of 
subgroups of basal forebrain cholinergic neurons expressing the p75 NGF receptor 
and intraventricular injection leads to almost complete cholinergic denervation of 
the hippocampus and neocortex. Our previous study showed that intraventricular 
injection of 192 IgG-saporin facilitates development of conventional hippocampal 
kindling (stimulation once daily) and perturbs neurotrophin mRNA regulation. In 
order to further explore the role of the cholinergic system for seizure development 
and neurotrophin gene expression, we have injected 192 IgG-saporin into the lateral 
ventricle (2.5 fig bilaterally). Three weeks later the rats were subjected to electrical 
stimulations according to the rapid kindling paradigm (400 µA, 10 Hz, 1 ms square- 
wave pulses for 10 s, 40 stimulations performed every 5 min during about 3.5 h) 
in the left hippocampal CA1-CA3 region. Vehicle-injected animals were used as 
controls. Kindling characteristics (number of grade 4-5 seizures, duration of 
afterdischarges and behavioral convulsions, and latency to convulsions) were 
compared between the two groups. Animals injected with 192 IgG-saporin 
experienced significantly more grade 4-5 seizures compared to controls during the 
stimulation period (6.5±1.1 and 3.5±0.6, respectively; p<0.05, Students t-test), but 
there were no other differences. Acetylcholinesterase histochemistry of sections 
from immunotoxin-treated animals showed almost complete cholinergic denervation 
in hippocampus and neocortex. Minor lesions of Purkinje cells in outer cerebellar 
cortical layer were also observed. Data on neurotrophin regulation will be presented. 
The results of this study indicate that immunotoxin-induced lesion of the 
cholinergic system increases seizure susceptibility in rapid hippocampal kindling.

227.9

NGF PREVENTS THE DEVELOPMENT OF AMBLYOPIA IN RATS
H. Q. Yan*. M. L. Mazow and N. Dafny. Dept. of Ophthalmology 

and Nurobiology & Anatomy, Univ. of Texas Med. Sch. at Houston, TX 77225 
The objective of the present study is to demonstrate that nerve 

growth factor (NGF) given icv during 30 days of monocular deprivation at the 
critical period of development will prevent amblyopia assessed by 
electrophysiological means. Photic evoked responses were recorded from the 
striate cortex of Long-Evans hooded normal (control), monocular visual 
deprivation (MD) and MD with NGF treatment (MD + NGF) rats. The averaged 
visual evoked responses (AVER) were obtained from both hemispheres and 
provided comparison between the binocular and monocular photic stimuli as 
well as the contralateral and the ipsilateral striate cortex with relation to the 
monocular deprived eye. One month of monocular visual deprivation (MD) at 
the critical period of development resulted in marked reduction of the amplitudes 
of AVER components (i.e., components N2 and P3) as compared to the control 
recordings (P < 0.001); and these changes of the AVER could be prevented by 
NGF infusion to lateral ventricle by Alzet osmotic pumps at the dosage of 2.0-
2.4 µ g/day for four weeks. In control animals, the AVER amplitudes of the two 
hemispheres recorded following binocular or monocular photic stimulation were 
identical, while in MD rats the two visual cortices responded differently and 
those changes can partly be prevented by NGF infusion. In conclusion, the 
change of AVER amplitudes induced by monocular visual deprivation during the 
critical period of development can be prevented by NGF infusion to lateral 
ventricle.

227.6

CAN b-FGF, NGF AND CEREBROLYSIN PREVENT MEMORY 
IMPAIRMENT ELICITED BY FIMBRIA-FORNIX LESION? V. Valoušková
L. Francis-Tumer, and J. Paleček*. Institute of Physiology, Academy of Science of 
Czech Republic. 142 20 Prague. Czech Republic.

Neurotrophic factors were shown to prevent degeneration and facilitate 
regeneration in damaged CNS. In an attempt to compare the effect of b-FGF, NGF 
and nootropic drug Cerebrolysin (Cer) (EBEWE Arzneimittel). 132 naive 3-month- 
old rats (Long Evans strain) were trained to escape from water in the Morris pool to a 
hidden platform (3 consecutive days; Dl, D2, D3; 8 trials/day). Next day fimbria- 
fornix was unilaterally removed by suction (pentobarbital anaesthesia) and needle 
connected to a micro-osmotic pump (rate 0.5 µl/hour) filled by b-FGF (0.2 µg/ml, 
group FGF, n=15) or NGF (11 µg/ml, group NGF. n=18 and 0 5 µg/ml, group ngf, 
n=15) was placed into the lateral ventricle (i.v.) ipsilateral to the lesion. Cer was 
applied via intraperitoneal injection (i p ) (2.5 ml/kg/day. group CER, n=26) One 
group was treated by Cer (i.p., 2.5 ml/kg/day) and NGF (i.v., 11 µg/ml) (group 
CERNGF, n=14). As control groups served intact (group INT. n=18) and lesioned 
only rats (group LES, n=26). After the 14-day-treatment (D19) rats were tested for 
their ability to remember the position of the platform (4 trials). On the next 3 days 
(D20. D21, D22) rats were trained to find the platform placed in a opposite quadrant 
of the pool. The length of trajectory and escape latency were recorded and speed of 
swimming was calculated

Groups LES. NGF, ngf and FGF were similarly impaired (p < 0.03) in their ability 
to retrieve the old position of the platform while groups CER and NGFCER were 
comparable to intact animals (p > 0.05) Groups LES (p < 0.001) and FGF (p < 0.01) 
learned the new position of the platform (D20-22) very slowly and were significantly 
impaired when compared to Dl-3. Performance of lesioned rats receiving Cer and 
NGF on D 20-22 was similar to their performance on Dl-3 (p > 005).

It is concluded that retrograde amnesia elicited by the fimbria-fornix lesion can be 
abbreviated by NGF and/or Cer, while anterograde amnesia is absent only in rats 
treated by Cer. No short-term effect of b-FGF was found. Long-term effect of the 
above drugs after several months is currently evaluated

227.8

NGF MODULATES INFORMATION PROCESSING IN THE RAT 
AUDITORY THALAMUS. G  Vaptin i*1,3, V.M. Bajo2, J -M. Edeline3, and 
A.E.P. V illal. 1-Lab. de Neuro-heuristique, Inst. of Physiology, Univ. of 
Lausanne, CH-1005 Lausanne, Switzerland; 2-Dep. Biologia Celular y 
Patologia, Univ. Salamanca, E-37007 Spain; 3-URA-1491, Univ. Paris-Sud 
Orsay, France

The spatio-temporal organization of spike discharges is supposed to carry 
the information processed by the brain and thus underlie cognitive functions 
and the associated behaviour. Spike trains were recorded in rat auditory 
thalamus after continuous intracerebroventricular (icv) administration of 
NGF at the dose of about 3.5 µg /day , via minipumps. Up to 4 micro-
electrodes were simultaneously used for extracellular recording of single 
unit activity. Up to 3 distinct single units could be recorded from the same 
microelectrode. A total of 287 spike trains were studied in 10 control and 8 
NGF-treated young adult rats. Results indicate that NGF increased mean 
firing rate in the medial geniculate body (MGB), whereas discharges of 
thalamic reticular nucleus (RE) units tended to be grouped in bursts. In MGB 
of NGF-treated rats, acoustical stimulation evoked more onset excitation, a 
lower signal-to-noise ratio and a broader tuning to pure tones. Conversely, 
more inhibitory responses were evoked in RE. Functional interactions, 
assessed by crosscorrelation analysis were increased by NGF treatment. In 
particular, a prominent increase (from 2% in controls to 33% in NGF rats) of 
interactions of commun input type was observed between pairs of units 
simultaneously recorded from different electrodes within MGB. These data 
suggest that modifications of temporal pattern of discharges in selected 
brain regions may underlie the reported experimental and clinical effects 
induced by the icv admistration of NGF on cognitive functions.
Sponsored by European CHRX-CT93-0269 and Swiss OFES 93.0241 grants.

227.10

CHOLINERGIC HYPERINNERVATION AFTER NGF INFUSION INTO 
STRIATUM DECREASES STRIATAL NEURONAL FIRING RATE. Petter 
Förander*. Christian Humpel, and Ingrid Strömberg. Dept. of Neuroscience, 
Karolinska Institutet, 171 77 Stockholm, Sweden and Neurochemistry Unit, 
Dept. of Psychiatry, Univ. of Innsbruck, 6020 Innsbruck, Austria

New strategies have recently been developed where infusion of neuro
trophic factors into the brain can rescue different subpopulations of neurons. 
In this study we have evaluated morphological and. electrophysiological 
effects of NGF infused into striatum of normal rats. A dialysis fiber was 
implanted into center parts of dorsal striatum and connected to a minipump 
filled w ith NGF. A fter two weeks, the N G F-adm inistration was 
interrupted and the animals were anesthetized with urethane for single-
unit extracellular recordings from striatal neurons. The brains were then 
processed for immunohistochemistry using antibodies against acetylcholine 
esterase (AChE) and glial fibrillary acidic pro te in  (GFAP). In situ 
hybridization for muscarinic receptor mRNAs was performed. In striata 
infused w ith NGF neuronal spontaneus firing rate was significantly 
decreased (0.65±0.1 Hz) compared to saline infused control striata (1.4±0.24 
Hz). Local application of NGF did not change firing rates, suggesting that 
the inhibition seen after NGF-infusion was caused by the cholinergic hyper-
innervation. Quantative evaluation using image analysis showed a 50% 
increase of optical density of AChE-im m unoreactivity close to the NGF 
source compared to control side. Alterations in m l, m2, and m4 muscarinic 
receptor mRNA levels will be provided. The num ber of astrocytes as 
evaluated with GFAP-immunoreactivity or the dam age caused by the 
dialysis fiber did not correlate to the increase of AChE-immunoreactivity. 
In conclusion, NGF-infusion into normal striatum  results in a cholinergic 
hyperinnervation and reduced spontaneous activity of striatal neurons.



550 NEUROTROPHIC FACTORS: BIOLOGIC EFFECTS V MONDAY AM

227.11

THE EFFECT OF CHRONIC NERVE GROWTH FACTOR (NGF) 
DEPRIVATION ON PAIN-SIGNALLING SYSTEMS IN ADULT RATS.
D. Bennett. D. Shelton+, G Michael, JV Priestley. SB McMahon*. Department of 
Physiology, UMDS. London. UK. +Genentech. South San Francisco. U.S.A

We used a recombinant fusion protein consisting of the Fc portion of human 
IgG and the extracellular domain of the TrkA receptor to sequester endogenous 
NGF In vitro the TrkA-IgG blocks the biological activity of NGF without 
inhibiting the bioactivity of other known neurotrophins. This molecule (or a 
control CD4 fusion protein) was administered subcutaneously over a 14 day 
period to the lateral hind-leg via a silastic tube connected to a mini-osmotic 
pump, at 0.5 µg per hour.

Treatment with TrkA-IgG produced both a thermal (Hargreave's method) and 
mechanical (Randall-Selitto) hypoalgesia on the treated side (p< 0.05, unpaired t- 
test) that developed within 5 days and was maintained over the duration of the 
infusion, after which sensitivity returned to normal. The control CD4 protein 
produced no significant changes. Treatment with the TrkA-IgG also produced a 
marked reduction in the sensitivity of the treated skin to intradermal capsaicin 
(P<0.05). These behavioural changes were associated with a significant reduction 
in CGRP levels in the treated afferents. Immunostaining using PGP-9.5 revealed 
a reduction in nerve fibre density in the epidermis which had been treated with 
theTrkA-IgG.

These findings indicate that endogenous NGF has a role in maintaining the 
sensitv ity of primary afferents to thermal, mechanical and chemical stimuli. This 
may be mediated via effects on expression of neuromodulators such as CGRP 
and/or the maintenance of nerve terminal arborisations within the epidermis.

Supported by the MRC of Great Britain.

227.13

NERVE GROWTH FACTOR, SYMPATHETIC INNERVATION AND VOIDING 
FREQUENCY IN SPONTANEOUSLY HYPERTENSIVE RATS.
J.M. Spitsbereen*. R.C. McCarty. W.D. Steers and J.B. Tuttle. Departments of 
Neuroscience, Psychology and Urology, University of Virginia, Charlottesville, 
VA 22908.

Elevated nerve growth factor (NGF) and sympathetic hyperinnervation have 
been reported in vessels of spontaneously hypertensive rats (SHR). This study 
asked if bladder NGF production in SHR differs from that in normotensive 
Wistar-Kyoto (WKY) rats and if so, whether altered NGF secretion in SHR 
changes bladder sympathetic innervation and voiding frequency. NGF secretion 
rate by cultured bladder smooth muscle cells (BSMCs) from adult SHR and 
WKY rats was examined in serum-free culture by NGF ELISA. Adrenergic 
fibers in bladders were examined using frozen tissue sections stained with 
glyoxylic acid. Voiding frequency was measured in awake, unanesthetized rats. 
The rate of NGF secretion by BSMCs from SHR (11.8±3.6 fg/hr/100 cells) was 
greater than that by WKY BSMCs (3.5±0.3 fg/hr/100 cells, p<;0.05). 
Adrenergically innervated bladder base regions contained a greater number of 
fibers in SHR compared to WKY. Moreover, adrenergic fibers were observed in 
the bladder dome in SHR but not in WKY rats. Voiding frequency, measured in 
4 week old and adult rats, was higher in SHR (4.3±0.3 voids/6 hr at 4 weeks 
and 6.2±1.1 voids/6 hr in adults) than WKY rats (1.3±0.5 voids/6 hr at 4 weeks 
and 2.0±0.6 voids/6 hr in adults, p <0.05). The results indicate that, like 
vascular smooth muscle, cultured BSMCs from SHR secrete more NGF than 
cells from WKY. Increased NGF production by SHR bladder in vivo may be 
responsible for adrenergic hyperinnervation and elevated voiding frequency. 
These findings parallel changes observed in Wistar rats following bladder outlet 
obstruction. Thus, the SHR may be another example, in addition to outlet 
obstruction, consistent with an increased NGF secretion by bladder smooth 
muscle driving neuronal rearrangement and hyperactive voiding. (Supported by 
NINDS, NIDDK and AHA)

227.15

EFFECT OF N GF AND N T -4 /5  O N  c-JU N  EX PR ESSIO N  IN  
AXOTOM ISED M EDIAL-SEPTAL N EUR O N S.
P. H ughes1*, F. H efti2 and B. K nusel1. Andrus G erontology  
C entre1, Univ. So. Calif., LA, C A  90089-0191 and G enentech  
Inc.2, South San Francisco, C A  94080.

The inducible transcription factor c-JU N  increases in neurons in 
response to axotomy by unknown mechanism s. It has been  
postulated  that c-JU N  may regulate gen es involved in promoting  
d egeneration  or regeneration o f axotom ised neurons. H ere we 
investigate w hether a loss o f availability o f neurotrophins (N Ts) 
upregulates c-JU N  expression in axotom ised m edial-septal (M S) 
neurons, in-vivo, following unilateral lesion  o f fornix-fimbria. 
Control animals received injections o f cytochrom e-C (n = 4  rats, 2.5 
µ g). Injections o f N G F(2.5 µ g; n = 6)or N T -4 /5  (2.5 pg; n = 3 )  at 0, 
24, and 48 hrs post-axotom y, failed to significantly reduce the total 
number o f MS neurons im m uno-positive for c-JU N , w hen assayed 
72 hr post-axotom y in adult fem ale W istar rats. Since N G F- 
sensitive, ChAT-positive neurons represent only a small proportion  
o f total neurons within MS w e are currently using double-labeling  
procedures to investigate whether N T-treatm ent selectively reduces 
c-JU N  expresson in C hA T-positive MS neurons. PH  is a N ew  
Z ealand H ealth R esearch C ouncil Post-D octoral Fellow .

227.12
THE ROLE OF NGF IN A MODEL OF PERSISTENT VISCERAL PAIN. 
N. Dmitrieva*. A.SC. Rice, D.L. Shelton", and SB. McMahon. Dept. 
Physiology, UMDS, London, UK, and +Dept. Neuroscience, Genentech, San 
Francisco, USA.

There is growing evidence that nerve growth factor (NGF) is a mediator of 
inflammatory pain, but confirmation of this requires pharmacological 
antagonism. In an in vivo model of cystitis, we have used a synthetic fusion 
molecule (trkA-IgG) which selectively sequesters NGF (Shelton et al., 1995, 
J Neurosci, 15( 1 ):477-491)

In urethane-anaesthetized adult rats, the urinary bladder was cannulated via 
the urethra. Bladder reflexes were monitored in response to slow tilling (0.05 
ml/min for 14 mins). After baseline determinations, the bladders were exposed 
to one of the following solutions (0.5 ml) for 1 hr: i) Vehicle (10% DMSO in 
saline), ii) 20 µg/ml rhNGF, in vehicle, iii) 50% turpentine, iv) 50% turpentine 
and, simultaneously, the trkA-IgG fusion molecule (1 mg/kg, i.a.). Several 
parameters were measured in response to repeated slow bladder filling: 
micturition threshold (MT), number of micturition contractions (NC), and total 
contraction time (TCT).

The bladder reflexes were unaltered by vehicle alone. However, intravesical 
NGF and 50% turpentine oil produced a progressive hyper-reflexia, starting 
within 1 hr and persisting for the 5 hrs studied here. Five hrs post-treatment, 
NGF and turpentine produced: increases of 152%, 306%, respectively, in NC; 
increases of 402% and 209% in TCI ; decreases MT by 30% and 22%. All 
these etYects were statistically significant (P<0.05). Systemic pretreatment with 
trkA-IgG attenuated the hyper-reflexia to turpentine by 75% (NC), 76% (TCT), 
and 24% (MT).

These results suggest that endogenous NGF mediates the hyper-reflexia that 
develops in this model of cystitis. Supported by the MRC and CONICIT.

227.14
NGF WITHDRAWAL INDUCES THE APOPTOTIC DEATH OF DEVELOPING 
SEPTAL CHOLINERGIC NEURONS IN VITRO: PROTECTION BY cAMP 
ANALOGUE AND HIGH POTASSIUM. J.N.C. Kew*.1 D.W. Smith2 and M V. 
Sofroniew1 'MRC Centre for Brain Repair and Dept, of Anatomy, Cambridge,
U.K. & 2Merck, Sharp and Dohme, Terlings Park, Harlow, Essex, U.K.

NGF regulates the developmental programmed cell death of certain neurons in 
the PNS. The functions of NGF in the CNS are less well characterised. NGF 
withdrawal results in the protein synthesis-dependent death of a large percentage 
of developing septal cholinergic neurons in sandwich tissue culture. In this study 
double labelling techniques were used to demonstrate that septal cholinergic 
neurons subjected to NGF withdrawal exhibit condensed chromatin and 
fragmented nuclei, and are labelled intensely for fragmented DNA. These 
degenerative changes are characteristic of apoptotic cell death. Half of the 
cholinergic neurons were committed to die and could no longer be rescued by NGF 
reapplication following approximately 16.5 hours of NGF deprivation, whereas 
half of the cholinergic neurons could no longer be rescued by cycloheximide 
addition after only 9 hours of NGF deprivation, suggesting that NGF and 
cycloheximide effect rescue by distinct mechanisms. Addition of CPTcAMP or 
depolarisation with high K+, but not the general nuclease inhibitor 
aurintricarboxylic acid, prevented the death of cultured septal cholinergic neurons 
subjected to NGF withdrawal. Furthermore, these agents were capable of rescuing 
cholinergic neurons subjected to a period of NGF withdrawal after which addition 
of cycloheximide was no longer protective. Thus, NGF, CPTcAMP and high K+ 
can effect rescue after inhibition of translation ceases to be protective. These 
findings suggest that under defined conditions in vitro, withdrawal of NGF from 
septal cholinergic neurons during a critical period of development results in the 
apoptotic death of these CNS neurons, which can be prevented at the 
posttranslational level by NGF, CPTcAMP and high K+

227.16
PARTIAL CHOLINERGIC IMMUNOLESION: DIFFERENTIAL RECOVERY OF 
CHOLINERGIC MARKERS WITH NGF SECRETING TRANSPLANTS IN CNS. 
S. Rossner. J. Yu. D. Pizzo. K. Weirbach-Perez. R  Schliebs. V. Bigl. and J.R. Perez- 
Polo*. Dept. HBC&G, Univ. of Texas Med. Branch, Galveston, Tx 77555, and Paul 
Flechsig Inst, for Brain Res., Dept. Neurochem., Leipzig 04109, Germany.

Cholinergic neurons arising from the basal forebrain are the major source of 
cholinergic cortical and hippocampal innervation. In Alzheimer's disease (AD) there 
is a profound loss of cholinergic neurons within the Nucleus basalis leading to cortical 
cholinergic hypoactivity. Furthermore, the degree of cholinergic cell loss in the basal 
forebrain correlates with cognitive deficits. To mimic these cholinergic deficits in 
experimental animals the cholinergic immunotoxin 192IgG-saporin was introduced and 
was shown to selectively destroy rat cholinergic basal forebrain neurons after 
intraventricular injections resulting in cholinergic deafferentation of cerebral cortex 
and hippocampus. Therefore, subtotal immunolesions should allow to test therapeutic 
strategies to treat cholinergic deficits related to AD. The aim of the present study was 
to proof the capability of chronic nerve growth factor (NGF) treatment to induce 
recovery of cholinergic markers after subtotal cholinergic immunolesions. Adult male 
rats were injected intraventricularly with doses of 192IgG-saporin that destroy 40 to 
60% of cholinergic basal forebrain neurons. Ten days postlesion rats received 
intraventricular transplants of either Swiss 3T3 cells transfected retroviraly to secrete 
NGF, or Swiss 3T3 cells containing the virus alone. Eight weeks after transplantation 
brains were analysed using biochemical methods to measure choline acetyltransferase 
activity, acetylcholinesterase activity and high affinity choline uptake. Additionally, 
(immuno)histochemistry for acetylcholinesterase, NGF and NGF-receptor was carried 
out. Chronic NGF-treatment resulted in remarkable enhancements of biochemical 
cholinergic markers, increase in the density of cortical acetylcholinesterase staining 
and in the size of remaining cholinergic basal forebrain neurons. This study provides 
further evidence for the usefulness of neurotrophic strategies to treat AD.
Publication # 27A supported by USPHS POl AGIOS 1A awarded by the NIA and NS18708.
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227.17

A TIME COURSE ANALYSIS OF CHANGES IN CHOLINERGIC MARKERS 
AND p140*k RECEPTOR FOLLOWING COLCHICINE INFUSION INTO THE 
RAT NUCLEUS BASALIS MAGNOCELLULARIS.
L . W Shanghnessy*1. S. Barone Jr.2. W. R. Mundy2 & H. A. T ils o n 2. 1Curr. Neurobiology, 
UNC, Chapel Hill & 2 Neurotoxicology Division, U.S. EPA, RTP, NC 27711.

Colchicine, a microtubule inhibitor, was infused into the basal forebrain and the time 
course of changes in several cholinergic markers and one NGF receptor-related marker 
were assessed. Bilateral infusions of either colchicine (3.0pg/0.5µl/site) or vehicle 
(0.5µl/site) were made in the nucleus basalis magnocellularis (NBM) of male Long-Evans 
rats (n=16/group). The rats were sacrificed 3, 7, 14 or 28 days post-lesion. Adjacent 
sections from brains from each time point were stained immunohistochemically or 
histochemically for choline acetyltransferase (ChAT), acetylcholinesterase (AChE) and 
p140trk (trk). Quantitative analysis of ChAT immunoreactivity (IR) revealed that following 
colchicine infusion, the number of neurons decreased from control levels beginning 3 days 
post-lesion and reached the greatest loss (60% of control value) at 28 days post-lesion. 
Qualitative analysis of AChE histochemistry in the cortex showed the greatest decrease in 
density of AChE-stained cortical fibers occurring 3 days post-lesion followed by a small 
increase in fiber-staining at the later time points. Examination of trk-IR in and around the 
NBM revealed a time-dependent increase in trk-IR in putative astrocytes at 14 days post-
lesion. In summary, the time course of changes following colchicine infusion in the NBM 
varies for different cholinergic markers and for trk. Both of the cholinergic markers show 
large decreases, although the time course of the loss is different for the cholinergic cell 
bodies and cortical fibers. These differing patterns are likely due to the mechanism of action 
of colchicine which results in a blockade of retrograde and anterograde axoplasmic 
transport. In addition to lesion-induced decreases in cholinergic markers there was an 
increase in trk-like immunoreactivity in hypertrophic astrocytes, suggesting an association 
between this neurotrophin receptor expression and lesion-induced reactive gliosis. Further 
analysis of the time course of alterations following a lesion may shed light on the processes 
involved in lesion-induced compensation within the basal forebrain cholinergic system.

227.19

CEP1347 PROMOTES SEPTAL CHOLINERGIC CELL BODY SURVIVAL IN 
RATS SUBJECTED TO FIMBRIA-FORNIX LESION. E. Robbins*. E.M. 
Brown. S. Carswell. M. Miller. C. Murakata. N. Neff and M.S. Saporito. 
Cephalon Inc., 145 Brandywine Parkway, West Chester, PA 19380, Kyowa- 
Hakko Kogyo, Tokyo, Japan.

We have reported that CEP1347, a structurally unique indolocarbazole, 
promotes survival of cultured forebrain cholinergic neurons and nucleus 
basalis cholinergic neurons subjected to excitotoxic lesion in vivo (see 
accompanying abstract). To further test the hypothesis that CEP1347 acts by 
increasing neuronal survival, its activity was assessed in the well- 
characterized fimbria-fornix lesion model and compared to the neurotrophic 
effects of NGF. Unilateral transection of the fimbria-fornix produced a 50% 
loss in hippocampal ChAT activity and a correlative decrease in ChAT 
positive cell bodies in the septum ipsilateral to the side of the lesion. Rats 
injected with CEP1347 (0.5 mg/kg; s.c.) from the time of lesion had 
significantly higher levels of septal ChAT positive cells than vehicle treated 
controls. As expected for a neuroprotective compound, hippocampal ChAT 
activity was unaffected by CEP1347 up to 14 days after lesion. In contrast, 
ICV infused NGF promoted elevations in ChAT activity in the lesioned 
hippocampus as well as recovery of ChAT positive cells in the septum. These 
results provide further evidence that CEP1347 promotes neuronal survival in 
a manner that is distinct from the neurotrophic actions of NGF. Moreover, 
these studies demonstrate that CEP1347 promotes survival of, not only 
cholinergic neurons subjected to direct excitotoxic damage, but those 
undergoing retrograde degeneration. These data further support the concept 
that CEP1347 may be appropriate for diseases involving cholinergic 
degeneration.

227.21

CONSEQUENCES OF WITHDRAWING EXOGENOUS NGF SUPPORT IN 
A MODEL OF CNS REGENERATION. J.M. Conner* and S. Varon. UCSD, 
Department of Biology-0506, La Jolla, CA 92093

Previous investigations have shown that the distribution of sprouting 
sympathetic fibers into the septally-denervated hippocampal formation 
correlates strongly with the location of spatially restricted zones of 
endogenous NGF. More recently, we have demonstrated that altering the 
levels and distribution of NGF within the hippocampal formation markedly 
affects the sprouting response by the NGF sensitive sympathetic fibers. In 
addition to increasing the density of sympathetic innervation within the mossy 
fiber region (where innervation occurs in the absence of exogenous NGF and 
where endogenous NGF is localized), the exogenous NGF solicited 
sympathetic ingrowth into hippocampal territories which are not normally 
invaded. The present study has investigated the consequences of stopping 
exogenous NGF delivery upon the enhanced sympathetic innervation in the 
hippocampal formation. To address this question, infusion devices were 
removed from animals which had received a continuous intrahippocampal 
NGF delivery for 16 days (32 ng/pl X 0.15 µl/hr). These animals were 
sacrificed at 3,7,14,30 or 45 days following NGF withdrawal and sympathetic 
innervation within the hippocampal formation was evaluated by DBH 
immunostaining. Sympathetic ingrowth within those regions that were 
innervated only following exogenous NGF delivery (CA1 and alveus) was 
noticeably reduced by 7 days post-withdrawal (7dpw) and was completely 
absent by 30dpw. A reduction in sympathetic innervation to the mossy fiber 
region was also observed at 30dpw but did not progress further by 45dpw. 
Furthermore, the density of innervation within the mossy fiber region at 
45dpw remained greater in animals which had been infused with NGF for 16 
days than in those which had never been infused. These results suggest 
that a continous local supply of NGF (either endogenous or exogenous) is 
required to maintain sympathetic innervation within hippocampal territories.

227.18

COMPARISON OF THE PHARMACOLOGICAL ACTIONS OF CEP1347 TO 
NERVE GROWTH FACTOR IN RATS WITH LESIONS OF THE NUCLEUS 
BASALIS MAGNOCELLULARIS. M.S. Saporito*. E.R. Brown. F. Haun. M. 
Miller, C. Murakata. N.Neff and S. Carswell. Cephalon Inc., 145 Brandywine 
Parkway, West Chester, PA 19380, Kyowa-Hakko Kogyo, Tokyo, Japan.

Maintaining forebrain cholinergic function is considered to be a rational 
therapeutic approach for the treatment of Alzheimer's disease. NGF 
promotes increases in cholinergic function in models of neurodegeneration 
including those involving excitotoxic lesioning of the NBM and, thus, has 
been considered for use in this disease. We have reported that systemic 
administration of CEP1347, a structurally novel indolocarbazole, preserves 
cortical ChAT activity in adult rats subjected to NBM lesioning. This study 
expands on this finding by assessing the effects of CEP1347 on other 
cholinergic parameters and comparing them to the effects of ICV infused 
NGF. Ibotenic acid infusion into the NBM produced time dependent losses in 
cortical ChAT activity, AChE stained neurites and ChAT positive cell bodies. 
Lesioned animals treated with CEP1347 had significantly greater levels of all 
these cholinergic markers at time points between 4 and 21 days after lesion. 
In contrast, NGF did not increase cortical ChAT activity until day 14 post-
lesion. Moreover, NGF promoted increases in cortical ChAT activity in the 
absence of increased cortical AChE staining. When administration was 
delayed for 7 days, CEP1347 lost its ability to alter ChAT activity, whereas 
NGF retained its neurotrophic actions. These results suggest that CEP1347 
acts by protecting cholinergic neurons from degeneration, whereas NGF 
elevates cholinergic phenotypic markers in vivo. Furthermore, these data 
suggest that systemically administered CEP1347 may be useful in treating 
neurodegenerative disorders in which cholinergic neurons are at risk.

227.20

INTRAVENOUS INJECTIONS OF AN NGF CONJUGATE PREVENTS THE 
ATROPHY OF CHOLINERGIC NUCLEUS BASALIS NEURONS FOLLOWING 
EXCITOTOXIC CORTICAL LESIONS. V. Charles'*. R. Hanburv'. R.T. Bartus*.
P.M. Friden3. E.J. Mufson'. and J.H. Kordower' . 'Center for Brain Repair and Dept. 
Neurological Sciences, Rush Presbyterian Med. Ctr., Chicago, II. 60612; 2Alkermes 
Inc., Cambridge, Ma. 02139,3Periodontix Inc, Watertown MA 02172.

Direct epidural application of the excitotoxic amino acid N-methyl-D-aspartic acid 
(NMDA) induces secondary shrinkage of cells in the nucleus basalis. We have 
previously shown that iv infusions of an NGF-anti-transferrin receptor antibody 
conjugate (OX26-NGF) crosses the blood brain barrier (BBB) and protects surviving 
cholinergic striatal neurons against quinolinic acid induced excitotoxicity. The present 
study investigated whether iv infusions of the OX26-NGF conjugate following 
NMDA cortical application significantly prevents the secondary retrograde atrophy of 
neurons located within the nucleus basalis. All rats received a unilateral epidural 
application of NMDA (5-6 mg NMDA each). Seventy five days after lesioning, 
jugular catheters were inserted and rats were injected iv every other day with 0X26- 
NGF (50ug/day) for lwk (n=8) or 2wks (n=8). Additional rats received iv injections of 
vehicle for either lwk (n=4) or 2wks (n=4). Measurements of cell area (intact vs 
lesion side) using immunohistochemical markers for cholinergic neurons, p75NGFr 
and trkA, demonstrated a significant shrinkage (16-23%) of cholinergic nucleus basalis 
neurons in the vehicle treated animals. In contrast, animals receiving OX26-NGF 
showed only a slight decrease in cell area (3-8%) in the nucleus basalis at both time 
points. Immunohistochemical staining for extravascular rat serum albumin was 
negative indicating that BBB permeability was not compromised at the time of drug 
infusion. These data demonstrate that systemic administration of the OX26-NGF 
conjugate following NMDA induced neuronal atrophy, prevents the degeneration of 
central cholinergic NGF-responsive neurons in the nucleus basalis.

227.22

E FF E C T S O F IN T R A V E N T R IC U L A R  N E R V E  G R O W T H  
F A C T O R  A D M I N I S T R A T I O N  I N T O  M I C E  
H E T E R O Z Y G O U S  FO R  N G F  D E L E T IO N . K. S. Chen *. 
M. C. Nishimura. S. Spencer. C. C row lcv. and H. S. Phillips. 
Depts. o f Neuroscience and Cell Genetics, Genentech Inc., 460 Point 
San Bruno Blvd., South San Francisco, CA 94080.

Heterozygous mutant mice were generated that contained only one 
normal copy o f  the nerve growth factor (NGF) gene. At 5 months of  
age these heterozygous mice were found to have significant spatial 
learning and memory impairments compared to their normal littermates 
(Soc. Neurosci. Abstr. 19: 1683, 1993). Additionally, choline acetyl-
transferase (ChAT)-positive cells in the basal forebrain region o f  the 
mutant m ice were significandy reduced in size and number (Soc. 
Neurosci. Abstr. 20: 856, 1994). Cholinergic fiber innervation o f  the 
hippocampus was also significantly reduced in the mutant mice.

Recombinant human NGF was infused via osm otic minipump into 
the lateral ventricles o f  heterozygous m ice in order to reverse these 
observed behavioral and morphological deficits. NGF infusions 
ameliorated the deficit in retention o f the location o f  a hidden platform 
on the water maze task. Administration o f  N GF also resulted in 
reversal o f  the shrinkage o f  ChAT-positive cells in the basal forebrain, 
but did not increase the number o f  cholinergic cells. Additionally, 
there was a significant increase in cholinergic fiber innervation o f the 
hippocampus in the mutant mice that received NGF compared to mice 
that received control infusions. These results demonstrate that 
exogenous administration o f NGF to mice with decreased endogenous 
levels  o f  NGF can am eliorate som e o f  the behavioral and 
morphological deficits previously observed in these animals.
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227.23

NGF CONTENT IN ADULT RAT BRAIN TISSUES IS SEVERAL-FOLD HIGHER 
THAN GENERALLY REPORTED AND IS LARGELY ASSOCIATED WITH 
SEDIMENTABLE FRACTIONS M.C. Hoener. J.M. Conner and S. Varon*. 
UCSD, Dep.of Biology, La Jolla, CA 92093

We had previously noted that the bioactivity of nerve growth factor 
(NGF) in sonicates of adult ra t hippocampal formation (HF) is several-fold 
greater in their pellet than their supernate fractions (Costello et al., 1994, 
Soc. Neurosci. Abstr. 20, 452.2). Such observations have now been 
extended with analyses of NGF antigen (NGF-Ag) contents in pellets and 
supernates from a variety of adult rat CNS tissues, both in the absence 
and the presence of exogenous B-NGF. With HF tissues, NGF-Ag in the 
supernates was comparable to most literature values, but pellet NGF-Ag 
was 4-5 times that value. All other CNS tissue sonicates also revealed 3-6 
fold higher NGF-Ag in their pellets than their supernates, hence overall 
NGF-Ag contents greatly in excess of reported ones. Presentation of mouse 
B-NGF (1750 pg/ml, 2-3 fold excess in the case of HF) to a tissue (before 
sonication), its sonicate (before centrifugation), or its standard pellet 
resulted in a transfer to the final pellet of 40% of the added soluble NGF- 
Ag (and 30% of the added bioactivity). With HF tissue, exogenous NGF 
additions from 150 to 60000 pg/ml led to the same 30-40% NGF-Ag 
"capture" by the particulate matter. This is only half of the percentage 
present in native pellets (82%), suggesting that the association of 
endogenous NGF with particulate matter may involve at least two 
compartments. Efforts are underway to mobilize parts or all of the NGF- 
Ag in HF pellets and further investigate the nature of its association with 
particulate matter. Supported by NINDS grant NS-16349.

O T H E R  F A C T O R S  A N D  T R O P H IC  A G E N T S  I

228.1

PROTEIN PHOSPHORYLATION INDUCED BY PLATELET- 
DERIVED GROWTH FACTOR IN MOUSE BRAIN CELLS IN VITRO. 
F.X.Zhang*1 and T.B.Hutchins1,2, Departments of Anatomy1 and 
Neurology2, Univ. of Mississippi Med. Ctr., Jackson, MS 39216 

Platelet-derived growth factor (PDGF) is believed to be critical in 
cell growth, differentiation, and development. PDGF and its receptors 
are expressed in variety of cell types, including those of the 
mammalian central nervous system. PDGF is important for 
developm ent of the central nervous system. There is some 
information available about PDGF signal transduction pathway in 
fibroblasts and other m esenchyme-derived cell types. However, 
similar downstream events have not been studied in the nervous 
system. We cultured cortical neurons and type-1 astrocytes from 
C57B1 m ouse brain as a model system  to study PDGF-induced protein 
phosphorylation. After labeling cells with 32P-orthophosphate with or 
without PDGF-BB stimulation, w e resolved samples by two- 
dimensional gel electrophoresis. We found that PDGF-BB upregulates 
the phosphorylation of several unidentified proteins (pi 10, p i 5.0; p20, 
p l 4.8; p l 6, pl 5.0; etc.). We have begun to identify proteins of 
interest by microsequencing. We found that the sequence of the 
protein p20 matches the rat mitochondrial enzym e F1F0 ATPase δ- 
subunit. Currently, w e are trying to identify other proteins whose 
phosphorylation is PDGF-regulated. (Supported by the Virginia 
Boyce Research Fund of the Fight for Sight.)

228.3

CONTROL OF OLIGODENDROCYTE: DEVELOPMENT BY PDGF-A IN 
TRANSGENIC MICE Calver.A.R., Betsholtz.C.1, Heath,J.K.2, Duncan,I.D * 
and Richardson,W.D. MRC Laboratory for Molecular Cell Biology, University 
College London, Gower Street, London WC1E 6BT, UK; 1Dept of Medical 
Biochemistry, University of Göteborg, Sweden; 2Department of Biochemistry, 
University of Birmingham, UK; 3Dept of Medical Sciences, School of 
Veterinary Medicine, University of Wisconsin, Madison . 3706, USA

There is a wealth of circumstantial evidence that platelet-derived growth 
factor is important for development of the oligodendrocyte lineage. For 
example, PDGF stimulates proliferation and motility of oligodendrocyte 
progenitor cells in vitro, and enhances survival of newly-formed 
oligodendrocytes both in vitro and in the rat optic nerve in vivo. PDGF-A 
and PDGF-B are expressed in neurons and/or glial cells in the developing 
CNS; however, there has been no direct evidence that PDGF is required for 
normal oligodendrocyte development in vivo.

We have generated transgenic mice that over-express PDGF-A in neurons 
under control of the neuron-specific enolase gene promoter (NSE-PDGFA 
mice), and knockout mice in which the PDGF-A gene has been disrupted 
(PDGFA mice). We have visualized oligodendrocyte progenitor cells and 
differentiated oligodendrocytes in these mice by in situ hybridization with 
probes to the PDGF alpha-receptor (PDGFRα ) and proteolipid protein (PLP) 
respectively. In PDGFA mice there is a marked decrease in the number of 
progenitor cells (around 1% of wild-type) during early postnatal development, 
and a corresponding reduction in the number of differentiated 
oligodendrocytes. In early postnatal NSE-PDGFA mice there are 
approximately twice as many oligodendrocyte progenitors as normal. These 
experiments demonstrate that PDGF-A is crucially important for 
oligodendrocyte development in vivo.

NSE-PDGFA mice also display a marked hyperplasia of retinal astrocytes 
and their associated vasculature (see abstract by Fruttiger et al.)

228.2

PLATELET-DERIVED GROWTH FACTOR (PDGF): EXPRESSION AFTER 
NEURONAL LESIONS AND PROTECTIVE EFFECTS FOR DOPAMINERGIC 
NEURONS IN VITRO. K. Pietz1,2 K Funa3. N .Nakao1 AEBallagi3, O Lindvail1 
and P Odin1*
1Restorative Neurology Unit, University Hospital, S-221 85 Lund, Sweden. 
2Department of Neurology, Medizinische Hochschule Hannover, Hannover, 
Germany. 3Ludwig Institute for Cancer Research, Biomedical Centre, University of 
Uppsala, S-751 24 Uppsala, Sweden*

In earlier studies we have demonstrated a dynamic expression of platelet-derived 
growth factor (PDGF) in and around intrastriatal implants of fetal dopamine (DA)- 
rich mesencephalic tissue in a animal model of Parkinson's disease (6- 
hydroxydopamine (6-OHDA) -lesioned rats). Also that the BB-fonn of PDGF 
promotes survival and neurite outgrowth from rat and human DA and rat striatal 
neurons in vitro. Further that PDGF-BB influences expression of c-fos and tyrosine 
hydroxylase mRNA in mesencephalic cell cultures. The present study was designed 
to further characterize the changes of PDGF expression following insults to the brain 
and to analyze the effects of PDGF-A A and -BB in connection with lesions to DA 
neurons in vitro. Immunohistochemical, PCR, ELISA and primary cell culture 
techniques were applied. We demonstrate a strong upregulation of PDGF mRNA and 
protein levels after 6-OHDA lesion to the rat brain. This upregulation is seen in the 
substantia nigra as well as the striatum on the side ibsilateral to the lesion. 
Following an ibotenic acid lesion to the rat striatum (model for Huntington's 
disease), an increase in the expression of PDGF was observed in astrocytes in the 
striatal tissue. In cell cultures of fetal mesencephalon PDGF-BB but not PDGF-AA 
protected dopaminergic neurons against the toxic effects of 6-OHDA. The findings 
indicate that PDGF could be of importance for the survival and function of CNS 
neurons in neurodegenerative processes.

228.4

THE ROLE OF PDGF IN DEVELOPMENT AND MAINTENANCE OF THE 
RETINAL ASTROCYTE/CAPILLARY NETWORK.
Frnttiger.M.A.. Calver.A.R.. Betsholtz.C.1. Heath.J.K.2. M orris.R,3*. and 
Richardson.W.D. MRC Laboratory for Molecular Cell Biology, University 
College London, Gordon Street, London WC1E 6BT, UK. 1Dept of Medical 
Biochemistry, University of Goteborg, Sweden. 2Dept. of Biochemistry. 
University of Birmingham, UK, 3Dept. of Experimental Pathology, HMDS. 
Guy’s Hospital Medical School, London Bridge, SE1 9RT, UK.

In the developing eye, astrocytes migrate from the optic nerve head across the 
inner surface of the retina, in close association with the axons of retinal ganglion 
cells (RGCs) and the developing inner vasculature. Retinal astrocytes express 
platelet derived growth factor alpha-receptors (PDGFRa), RGCs. which are 
situated directly underneath the migrating astrocytes, express PDGF-A. It is 
known from in vitro studies that PDGF-AA can increase proliferation rates and 
motility of PDGFRa-bearing cells and it is therefore possible that development 
of retinal astrocytes is influenced by PDGF-AA in a paracrine manner in vivo.

In transgenic mice that over-express PDGF-A under control of the neuron- 
specific enolase (NSE) promotor (see abstract by Calver.A.R. et al.) there is a 
striking hyperplasia of retinal astrocytes and their associated blood vessels which, 
in older animals, resembles proliferative retinopathy. The cells of the vasculature 
(endothelial cell and pericytes) do not express PDGFRa and would therefore not 
be expected to respond directly to PDGF-AA. Thus, our data suggest that 
astrocytes have a major influence on development and maintenance of the retinal 
vasculature.

In knockout mice that lack a functional gene for PDGF-A the retinal 
astrocyte network is only slightly affected compared to wild-type. This suggests 
that the development of the retinal astrocyte network is controlled by a cocktail of 
factors of which PDGF-A might be one component.

Society for N euroscience, Volume 21, 1995
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T R O PH IC  EFFECTS O F A N D R O G E N S  O N  LA RYNGEAL 
M OTOR N EURONS. T. Pé rez-M árq u ez  a n d  D.B. Kelley*. Dept. 
Biological Sciences, C olum bia U niversity , N ew  York, NY 10025.

A m asculinized cell num ber of neuroeffectors for song in 
Xenopus laevis requires testicular and rogen  secretion. These 
neuroeffectors include the m otor nucleus (N.) of the cranial nerve 
IX-X w hich contains laryngeal m otor neurons an d  in ter neurons. In 
situ hybrid ization  for androgen  receptor (AR) m RN A  com bined 
w ith HRP labeling revealed both doubly  and  singly labeled 
neurons. D ihydrotestosterone (DHT) treatm en t of 
gonadectom ized juveniles (PM1) induced  an  increase in the 
num ber of AR mRNA expressing cells in the N. IX-X. W hen the 
laryngeal nerve w as cut in  gonadectom ized juveniles, AR m RNA 
expression increased acutely on the side of the axotom y; DHT 
treatm ent fu rther increased AR m RN A  expressing cells in  N. IX-X. 
The substantial cell loss in N. IX-X app a ren t four m onths after 
axotom y w as a ttenuated  by D HT treatm ent. W e conclude that
N.IX-X is heterogeneous w ith  respect to AR expression; som e 
m otor neurons are AR positive w hile o thers are  not. Receptor 
expression in N.I-X is androgen  sensitive. In juvenile N. EX-X, 
and rogen  treatm en t can com pensate, a t least in part, for dam age 
including deprivation  of m uscle targets. This com pensation  is 
accom panied by, and  m ay require, increased AR mRN A  
expression. Together these findings suggest tha t androgenic 
steroids can exhibit trophic regulation  of developing  target 
neurons in Xenopus laevis.

228 .7

N euritf. o u t g r o w th  in N e u r o  2A  cells is st im u l a t e d  by

ACTIVATION OF MELANOCORTIN RECEPTORS R.A.H. Adan, M. van der 
Kraan, J. Oosterom , V.M. W iegant*, J.P.H. Burbach and W.H. Gispen 
Rudolf M agnus Institute for Neurosciences, Utrecht University, P.O. Box 
80040, 3508 TA Utrecht, The Netherlands.

M elanocortins have been demostrated to enhance neurite outgrowth in 
in vivo and in vitro models for nerve regeneration. In this study, α -MSH 
was able to stimulate neurite outgrowth in the neuroblastom a cell line 
Neuro 2A. The stimulation o f neurite outgrowth in Neuro 2A cells by the 
m elanocortin analog [D-Phe7]ACTH (4-10) and α MSH and the fact that 
ACTH (4-10), γ .-MSH and O RG2766 were inactive suggested that M C4 
receptors m ediated this response. This was supported by the demonstration 
o f the presence o f M C4 receptor mRNA by a RNAse protection assay.
MC receptors couple to the signal transduction pathway of cAMP. 
Forskolin also stimulated neurite outgrowth in Neuro 2A cells, suggesting 
that activation o f the cAM P pathway is sufficient to stimulate neurite 
outgrowth in Neuro 2A cells.
Heterologous expression of the M C5 receptor in Neuro 2A cells did not 
increase the effect of a-M SH  on neurite outgrowth. However, in these 
cells γ-M SH also stimulated neurite outgrowth. This further supports the 
suggestion that MC receptor activation in Neuro 2A cells stimulate neurite 
outgrowth.
These data dem onstrate that expression o f MC receptors in neuronal cells 
provide a m echanism  for M SH to stimulate neurite outgrowth in these 
cells.

2 2 8 .9

PRENATAL RETINOID EXPOSURE: A SENSITIVE PERIOD FOR 
EFFECTS ON WEIGHT OF CAUDATE AND CEREBELLUM. R .A .
Gazzara', R. Holson, S.F. Ali, S.A.Ferguson and J. 
Adams. National Center for Toxicological Research, 
Jefferson, AR 72079.

Pregnant albino rats were dosed (p.o.) for 3 
consecutive days with all-trans retinoic acid (RA) 
or oil vehicle. There were 3 exposure periods: 
Gestational days (GD) 8-10, or 11-13, or 14-16 
(morning of plug discovery=GD 0). Offspring were 
killed 28 days after birth, brain was removed, 
dissected into 8 regions, and all regions were 
weighed. RA exposure (10 mg/kg daily) on GD 8-10 
had no effect on body or regional brain weight. 
Exposure to 2.5 mg/kg RA on GD 11-13 significantly 
reduced weight of body (84% of control), whole 
brain (94%), cerebellum (90%), and caudate (85% of 
control). Ratios of caudate or cerebellum to whole 
brain weight were also reduced (91% and 95% of 
control, respectively). 10 mg/kg RA on GD 14-16
reduced weight of cerebellum but not caudate. 12.5 
mg/kg RA on GD 14-16 reduced weight of body (87% of 
control), cerebellum (91%), caudate (87%), and 
ratios of weight of caudate or cerebellum to whole 
brain weight (90% and 94% of control, respect
ively) . Gestational RA exposure can selectively 
reduce caudate and cerebellar weight in offspring, 
and these effects are dose- and developmental 
stage-specific, with a pronounced sensitive period 
around GD 11-13.

2 2 8 .6
CHANGES IN THE EXPRESSION OF CHOLINE ACETYLTRANSFERASE 
(CHAT) mRNA ACROSS THE ESTRUS CYCLE: EFFECTS OF ESTROGEN AND 
PROGESTERONE. R.B. Gibbs*. Department of Pharmacy and Therapeutics, 
University of Pittsburgh School of Pharmacy, Pittsburgh, PA, 15261.

Quantitative in situ hybridization techniques were used to determine whether relative 
levels of ChAT mRNA in specific regions of the basal forebrain change in association 
with physiological changes in the levels of circulating gonadal steroids.

Adult (~220 g), female Sprague-Dawley rats were maintained on a 12h:12h 
light:dark cycle. Gonadally intact animals were sacrificed on the morning (n=6) and 
afternoon (n=5) of proestrus, and on the morning of estrus (n=7), diestrus 1 (n=8), and 
diestrus 2 (n=7). Ovariectomized animals received 17-ß-estradiol (E; 10 µg in 0.1 cc 
sesame oil sc.; n=29) or oil (n=8) and were sacrificed 5h (n=4), 24h (n=5), 52h (n=5), or 
72h (n=5) later. Some of these animals received progesterone (P; 0.5 mg in 0.1 ml 
sesame oil sc.) 48h after receiving E and were killed either 4h (n=5) or 24h (n=5) later. 
Brain sections were processed for in situ hybridization detection and quantification of 
ChAT mRNA in the medial septum (MS) and nucleus basalis magnocellularis (NBM) 
as previously described (Gibbs et at, Exp. Neurol. 129:70, 1994).

Relative cellular levels of ChAT mRNA fluctuated over the course of the estrus 
cycle. In the MS, mean levels were lowest during diestrus 2, increased during proestrus 
and estrus, and peaked on diestrus 1 for a significant change of 24.3%. In the NBM, 
mean levels were lowest on the morning of estrus and peaked on diestrus 2 for a change 
of 19.5%. Interanimal variability was high and mean changes observed in the NBM 
were not statistically significant. Significant elevations in ChAT mRNA were detected 
following hormone replacement. In the MS, levels were significantly higher 24h after 
receiving E (22.8%) and 72h after receiving E+P (22.9%) relative to ovariectomized 
controls. In the NBM, levels were significantly higher 53h after receiving E+P 
(27.9%) as well as 72h after receiving E (22.9%) or E+P (21.8%).

These data demonstrate that levels of ChAT mRNA in the MS and NBM respond to 
physiological changes in circulating gonadal steroids and are consistent with the 
hypothesis that physiological changes in estrogen and progesterone can significantly 
affect basal forebrain cholinergic function. Supported by NIH grant #ROl -NS28896.

2 2 8 .8

R E T IN O IC  A C ID  S Y N T H E S IS  IN  C H IC K  R E T IN A L  
D E V E L O P M E N T . J. Mey. P. McCaffery. J. E. Crandall* and U. 
C. Dräger. E. K. Shriver Center, Waltham, MA 02254 and Harvard 
Medical School, Boston, MA 02115.

Current models to explain the establishment o f the retino-fügal pro
jection postulate gradients o f cell surface markers across the retina. 
Since spatial asymmetries of the transcriptional activator retinoic acid 
(RA) could induce the required asymmetry in gene expression, we are 
investigating the RA system in the embryonic development o f the chick 
retina.

Retinal whole mounts from various stages o f development (E4 to 
E l7) were cut into a center piece and eight peripheral sectors. Homoge
nates of these tissue samples were separated by isoelectric focusing and 
assayed for RA synthetic enzymes using a reporter cell line. Alternative
ly, the presence of AHD-2, a RA-producing aldehyde dehydrogenase, 
was monitored in immunoblots. The presence of RA itself was detected 
with reversed phase HPLC. The AHD-2 enzyme appeared in a dorso- 
ventral gradient in the retina, showing highest immunoreactivity in the 
two most dorsal sectors, to a lesser degree in the middle-dorsal 
periphery, and was absent in the ventral parts of the retina. This pattern 
o f AHD-2 was present at all embryonic stages, however with decreasing 
reactivity after E14. The assays for RA synthetic activity showed at least 
peaks with different pI (including AHD-2), which all had asymmetrical 
distributions. Two activities with more acidic pI than AHD-2 were re- 
stricted to the ventral parts o f the embryonic retina. The described 
patterns in the distribution o f RA-dehydrogenases were reflected by 
higher ventral concentrations o f all-trans-RA, which may in turn lead to 
location-specific gene expression in retinal ganglion cells.

Supported by the NIH, EY 03819 to U. C. D, by the Deutsche Forschungsge- 
meinschaft, Me 1261/2-1 to J. M., and a gift from Johnson & Johnson.

2 2 8 .10
PRENATAL RETINOID EXPOSURE: A SENSITIVE PERIOD FOR 
NEONATAL LETHALITY R. Holson*, R .A . Gazzara. S.A. 
Ferguson and J. Adams. National Center for 
Toxicological Research, Jefferson, AR 72079.

Pregnant albino rats were dosed (p.o.) for 3 
consecutive days with all-trans retinoic acid (RA) 
or oil vehicle over 3 exposure periods: Gestational 
days (GD) 8-10, or 11-13, or 14-16 (morning of plug 
discovery=GD 0). In an initial study dams gave 
birth naturally. Following a daily dose of 10 mg/kg 
RA over GD 11-13, many pups in this group were 
found intact but dead in the home cage on the day 
of birth. No live pup from this group ever had milk 
in the stomach, and all pups died within four days 
of birth. The same dose caused much lower mortality 
in the GD 8-10 or GD 14-16 groups, and pups suckled 
adequately. To further investigate this high GD ll- 
ls mortality, a second set of exposed GD 11-13 pups 
were delivered by C-section on GD 21, and fostered 
to GD 22 dams which had given birth normally. All 
RA-treated pups were alive at C-section; litter 
size and pup weight did not differ between RA and 
control pups. However, some RA pups had difficulty 
in initiating unaided breathing at delivery, and no 
RA pup ever suckled normally. Controls delivered 
by C-section had no breathing problems, and suckled 
normally. Examination of the esophagus revealed no 
blockage or visible abnormality in treated pups. We 
hypothesize that RA exposure on GD 11-13 potently 
disrupts brainstem control of suckling and p e r h a p s  
breathing in exposed offspring.

.
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228.11

THE EFFEC T OF D IF F E R E N T IA T IO N  ON C A L C IU M - 
MEDIATED TOXICITY IN HUMAN NEUROBLASTOM A SHSY-5Y 
CELLS. R. Yoshida. E. Adamec*. and R.A. Nixon. McLean Hospital, 
Harvard Medical School, Belmont, MA 02178.

In SHSY-5Y cell line elevation of intracellular calcium ([Ca++]i) by a 24-hour 
exposure to the ionophore ionomycin (0.5-1.25 µM) caused substantial 
cell death as revealed by the MTT assay. Exposure to 10 µM retinoic acid 
(RA) for 7 days caused arrest of cell growth and extension of long neurites. 
In addition to the marked change in the phenotype, RA differentiation 
significantly increased the susceptibility to the ionomycin-mediated 
toxicity. Exposure to 10 ng/ml of either EGF, NGF, or bFGF for 7 days did 
not modify the susceptibility to the toxic effects of ionomycin. 
Simultaneous differentiation with RA and bFGF, however, significantly 
decreased the ionophore-mediated toxicity as compared to RA- 
differentiated cells. Monitoring of ionomycin-induced [Ca++]i changes with 
a single-cell digital videomicroscopy over a period of 5 hours revealed that 
RA-treated cell underwent more frequent destabilization of [Ca++]i as 
compared to undifferentiated or RA+bFGF-differentiated cells. Because 
the exposure to RA or bFGF leads to changes in phenotype, associated 
changes in cytoskeletal components might have a modulatory effect on 
the response of cells to [Ca++]i rise. In RA-treated cells, levels of 
neurofilament proteins (NF-H, NF-M) increased, but NF-H phosphorylation 
decreased. Treatment with bFGF alone failed to affect NF levels, but 
exposure to bFGF together with RA reversed the decrease in 
phosphorylated NF-H seen with RA alone.

228.13

DIAMINE OXIDASE PROMOTES NEURITE EXTENSION IN PC-12 
CELLS AND IN DORSAL ROOT GANGLIA. J.R. Munis. J.T. Steiner.
M. Ruat*. and S.H. Snyder. D ept. of N euroscience, Johns
Hopkins U. Sch. of Med., Baltimore, MD; Dept. of Gen. Anesth.,
Cleveland Clinic Found., C leveland, OH; and G uilford Pharm., 
Baltimore, MD.
The unusual tissue distribution of the enzyme diamine oxidase 
(DAO) in decidual placenta, in testina l ep ithelium , thym us,
kidney, liver, and seminal fluid suggests that it may play a 
ro le at the in terface  betw een ce llu la r  p ro life ra tio n  and 
differentiation. In order to study the potential role of DAO in 
various biological assays, we purified  the enzym e from a 
porcine kidney source (S igm a) using sequen tia l heparin  
a ffin ity  and gel f il tra tio n  ch rom atog raphy . The fina l 
p ro d u c t o f th is  p u r if ic a tio n  w as e le c tro p h o re tic a lly
homogeneous, and represented the expected 97 kd monomeric 
form of the enzyme. The purified enzyme had a specific
activity (m easured by putrescine conversion to H 2O 2) over 
300 fold greater than the initial preparation. The purified 
protein was assayed for neurotrophic activity  in chick DRG 
explant cultures, and in P C -12 cultures, w hich responded to 
doses of DAO as low as 10 nM and 100 uM, respectively. The 
neurotrophic activity of DAO did not depend on its enzyme 
ac tiv ity  since sp ec ific  in h ib ito rs  (am in o g u an id in e) and 
ligands (phenam il) failed  to b lock its neurite  ex tension  
activity in DRG or PC -12 cultures. Experiments are underway 
to localize and to characterize the binding site of DAO in these 
neuronal cu ltu res .

228.15

PROSAPTIDE, A PEPTIDE DERIVED FROM PROSAPOSIN, 
INDUCES MOTOR ENDPLATE SPROUTING A N D  
PREVENTS TAXOL NEUROPATHY. W.M. Campana. R. 
Misasi  H. Heckman, G.S. Carson, R. Myers and I.S. O'Brien*- 
D ept. of N eurosciences, Univ. o f Cal. San D iego, Sch. of 
Med. La Jolla, CA 92093.

Prosaposin is a 70 kDa glycoprotein w hich has activity 
as a neurotrophic factor in vitro. The active region has been 
localized to a 22-mer residue sequence (8-29) in the saposin  
C dom ain (O'Brien, J.S. et al. FASEB J, In Press 1995). This 
peptide, called prosaptide, w as injected subcutaneously into 
the gluteus m uscle of adult m ale m ice ( 20 µg /d a y  for 7 
consecutive days) and its effect upon neurite outgrow th  
from the m otor endp late  w as com pared w ith  CNTF. 
Prosaptide stim ulated motor endplate sprouting similarly  
to CNTF (13.5 % and 11%, respectively). In addition, 
prosaptide in a prelim inary experim ent also prevented  
sensory neuropathy resulting from taxol adm inistration. 
U sing the Hargreaves sensory testing protocol, prosaptide 
red uced  the therm al w ith d ra w a l tem p eratu re after 
application of heat to the rear paws. These results indicate 
that prosaptide is a neurotrophic factor for both sensory  
and motor neurons.

228.12

TARGETED ECTOPIC RETINOID SIGNALING IN THE OLFACTORY 
EPITHELIUM DISRUPTS OLFACTORY SYSTEM DEVELOPMENT. M.E. 
Hall, I.G. Whitesides, and A-S. LaMantia* Department of Neurobiology, 
Duke University, Durham, NC 27710.

We have examined whether targeted expansion of retinoid 
signaling in the developing mouse olfactory epithelium influences cellular 
differentiation and pathway formation in the olfactory system. A subset of 
developing olfactory receptor neurons (ORNs) responds to a retinoid 
signal from the frontonasal mesenchyme, and their axons selectively 
fasciculate as they project toward the telencephalon. Furthermore, all- 
trans retinoic acid potentiates olfactory neurite outgrowth in vitro. Thus, 
retinoid signaling might influence the adhesive properties and targeting 
of a subset of ORNs. We have constructed a novel transgene to expand 
retinoid signaling to all ORNs. This transgene links the 5' regulatory 
region of the olfactory marker protein (OMP) gene to a constitutively 
active retinoic acid receptorfi (c-RARβ). Since OMP is expressed soon 
after the ORNs are generated, this construct should expand retinoid 
signaling during the period that the olfactory pathway is assembled. The 
OMP-c-RARβ construct was introduced into founder mice, and their 
newborn offspring were then processed for histological observation. 
These transgenic mice showed a thinning or absence of the olfactory 
epithelium. The greatest cell loss appeared to be in the dorsolateral aspect 
of the epithelium. The olfactory bulb, however, appeared normal in size, 
as well as glomerular structure and number. The effects on earlier stages 
of ORN development and axon outgrow th are being evaluated. It 
remains to be determined if ectopic retinoid signaling in the nascent 
olfactory pathway leads to immediate cell loss or delayed cell loss from 
the more mature olfactory epithelium.

228.14

RETROGRADE AXONAL TRANSPORT AND NUCLEAR 
TRANSLOCATION OF THE ALPHA SUBUNIT OF THE GTP-BINDING 
PROTEIN Gz IN SENSORY NEURONS.
Ian A. Hendry . Sven O. Johanson Katharina Heydon. Developmental 
Neurobiology Group, Division of Neuroscience, John Curtin School of Medical 
Research, Australian National University, Box 334 Canberra, A.C.T. 2601, 
Australia

Nerve cells are exquisitely sensitive to target tissue derived factors required for 
normal development and die in the absence of their target The mechanism for 
this communication is still poorly understood, but the discovery that NGF could 
be retrogradcly transported in axons suggested that the physical translocation of 
proteins along the axon could be one such mechanism. However, it is unlikely 
that the delivery of this message is due to the neurotrophic factor itself but rather 
due to second messengers generated by interaction with receptors. We have 
previously demonstrated the retrograde axonal transport of the alpha subunits of 
two putative second messenger molecules Gi and Gz. In order to be more certain 
that the immunoreactivity seen is due to Gzα. we have made antibodies to 
peptides from both the N- and C-terminal regions of Gzα which recognise the 
same approximately 40 kD band on western blots of brain and sciatic nerve 
extracts. This band is eliminated when the antibodies are previously incubated 
with the specific peptide to which they were made. Using both these antibodies 
for immunohistochemical localisation for Gzα. we now report that the GTP- 
binding protein Gz, is not only retrogradely transported in axons but that it 
translocates to the neuronal nucleus. Furthermore, the levels seen in the nuclear 
compartment decline after axotomy or ligation of the axon in mice under ether 
anaesthetic, suggesting it is the retrogradely transported Gz that is accumulating 
in the nucleus after activation at the nerve terminal.

228.16

NEUROTROPHIC FACTORS IN AN INVERTEBRATE, THE MOLLUSC 
LYMNAEA STAGNALIS. M. Fainzilber*. A.B. Smit. C.F. Ibanez. N.I. Syed. 
G-C. Hauser. R.C. van der Schors. C.R. Jimenez. K.W. Li. A.G.M. Bulloch. 
W.P.M. Geraerts. Institute of Neuroscience, Vrije Universiteit, De Boelelaan 
1087, 1081 HV Amsterdam, The Netherlands; Molecular Neurobiology, 
Karolinska Institute, Stockholm, Sweden; Neuroscience Research Group, Faculty 
of Medicine, University of Calgary, Calgary, Canada.

Previous studies have shown that conditioned media (CM) and haemolymph 
(HL) from the snail Lymnaea stagnalis contain neurite outgrowth promoting 
activity, some of which could be blocked utilizing antisera to murine nerve growth 
factor (NGF). In order to identify putative neurotrophic factors in Lymnaea, we 
fractionated both CM and HL using three bioassays- NGF immunoreactivity, 
outgrowth in cultured Lymnaea pedal A neurons, and competitive binding 
displacement assays using iodinated NGF.

We chose to focus on molecules in a molecular mass range comparable to 
those of the known vertebrate neurotrophic factors, although it should be noted 
that CM contains also proteins of 100 kD and above, that enhance neurite 
outgrowth. The purification procedures included ultracentrifugation, size exclusion, 
ion exchange and reverse phase HPLC steps. Fractions were analyzed by SDS- 
PAGE and MALDI-mass spectrometry.

Two proteins of interest have been purified. A 16.6 kD protein was identified 
in CM, using the neuron outgrowth assay. It is highly basic, lacks cysteines, does 
not belong to any known group of neurotrophic factors, and is abundantly 
expressed in glial cells of the snail central nervous system. A second cysteine-rich 
protein of 13.1 kD was identified in both CM and HL, using the 
immunoreactivity and binding displacement assays. The pure protein was obtained 
from HL, at an average yield of 0.05 pmoles per animal. Characterization and 
cloning of this factor is currently being performed.
(Dedicated to the memory of ftof. Hakan Persson [deceased May 1993], whose 
enthusiasm and inspiration were crucial for the initiation of this project).
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228.17

GLIAL GROWTH FACTOR 2 IS A POTENT STIMULATOR OF 
MYOGENESIS IN RAT L6-A1 MYOBLAST CULTURES.
C. Kirk*. R. Sklar*2 , I. Florini3 . 1Dept. of Cell Biology, Cam bridge 
NeuroScience, Inc., One K endall Square, C am bridge, MA 02139, 
2MyoScience, 36 Spiers Rd., Newton, MA 02159, and 3Dept. Biology, 
Syracuse University, Syracuse, NY 13244.

Recombinant human glial growth factor (rhGGF) has been identified as a 
differential splice product of the neuregulin gene. Other splice products 
include heregulin, neu differentiation factor and ARIA (acetylcholine 
receptor inducing activity), all ligands of the erbB2 receptor family. These 
proteins mediate a variety of biological activities in a number of different cell 
types. In situ hybridization has dem onstrated neuregulin expression in 
subsets of nervous tissue, including motor and dorsal root ganglion neurons. 
An earlier report (Sklar et al., Soc. Neurosci. Abst., 1692, 1994) describes an 
effect of rhGGF2 on a clonal hum an myoblast cell line. This effect is 
characterized by promotion of long-term differentiation as measured by an 
increase in the number of nuclei in myotubes per area and extended survival. 
Similar experiments performed in the L6-A1 rat myoblast line have 
demonstrated a dose-dependent effect of rhGGF2 on creatine kinase (CK) 
levels in treated cultures. Increases in CK levels parallel increases in 
myoblast fusion. Microscopic evaluation of treated cultures also revealed the 
presence of myotubes at doses corresponding to increased CK expression.

228.19

AGMATINE METABOLISM AND NEUROPROTECTION. G.M. Gilad*, J.M. 
Rabey and V.H. Gilad. Lab. of Neurosci., Dept, of Neurol., 
Tel Aviv-E. Souraski Med. Center, Tel-Aviv 64239, Israel.

Agmatine, a naturally occurring substance, was reported 
to be present and synthesized in mammalian brain, and was 
postulated to act as an endogenous ligand at imidazoline and 
possibly at α2-adrenergic receptors. In the present series 
of experiments we characterized agmatine biosynthesis in rat 
and gerbil brain homogenates, And examined the effects of 
agmatine treatment on nerve cell survival in vitro and in 
vivo. The results indicate that: 1) Agmatine biosynthesis 
(arginine decarboxylation) is catalyzed by ornithine 
decarboxylase, the enzyme catalyzing the first step in 
polyamine biosynthesis. 2) Agmatine biosynthesis is greatly 
increased during brain development and after brain ischemia, 
in parallel with polyamine biosynthesis. 3) Agmatine may be 
hydrolyzed into urea and putrescine by an arginase-like 
enzyme (agmatinase) activity. 4) Agmatine is a weak 
inhibitor of NO biosynthesis from arginine (IC50 = 100 µM) , 
but does not appear to serve as a precursor for NO 
synthesis. 5) Agmatine is a nontoxic compound that can exert 
potent neuroprotection of both cultured neurons, when 
applied after the neurotoxin N-methyl-D-aspartate (NMDA), 
and of neurons in the brain when injected after global 
ischemia. These findings justify the development of agmatine 
and related compounds as therapeutic neuroprotective agents. 
[Supported in part by a grant from the German-Israeli 
Foundation for Scientific Research and Development].

228.18

NEUROTROPHIC INFLUENCE OF DENERVATED SCIATIC NERVE ON 
ADULT MOTONEURONS. F. K. Xie. M. Zhena. and D. P. Kuffler* Institute 
of Neurobiology /Dept. of Physiology, Medical Sciences Campus, Univ. of 
PR, San Juan, PR 00901

Previous studies have shown that the cells of the denervated peripheral 
nerve release neurotrophic factor/s that promote the outgrowth of 
precesses from adult dorsal root ganglion neurons in culture (Kuffler & 
Megwinoff, J. Neurobiol. 25:1267-82,1994), as well as neurotropic 
factor/s, that direct the outgrowth of regenerating axons (Kuffler, Soc. 
Neurosci. Abs. 284.2, 1994). The present experiments were designed to 
determine whether these factor/s also influence adult Rana pipiens 
motoneurons. Motoneurons were prepared as previously described and 
plated in either defined medium, or co-cultured w ith a piece of sciatic 
nerve in 2 chamber dishes that allowed the exposure of the motoneurons 
to factors released by the cells of the sciatic nerve but prevented contact 
w ith these cells. A fter 8 days the average processes length of the co-
cultured motoneurons was 7.5 times that of the control neurons. In 
addition, the number and morphology of extended processes differed 
significantly from that of the control neurons. The number of processes 
extended was reduced from an average of 4 to 2, they were thinner and 
straighter than those of the control neurons and lacked lamellopodia that 
were typical around processes of control neurons. These results 
demonstrate that factors released from denervated sciatic nerve have a 
significant neurotrophic influence on both sensory and motor neurons. 
Experiments are underway to identify the responsible factor/s. Supported 
by: ARO DAAL03-90-G-0189, ONRNB-91-12-101, NIH 5 P01 NS07464- 
25, and NSF-EPSCoREHR9108775.

228.20

EVALUATION OF PERIPHERAL NEliROPATHY WITH NEUROFILAMENT 
AND ELECTROMYOGRAPHIC MEASUREMENTS AND EFFECTS OF 
HEXACOSANOL. J.Borg * M Azzouz, N.Leclerc. JM Warter and P.Poindron. 
University Louis Pasteur Strasbourg, Faculté de Pharmacie, BP25, 67401 Illkirch 
Cedex, France

Axonal degeneration may occur in acquired peripheral neuropathies, e g diabetic 
neuropathy, toxic neuropathy or traumatic degeneration. Following axonal injury, 
major changes of the metabolic activity occur in neurons, that include an increased 
synthesis of cytoskeletal proteins. A successfull regeneration may be related to the 
restoration of the cytoskeleton and to the reconnection with the target tissue.

Following a sciatic nerve crush in 3month old mice, the recovery of neuromuscular 
function was measured by quantitative electromyography and sensori-motor tests. 
Electrophysiological recordings were performed each 3 days during 34 days 
following nerve injury. A quantitative Elisa method was adapted to the sensitive and 
specific measurement of various neurofilament (NF) subunits in sciatic nerve 
segments. NF L and NF H (phosphorylated form) were measured in 3mm segments 
of the sciatic nerve proximal or distal to the lesion, at various time periods. Similar 
assays were performed by SDS electrophoresis and Western blot. "th e levels of NF 
were measured in parallel with functional evaluation, in order to analyse the 
correlation of NF expression and nerve regeneration.

The effects of n-hexacosanol (hexa) on nerve regeneration were measured with the 
same protocols. Hexa, a long chain fatty alcohol has been shown to possess 
neurotrophic properties in vitro and in vivo. Daily injections of hexa (lmg/kg i.p) 
improved the regeneration of sensory’ fibers, as measured with the pinch test 7 days 
post-lesion. Higher values of the compound muscle action potential (CMAP) were 
also obtained in hexa-treated animals, that correspond to an improved regeneration. 
Moreover, hexa induced a significandy faster regeneration rate (hexa. 2.87 ±0.15 
mV / day; control: 2.00 ±0.06 mV / day; P<0.01), as measured by the slope of 
CMAP increase (44% improvement). A morphometric analysis performed 7 days 
following crush showed an increased number of regenerating fibers, as well as 
increased diameter and thickness of the myelin in hexa-treated mice. Thus, hexa 
increased the regeneration of sensory and motor axons in lesioned nerve, leading to 
an improved functional recovery.

228.21

INCREASE IN TYROSINE HYDROXYLASE CONTENT IN PC12 CELL LINE AND 
RAT FETAL MESENCEPHALIC NEURON BY PARTIALLY PURIFIED FRACTION 
FROM BOVINE HEART Y. S Kim, Y,H Youn. N.H Park. C.W Park* Dept. 
of Pharmacology, Seoul Nat'l Univ. College of Med., Seoul 
110-799, Korea

We obtained partial purified fraction from bovine heart which 
can increase tyrosine hydroxylase(TH) protein in PC12 cell line. 
Standard purification procedures, including acid precipitation 
and neutralization, DEAE-cellulose ion exchange chromatography 
and ammonium sulfate fractionation have been utilized. During 
purification, we abtained the soluble fraction of 500mM NaCl 
elute by 40* ammonium sulfate fractionation and used in this 
experiment. This fraction increased the number of TH-positive 
immunostaining cell in fetal rat mesencephalic culture and also 
amount of TH protein compared to control culture. But dopamine 
content and dopamine uptake were not significantly increased when 
treated this fraction in culture. These results suggest that this 
fraction has a kind of action the dopaminergic neuron in terms of 
cell survival and TH enzyme. From these results we are trying to 
purify this fraction and evaluate in the action mechanism. 
Further studies are need to purify more and evaluate the action 
mechnism.
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229.1
CHONDROITIN SULFATE IS REQUIRED FOR AGRIN  
STIMULATION OF AChR CLUSTERING. I. Mook-Jung and H. 
Gordon*. Department o f Cell Biology & Anatomy, College of 
Medicine, University o f Arizona, Tucson, AZ, 85724

Agrin induces clustering on muscle cells o f acetylcholine 
receptors (AChRs) and other synaptic components such as 
laminin, acetylcholinesterase, and the 43kD protein. Despite 
agrin's important roles, the mechanisms by which it acts are not 
well understood. Several lines o f evidence suggest that 
proteoglycans are required for agrin activity. Considering that a 
chondroitin sulfate (CS) plays an essential role in AChR 
clustering (Mook-Jung & Gordon, 1994 ; M olec. B io l. o f the Cell, 
5S : 236a), it is of particular interest to examine the relationship 
between agrin and CS. We have taken two approaches to address 
this question. First, we tested whether CS is necessary for agrin 
activity. CS was eliminated from C2 wild type cells by 
chondroitinase ABC which degrades CS specifically. This 
treatment dramatically reduced agrin induced clustering o f AChRs 
on C2 wild type cells. Agrin did not change the profile o f GAGs 
synthesized in C2 cells. Second, we were able to demonstrate that 
exogenous CS can potentiate agrin acitivity. The S27 genetic 
variant in PG biosynthesis does not form spontaneous AChR 
clusters and shows reduced responsiveness to agrin. Agrin activity 
on S27 cells was potentiated by bath-applied CS but not by 
heparin. These results indicate that agrin induced AChR clustering 
requires CS and that agrin achieves this other than by modulating 
the level of CS.
Supported by NSF IBN-9207052.

229.3
CHANGES IN NCAM POLYSIALYLATION ARE ASSOCIATED WITH 
PLASTICITY IN THE MAGNOCELLULAR NUCLEI OF ADULT RAT. 
Nothias, F .1* , Vernier, p 1 , Rougon, G.2 and Vincent J.d 1 9nstitut 
Alfred Fessard, UPR 2212, CNRS, 91198, Gif-sur-Yvette and 2 IBDM- 
CNRS, 13288, Marseille. France.

The neural cell adhesion molecule NCAM is a morphoregulatory 
molecule involved in developing and adult nervous system. NCAM is the 
major carrier of polysialic acid (PSA), that modulates its adhesive 
properties and characterizes its embryonic isoforms. PSA-NCAM is also 
retained in some adult brain areas exhibiting morphological plasticity, 
such as the supraoptic magnocellular nuclei (SON) of the hypothalamus. 
In order to determine whether PSA-NCAM is involved in the 
morphofunctional modifications within oxytocinergic neurons of the 
SON, we analyzed NCAM expression and polysialylation in virgin, 
lactating and post-lactating female rats. Northern blot analysis revealed 
that neither the amount nor the splicing pattern of NCAM mRNA was 
altered by lactation. In situ hybridization confirmed these results and also 
showed that NCAM transcripts are highly expressed in large neurons and 
to a lesser extent in glial cells. In contrast, the PSA immunoreactivity 
dramatically decreased to be almost undetectable in the SON during 
lactation and return to control levels one month after weaning. These 
observations were confirmed on Western blots which also showed that the 
total amount of NCAM protein was not modified by pregnancy, lactation 
or weaning. In conclusion, modulations of NCAM polysialylation are 
clearly associated to the structural remodeling of magnocellular nuclei 
occurring during lactation. In addition, PSA disappearance is likely to 
promote the cell interaction between oxytocinergic neurons by an 
increase of membrane apposition that is required for the neuronal 
synchronization associated to hormone release during lactation.

229.5
PROADIFEN (SKF 525A) ABOLISHES R(-)-DEPRENYL INDUCED 
IN C R E A S E  O F  N E U R O N A L  S U R V IV A L  F O L L O W IN G  
AXOTOMY.K .S. Ansari* Centre for Research in Neurodegenerative Diseases and 
Department of Physiology, University of Toronto, Toronto, Ontario, M5S 1A8, 
Canada, R(-)-deprenyl has previously been shown to rescue immature rat facial 
motoneurons (FMns) after axotomy-induced deprivation of target-derived trophic 
support by a mechanism that is stereospecific and independent of MAO-B 
inhibition (Ansari et al., J.Neurosci. 13:4042, 1993). At present, the mechanism 
underlying this rescue action is unknown. Here, it is reported that N,N- 
diethylaminoethyl-2,2-diphenylvalerate.HCl (proadifen or SKF 525A), a broad 
inhibitor of the major drug metabolizing enzyme P450 completely prevents the R(-)- 
deprenyl induced rescue of axotomized immature rat FMns observed at 0.01-10 
mg/kg/2days, i.p. when pups were pretreated with the inhibitor at 50 mg/kg 30 min. 
prior to deprenyl administration. The major metabolites of R(-)-deprenyl 
biodegradation in vivo, (-)amphetamine and (-)methamphetamine do not influence 
FMn survival in P I4 rat pups following axotomy at doses equimolar to that of a 
deprenyl dose of 10mg/kg/2 days (Ansari et al., Soc.Neurosci.Abstr., 187.8,1993) 
but can be toxic to genetically vulnerable axotomized FMns (Oh et al.,
J.Neurosci. Res. 38:641994). To test the possibility that the (+)-enantiomers of these 
metabolites, resulting from biodegradation of S(+)-deprenyl, might mask a putative 
beneficial effect of S(+)-deprenyl on P14 axotomized rat FMn survival, axotomized 
pups were pretreated with proadifen (50 mg/kg) 30 min. prior to an S(+)-deprenyl 
injection of 10 mg/kg, i.p. Neither proadifen alone nor proadifen pretreatment of 
S(+)-deprenyl treated animals affected FMn survival compared to that of saline 
alone thus reconfirmimg the stereospecificity of the ability of R(-)-deprenyl to effect 
neurorescue in this paradigm. Taken together, these findings raise the question 
whether the rescue action of R(-)-deprenyl is mediated by a non-amphetaminergic 
metabolite of deprenyl, or whether a member of the P450 superfamily somehow 
influences the interaction of R(-)-deprenyl with a bindingsite that mediates 
neurorescue.

229.2
SPECIFIC MATRIX REQUIREMENTS FOR GROWTH FACTOR 
IND U CED  CALCIUM  RELEASE IN PRIM ARY CORTICAL  
N EU R O N S. R.H. Selinfreund*. B .D . Stein. L .A . Riblet. M.S. 
Swiderek. P.R. Kelley and A.H. C om eli-B ell. Becton Dickinson  
Labware, Bedford, MA 01730 and Lion Imaging Inc. Westbrook, CT 
06498.

Insulin-like growth factor I (IGF-1) binds to specific receptors of 
neurons and astrocytes and has dramatic effects on the regulation of 
levels  o f intracellular Ca2 + . IGF-1, a constituent o f  serum, is 
synthesized in mammalian brain and has previously been shown to 
increase activation o f calcium currents. Tyrosine kinase inhibitors 
specifically block the increase in calcium currents due to IGF-1. In the 
present study, the combination o f Ca2+ fluoroprobes and high through
put technology using a laser based microtiter assay provides a new rapid 
and sensitive means for the reproducible detection o f changes in 
intracellular Ca2+ resulting from growth factor receptor activation.
Rat primary cortical neurons grown on Primaria plates coated with 
laminin produced an IGF-1 dependent release in intracellular calcium. 
This growth factor response was dose dependent and rapid(<90sec). 
Cortical neurons grown on 96 well Primaria plates coated with laminin 
produced an IGF-1 dose dependent (200ng/m l-2ng/m l) release in 
intracellular calcium. In contrast, neurons grown on non-coated plates 
did not respond to growth factors or glutamate stimulation of 
intracellular Ca 2+ . In summary, these data suggest that cell substrate 
interactions play an important role in growth factor modulation of Ca2+ 
in the central nervous system.

229.4
PURIFICATION OF HIPPOCAMPAL CHOLINERGIC NEUROSTIMULATING 

PEPTIDE (HCNP) PROCESSING ENZYME. Y.Otsuka* and K.Ojika. 2nd Dept. 
of Int. Med., Nagoya City Univ. Med. Sch., Nagoya 467, Japan.

HCNP is a peptide which stimulates acetylcholine synthesis in medial septal 
nuclei explant culture. The peptide consists of 11 amino acid residues located at N- 
terminal lesion of its precursor protein, and suggested to be processed by the 
cleaving enzyme. In the young rat hippocampal extract, we have previously 
demonstrated and characterized the enzyme activity that release the de-acetylated 
HCNP (free-HCNP) from synthetic HCNP precursor peptide with 26 amino acid 
residues of its N-terminal sequence (peptidei-26). In this study, we report the 
purification of HCNP processing enzyme in rat hippocampus. The hippocampal 
tissues from brain of 355 11-day-old Wistar rats were sonicated in 2 times volume 
of ice-cold 50mM MES-NaOH buffer (pH6.0) containing 150mM NaCl, 3mM 
KC1, ImM EDTA and lmM DTT, and the supernatant following centrifugation at 
100,000xg for 60min at 4°C was passed through a GV filter. Purification was 
succeeded by ammonium sulfate cut and HPLC fractionations with molecular 
sieving column, DEAE column and G-Butyl column. Enzyme solution was 
incubated with peptidei-26 at 37°C for 7 hours. The reaction was terminated by 
adding TFA and subjected to HPLC equipped with C18 reverse phase column to 
identify the released free-HCNP. The activity was determined by the height of the 
peak with retention time identical to that of free-HCNP. The five purification steps 
resulted in a 9147-fold purification with 6% recovery of enzyme activity. The 
enzyme activity was also confirmed and recovered at a 75 kDa band on the PAGE 
of the active fraction in the final column fractionation.

229.6
HSP70 IS ESSENTIAL TO THE NEURONAL PROTECTION OF HEAT SHOCK.
K. Sato*. H. Saito. and N. Mathuki. Dept. of Chem. Pharmacol.. Fac. of Pharmaceuti. 
Sci.. The Univ. of Tokyo. Bunkvo-ku. Tokyo. 113.

In the central nervous system, a large variety of injuries induce 72 kilodalton heat 
shock protein (HSP70). a inducible member of HSP70 family, the most abundant and 
conserved stress proteins. But the significance of its expression is still not clear. We 
investigated the role of HSP70 on neuronal survival in primaiy cultured hippocampal 
neurons. First, we characterized the effect of heat shock on the viability of primary 
cultured hippocampal neurons. Hippocampi of embryonic day 18 Wistar Rat were 
trvpsinized and cultured in modified Eagle's medium at the density of 1 x l05 or 5 x 
103 cells/cm3 for 24 hr. Cells were exposed to the heat shock of 42°C for 30 min. 
followed by changing the medium to serum-free DF medium and incubation at 37°C. 
After 72 hr. the number of surviving neurons was counted Heat shock significantly 
increased the number of surviving neurons at both densities. At the same time we 
examined the expression of HSP70 immunocvtochemically. We observed a weak 
HSP70 immunoreactivity in virtually all cells 6 hr after the heat shock. The lmmuno- 
staining become stronger during observatory period of 72 hr. Under control 
condition, the immunoreactivity was not detected until 72 hr after the heat shock. 
Subcellular localization also changed as time passed. The HSP70 imunoreactivity 
was localized in the nucleus 24 hr after the heat shock but diffused throughout the 
cytoplasm after 72 hr. Next, we synthesized the HSP70 specific antisense 
oligonucleotide and added to the serum-free DF medium to block the synthesis of 
HSP70. Both sense and antisense oligonucleotides have no effect on control cells. 
Under heat shock condition, antisense but not sense oligonucleotide suppressed the 
neuronal protective effect of heat shock to control level, we confirmed that the 
immunoreactivity was completely abolished only in the presence of antisense 
oligonucleotide. These results suggest that HSP70 is essential to neuroprotection of 
heat shock.



MONDAY AM OTHER FACTORS AND TROPHIC AGENTS II 557

229.7
α-ENOLASE AS A PLASMINOGEN-BINDING PROTEIN OF 
CULTURED NEURON
K.Nakaiima. M Hamanoue. K.Wada*. and S.Kohsaka 
Department of Neurochemistry, National Institute of Neuroscience.
4-1-1 Ogawa-higashi, Kodaira, Tokyo 187, Japan

As reported previously, plasminogen(PGn)-binding protein with a molecular 
weight of 45kDa was focused as a candidate of PGn receptor of cultured neurons, and 
recently identified as α -enolase by amino acid sequence analysis. This result 
suggested that α -enolase functions to bind PGn on the neuronal surface. Here, we 
further investigated biochemically the binding specificity and the binding site 
between α-enolase and PGn, and the effectors for the binding.

The ligand blotting analysis showed that PGn specificically bound to α - 
enolase, but not to γ-enolase. Furthermore, PGn was found to bind specifically to the 
synthetic peptides corresponding to the C-terminal region of α -enolase. On the other 
hand, when the binding of α -cnolase to PGn was analyzed by using two PGn 
fragments, N-terminal fragment (from N-terminus to fourth kringle domain) and C- 
terminal fragment (from fifth kringle domain to the C-terminal end) , α -enolase was 
observed to bind N-terminal fragment of PGn.

The effect of pH, ionic strength and divalent cations on the specific binding 
between α -enolase and PGn was investigated. The PGn strongly bound to α-enolase 
at low pH (<pH6) although no significant difference was observed at around 
physiological pH (7<pH<8). Increasing of NaCl concentration (300-500mM) caused 
the decrease of PGn binding at pH7.5. The presence of Ca2+ (up to 4mM) increased 
slightly the PGn binding under pH7.5 and 150mM NaCl. From these results, it is 
suggested that α -enolase on the plasma membrane of cultured neuron binds PGn 
through the interaction between C-terminal portion of α -enolase and N-terminal 
portion erf PGn, and that the binding may be affected by the circumstances of pH, ions 
or divalent cations.

229.9
C O -LO C ALIZATIO N  OF THE O N COPROTEIN c-neu AND trk 
SUBTYPES IN THE LAYER V  PYRAM IDAL NEURONS. A.F. 
Pitts*. P.E. Kuhn, and M.W . M ille r. Depts. Psychiatry and 
Pharmacology, Univ. Iowa Coll. Med., Iowa C ity IA 52242, Dept. 
Psych., Res. Serv., V .A.M .C., Iowa C ity IA 52246, Cell and 
Devel. Biol., R utgers Univ, P iscataway NJ 08854.
In situ hybrid ization studies suggest that cortical ce lls express 

m any neurotrophins. W e processed brains from  m ature rats 
immunohistochemically to identify neurons that express various 
neurotrophin receptors. Primary antibodies d irected against the 
carboxyl ends o f trkA, trkB, trkC (Santa Cruz), p75, and the c- 
neu oncoprote in  (O ncogene) w ere used. A ll o f the antibodies 
identified  cell bodies in layer V  and each had a conspicuous 
apical process. Thus, they were identified as pyramidal neurons. 
c-neu, trkB, and trkC w ere expressed by neurons in the septal 
nuclei, the diagonal band o f Broca and the basal nucleus. trkA, 
however, w as expressed only by neurons in the diagonal band. 
Dual, fluorescence m icroscopy w as used to show that c-neu- 
positive layer V  pyram idal neurons and basal forebra in  neurons 
also expressed trkA, trkB or trkC. Cortical and basal forebrain 
neurons also co-expression trk  subtypes and p75. Thus, 
neurons in cortex and the basal forebra in  express multiple 
neurotrophic receptors and m ay be supported by more than one 
neurotrophic factor. Funded by the Departm ent o f Veterans 
A ffairs and NIH grants DE 07734, AA  06916, and AA  07568.

229.11
IMMUNOCYTOCHEMICAL LOCALIZATION OF Se-GLUTATHIONE 

PEROXIDASE IN THE ADULT MOUSE BRAIN. M.-E. Mirault*. G. 
Trgpanier. D. Furling and J. Puymirat. Dep. o f Genetic and Molecular 
Medicine, CHUL Research Center, Laval University, Quebec, G1V 4G2.

Seleno-glutathione peroxidase (GSHPx), by reducing hydrogen 
peroxide and fatty acid hydroperoxides, may be a major protective enzyme 
against oxidative damage in the brain. Oxidative damage is strongly 
suspected to contribute to the neurodegenerative process o f Alzheimer's 
and Parkinson's diseases. We report an immunocytochemical analysis o f  
the localization o f GSHPx in the adult mouse brain, carried out with an 
affinity-purified polyclonal antibody raised against a recombinant human 
GSHPx protein. Most o f the brain areas analyzed showed a weak to strong 
GSHPx immunoreactivity localized exclusively in the cytoplasm, although 
positive neuropils were occasionally seen. Specific immunoreactivity was 
observed in glial cells in the corpus callosum and anterior commissure. 
The strongest immunoreactivity was found in the reticular thalamic and red 
nuclei. Highly immunoreactive neurons were observed in the cerebral 
cortex (intermediate layers), pontine nucleus, and cerebellum Purkinje 
cells. Other regions, such as the caudate putamen, septum nuclei, diagonal 
band o f Broca, hippocampus, thalamus, hypothalamus, and substantia 
nigra, showed moderate staining. GSHPx immunoreactivity was found in 
both neurons and glial cells. Double-staining or staining on adjacent 
sections indicated that neither dopaminergic nigral neurons nor cholinergic 
neurons expressed detectable seleno-glutathione peroxidase antigen. A lack 
o f GSHPx in dopaminergic and cholinergic neurons may thus confer a 
relative sensitivity o f these cells to oxidative injury o f various origins, 
including catecholamine oxidation, neurotoxins and excitotoxicity.

This work was supported by the Alzheimer's Association (Chicago) 
and the Medical Research Council of Canada.

229.8
Induction of transmitter release at the neuromuscular junction prevents motoneurone 
death after axotomv in neonatal rats

L. Greensmith G. Vrbova and R.Navarrete*. Department of Anatomy and 
Developmental Biology, University College London, Gower Street, London WC1E 
6BT, U K

Rat motoneurones die if they are disconnected from their target shortly after birth, but 
survive if this deprivation is inflicted later in life. We propose that through interaction 
with the target the motoneurone changes from a growing into a transmitting cell. This 
transition is essential for the survival of developing motoneurones. Therefore, 
increasing transmitter release from immature motoneurones should make them 
resistant to target deprivation. Here we examined the possibility that enhancing 
transmitter release at the neuromuscular junction can prevent the death of 
motoneurones destined to die following neonatal nerve injury.
Transmitter release was enhanced in newborn rats by implanting a silicon rubber strip 
containing 4-aminopyridine (4-AP) alongside the soleus muscle in one hmdlimb. 
When the pups were 3 days old the sciatic nerve was crushed in treated and control 
animals that had no previous exposure to 4-AP. The effect of these manipulations on 
motoneurone survival was assessed physiologically by measurement of muscle tension 
and motor unit number 2-3 months later in the 4-AP treated animals, 52.7% ±5 .4  
and 52.1% ± 2.4 of motor units to the soleus and EDL muscles respectively survived 
nerve injury, while without 4-AP pretreatment only 18% ± 4.1 and 28.5% ± 4.9 of 
soleus and EDL motor units survived. In addition, the reinnervated muscles of the 4- 
AP treated group developed more force than those of the untreated group. Thus, 
enhancing transmitter release at the neuromuscular junction of neonatal rats induced 
motoneurones to become resistant to nerve injury and permitted a better recovery’ of 
muscle function.

229.10
PROSTAGLANDIN H SYNTHASE: IMMUNOFLUORESCENT 
LOCALIZATION IN CULTURED NEURONS. C. R. Thore* and
D. W. Busiia. Department o f  Physiology and Pharmacology, 
Bowman Gray School o f  Medicine, Winston-Salem, NC 27157.

We have previously examined localization and regulation o f  
PGHS in cortical glia. Since neurons in vivo have been shown to 
contain immunoidentifiable PGHS, we examined these cells in vitro 
to compare neuronal vs. astroglial PGHS content and localization.

Fetal ovine astroglia and neurons were cultured in media 
containing 2% fetal calf serum and studied at 1 ,2 , 3, 5, and 7 DIV. 
Neurons were immunoidentified with antibody to neuron specific 
enolase and astrocytes with antiglial fibrillary acidic protein. Both 
monoclonal and polyclonal antibodies (Oxford) were used to label 
the constitutively expressed PGHS-1, while the inducible form was 
immunolocalized with a polyclonal antibody specific to the unique 
C-terminal end o f  PGHS-2 (gift o f  T. Hla). PGHS-1 and PGHS-2 
(+) immunofluorescence was seen in neurons at all times examined. 
While PGHS(+) immunostaining appeared consistently greater in 
neurons vs. glia, neuronal PGHS appeared to decrease with time in 
culture. PGHS was located in a nuclear/perinuclear location as has 
been seen with other cell types. Additional studies showed that a 
mitogenic phorbol ester produced obvious increases in PGHS-2 (+) 
labeling after 6 hrs. exposure. Supported by HL 30260, HL 46558 
& H L  50587.

229.12
RETARDATION OF BRAIN GROWTH BY HYPEROXIA IN 
NEWBORN RATS. D .T o r b a t i* .  M. M anqin o, Y. Mao and  
J .  W o lf s d o r f .  D i v i s i o n  o f  C r i t i c a l  C are M e d ic in e ,  
M iami C h i ld r e n ' s  H o s p i t a l ,  M iam i, FL 3 3 1 5 8 .

We t e s t e d  t h e  e f f e c t  o f  p r o lo n g e d  o x y g e n  t h e -
ra p y  on b r a in  d e v e lo p m e n t  in  new born r a t s .  20 
r a t s  ( tw o -d a y s  o ld ;  ra n d o m ly  s e l e c t e d  from  5 
d i f f e r e n t  l i t t e r s )  w ere  d iv i d e d  i n t o  tw o  g r o u p s  
o f  10 e a c h .  T hey w ere  p la c e d  i n s i d e  h u m id if ie d  
e n v ir o n m e n t a l  ch a m b ers , c i r c u l a t e d  e i t h e r  w ith  
a i r  o r  >95% 0 2 f o r  5 c o n s e c u t i v e  d a y s .  The 
ch am b ers w ere  o p en ed  f o r  20 m in d a i l y  f o r  
c l e a n i n g  and r o t a t i n g  dam s. I n  t h r e e  d i f f e r e n t  
s e t s  o f  e x p e r im e n t s ,  t h e  b r a in  w e ig h t ,  and w a te r  
c o n t e n t ,  w ere  d e te r m in e d  a t  0 ,  1 , and 3 d a y s  
a f t e r  a i r  o r  0 2 e x p o s u r e s .  0 2-e x p o s e d  p u p s had  
s i g n i f i c a n t l y  lo w e r  b r a in  w e ig h t  th a n  c o n t r o l s ,  
b u t  show ed no c h a n g e s  in  t h e  b r a in  w a te r  c o n t e n t  
( 8 7 . 5 5 ± 0 .2 0  in  a i r - e x p o s e d  r a t s  v e r s u s  
8 7 .4 1 1 0 .1 9 %  in  0 2- e x p o s e d  r a t s ) .  The m eanlSD  o f  
b r a in  w e ig h t s  w ere :
D ays a f t e r  B r a in  W eig h t Img)
flir/o7 exposure__Air-exppgefl_____Qj-exposefl

0 745 ± 2 1 6 7 9 1 5 6 *
1 9 1 2 1 1 1 9 7 8 3 1 1 1 4 *
3 9 9 0 1 6 8 8 2 7 1 6 4 *

* S i g n i f i c a n t (p < 0 .0 5 ;  u n p a ir e d t - t e s t ) . The
n e u r o a n a to m ic  s t r u c t u r e s  a f f e c t e d  by h y p e r o x ia  in  
new born r a t s  a r e  c u r r e n t l y  b e in g  i n v e s t i g a t e d .
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229.13
CAREFUL CONTROL OF OSMOLARITY AND pH ENHANCES SURVIVAL 
IN HIPPOCAMPAL CULTURES. M. P. Maher* and S. McKinney. Division 
of Biology, Caltech, Pasadena, CA 91125.

In maintaining long-term dissociated cultures of fetal rat hippocampal 
neurons, we have discovered an extreme sensitivity to pH and osmolarity. 
Neurons were cultured using standard methods: 2 mL Neurobasal+B27 
medium (Gibco) in 35 mm tissue culture dishes (Falcon), 5% CC>2 water- 
saturated atmosphere at 36°C, 35-50K cells at 500-1000 cells/m m 2, fed once 
weekly by replacing half the medium.

Opening the incubator several times daily for observation and feeding 
causes the interior CO2 concentration and humidity to vary, with a net loss 
of water. Under normal operating conditions, medium in the dishes in our 
incubator loses 75 pL /day of water and increases in osmolarity by 8 mOs/kg 
per day. Over the course of 2 weeks in culture with a standard feeding 
schedule, the osmolarity rises from its ideal value of 220 m O s/kg to 280 
mOs/kg, and cell survival falls to zero. Cell death begins after 2 days when 
the medium is maintained at 270 m O s/kg, and is complete after 4 days at 
this high osmolarity.

Exposing covered 35 mm tissue culture dishes of C02-based media to air at 
23°C causes the pH to rise to 7.7 in 10 minutes. Exposure to pH  in excess of
7.7 for more than a few minutes also kills the neurons. These effects are not 
immediately apparent; cell morphology may appear good for a day or more 
after exposure to high pH. Neurons do not appear to be sensitive to high pH 
until after 4 days in culture. Freshly dissociated neurons can withstand pH 
above 8 for several hours with no apparent effects on long-term survival.

Rigorously maintaining pH (by limiting exposure to air with no added 
CO2) and osmolarity (by replacing evaporated water 3 times per week), we 
are able to reproducibly achieve cell survival rates over 50% for 10 weeks.

229.15

EFFECT OF IN VIVO NEONATAL CHRONIC BLOCKING OF THE NMDA 
RECEPTOR IN THE RAT ON SUBSEQUENT SURVIVAL OF 
CEREBELLAR GRANULE CELLS IN CULTURE A. Contestabile and E. 
Ciani. (SPON: European Neuroscience Asso cia tio n). D e p t. o f 
Biology, University o f Bologna, Italy.

Several lines o f evidence suggest a role fo r the NMDA receptor 
in brain deve lopm ent. S tim u la tion  o f NMDA re c e p to r  is a 
re q u ire m e n t fo r  su rv iva l and d if fe re n tia t io n  o f ce re b e lla r 
g ranule cells  in c u ltu re  w h ile  its  b lock ing  in v ivo  during  
d e ve lopm ent resu lts  in a lte red  c irc u it fo rm a tio n . We have 
recently developed a model o f chronic neonatal blockade o f the 
NMDA re ce p to r th ro u g h  daily  in je c tion s  o f the  c o m p e titiv e  
antagon is t CGP 39551 (F acch ine tti e t  al., Neuroscience, 60, 
3 4 3 ,1 9 9 4 ; V irg ili e t al., N euro report, 5, 2 1 4 1 , 1 9 9 4 ). We 
re p o rt here our f irs t  results on in v itro  cu ltu res  o f cerebellar 
granule cells taken fro m  ra ts a t the  e igh t postnata l day, e ither 
normal or subjected to  system ic daily in jections o f increasing 
doses (1 .5 -4  m g /K g ) o f CGP 39551 (k ind ly  supplied by Ciba- 
Geigy), s ta rtin g  from  postnata l day 1. A fte r  6 days in c u ltu re  
w ith  25 mM K+, a low er neuron su rv iva l was observed in 
cu ltu res derived fro m  CGP 3 9 5 5 1 -tre a te d  ra ts  as compared to  
controls, taking in to  account the fa c t th a t the  in itia l num ber o f 
cells p la ted  was th e  same. Sh ifting  to  5 mM K + -con ta in ing  
medium resulted in b o th  cases in cell death, a t least in p a rt 
apopto tic  in nature. Possible d iffe ren tia l e ffe c ts  in cell rescue by 
lith ium  and p ro te in  syn thesis  inh ib itio n  are cu rre n tly  under 
investigation as it  is the  response to  e xc ito to x ic ity  mediated by 
glutam ate or its agonists.

229.17

INFLUENCE OF NON-THERMAL PULSED RADIOFREQUENCY 
FIELDS (PRF) ON NEURITE OUTGROWTH. Sisken*. 
P.Resig. S.  Ranney and R Stach. Center for Biomedical Engineering 
and Dept. Anatomy and Neurobiology, University o f  Kentucky, 
Lexington, Kentucky 40506-0070; Director Research, Univ. Mich- 
Flint, Flint, MI 48502

Exposure o f primary neurons to electric or pulsed electromagnetic 
fields (PEMF;PRF)) alone or in the presence of NGF has been shown 
to enhance neurite outgrowth from chick embryo dorsal root ganglia 
(DRG) or regeneration o f  transected nerves in adult rats. We ad
dressed the influence of PRF as a function of incubation time (24, 48 
and 72 hrs) and NGF concentration (0-20 ng/cc) on neurite outgrowth 
in 9 day chick embryo DRG. Experimental plates containing 12 
wells/plate were placed on a single coil (sofPulse MRT model 912, 
Pompano Beach, FL) for 30 min/day for 1-3 days. The PRF signal 
employed was a 65 usee burst o f 27.12 MHz sinusoidal waves, re
peating at 80 Hz inducing amplitudes in the wells of 4-5 gauss. PRF 
alone had no effect on neurite length or number; however there was 
synergism between PRF and NGF in neurite length and number 
(p <0.03) after the second and third day o f incubation. Additionally, 
growth rates were consistently higher with PRF plus NGF (~40%). 
The present study confirms both our original observations on PRF in 
vitro  and those in vivo  published by Raji and Bowden using a similar 
radiofrequency signal. It may be that this non-thermal PRF signal 
applied non-invasively can promote axonal elongation and regenera
tion and be used clinically following nerve injury.

Supported in part by EPi, Pompano Beach, FL

229.14
AXONAL TRANSPORT OF HRP IN THE LESIONED RODENT RUBROSPINAL TRACT 
AFTER 9 MONTHS OF TREATMENT WITH FETAL TISSUE IMPLANTS AND DC 
ELECTRIC FIELDS. M.F. Zanakis* and M.J. Politis. Depts. of Physiology, Neuroscience & 
Biomechanics, NV College Osteopathic Medicine, Old Westbury, NY and Dept. Medical 
Physiology, College of Medicine, Univ. Saskatchewan, Saskatoon, Saskatchewan

This study extends earlier reports demonstrating the effects of DC electric fields 
(DCEF) and fetal tissue (FT) implants on the damaged rat spinal cord after 6 weeks and 
6 months of treatment. It was shown that when the adult spinal cord was hemisected, 
HRP was transported to the red nucleus in greater abundance at these time points when 
3µA of DCEF was applied over the lesion (cathode caudal). This was not obtained with 
FT treatment alone, but was obtained in combination with FT. The aim of this study was 
to use the same paradigm, and compare effects of DCEF and FT treatment at 9 months 
post-injury. After a left hemisection in adult rats, animals were divided into 5 groups; 1) 
lesion alone, 2) lesion plus DCEF, 3) lesion plus FT (E14-17), 4) lesion plus DCEF plus FT. 
At 36-37 weeks, animals were tested on an inclined plane. After testing, HRP crystals 
were implanted into another fresh hemisection caudal to the first. Two days later, 
animals were sacrificed and the brains histologically processed to assess HRP transport 
to the red nucleus. Grain counts were made in the red nucleus and values compared 
between groups. Unlike the results reported earlier for 6 week and 6 month treatments, 
there was no statistical difference in the inclined plane scores between animals in 
treatment groups 2, 3 or 4. The grain counts were also indistinguishable. However, 
animals in these treatment groups performed significantly better on the inclined plane 
than lesion alone animals, and exhibited more grain counts in the red nucleus. Based 
upon these and earlier results, we conclude that DCEF and FT treatments enable the 
damaged spinal cord to repair at different rates, but have similar results by 9 months. 
Also, these two treatments are significantly better than no treatment by this time.

229.16
TROPHIC ACTIONS OF DEPOLARIZATION ON SPIRAL GANGLION 
NEURONS. I. L. Hegartv. A. R. Kay and S. H. Green*. Dept. of Biological 
Sciences, University of Iowa, Iowa City, IA 52242.

Cochlear or spiral ganglion neurons (SGNs) require synaptic contact to 
maintain v iab ility . Loss of hair cells or of contact w ith  the cochlear 
nucleus results in gradual neuronal death. Rapid neuronal death occurs 
in d issocia ted  cu ltu re  upon acute isolation from both target tissues. 
BDNF and NT-3 have been shown to rescue SGNs in vitro . We also find 
that these factors support postnatal day 5 (P5) SGNs, yielding 10-15x 
(BDNF) and 5-10x (NT-3) increases in cell num ber com pared to control 
after 48 hours in culture. The perm eant cAMP analog chlorphenylthio- 
cAMP (1 mM) causes a 10-20x increase in cell survival. D epolarization, 
using 30 mM [K+]0 or 1.5 pM v era trid ine , yields a 30-50x increase in 
survival. Decreasing or increasing (K+]0 from 30 mM, however, results in 
a g rea tly  re d u c e d  tro p h ic  e ffec t. T he m a rk e d  tro p h ic  effec t of 
depolarization is also additive to the trophic effects of BDNF, NT-3 or 
cAMP. This may be a resu lt of in d e p en d en t in trace llu la r  signaling 
pathways or, possibly, the rescue of different neuronal subpopulatioris. 
The trophic effect of 30 mM [K+]0 appears to be due to [Ca2+]j entry via L- 
type Ca2+ channels, since enhanced survival is com pletely blocked by 
nifedipine and partially mimicked by BAY K 8644. Chronic exposure to 
30 mM [K+]o causes a sustained increase in [Ca2+]j to 316±164 nM (n=138) 
from 39±30 nM (5.4 mM [K+ ]0 , n=65), as m easu red  by the calcium  
sensitive dye, fura-2. 80 mM [K+]0, which has a marginal trophic effect, 
increases [Ca2+]i to 285±202 (n=190). The large variability  in [Ca2*]i 
among the cells and the lack of significant difference in [Ca2+]j between 
cells in 30 mM and 80 mM [K+]o make it difficult to relate lack of trophic 
support by 80 mM [K+]o simply to [Ca2+]j.

229.18

Extracellular GTP, guanosine and 5 '-N -ethylcarboxam idoadenosine 
utilize multiple signal transduction mechanisms to enhance NGF- 
induced neurite outgrowth in PC 12 cells. J.W. Gysbers* and M.P. 
Rathbone Dept. of Biomedical Sciences and Medicine, McMaster University, 
Hamilton, ON, L8N 3Z5.

Neurite outgrowth induced by NGF in PC 12 cells can be greatly enhanced by 
extracellular guanosine, GTP, or the adenosine receptor agonist 5'-N- 
ethylcarboxamidoadenosine (NECA). NECA acts by increasing intracellular cAMP, 
which enhances NGF-induced neurite outgrowth. Both guanosine and GTP act 
synergistically with NECA to further enhance neurite outgrowth. This implied that 
guanosine and GTP used complementary mechanisms other than cAMP to enhance 
neurite outgrowth.

GTP did not increase the intracellular cAMP concentration in PC 12 cells, and the 
adenylate cyclase inhibitor SQ22536 did not affect GTP enhanced neurite outgrowth 
after treatment for 48 hrs. Therefore GTP uses a signaling mechanism other than 
cAMP. Guanosine increased cAMP concentrations but not to levels as high as 
NECA did. cAMP levels induced by 10 pM NECA, even in the presence ol 
SQ22536, were much greater than those induced by guanosine. SQ22536 had no 
effect on 10 µM NECA enhanced neurite outgrowth. It significantly decreased, but 
did not abolish, the neurite outgrowth stimulated by guanosine. At optimum 
concentrations, guanosine enhanced neurite outgrowth to a greater extent than did 
NECA. Therefore, although a threshold level of cAMP may be sufficient to enhance 
neurite outgrowth, increased levels of cAMP alone cannot be fully responsible for the 
neuritogenic effects of guanosine. We have previously demonstrated that cGMP- 
dependent mechanisms are also necessary for enhancement of neurite outgrowth by 
guanosine. Support: Hospital for Sick Children Foundation of Toronto and JWG was 
a Post-Doctoral Fellow of The Neuro-Oncology Foundation.
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229.19
INDUCTION OF IL-6 IN PRIMARY SENSORY NEURONS FOLLOWING 
AXOTOMY. P.G. Murphy. J. Grondin. M. Altares. and P.M. Richardson* 
Department of Neurology and Neurosurgery, Montreal General Hospital, McGill 
University. Montreal, PQ. H3G 1A4.

The aim of these experiments was to determine which macrophage 
products in the DRG may directly or indirectly influence regeneration. In 
previous experiments, the induction of an inflammatory response in the DRG 
(dorsal root ganglion) was beneficial for the regeneration of sensory axons and 
transection of the sciatic nerve led to an increase of macrophages in the DRG. By 
RT-PCR analysis of DRG mRNA, an increase in the mRNA for the cytokine 
interleukin-6 (IL-6) was observed following transection of the sciatic nerve. This 
increase was evident within one day after transection and was most prominent at 
two and four days post-injury. The IL-6 mRNA decreased within one week of 
injury and remained undetectable up to four weeks following nerve transection. 
In RNase protection assays of RNA from DRG removed four days post-injury 
indicated a protected fragment in the RNA from the ipsilateral DRG but not from 
the contralateral DRG. In addition, IL-6 mRNA positive cells were detected in 
the ipsilateral DRG but no positive signal in the contralateral DRG was found: 
surprisingly most of the IL-6 mRNA appears to be contained within neurons. 
Approximately one half of large and medium sized neurons were heavily labelled 
in these preparations. Finally, IL-6 bioactivity was detected in the ipsilateral 
DRG using the IL-6 dependent B9 cell assay. IL-6 within the DRG could possibly 
be correlated with axonal growth since the mRNA for IL-6 was also detected in 
DRG isolated from embryonic and neonatal rats, although the expression is much 
lower than observed after axotomy. Both RNase Protection and RT-PCR assays 
indicate that the IL-6 alpha receptor is present within normal DRG and sciatic 
nerve and changes little in either tissue following nerve transection. The cellular 
localization of this receptor has not yet been established.

NEURONAL DEATH III

230.1
STEREOSPECIFIC NEURORESCUE EFFECT OF DEPRENYL AND 
ALIPHATIC N-METHYLPROPARGYLAMINES IN KAINIC ACID 
INDUCED EPILEPTIC RATS; HSP70 EXPRESSION AS A MARKER OF 
NEURONAL DAM AGE. X. Zhang. P.H. Yu, B.A. Davis, and A.A. 
Boulton*. Neuropsychiatry Research Unit, Department of Psychiatry, 
University of Saskatchewan, Saskatoon, Canada S7N 5E4.

The expression of heat shock protein 70K dalton (HSP70) and neuronal 
death in the rat hippocam pus in relation to the severity of status 
epilepticus induced by kainic acid (KA, i.p., 10 m g/kg) has been 
investigated. In the present study the KA-induced seizures were further 
refined according to the kindling model. A substantial HSP70 expression 
in neurons in rats which suffered seizures betwenn moderate stage 4 to 
severe stage 5 was observed. The number of neurons expressing HSP70 in 
CA1 region 24 hours after KA treatment appeared to be correlated with 
the number of neurons that died on day 4 based as assessed by HE 
staining. Seizure-induced HSP70 expression in the hippocampal CA1 
region can be used as a marker for subsequent neuronal death. Both the 
R(-) and S(+) enantiom ers of deprenyl, 2-hexyl-N-methylpropargyl- 
am ine (2-HxMP) and 2-heptyl-N -m ethylpropargylam ine (2-HMP) 
were adm inistered 4 hours after KA treatm ent and the hippocampal 
CA1 region was assessed 24 hours later. All three R(-) enantiomers of 
these drugs exhibited quite potent inhibitory effects towards HSP70 
expression. The S(+) enantiomers were either very weak or lacked effect 
on KA-induced HSP70 expression. In conclusion, R(-)-deprenyl, R(-)-2- 
HxMP and R(-)-2-HMP rescue the neurons from an excitatory type of cell 
death; the rescue action takes place in the very early phase following 
the insult. (Supported by Sask. Health and Ciba-Geigy.)

230.3
EXPRESSION OF BCL-2 GENE FAMILY mRNAs DURING RAT BRAIN 
DEVELOPM ENT AND FOLLOW ING K A IN IC  ACID-INDUCED
s e iz u r e s . _E, Prats, S, Riyera*, E. Tremblay,  O. Canals, A.Bemard, S. 
Timsit L. Ferhat. Y.  Bem-Ari and, M ,.Khrestchatiaky, University Reny 
Descartes, Paris V. INSERM U -29,123 Bd Port-Royal, 75014 Paris.

In vitro studies carried out in several cell types, neurons among 
them, have provided evidences for a role of Bcl-2, Bax and Bcl-X in the 
regulation of program med cell death. However, little is known on the 
their distribution and regulation in the central nervous system and, hence 
their degree of contribution to developmental and pathological neuronal 
d ea th . In situ hybridization and RT-PCR w ere used to investigate the 
expression of Bcl-2, Bax and Bcl-X mRNAs in the developing rat brain, and 
in the adult brain following seizures. All three transcripts were widely 
d istributed  in young and adu lt animals, b u t they exhibited different 
kinetics across age and regions. PCR analysis revealed that the long 
isoform of Bcl-X (Bc1-Xl), which encodes the non-toxic protein, was more 
prom inent than the short toxic form (Bcl-Xs). Following kainic acid- 
induced seizures, minor decreases in Bc1-Xl mRNA were observed in the 
hippocam pus at early time points, w hereas Bcl-2 and Bax mRNA levels 
remained mostly unchanged across time. The results suggest that Bd-2, Bax 
and Bcl-X mRNAs are slightly regulated by neuronal hyperactivity. 
Ongoing studies should be im portant to address whether changes in the 
ratios of these mRNAs play any role in the resistance and vulnerability of 
hippocampal neurons to seizures.

230.2
RATIO OF BCL-2 AND BAX EXPRESSION DURING 
DEVELOPMENT AND APOPTOSIS OF NEURONS IN 
THE CNS L.X. Zhang. L. Zhang. M.A. Smith. J.C. Reedi. M. 
Clark*. A.N. Feldman. D.R. Rubinow. R.M. Post BPB, NIMH, 
Bethesda, MD 20892; fLa Jolla CRF, La Jolla, CA 92037

Bax, the Bcl-2 Associated X protein, forms heterodimers 
with Bcl-2 to determine survival or death following an apoptotic 
stimulus. Here we compared Bax and Bcl-2 mRNA expression in 
the developing and adult rat brain using in situ hybridization. The 
results showed that Bax and Bcl-2 mRNA expression were 
widespread during embryonic development. Bax mRNA was 
expressed as early as E l3, gradually increased and reached a peak 
level at E20. Proliferating neuroepithelial cells of ventricular zones 
as well as the postmitotic cells of the cortical plate, cerebellum, 
thalamus and hippocampus expressed Bax mRNA. Postnatally, 
Bax mRNA declined with age. Bax mRNA was retained 
principally in the cerebellum, hippocampus, optic tract, cortex and 
spinal cord of the adult brain. Bcl-2 mRNA expression almost 
always followed the same pattern with Bax mRNA in the 
developing brain, but was relatively lower than Bax mRNA. Our 
preliminary data showed that kindled seizures could increase Bax 
mRNA expression in the dentate gyrus and hilar cells of 
hippocampus, but no change in Bcl-2 occured. This may be related 
to the progressive hilar cell loss after repeated kindling.
Comparing Bax and Bcl-2 in the development and kindled seizure 
model, our data provided in vivo evidence for the hypothesis that 
the ratio of Bcl-2 and Bax may regulate development and apoptosis 
of neurons in the central nervous system.

230.4
KAINIC ACID-INDUCED SEIZURES UPREGULATE THE EXPRESSION 
OF PROTEASE INHIBITORS mRNAs IN ADULT RAT BRAIN. S. Rivera.
E. Tremblay*. S. Timsit. O. Canals. E. Prats. Y. Citri#.Y. Ben-Ari and M. 
Khrestchatisky. University René Descartes, Paris V. INSERM U-29, 123 Bd 
Port-Royal, 75014 Paris. #The Weizman Institute of Science, D ept. of 
Hormone Research. Rehovot 76100, Israel.

We have investigated by in situ hybridization the time course of 
expression of the mRNA for 16C8, and PAI-2 (plasm inogen activator 
inhibitor-2) in rat brain following kainic acid- (KA) induced seizures. 16C8 is 
a homologous gene of the human tissue inhibitor of metalloproteases (TIMP), 
and (PAI-2) is an inhibitor of the serin protease, tissue plasm inogen 
activator. Metalloproteases and serine proteases have been implicated in 
tissue rem odeling associated to degradation of the extracellular matrix 
(ECM) after various insults. Hybridization signal in control brains was very 
low for both mRNAs. By 4 h post-KA, PAI-2 mRNA was present in the 
granule and pyramidal cell layers of the hippocampus, and confined to the 
pyram idal cell layer and the amygdala at later time points. The levels of 
16C8 mRNA were dramatically increased in the granule cell layer of the 
dentate gyrus as early as 90 min following KA treatment and peaked between 
4 and 8 h  (> 10-fold) later, to decrease progressively, reaching control levels 
at 72 h. The relatively discrete increase in the pyramidal cell layer peaked 
at 16 h  post-KA. At this time point, the stratum lacunosum moleculare of the 
hippocam pus, and cortical, thalamic and hypothalamic areas, showed a 
significant increase in 16C8 mRNA levels that remained elevated until 48 h. 
The results suggest that endogenous inhibitors of proteases are regulated by 
neuronal hyperactivity and may play a role in modulating ECM proteolysis, 
and neuronal reorganization and degeneration associated to epilepsy.

Society for N euroscience, V olume 21, 1995
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230.5

SUBTHALAMIC NUCLEUS LESION IN RATS PREVENTS DOPAMINERGIC 
NIGRAL NEURON DEGENERATION AFTER STRIATAL 6-OHDA 
INJECTION. B. Piallat, A. Benazzouz, K. Bressand, L. Vercueil and A.L. 
Benabid*. Lab. de Neurobiophysique, INSERM U.318, CHU 38043 
Grenoble Cé dex 9. FRANCE

Recent studies have shown that antagonists of the N-methyl-D-aspartate 
(NMDA) receptors provide protection of dopaminergic (DA) nigro-striatal 
pathway in the MPTP, MPP+ and methamphetamine animal models. As 
substantia nigra compacta (SNc) receives a moderate glutamatergic 
innervation from the subthalamic nucleus (STN), we therefore sought to 
determine whether STN lesion could prevent toxicity of the selective DA 
neurotoxin 6-OHDA in rat. Behavioral and immunohistochemical studies were 
performed on 4 groups of rat. Groups (Gp) 1 (n=10) and 2 (n=10) received an 
unilateral injection of 6-OHDA in the striatum and kainic acid (KA) in the STN 
respectively. Gp 3 (n=10) received an injection of KA in the STN and one 
week later an injection of 6-OHDA in the striatum. Gp 4 (n=5) received the 
same treatment but KA was replaced by isotonic NaCl.Gp 1 (6-OHDA in 
striatum) and Gp 4 (6-OHDA in striatum, NaCI in STN) all animals exhibited 
contralateral rotation induced by 0.15 mg/kg apomorphine and the number of 
tyrosine hydroxylase-immunoreactive (TH-IR) cells in the SNc ipsilateral to the 
lesion significantly decreased (45 ± 12.8% and 40.7 ± 13.6% respectively) in 
comparison with normal side. Gp 2 (KA in STN) and Gp 3 (KA in STN and 6- 
OHDA in striatum) exhibited ipsilateral apomorphine induced rotation and the 
number of TH-IR cells was not significantly decreased (0% and 7.6 ± 3.3 % 
respectively) in the SNc ipsilateral to the lesion in comparison with normal 
side. Differences between Gp 1 and 4 and Gp 2 and 3 were statistically 
significant (p<0.001).These results show that STN lesion provides an almost 
complete neuroprotection of the DA nigro-striatal pathway against 6-OHDA 
toxicity and could open a new way for slowing or stopping the progression of 
cell death in Parkinson's disease.

230.7

OVEREXPRESSION OF HUMAN BCL-2 PROTECTS A 
DOPAMINERGIC NEURONAL CELL LINE FROM 
NIGERIC1N-INDUCED CELL DEATH. Y.J. Oh*1 , J.H. Oh1 and 
K.L. O'Malley2. 1 Dept. of Biol., Yonsei Univ., Seoul 120-749, Korea,2 
Dept. Anat. Neurobiol., Washington Univ., St. Louis, MO 63110, USA.

The protooncogenc, Bel-2 is expressed in various tissues including 
the brain and has been shown to inhibit experimentally induced cell 
death in a variety of cell types. Because previous studies have 
demonstrated that the proton/potassium antiporter blocker, nigericin is 
involved in the regulation of cell death, we investigated whether 
nigericin affected cell death in a dopaminergic neuronal cell line, 
MN9D, and whether Bel-2 could block this process. Previously, we 
established stable cell lines transfected with either human Bcl~2 
(MN9D/Bcl-2) or a neomycin vector (MN9D/Neo; control cells). In 
control MN9D/Neo cells, nigericin (0.1-0.5 uM) led to cell death in a 
dose-dependent manner (LD50 < 0.1 uM). Cell death induced by 
nigericin was accompanied by typical apoptotic features such as 
shrinkage of cellular membranes, nuclear condensation and 
intemucleosomal DNA fragmentation. This process was compeletely 
blocked by the addition of either the protein synthesis inhibitor, 
cyclohcximede (0.25-1.0 ug/ml) or the calcium channel blocker, 
nimodifine (0.1-0.5 uM). Cell death induced by nigericin treatm ent was 
attenuated in MN9D/Bcl-2 cells (LD50 = 0.3 uM). Subsequent studies 
using stable cell lines expressing mutations in the conserved domains 
of the Bcl-2 superfamily as well as a deletion mutant of the Bcl-2 
membrane-anchoring sequences were performed. These mutations in 
the Bcl-2 protein had no effect on its ability to attenuate 
nigcricin-induced cell death. Therefore, these studies suggest that the 
protective activity of Bcl-2 against nigericin-induced cell death does 
not require these structural motifs, (supported from MA 45530 and AG 
44626)

230.9

HUNTINGTON DISEASE: NEOSTRIATAL MORPHOLOGICAL
EVIDENCE OF APOPTOSIS?
P Ge. ED Bird. MF Beal. M DiFialia. ME MacDonald. JF Gusella* and 
JP Vonsattel. Laboratories for Molecular Neuropathology, Cellular 
Neurobiology and Molecular Neurogenetics, Department of Neurology, 
Massachusetts General Hospital, MA 02129 and Brain Tissue Resource 
Center, McLean Hospital, Belmont, MA 02178

In Huntington disease (HD) neuronal loss gradually evolves along the 
postero-anterior, medio-lateral and dorso-ventral axes of the neostriatum. 
A characteristic feature of the HD-neostriatum is the presence of atrophic, 
dark neurons (DN), which resemble but are distinct from hypoxic neurons. 
We hypothesized that DN are degenerating cells; therefore, their density 
should be higher in the striatal degenerating areas than in the preserved 
ones. Mapping of the DN using 7 pm thick, Luxol fast blue, Hematoxylin 
and Eosin (LHE) stained sections from 8 HD brains has been done. The 
mappings were recorded throughout the head of caudate nucleus (CN) and 
nucleus accumbens on drawings (Zeiss microscope [X 100] with camera 
lucida). Dark neurons were more numerous in the dorsal half than ventral 
half of the head of CN and rare in the nucleus accumbens. Dark neurons 
were less numerous in the very severely atrophic dorsal third than in the 
middle third of the head of the CN at the end stage of HD. To determine 
whether the DN are apoptotic cells, we evaluated HD, other neurological 
diseases and control neostriatum using TdT-mediated dUTP-biotin nick 
end labeling (TUNEL) methods with ApopTag kit (Oncor). 
Semiquantitative ratings indicated that about 15% of DN were labeled. 
ApopTag positive DN may represent apoptotic neurons. ApopTag 
negative dark neurons may reflect a later stage of degeneration than the 
positive ones. Alternatively, factors other than apoptosis may play a role in 
premature cell death in HD.

230.6

BENZAMIDE PREVENTS MPTP-INDUCED DOPAMINE NEURO
TOXICITY IN C57B1/6 MICE. C. Cosi*. F Colpaert. W Koek and 
M. Marien. Centre de Recherche Pierre Fabre. Castres. France. 
Poly(ADP-ribose)polymerase (ADPRP), or poly(ADP-ribose)synthetase 
(PARS), is a nuclear enzyme involved in the control o f  D N A  plasticity 
(eg. DNA repair, gene expression, carcinogenesis). This enzyme is 
activated by DNA strand breaks and uses NAD+ as substrate. When 
fully activated, it can deplete NAD+/ATP energy stores to an extent 
which leads to cell death. ADPRP inhibitors prevent glutamate-induced 
neurotoxicity in primary cell cultures (Cosi et al., Soc. Neurosci. Abstr. 
18:46, 1992; Zhang et al., Science 263:687, 1994; Cosi et al., J. 
Neurosci. Res. 39:38, 1994). We investigated whether benzamide, an 
ADPRP inhibitor, was neuroprotective in l-m ethyl-4-phenyl-l,2,3,6- 
tetrahydropyridine (MPTP)-induced dopamine neurotoxicity in C57B1/6 
mice, an in vivo situation in which free radicals are formed and/or 
endonucleases activated. Treatment o f  mice with MPTP alone (4 x 20 
mg/kg i.p. over 8 h) reduced striatal dopamine and cortical noradrenaline 
levels by 78% and 43%, respectively, at 7 days post-treatment. 
Benzamide (150 or 600 mg/kg i.p.) administrated at 30 min before the 
first and third injections o f  MPTP, prevented, in a dose related manner, 
the regional depletions o f  both catecholamines. In control animals (not 
treated with MPTP), benzamide alone did not alter striatal dopamine or 
metabolite (DOPAC and HVA) levels. Although the mechanism 
underlying this effect remains uncertain at present, benzamide is clearly 
neuroprotective in this in vivo model.

230.8

CALBIND IN -D 28k IS FOUND IN NERVE CELJ. NUCLEI. D.C. 
Germ an. A.M. lacop ino, M.C. Nq, C .L . L iana . and A. M cM a-
hon. D ep t P sych ia t, UT S o u th w e s te rn  M ed C ntr, Dallas, TX 
75235-9070, and Dept Biom ed Sci, Baylor Col Dentistry, Dallas, 
TX 75246.

Calbindin-D28k (CALB) is a m em ber o f the EF hand family of 
ca lc ium -b ind ing  prote ins. There is ev idence th a t CALB m akes 
ce lls  less vu ln e ra b le  to  d e g e n e ra tio n  in n e u ro d eg e n era tive  
d iseases like P ark inson ’s, H un tin g to n ’s, and A lzhe im er’s d is 
ease. We now  presen t im m unoh istochem ica l data  to  indicate 
th a t C ALB is p re se n t w ith in  th e  n uc le us  o f m id b ra in  d o p a m i
nerg ic  neurons, and cerebe llar purk in je  neurons in the rat and 
m ouse. Using light m icroscopic im m unohistochem ical staining 
techn iques, w ith  low  conce n tra tion s  o f m onoclona l and p o ly 
clonal anti-C ALB antibod ies (1 :5,000-100,000), we find CALB- 
im m u n o s ta in in g  w ith in  th e  n uc le us  o f b o th  ce ll p o p u la tio n s . 
Ten µ m th ick  sections w ere cu t from  fo rm alin -fixed  tissue sec
tio n s , and  im m u n o s ta in e d  u s in g  severa l d iffe re n t m ethods; 
p e ro x id a se  a n ti-p e ro x id a se , co lo id a l g o ld , im m u n o flu o re s 
cence, and rad io im m unoh is tochem is try . There was no immu- 
n o s ta in in g , how ever, in the  n uc le o lus . O the r te ch n iq u e s  are 
p re se n tly  b e in g  e m p lo ye d  to  ve rify  th e se  o b se rva tio n s . The 
presence of CALB within the nucleus has im portant implications 
fo r its functional role.

230.10

INTRASTRI AT AL QUINOLINIC ACID LESIONING INDUCES 
TUMOR SUPPRESSOR p53 IMMUNOREACTIVITY IN RAT
T. Alexi*. B, Knusel and P. Hughes. Andrus Gerontology Center, 
University o f  Southern California and Department o f  Physiological 
Sciences, University o f  California Los Angeles, Los Angeles, CA.

Lesioning the striatum with the excitotoxin quinolinic acid (QA) 
results in a pattern o f  neuropathology that resembles that seen in 
post-mortem Huntington’s disease brain. The tumor suppressor 
protein p53 is a transcription factor that is important in the regulation 
o f  cell proliferation. Overexpression o f  p53 has been associated with 
apoptotic cell death, including pathological cell death due to 
excitolesioning.

Acute intrastriatal infusion o f  QA (150 nmol) produced a relatively 
selective degeneration o f  medium spiny neurons which contain 
y-aminobutyric acid (GABA). In intact striatum, few cells exhibited 
immunocytochemical labelling for p53. QA infusions increased the 
number o f  cells with p53 immunostaining at 12 hours post-lesion. At 
24 hours post-lesion, p53 immunoreactivity increased dramatically and 
persisted until 3 days post-lesion. By 10 days post-lesion there was 
extensive cell degeneration and only a few cells stained positively for 
p53. In situ labelling o f  nicked D N A  by TUNEL to identify dying cells 
showed a pattern that mimicked that o f  p53 staining. These findings 
suggest that acute excitolesioning o f  the striatum involves proteins 
implicated in the apoptotic cascade o f  cell death.
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230.11

SUPEROXIDE DISMUTASE/TETANUS TOXIN FRAGMENT C 
HYBRIDS FOR DELIVERY OF ENZYME TO THE NERVOUS SYS
TEM. P,S. Fishman*. J.M. Savitt. D.A. Parks. D . Figueiredo,_G.
Dougan. R.A. Hallewell. Neurology Service, VAM C, Baltimore, MD  
21201; Dept. o f Biochemistry, Imperial Coll., London, SW 7 2A Y, UK.

Copper/zinc superoxide dismutase (SOD-1) plays a major role in 
preventing oxidative injury through the elimination o f superoxide 
radicals. Treatments which augment cellular SO D -1 levels protect 
neurons in several models of free radical injury. The non-toxic portion 
o f tetanus toxin known as Fragment C (TC) has similar neuronal 
binding and transport properties to tetanus holotoxin and has been used 
to enhance neuronal delivery o f other proteins. We hypothesized that a 
hybrid molecule containing TC and SO D -1 would enhance the delivery 
o f the enzyme to the nervous system. DNA encoding TC was 
tandemly linked to cDNA encoding human SOD-1 and the maltose 
binding protein (MBP). The proteins MBP-TC-SOD and MBP-SOD- 
TC were expressed in E. coli and purified on a maltose affinity column. 
Both proteins showed superoxide dismutase activity in polyacrylamide 
gels and enzyme assay. Immunohistochemistry revealed that both 
hybrid proteins underwent retrograde axonal transport after 
intramuscular injection in mice. The distribution o f hybrid proteins 
within the brain and spinal cord was identical to that o f unconjugated 
TC. Accumu-lation o f intramuscularly injected proteins in the 
brainstem was measured by ELISA and revealed similar uptake o f both 
hybrid proteins and unconjugated TC. There was no detectable 
transport of native SO D -1 injected in five-fold excess compared to the 
hybrid proteins. Hybrid proteins containing TC may be a useful 
method to deliver SO D -1 to the nervous system.

230.13

TNFα  AND PAF, HIV-i-INDUCED NEUROTOXINS, REGULATE PRO-
APOPTOSIS GENE EXPRESSION IN PRIMARY HUMAN NEURONAL 
CULTURES. Kirk A. Dzenko. Seth W. Perry. Leon G. Epstein, and Harris 
A. Gelbard* University of Rochester Medical Center, Rochester, NY 14642.

Studies from our laboratory and others have identified the cytokine tumor 
necrosis factor alpha (TNFα ) and the phospholipid mediator platelet activating 
factor (PAF) as candidate neurotoxins produced by HTV-1-infected macrophages 
activated by a variety of antigenic stimuli. We have recently demonstrated that 
TNFα -mediated apoptosis occurs in a dose-dependent fashion in a human 
neuronal cell line; and can be prevented by transfection with the proto-
oncogene bcl-2 or the cowpox virus gene crmA (Talley et al., 1995, Mol. Cell 
Biol. 15:2359-2366). Based on these findings, we examined whether 
application of TNFα  or carbamyl PAF (resistant to hydrolases) to primary 
human cortical neuronal cultures induced apoptosis as a possible mechanism 
for the neuronal loss seen in HIV-1 associated dementia. Using a quantitative 
in situ method to identify free 3’-OH ends of fragmented DNA as a marker for 
apoptosis (TUNEL stain), TNFα  (1 ng/ml) induced a 164% increase in 
apoptotic neurons (p<0.01 relative to control), while c-PAF (125 ng/ml) 
induced a 47% increase in apoptotic neurons (p<0.01 relative to control). 
Immunostaining with antisera to the pro-apoptosis gene product bax revealed a 
marked up-regulation of peri-nuclear neuronal staining in TNFa- and c-PAF- 
treated cultures relative to control cultures. In situ hybridization studies 
revealed that c-PAF treatment up-regulated expression of cyclin D1 mRNA (a 
putative pro-apoptosis gene) in neurons. Studies are in progress to correlate 
expression of cyclin D1 or bax with TUNEL immunostaining in c-PAF and 
TNFa-treated neuronal cultures. (Supported in part by grants from the NIH 
and the Charles A. Dana Foundation).

230.15

INDUCTION OF APOPTOTIC CELL DEATH IN A
NEUROBLASTOMA CELL LINE BY DIBUCAINE. M. Kim.
Y.S. Lee*. H.L. Mathews* and R.D. Wurster. Depts. of Neurological Surgery, 
Physiology, and +Microbiology and Immunology, Loyola University Medical Center, 
Maywood IL. 60153.

Understanding apoptosis is important for studies of brain tumors as well as 
neurodegenerative disorders such as Alzheimer’s and Parkinson’s diseases. Changes 
in membrane phospholipids and membrane fluidity have been implicated in these 
apoptotic mechanisms. The apoptotic effects of the local anesthetic dibucaine, which 
is well known to interact with membrane phospholipids, were studied on SK-N-MC 
human neuroblastoma cells. Apoptosis was determined by direct visualization of 
morphological changes of the nucleus using the DAPI staining technique and 
confirmed by production of characteristic DNA ladder patterns on gel electrophoresis. 
Membrane fluidity was measured by the steady-state fluorescence polarization method 
using l,6-diphenyl-l,3,5-hexatriene (DPH) and l-[4-(trimethylamino)-phenyl]-6- 
phenylhexa-1,3,5-triene (TMA-DPH) as fluorescence probes. Dibucaine caused dose- 
dependent apoptotic responses. However, the dibucaine concentrations which induced 
apoptosis did not significantly alter membrane fluidity, indicating that the cytotoxic 
mechanisms of dibucaine were not related to changes in membrane fluidity and 
phospholipid changes. However, antioxidants or protein synthesis inhibitor effectively 
blocked the dibucaine-induced apoptosis. These results suggest that oxygen free 
radicals may be involved in the apoptosis induced by dibucaine.

230.12

Altered Expression of bcl-2 and bax mRNA in Amyotrophic Lateral Sclerosis 
Motoneurons. X. Mu.* J. He. D.W. Anderson. J. Q. Troianowski. and J.E. Springer 
Dept. of Anatomy and Neurobiol., Medical College of Pennsylvania and Hahnemann 
University, Philadelphia, PA 19102, and Center for Neurodegenerative Disease 
Research (JQT), Dept. of Pathology and Laboratory Medicine, University of 
Pennsylvania Medical Center, Philadelphia, PA 19102.

One of the primary neurodegenerative events occurring in amyotrophic lateral 
sclerosis (ALS) is the selective loss of spinal cord alpha motoneurons. The selective 
loss of these motoneuron populations results in denervation of the somatic 
musculature and consequent muscle weakness and atrophy. Many of the events 
hypothesized to contribute to motoneuron loss in ALS have been shown to be 
involved, to some degree, in programmed cell death, or apoptosis. To study the 
potential role of programmed cell death in the degeneration of these motoneurons, 
we used in situ hybridization to measure the expression of two cell death-related 
genes, bcl-2 and bax in control and ALS lumbar spinal cord sections. Positive 
hybridization signal for bcl-2 mRNA was observed in lamina IX alpha motoneurons 
of all control cases examined (neurological and non-neurological). Bcl-2 mRNA 
hybridization signal was also observed in remaining alpha motoneurons in the ALS 
cases. However, quantitative analysis revealed an overall significant (4-fold) 
decrease in bcl-2 mRNA levels in ALS motoneurons compared to controls. The 
expression of bax mRNA was also examined in adjacent tissue sections, and was 
found to be similar to background hybridization signal in all control cases. In 
contrast, bax mRNA hybridization signal was readily detected in alpha motoneurons 
of all ALS lumbar sections, with the overall levels being significantly higher (2-fold) 
than controls. These results are the first to describe the altered neuronal expression 
of program cell death-related genes in a neurodegenerative disorder. The primary 
events responsible for the altered expression of bcl-2 and bax are not clear at this 
time. However, given the proposed roles of bcl-2 and bax in programmed cell death, 
the present findings favor a scenario in which this cell death process could contribute 
to spinal cord motoneuron degeneration in ALS. This study was supported by grants 
from the NIH (NS30248) and the Philadelphia ALS Association.

230.14
THE CANDIDATE GENE FOR SPINAL MUSCULAR ATROPHY, 
NEURONAL APOPTOSIS INHIBITORY PROTEIN (NAIP); TISSUE 
LOCALIZATION AND PRELIMINARY FUNCTIONAL ANALYSIS N. Roy.
K. Tamai. W A. Staines*. P. Jacob. J-E. Ikeda. R.G. Korneluk and A. 
Mackenzie Molecular Genetics Laboratory, Children’s Hospital of Eastern 
Ontario, Ottawa, Canada K1H 8L1 Department of Biochemistry, Department 
of Anatomy and Neurobiology, University of Ottawa, Ottawa K1H 8M5

Childhood spinal muscular atrophy is an autosomal recessive 
neurodegenerative disorder characterized primarily by progressive lower motor 
neuron depletion. It has histological features characteristic of apoptosis, 
leading to the suggestion that an inappropriate persistence or reactivation of 
motor neuron apoptosis underlies SMA. We have identified a gene for neuronal 
apoptosis inhibitory protein (NAIP) which (a) maps to the SMA containing 
region of 5q 13.1 (b) is deleted in a large population of children with type 1 
SMA and (c) is homologous to baculoviral inhibitor of apoptosis proteins 
(IAPs). To determine if NAIP is normally expressed in human spinal motor 
neurons, we raised polyclonal antibodies against fusion proteins encoding 
different regions of NAIP. Assessment of the antisera by protein blotting and 
immunohistochemistry revealed strong immunoreactivity in COS-1 cells 
overexpressing NAIP cDNA. A number of these antisera labelled large anterior 
horn neurons and neurons in the lateral horn in infant human spinal cord. In 
preliminary functional analyses, cell lines infected with an adenoviral construct 
containing full length NAIP cDNA show protection from staurosporin-induced 
apoptosis . These data suggest that mutations in the NAIP gene lead to 
apoptosis of select neuronal populations and result in or contribute to the SMA 
phenotype.

230.16

CLUSTERIN EXPRESSION AFTER PERIPHERAL NERVE INJURY 
E. Tornqvist*. M . Svensson. H. Aldskoqius Dept. of Neuroscience, 
Karolinska Institutet, S-171 77 Stockholm, Sweden.

Clusterin is expressed in astrocytes and in some nerve cell 
populations and has been associated with neurodegeneration. 
Clusterin inhibits certain effects of complement activation and 
may regulate the interaction between complement and clusterin 
expressing neurons. Clusterin is constitutively expressed in e.g. 
hypoglossal motorneuron. This expression is increased after nerve 
transection in parallel with complement activation, in which 
microglia appears to have a crucial role as a source of C3, a key 
factor in the complement cascade (Svensson et al., 1995). The aim 
of this study was to investigate if clusterin expression in 
axotomized neurons is i) upregulated due to the complement 
activation and ii) correlated with their vulnerability to 
peripheral nerve lesion. In addition, we have investigated 
whether clusterin is axonally transported.

Clusterin expression was studied with immunocytochemistry. In 
one group of rats subjected to hypoglossal nerve injury, 
cytosine-arabinoside was infused into the cisterna magna in order 
to inhibit microglial proliferation, thereby blocking complement 
activation. In a second group the hypoglossal and vagal nerves 
were crushed and clusterin immunoreactivity (IR) examined in the 
respective nucleus. In a third group, the hypoglossal nerve was 
ligated and examined for clusterin -IR at the ligation site.

The result showed; i) an increased clusterin expression in the 
hypoglossal nucleus after nerve injury even after inhibition of 
complement activation, ii)a greater upregulation of clusterin -IR 
in the more vulnerable vagal neurons compared to hypoglossal, and 
iii) accumulation of clusterin -IR on both sides of the ligature 
suggesting biderectional axonal transport of this protein.
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230.17

THE EFFECTS OF REMAINING AXONS ON MOTONEURON SURVIVAL 
AND NOS EXPRESSION FOLLOWING AXOTOMY IN THE ADULT RAT. 
Y.Gu'.H. Liu1. J.O.Penix1. G.E.Goode*2. W.Wu1,2 1Neurosurgery, 2 Anatomy and 
Neurobiology, Eastern Virginia Medical School, Norfolk, VA 23501.

Our previous studies have shown that following root avulsion adult rat spinal 
motoneurons express NOS prior to their degeneration while distal axotomy (10 mm 
from spinal cord) does not cause NOS expression nor motoneuron death. By 
performing axotomy in the C7 spinal root/nerve at different distances from the spinal 
cord (0, 2, 4, 6, 8, or 10 mm respectively), the present study examines the effects 
of different remaining axons on motoneuron survival and NOS expression. The 
survival rate of motoneurons increases as the distance of axotomy to the spinal cord 
increases from 0mm to 4mm. By 6 weeks following the lesion, only about 30% of 
motoneurons survived in the avulsed (0mm from the cord) animals while 50% or 75 % 
of motoneurons still survived in the distal axotomized ones (2 or 4mm from the cord 
respectively). No significant motoneuron loss was observed when axotomy was 
performed more distally (6, 8, or 10mm). In contrast, the numbers of NOS positive 
motoneurons decrease as the distance of axotomy from the spinal cord increases. By 
3-4 weeks following the lesion, 80% of motoneurons expressed NOS in avulsed 
animals while only 40% or 20% of motoneurons were NOS positive in distal 
axotomized ones (2mm or 4mm from the cord respectively). No NOS positive 
motoneurons were found following more distal axotomy (6, 8, or 10mm from the 
cord). Interestingly, more motoneurons expressed low affinity nerve growth factor 
receptor (LNGFR) in distally axotomized animals than in proximally axotomized 
ones. These data indicate that the remaining axon plays an important role for the 
survival of injured motoneuron. Survival promoting effect may result from 
neurotrophic factors produced by the non-neuronal component surrounding the 
remaining axons. (Supported by PVA Spinal Cord Research Foundation and American 
Paralysis Association).

230.19

ACTIVATION OF THE cAMP SIGNALING PATHWAY PROMOTES 
MATURATION AND LONG TERM SURVIVAL OF DOPAMINERGIC 
NEURONS. P.P. M ichel* and Y. Aaid. INSERM U289, Hô pital de la 
Salpê trié re, 47, bd. de I'hô pital, 75013 Paris, France

We investigated the role played by the cAMP signaling pathway in the 
development and the long term survival of dopaminergic neurons, using 
dissociated cultures from the rat ventral mesencephalon. Dopaminergic 
neurons which degenerate spontaneously and progressively in our culture 
model, most likely due to the lack of an appropriate trophic support, were 
rescued by dibutyryl cyclic AMP (dbcAMP), a permeant analog of cAMP. 
The number of tyrosine hydroxylase positive cells was increased by 4 and 
11 fold after continuous exposure to dbcAMP (Im M ) fo r 10 and 21 days, 
respectively. In the meantime, there was a substantial augmentation in 
the accumulation of [3H]-dopamine suggesting that dbcAMP also 
stimulated the development of the neurotransmitter's high affinity 
reuptake transport system. The trophic/survival activity was most likely 
associated to a rise in intracellular cAMP inasmuch as forskolin [an 
activator of the adenylate cyclase] and IBMX [a xanthine derivative which 
is a potent inhibitor of phosphodiesterases] could mimic the effects of 
dbcAMP. The effects of the cyclic nucleotide analog were aimed at 
dopaminergic neurons, specifically, at least in the early phase of the 
culture (DIV 0-10) since neither GABA-ergic nor serotoninergic neurons 
were affected by the treatment. Our results indicate (1) that the cAMP 
signaling pathway may participate to the ontogenesis of mesencephalic 
dopaminergic cells and (2) that pharmacological agents which stimulate 
the production of endogenous cyclic AMP may be useful adjuncts in the 
treatment of Parkinson's disease.

230.18

N-PROPARGYL-1 (R )-A M IN O IN D A N  (TV P-1012), A PUTATIVE 
NEUROPROTECTIVE A G EN T, E N H A N C E IN VITRO  N EURO NA L 
SURVIVAL AFTER GLUTAMATE TOXICITY. E. Yoles* and M. S h w a r tz . 
D ep t. of Neurobiology, W eizm ann Institu te of Science, Rehovot, Israel.

N -propargyl-1  (R )-am inoindan (TVP-1012) is a p o ten t and  selective 
m onoam ine oxidase B inhib itor, d eve loped  by TEVA as a trea tm en t for 
Park inson 's d isease and  neurological disorders. Lately it w as show n t h a t  
TVP-1012 exerts also some neuroprotective effects in experim en ta l m odels 
w hich seem to exclude its activ ity  as a m onoam ine oxidase inhib itor. Thus 
for exam ple we have show n that in a m odel of optic nerve crush  injury it has 
a pow erfu l neuropro tec tive  effect. Since the optic nerve does not contain 
d o p a m in e rg ic  n e u ro n s , it w as  h y p o th es iz ed  th a t  TVP-1012 acts as 
neuropro tective agent by o th er m echanism . W e used  p r im a ry  neuronal 
c u ltu re  in o rd er to get an  in sig h t to the  m ech an ism  u n d e rly in g  its 
neuropro tec tive  activity. H ippocam pal n eu ro n s w ere g ro w n  according  to 
Banker technique upon a m onolayer of glial cells. W e ind u ced  cytotoxicity 
by ap p ly ing  high  concentration  of g lu tam ate  th at h as  recep to rs both on 
glial cells and on hippocam pal neurons. G lu tam ate has been show n, at high 
concentration (1 mM), to lead to neuronal cell d e a th  w ith  no  effect on the 
glial cells. The ad d itio n  of TVP-1012 (10-7- 1 0-9 M) to g lu tam ate  treated  
neurons s ig n ifican tly  rescue neu ro n s from  d e a th . The m echan ism  of 
g lu tam ate  cytotoxicity in neurons is via the NM DA receptor. H ow ever, it is 
unlikely  th a t TVP-1012 acts as a g lu tam ate  an tagon ist, it is more lik e ly  
th at TVP-1012 affects intracellu lar events, such as levels a n d /o r  subcellular 
localization  of cell cycle regulatory  genes. Thus, TVP-1012 m ay serve as 
potent neuroprotective com pound in large variety  of CNS traum as.

230.20

REGULATION OF NEURONAL APOPTOSIS IN THE DEVELOPING 
FOREBRAIN: Z.F. Cheema. F. Sohrabji. R.C. Miranda* Dept. 
Human Anatomy and Medical Neurobiology, Reynolds Medical Bldg., 
Texas A&M University, College Station, TX 77843.

Neuronal differentiation within the developing forebrain is 
characterized by multiple processes including the elaboration of phenotypes, 
synaptogenesis and programmed cell death (apoptosis). We are examining 
mechanisms underlying apoptotic cell death in situ, using an enzymatic 
reaction that labels 3’-terminals of nucleosomal fragments, generated by 
endonuclease cleavage that accompanies apoptosis. The developing rat 
forebrain expresses high levels of apoptotic profiles, particularly in the 
cerebral cortex and hippocampus. The numbers of apoptotic profiles 
observed declined significantly from postnatal day (P) 4 to P15. Within the 
cerebral cortex, apoptoic cells were predominant in limbic cortical regions, 
the superficial laminae of the neocortex and within the corpus callosum and 
ventricular zones. In the hippocampus, apoptotic profiles were observed 
primarily in the pyramidal layer of CA1-CA3. Our previous data indicate that 
these regions are potential targets for the local action of the neurotrophins 
as well as an important site for the expression of the estrogen receptor, a 
nuclear transcription factor that is regulated by the neurotrophin, NGF. 
Neurotrophins regulate apoptosis in a variety of cells and the estrogen 
receptor may mediate this neurotrophin-dependent cell survival. Continuing 
work, examining the interactions of the neurotrophins with transcription 
factors in the regulation of naturally occurring cell death, may provide 
insights into the role of the neurotrophins in the regulation of neuronal 
differentiation within the forebrain.

GLIA AND OTHER NON-NEURONAL CELLS III

231.1

IL-4 RECEPTORS AND IL-4 FUNCTION IN GLIAL CELLS.
C. Brodie* and N. Goldreich. D epartm ent of Life Sciences, Bar-Ilan 
University, Ram at-Gan 52900, Israel.

IL-4 is a complex glycoprotein produced by activated T cells which 
exerts its biological activity through a high affinity receptor expressed by 
cells of hematopoietic as well as by nonhematopoietic cells. Recent studies 
have suggested that glial cells can be stimulated to act as
immunocompetent cells in the CNS. In this study we examined the effects 
of IL-4 on various functions of astroglia cells and its interactions with 
other cytokines. We first studied the expression of IL-4 receptor (IL-4R) 
on glial cells using both immunofluorescence and FACS analysis. Our 
results indicate that the IL-4R is present mainly on astrocytes expressing 
high levels of GFAP. Addition of IL-4 to enriched cultures of cortical 
astroglia cells induced a dose-dependent increase in the level of IL-4R on 
the cells. IL-4 induced also a significant increase in GFAP 
immunoreactivity and in the level of glutamine synthetase without
affecting cell proliferation. In addition, IL-4 enhanced the secretion of 
NGF by the cells and this effect was synergized with TN F-a and 
antagonized by INF-γ . Secretion of IL-4 by mixed glial cells could not be 
detected using ELISA in either control cells or in cells treated with LPS, 
INF-γ or TNF-α . Possible signaling of IL-4 effects were also examined. 
IL-4 induced the expression of c-fos and an increase in the level of 
intracellular cyclic AMP. The results of this study indicate that IL-4, in 
addition to  its multiple effects in the immune system, may have an 
important role in the neuro-immune axis as a regulator of glial cell 
activity during inflammation in the brain.

231.2

COUPLING OF THE PROLACTIN RECEPTOR TO TYROSINE  
KINASES REGULATES ACTIVATION OF PLD, STAT91 AND  
MITOSIS. C. Pelletiere. S. Leung. N. Sakellaridix*. D. Manpoura. 
D ep t. o f Pediatrics, The University o f Chicago, Chicago, IL 60637.

The neuroendocrine hormone prolactin stimulates cell proliferation in 
cultured astrocytes from chick embryo cerebellum. Specifically, BrdU 
uptake, corresponding to D N A  synthesis and cell proliferation, was 3- 
fold higher in astrocytes incubated with InM PRL (18h) than in control 
astrocytes. 10-7 M cyclosporine, a PRL antagonist, resulted in a BrdU 
uptake similar to controls. PRL is mitogenic in various cell types, but 
the signaling pathways remain obscure. W e have recently shown, using 
phorbol esters as mitogenic agents, that activation o f PLD, dependent on 
both PKC and tyrosine kinases (PTKs), is the primary mitogenic signal 
in astrocytes. Therefore, w e investigated whether PLD activation is a 
putative constituent o f the PRL mitogenic signaling cascade. Using 1 0 9 
M-IO 5 M PRL and at times from l ’-24 h, we showed that indeed PRL 
stimulated PLD activation in a time- and dose-dependent manner. 10*7 M 
PRL provided a significant 3-fold increase in PLD activation after 10’. 
C yclosp orin e and suram in, a d irect inh ib itor o f  the trans- 
phosphatidylation reaction, abolished this activation. To further elucidate 
the pathway, kinase inhibitors were used to block PLD activation. 1 0 7M 
staurosporine only partially inhibited the PRL effect, suggesting some 
PKC involvem ent. H ow ever, genistein, a specific tyrosine-kinase 
inhibitor, blocked the activation, indicating that the PRL receptor in 
astrocytes is coupled to (non-receptor) PTKs. In addition, the rapid, 
prolactin-promoted translocation o f STAT91 to the nucleus was similarly 
inhibited by tyrosine kinase inhibitors. These data provide evidence for a 
novel, PTK-dependent coupling o f prolactin to PLD (HD09402).
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231.3
Functional Characterization o f Astrocytes Deficient in Connexin43. 
J.F. Bechberge r1*. C .C .G .Naus1. C. G iam e3, L. V enance3. S.C. 
Juneja2. G.M. Kidder2. Anatom y1 and Zoology2, University o f 
W estern Ontario, London, Canada; Inserm U 114,College de 
France3, Paris, France.

Astrocytes are characterized by extensive intercellular 
com m unication mediated by gap junction channels com posed of 
C onnexin43. To exam ine the function o f th is intercellular 
communication, astrocytes were cultured from em bryonic mice with 
a null m utation in the Cx43 gene (Reaum e et al. Science 
267[1995)1831-1834). These astrocytes do not express and are 
defficient in intercellular dye coupling. To assess the effects o f this 
null m utation on the intercellular calcium  signaling, calcium 
measurements w ere determined w ith IN D 01-A M . Calcium  w aves 
w ere generated by m echanical stim ulation. These experiem ents 
revealed the absence o f inducible intercellular calcium  w aves in 
hom ozygous null astrocytes. O ther markers o f glial d ifferentiation 
were apparently unaffected. Growth rates w ere sim iliar to 
heterozygote and w ild-type astrocytes. These results suggest that 
gap junctional intercellular com m unication is not critical for 
differentiation, but likely involved in the regulation o f function in 
m ature astrocytes. Supported by MRC o f Canada (CCGN) and 
NSERC(GMK).

231.5
Cx40 mRNA IN ASTROCYTES AND NEURONS OF RAT BRAIN.
X . Zheng, L . Friedman. D . Fan. L . Zhang. E. Aronica. D .H . Hall*. R. 
Dermietzel1. R. S. Zukin and M. V. L. Bennett. Dept. Neuroscience, Albert 
Einstein Coll. Med., Bronx, NY 10461, 1Inst. Anatomie, Univ. Regensburg, 
Germany D-93053.

Astrocytes are known to be coupled by gap junctions formed o f connexin43 
(Cx43), but astrocytes from Cx43 knockout mice still exhibit a low incidence of 
coupling (see abstract by Spray et al.), indicating that they express (an)other 
connexin(s) at a low level. Immunolabeling and Northern analysis o f cultured 
cells had suggested the presence of Cx40 in astrocytes. To verify Cx40 
expression, RNA was isolated from astrocyte cultures, treated with RNase-free 
DNase, and subjected to RT-PCR at high stringency using specific primers 
corresponding to the 5' and 3' ends o f the published coding sequence o f Cx40 . 
PCR products o f the appropriate size, 1.1 kb, were obtained from astrocytes 
cultured from neocortex, hippocampus, and cerebellum. The sequence o f the 
PCR product from neocortical cells is identical to that ofCx40 over the 180 base 
pairs so far determined. In situ hybridization for Cx40 was performed on rat 
brain sections with a full length RNA probe; non-specific labeling was excluded 
using a sense probe. In emulsion dipped sections of hippocampus, many but not 
all dentate gyrus cells and pyramidal neurons were labeled, as were scattered cells 
in the dendritic layers and hilus. In cerebellum, most granule cells and scattered 
cells in the molecular layer were labeled; Purkinje cells were not labeled. To 
exclude cross reactivity with other connexins, we are repeating the in situ studies 
with a Cx40 specific oligonucleotide probe; nonetheless these data suggest that 
Cx40 mRNA is expressed in some cerebellar and hippocampal neurons, as well 
as in astrocytes.

231.7
THROMBOM ODULIN: ALIVE AND W ELL ON THE ASTROCYTE CELL 
SURFACE. A. Pindon. M. Jandrot-Perrus. D. Hantai and B.W. Festoff*. 
INSERM U.153, 17 rue du Fer-á -Moulin, F-75005 Paris.

W e initiated these studies to  determ ine w hether throm bom odulin  

(TM) was present in cells o f the  nervous system . W e com pared cortical 
astrocytes in prim ary culture, a Schwann cell line (MSC80), and 
endothelia l cells, all o f m ouse origin. Three com plem entary assays 
were used: a functional assay o f TM ’s biochem ical activity, W estern 

blotting, and im m unocytochem istry w ith  an antibody against murine 
feto-m odulin . TM biochem ical activity was m easured by protein C 
activation of the  chrom ogenic  substrate S-2366. O ur results showed 
that astrocytes have a TM activity equivalent to  endothelia l cells but, 

surprisingly, the  MSC80 Schwann cells had no detectable activity. 

Follow ing this, using W estern blotting, we found, im m unoreactive TM 
apo-prote in  (69 kDa) and TM linked w ith chondro itin  sulfate (105 kDa) 
in the  m em brane fraction. O f interest, only TM apo-prote in  (69 kDa) 

was found  in the  cytosol fraction o f m ouse astrocytes in primary 

culture. Im m unocytochem istry o f these cells, using the  sam e antibody, 
show ed the  presence o f TM on the surface m em brane of glial fibrillary 

acid ic protein (GFAP)-positive cells.

This w o rk was supported  by the  Association Frangaise contre 

les M yopathies, the  Marion Merrel Dow Foundation/SEP, Incyte 
Pharm aceuticals and the  Medical Research Service o f the Departm ent 

o f Veterans Affairs.

231.4
GAP JUNCTION PROPERTIES IN ASTROCYTES FROM CONNEXIN43 
(Cx43) KNOCKOUT (KO) MICE. D.C. Sprav*. D. Viera. M.E. El-Sabban.
Y. Gao, and M.V.L. Bennett. A. Einstein Coll. Med., Bronx, NY 10461.

The predominant gap junction protein expressed by astrocytes is Cx43. Mice 
in which this gene has been disrupted by homologous recombination (Reaume 
et al., Science 267:1831, ’95) die at birth due to right ventricular outflow tract 
obstruction. However, gross abnormalities in brain or behavior are not evident, 
despite the high degree of Cx43 expression in astrocytes and other CNS cells 
of the wild type animal both in the adult and during development (Dermietzel 
et al., PNAS  86:10148, ’89). To examine whether the gross normality of the 
brains of the Cx43 KO animals is preserved by functional expression of another 
connexin, either normally or as a compensatory response, we have characterized 
the coupling of junctional channels in cultured astrocytes from homozygous 
Cx43 KO animals and from hemizygous and wild type littermates. Astrocytes 
from Cx43 KO and wildtype mice exhibit similar expression of the phenotypic 
marker glial acidic fibrillary protein (GFAP). However, junctional 
communication is markedly lower in the Cx43 KO animals, as quantified by the 
degree of dye spread between the astrocytes, the magnitude of junctional 
conductance, and the existence or latency of Ca2+ wave propagation between 
cells. Nevertheless, the data also indicate that the astrocytes from Cx43 KO 
animals retain (or have induced) a low level of expression of another type of 
gap junction channel. Although Cx40 mRNA has been detected in cultured 
astrocytes (see Zheng et al abstract), the channel properties observed in Cx43 
KO astrocytes arc similar to those observed between cultured Schwann cells 
(Chanson et al., J  gen Physiol 102:925 ’93), which express Cx46 mRNA (see 
Chandross et al. abstract).

231.6
NEURONAL RESPONSES IN BRAIN SLICES CULTURED FROM Cx43 
KNOCKOUT MOUSE ARE SIMILAR TO THOSE IN WILDTYPE SLICES. 
M . V. L. Bennett*. E. Aronica. H. Shen. J. Zavilowitz. S. U. Walkley and A . 
Peinado. Dept. Neuroscience, Albert Einstein Coll. Medicine, Btonx, NY 10461.

Connexin43 (Cx43) is the major gap junction protein that mediates coupling of 
astrocytes. The coupling is thought to permit propagation of Ca?+ waves between 
cells (see abstract by Spray et al.) and to increase the extent o f spatial buffering 
o f K+. To investigate the functional role o f Cx43 mediated coupling, we used 
mice with the gene for Cx43 knocked out by homologous recombination. These 
mice die at birth from cardiac defects (Reaume et al., Science 67: 1831, '95). 
Before succumbing, the pups breathe and are responsive to tactile stimulation, 
indicating some level o f neural functioning. Although the brain is relatively 
undeveloped at this age, Cx43 KO and littermate brains appear identical in gross 
structure (hemizygotes and wild type are phenotypically indistinguishable). To 
examine more differentiated neural tissue, we cultured slices from neonatal C?43 
KO pups and littermates. Cultures were studied electrophysiologically after times 
in vitro as long as 14 days. Dye coupling was readily demonstrated between 
astrocytes of wild type, but not of Cx43 KO slices. Dendritic branching of dye 
injected Cx43 KO neurons appeared normal. Some neurons in Cx43 KO slices 
as well as control slices were dye coupled to other neurons, indicating the 
presence of (an)other connexin(s). In both preparations we recorded spontaneous 
synaptic and evoked activity from pyramidal neurons and inhibitory neurons 
(identified by their high frequency firing in response to long lasting pulses). 
Epileptiform discharges could also be present in both preparations. These data 
suggest that cultured Cx43 KO brain slices will be useful in the study o f the role 
of coupling mediated by Cx43 in astrocytic and neuronal function.

231.8
EXPRESSION OF ADHESION MOLECULES AND NEUROTHROPHINS 
IN PRIMARY ASTROCYTES USING REPLICATION-DEFECTIVE 
ADENOVIRUSES. George M. Smith*. Dept. o f Anesthesiology and Pain 
Management, U.T. Southwestern Medical Center, Dallas, TX 75235

The astrocytic response to injury in the adult CNS results in a refractory 
zone through which axons fail to regenerate. To determine if increasing the 
astrocytes expression o f adhesion molecule and neurotrophins would increase 
their ability to support axon regeneration, we constructed adenovirus vectors 
that contain cDNA encoding NILE (Dr. W. Stallcup), NCAM (Dr. R. 
Akeson), and NT-3 (Dr. T. Large). The NCAM and NT-3 cDNAs were 
modified to contain the flag-epitope tag at the C-terminus. In tissue culture, 
these replication-defective adenovirus will induce the expression of either 
NILE, NCAM, or NT-3 in >80% of the primary astrocytes, as determined by 
immunohistochemistry. Astrocytes can also be induced to express several 
cDNA by co-infecting with different adenoviral constructs. Western blot 
analysis shows that infected astrocytes express the 200 kD form of NILE, the 
140 kD form of NCAM, and the 27 kD NT-3 homodimer. The level of 
protein expression by astrocytes is titratable to the amount of adenovirus 
added to the cultures. At moderate levels of infection (200 particle/cell) 
astrocytes show high protein expression that is persistent in culture for over 
a month with minimal cell death. Presently, we are examining these modified 
astrocytes to determine if increased expression of NILE, NCAM, and/or NT-3 
increases their ability to support neurite outgrowth and neuronal survival. 
This work was supported by the Sid W. Richardson Foundation and NIH NS- 
33776.
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231.9

N-Acetylaspartate as an acetyl source for lipid 
synthesis in cultured astrocytes from 8 day old 
rats. V. Mehta, P. Razavi, P. Tamjidi, A. 
Datwani, R. Scharaf, B. Wroblewska and M.A.A. 
Namboodiri*. Dept. Biol., Georgetown Univ., 
Washington DC 20057.

We have recently proposed that N- 
acetylaspartate (NAA) acts as an acetyl CoA 
source in the brain. In the present studies, 
we investigated lipid synthesis, an acetyl CoA 
mediated process, from (14C-acetyl)NAA, and 
compared it with that from 14C-acetate in 
cultured astrocytes from 8 day old rats. 
Following a lipid extraction of the cells, the 
lipids were analyzed using a two dimensional 
TLC system while the agueous metabolites were 
analyzed using anion exchange HPLC. Significant 
incorporation of radioactivity from (14C- 
acetyl)NAA was detectable at 6h and 24h, and 
conversion of (14C-acetyl)NAA into 14C-acetate 
was detectable under these conditions. A higher 
number of radioactive spots were detectable in 
the 2D chromatogram in the case of 14C-acetate 
samples. No extra radioactive spots were 
detectable in the case of (14C-acetyl)NAA, 
suggesting that the incorporation from NAA 
takes place by a 14C-acetate→14C-acetyl CoA 
route.

231.11

HEME OXYGENASE-2 IS EXPRESSED PRIMARILY IN ASTROCYTES 
AND IS REGULATED DURING FACIAL NERVE REGENERATION. U.E. 
Olazá ba l‘ and G.W. K reutzberg . D e p t. o f Neurom orphology, Max- 
P lanck-lnst. fo r Psychiatry, M artinsried , FRG.

Heme oxygenase (HO), a novel heat shock protein, cata lyzes the 
degradation of heme yie ld ing bilirubin , a proposed antioxidant. 
Further, HO a c tiv ity  also produces carbon monoxide, a putative 
neuroregulator th a t ac tiva tes  soluble guanylate cyclase and thus, 
suggesting fo r a role of HO in cG M P-m ediated signal transduction . 
The present stud ies exam ined the  expression of hem e oxygenase-2, 
the  predom inant isozym e in brain, in the  fac ia l nucleus fo llow ing 
tran sectio n  of its nerve a t the  s ty lom a sto id  foram en in rats. The 
operated and con tro l facia l nucle i were removed from  sham -op 
contro ls  and at 6h, 12h, 24h, 3d, 7d, 14d and 28d a fte r axotomy. 
HO-2 protein was detected  w ith  1-dim ensional ge l/W estern  blots and 
m easured using d e n s itom etric  analysis. A  tra n s ie n t HO-2 induction  
was observed in operated facia l nucle i, w h ose  levels peaked a t 3d 
fo llow ing  axotom y and rem ained elevated a t 7d (2 -2 .3 -fo ld  increase). 
No changes were found in contra la tera l unoperated nuclei. 
Im m unocytochem ica l analysis of axotom ized facia l nucle i a t 4d and 7d 
revealed sm all HO -2-positive cells  grouped near w eakly  stained 
hypertrophied m otoneurons. In separate studies, m any HO -2-positive 
cells also stained positive fo r GFAP. No sta in ing d iffe ren ces were 
found in m otoneurons betw een operated and con tro l nuclei. These 
results ind icate th a t HO-2 is expressed co n s titu tiv e ly  in neuronal and 
glial cells and th a t fac ia l nerve axotom y results in an increased HO-2 
expressions i n  ASTRo cyres.

231.13

GABA and GABAa  receptor subunit expression is up-regulated in reactive 
astrocytes to spinal cord crush injury L. Chang1,W .Ma2, S. NaitO1,F. 
Lahjouji2 .W. Sieghart4,. J.L. Barker2, C. Kennedy*3 and M. Brightman1 
LNB1 and LNP2, NINDS; LCM3, NIMH, NIH, Bethesda, MD 20892-4062; 
Dept. Biochem. Psych., U. Clinic for Psych.,Vienna, Austria4

Reactive astrocytosis is the most characteristic response of the CNS to 
destructive tissue injury. Little is known about astroglial reactions 
associated with spinal cord crush. We examined the cellular expression of 
glial fibrillary acidic protein (GFAP), S-100β and GABAa  receptor subunit 
expression using immunocytochemistry and in situ hybridization for GFAP 
mRNA in the normal and crushed rat spinal cord. Spinal injury was 
induced by epidural compression at T10 level. Rats were sacrificed at 30 
min, 3 h and 1, 3, 7, 14, 21, 28, and 35 days after injury. Serial horizontal or 
coronal sections through the crush-site were cut for immunocytochemistry 
and in situ hybridization. In the injured areas cytoplasmic hypertrophy 
was apparent throughout the gray m atter as early as 24 h after crush. 
GFAP and S-100β im munostaining and GFAP mRNA level increased 
markedly after 3 days following injury, reached a peak by 3-4 weeks and 
declined 5 weeks post-crush. The crush-induced increases in GFAP protein 
and mRNA expanded caudally as far as the lumbar enlargement. Double- 
immuno-fluorescent staining for : GABA and GFAP or S-100β indicated 
that many reactive GFAP+ or S-100P+ astrocytes near the crush-site 
expressed GABA; GFAP and each of α l, α2, α3, β l , β3, γ2 GABAa  receptor 
subunits showed a m arked increase in all subunits except γ2 in 
hypertrophic astrocytes. The dramatic changes in astrocyte morphology 
and increases in GABAa  receptor subunit expression suggest a role for 
GABA and its receptors in the astrocytic response to spinal cord injury.

231.10

EXPRESSION O F CERULOPLASMIN BY ASTROCYTES AND ITS 
MODULATION BY CYTOKINES. B.N.C. Patel* and S. David. Center 
for Research in Neuroscience, M.G.H. Research Institute and McGill 
University, Montreal, Quebec, Canada, H3G 1A4.

We have previously shown that the mouse monoclonal antibody 1A1 
(mAb 1 A l) recognizes a 135 kD glycoprotein that is expressed exclusively 
on the surface of astrocytes in cultures of the rat central nervous system 
(CNS). Adhesive interactions between astrocytes and neurons in vitro can 
be perturbed by mAb 1A 1. Using immunoaffinity chromatography, we 
have purified the 1A1 antigen from C6 glioma tumors raised in nude rats. 
Amino-terminal sequence analysis of the purified protein, 2-D gel 
electrophoresis, Western blotting, and immunoprecipitation data indicate 
that the 1A1 molecule is homologous or identical to rat ceruloplasmin, a 
cuproprotein involved in a number of biological processes, including copper 
transport and iron metabolism. Using an α -ceruloplasmin polyclonal 
antibody, we have demonstrated by immunohistochemistry that 
ceruloplasmin is expressed by astrocytes in vivo. In addition, previous 
work using mAb 1A1 indicates that there is a delayed increase in 
ceruloplasmin immunoreactivity in reactive astrocytes following lesioning 
of the rat CNS. We now have evidence that macrophage-conditioned 
medium and interleukin-1β (10 ng/ml) increase the expression of 
ceruloplasmin (protein) by primary cultures of rat astrocytes. 11-6 at 
1 ng/ml was found to have no effect on ceruloplasmin levels. These results 
suggest that macrophages, via specific cytokines, may increase the 
expression of ceruloplasmin by astrocytes following injury to the CNS.

231.12
DEFECTIVE REGULATION OF ASTROCYTE PROLIFERATION BY 
GLUTAMATE IN MOUSE TRISOMY 16. L.L. Bambrick*. P.J. Yarowskv* &
B.K. Krueger. Depts. of Physiology and #Pharmacology and Exp. Therap, 
University of Maryland, School of Medicine. Baltimore, MD 21201.

Glutamate functions as both a neurotransmitter and a potent regulator of 
neuron survival in the CNS. It has also been implicated in the regulation of the 
neuroarchitecture and glial proliferation. We previously described a defective 
response to the survival-promoting actions of low concentrations of glutamate 
in hippocampal neurons from the trisomy 16 (Tsl6) mouse, an animal model for 
Down Syndrome. To further our understanding of the consequences of an 
inherited defect in the glutamate response pathway, we examined another 
glutamate-driven response in CNS cells. It has been reported (Condorellier al, 
Glia 2: 67-69, 1989) that glutamate inhibits the proliferation of rat cortical 
astrocytes, probably via metabotropic glutamate receptors. We therefore 
compared the effects of glutamate on the proliferation of cortical astrocytes 
from normal (euploid) and Tsl6 mouse brains. Astrocytes were plated at very 
low densities (1-2 cells/mm2) and the number of cells per colony determined (70- 
120 colonies counted per condition). Treatment with 10% FBS and 10 ng/nil 
basic fibroblast growth factor for 30 hours resulted in a doubling of mean colony 
size in both euploid and Tsl6 cultures. 1 mM glutamate caused a significant 
(50%) inhibition in the normal increase in colony size in euploid cultures. 
Smaller but detectable effects were seen at 100 µM. In contrast, neither 
concentration of glutamate had a significant effect on Tsl6 astrocyte colony size. 
Similar results were obtained in 3 separate experiments. Therefore, the Tsl6 
mice exhibit defects in multiple glutamate-mediated systems. The escape of Tsl6 
astrocytes from this regulatory effect of glutamate may contribute to the 
increased proliferation we have observed in Tsl6 astrocyte cultures. Supported 
by the NIH, the Alzheimer’s Association and the Sigma Kappa Foundation.

231.14

FOREBRAIN INJURY INDUCES THE RELATED ADULT ECM 
GLYCOPROTEINS SC1 AND SPARC IN ASTROCYTES AND BLOOD 
VESSELS RESPECTIVELY. D.B. Mendis, G.O. Ivv. and I R, Brown. 
Div. Life Sciences., University of Toronto, Scarborough Campus, West 
Hill, Ont., Canada, M1C 1A4.

Our cloning of SC1 cDNA indicates that it encodes a putative brain 
ECM glycoprotein related to SPARC, an anti-adhesive modulator o f cell- 
matrix interactions (Neuron. 2,165-176, 1990). We have made a surgical 
cut into the cerebral cortex and hippocampus of the adult rat brain, and 
examined changes in SC1 and SPARC mRNA distribution by in situ 
hybridization at 1 to 14 days after injury. Both mRNA species were 
induced in an area proximal to the wound, reaching maximal levels at 7 
to 10 days post-lesion. SPARC mRNA was upregulated in blood vessels 
that develop at the cut site and in mature blood vessels near the lesion. 
During neural development we have previously observed the induction of 
SPARC mRNA in blood vessel formation (angiogenesis) (Mol. Brain 
Res. 14.11-19,1994). In contrast, the cells that induced SC1 mRNA were 
identified as astrocytes by dual in situ  hybridization/ 
immunohistochemistry. Previously, we have shown that in early postnatal 
development, SC1 is expressed in a glial-pattern changing to a neuronal 
pattern in the adult (Soc. Neurosci. Abstr. 20, 475, 1994). Wounding 
appears to induce aspects of SC1 and SPARC gene expression seen in 
neonatal development, namely upregulation in astrocytes for SC1 and 
during angiogenesis for SPARC.
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231 .15

INJURY-INDUCED PHYSIOLOGICAL EVENTS THAT INFLUENCE GENE 
EXPRESSION IN ASTROCYTES. M.S. Kelley* and O. Steward. Department 
of Neuroscience, University of Virginia, Charlottesville, VA 22908.

One of the most striking changes that takes place in the hippocampus and 
dentate gyrus of the rat following an entorhinal cortex (EC) lesion is a dramatic 
increase in the mRNA for glial fibrillary acidic protein (GFAP). which reaches a 
peak at 1 -2 days postlesion. These increases occur in both denervated and 
non-denervated regions, but the response in non-denervated regions is 
variable across animals. Animals exhibit either a unilateral response which is 
restricted primarily to denervated zones, or a bilateral response that extends 
through both denervated and non-denervated zones. W e have 
hypothesized that the response in non-denervated zones is induced by 
physiological events that are triggered by the lesion. In the present study, we 
evaluate two candidate signals that have been shown to be effective in 
inducing GFAP mRNA expression-spreading depression (SD) and seizures, 
to determine if the occurrence of these events is related to the pattern of 
upregulation of GFAP mRNA. To assess the occurrence of SD, DC potentials 
were recorded during the production of electrolytic EC lesions. To assess 
postlesion seizure activity, EEG activity was monitored continuously for 24 
hours postlesion. Levels of GFAP mRNA were assessed with in situ 
hybridization in order to compare the pattern of increased GFAP mRNA 
expression to the physiological events that occurred in each individual 
animal. A few bouts of SD occurred in most but not all animals during lesion 
production. However, postlesion seizures occurred in all animals within 24 
hours postlesion. There was no relationship between the occurrence of SD 
and the increases in GFAP mRNA. However, the variability of GFAP mRNA 
increases in non-denervated regions was related to the number and pattern 
of postlesion seizures. These results indicate that a key variable in regulating 
GFAP mRNA expression following EC lesions is the occurrence of seizures 
during the early postlesion period. Supported by NIH #NS29875 to OS.
MSK received predoctoral fellowship support from NIH #NS07199.

231 .16
PROPERTY OF ASTROCYTES FORM ING GLIAL SCARS IN VITRO.
E. Fern andez-M arques and H. Sontheimer*. Neurobiology Research Center and 
Department o f Physiology & Biophysics, University o f Alabama at Birmingham, A1 
35294.

Glial cells respond to brain injury by forming glial scars (reactive gliosis), 
frequently associated with traumatic head injury, infarct lesions, Alzheimer’s plaques 
and epilecleptic seizure foci. Glial scarring can also be observed in vitro by 
mechanically scratching a monolayer of cultured rat spinal cord astrocytes. We have 
used this approach to study physiological properties of astrocytes at scar lesions using 
time-laps video microscopy and patch-clamp electrophysiology. Properties were 
correlated to cell proliferation by BrdU and 3H-thymidine labeling. Treatment with 
5µM cytosine arabinofuranoside (Ara-C) prevented proliferation as determined by 
3H-thymidine incorporation, and scar healing occurred much slower and was caused 
exclusively by cell migration. Treatment with 20µM Ara-C repressed both cell 
proliferation and migration and prevented scar “healing”. Electrophysiological 
comparison of cells at the scar to those >300 µm away, revealed pronounced 
differences in cell’s resting membrane potential and the expression of voltage- 
activated ion channels. Scar associated proliferating cells were about 20 mV more 
depolarized and expressed pronounced Na+ currents. Astrocytes distant from scars 
expressed smaller Na+ currents and relatively large inwardly rectifying K+ currents. 
The K+ channel blocker 4-aminopyridine at concentrations > 500µM also reduced 
proliferation, and significally inhibited scar healing. We conclude that scar healing 
requires astrocyte proliferation. This response is associated with changes in 
electrophysiological properties of the cells.

231 .17
S100ß ACTIVATES INDUCIBLE NITRIC OXIDE SYNTHASE IN RAT 
CORTICAL ASTROCYTES. J. Hu*, J. Guevara and L.J. Van Eldik. Dept. o f Cell 
and Mol. Biol., Northwestern Univ. Sch. o f  Med., Chicago, IL 60611.

The glial-derived protein S100ß has been implicated as a neurotrophic and a 
glial mitogenic factor in development and maintenance o f the nervous system. 
However, overexpression and secretion o f S100ß might also have 
neuropathological consequences, as in Alzheim er’s disease where S100ß is 
overexpressed in reactive astrocytes surrounding neuritic plaques. In the present 
study, we investigated the effects o f S100ß on nitric oxide synthase (NOS) 
activity in cultured rat cortical astrocytes. NOS activity was determined by 
measuring the accumulation o f the NO metabolite nitrite, and the conversion o f 
[3H]L-arginine into [3H]L-citrulline. Incubation o f astrocytes with S100ß induced 
a time- and concentration-dependent increase in nitrite levels. This increased 
nitrite content in response to S100ß was blocked by the specific NO synthase 
inhibitor N-nitro-L-arginine methylester, but not the inactive D -isomer o f the 
inhibitor, indicating an activation o f NOS and generation o f NO by S100ß in the 
astrocytes. Direct measurement o f the NOS activity confirmed that the NOS 
activated by S100ß in astrocytes is the Ca2+-independent inducible isoform. 
Moreover, the protein synthesis inhibitor cycloheximide suppressed the S100ß- 
induced nitrite accumulation, suggesting that the induction o f NOS activity occurs 
at the level o f  the enzyme synthesis. Furthermore, the specificity o f the effects o f 
S100ß on activation o f NOS was demonstrated by the inability o f  S 100α or 
calmodulin to induce an increase in nitrite levels. Our data indicate that S100ß is 
a potent activator o f astrocyte NOS. In contrast to the trophic activities o f S100ß 
which occur at pM to nM [S100ß], the NOS activation required µM [S100ß], 
This observation may have relevance to the role o f S100ß in neuropathology. 
(Supported in part by NIH AG 10208 and A G 11138)
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232 .1

RECOVERY OF SOMATOTOPIC ORGANIZATION IN CORTICAL 
A REA 3B AFTER M ED IAN  NERVE CUT, REPAIR A N D  
REGENERATION IN FETAL A N D  NEW BO R N  M ACAQUE  
M ONKEYS. Florence. S.L.*. N. Jain, M.W. Pospichal. P.D. Beck. 
and J.H. Kaas. Dept. Psych., Vanderbilt University, Nashville, TN.

The effects o f median nerve cut and repair on nerve regeneration 
accuracy and on cortical topography were determined after median 
nerve section in 3 fetal (E l 10 - E 140) and 2 newborn macaque 
monkeys (Macaca mulatto). Approximately 1 year after median nerve 
cut and repair, the precision o f nerve regeneration was evaluated by 
injecting a transganglionic tracer into one o f the digits subserved by the 
median nerve. In all monkeys, regardless o f age at time o f  nerve 
section, regeneration was extremely disorderly so that fibers normally 
related to other parts o f the denervated hand had regenerated into the 
injected finger. If relayed to higher levels o f the somatosensory 
pathway without correction, this peripheral error would produce a 
highly disordered cortical representation o f the hand. However in 
monkeys with prenatal nerve cut and repair, microelectrode recordings 
in cortical area 3b revealed that som atotopic organization was 
remarkably orderly, and few neurons had multiple receptive fields. In 
monkeys with postnatal nerve cut, there was more map disorder, 
although errors were fewer than after nerve cut and repair in adults. 
These results indicate that cortical topography can be re-established 
during developm ent despite considerable disorganization o f  the 
peripheral nerve inputs. This recovery may explain the findings that 
perceptual abilities are better after sensory nerve cut and repair in 
children than in adults. Supported by: NS 16446 & NICHDHD15052.

2 32 .2
ABNORMAL SPROUTING OF MYELINATED AFFERENTS IN 
SUBSTANTIA GELATINOSA AFTER SURAL NERVE DAMAGE 
IS ACCOMPANIED BY REDUCTION OF NONMYELINATED 
AFFERENTS IN THE SAME TERRITORY. S.E Kapadia*. C.C. 
LaMotte. C.M. Shapiro. K.E., Arsenault and M. A. Wolfe. 
Section o f N eurological Surgery, Yale Univ. Sch. o f  Med.,
New Haven, CT. 0 6 5 2 0 -8 0 3 9 .

Previous stud ies (W oolf et a l . , ) h ave fou nd  abnorm al 
spreading o f  regenerating m yelin ated  axons and  term inals 
w ithin  the superficial dorsal h orn  after crush or section  o f a 
peripheral nerve. However, the fate o f  n onm yelin ated  
afferents o f  the injured n erve has n ot b een  described. We 
crushed  or cut both  th e left and right sural (a  branch o f the 
sciatic) nerves in rats; after survival tim es o f  10 days to  1 
m onth, the left sciatic n erve was in jected  w ith  cholera- 
gen oid  conjugated  to HRP (B-HRP), w hich  exclu sively  labels 
m yelinated  afferents; the right n erve was injected  w ith the 
I-B4 iso lectin  from  Bandeiraea simplicifolia  conjugated to  
HRP (B4-HRP), w hich exclu sively  labels nonm yelin ated  
prim ary afferents. As p rev iously  show n, the B-HRP labeled  
sciatic afferents on  the left s id e w ere restricted  to the deeper  
dorsal horn, except for a p rojection  in to  th e superficial 
dorsal horn at the locus o f  the sural n erve territory. On the 
right side, the B4-HRP lab eled  sciatic afferents w ere 
restricted  to the superficial dorsal horn, except for a d istinct 
area o f  reduced  labeling, at th e locus o f  the sural nerve  
territory. (NIH grants N S10174  and N S13335).

Society for N euroscience, V olume 21, 1995
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232 .3

IMMEDIATE CHANGES IN THE RESPONSE PROPERTIES OF 
NUCLEUS GRACILIS NEURONS AFTER LOCAL ANESTHETIC  
DEAFFERENTATION. F. Panetsos, A . Nuñez* and C. Avendaño . 
Dept. Morfología, Fac. Medicina, Univ. Autónoma de Madrid, Spain.

M odifications of peripheral inputs elict reorganization o f cortical 
somatosensory maps. Changes o f these maps have been also described 
in lower relay stations o f the somatosensory pathway. In the present 
study the response properties of nucleus gracilis and somatosensory 
cortical neurons o f  anesthetized rats were studied through single unit 
recordings in control conditions and after temporary deafferentation by 
subcutaneous injection o f lidocaine. Sensory stimulation was delivered 
by electronically-controlled air pulses. Recordings were performed with 
saline-filled micropipettes.

Gracilis neurons displayed both rapidly- and slow ly-adapting  
responses to long-lasting stimuli (300 ms) delivered on their receptive 
fields. The latency was 30±10 ms (mean±SD). Injection of lidocaine 
(2%, 5- 20 µ l) in the center o f  their receptive fields blocked the 
responses in less than 1 min. and provoked the appearance o f new 
receptive fields from which firing responses could be elicited in 2-10  
min. These fields were located in the proximity o f the original ones, and 
their area was typically less than or equal to the original. Submodality 
changes were seldom found. Moderate increases in response latency 
were observed. These changes in response properties of nucleus gracilis 
cells were correlated with the appearence of new receptive fields in 
cortical neurons. The present results suggest that the appearence o f new 
receptive fields in the somatosensory cortex may be partly due to the 
changes in response properties o f nucleus gracilis neurons.

Supported by DGICyT Grant PB92-0163

2 32 .5

FORELIMB NERVE ANASTOMOSES IN CAT AND SQUIRREL MONKEY: 
POSSIBLE ROLE IN CORTICAL ORGANIZATION. E.F. Johnson*, C.X. Li, C.A. 
McCandlish, and R.S. Waters. Dept. of Anatomy and Neurobiology, UT, Memphis, 
Col. of Medicine, Memphis, TN 38163.

According to available anatomical data, afferent sensory input from digit 5 (D5) is 
transmitted exclusively by ulnar nerve. Contrary to this, natural stimulation of D5 
occasionally activates physiological responses in primary somatosensory cortex (SI) 
even after complete surgical transection, anesthesia, or cryogenic cooling of the ulnar 
nerve. The present study sought to determine if an alternative peripheral nerve pathway 
exists in the forearm or forepaw associated with D5 which might reflect the apparent 
persistence of continued physiological conduction of sensory information to SI.

Gross dissections of forelimbs and forepaws of twenty-two euthanized, formalin-fixed 
adult male and female cats and seven adult squirrel monkeys were conducted to determine 
if anastomoses occurred between the ulnar and other contiguous peripheral nerves. The 
course and distribution of cutaneous branches of the superficial radial, ulnar, and median 
nerves, in the distal forearm and forepaw, were carefully dissected and graphically 
recorded. The following results were obtained:
1. Single/dual ulnar and radial nerve anastomoses were observed in the dorsal metacarpal 
zone proximal to the D3/D4 web and/or D4/D5 web.
2. Medial and ulnar nerve anastomoses were present on the ventral surface of the distal 
forelimb and forepaw in 30% of the cats and 100% of the squirrel monkeys.
3. In the cat, medial and ulnar nerve anastomoses generally occurred in the ventral 
metacarpal region immediately proximal to the D3/D4 web of the forepaw. These 
anastomoses were only occasionally seen in the squirrel monkey.

These results suggest that immediate cortical reorganization may be due, in part, to 
the fact that a given area of cortex may receive input from more than one peripheral 
nerve. Therefore, care should be taken that variations in peripheral innervation not be 
mistaken for cortical reorganization. (Supported by NINDS, Grant No. NS-25824)

232 .4
ULTRASTRUCTURAL ANALYSIS OF ECTOPIC SYNAPTIC BOUTONS 
SUPPORTED BY REGENERATED AFFERENT FIBERS. H.R. Koerber*. K. Mimics. 
A.M. Kavookjian and A.R. Light Dept of Neurobiology, Univ. of Pittsburgh, Pittsburgh, 
PA 15261 and Dept. of Physiology, Univ. of North Carolina, Chapel Hill, NC 27599.

Regenerated Aβ -afferent fibers were impaled in the dorsal columns of α -chloralose 
anesthetized cats using microelectrodes filled with 15% HRP in 0.2M KC1 in TRIS buffer 
(pH=7.6). After determining its adequate stimulus, each fiber was activated by brief 
current pulses and the resulting cord dorsum potentials (CDPs) recorded at four locations. 
HRP was then injected into the fibers. After allowing 6-8 hrs for diffusion, animals were 
perfused with saline (37 °C) followed by a phosphate buffered fixative solution (2% para., 
2% glut, 4% sucrose, pH 7 .4 ,4°C). Sagittal vibratorne sections (50µm) were cut and 
processed using the DAB reaction. Sections containing collaterals in the superficial lamina 
were embedded in plastic (Epon/Araldite). Ectopic collaterals were photographed and/or 
drawn and selected areas blocked and ultrathin serial sections collected. We have 
examined ectopic projections from two Aβ -fibers recovered from animals surviving 9 and 
12 mo. following nerve transection and repair. Both responded to light tactile stimulation 
and evoked CDPs which suggested that they had originally innervated low threshold 
cutaneous mechanoreceptors. Fibers exhibited numerous varicosities in laminae I & II at 
the light level. At the EM level, the fibers were unmyelinated and the varicosities were 
filled with clear, round synaptic vesicles (40nm) and many mitochondria. One to 3 large, 
dense-core vesicles (80-100nm) were also present in each section through a varicosity. 
Each varicosity had one to three asymmetric synaptic specializations with the labeled 
bouton presynaptic to both clear and vesicle containing dendrites. These properties are 
similar to those of large myelinated axons terminations in deeper laminae of normal 
animals, except for the presence of relatively few synaptic contacts and the presence of a 
few dense-core vesicles. More unusual was the presence of many vesicles in the 
inter-varicose fiber segments and the lack of contact by presynaptic axonal profiles. Also 
notable was the presence of many electron-dense glial profiles 12 mo. following the lesion. 
We conclude that these ectopic projections form synaptic specializations in laminae I & II 
which have distinct ultrastructural features.

2 32 .6
C A N  P E R IP H E R A L  IN N E R V A T IO N  P A T T E R N S  BE R E C O V E R E D  IN 
T H E  A D U L T  R A T  T A S T E  S Y S T E M  O N C E  D IE T A R Y  S O D IU M  
R E S T R IC T IO N  H A S  P R E V E N T E D  N O R M A L  D E V E L O P M E N T ?  
Robin F.  Krimm and David L . Hill. University o f Virginia, 
Charlottesville, V A  2 29 03

During developm ent, adjustm ents in the peripheral innervation

patterns of the taste system  are coincident w ith changes in taste bud 
unction and morphology. For exam ple, w e  have dem onstrated that 

the num ber of geniculate ganglion cells innervating a taste bud in 
adult rats is positively correlated with the size of the taste bud. The  
developm ent of this relationship occurs concom itantly with 
developm ental increases in sodium  taste system  sensitivity. W hen  
sodium taste developm ent is prevented with dietary sodium-restriction, 
the corelation betw een taste bud size and the num ber of innervating 
chorda tym pani neurons fails to develop. In fact, this relationship in 
a d u lt ra ts  s o d iu m -re s tr ic te d  th ro u g h o u t d e v e lo p m e n t is 
indistinguishable from that in norm al 20-day-o ld  rats. Thus, like 
functional developm ent, innervation patterns in sodium -restricted rats 
remain im m ature. S ince, norm al function of the sodium taste system  
returns w hen a rat is placed back on a norm al sodium -replete diet in 
adulthood, w e  sought to determ ine w hether patterns of taste bud 
innervation also return to norm al after the sodium -restricted rat is 
placed back on a sodium -replete diet. Th e  num ber of chorda tympani 
neurons innervating individual fungiform papillae will be exam ined in 
developm entally sodium -restricted rats that have been placed on a 
norm al sodium -replete diet on postnatal day 4 5  for at least 30  days. 
If data from repleted rats fit the regression function for normal adult 
rats, it will be concluded that, like functional sodium  taste sensitivity, 
peripheral innervation patterns are recovered w hen d e v e lo p m e n ta lly 
sodium -restricted rats are returned to a sodium -replete diet in 
adulthood. This would suggest that taste  bud synapses are highly 
m odifiable even at adulthood.
Supported by N IH  Training G rant H D 0 7 3 2 3  and N IH  D C  00407 .

232 .7 232 .8

LOSS OF UNMYELINATED SENSORY AXONS FOLLOWING PERIPHERAL 
NERVE SECTION IN ADULT RATS. R.E. Coggeshall1*, H A. Lekan1. T J. 
Doubell2. and C.J. W oolf2. Marine Biomedical Institute and Dept. of Anatomy and 
Neuroscience, University of Texas Medical Branch, Galveston, Texas, 775551 and 
Dept. of Anatomy and Developmental Biology, University College, London, UK2.

Adult rats (150-200 gms) had left sciatic nerves cut or crushed under halothane 
anesthesia. After various survival times, the animals were sacrificed under terminal 
anesthesia and perfused with a  mixture of glutaraldehyde and formaldehyde. The L4 
and L5 dorsal roots were then prepared for electron microscopy, and the myelinated 
(M) and unmyelinated (U) fibers counted (± S.D.).

Naive (N=7)
Cut 2 wk. (N=6) 
Crush 2 wk. (N =l) 
Cut 4 wk. (N=4)
Cut 32+ wk. (N=9) 
Crush 32+ wk. (N=7)

M
51791485 
4237 ±  387

L4 U 
8601± 1253 
8890± 1367

M
4807 ± 91
4967 ± 1367 

4150
4773± 311 
4894 ± 617 
4540 ± 662

L5 U 
11523± 1648 
9459 ± 1202 

8939
10411 ± 2627 
6454± 1938 
6134± 1554

5195 ± 980  9492 ±1413
4670 ±351 5069 ± 851
4819 ± 397 4366 ± 1030

These findings indicate that there is a  highly significant loss of 40%+ of the 
unmyelinated sensory axons in dorsal roots L4 and L5 32+ weeks following either 
sciatic crush or cut in adult rats that is not apparent 4 weeks after the lesions. The 
conclusion is that peripheral sensory axotomy, whether by cut, which prevents 
regeneration, or crush, which allows it, results in a  slow but relatively profound loss 
only of unmyelinated sensory axons in the dorsal roots. This loss may have a bearing 
on the abnormal sensory states that sometimes follow peripheral nerve lesions. The 
reason for an axon loss restricted to unmyelinated fibres needs to be established but 
may reflect particular growth factor dependence. Supported by NIH grants NS10161, 
NS11255 and the Medical Research Council, UK.

ACTION POTENTIALS AND CALCIUM C U RR ENTS O F  AXOTOM IZED 
RAT DORSAL RO O T GANGLION NEURO NES. Fuad A. Abdulla and 
Peter A. Smith*. Dept. o f Pharmacology, Univ. Alberta, Edm onton, T6G 2H7, 
Canada.

Axotomy-induced changes in the shape o f the action potential (a.p) of both 
frog sympathetic B-neurones and rat facial m otoneurones involve increased 
inactivation o f N-type Ca2+ current (ICa,N; Jassar e t al., J. Physiol., 472 203 
1993; J. Physiol., 479 353, 1994; Umemiya et al., J. Physiol., 462 661 1993). 
Because axotomy produces only small changes in a.p. shape of sensory 
neurones (Gurtu & Smith J. Neurophysiol., 59 408 1988), we tested whether 
ICa was altered following axotomy of rat D R G  cells. Neurones were studied 
using standard whole-cell recording techniques and classified as: A-cells (a.p. 
duration <3ms, no deflection on falling phase o f a.p. and input capacitance 
(Cin)>90pF; H-cells (a.p. duration 3-5 ms, deflection on falling phase of a.p. 
and Cin 70-90pF); or C-cells (a.p. duration >5m s and Cin<70pF). TWo-4 weeks 
after cutting the sciatic nerve, the a.p. duration in C-cells was significantly 
increased whereas that of A- and H-cells was little changed. There was no 
obvious change in amplitude or inactivation o f ICa in A-cells whereas ICa was 
decreased and associated with increased inactivation in H- and C-cells. There 
was little change in H-cell T-current (ICa,T). This suggests that i) ICa is not 
affected by axotomy in all cell types; ii) although the exact relationship between 
ICa and a.p. shape in D R G  neurones remains to be determined, the stability 
of ICa,T may explain the lack of change o f spike width in H-cells whereas the 
the increase in spike width induced by axotomy o f C-cells could be explained 
if ICa were coupled to a Ca2+ -sensitive K + current.
Supported by Alberta Paraplegic Association, Rick Hansen Man-in-Motion 
Foundation and M RC of Canada.
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232 .9
GAP-43 EXPRESSION IN VIBRISSAE INNERVATING PRIMARY 
SENSORY NEURONS AFTER PERIPHERAL NERVE INJURY IN THE 
ADULT RAT.K.Johansson* and H.Aldskogius. Department of Neuroscience, 
Karoliska Institutet, Anatomy building, S-171 77 Stockholm, Sweden.

Growth-associated protein, GAP-43 is a membrane-associated phosphopro- 
tein that is expressed at high levels in neurons during development and 
concentrated in axonal growth cones. After neuronal injury in the adult, GAP- 
43 is reexpressed and transported along those axons where there is sucessful 
regeneration. The vibrissae follicles in rodents together form a well developed 
sense organ. The central representation of the follicles replicates their 
peripheral organization both in the trigeminal sensory nuclei, in the thalamus 
and in the cortex. Earlier studies have suggested that plastic changes take place 
in the spinal trigeminal nucleus after a peripheral vibrissae nerve injury. In 
order to study a possible central plasticity, via GAP-43 expression in this 
system, adult Sprague-Dawley rats were subjected to unilateral transection of 
either the infraorbital nerve at the infraorbital foramen or the deep vibrissae 
nerve as it enters the follicle. After a survival time of 14 days the rats were 
perfused and the trigeminal ganglion and the lower part of the spinal trigeminal 
nucleus (nucleus caudalis) were dissected out. The material was immunohisto- 
chemically analyzed for GAP-43 immunoreactivity. After both infraorbital and 
deep vibrissae nerve transection there was an increase in the amount of GAP- 
43 immunoreactivity in the trigeminal ganglion as well as in the nucleus 
caudalis. The distribution of GAP-43 immunoreactivity in the nucleus caudalis 
differed depending on whether the whole infraorbital nerve or if only the deep 
vibrissae nerve had been transected. In contrast to the deep vibrissae nerve 
transection, an infraorbital nerve transection seems to result in an expression 
of GAP-43 mainly located in the superficial laminae. This difference could be 
due to either distance or reinnervation capacity discrepancy between the nerves.

232 .11

DISTRIBUTION OF NEUROPEPTIDE Y-IMMUNOREACITVE 
CELLS IN THE RAT TRIGEMINAL GANGLION AFTER INFERIOR 
ALVEOLAR NERVE TRANSECTION. M. K. Kim*. Dept. of Oral
Anatomy, College of Dentistry, Seoul National University, Seoul 110-749 

The purpose of this study was to undertaken the distribution of 
neuropeptide Y (NPY) in the rat trigeminal ganglion cells after
transection of the inferior alveolar nerve by means of immuno- 
histochemistry. Ten male Sprague-Dawley rats weighing 300gm 
were used. Experimental animals were sacrificed 16 days after
transection of the inferior alveolar nerve. (Retief, D.H. & Dreter, D. 
J., J. Dent. Res. 48:969, 1969). Sections were cut serially at a
thickness of 30µm with cryostat. Sections were incubated in primary 
rabbit antiserum to NPY diluted 1:2,000 and placed into goat 
anti-rabbit Ig G conjugated to peroxidase(diluted 1:200). After wash, 
3,3' -  diaminobenzidine-4HCl was used as a chromogen. All 
neuropeptide Y-immunoreactive (NPY-IR) cells were photographed 
with Kodak Ektachrome film. In the normal trigeminal ganglion, 
NPY-IR cells were not distributed but appeared in the mandibular 
region of experimental trigeminal ganglion(number of ganglion cells: 
n=72, mean±SD=21 ±6.43). These results indicate that inferior 
alveolar nerve transection may alter the primary sensory neurons in 
the trigeminal ganglion.

232 .10
CYTOSKELETAL- AND GROW TH-ASSOCIATED PROTEINS IN THE 
NUCLEUS GRACILIS, SPINAL CORD DORSAL COLUMN AND DORSAL 
HORN FOLLOWING SCIATIC NERVE INJURY IN THE ADULT RAT. 
J.E.K. Persson*, E.N. Kozlova, C. Mol ander, B. Robertson. J. Arvidsson and 
H. Aldskogius. Department of Neuroscience, Karolinska institutet, Anatomy building, 
S - 17177 Stockholm, Sweden.

The expression of ß-tubulin-, GAP-43-, microtubule-associated proteins-lb- and 
-2, peripherin- and tau-like immunoreactivity as well as RT97 immunoreactivity and 
phalloidin binding were examined bilaterally in the lumbar dorsal horn, the cervical 
and lumbar parts of the dorsal column and the nuclei gracilis following sciatic nerve 
transection in the adult rat. Triple labelling of immunoreactivities for GAP-43, 
neuropeptide Y and transganglionically transported cholera toxin B subunit, and double 
labelling of synaptophysin- and neuropeptide Y-like immunoreactivity, respectively, 
were made in the nucleus gracilis, as well as an ultrastructural analysis of GAP-43 
immunoreactive profiles. Finally, the viability of the anterograde axonal transport 
system to abnormal axonal structures in the nucleus gracilis was investigated with 
neuroanatomical tracing in long-term survival cases.

The expression o f  all markers was unchanged in CNS after nerve injury except 
GAP-43-like immunoreactivity, which was induced at all levels examined, and RT97 
imm unoreactivity which decreased in the nucleus gracilis. GAP-43-like 
immunoreactivity was shown to co-localise with immunoreactivities for neuropeptide 
Y and transganglionically transported cholera toxin B subunit in the nucleus gracilis, 
proving that GAP-43 was, indeed, localised in primary sensory profiles. Double 
labelling with synaptophysin- and neuropeptide Y-like immunoreactivity showed that 
these two markers did not always co-localise, indicating that neuropeptide Y present in 
large abnormal axonal profiles is at least in some instances localised outside synaptic 
vesicles. At the ultrastructural level abnormal as well as normal looking neuronal 
profiles contained GAP-43-like immunoreactivity. In the abnormal looking primary 
afferent profiles within the nucleus gracilis the ability to transport horseradish 
peroxidase conjugated to cholera toxin B subunit was demonstrated several months 
post-lesion, indicating intact integrity of some of their intracellular functions.

These findings indicate that the central processes of peripherally injured dorsal 
root ganglion cells only express a limited fraction of the changes in cytoskeletal

proteins which have been reported to take place in the perikarya/peripheral processes.
his difference may be due to the presence of degenerative as well as regenerative 

morphological changes in the central processes and to the minimal possibilities for 
axonal extension in the central nervous system.
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EARLY VISUAL EXPERIENCE ALTERS THE REPRESENTATION OF 
AUDITORY SPACE IN THE BARN OWL FOREBRAIN. G.L. Miller* and  
E.l. Knudsen. Department of Neurobiology, Stanford University School of 
Medicine, Stanford, CA 94305.

Early visual experience exerts a powerful influence on the topography of 
auditory space maps in the midbrain of the barn owl. For example, in owls 
raised wearing horizontally displacing prismatic spectacles, neurons in the 
optic tectum become tuned to values of interaural time difference (ITD; the 
primary cue used to localize sound source azimuth) that correspond to 
sound sources at the location of their displaced visual receptive field.

Little is known about the influence of early visual experience on the 
representation of auditory space in the forebrain. Recent work indicates 
that the archistriatum mediates gaze control and processes auditory spatial 
information independently of the optic tectum. An auditory subdivision of 
the archistriatum (the AAr) contains neurons with spatially restricted 
receptive fields similar to those found in the optic tectum. In contrast to the 
optic tectum, however, the AAr does not contain a topographic map of ITD: 
neurons tuned to similar ITD values are organized in clusters. To  
investigate the influence of early visual experience on the representation 
of auditory space in the AAr, distributions of best ITD values recorded in the 
AAr of prism-reared owls were compared to control distributions.

Young owls were raised from shortly after eye-opening wearing prismatic 
spectacles that shift the visual field to the left or right. After owls reached 
adulthood, the representation of ITDs in the AAr of both hemispheres was 
characterized by measuring extracellular responses to dichotically 
presented stimuli of varying ITD. The distribution of best ITDs recorded in 
the AAr of prism-reared owls was shifted in the direction and by roughly the 
same magnitude as the shift predicted based on the optical displacement 
imposed by the spectacles. This finding suggests that the representation 
of auditory space in the forebrain, like that in the midbrain, is calibrated by 
visual experience during development. Supported by grants from NIH.

233 .2

THE INFLUENCE OF EXCITATORY AND INHIBITORY ACTIVITY ON 
GLYCINE RECEPTOR DISTRIBUTION IN THE LSO OF GERBILS.
U. Koch, A. Hafidi*, and D. H. Sanes, Center for Neural Science, New York 
University, N.Y., N.Y. 10003.

The gerbil lateral superior olive (LSO), a brainstem auditory nucleus, displays an 
unequal distribution of glycine receptors along the tonotopic axis, with a 4-fold 
greater density in the high frequency projection region. This distribution emerges 
during the first 3 postnatal weeks. To study the influence of the excitatory and 
inhibitory afferents on glycine receptor expression, 7-day-old gerbils were uni- or 
bilaterally cochlear ablated. At postnatal day 21, coronal sections through the LSO 
were stained with either an antibody directed against gephyrin, the glycine receptor 
associated protein (mAb7a, Boehringer-Mannheim), or with 3H-strychnine, a 
specific ligand to the glycine receptor α -subunit. Optical density measurements of 
antibody and 3H-strychnine staining were obtained. We calculated ratios of glycine 
receptor densities between the high and the low frequency projection region and 
compared them to the measures of neuron densities and soma cross-sectional area.

Both ligands, the antibody and 3H-strychnine, gave equivalent results. Unilateral 
cochlear ablation did not alter the distribution of glycine receptors along the LSO 
tonotopic axis, either ipsi- or contralateral to the ablation. In contrast, animals with 
bilateral cochlear ablations exhibited a uniform distribution of glycine receptors over 
the tonotopic axis. Although soma area decreased by 30% in bilaterally ablated 
animals, this atrophy was uniform along the tonotopic axis, and could not account 
for the changes in the glycine receptor distribution. The results suggest that activity 
from at least one ear is necessary for regulating the distribution of glycine receptors 
in the postnatal developing LSO.

Supported by Basic Research Grant No. 1FY94-0263 from the March of Dimes 
Birth Defects Foundation, and the NSF.
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233 .3

ISOLATION A N D  CLONIN G OF CH ICK NM DAR1 RECEPTOR 
SUBUNIT. L.K.Garn er.* B. M endelson. 1and  B .M .D avis. D ep t. of 
A natom y and  N eurob io logy , U niversity  of K entucky M edical Center, 
Lexington, KY 40536; 1Dept. of A natom y, U niversity  of A rkansas 
M edical School, Little Rock AR 72205 

Previous studies have show n th at activity controls gene expression for 
neuropep tides d u rin g  developm ent of the dorsal h o rn  (JCN 347: 36). 
The next goal w as to exam ine the effect of activity  on the receptor for 
g lutam ate, the p rim ary  transm itter of sensory neurons. The C hick 
NM D A R1 cDN A w as isolated from  chick sp inal co rd  RNA (stage 40) 
using  RT-PCR. Two oligonucleotides co rrespond ing  to  positions 137 to 
161 (sense) and  1176 to 1200 (antisense) of the h u m an  NM DA-R1 
nucleotide sequence w ere m ade for PCR analysis using  Stage 40 (E14) 
chick spinal cord  RNA. From  these p rim ers a 1063 bp  fragm ent w as 
am plified and  subcloned into pGEM  4Z. The D N A  sequence w as then  
analyzed  by  double  stranded  sequencing  in  bo th  directions (USB). 
P relim inary sequence com parisons to the duck , h u m an  and  rat reveal 
h igh  nucleotide hom ology b u t low  am ino acid hom ology to the 5’ end . 
C om parisons to the 3 ' end show  significant am ino acid hom ology (70%) 
betw een chick, duck , hum an , and  rat. Im m unocy tochem istry  detects 
the receptor subun it prim arily  in the ven tra l h o rn  m otoneurons of the 
chick spinal cord d u rin g  developm ent. U sing the cD N A  fragm ent 
cRNA probes have been m ade to determ ine norm al o n togeny  of the 
NM DA R1 receptor su bun it in the chick sp inal cord. Once the n orm al 
ontogeny has been  established, d istribu tion  of the  NM D A  R1 recep to r 
subun it follow ing adm inistration  of curare  and  o ther NM D A recep to r 
an tagonists w ill be determ ined . F unded  by AA 09205 (BM).

233 .5

OLFACTORY GLOM ERULI IN THE MOTH FORM  IN THE 
ABSENCE OF TTX-SENSITIVE ACTIVITY. L.A.Oland*, G.Bukhman. 
W.M.Pott, L.P. Tolbert. ARL Division o f Neurobiology, Univ o f AZ, Tucson, 
AZ 85721.

In the moth, the process of constructing glomeruli both begins with and 
depends upon the arrival o f receptor axons from the antenna. Without these 
axons, no glomeruli form. While glomeruli develop long before the antennal 
receptors become responsive to olfactory stimuli (Schweitzer et al. ’76), 
spontaneous activity in the receptor axons could provide a mechanism by 
which the axons could pass glomerular-pattern information to glial cells 
and/or antennal-lobe (AL) neurons. Although spontaneous activity cannot be 
detected extracellularly in the antennal nerve during the early stages of 
glomerulus formation, we tested directly whether Na+-dependent activity is 
necessary by injecting tetrodotoxin (TTX) into the hemolymph just prior to 
the arrival of receptor axons in the lobe. In TTX-treated animals, 
histologically normal glomeruli did form. Terminal branches o f receptor 
axons occupied the normal outer region o f each glomerulus; glial cells formed 
borders around each glomerulus; and the single 5-HT neuron that arborizes in 
the lobe, used here as a reporter for the morphological development of AL 
neurons, developed a highly tufted arbor. Since cultured receptor neurons do 
not exhibit Ca++-based excitability (Stengl and Hildebrand ’91), our results 
indicate that spontaneous activity is unlikely to be an important determinant 
o f glomerulus formation in the antennal lobe.
Supported by NS28495 and NS20040.

233 .7

HORMONAL STIMULATION OF ANTENNAL DEVELOPM ENT AND 
CENTRAL EFFECTS OF OLFACTORY AXONS ENTERING THE 
BRAIN PRECOCIOUSLY. M.R. Higgins. C. McGrue. L.P. Tolbert*.
ARL Div. of Neurobiology, U. of Arizona, Tucson, AZ 85721.

Normal development o f the antennal (olfactory) lobe (AL) o f the brain of 
the moth Manduca sexta requires the clustering o f the terminals o f antennal 
sensory axons and AL-neuron dendrites into discrete spheroidal glomeruli. 
Formation of glomeruli requires coordinated changes in glial cells as well as 
neurons. To gain a more precise understanding o f the relationships between 
antennal-axon ingrowth and development of AL neurons, we uncoupled the 
normally synchronous development of the two antennae of newly pupated 
female M. sexta by injecting either ecdysone (E), 20-OH-ecdysone (20HE), or 
both E  and 20HE with agarose into one antennal compartment and agarose 
only into the other at a stage before sensory axons had begun to grow. E 
alone had no gross effect on developing antennae. 20HE alone stimulated 
precocious segmentation, cuticle formation, and tanning of the cuticle of the 
antenna. E  plus 20HE stimulated precocious development o f apparently 
normal antennae. In 25 o f 26 cases in which E-plus-20HE treated animals 
were allowed to develop to the stage when glomeruli normally begin to form, 
we found that antennal sensory axons on the treated side were stimulated to 
grow into the AL precociously and once there initiated the apparently normal 
sequence o f neuronal and glial changes, even though circulating levels of E  
and 20HE were still low. We ruled out a direct hormone effect on AL 
development by assaying BrdU incorporation into neuropil-associated glial 
cells, whose mitotic rate is ecdysteroid-sensitive at these early stages o f AL 
development. Thus, the ability of antennal axons to trigger cellular changes 
in the AL does not depend upon stage-specific ecdysteroid levels.
Supported by NS28495.

23 3 .4

INFLUENCE OF NEONATAL ACTIVITY BLOCKADE ON THE 
DEVELOPMENT OF CORTICAL BARREL PATTERNING.
N.L. Ruff. R. Tuttle* and D.D.M . O’Leary. The Salk Institute, La 
Jolla, CA

In studies o f the developing visual cortex, neural activity has 
been shown to play a prominent role in the emergence o f patterned 
axonal connections. The role for activity in the development o f the 
whisker-related 'barrel' patterning in the rodent somatosensory (S 1) 
cortex is not as clear cut. Blockade o f activity at birth in the 
infraorbital nerve with TTX (Henderson et al.'92) or S 1 cortex with 
TTX (Chiaia et al.'92) or AP5 (which blocked both NM DA and 
nonNM DA glutamate receptors; Schlaggar et al.'93) does not 
change the stereotypical pattern o f barrels when assayed after the 
first postnatal week. These studies examined the distribution o f  
cytochrome oxidase (CO; a barrel marker) or acetylcholinesterase 
(AChE; a marker o f VPm thalamic input to barrels). However, it is 
possible that although the pattern reaches a normal endpoint, the 
lack o f activity may slow its emergence. Here we have examined 
this issue by using CO and AChE histochemistry to determine the 
effect of AP5 blockade of thalamocortical synaptic transmission in 
S 1 on the time course o f the development o f the barrel pattern in 
rats. Using these markers, we have observed no difference between 
AP5 treated rats and age-matched littermates in the emergence of the 
barrel pattern. These findings suggest that cortical activity is not 
required for the developm ent o f  barrels or their patterned 
distribution in S 1. Supported by N S31558 (DOL) and an HHMI 
predoctoral fellowship (NLR).

233 .6
ROLE OF PHOSPHOTYROSINE IN OLFACTORY GLOMERULUS 
FO RM ATION . SH D ubuque. NT Gibson*, LP Tolbert. D epartm en t of Cell 
Biology & A natom y and ARL Division of N eurobiology, University  of 
Arizona, Tucson, AZ 85721.

Tyrosine kinases and  their p hosphory la ted  substra tes have been 
linked to m any im portan t events in neura l developm ent including  cell-cell 
interactions. U sing m onoclonal antibodies to phosphotyrosine (PT) 
residues, we are investigating  the possibility  that PT levels p lay a role in 
cell-cell interactions that occur d u rin g  olfactory g lom erulus form ation in 
the antennal lobe (AL) of the brain  of the m oth, Manduca sexta. O lfactory 
glom eruli are spheres of neuropil w hich are the p rim ary  site of synaptic 
contact betw een afferent olfactory axons and  central AL neurons. Previous 
w ork in our laboratory has given us a detailed  unders tan d in g  of the 
m orphological changes that occur du rin g  g lom erulus form ation in the AL. 
Im m unocytochem istry on thick AL sections show ed that PT levels are low 
in neuronal cell bodies b u t h igh th roughou t glom erulus form ation in the 
areas of the AL occupied by distal ends of grow ing AL neurites. These high 
levels of PT expression are not dependen t upon  the ingrow th  of afferent 
axons as show n by im m unolabelling of AL's developing in the absence of 
afferent input. PT levels d rop  to background w hen  the basic architecture of 
glom eruli has been established. PT im m unoblo tting  of AL pro teins reveals 
no changes in the pro teins that are p hosphory la ted  at d ifferent 
developm ental stages. Unlike PT expression in situ , PT expression in 
cultured AL neurons is punctate and m ost pronounced in cell bodies suggesting 
that intercellu lar in teractions are im p o rtan t for in trace llu la r localization 
of PT. Tenascin, a chondroitin-sulfate proteoglycan, is believed to be 
expressed by glial cells su rround ing  glom eruli and  is know n to affect the 
ou tgrow th  of certain AL neurons. In prelim inary  experim ents, contact w ith 
tenascin d id  not significantly alter the PT expression observed in cu ltured  
AL neurons.

233 .8

EFFECTS OF CHRONIC PERINATAL HYPOXIA ON TYRO SINE  
HYDROXYLASE AND PHENYLETHANOLAMINE-N-METHYLTRANSFERASE  
GENE EXPRESSION IN MEDULLARY RESPIRATORY REG IO NS IN 
DEVELOPING RAT. L.D.White*. E.E.Lawson and D.E.M illhom . Depts. of 
Physiology and Pediatrics, Univ. of North Carolina, Chapel Hill, NC and Dept. of 
Cellular and Molecular Physiology, Univ. o f Cincinnati, Cincinnati, OH  

W e previously determined changes in levels of TH and PNM T in respiratory 
regions of the medulla oblongata of rats at postnatal ages P 1 0 ,14, 21, and 28 
following chronic perinatal hypoxia (exposure of 3 days of continuous 10% O2  
just before birth and 7 days of intermittent hypoxia afterward) (Soc. Neurosci. 
Abstr. 20:296.12). Increased numbers of T H-IR  cells at P14 in the nucleus 
tractus solitarius (NTS) and ventrolateral medulla (VLM) were shown in hypoxia- 
conditioned pups compared to normoxia-reared controls. Fewer PNMT-IR cells 
at P10 were shown in the NTS of conditioned pups compared to controls. To 
extend these findings we have used in situ hybridization to localize TH and 
PNMT mRNA in medullary respiratory regions of rats exposed to the same 
chronic hypoxia paradigm. Increases in TH mRNA levels were found at two 
levels in the NTS at P10 and P14 and at two levels in the VLM at the same ages 
in conditioned pups compared to controls. Decreases in PNM T mRNA levels 
were found at three levels in the NTS at P10 and P14 in conditioned animals 
compared to controls. Thus, changes in mRNA levels coding for these 
catecholaminergic enzymes correlate with changes in protein levels, suggesting 
that the level of these enzymes is, in part, transcriptionally controlled. These 
data suggest altered O 2  chemosensory pathway neurotransmitter development 
due to the conditioning hypoxia. Additionally, in the hypoglossal motor nucleus, 
we observed high levels of TH mRNA in P10 pups, slightly diminished levels at 
P14, and no TH mRNA by P 21. TH expression may correlate with the transitory 
expression of somatostatin (Dev.Brain Res. 60:241 )and TRH-binding 
(J.Neurosci. 14:821).
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2 3 3 .9
THE EFFECTS OF UNILATERAL NARIS OCCLUSION ON SPONTANEOUS 
AND ODOR-DRIVEN UNIT ACTIVITY IN THE DEVELOPING RAT 
OLFACTORY BULB. B.D. Philpot*. T.C. Foster, and P.C. Brunjes. Dept. Psych., 
Univ. of Virginia, Charlottesville, VA 22903.

Unilateral naris closure has profound effects on the development of the ipsilateral 
olfactory bulb. Although evidence has shown long-term closure affects bulb 
physiology (e.g. Guthrie et al., J. Neurosci. 10, 1990; Wilson and Wood, Neurosci. 
49, 1992), little attention has been given to immediate effects on spontaneous and 
odor-driven unit responses. These phenomenon are examined in the present study. 
Extracellular unit activity was examined in postnatal day 6 (P6) to P30 rats using 
conventional techniques. Subjects were anesthetized with chloral hydrate, and a short 
(~2cm ) length of polyethylene tubing was fitted into the naris ipsilateral to the 
studied bulb. A recording electrode was placed in the vicinity of the mitral cell layer 
by observing characteristic field potentials and antidromic responses evoked by LOT 
stimulation (100µs at 100µA-lmA). Baseline spontaneous activity levels were 
recorded prior to presentation of an odorant, amyl acetate. Only units with excitatory 
responses were further investigated. After 3-5 min, airflow was blocked by closing 
the tubing with Vaseline. Spontaneous activity was recorded over the next 10 min, 
at which time amyl acetate was delivered again. The naris was then unplugged by 
cutting or removing the tubing, and spontaneous and odor-driven activity was once 
again recorded. Finally, the experiment was repeated in P25-30 animals that had 
undergone anterior commissure transection on P 11. Our results suggest that 
spontaneous unit activity decreases after 10 minutes of naris occlusion. Although 
stimulation with amyl acetate evoked a response in occluded bulbs, the increase in 
unit activity was attenuated. Upon initial naris re-opening, units were hyper-excitated, 
possibly due to disadaptation. Commissure transection appears to augment the 
electrophysiological consequences of naris closure. In summary, naris occlusion 
attenuates both spontaneous and odor-evoked activity. These alterations may 
contribute to the subsequent observed morphological changes within the bulb.

Supported by NIDCD DC-00338 (PCB) and NS31830 (TCF)

233 .11

N E U R A L  IM P U L S E S  R E G U L A T E  C ELL-CELL IN T E R 
A C T IO N S  T H R O U G H  C H A N G E S  IN  L1 EX PR ESSIO N .
B. S te v e n s , K. Itoh , an d  R. D . F ield s*  L D N , N IC H D , N IH , 
B eth esd a, M D  20892.

W e have previously reported that expression of the neural cell 
adhesion m olecu le L1 in m ouse DRG neurons is regulated by 
specific patterns of neural im pulses. The present stud y  show s  
functional consequences of this activ ity-dependent regulation  
that could  influence several develop- m ental processes. Action  
p otentia l stim u lation  at a sp ecific  frequency low er in g  L1 
expression (0.1 H z for 5 days) reduced fasciculation of neurites 
(p <O.03), reduced ad hesion  o f neuroblastom a N 2a ce lls  to 
stim ulated neurites (p<0.004), and im peded Schwann cell-axonal 
association  4 days after ad din g Schw ann ce lls  to stim ulated  
neurites. (p<0.002) Higher frequency (1 Hz for 5 days) stimulation  
d id  not low er L1 exp ression , and p roduced  no sign ificant 
reduction  in ad h esion , fascicu lation  or Schw ann cell-axon  
association. The changes in L1 expression  parallel changes in 
a c tiv ity  p a ttern s that a cc o m p a n y  n eu r ite  o u tg ro w th , 
defasciculation and synaptogenesis of DRG neurons in utero. 
These findings suggest that regulated expression of L1 by specific 
patterns of im p u lse activ ity  can in flu en ce ce ll interactions  
coordinating structure and function of the nervous system  at 
critical developm ental stages.

233 .10

R E G U L A T I O N  O F  N E U R A L  C E L L  A D H E S I O N  
M O L E C U L E S  BY S P E C IF IC  P A T T E R N S  O F  N E U R A L  
I M P U L S E S . K. Itoh*, B. S tev en s . M . S ch ach n er an d  R. D. 
F ie ld s , L D N , N IC H D , N IH , B eth esd a, M D  20892

E xp ression  o f  n eu ra l ce ll a d h e sio n  m o le c u le s  is  p rec ise ly  
r e g u la te d  u n d er  d e v e lo p m e n ta l co n tro l. W e  in v e s t ig a te d  
w h e th e r  th e  ex p re ss io n  w a s  reg u la ted  b y  ch a n g es  in  n eural 
im p u lse  a ctiv ity  d u r in g  d ev e lo p m e n t. E lectrical stim u la tio n  
w a s  u se d  to  in d u ce  action  p o ten tia ls  in  d ifferen t tem p ora l 
patterns in  m o u se  D RG n eu ron s for 1~5 d a y s  after 3 ~ 4  w eek s  
in  cu ltu re . RT-PCR, u s in g  an  in tern a l stan d ard  (L1 m im ic), 
w a s  p erform ed  to  m ea su re  th e L1 an d  N C A M  m R N A  levels . 
E x p ress io n  o f  L 1 m R N A , b u t n o t o f  N C A M  w a s  d o w n -  
r e g u la ted  in  r e sp o n se  to lo w  freq u en cy  (0.1 H z) e lectr ica l 
s t im u la tio n  for 5 d a y s. In a d d it io n , L1 p o ly p e p t id e  le v e ls  
d ecreased  s ig n ifica n tly  after th e  stim u la tio n . H ig h  freq u en cy  
(0.3 or 1 H z ), p u lse d  (10 H z /0 .5 s  ev e ry  2s) stim u la tio n  or 60 
m M  KC1 treatm ent for 5 d a y s  d id  n o t in flu en ce  L1 or N C A M  
le v e ls . T h u s, th e  d o w n  re g u la tio n  w a s  s p e c if ic  to  0 .1H z. 
T h e s e  o b s e r v a t io n s  in d ic a te  th a t e le c tr ic a l s t im u la t io n  
r e g u la te s  e x p r e s s io n  o f  L 1, a n d  s u g g e s t  th a t a c t iv ity -  
d e p e n d e n t  n e u r o n a l d e v e lo p m e n t  m a y  b e  m e d ia te d  b y  
ch an ges  in  ex p ress io n  o f  n eu ra l ce ll a d h e sio n  m o lecu les .

233 .12

DOES ACTIVITY-BASED COMPETITION DICTATE BRAINSTEM 
PLASTICITY IN POSTNATAL RAT AND HAMSTER? J.P. Golden*. 
T.A. Henderson. A. Jackson. T.A. Woolsey & M.F. Jacquin. Neurology and 
Neurosurgery, Washington University Sch. o f Med., St. Louis, MO 63110.

Activity-dependent competitive interactions are thought to subserve lesion- 
induced plasticity in the immature barrel cortex because bathing the rat cortex 
in APV reduces the enlargment of spared barrels and the shrinkage of 
deafferented barrels after whisker follicle cautery at birth (Schlaggar et al., 
’93). Yet, bathing rat or hamster cortex in TTX fails to affect such changes 
(Chiaia et al., ’94a,b). Perhaps a more specific reduction in whisker-related 
activity would provide useful data in this regard. Activity was reduced by 
daily trimming o f all whiskers after C-row cautery in newborn rats and 
hamsters. We asked whether whisker patterns in trigeminal nuclei differ from 
those of littermates subjected to C-row cautery only, and whether cortical 
plasticity follows suit. On day 14, cytochrome oxidase sections of the barrel 
cortex, principalis, and interpolaris were image-processed for unbiased areal 
measures of the caudal 4 whisker zones in the B, C and D rows. ANOVA 
and posthoc Scheffe’s indicate that, in rat brainstem, C-row areas were 
diminished significantly and equally in the cautery alone and cautery plus 
deprivation conditions; B- and D-row areas were unaffected in both groups. 
Similar negative data were obtained in rat cortex. In hamster brainstem, as 
in the rat, C-row areas were diminished significantly and equally in the 2 
conditions and B- and D-rows were unaffected. However, in hamster cortex, 
where C-row was largely obliterated in both groups, spared barrels were 
larger, and the enlargement was significantly greater in the deprived group. 
This suggests that brainstem and cortical plasticity can be dissociated and 
that, in hamster, deprivation augments spared barrel plasticity, perhaps by 
preserving an immature condition. Supported by NIH DE07734, NS 17763.
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234 .1

SENSORY NEURONS REGULATE CALCITONIN G ENE RELATED  
PEPTIDE EXPRESSION WITH DEVELOPMENT IN V IVO  AND IN VITRO. 
C. P. Robertson and A  K. Hall*. Dept. Neurosciences, Case Western 
Reserve University School of Medicine, Cleveland, O H 44106.

Adult rat sensory neurons can possess specific neuropeptides 
utilized as neuromodulators, but the factors that regulate their expression 
remain unknown. The number of calcitonin gene related peptide 
immunoreactive (CGRP-IR) neurons in the rat lumbar 4 and 5 dorsal root 
ganglion (DRG) was quantified by double label immunohistochemistry 
during development in vivo. Neurons were identified by neuron specific 
tubulin expression. No CG RP-IR  neurons were detected at E14, when 
most neurons have not reached central or peripheral targets. A tE18, a 
few CGRP-IR neurons were present, and their numbers increased until P8, 
when adult proportions were detected. CG RP peptide block abolished 
neuronal immunoreactivity, reflecting antibody specificity. To evaluate the 
mechanisms that contribute to the differentiated CG RP phenotype, E14 
DRG cells placed in tissue culture, and the development of CGRP-IR  
neurons subsequently evaluated by double label immunocytochemistry. 
No neurons after one or three days in culture were CGRP-IR. Some 
neurons were CGRP-IR after six days in culture, in proportions similar to 
that observed at P0 in vivo. In neurons that possessed the neuropeptide, 
it was detected both in the cell body and In neurites. The percentage of 
CGRP-IR neurons increased with continued culture until 10 days, when 
CG RP expression in neurons had become distinctly heterogeneous. The 
percentage of CGRP-IR neurons is likely to remain constant after this time. 
These results suggest that the developmental changes in CG RP-IR  do not 
depend on an intact DRG. Thus, ganglia isolated before peripheral target 
contact were capable of regulating CG RP expression both in the number 
of neurons with CGRP and in the timing of CG RP expression. In addition to 
the intrinsic capacity of sensory neuron precursors to develop CGRP, 
target tissues may affect neuronal phenotype.

2 34 .2

PROPERTIES OF SINGLE CUTANEOUS PRIMARY AFFERENTS AND THEIR 
PROJECTIONS IN THE EMBRYONIC AND EARLY POSTNATAL MOUSE SPINAL 
CORD. K. Mimics* and H R. Koerber. Dept. of Neurobiology, Univ. of Pittsburgh, 
Pittsburgh, PA 15261.

Cold anesthetized mouse embryos and pups age El 9-P2 were perfused with cold (4°C) 
oxygenated artificial cerebrospinal fluid (CSF). Spinal cords (SC) with attached L1-L6 
dorsal root ganglia (DRG) and peripheral nerves were isolated and placed in a recording 
chamber and the CSF bath warmed to 31°C. DRG somata were impaled using electrodes 
containing either 3M K-acetate; or 5% neurobiotin (NB) in 1M K-acetate. Somal action 
potentials (APs), input resistance, maximum firing frequencies, rheobase and conduction 
delays from saphenous or sural nerve stimulation were recorded. One cell per DRG was 
injected with NB (75% duty cycle, + 2-3 nA, ∑Ień= 12-22 nA/min.). After allowing 4-6 hrs. 
for diffusion the tissue was fixed with 4% paraformaldehyde. Frozen serial sections (50µm) 
of the SC and DRG were obtained and reacted with HRP-coupled avidin. The product was 
visualized using DAB with Ni-intensification. To date 97 somata have been impaled at four 
different stages of development: El 9 (27); P0 (19); P 1 (30); P2 (21). Conduction velocities 
ranged from 0.28-1.38 m/s at E19 to 0.54-1.37 m/s at P2. Baseline AP duration ranged 
from 3.8-8.2ms for E19 afferents to 1 6-8.2ms for P2 fibers. Baseline afterhyperpolarization 
duration was 3.2-14.1 ms at E19 and 2.4-8 5 ms at P2. At all postnatal stages both broad 
spikes (BS) with inflections on the falling phase of the spikes and narrow spikes (NS) 
without the inflection were observed. At each stage cells with AP (NS or BS) durations 
≤6 ms were capable of firing at high frequencies (100 Hz; 0.2 ms intracellular pulse), but 
long depolarizing pulses (100 ms) evoked single APs regardless of spike characteristics or 
age. Input resistance ranged from 20-180 MΩ (El9) to 33-120 MΩ (P2) and their was little 
or no inward rectification at these early stages. Dorsal root reflex evoked APs were 
observed frequently. Stained somata and/or their central projections were recovered for 6 
fibers. At all stages some afferents collaterals supported 0.4-1.8 µm axonal swellings in the 
dorsal horn. The cell somas ranged from 12-38 µm in diameter and they often supported 
collaterals with swellings within the DRG itself. Supported by NS23725 (HRK).
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234 .3
DIFFERENTIAL ORGANIZATION OF THE DORSAL ROOT AFFERENT 

PROJECTION IN THE DEVELOPING HUMAN CERVICAL SPINAL CORD. A. 
D. Konstantinidou *, N. A. Flaris, S. J. Baloyannis. Ch. Kerameos-Foroglou. 
Department of Neurology and Laboratory of Histology-Embryology, Aristotelion 
University School of Medicine, Thessaloniki, Greece.

We have used the fluorescent lipid soluble tracer Dil, to study the 
development of spinal cord circuitry in humans, in the first half of gestation. 
We have previously shown that specific labelling with Dil of the primary 
afferent projection to the spinal cord was possible in fixed postmortem human 
tissue (A. D. Konstantinidou et al, J Comp. Neurol, in press). In that sudy we 
focused primarily on the thoracic neurotomes where the neural circuitry has a 
simpler metameric structure. We have now extended our study to the cervical 
and lumbar spinal cord. In accordance with our previous results, we have found 
that the Ia fibers traverse the length of the spinal gray matter in fascicles to 
reach the ventral horn, where they “ fan out” to reach different groups of motor 
neurons. In serial sections from C2 to T3 we have observed that in the rostral 
part of the spinal cord a prominent medial and a small lateral group of Ia 
fascicles is evident. In the mid cervical region a large lateral bundle appears 
which more caudally splits into a dorsal and a ventral subdivision. In the 
transitional region, a small medial and a large lateral group of axons is evident. 
In the thoracic region a strictly medially located large bundle of fascicles is 
observed. This elaborate pattern of fasciculation in the cervical cord appears to 
correlate well with the multiple small motor neuron groups, which comprise the 
large lateral motor neuron mass in the cervical spinal cord (H. C. Elliot, Am. J. 
Anat. 1944). Such complex organization of the primary afferents in the ventral 
gray matter is not apparent in the lumbar spinal cord. Indeed, serial sectioning 
of the lumbar spinal cord revealed only a simple medial and lateral group of 
fascicles. We believe that this myelotome specific organization of the Ia 
projection is a part of the anatomic substrate that subserves the fine movements 
of the hand.

This work was supported in part by the American Paralysis Association.

234 .5

CHANGING MOUSE THALAMOCORTICAL RELAY CELLS AND 
BARRELOIDS IN POSTNATAL DEVELOPMENT OF VPM. S.
Wasserstrom. J. Zantua. J. Christensen*. J. Aranda. M. Jacquin and T. 
Woolsey. Department of Neurology and Neurosurgery, Washington 
University School of Medicine, St. Louis, MO 63110.

Single neurons in 150-200 µm coronal or oblique slices through the 
somatosensory thalamus of mice of different postnatal ages were 
injected with Lucifer Yellow under direct visualization. The whisker 
representation in the thalamus, as revealed by the pattern of barreloids, 
was demonstrated by oblique illumination of the slices or cytochrome 
oxidase/thionin staining post-processing. Filled cells and ventroposterior 
medial (VPM) nucleus were imaged with a Zeiss LSM confocal 
microscope and rendered and analysed on a SGI running VoxelView and 
VoxelMath software (Vital Images). VPM enlarges almost 2x lineariyfrom 
P6 to adult Barreloids are clear in unstained sections until P10-11. 
Dendritic arbors on postnatal day ß  are confined to single barreloids 
(single whisker representations); in adults they are seven times longer, 
extending beyond their barreloid to adjacent barreloids. The postnatal 
transformation of dendritic arbors by process growth to adjacent 
barreloids is mainly completed by P17. The developmental change in the 
role of these cells from instructing whisker pattern formation to integrating 
sensory information from more than one whisker thus occurs after the 
whisker pattern in the barrel cortex is established but as the animals 
begin to express exploratory whisking behaviors.

Supported by NIH G rant* DE 07734, DE 07662 and NS 17763 and by the Spastic 
Paralysis Foundation of the Illinois Eastem-lowa District of the Kiwanis International and The 
McDonnell Cen ter for Studies of Higher Brain Function.

234 .7

AFFERENT ARRIVAL, ONSET OF FUNCTIONAL ACTIVITY, FORMATION 
OF A WHISKER RELATED PATTERN AND THE TIMECOURSE OF CELL 
DEATH IN THE SOMATOSENSORY THALAMUS OF THE WALLABY
C.A . Leamey1,2 L.R. Marotte2. P.M.E. Waite1, S.M.H02, and R.E. Mark2 *
1 School of Anatomy, UNSW, Sydney, NSW, 2052, Australia, and, 2Developmental 
Neurobiology, RSBS, ANU, ACT, Australia, 2601

This study takes advantage of the protracted, largely postnatal maturation of 
a marsupial mammal, the wallaby (Macropus eugenii) to describe the 
development of the trigeminal sensory system. The development of the 
thalamic relay of this pathway, the ventroposteromedial (VPM) nucleus, and 
its afferent pathway from the brainstem have been examined. Tracing with 
carbocyanine dyes, enzyme histochemistry, Nissl staining and in vitro 
electrophysiology were used. The first afferents from the principal trigeminal 
nucleus reach the thalamus early in development, between postnatal day (P)10 
and P 15. The borders o f VPM can first be discerned around P33 in Nissl 
stained sections, and by P52 the nucleus shows a high level o f cytochrome 
oxidase (CO) reactivity with the first hints of segmentation visible at its 
lateral border. Segmentation is more obvious by P59, and by P73 VPM is 
characterised by clusters o f cells showing high CO reactivity strongly 
resembling rodent barreloids. The peak of cell death occurs between P81 and 
P89. This is subsequent to the emergence of discrete whisker related patterns 
in the thalamus, but coincident with the appearance of succinic dehydrogenase 
patches in the somatosensory cortex (Waite et al., Dev. Br. Res., 58, 35-41, 
1991). Preliminary studies show that functional activity commences well 
prior to the formation of neuronal aggregations, with responses recorded in 
VPM following stimulation of the trigeminal nerve from at least P36. These 
results confirm that pattern formation follows a peripheral to central sequence, 
and further, that ascending pathways may be both laid down and functional 
well before central patterns emerge. This suggests that the maturation of the 
target tissue is a determining factor in the appearance of these patterns.

2 34 .4
C O M PA R ISO N  O F  N E U R O N  N U M B E R  A N D  A X O N  N U M B E R  IN 
B U L L FR O G S O F D IF F E R E N T  SIZES. M .L. M eeker*. D A. Brown.
R M. Allen and P.B. Farel. D ept. o f  Physiol., Univ. N. Carolina Sch. Med., 
Chapel Hill, NC 27599

The num ber o f  neurons identified in frog lum bar dorsal root ganglia (DRG) 
increases 2-3 fold with increasing body size. Late differentiation o f  
committed, but immature, neuron precursors was hypothesized as the 
mechanism o f  neuron addition (St. W ecker and Farel, 1995). The cytological 
features o f  patent DRG neurons were determined by retrograde labeling with 
H R P from the periphery. Antibodies to neurofilam ent proteins labeled not 
only these patent neurons (characterized generally by a  distinct nucleolus 
within a  large clear nucleus), but also small cells, lacking a distinct nucleolus 
and having instead clumps o f  heterochromatin within a  nucleus.

To determine whether axon num ber increases with body size, we compared 
D R myelinated and unmyelinated axon num bers, obtained from EM montages 
o f  the entire root cross-section, with neuron number. W ith increasing body 
length, neuron num ber increased, but axon num ber remained constant. 
Unmyelinated axons averaged 3638.2 ± 268.0 (3.3-3.6 cm), 3482 ± 664.3 
(4.6-4.8 cm), and 3471.3 ±  130.7 (9.8-10.9 cm, n=3 in each group). 
Myelinated axons averaged 1 6 0 9 ± 167.1 (3.3-3.6), 1 5 8 7 .9  ± 160.7 (4.6-4.8 
cm), and 1713 ± 152.6 (9.8-10.9 cm). The mean axon to neuron ratios were 
2.59 (3.3-3 6 cm), 1.66 (4.6-4 8 cm), and 1.14 (9.8-10.9 cm) These data are 
consistent with the hypothesis that a  population o f  immature sensory neurons 
is present in the DRG and has axon projections in the DR, even in juvenile 
frogs. Supported by grants NS 16030 and NS 14899.

234 .6

D E V E L O PM E N T  O F T H A L A M O C O R T IC A L  AND IN T R A C O R T IC A L  
C IRC U ITRY  STUDIED W IT H  C a2+ IM A G IN G  IN TH A LA M O C O R TIC A L 
SLICES IN TH E RAT Z oltán M olnár*. Colin B lakem ore and R ichard A dam s 
U niversity  L aboratory o f  Physiology and M R C  R esearch  C en tre  in B rain and 
B ehaviour, Parks Road, O xford OX1 3PT, U nited  K ingdom

During the first postnatal week the thalamic fibres invade and terminate in 
the cortex in an area and lamina specific fashion. These functional connections 
have an essential role in determining the further differentiation o f the intra- and 
extracortical circuitry. In order to understand the interactions between thalamic 
fibres and the developing cortical plate we have imaged evoked C a2+ responses 
in cortical cells after thalamic stimulation in the rat. Slices containing the 
somatosensory cortex and thalamus with intact connections were prepared 
according to Bernardo & W oolsey (1987) J. Comp. N eurol.,2 5 8 :5 4 2 , and 
Agmon & Connors (1991) N eu ro sc ien ce  41 :365; they were m aintained at 
about 37°C in an interphase chamber, stained with Fluo 3 AM and imaged with 
an inverted Leica confocal microscope. Scanning at intervals o f  170 msec, 
occasional spontaneous activity was detected. Brief electrical stimulation (1-5, 
100 µsec pulses at 100 Hz) delivered with a bipolar electrode positioned into the 
ventrobasal complex of the thalamus elicited a rapid and sustained elevation of 
C a2+ within cells of the putative somatosensory cortex. Quantitative analysis of 
individual cell responses revealed a heterogeneous population according to their 
reaction onset and duration of Ca2+ elevation. A subpopulation o f cells 
responded rapidly with onset less than 60 msec; some o f them with a single, 
short and rapid Ca2+ transient others with long, sustained elevation lasting as 
long as 2.5 seconds. But in most cells the onset of a sustained response was 
delayed with respect to the stimulus by hundreds o f  m illiseconds. These 
experiments show that even at early stages of cortical development cells respond 
differentially to thalamic stimulation which might be correlated with their intra- 
and extra-cortical connectivity.

Supported by the Medical Research Council and Merton College Oxford

23 4 .8

2-DG UPTAKE PATTERNS EVOKED BY PASSIVE SINGLE 
WHISKER DEFLECTIONS IN PERINATAL MICE. T.M. Mosconi*. J.J. 
Christensen. M.F. Jacquin & T.A. Woolsey . Neurology & Neurological 
Surgery, Washington University School o f Medicine, St. Louis, MO 63110.

The development of functional activation in the whisker-barrel neuraxis has 
received limited study, although it is known that, in prenatal rats, ganglion 
cells do not discharge to whisker deflections (Chiaia et al. ’93). It is also 
known that, in week-old rats, cells in barrel cortex display sluggish responses 
to such stimuli (Armstrong-James ’75) and topographic 2DG uptake (Kossut 
and Hand ’84). Based on 2DG labeling in adult rodents, we hypothesized that 
active touch (whisking) and passive touch (experimental stroking) evoke 
different patterns of activation in the whisker neuraxis. We further propose 
that such context-dependent activation patterns do not develop until after the 
emergence of whisking behaviors at about 2 weeks of age. If true, active and 
passive touch should produce similar patterns of activation in perinatal 
rodents. As a first step in testing these ideas, 2.5 mCi of (3H)2DG was 
injected in 7day-old Swiss-Webster mice (N =8). During gentle restraint, the 
left C2 whisker was then repeatedly stroked at about 2 Hz for 35 minutes. 
Animals were perfused and brains were processed for cytochrome oxidase 
staining and high-resolution 2DG autoradiography. Computer-assisted image 
analysis indicated that, in the S 1 cortex, heightened 2DG uptake occurred 
only in the right C2 barrel. In the trigeminal brainstem complex, restricted 
2DG labeling was associated with the appropriate barrelette. Sections through 
the thalamus are now being analyzed. These data suggest that passive whisker 
stimulation evokes functional activation in restricted and somatotopic foci in 
the immature barrel cortex; this is likely mediated by similar somatotopic 
activation o f single whisker representations in the brainstem.

Supported by NIH NS 17763, DE07734, DE07662.
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23 4 .9

ORIGIN AND ONTOGENY OF ZINC-ergic INPUTS TO RAT 
SOMATOSENSORY CORTEX. R.H. D yck* and D.D.M . O’Leary 
The Salk Institute, La Jolla, CA 92037.

A subset o f glutamatergic neurons in the mammalian telencephalon 
release zinc (Zn) from synaptic vesicles o f their terminal boutons. Zn can 
modulate the excitatory and inhibitory actions o f several neurotransmitters 
including glutamate and GA BA . W e have recently shown that the 
terminals of Zn-containing neurons in the barrelfield o f rat somatosensory 
cortex (S 1) exhibit dynamic distributions during postnatal development. 
Here we address whether thalamocortical and/or corticocortical inputs, 
both o f which are glutamatergic, are the source o f the Zn-rich terminal 
labeling in the postnatal rat S 1. Rats ranging in age from P0 through 
adults received either small iontophoretic injections o f 0.2% sodium  
selenite directly into S 1 or 6-12 mg/kg delivered s.c. to precipitate 
intracellular Zn. The rats then recovered for 16-24 h. With both methods 
ZnSe precipitates are transported retrogradely and accumulate in somata 
which can be visualized by physical development. The latter method 
identifies all Zn-ergic neurons in the brain while the former labels only 
that subset projecting to the injection site. The distribution o f Zn-ergic 
neurons projecting to S 1 assumed a mature pattern by P I4. At all ages, 
Zn-rich terminals in S 1 appear to arise exclusively from ipsilateral and 
callosal corticocortical projections. The laminar origin o f Zn-ergic 
neurons developed in an inside-out gradient with age, first comprising 
only layer 5 and 6b neurons during the first week and then including 
layer 2/3 neurons by P10. Since the Zn phenotype is apparent only after 
these projections are initially established, it may be a source o f  
maturational changes in synaptic efficacy. These findings reveal a 
chemical heterogeneity between glutamatergic inputs to S 1, suggesting 
differences between them in synaptic modulation.

234 .10

TRANSIENT EXPRESSION OF GROWTH ASSOCIATED PROTEIN GAP-43 
IN HUMAN DEVELOPING SOMATOSENSORY PATHWAYS. P, Liberini*1. 
P. Rizzonelli1, A. Valerio', G. Vezzoli1. G. Moretto2 and P.F. Spano1. 1Section 
of Pharmacology, Dept. of Biomedical Sciences & Biotech., Brescia University 
School of Medicine, 25123 Brescia; 1Section of Neurology, Dept. of Neurol. and 
Visual Sciences, Verona University School of Medicine, Verona, Italy.

GAP-43 is a neuron-specific phosphoprotein that has been linked with the 
development and functional modulation of synaptic remodelling. A monoclonal 
antibody raised against rat GAP-43 was used to study the distribution of the 
protein in foetal (6, 10, 12, and 22 weeks of gestation) and adult human spinal 
cord. At all levels of foetal spinal cord, GAP-43 immunoreactivity was observed 
in regions containing primary sensory afferents: the dorsal root, the dorsal and 
dorsolateral funiculi, and restricted regions of the dorsal horn. In all these areas 
the maximum level of immunostaining was found at the 12th week of gestation. 
At this stage, immunoreactive fibers with a dorsolateral orientation through the 
middle of the dorsal horn were observed. Their localization suggested that they 
were ventral collaterals forming a connection between the dorsal funiculus and the 
ventral horn which appeared faintly stained. Marked GAP-43 immunoreactivity 
was demonstrated in all examined foetal dorsal root ganglions. Noticeably, 
sections incubated with a monoclonal antibody raised against the low affinity 
nerve growth factor receptor displayed a superimposable pattern of staining. In 
adult cases pale GAP-43 immunoreactivity was observed in the dorsal root and 
in the superficial layers of the dorsal horn (lamina I and II). The staining in the 
ventral horn (Onuf nucleus) was generally confined to neuropil whereas most 
neuronal somata and fiber bundles were unreactive. The lack of immunostaining 
observed in the dorsal and dorsolateral funiculi of adult cases suggests a transient 
expression of GAP-43 in somatosensory pathways in early stage of development. 
This research was supported by the Italian Study Group on Paraplegia.
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THE ROLE OF EXTRACELLULAR MATRIX MOLECULES IN THE 
DEVELOPING RAT OLFACTORY SYSTEM. H. Tre loar* and B. Key. 
Laboratory of Molecular Neurodevelopment, Department. of Anatomy and Cell 
Biology, University of Melbourne, Parkville, Australia, 3052.

Developing olfactory axons grow from the nasal cavity to the telencephalon, 
navigating their way through intervening mesenchyme. Axons grow together with 
migratory cells from the olfactory epithelium and form an aggregate called the 
migratory mass which caps the rostral telencephalon. The aim of the present study 
was to test the hypothesis that molecules in the extracellular matrix (ECM) 
‘signpost’ and direct growing olfactory axons. We examined the expression 
patterns of four ECM molecules; laminin, tenascin, heparin sulfate proteoglycans 
(HSPG) and chondroitin sulfate proteoglycans (CSPG) in E l 3-E l5 rat embryos 
using standard immunohistochemical techniques. GAP-43 was used to stain axons 
in double-label immunofluorescence. Laminin was shown to be highly expressed in 
the developing pathway and in the basement membrane of the telencephalon. 
Tenascin was not expressed in the developing olfactory system. HSPG expression 
was co-localised with laminin although it was not as highly expressed in the 
pathway. CSPG was present in the mesenchyme surrounding the pathway but not in 
the pathway itself. These proteoglycans were also present in the telencephalon 
surrounding the presumptive olfactory bulb. Taken together, these results suggest 
that CSPG and laminin may coordinately regulate the growth of olfactory axons 
between the epithelium and the telencephalon by defining inhibitory and 
stimulatory regions respectively. Olfactory axons pierced the telencephalon at sites 
where the basement membrane appeared to be fragmented. None of the ECM 
molecules examined formed a barrier against axon ingrowth into the CNS. 
Mechanisms which control olfactory axon growth within the telencephalon remain 
to be determined.

2 35 .3

THE SPATIO-TEMPORAL EXPRESSION OF CELL ADHESION 
MOLECULES DURING POSTNATAL DEVELOPMENT OF THE RAT 
OLFACTORY BULB. Karl W. Kafitz* and Charles A. Greer. Yale Univ. 
Sch. Med., Sect. Neurosurg. and Neurobiol., New Haven, CT 06510 

The olfactory system o f vertebrates shows regeneration throughout 
life. While the molecular mechanisms which underlie these processes 
remain to be determined, there is growing evidence that cell adhesion 
molecules (CAMs) may be involved in mediating neuronal migration, 
differentiation and remodeling o f synaptic circuits. The localization of 
CAMs was studied in developing and mature rat olfactory bulb (OB). 
Antibodies included Laminin, Tenascin, Janusin, neural cell adhesion 
molecule (N-CAM), and the 180 kD component o f N-CAM (N-CAM 
180). Also, the expression o f GAP-43 and NSE was investigated. The 
immunoreactivity (IR) o f the antibodies were visualized either by 
indirect immunofluorescence or with Vector Labs ABC Kits. OBs were 
obtained from anesthetized (120 mg/kg pentobarbital, I.P.) rats at 
postnatal day (PND) 0, 1 ,4 ,  6, 8, 12, 18, and 22 plus the adult. All 
antibodies showed a differential laminar pattern o f  IR in the OB. 
Moreover, several markers showed a distinct sublaminar pattern o f IR. 
For example, Tenascin showed a shorter temporal window of heavy IR 
in the superficial versus the inner olfactory nerve layer. Janusin IR 
appeared less in the outer versus the inner granule cell layer of adults. 
In general, CAM-IR and GAP-43-IR was successively down regulated to 
adult-like levels by PND 18. Nevertheless, even in adults most of the 
CAMs were expressed and easily recognized. In contrast, NSE-IR 
appeared to be upregulated during development. Our results support 
earlier investigations suggesting an involvement o f CAMs in the unique 
neuronal plasticity of the OB during development and in the adult. 
Supported by NIH NS10174 and DC00210.

2 35 .2

IMMUNOHISTOCHEMICAL LOCALIZATION OF ECM 
MOLECULES IN THE NERVE FIBER LAYER (NFL) OF THE 
OLFACTORY BULB OF E18, NEWBORN A ND  ADULT RATS. R. 
Doucette*. Dept. Anat., Univ. o f Sask., S ’toon, SK S7N 5E5 Can.

When the olfactory nerve is injured in adult mammals the axons grow 
across the PNS-CNS transitional zone and reinnervate their synaptic 
contacts within the olfactory bulb. Some years ago, Liesi (‘85, EMBO 
J. 4  2505-2511) reported the presence o f laminin in non-basai lamina 
locations within the NFL of the bulb o f adult rats and suggested that this 
molecule may facilitate this axonal growth into and within the CNS. The 
purpose o f this study was to compare the expression o f laminin, 
fibronectin, and collagen type IV, and o f chondroitin and heparan 
sulfate proteoglycans in the NFL of the developing and lesioned 
olfactory system. Numerous punctate deposits o f immunofluorescence 
were seen in the NFL o f  the E18 bulb when antisera to laminin, 
fibronectin or collagen type IV were used; in general, the tissue was 
stained less intensely with antisera to the proteoglycans. There was a 
dramatic drop-off in staining at the border between the NFL and the 
presumptive glomerular layer. The staining pattern was similar in the 
newborn bulb, although the immunofluorescence wasn’t as strong. In 
the unoperated adult rats only laminin was present as punctate deposits 
within the NFL, whereas all but the collagen type IV antisera stained 
numerous punctate deposits within the NFL and/or glomerular layer 
after a stab wound. Although there was a partial recapitulation of the 
ECM expression pattern in the lesioned adult NFL it never reached the 
extent found in the E18 or newborn bulbs. The results are consistent 
with these ECM molecules playing a role in modulating the growth of 
olfactory axons. (Supported by a grant from the NIH).

235 .4

GENE EXPRESSION IN XENOPUS OLFACTORY PLACODE 
DEVELOPMENT. G.D. Burd*. N. Papalopulu. A. Chitnis. and C. 
Kintner. Dept. o f  Molecular and Cellular Biology, University o f  
Arizona, Tucson, AZ 85721 and Salk Institute, La Jolla, CA 92037.

To determine which genes are expressed in patterns suggestive o f  a 
role in specifying the olfactory placode in Xenopus, we performed in 
situ hybridization using digoxygenin-labeled RNA probes. Xenopus 
embryos from stage 14 to 40 were examined as whole mounts or 
sections. The genes examined were distal-less 3 and 2, which encode for 
a homeo domain and are presumed transcription factors, and the 
neurogenic genes Notch 1, Delta, and Serrate. distal-less 3 and 2 are 
expressed in the sense plate before olfactory placodes have formed and 
later are expressed throughout the olfactory placode. distal-less 2 is most 
likely in supporting cells, and distal-less 3 appears to be in sensory 
precursor cells and possibly young neurons. Expression o f  Notch 1, 
which encodes for a cell-surface receptor, is observed in the olfactory 
placode when it first forms and appears to be concentrated in the 
precursor/young neuron layer o f  the placode. Delta and Serrate, 
presumptive ligands for Notch 1, also are expressed in the deeper layers 
o f  the olfactory placodes. In addition, Serrate staining is enhanced in the 
developing vomeronasal epithelium. In summary, these genes are likely 
to play important roles in determining the olfactory placodes. Support: 
NSF Career Development Award.
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235 .5

Developmental Study o f a Rat Olfactory Receptor Neuron Subclass 
Reactive with an α -HSP70 Monoclonal Antibody. V.McM.CARR* 
A N D  A .I .FARBM AN. Dept. o f  Neurobiol. & Physiol. Northwestern 
University, Evanston, IL 60208-3520.

We have recently described a small subpopulation o f olfactory 
receptor neurons (ORNs) in adult rats that reacts constitutively with 
a monoclonal antibody (Mab 2A4) to the 70kD heat shock protein 
(J.Com p.Neur.348:150. ’94). 2A4( +  )ORNs are scattered nonuniform- 
ly through the olfactory epithelium (OE) and project to just 2-3 
glomeruli in consistent locations in each olfactory bulb (OB). We now  
report results o f  studies on the development o f these 2A4( +  )ORNs. 
Paraffin sections from embryonic day E14 to postnatal day P42 rats 
were examined using immunoperoxidase techniques. Results show: 1) 
Faint ORN 2A4 immunoreactivity (IR) first appears between P7 and 
P10. Numbers o f  2A4( +  )ORNs (and IR intensity) increase rapidly 
and by P42 exceed those o f adults. 2 ) Within the OB, glomeruli 
showing 2A4(+ )  axons can be seen by P14. 3) Despite the very large 
amount o f  OE and OB postnatal growth and development, the initial 
distribution and location o f both the 2A4( +  )ORNs and their target 
glomeruli are similar to those found in adults. The age o f  (+ )O R N s  
at the time o f their initial expression o f 2A 4 IR is currently under 
autoradiographic examination. These studies will serve as the basis for 
comparison for 2A4( + )ORN distribution and target projection 
following perturbation o f  both the OE and OB in future studies.

2 35 .7

ORGAN CULTURES OF EMBRYONIC RAT TO NG UE SUPPORT  
GUSTATORY PAPILLA MORPHOGENESIS IN THE ABSENCE OF INTACT 
SENSORY OR AUTONOM IC GANGLIA. C.M. Mistretta*2, J.P. Mbiene1 and
D.K. MacCallum3. 1 Baylor College of Dent., Dallas, TX 75246 and 2School of 
Dentistry and 3Medical School, University of Michigan, Ann Arbor, Ml 48109.

Lingual taste buds reside in gustatory papillae on the front and back of the 
mammalian tongue; on anterior tongue, the fungiform papillae are organized 
in rows. In rat, the fungiform papillae develop between 14 and 15 days of 
gestation (E14-E15; E0: dam is sperm positive), whereas taste buds appear 
later, at E20. To study the role of nerves in papilla morphogenesis, we have 
established an organ culture of embryonic rat tongue. The pregnant rat is 
anesthetized and embryonic tongues are dissected and maintained in 
standard organ culture conditions (DMEM/F12 plus 1% fetal bovine serum 
and B-27 supplement, GIBCO). When the entire tongue is cultured, beginning 
at E13 or E14, the tongue grows and acquires its spatulate shape in vitro. 
Furthermore, fungiform papilla develop and are maintained in rows on 
anterior tongue. Because these cultures exclude sensory ganglia, we have 
concluded that gustatory papillae can form and develop without an intact 
sensory innervation. To eliminate a role in papillagenesis for the autonomic, 
‘circumvallate’ ganglion that is located in posterior rat tongue, we have 
cultured only the anterior half (rostral to the intermolar eminence) or quarter 
(tongue tip) of E14 tongues, excluding the circumvallate ganglion. Fungiform 
papillae develop in these cultures in rows and in comparable numbers to 
those in an equivalent area of the cultured, whole embryonic tongue. 
Therefore, fungiform papillae can form and develop in vitro without an intact 
sensory or autonomic ganglion. The role of neural ganglia in taste bud 
formation is currently under investigation. Supported by NIDCD, NIH Grant 
DC00456.

235 .9

NON-SPECIFIC PERIPHERAL TARGET TRAJECTORIES OF REGENERATED 
SEMICIRCULAR CANAL FIBERS IN THE BULLFROG. J. Hernandez*, L. 
Hoffman, V. Honrubia, UCLA School of Medicine, Los Angeles, CA 90095-1624.

In a recent study we showed that regenerated semicircular canal afferents in the 
bullfrog exhibited functional reinnervation of the canal cristae 16 weeks following 
vestibular nerve transection (Hernandez et. al., Soc. for Neurosci. ’94). Immediately 
after transection, these bullfrogs exhibited severe abnormal behaviors such as 
ipsilateral head tilt, contralateral limb extension, and ipsilateral spinning motions 
which were no longer present 16 weeks post-transection (PT). The present study 
was undertaken to test the hypothesis that regeneration and functional recovery was 
paralleled by peripheral target reinnervation specificity. Anterior canal nerve fibers 
were labeled bilaterally with biotin dextran (Molecular Probes). Two days later the 
vestibular nerve was sectioned unilaterally central to the utricle, thereby transecting 
fibers that innervated the utricle and the anterior and horizontal canal cristae (ACC 
and HCC, respectively). The cut ends of the nerve were then re-approximated. The 
contralateral nerve acted as a non-transected control. Four weeks later, a period of 
time sufficient for a full complement of fibers to regenerate (Hernandez et. al., 
ARO ’94), the animals were sacrificed and the nerves were removed, 
histochemically processed, and whole-mounted to visualize labeled fiber 
trajectories. Immediately following nerve section the animals exhibited abnormal 
behaviors as described above. Recovery of normal behavior was observed by 4 
weeks PT. The control nerves showed an abundance of labeled fibers projecting to 
the ACC and only sparse labeling of fibers projecting to the HCC demonstrating the 
relative specificity of the labeling technique. The nerves that underwent transection 
exhibited an abundant number of labeled fibers projecting to both the ACC and 
HCC. The utricle also showed labeled fibers. Combined electrophysiologic 
recordings and intracellular labeling of regenerated afferents unambiguously 
demonstrated that these afferent projections were not a result of anomalous 
collateralization (Hernandez et. al., Soc. for Neurosci. ’94). These results indicate 
that behavioral recovery following vestibular nerve transection is not paralleled by 
target reinnervation specificity. (Supported by GM08042 and DC01404).

2 35 .6
IN  VITRO RECORDINGS FROM NEURONS IN GUSTATORY NUCLEUS  
OF SOLITARY TRACT OF RAT DEMONSTRATE HEIGHTENED  
SENSITIVITY TO GABA DURING FIRST POSTNATAL WEEK. M. Kim*1. 
R.M. Bradley2 and C.M. Mistretta2. Medical School, Chonnam National Univ., 
Korea1 and School of Dentistry, Univ. of Michigan, Ann Arbor, Ml 48109.2

GABA is a major inhibitory neurotransmitter in adult rat, gustatory nucleus 
of solitary tract (NST). However, there is nothing known about GABA effects 
during functional development in postnatal rat, at ages when central taste 
responses to various taste stimuli alter substantially. Therefore, we used 
whole cell recordings from neurons in in vitro slices of the brainstem, to study 
GABA effects in the rostral portion of gustatory NST in postnatal rats. Five 
age groups were included: 0-3 days postnatal (N = 10 neurons); 4-7 days (N 
= 11); 8-11 days (N = 16); 12-15 days (N = 8); and, 16-21 days (N = 8). For 
neurons in each age group, there was a concentration - dependent reduction 
in input resistance after GABA superfusion. However, in neurons from rats 
less than 7 days postnatal the concentration curve is shifted to the left, 
demonstrating increased sensitivity to GABA. Furthermore, the average 
reversal potential for the effect of 1 mM GABA is less negative in rats 
younger than 7 days postnatal (mean = -55mV) than in older rats (mean = -65 
mV). In all age groups, most neurons are hyperpolarized by 1 mM GABA; 
however, at 0-7 days postnatal, there is a greater proportion of neurons that 
are depolarized by GABA compared to older ages. These results 
demonstrate that GABA has different effects on NST neurons in the first 
postnatal week compared to older ages. In other brain regions, GABA has 
roles in neuron differentiation and maturation that precede its function as an 
inhibitory neurotransmitter. The heightened GABA sensitivity in early 
postnatal NST cells might relate to other GABA roles in the gustatory central 
nervous system. Supported by NIDCD, NIH Grant DC00456.

23 5 .8
EMBRYONIC TASTE BUD DIFFERENTIATION IS INDEPENDENT OF 
INNERVATION. L.A. Barlow*1. C.-B. Chien 2 and R.G. Northcut t 1. 
1Dept. of Neurosciences, and 2Dept. of Biology, UC San Diego, La 
Jolla CA 92093.

The coincident timing of neuritic invasion of the taste epithelium 
with taste bud appearance late in embryonic development has lead 
to the hypothesis that taste buds are induced by ingrowing nerve 
fibers. To test experimentally whether nervous contact is necessary 
for taste bud differentiation, we employed complementary in vivo and 
in vitro approaches. The oropharyngeal region, the embryonic source 
of taste buds, was taken from stage 22-35 donor salamander 
embryos, prior to innervation o f this area, and grafted ectopically, 
inside-out, to the mid-trunk region of host embryos. Animals 
developed until hatching (stage 41), at which time taste buds are 
normally present. Taste buds formed in 91% of ectopic grafts (n=35). 
The majority of ectopic taste buds were found in regions of the graft 
devoid of nerve fibers, however, neurites of apparent spinal origin 
were occasionally observed in the vicinity of ectopic taste buds. To 
rule out the possibility that inappropriate nerve fibers transiently . 
contact the epithelium and trigger taste bud differentiation, the 
oropharyngeal region was explanted from stage 35 embryos and 
placed in culture for 6-10 days, after which time intact control 
embryos possess taste buds. Taste buds were found in 93% of the 
explants (n=45), the large majority of which lacked any trace of nerve 
fibers. Contrary to the prevailing model of taste bud development, 
innervation is not required for induction of taste cell differentiation. 
We are currently investigating the potential role of cephalic neural 
crest in the induction of taste buds using both in vivo and in vitro 
approaches.
Supported by DCOOl 14 to LAB and DC01081 to RGN.

235 .10

DEVELOPMENT OF PRIMARY VESTIBULAR AFFERENTS IN 
ZEBRAFISH EMBRYOS.
Barbara Chapm an*+ and Scott E. Fraser. D ivision of Biology, 139-74, 
Caltech, Pasadena, CA 91125. +Current address: C enter for Neuroscience, 
1544 N ew ton Ct., U niversity  of California, Davis, CA 95616.

The vestibular system  of the Zebrafish provides a m odel for s tudying  both 
the developm ent of specific neuronal connections and  the segregation of 
inputs carrying separate stream s of sensory inform ation.

W e have previously  show n that the axonal arborizations of prim ary  
vestibular afferents serving the vestibular end-organs in  young Zebrafish 
can be labeled by iontophoretic injections of lipophilic dyes in to  the 
m aculae or cristae of the inner ear. We have dem onstrated  using  confocal 
m icroscopy of fixed whole-m ounts that by one w eek of age the prim ary  
afferents serving the different sem i-circular canals and  o tolith  organs show 
different projection patterns, and  that populations of axon arbors serving 
the different end-organs occupy non-overlapping  regions in the hindbrain.

We now  show  that the axonal arbors of afferents serving each of the 
vestibular end-organs undergo extensive rem odeling during  developm ent. In 
younger embryos, arbors cover a longer region of the h indbrain  and  have 
distinctively different shapes; retraction or p rim ing  of these axons appears 
to occur as the anim als m ature.

The observed axonal rem odeling for all of the p rim ary  vestibular 
afferents takes place betw een 52 and  65 hours, the sam e period  of tim e 
du rin g  w hich epithelial fusion of the sem icircular canals occurs. This 
coincident tim ing suggests that behaviorally  relevant neu ro n a l activity 
m ay p lay a role in establishing connections in the vestibular system  of the 
Z eb rafish .

Supported  in part by an NIDCD sm all grant to BC.
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SERUM-FREE TISSUE CULTURE OF MAMMALIAN INNER EAR SENSORY  
O R G A N S . H. Lӧ w enh eim 1. K. G ü ltig 1. S. Thanos2 . M. Fahle2 *. M. 
Knippe r1. 1Dept. of Otorhinolarygology, 2 Dept. of Ophthalm ology, 
University of Tubingen, 7 2076  Tubingen.
Tissue cultures of m am m alian inner ear sensory organs are used as 
an experim ental model for questions in developm ent, degeneration  
and more recently regeneration. The culture m edia are generally  
serum -supplem ented to provide optim al organotypic preservation. 
The presence of serum  however com plicates the analysis of specific 
effects of differentiation factors, hormons and growth factors added to 
the culture media. The retina has provided an exam ple of a  sensory 
organ in which organotypic culture in serum -free m edia has been  
established. The organ of Corti and the utricle were isolated from the  
inner ears of postnatal rats (postnatal day 3). The sensory organs 
w ere cultured in a  m odification of serum -free  S 4-M edium  in an 
70%  O 2 /25 %  air/5%  C O 2  atm osphere at 37° C for up to 10 days. At 
the end of the culture period the organs were analysed by fluorescent 
microscopy using the viability stains Calcein  AM (0 ,5  µ l/m l) and  
Ethid ium -hom odim er 1 (2 µ l/m l) (M olecular Probes) and staining  
for F-actin  with TR IT C -P h a llo id in  (S igm a). Under the  described  
culture conditions both inner ear sensory organs survived a culture 
period of at least 10 days. The organotypic cell patterns of sensory  
and supporting cells as well as the stereocilia bundle morphology of 
the hair cells were preserved. Fibroblast proliferation was minimal. 
Serum -free S4-m edium  can be used for organotypic culture of inner 
ear sensory organs and provides the possibility for future analysis of 
specific growth factor effects.

235 .12

D E V E L O P M E N T  O F  T H E  S A C C U L A R  A N D  P A P ILLA R  
B R A N C H E S  O F  T H E  X E N O P U S  E IG H T H  N E R V E . D. Lό pez. V  
L 6p ez and E  E. S erran o *. Biology Dept., N e w  M exico S ta te  Univ., 
Las Cruces, NM  8 8 0 0 3 .

W e  are  interested in deve lopm ent o f the sensory system s in the  
inner e a r and are using X en o p u s  laev is  as a  m odel system  for 
these  investigations. A m phibians such as X e n o p u s  produce  
sensory hair cells continuously throughout their life both in their ear  
and on their lateral lines. In this study, w e  exam ined  how  the  
eighth nerve  develops as X en o p u s  grows from  larvae  to adult. The  
long term  goal o f this research is to understand  the relationship  
betw een eighth nerve  deve lopm ent and auditory and vestibular 
hair cell proliferation. T h e  eighth nerve  w as  surgically rem oved  
from X. laevis  a t stage 52, and  a t stage 6 6  (3  gm  juven iles  and 6 0+  
gm  adults). T h e  nerve  w as e m bedded , sectioned to 1µ m, and  
stained with m ethy lene blue. S ections from  the  saccular, 
am phib ian papillar and basilar papillar branches w ere  analyzed  
from  at least three  d ifferent nerves. T h e  sections w ere  observed  
under the light m icroscope, and axon num ber and  d iam eter w ere  
determ ined with a JA V A  com putational im age analysis system. 
T h e  hair cells innervated by the nerve  branches could also be 
exam ined a t the light m icroscope level. O u r data  show  how  axons  
of the saccu lar and papillar branches increase in num ber and area  
throughout the anim al's life. This research  w as  supported by NIH  
(M B R S  S 0 6 -G M 0 8 1 36-18 ; N ID C D  R 0 3  D C 0 1 4 6 0 -0 1 ) and
W hitehall Foundation grants to E E S .
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A L T E R E D  E X P R E S S IO N  O F  H IP P O C A M P A L  
ADRENO CO RTICO STERO ID RECEPTOR AND VO LTAGE  
DEPENDENT CA2+ CHANNEL SUBUNIT m RNAS IN AG ED RATS.
K.C. Chen. J .P  H erm an. D. Rucker. P. K am inker, D .G . M orrison, R .M . 
B ooze and P .W . Landfield*. Depts. P harm aco l. and Anat. and  
Neurobiol., Univ. KY  Coll. M ed ., Lexington, KY  4 0 5 3 6 -0 0 8 4 .

O ur group has hypothesized that age-related changes in glucocorticoid 
receptor (G R ) regulation im pair C a 2+ hom eostasis  resulting in 
age-rela ted  hippocam pal cell loss and cognitive decline. This  
hypothesis predicts that G R  and C a 2+ regulatory protein expression  
should co-regulate in vulnerable regions of the rat h ippocam pus (e .g ., 
field CA 1). Therefore, the present study exam ined the effects of aging  
on regulation of G R  and mineralocorticoid receptor (M R ) m R N A s and on 
m R N A s encoding the α 1D and β  subunits of the  L-type voltage  
dependent C a 2+ channel. m R N A  expression w as assessed in 
hippocam pal subfields and cortex of 4, 13 and 25  m o-old F ischer 3 44  
rats by sem i-quantitative in situ hybridization. Specific decreases in G R  
m R N A  w ere  observed in subfield CA1 (2 7 % ) and frontoparietal cortex  
(25% ) of the 25  m o group. Conversely, expression of the brain-specific  
α 1D C a 2+ channel subunit m R N A  w as specifically increased in CA1 of 
aged anim als (2 5 % ). There  w ere  no age-re la ted  changes in M R  or β  
subunit m R N A  expression. Increased α 1D expression implies enhanced  
capacity for C a 2+ influx, supporting electrophysiological d a ta  indicating  
C a 2+ dysregulation in aged rats. Th e  inverse relationship b etw een  G R  
and α 1D expression in CA1 suggests that a lterations in glucocorticoid  
function m ay be linked to C a 2+ channel expression. (Supported by 
A G 10836).

236 .3

AGING-RELATED CHANGES IN INOSITOL 1,4,5-TRISPHOSPHATE SIGNAL 
TRANSDUCTION PATHWAY IN THE RAT STRIATUM. O.J. Igwe* and M.B. 
Filla. Division of Pharmacology, UMKC Schools of Pharmacy and Medicine, 
Kansas City, MO 64108.

To determine the effect of aging on inositol 1,4,5 trisphosphate (insP3) branch of 
the polyphosphoinositide (PI) signal transduction pathway, insP3 contents as a 
marker for PI hydrolysis and [Ca2+]i release, saturation binding site analysis of 
insP3R using [3H ]insP 3, Northern blot analysis of insP3R mRNA-encoding 
transcripts, and the activities of insP3 3-kinase (insP3 3-K) and insP3 5-phosphatase 
(insP3 3-P) as key regulatory enzymes for the metabolism of insP3 were examined in 
the young (3-months), adult (12-months) and senescent (25-months) male Fischer 
344 rats. Striatal contents of insP3 were significantly increased (p<0.01) at 25 
months of age compared to 3- and 12-months. The densities of insP3R in particulate 
membranes derived from 12- and 25-month-old rats were reduced (p≤0.0 l)  compared 
to that from young rats. There were no differences in the binding affinities in all age 
groups. Incubation of partially purified insP3R with Ca2+ and striatal cytosol 
showed an age-dependent susceptibility to proteolytic degradation of InsP3R. The 
quantity of insP3R mRNA was increased (p≤0.001) at 25 months of age, suggesting 
age-dependent changes in either transcriptional rates, stability, or processing of 
insP3R mRNAs in the striatum. The activities of insP3 3-K and soluble insP3 5-P 
were similar at 3 months of age, but the activity of insP3 3-K decreased (p≤O.Ol) 
with age. The activity of soluble insP3 5-P was highest at 3 months but remained 
unchanged at 12 and 25 months of age. Taken together, the present data suggest that 
changes in InsP3/Ca2+ pathway in the striatum may contribute to altered neuronal 
responsiveness by PI-coupled receptors with age. Supported by SEP-Marion Merrell 
Dow Foundation and USPHS grant AR 41606

236 .2
C H A R A C T E R IZ A T IO N  O F C A L C IU M -IN D E P E N D E N T  P R O TEIN  
KIN ASE C ACTIVITY IN W ISTA R RA T BRAIN DU RING AGING.
A. Pascale , I. Fortino. S. G ov o n i1, M. T rabucchi2, and F. B attaini*2. Inst. 
Pharm acol. Sci. Univ. M ilano; 1Inst. P harm acology, Univ. Pavia; 2Dept. 
Exptl M edicine and Biochem ical Sciences, Univ. Rom a Tor Vergata, Italy.

Strain  specific changes in  pro tein  k inase C (PK C ) activity  have been 
observed in rat brain areas during aging. One aspect o f  PKC function that 
is im paired in aged rat brain, irrespective o f  the strain  investigated, is Ca2+- 
dependent PK C translocation  in response to phorbol esters (N e u ro b io l. 
Aging, 16: 137, 1995). The aim  o f  the p resen t study w as to determ ine 
w hether there are m odifications in C a2+-independen t PK C  translocation  
w ith aging in the W istar strain  (kindly provided by T roponw erke, Cologne, 
Germ any). The kinase activity was assayed utilizing pep a  as substrate and 
p h o sp h a tid y lse rin e  or d io le in  and p h o sp h a tid y lse rin e  as activato rs. 
C o rtica l, h ip p o cam p al, and  ce reb e lla r  stru c tu res  d id  not show  age- 
d ependen t changes in  ac tiv ity  in  bo th  so lub le  and pa rticu la te  crude 
f rac tio n s . In  ad d itio n  th ere  w ere no ch an g es  in  the  ex p ress io n  of 
im m u n o reac tiv e  C a2+-in d ep en d en t PK C  iso fo rm s. T ran slo ca tio n  was 
studied in young rats but, so far, it w as possib le  to detect only decreased 
cytosolic activity not coupled w ith increase at m em brane level. The tim es 
needed  fo r such  ch an g es  are  d iffe ren t in co m p ariso n  to the C a2+- 
d ependen t iso fo rm s. As p rev io u sly  dem o n stra ted  the C a2+-d ep e n d e n t 
t ra n s lo c a tio n  w as im p a ire d  in  ag ed  ra ts . O ne p o ss ib ility  under 
investigation  is that the m odified PK C translocation  m ay be due to age- 
re la ted  changes in  PK C anchoring  p ro te ins  such  as the  receptors for 
ac tiv a ted  C -k in ase  (R A C K s p ro te in s) . O ur d a ta  in d ica te  th a t PKC 
translocation  is the m ost consisten t finding  in PK C function  in aged rat 
brain  and that if  this aspect o f  PK C is rela ted  to behavioral and learning 
im pairm ent, this could  be a further in vivo  ev idence for PK C involvem ent 
in  neuronal plasticity . (Supported by Italian CN R grant 92.00022.PF41).

2 36 .4

INTRACELLULAR CALCIUM BUFFERING DECLINES IN ADRENERGIC 
NERVES FROM AGED RATS. H. Tsai, J. Buchholz, S. Foucart* and S. P. 
D uckies. Depts. Pharmacology, Coll. Medi. Univ. Cali., Irvine, CA92717 and 
Loma Linda Univ Sch. Medi. Loma Linda, CA 92350.

Stimulation-evoked norepinephrine (NE) release from rat tail artery adrenergic 
nerves has been shown to increase with advancing age in the Fischer-344 rat with no 
corresponding changes in function of NE uptake mechanisms, metabolism or 
prejunctional alpha-2 adrenoceptors. Exposure to the intracellular calcium chelator, 
l,2-bis(2-aminophenoxy)ethane-N,N,N1,N'-tetraacetomethylester (BAPTA/AM), 
decreased NE release from both old and young nerves; however, the effect was 
significantly greater in older nerves. When dinitrophenol (DNP) blocked 
mitochondrial calcium uptake, 20 month tail arteries showed a marked increase in 
sensitivity to BAPTA. The results suggest intracellular calcium buffering is less 
efficient in older adrenergic nerves. To examine this at the cellular level, 
intracellular calcium was measured in acutely dissociated superior cervical ganglion 
cells using Fura-2 AM. Maximum calcium transients and rate of rise evoked by 
high potassium were higher in cells isolated from 20 month old animals compared 
to 6 both in the presence and absence of DNP. Furthermore, although DNP 
decreased the rate of return after calcium transients evoked by high potassium in 
both 6 and 20 month neurons, the effect in 20 month neurons was greater. These 
data suggest that a deficit in intracellular calcium buffering in older nerves leads to 
higher calcium transients and increased NE release with advancing age. Supported in 
part by American Heart Association, National Center, Grant in Aid #95015640.
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236 .5

C H LO R ID E C O N D U C T A N C E A N D  A G IN G  P R O C E S S  IN RA T 
SK E L E T A L  M U SC LE: R E S T O R A T IV E  E F F E C T  O F G R O W T H  
HO RM O N E AN D IN SU LIN -LIK E G R O W TH  FA C T O R -I. D. Conte 
Camerino*. S. Pierno, A. Roselli, D. Cocchi^ and A. De Luca. Unit of 
Pharmacology, Faculty of Pharmacy, University of Bari and în s titu te  of 
Pharmacology, Faculty of Medicine, University of Brescia, Italy.

Wistar Kyoto female rats aging 21 months were treated daily with 150mg/kg 
biosynthetic growth hormone (GH) s.c. for 4 months (De Luca et al., J. 
Pharmacol. Exp. Ther. 269: 948, 1994). Afterwards, the macroscopic chloride 
conductance (GC1), the parameter controlling the stability of sarcolemma and 
lowered by the aging process, was measured in vitro from the extensor digitorum 
longus muscle with the computerized intracellular microelectrode technique. The 
4 month treatment significantly increased GC1 from 1258±97µS/cm2 (n=68) of 
untreated aged rats to 1949±122µS/cm2 (n=73), a value fairly close to the adult 
one (2492±93µS/cm2; n=33). The in vitro application of the S-(-) enantiomer of 
2-(p-chlorophenoxy) propionic acid (CPP) (De Luca et al., Naunyn-Schmied, 
346: 601,1992) blocked GC1 of GH treated aged muscle with an IC50 (19.8µM) 
similar to that found in adult muscle (15µM) but lower than the IC50 obtained in 
untreated aged rats (63µM). On the muscle from GH treated rats, the R-(+) isomer 
of CPP produced the biphasic effect typical of adult muscle, but not detectable in 
untreated aged ones (De Luca et al., 1992). The in vitro application of 25ng/ml of 
insulin-like growth factor-I (IGF-I), the mediator of many GH actions, was 
without effect on adult striated fibers, but significantly increased GC1 of untreated 
aged rats by 70% toward the adult value. This effect was antagonized by the prior 
incubation with 0.5µM okadaic acid. Thus the treatment with GH to aged rats. 
either directly or via IGF-I, restores the expression of adult-like chloride channels, 
whose fault may cause the decrease of GC1 in aged muscle (De Luca et al., 1992). 
Furthermore, IGF-I, known to be faulty in aged subjects, can directly modify 
chloride channel phosphorilation state, also altered by aging (De Luca et a l, 
Pflügers Arch, 427: 80,1994). (EC project ISC# CI1-CT94-0037).

236 .7

INTRACELLULAR CALCIUM BUFFERING IS ALTERED IN AGED 
SYMPATHETIC NERVES. J. Buchholz*. H. Tsai and S.P. Duckies. Depts. 
Pharmacology, Loma Linda Univ Sch. Medi. Loma Linda, CA 92350 and Coll. 
Medi. Univ Calif., Irvine, CA 92717.

We have shown an age-related increase in norepinephrine (NE) release from 
sympathetic nerves in tail arteries from F-344 rats as well as significantly greater 
depolarization-induced calcium transients in isolated superior cervical ganglion cells 
from 20 month old animals compared to 6 months. We measured NE release from 
arteries with HPLC and electrochemical detection and depolarization evoked calcium 
transients in isolated superior cervical ganglion cells with FURA-2AM. When 
mitochondrial calcium uptake was blocked with dinitrophenol (DNP), stimulation 
evoked NE release from tail arteries and depolarization evoked calcium transients in 
isolated superior cervical ganglion cells significantly increased in 20 months with 
no effect in 6 months. Therefore, older nerves appear to be more reliant on 
mitochondria for intracellular calcium buffering. When extracellular calcium was 
reduced from 1.6 to 0.5 mM NE release significantly declined in tail arteries from 20 
month old animals. Furthermore, in the presence of low extracellular calcium DNP 
no longer caused a signigicant increase in stimulation evoked NE release. In 
isolated superior cervical ganglion cells from 20 month old animals, reduction of 
extracellular calcium from 2 to 1 mM significantly reduced depolarization induced 
calcium transients. In the presence o f low (1 mM) extracellular calcium the 
mitochondrial calcium uptake blocker DNP had no significant effect on 
depolarization induced calcium transients. Thus, in the presence of low extracellular 
calcium old cells were no longer as reliant on mitochondria for calcium buffering. 
These data suggest that age related increases in NE release and higher calcium 
transients in sympathetic nerves are due to a decline in intracellular calcium 
buffering mechanisms. Supported in part by American Heart Assoc. National Center 
Grant in Aid #95015640.

2 36 .6
AGE A ND  GLUCOSE DEPENDENCE OF K+ TRANSPORT IN RAT 
HIPPOCAMPAL SLICES. E.L. Roberts, Jr.1,2* and Z.-C. Feng1. 1Depart- 
ment of Neurology, University of Miami School of Medicine, and 
2Geriatric Research, Education, and Clinical Center, Miami VA Medical 
Center, Miami, FL 33136

We examined the hypothesis that aging diminishes the capacity of 
brain tissue to regulate extracellular K+ activity (K+0), and that age- 
related alterations in glucose metabolism may be involved in this puta
tive diminution. Hippocampal slices from young adult (6-9 month old), 
middle-aged (16-19 month old), and aged (26-29 month old) Fischer-344 
rats were superfused in an interface chamber for at least 45 min. with 
physiological solutions containing 5-20 mM glucose maintained at 36-37 
°C. Schaffer collaterals in each slice were then stimulated at 40 Hz for 
2 s, and the resulting elevation and clearance of K+0 were recorded with 
K+0-sensitive microelectrodes placed in stratum pyramidale of hippo
campal subfield CA1. The recording containing the largest increase in 
K+0 was analyzed for the half-life for clearance of this increase (t0.5). In 
5 or 10 mM glucose, was slower in middle-aged (P<0.05) and aged 
(P>0.05) slices compared to young adult slices. t0.5 did not differ 
between age groups in 20 mM glucose. Also, t0.5 decreased as glucose 
concentration increased. These results suggest that aging impairs K+ 
transport, and that age-related alterations in glucose metabolism may 
be involved in these findings. Such age-related impairment may under
lie slower postanoxic recovery of K+0 homeostasis in aging rats, and 
may diminish the capacity of aging brain tissue to recover from epilep
tic activity. (Supported by PHS grant AG08710 (NIA))

2 36 .8

CHARACTERIZATION OF AGE RELATED CHANGES IN 
[3H]DHR BINDING TO COMPLEX 1. D.S. Higgins*. J.T. 
Greenamyre. Department of Neurology, Univ of Rochester, Rochester,
N . Y. 14642

Evidence suggests there is altered energy metabolism with advancing 
age. We previously described reduced [3H]dihydrorotenone (DHR) 
binding to complex I during aging. We now report characterization of 
[3H ]DHR binding in 2, 6, 12 and 18 month C57bl/6 mice. Binding 
was assessed autoradiographically in striatum (STR), association  
cortex (CTX), dentate gyrus (DG) and cerebellar molecular layer 
(CMOL). The affinity with which [3H]DHR was bound (Kd ) declined 
in all structures with age. This change was significant in CTX 
comparing 2 mo (160 ± 27 nM) and 6 mo (155 ±  27 nM) with 18 mo 
(446 ± 141 nM) animals (p < 0.02). The density o f binding sites 
(B max) was unchanged in CTX, DG and CMOL. In STR a declining 
trend was observed between 2 Mo (1029 ± 1 1 2  fmol/mg tissue) and 12 
Mo (512 ±  81 fmol/mg tissue) animals. Regression analysis disclosed  
a correlation between age and affinity in CTX (R2  = 0.52, p =
0 .0024), DG (R2 = 0.40, p = 0.0083) and CMOL (R2 = 0.34, p =
0.017) but not STR (R2 = 0.03, p = 0.61). A ge and Bm ax were 
correlated only in STR (R2 = 0.49, p = 0.0112). The concentration of 
NADH yeilding half maximal enhancement (EC50) was unaltered by 
age. Age-associated changes in [3H]DHR binding to complex I are 
regionally heterogeneous. Reduction in Bmax, and therefore enzyme 
content will likely alter metabolic competance in STR. The impact o f 
lowered binding affinity in CTX, DG and CMOL during aging is 
unknown. Supported by the Rochester Area Pepper Center, 
Mallinckrodt Scholar Award and NS11755.

AGING PROCESSES: PHYSIOLOGY

237 .1

NEOSTRIATAL DOPAMINERGIC FUNCTION IN AGED RATS: BEHAVIOR, 
FOS IMMUNOREACTIVITY, A ND ELECTROPHYSIOLOGY. C.A. Crawford*, 
K.L. Altemus, H.C. Cromwell. N.A. Buchwald. and M.S. Levine. Mental 
Retardation Research Center, University of California, Los Angeles, CA 90024.

Decreased function of the neostriatal dopamine (DA) system is a well 
known consequence of aging. The present study assessed changes in behavior 
and Fos immunoreactivity induced by DA receptor agonists in aged (24 mos) 
and young (2 mos) Fischer 344 rats. Differences in electrophysiological 
responses to DA and its selective receptor agonists were also examined. Aged 
rats showed decreased locomotion and rearing after quinpirole (Quin) (2 
mg/kg, D2/D 3 agonist). In contrast, SKF 38393 (15 mg/kg, D 1 agonist) caused 
increased activity in aged rats. Fos induction by Quin was primarily restricted 
to the ventral neostriatum and nucleus accumbens in both aged and young 
rats. Aged rats also displayed fewer Fos positive nuclei. SKF 38393 induced 
Fos positive nuclei in both the dorsal and ventral neostriatum but primarily in 
the medial aspect. Again, aged rats displayed fewer Fos positive nuclei but 
these were more intensely stained than those in young rats. To assess 
electrophysiological alterations in DA function, depolarizing synaptic 
responses were evoked by electrical stimulation of cortical afferents in 
neostriatal slices obtained from both age groups. In young rats, increasing 
concentrations of DA produced decreases in the size of the synaptic response 
(-33% at 1 0 µ M, -56% at 20 µ M  and -40% at 50 µ M). In contrast, in aged rats 
these decreases were markedly attenuated (-10%. at 10 µ M , -16% at 20 µ M  
and -6% at 50 µ M). In neurons from both aged and young rats application of 
Quin or SKF38393 also decreased the synaptic response. Together, these 
findings provide additional evidence for decreased DA function in the 
neostriatum during aging. Supported by USPHS Grant AG 10252.

237 .2

AGEING-RELATED CHANGES IN GLUTAMATERGIC NEURO- 
TRANSMISSION IN THE MOUSE BRAIN. P. Saransaari* and S.S. Oja. 
Tampere Brain Res. Center, Univ. of Tampere, FIN-33101 Tampere, Finland.

The brain of senescent subjects is particularly susceptible to excitotoxicity 
of glutamate as a consequence of age-related alterations in brain metabolism. 
We studied now the neurotransmitter functions of glutamate in the ageing 
mouse brain. The level of glutamate decreased gradually during ageing, the 
changes depending on the brain region, however. The maximal velocity (V) 
of high-affinity uptake of [3H]glutamate was markedly reduced in cerebral 
cortical synaptosomes at the age of 24 months, indicating a loss in the 
number of transport sites. The transport constant (Km) also diminished in 
aged mice, reflecting a compensatory increase in the affinity of the remaining 
transport sites. The basal and K+-stimulated (50 mM) release of endogenous 
glutamate also varied depending on the brain region. The basal unstimulated 
release of glutamate remained fairly constant in the cerebral cortex during 
ageing, but K+ depolarization liberated more glutamate in 24-month-olds than 
in 3-month-olds. The maximal binding capacity (Bmax) for [3H]dizocilpine, 
used as an index of the number of open NMDA receptor-gated ion channels, 
decreased during ageing, whereas the binding constant (KD) increased only 
slightly. The decrease in the number of dizocilpine binding sites during 
ageing seems to result from a gradual loss of neurons. Moreover, the 
decreased uptake capacity together with an increased release of glutamate 
may contribute to the degenerative changes associated with normal brain 
ageing and also to the pathogenesis of age-related neurodegenerative 
disorders.
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2 37 .3
ONTOGENIC CHANGE OF GLUT A MATH RESPONSES IN MAMMALIAN 
CNS NEURONS. Norio Akaike* and Jeong Scop Rhee. Department of 
Physiology, Kyushu University Faculty of Medicine, Fukuoka 812-82, Japan.

We investigated the ontogenic changes of iGluR responses in the neurons 
freshly dissociated from the nucleus basalis of Meynert of 1 day-, 2 week , 6 month 
and 1.5 year-old Wistar rats. Electrical measurements were made using the nystatin 
perforated patch recording mode under voltage-clamp condition. The holding 
potential was -50 mV. With development of the brain, the amplitude of KA and 
AMPA-induced inward currents increased dramatically while the NMDA-induced one 
rapidly decreased. In 1.5 year-old rats, the NMI)A response became almost sketchy . 
Moreover, K+ current was activated by Ca2+ passing through NMDA- and KA- 
operated channels. The Ca2+-activated K+ current (IKCa) appeared in the neurons of 
a few-days-old rats after birth and then developed considerably in the mature rats (2- 
to 6-month-old), raising the possibility that such a developmental increase of IKCa 
is due to the developmental change either in the Ca2+ permeability through the 
individual receptors or in Ca2+-sensitive K+ channel properties. Thus, we 
calculated the respective PCa from the reversal potentials of KA and NMDA 
responses in external solution containing various Ca2+ The PCa through KA 
operated channels decreased significantly with aging even through the current 
amplitude increased, while Pca through NMDA-operated channels did not change 
A direct measurement of intracellular free Ca2+ concentration in the neurons in the 
presence of KA or NMDA using Indo-1 fluorometry also confirmed the 
electrophysiological data. In addition, the application of éxternal solution bubbled 
well with 95% N'2 plus 5% CO2 or glucose-free external solution enhanced 
obviously the NMDA- and KA-induced IKCa Under the same experimental 
condition, the intracellular Ca2+ concentration increased tremendously Thus, 
iGluR-induced IKCa may function as one of the negative feedback systems, 
preventing the excess cell excitation and neuronal damages of CNS, especially in the 
mature rats.

2 37 .5

GLUTAMATE RECEPTOR BINDING CORRELATES WITH SPATIAL 
MEMORY PERFORMANCE IN THE AGING C57BL MICE. K. T. Shiarella* & 
K. R. Magnusson . Dept. of Anatomy & Neurobiology, Colorado State University, 
Ft. Collins, CO 80523.

Based on the established decline in spatial memory performance associated with 
old age in humans and rodents, the role of glutamate receptors (GluR’s) in memory 
performance, and the sparing effect of calorie restricted (CR) diet on the spatial 
memory decline in old rodents, this study was conducted to determine if there is a 
regional, age and/or diet dependent correlation between GluR binding and spatial 
memory performance in male C57B1 mice. Subjects from three age groups (3, 10 
and 26 month old) and two diet groups: CR and ad libitum (AL) were tested for 
spatial memory capacity using average proximity scores in the Morris water maze. 
Quantitative autoradiography for NMDA, AMPA, kainate, and two metabotropic 
GluR’s: Met-1 and Met-2 (NNKQ) were examined in cortical, subcortical and 
hippocampus regions. Pearson correlation coefficients were generated for 
performance and binding using SPSS software. Overall, the NMDA receptor binding 
is most frequently significantly correlated with spatial memory performance, followed 
by met-1 and AMPA; and the GluR binding in the cortical regions are more 
frequently significantly correlated with behavior than the hippocampus and 
subcortical areas. Across age groups, the 3 month old subjects have regions with 
NMDA, Met-1 binding that is negatively correlated to behavior, a trend that was 
largely reversed in the 10 and 26 month old subjects. Changes in the NMDA 
correlations were frequently complimentary to changes in AMPA coerraltions across 
age groups. Across diet groups, AL fed animals tend to have higher R-squared values 
for AMPA and NMDA binding compared to CR animals. These results suggest that 
there is a greater dependence on binding in elderly AL subjects. Supported by NIH 
AG05619 (KTS) & NIH AG10607 (KRM).

237 .7

REMOVAL OF INPUT TO THE HIPPOCAMPUS: DOES AFFERENT 
DEGENERATION INDUCE NMDA AND KAINATE BINDING CHANGES LIKE 
THOSE OBSERVED IN NORMAL AGING? M.M.Nicolle* 1. L. A. Shivers,2 and M. 
Gallagher1,3. 1Curriculum  in Neurobiology; 2Department of Biology; 3Department of 
Psychology, Univ. of North Carolina, Chapel Hill, N.C. 27599.

Aging alters the integrity of the cholinergic septohippocampal projection and the 
glutaminergic entorhinal cortex projection to the hippocampus. Age-related decreases in 
kainate and NMDA binding in the hippocampus are also observed in this setting. In 
vivo models of the removal of these hippocampal inputs were used to investigate 
whether the pattern of age-related changes in kainate and/or NMDA binding in the 
hippocampus can be reproduced as a  consequence of denervation. In this study, either a 
selective bilateral lesion of the septohippocampal cholinergic projection using the 
immunotoxin 192 IgG saporin (MS lesion) or a bilateral aspirative lesion of the 
entorhinal cortex (EC lesion) was made in separate experimental groups of 3 month old 
rats. Both lesion groups survived 30 days postlesion and density of kainate and NMDA 
binding was determined in autoradiograms o f dorsal and ventral hippocampus and 
compared to sham-operated controls. In MS lesioned rats, [3H]kainate binding was 
unchanged in dorsal and ventral hippocampus compared to controls. However, there 
were trends (p<.10) in the dorsal hippocampus of MS lesioned rats towards a decrease 
in NMDA binding in the dentate gyrus and CA1 with a significant decrease in CA3 
(p<.05). There were no NMDA changes in ventral hippocampus. The status of NMDA 
and kainate binding in dorsal and ventral hippocampus in response to EC lesion will 
also be presented. Supported by NIA research grant AG09973 and a Research Scientist 
Award (K05-MH01149) to M.G..

2 37 .4
THE EFFECT OF AGING ON THE NM DA RECEPTOR COMPLEX 
IN C57BL MICE ASSESSED BY HOMOGENATE BINDING. K.R. 
M agnusson,* Dept. o f  Anatomy & Neurobiology, Colorado State 
University, Fort Collins, CO 80523 

There is a decline in binding o f  the transmitter glutamate to the N- 
methyl-D-aspartate (N M D A) subtype o f  glutamate receptors in the 
hippocampus and cerebrum during the aging process in C57B1 mice, 
while MK801 binding to the channel protein, without added glutamate 
or glycine, appeared to be relatively spared in autoradiographic studies. 
The goal o f the present study was to utilize homogenate binding to 
determine whether affinity changes or decreases in total binding 
account for the aging changes in NM DA receptor binding. Cerebral 
cortex from 3 ,  10 and 30 month old C57B1 mice (3 mice per age group 
were combined) was washed 12 times and 25-50µg protein aliquots 
were used to perform concentration response curves for [3H]MK801 
(0.15-20nM ) and for AP5 inhibition o f [3H]MK801 binding. There 
appeared to be a decrease in Bmax for [3H]MK801 in the 30 month old 
m ice, as compared with the young, which was more severe than 
predicted by autoradiographic studies. There was also a shift to the 
right in the IC50 o f AP5 in old mice, as compared to young. These 
results suggest that the change in the MK801 binding site with aging is 
either more severe than the autoradiographic studies have suggested or 
is due to the frontal and parietal inner cortices, regions in which cell 
loss is suspected, m aking up a large portion o f  the cortex 
homogenized. These results also suggest that, in addition to a decrease 
in the number o f receptor complexes, there is also an affinity shift in 
the remaining NMDA receptor sites during aging. Supported by NIA 
FIRST award AG 10607.

237 .6
THE EFFECT OF DIHYDROLIPOIC ACID ADMINISTRATION ON 
GLUTAMATE RECEPTOR BINDING IN YOUNG AND AGED 
C 57B L  MICE. A. J. Bane*. K. T. Shiarella. & K. R. Magnusson . 
Dept. o f  Anatomy & Neurobiology, Colorado State University, Ft. 
Collins, CO 80523.

The "Free Radical Theory" o f aging postulates that aging results from 
the gradual accumulation o f random damage caused by free radical 
reactions over the course o f  an organism's lifetime. Efforts to enhance 
the natural oxidative protective mechanisms in animals has been shown 
to improve health in older animals providing support for the theory. 
Further, previous studies have reported that the administration o f the free 
radical scavenger dihydrolipoic acid may specifically enhance NMDA  
receptor function (normally seen to decline with age) and lead to 
improved performance o f  aged animals on behavioral tasks o f  spatial 
memory. This study was designed to provide information on the 
mechanism by which dihydrolipoic acid protects the NM DA receptor 
complex. Dihydrolipoic acid was administered (IP) to C57B1 mice from 
three age groups (3, 10 and 26 months old) for 14 consecutive days. 
Animals were then sacrificed and quantitative autoradiography was 
performed on 6µm horizontal brain sections from each animal. Brain 
slices were assayed for [3H]-NM DA, [3H]-M K-801, [3H]-AMPA and 
[3H]-kainate receptor binding. Results indicated that dihydrolipoic acid 
administration enhanced MK-801 binding in aged but not young animals. 
However, binding to NM DA, AMPA and kainate receptor sites was not 
improved in these same animals. W e suggest that dihydrolipoic acid may 
be acting via the redox site on the N M DA receptor complex to improve 
NM DA receptor function in aged animals. Supported by NIA FIRST 
award AG 10607 (KRM).

237 .8

MUSCARINIC RECEPTOR BINDING WITHIN THE BASAL  
FOREBRAIN: COMPARISON BETWEEN THE EFFECTS OF 
NORMAL AGING AND A SELECTIVE CHOLINERGIC LESION.
T. M. Gill* & M. Gallagher. Department of Psychology, University of 
North Carolina, Chapel Hill, NC 27599-3270.

Neurons within the medial septum (MS) and vertical limb of the 
diagonal band (VDB) provide the major cholinergic input to the 
hippocampal formation and undergo substantial degeneration during 
aging. These neurons also express high levels of m2 muscarinic receptors. 
In vitro autoradiography, using the muscarinic antagonist [3H]AF-DX 384, 
was conducted to investigate the status of these receptors within the basal 
forebrain. Analysis of binding within the MS /VDB in young (4 mo) and 
aged (25 mo) male Long-Evans rats revealed a significant decrease in the 
aged rats relative to young rats (p< .OOOl). This decrease was evident 
without any alteration in the topography of receptor binding. In a second 
study, the immunotoxin 192 IgG-saporin was used to selectively remove 
cholinergic neurons within the MS/VDB in young (4 mo) male Long- 
Evans rats as a lesion model of aging. Analysis o f M2 receptor binding at 
the lesion site revealed a significant decrease in lesioned rats relative to 
control rats (p<.05). There was also a significant decrease in the 
topographical distribution of receptor binding within the MS of lesioned 
rats. Investigation of the status of M2 receptor binding within the terminal 
regions of the hippocampal formation will be conducted in both of these 
studies of aged rats and young rats with cholinergic lesions.

This work was supported by a NIA grant (PO1 AG09973) and a 
Research Scientist Award (K 05 MH01149) to MG, and a NIMH 
Predoctoral Fellowship (F31 MH10364-01) to TMG.
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237 .9

G A BA a R ECEPTO R  SUBU N IT EX PR ESSIO N  IN THE AGING  
RAT H IPPO C AM PU S. A. Gutierrez. C.P. Miralles. Z.U. Khan. D. 
Ruano1, J. Vitorica1 and A.L. De Blas*. D ivision Mol. Biol. & 
Biochem., University o f Missouri-Kansas City, MO 64110, USA and 
1Dept. Biochemistry, Facultad de Farmacia, Sevilla, Spain.

We have studied the protein and mRNA expression o f α1, α2, α3 
and γ 2 subunits o f the GABA a receptors in the hippocampus of young 
(2-3 month old) and old (24-30 month old) Sprague-Dawley and Fischer 
344 rats. Subunit-specific antibodies were used in quantitative 
immunoprecipitation and quantitative immunocytochemistry. 32P-labeled 
oligoprobes were used for quantitative Northern blot and dot blot 
hybridizations and 35S-labeled riboprobes were used in quantitative in 
situ hybridization experiments.

Immunoprecipitation o f the [3H]flunitrazepam binding activity 
with subunit-specific antibodies revealed the existence of a significant 
increase o f α1 subunit protein expression in the hippocampus of the old 
rats. In contrast, the expression o f ß2, ß3 and γ2 peptide subunits 
remained unchanged. Northern blot and dot blot hybridization also 
revealed an aging-dependent increase o f α1 mRNA. An aging-related 
increased expression of α1 subunit protein and mRNA in the 
hippocampus was also revealed by quantitative immunocytochemistry 
and in situ hybridization. However, little or no aging-related change in 
the expression o f ß2, ß3 and γ 2 subunits was found with the same assays. 
Quantitative immunocytochemistry and in situ hybridization also showed 
that the age-related increase o f a , protein and mRNA expression was 
highest in dentate gyrus and C A 1. The observed aging-related increased 
expression o f α1 peptide and mRNA in the hippocampus could explain 
the previously o bserved aging-related increased density o f Type I 
benzodiazepine receptors in this brain area.

Supported by grant NS 17708 from NINDS and a grant from the 
Scientific Education Partnership o f Kansas City.

237 .11

DURATION OF INHIBITORY PAUSE IN THE DISCHARGE OF 
CEREBELLAR PURKINJE CELLS AFTER CLIM BING FIBER 
ACTIVATION: ONTOGENETICAL D A T A . R.Grigorian* and
E .P rigarina . Institute o f  E vo l.P h ysio logy  and B iochem istry, 
St.Petersburg, Russia.

In the experiments on anaestetized guinea pigs and kittens the 
duration o f the silence period o f simple spikes (SS) discharges after 
Purkinje ce lls (PC) synaptic activation by clim bing fibers (CF) 
afferent input was investigated. The time duration o f inhibitory pause 
in SS background activity after com plex spikes (CS) discharges on 
four groups (newborn, two w eeks, three w eeks and one month) 
mature (guinea pigs) and immature (kittens) animals have been 
investigated. The identification o f cerebellar PC w as done by 
conventional method, namely by simultaneous registrations o f SS and 
CS plus an inhibitory pause (IP) after PC activation by CF input. It 
was shown that in newborn guinea pigs the mean value o f SS 
discharge frequency was 11.5 ±1.1 imp/s and the duration o f BP after 
CF activation was 381 ±  54.5 ms. The same characteristics, that is 
mean frequency o f SS and duration o f IP, in new bom kittens were
1.36 ±  0.02 imp/s and over one thousand ms was respectively. Two 
weeks later the frequency of SS in guinea pigs increased to 23.2 ±
2.2 imp/s and IP was decreased to 245.2 ±  38.7 ms just as the same 
indicators o f PC activity in kittens were 8.3 ±  0.6 imp/s and 261.3 ±  
31.5 ms respectively. The same tendency was seen up to one month. 
These findings show  that increase o f  Purkinje ce lls  discharge 
frequency both in mature and immature animals is accompanied by 
decrease o f the time duration of inhibitory pause after PC activation 
by climbing fiber input

237 .10
5,7-DIHYDRO XYTRYPTAM INE LESIONS ALTER HIPPOCAMPAL  
SERO TONIN AND NGF FUNCTION IN AGING RAT. J.R. Perez-Polo2. 
A. Dugar1. G. Taglialatela2, M.A. Micci * 2, J.M. Lakoski1. 1Pennsylvania 
State Univ. Col. of Med., Hershey, PA, 17033; 2Univ. Texas Med. 
Branch, Galveston, TX, 77555.

Serotonergic (5-HT) systems and nerve growth factor protein (NGF) 
have a role in regulating intrinsic normal aging in hippocampus (H). 
There are known interactions between 5-HT and NGF in H although 
the effects on aging are unknown. Neurotoxin 5,7-dihydroxytryptamine 
(5,7DHT) was used to deafferent 5-HT input to H and 
electrophysiological and neurochemical effects on 5-HT and NGF 
determined. Female Fischer 344 rats (3 and 18 mo) were anesthetized 
with sodium pentobarbital, pretreated with nomifensine (15 mg/kg, i.p ); 
5 ,7DHT (7.5 ug/ul) or vehicle bilaterally into lateral ventricles (25ul) or 
fimbria fomix/cingulum bundle (FF/CB; 2ul total). Three weeks post- 
5,7DHT treatment, a microiontophoresis chloral hydrate anesthetized 
preparation was performed in CA1 and CA3 with 5-HT, 8-OH-DPAT  
and W AY 100,135. Both 3 and 18 mo rats showed expected 
supersensitivity to 5-HT application after FF/CB lesion. However, the 
18 mo groups demonstrated a prolonged recovery phase after 
application of 5-HT to lesioned rats. There were increased levels of 
NGF protein in 5,7DHT lesioned H. These results show age-dependent 
effects of 5-HT and NGF after 5 ,7D HT lesions. Publication No. 30A 
supported by U.S.P.H.S. Grant P 0 1  AG 10514 awarded by the NIA.

237 .12
EFFECTS OF M ETRIFO NA TE, A CH OLIN ESTERASE IN H IB ITO R , ON 
LOCAL CEREBRAL GLUCOSE U T ILIZA TIO N  IN  YOUNG A N D AGED 
RATS. M.H. Bassant*, F. Jazat-Poindessous,and  Y. Lam our,. INSERM U 161, 
2 Rue d 'A lésia, 75014, Paris, France

Inhib itors of acety lcholinesterase  (AChE) im prove cognitive deficits in 
som e A lzheim er d isease patien ts. This therapeu tic  effect m ay be related to 
an increase in local cerebral glucose utilization  (LCGU). M etrifonate (MFT) 
is a s low -release AChE in h ib ito r  w h ich  in d u ces  h igh  levels of AChE 
in h ib itio n , w ith  few  s ide  effects. In th e  p re se n t w ork , w e used  the 
Sokoloff’s au to rad iograph ic  2-deoxyglucose m ethod  to s tu d y  the effects of 
MFT on LCGU in 3 an d  27-m onth-o ld  rats. In 3 -m onth-o ld  rats, MFT 
(80m g/kg  i.p.) increased significantly LCGU in 17 of the 54 regions studied 
in clud ing  insular, c ingu lar and  tem poral cortices, ventral h ippocam pus, 
th alam u s, lateral h ab en u la , su b stan tia  n ig ra  and  su p e rio r  colliculus. In 
these regions, the average M FT-induced increase in LCGU was 23% above 
control. The w hole brain  m ean LCGU w as increased by 10% (p<0.01). The 
reg ional d istrib u tio n  of M FT-induced increases in  LCGU o verlapped  the 
d istribu tion  of AChE activity. As com pared  to y oung  controls, significant 
reductions in  LCGU w ere observed in 27-m onth-old control rats. How ever, 
MFT in aged rats still increased LCGU in 18 regions (average increase 25%). 
The w hole brain  m ean LCGU increased by  10% (p <0.01). MFT com pensated 
for the age-related hypom etabolism  observed  in b rain  areas such as insular, 
tem poral and  retrosplenial cortices, substantia nigra and  superior colliculus. 
In conclusion, M FT-induced m etabolic activation was well preserved  in the 
aged  ra t b ra in  an d  la rg e r th an  th a t p rev io u s ly  o b serv ed  w ith  o ther 
an ticholinesterases (tacrine, physostigm ine).
(Supported  by  a gran t from  Bayer-Pharm a, France)

237 .13

LIFE-SPANNING BENEFICIAL EFFECT OF NIMODIPINE ON PRENATAL 
HYPOXIA-INDUCED BEHAVIORAL, NEUROTRANSMITTER AND ADRENAL 
DYSFUNCTIONS IN RATS. C. Nyakas1,2, B. Buwalda1*, P.G.M. Luiten1. 1Dept. of 
Animal Physiology, Univ. of Groningen, POB 14, 9750 AA Haren, The Netherlands 
and 2Central Research Dept., Haynal Univ. of Health Sci., 1389 Budapest, POB 112, 
Hungary.

Perinatal hypoxia may have a long-lasting adverse effect on brain functions and 
structure including brain aging and neuronal degeneration. The life-spanning 
behavioral effects of prenatal chronic anemic hypoxia caused by nitrite administration 
to pregnant Wistar rats from midpregnancy on were investigated in adult (5- and 19- 
months) and aged (23-26 months) offspring. In parallel to nitrite treatment the L-type 
Ca2+ channel blocker nimodipine (10 mg/kg per os) was administered once daily. 
Open-field, social, emotional and learning behaviors, plasma corticosterone (CS) stress 
response and forebrain serotonin immunoreactive (5HT-ir) Fiber degeneration were 
assessed. The results showed that hypoxic young animals started the open-field 
ambulation with delay, which was further augmented in 19- and 23-months old rats. 
Nitrite-induced hypoxia decreased the duration of intermale social behavior and 
seriously impaired learning in a black-white discrimination paradigm. The conditioned 
fear-induced vocalization was more frequent among hypoxic aged animals. The aged 
(28 months) hypoxic rats displayed a prolonged CS response to novelty stress and the 
density of 5HT-ir fiber aberrations was higher in the hippocampus and striatum and 
some neocortical areas at the age of 30 months. The abnormal behaviors as well as 
the altered CS response were prevented by prenatal nimodipine treatment indicating 
the therapeutic importance of balanced calcium homeostasis during brain development.

237 .14

OVULATION AND NOREPINEPHRINE ME ) OVARIAN LEVELS IN 
ADULT AND AGED RATS WITH PHARMACOLOGICAL 
DENERVATION. P. Rosas . R  Chavez and R . Dominguez. *UBIR FES 
Zaragoza, UNAM. México AP 9-020 CP 15,000

Reproductive function declines with age, and it has been suggested that ovarian 
nerves play a modulatory role in regulation of gonadal senescence. The NE 
ovarian levels in adult rats and its response to denervation and gonadotrophin 
stimulation., were studied. Control rats of 3, 8, 11, 12 or 18 months old were 
used. Rats of 3 or 12 months old were injected with guanethidine (GTD: 20 
mg/Kg) daily by 8 days. Four days after begining denervation, rats were treated 
with 45 ui of PMSG, 56h later with 30 iu of hCG. Rats were sacrified 20 h later.
Group Ovulation Rate Ova shed NE (ng) NE (ng/mg)
Control 3 months 7/7 11.4 ±0 .6 26.4 ±4.2 1.1 ±0.1

8 9/10 9.3 ±0 .9 46.3 ± 4.5 2.0 ±0.2
11 2/4 8.0 ±2 .0 62.2 ± 4.9a 2.6 ± 0.2a
12 0/8a zero 66.5 ± 8.2a 3.2 ± 0.6a
18 0/9a zero 79.9 ± 8.3a 3.7 ± 0.8a

3 months GTD 3/7 8.3 ± 1.5 n.d. n.d
PMSG-hCG 6/6a 9.3 ±2.1 23.5 ±2 .7 0.5 ± 0.1a
GTD+PMSG-hCG 6/6a 22.0 ± 2 . la n.d. n.d.

12 months GTD 0/8 zero n.d n.d
PMSG-hCG 2/3 2,1 66.2 ± 1.5 1.3 ±0.1
GTD + PMSG-hCG 4/4b 6.3 ± 1.0b n.d. n.d.

a, P< 0.05 vs control 3 moths, b, P< 0.05 vs. control 12 months 
Present results suggest that during the senescence process the ovarian 
noradrenergic innervation plays an inhibitory role on the response of the ovaries 
to gonadotrophins.
Supported by SANDOZ, PUIS and DGAPA
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237 .15
ALTERED EM OTIONAL RESPON SE AND H Y POTHA LAM IC 
CHANGES IN SEN ESCENCE-A CCELERA TED M O U SE (SAM ). M.H. 
Lee*. A. Rabe, X. Ye and R. C arp . New York State Institute for Basic 
Research in Developmental Disabilities, Staten Island, NY  10314

SAM shows an early onset and rapid advancem ent o f  aging, and thus 
provides a  useful model to study aging processes during the shortened 
lifespan. The senescence-prone substrain P8 exhibits various characteristics 
typically associated with aging, including learning and m emory deficits, 
cortical atrophy and senile amyloidosis. It has been suggested that SAM  P8 
also shows age-associated changes in emotional responses. In order to 
determine whether the behavioral changes are related to  defects in the 
hypothalamo-pituitary-adrenal (HPA) axis, male and female P8 mice were 
tested at 1 year o f  age for anxiety response in an elevated plus maze, and 
their brains were examined for immunoreactivity to corticotropin releasing 
factor (CRF) and vasopressin (VP).

In the elevated plus maze, male P8 mice showed reduced anxiety response: 
They entered the open arms more frequently and spent more time there, as 
compared to the age-matched senescence-resistant strain R1 mice. The 
behavioral change appeared to be sex-dependent. The difference between P8 
and R1 females was not significant. The brains o f  P8 males showed less CRF 
immunoreactivity in the paraventricular nucleus and supraoptic areas than 
those o f R l . In addition, several forebrain structures, including the central 
amygdaloid nucleus, displayed altered immunoreactivity to VP. It remains to 
be determined whether the age-related decline in learning and memory 
capacity o f  SAM P8 is related to changes in HPA.

STA IN IN G , TR AC ING , AND IMAGING TECHNIQUES I

2 38 .2238 .1
THE SEARCH FOR IDEAL CALCIUM INDICATORS. COULD DEXTRANS BE 
THE ANSWER? S. D. Hocherman*. Howard Hughes Medical Institute and Dept. 
of Neurobiol. and Behavior, SUNY at Stony Brook, Stony Brook, NY 11794-5230.

Calcium indicators are calcium buffers, and as such they decrease the signal they 
are supposed to report. In addition, mobile indicators have been proposed to contri
bute to the rapid collapse of calcium gradients (Sala and Hernandez-Cruz, Biophys. 
J. 57:313, 1990). Nowycky and Pinter (Biophys. J. 64:77, 1993) further showed that 
the fluorescence signals produced by the bound form of the indicator may not reflect 
accurately the underlying free calcium transients. They conclude that a calcium 
indicator which is fixed to an intracellular component might more accurately report 
local calcium concentrations. I have investigated to what degree a slowing down of 
diffusion coefficient of high molecular weight calcium indicators (such as calcium 
green dextrans) might improve the degree of correspondence between the fluores
cence signal and the free calcium concentration. For this purpose the Axon Engineer 
(AEON software) was used to simulate radial diffusion of calcium in a spherical cell 
containing 1 or more different buffers. The degree to which the diffusion coefficient 
(D) of the 'dye' had to be reduced in order to give transients comparable to those 
of a fixed 'dye' depended on the relative capacities (B/KD, where B is the total 
buffer concentration) of the endogenous and indicating buffers to bind Ca2+. Thus, 
in a system containing 0.5 mM fixed, endogenous buffer with a KD of 5 pM, and 
0.5 mM indicator with a KD of 200 nM, it was necessary to lower D from 0.2 
µm2/ms to 2 .10-4 µm2/ms to obtain transients comparable to those of a fixed indi
cator; but after lowering the indicator’s concentration to 0.1mM or when increasing 
its Kd to 20 µM, it was sufficient to lower D to 2 .10-3 µm2/msec. Although these 
D values are too low for high MW dextrans diffusing in free solution, they are in 
the range of D’s measured for dextrans in cytoplasm (Popov and Poo, J. Neurosc. 
12:81, 1992). Saturation must also be avoided, so a fast reacting, slowly diffusing 
indicator with high KD may be ideal for measuring calcium signals.

INTRACELLULAR CALCIUM TRANSIENTS RECORDED WITH 
FU R A-2 IN RENAL PACEM AKER CELLS IN GUINEA-PIG. 
C.S. Yuan. A. Fatatis. A. Attele and J. M oss*. Committee on Clinical 
Pharmacology, the Department of Anesthesia and Critical Care, and the 
Department of Pharmacological and Physiological Sciences, The 
University of Chicago, Chicago, IL 60637.

The renal pelvic pacemaker cells initiate ureteral peristalsis. Despite 
previous in vivo and in vitro  studies in different species, little is known 
about the cellular physiology o f the pelvic pacemaker. In this study, 
we have employed the fluorescent calcium indicator fura-2 to assess 
intracellular calcium concentration changes in single isolated pelvic 
pacemaker cells. Renal pelvic cells o f young adult guinea pigs were 
obtained follow ing enzym atic and m echanical dispersion. After 
centrifugation , the ce lls  w ere loaded with 2 .0  µ M Fura-2 
acetoxymethylester, incubated for 45 min at room temperature and 
washed for 10 min before starting observation. Coverslips were 
mounted on a coverslip chamber for fluorescence measurements and 
the cells were continuously superfused using a peristaltic pump. The 
cytoplasm ic fluorescence appeared uniform throughout the cell. 
Spontaneously active ce lls with Fura-2 [Ca++] i transients were 
recorded with fluorescence. Approximately 20% population of the 
isolated pelvic cells possessed this spontaneous oscillation. The 
baseline frequency of calcium oscillation was between 4.8-13.8 mHz. 
After histamine (10 µ M) application, which increases peristaltic 
frequency in the pelvic-ureter preparation, the frequency of calcium 
spiking increased and show ed a tendency of spike-fusing. This 
preparation provides an opportunity to evaluate the effects of different 
pharmacological agents on renal pacemaker cells.

2 38 .3

Autofluorescence as a confound in the Determination of Calcium Levels in 
Hippocampal Slices using Fura-2AM dye. Sheila M. Brooke*. Jodie A. 
Trafton and Robert M. Sapolsky . Biology Dept. Stanford University, 
Stanford, CA.

Recent publications have reported calcium level determinations in slices of 
brain using imaging techniques and the dye Fura-2AM. In general these 
studies ignore or deal only perfunctorily with the problem  of 
autofluorescence in slices. This confound, which is a result of the pyridine 
nucleotides that are normally present in tissue, has been previously 
reported to interfere with C a++ measurements using indo-l and other 
tissues. Because these compounds are involved in cell metabolism the 
fluorescence is labile over time and in intensity following treatments . W e  
were studying Ca++ levels in hippocampal slices using standard imaging 
techniques on an inverted IMT-2 Olympus microscope with xenon lamp, 
excitation at 340/380 and Universal Imaging's FLUOR software. W e found 
significant and variable autofluorescence at the wavelengths used for 
calcium determination which interfered with data interpretation in fura treated 
slices. In this poster we present a method for conducting experiments and 
analyzing data that decreases interference from autofluorescence. 
Experiments were carried out on both slices bulk loaded with Fura-2AM and 
slices loaded with control buffer. A point to point subtraction of the control 
slice values gave representative calcium fluorescence values for 340/380  
ratio determination. These correspond to free C a++ concen tra tion . 
Hippocampal slices were challenged with sodium cyanide or kainic acid. The 
metabolic response, seen in the unfuraed slices, and the calcium response 
varied within and between these two treatments. Regional differences in 
the hippocampal subfields were also demonstrated in response to the two 
treatments. These corresponded to known regional vulnerabilities to 
cyanide and kainate. W e conclude that autofluorescence in slices need be 
considered when determining calcium concentrations using Fura-2AM.

2 3 8 .4
HIGH-THROUGHPUT MEASUREMENT OF INTRACELLULAR Ca2+ BY 
FLUORESCENCE IMAGING OF A 96-WELL MICROTITER PLATE
M. Akong, R. Siegel. E. Vasserman, B. Rowe, D. Karlton†. J. McNeil†. M. 
Varney, K. Stauderman, and G. Velicelebi*. †SAIC, San Diego, CA 92121 and 
SIBIA, Inc., La Jolla CA 92037

W e have developed a fully automated high-throughput screening (HTS) 
system that can measure changes in intracellular free calcium concentration 
([Ca2+]i) in recombinant mammalian cell lines expressing specific human ion 
channel and receptor subtypes. The changes in [Ca2+]i are detected by 
fluorescence measurements from cells preloaded with either fura-2 or fluo-3. 
A cooled CCD camera captures the fluorescence image of an entire 96-well 
plate at rates up to 10 times per second. The HTS system incorporates a 96- 
channel liquid handling system, a robotic system for plate handling and fully- 
automated data analysis. The HTS system was validated by measuring the 
Ca2+ response to reference compounds in several recombinant cell Jines 
expressing specific subtypes of either human metabotropic glutamate 
receptors, NMDA receptors, voltage-gated calcium channels, or nicotinic 
acetylcholine receptors. There was good agreement between the 
pharmacology determined using the HTS system and that determined by 
biochemical assays and electrophysiological measurements. The HTS  
system will be used to screen compounds for functional interaction with 
specific human receptor subtypes expressed in recombinant cell lines. The  
ability to screen compounds on a functional basis will enable the discovery of 
agonists, antagonists, and allosteric modulators without the need for 
secondary assays. This functional screen will also facilitate identification of 
compounds that interact at ion channels or receptor subtypes at previously 
unidentified sites, i.e, those that cannot be detected by radioligand binding 
assays.
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238 .5
CALIBRATION OF SUBCELLULAR CALCIUM SIGNALS: NUCLEAR/ 
NUCLEOLAR SIGNALS AND THE BEHAVIOR OF FLUORESCENT 
INDICATORS. D.M. O’Malley*, B.J.Burbach, Q. Zhou, J.R. Fetcho and P.R. Adams. 
Dept Neurobio. & Behav, Howard Hughes Med Inst, SUNY Stony Brook, NY 11794.

Views on the calcium permeability of the nuclear envelope range from the nucleus 
being insulated from cytosolic calcium signals (Al-Mohanna et al., 1994) to the 
nucleus amplifying cytosolic signals (Leinders-Zufall et al., 1994). Our previous 
work on bullfrog sympathetic neurons conflicts with both views and suggests that 
calcium diffuses freely through the nuclear pores and leads to passive nuclear calcium 
signals. We’ve now extended our observations to: 1) acutely dissociated neurons 
from rat thalamus and 2) reticulospinal neurons imaged in the hindbrain of living 
zebrafish. In both cases, calcium rapidly diffused into the nucleus showing only a 
brief lag, perhaps because diffusion is restricted to the nuclear pores. Viscosity, salts 
and proteins all influence the behavior/KD of calcium indicators (see e.g. Harkins et 
al., 1993), so differences in the method of calibration may be important. Al-Mohanna 
et al. calibrated nuclear signals by stripping sensory neurons of plasmalemma using 
distilled water, whereas we calibrated subcellular signals by internally perfusing 
patch-clamp pipettes and showed that the nucleus had twice the amount of indicator 
as the cytosol (O’Malley, 1994). All indicators tested thus far (fluo 3, calcium green 
dextran (CGD,10k/70k), rhod 2, indo 1 and calcium green 5N), exhibit a roughly 2:1 
nuclear/cytosolic ratio, due perhaps to some combination of exclusion by cytosolic 
organelles and intracellular binding. Also, the KD of fluo 3 is increased about 2.5X 
in nerve cells while rhod 2 shows a 15X nucleolar/cytosolic fluorescence gradient that 
is clearly not a calcium gradient. Other factors may affect calibration, e.g. the 
magnesium KD of CGD given by Molecular Probes (50 µM) would increase CGD’s 
apparent calcium KD from 251 nM to 1500 nM inside cells. In general, attributing 
fluorescence gradients to calcium gradients requires careful consideration of diffusion 
barriers. calcium sources and sinks, and the in vivo behavior of the indicator. 
Supported by HHMI & NINDS Grants NS-09113 to D.M.O. and NS-26539 to J.R.F.

238 .7

ALPHA-PARVALBUMIN, TRANSIENTLY EXPRESSED IN SKNBE2 CELLS, 
REDUCES DEPOLARIZATION INDUCED CALCIUM SIGNALS

J. Dreessen1*, C. Lutum2, B.W. Schӓ fer2, C.W . Heizmann2, T. Knӧ pfel1 
1Dept. Molecular and Cellular Neurobiology, Ciba, 4002 Basel, Switzerland; 
2Dept. of Pediatrics, University of Zurich, 8032 Zurich, Switzerland

In neurons, a high intracellular calcium concentration ([Ca2+]i) is often 
associated with neuronal degeneration or might even be the underlying 
pathophysiological mechanism. Calcium binding proteins are potentially 
involved in counteracting such unphysiologically high [Ca2+]i levels and may, 
therefore, play a protective role against calcium-mediated excitotoxicity.
W e investigated whether the expression of human α -parvalbumin (pv) affects 
depolarization-induced elevations in [Ca2+]i in human neuroblastoma SKNBE2 
cells; the pv concentration determined by quantitative Western blotting 
amounted 0.42 mM, a concentration reported in some neurons.
Transfected SKNBE2 cells were depolarized for 2 min by 50 mM K+ while 
[Ca2+]i was monitored by video microfluorimetry using the [Ca2+]i-indicator 
fura-2. In some of these cells the depolarization induced a transient elevation 
in [Ca2+]i. The size of this elevation was compared with the 
immunofluorimetrically determined expression of parvalbumin on a cell to cell 
basis. Cells with a significant parvalbumin immunofluorescence responded to 
depolarization with smaller elevations in [Ca2+]i than non-parvalbumin- 
expressing cells. Resting [Ca2+]i did not differ between parvalbumin- 
expressing and control cells.
These observations show that large depolarization-induced transient 
elevations of [Ca2+]i in neuroblastoma cells are suppressed by parvalbumin.

2 38 .9

SPIKE INITIATION IN THE PROCESSES OF INDIVIDUAL NEURONS: MULTI- 
SITE OPTICAL MEASUREMENTS WITH VOLTAGE-SENSITIVE DYES. 
Dejan Zečević .* Yale University School of Medicine, New Haven, CT.

Experiments were carried out to optically monitor the generation and spread 
of action potentials in the processes of an identified neuron (giant metacerebral 
cell) of the snail, Helix aspersa. Fluorescence signals were detected by a 464- 
element silicon photodiode array. The neurons were selectively stained by 
micro-injection with the positively charged, membrane impermeant, voltage- 
sensitive, fluorescent, amino-naphthyl styryl dye designated JPW 1114. There 
was an improvement in sensitivity (as defined by the signal-to-noise ratio) by 
a factor of about 100 over previously reported optical signals from neuronal 
processes. Recordings were obtained simultaneously from the cell body and 
long axonal branches. From this data, the site of initiation, the direction of the 
spread, and the propagation velocity of the action potential were determined. 
The results show that there are at least three separate action potential trigger 
zones in the metacerebral cell, located in the distal parts of axonal branches. 
The action potentials originating in different axonal branches interact in specific 
axonal regions. This interaction is not reflected in the microelectrode recording 
from the soma. The pattern of action potential initiation and propagation was 
examined during synaptic activation of the neuron through peripheral nerves 
and found to be different for ipsi- and contralateral stimulation. Optical 
recordings during selective activation of different axonal branches show directly 
that action potential initiated in one branch actively propagate into some 
branches but fail to propagate into the others at specific branch points. 
Relatively modest improvements in sensitivity may allow mapping of synaptic 
inputs onto the processes of individual neurons. Supported by NIH Grants 
NS28443 and NS08437.

2 38 .6
IMAGING OF CALCIUM INFLUX THROUGH VOLTAGE-GATED CALCIUM 
CHANNELS IN ACUTELY DISSOCIATED RAT THALAMIC NEURONS 
USING CONFOCAL MICROSCOPY. Q.Zhou*, D.M .O'Malley. D.W.Godwin and 
P.R.Adams. HHMI and Dept. Neurobiol & Behav, SUNY Stony Brook, NY 11794.

Voltage-gated calcium channels regulate the information flow through thalamic 
neurons. Two major types of channel, high threshold (L-type) and low threshold 
(T-type) calcium channels can be studied separately using appropriate voltage 
protocols or specific antagonists. The entry of calcium through both L- and T-type 
calcium channels has been examined by confocal laser microscopy using fluo-3, in 
thalamic neurons acutely dissociated from young rats. The calcium concentration 
in the cytosol, nucleus and branches of cells increased rapidly following activation 
o f the L-type current, with different peak amplitudes: a 89±25% increase from 
control at the branches, 29± 10% in cytosol and 19±7% in the nucleus. Though the 
rising phases share similar time course, there is a clear region-dependency of the 
decay of the signals: at the branches, the decay started at the end of the calcium 
current; in cytosol, it followed a slower rate; while nuclear calcium concentration 
stayed at the same level even 5 seconds after the termination o f the calcium current. 
These differences in rise and decay might be explained by the different values of 
surface to volume ratio at these sites. The temporal sequence of the increase of 
calcium concentration at different locations triggered by the activation of L-type 
current was examined using line scans. These data indicate that calcium 
concentration rises at the same time, but with different rates at the branches and the 
membrane o f the cell body, while in cytosol the increase is slightly later in time, 
presumably due to the diffusion of calcium from the cell surface. This suggests that 
L-type calcium channels might be distributed at both branches and cell body. 
Calcium increase were also triggered by voltage pulses that selectively activated T- 
type current. Difference between T- and L-type responses are currently being 
evaluated. (Supported by HHMI, NS09113 to D.M.O'Malley and EY06645 to 
D.W.Godwin).

238 .8
IMAGING THE SPATIAL PATTERNS OF DEPOLARIZATION ON 
THE MEMBRANE OF AN EXCITED NEURON. S. Tyc-Dumont.
I. Schmiedel-Jakob*. Y. Chitti and P. Gogan. Unité de 
Neurocybernétique Cellulaire, CNRS UPR 9041, 13009 Marseille, 
France.

Images were obtained from rat nodose neurons stained with the 
voltage-sensitive dye RH 237, using a liquid nitrogen cooled 
astronomical camera mounted on an inverted microscope. The spatial 
resolution was 1 µm2/pixel.

The fluorescence changes during an action potential occurred in 
localized membrane areas corresponding to clusters of depolarized sites.

The number of depolarized sites was dramatically reduced by TTX 
application which blocked fast Na+ conductances.

In voltage-clamped neurons depolarized by voltage steps of constant 
amplitude, the same effect of TTX was observed, and the number of 
depolarized sites varied according to the activation state of voltage- 
dependent ionic conductances.

The results show that the mosaic of depolarized sites observed on the 
neuronal membrane during excitation, is related to the operations o f  
ionic channels.

238 .10

CONFOCAL IMAGING OF NMDA RECEPTORS IN LIVING NEURONS.
J. Durand#, Q. Gu, L. Kojic, Y. Wang and M.S. Cynade r* . 
Department of Ophthalmology, UBC, 2550 Willow St, Vancouver 
BC V5Z3N9 Canada & #Unité de Neurocyberné tique Cellulaire, 
UPR 9041, CNRS Marseille, France.

The NMDA receptor plays a pivotal role in the CNS and has 
been shown to be directly involved in neuronal development, 
synaptic plasticity, learning and memory. Using a fluorescent 
ligand for NMDA receptors (Bodipy FL Conantokin-G, Molecular 
Probes) and confocal imaging techniques, we investigated the 
distribution of NMDA receptors in single neurons in cultures 
and slices from visual cortex. In cultured neurons, NMDA 
receptors are clustered on somata and neurites after 10-20 days 
of culture. Most NMDA receptors were concentrated on thick 
proximal neurites and somata although some were also present 
on more d istal branches. The different d istribution of 
terminals as labeled by FM 1-43 compared to Cntk-G labeling 
suggest that NMDA receptors are not always apposed to 
presynaptic terminals. D isplacem ent experim ents show that 
Bodipy-CntkG was weakly displaced by APV and strongly 
displaced by CntkG and spermine suggesting that it binds to the 
polyamine site associated with the NMDA receptor. The weaker 
disp lacem ent obtained with APV m ight sim ply reflect 
interactions occurring between the agonist site and the 
polyamine site. Furthermore, addition of spermine to the bath 
initially induced a transient increase o f fluorescent intensity 
which can indicate a modulation o f NMDA receptor affinity 
and/or mobility.
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238 .11
CAGED GLUTAMATE FOR PHOTOSTIMULATION: COMPARISONS OF NEW 
COMPOUNDS. K.R. Gee+. M B. Dalva#, and L.C. Katz#*. +Molecular Probes, 
Inc. Eugene, OR 97402, and #Department of Neurobiology, Duke University Medical 
Center, Durham, NC 27710.

Photostimulation, a new approach for functional mapping of synaptic circuitry 
(Dalva & Katz, Science 265:255, 1994) and receptor localizatipon (Denk, PNAS 
91:6629, 1994), relies on rapid, localized laser photolysis of caged glutamate (or other 
neurotransmitter agonists) in brain slices or cultured cells. We originally used α -4,5 
dimethoxy-2-nitrobenzyl glutamate (α -DMNB glutamate), which suffers from a slow 
photolysis rate, a low quantum yield, hydrolytic instability, and a non-inert 
photobyproduct. To overcome these problems, new agonists were synthesized and 
tested. γ-O-desyl glutamate generates glutamate very rapidly, and is very stable with 
an inert photobyproduct. However the quantum yield is low (<.01), solubility is low, 
and photolysis in slices elicited only small responses (~ 10% of those observed with 
other probes). Nevertheless, for rapid photolysis and receptor mapping, this probe 
could be useful. N-CNB glutamate is indefinately stable to hydrolysis, generates free 
glutamate with a moderate quantum yield (0.05), and performed well in 
photostimulation experiments. The best compound tested thus far, however, is γ-O- 
CNB glutamate, which has a time constant of -30  µsec and a quantum yield of 0.16. 
Slices maintained in this compound remain healthy for hours, and significantly lower 
concentrations (~250 µm) can be used for photostimulation. Solutions of this 
compound remain effective for many days. Finally, in an attempt to minimize 
diffusion time of released glutamate to its receptors, lipophilic caged glutamates were 
synthesized. One of these, γ-O-ANB glutamate, is very effective in brain slices. 
Neurons reach firing threshold about twice as fast with this compound as compared to 
γ-O-CNB glutamate, but at higher probe concentrations. Photorelease of caged 
NMDA (β-O-CNB-NMDA) in slices resulted in prolonged (>1 sec) activation of 
receptors, probably because no reuptake mechanism terminates its action. The distinct 
properties of these new probes should significantly enhance the range of problems that 
can be approached with photostimulation. Supported in part by a McKnight Scholars 
Award (L.C.K) and NIH grant EY07690 (L.C.K).

238 .13
MUSCIMOL-BIOCYTIN: A MORPHOLOGICAL MARKER FOR THE 
ACTION OF MUSCIMOL.L Giraud1. K. Gee2, R. Arikan1 and S. 
Highstein1* .1 Dept. Oto.,Washington Univ. Sch. Med., St Louis MO 
63110.2 Molecular Probes, Portland OR 97402.

A persistent problem has been the inability to accurately delineate the 
spread and sphere of influence of muscimol injected into the central nervous 
system. To overcome this we have synthesized a new molecule by attaching 
an anatomical marker,biocytin, to muscimol. This new compound(MPR 
71013) was evaluated in a rat cerebellar model. Following control records of 
spontaneous activity, various concentrations of the molecule were 
microinjected into the posterior cerebellar vermis of Nembutal-anesthetized 
rats and microelectrode recordings were taken over time in a radial pattern 
away from the injection site. After recording, rats were euthanized, the 
vermis sectioned, and biocytin reaction product histochemically developed 
along with standard concentrations of the molecule in gelatin. Preliminary 
results indicate that injected concentrations of 4-8% effectively block 
cerebellar spontaneous neural activity. The new molecule produced no 
neuronal labeling, implying that it remained conjugated within the tissue. In 
support of this, thin layer chromatography of a sample of MPR 71013 
indicated that only a single substance was present. A digital camera, a 
computer and NIH Image were used to scan vermal sections and to determine 
the concentration of the molecule within the tissue by employing a 
colorimetric comparison to standard concentrations. Three dimensional maps 
of the physiological effect(lack of spontaneous activity) and the anatomical 
indications of the spread of the material were compared to determine the 
effective concentrations within the brain. In future experiments we hope to 
employ this new molecule to precisely address the sites of inactivation by 
muscimol in the central nervous system.

238 .15

CORRELATED LOCALIZED CHANGES IN Na+ ,K+-ATPase & CYTO
CHROME OXIDASE BUT NOT LACTATE DEHYDROGENASE ACTIVITY 
IN HIPPOCAMPAL DENDRITIC SEGMENTS. Glenn H. Kageyama*, 
Department.of Biological Sciences, Calif. State Polytechnic Univ., Pomona, CA 
91768; Dept. Anatomy & Neurobiol., Col. Med., Univ. Calif. Irvine, CA 92717.

Major sites of energy utilization, as determined by the histochemical 
localization of Na+ ,K+-ATPase (p-nitrophenyl phosphatase, p-NPP), was com
pared to major sites of energy production by glycolytic vs. oxidative metabolic 
pathways, as determined by lactate dehydrogenase (LDH) and cytochrome oxidase 
(CO) histochemistry, respect-ively in the hippocampus of normal and entorhinal 
cortex-lesioned adult rats. Adult rats were perfused with aldehydes and 60 µm 
vibratome sections were processed for either p-NPP, LDH or CO histochemistry 
and compared. Cellular analysis o f the hippocampus revealed that the highest 
levels of p-NPP and CO were found within the distal dendritic segments of granule 
and pyramidal cells, while LDH was highest in proximal dendrites, soma, axons 
and terminals, indicating an inverse intracellular distribution and partial 
segregation of oxidative and glycolytic enzymes in these cells. The intense distal 
dendritic p-NPP and CO activities were reduced by elimination of excitatory 
synaptic input after entorhinal cortex lesions. Lesions involving only the lateral 
entorhinal cortex resulted in enzymatic loss only in the outer molecular layer of 
the dentate gyrus. Lesions of the medial entorhinal cortex resulted in loss only in 
the middle molecular layer. Lesions involving both medial and lateral entorhinal 
cortices resulted in pNPP and CO loss in both outer and middle molecular layers. 
These results indicate that there is a direct functional relationship between levels 
of excitatory synaptic input, Na+ influx, active ion transport (Na+,K+-ATPase 
activity), and oxidative metabolic activity, and that p-NPP and CO levels are 
locally regulated postsynaptically in dendrite segments. Support: Cal Poly 
Pomona RSCA Grant #1-11496 (Kageyama), & NIH Grants: DC 00450 & NS 
30109 (RT Robertson & GH Kageyama).

238 .12
PHOTOSTIMULATION WITH CAGED NEUROTRANSMITTERS USING 
FIBEROPTIC LIGHT GUIDES. D. Che*1, D.W. Godwin2. D.M. O'Malley2 and O. 
Zhou2. 1World Precision Instruments, Sarasota FL, and 2Department of Neurobio logy 
and Behavior, State University o f New York at Stony Brook, NY 11794-5230.

A "caged" neurotransmitter is one that is covalently bonded to a molecule that 
renders the neurotransmitter inactive until exposed to an appropriate wavelength of 
light that cleaves the bond. These substances are commonly bath applied, then 
activated using light from lasers or flashlamps that is delivered into the preparation 
through microscope optics (J.Neurosci. Met. 54:205-18, 1995). We have tested a new, 
simpler method using fiberoptic lightguides with a fine taper to deliver uncaging light 
o f proper wavelength, intensity and timing. We demonstrated the feasibility and 
flexibility of this method using a range of ex vitro and in vitro approaches, including: 
A) electrochemical detection, whereby we detected nitric oxide (NO) released from 
a NO donor, potassium nitrosylpentachlororuthenate (CNO), at a rate of 22nM per sec 
from a 5mM concentration of CNO with a 2 pm diameter fiber optic; B) cultured 
bullfrog sympathetic ganglion neurons (BSN), whereby we probed the effective 
uncaging region of the fiber using patch clamped BSN loaded with 10 mM of the 
caged Ca++ source Nitr 5 (Calbiochem) and 100 µM fluo 3 as a Ca++ indicator. Locally 
illuminating the distal end of an axonal segment with a 15 pm fiber optic caused an 
increase in Ca++ in the segment, but not in the soma. The degree of uncaging fell 
sharply as the optical fiber was lifted away from BSNs, becoming ineffective at 
distances 80pm or more above the cells. Separate experiments illuminating the patch 
pipette as a cuvette confirmed the local nature of the uncaging; and C) a slice 
preparation of the dorsal lateral geniculate nucleus (LGN), where local drop 
application of caged glutamate to cat and rat LGN slices enabled controlled 
stimulation of LGN neurons within 20 minutes of application. The degree of uncaging 
could be controlled by manipulating the light source intensity and gating. Because of 
the small size of the light guide and exposure control of the source, this new method 
provides significant control over the spatial and temporal delivery of neuroactive 
substances than simple bath application and enables delivery of neurotransmitters with 
a temporal resolution closer to that of the natural neuronal circuitry.
(Supported by SBIR1R43MH53017, EY06645 to D. W.G .a n d  NS09113 to D.M.O.)

238 .14
PKC IN THE SEA URCHIN EGG: MOLECULAR CONVERGENCES AND 
DIVERGENCES OF FERTILIZATION WITH ASSOCIATIVE MEMORY 
MECHANISMS. J.L. Olds*1, A.R. Favit1. G. Ascoli1, D.S. Lester2, T. Rakow3and D.L. 
Alkon1, 1Laboratory of Adaptive Systems, NINDS, NIH Bethesda MD. 20892, 
2Division of Research and Testing, CDER, FDA, 8301 Muirkirk Rd. Laurel MD. 
20708, 3Scripps Research Institute, La Jolla California, 92307.

Molecular cascades responsible for development have been hypothesized to share 
elements with cascades responsible for transformations of fully differentiated 
neurons during mnemonic processing. The present experiments were designed to 
explore this hypothesis by analyzing, in the context of sea urchin egg fertilization, 
PKC activation, a reaction previously implicated in associative memory. Two 
fluorescent dyes, NBD- and BODIPY-phorbol acetate, were used to image the 
activation of PKC, in living L. pictus eggs during fertilization. These probes interact 
directly with PKC as determined using a competitive binding assay. Quantitative 
image analysis of sequential images from laser scanning confocal microscopy showed 
a highly significant increase in signal associated with the plasma membrane that 
began immediately following fertilization that persisted for up to 1 hr afterwards (p< 
0.0001). The concentrations of both the NBD- and BODIPY-phorbol dyes were not 
sufficient, to cause more than a 10% translocation of the fluorescent signal to the 
membrane, nor did they appear to interfere with the cell cycle. The confocal data 
was confirmed by dot blotting of a polyclonal antibody directed against the N- 
terminus of cloned sea urchin PKC to subcellular membrane and cytosolic fractions 
of sea urchin eggs (Unfertilized, Fertilized +40 min, Unfertilized + Boiled sperm, 
p< 0.037 MANOVA). We therefore hypothesize that the present results reflect the 
previously reported activation of PKC immediately subsequent to fertilization. Thus, 
sea urchin egg fertilization shares with associative memory a dependence on 
elevation of intracellular calcium, elevation of DG and PKC association with the 
membrane.

238 .16

D O U BLE LA BELING  OF NITRIC OXIDE SYN TH A SE A ND  
CYTOCHROME O X IDASE IN THE RAT BRAIN. C. Zhang. L. 
Granstrom. R. Curtis*, and M. W ong-Riley . Dept. o f Cellular Biology  
& Anatomy, Medical College o f Wisconsin, Milwaukee, WI 53226.

Nitric oxide synthase (NOS) catalyzes the conversion o f arginine to 
citrulline with the production o f nitric oxide (NO), an intercellular 
messenger. The activation o f NOS has been linked to excitatory input 
via NM DA receptors (Garthwaite, 1991). We hypothesized that NOS- 
positive neurons with high energy demand would also have high levels 
o f cytochrome oxidase (C.O.). In order to compare the distribution of 
these two enzymes on the same section, we reacted rat brain sections for 
C.O. histochemistry follow ed by NOS immunohistochemistry. We 
found that the staining pattern varied among regions but were consistent 
within each region examined. C.O. and NOS levels were both high in 
the inner segments o f retinal photoreceptors, where active ion transport 
maintains the dark current and where NO presumably activates 
guanylate cyclase for the production o f cGMP, which keeps the Na+ 
channels open in the dark. The levels o f  both enzym es were also 
moderate to high in neurons reported to be immunoreactive for NMDA  
receptors, such as the mesencephalic and motor nuclei o f the trigeminal 
nerve, pontine reticular nuclei, and a few motor neurons o f the spinal 
cord. On the other hand, NOS-positive structures which receive more 
inhibitory input have low  C.O. activity, such as granule cells o f the 
dentate gyrus, periaqueductal nuclei in the midbrain and substantia 
gelatinosa o f the spinal cord. Our findings suggest that NOS-positive 
ce lls  com prise a heterogeneous population with varying energy 
demands, and NO may be involved in the functioning o f a number of 
systems, including visual, somatosensory, and motor. (NIH NS 18122)
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238.17
IMAGING OSMOTIC EFFECTS UPON SYNAPTICALLY EVOKED INCREASES IN 
LIGHT TRANSMITTANCE. E.P. Osehobo*, N.G. Rolfe and R.D. Andrew. Dept. 
of Anatomy and Cell Biology, Queen's Univ., Kingston, Ontario, K7L 3N6

Lowering osmolality induces cell swelling and increases epileptiform activity 
both in vivo and in brain slices'. Stimulating Schaffer collaterals leads to 
postsynaptic activation that increases light transmittance (T) in CA1 stratum 
radiatum (RAD) of the rat hippocampal slice2. Here we investigated if this 
stimulus-induced increase in T (probably representing dendritic swelling) is 
sensitive to osmotic changes within a physiological range (±40 mOsm).

NMDA (but not kainate) evoked currents are potentiated by lowering 
osmolality while hyperosmolality reduces the currents3. Pre-application of 10µM 
CNQX reversibly blocked the increase in T (n = 7 slices), whereas 100µM AP-5 
had no effect in 7 slices tested. Thus under normal osmotic conditions, 
activation of primarily non-NMDA glutamate receptors at Schaffer collateral/CA1 
synapses are responsible for the increased light transmittance. We expected then 
that osmolality should have little effect on the evoked T increase since it involves 
non-NMDA receptors. A stimulus train (10 Hz, 5 s) to Schaffer collaterals in 
control aCSF increased T by 4.2 ± 0.4% (mean ± SE, n = 10) in CA1 RAD at 
22°C. In hypo-osmotic aCSF (-40 mOsm), this paradigm evoked a 50% increase 
in peak transmittance over and above control levels (n = 10, p < 0.05). 
Conversely, hyperosmotic aCSF using mannitol ( + 40 mOsm) evoked a 50% 
decrease in T in 10 of 10 slices tested (p < 0.001). We are currently 
investigating if these osmotic effects are acting directly upon glutamate receptors 
or act indirectly through changes to the extracellular space.

1. Andrew, 1991. ). Neurological Sci. 101, 7-18.
2. MacVicar and Hochman, 1991. I. Neuroscience 11, 1458-1469.
3. Paoletti and Ascher, 1994. Neuron 13, 645-655.

238 .18
DEOXYGLUCOSE UPTAKE A N D  c-fos EXPRESSION, TWO 
MARKERS OF NEURAL ACTIVATION, ARE DIFFERENTIALLY 
STIM ULA TED  BY GLUTAM ATE IN  ASTROCYTES A N D  
NEURONS in vitro. L. Pellerin*, J.-L. Martin and P.J. Magistretti. 
Institut de Physiologie, Université de Lausanne, Switzerland.

We have previously show n that glutamate increases 2-deoxyglu- 
cose (2DG) uptake and phosphorylation in astrocytes by a mecha
nism  involving a N a+-dependent glutamate transporter [LP & PJM, 
PNAS (1994) 91:10625-10629]. In contrast, no effect of glutamate was 
observed in cultured cerebral cortical neurons. In an attempt to elu
cidate the basis of this difference, w e have characterized basal 2DG 
uptake (with 3H-2DG) and glutamate uptake (with 3H-D-Asp) in both 
cell types. The Vmax for 3H-2DG uptake in neurons and astrocytes 
were respectively (in n m ol/m g  prot/m in): 6.3 and 22.3. For 3H-D- 
Asp uptake in neurons and astrocytes, Vmax were respectively (in 
n m ol/m g  prot/m in): 0.74 and 57.4. These data clearly indicate a pre
valent glucose and glutamate uptake into astrocytes. Since 2DG up
take is a technique used in vivo to map regional brain activation, we 
examined the effect of glutamate on c-fos expression, another marker 
used for mapping activation. Glutamate at 100 µM induced a five
fold increase of c-fos expression in neurons while the same treatment 
had no effect on astrocytes. Since glutamate is the main excitatory 
transmitter released from activated neurons, these results would  
suggest that, w hile c-fos expression appears to be a specific marker 
for neuronal activation, 2DG uptake, although directly related to 
neuronal activation, may reflect an activity-dependent phenomenon  
localized to astrocytes.

238 .19
RECEPTOR INTERNALIZATION IN THE SPINAL CORD AFTER 
CAPSAICIN STIMULATION
P.M, Menning, S.D. Rogers, J.R. Ghilardi. A.J. Basbaum. G.J. Maletta*.
P .W. Mantyh. Grad. Prog, in NSc., U. of MN, Mpls., MN 55414; Mol. 
Neurobio. Lab (151) and Geriatrics, VA Med. Cntr., Mpls., MN 55417; Dept. 
of Psych., U. of MN, Mpls., MN 55455, Dept. of Anat., Phsl. and the Keck 
Center, UCSF, SF, CA 90024.

Neurotransmitter diffusion has previously been studied using microdialysis 
or antibody coated microelectrodes, but these methods are limited by spatial 
resolution and the invasiveness of the procedures. In previous studies we 
have shown that substance P receptor (SPR) internalization can provide a 
noninvasive, spatially, and pharmacological specific image of neurons 
activated by substance P (SP). In the present report we use this method to 
examine SP diffusion from rat primary afferent neurons following capsaicin 
injection into the plantar surface of the hindpaw. Immunohistochemical 
visualization of SPRs in spinal cord showed a significant increase in SPR  
internalization within laminae I & II and some neurons showing this 
internalization were well outside the area where primary afferents that 
innervate the plantar surface of the hindpaw terminate. In contrast there 
appears to be relatively little diffusion of SP into the deeper laminae lll-X. 
The extent of the ventral diffusion of SP was monitored by examining lamina 
III SPR-immunoreactive neurons that project dorsally into laminae I & II. 
While lamina III SPR+ dendrites that penetrate laminae I & II show a 
significant increase in SPR internalization, SPR receptors on the same 
neuron located deep within lamina III did not show a significant increase in 
SPR internalization. These data suggest that SPR internalization can 
provide a specific image of neurons activated by SP and that selective 
diffusion of SP may explain the phenomena of secondary hyperalgesia that 
is frequently observed in chronic pain states. Supported by NIH and the VA.
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IN VITRO TREATMENT W ITH GROW TH OR DIFFERENTIATION FACTORS 
INHIBITS M IG RATIO N O F A S TR O C Y TE S  G R A FTE D  INTO  ADU LT RAT  
BRA IN . J. C hu, H. S. U and J. D. Hatton*. Div. of Neurosurgery, UC
San Diego, La Jolla, CA 92093

Neonatal astrocytes grafted into host brains m igrate in patterns  
determ ined by the developm ental stage of the host brain and the  
region of implantation. W e exam ined whether the differentiated state 
of the implanted astrocytes might also affect migration. Astrocytes 
w ere exposed to exogenous epiderm al growth factor (E G F ) or 
dibutyryl cyclic adenosine m onophosphate (dbcAM P) in vitro. E G F  
induced proliferation of astrocytes in culture while dbcAM P induced 
differentiation, as evidenced by the extension of elongated processes 
and round, phase-bright somata. These treated astrocytes w ere then 
grafted into the cortex, hippocampus and corpus callosum of adult 
rats. At 3, 6 and 9 days after implantation, the extent and pattern of 
astrocyte migration was assessed. Treated astrocytes did not migrate 
after im plantation into cortex and hippocam pus before day 9; in 
contrast, untreated cells m igrated extensively  by day 3. Cells  
im planted into the corpus callosum  m igrated  in spite of pre-
treatm ent, suggesting that m yelinated fibers in this structure m ay 
present extrinsic m igratory cues that override  the  e ffects  of 
treatment. Thus, E G F and dbcAMP, with opposite effects on growth 
and differentiation, each altered  the cells such that they w ere  
inhibited from migrating in the cortex and hippocampus. The factors 
responsible for this inhibition of migration have yet to be elucidated.

239 .2

CELL CYCLE KINETICS AND COMMITMENT IN NEWBORN, ADULT AND 
TUMORAL ASTROCYTES. T.J. Langan*. V. Li and K. Kelly. Depts. Neurol. 
and Neurosurg., School of Medicine, SUNY, Buffalo, N.Y., 14222.

Astrocytes are able to enter the cell cycle from a quiescent (G0) state. 
This potential manifests during brain growth and injury, and is presumably 
disordered in astrocytoma, the most common brain tumor. To compare 
cell cycling by these distinct types of astroglia, in vitro synchronization was 
applied to three culture systems: newborn astrocytes after 1 week; adult 
astrocytes from gelatin implants into lesioned rat striata; C-6 astrocytoma. 
The newborn and adult astrocytes were >85%  GFAP and RAN-2 positive. 
In these cells, shift-down of serum (from 10% to 0.1%), caused rates of 
DNA synthesis (thymidine uptake) and proportions of S phase nuclei 
(bromodeoxyuridine fluorescence) to decline by >80% . After serum shift- 
up, a 12 h lag phase was followed by a 6 to 10-fold surge in DNA 
synthesis and an increase in S phase nuclei from <15%  to ≥ 70%. S 
phase commitment was established by cycloheximide resistance at 10 h. 
Hydroxyurea (HU, 0.5 mM) was added at 10 h to cause accumulation at 
the G1/S boundary. Removal of HU after 14, 16 and 20 h resulted 
respectively in these percentages of maximal S phase DNA synthesis: 
newborn- 76 ±  9, 60 ±  8 and 23 ±  3; adult- 87 ±  20, 62 ±  7 and 34 ±
5. When C-6 cells were synchronized by serum depletion, the lag phase 
before an 8-fold surge of DNA synthesis was only 6-8 h, and 96 ±  7% of 
maximal DNA synthesis was acheived even after 20 h of HU arrest. Thus, 
there was similarity in kinetics of cycle re-entry and decay of commitment 
in the developing and mature astrocytes, but striking differences in these 
parameters with the C-6 cells. Therefore, these culture methods are 
applicable to comparison of cell cycle control in maturing and neoplastic 
astrocytes.(Supported by NIH grants NS-01361 and NS-30718).
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IFN-β  INHIBITS IFN-γ-INDUCED PROLIFERATION O F HUMAN 
ASTROCYTES IN CULTURE. J.-I. Satoh* and S.U. Kim. Div. of 
Neurology, Univ. of British Columbia, Vancouver, BC, Canada.

Astrocytes undergo proliferation and hypertrophy in response to injury 
and inflammation in the CNS. This reactive gliosis is one of the pathologic 
hallmarks of active demyelinating lesions of multiple sclerosis (MS). Recent 
clinical trials have shown that recombinant human interferon beta (IFN-β ) 
was effective in reducing exacerbations in relapsing-remittingM S, while IFN-γ 
precipitated acute relapses (Neurology 37:1097, 1987 and 43:655, 1993). To 
investigate mechanisms underlying the beneficial effects of IFN-β  and the 
detrim ental effects of IFN-γ in MS, the m odulatory effects of IFNs on cell 
proliferation were examined in 9 series of cultured fetal human astrocytes 
using bromodeoxyuridine (BrdU) immunolabelling.

The inclusion o f 10% fetal bovine serum (FBS) in the culture medium 
induced 2- to 40-fold increases in the proliferative response of astrocytes 
compared to the serum -free culture conditions. A  72-hour treatm ent with 
IFN-γ (50-500 IU/ml) stimulated significantly the serum-induced proliferation 
of astrocytes in 6 culture series (67%), whereas IFN-β 1b (50-500 IU/ml) 
exhibited a dose-dependent inhibitory effect in 3 cultures (33%). IFN-α (50-
500 IU/ml) did not alter the rate of their proliferation. IFN-β  and IFN-α 
exhibited an inhibitory effect in the IFN-γ-induced proliferation of astrocytes 
in all culture series. Also, a substantial decrease in the num ber of astrocytes 
in S +  G2/M phases was identified by cell cycle analysis when astrocytes were 
treated  with IFN-γ plus IFN-β  as com pared to the cells treated  with IFN-γ 
alone. The antagonistic effect of IFN-α/IFN-β  on the growth-promoting 
activity of IFN-γ in cultured hum an astrocytes suggests that interferons serve 
as a growth regulator of astrocytes at sites of reactive gliosis lesions of MS. 
(Supported by the MS Society of Canada and Berlex Laboratories.)

2 3 9 .4

A denosine R ecep to rs M o d u la te  [C a2+]i in  H ip p o cam p a l 
A strocytes in situ . J. T. Porter and K. D. M cCarthy *D epartm ent 
o f  Pharmacology, University o f  North Carolina School o f  M edicine, 
Chapel Hill, NC 27599.

Cultured astroglia express both adenosine and ATP purinergic 
receptors which are coupled to increases in intracellular calcium  
( [Ca2+]i ). Currently, there is little evidence that such purinergic 
receptors exist on astrocytes in vivo. To address this issue, calcium 
sensitive fluorescent dyes were used in conjunction with confocal 
m icroscopy and imm unocytochem istry to exam ine the
responsiveness o f  astrocytes in acutely isolated hippocam pal slices to 
purinergic neuroligands. Both ATP and adenosine induced dynamic 
increases in astrocytic [Ca2+]i which were blocked by the adenosine 
receptor antagonist, 8-(p-sulfophenyl)theophylline. The responses to 
adenosine were not blocked by tetrodotoxin, 8-
cyclopentyltheophylline, 8-(3-chlorostyryl)caffeine, dipyridam ole, or 
removal o f  extracellular calcium. The P2Y selective agonist 2- 
m ethylthio-A TP, was unable to induce increases astrocytic [Ca2+]j 
while the P 2 agonist β -thio-ADP induced astrocytic responses in a 
very low percentage o f  astrocytes. These results indicate that the 
m ajority o f  hippocam pal astrocytes in situ  contain P 1 purinergic 
receptors coupled to  increases in [Ca2+ ]i while a  small m inority 
appear to contain P2 purinergic receptors. Furthermore, individual 
hippocam pal astrocytes responded to adenosine, glutam ate, and 
depolarization with increases in [Ca2+ ]i. The existence o f  both 
purinergic and glutam atergic receptors on individual astrocytes in 
situ  suggests that astrocytes in vivo are able to integrate information 
derived from glutam ate and adenosine receptor stimulation.

2 3 9 .5

CELL SURFACE RECEPTORS AND EXTRACELLULAR CALCIUM MEDIATE THE 
RESPONSE OF ASTROCYTES TO MYELIN BASIC PROTEIN. S.A. South1. G.E. 
Deibler2. J.W. Bigbee*3 and G.H. DeVries1.  1Dept. of Biochemistry and 3Dept. of 
Anatomy, Medical College of Virginia, Richmond, VA 23298; 2Cerebral Metabolism, 
NIMN-NIH, Bethesda, MD 20892-0001.
In the central nervous system, demyelination results in astrogliosis and scarring 

which may interfere with axonal regeneration and remyelination. Myelin basic 
protein (MBP) related peptides may be released as a  result of demyelination and 
contribute to the astrogliosis. We previously reported that in serum-free medium 
(N2), MBP (≥6µ M) was cytotoxic for astrocytes, while 6µM MBP peptides 1-44,88- 
151, and 152-167 induced proliferation (South et al., 1995, J. Neurochem., 
64:S68C). We now report that in contrast to the cytotoxicity of 6µM MBP, 
simultaneous treatment of astrocytes with 6µ M MBP peptides 1 -44,45-87,88-151, 
and 152-167 induced an increase in [3H]-thymidine incorporation relative to 
untreated controls. In addition, the mitogenicity of the individual peptides MBP1-44, 
MBP88-151, and MBP152-167 was synergistically increased by conditioned media (CM) 
derived from either microglia  or astrocytes. The cytotoxic effect of 6µ M MBP was 
attenuated in the presence of 50µM NiCI2, which blocks the sodium/calcium 
exchanger and the receptor- and voltage-gated calcium channels. Pretreatment 
of astrocytes with an antibody to either the Fibroblast Growth Factor receptor 
(FGFR) or ganglioside GM1 decreased the [3H]-thymidine incorporation of MBP 
treated astrocytes relative to treatment with antibody alone. These results indicate 
that MBP1-44, MBP88-151 an d  MBP152-167 individually or combined with either 
MBP45-87 or CM stimulate astrocyte proliferation. The cytotoxic effect of MBP may 
be the result of a calcium influx possibly through the MBP activation of the FGFR 
or ganglioside GM1. These data support the hypothesis that MBP peptides in 
conjunction with astroglial or microglial secreted factors may participate in the 
observed astrogliosis after demyelination in vivo. (Supported by NIH NS15408)

2 3 9 .7

P2Y AND P2U-PURINERGIC RECEPTORS ON DORSAL SPINAL ASTROCYTES 
CAUSE RELEASE OF INTRACELLULAR Ca2+ THROUGH A G-PROTEIN 
VIA THE PHOSPHOLIPASE C/I P, PATHWAY. C.P. Idestrup* and M.W. Salter. 
Div. Neurosci., Hosp. Sick Children, and Dept. Physiol., Univ. Toronto, Toronto, Canada.

Two distinct subtypes of metabotropic P2-purinergic receptors, P2Y and P2U, are 
expressed on astrocytes from the dorsal spinal cord. Activation of each of these receptor 
subtypes causes release of intracellular Ca2+. In the present study, we investigated the 
signal transduction pathways mediating the P2Y and P2U receptor-evoked Ca2+ responses. 
Experiments were done using primary dissociated cultures made from dorsal spinal cord 
of embryonic rats. P2Y and P2U receptor agonists, 2-methylthioATP and UTP 
respectively, were applied via pressure micropipettes. Intracellular [Ca2+] was measured 
in individual astrocytes using the fluorescent Ca2+ indicator dye, fura-2. Membrane- 
impermeant agents were dissolved in intracellular recording solution (comprised of [in 
mM]: 140 KC1, 1 MgCl2, 10 HEPES, 0.1 EGTA, 0.05 K2-fura-2; pH 7.25) and were 
administered intracellularly via whole-cell patch-clamp pipettes. Pressure micropipette 
or bath application was used to administer membrane permeant agents. Ca2+ responses 
to 2-MeSATP (2-MeSATP,0.5-2.5 µM) and to UTP (10-20 µM) were blocked by 
thapsigargin (500 nM-1µM), a Ca2+-ATPase inhibitor known to deplete IP3-sensitive Ca2+
stores in astrocytes. Intracellular application of the IP3-receptor antagonist, heparin (1 
mg/mL), also blocked Ca2+ responses. The phospholipase C (PLC) inhibitor, U-73122 
(500 nM), blocked Ca2+ responses whereas the inactive analog, U-73343 (500 nM), had 
no effect on evoked Ca2+ responses. Intracellular application of the non-hydrolysable GDP 
analog, GDPβ S (500 µM) blocked 2-MeSATP and UTP-evoked Ca2+ responses. In 
conclusion, our results indicate that P2Y and P2U receptors on dorsal spinal astrocytes are 
linked to release of intracellular Ca2+ via the PLC/IP3 pathway through G protein coupling. 
(Supported by MRC Canada and Nicole Fealdman Memorial Fund).

2 3 9 .6

SIGNALING FROM P2-PURINOCEPTORS TO MAP KINASE IN 
ASTROCYTES INVOLVES PROTEIN KINASE C. J.T. Neary *. O. Zhu,
K. Akong and C. Peterson. Lab. Neuropathol., Res. Service, VA Med. 
Ctr. and Dept. Pathol., Univ. Miami Sch. o f M ed., Miami, FL 33125.

Extracellular ATP exerts mitogenic and morphogenic effects on 
astrocytes that are mediated by ATP/P2-purinoceptors. Mitogen- 
activated protein (MAP) kinases are key elements o f signal transduction 
pathways involved in cellular proliferation, differentiation and stress 
responses. We previously reported that ATP stimulates MAP kinase 
activity in astrocytes via P2-purinoceptors (NeuroReport 5:1617-20, 
1994). Further studies suggested this activation involves P2Y1 and 
P2Y2 receptor subtypes because 2-methylthioATP and UTP, but not 
α ,β -methyleneATP, activated MAP kinase. Two lines o f evidence 
indicated a role for protein kinase C (PKC) in this signaling pathway. 
First, Ro 31-8220, a relatively selective PKC inhibitor, reduced by 89% 
the activation o f MAP kinase by extracellular ATP. Second, anion 
exchange chromatography o f supernatants from ATP-treated cells gave 
two peaks o f MAP kinase activity which were identified as MAPK-p42 
and p44 by immunoblotting; activation o f both MAPK isoforms by ATP 
was greatly reduced in cultures in which PKC was down-regulated by 
extended phorbol ester treatment. Because ATP is released 
extracellularly following tissue injury, the growth-related actions of 
ATP, as mediated by P2-purinoceptors linked to a PKC-dependent MAP 
kinase signaling pathway, may have important consequences in brain 
trauma and regeneration. (Supported by Dept. Veterans Affairs.)

2 3 9 .8

SERUM -DEPENDENT UP-REGULATION OF TRANSM ITTER  
STIMULATED Ca2+ RESPO NSES IN ACUTELY ISOLATED ASTROCYTES. 
H.K.Kimelberg*, Z .C a i, P. Rastogi, S.Goderie and C. Charniga. Division of 
Neurosurgery and Department of Pharmacology and Neuroscience, Albany 
Medical College, Albany, NY 12208.

GFAP(+) astrocytes isolated from the, cerebral cortices of post-natal 
5-8 day old rats and studied < 6 hrs. after isolation, frequently showed (6 0  % 
cells studied; n=12 ) increased intracellular [Ca2+] responses, measured with 
fura-2, to 50 µM L-glutamate. In contrast, responses to 10 µM ATP ( 10%; 
n=15 ) or 10µM 5-HT ( 0%; n=4) were much less. The same cell that failed 
to respond to ATP or 5-HT often responded to glutamate. Pharmacological 
studies showed that the glutamate resonse was predominantly through a 
metabotropic receptor. Culturing acutely isolated cells in media containing 
10% horse serum did not alter the response to glutamate, but greatly 
increased the response to ATP and 5-HT to 70 and 50% of cells studied, 
respectively. In primary cultures prepared from the cerebral cortices of 1 
day old rats and grown for 4 weeks in serum-containing medium the 
responses to glutamate were only around 20% , but 90 and 100 % of the cells 
responded to ATP and 5-HT respectively. The ATP receptor was of the P2y 
type, while the serotonin was the 5-H T2A receptor subtype. The lack of 
response to ATP and 5-HT in the acutely isolated cells seems unlikely to be 
due to selective damage to the respective receptors during isolation as 
culturing in serum-free medium did not up-regulate the response. Also some 
of the GFAP(-) negative cells in the same preparation showed a response to 
ATP. Thus, some of the receptor responses seen in primary astrocyte 
cultures may reflect up-regulation in response to culture conditions, and 
acutely isolated astrocytes, which can be directly studied by single-cell 
techniques, may be a better reflection of the in vivo state. ( Supported by 
NINDS grant NS 19492 to H K K )
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EFFECT OF OSMOLALITY ON myo-INOSITOL EFFLUX IN 
ASTROCYTES. R.E. Isaacks, A.S. Bender, 1I. Ducis*, and M.D. 
Norenherg. VA Med. Ctr. & Univ. Miami Sch. Med., & 1Barry Univ., 
Miami, FL, 33125.

myo-Inositol flux contributes to cell volume regulation in cultured 
astrocytes (Neurochem. Res. 19:331, 1994). Recent studies (Am. J. 
Physiol. 265:C244, 1993) have shown that swelling-activated inositol 
efflux from rat C6 glioma cells is mediated by a single transport 
mechanism and most likely by a volume-sensitive anion channel. Those 
cells were acclimated to hypertonic medium for 48 h and then swollen by 
returning the cells to isotonic medium. We have incubated rat primary 
astrocyte cultures in isotonic DMEM (300 mosm/kg H20), containing 5.5 
mM glucose, 20 µM myo-inositol, and 1 µCi of [3H]-myo-inositol/ml of 
medium for 2 h. After radiolabelling, the medium was removed, the cells 
were washed three times and placed in either isotonic, hypotonic (180 
mosm/kg H2O), or hypertonic (440 mosm/kg H2O) unlabelled medium. 
Radioactivity released from the labelled cells into the medium was 
measured at 30, 60, 120, and 240 minutes. Computer analyses of efflux 
data indicated a two component system of myo-inositol efflux. The rate 
constants for the initial fast component for isotonic and hypotonic cells 
were 0.0398 ± 0.005 and 0.0631 ± .0288 min-1, respectively. The rate 
constants for the later slow component were 0.0002 ± .0001 and .0022 ± 
.0002 min-1 for isotonic and hypotonic cells, respectively. The rate 
constants of efflux for cells in hypertonic medium were comparable to the 
components in isotonic medium. Our findings indicate two efflux 
components affected by osmotic stress that contribute to volume regulation.

239 .11

DIFFERENTIAL EXPRESSION OF GLIAL FIBRILLARY ACIDIC PROTEIN 
ISOTYPES L.Lyandvert*, E.Galea, H.Xu, and D.L. Feinstein Div. Neurobiol., Dept 
Neurol. & Neurosci., Cornell Univ. Med. Coll., NY 10021.

Glial fibrillary acidic protein (GFAP) and mRNA, primarily expressed in 
astrocytes, are also expressed in peripheral nervous system Schwann cells with 
distinct antigenic properties and mRNA structures. Thus, the Schwann cell GFAP 
mRNA (GFAP-β ) differs from the CNS-type mRNA (GFAP-α ) by the presence of an 
extended 5' untranslated region (UTR), while certain mAbs raised against central 
GFAP do not detect peripheral GFAP. We have developed a competitive polymerase 
chain reaction assay to examine the differential expression of GF AP mRNAs. In the 
cultured rat Schwannoma cell line RT4-D6, GFAP-β was the major GFAP mRNA 
species, accounting for at least 75% of total GFAP (a+ P ) mRNA, while in primary 
astrocytes it constituted only 5% of the total GFAP mRNA. GFAP-β was also 
present in RNA samples from normal rat cerebral cortex, and from hamster and human 
brain. In astrocyte cultures, the relative levels of GFAP-α and -β mRNAs were 
differentially regulated by exposure to interferon-γ (10 to 25 units/ml), which caused 
an increase in GFAP-β levels while at the same time no change or a small decrease in 
total GFAP levels. In rat brain cortical slices, 4 hr exposure to 25 units/ml interferon- 
γ decreased total GFAP mRNA levels over 10-fold, while GFAP-β levels were 
unaffected.

To determine how peripheral GFAP differs from central GFAP, we transiently 
transfected CHO cells with full length or truncated rat GFAP-α and -β cDNAs, 
followed by immunoblot analysis of expressed proteins. Both polyclonal sera as well 
as mAb 2.2B10, which only detects CNS type GFAP, could detect the full length and 
amino-terminal truncated GFAPs. The presence of the extended 5’UTR did not 
influence antigenic properties. These data indicate that a second form of the GFAP 
mRNA is expressed in astrocytes both in vivo and in vitro, and provide evidence for 
independent regulation of the 2 GFAP mRNA species. Further expression studies will 
establish the location of the CNS specific GFAP epitope.
(Supported by National Multiple Sclerosis Society)

239 .13
MURINE ENCEPHALITOGENIC LYMPH NODE CELLS (LNCs) INDUCE NITRIC 
OXIDE SYNTHASE IN PRIMARY ASTROCYTES. S.J. Hewett*1, R. M. Keeling1.
T.P. Misko2, D.W.Choi1, A.H. Cross1. 1Dept. of Neurol, and Center for the Study of 
Nervous System Injury, Washington Univ. Sch. of Med., St. Louis, MO 63110 and 
2Searle Inflammation Disease Research Group, Monsanto Co., St. Louis, MO 63167.

Murine adoptively transferred experimental autoimmune encephalomyelitis (EAE) 
serves as the prime animal model for the human disease multiple sclerosis (MS). 
Although the disease process in EAE and MS is considered to be initiated by auto- 
reactive T cells, the exact mechanisms underlying the CNS demyelination are not 
understood. Previous studies (T.P.M. and A .H.C.) demonstrated excess nitric oxide (NO) 
in the CNS of EAE affected mice (J. Exp. Med. 178:643,1993) and amelioration of EAE 
by inhibition of the inducible NO synthase-iNOS (J. Clin. Invest. 93: 2684,1994). While 
perivascular infiltrates in EAE and MS contain principally T cells and macrophages, 
activated astrocytes in the parenchyma stained positively for NADPH-diaphorase in 
acute and chronic MS (Annals Neurol. 36: 778,1994). In this study, we investigated the 
ability of conditioned medium from encephalitogenic myelin basic protein (MBP) 
sensitized LNCs (MBP-CM) to induce iNOS in primary astrocytes.

Primary murine cortical astrocytes exposed to MBP-CM produced nitrite (a stable 
product of NO) as assessed by a sensitive fluorometric assay (Anal. Biochem. 213: 11, 
1993). Induction of NOS activity was dose- and time-dependent with nitrite first 
detected at 6 h and peaking 24 h post-exposure; negligible nitrite was found in MBP- 
CM prior to astrocyte exposure. Reverse transcriptase PCR analysis of RNA isolated 
from MBP-CM treated astrocytes detected the appearance of iNOS mRNA as early as 
3 h post-exposure. Direct addition o f MBP to astrocytes did not stimulate nitrite 
production or iNOS expression. These studies support the idea that induction of iNOS 
in astrocytes, with consequent excess NO production, may play a key role in the 
pathogenesis o f myelin damage in EAE.
Supported by grants from the NMSS (AHC) and NS 30337 from NINDS (DWC).

239 .10
EXTRACELLULAR ATP-EVOKED ACTIVATION OF AP-1 
COMPLEXES IN ASTROCYTES. O. Zhu*, P.K. Dash1, and J.T. 
Neary . Lab. Neuropathol., Research Service, VA Med. Ctr., 1Dept. 
Neurobiol. & Anat., Univ. Texas, Houston, TX, and Dept. Pathol., 
Univ. Miami School o f Medicine, Miami, FL 33125.

Extracellular ATP stimulates expression o f glial fibrillary acidic 
protein (GFAP), a marker for astrocyte differentiation and gliosis. The 
GFAP promoter contains a binding site for AP-1 complexes, hetero-
dimers consisting o f Fos and Jun families o f transcription factors. We 
therefore investigated the ability o f extracellular ATP to induce AP-1 
complex formation in primary cultures o f  rat cerebral cortical 
astrocytes. AP-1 binding was measured in nuclear extracts by gel 
mobility-shift assays. Time course studies revealed that AP-1 binding 
was increased by application o f extracellular ATP (100 uM) to 
astrocytes for 10 min. AP-1 binding was maximal at 1 hr and declined 
thereafter. One o f the proteins in the AP-1 heterodimer complex was 
identified as c-Fos by Shift-Western blotting. The protein synthesis 
inhibitor, cycloheximide, reduced ATP-evoked AP-1 binding at 10 min 
and 1 hr by 25% and 38%, respectively. By contrast, cycloheximide 
reduced bFGF-induced AP-1 binding at 1 hr by 80%. These findings 
indicate that ATP-evoked AP-1 binding is mediated by protein 
synthesis-dependent and independent pathways, thereby suggesting that 
part o f the ATP-evoked increase in AP-1 binding is due to activation by 
a post-translational mechanism such as protein dephosphorylation. These 
studies suggest that release o f ATP following tissue injury may 
contribute to gliosis by activation o f AP-1 complexes and gene 
expression. (Supported by the Dept. Veterans Affairs and the NIH.)

239 .12

DEHYDRATION AND REHYDRATION REVERSIBLY ALTER GLIAL 
FIBRILLARY ACIDIC PROTEIN (GFAP) IMMUNOREACTIVITY IN THE RAT 
SUPRAOPTIC NUCLEUS (SON) N. Hawrylak*, J. C. Fleming, A. K. Salm 
Depts. of Anatomy and Biology, West Virginia Univ., Morgantown WV 26506

Astrocytes in the SON demonstrate dynamic morphological responses that 
are coupled to diverse physiological stimuli such as parturition, lactation and 
dehydration. Ultrastructural studies of the SON suggest that the amount of 
astrocytic ensheathment of SON neurons decreases during dehydration and returns to 
normal with rehydration. Active retraction and extension of astrocytic processes over 
the neuronal surfaces have been hypothesized to account for these changes. While 
the cellular basis for astrocytic plasticity is unknown, a previous study has 
demonstrated a significant alteration of the immunoreactivity for the astrocyte 
specific constituent, GFAP, in the SON concurrently with lactation (Salm et. al. 
1985). To determine if similar changes also occur in response to dehydration and if 
they are reversible, the present study examined the immunohistochemical staining 
for GFAP, under various hydration states. Nine male rats, 120 days old, were 
assigned to three groups: (1) free access to normal drinking water (n=3), (2) 
dehydration by substitution of drinking water with 2% saline for 7 days (n=3) and (3) 
dehydration for 7 days followed by 7 days of rehydration (n=3). GFAP 
immunoreactivity was assessed from 4 sections from each rat. The optical 
density/unit area was obtained from the SON, caudate (CD) and lateral hypothalamic 
(LH) regions through the use of an imaging software system. As expected, the 
GFAP staining in the CD and LH regions was not significantly affected by the 
treatment conditions (F (2,8) = 0.188, 0.465; p’s > 0.05). However, the GFAP 
immunoreactivity in the SON was significantly decreased in the dehydrated group 
compared to controls (F (2,8) =10.71; t = 9.69, p < 0.0001). In addition, the 
density of GFAP staining in the dehydrated/re hydrated group returned to the control 
level. These results are similar to the changes of GFAP immunoreactivity reported 
for lactating rats and provide further evidence of the reversible structural plasticity of 
astrocytes following dehydration/rehydration. Supported by NSF BNS 9109827 and 
Howard Hughes Med. Inst. Grant.

239 .14

CLONING OF THE cDNAS ENCODING THE MAJOR 
ASTROCYTIC PHOSPHOPROTEIN PEA-15: SEQUENCE 
ANALYSIS AND TISSUE DISTRIBUTION. A. Estellés, M. 
Yokoyama, F. Noihias, M. Kubes, J. Glowinski,  P. Vernier and H. 
Chneiweiss*. INSERM U114, Paris, and CNRS2212, Gif, Fiance.

Intracellular phosphoproteins are final targets of numerous 
extracellular signals received by the cells. We have recently purified a 
novel PKC substrate highly enriched in astrocytes: PEA-15. Two types 
of PEA-15 cDNAs (1.6 and 2.4 kb) were isolated from a mouse 
astrocytic library, differing by the length of their 3' untranslated region 
(3'UTR), and likely to be generated by alternative polyadenylation. 
These cDNAs encode a 130 amino acid protein that exhibits no 
sequence similarity with any other protein in the databases. Conversely, 
the human PEA-15 cDNA shares 75% of overall identity with the 
mouse cDNA increasing to 96% in the coding region. Interestingly, 
MAT1, a 1.7 kb cDNA isolated from a mouse mammary tumor, was 
identical to the 3'UTR of the PEA-15 cDNA. The minus strand of PEA- 
15 cDNA exhibits high sequence identities to several human ESTs 
indicating that an other gene is transcribed from the complementary 
strand of the PEA-15 gene. In agreement with cDNA cloning, PEA-15 
probes detected two transcripts (1.7 and 2.5 kb) on northern blots. PEA- 
15 mRNAs have a widespread and abundant distribution in the central 
nervous system, in contrast with peripheral organs. In situ hybridization 
and immunocytochemistry confirmed that PEA-15 is predominantly 
expressed in astrocytes and in some neurons. The cloning of PEA-15 
cDNA opens new avenues to study the function and the regulation of 
the expression of this major astrocytic phosphoprotein.
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239 .15

Na,K-ATPase ß subunit absence in astrocytes and C6 glioma.
K.J. Sweadner*. P. Tang. E .A . Arystarkhova. and L. Peng. 
Neuroscience Center, Massachusetts General Hospital, Charlestown, 
MA 02129

The Na,K-ATPase has two types o f subunits, the catalytic 
subunit (three known isoforms, α 1 , α 2, and α 3), and an accessory 
glycoprotein subunit (two known isoforms, ß 1 and ß2). Primary rat 
cortical type 1 astrocytes express α 1 , but both α1 and α 2 are 
expressed when culture conditions encourage the growth o f complex 
glial phenotypes. Although α :ß stoichiometry is thought to be 1:1, 
only - 10% o f the expected amount o f either ß subunit was found. 
Mouse type 1 astrocytes, in contrast, expressed α 1 , α 2 , and ß2. To 
eliminate the cellular heterogeneity inherent in primary rat astrocyte 
cultures, the rat C6 glioma cell line was investigated. It expressed α1 
but had neither o f  the two known ß subunits, as detected by isoform- 
specific antibodies or by RT-PCR. Nonetheless it displayed N a+ and 
K + -dependent, ouabain-sensitive ATPase activity, with a Ki for 
ouabain typical for the a l  isoform. The possibility is raised that in 
C6, and perhaps in rat astrocytes, the ß subunit is replaced by a ß-like 
subunit that is not detected by our antibody or PCR probes. To assess 
the importance o f the Na,K-ATPase activity for the cells, ouabain was 
added to growth medium. At 1 mM, C6 cells ceased to multiply, but 
remained viable, many adopting a flattened, astrocyte-like morphology 
over a period o f weeks, and frequently becoming multi-nucleated. At 
10 mM ouabain, cell numbers dropped slow ly, but even after a week 
significant numbers o f live cells remained. When ouabain was 
removed, the cells recovered and resumed division. The observations 
indicate that Na,K-ATPase activity is essential for growth, although 
less toxic than it is for neurons. Supported by NS 27653.

239 .17

ACTIV ITY -D E PE N D EN T K+ ACC UM ULA TIO N IN THE RAT OPTIC  
NERVE IS CLEARED BY TEM PER A TU R E -S E N S ITIV E  AND  
TE M PER ATURE-INSENSITIVE  M ECHANISM S
Christopher B. Ransom*. Bruce R. Ransom*, and Harald Sontheimer 
University of Alabama School of Medicine, Neurobiol. Res. Center and 
Dept. of Physiology & Biophysics, Birmingham, AL 35294 and ♦Yale 
University School of Medicine, Dept. of Neurology, New Haven, CT 06510  

K+-selective microelectrodes were used in rat optic nerves to 
record transient elevations of the extracellular K+ concentration, [K+]o, 
evoked by stimulus trains applied with a suction electrode. W e examined 
the contribution of energy-dependent and passive processes to K+ 
clearance by analyzing the decay of the K+ signal at 37°C and 27°C. The 
increases in [K*]o declined in a double exponential fashion; one rate 
constant corresponded to the early phase of K+ removal and the other to 
the later phase. The Q 10s calculated from the two rate constants were 1.73 
and 2.52 for the early and late phase, respectively. These values were 
significantly different and suggest the participation of two distinct 
processes in the clearance of K+ ions from the extracellular space 
following nervous activity: 1) A fast, temperature-insensitive component 
operates primarily immediately after cessation of stimulation, likely 
representing channel-mediated K+ removal, and 2) a slower, temperature- 
sensitive component, probably the Na+/K+-ATPase, dominates during the 
later, sustained phase of removal of accumulated K+  50 µM strophanthidin 
abolished the temperature-sensitive component. Effects of K+ channel 
blockers on [K+]o regulation are currently being investigated.

This work was supoorted by NIH grants to HS and BRR. CBR is 
supported by an MSTP scholarship.

239 .19

ASTROCYTE MEMBRANE CONDUCTANCE IN HYPOOSMOTIC 
MEDIUM. J.E. Olson* and G. Li. Depts of Emerg Med and Physiol & 
Biophys, Wright State Univ Sch of Med, Dayton, Ohio 45401.

Unidirectional efflux of potassium, chloride, and amino acids is en
hanced in primary cultures of rat cerebral astrocytes exposed to hypo- 
osmotic conditions. We examined changes in astrocyte membrane con
ductance as an electrophysiological correlate of these osmolyte fluxes to 
determine the dependence of this response on degree of swelling, intracel
lular calcium, and time. With whole cell patch clamp, the mean (±SD) 
resting membrane voltage was -71.5 ±12.1 mV (n=45) in isoosmotic (290 
mOsm) medium. Mean (+SEM) membrane conductance (slope of the I-V 
relationship between -90 mV and -50 mV) increased by 87±46%, 
494±219% and 1328+408% in 220, 190, and 145 mOsm media, respec
tively (n=6-ll). In 220 and 190 mOsm media, membrane conductance 
was maximal 3-9 min from the start of hypoosmotic exposure while in 
145 mOsm medium, maximal conductance occurred after 15 min in 6 of 
11 cells. We recorded similar changes of membrane conductance in 190 
mOsm medium when the patch pipette contained CsCl rather than KCl. 
Membrane conductance changes at 6 min were inhibited by 67% with K- 
gluconate in the patch pipette solution. All pipette solutions contained 
100 µM EDTA. We conclude osmotic swelling of cultured astrocytes 
leads to increased chloride conductance independent of changes in intra
cellular calcium. The time course may reflect kinetics of transport sys
tems responsible for astrocyte volume regulation.

Supported by NIH (NS 23218) and Kettering Medical Center.

239 .16
COMPARISON OF THE EFFECTS OF TUMOUR NECROSIS FACTOR IN THE 
CENTRAL AND PERIPHERAL NERVOUS SYSTEMS. 1E.J. REDFORD. 1&2K.J 
Smith* and 2S.M. Hall. 1Dept. Neurology & 2Div. Anatomy and Cell Biology, 
UMDS-Guy's Campus, London, SE1 9RT.

Tumour necrosis factors (TNF) α  and β have been indirectly implicated in the 
pathogenesis of demyelinating diseases of both the central and peripheral nervous 
systems (CNS and PNS). We report here the consequences of intraspinal or 
intraneural injection of TNFα  or β . Intraspinal injections (2 x 0.5pl) into the 
dorsal column, or intraneural injections (1 x 2µl) into the tibial and peroneal 
fascicles, were made in anesthetized rats (male Sprague Dawley, n=l 12) using 
sterile precautions. Solutions injected were TNFα  (270-13,500 U/µl), TNFβ 
(1,200-10,000 U/pl) or saline. Rats were perfused with glutaraldehyde 1, 6 or 7 
days after injection.

1 day following the intraspinal injection of TNFα or β inflammatory cells were 
present within the meninges, but few, if any, were seen within the dorsal columns. 
At 7 days, the meninges appeared normal. No morphological changes were 
observed within the dorsal columns at any time apart from occasional degenerating 
axons. In the PNS, TNFα or β produced local oedema at 1 day with an abundant 
accumulation of inflammatory cells within the endoneurium and within the walls 
of the endoneurial blood vessels. The lumen of these vessels was often restricted or 
even occluded as a result. By 7 days, the vascular changes had dissipated, but the 
endoneurium contained demyelinated axons (up to 200) and some degenerated 
fibres. Control injections resulted in few, if any, morphological changes in the 
CNS, and only occasional degenerated axons in the PNS.

These findings show that direct injection of TNF produces demyelination in the 
PNS, but not the CNS. We conclude that TNF may play a more important role in 
peripheral than in central demyelinating diseases.

239 .18

HUMAN ASTROCYTOMA AND GLIOBLASTOMA CELLS 
EXPRESS PREDOMINANTLY CHLORIDE CURRENTS. N. Ullrich*# 
and H. Sontheimer. # Interdepartmental Neuroscience Program, Yale School of 
Medicine, New Haven CT 06510 and Neurobiology Res Ctr and Dept Physiology & 
Biophysics, Univ of Alabama at Birmingham, Birmingham, AL 35294.

Chloride is the most abundant physiological anion and chloride channels have been 
proposed to play roles in numerous cellular functions including volume regulation and 
stabilization of the membrane potential. In the present study, we carried out whole-
cell voltage clamp experiments on cell lines derived from malignant human 
astrocytomas. We have identified voltage-dependent outwardly rectifying anion 
currents in 7/7 cell lines evaluated (U251MG, CH235MG, U373MG, U105MG, 
D54MG, ST-MG-1, (all glioblastoma multiforme) and STGG1 (Gr. III/IV 
astrocytoma)). Such currents were not observed in rat C6 glioma cells or in primary 
cultures of rat spinal cord or hippocampal astrocytes. Ion substitution experiments 
and analysis of the reversal potential of tail currents indicate that under physiological 
conditions, the outward current is carried largely by Cl- ions. The relative halide 
permeability as determined from changes in reversal potential was: gluconate > Br > 
Cl- > I- > Fl- > NO3. Currents activated rapidly at potentials greater than 50mV and 
showed dramatic tail currents upon termination of voltage steps. These currents were 
inhibited by the Cl- channel bockers chlorotoxin [594nM applied to the cytoplasmic 
face] and by bath applications of disulfonic acid stilbene DIDS ( 100µM), DNDS 
(500µM) and TEA (5mM). To determine a potential role of this current in cell 
proliferation, we grew cells in the presence or absence of channel blocking agents, and 
cell proliferation was determined using 3H-thymidine incorporation as a quantitative 
measure of DNA synthesis. Application of DIDS ( 100µM), DNDS (500µM), Zinc 
( 100µM) and TEA (5mM) significantly reduced 3H-thymidine incorporation in all 
astrocytoma cells by up to 40%. We are presently investigating whether channel 
blockade entails changes in [Ca2+], or in pHi.

239 .20

ALPHA-1 ADRENERGIC STIMULATION MODULATES ASTROGLIAL 
CALCIUM WAVES IN HIPPOCAMPAL NEURON-GLIAL CO-CULTURE.
F. Blomstrand1. H. Muyderman1. S. Khatibi3, T. Olsson3, M. Nilsson1,2, L. 
Rӧnnbӓck1,2 and E. Hansson•1,4 Inst. of Neurobiol1. and Dep. of Neurol2., Univ. of 
Gӧteborg., Dep. of Appl. Electr., Chalmers Univ. of Technology3, Dep of Cell 
Biol., Univ of Linkӧping4, Sweden.

Astrocytes are coupled to each other by gap junctions. Various neurotransmitters 
can induce calcium-waves in this glial syncytium. In this study the intercellular 
communication was measured using the calcium sensitive dye fluo-3 in a digital 
image processing set up. Data was analyzed by the use o f segmental analyzes and 
mathematical models for computing calcium changes from spatiotemporal 
derivatives of image intensity. Using these models we studied adrenergic 
modulation and regulation of mechanically or glutamate (Glu) evoked intercellular 
astrocytic calcium-waves. Bath applied Glu (100 µM) was shown to induce both 
intra- as well as intercellular waves of different frequencies, amplitudes and 
propagations. A frequently seen response was an initial sharp rise in one astrocyte 
with a calcium-wave spreading in all directions to surrounding astrocytes. 
Mechanical stimulation of a single astrocyte with a micropipette gave rise to 
intercellular calcium-waves that propagated smoothly a few cells away. The 
mechanically-induced waves showed a continuous fall in amplitude while Glu 
evoked waves sustained and propagated longer. Primary results indicate that 
incubation with the alpha-1 adrenergic agonist phenylephrine (10 pM) for 10 
minutes decreases amplitudes and propagation of Glu or mechanically evoked 
calcium-waves. Phenylephrine stimulation on astrocytes is known to stimulate the 
action of PLC with release of IP3 and DAG as a result. A synthetic diacylglycerol 
has earlier been shown to downregulate gap junction coupling through its PKC 
stimulating effect. Our preliminary data suggest that exposure to the alpha-1 
receptor agonist phenylephrine may modulate the astroglial calcium signaling in 
vitro.
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2 4 0 .1

EFFECT OF VESICULAR D ISCHAR GE DURATIO N O N NM DA AND NON- 
NM DA CO NDU CTANC ES AT A SYN APSE. W .R. Holm es*. Neurobiology 
Program, Dept. of Biological Sciences, Ohio University, Athens, OH 45701.

The binding of glutamate to NMDA and non-NMDA receptors depends on 
the concentration of glutamate in the cleft. It is usually assumed in models that 
the vesicular discharge of glutamate is instantaneous. However, vesicular 
discharge may take up to 500 µ sec to be completed. The purpose of this 
study was to determine whether the duration of glutamate discharge can have 
an effect on NMDA and non-NMDA synaptic conductances.

One and two dimensional diffusion models of the synaptic cleft were 
constructed. Glutamate could diffuse, bind to receptors, or be taken up by 
neuronal or glial transporters. Vesicular discharge was modeled to occur over 
a circle of presynaptic membrane that had its maximum radius (25 nm) at the 
half discharge duration time. The radius of the circle expanded and contracted 
as would the radius of a circle created by the intersection of a plane with a 
sphere moving across it at constant velocity. Discharge duration times 
modeled ranged from 0 to 500 µ sec.

Aside from a small delay in the onset of conductance activation, discharge 
duration times had little effect on the NM DA conductance. The non-NMDA  
conductance amplitude was reduced by up to 20%  for small vesicular content 
or was increased by up to 5%  for large vesicular content, compared to the zero 
discharge duration case, depending on the glutamate diffusion coefficient 
value. However, for a vesicular content of 5000 glutamate molecules, non- 
NMDA conductance amplitude differed by only ±3%  for all cases simulated.

Given that the duration of vesicular release is believed to be < 500 µ sec, 
NM DA and non-NMDA conductances are not significantly affected by the 
length of vesicular discharge duration times. (Supported by M H-51081).

2 4 0 .3

AMPLIFICATION OF EPSPs BY VOLTAGE-ACTIVATED Na CHANNELS IN 
NEOCORTICAL PYRAMIDAL CELLS. G. Stuart* and B. Sakmann.
Abt. Zellphysiologie, MPI für medizinische Forschung, Heidelberg, Germany.

For many years it has been postulated that distal EPSPs may be 
amplified by voltage-activated channels, thereby overcoming their electrically 
disadvantaged position in comparison to synapses located close to soma. 
O ne of the major difficulties in addressing this possibility is that the 
application of blockers of postsynaptic voltage-activated channels will 
themselves in most cases modify or block synaptic transmission. Here we 
address this issue with a novel technique. Simultaneous somatic and 
dendritic recordings were made from the same neocortical pyramidal cell and 
the dendritic recording pipette used to inject current in the shape of a 
synaptic current, thereby simulating the voltage change that occurs during an 
EPSP. Experiments were performed on slices from 1 4 - 2 8  day old rats at 35 
±  1 °C in the presence of 20 µM  bicuculline and 50 µ M D-AP5. The peak and 
integral of both evoked and simulated somatic EPSPs increased as either the 
simulation strength, or size of the injected current, was increased, with the 
EPSP integral increasing nonlinearly with EPSP peak. In addition, both the 
peak and integral of evoked and simulated somatic EPSPs were increased at 
depolarised membrane potentials. These results suggest that as EPSP  
amplitude is increased, or the membrane potential depolarised, EPSPs can 
be amplified by voltage-activated channels. Bath application of TTX  (1 µM) 
decreased the peak amplitude and integral of large (>5 mV) somatic 
simulated EPSPs. TTX  also blocked the increase in EPSP amplitude and 
integral of small (<5 mV) somatic simulated EPSPs at depolarised membrane 
potentials. Local application of TTX  to the soma blocked EPSP amplification 
in a similar way to bath application. In conclusion, these results suggest that 
EPSPs can be amplified by voltage-activated Na channels, however, rather 
than amplifying only distal events, all EPSPs can be amplified via a 
mechanism located close to the soma.

2 4 0 .5

MINIMAL MODELS OF SPIKE ENCODING BY NEOCORTICAL NEURONS. 
Z.F. Mainen* and T.J. Seinowski. Howard Hughes Medical Institute, Salk 
Institute, La Jolla, CA 92037.

W e have previously shown that one important property of repetitive firing in 
neocortical neurons, the precision of spike timing, depends strongly on the 
presence of stimulus fluctuations [Mainen and Sejnowski (1995) Science, in 
press.] Thus, the use of complex current stimuli, more closely resembling 
natural synaptic input, can reveal features of spike generation that are difficult 
to extrapolate from data obtained by traditional protocols using simple dc 
stimuli. Here, we have used complex stimulus paradigms to build well- 
constrained minimal models of current -to-spike encoding in neocortical neurons.

Recordings (33-35 °C ) were made from visually identified pyramidal neurons 
in layer 5 of slices of rat visual cortex (P14-26) in the presence of synaptic 
transmission blockers (10 µ m DNQX, 5 pm BMI, to eliminate spontaneous 
activity). Whole-cell as well as perforated patch methods, which minimize 
rundown, were used. Cells were stimulated in trials of up to 4 sec using 
computer-generated filtered Gaussian noise and responses digitized at 4 kHz.

“Leaky integrator" style models were fit to responses across a range of values 
for the mean and variance of stimulus fluctuations. Models were fit not only to 
the time-averaged firing rate and interspike interval variability, but also to the 
nonstationary response characteristics (e.g. bursting and adaptation) and the 
precise spike timing patterns evoked by individual stimuli. To do so it was 
necessary to augment the standard leaky integrator model with additional 
hidden variables corresponding to relevant intrinsic currents. Compared to 
complex Hodgkin-Huxley style compartmental models, which are severely 
underconstrained by available data and difficult to analyze, the simplified 
models studied here constitute a more compact and computationally tractable 
description of neural current-to-spike encoding that can be readily incorporated 
in large-scale network models involving temporally-based information 
processing. ZFM  is an HH M I Predoctoral Fellow.

240 .2

FAMILIES OF GENERATED HIPPOCAMPAL DENTATE GRANULE SHAPES 
USED TO DETERMINE EFFECTS OF LOCATION ON SYNAPTIC RESPONSE
S. F. Jou, J. L. Winslow S, Wang. J. M. Woitowicz; Institute of 
Biomedical Engineering, Department of Physiology, University of Toronto

Whole cell patch clamp recordings of neurons allow examination 
of voltage and current activity at the soma. It is difficult to directly record 
these signals at the dendrites. What do these signals look like at or 
nearby the synapse after quantal activation? Can quantal signals be 
discriminated after conduction in dendrites to the soma? What role and to 
what extent does the varying geometry of a neuronal population play?

A stochastic algorithm was used to generate random dentate 
granule (DG) cell shapes which as a family look like a population of real 
neurons. This addresses the natural geometric variation of DG cells found 
in vivo and overcomes the undersampling problem usually found in 
morphologically realistic modelling studies. This geometric data set was 
used to compute passive electrical parameters and used for simulations of 
synaptic responses in comparison with experiments.

Preliminary results indicate that varying DG geometry does not 
have a large effect on the computed passive parameters, but the size and 
number of spines do. The local synaptic responses in the distal third of the 
tree are consistently larger (200% peak voltage) and faster (90% rise 
time) than responses in the middle third. Responses from medial versus 
distal synapses are attenuated by about 35% versus 40% , but we cannot 
in general discern synapse location from the shape of the soma response. 
The results suggest that differences in the local dendritic responses may 
be responsible for the “boosting" effect of the lateral perforant synapses 
on the medial synapses.

Supported by MRC (JMW) and NSERC (JLW) of Canada.

2 4 0 .4
H O W  DO V O L TA G E -A C T IV A TE D  C H A N N E LS  S H A P E  E PS P s IN 
HIPPOCAMPAL CA1 NEURONS ? N. Spruston*. G. Stuart and B. Sakmann. 
Abt. Zellphysiologie, MPI für medizinische Forschung, Heidelberg, Germany.

The role of voltage-activated channels in shaping EPSPs in hippocampal 
pyramidal neurons was investigated using simultaneous patch-pipette 
recordings from the dendrites and somata of CA1 pyramidal neurons in 
hippocampal slices prepared from 2 4 -3 0  day-old rats. All experiments were 
done at 34-37°C . In the presence of 20 µ M bicuculline and 50 pM D-AP5, the 
amplitude and integral of AMPA receptor-mediated EPSPs evoked by 
stimulation of the Schaffer collaterals increased with stimulus intensity, and 
the EPSP integral increased linearly with amplitude. EPSPs of all sizes were 
followed by a hyperpolarization of about 0 .15 the amplitude of the peak. 
Addition of 3 mM CsCI to the external solution blocked this hyperpolarization 
and increased the EPSP integral and amplitude produced by a given stimulus.

Voltage changes resembling EPSPs could be evoked by injecting current 
in the shape of an EPSC through the dendritic electrode. The amplitude and 
integral of these simulated EPSPs increased approximately linearly as the 
current amplitude was increased, and like the evoked EPSPs, they were 
followed by a hyperpolarization (also about 0 .15 the amplitude of the peak) 
that could be blocked with external Cs+, which also resulted in an increase in 
EPSP integral and amplitude. In the presence of 0.5 µ M TTX, the amplitude 
of simulated EPSPs was decreased compared to control conditions, but only 
for peak somatic depolarizations greater than about 5 mV.

These results suggest that EPSPs in CA1 neurons are actively repolarized 
by Cs+-sensitive lh-like channels that are open at the resting potential and are 
closed by the EPSP. Large EPSPs are also increased in amplitude due to 
TTX-sensitive voltage-gated sodium channel activation. This amplification, 
however, appears only to counteract the effects of other nonlinearities 
(perhaps voltage-activated potassium channels) that act to decrease the 
amplitude of larger EPSPs.

2 4 0 .6

FILTERING OF THE SYNAPTIC CURRENT ESTIMATED FROM THE  
TIMECOURSE OF NMDA CHANNEL OPENING  
R. Angus Silver*. Mark Farrant and Stuart G. Cull-Candy 
Dept. Pharmacology, University College London, London W C1E 6BT, UK.

Measurement and interpretation of synaptic currents is often complicated by 
uncertainty over the adequacy of voltage-clamp control at the synapse. Any 
deviation from perfect voltage-clamp will inevitably impose filtering on the 
synaptic current. Experimental methods of assessing voltage control are often 
qualitative, while more elaborate estimates of electrotonic structure rely on 
accurate measurement of morphology and passive membrane properties. In 
cerebellar granule cells, the opening of individual synaptic NMDA channels can 
be resolved during evoked excitatory postsynaptic currents (EPSCs)when the 
competitive NMDA antagonist AP5 is used to reduce receptor activation 
(Farrant et al. J. Physiol. 480:25P, 1994). We have determined the degree of 
filtering imposed on EPSCs from the measured risetime of synaptic NMDA  
channel openings by assuming that channel opening is effectively 
instantaneous (Maconochie et al. Biophys. J. 68:483, 1995). For 4 granule 
cells with the best signal-to-noise ratio (RserΩies 15.6MΩ , Rinput 2.7GΩ ), the 
measured 10-90% risetime of synaptic channel openings was 124µs. This 
approximates to a cut-off frequency of 2.8kHz for the electrode-cell circuit and 
recording apparatus combined, and gives an estimate of 3.6kHz for the 
electrode-cell circiut alone. W e constructed a single-compartment digital model 
for each cell from passive membrane properties (estimated from fits of current 
responses to a hyperpolarizing voltage step). The directly measured channel 
risetime was indistinguishable from that predicted for the combined model and 
apparatus filtering. This approach validates data from models based on 
passive properties and confirms that in cerebellar granule cells filtering of the 
synaptic current is minimal.
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240 .7

INSIGHTS FROM AN EFFICIENT EIGEN-BASED COMPUTATIONAL 
METHOD FOR ELECTROTONIC NEURONAL MODELING.

Janies M. E. Patterson* and Larry J. Cauller. GR 41, Cognition and Neuroscience 
Program, University of Texas at Dallas, Richardson, TX 75083-0688.

The discrete difference matrix employed for numerical analysis and simulation of 
passive electrotonic properties in ideal and reconstructed neurons is a real, linear 
and nearly tridiagonal matrix which can be made symmetrical by simple linear 
transformations. It is possible to transform this passive matrix into a 
computationally much simpler diagonal matrix of eigenvalues (the “eigenprofile”) 
which captures all the electrotonic complexity of the neuronal morphology with 
significant savings in storage and computational efficiency. For instance, the 
standard matrix of N2 elements (for N compartments) which is typically reduced to a 
sparse matrix of 2(N-1) nonzero elements can be precisely represented with just N 
elements by this eigenprofile. Furthermore, since a major dendritic “eigentrunk” may 
be identified which dominates the eigenprofile in that the contributions of daughter 
branches vanish computationally, in some cases it may be possible to reduce 
complex morphologies to much less than N elements with virtually no loss of 
mathematical precision. The trade-off for this gain in storage and computational 
efficiency is that an additional transformation is needed to reconvert the eigen-based 
computation to voltage profiles for final viewing. We will demonstrate these 
savings by comparing the performance of this eigen-based computation with 
standard modeling methods (NEURON, GENESIS). Finally, we believe the 
contribution of this passive eigenprofile may be isolated within the complete 
description of a morphologically realistic neuron including active channel and 
synaptic kinetics such that the eigen-based computational savings may be extended 
in general to models of active neurons and physiological networks.

2 4 0 .9

"EFFECTIVE SYNAPTIC CURRENT" IS A VALID CONCEPT IN 
NEURONS WITH ACTIVE DENDRITES. W.E. Crill* and P.C 
Schwindt. Dept, Physiol. & Biophys., Univ. Washington Sch. o f Med., 
Seattle, WA 98195

As explained by Powers et al. (J. Neurophys. 68 . 1992), "effective 
synaptic current" may be deduced from the shift of  the relation between 
steady firing rate ana intracellularly injected current (f-I curve) obtained 
by combining evoked tonic synaptic input with the injected current. This 
procedure allows synaptic weighting from different groups o f afferents 
to be measured easily and assigned accurately in a neural network, thus 
bypassing all complexities associated with electrotonic structure and 
active conductances in the postsynaptic neuron. Until now, this concept 
has been proven valid only in cat lumbar motoneurons. Using 
iontophoresis of glutamate on the apical dendrite to mimic tonic, 
asynchronous, excitatory synaptic input, we have examined this question 
in layer 5 pyramidal neurons from a brain slice o f rat sensorimotor 
cortex. These same neurons were shown to possess active dendritic 
conductances which greatly influence transmission o f synaptic current 
from dendrites to soma (see our companion abstract, this meeting).
In 18 o f 20 cells, we found f-I curves remained parallel when the 
"synaptic" current was added to injected current, and the shift o f the f-I 
curve predicted within an error o f about 20% the "synaptic" current 
measured directly in the soma by voltage clamp. This was true using the 
steady-state f-I curve o f both bursting and nonbursting neurons. 
Supported by NIH Grant NS 16792 & the Keck Foundation.

240 .11

BISTABILITY IN TH E DENDRITES OF RAT NEOCORTICAL PYRAMDAL 
CELLS IS MEDIATED BY PERSISTENT SODIUM CURRENT. R. Cerne*. 
W.J. Spain. Depts. of Neurology and Physiology & Biophysics, Univ. of Washington, 
and The Seattle VA Medical Center, Seattle, WA 98108.

The importance of active conductances in dendrites for synaptic integration was 
investigated by selective depolarization of dendrites. Whole-cell current-clamp re
cordings were made from the soma of visually identified layer V pyramidal neurons 
in slices of somatosensory cortex from 3-6 week-old rats. Internal solution contained 
Cl- = 9 mM. Slices were superfused with ACSF containing APV, CNQX and CGP- 
35348 ([Cl-]o = 141 mM). Somatic Nernst equilibrium potential for Cl- = -73 mV (T 
= 35° C). The addition of GABA to the perfusate resulted in a depolarization associ
ated with an increase in membrane conductance. After the soma was repolarized to 
resting potential (RP ≈ -65 mV) by DC current injection, a train of action potentials 
(APs) induced by 3 ms depolarizing current steps (100 Hz, 1 s) evoked a sustained 
depolarization (≈20 mV) with continuous firing of APs. When the soma was again 
repolarized to RP, the APs continued and arose directly from the baseline voltage 
suggesting a dendritic origin. However, the sustained depolarization could be reset to 
RP and firing halted by 0.5 s negative current steps which were of sufficient magni
tude to hyperpolarize the soma 10 - 20 mV negative to RP. The sustained depolariza
tion and firing could be evoked in ACSF containing 0 mM Ca2+ and 2 mM Mn2+ but 
was blocked when bicuculline was added to the GABA containing perfusate. How
ever, when TTX was added to GABA, a 1 s depolarizing current step causing somatic 
depolarization to 0 mV did not evoke a sustained depolarization. Assuming a high 
dendrite to low soma [Cl-]i gradient, we suggest that GABA caused a sustained in
ward current in the dendrites. If dendrites contain a region of negative slope conduc
tance, the GABA-induced increase in net inward current can shift the I/V relation, 
resulting in a second stable voltage positive to RP (i.e. net current = zero). The 
evoked train of APs causes sufficient depolarization to reach this stable point. An 
equivalent depolarization (by means of current injection) in the presence of TTX plus 
GABA did not result in bistability. The presence of a persistent dendritic sodium cur
rent and the occurrence of dendritic bistability under conditions that increase net in
ward current in dendrites (e.g. modulation of K+ current) could be important for in
creasing the gain of distal synaptic inputs. Supported by a VA Merit Review.

2 40 .8

SPATIAL DISTRIBUTION OF SODIUM DEPENDENT EVENTS IN 
CEREBELLAR PURKINJE NEURONS. J.C. Callaway*, W .N. Ross, and N. 
Lasser-Ross. Dept. Physiology, New York Medical College, Valhalla, NY 10595.

A combination of intracellular recording and high speed fluorescence imaging was 
used to examine the location of electrically and synaptically evoked potentials. 
Individual Purkinje cells in guinea-pig cerebellar slices were loaded with the sodium 
indicator SBFI via patch or sharp electrodes in either the soma or dendrites. 
Antidromic spikes or synaptic responses were evoked with tungsten electrodes.

Intrasomatic depolarization, evoking fast spikes and a plateau potential caused 
[Na+]i increases only in the somatic region. The [Na+ ]i increased for the duration 
of the plateau. Similar somatic localization also was observed during intradendritic 
depolarization or antidromic spikes. All these [Na+ ]i increases were blocked with 
TTX. Ca2+ spikes evoked in TTX caused no [Na+ ]i changes. These results show 
that the Na+ channels responsible for both the spikes and plateau potential are 
restricted to the somatic region of the cell.

Synaptic stimulation evoked dendritic [Na+ ]i changes that were blocked by 
CNQX. Parallel fiber stimulation produced a small spot of elevated [Na+]i 
localized under the stimulating electrode. Climbing fiber (CF) evoked increases 
were predominantly along the primary dendritic arbors and soma. The dendritic 
[Na+ ]i increases are consistent with Na+ entry through ligand-gated channels. 
Parallel fiber evoked [Na+ ]i increases were observed in the soma only when spikes 
were generated. Activation of the CF always produced an increase in the soma. This 
change was bigger than expected if the spikes were the only source of Na+ entry. 
Inhibition of the [Ca2+]i change associated with the CF response did not change the 
shape of the somatic potential, and a similar potential evoked by anode break 
stimulation caused a small [Ca2+]i increase (compared to a Ca2+ spike) located 
predominantly in the soma. These results show that the somatically recorded 15-20 
ms wide CF response is due in part to a regenerative Na+ dependent event. 
Supported by NSF grant IBN-9209784 to WNR and NIH grant NS-09257 to JCC.

240 .10

PERSISTENT SODIUM CONDUCTANCE IN APICAL DENDRITE 
OF NEOCORTICAL NEURONS AIDS TRANSMISSION OF 
SYNAPTIC CURRENT. P.C. Schwindt* and W.E. Crill. Dept,
Physiol. & Biophys., Univ. Washington Sch. o f Med., Seattle, WA

Voltage clamp of the soma of layer 5 pyramidal neurons in a brain 
slice o f rat sensorimotor cortex was used to measure the current 
resulting from iontophoresis o f glutamate (from a separate 
microelectrode) on the apical dendrite. Iontophoretic pulses o f 1-2 s 
duration (applied 185-555 µm from the soma in different cells) 
mimicked localized, tonic glutaminergic synaptic input. Somatic 
membrane potential was held between -90 mV and -45 mV while 
repeating the glutamate pulse, and the amplitude o f the transmitted 
current at each potential was measured. Membrane potential was 
expected to differ from the somatic value along the imperfectly clamped 
dendrite. In 38 o f 42 cells, transmitted current increased markedly with 
somatic depolarization, whereas a decrease or no change would be 
expected from passive dendrites. TTX application eliminated a large 
part o f the inward rectification at potentials where Na+ channels are 
activated, but not at potentials where the channels are closed. The 
voltage-gated Na+ channels must be persistent (noninactivating) because 
the TTX-sensitive portion o f the transmitted current was maintained for 
1s, whereas transient Na+ channels inactivate in a few ms. The inward 
rectification also was reduced by blockade o f both NM DA receptors 
and, to a lesser extent, Ca2+ channels. Thus, a persistent Na+ 
conductance exists on the apical dendrite and plays an important role in 
transmission o f synaptic current to the soma. Supported by NIH Grant 
NS 16792 & the Keck Foundation.

240 .12

MISINTERPRETATION OF 'QUANTAL' AMPLITUDE 
DISTRIBUTIONS OF EVOKED EPSCs AT CENTRAL SYNAPSES.
B,Walmsley* and M.J.Nicol, Neuroscience Group, University of 
Newcastle, Callaghan, NSW, Australia 2308

At many central synaptic connections, amplitude distributions of evoked 
synaptic currents exhibit peaks which occur in a surprisingly regular or 
'quantal' pattern. Conventional quantal analysis has led to the hypothesis 
that the amplitude of the 'quantal' postsynaptic current exhibits very little 
variability, not only at a release site, but also from release site to release 
site. This hypothesis is inconsistent with both the ultrastructural 
observations suggesting vast differences in the total number of receptor- 
channels at different release sites, and the effects of electrotonic attenuation. 
We have investigated this problem in the present study. Serial section 
electron microscopic (EM) observations were made of identified 
glutamatergic synapses between primary afferent fibres and dorsal 
spinocerebellar tract neurones in the cat spinal cord, and between auditory 
nerve fibres and bushy cells in the rat anteroventral cochlear nucleus (the 
endbulb of Held). At both connections, serial section reconstructions 
revealed an extremely large range in the areas of postsynaptic densities, 
suggesting large differences in the numbers of postsynaptic receptors 
between release sites. Simulations of evoked synaptic transmission were 
performed, based on our EM results and data on numbers of release sites, 
distributions of spontaneous synaptic current amplitudes, background noise, 
and estimates of intrinsic variability in synaptic current at a release site. 
The results reveal the frequent striking appearance o f regular or 'quantal' 
peaks in simulated evoked synaptic current amplitude distributions, despite 
non-uniform amplitude underlying events. This indicates a serious potential 
for misinterpretation using conventional quantal analysis of evoked EPSC 
amplitude distributions to estimate presynaptic release probabilities, 
'quantal' amplitude, the number of release sites at a connection, and the 
applicability of various statistical models of quantal synaptic transmission.
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240 .13

QUANTAL TRANSMITTER RELEASE AT THE ENDBULB SYNAPSE OF THE 
RAT ANTEROVENTRAL COCHLEAR NUCLEUS.
J.S. Isaacson* and B. Walmsley. T he Neuroscience Group, Faculty of Medicine, 
University of Newcastle, NSW, Australia, 2308.

At central synapses, the interpretation of results using traditional approaches to 
quantal analysis has generated considerable controversy and basic features such as 
the appropriate probabilistic models of transmitter release remain unclear. Factors 
contributing to this uncertainty include a generally small quantal amplitude relative 
to the background noise and uncertainties regarding the number of inputs activated 
and their electrotonic location. To overcome these problems, we have used whole-
cell recording to examine the large, somatic synapses (endbulbs of Held) made by 
single auditory nerve fibers onto bushy cells in slices (200 µm) of the anteroventral 
cochlear nucleus. Spontaneous (minis) and evoked non-NMDA receptor-mediated 
EPSCs were recorded (Vm=-80 mV, 22-25°C) from visually-identified cells in the 
presence of strychnine (20 µM) to block inhibitory transmission. Single-fiber 
EPSCs were evoked in the presence of cadmium (75-100 pM) to reduce release 
probability. Under these conditions, evoked transmission was reduced to the level 
of clear failures and quantal responses. Evoked quantal currents occurred at 
variable latencies following nerve stimulation, with a jitter of several hundred ps, 
allowing us to directly count the number of quanta released following each nerve 
stimulus. The observed numbers of failures, singles, doubles, etc were in close 
agreement with those predicted from Poisson’s law (n=8 cells). Furthermore, the 
quantal content determined by counting failures was identical to the value obtained 
directly from the ratio EPSC/mini. Paired pulse facilitation could also be accurately 
described using the method of failures. In another series of experiments, we 
measured the first latencies of quantal responses to determine the time course of 
transmitter release. Our findings suggest that the asynchronous release of 
transmitter contributes substantially to the time course of the nerve-evoked EPSC.

240 .15

P O S T S Y N A P T IC  F O LD  C H A R A C T E R IS T IC S  A T  T H E  S N A K E  NMJ  
A R E  C O R R E L A T E D  W IT H  F IB E R  D IA M E T E R  A N D  Q U A N T A L  S IZ E . 
Y -J Son and R .S . W ilkinson*. Departm ent of Cell Biology & Physiology, 
W ashington University School of M edicine, St. Louis, M O  63110 .

W e  found previously that quantal size at N M Js in the garter snake 
transversus abdom inis m uscle is regulated postsynaptically such that 
larger, higher input conductance fibers receive larger single quantal 
currents. O ne candidate m echanism  for this regulation involves 
secondary folds. Theoretically, folds could increase quantal size by 
concentration of A C h R s  lining the folds, by selective amplification of 
E P P s  by nearby N a + channels (A .R . Martin, Proc. Roy. Soc. London 
2 5 8 , 1994), or by som e other m echanism . W e  therefore com pared folds 
am ong fibers known to differ in quantal size.

Folds underlying individual boutons at N M Js of twitch and tonic fibers 
in one m uscle w as exam ined by EM . Twitch N M Js contained ~10  
folds/bouton. Fold depth increased with increasing fiber diam eter, from  
~0 .4  µ m (40  µ m fibers) to ~ 1 µ m (80  pm fibers). Folds w ere  absent or 
shallow (< 0 .2  µ m ) at tonic N M Js (fiber d iam eter, 10-30  pm ). AChRs, 
including those lining folds, w ere  visualized with 3 -D  confocal 
im m unifluorescence m icroscopy and the antibody m Ab 22  (gift of J. 
Lindstrom). Staining intensity w as low er at tonic than at twitch NMJs. 
Am ong twitch NM Js, depth of A C h R s  within folds increased with 
increasing fiber d iam eter, but not as steeply or consistently as did fold 
depth itself. Interestingly, fold-like patterns of high A C h R  density 
(~10/bouton) w ere  seen at tonic N M Js even though folds w ere absent. 
Supported by N IH  grant N S 2 47 52  and the M cDonnell Center.

240 .17

SOMATOFUGAL INVASION OF DENDRITIC BRANCHES OF RAT 
ABDUCENS MOTONEURONS BY NMD A OSCILLATIONS. 
S. Korogod. I, Kopysova, P. Gogan and S . Tyc-Dumont*. State 
University, Dniepropetrovsk 320625, Ukraine. Unité Neurocyberné ique 
cellulaire, CNRS-UPR 9041, 13009 Marseille, France.

Intracellular recordings of abducens motoneurons in vivo have shown 
that ionophoretic applications of NMD A produced long lasting 
membrane potential oscillations with bursting action potentials. The 
NMDA-induced oscillations were reproduced by modeling an in vivo 
identified and labeled motoneuron reconstructed at high spatial 
resolution. The dendrites were passive and the excitable soma was 
equipped with a set of conductances: Na+, K+, and Ca++ voltage-gated, 
the same conductances NMDA-gated and Ca++ dependent K+ ones. The 
oscillations generated at soma electrotonically invaded the whole 
dendritic arborization and decayed differentially according to the electro-
geometry of the branches. The branches were found to be grouped into 
four clusters with similar electrotonic properties. The somatofugal 
attenuation of the oscillations was similar in all branches of the same 
cluster regardless of their path distance from the soma. The fast 
transient components decayed with a greater rate than the slow 
polarization phases. NMDA-induced oscillations produced shifts of 
dendritic membrane potentials large enough to modulate the local 
driving potentials of postsynaptic currents and voltage dependent 
conductances. Slow oscillations may serve as a carrier providing a 
remote delivery of fast transients.

240 .14
A HARW ARE SIM ULATION OF PROXIM AL AND REM OTE SYNAPTIC 
CURRENTS IN DENTATE GYRUS GRANU LE CELLS A. Draguhn* and 
H. R. Polder Institut f. Physiologie der C harité , 10117 Berlin, Germany 

W hole cell patch clamp recordings o f synaptic currents depend on accurate 
voltage control in the com partment o f the postsynaptic site Am plitudes and time 
course o f such currents can he distorted by three major mechanisms: 1. DC errors: 
U ncompensated series resistances between the am plifier and the cell interior form a 
voltage divider together with the mem brane resistance and cause som atic voltage 
deviations from com m and: 2 Dynamic errors Series resistance and m em brane 
capacitance form a significant low pass filter for rapidly changing conductances. 3 
"Space clamp" errors DC and dynam ic voltage control is poor in remote (dendritic) 
com partm ents causing a position-dependent distortion o f synaptic currents

Based on the passive properties o f juvenile dentate gyrus granule cells we have 
designed an active m ulticom partm ent cell model This allow s us to observe the 
recording fidelity o f synaptic currents in various recording situations. The m odel is 
based on RC-com partm ents with variable, optically controlled resistors (1-500 MΩ ) 
with response times in the m illisecond range High-im pedance am plifiers m onitor 
the "true" intracellular potential in somatic and dendritic com partm ents

Synaptic currents were simulated by rapid changes o f resistance in both somatic 
and remote dendritic compartments and recorded with a conventional patch clamp 
am plifier (EPC-7, List) and with a tim e-sharing single electrode clam p (SEC 10L, 
npi). The distortion o f current am plitude and time course due to the cellular 
location of the synapse and to variing m em brane param eters can be directly 
observed The recordings also show that series resistance artefacts are m inim al with 
the tim e-sharing amplifier. A com parison with IPSCs recorded from juvenile granule 
cells yields a set o f criteria for tolerable series resistances and the detection of 
possible space clamp artefacts The sim ulation thus gives hints to the site o f origin 
and clamp accuracy o f real synaptic currents

240 .16

DESEN SITIZA TIO N  SCULPTS TH E T IM E CO URSE O F BIPH ASIC 
AM PA R E C E P T O R -M E D IA T E D  SY N A PTIC  C U R R EN TS IN RAT 
CEREBELLA R UN IPOLA R BRUSH CELLS.
G.A. Kinney*. D.J. Rossi, and N.T. S later. Departm ent of Physiology, 
Northwestern University Medical School, Chicago, IL, 60611 U.S.A.

Unipolar brush cells (UBCs) of mammalian vestibular cerebellum receive 
innervation from a single mossy fiber in the form of an extraordinarily extensive 
synaptic contact (12-40 µm 2; Mugnaini and Floris, 1994). Transmission at this 
giant synapse is all-or-none and mediated by both NMDA and AMPA receptors. The 
rise times of both components are comparable to those of other glutamatergic 
synapses, but the net current is of very long duration (>1 s). Moreover, the AMPA 
component is biphasic, with an early fast EPSC followed by a late peak occurring 
200 ms to 1 s after the stimulus (Rossi et al. J Neurophysiol, 1995). It was 
proposed that the unusually long time course of the EPSC is sculpted both by 
desensitization and reuptake. To further examine the role of desensitization, UBCs 
were patch-clamped in thin slices of rat cerebellum in vitro, and the effects of 
cyclothiazide, which blocks AMPA receptor desensitization, was examined on the 
EPSC. Experiments were conducted at 22°C in a saline containing 1 mM Mg2+ and 
50 µM D-AP5 to block NMDA receptor-mediated currents. In the presence of 
cyclothiazide (10-200 µM), the EPSC was dramatically potentiated in amplitude and 
duration, and decayed smoothly from the initial fast peak without evidence of a late 
component, and lasted up to 15s. In dose-response experiments, maximal effects of 
cyclothiazide on the peak amplitude of the EPSC were observed at 100 µM (ED50 = 
30 µM). Delivery of a second stimulus during the peak of the late component 
transiently reduced the amplitude of the slow EPSC, and this effect was abolished in 
the presence of cyclothiazide.

These results are consistent with the hypothesis that glutamate remains entrapped 
for many seconds following release at this giant synapse, and the time course of the 
resultant AMPA receptor-mediated slow EPSC is determined largely by the interplay 
between receptor occupancy and desensitization kinetics.

240 .18

DENDRITIC CALCIUM CHANNELS AMPLIFY THE VARIABILITY  
OF POSTSYNAPTIC RESPONSES E. De Schutter*. Bom  Bunge 
Foundation, University o f Antwerp, 2610 Antwerp, Belgium.

M any neurons posses dendritic  calc ium  channels, but their functional 
role rem ains unclear. A popular hypothesis is that these channels am plify 
the response to large synaptic inputs. This is the case in a detailed model 
o f the cerebellar Purkinje cell (De Schutter and Bow er, PN AS 91: 4736-40, 
1994). W e used  the sam e m odel to exam ine  how  d en d ritic  calc ium  
channels interact with subthreshold “background” synaptic inputs.

Som atic m em brane potential fluctuations caused by asynchronous back
ground inputs in a model with dendritic calcium  channels (-51.5 ±  1.1 mV) 
are tw ice as large as in a m odel w ith passive dendrite  (-61.3 ±  0.6 mV). 
The am plitude o f EPSPs evoked by a synchronous paralle l f iber input is 
am plified by about 30% (4.6 ±  0.9 mV versus 3.5 ±  0.3 m V), but is also 
quite variable. This variability  o f am plitude is caused  by the background 
inputs. In active dendrites it is larger than the variab ility  o f  the baseline 
m em brane potential. This was due to the presence o f m any large EPSPs. 
The coefficient o f  variance rem ained constant with increasing  sizes o f  the 
synchronous input app lied . F inally , the tim e to peak  w as delayed  and 
m uch m ore variable in the active dendrite m odel (8.2 ±  2.7 m s) than in the 
passive m odel (4.0 ±  0.7 ms).

W e conclude that dendritic calcium  channels am plify both the size and 
variability o f  the EPSP. The extra variability o f the am plification is due to 
background input induced changes in the state o f  activation  o f dendritic  
ca lc ium  and ca lc iu m -activ ated  channels, w hich  a lso  cau se  the larger 
m em brane potential fluctuations. This results in varying levels o f dendritic 
excitability  at the tim e o f a synchronous synaptic input.

These results w ere obtained with a m odel o f  the P urkin je  cell, but our 
conclusions may apply to other neurons with dendritic calcium  channels.

Supported by NFWO (Belgium) and by the Human Frontier Science Organization.
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240 .19

SIMULTANEOUS INTRA- AND EXTRACELLULAR RECORDINGS OF 
MINIATURE ENDPLATE CURRENTS REVEAL A MEDIAN RISE TIME LESS 
THAN 100 µ s. J.R. Stiles*. D. Van Helden and M.M. Salpeter. Section of 
Neurobiology & Behavior, Cornell University, Ithaca, NY 14853-2702.

The rising phase of a fast synaptic current (e.g. miniature endplate current, 
mEPC) may depend on many factors, including the rate of neurotransmitter release 
during exocytosis, diffusion and binding of transmitter in the cleft, receptor density 
and distribution, and channel gating properties. Accurate measurement is difficult but 
critical to experimental and theoretical studies aimed at understanding the relative 
importance of these different factors, as well as their impact on synaptic efficiency 
and plasticity. To measure the mEPC rising phase with the greatest possible 
accuracy, we recorded mEPC’s from directly visualized lizard (Anolis carolinensis) 
intercostal muscle endplates using an extracellular microelectrode and simultaneous 
two electrode voltage clamp (TEVC). We custom-built the TEVC and optimized its 
accuracy by actually clamping electrical currents (synthetic mEPC’s) in a model 
muscle cell RC circuit. While recording from endplates, we varied: (1) the pressure 
exerted by the extracellular electrode; (2) TEVC speed (20-80% step response); (3) 
filtering conditions. In this manner we assessed the technical limitations and 
measurement artifacts of each method. We found that decreasing TEVC speed (e.g 
from 10 to 20 ps) or low-pass filter cut-off (e.g. 10 kHz to 4 kHz) prolonged the 
apparent median mEPC 20-80% rise time (tr) significantly, indicating that the actual 
tr is only 70-90 ps (22’C). Extracellular recordings using minimal pressure also 
yielded a median tr of 70-90 ps, but extremely slow (200-400 ps) events appeared as 
well. As the pressure was increased, slow events became more frequent and/or the 
entire tr distribution shifted to ~2-fold longer values. Such pressure-induced changes 
were similarly evident in the TEVC recordings of the same mEPC’s. We have 
demonstrated that the actual mEPC tr is significantly shorter than previously 
determined, in agreement with predictions of theoretical mEPC simulations. 
Supported by NIH K08NS01776 (JRS) and NS09315 (MMS).

240 .20

ELECTROTONIC FILTERING AND SITE OF ORIGIN OF MEPSCs 
IN VISUAL CORTICAL PYRAMIDAL CELLS.

D.K. Smelters* Dept. of Brain and Cognitive Sciences, MIT, Cambridge MA.
Cortical pyramidal cells receive synaptic inputs throughout their extensive 

dendritic trees. To understand the impact of synaptic location on synaptic function, I 
have examined the role of electrotonic filtering and synaptic location on the 
generation of mEPSC amplitude distributions. To isolate populations of AMPAergic 
mEPSCs coming from either the region of the basal dendrites or from the apical 
dendrite, CNQX (100 µM) marked with fast green was applied locally to the surface 
of the slice with a picospritzer. Puffed CNQX was initially well-localized, but in 
some cases spread slowly at later times. Miniature EPSCs were recorded using blind 
whole-cell patch clamp techniques in the presence of 1 µM TTX, 50 µM bicuculline 
and 30 µM APV, with 50 mM dextrose to increase the baseline mEPSC frequency so 
that a decrease could be detected reliably. Recording electrodes contained a CsF-based 
solution and either 0.3% Lucifer Yellow or 0.5% biocytin. All events were blocked 
by bath application of CNQX (10 µM, n=4).

Applying CNQX to the region of basal dendrites (n=19) caused a dramatic 
decrease in mEPSC frequency (inter-event interval change 418± 103%) and amplitude 
(-13.9 ±3.4%). All of the largest-amplitude events disappeared, indicating that they 
were proximally generated. Most events were blocked by basal CNQX application, 
consistent with the fact that most of the excitatory synapses of these cells are located 
on their basal and proximal apical dendrites (Larkman 1991). The remaining events 
were small and slow, and could be blocked by CNQX application to the apical 
dendrite (n=7). Applying CNQX to the apical dendrite caused only a small, variable 
decrease in frequency, and in some cells an increase in average amplitude (mean 
change for population 2.7±6.7% (N.S.), n=7). Computational simulations of 
reconstructed neurons were used to assess the contributions of electrotonic filtering to 
mEPSC shape. These findings demonstrate that in pyramidal cells the largest, fastest 
mEPSCs are generated at proximal sites, whereas distally-generated mEPSCs are 
small and slow, consistent with an extensive role of electrotonic filtering in shaping 
mEPSCs. Supported by HHMI and EY07023 to M. Sur.
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CHARACTERIZATION OF STIMULUS-INDUCED LONG-TERM 
DEPRESSION OF GABA-ergic TRANSMISSION IN THE DEEP NUCLEI OF 
THE RAT CEREBELLUM. W, Morishita* and B. R. Sastry. Neurosci. Res. Lab., 
Dept. of Pharmacology & Therapeutics, U. B. C., Vancouver, Canada, V6T 1Z3.

Whole cell and perforated patch clamp recordings were obtained from the deep 
nuclei of neonatal cerebellar slices. Stimulation of the Purkinje cell axons (control 
frequency: 0.05 Hz) produced stable inhibitory postsynaptic currents (IPSCs) which 
upon activation at 10 Hz for 5 min underwent a long-term depression (LTD) (30 min 
post train as a % of control: 42.3 ± 8.3, n=16). This depression was not due to 
changes in the input resistance of the neurons or in the reversal potential of the 
IPSC. When the train was delivered to one of two independent inputs, LTD of both 
inputs occurred. Outward currents evoked by iontophoretic applications of the 
GABAa agonist THIP also exhibited LTD (40 min post train as a % of control: 72.5 
± 4.6, n=7). LTD of IPSCs was observed even when nipecotic acid (1 mM) was 
applied after the train (n=5). LTD of the IPSC could be more reliably induced if the 
train was given in current clamp rather than in voltage clamp mode (n=4). During 
the train, inhibitory postsynaptic potentials (IPSPs) were often followed by rebound 
depolarizations. The depolarization was reduced by APV (50 pM). If the train was 
given in the presence of APV alone, LTD of the IPSC was suppressed (n=6). 
However, LTD could be induced if the slices were continuously superfused with 10 
µM CNQX (30 min post train as a % of control: 58.0 ± 12.6, n=7). Finally, when 
the concentration of BAPTA in the pipette recording solution was increased 10 fold 
LTD of the IPSC was not observed (n=7).

We conclude that stimulus-induced long-term depression of deep nuclear IPSCs is 
heterosynaptic, independent of GABA uptake and arises from an increase in 
postsynaptic Ca2+ concentration. One source of Ca2+ entry appears to be through 
NMDA receptor channels. Supported by a grant (NS 30959) from the N. I. H.

24 1 .3

IPSPS REDUCE SIMPLE SPIKE AND BURST EVOKED [Ca2+]i CHANGES 
IN THE DISTAL APICAL DENDRITES OF CA1 PYRAMIDAL NEURONS.
H. Tsubokawa. J.C. Callaway and W.N. Ross*. Dept. of Physiology, New 
York Medical College, Valhalla, NY 10595.

Backpropagating action potentials and bursts cause [Ca2+]i increases 
throughout the dendrites of CA1 pyramidal neurons. The spatial distribution of 
these changes is not constant because not all spikes propagate equally to the 
ends of the dendrites. One factor that can affect propagation is inhibitory input 
onto the dendrites. We studied this interaction in the rat hippocampal slice using 
a combination of intracellular recording and high speed fluorescence imaging. 
Most cells were loaded with fura-2 with patch electrodes on the soma. In some 
cells Calcium Green was injected with sharp microelectrodes. A tungsten 
stimulating electrode was placed over the apical dendrites and excitation was 
blocked with APV and CNQX. Spikes were evoked antidromically from the 
alveus or with depolarizing pulses in the soma. Bursts were evoked with 
depolarizing pulses after raising [K+]o to 5mM.

Trains of 1-10 IPSPs evoked with the tungsten electrode reliably reduced the 
spike-induced [Ca2+]i increase in the distal dendrites while the changes in the 
somatic region were not significantly affected. Bicuculline in the bath prevented 
the reduction while furosemide had no detectable effect, showing that the 
inhibition was mediated predominantly through a slow GABAa conductance 
change. Inhibition evoked more than 100 ms before the train was effective, 
consistent with a long lasting IPSC.

Bursts caused much larger [Ca2+]i changes in the distal dendrites. Ca2+ spikes 
were responsible for these larger increases since they persisted in TTX. 
Inhibitory stimulation, similar to that applied to the simple spikes, dramatically 
reduced these distal changes, presumably by blocking the Ca2+ spikes. 
Supported in part by NIH grant NS16295.

SYNAPTIC ACTIVATION OF DIFFERENT GLYCINE RECEPTORS ON THE 
MAUTHNER CELL OF THE ZEBRAFISH LARVAE. P. Legendre* Institut 
Pasteur 75015 Paris, France.
Patch recordings of the mauthner cell were performed under direct visualization on 
the isolated brain of newly hatched larvae of the zebrafish (Brachydario Rerio; 52 
hours after fertilization) with pipettes containing (in mM) CsCl 135; MgCl2 2; 
NaATP 4; EGTA 10; HEPES 10; pH 7.2. Oxygenated bathing solution contained 
(in mM) NaCl 145; KC1 1.5; CaCl2 2; MgCl2 1; NaHC03 26; NaH2 P04 1.25; 

glucose 10. Synaptic noise in the presence of 1 µM TTX and 10 mM MgCl2 
consisted of fast glycinergic synaptic currents (mIPSCs). The amplitude 
histograms of mIPSPs exhibited several peaks. The complex shape of the mIPSC 
amplitude distributions could result from the presence of several classes of glycine-
gated channels grouped in different clusters at different synaptic terminals. Indeed 
we found two classes of glycine-gated channels having a main conductance state of 
81-86 pS and 41-43 pS in outside-out recordings (Legendre and Korn 1994). 
Furthermore 1-100 µM picrotoxin application preferentially blocked glycine-gated 
channels displaying a main conductance of 81-86 pS. Therefore we used picrotoxin 
as a tool to discriminate postsynaptic glycine-gated channel subtypes. The 
frequency of occurrence of glycinergic mIPSCs was 43.6 ± 9.8 % decreased by the 
application of 50-100 µM picrotoxin (n =7; Vh = -50 mV). This effect was due to 
the disappearance of large mIPSCs (>80 pS). In the presence of picrotoxin the 
average amplitude of mIPSCs was 59.3 ± 10.4 pA whereas it was 105.5 ± 31 pA 
in control conditions (n=7). Nevertheless, amplitude histograms of picrotoxin- 
resistant glycinergic mIPSCs were still skewed. These results suggest that the 
complex shape of the amplitude distribution of mIPSCs can partly result from 
inhibitory synaptic terminals with different glycine receptor subtypes.

2 41 .4

CHANNELS UNDERLYING THE SLOW AHP IN HIPPOCAMPAL 
PYRAMIDAL NEURONES.
P. Sah * and J. S. Isaacson. The Neuroscience Group, Disciplines of Human 
Physiology & Medical Biochemistry, Faculty of Medicine, University of 
Newcastle, Newcastle, NSW 2308.

In hippocampal pyramidal cells brief trains of action potentials generate a slow 
calcium-dependent afterhyperpolarisation (AHP) which lasts several seconds. The 
AHP is a calcium-activated potassium current but its pharmacological properties 
are not consistent with any known calcium-activated potassium channels. We have 
used fluctuation analysis of the AHP current to examine the channels underlying 
the AHP and their modulation by neurotransmitters. Whole-cell recordings were 
made from rat hippocampal slices maintained in vitro at 30°C using a K- 
Methylsulphate based internal solution. The perfusing Ringer was supplemented 
with picrctoxin (100 µM), CNQX (10 µM) and APV (50 µM) to block synaptic 
responses.. CA1 pyramidal neurones were voltage clamped at -50mV and the AHP 
current was elicited by depolarising voltage steps to 0 mV. Under these conditions 
baseline current variance was 12±2 pA2, increased approximately three-fold at the 
peak of the AHP current (amplitudes 210-500 pA), and followed the time course of 
the AHP. Nonstationary fluctuation analysis of this current indicates that the single 
channel conductance is 2.3±0.1 pS and the probability of channel opening is 
0.4±0.1. Power density spectra of the AHP current were well fitted by a single 
Lorentzian with a comer frequency equivalent to a mean open time of 1.7 ms. 
Reducing the temperature to 20°C shifted the power spectrum to lower frequencies 
with a Q 10 of 2.8.These results indicate that channel kinetics alone cannot account 
for the slow time course of the AHP current. Application of noradrenaline (0.7 pM) 
or carbachol (1 µM) significantly reduced the amplitude of the AHP current. 
Neither of these agonists altered the single channel conductance or mean open time 
Their main action was to reduce channel open probability. These results indicate 
that a novel channel mediates the slow AHP. Neurotransmitters reduce the AHP by 
lowering the probability of channel opening.
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241 .5

CH LO R ID E  H O M E O S T A S IS  A N D  N E T W O R K  A C T IV IT Y  IN 
E M B R Y O N IC  R A T  M ID B R A IN  C U L TU R E . U. M is geld . W . Jaro lim ek. 
H. Brunner and A . L e w e n , S PO N : European Neuroscience  
A sso cia tion , I. Physio logisches In s titu t, U n ivers itӓ t  He idelberg , Im  
N euenheim er Feld 3 2 6 ,  D - 6 9 1 2 0  H e idelberg , G erm any .

In d isinhibited (b icucu lline 2 0  µ M ) n e tw o rk s  form ed by 
dissociated em bryonic  cells of th e  ra t m idbrain  e xc ita to ry  synaptic  
a c tiv ity  consists of rhy thm ic  recurren t 'b u rs ts '. A  s im ilar ac tiv ity  
patte rn  is observed if G A B A a  recep to rs  are partia lly  d esensitized . To  
exam ine  w h e th e r an im pairm ent of inhib ition by a d isturbance of 
Cl--hom eostasis  also produces 'b u rs t' a c t iv ity  w e  applied th e  C l-  
transport blocker fu rosem ide (0 .1  -0 .5  m M ). T h e  induction of 'b u rst' 
a c tiv ity  by fu rosem ide w a s  in tensified  by brief tra n s ie n t e levations  
of [K + ]o, th ereby  loading cells w ith  C l-. In individual cells, reversal 
potentia ls  o f inhib itory pos tsynap tic  cu rren ts  as w e ll as G A B A  or 
glycine induced C l --curren ts  sh ifted  to  a value  de te rm ined  by the  
[Cl- ] in the  recording patch  p ipe tte  (2 0  m M ). It could be excluded  
th a t an e ffe c t  of fu rosem ide on neuronal C l --c o n d u c ta n ce  or a 
blockade of G A B A a  recep to rs  caused the  induction  of 'bu rst' 
a c tiv ity  in the  n e tw o rk . In conclus ion , d istu rban ce of synaptic  
inhibition results in 'b u rs t' a c tiv ity  in th e  cu ltured  n e tw o rk . 
D isturbance of inhibition can result from  the  im p airm e n t of receptor 
func tion  and th e  neuronal C l--hom eostas is .

S upported by the  G erm an 'B undesm in is te r f ü r Forschung a nd 
T e chno log ie ' and by the  DFG .

241 .7

DEVELOPMENTAL CHANGES IN PHARMACOLOGICAL PROPERTIES of 
sIPSCs in RAT CEREBELLAR SLICES. S.Tia, M.R. Santi*. J.F.W ang,1N. 
Kotchabhukdi and S.Vicini. D ept. of Physiology and Biophysics., Georgetown 
University .Medical School, Washington D.C. and 1 Mahidol University, Thailand. 
In rat cerebellar slices, prepared from 8 to 30 days old rats (P8 to P30) we studied 

spontaneous inhibitory postsynaptic currents (sIPSCs) in granule neurons by 
performing whole-cell recordings with a symmetrical Cl- solutions. To characterize 
the relative contribution o f a  subunits to the native GABAa  receptor in inhibitory 
synapses to the cerebellar granule cells we took advantage o f the recently reported 
selective inhibition of GABA-gated currents by furosemide for GABAa receptors 
containing α 6 subunit. In rats at P8 to P23, we failed to observe a decrease of the 
peak o f the average of at least SO sIPSCs greater than 20% by furosemide (100 
µM). This extent o f reduction was also observed for the Cl- currents resulting 
from pulses of GABA (1 mM, < 2  ms) to outside-out patches excised from 
transfected mammalian HEK293 cells expressing α1β2γ2 subunit containing receptors. 
By converse furosemide (100 µM) effectively reduced peak responses to GABA 
pulses to outside-out patches excised from HEK293 cells expressing α6β2γ2 
receptors causing a reduction of 66±14.7 %. However, when furosemide was applied 
to sIPSCs from 6 granule cells from rats at P30 a significant decrease was observed 
(51±11.2%). A kinetic comparison between sIPSCs in granule cells from P8-P12 
and P30 rats failed to show differences. Similarly, GABA pulses to patches from 
cells expressing recombinant receptors elicited Cl- currents with both fast and slow 
exponential decays. The time constant and relative proportion of these exponential 
curves were not significantly different between α l  or α 6 subunit containing 
receptors. Our results indicates that the α 6 subunit begins to be part o f synaptic 
receptors in cerebellar granule cells only in fully developed rats. Furthermore, the 
slow decay component o f granule neuron sIPSCs is not related to the presence of 
the α6 subunit Supported by NINDS grants R01 NS327S9 and K04 NS01680 to S. V.

2 41 .9

SLOW SYNAPTIC MODULATION OF FIRING ACCOMMODATION IN SOME, 
BUT NOT ALL, MYENTERIC S-NEURONS. P. P. Bertrand*, W. A. A. Kunze, P. J. 
Johnson. H. Kelly. J. C. Bornstein & J. B. Furness. Dept’s of Anatomy & Cell Biology 
and Physiology, University of Melbourne, Parkville, Victoria 3052, AUSTRALIA.

Enteric neurons can communicate via slow excitatory post-synaptic potentials 
(sEPSPs) which can be mimicked by application of neurokinin-3 (NK-3) agonists. 
Desensitization of NK-3 receptors reduces peristalsis suggesting a physiological role 
for sEPSPs. The aim of this study was to determine whether sEPSPs modify the firing 
accommodation seen during prolonged depolarizations in S-neurons by measuring 
effects on membrane potential/resistance and spike threshold/number to injection of 
500 ms intracellular current pulses. These results were compared with predictions 
generated by an anatomically realistic computer simulation of the myenteric plexus 
(Plexus©). Guinea-pigs were stunned and had their spinal cords severed. Pieces of 
ileum were removed, opened along the mesenteric border and partially dissected to 
reveal the underlying myenteric plexus with intact mucosa nearby. Intracellular 
recordings were made from 14 myenteric S-neurons with neurobiotin-filled 
microelectrodes. It was found that depolarizations and prolongation of firing 
associated with a sEPSP were often independent. Specifically, some S-neurons were 
depolarized but showed no change in firing accommodation. Refractory cells were 
more likely to lie in an ascending pathway as determined physiologically or 
immunohistochemically. Computer simulation of activity in the ascending excitatory 
reflex revealed that, when sensory neurons transmitted to interneurons via sEPSPs, 
responses evoked in the pathway were uncharacteristically extended unless the 
interneurons exhibited strong firing accommodation during prolonged depolarizations. 
Thus, the accommodation seen in S-neurons is likely to represent an important 
physiological mechanism regulating the peristaltic reflex.
Supported by NH&MRC 923211 and NIH DK09162

2 41 .6

NEUROKININ AND MUSCARINIC RECEPTORS COUPLE TO CHANGES 
IN CHLORIDE AND POTASSIUM CONDUCTANCES IN GUINEA-PIG 
CULTURED MYENTERIC NEURONS. X Zhou* and J.J.Galligan. Dept. of 
Pharmacology and Toxicology, Michigan State Univ., East Lansing, MI 48824.

In intact myenteric ganglia, slow excitatory postsynaptic potentials (sEPSPs) are 
due to a decrease in potassium conductance (GK) and activation of a chloride 
conductance (Gcl). The aim of the present study was to characterize ionic 
mechanisms of excitation caused by substance P (SP), acetylcholine (ACh) and 
forskolin (FSK) in cultured myenteric neurons. These substances mimic sEPSPs. 
Intracellular and whole-cell patch-clamp methods were used. When using whole-cell 
methods, SP and ACh responses exhibited rapid rundown and intracellular methods 
were used to study these and FSK responses. FSK -induced responses were due to 
a decrease in GK only (n= 15). SP and ACh caused three types of responses; ACh 
responses were blocked by scopolamine (0 .1 µM, n = 7). In the first category SP 
(n= 19/40 neurons) and ACh (n = 4/12 neurons) responses were associated with 
a conductance increase and had a reversal potential near +20 mV (n=7). In normal 
solutions the reversal potential for responses caused by GABA acting at GABAa was 
20 ±2 mV (n=6). SP and ACh conductance increase responses were blocked by the 
chloride channel antagonist, mefenamic acid ( MFA 100 µM, n=3). FSK did not 
occlude SP and ACh conductance increase responses (n=3). SP- (14/40) and ACh- 
(6/12) induced responses in the second category were associated with a conductance 
decrease and reversed polarity at EK (n=3). FSK (n=2) occluded and MFA (n=2) 
had no effect on the conductance decrease response. In the third response category 
there was either no net conductance change or a biphasic conductance change. 
These results indicate that neurokinin and muscarinic receptors couple to activation 
of GC1 and inhibition of GK in cultured myenteric neurons. FSK does not activate GC1 
but does inhibit GK. The ionic mechanisms for sEPSPs in cultured neurons are 
similar to those in the intact plexus. (Supported by DK 40210 and NS 01738)

2 41 .8

CARBACHOL-INDUCED INWARD CURRENT IN NEOSTRIATAL NEURONS 
THROUGH M 1-LIKE MUSCARINIC RECEPTOR. K .S.HSU*, C.H.YANG,
C.C HUANG AND P.W.GEAN. Dept. of Pharmacology, College of Medicine, 
national Cheng-Kung University. Tainan 70101. Taiwan

The effect of carbachol on the rat neostriatal neurons were examined in the 
slice and the freshly dissociated neuron preparations using intracellular- and whole-
cell voltage clamp-recording methods. Superfusion of carbachol (1-30 µ M) 
produced a depolarization concomitant with an increase the rate of spontaneous 
action potentials. The carbachol-induced membrane depolarization was blocked by 
pirenzepine (1 µ M), a selective M1 -like muscarinic receptor antagonist. In other 
experiments, we observed that carbachol-induced a transient inward current on the 
freshly dissociated neurons at a holding potential of -60 mV in a concentration- 
dependent manner underlying whole-cell voltage clamp mode. A concentration of 
30 µ M carbachol-induced inward current that could be completely antagonized by 
the M1-like muscarinic receptor antagonist pirenzepine (1 µ M). However, other 
muscarinic receptor subtype (M2 or M3) antagonists could also block the 
carbachol-induced inward currents. The rank order of antagonist potency was : 
pirenzepine (M1) >  4-diphenylacetoxy-N-N-methyl-piperidine methiodide (M3/M 1 
antagonist) >  >  gallamine (M2). In addition, the carbachol-induced membrane 
currents exhibited a strong inward refification at membrane potentials more than - 
80 mV and reversed polarity at about -95mV Furthermore carbachol (30 µ M) 

reversibly reduced the peak outward K+ currents, while left the sustained outward 
K+ currents unaffected. Based on these pharmacological data, we concluded that 
carbachol acts at M 1-like muscarinic receptors to reduce the membrane K+ 
conductance and excitates the neostriatal neurons.

241 .10

A C T IO N  PO TEN T IA L- AND NM DA-EVOKED SO M A TIC 
CA LCIUM  TRANSIENTS ARE IN H IB ITED  BY 5-H T  IN N O S -  
CO NTA INING NEURONS O F TH E LA TERO DO RSA L TEG M ENTAL 
(LD T) NUCLEUS IN  VITRO . C.S. Leonard* and S.R. Rao. Ctr. for 
Neural Science, NYU, New York 10012.

Neuronal nitric oxide synthase (NOS) is a Ca2+/Calmodulin-dependent 
enzyme that is robustly expressed by LDT cholinergic neurons. We have 
therefore investigated somatic [Ca2+]i changes during repetitive firing and 
NMDA application following the injection o f  a Ca2+ -indicator dye (Fura- 
2, Flo-3 or Ca-green) into guinea pig type II LDT neurons in brain slices. 
Cell fluorescence (aF/F) was measured from digital images while 
membrane potential was recorded with sharp electrodes. Neither 
hyperpolarizing current steps, nor subthreshold depolarizing steps altered 
ΔF/F. In contrast, suprathreshold current caused large, rapid and 
persistent increases in aF/F that were monotonically related to current 
strength. TTX ( 1µM) reduced, but did not abolish this relation. Addition 
o f TEA (20mM), which resulted in Ca-spiking upon depolarization, 
restored AF/F to pre-TTX levels. Suprathreshold doses o f  NM DA also 
produced increases in AF/F that were reduced by 60% in TTX. 
Application o f 5-HT, which hyperpolarized LDT neurons without 
changing AF/F, suppressed both current- and NM DA- evoked increases 
in AF/F by reducing the number o f evoked spikes. This suppression was 
mimicked by hyperpolarizing current injection. These results 
demonstrate a key role o f action potentials in increasing somatic [Ca2+]i 
and a role for 5-HT in limiting these increases. Since these calcium  
transients may stimulate NOS, these data imply that the somata o f LDT 
neurons may generate nitric oxide during periods o f cell activity such as 
those that occur during REM sleep and waking. Supported by NS27881.
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CHOLINERGIC RECEPTORS MEDIATING LONG TERM SYNAPTIC  
PLASTICITY IN THE RAT HIPPOCAMPUS. J. M. Auerbach* and M. Segal, 
Dept. Neurobiology, The Weizmann Inst. Rehovot 76100, Israel.

Acetylcholine, acting at muscarinic receptors, exerts several actions on 
hippocampal neurons. Among them are two opposing, concentration 
dependent effects on reactivity to afferent stimulation- supppression, mediated 
by a purported presynaptic mechanism, seen with a high (5µM) concentration 
of the muscarinic agonist carbachol (CCh), and muscarinic long term 
potentiation (LTPm, Auerbach and Segal, J. Neurophysiol. 72, 2034) seen with 
a low (0 .5µM) concentration of CCh. Using the submerged hippocampal slice, 
we investigated the type(s) of receptors involved in these opposing actions. 
W e found that A: LTPm  is m ediated by an M2 m uscarinic receptor: M2 
agonist oxotremorine at 0 .25µM induced LTPm, while the M2 antagonists 
methoctramine (0 .25µM) and AFDX116 (0.3µM) blocked LTPm. B: 
M uscarinic suppression o f EPSP’s is m ediated by an M3 receptor: The 
M3 antagonist 4DAMP (at 1µ M) blocked the suppression of EPSP induced by 
5µM CCh. None of the M1 and M4 ligands affected either the LTPm or the 
cholinergic suppression of the EPSPs.

One perplexing observation was that after blockade of the suppressive 
action of CCh with 4DAMP, LTPm did not develop. W e hypothesized that high 
concentrations of CCh may have an additional effect that may still block the 
induction of LTPm. One possible locus of action for this effect is inhibitory 
interneurons, known to be activated by high concentration of CCh. This may 
shunt the ability of CCh to induce LTPm. Indeed, application of picrotoxin 
together with 4DAMP, caused the formation of LTPm in response to 5 µM CCh. 
Under the conditions used, picrotoxin and 4DAMP had no direct effect on the 
EPSP. These results indicate that CCh has at least three sites of action on 
hippocampal neurons, which may underlie the involvement of acetylcholine in 
neuronal plasticity, learning and memory.

241 .13

A D EN O SINE M EDIATES CYANIDE (C N )-IN DU C ED  
INH IBITIO N  OF HYPERPOLARIZATION-ACTIVATED  
INWARD CURRENT IN W HO LE-CELL RECORDED  
HIPPOCAM PAL N EUR O N S IN SLICES P. J . Zhu* and  
K.Krnjević. A naesthesia Research and Physiology D epts., M cgill 
Univ., M ontreal, Quebec H3G 1Y6 C anada.

In CA1 neurons -  recorded (at 3 4 °C) with K M eS 04 
electrodes containing ATP, GTP and M g, and in presence o f 0.5 
µ M TTX, 10 µM bicuculline and 1 mM kynurenate - - CN (300 
pM , 5 min) suppressed an IQ-like, 2 mM  C s-sensitive inward 
current activated by hyperpolarizing pulses between ≈ -50 and 
-120 mV. The adenosine antagonist 8-(p -sulphophenyl) 
theophylline (8-SPT, 10 pM ) strongly attenuated C N ’s action. 
Cooling to 22-24° C also prevented the C N-induced block o f  the 
inward relaxation, perhaps owing to reduced adenosine release. 
In addition , CN elicited an outward current o f  80 ± 6.2 pA 
(n = 15) at VH -50 mV. This effect was also reversed by 8-SPT: in 
its presence, CN generated an inward current (-16 ± 3.9 pA; 
n = 12). In conclusion , CN-induced outward current is evidently  
caused by adenosine: part o f  th is effect may be due to 
suppression o f  ongoing inward current. This m echanism  could  
contribute to the depression o f  synaptic transm ission  caused by 
CN (Zhu & Krnjević, Soc. N eurosci Abst. 20:1276, 1994). 
Supported by Medical Research Council o f Canada.

241 .15

EFFECTS OF PICROTOXININ ON SPATIAL INTEGRATION PROPERTIES 
OF A MOTION-SENSITIVE INTERNEURON OF CALLIPHORA. S. Single, T. 
Brotz* and A. Borst. Friedrich-Miescher-Laboratorium der Max-Planck-Gesellschaft, 
Spemannstraße 37-39, D-72076 Tubingen.

The phenomenon of gain control can be observed in the compensatory optomotor 
behavior of the fly as well as at the level of its motion-sensitive large-field neurons in 
the lobula plate. The amplitude of the response tends to saturate with increasing 
stimulus size, but different saturation plateaus are assumed with different velocities at 
which the stimulus is moving (Reichardt et al. 1983, Biol Cybern 46:1-30; Haag et al. 
1992, Neurosci Letters 140:172-176). To account for gain control a model was 
recently proposed which only requires dendritic integration of the output signals of 
two types of local motion detectors with opposite polarity impinging on the large-field 
neurons with excitatory and inhibitory synapses, respectively. Assuming that the 
direction selectivity of the input elements depends on pattern velocity the resulting 
postsynaptic potential in the integrating large-field neuron saturates with increasing 
pattern size at a level between the excitatory and inhibitory reversal potentials. The 
exact value of the saturation level is set by the activation ratio of excitatory and 
inhibitory input elements which in turn is a function of pattern velocity (Borst et al. 
1995, J Comput Neurosci, in press).

Pharmacological studies suggest that in the fly picrotoxinin blocks the inhibitory 
input onto the lobula plate cells (Schmid and Buelthoff 1988, Biol Cybern 59:71-80; 
Egelhaaf et al. 1990, Brain Res 509:156-160; Brotz and Borst 1994, Soc Neurosci 
Abstr, Vol 20, Part I:378.6). We, therefore, tested our gain control model by 
examining the spatial integration properties of one of these large-field neurons (H1) 
under picrotoxinin. Since our explanation of gain control crucially relies on the mixed 
reversal potential, picrotoxinin is predicted to eliminate gain control: The cell should 
saturate for different pattern velocities at the same excitation level. Our results 
indicate that this is indeed the case. However, picrotoxinin seems to have additional 
effects on the input elements to the H 1-neuron leading to more complex changes in its 
cellular response than predicted by the model.

241 .12

DENDRITIC  SPINES IN CULTURED HIPPOCAMPAL NEURONS ARE  
AFFECTED BY STEROID HORM ONES. D. D. Murphy and M. Segal* Lab of 
Neurobiology, NINDS, NIH, Bethesda 20892, and Dept. Neurobiology, The 
Weizmann Institute, Rehovot Israel.

Dendritic spines are the loci of excitatory synaptic interaction in central 
neurons. They are shown to undergo morphological changes in response to 
plasticity-related stimuli, and are assumed to constitute the sites where long 
term memory takes place. W e and others have shown that cultured 
hippocampal neurons can develop dendritic spines akin to those of their in- 
situ counterparts. W e have now begun a systematic analysis of factors which 
affect the morphology of dendritic spines in culture. Estradiol causes a 
marked but transient elevation of dendritic spine density in vivo (Woolley and 
McEwen, 1992). Since hippocampal neurons possess estradiol receptors, the 
effect of this hormone may be exerted directly in the hippocampus. To test 
this possibility we exposed hippocampal neurons in culture to estradiol 
(1µg/ml) or progesterone (125µg/ml) for three days. Individual cells were 
fixed, stained with the fluorescent dye, Dil, and imaged using high power 
optics in a confocal laser scanning microscope. Estradiol, but not 
progesterone, caused a two fold rise in dendritic spine density in these 
neurons, from 8.6 ± 3.3 per 50µm segment of dendrite to 17.5 ± 4.1 
(p<0.001). W e then began to analyse the mechanisms underlying this effect, 
and found that it involves activation of an NMDA receptor, as blockade of 
these receptors in the cultures with 2-aminophosphonovalerate (APV) blocked 
the effect of estradiol on spine density. A blockade of spontaneous action 
potential discharge with TTX had a smaller suppressive effect on the spine 
density rise induced by estradiol (14.02 ± 3.9). W e can now proceed to 
characterize the effect of estradiol on spine morphology, and the mechanisms 
underlying its marked effect on dendritic spines in culture.

241 .14

TH E R ELA TIO N  IN  VITRO B E T W E E N  PR E G A N G L IO N IC  
SY M PA T H E T IC  ST IM U L A T IO N  A N D  A C T IV IT Y  OF  
C U T A N E O U S G L A N D S IN T H E  B U L L F R O G  J.P.Horn* and
P.Jobling. Department o f Neurobiology, University o f Pittsburgh,
School of Medicine, Pittsburgh, PA 15261.

Activation o f cutaneous glands was studied by measuring changes in 
transepithelial potential (TEP) after stimulation of paravertebral 
sympathetic neurons in the bullfrog. In symmetrical Ringer, TEP 
stabilized at 20-50 mV inside positive. Single stimuli delivered to the 
preganglionic B pathway, but not the C path, evoked a decrease in TEP 
lasting 10-20s. These depolarizations summed during repetitive 
stimulation at frequencies >0.05 Hz. In response to trains of 3 stimuli, 
the amplitude o f the depolarization increased with frequency and saturated 
at 2Hz. In some preparations, longer trains (>10 @ 5Hz) evoked 
polyphasic changes in TEP. Stimulation o f the C path ( 100-200@ 20 z) 
evoked little, if any, change in TEP. However in the presence of nicotine 
(30 µM) or cytisine (10µM), C path stimulation evoked depolarizations 
similar in time course to peptidergic EPSPs. The magnitude o f skin 
depolarizations evoked by single stimuli to the B pathway was not 
modulated by conditioning stimulation o f the C pathway (>100@ 20 Hz). 
However, in one preparation where 25 µM d-tubocurarine reduced 
ganglionic transmission and the associated change in TEP, both effects 
were reversed by stimulation o f the C pathway.

The results indicate that cutaneous glands are selectively innervated by 
B neurons and tuned to low frequencies of activity. Heterosynaptic 
interactions within the ganglion may be important for modulating 
subthreshold nicotinic EPSPs. Supported by NIH grant NS01427 and a 
Postdoctoral Fellowship (PJ) from the AHA, PA Affiliate.

241 .16

MODULATION OF CA1 PYRAMIDAL EPSPS BY ORIENS/ALVEUS 
INTERNEURONS. Y. Yanovsky . O. Sergeeva. T. Freund and 
H.L. Haas* Institute of Physiology II, Heinrich-Heine-Universität, 
D-40001 Düsseldorf, Germany.

We have investigated the role of O/A-interneurons for signal transmis- 
sion in the CA1 apical dendritic region in slices from mouse hippocam
pus. The interneurons were found to have metabotropic glutamate recep
tors on their surface and to be targets of an innervation by VIP containing 
fibers. Pressure ejection of glutamate or ACPD onto the O/A caused a 
long lasting decrease (by 60 %, > 9 0  min) of field-EPSPs evoked by str. 
radiatum stimulation. The GABA B antagonist CGP 35 348 (100 µ M) 
partially and reversibly reduced this effect. Local pressure application of 
VIP to the alveus region caused a smaller decrease (by 25 %) in EPSP 
slope which was completely blocked by bath addition of CGP 35 348. 
Intracellular recording from O/A interneurons revealed an increase in 
firing and input resistance by VIP (1 µ M bath application). The field 
EPSPs could be reduced by firing a single interneuron through positive 
current injection (10 times 500 ms). This action began within 1 to 3 min 
after termination of the intracellular stimulation and was sometimes lasting 
for more than 1 hr. Paired-pulse stimulation experiments indicated a 
postsynaptic locus of the effect; GABA(B) or somatostatin and second 
messengers may be responsible. Local O/A application of TTX caused an 
increase in str. radiatum EPSP slopes. Thus the activation of O/A inter-
neurons has a profound inhibitory effect on signal transmission in the 
apical dendritic area of CA1. Supported by H F S P and D F G.
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FAST AND SLOW REMOVAL OF GLUTAMATE FROM  THE SYNAPTIC 
CLEFT. T .S. Otis*, I .M. Raman, & L.O. Trussell. Dept. of Neurophysiology, 
University of Wisconsin Medical School, Madison W1 53706.

Recent work suggests that desensitization terminates EPSCs at some synapses, 
implying a prolonged transmitter lifetime in the synaptic cleft. Using whole cell 
recordings from chick cochlear nucleus neurons in brain slices, we examined the 
kinetics of the AMPA component of EPSCs elicited by stimulation of single auditory 
nerve fibers in the presence of 0.1 mM d,l-AP5. EPSC kinetics were measured at 
positive and negative membrane potentials in different [Ca++]o, and compared to 
kinetics obtained with fast-flow application of glutamate (Glu) to outside-out patches. 
In 3 mM Ca++ at -65 to -80 mV, the EPSC decay was best described by the sum of 
three exponentials ( τ F ,  τ M , τ s : 0.76, 3.7, and 52.7 ms), dominated by the fastest 
component (weights: 96.2, 3.4, 0.4 %, respectively). At +65 to +85 mV, only τ F 
slowed significantly (1.1, 4.1, and 68.9 ms). Weights shifted in favor of the slower 
components (81.2, 16.3, 2.5 %). Fast flow kinetics indicate that τ F falls between 
deactivation (0.5 ms at -95 mV, 1.1 ms at +95 mV) and fast desensitization (0.8 ms 
at -65 mV, 1.2 ms at +65 mV), whereas τ M  is identical to the slow component of 
desensitization (3.6 ms at -65 mV, 3.9 ms at +65 mV). τ s may reflect rebinding of 
Glu with receptors at equilibrium: τ s was 12X slower than the slowest measurable 
rate of desensitization in patches, it varied widely between cells (range: 9 to 242 ms) 
but within cells τ s at positive and negative potentials showed strong correlation (r2 = 
.84), and the voltage dependence of the amplitude of τ s matches that of equilibrium 
Glu currents measured from whole-cells. In 0.5 mM Ca++ ,τs became faster or was 
abolished. Raising Ca++ to 10 mM slowed τ F  and τ s . In summary, τ F  and XM may 
represent a mixture of deactivating and desensitizing receptors, while τ s may result 
from an extremely slow removal of tens of micromolar Glu from the cleft. 
Furthermore, both the size and time course of this slow “ concentration tail ” depend 
on the number of quanta released into the synaptic cleft.

24 2 .3

HIPPOCAMPAL S. RADIATUM INTERNEURONS EXPRESS 
FUNCTIONAL SEROTONIN RECEPTORS. J.A.Kauer* and L.L. 
McMahon. Dept. of Neurobiology, Duke Univ. Med. Cntr., Durham, NC 
27710
Anatomical evidence indicates that CA1 hippocampal interneurons located 

near the s. radiatum/lacunosum border receive serotonergic afferents from 
the raphe nucleus (Freund et al., PNAS 87: 8501, ’90). In situ hybridization 
studies indicate that cells in this region contain mRNA for the 5HT3 receptor 
(Tecott et al .PNAS 90 : 1430,’93). We now demonstrate the presence of 
functional serotonin receptors on this group of interneurons using whole-cell 
voltage clamp recording in 400µm slices from 16-22 day old rats. Agonists 
were applied by bath perfusion (100 µm, serotonin) or by pressure ejection 
using a picospritzer (100-300 pm; serotonin, 2-methylserotonin, or 1 -(m- 
Chlorophenyl)-biguanide (mCPBG)). Bath application of serotonin elicited 
an inward current (15-60 pA; Vh=-70mV) in 4/8 cells. However, when the 
agonist was pressure applied, nearly all cells responded (n= 11/13) with 
inward currents ranging from 15-300 pA (mean=77pA). No responses were 
elicited by application of mCPBG (n=2) and 2-methylserotomn produced 
small responses (15 and 18 pA; n=2). The agonist induced inward currents 
reversed near 0mV. Interestingly, when responses were elicited at +70mV, 
the agonist-induced outward currents were at least 50% larger than the 
inward currents produced at -70mV in the same cell (n=4). The 5HT3 
antagonist, ICS205-930 (50 nM; n=2) produced ~50 % reduction of the 
response. The agonist-induced currents persisted in the presence of TTX 
(2µM; n=3) and in the combined presence of DNQX (20 mM), APV (50 
mM), and picrotoxin (100 mM) (n=2). While the pharmacological profile of 
this response is not identical to that reported profile for the 5HT3 receptor, 
these responses may be due to the activation o f  a subtype of this ligand-gated 
receptor. This work was supported by NIH grant NS30500-03.

24 2 .5

R E S T R IC T E D  S EC O N D  M E S S E N G E R  SIG N A L IN G  IN  P U R K IN JE  
C E L L  D E N D R IT E S : S TU D IES W IT H  L O C A L  P H O T O L Y S IS  O F  
C A G E D  C O M P O U N D S . S.S.-H. W ang*. E.A. F inch, and G.J. A ugustine. 
Dept. Neurobiology, Duke U niversity M edical Center, Durham, NC 27710.

D endritic second m essengers can be quite restricted in their spatial range. 
We are using localized photolysis o f  caged com pounds in Purkinje cell (PC) 
dendrites to define this range and understand the m echanism s that lim it it. 
Caged com pounds were introduced by patch pipette into PCs in cerebellar 
slices from 12-21 day old rats. Cells were filled with a tracer molecule, 
caged fluorescein dextran (cF-D), and exam ined using real-tim e confocal 
m icroscopy. B rief pulses o f  UV laser light caused the cF-D to be 
photolyzed in a region 3 -5  µm wide. A fter photolysis, the F-D diffused 
away from its source. The rate o f  diffusion was m uch slow er in branched, 
distal dendrites than in the proxim al dendrite, indicating that dendritic 
geom etry limits diffusion in the distal dendrites.

To study dendritic Ca signaling, PCs were filled with a caged calcium 
com pound, nitrophenyl-EGTA. Photolysis caused local elevation o f 
dendritic [Ca]1, as observed by im aging the fluorescent indicator Calcium 
G reen -1 or by recording calcium -dependent potassium  current. [Ca]i 
signals were highly localized and dropped to a fraction o f  their peak within 
a few m icrom eters o f  the uncaging site, m aking [Ca]i signals even more 
spatially restricted than F-D signals. This indicates that both dendritic 
geom etry and active rem oval work to restrict second m essenger action.

242 .2

CO2 - A DIFFUSIBLE FIRST MESSENGER. K J. Staley*, R L. Smith, and 
W.R. Proctor Neurology and Pharmacology Depts. University of Colorado 
Health Sciences Center, Denver, CO 80262.
Prolonged activation of dendritic GABAa receptors produces a slow 
depolarizing response that is due to a late decrease in Cl- influx relative to 
HC 03- efflux through the GABAa ionophore. The decrease in Cl- influx 
reflects unequal rates of compensation for the GABA-gated anionic fluxes 
the dendritic Cl- concentration is maintained by K+ / Cl- cotransport, but 
HC03 efflux is more rapidly balanced by CO2 diffusive influx in conjunction 
with both H+ buffering and the interconversion of CO2 and HC03 
Inhibiting carbonic anhydrase with acetazolamide decreased the amplitude, 
but not the reversal potential, of the depolarizing response in low-CI- media 
This indicates that acetazolamide does not affect the resting HCO3 
gradient, but does affect the rate at which HCO3 can be regenerated via 
inward CO2 diffusion. When Cl- influx was selectively increased by holding 
the membrane potential positive to -35 mV to activate the CIC-3 Cl- 
conductance, Cl- influx via CIC-3 collapsed the dendritic Cl- gradient 
independently of GABA-gated anionic flux, so that GABAa receptor- 
mediated responses were almost entirely due to HCO3- flux under these 
conditions; this effect could be abolished by blocking CIC-3 with 500 µM of 
the stilbene derivative SITS. The diffusion of a neutral form (CO2) of a 
permeant ion (HCO3 ). in conjunction with H+ buffering, represents a unique 
and powerful mechanism for stabilizing an electrochemical gradient in small 
structures such as dendrites. This may be important physiologically, since 
the GABA-mediated depolarization is large enough to modulate the voltage- 
dependent Mg2+ block of dendritic NMDA receptors, and thus could play a 
role in regulating activity-dependent mechanisms of synaptic plasticity 
Supported by NS15173. HD27827, and the Epilepsy Foundation of America.

242 .4

M O D U L A T IO N  O F S Y N A P T IC  A N D  EXTRASYNAPTIC GABA-A 
RECEPTORS BY NEUROSTEROIDS IN HYTOTUALAMO-1lYPOPHYSIiAL 
COCULTURES. P. Poisbeau . E. Jover* . P. F eltz and R. S ch lich ter. Lab. 
Physiologic, Univ. Louis Pasteur, 21 r. Descartes, 67084 Strasbourg, France.

The aim of this study was to characterize the effects of neuroactive steroids on 
synaptic and extrasynaptic GABA-A receptors. Therefore pituitary intermediate 
lobe cells were grown either alone in primary culture or in coculture with 
hypothalamic neurons. The neurosteroids tested were : pregnenolone sulfate, 
ailopregnanolone and epipregnanolone The effects of these neuroactive steroids on 
extrasynaptic GABA-A receptors were tested on intermediate lobe cells maintained 
in primary culture for 2 to 7 days. GABA (500 µM) was applied locally using a 
"U-tube" and the steroids were either co-applied with GABA through the same 
device or administered by bath-perfusion. Coapplication of pregnenolone sulfate (10 
µM) and GABA (500 µM) reduced the amplitude of the GABA response by 50 %. 
This reduction in amplitude was reversible and accompanied by an acceleration of 
the decaying phase of the GABA-gated chloride current, a phenomenon which was 
probably due to an enhancement of receptor desensitization. The decay time 
constant of the control GABA response was about 2 s and decreased to 60 ms 
during the coapplication with pregnenolone sulfate. In the cocultures perfusion of 
pregnenolone sulfate (10 pM) com pletely abolished  the spontaneous and 
electrically-evoked GABAergic inhibitory post-synaptic currents (s-IPSCs and ee- 
IPSCs) in a reversible manner. Epipregnanolone had no effect on extrasynaptic or 
synaptic GABA responses. In contrast, steady-state perfusion of the α -isomer 
ailopregnanolone (10 nM) potentiated the am p litu d e  o f the response to a 
submaximal concentration of GABA (50 µM) by 30 %. At the same concentration 
ailopregnanolone (10 nM) produced a two fold increase of the mean amplitude of 
the s-IPSCs and potentiated the ee-IPSCs by 45 % without affecting the kinetic 
properties of the synaptic currents. Our results indicate that these derivatives of 
progesterone, synthesized and secreted in the intermediate pituitary, may play a 
important role in the fine tuning of the GABAergic synaptic transmission between 
hypothalamic neurons and endocrine cells

24 2 .6

L O C A L  R E G U L A T IO N  O F  D E N D R IT IC  P H Y S IO L O G Y  BY 
P H O T O L Y S IS  O F  C A G E D  C A L C IU M . E.A. Finch*. S.S.-H. Wang 
and G.J. A ugustine. Dept. Neurobiology, Duke University Medical 
Center, Durham, NC 27710.

The restricted spatial spread o f  dendritic second m essengers may allow 
for highly localized regulation o f postsynaptic function. We have used the 
method o f local photolysis o f  caged com pounds, described in the 
accom panying abstract o f  W ang et al., to study the physiological 
consequences o f  localized elevation o f  calcium  concentration ([C a ]i) 
within the dendrites o f  cerebellar Purkinje cells (PCs). W hole-cell patch 
recordings were made from PCs in sagittal cerebellar slices from 12-21 
day old rats while introducing the caged Ca com pound, nitrophenyl- 
EGTA (NPE), throui h the recording pipette. [C a]i was monitored using 
the fluorescent indicators Ca G reen -1 or Ca Green-5N . Photolytic release 
o f  Ca within the dendrites produced prompt elevation o f  [Ca]i within spots 
o f  a few pm in diam eter. M aximal signals were in the m icrom olar range 
and decayed over seconds, with slow er decay tim es for larger Ca signals. 
These [Ca]i increases activated Ca-dependent K currents ( IK(Ca)) as large 
as several hundred pA at a holding potential o f -6 0  mV. IK(Ca) activation 
was transient, with the duration o f  IK(Ca) depending upon the amount o f 
NPE photolyzed. In all cases, activation was briefer than the
m easured [Ca]i signals. These data provide a direct dem onstration o f Ca- 
activated channels in PC dendrites and suggest that IK(Ca) m ay restrict 
local propagation o f  dendritic electric signals. The ability to m ake [Ca]i 
signals o f  controlled location, am plitude and duration provides a general 
approach for studying the functional consequences o f  local Ca signaling.
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TYROSINE KINASES AND PKC MEDIATE LTD OF SYNAPTIC 
TRANSMISSION IN RAT CEREBELLAR SLICES. Andrew Boxall*.
Barrie Lancaster and John Garthwaite, Neuroscience Group, Wellcome Research 
Labs, Beckenham, Kent, BR3 3BS, U.K.

LTD of AMPA receptor-mediated EPSPs at cerebellar parallel fibre-Purkinje cell 
synapses is thought to reflect a long-lasting change in AMPA receptor properties, 
e.g. desensitisation. Since protein tyrosine kinases (PTKs) can modulate ionotropic 
receptor desensitisation (Nature 336,677) and have been identified in rat cerebellar 
Purkinje cells (J . Neurosci. 10, 2513), a possible role for PTKs in cerebellar LTD 
was investigated. Sagittal slices (350 pm thick) were perfused with a standard Krebs 
solution containing bicuculline (30 µM). Sharp microelectrode impalements of 
Purkinje cells were used to monitor parallel fibre EPSPs at 0.2 Hz. Pairing a 60s, 1 
Hz tetanus with a depolarisation to induce Ca2+ spikes produced a stable LTD of the 
EPSP slope (n = 7/7, mean depression 27 %). Inclusion of the selective PTK 
inhibitor lavendustin A (1 mM) in the recording pipette blocked pairing-induced 
LTD (n = 4/4). The inactive analogue lavendustin B had no effect. Cells recorded 
from slices pre-incubated in herbimycin A (50 µM), another selective PTK inhibitor, 
also failed to show pairing-induced LTD (n = 4/4). In cultured Purkinje cells, 
phorbol esters induce LTD of AMPA responses (Science 254, 1656). Bath perfusion 
of phorbol dibutyrate (0.1-1 µM) consistently enhanced parallel fibre EPSPs (n = 
4/4). In contrast, inclusion in the electrode of the specific PKC activator (-)- 
indolactam V ((-)-ILV, 1 mM) resulted in a consistent run down of the EPSP slope 
(n = 7/7), which occluded pairing-induced LTD (n = 4/4). Furthermore, pre-
incubation in herbimycin A (50 µM) blocked the rundown with (-)-ILV (1 mM) in 
the electrode (n = 4/4). These data suggest that PTKs and PKC interact in the 
transduction mechanism mediating pairing-induced LTD of synaptic AMPA 
responses in cerebellar Purkinje cells.

24 2 .9

STUDY OF THE SECOND M ESSENG ER M EDIATING THE NEURONAL 
ACTION OF O XYTOCIN. S. Alberi. M. Raggenbass, M. Dubois-DauPhin 
and J.J. Dreifuss*. Department of Physiology, University Medical Center, 
CH-1211 Geneva 4, Switzerland

The hormone oxytocin acts on peripheral target cells by binding to 
oxytocin receptors and to V 1- or V 2-type receptors and by activating a 
phospholipase C. This peptide probably also play a role as 
neuromodulator. In the rat, oxytocin can generate a sustained nonspecific 
cationic current in preganglionic vagal motoneurons. The second 
messenger involved in this effect is not yet known. To address this 
question, we have used whole-cell recordings in brainstem slices. When 
loaded with GTPγS, a nonhydrolysable analogue of GTP, almost all vagal 
neurons developed a persisting inward current in voltage-clamp, and 
initiated spontaneous membrane potential oscillations in current-clamp. 
These effects were accompanied by the disappearance of the response to 
oxytocin (6 out of 7 cells), as well as to phenylephrine, an α 1 adrenergic 
agonist (5 out of 5 cells), whereas the sensitivity to the selective glutamate 
receptor agonists, AMPA and NMDA, was not altered (n = 3). This GTPγS- 
induced occlusion of the oxytocin effect suggests that the peptide acts via 
a G protein. In vagal neurons loaded with a calcium chelator, BAPTA, the 
oxytocin-evoked current was still present and had an amplitude 
comparable to that measured in control neurons (peak value 40 ± 20 pA; n 
= 10). By contrast, Iahp, a calcium-dependent outward aftercurrent, was 
suppressed in all cells. Thus, the oxytocin-specific current is not elicited by 
an increase in the intracellular calcium concentration. W e are presently 
investigating whether the peptide response is due to the activation of a 
protein kinase C or an adenylyl cyclase.

242 .11

LONG-LASTING REDUCTIVE EFFECT OF DOCOSAHEXAENOIC 
ACID ON GABA RESPONSE AND INVOLVEMENT OF 
INTRACELLULAR CALCIUM  J. Nabekura*. H. Ham ano, T. Qgawa. 
Dept. of Physiology, Akita Univ. Sch. of Med., Akita 010, Japan

Docosahexaenoic acid (DHA) as well as arachidonic acid is one of the 
major long chain polyunsaturated fatty acids occurring in the membrane of 
mammals. A deficiency of DHA has been reported to be associated with a 
loss of discriminating learning ability.

Effects of DHA on the amino acid responses were investigated in acutely 
dissociated substantia nigra and hippocampal neurons of rats using patch 
clamp configuration.

DHA reduced bicuculline-sensitive GABA current and glycine current, 
and potentiated aspartate response. Arachidonic acid also reduced the GABA 
response in a similar manner to DHA, although other fatty acids did not or 
little reduce the GABA response. The suppression of GABA response 
quickly disappeared after the end of DHA application within 3 minutes. 
However, glutamate or aspartate applied just before DHA application 
remained the suppression of GABA response even long after the end of 
DHA more than 30 minutes. Intracellular perfusion with BAPTA failed to 
bring this long-lasting suppression of GABA response by DHA. This 
finding suggests DHA suppressed the Cl- channel activated by GABA and 
glycine, and that Ca2+ influx might play an important role in the long-lasting 
reductive effect of DHA on the GABA response.

2 42 .8
ENHANCEMENT OF NMDA SYNAPTIC CURRENTS BY A 
PHOSPHOPEPTIDE ACTIVATOR OF ENDOGENOUS TYROSINE KINASES. B. 
Lancaster*, X. Xie, J. Garthwaite & M. V. Rogers. Neuroscience Group, Wellcome 
Res. Labs., Beckenham, Kent BR3 3BS, U. K.

The activity of c-src tyrosine kinase is stimulated by a phosphotyrosine-containing 
peptide with high affinity for the SH2 domain (PNAS 88:10696, Oncogene 8:1119). 
Tyrosine kinases modulate NMDA responses in cultured neurons (Nature 369:233) 
and phosphorylate NMDA receptors (PNAS 91:3954). The phosphopeptide and a 
control (unphosphorylated) peptide were synthesised using fmoc chemistry (Applied 
Biosystems 431 peptide synthesiser); phosphopeptide was synthesised using a 
phosphorylated derivative of tyrosine. Peptides were purified by reverse phase 
h.p.l.c. and analysed by mass spectrometry. Phosphorylation was confirmed by dot 
blotting using anti-phosphotyrosine antibody. Whole cell recordings were madefrom 
CA1 cells either acutely dissociated or in a slice preparation. NMDA currents in 
isolated cells were elicited by pressure or rapid flow application of 50-100 µM 
NMDA in a  0 Mg Ringer containing 10 µM glycine. Inclusion of 1 mM 
phosphopeptide in recording electrodes caused an enhancement of NMDA currents 
during the initial 10 minutes of recording (n=12, mean increase 58%). Control 
responses were stable or ran down during this period. To determine whether this 
observation applied to synaptic receptors, pharmacologically isolated NMDA epscs 
were examined in slices. Inclusion of 1 mM phosphopeptide in recording electrodes 
resulted in a gradual increase in NMDA epsc amplitude during the initial 15 
minutes of recording (n= 11/13, ~50% increase). In contrast, responses were stable 
with control solution (n=6) or with unphosphorylated peptide (n=4). Preliminary 
experiments using an in vitro assay of tyrosine kinases isolated from hippocampus 
suggest that src is activated by the phosphopeptide; fyn activity is being investigated. 
The results suggest that stimulation of endogenous tyrosine kinases can modulate 
NMDA receptors

242 .10

GLUTAMINERGIC AND CHOLINERGIC STIMULATIONS INCREASE 3H - 
PHORBOL-12,13-DIBUTYRATE BINDING IN INTACT HUMAN SH-SY5Y 
NEUROBLASTOMA CELLS. J. Loikkanen, J. Naarala, and K. Savolainen*1. National 
Public Health Institute, Department of Toxicology, P.O.B. 95,70701 Kuopio, Finland; 
1 Department of Environmental Sciences, University of Kuopio, Finland.

The effects of glutaminergic and cholinergic stimulations and the role of calcium 
on the binding of 3H -phorbol-12,13-dibutyrate (PDBu) as a measure of protein 
kinase C (PKC) translocation from cytoplasm to the plasma membrane were studied 
using intact human SH-SY5Y neuroblastoma cells. Binding parameters BMAX and KD 
were determined by Scatchard analysis. Binding assays were done by incubating intact 
cells for 20 min at a room temperature with 3H-PDBu (0.5 to 30 nM). Nonspesific 
binding was determined in the presence of 10 µM phorbol myristate acetate (PMA) 
and it was less than 30 % of total binding. BMAX and KD for unstimulated cells in the 
presence of 1.3 mM calcium were 1466 ± 172 fm ol/mg protein and 6.6 ± 0.5 nM, 
respectively. BMAX and KD for unstimulated cells in the absence of calcium were 1395 
±131 fmol/mg protein and 12.2 ±1.3 nM, respectively. Cholinergic and glutaminergic 
stimulations were carried out in the presence of 1.3 mM calcium. In cholinergic 
stimulation 1 mM carbachol (CCh) was used: BMAX was 2554 ± 207 fmol/mg protein 
and KD 10.0 ± 1.1 nM. In glutaminergic stimulation 1 mM L-glutamate (L-Glu) was 
used: BMAX was 1809 ± 285 fmol/mg protein and KD 7.9 ± 0.2 nM. These results show 
that calcium has no effect on the number of PKC molecules translocated to membrane 
in unstimulated cells, but it decreases the affinity of PDBu to PKC (KD increased 85 
%) when calcium was omitted. 1 mM CCh increased PKC translocation 74 %, but 
at the same time the binding affinity was decreased (KD increased 52 %). 1 mM L - 
Glu also increased PKC translocation 23 % and decreased the binding affinity (KD 
increased 20 %). These results indicate that both cholinergic and glutaminergic 
stimulation increase PKC translocation to plasma membrane in SH-SY5Y cells. 
Supported by The Academy of Finland.

242 .12

FUNCTIONAL REGULATION OF GABAa RECEPTORS BY PROTEIN 
TYROSINE KINASES IN CULTURED CNS NEURONS. Y. T. Wang* and W. 
Wang. Divs. Pathol. & Neurosci., Hosp. Sick Children and Univ. Toronto, Toronto, 
M5G 1X8 Canada.

Protein tyrosine phosphorylation is a key event in diverse intracellular signalling 
pathways. In addition to its roles in cell proliferation, growth and differentiation it has 
also been implicated in modification of neuronal functioning. We have recently 
demonstrated that the N-methyl-D-aspartate receptor is functionally modulated by 
protein tyrosine phosphorylation (Nature, 369:233, 1994), suggesting that modulation 
of ligand-gated neurotransmitter receptors may be a common mechanism by which 
protein tyrosine phosphorylation regulates neuronal functioning in the CNS. In the 
present study we investigated the role of tyrosine phosphorylation in regulating the A 
type of γ -am inobutyric  acid (GABAA) receptors in cultured rat spinal cord and 
medulla neurons using whole-cell recordings. The intracellular recording solution 
contained (mM): CsCl 140, BAPTA 10, HEPES 10 and Mg-ATP 4. Extracellular 
application of genistein (50 µM), a membrane permeable inhibitor of protein tyrosine 
kinases (PTK), produced a reversible reduction in the amplitude of GABAa currents 
induced by pressure-ejection of GABA (100 µM; 0.49±0.04 of the control level; 
n=6), whereas the currents were unaffected by daidzein, an inactive analogue of 
genistein (1,09 ± 0 .11; n=4). In contrast, intracellular perfusion, through the recording 
pipette, of pp60c-src (30 U/mL), the most well-characterized PTK, resulted in a 
progressive increase in the current amplitude (1.79±0.19; n= 6) and the potentiation 
was prevented by pretreatment of the neurons with genistein (1.01 ±0.06; n=4). 
Moreover, the amplitude of GABAa receptor-mediated miniature inhibitory 
postsynaptic currents was also reduced by genistein. As GABAa receptors are the 
principal receptors mediating fast inhibitory synaptic transmission throughout the CNS, 
functional modulation of these receptors by PTKs may be important in a wide range of 
physiological and pathological processes in the CNS. (Supported by Fealdman Fund.)
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MODULATION OF THE SINGLE CHANNEL PROPERTIES OF N-METHYL-D- 
ASPARTATE RECEPTORS BY METABOTROPIC GLUTAMATE RECEPTORS. 
A.Contractor* and A. Gibb. Dept. of Pharmacology, University College London, 
Gower Street, London WC1E6BT, U.K.

Metabotropic glutamate receptor (mGluR) activation enhances N-methyl-D- 
aspartate (NMDA) receptor-mediated synaptic transmission (O’Connor et al,
Nature 367 557-559 1994) in hippocampal granule cells and NMDA 
receptor-mediated excitatory postsynaptic currents (e.p.s.cs) in hippocampal CA1 
cells (Bashir et al, Nature 363 347-350 1993).

We have used the cell-attached patch-clamp technique to study the effect of 
mGluR activation on the single channel properties of somatic NMDA receptors 
from rat hippocampal granule cells.Hippocampal slices were prepared from 12-16 
day old rats and recordings made from visually identified granule cells. The patch 
pipette contained 5µM NMDA and 5µM glycine. The slices were continuously 
perfused by a Krebs solution containing (mM): Glucose, 25: NaCl, 125; KC1. 2.4: 
NaH2P 04, 1.2; NaHC03, 25; CaCl2, 1 bubbled with 5% / 95% CO2 / O2

Patch recordings were made at several pipette potentials. 50µM of the mGluR 
agonist aminocyclopentane-lS,3R-dicarboxylic acid (ACPD) was added to the 
perfusate and left for a minimum of ten minutes before again sequentially changing 
the pipette potential. Recordings were analysed using time course fitting and 
current-voltage relationships were plotted for the patches to estimate the membrane 
potential of the cell from the NMDA receptor-channel reversal potential and also to 
determine the slope conductance of the channels.

Reversal potentials obtained from current-voltage relationships indicated that 
ACPD caused depolarisation of the cell resting membrane potential. Interestingly 
the slope conductance of the NMDA channels was seen to decrease in the presence 
of ACPD and there was a concomitant increase in mean open time and a small 
decrease in Popen.

This modulation of ionotropic channels by a metabotropic receptor suggests an 
intracellular mechanism involving a diffusable second messenger.

PO STSYNAPTIC MECHANISMS IV
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TH E RO LE OF TH E NR2C SUBUNIT IN NMDA R E C E PT O R -
GATED CHANNELS IN MOUSE CEREBELLAR GRANULE CELLS.
A.K. Ebralidze1, D.J. Rossi2, S. Tonegawa1 and N.T. Slater*2. 1C en ter for Learning 
and Memory, MIT, Cambridge, MA 02139 and 2Department of Physiology, 
Northwestern University Medical School, Chicago, IL, 60611 U.S.A.

In situ hybridization studies have revealed that adult cerebellar granule cells (GCs) 
express two types of N-methyl-D-aspartate receptor (NMDAR) subunits, NR2A and 
NR2C, but the contribution of these receptor subunits to synaptic transmission and 
the tonic NMDA channel activity observed in GCs is unknown. In recombinant 
expression studies, these subunits, when coexpressed with NR1, produce receptor- 
channels with differing elementary conductances and kinetic properties. The role of 
these subunits in GCs has been explored by the use of a mutant mouse strain which 
lacks the NR2C gene. GCs in thin cerebellar slices of wild-type (+/+) and 
homozygous mutant (-/-) C57BL/6 mice were patch-clamped in vitro. The 
macroscopic NMDAR-mediated synaptic current evoked by synaptic stimulation, and 
single NMDAR-mediated channels in both whole-cell and excised patch recordings 
were compared in GCs of +/+ and -/- mice. In +/+ GCs a wide range of single-
channel conductances was observed (19-59 pS) in slices obtained at ages in which both 
NR2A and NR2C are expressed (>P14), whereas in -/- mice and young +/+ (<P12) 
rats in which NR2C is not yet expressed, only high conductance (>40 pS) channels 
were observed. Single synaptically-evoked channel openings in -/- GCs also displayed 
only a high conductance. Surprisingly, the macroscopic NMDAR-mediated synaptic 
current in -/- GCs was twice the amplitude of +/+ controls, and the AMPA receptor- 
mediated component was half that of +/+ littermates. The NMDAR-mediated synaptic 
current in both groups displayed a biexponential decay. These results demonstrate that 
the low conductance channels observed in older GCs result from the expression of the 
NR2C subunit, and suggest that the inclusion of this subunit within NMDAR 
complexes at the synapse reduces the net current flow. This may occur by combining 
with NR1 and NR2A in varying stoichiometries to yield the wide range of 
conductances observed in GCs of +/+ mice.

243 .2

GLUCOCORTICOIDS POTENTIATE DENERVATION - INDUCED 
DECREASE OF ACETYLCHOLINESTERASE AND ITS mRNA IN 
ADULT RAT MUSCLE. Z.Grubič*. K. Zajc. S. Kreft, R. Kornel. K. 
Drobnič. Inst. of Pathophysiology (ZG, KZ, SK) and Biochemistry (RK, 
KD), Med. Sch., Univ. of Ljubljana, 61105 Ljubljana, Slovenia.

Denervation and chronic glucocorticoid treatment were both reported 
to decrease acetylcholinesterase (AChE) activity in adult rat skeletal 
muscle. It is not known however, whether the mechanisms responsible 
for the decreased AChE activity are the same in both treatment or, 
alternatively, glucocorticoid agents and the elimination of neural factor(s) 
influence muscular AChE metabolism through distinct and independent 
pathways. Elucidation of this problem would provide new insight into 
the control of metabolism of cholinergic components in the skeletal 
muscle. In the present work this problem was approached by comparing 
AChE activities and A che mRNA contents in rat m. sternomastoideus 
after three different treatment regimes: (I): eight days after denervation,
(II) after eight days of dexamethasone treatment (4.5 mg/kg/day.) and
(III) : after eight days of dexamethasone treatment of denervated muscle. 
Northern blots revealed decreased A che mRNA content in all three 
groups studied, suggesting that both neural- and glucocorticoid- mediated 
decreases in AChE activites were exerted at the mRNA level. Decreases 
were most pronounced after denervation. Additional decrease observed, 
if denervated muscle was treated with dexamethasone, suggests that 
glucocorticoid effects at least partly differ from denervation-induced 
processes. Increased ratio of 2.4kb vs. 3.2kb A che mRNA species was 
found in all three groups studied in our experiments.

243 .3

REGULATION OF S UCCINA TE DEHYDRO G ENASE W ITH IN  D ISTINCT  
MUSCLE FIBER CO M PARTM ENTS BY NEUROM USCULAR ACTIVATION  
AND CILIARY NEUROTROPHIC FACTOR. R.J. Campbell1. B.J. Jasmin2, and 
R.N. Michel1*. 'Laurentian Univ., Sucdbury; 2Univ. of Ottawa, Ottawa, Canada.

W e recently described the regulatory effects of nerve activity and trophic 
factors on the selective accumulation of succinate dehydrogenase (SDH) 
within the postsynaptic sarcoplasm, as well as within subsarcolemmal and 
intermyofibrillar regions of rat soleus muscle fibers (J. Physiol., in press). To 
further characterize these neural effects, the role of activation was assessed 
by stimulating tetrodotoxin (TTX)-inactivated nerves distal to the site of drug 
application, or inducing physiological work overload of soleus motor units via 
synergist tenotomy. W e also studied whether ciliary neurotrophic factor 
(CNTF) is involved in regulating the postsynaptic accumulation of SDH. Using 
quantitative microphotometry, we found that daily stimulation of quiescent but 
intact nerves prevented the TTX-induced decrease in SDH activity within 
extrajunctional regions, whereas at the endplate, the counteraction was partial 
(30%). Thus, it appears that endplate levels of this enzyme are regulated by 
an interaction of activity-related and trophic mechanisms. When muscle 
volume (25%), and consequently endplate size, were increased as a result of 
six weeks of compensatory overload, postsynaptic concentrations of SDH  
were maintained. This suggests that under these conditions of increased 
activation, nerve electrical activity and trophic mechanisms are coordinated in 
their regulation of SDH activity within this specific muscle compartment. W e  
also found that daily CNTF administration counteracted the denervation- 
associated loss of SDH activity exclusively within the intermyofibrillar compart- 
ment, suggesting that CNTF treatment mimics the effects of activity on SDH  
levels within the core region of denervated fibers. Under these conditions, 
CNTF does not influence the endplate accumulation of this enzyme.

Supported by NSERC, MRC and the J.P. Bickell Foundation. CNTF was 
generously provided by Regeneron Pharmaceuticals Inc.

243 .4

STIMULUS-ACTIVATED PROTEIN SYNTHESIS IN 
HIPPOCAMPAL PYRAMIDAL CELL DENDRITES REQUIRES PKC, 
CAMKII AND TYROSINE PHOSPHORYLATION. S. Feig. J.K. 
Harting*& P. Lipton . Depts. of Anatomy, Physiology and Center For 
Neuroscience, University o f Wisconsin, Madison, Wi. 53706.

Local protein synthesis in CA1 pyramidal cell dendrites is normally zero 
and is activated by combining Schaffer collateral stimulation at 10 Hz 
with the cholinergic agonist carbachol (J. Neurosci. 13: 1010).Here we 
further characterize this effect using both light and electron microscope 
autoradiography on hippocampal slices prepared from guinea-pigs.

1. The increased dendritic synthesis is most concentrated in the 
dendritic spines .

2. The glutamate and cholinergic receptor subtypes involved in 
synthesis have been identified. Activation is blocked by D-APV and 
MCPG showing dependence on NMDA and metabotropic glutamate 
receptors. Activation is blocked by atropine but is not blocked by the 
muscarinic M2 blocker gallamine, showing dependence on the M 1 
muscarinic receptor.

3. The different protein kinase systems involved in activation of protein 
synthesis were determined pharmacologically. Calphostin C, a quite 
selective inhibitor of PKC completely abolished the activation as did KN 
62, a selective inhibitor of CamKII and lavedustin A, a tyrosine protein 
kinase inhibitor. None of these compounds abolished ongoing protein 
synthesis in the cell soma.

The dependence of dendritic protein synthesis activation on at least 3 
kinase systems is similar to that seen for other responses, in diverse 
systems (e.g. LTP, T-cell immune response to antigen).
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243 .5
ULTRASTRUCTURAL LOCALIZATION OF PRION PROTEIN (PrP) AT 
THE POSTSYNAPTIC DOMAIN OF HUMAN NEUROMUSCULAR 
JUNCTIONS (NMJs). R.B. Alvarez*. V. Askanas. and W.K. Engel. USC 
Neuromuscular Center, Los Angeles, CA 90017-1969.

Cellular PrP is a 33-37-Kd membrane protein anchored by a 
glycophosphoinositol. Even though PrP has been considered primarily a 
neuronal protein, we recently demonstrated that PrP and its mRNA are 
abnormally accumulated in vacuolated muscle fibers of inclusion-body myositis. 
We also demonstrated in normal human muscle that PrP is strongly accumulated 
at the NMJs, where it colocalizes with other postsynaptic proteins, namely fl
amy loid precursor protein (ßAPP), nicotinic acetylcholine receptor (AChR) and 
desmin. Now we have localized PrP at the postsynaptic domain of human 
NMJs by gold-immunoelectronmicroscopy. We used the following well- 
characterized antibodies: 1) rabbit polyclonal antiserum R013 against the 
synthetic peptide PrP-Pl; and 2) mouse monoclonal antibody against human PrP 
27-30 (both gifts from S.B. Prusiner).

Prominent loci of PrP immunoreactivity (IR) were present subjunctionally 
within the muscle fiber to a depth of 5-7 um; it was especially localized at the 
base of the junctional folds. Intense PrP-IR was also present between the folds, 
and attached in small clusters along the muscle-fiber side of the folds. In all 
these locations, PrP-IR was on 5-8 nm filaments. Completely unstained were: 
the extracellular crypts of the folds, plasmalemma, 10-11 nm intermediate 
filaments, mitochondria, and subjunctional nuclei. Thus, PrP appears to be a 
part of the postsynaptic cytoskeleton, where it may help maintain postsynaptic
fold geometry. This study supports our previous suggestion that PrP: a) may 
have an important function in normal junctional biology, and b) might have a 
pathogenic role in some diseases affecting the NMJs.

243 .7

EFFECT OF SURAMIN ON ECTO-KINASE ACTIVITY.
P. Wixom* and A. Sun. Dept. of Pharmacology, Univ. of 
Missouri, Columbia MO 65212.

A 43 kDa protein was phosphorylated by extracellular 
ATP and dephosphorylated by membrane depolarization in 
isolated synaptosomes from rat cerebral cortex, as well as in 
PC 12 cells. Since we previously showed a P2  receptor- 
mediated lipid peroxidation and cell death by extracellular 
ATP, we used a P2  receptor antagonist, suramin, to examine 
its effect on the phosphorylation and dephosphorylation of the 
43 kDa protein. Results showed that suramin enhanced 43 
kDa protein phosphorylation in a concentration and time 
dependent fashion in rat synaptosomes. We previously 
showed that the phos-phorylation of the 43 kDa protein is 
C a 2 +-dependent, and dephosphorylation is blocked by 
verapamil. It is possible that suramin may block the Ca2+- 
influx by enhanced 43 kDa protein phosphorylation. Since 
Ca2+-influx has been implicated in ATP-induced oxidative cell 
death, these results support the notion that blockage of 
purinoceptors and the entry of Ca2+ may be useful for 
protection from neuronal damage caused by excessive 
release of ATP.

2 43 .9

GLUTAMATE RECEPTOR ACTIVATIO N STIMULATES A BIPHASIC CHANGE 
IN MAP2 PHOSPHORYLATION E.M . Quinlan and S. Halpain* Dept. of 
Neuroscience and The Markey Center for Cellular Signalling, University of 
Virginia Health Sciences Center, Charlottesville, VA 2 2 9 0 8  

To examine activity-dependent changes in the neuronal cytoskeleton, we 
studied the glutamatergic regulation of the microtubule-associated protein, 
MAP2, in rat hippocampal slices. M AP2 is selectively enriched in neuronal 
somata and dendrites, and its interaction w ith microtubules and actin 
filaments is regulated by phosphorylation. Previously, w e showed that 
endogenous glutamate, spontaneously released in slices, was a potent 
regulator of MAP2 phosphorylation. The activation of postsynaptic 
receptors by endogenous glutamate was facilitated by incubation of slices 
in 1 mM dihydrokainate (DHK), a selective inhibitor of glutamate uptake by 
glia. Incubation in 1 mM DHK produced a time-dependent, biphasic change 
in MAP2 phosphorylation: a transient increase was observed within 15-30  
sec, followed by a robust decrease that persisted for up to 9 0  minutes. 
Both the increase and the decrease in M A P2 phosphorylation were 
dependent on transmembrane calcium influx. The transient increase in 
MAP2 phosphorylation was mimicked by the metabotropic glutamate 
receptor agonist ACPD and attenuated by inhibitors of CaMKII and PKC. 
The subsequent dephosphorylation of M AP2 appeared to be tightly coupled 
to NM DA receptor activation and subsequent activation of the calcium- 
dependent, moderately okadaic acid-sensitive protein phosphatase, 
calcineurin. These data suggest that the functional state of MAP2 is a 
target of signal transduction pathways activated by glutamatergic synaptic 
transmission. Such biphasic control of M A P2 phosphorylation may play a 
role in the glutamate receptor- and calcium-dependent morphological 
remodeling of postsynaptic structures.

243 .6

OXIDATIVE STRESS INDUCED BY EXTRACELLULAR ATP. 
A.Y. Sun*. Y. Cheng. M. Chen, and M. James-Kracke Dept. of 
Pharmacology, Univ. of Missouri, Columbia MO 65212

By using a newly developed fluorescence technique (cis- 
parinaric acid), we demonstrated that ATP, in a dose dependent 
manner, increased membrane lipid peroxidation in a PC12 cell 
culture system. Both a P2 X agonist, α ,B-methylene ATP, and a 
P2Y agonist, 2-methylthio-ATP, partially induced PC12 cell lipid 
peroxidation, but to a lesser extent than ATP. ATP-induced 
C a 2 +-influx via P2  purinoceptor activation significantly 
increased the intracellular Ca2+ concentration, which may 
have triggered a free radical generating cascade(s), leading to 
membrane lipid peroxidation and cell death. Several Ca2+- 
dependent free radical generating systems have been 
examined. In this study, ATP-induced mitochondrial oxidative 
stress was also investigated using the specific fluorescence 
dye, dihydrorhodamine 123. We found that extracellular ATP 
significantly increased formation of mitochondrial reactive 
oxygen intermediates (ROI). Extracellular ATP may elicit 
mitochondrial ROI formation by abnormal accumulation of 
calcium. A mitochondrial defect has been implicated in some 
neurodegenerative diseases. Extracellular ATP may contribute 
to neuronal cell death by inducing mitochondrial oxidative 
stress.

2 43 .8

CHA RACTERIZATION OF A RAT POSTSYNAPTIC DENSITY PROTEIN, 
DENSIN-180. M.A. Apperson* and M B. Kennedy. Div. of Biology 216-76, 
Caltech, Pasadena, CA 91125.

Densin-180, previously termed PSD-up180, is a leucine-rich repeat (LRR) 
containing protein which associates with the rat postsynaptic density (PSD) 
fraction. Although the cDNA sequence of Densin-180 predicts a protein 
with a domain structure similar to the family of LRR-containing adhesion 
molecules, Densin-180 protein has no hydrophobic N-terminal signal 
sequence found in most integral membrane proteins. To determine 
whether Densin-180 is a membrane protein, we extracted crude rat brain 
membrane fractions with 2M NaCI, 2%  Triton-X100 or 2% CHAPS. While 
salt or detergent treatment alone does not solubilize the Densin-180  
protein, over 50%  of the Densin-180 protein is solubilized with solutions 
containing both salt and detergent, indicating that both membrane and 
protein-protein interactions anchor Densin-180 in particulate fractions. 
When incubated with neuraminidase, a sialic acid-specific exoglycosidase, 
the Densin-180 protein undergoes a 40 kDal molecular weight shift on 
SDS/polyacrylamide gels, suggesting that Densin-180 is a glycoprotein. 
Densin-180 staining of dissociated hippocampal neuronal cultures and 
double-labeling with synapse-specific antibodies also suggests that 
Densin-180 associates with synaptic membranes. Densin-180 protein 
expression is induced between postnatal days 5 and 18, a period of rapid 
synaptogenesis in the devetoping brain. We also show that the Densin- 
180 protein is phosphorylated in the PSD by endogenous Ca2+/calmodulin 
dependent protein kinase II. These data indicate that Densin-180 may be 
involved in adhesion and signal transduction at the synapse.

243 .10

TYROSINE PHOSPHATASE ACTIVITY IN RAT LOWER LEG 
M USCLES INCREASES FOLLOWING SCIATIC NERVE  
TRANSECTION. M. B. Tanowitz*. H. W. Sun and L. Mei. Dept. of 
Pharmacology, Univ. of Virginia Sch. of Med., Charlottesville, VA 22908.

The phosphorylation of proteins on tyrosine residues has been 
implicated in various processes associated with the development and 
maintenance of the neuromuscular junction such as synapse formation 
and synaptic plasticity. It therefore seems likely that tyrosine 
phosphatases, as well as tyrosine kinases, play a significant regulatory role 
in these events. In order to study this relationship the effect of sciatic 
nerve transection on tyrosine phosphatase activity in rat lower leg muscles 
was examined using src [32P]-phosphorylated myelin basic protein as 
substrate. We found that phosphatase activity in rat lower leg muscles 
increased three to five fold following denervation. The amount of 
dephosphorylation showed both time and protein concentration 
dependence and was inhibited by micro-molar concentrations of vanadate 
and zinc ion, both of which are known to specifically inhibit tyrosine 
phosphatases. It was not affected, however, by compounds known to 
inhibit acid and alkaline phosphatases and serine or threonine 
phosphatases. The increase in phophatase activity reached a maximum at 
two to four days post-denervation and maintained a plateau for up to 
thirty days. These results demonstrate that the protein tyrosine 
phosphatase activity in the striated muscle was regulated by pre-synaptic 
neurons. Preliminary experiments indicated that this effect could be 
mimicked by α -bungarotoxin treatment, suggesting that the nicotinic 
acetylcholine receptor-mediated electric activity of striated muscle may be 
important in regulating the phosphatase activity. Future experiments are 
planned to determine whether the increase in tyrosine phosphatase activity 
is due to an increase at the protein level, post-translational modification or 
both. ( Supported by NIH Grant NS34062 )
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243.11
STRUCTURE OF THE GEPHYRIN GENE, ISOLATION OF A NEW 
CDNA AND ITS DISTRIBUTION IN THE BRAIN

M.Ramming._G.Meyer,_A.V.Holst*, J.Kirsch and H.Betz
M a x - P l a n c k - I n s t i t u t e  f o r  B r a i n  Research, 60496 
F r a n k f u r t  a .M . , (Germany)

Gephyrin, a polypeptide which is essential for the 
formation of glycinergic synapses in spinal neurons, 
binds with high affinity to tubulin and was recently 
shown to interact with the ß subunit of the glycine 
receptor (GlyR). Therefore, gephyrin is thought to 
link the GlyR to the subsynaptic cytoskeleton. cDNA 
sequencing revealed, that gephyrin occurs in several 
splice variants which are expressed in most synaptic 
regions of the rat brain. In addition, Northern blot 
analysis indicates the existence of additional 
ß
We i s o l a t e d  an a d d i t i o n a l  s p l i c e  v a r i a n t  o f  g e p h y r i n  
f ro m  a m o u se  cDNA l i b r a r y  and  d e m o n s t r a t e  i t s  
d i s t r i b u t i o n  b y  i n  situ h y b r i d i s a t i o n  a n d  
i m m u n o c y t o c h e m i s t r y .
The structure of the mouse gephyrin gene was deduced 
from both, lambda and P1 clones. Subcloning and 
sequencing of the coding regions and intron/exon 
boundaries led to the identification of 26 exons, 
which represent at least 240 kb of genomic DNA. 5 of 
these exons encode alternativ sequences of the 
different gephyrin variants, corroborating that all 
the variants isolated so far, were transcribed from 
the same gene.

243 .13

PRESENCE OF 63KD IkB-LIKE MOLECULE IN THE POSTSYNAPTIC 
DENSITY OF THE RAT BRAIN. T. Suzuki1*  S. Mitake2, K. Okumura-Noji T. 
Okamoto3 1Department of Biochemistry. 22nd Department of Internal 
Medicine, and 3Department of Genetics, Nagoya City University Medical 
School, Mizuho-ku, Nagoya 467, Japan

Gene expression in neurons can be controlled by synaptic inputs. The 
phenomenon may be involved in the generation and maintenance of 
relatively long-term synaptic plasticity. For the gene expression, synaptic 
information must be transmitted to the nucleus possibly through messenger 
molecule(s). One of the possible messengers is NF-kB. This factor at 
present, is believed to be distributed widely in many tissues and it works as a 
transcriptional modulator upon various stimuli. The factor mostly occurs in the 
cytoplasm as p50 and p65 heterodimers, and is inactive forming a complex 
with IkB in most cells except for mature B cells and some neurons, in which 
NF-k B is constitutively active. Various activators dissociate the NF-k BAkB 
complex, and NF-kB is translocated into the nucleus, while IkB remains in the 
extranuclear space. We speculated that the NF-kB/IkB system plays roles in 
the neuronal activity, especially for signal transmission from the synapse to 
the nucleus. To test the notion described above, we examined the 
distribution of IkB immunoreactive molecules in the rat brain. We produced 
an antibody against synthetic peptide the amino acid sequence of which is 
contained in IkB. IkB-like immunoreactivity was distributed mainly in neurons 
throughout the brain, and localized in the cell body and dendrite.
Furthermore, the immunoreactivity was localized in the postsynaptic density 
and dendrites at an electron microscopic level. In Western blotting, a 63 kDa 
immunoreactive molecule was detected in the PSD fraction prepared from rat 
brain. The molecule distributed specifically in the PSD fraction, and was also 
reacted with anti-NF-KB p50 antibody. These findings suggest that the 63 
kDa PSD protein plays a role similar to IkB and that NF-kB/IkB system plays a 
role for the transmission of synaptic information to the nucleus.

243 .12

IMMEDIATE EARLY GENE INDUCTION IN HUMAN 
FIBROBLASTS FROM NORMAL SUBJECTS AND FROM 
PATIENTS WITH MAJOR DEPRESSION. A. Eiring, D.H. 
Manier, R.C. Shelton and F. Sulser*. Vanderbilt Univ., Sch. 
of Med., Nashville, TN 37232.

Previous studies have shown decreased beta adrenoceptor 
linked protein kinase A (PKA) activity in human fibroblasts 
from patients with major depression as compared to normal 
subjects. In the present studies, we assessed the role of 
second messenger pathways mediating immediate early gene 
induction in human fibroblasts. Both isoproterenol and PMA 
increased cfos mRNA steady-state levels in a dose- 
dependent manner though with a different time course. The 
isoproterenol but not PMA mediated induction was prevented 
by the beta2 adrenoceptor antagonist ICI 118551 which also 
blocked the increase of cyclic AMP and the activation of PKA 
thus indicating that the action of isoproterenol in fibroblasts 
is mediated via beta2 adrenoceptors. Since cfos (and/or 
cjun) encode general transcription factors, a possible altered 
induction pattern in fibroblasts from patients with major 
depression may predict altered expression of selected target 
genes (supported by USPHS grants MH-29228 and MH- 
45173).

243 .14

THREE-DIMENSIONAL ORGANIZATION OF SER AND OTHER 
ORGANELLES IN DENDRITIC SPINES OF RAT HIPPOCAMPUS (CA1). 
K. M. Harris* and J. Spacek. Dept. Neurol. Children’s Hospital Boston, MA 
02115 & Dept. Path., Charles Univ., Hradec Kralove, Czech Republic.

The organization of smooth endoplasmic reticulum (SER) in the dendrites 
and dendritic spines in stratum radiatum was investigated through serial electron 
microscopy and computer-aided three-dimensional analysis of 203 dendritic 
spines from two postnatal day 15 (PND 15) and one young adult rat. At PND 15 
70%, and in the adult 92%, of all spines contained SER. The most impressive 
change involved the differentiation of the spine apparatus (SA), a highly 
specialized SER organelle. At PND 15 only 6% of the mushroom spines had an 
SA while in the adult 82% of the mushroom spines had an SA. Larger spines 
with bigger perforated synapses had more complex SAs as defined by an 
increasing number of cisternae and dense-staining plates. The amount of SER 
in the parent dendritic shafts was proportional to the number and size of 
dendritic spines and shaft synapses located along their lengths.

Polyribosomes were found in more than 50% of all spines at both ages, 
however, at PND 15 they were located primarily in the dendritic shaft near the 
spine base, while in the adult they were distributed equally in the spine base, 
neck, and head. Puncta adhaerentia were occasionally observed between axon 
terminals or astrocytic processes adjacent to the heads of mushroom-shaped 
spines. SER both within the spines and in the adjacent processes occurred in 
apposition to the punctum adhaerens on both cytoplasmic sides. These 
observations provide a quantitative description of the organization of SER and 
associated organelles throughout the CA1 dendrites and dendritic spines and 
represent an important step towards understanding their function in 
hippocampal synaptic transmission. Supported by the NIH/Fogarty International 
Center grant #TW00178, NS21184 and the MR center grant P30-HD18655.

243 .15

C H A R A CTERIZA TIO N  OF TH E G ENO M IC STR U C TU R E O F  
THE M OUSE APLP1 GENE: IN SIG H T INTO TH E 
M OLECULAR C O M PLEX ITY  O F TH E SYNAPSE. S. Zhong*. 
K. Wu. D. Schaar and I. B. Black Dept. Neurosci. and Cell Biol., UMDNJ/ 
RWJMS, Piscataway, NJ 08854

To approach mechanisms underlying synaptic plasticity , it is important to 
study proteins that contribute to synaptic functions. Amyloid beta protein 
(|3A4), the major component of amyloid deposits in Alzheimer’s disease, is 
derived from the transmembrane Amyloid Precursor Proteins (APPs). The 
gene encoding APPs is now known to be a member of an evolutionarily 
conserved gene family, of which Amyloid Precursor Protein Like (APPL) 
protein plays a role in Drosophila brain function. Our recent studies showed 
that a mammalian homolog of APPL, Amyloid Precursor-Like Protein 
(APLP1), is specifically localized in the postsynaptic density (PSD) and may 
thus participate in brain synaptic function. To investigate the regulatory 
mechanisms of APLP1 synthesis at the gene level, we isolated genomic clones 
covering all the exons of the mouse APLP1 gene. We report that the gene 
consists of 17 exons. The production of alternatively spliced isoforms is 
probable due to the complexity of the gene structure. The promoter region of 
APLP1 gene exhibits characteristics similar to those of APP genes. It is 
devoid of apparent “TATA” and “CAAT” boxes and thus may have multiple 
start sites for RNA transcription. The 5’ region contains putative binding sites 
for AP-1, heat-shock protein and Spl, indicating that multiple elements are 
involved in regulating expression of the gene. Our data suggest that diverse 
signals and stimuli may access synaptic function by regulating transcription of 
APLP1 gene.
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24 4 .1

MINI FREQUENCY POTENTIATION IS NOT ACCOMPANIED BY 
CHANGES IN THE POSTSYNAPTIC RECEPTOR RESPONSE 
TO GLUTAMATE
K. Vogt*. J. Streit. H-R. Lüscher. Institute of Physiology,
University of Berne, Bühlplatz 5, 3012 Berne, Switzerland

We have shown th a t glutam ate receptors fo rm  "h o t spots" o f high 
suscep tib ility  to  ion tophore tica lly  applied g lu tam a te  on neurons in 
dissocia ted cu ltu res o f ra t hippocampus. Hot spo ts  usually consist o f 
c luste rs o f several hundred recep to rs w ith  an average single channel 
conductance o f about 8 pS, revealed by non-sta tiona ry variance  
analysis. It has been shown th a t such recep to r c lus te rs  underlie  
presynaptic boutons. It is im po rtan t to  know w he the r these clusters  
show changes under procedures known to  induce synap tic po ten tia tion .

The frequency o f spontaneous m in ia ture synap tic cu rren ts  can be 
markedly increased ove r pro longed periods by repeated ion tophore tic  
application o f 10 ms pulses o f g lu tam ate to g e th e r w ith  a simultaneous 
burst o f high frequency depolarisation. The response to  sho rt pulses o f 
ion tophore tica lly applied g lu tam ate was analysed be fore and a fte r the  
induc tion o f th is  m ini frequency po ten tia tion . The overa ll signal 
strength , its  tim e course as well as the  single channel conductance  
showed no s ign ificant change, over a period o f more than 30 min.

These findings suggest th a t fo r th is type  o f po ten tia tion  the  
postsynaptic side does no t change its  receptive behaviour.

We thank H. Reuter fo r generously prov id ing  th e  cu ltu res.

244 .3

UNITARY SYNAPTIC CURRENTS IN PREGANGLIONIC NEURONS 
MEDIATED BY TWO DISTINCT GROUPS OF INTERNEURONS IN 
SACRAL PARASYMPATHETIC NUCLEUS (SPN). I, Araki* and W.C. de 
Groat. Dept. of Pharmacol., Univ. of Pittsburgh, Pittsburgh, PA 15261.

Lumbosacral parasympathetic preganglionic neurons (PGNs) are regulated 
by segmental interneurons (INTs) in SPN. This study was undertaken to 
examine segmental INT inputs to PGNs in 5 to 16 day-old rats. PGNs in the 
L6-S1 spinal cord were identified by retrograde labelling with fluorescent dyes 
injected i.p. prior to the experiment. Whole cell patch clamp recordings were 
obtained from labeled PGN in 120 μm spinal slices. Unitary synaptic currents 
were elicited in PGNs at short latency (2.1 ms) by stimulating non-labeled 
single INTs dorsal or medial to SPN. Stimulation of medial INTs elicited 
EPSCs or IPSCs in 58 % and 11 %, respectively of PGNs. Dorsal INTs elicited 
EPSCs in PGNs. The dorsal and medial excitatory INT inputs to PGNs 
exhibited differences in the magnitude of unitary evoked EPSCs and in the 
paired-pulse facilitation. EPSCs mediated by dorsal INTs were smaller in 
amplitude (36 + 15.7 pA) than EPSCs mediated by medial INTs (88.4 ± 45.7 
pA). The degree of paired-pulse facilitation (50 ms pulse interval) was higher 
in dorsal (174.6 ± 10.3 %) than in medial (120.9 ± 3.6 %) INT pathways. 
Unitary EPSCs were mediated by both NMDA and non-NMDA glutamate 
receptors, which were distinguished on the basis of time course, voltage 
dependence (Mg2+ block) and their sensitivity to specific antagonists (APV 50 
μM and CNQX 5μM, respectively). Unitary EPSCs evoked by single stimuli did 
not induced action potentials in PGNs, but high frequency stimulation (> 20 
HZ) of INT could evoke firing of PGNs. APV, a NMDA receptor antagonist, 
reduced the synaptic depolarization induced in PGN by high frequency INT 
activity. It is concluded that PGNs receive two distinct INT excitatory inputs, 
which are distinguished by their locations. These two INT pathways have 
different properties and may play different roles in the synaptic regulation of 
PGNs.

24 4 .5

DIFFERENTIAL CONTROL OF EXCITABLE DENDRITES BY INHIBITION IN 
NEOCORTICAL PYRAMIDAL CELLS. M. Beierlein* and B.W. Connors.
Department of Neuroscience, Brown University, Providence, RI 02912.

Recent work has demonstrated that the apical dendrites of pyramidal cells in layer V 
of neocortex can propagate spikes mediated by Na+ currents and, at least in some 
dendrites, Na+ and Ca2+ currents. Cortical dendrites are also subject to substantial 
inhibitory control by GABA-mediated synapses. Using whole-cell recording methods in 
slices of rat somatosensory cortex we have previously characterized dendritic IPSPs and 
their effects on the intrinsic excitability of dendrites (Soc Neurosci Abstr 20: 652, 1994).

Here we have used a detailed compartmental model of a layer V pyramidal cell, 
implemented in the program NEURON, to examine how interactions between weak and 
uniform Na+ channel density, electrotonic structure, and inhibitory input produce the 
complex behavior of pyramidal cell dendrites. Our cell model assumes low and uniform 
Na+ channel (120 pS/μm2) and K+ channel (20 pS/μm2) densities in the entire 
somadendritic membrane, and 200-fold higher densities at the axon initial segment. Ca2+ 
currents were not included in the model In the model neuron, action potentials were 
triggered in the initial segment and travelled retrogradely into the dendrite, and excitatory 
synaptic inputs were significantly amplified, in agreement with experimental data.

Our model shows that various properties of dendritic spiking can be differentially 
controlled by the location and timing of inhibitory conductances. Whereas proximal 
IPSPs (on the soma or axon hillock) changed the latency or probability of retrograde 
spikes without influencing their amplitude, more distally placed IPSPs (on the apical 
dendrite) which occurred after spike initiation at the soma gradually attenuated the 
waveform of spikes. However, dendritic IPSPs occurring early relative to spike 
initiation at the soma could also influence the latency of spike initiation. We suggest that 
synaptic inhibition placed at different subcellular target regions can selectively control 
the spatiotemporal pattern of dendritic excitability.

Supported by the ONR and NIH

244 .2

SYNAPTIC INHIBITION OF CEREBELLAR PURKINJE 
CELLS BY SINGLE INTERNEURONS
Beverley Clark* & Michael Häusser, Laboratoire de Neurobiologie, 
Ecole Normale Superieure, Paris, France.

To determine the ability of inhibitory interneurons to influence 
the activity of Purkinje cells under physiological conditions, 
simultaneous gramicidin perforated-patch recordings were made 
from synaptically connected neurons in rat parasagittal cerebellar 
slices at ~34°C.

Single interneuron action potentials evoked inhibitory synaptic 
potentials (IPSPs) in connected Purkinje cells which reversed at 
-74±5 mV (n=7) and were blocked by the GABAa receptor 
antagonist SR95531. At a given connection, IPSP amplitudes 
were variable, with a low apparent failure rate (0 -20 %). IPSPs 
had a wide range of mean amplitudes at different connections 
(0 .1 -2 .4 mV at -60 mV). A single well-timed action potential in 
interneurons generating the largest IPSPs delayed or prevented 
single action potentials in Purkinje cells. Bursts of 3-5 action 
potentials in these interneurons paused tonically firing Purkinje 
cells, reduced the slope of the relation between injected current 
and action potential frequency, and reduced the responsiveness 
of the Purkinje cell to excitatory synaptic input.

These find ings suggest tha t in te rneu ron -P u rk in je  cell 
connections have a range of synaptic efficacies and that activity 
in a single interneuron can affect the output of a Purkinje cell.

2 4 4 .4

BOTH ANIONIC AND CATIONIC MECHANISMS CONTRIBUTE TO 
GABAa RECEPTOR-MEDIATED DEPOLARIZING SYNAPTIC 
RESPONSES IN CA1 PYRAMIDAL NEURONS. K. Kaila*. S. Smirnov. T. 
Taira and J. Voipio. Department of Biosciences, 00014 University of Helsinki, 
Finland.
Intense activation of GABAa receptors often produces biphasic responses: an 

initial hyperpolarization followed by a depolarization that can be large enough 
to trigger postsynaptic spikes. The mechanisms underlying GABAa 
receptor-mediated depolarizing postsynaptic potentials and currents 
(dPSPs/dPSCs) have not been fully clarified. We have examined this problem 
in CA1 pyramidal neurons of rat hippocampal slices using whole-cell 
current/voltage clamping as well as extracellular pH- and K+-sensitive 
microelectrodes. All experiments were done in the presence of the glutamate 
blockers NBQX (10 μM), AP5 (40 μM) and ketamine (50 μM). 
High-frequency stimulation (100 Hz/0.4 s) in s. radiatum close to the 
recording site evoked a fast hyperpolarization followed by a slow dPSP. The 
dPSP/C was blocked following inhibition of intracellular, but not of 
extracellular, carbonic anhydrase acitivity (50 pM ethoxyzolamide and 10 pM 
benzolamide, respectively). The dPSP/C as well as the concomitant increases 
in extracellular K+ and in pH were inhibited in the absence of 
C02/bicarbonate. The dPSP/C was strongly atttenuated upon intracellular 
application of the cation channel blocker QX-314. Extracellular Ni2+ (100 μM) 
also reduced the dPSCs and effectively inhibited dPSP-induced spiking. We 
conclude that during intense GABAa receptor activation, the voltage response 
initially mediated by an outwardly-directed Cl current and an 
inwardly-directed HC03 current leads to a redistribution of Cl and to a 
consequent depolarizing shift in EGABA that is large enough to activate dendritic 
voltage-dependent Na+ and Ca2+ channels. The simultaneous increase in 
extracellular K+ contributes to the generation of the dPSP/C. It is likely that 
the dPSPs play a role in the spatial and temporal shaping of intracellular Ca2+ 
transients during intense neuronal activity.

2 4 4 .6

AMPA RECEPTORS ON CULTURED CA1 HIPPOCAMPAL NEURONS ARE 
NOT ACTIVATED BY INTERSYNAPTIC DIFFUSION OF GLUTAMATE. J. S. 
Diamond and C. E. Jahr*. Vollum Institute, Oregon Health Sciences University, 
Portland, OR 97201.

Recent work suggests that more than one quantum of transmitter can interact with 
the same population of postsynaptic receptors at excitatory synapses in the CNS 
(Tong and Jahr, 1994) and at the neuromuscular junction (Giniatullin, et al., 1993). 
Other reports have shown that, at certain glutamatergic synapses in the CNS, the 
excitatory postsynaptic current (EPSC) decays much more slowly when the 
probability of release (Pr) is increased (Trussell, et al., 1993) or when transmitter 
uptake is blocked (Barbour, et al., 1994). The slowed decay of the EPSC may indicate 
that multivesicular release can arise from different presynaptic sites; i.e., transmitter 
diffusing more gradually into the cleft from neighboring synapses substantially 
prolongs activation of the postsynaptic receptors. We investigated whether 
intersynaptic diffusion prolongs the time course of the EPSCs at cultured 
hippocampal synapses which have been shown to exhibit multivesicular release (Tong 
and Jahr, 1994).

Excitatory postsynaptic currents (EPSCs) mediated by α-amino-3-hydroxy-5- 
methyl-4-isoxazolepropionic acid (AMPA)-preferring glutamate receptors were recorded 
using standard whole-cell voltage clamp techniques. The Ca2+ channel blocker Cd2+ 
(10 (μM) was applied to reduce Pr and, consequently, the incidence of multivesicular 
release. Cd2+ reduced the AMPA EPSC amplitude 95±3% (n=8) but had no effect on 
the time constant of the EPSC decay (τcd/τCOn = 99±14%; n=7). Similar results were 
obtained when AMPA receptor desensitization was blocked by 100 μM cyclothiazide 
(τcd/τcon = 98±9%; n=7). These results indicate that AMPA receptors are not 
activated significantly by glutamate released at neighboring synapses, even when 
receptor desensitization is blocked. They also suggest that multivesicular release from 
the same presynaptic site (Tong and Jahr, 1994) occurs with sufficient synchrony that 
the time course of the EPSC is not affected.
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244.7
SYNAPTIC TRANSMISSION IN ADULT RAT CEREBELLAR SLICES 
M.J.Wall* andM.M. Usowicz. Dept Pharmacology, University of Bristol. U K.

Little is known about inhibitory neurotransmission between Golgi cells and 
granule cells in the cerebellum, while information on excitatory transmission 
between mossy fibres and granule cells has come from studies on immature rats (P8- 
15, Silver et at., Nature 355:163, 1992) However, cerebellar synapses in the rat are 
still being formed and eliminated up to 30 days after birth (Hamori and Somogyi,J. 
Comp. Neurol 220:365, 1983). Hence, we have begun characterising synaptic 
transmission in the cerebellum of 35-49 day old rats.

Synaptic currents were recorded from granule cells under whole cell voltage 
clamp in 150μm parasagittal cerebellar slices (holding potential, -70 to -80 mV; 
series resistance, 22MΩ; 80% compensation; whole cell capacitance, 1 8pF; 
temperature, 22-24°C). Currents were evoked by a patch pipette placed in the 
granule cell layer. Transmission at both types of synapse was virtually abolished by 
l0μM Cd2+ All quoted values are mean ± s.d.

GABA-ergic IPSCs (abolished by l0μM bicuculline) were evoked with a latency 
of 3.3±1ms The shape of the IPSCs was variable: some were characterised by a fast, 
smooth onset (the 10-90% rise-time was 0.5-1.5ms) while others had a slower, 
stepped onset (the 10-90% rise-time was 2-8ms). These different rise-times may 
result from the synchronous or asynchronous activation of GABAA-receptor 
channels The decay of the IPSCs was fitted with either one exponential (τ =  
24.3+13.4ms) or the sum of two exponentials (τ1 = 4.0+ 1.4ms, τ2 -• 33.5+1 4ms).

Glutamatergic EPSCs were evoked with a latency of 2.3+0.4ms. Non-NMDA 
receptor mediated EPSCs (blocked by 10μM CNQX) were characterised by a fast 
onset (10-90% rise-time = 349±40μs) and a decay described by the sum of two 
exponentials (τ1 = 502+187μs, τ2 = 3.4+ 1.7ms). In nominally Mg2+-free saline 
supplemented with 3μM glycine, an additional NMDA-receptor mediated 
component was revealed (blocked by l0μM AP5) that decayed slowly (τ = 
52.2+12.7ms).

244 .9
PHYSIOLOGY AND MORPHOLOGY OF PERIRHINAL CORTICAL, NEURONS. 
B. Faulkner* and T. H. Brown. Yale University, New Haven, CT 06473.

Although the perirhinal cortex (PRh) is the gateway to the limbic system, 
supplying polysensory information to the hippocampus and amygdala, essentially 
nothing is known about neuronal structure-function relationships in PRh. To evaluate 
hypotheses and to interpret neuropsychological data, we need to identify the cell types 
that are present in PRh and know something about the properties of the synapses and 
local circuitry.

Whole-cell recording techniques combined with IR video microscopy enabled visual 
preselection of cell types. After recording, biocytin filled cells and their axons were 
reconstructed using a camera lucida system. The precise orientation and stereotaxic 
location of the neuron was determined using the video images and cell reconstructions.

The firing properties of PRh neurons sorted unambiguously into a 4 X 3 
classification scheme. One dimension describes the temporal structure of spiking in 
the region just above threshold. Along this dimension the cells were classified as fast 
firing, burst firing, delayed onset, or regular firing. The second dimension describes 
changes in spike frequency during a train in response to depolarizations that are 
considerably above threshold. Along this dimension cells were found to be either 
accommodating, non-accommodating, or anti-accommodating. Some firing patterns, 
such as delayed onset/anti-accommodating, have not been previously described.

Since the PRh is also rich morphologically, an adequate classification scheme 
requires additional anatomical dimensions. Although the neurons of PRh are 
morphologically similar to neurons found in isocortex, they are organized somewhat 
differently. For instance, pyramidal cells in layer 5 often lay on their sides and project 
their apical dendrites into layer 5 instead of up into layer 1.

The real-time visualization (via IR video microscopy) enabled us to leam to predict 
the firing pattern of most neurons prior to recording and lead to the finding that the 
spatial distribution of many cell types was nonrandom. The physiology, morphology, 
and location of some cells invite functional speculation regarding possible 
computations. N/H to BF and NIH & ONR to THB.

244 .11

QUANTITATIVE ANALYSIS OF EPSPs IN PYRAMIDAL CELLS OF 
VISUAL CORTEX. J. G. Mancilla and P. S. Ulinski.* Committee 
on N eu rob io logy  and D ept. O rgan ism al B io logy  and 
Anatomy, U. of Chicago, Chicago, IL 60637,

An im portant step in understanding how pyram idal cells 
in teg ra te  in fo rm ation  is to ch a ra c te r ize  the unitary  
exc ita to ry  po stsy n ap tic  p o te n tia ls  (E P S Ps) produced  by 
activation of single axonal boutons. This is difficult because 
EPSPs recorded from pyram idal cells show more variability 
in their shape param eters than is predicted by cable models. 
This variability  is also seen in EPSPs recorded with sharp 
electrodes from pyram idal cells in an in vitro  p repara tion  
o f tu rtle  gen icu locortica l pathw ay. The range in EPSP 
shape parameters is 0.2 to 2.1 mV (mean ± S.D. = 0.8 ±- 0.4), 0.1 
to 49.1 msec (9.4 ± 8.6) and 6.0 to 184.4 msec (40.1 ± 25.7) for 
the am p litudes , 10-90%  rise  tim es and h a lf  w idths, 
respectively . C orre la tions betw een rise  tim e and ha lf
width, and between am plitude and rise tim e predicted by 
cable theory are not seen. S im ulations carried out with a 
reduced  co m p artm en ta l m odel are  m ore ac cu ra te  in 
predicting the shape seen in am plitude-rise time plots. The 
sim ulations suggest that the points lying along the lower 
edge o f the envelope o f  data points can be reasonably 
in terpreted as unitary  EPSPs. These presum ptive unitary 
EPSPs show a gradual increase in am plitude as a function of 
rise time, and a range in amplitudes and rise times of 0.2 to
0.4 mV and 0.7 to 22.5 msec, respectively. Supported by PHS 
grant EY 68352 and by an NIDA predoctoral training grant.

24 4 .8
PERIODIC CURRENT INJECTION (PCI) - A NEW METHOD TO IMAGE 
STEADY-STATE MEMBRANE POTENTIAL OF SINGLE NEURONS IN 
SITU USING VOLTAGE-SENSITIVE DYES. A. Borst*. D.Heck. I riedrich- 
Miescher-Laboratorium der Max-Planck-Gesellschaft, Spemannstraẞe 37-36. D-72076 
Tuebingen, Germany.

A new method is described which allows to image the steady-state distribution of 
membrane potential of single neurons in situ. The method consists of staining the 
tissue with an extracellular voltage-sensitive (Di-4-ANFPPS) and impaling a single 
neuron with a microelectrode. After focusing the imaging system onto the cell a large 
series of images are taken with a CCD camera at the appropriate excitation wavelength 
of the voltage-sensitive dye while the neuron's membrane potential is shifted by a 
periodic current injection (PCI). Afterwards two groups of images are averaged 
separately: those images while the cell was at rest and those images while the cell was 
hyperpolarized. After subtraction of these averaged images, the resulting difference 
image shows only the membrane potential of the cell which was altered periodically 
with a DC hyperpolarizing current applied at the injection site.

The signal-to-noise ratio improves significantly by the square-root of the number of 
images taken within an experimental session. Through the use of periodic current 
injection, drift noise contaminating control and stimulus images in approximately the 
same way is further reduced in the resulting difference image.

The success of the method is demonstrated on leech cells in intact ganglia. If applied 
to cells with a basically two-dimensional arborization pattern, the decrease of activity 
in the difference image in areas further away from the injection site should relate to a 
decrease in membrane potential according to the passive electrolomc properties of the 
cell under study. The voltage change at the injection site can serve for calibrating the 
optical signal provided that there is no systematic spatial inhomogeneity in the staining 
pattern of the cell with the voltage-sensitive dye. Experiments demonstrating this on 
nerve cells in situ with a sufficiently two-dimensional arborization pattern are 
currently being done.

2 4 4 .10

M O R P H O L O G IC A L  R E C O N S T R U C T IO N  O F  A M Y G D A L A  
N E U R O N S  F O L L O W IN G  W H O L E -C E L L  R E C O R D IN G  IN 
B R A IN  S L IC E S . S. C hattarji* . B. F aulkner, and T. H. B row n. 
Yale U niversity, New Haven, CT 06520.

Interest in the am ygdala stem s partly from its critical role in certain 
form s o f rapid learning. P reviously  we investigated  the ce llu lar 
neurophysiology o f am ygdala neurons by using w hole-cell recording 
techniques in conjunction  w ith infrared  v ideo-enhanced  contrast, 
differential interference contrast microscopy (IR VEC-DICM ) in the brain 
slice prepara tion . T his approach has now  been com bined w ith 
intracellular labeling followed by camera lucida reconstructions.

M ale Sprague D aw ley rats (14-25 days) fu rn ished horizontal 
am ygdala slices (300 μm), w hich were placed in a subm erged-type 
recording cham ber mounted on an upright Zeiss A xioskop with a water 
im m ersion lens (40X, 0.75 NA) and D IC optics. The IR VEC-DICM  
system  was used to preselect neurons in different am ygdaloid nuclei. 
E lectrophysio log ica l record ings w ere done w ith w hole-ce ll patch 
electrodes containing biocytin. Cells were recorded for ~1 hr, the slices 
were im mediately placed in fixative, and resectioned (75 pm) tissue was 
processed conventionally (Avidin-HRP, V ectastain .ABC kit).

Several cell types, from various am ygdala subnuclei, were recorded, 
labeled, and reconstructed. In contrast to our previous experience with 
certain fluorescent labels, biocytin had no discernible deleterious effect 
on the cell physiology and it resulted seemed to produce com plete fills of 
the axons, yielding data that will be critical in revealing the local circuitry. 
These m ethods offer prom ise of elucidating  inform ation processing 
within the am ygdala and between the am ygdala and related structures 
such as the perirhinal cortex. Supported by NIH  and ONR.

244 .12

LONG-LASTING DEPOLARIZATION INDUCED BY POTASSIUM 
CURRENT BLOCKADE IN RAT HIPPOCAM PAL SLICE STUDIED BY 
OPTICAL AND ELECTROPHYSIOLOGICAL TECHNIQUES. M.E. 
Barish*1, M. Ichikawa. T. Tom inaga, G. M atsum oto  and  T. Iijima. 
M olecular and  Cellular N euroscience Section, Electrotechnical 
Laboratory, Tsukuba, Ibaraki 305, Japan; (1P erm anen t address: Division 
of Neurosciences, Beckman Research Institu te of the City of Hope, 
D uarte, CA 91010).

We have previously reported  tha t Schaffer collateral stim ulation in 
the presence of m icrom olar concentrations of 4-am inopyrid ine (4-AP) 
results in a delayed long-lasting depolariza tion  in area CA1 of rat 
h ippocam pus. The depolarization  can be detected in high-speed optical 
recordings (voltage-sensitive dye RH155, 0.6 m sec /fram e) and in 
m icroelectrode recordings from pyram idal neuron  som ata.

Several results suggest tha t the long-lasting depolariza tion  is 
generated by a com bination of pro longed flow of synaptic cu rren t and 
increased accum ulation of K+ in extracellular space. In particular: (1) 
the e.p.s.c. recorded under whole-cell voltage clam p in the presence of 
4-AP lasts for up  to 100 msec, and  the late com ponent of the e.p.s.c is 
associated w ith  an A P5-sensitive portion  of the long-lasting 
depolarization, and (2) increasing the osm otic streng th  of the external 
solution to 1.4x norm al w ith sucrose reversibly reduces the long-lasting 
depolarization. In addition , the long-lasting depolariza tion  is 
potentiated  by bicuculline, and is thus not genera ted  by ou tw ard  Cl 
flow through  GABAa receptor channels.

These results indicate tha t am inopyrid ine-sensitive potassium  
channels m odulate hippocam pal excitability at m ultip le  sites.
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244 .13

CALCIUM SPIKES OF THE CA1 PYRAMIDAL NEURON IN THE 

HIPPOCAMPAL SLICE. M. Miura, K -1. Ito*, H. Miyakawa1 and H. Kato, 

Dept. of Physiol.. Yamagata Univ. Sch. of Med., Yamagata, 990-23., 1Tokyo 

Univ. of Pharma, and Life See. Sch. of Life Sci.. Lab. of Cellular Neurobiol., 

Hchiooji, Tokyo 192-03, Japan .

In hippocampal slices of guinca-pig, the simultaneous measurement of 

intracellular potential and calcium ion concentration ( [Ca++ ]i) has been used 

to examine if a pyramidal neuron is capable to generate Ca-spikes. The 

depolarizing current injection (0.7-1.0 nA, l s) has been reported to generate 

Naspikes and transient [ C a + + ] i   revealed by the change of fluorescence 

emitted by fura-2. However. [Ca++],  rise has completely disappeared after 

Na- spike was block by hyperpolanzing current injection (Miyakawa et. al.. 

Neuron 9. 1992). In this study, when QX-314 was injected into a cell to block 

Na-spike from inside, broad spikes (half width, 30-50 ms) accompanied with 

[Ca++]i rise were recorded The spike was all-or-none in nature and was 

completely suppressed in the Ca-free medium adding EGTA (1 mM). The 

|Ca++]i rise was reduced up to 80% in the presence of Ni++(100 μM) while 

APV(50 μM) made no effect These results suggest that the spike appearing 

after blocking Na spike is the Ca spike in the pyramidal neuron.

244 .15

MEMBRANE POTENTIAL TRANSIENTS IN SMALL DENDRITES OF 
HIPPOCAMPAL NEURONS MEASURED BY HIGH-SPEED LASER SCANNING 
MICROSCOPY.
A. Bullen* and P. Saggau. Division of Neuroscience, Baylor College of Medicine, 
Houston, TX 77030.
The propagation of active and passive voltage signals in the dendrites of cultured 

hippocampal neurons was investigated using a high speed laser scanning microscope. 
Using this technique we have recently shown active propagation of action potentials in 
the proximal dendrites of cultured hippocampal neurons (Bullen & Saggau, 1994). Here 
we extend this study to include distal dendrites and the passive spread of small voltage 
waveforms. Hippocampal neurons were harvested from E19 rat pups and plated at a 
density of 20,000 cells/cm2. These cells were maintained in serum-free media for up to 
4 weeks. Previous studies have documented how processes in these cells can be 
identified as dendrites. Cells were stained by bath application of voltage-sensitive dye 
(VSD; Di-8-ANEPPS, 100 μM). A laser random-scanning fluorescence microscope 
developed in our lab was used to acquire VSD signals. Transients in membrane 
potential were derived from the fractional change in fluorescence (∆F/F). Typically 
recordings were made at 6 kHz. sampling rate (per scanning spot) and digitially filtered 
at 1.5 kHz. Spatial resolution was limited by spot size at the level of the preparation 
(7 μm). A DIC image was used to interactively select multiple locations for 
simultaneous optical recording. Optical transients recorded from the soma with VSDs 
were highly correlated with corresponding current-clamp records. Somatic current 
injection (50-100 pA) was used to elicit backpropagating action potentials. The extent 
and efficacy of action potential conduction was examined in small dendritic processes 
and at branch points. To investigate the frequency-dependence of subthreshold 
membrane transients, small current waveforms of different frequencies (20- 
40 pA; D.C.-100 Hz) were administered through a patch pipette on the soma or 
proximal dendrites. The nature and propagation of the resulting voltage transients at 
different points throughout the dendritic tree of hippocampal neurons is described.

244 .17

DOUBLE PATCH-CLAMP ANALYSIS OF Ca-INACTIVATION OF NMDA 
SYNAPTIC CURRENTS. I. Medina, X.Leinenkugel. C.Roviral *, Y.Ben-Ari, 
P.Bregestovski INSERM, Unite 29, 75014 Paris, FRANCE.

It is now well established that the intracellular calcium ([Ca2+]i) 
modulates activity of NMDA receptor-channels. An increase of [Ca2+]i induces 
transient inactivation of the NMDA currents by 30-40% with time of recovery 
between 20 to 60 s. In the present study we describe the Ca2+-dependent regulation 
of the evoked NMDA receptor mediated EPSCs (EPSCNmda) using double-patch 
clamp whole-cell recordings from two synaptically connected hippocampal 
neurones in culture Presynaptic neurons were activated by brief (5 ms) depolarizing 
pulses and the NMDA component of  the evoked postsynaptic current was recorded 
in the presence of 10 μM CNQX and 20 μM bicucculine. [Ca2+]i was estimated 
using confocal scanning microscopy with Fluo-3. Regular (every 8 s) stimulation 
of the presynaptic neuron evoked currents in the postsynaptic neuron whose 
amplitude was stable during 10-15 min of recording, and were inhibited by 50 pM 
AP-5. Increasing [Ca2+]i in postsynaptic neurons by depolarizing pulses of -50 to 0 
mV induced a decrease in the amplitude of the NMDA currents by about 50%. The 
time for recovery from inactivation was in the range 10 to 50 s, and was closely 
coincident with the time for recovery of Ca2+-dependcnt fluorescence in dendrites 
after depolarizing pulses. Analysis of the evoked EPSCnmda properties showed 
that increased [Ca2+]i changes the amplitude, but not the kinetics of EPSCNmda- 
The amplitude of the AMPA component of EPSCs as well as the amplitude of 
miniature AMPA EPSCs was not modulated by [Ca2+]i.

Our results shows that calcium influx in dendrites through voltage-gated 
calcium channels transiently decreases the EPSCnmda without modulation the 
non-NMDA component. This mechanisms may play an important role in the 
synaptic plasticity processes in the brain.

244 .14

OPTICAL DETECTION OF ACTIVITY-DEPENDENT EXTRA
CELLULAR ALKALINE SHIFTS. J.A. Gottfried* and M. Chesler. 
Depts.Physiol./Neurosurg. NYU Med. Ctr., 550 1st Ave.. NY, NY 10016.

Activity-related extracellular alkaline shifts can modulate synaptic 
responses in a physiologically relevant time frame [l ]. These pH shifts 
are typically m onitored with pH -sensitive m icroelectrodes [2]. We 
tested w hether the pH shifts in hippocam pal slices could be detected 
optically using the ratiom etric fluorescent probe BCECF. To limit 
tissue exposure yet m axim ize fluorescence, 100 μM BCECF (free 
acid) was pressure ejected into the CA1 stratum  radiatum  of 200 pm 
thick neonatal slices (P 12). The slice sat on a cover slip on the stage of 
an inverted microscope. The dye was alternately excited at 440 and 
490 nm and the fluorescence sam pled (10-100 Hz.) at 535 nm via a 
40x objective focused on the tip o f a pH microelectrode. Fluorescence 
was detected with a photom ultiplier over an area o f 40 μm 2. BCECF 
was repetitively injected until fluorescence plateaued. To m aximize 
stim ulus-evoked alkaline shifts, 10 μM benzolam ide was added to 
R inger to block extracellular carbonic anhydrase activity. Schaffer 
collateral stim ulation (20 Hz/5 s) produced a transient increase in the 
490 signal with little or no change with 440 nm excitation. The time 
course of the response was com parable to the alkalinization recorded 
with the pH m icroelectrode. Our data suggest that extracellular pH 
transients may be accurately recorded with this technique. Supported 
by NIH grant N S32123. [1] G ottfried & C hesler (1994) J. Physiol 
478:373. [2] Kraig et al. (1983) J. Neurophys. 49:831.

244 .16

SINGLE HIPPOCAMPAL GABAERGIC INTERNEURONES CAN PACE 
PYRAMIDAL CELL ACTIVITY AT THETA FREQUENCIES IN VITRO 
S R. Cobb. E-H. Buhl*. K. Halasv‡, O, Paulsen and P. Somogyi. MRC Anatomical 
Neuropharmacology Unit, Mansfield Rd, Oxford, U.K. & ‡Dept. of Zoology, Jozsef 
Atilla University, Szeged, Hungary.

Hippocampal theta activity is associated with periodic perisomatic inhibition.
In the CA1 area of the rat hippocampus, using dual intracellular recording in 
conjunction with biocytin labelling, we have tested whether rhythmically evoked 
IPSPs at identified perisomatic synapses may enable GABAergic intemeurones to pace 
pyramidal cell activity in the theta frequency range.

Transverse hippocampal slices (400μm) were prepared from adult female Wistar rats 
and dual intracellular recordings made from intemeurones and synaptically coupled 
pyramidal cells as previously described1. Presynaptic cells as revealed by biocytin 
labeling were either basket cells (n=7) making synapses on somata (52%) and dendrites 
(45%) or axo-axonic cells (n=2) terminating on axon initial segments (100%). 
Activation of both basket and axo-axonic cells produced GABAa receptor mediated 
IPSPs in postsynaptic pyramidal cells. In 14 of 15 pyramidal cells, depolarisation to 
near firing threshold resulted in the appearance of a rebound depolarisation following 
the IPSP and the emergence of sub-threshold membrane potential oscillations (3-7Hz). 
Unitary IPSPs could reset sub-threshold oscillations and facilitate firing of the 
pyramidal cell. Regularly evoked IPSPs (2-10Hz) could effectively induce rhythmic 
activity in pyramidal cells by entraining action potential discharge and sub-threshold 
membrane potential oscillations. Individual basket and axo-axonic cells could decrease 
or increase the Firing rate of the postsynaptic cells.

These results demonstrate that a single GABAergic intemeurone can entrain the 
activity of pyramidal cells at theta frequencies. Since each GABAergic neurone 
innervates 1000 or more pyramidal cells1, basket and/or axo-axonic cells may act as 
pacemakers for a large population of neurones. Thus, an important role for a sub
population of intemeurones, distinct from classical shunting inhibition, may be to 
synchronise principal cell activity.
(1) Buhl, E.H., Halasy, K. & Somogyi, P. Nature 368, 823-828 (1994).

2 4 4 .18

COMPARATIVE DENDRITIC STRUCTURE OF RAT CA1 PYRAMIDAL 
NEURONS LABELED IN VITRO AND IN VIVO. G.K. Pyapali*. M, Penttonen, A. 
Sik, G. Buzsaki and D.A. Turner. Neurosurg., Neurobiol., Duke Univ. Med. Ctr and 
Durham VAMC, Durham, NC, 27710 and Center for Molecular and Behavioral 
Neuroscience, Rutgers, The State University of New Jersey, Newark, NJ 07102.

CA1 pyramidal cells visualized following biocytin fills from slices typically show 
a flat transverse extent (in the plane of the slice). To identify whether this appearance 
is a slice artifact or selection of a subset of cells we have examined CA1 neurons 
intracellularly labeled in vivo (n=15) and in vitro (n=ll) using Neurobiotin and 
reconstructed using a computer based 3D reconstruction system (Neurolucida).

Dendritic appearance was similar in all neurons, including a basilar bush, a single 
apical dendrite and extensive lateral branches in str. lac-mol. However, total dendritic 
length of in vivo CA1 neurons (17.4±3.87 mm) was significantly longer than that of 
in vitro CA1 cells (10.7±2.90 mm; p <0.001). This difference persisted for basilar 
length (in vivo=7.02±1.93 mm, in vitro=3.33±0.77 mm; p<0.00l). Sholl analysis of 
dendritic intersections crossing concentric radii of 25 pm from the soma revealed 
significantly more branches in the in vivo neurons. The extent of these cells along the 
long axis (Y; perpendicular to pyramidal cell layer) was 650+3 l μm in vitro and 
665±31μm in vivo (NS). The extent across the radiatum in the transverse plane (X) 
averaged 298±30 μm in vitro and 335±21μm in vivo (NS). However, the septo- 
temporal extent (Z) was significantly different: 46.2±4.34 μm in vitro versus 136±20.5 
μm in vivo (p=0.001). Based on the Y and Z extent the in vivo cells could be divided 
into two groups: either flat in the coronal plane (> 3:1 Y:Z ratio, n=9, but still 
different from the in vitro cells, p<0.001) or roughly cylindrical (<2:1 Y:Z ratio, n=6).

These results indicate probable selection of a subset of CA 1 pyramidal neurons (the 
flatter cells) during in vitro slice recordings, since the cylindrical neurons may not 
survive the slicing procedure due to their large (>300 pm) transverse dendritic profile. 
Supported by NIA (GKP), NINDS (GB, DAT) and VAMC (DAT).
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244.19

CALCIUM-DEPENDENT ELECTRORESPONSIVENESS IN SINGLE 
SPINES OF CEREBELLAR PURKINJE CELLS
W. Denk1*, M. Sugimori2 and R. Llinás2, 1Biological Computation Research 
Department, AT&T Bell Laboratories, Murray Hill NJ., 2Department of Physiology 
& Neuroscience, New York University Medical Center, New York, NY 10016.

While calcium electroresponsiveness is well known in Purkinje cell dendrites, the 
minimum area capable of supporting an isolated calcium response is fundamentally 
related to neuronal integration. Recent papers indicate that the minimum unit of 
calcium electroresponsiveness is a branchlet (Filers J. et al., Nature 373: 155). In 
contrast, present findings indicate that, following limited parallel fiber stimulation in 
in vitro in guinea pig slices, calcium entry can be restricted to single spines. 
Experiments were done using standard slice preparation. Purkinje cells were Filled 
with calcium green and the spiny branchlets were imaged with two-photon excitation 
laser scanning fluorescence microscopy (Denk W„ el al. Science 248: 73-76). The 
level of resolution obtained by this form of imaging allows clear visualization of 
single spines. Parallel fiber stimulation produced electrophysiological responses 
recorded at the soma using whole-cell clamp technique and distinct calcium 
concentration increases that were frequently limited to single spines when the 
stimulation was sufficiently small. Single spine activation from a calcium signal 
point of view demonstrated failures; with frequency in accordance with published 
results (B. Barbour, Neuron, 11, 759-769) the amplitude of these responses were 
modifiable by the somatic holding potential and were blocked by CNQX 
demonstrating their parallel fiber origin rather than direct activation. Parallel fiber 
stimulation could also activate entire spiny branchlets if sufficiently large. In 
contrast, climbing fiber stimulation was followed by a complete activation of all 
observed spiny branchlets and all spines. Therefore, like in hippocampal cells (Yuste 
and Denk, this meeting), the unit of neuronal integration for Purkinje cells is the 
individual spine.
Support: NIH-NS13742, NIA-AG09480 to RL, MS.

LONG-TERM POTENTIATION: PHYSIOLOGY I

245 .1

SURFACE PROTEIN PHOSPHORYLATION BY ECTO- PROTEIN KINASE-C IS 
NEEDED FOR THE MAINTENANCE OF LONG-TERM POTENTIATION (LTP). 
Y. H. Ehrlich*. W. Chen. M. V. Hoaan. H-A Yana. E. Kornecki, and A. 
W ieraszko. CSI/IBR Center for Developmental Neuroscience, CUNY at 
the College of Staten Island, NY 10314 and SUNY HSC at Brooklyn, NY.

ATP secreted during tetanic stimulation regulates the maintenance of 
LTP in a manner suggesting the participation of ecto-protein kinase 
(W ieraszko and Ehrlich, J. Neurochem. 63: 1731, 1994). The  
population of ecto-protein kinases in brain neurons includes enzymes  
with the cata ly tic specific ity of the protein kinase C isozymes zeta (ζ) 
and delta (6) (Hogan et al., J. Neurochem. in-press). Constitu tive  
phosphorylation of a 48kDa/50kDa surface protein duplex by ecto- 
PKC, regulated by NMDA and APV, was identified in cultured pyramidal 
neurons and in hippocampal slices. A monoclonal antibody termed 1.9, 
directed to the ca talytic domain of PKC, inhibited this surface protein 
phosphory la tion activ ity on pyram idal hippocampal neurons. M .Ab.1.9  
(10μg/m l) was added to hippocampal slices prior to the induction of 
LTP by high frequency stimulation (HFS). The increase in population 
spike measured immediate ly after HFS was identical to that of control 
slices, but the potentia l recorded 30m in later was 40% lower than that 
of control slices. The slope of EPSP in stimulated slices treated with
M .Ab.1.9 increased by 244%, but returned to pre-stimulus va lues 30 
mins later, while in control slices this increase remained elevated as 
expected from stable LTP. These inhib itory effects of M.Ab.1.9 provide  
the first direct evidence of a causal role for ecto-protein kinase C in the 
maintenance of stable LTP. (Supported by NIH grant HD28788).

24 5 .3

NMDAr-mediated LTP and voltage-dependent calcium  
channel-mediated LTP activate different signal 
transduction pathways.
I. Cavus * & T. Teyler. D ept. Neurobiology, NE Ohio 
College of M edicine, Rootstow n, OH 44272 USA

R at CA1 hippocam pus displays two form s of LTP: one 
m ediated by activation of N M DAr’s and the o ther 
m ediated by activation of VDCCs. The iso lated  NMDA 
form  is induced by a 25 H z /1 sec te tanus; the VDCC form  
is induced by a 200 H z/200 m secx 10 te tanus in the 
presence of APV (50 μ M). It is known that the se rin e / 
th reonine kinase inhib ito r H-7 (G rover & Teyler, 
Synapse. 1995,19, 121-133) inhibits the induction and 
m aintenance of the NMDA form  w ithout effecting the 
VDCC form  of LTP.

In contrast, here we report that tyrosine kinase 
inhibitors (genistein  20 μ M & lavendustin A 10 μ M) 
block the expression of the VDCC form  w ithout effecting 
the NMDA form  of LTP. A lthough APV com pletely 
blocks LTP induced with a trad itional tetanus (100 
H z /ls e c  x 2), our results clearly show that this 
po ten tiation  is a m ixture of both form s of LTP. The 
tyrosine kinase inhib itors affect only the VDCC 
com ponent of the com pound po ten tia tion  and leave the 
NMDA com ponent intact. (Supported  by NIH NS 28698)

24 5 .2

INVOLVEMENT OF PROTEIN PHOSPHATASES IN LONG-TERM DEPRESSION 
OF PRIMARY AFFERENT NEUROTRANSMISSION. G. Chena, J. Sandkuhler* 
and M. Randić . Department of Veterinary Physiology and Pharmacology, Iowa 
State University, Ames, IA 50011.

We have recently provided evidence for the existence of long-term 
depression (LTD) of primary afferent neurotransmission in the rat spinal cord 
(J. Neuroscience, 13:5228, 1993). Although the underlying biochemical 
mechanisms of LTD in the spinal dorsal horn are not known, an essential role 
for protein phosphatases in homosynaptic LTD in hippocampus and visual 
cortex has been recently suggested. Therefore, in this study we examined 
whether calyculin A, a potent membrane permeable inhibitor of protein 
phosphatases 1 and 2A, could affect the generation of high-frequency 
stimulation-induced LTD of primary afferent neurotransmission by using 
conventional intracellular recording from substantia gelatinosa (SG) neurons in 
a transverse slice preparation of young rat (15-26 days) spinal cord. The 
strength of primary afferent neurotransmission was assayed by measuring the 
peak amplitude of EPSPs that result from stimulation of primary afferent fibers 
in L4 or L5 dorsal roots with electrical shocks of 4-20V (0.05-0.1ms duration) 
intensity. Brief periods of high frequency stimulation of primary afferents (300 
pulses at 100Hz) produced long-term depression (68.9 ±11.4% of control, 
n = 10) of EPSPs in SG neurons. In the presence of extracellular calyculin A 
(100nM), the same tetanic stimulation did not produce LTD (99.7 ±4.8%, n=6; 
p<0.05) in SG neurons. This finding indicates that the synaptic activation of 
the protein phosphatases plays an important role in the generation of LTD at 
primary afferent synapses with neurons in the SG. (Supported by NS-26352 
and IBN-9209462 and DFG).

2 4 5 .4

P A F -IN D U C E D  A C T IV A T IO N  O F  C aM  K IN A S E  II  A ND  
M A P  K IN A S E  IN  C U L T U R E D  R A T  H IP P O C A M P A L  
N E U R O N S . K o h ji F u k u n ag a*. M asao O hm itsu  and E ish ic h i 
M iya m o to . D epartm ent o f Pharm acology, K um am oto U niversity 
School o f M edicine, Kumamoto 860, Japan

We recently reported that induction o f long-term  potentiation 
(LTP) in hippocampal CA1 region was associated with the long-lasting 
increase in CaM  kinase II activity as well as phosphorylation of its 
endogenous substrates (J. B iol. C hem ., 2 7 0 , 6119, 1995). The 
stim ulation o f phosphorylation o f synapsin I as well as m icrotubule- 
associated protein 2 in LTP induction could be blocked by treatm ent 
w ith an N M DA receptor antagonist. This suggested involvem ent of 
retrograde m essengers released follow ing LTP induction to modify 
presynaptic param eters. Am ong the possible candidates as retrograde 
m essengers, p latelet-activating factor (PAF) is o f particular interest, 
because stim ulation of PAF receptor induces LTP in the hippocampus. 
W e therefore tested w hether stim ulation o f PAF receptor can activate 
p ro te in  k inases in cu ltu red  hippocam pal neurons. Ten nM PAF 
transiently stim ulated autophosphorylation o f CaM  kinase II as well as 
phosphorylation o f synapsin I. The increase in autophosphorylation of 
CaM kinase II was associated with an increase in the Ca2+-independent 
activity. U nder the sam e conditions, persisten t activation o f M AP 
kinase was also observed. Inclusion o f BA PTA-A M  in the incubation 
m edium  abolished the increased CaM  kinase II activity, whereas the 
M AP kinase activation was only partially prevented. These Findings 
suggest that PAF elicits activation o f CaM  kinase II and MAP kinase in 
C a2+-dependent and -independent pathw ays, respectively, and can 
therefore modulate the presynaptic parameters in hippocampal LTP.

Society for Neuroscience, Volume 21, 1995



MONDAY AM LONG-TERM PO TENTIATION: PHYSIOLOGY I 599

24 5 .5

POSTSYNAPTIC PERFUSION OF CONSTITUTIVELY ACTIVE 
CaMKII POTENTIATES SYNAPTIC TRANSMISSION IN 
HIPPOCAMPAL SLICE. A.M. Shirke* & R. Malinow, Cold Spring 
Harbor Laboratories, Cold Spring Harbor, NY and Dept, of Physiology 
& Biophysics, U. of Iowa, Iowa City, IA.
Calcium calmodulin kinase II has been implicated in the induction and 
possibly the maintenance of long-term potentiation at Schaffer 
collateral/commisural synapses onto CA1 neurons in the hippocampus. We 
used a thio-phosphorylated truncated form of the enzyme produced by 
Thomas Soderling's laboratory. This enzyme is constitutively active. We 
monitor the strength of synaptic transmission using the whole-cell voltage 
clamp. After establishing a stable baseline, we perfuse into the pipette a 
solution containing either active CaMKII or heat-inactivated enzyme. During 
the experiment and analysis, the experimenter was blind as to the identity of 
the perfusate. After breaking the blind, cells into which active CaMKII was 
perfused showed an average potentiation of 30% from baseline (N=13). 
Control cells showed no potentiation (N=9). We are currently performing 
experiments to see if the prior induction of LTP occludes the potentiation due 
to CaMKII perfusion.

245 .7

INVOLVEMENT OF p42 MITOGEN-ACTIVATED PROTEIN KINASE IN 
LONG-TERM POTENTIATION. Ioey D. English* and I. David Sweatt. 
Division of Neuroscience, Baylor College of Medicine, Houston, TX 77030.

We are investigating the potential involvement of p42 Mitogen- 
Activated Protein Kinase (p42) in long-term potentiation (LTP) in area 
CA1 of the hippocampus. We have employed two western blotting 
protocols which provide indirect yet strong indication of p42 activation: 
an anti-phosphotyrosine (APT) western and an anti-p42 western which 
detects the characteristic mobility shift of activated p42 in SDS-PAGE. 
These westerns were first used to extend previous observations that 
stimulation of protein kinase C (PKC) leads to p42 activation in the 
hippocampal slice. 10 μ M phorbol diacetate, a PKC activator, applied 
for 20 minutes leads to the characteristic mobility shift and tyrosine 
phosphorylation of p42 in area CA1. As PKC can be activated in the 
hippocampus by stimulation of the N-methyl-D-aspartate (NMDA) 
receptor and the metabotropic glutamate receptors (mGluRs), we next 
examined the effect of NMDA receptor or mGluR stimulation on p42 
activation in area CA1. Stimulation of NMDA receptors with 100 μ M 
NMDA for 3 minutes leads to the mobility shift and tyrosine 
phosphorylation of p42. This effect can be blocked with the selective 
NMDA receptor antagonist, 2-amino-5-phosphonovalerate (100 μ M). 
Addition of either 100 (μM quisqualate acid or 250 μ M IS, 3R-1- 
aminocyclopentane-l,3-dicarboxylic acid (ACPD), both agonists of 
mGluRs, for 20 minutes results in p42 activation. Finally, preliminary 
data suggest that p42 is activated in area CA1 in response to LTP- 
inducing high-frequency stimulation (HFS). In these samples, the 
characteristic mobility shift of p42 was detected. We are currently 
working to further characterize p42 activation during LTP induction.

2 4 5 .9

CHARACTERIZATION OF NEUROTROPHIN-INDUCED SYNAPTIC POTENTIATION IN 
AREA CA1 OF THE RAT HIPPOCAMPUS. H.Kang* and E.M.Schuman. Division of Biology 
216-76, California Institute of Technology, Pasadena, CA 91125.

We previously demonstrated that transient application of BDNF and NT-3 enhance 
excitatory synaptic transmission in area CA1 of the rat hippocampus (Kang & Schuman, 
Science, 1995). However, the cellular mechanisms underlying this neurotrophin action have 
not been characterized. Utilizing different pharmacological inhibitors, we are examining the 
potential role of intracellular Ca2+ rises in the neurotrophin-induced synaptic potentiation. 
Pretreatment of slices with L-type Ca2+ channel blocker nifedipine (10 μM) almost completely 
prevented both BDNF and NT-3 -induced enhancement [mean % of baseline 1 hour after 
exposure: BDNFcontrol(20ng/ml), 189.7 ± 16.1; BDNFnull 109.4 ± 9.2; NT-3control (20ng/ml), 180 ± 
8.4; NT-3null, 107.6 + 7.8 (n = 7)]. Also, thapsigargin (1 μM), a tumor promoter which depletes 
most intracellular Ca2+ stores, significantly attenuated the enhancement [mean % of baseline: 
BDNFcontrol (20ng/ml), 195.7 ± 15.0; BDNFnull , 150 ±11.0; NT-3control (20ng/ml), 182.4 ± 7.4; NT- 
3null, 135.6 ± 9.8 (n = 7)]. The effects of these factors are quite long-lasting, suggesting the 
potential involvement of new protein synthesis. A translation inhibitor anisomycin (40 μM) 
significantly inhibited both the induction [mean % of baseline 1 hour after exposure: BDNFcontrol 
(50ng/ml), 182.7 ± 17.3; BDNFnull, 120.0 ± 7.3 ; NT-3control (50ng/ml), 162.3 ± 12.5; NT-3null,
126.8 ± 10.8 (n = 6)] and the late phase of potentiation [mean % of baseline 3 hours after 
exposure: BDNFcontrol, 218.3 ± 19.1; BDNFnull, 135.1 ± 9.1; NT-3control, 236.7 ± 22.3; NT-3null,
130.8 ± 7.8]. Interestingly, preliminary experiments with a transcription inhibitor actinomycin 
D (40 pM) showed that it affected only later phases (3 hours) of the neurotrophin-induced 
potentiation [mean % of baseline 3 hours after exposure: BDNFcontrol (50ng/ml), 261 ± 62.1; 
BDNFACTD, 137.9 ± 33.8 (n = 4)], while sparing the early potentiation [mean % of baseline 1 
hour after exposure: BDNFcontrol, 182 ± 10.7; BDNFcontrol, 176.8 ± 16.8 (n = 4)]. These data 
suggest that the neurotrophin-induced potentiation may require new protein synthesis from 
pre-existing mRNA for its early phases, and both protein and mRNA synthesis for late phases.

2 4 5 .6
BALANCE OF PROTEIN KINASE AND PHOSPHATASE ACTIVATION  
FOLLOWING A 10 HZ TETANUS. C M. Coussens* and T.J. Tevler. 
Dept. of Neurobiology, Northeastern Ohio U. Col. of Med., Rootstown, 
OH 44272.

NMDA long-term potentiation (LTP) is induced following a high 
frequency tetanus (> 25 Hz) and is dependent on an increase in 
intracellular Ca2+ activating protein kinases. Conversely, NMDA long
term depression (LTD) is induced following a low frequency tetanus (1-5 
Hz) and is dependent on Ca2+ activation of phosphatases. Interestungly, 
Dudek and Bear (1992) reported no long-term change in the EPSP 
following a 10 Hz tetanus.

A 10 Hz tetanus at one half maximal EPSP or at population spike 
threshold results in a short-term depression which returns to baseline by 
30 min. ANOVA showed no differences between untetanized controls 
and either 10 Hz paradigm (p>.1) 30 min. after tetanus.

Decreasing the extracellular Ca2+ or perfusing the slice with the broad 
spectrum kinase inhibitor, H-7 (100 μM), at a 10 Hz tetanus resulted in 
an LTD which lasted >1 hour. ANOVA showed a significant difference 
between low calcium and H-7 group in comparision to the 10 Hz control 
(p<.05), but not between the H-7 and low calcium group (p>.1).

Increasing the extracellular Ca2+ or perfusing the slice with the broad 
spectrum phosphatase inhibitor, tautomycin (100 nM), at a 10 Hz tetanus 
resulted in a LTP persisting >1 hour. ANOVA showed a significant 
difference between the high calcium and tautomycin groups in 
comparison to ten Hz slices (p<.01), but no significant difference 
between the tautomycin and high calcium group (p>.1).
These results indicate that a 10 Hz tetanus equally activates opposing 

phosphatase and kinase activity which yield no long-term change in 
synaptic transmission. (Supported by NIH NS28698)

2 4 5 .8
DETERMINATION IN DIFFERENT BRAIN REGIONS OF THE ENDOGENOUS 
PHOSPHORYLATION STATE OF B-50/GAP-43 AND NEUROGRANIN BY 
ELECTROSPRAY MASS SPECTROMETRY
Di Luca M.. Pastorino L.. Raverdino V.1, Caputi A.. De Graan P.N.E2. Gispen 
W.H.2 and Cattabeni F.* Institute of Pharmacological Sciences, University of 
Milano, 20133 Milano, Italy; 1Hewlett-Packard, Meyrin, Switzerland; 2Rudolf 
Magnus Institute for Neurosciences, University of Utrecht, The Netherlands.

The evaluation of the phosphorylation state of nervous tissue specific proteins is 
important for determining their functional role under physiological and pathological 
conditions. Electrospray mass spectrometry (ES/MS) coupled to liquid 
chromatography (LC) has been utilized to measure two PKC substrates, the 
presynaptic protein B-50/GAP-43 and the post-synaptic substrate neurogranin in 
single rat brain extracts of cortex and hippocampus. Proteins were extracted from 
brain tissues by homogeneizing in 2.5% perchloric acid (PCA). Proteins present in 
the PCA extracts are directly injected into LC-ES/MS and mass spectra recorded 
throughout the elution. In the same extract at least 9 proteins can be observed. 
Among them B-50/GAP-43 and neurogranin can be identified on the basis of their 
molecular mass (23602.64±2.6, 7450±5.3, respectively). The values obtained for 
the dephospho-forms are in excellent agreement with the values deduced from cDNA. 
Furthermore the presence of these PKC substrates in the extracts was unequivocably 
confirmed by western blot analysis. The presence of molecular species shifted by 80 
Da for both B-50 and neurogranin (23682±10.88, 7535±4.8, respectively) indicate 
that these proteins are present in a phosphorylated form in these brain extracts, 
beeing the ratio between in vivo phospho- and dephospho-form 1:2 for B-50 and 3:1 
for neurogranin. The overall sensitivity of the method is in the upper fentomolar 
range for each protein in the same extract. Thus the method is highly suitable to 
determine the endogenous phosphorylation state of B-50 and neurogranin in single 
rat brain areas. The possibility to analyze in the same sample the phosphorylation 
state of a pre- and a post-synaptic subtrate for PKC is of great interest in view of the 
different involvement of pre- and post-synaptic compartments in regulating plastic 
events in hippocampus.

245 .10

ELONGATION FACTOR-2 AND THE INDUCTION OF IMMEDIATE EARLY 
GENES FOLLOWING LONG-TERM POTENTIATION. J.M. Williams. C.N.H. 
Brett. S.E. Mason-Parker. W.C. Abraham* & W.P, Tate. Depts. of Biochemistry 
& Psychology, University of Otago, Dunedin, New Zealand.

A rapid and transient increase in the expression of immediate early gene (IEG) 
transcription factors follows the induction of long-term potentiation (LTP) in the 
hippocampus. A transient inhibition of protein synthesis is one likely prerequisite 
for this event resulting in turnover of transient IEG repressor proteins. An 
excellent candidate to mediate this inhibition is elongation factor-2 (EF2) which is 
specifically phosphorylated and inactivated by calcium-stimulated CaM Kinase III, 
and hence could respond to localized calcium influx.

That an inhibition of protein synthesis brings about IEG expression was 
confirmed by infusing 3 adult male Sprague-Dawley rats with cycloheximide and 
demonstrating that the level of zif/268 mRNA expression in the dentate gyrus was 
2-3 fold higher than that of control animals. The presence of Ca/CaM Kinase III 
activity was confirmed in the dentate gyrus and this activity was shown to increase 
following the induction of LTP when calcium and calmodulin were added 
exogenously. To determine whether the phosphorylation status of EF2 is altered 
following synaptic plasticity, LTP was induced in the perforant pathway and the 
dentate gyrus dissected out at various times during and following the tetanization. 
Preliminary experiments using isoelectric focusing and immunoblotting with an 
anti-EF2 antibody have shown that EF2 isolated from dentate gyrus tissue has a 
high basal level of phosphorylation, although no dramatic change in the 
phosphorylation status of EF2 over these time points has yet been detected. EF2 
phosphorylation remains a potential mechanism for the induction of IEG 
expression in the dentate gyrus but direct evidence for a transient change in its 
phosphorylation status following LTP induction is yet to be obtained.

(Supported by a grant from the N.Z. Health Research Council.)
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245.11

GENE EXPRESSIONG FOLLOWING LONG TERM POTENTIATION 
(LTP). S. Sabunciyan*. S.S. Prasad, R.M. Douglas and M.S. Cynader. Dept.of 
Ophthalmology, Univ. of British Columbia, Vancouver, BC, Canada, V5Z 3N9.

Long Term Potentiation (the increased responsiveness of neurons following high 
frequency, high amplitude stimulation) is one of the best studied paradigms of 
plasticity in the adult brain. However, despite the presence of a significant amount of 
data about this phenomenon, the mechanisms underlying LTP still remain elusive. 
For an extended period of time, these processes involved in Long Term Potentiation 
were assumed to be purely physiological. However, more recent evidence has revealed 
gene expression to be an important aspect of LTP. Specifically, gene expression 
seems to be a requirement for LTP maintenance. In an effort to better understand 
this component of LTP, we have used the method of subtractive hybridization to 
identify genes which are selectively upregulated following LTP.

In both hemispheres of the rat brain, the dentate gyrus was stimulated via the 
perforant path and field potentials were recorded. After the establishment of a baseline 
response to test pulses, LTP was induced in one of the dentate gyri (10 trains of 20 
pulses at 400Hz) while the other dentate received only test pulses and was kept as 
control. Two hours following the induction of LTP, the animals were sacrificed and 
dentate gyri from both hemispheres were dissected. Once a sufficient amount of tissue 
was collected, one cDNA library was constructed from potentiated dentate gyri mRNA 
and another cDNA library was constructed from unpotentiated or control dentate gyri 
mRNA. Using these cDNA libraries, a subtracted library enriched for cDNA's 
upregulated following LTP was constructed. Since the signal obtained from a 
differential screen using unsubtracted probe was not sufficiently sensitive to detect the 
low abundance clones in the subtracted library, the subtracted library was differentially 
screened with subtracted probe enriched for cDNA's upregulated following LTP and 
subtracted probe enriched for cDNA’s upregulated in the control condition (the 
subtraction used the control side as tester and LTP side as the driver). Several clones 
which gave a stonger signal with the LTP subtracted probe as opposed to the Control 
subtracted probe have been identified. These clones are being partially sequenced and 
further verified by Northern blot hybridization and in situ hybridization.

245 .13

MACROMOLECULAR SYNTHESIS DEPENDENT AND INDEPENDENT LONG
TERM POTENTIATION IN DEVELOPING RAT VISUAL CORTEX.
T, Kurotani*. S. Higashi. H. Inokawa and K. Toyama. Dept. of Physiol., Kyoto 
Pref. Univ. of Med., Kawaramachi-Hirokoji, Kamigyo-ku, Kyoto 602, JAPAN.

Long-term potentiation (LTP) is thought to underlie activity-dependent 
modification of neural responsiveness in the visual cortex (VC). We report here that 
two types of LTP are induced by theta burst stimulation (TBS) in rat VC slices. 
Coronal slices were cut from Sprague-Dawley rats VC at postnatal days 15 to 25. We 
recorded field potentials (FPs) from layer 4 or lower layer 3 evoked by stimuli applied 
to the white matter-layer 6 border. TBS frequently (>70%) induced LTP of the FPs 
even in the absence of GABA antagonists. Two types of LTP were different in the 
time course of LTP expression as well as in their pharmacological properties. Fast 
LTP reached a steady state within 5 mins and was blocked by 50 μM D-APV, a 
specific NMDA receptors antagonist. Slow LTP required at least 20 mins for full 
development and was blocked by 10 μM nimodipine, a specific blocker for L-type 
voltage gated Ca channels. Slow LTP did not occlude fast LTP, suggesting that the 
induction mechanisms of each LTP might be different. Furthermore, slow LTP 
induction was blocked by preincubation with various types of protein (cycloheximide, 
emetine and anisomycin) and RNA synthesis (actinomycin D) inhibitors in a dose- 
dependent manner, whereas fast LTP remained practically unaffected by this 
preincubation process. These findings suggest different roles of fast and slow LTPs in 
the activity-dependent modification of visual cortical circuitry. The former may 
contribute to modification of transmission efficacy, and the latter may underlie 
modification of neural connections as well.

245 .15

RC3: A  POTENTIAL SWITCH FOR THE INDUCTION OF LTP AND LTD.
D.D. Gerendasy, P. Jennings, J. Watson and J.G. Sutcliffe*. Dept. Molecular 
Biology, The Scripps Research Institute, La Jolla, CA 92037.
We are interested in the biochemical and physiological functions of RC3 and 
GAP-43 and how Ca2+ fluxes are transduced into distinct biochemical 
cascades that influence dendritic spine development and changes in 
synaptic efficacy. We subcloned RC3 and GAP-43, created strategic 
mutations in RC3 through PCR-mediated site directed mutagenesis, and 
purified RC3, GAP-43 and a number of RC3 sequence variants to near 
homogeneity. We characterized the interactions between these proteins and 
CaM using biophysical techniques to analyze the kinetics and conformational 
consequences of Ca2+-sensitive binding. Our kinetic analyses suggest that 
RC3 releases CaM very slowly or very rapidly depending on the amplitude 
and rapidity of a Ca2+ flux. Structural studies suggest that CaM regulates 
RC3 activity through a Ca2+-sensitive allosteric mechanism. Our model 
places RC3 in the crux of two converging second messenger systems. We 
propose that CaM allosterically regulates the ability of RC3 to stimulate the 
mobilization of internal stores of Ca2+ by G-protein coupled receptors. The 
stimulatory activity is inhibited by CaM unless a co incident influx of Ca2+ 
through a channel such as the NMDA receptor occurs. We also propose that 
RC3 dampens the rate at which activated CaM is made available to various 
enzymes, influencing which biochemical cascades are activated and 
generally favoring LTD. In the event that RC3 is phosphorylated by PKC, the 
stimulatory activity becomes constitutive and the dampening effect is 
eliminated such that LTP is favored. This model suggests that RC3 and CaM 
expression are tightly coupled and changes in their levels of expression alter 
the threshold for the induction of LTP.

245 .12
RAPID DENDRITIC TRANSLOCATION OF ARC mRNA IN THE RAT 
DENTATE GYRUS FOLLOWING ECS C.S.Wallace*1, G.L. Lyford2 P.F. 
Worlev2’3. O . Steward1. Dept of Neuroscience1, University of Virginia, 
Charlottesville, VA 22908. Dept of Neuroscience2, Neurology3, Johns 
Hopkins School of Medicine, Baltimore, MD, 21205 

A recent report has characterized a novel immediate early gene 
encoding a cytoskeletal associated protein (Lyford et al., 1995). This 
gene, termed Arc (activity regulated cytoskeletal protein) is strongly 
induced by electroconvulsive seizures (ECS) or LTP. The gene is of 
additional interest because Arc mRNA is translocated into granule cell 
dendrites in the molecular layer of the dentate gyrus (DG). To define the 
kinetics of Arc translocation, we induced Arc mRNA expression by a 
single ECS and examined its distribution in the DG by in situ hybridization 
Male rats aged 30-40 were killed humanely 15 and 35 min and 1, 2, 4, 6 
and 12 hrs following ECS. At 15 minutes, labeling for Arc mRNA was 
obvious in the granule cells layer, by 35 minutes Arc extended well into 
the molecular layer, displaying a clear proximal-distal gradient. Between 1 
and 4 hrs, grain density over the molecular layer became increasingly 
heavy and homogenous, though the highest levels were observed in 
granule cell bodies. By 12 hours, labeling for Arc mRNA returned to 
basal levels in the DG. The progressive proximal-distal elevation of Arc 
mRNA in molecular layer indicates that newly-synthesized mRNA is 
translocated into dendrites much more quickly than previously suggested 
by studies of the transport of new RNA. The increase in labeling 
throughout the molecular layer, indicates a minimum transport rate of 200- 
300 pm per hour. The nature of the transport process remains to be 
defined. Supported by NSF IBN92-22120 (O.S.), NIH MH 53603 (P.W.), 
NIH Training Grant Fellowship NS07199 (C.S.W.).

2 4 5 .14
MOLECULAR CHANGES ASSOCIATED WITH THE MAINTENANCE OF 
HIPPOCAMPAL LONG-TERM POTENTIATION. K.L. Thomas. S. Davis1. S. 
Laroche1. M.L. Errington2. T.V.P, Bliss2 and S.P. Hunt. (SPON: European Brain 
and Behaviour Society). M.R.C. Laboratory of Mol. Biol., Hills Rd, Cambridge 
CB2 2QH, U.K. 1C.N.R.S.-U.R.A. 1491, Universite de Paris-Sud, 91405 Orsay, 
France. 2National Institute for Med. Res., Mill Hill, London NW7 1AA, U.K.

We have analysed the pattern of gene expression in the dentate gyrus 30min, 2h, 
24h, 48h and 96h following unilateral tetanic stimulation of the perforant pathway in 
anaesthetized and freely moving rats. Using in situ hybridization (ISH) with 35S- 
labelled oligonucleotide DNA probes (45mers) and immunohistochemistry (IHC), we 
have monitored changes in 1) transcription factors c-fos, fos B, c-jun, jun B, jun D, 
NGFI-A and CREB 2) isoforms of the NMDA (R1 and R2) and metabotropic 
glutamate receptors (mGluRs) 3) the serine-threonine kinase a  Ca2+/calmodulin 
kinase II (a CaMKII) 4) neurotrophins and their receptors.

Under the stimulation conditions used here, NGFI-A and jun D were the only 
transcription factors whose expression was rapidly and transiently increased. Using 
IHC we saw no change in the levels of CREB or its phosphorylated form in the 
granule cells after LTP. ISH revealed a specific 50% increase in the mRNA that code 
only for those forms of the NMDAR1 receptor that contain putative protein kinase C 
(PKC) phosphorylation sites. This increase was only seen 48h following induction. 
Immunofluorescent staining for mGluRl and mGluR5 revealed the rapid appearance 
of a gradient of immunoreactivity between the proximal and distal two thirds of the 
dendritic field of the granule cells after LTP induction, which was absent at 2h. We 
observed similar changes for a  CaMKII. Finally, we found a unilateral increase at 
2h in the mRNA coding for the neurotrophin BDNF but no change in trk expression. 
Together with previous results which showed increases in the postsynaptic 
expression serine-threonine kinases including a  CaMKII, γ PKC, extracellular signal 
regulated kinase 2 and raf B (Neuron 13:737), these data suggest that changes in the 
expression of PKC-sensitive NMDAR1 and redistribution of mGluRs and αCaMKII 
may contribute to the molecular basis for the increased response of the postsynaptic 
cell to released glutamate during the maintenance phase of LTP.

245 .16

BILA TERAL ELEVATIONS IN N EU ROTROPH IN  A ND trk  
RECEPTOR mRNA EXPRESSION LINKED TO UNILATERAL LTP 
INDUCTION IN THE HIPPOCAM PUS OF FREELY M OVING RATS 
C.R. B ram ham 1. T. Southard1. J.M. Sarvey 1. M. H erkenham 2, and L.S. 
Brady2. 1Department o f Pharm acology, Uniform ed Services University 
and 2Section on Functional N euroanatom y, NIM H, Bethesda, MD.

Hippocampal neurotrophin mRNA expression is altered in response to seizure 
activity, but the physiological role of neurotrophins is unclear. Quantitative in 
situ hybridization was used to characterize the regional distribution of changes 
in hippocampal neurotrophin (BDNF, NT-3, and NGF) and tyrosine kinase 
(trk) receptor mRNA levels at 2, 6, 24, and 120 h after LTP induction in the 
dentate gyms (DG). LTP induction leads to unilateral elevations in mRNA 
levels in DG granule cells, exemplified by trkB and NT-3, and bilateral mRNA 
elevations in granule and pyramidal cells, exemplified by trkC, BDNF, and 
NGF. TrkB and trkC mRNA levels both peaked rapidly at 2 h after LTP 
induction, whereas each neurotrophin mRNA had a different temporal profile 
of elevation: BDNF expression was delayed (6-24 h) and sustained, NT-3 was 
delayed (6 h) and transient, and NGF was rapid (2 h) and sustained. Both 
bilateral and unilateral changes in mRNA levels are NMDA receptor-dependent 
and LTP-specific. Bilateral electrophysiological recordings demonstrated 
unilateral induction of LTP, corroborated by a dramatic unilateral increase in 
expression of the immediate early gene zif/268. The results indicate an 
interhemispheric transfer of information triggered by focal plastic changes in 
the hippocampal network of behaving rats, and suggest a physiological role for 
neurotrophin and receptor gene expression in synaptic plasticity of the adult 
brain. Supported byNIHNS23865
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245 .17

PROTEIN SYNTHESIS-DEPENDENT INCREASE OF PKMζ, IS 
CORRELATED WITH THE DEGREE AND DURATION OF LTP 
MAINTENANCE. P. Oster*+, T. C. Sacktor .  ‡Howard Hughes 
Medical Institute, Dept, of Biochemistry, New York University 
Medical Center, New York, NY 10016; ‡Dept. of Pharmacology and 
Neurology, State University of New York at Brooklyn, Brooklyn, NY 
11203.

The maintenance of long-term potentiation (LTP) in the CA1 region of 
the hippocampus has been reported to require both a persistent increase 
in phosphorylation and a synthesis of new proteins. We have 
investigated the regulation of protein kinase C (PKC) isozymes and the 
constitutively active form of PKC, PKMC following short-term 
potentiation (STP) and LTr produced by single and multiple tetanic 
trains. While STP caused no long-lasting change in PKMζ, the extent of 
EPSP potentiation during LTP maintenance was linearly correlated 
with the increase of PKMζ (correlation coefficient r2=0.73, one tailed t 
test p<0.05), but not with the levels of other PKC isoforms. In a time- 
course, the increase of PKMζ began 10 min after the tetanus and 
remained stable for at least 2 hr. Both the maintenance of LTP and the 
persistent formation of PKMζ were blocked by the protein synthesis 
inhibitors anisomycin and cycloheximide. These results indicate that 
the increase of PKMζ is a component of the protein synthesis-dependent 
mechanism of LTT.

245 .18

EVIDENCE THAT CONSTITUTIVE PKC ACTIVITY IS 
NECESSARY FOR BOTH LTP AND LTD MAINTENANCE.
Sabina Hrabetova* and Todd C. Sacktor. Depts. of Pharmacology & 
Neurology, SUNY Health Science Center, Brooklyn, NY 11203.

PKMζ is a constitutively active form of PKC, which increases in 
LTP and decreases in LTD m aintenance (see accompanying 
abstract). In order to address the functional significance of these 
changes in long-term synaptic plasticity, we have examined the 
effects an inhibitor of the PKC catalytic domain, chelerythrine. We 
have found tha t chelerythrine is an effective inhibitor of PKMζ, but 
a t low concentrations has no effect on CaM-kinase II, in either its 
calmodulin-dependent or -independent form.

Three experiments were performed to examine the role of PKC 
catalytic activity in bidirectional synaptic plasticity. 1) Applications 
of chelerythrine caused a synaptic depression to 62% of baseline 
responses of Schaffer collateral/commissural-CAl synapses in ra t 
hippocampal slices. In the presence of the agent, stimulation at 3 Hz 
for 5 min, which causes homosynaptic LTD in untreated slices, 
caused only a short-term depression (STD), lasting less than 15 min. 
Thus inhibition of PKC activity mimics and occludes LTD. 2) In the 
converse experiment, in synapses in which LTD had been saturated 
by multiple 3 Hz stimulations, chelerythrine had no effect on 
responses. The depression by the drug was still observed in a 
second, non-depressed synaptic pathway. 3) In synapses in which 
LTD had been saturated, LTP was produced by 100 Hz stimulation. 
Chelerythrine then added 10 min after the high-frequency tetanus 
depressed synaptic responses to the pre-LTP level. These results 
suggest th a t the bidirectional regulation of PKC catalytic activity is 
necessary for both LTP and LTD maintenance.

2 4 5 .19

FORSKOLIN-INDUCED POTENTIATION IN HIPPOCAMPAL 
DENTATE GYRUS INCREASES PHOSPHORYLATION OF MITOGEN- 
ACTIVATED PROTEIN KINASES. P.I. Voulalas* and J.M. Sarvev. Dept, 
of Pharmacology, Uniformed Services University of the Health Sciences, 
Bethesda, MD 20814.

The mitogen-activated protein kinases (MAPK) have been implicated 
as mediators of signal transduction in a variety of cell and tissue types, 
following delivery of any of a diverse group of stimuli. We have 
investigated changes in the phosphorylation state of the members of the 
MAPK family of tyrosine-phosphorylated protein kinases following 
induction of a long-lasting potentiation of excitatory transmission by 
forskolin in the rat hippocampal dentate gyrus. Electrophysiological 
analyses of dendritic EPSPs in forskolin-treated dentate mini slices were 
accompanied by Western blot analyses utilizing antibodies which 
detected the phosphorylated forms of the proteins. Slices were treated 
and samples were removed both during bath-application of forskolin (5, 
10,15 and 20 min) as well as at times following wash-out of the agent (10 
and 20 min). Forskolin (100μM) potentiated medial perforant path 
EPSPs to 140-180% of baseline levels, an effect which persisted for >lh 
after wash-out of forskolin (n=6). The level of MAPK phosphorylation 
increased rap id ly  and tran sien tly  w ith  forskolin  treatm ent. 
Phosphorylation peaked 5 to 10 min after introduction of forskolin and 
declined to baseline levels within 10 min of initiation of wash-out. We 
believe that this time course of activation places MAPK in the position of 
being an early mediator of events related to long-lasting increases in 
excitatory transmission. Supported by NIH NS23865.
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2 46 .1
CALCIUM DEPENDENCE OF LTP INDUCTION BY POSTSYNAPTIC 
GLUTAMATE METABOTROPIC RECEPTORS IN THE BRAINSTEM
Neil E. Schwartz*. Réjean Dubuc and Simon Alford Dept. of Physiology 
Northwestern University Medical School, Chicago IL 60611 and CRSN Université de 
Montreal, H3C 3J7, Quebec, Canada.

Previously, it has been demonstrated that vestibulospinal inputs to reticulospinal 
neurons in the lamprey brainstem undergo long term potentation (LTP) following 
tetanic stimulation. This LTP is not prevented by application of the N-methyl-D- 
aspartate (NMDA) receptor antagonist 2-amino-5-phosphonopentanoate (AP5) but is 
prevented by dialysis of the postsynaptic neuron with a patch pipette containing a high 
concentration (10 mM) of EGTA. In this study we demonstrate that the induction of 
this LTP is blocked by the application of the metabotropic glutamate receptor 
(mGluR) antagonist (R,S)-α -methyl-4-carboxyphenylglycine (MCPG). In control 
experiments neurons were impaled with microelectrodes and stimuli applied to tracts 
of the vestibular nuclei at 30s intervals to evoke a monosynaptic EPSP. Tetanic 
stimulation (50 shocks in ls at test intensity) lead to a sustained increase in the 
amplitude of the low frequency evoked response (mean increase to 146 ± 9 % of 
control; n=10). After application of MCPG (500 μM) tetanic stimulation lead to a 
much reduced potentiation (107 ± 13%; n=15). In two cells washout of the MCPG 
allowed LTP to be evoked. MCPG did not affect the NMDA receptor component of 
the synaptic response. In neurons recorded under patch clamp with a low EGTA 
concentration (0.05 mM), LTP could be induced as with microelectrodes (increase 
was to 148 ± 12 % of control; n=4 ). In 3 cells loaded with the Ca2+ indicator Fluo-3 
via a recording patch pipette, tetanic stimulation led to a transient rise in fluorescence 
in the dendrites to 141 ± 18 % of control. Taken together, these results indicate that 
(as in mammalian hippocampus) LTP induction in this system requires a transient rise 
in postsynaptic Ca2+. To investigate the locus of action of MCPG, we have injected 
neurons with the GDP analogue GDP-6-S. Neurons were recorded under whole-cell 
patch clamp and LTP was not evoked under these circumstances. This preliminary 
data indicates that a postsynaptic G protein-linked receptor, the mGluR, is involved in 
induction of LTP in this system. Supported by NINDS grant # NS32114.

2 4 6 .2

THE MOLECULAR SWITCH HYPOTHESIS DOES NOT ACCOUNT 
FOR THE INCONSISTENT EFFECTS OF MCPG ON CA1 LTP 
M . J. Thomas and T. J, O'Dell*, Dept, of Physiology and Neuroscience Ph D 
Program, UCLA School of Medicine, Los Angeles, CA 90024.

In the CA1 region of the hippocampus, the induction of long-term 
potentiation (LTP) appears to require a' metabotropic glutamate receptor 
(mGLUR)-dependent switch-like biochemical process (Bortolotto et a l , 
Nature 368, 740, 1994). However, we observed in mouse hippocampal slices 
that 60 min. after attempting to induce LTP with 100 Hz stimulation in the 
presence of the mGLUR antagonist MCPG (500 μM) field excitatory 
postsynaptic potentials (EPSPs) were 187 8 ± 9.4% of baseline (mean ± SEM, 
N = 6), an amount of LTP not different from that seen in control experiments 
(EPSPs were 188.8 ± 20.2% of baseline, N = 11). Because the MCPG- 
sensitive mGLUR-activated "molecular switch" thought to be required for 
LTP remains active long after mGLUR activation, MCPG may have failed to 
block LTP in our experiments because the molecular switch was inadvertently 
activated in the basal state of our slices. Since 900 pulses of low-frequency 
stimulation (2 Hz) can deactivate the molecular switch, we tested this 
hypothesis by examining the ability of MCPG to inhibit LTP at synapses that 
had received 2 Hz stimulation (900 pulses) 30 minutes prior to attempting to 
induce LTP. In control experiments 60 min. after 100 Hz stimulation that 
followed 2 Hz stimulation, field EPSPs were 159 ± 17.1% of baseline (N = 9) 
while EPSPs were 165.6 ± 20.7% of baseline (N = 9) following 100 Hz 
stimulation in MCPG. This suggests that an inadvertently activated molecular 
switch does not account for the inconsistent effects of MCPG on CA1 LTP.
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246 .3
PRIOR PRIMING ACTIVATION OF METABOTROPIC GLUTAMATE 
RECEPTORS LOWERS THE THRESHOLD FOR LTP. A.S. Cohen. D.S.Kerr* 
and W.C. Abraham. Department of Psychology, University of Otago, Dunedin, 
New Zealand.

It has been shown that the threshold for LTP induction in vivo in the dentate 
gyrus of the rat hippocampus can be lowered, i.e. "primed", by previous synaptic 
activity. Here we examine the hypothesis that activation of metabotropic 
glutamate receptors (mGluRs) prior to the tetanus is responsible for this ’priming’ 
effect. We used theta-burst stimulation (TBS) just above threshold to induce LTP 
in CA1 slices from which area CA3 was routinely dissected. In control slices 
from young adult rats (250-275 g), the LTP measured an hour following either 2 
or 5 bursts of TBS was 6.0±5.6% (n=6) and 15.8±3.4% (n=6) (mean ± 
s.e.m.), respectively. A 10 min bath application of the broad-spectrum 
metabotropic receptor agonist lS-3R-amino-cyclopentane (ACPD, 20 μM) caused 
a short-lasting depression of synaptic responses that returned to near baseline 
during the subsequent 20 min washout period. Tetanization following washout, 
however, resulted in a significantly enhanced degree of LTP (2 bursts: 
23.7+ 8.5%, n=4; 5 bursts: 37.7+ 7.4%, n=6). This effect was stereo-specific 
as the inactive isomer 1R-3S-ACPD caused neither a transient response depression 
nor an enhancement of LTP following 5 bursts of TBS (15.1+ 7.4%, n=6). A 
second mGluR agonist more selective for receptors linked to PI turnover, DHPG, 
induced a transient synaptic depression similar to 1S-3R-ACPD and also increased 
LTP following 5 bursts to 39.2+ 7.4% (n=7). These findings indicate that prior 
activation of metabotropic receptors can prime CA1 synapses for LTP induction, 
and suggest that this effect occurs by a biochemical cascade initiated by PI 
turnover. These data are consistent with the molecular switch hypothesis of 
mGluR activation (Bortolotto et al., Nature, 1994, 368, 740).

(Supported by the New Zealand Health Research Council.)

24 6 .5

D E V E L O P M E N T A L  C H A N G E S  IN  A M P A  R E C E P T O R  
M O D U L A T IO N  BY K C L -IN D U C E D  D E P O L A R IZ A T IO N : 
RELATIONSHIP TO  LONG-TERM  POTEN TIA TIO N. C. Chabot, J. 
B e rn a rd  ,M. O havon. M. B audrv  and G. M assico tte . Lab. of 
Neurobiology, Univ. Québec à Trois-R iviè res, Canada G9A 5H7.

In the present study, we exam ined the relationship  betw een KC1- 
induced increases in 3H -a m in o -3 -h y d ro x y -5 -m e th y liso x azo le -4 -  
propionate (3H -AM PA) binding in te lencephalic synaptoneurosom es 
and the characteristics of long-term potentiation (LTP) elicited by brief 
KC1 application to hippocampal slices at various developmental stages. 
As reported previously, K C l-induced depolarization of telencephalic 
synaptoneurosom es augm ented  3H -A M PA  b inding  to m em brane 
fractions by 40 ± 5% in adult rats. The K Cl-induced increase in 3H- 
AMPA binding measured at postnatal days (PND) 25-30 and PND 15- 
20 was reduced to 24 ± 5%  and 15 ± 5%  respectively, w hile it was 
only 6 ± 5% at PND 5-10. M oreover, K C l-induced LT P in area CA1 
of the hippocam pus was most pronounced in adult slices (40 ± 5%), 
whereas LTP was reduced to 30 ± 5%  in slices prepared from 25-30 
PND animals. No LT P was produced by KC1 application  to C A 1 
hippocampal slices prepared from PND 5-10 anim als (3 ± 5%). These 
results indicate that developm ent of K Cl-induced LT P is reduced in 
young rats in area C A 1 of hippocam pus and provide evidence that a 
modification of AMPA receptor properties is an im portant mechanism 
in long-term changes of synaptic operation.

246 .7

MOSSY FIBER LTP INCREASES NEUROGENESIS IN THE ADULT RAT 
DENTATE GYRUS. A.D. York*. B.E. Derrick, and J.L. Martinez. Jr. Inst. Arctic 
Biology, Univ. Alaska, Fairbanks, AK 99775, Dept. Psychology, Univ. California, 
Berkeley, CA 94720, and Div. Life Sci., Univ. Texas, San Antonio, TX 78249.

Neurogenesis continues into adulthood in the dentate gyrus of the rat; little is 
known about the functional significance of this unusual developmental phenome
non. We investigated neurogenesis in the dentate gyrus after the induction of mossy 
fiber long-term potentiation (LTP) in seventy day-old male Long-Evans rats anes
thetized with pentobarbital. Stainless steel teflon coated electrodes were placed 
unilaterally in area CA3 and the mossy fiber bundle of the dorsal hippocampus. In 
the LTP group (n=8), mossy fibers were tetanized with two 1 sec 100 Hz trains; the 
resultant LTP was followed for one hour. In the non-tetanized group (NT, n=7), 
mossy fibers were stimulated at low frequency (.33 Hz) for one hour. A second 
control group (C, n=6) did not undergo surgery. All animals received 5 daily i.p. 
injections of 2 uCi/g b.w. of 3H-thymidine beginning immediately after surgery and 
were sacrificed 30 days after the last injection. After standard autoradiography, 
percentages of thymidine labeled granule cell neurons, glial and undifferentiated 
cells were compared in the three groups. Animals in the LTP group had significant
ly more labeled granule cell neurons in the tetanized dentate gyrus, both compared 
to the contralateral dentate gyrus and to either hemisphere of the other experimen
tal groups; animals in the NT group had an intermediate number of labeled neu
rons in the operated dentate gyrus, suggesting some increase in neurogenesis from 
injury or from low-frequency stimulation. The number of labeled glial and undif
ferentiated cells was also increased in the dentate gyrus of animals that had under
gone surgery, but these cell types were not significantly different in the LTP and 
NT groups. These results suggest that injury or low-frequency stimulation of the 
adult rat dentate gyrus induces proliferation of all cell types, and that an additional 
increase in neurogenesis can be stimulated by mossy fiber LTP.

Supported by MH10165, DA04195, NSF 94-11564, & Ewing Halsell Endowment.

2 4 6 .4
FROM UNEQUAL TO EQUAL: THE RATIO BETWEEN INCREASES IN AMPA AND 
NMDA RECEPTOR-MEDIATED SYNAPTIC POTENTIALS DURING LONG-TERM 
POTENTIATION IN YOUNG RAT HIPPOCAMPI CHANGES WITH TIME.
M.-Y. Xiao, Y.-P. Niu and H. Wigström*. Department of Medical Biophysics, Göteborg 
University, S-413 90 Göteborg, Sweden.

Homosynaptic long-term potentiation (LTP) was studied in hippocampal slices from 12- 
18 day old Sprague-Dawley rats using field EPSPs recorded in the CAI area. Independent 
estimates of the a-amino-3-hydroxy-5-methylisoxazolepropionic acid (AMPA) and the N- 
methyl-D-aspartate (NMDA) receptor-mediated components of the field EPSP were 
obtained in parallel using early and late measurements of a dual component EPSP in a 
solution containing low (0.1 mM) magnesium and 1 μM of the AMPA receptor antagonist 
6-cyano-7-nitroquinoxaline-2,3-dione (CNQX). LTP was observed initially as a 
predominant potentiation of the AMPA component, but within 30-60 minutes it gradually 
changed to equal increases of the two EPSP components. This change of LTP from 
asymmetry to symmetry was preserved when the EPSP size was reduced by decreasing the 
stimulus strength after tetanization. LTP also behaved in a similar manner when the EPSP 
size was reduced by prior induction of long-term depression (LTD). The change of LTP 
from asymmetry to symmetry was not dependent on procedures that influenced the 
stability of LTP, e.g., single or repeated tetani, or variations in stimulus frequency. The 
NMDA antagonist D(-)-2-amino-5-phosphonopentanoic acid (AP5) blocked the induction 
of LTP and after washout both EPSP components were equal to their values before the 
application of AP5. The metabotropic glutamate receptor antagonist (RS)-α-methyl-4- 
carboxyphenylglycine (MCPG) and the voltage dependent Ca2+ channel antagonist 
nifedipine did not influence LTP, either of the AMPA or of the NMDA component. The 
results suggest that LTP may employ a dual expression mechanism using a common 
induction pathway. A tentative mechanism for the symmetric modification is an alteration 
in transmitter release while the less durable, asymmetric part of LTP indicates involvement 
of a postsynaptic modification, possibly via changes at the receptor level.

2 4 6 .6
PERFORANTPATHTO CA1 EVOKED RESPONSES ARE UNRELATED TO 
CHANGES IN DENTATE HIPPOCAMPAL EVOKED RESPONSES.
R..V. Hernandez* and J.L Martinez Jr. Department of Psychology, University of 
California, Berkeley CA 94720; Division of Life Sciences, University of Texas, San 
Antonio TX 78249.

We previously described the perforant path (PP) to CAI excitatory post synaptic 
potential (EPSP) and mechanisms of long-term potentiation (LTP) in the rat in vivo 
(Soc. Neurosci. Abs. 19: 912, 1993; Soc. Neurosci. Abs. 20: 898, 1994). Because of 
the possibility that volume conduction from the dentate granule cell layer (DG) may 
contaminate the PP-CA1 EPSP, we investigated the effects of local field changes on 
PP-CA1 EPSPs. Previous studies in vitro and in vivo show that PP-CA1 potentiation 
requires a GABA disinhibiting agent; however, no such requirement is necessaiy for 
PP-DG potentiation. Therefore, a bipolar stimulating electrode was placed in the 
angular bundle of the PP with recording electrodes in both CAI and DG (n=3). A high 
frequency train (400 Hz, 100 msec, 5 tunes, 20 sec inter-train-interval, 10-150 μA) 
was delivered to the PP in the absence of drugs in the hippocampus. Consistent with 
previous studies, these experiments show that increased EPSP changes were induced 
in the DG slope (23%) and amplitude (28%). Averaged responses of simultaneously 
recorded CAI EPSPs showed slight decreases in slope (-9%) and amplitude (-11%) 
Population spikes sometimes appeared with potentiated changes in DG (n=2) in the 
abscence of any observable spikes in CA1 (n=3). Because increased EPSP changes 
were observed in DG but not CA1 we interpret these data as providing evidence that 
the PP-CA1 EPSP recorded in vivo is not necessarily affected by volume conduction 
from DG neurons. Supported by MH 18882 (RVH), DA 04195 (JLM, Jr.) and the 
Ewing Halsell Endowment.

246 .8
ASSOCIATIVE LONG-TERM DEPRESSION AT THE MOSSY 
FIBER-CA3 SYNAPSE. B.E. Derrick* & J.L. Martinez. Jr.
*Dept. of Psychology, University of California, Berkeley, CA 94720 and 
Div. of Life Sciences, University of Texas, San Antonio TX 78249.

We reported previously that associative mossy fiber LTP is observed in vivo when 
(1) low frequency mossy fiber activity is delivered in conjunction with (2) high 
frequency activation of convergent afferents (such as commissural or medial perforant 
pathways) (3) in the presence a μ opioid receptor agonists (PNAS, 91:10290, 1994). 
In these studies we noted that the co-occurrence of any two of these three conditions 
elicited a sustained (> 2  hr), saturable depression of mossy fiber responses. Low 
frequency mossy fiber stimulation (5 Hz) delivered in the presence of DAMGO, a 
μ. opioid receptor agonist, induced homosynaptic LTD. Homosynaptic LTD also 
could be induced by mossy fiber trains (100 Hz 0.5 s) delivered at low stimulation 
intensities. This effect was specific to tetanized mossy fibers and was blocked by the 
μ opioid receptor antagonist CTOP. Single mossy fiber pulses delivered in 
conjunction with trains to commissural or medial perforant path fibers induced 
associative LTD. Mossy fiber pulses delivered in conjunction with trains to the lateral 
perforant path either had no effect or induced LTP (3/5 animals). Tetanization of 
commissural-CA3 afferents in the presence of DAMGO and in the absence of mossy 
fiber synaptic activity produced heterosynaptic mossy fiber LTD. Thus homosynaptic, 
heterosynaptic and associative LTD can be induced at the mossy fiber synapse. As 
is observed in other cortical areas, LTD occurs when conditions are insufficient for 
the induction of LTP. Because the conditions necessary for LTD induction can be 
provided by coactive afferents, this enables the induction of homosynaptic and 
heterosynaptic mossy fiber LTD in an associative manner.

Support: DA04195 & NSF 94-11564 and the Ewing Halsell Endowment.
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2 4 6 .9

OPIOID ANTIBODIES ANTAGONIZE INDUCTION OF LTP IN THE MOSSY 
FIBER-CA3 PATHWAY. J. A. Reyes *+ and J. L. Martinez. Jr‡ +Dept. of Psychology, 
Univ. of California, Berkeley, CA 94720; ‡Div. of Life Sciences, Univ. of Texas. San 
Antonio, TX 78249.

Long-term potentiation (LTP) has been characterized in several hippocampal 
pathways. The mossy fiber-CA3 pathway of the hippocampus, which originates in the 
dentate gyrus, contains substantial amounts of opioid peptides. LTP formation in this 
pathway can be blocked by a selective μ-opioid receptor antagonists and facilitated by a 
selective μ-opioid receptor agonists. However, which of the opioid peptide(s) found at 
the mossy fiber-CA3 synapse is essential for LTP formation is not known. In order to 
address this question, antibodies directed toward specific opioid peptides (Met- 
enkephalin, Leu-enkephalin, and Dynorphin (1-8)) were administered locally at the 
mossy fiber-CA3 synapse to antagonize peptide function. Antibodies directed towards 
these peptides were utilized because of their highly selective and specific binding ability 
(<0 01 % crossreactivity) to the target antigen. Twenty minutes prior to delivery of the 
conditioning train (100Hz, ls, 2X), 1 μl of antibody was delivered over a 5 minute 
period, intrahippocainpally, at either a 1:50 or 1:100 dilution of the purified stock.
Met-enkephalin antibodies at both dilutions significantly inhibited LTP induction as 
evidenced by a lower magnitude of LTP. Leu-enkephalin, at 1:100 dilution produced 
significant depression. Antibodies directed to dynorphin (1-8) did not affect either the 
induction or magnitude of LTP elicited in tins pathway at the 1.100 dilution. However, 
a dilution of 1:50 significantly inhibited mossy fiber LTP induction. A purified, non
specific IgG, used as a control for antibody administration, produced no effect on LTP 
induction or maintenance (30-50% increase), at either dilution. These results 
demonstrate the importance of met-enkephalin and dynorphin in the induction of LTP in 
the mossy fiber pathway. Supported by DA04195, Ewing llalsell Endowment, NSF 
94-11564 (JEM) and the American Psychological Association Minority Postdoctoral 
Fellowship 2T32MH18882-08 (to JAR.)

246 .11

IDENTIFICATION OF GENES UP-REGULATED DURING LONG TERM 
POTENTIATION OF HIPPOCAMPAL MOSSY FIBER-CA3 SYNAPSES. S,
Peňa de Ortiz*. S.H. Kelly, B E Derrick, J.A. Reves. E.J. Barea-Rodrieuez. J.A. 
Onton. M F Benger, and J.L. Martinez. Jr.  Dept. Of Psychology, Univ. Of California, 
Berkeley CA 94720 and Division of Life Sciences, Univ. Of Texas, San Antonio, TX 
78249.

The maintenance of long term potentiation (LTP) at the mossy fiber-CA3 synapse of 
the hippocampus requires the synthesis of new proteins. The identity of the genes 
encoding such proteins is unknown. We initiated studies aimed at identifying genes 
which become transciptionally active at 1,5, and 24 hrs following the induction mossy
fiber (MF) LTP. LTP was induced in anesthetized rats by tetanic stimulation of MFs 
and was recorded eleetrographically. The hippocampi were either microdissected and 
processed for mRNA isolation or sectioned for in situ hybridization We examined the 
expression of several immediate-early genes (IEGs) one hour following LTP induction. 
Among the lEGs studied, HZF-3, an orphan nuclear receptor, showed the highest 
mRNA increases which were localized to the dentate gyrus and area CA1 of the 
hippocampus. In order to isolate genes up-regulated 5 hrs after the induction of MF 
LTP we performed a subtractive hybridization experiment with mRNAs isolated from 
potentiated and control hippocampi. The resulting subtracted cDNA library was 
screened with several cDNA probes The most abundant clone in the library is a novel 
cDNA designated LTP-Associated Gene (LAG). Other genes present in the library 
included HZF-3, FRA2, preproenkephalin (ENK), and GAP43. Finally, we examined 
the expression of ENK, preprodvnorphin (DYN), and actin mRNAs 24 hours after the 
induction of MF LTP. Our results from RNase protection assays show actin and ENK 
mRNA levels increased robustly, whereas DYN mRNA levels increased moderately. 
In conclusion, we identified several genes which are transcriptionally active at different 
times following the induction of MF LTP and which may be important for the 
maintenance of this form of LTP. Supported by NSF 94-11564, DA 04195, and the 
Ewing Halsell Endowment. S.P.O. is a 1994 N'SFMinority Postdoctoral Fellow.

246 .13

INCREASED EXCITATORY AMINO ACID RELEASE DETECTED 
WITH OUTSID E-O U T PATCH ELECTRODE DURING MOSSY 
FIBER LTP IN RAT HIPPOCAM PAL SLICES. T. M aeda*l . Y.

1Dept. of Pharmacol., 2Dept. of Mol. Pharmacol., Fac. of Pharm aceut. 
Sci., Kyoto Univ., Kyoto, 606-01, Japan.

We tried to detect excitatory amino acid (EAA) release evoked by 
electrical stim ulation  in hippocam pal slices using  an ou tside-ou t 
patch excised from pyram idal cell m em brane containing AMPA/KA 
type of glutam ate receptors. A patch electrode was positioned above the 
surface of stratum  lucidum in CA3 region or of s tra tum  rad iatum  in 
CA1 region. Functional properties of the stim ulation-evoked patch 
current were sim ilar to those of the current induced by puff application 
of L-glutam ate to the same patch. W hole-cell cu rren t was recorded 
sim ultaneously w ith patch current-recording  from a CA3 or a CA1 
pyram idal cell by conventional w hole-cell recording technique. The 
stim ulation  of mossy fiber evoked EPSC and patch current. Puff 
application of AMPA to s tra tum  lucidum induced w hole-cell current 
and patch current. When te tanus  was delivered to mossy fibers, the 
am plitude of EPSC was increased, and also the  am plitude of the 
stim ulation-evoked patch  cu rren t w as inc reased . However, the 
am plitude of AM PA-induced w hole-cell and  patch  c u rren t after 
te tanus  were not changed. The stim ulation and AMPA was given to 
the stra tum  radiatum  in CA1 region. In contrast to mossy fiber LTP, 
an increase in A M PA -induced w hole-ce ll c u rre n t in CA1 LTP 
accompanied th a t in EPSC w ithout change in the stimulation-evoked 
patch current. These resu lts  indicate th a t EAA release increased 
during mossy fiber LTP but not during CA1 LTP.

246 .10

ANISOMYCIN BLOCKS THE INDUCTION OF MOSSY FIBER LONG-TERM 
POTENTIATION IN A DOSE DEPENDENT MANNER IN  VIVO. E. J. Barea- 
Rodrizuez*, D.T. Rivera and J.L Martinez. Jr+. Dept. of Psychology, Univ. of California, 
Berkeley, CA 94530 and + Division of Life Sciences, Univ. of Texas, San Antonio, TX 
78249.

The hippocampus displays two forms of LTP. One is NMDA-receptor dependent 
(Brain Res. 323:132-137,1984) and the other is opioid-receptor dependent (Brain Res 
Bull. 27, 219-223, 1991) Protein synthesis is necessary for the long phase maintenance 
of NMDA-dependent LTP in some synapses in the hippocampus (Brain Res Bull 13, 
39-42,1984). Nothing is known about the requirement of protein synthesis in opioid- 
receptor dependent LTP in in vivo anesthetized rat. In this study we investigated the 
requirement of protein synthesis in the mossy fiber-CA3 synapse which displays opioid- 
receptor dependent LTP. The protein synthesis inhibitor anisomycin (0.04, 10, or 40nM) 
was administered into area CA3 region 15 min before the application of tetanic 
stimulation (2 x 100 Hz, 1 sec) Anisomycin blocked MF-LTP induction in a dose 
dependent manner, both 40 and 10 nM blocked MF-LTP induction but a lower dose of 
0 04 nM did not block MF-LTP. To investigate whether new protein synthesis was 
needed for the maintenance of MF-LTP, anisomycin (40nM) was administered 20 min 
after the induction of LTP. The maintenance of MF-LTP, measured 1 hour after drug 
administration was not affected by this treatment. The inhibitory effect of anisomycin 
on protein synthesis was determined by measuring the incorporation of 35S-methionine 
into the newly synthesized proteins. The measures of protein synthesis inhibition from 
subjects treated with 0.04, 10 or 40 nM anisomycin showed 21, 82 and 83 percent 
inhibition, respectively, when compared to 35S-methionine-treated controls. Our results 
suggest that new protein synthesis is necessary for the induction but not for the 
maintenance of MF-LTP for at least one hour following induction. Supported by 
DA04195, NSF 94-11564 and The Ewing Halsell Endowment (JLM.Jr.) and 
F32MH10641 (EJBR).

246 .12

INVOLVEMENT OF M ETABOTROPIC GLUTAMATE RECEPTORS IN 
THE INDUCTION OF LTP IN THE HIPPOCAMPAL CA3 REGION IN 
VIVO. C.R. Vallejos-Quiiada. BE. Derrick. E.J. Barea-Rodriguez. & J.L. 
Martinez. Jr.*+ Dept, of Psychology, University of California, Berkeley, CA 
94720. +Div. of Life Sciences, University of Texas, San Antonio, Tx 78249.

Recent genetic and electrophysiological studies suggest a functional role for 
the metabotropic glutamate receptors (mGluR’s) in the induction of long term 
potentiation (LTP). We investigated the effects of a specific mGluR agonist, 
ACPD (trans-lS,3R-ACPD), and a mGluR antagonist, MCPG ( α-methyl-4- 
carboxyphenylglycine), on responses evoked in anesthetized rats. Application of 
the selective mGluR agonist ACPD (24 nmol) caused a transient depression of 
both the mossy fiber and commissural field EPSP’s, verifying previous reports 
of mGluR involvement in modulation of synaptic transmission. Slow-onset 
potentiation was not observed in either commissural-CA3 or mossy fibcr-CA3 
responses. In order to investigate the role of these receptors in LTP the 
competitive mGluR antagonsist MCPG (4 nmol) was applied intrahippocampally 
in the CA3 region. MCPG applied ten minutes prior to tetanic. stimulation 
(100Hz, lsec, x2) blocked the induction of mossy fiber LTP. However, the 
effects of MCPG on commissural-CA3 responses were inconsistent, owing to a 
large depression in baseline reponses upon application of the drug. We conclude 
that the mGIuR's modulate glutamatergic synaptic transmission in area CA3 of 
the hippocampus and that they are required for the induction of the non-NMDA 
form of LTP characteristic of the mossy fiber synapse.

Supported by DA04195 and NSF 94-11564 and the Ewing Halsell Endowment.

2 4 6 .14
PRENATAL COCAINE EXPOSURE ALTERS LTP 
MAGNITUDE AND SENSITIVITY TO Dl ANTAGONISTS 
IN RABBIT HIPPOCAMPUS J.Z. LITTLE1*. B.W. 
CHOPKO2, T.J. TEYLE R  1 Dept. Neurobiology,
Northeastern Ohio Univ. Col. of 
Med.,Rootstown, OH 22472 2Dept. Neurosurgery, 
Univ. California S.D., San Diego, CA 92103 
The effect of in utero cocaine exposure on 
measures of LTP were investigated using a 
novel rabbit model. In an interface chamber, 
transverse hippocampal slices from 30-40 day 
old rabbits were given a 100Hz/1sec tetanus. 
Comparisons of % change in EPSP slope between 
cocaine exposed (n=6) and control groups 
(n=6) show the cocaine exposed group to have 
a significantly larger LTP at 90min post
tetanus. LTP in area CAl of rat hippocampus 
is known to be prevented by Dl receptor 
blockade (Frey,1991). In our model cocaine 
exposure causes functional uncoupling of the 
Dl receptor (Friedman, 1995). Experiments 
were performed to determine the effect of the 
Dl receptor antagonist SCH-23390 on LTP 
induction. After one hour, LTP was evident 
in cocaine exposed animals (n=6) while
control animal's responses had returned to 
baseline levels (n=6). This project was
supported by NIDA grant #DA06871.
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246 .15
A ROLE FOR KAPPA OPIOID RECEPTORS IN THE ACTIVITY-DEPENDENT 
SYNAPTIC PLASTICITY IN THE SPINAL DORSAL HORN. G.-D. Chen*. G. 
Cheng and M. Randić. Dept. of Veterinary Physiology and Pharmacology, Iowa 
State University, Ames, IA 50011.

Evidence indicates that kappa opioid receptor activation attenuates excitatory 
synaptic transmission, and is also involved in the mediation, or modulation, of 
activity-dependent synaptic plasticity in the brain. We have previously reported 
the existence of long-lasting modifications of synaptic strength in the spinal 
dorsal horn neurons resulting from the high-frequency stimulation of primary 
afferent fibers (J. Neurosci. 13:5228, 1993). However, the underlying 
biochemical mechanisms of the long-term potentiation (LTP) and long-term  
depression (LTD) of the primary afferent neurotransmission are not known. 
Therefore, in this study we examined whether nor-binaltorphimine (nor-BNI), a 
claimed selective kappa opioid receptor antagonist, could affect the induction 
of high-frequency stimulation-induced LTD of primary afferent neurotrans
mission by using conventional intracellular recording from the substantia 
gelatinosa (SG) neurons in a transverse slice preparation of young rat (15-26 
days) spinal cord. The strength of primary afferent neurotransmission was 
assayed by measuring the peak amplitude of EPSPs that result from stimulation 
of primary afferent fibers in L4 or L5 dorsal roots with electrical shocks of 4-20V 
(0.05-0.1 ms duration) intensity. Brief periods of high-frequency stimulation of 
primary afferents (300 pulses at 100Hz) elicited long-term depression 
(68.9 ±11.4% of control, n = 10) of EPSPs in SG neurons. In the presence of 
extracellular nor-BNI (100nM), the same tetanic stimulation did not produce 
LTD (99.0 ± 11.5%, n = 8) in SG neurons. This finding indicates that the synaptic 
activation of the kappa opioid receptors plays a role in the generation of LTD 
at primary afferent synapses with neurons in the SG, and may also contribute 
to other forms of synaptic plasticity(Supported by NS-26352 and IBN-9209462).

246 .17DIFFERENT M ECH A N ISM S U NDERLIE A C TIV ITY- A N D  D O P A M IN E- DEPENDENT POTEN TIATION S OF FIRST ORD ER SEN SORY SYN APSES. San jay Kumar. Alberto Pereda, Carol Lewis* and Donald S. Faber. Dept. of Anatomy & Neurobiology, Medical College of Pennsylvania & Hahnemann Univ., Philadelphia, PA 19129.
Electrical stim ulation of eighth nerve (VIIIn) afferents evokes a fast 

coupling potential followed by a chemical EPSP in the M authner (M-) cell 
lateral dendrite. Both com ponents of this m onosynaptic response exhibit 
long term potentiation (LTP) upon tetanization of the afferent fibers and 
are persistently enhanced by local dendritic application of dopamine. Also, 
im m unohistochem istry revealed dopam inergic innervation of the synaptic 
bed at this locus. In order to test w hether the effects of VIIIn tetanization 
were actually brought about by a stimulus induced release of endogenous 
dopam ine, we tetanized in the presence of the selective dopam ine Dl re
ceptor antagonist SCH-23390. This com pound blocks the potentiating 
effects of dopamine. Superfusion of the brain with saline containing 50μM 
of the drug, starting at least 30 min. before te tanization, had no effect on 
either induction or m aintenance of LTP (n=6). The mean percentage in 
creases in both com ponents of the response, -48% , coupling and -63%, 
chemical, at 10 min. post tetanus, were comparable to  those reported pre
viously. Furtherm ore, the dopam ine induced p o ten tia tion  involves a 
cAMP-dependent pathway and is blocked by post synaptic injection of the 
cAM P-dependent protein kinase inh ib ito r (PKI). In contrast, following 
pressure injection of PKI (900μM) VIIIn tetanization  still resulted in en 
hancem ent of both the coupling potential and the  chemical EPSP, by 
~36% and ~45% respectively (n=8). These findings suggest that the induc
tion of LTP is not due to the release of dopam ine. Further, since the 
activity dependent potentiation is not blocked by intracellular injection of 
PKI, LIT induction presumably does not require the activation of protein 
kinase A.

246 .19

PREDICTION OF HEBBIAN LEARNING IN CELLS WITH BIOLOGICALLY 
REALISTIC ELECTROTONIC ARCHITECTURE. N . T . Carnevale*1,3. K.Y. 
Tsai1,3, and T.H. Brown1- 3. Departments of Psychology1 and Cellular and 
Molecular Physiology2, and Center for Theoretical and Applied Neuroscience3, Yale 
University, New Haven, CT 06520.

The strength of a Hebbian synapse is governed by interactions between 
presynaptic and postsynaptic activity (Hebb 1949). In a simple artificial neural net 
"processing element," all synapses are exposed to the same postsynaptic activity 
level v = Σ m j xj (the instantaneous sum of the inputs xj  weighted by their 
corresponding synaptic strengths mj ). Oja (1982) showed that when the weights are 

regulated by the sum of a Hebbian growth term vxj and a decay term -v 2 mj that 
prevents them from exploding, they tune to the principal eigenvector of the 
correlation matrix[(xj xk)], i.e. the weights depend entirely on the statistical

properties of the presynaptic activity. In neurons the postsynaptic activity level is 
neither instantaneous nor spatially uniform, so each synapse experiences a local 
activation level v j(t) = Σ mk xk*vkj (* is the convolution operator and vkj(t) is 

k
the activation at location j  recorded t seconds after a unit input at k ). We noted 
that in this situation the weights depend on both the spatiotemporal pattern of 
presynaptic activity and the electrotonic structure of the neuron, converging to the

principal eigenvector of C =[(xj(xk*vkj))] (Eq.10 of Tsai et al. 1994).

Here we present simulations showing that this analytical solution (Eq. 10) does 
accurately predict the final weight vectors in neurons with realistic electrotonic 
architectures, and extend the simulations and predictions to cases that include 
multiple synapses with interesting correlations. Supported by ONR, ARPA, and the 
Yale Center for Theoretical and Applied Neuroscience.

246 .16
ATTENUATION OF SYNAPTIC TRANSMISSION INDUCED BY 
INOSITOL HEXAKISPHOSPHATE IN HIPPOCAMPAL AREA CA1: 
INTERACTION WITH LONG-TERM POTENTIATION. A.R. Parent* and 
D.J. Linden. Department of Neuroscience, Johns Hopkins University School of 
Medicine, Baltimore, MD 21205.

Hydrolysis of phosphatidylinositols generates various inositol phosphates 
including inositol hexakisphosphate (IP6). Recently, it has been reported that 
1P6 can act extracellularly by binding AP-2, a clathrin-associated protein 
(Timerman et al., PNAS 89: 8976, 1992), that it can interact with 
synaptotagmin (Zhang et al., Cell 78: 751, 1994), and most directly that IP6 
injection into the presynaptic terminal in squid giant synapse can inhibit 
neurotransmitter release (Llinas et al., PNAS 91:12990, 1994). To assess the 
role of IP6 in synaptic vesicular processes, IP6 was bath-applied to guinea pig 
hippocampal slices and the population responses evoked by Schaffer collateral 
stimulation were recorded in area CA1. Previously, we have reported a 
depression of the population spike amplitude (~70% decrease; recorded in s. 
pyramidale) and EPSP (~30%; recorded in s. radiatum) 2 hrs after IP6 application 
(25 μM, 30 min]. The former but not the latter effect was blocked by 
bicuculline, a GABAA antagonist suggesting a modulation of inhibitory drive 
(Parent et al., Neurosci. AbsL 20: 1513, 1994). As such, we have evaluated the 
interaction of IP6-induced synaptic depression and LTP, as LTP is known to 
affect the balance of excitatory and inhibitory drive. Bath application of IP6 
either during or 1 hr after the induction of LTP (3 trains, 100 Hz, 1 sec) resulted 
in a depression that appeared to be superimposed upon the potentiated response 
as measured by the population EPSP. However, the depression of population 
spike amplitude by IP6 observed previously, was abolished by coincident or 
prior LTP induction. These results suggest that IP6 can interact in a complex 
fashion with LTP, the basis of which may be differential effects on excitatory 
and inhibitory synaptic drive.
Supported by FRSQ Qu6bec, PHS MH51106, and the Sloan, Klingenstein and 
McKnight Foundations.

2 4 6 .18
COMPARISON OF EXTRACELLULAR TORTUOSITY DERIVED 
FROM DIFFUSION OF 3 kDa DEXTRAN AND TMA+ IN RAT 
CORTICAL SLICES L. Tao, I. Vorišek, A. Lehmenkühler. E. Syková. 
and C. Nicholson*. Dept. Physiology, NYU Medical Center, New York, NY 
10016; Institute Exp. Med. ASCR, 1400 Prague 4, Czech Rep.

The diffusion properties of extracellular space are important for the 
interpretation of diffusion-weighted MRI (Latour et al., Proc. Natl. Acad. 
Sci. USA, 91: 1299, 1994) and non-synaptic interaction (Bach-y-Rita, 
Ncurorcport, 4: 343, 1993). Integrative optical imaging determines the 
apparent diffusion coefficient (ADC) of larger molecules, such as 3kDa 
dextran (Nicholson & Tao, Biophys. J. 65: 2277, 1993) while the TMA+- 
method (Nicholson & Phillips, J. Physiol. 321:225, 1981) measures the 
ADC of tetramcthylammonium cations (MW 74.1). From the ADC, the 
tortuosity X ((λ=D/ADC)05 where D is the free diffusion coefficient) can be 
calculated and, ideally, this should be a constant of extracellular geometry, 
independent of molecular size.

Slices (400 μm thick) of rat neocortex were placed in a submersion 
chamber at 34 °C and diffusion properties measured with the two methods. 
The value of λ for 3 kDa dextran conjugated with Texas Red dye was in the 
range 1.6 -1.9. The value of X derived from TMA+ measurements was in the 
range 1.4 - 1.7. The λ-values recently reported in vivo for the same brain 
region using TMA+ were 1.5 - 1.7 (Lehmenkühler et al. Neuroscience 55: 
339, 1993).

We conclude that the tortuosity derived from diffusion measurements may 
reflect the size, or other characteristics, of the molecular probe used, in 
addition to extracellular geometry.  Funded by NIH grant NS 28642 and 
U S -C Z  S & T  grant 920 48.

246 .20

LONG-TERM POTENTIATION (LTP) AND THE SKEWED MINIATURE 
DISTRIBUTION- A MODEL COMPATIBLE WITH ALL THE DATA? 
F.A. Edwards* Dept. Pharmacology, Univ. Sydney, N.S.W. 2006 Australia

Investigations of whether LTP is expressed pre- or postsynaptically have 
resulted in an array of apparently contradictory findings. Combined evidence 
from anatomical and electrophysiological literature suggests a model for LTP 
and for the skewed miniature distribution, which would be compatible with 
virtually all of this data1. Anatomical observations suggest that tetanus and 
other plasticity-inducing stimuli result in the formation of perforated 
synapses2. These perforated synapses may represent synapses consisting of 
multiple independent active zones. Calcium influx through NMDA 
receptor/channels may result in insertion or activation of additional receptors 
into the postsynaptic membrane. In parallel, activation o f metabotropic 
receptors (or another factor) may stimulate growth of microfilaments leading 
to splitting of the active zone. Whether the resulting potentiation were seen as 
a postsynaptic effect (increased 'q') or a presynaptic effect (increased V ) or 
both, would depend on the rate of occurrence of the latter process. Such 
grow th of microfilaments might be expected to vary dramatically depending 
on temperature, calcium buffering, metabolic state of the cell, presence of 
nitric oxide, carbon monoxide etc.

The model is dependent on the suggestion that perforated synapses 
represent multiple independent release sites and would thus predict that skew 
in the amplitude distribution of miniature synaptic currents could be varied by 
changing release probability. This latter possibility has been tested by varying 
release probability using different calcium concentrations and calcium 
channel blockers.
1. Edwards, F.A. Trends in Neuroscience, June 1995
2. Geinisman, Y. Hippocampus 3,435-446 (1993)
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METANICOTINE: A NICOTINIC AGONIST WITH CNS SELECTIVITY - 
IN VITRO CHARACTERIZATION. M. Bencherif*. M.E. Lovette. S. 
Arrington, K. Fowler. L. Reeves. W.S. Caldwell and P.M. Lippiello. Research and 
Development, R.J. Reynolds Tobacco Company, Winston-Salem, NC 27102.
The potential involvement of nicotinic cholinergic systems in the etiology of 
neurodegenerative disorders has motivated the search for compounds with 
selectivity for CNS nicotinic receptors. We have evaluated a series of nicotinic 
agonists by their ability to: (1) bind to and up-regulate high affinity nicotinic 
receptors in rat brain and M10 cells, (2) release dopamine or induce Rb+ efflux in 
synaptosomes, (3) activate ganglionic type receptors in PC-12 cells and guinea pig 
ileum, and (4) activate muscle type receptors in human TE671/RD cells. Our 
results indicate that metanicotine (MN), (E)-N-methyl-4-(3-pyridinyl)-3-butene-l- 
amine, binds with high affinity to membrane preparations from rat brain cortex 
(Ki=16 nM) and M10 cells (Ki=16 nM). Functional studies show that MN is 
similar to nicotine in evoking Rb+ efflux from mouse thalamic synaptosomes (EC50 
ca. 500 nM; Emax=90% vs nicotine), but less potent than nicotine in inducing 
dopamine release from rat striatal synaptosomes (EC50= 1.1 uM vs 100 nM; Emax 
= 100% vs nicotine). At concentrations up to 1 mM, MN did not activate 
ganglionic (α3β4 containing) or muscle type nicotinic receptors. In addition, dose- 
response curves for ileum contraction were shifted more than a log unit to the 
right for MN vs nicotine. Chronic exposure of M10 cells to MN (1-10 uM) resulted 
in up-regulation of high affinity nicotinic receptors similar to that seen with 
nicotine (250-300 % vs control at 2 days). These results suggest that MN is 
selective for a4-containing CNS nicotinic receptors and has reduced selectivity for 
CNS and PNS α3-containing receptors. These conclusions were further supported 
by in vivo studies (to be presented separately) with MN showing enhanced 
cognitive effects and significantly lower peripheral effects.

247 .3

3-PYRIDYL ETHERS AS NOVEL HIGH AFFINITY NEURONAL 
NICOTINIC ACETYLCHOLINE RECEPTOR (nAChR)
LIGANDS. Nan-Homg Lin. Melwyn A. Abreo. David E. Gunn. David S. 
Garvey. Ann Marie Hettinger. Richard L. Elliott. Suzanne A. Lebold. Mark W. 
Holladay*, David J, Anderson, Diana Donnelly-Roterts. James P, Sullivan, 
Stephen P. Americ and Michael Williams. Neuroscience Research. D-47W. 
Pharmaceutical Products Division. Abbott Laboratories. 100 Abbott Park Road. 
Abbott Park. IL 60064-2500.

Recent evidence indicating the therapeutic potential of cholinergic channel 
ligands for the treatment of CNS disorders as well as the diversity of brain 
nAChRs have suggested an opportunity to develop subtype-selective nAChR 
ligands for the treatment of specific CNS disorders with reduced side effect 
liabilities. The development of selective 
cholinergic channel ligands with therapeutic 
advantages over known nAChR ligands has been 
the focus of continuing research in our 
laboratories. We report a novel series of ligands 
which possess high affinity for brain nAChRs and 
differentially activate subtypes of neuronal 
nAChRs. The synthesis and structure-activity 
relationships (SAR) for the leading members of 
the series (Ki = 0.05-20 nM) will be presented, 
including A-85380 (n =1, R = H), which 
possesses 50 pM affinity for brain [3H]cytisine binding sites in rodent and 
human cells. The SAR with regard to stereochemistry and N-methylation in the 
pyrrolidine series shows a different pattern compared to the corresponding changes 
to nicotine reported previously.

2 47 .5

SIB-1765F: A NOVEL NICOTINIC AGONIST WITH LOCOMOTOR 
STIMULANT PROPERTIES IN RATS. F.M. Menzaghi*. K. T. Whelan. R. Reid. 
A. I. Sacaan, V. B. Risbrough, T.S. Rao and G. K. Llovd. SIBIA , La Jolla, CA 
92037.

Conflicting results have been reported on the effect of nicotinic agonists on 
locomotor behavior in rodents. The present study compared the effect of SIB-1765F, 
a novel nicotinic agonist (Rao et al„ this meeting) to the effect of (-)-nicotine (NIC) 
on locomotor activity in rats. Acute subcutaneous (s.c.) administration of SIB-1765F 
(5-75 mg/kg) increased locomotor activity in rats habituated to the test cage in a 
dose-dependent manner. This effect of S1B-1765F was blocked by mecamylamine 
and not by hexamethonium, suggesting that SIB-1765F elicited its stimulant effect 
predominantly through central nicotinic receptors. The increase in locomotor activity 
was attenuated by selective D1 and D2 dopamine receptor antagonists, indicating 
that dopamine receptor activation is required for the stimulant action of SIB-1765F. 
Consistent with these results, s.c. administration of SIB-1765F induced a significant 
dopamine release in the nucleus accumbens and striatum as measured by in vivo 
microdialysis. The stimulant effect was observed within 5 min after s.c. 
administration and lasted for up to 3 hours. SIB-1765F was 5 times more efficacious 
and was longer lasting than NIC (0.4 mg/kg; 1.5 hr). SIB-1765F was also better 
tolerated than NIC. SIB-1765F was orally active with a rapid onset (20 min) and a 
long duration of action (2.6 hr). Upon repeated subcutaneous or oral administration 
of SIB-1765F there was no indication of a development of tolerance.

Based on these results, SIB-1765F appears to have a more desirable 
pharmacological profile than the existing nicotinic ligands with regards to locomotor 
activation. Since neuronal nicotinic acetylcholine receptors are implicated in the 
pathophysiology of Parkinson’s disease, the pharmacological profile of SIB-1765F 
suggests potential use in the management of Parkinson’s disease (Lloyd et al., this 
meeting).

247 .2
METANICOTINE: A NICOTINIC AGONIST WITH CNS SELECTIVITY - 
IN VIVO CHARACTERIZATION. P.M. Lippiello*, J.A. Gray1, S. Peters1. G. 
Grigoryan1. H. Hodges1. K, Summers2. E. Giacobini2 and A.C. Collins3. R&D, R.J. 
Reynolds Tobacco Company, Winston-Salem, NC 27102,1 Psychology, Institute of 
Psychiatry, London, UK SE5 8AF, 2 Pharmacology, Southern Illinois University, 
Springfield, IL 62702, and 3IBG, University of Colorado, Boulder, CO 80309.
The potential involvement of nicotinic cholinergic systems in the etiology of 
neurodegenerative disorders has motivated the search for compounds with 
selectivity for CNS nicotinic effects. We have evaluated a series of nicotinic 
agonists in vivo using: (1) microdialysis to measure neurotransmitter release in rat 
brain, (2) step-through passive avoidance (STPA), and radial arm maze (RAM) 
performance in brain-lesioned rats to measure cognitive effects, and (3) changes in 
heart rate (HR) and blood pressure (BP) in rats and body temperature (BT), y-maze 
(YM) activity, acoustic startle (AS) response and respiration (RSP) in mice. Our 
results indicate that metanicotine (MN), (E)-N-methyl-4-(3-pyridmyl)-3-butene-l- 
amine, is equal to or better than nicotine on measures of CNS function and 
cognitive enhancement MN (3.6 umol/kg) increased the release (50-100%) of 
acetylcholine (Ach), norepinephrine (NE), dopamine (DA) and 5-HT in cortex. At 
the same dose, nicotine produced similar increases in Ach, NE and DA, but not 5- 
HT. MN (0.1 mg/kg) significantly improved performance in pharmacologically- 
induced amnesia models of STPA and enhanced working and reference memory in 
NBM-lesioned rats in the RAM. By comparison, the potency of MN was at least 
10-fold lower than nicotine for increasing HR and BP, and decreasing BT and 
RSP. MN also was less potent than nicotine in decreasing YM activity and AS 
response. These results are consistent with in vitro data indicating MN’s CNS 
receptor selectivity and suggest that MN may be a suitable tool for probing the 
relationships that underlie the complex central and peripheral pharmacology of 
nicotinic cholinergic systems.

2 4 7 .4

IN VITRO CHARACTERIZATION OF SIB-1765F, A NOVEL NICOTINIC 
AGONIST. T. S. Rao*. A. I. Sacaan. R. Reid. L. Correa. P. Adams . L.Bleicher.
N. Cosford. I. McDonald and G. K. Llovd. SIBIA INC. 505 Coast Blvd. South. Suite 
300, LA JOLLA, CA 92037.

Agonists of the neuronal nicotinic acetylcholine receptors (NAChRs) have been 
proposed to have therapeutic utility in the management of neurodegenerative diseases 
such as Parkinson’s disease and Alzheimer’s disease. SIB-1765F, a novel nicotinic 
ligand, inhibited the binding of [3H]-nicotine, [3H]-cytisine, [3H]- 
quinuclidinylbenzilate, [125I]-α-bungarotoxin, [3H]-pentazocine and [3H]-di-2- 
toluoylguanidine to rat cortical membranes with IC50 values 0.0046, 0.012, 10, 100, 
5.8 and 6.1μM respectively. In addition, SIB-1765F did not show appreciable affinity 
to nearly 50 other neurotransmitter and neuropeptide receptors. This demonstrates a 
selectivity of >1000-fold for NAChRs, as compared to other receptors. SIB-1765F 
increased [3H]-DA release from rat striatal and olfactory tubercle slices in a calcium- 
dependent and mecamylamine-sensitive manner with an efficacy greater than or equal 
to that of nicotine. SIB-1765F also increased [3H]-norepinephrine (NE) release from 
rat hippocampal, thalamic and prefrontal cortical slices with a lower efficacy than 
nicotine. Recently, Sacaan et al., (JPET, in press) demonstrated marked differences 
in the pharmacology of NAChRs involved in striatal DA and hippocampal NE 
release suggesting involvement of different subtypes of NAChRs. The profile of 
striatal DA and hippocampal NE release by SIB-1765F suggests that this compound 
preferentially activates the NAChRs involved in striatal DA release. SIB-1765F did 
not inhibit acetylcholinesterase nor uptake of [3H]-dopamine (DA) into striatal 
synaptosomes in vitro. The in vitro and in vivo profiles of SIB-1765F (Menzaghi et 
al., Lloyd et al., this meeting) substantiate its selectivity as an agonist for the 
NAChRs.

2 4 7 .6

AFFINITIES OF NEW CEMBRANOIDS FOR THE NICOTINIC 
ACETYLCHOLINE RECEPTOR. R.M. Hann. O.R. Pagán. A.D. 
Rodriguez1 and V.A. Eterović*. Dept. Biochemistry and Ctr. Mol. 
Behav. Neurosci., U. Central del Caribe, Bayamon, PR 00960, and 
1Dept. Chemistry, U. of Puerto Rico, Rio Piedras, PR. 00931 

The affinities of twelve cembranoids for the desensitized cholinergic 
receptor (AChR) were determined by measuring cembranoid inhibition 
of high-affinity phencyclidine (PCP) binding to membranes from T. 
califon ica electric organ. [3H]PCP specifically bound in the presence 
of carbamoylcholine and cembranoids was determined by a filtration 
assay; unbound [3H]PCP was measured in the filtrates. The dissociation 
constant for each cembranoid (K1) was calculated by fitting the data to 
the equation for competitive inhibition. All cembranoids tested inhibited 
PCP binding, with K1's ranging from high nM to high μ M range (0.3 - 
149 μ M)\ the order of potency was methylpseudoplexaurate (PAME), 

eunicin, sarcophytol A (SARC), eunicin acetate, bis-12,13- 
epieupalmerin acetate, eupalmerin acetate, 14-deoxycrassin, 
eupalmerin, euniolide, crassin acetate, bis-12,13-epieupalmerin and 
lophotoxin. Lophotoxin, an irreversible competitive inhibitor of the 
AChR, showed weak affinity for the PCP site. The potency of PAME 
and SARC showed that the lactone ring on the cembranoid molecule is 
not essential for high-affinity binding to this site. Supported by NSF- 
EPSCoR, NIH-RR03035 and NIH-GM50695.

n = 1. 2 
R = H, Me 
* = R and S
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247 .7

A-85380:IN  VITRO PHARMACOLOGICAL PROPERTIES 
OF A NOVEL, 40 pM AFFINITY CH O LIN ER G IC 
CHANNEL ACTIVATOR. S. P Arneric*. D.Donnelly-Roberts. C.A. 
Briggs. P. J, Anderson, M. Piattoni-Kaplan. J,E, Campbell. D, McKenna. A.-M. 
Hettinger. D.S. Garvey. M. Williams and J.P. Sullivan. Neuroscience Research (D- 
47W), 100 Abbott Park Road, Abbott Laboratories, Abbott Park, IL, 60064-3500.

This study sought to determine the in vitro pharmacological properties of a 
novel cholinergic channel ligand, A-85380 [3-(2(S)-azetidinylmcthoxy) pyridine], 
using tissue preparations that express different putative nAChR subtypes.

A-85380 potently (Ki = 0.04 nM) interacts with stably expressed human α4β2 
nAChRs (K177 cells) labeled by [3H](-)-cytisine. In contrast, this compound is 
250-fold and 750-fold less potent to displace [125I]α-bungarotoxin (α -BgT) binding 
from the stably expressed human α7 nAChRs (Ki = 110 nM in K28 cells) and the 
neuromuscular junction α1β1δγ (Ki = 310 nM) subtypes expressed in Torpedo 
elcctroplax, respectively. This is in contrast to (±)-epibatidinc which displays high 
affinity (Ki = 2 nM) towards the α1β1δγ subtype. A-85380 (EC50 = 0.7 μM) is 
5-fold more potent and efficacious (165%) than (-)-nicotine (EC50 = 3.5 pM) to 
activate the human α 4β2 subunit combination effects that are attenuated by 
pretreatment with dihydro-β- erythrodine (10 μM). A-85380 (EC50 = 0.7 μM) is 
also a more potent activator of the human ganglionic nAChR, possibly α 3β4 
expressed in IMR 32 cells, than (-)-nicotine (EC50 = 21 μM). In Xenopus oocytes 
expressing the human α7 subunit, A-85380 (EC50 = 8 μM) is 10-fold more potent 
than (-)-nicotine (EC50 = 83 μM) to activate channel currents effects that are blocked 
by pretreatment with a-BgT (1 nM). In neurotransmitter release studies, A-85380 
stimulates the release of dopamine with an EC50 value of 0.1 pM. A-85380 
displays a profile of robust activation of a number of nAChR subtypes with 
substantially less affinity for [125I]a-BgT sites, than [3H](-)-cytisine sites, 
suggesting that it may serve as a pharmacologic agonist probe for classes of nAChR 
subtypes.

24 7 .9

NICOTINIC A CETYLCHOLINE RECEPTOR OF PC 12 CELLS 
AS THE TARGET OF NEU ROA CTIV E CO M PO UN D S.
K. N agata* and T. N arahashi. Dept, o f  Mol. Pharmacol, and Biol. 
Chem., Northwestern Univ. Med. Sch., Chicago, IL 60611.

The nicotinic acetylcholine (nAch) receptor is know n to be the 
target site o f  some neuroactive com pounds. We studied the direct 
effects o f  neostigmine, lead and the newly discovered insecticide 
imidacloprid on the nAch receptor o f PC 12 cells using the w hole
cell patch clamp technique. Applications o f  acetylcholine or 
carbachol induced inward currents in a dose-dependent m anner in 
PC 12 cells cultured with or w ithout NGF. Test chem icals were co
applied with 100 μM carbachol. N eostigm ine first enhanced and 
then suppressed the carbachol-induced currents, indicating the direct 
effect on the nAch receptor. Lead acetate enhanced carbachol- 
induced currents at a low concentration (0.1 μM ) in a dose- 
dependent manner, and suppressed the currents at a higher 
concentration (100 pM). Co-application o f  (10 μM imidacloprid(10μM ) 
with carbachol accelerated the desensitization o f current and 
suppressed the current in a dose-dependent manner. O ur results 
indicate that im idacloprid is a partial agonist o f the nAch receptor. 
The EC50 value for current suppression is estim ated to be >30 μM  , 
and is much higher than the values in insect nervous system. This 
large difference in the sensitivity o f  nAch receptor to im idacloprid 
between mammals and insects is one o f the m echanism s underlying 
the selective toxicity o f imidacloprid.

247 .11

ATTENUATION OF (±)-EPIBATIDINE’S ANALGESIC EFFECT 
WITH ACUTE CAFFEINE OR THEOPHYLLINE TREATMENT:
K.L. GUNTHER. A.W. BANNON. M.W. DECKER. AND M. WILLIAMS*. 
Neuroscience Research, D47W, 100 Abbott Park Rd., Pharmaceutical 
Discovery, Abbott Park, IL 60064-3500.

Epibatidine is a potent nicotinic acetylcholine receptor (nAChR) ligand that 
produces potent antinociceptive effects in several preclinical models of 
analgesia. Although epibatidine’s activity at nAChRs may initiate the  
mechanism(s) involved in the antinociceptive effect, little is known about the  
subsequent actions responsible for the analgesic effect. In this study, the  
effect of pre-treatment with the adenosine receptor antagonists caffeine and 
theophylline on (±)-epibatidine analgesia were examined. In addition, 
effects on activity and temperature were studied. Separate groups of male 
ICR mice were used for activity/temperature and analgesia testing. The 
analgesic test utilized was the hot-plate paradigm and all drugs were 
administered by intraperitoneal injections.

Caffeine (1,10, 30 mg/kg) attenuated the analgesic effect of (±)- 
epibatidine (28 pg/kg), but only when caffeine was given prior to (±)- 
epibatidine. Caffeine (1-100 mg/kg) was not effective in attenuating the  
analgesic effect of morphine (8 mg/kg). In contrast to the effects on  
analgesia, caffeine did not attenuate the activity and temperature reducing 
effects of (l)-epibatidine (28 pg/kg). Theophylline (3 and 10 mg/kg) also 
significantly attenuated the analgesic effect of (±)-epibatidine (28 pg/kg) but 
did not prevent epibatidine’s reduction of activity and temperature with 
marginally effective doses of (±)-epibatidine (2.8 and 5.6 pg/kg). Finally, 
theophylline(10 mg/kg) was not effective in attenuating the analgesic effect 
of (±)-epibatidine (5.6 and 14 pg/kg) in the PpQ-induced abdominal 
constriction assay. In general, these data suggest that the analgesic effect 
of (l)-epibatidine as assessed by the hot-plate may involve an adenosine- 
associated mechanism.

24 7 .8
BINDING PROPERTIES OF [3H]A-85380, A HIGH-AFFINITY 
NEURONAL N IC O T IN IC  A C ETY LC H O LIN E R ECEPTO R 
RADIOLIGAND. D.J. Anderson*. J.E. Campbell. J.L. Raszkiewicz. A.M. 
Hettinger. D.S. Garvey. S.P. Arneric and J.P. Sullivan. Neuroscience Research, 
D-47W, Pharmaceutical Discovery Division, Abbott Laboratories, Abbott Park, IL 
60064-3500.

Pharmacological characterization of the emerging diversity of neuronal nicotinic 
acetylcholine receptors (nAChRs) has been hindered by the paucity of subtype- 
specific, high-affinity radioligands. The present study describes the initial 
characterization of [3H]A-85380, a novel, high-affinity radioligand for nAChRs.

In rat brain membranes, specific binding of [3H]A-85380 was saturable and 
represented 80-90% of total binding. [3H]A-85380 binds with very high affinity 
(Kd = 0.05 ± 0.01 nM; n=3) and with a Bmax value of 110 ± 12 fmol/mg protein. 
Kinetic analysis revealed temperature-dependent half-times (t1/2) for association of 
14.5 min at 4°C, 6.1 min at 22CC, and 2.5 min at 37°C while respective dissociation 
tl/2  values were >480 min, 94.0 min and 15.1 min. [3H]A-85380 binding was 
found to be independent of pH at all three temperatures with optimum binding 
observed between pH 6.5 and 8.5. Regional studies comparing [3H]A-85380 and 
[3H]cytisine showed a similar profile of maximal binding (thalamus > striatum > 
cortex > hippocampus > cerebellum), although the number of receptors labeled by 
[3H]A-85380 was significantly higher in all areas, suggesting that [3H]A-85380 
may be binding to a population of receptors not labeled by [3H]cytisine. The 
pharmacology of [3H]A-85380 binding to rat brain membranes was consistent with 
an interaction with the a4(32 nAChR subtype. [3H]A-85380 binding was not 
displaced by a7-selective nAChR ligands nor by several non-nicotinic compounds. 
The very high affinity and selectivity of [3H]A-85380 as a radioligand should make 
it a useful probe to further elucidate nAChR function in the CNS.

247 .10

INHIBITION OF TH E HUM AN α 7 N ICOTINIC RECEPTOR BY 
MK-801 (D IZOCILPINE). D.G. M cK enna. S.P. Arneric and C.A. 
Briggs*. Neuroscience Research, D-47W , Bldg. AP10, Abbott 
Labs, 100 A bbott Park Rd., A bbott Park, IL 60064.

MK-801 is known as a channel-blocking antagonist of the NMDA class of 
glutamate receptors, and has been used in defining the roles of these NMDA 
receptors in various processes. MK-801 also has been found to inhibit nicotinic 
responses in muscle, retinal ganglion and CNS. However, the effect of MK-801 
at specific clonal neuronal nicotinic acetylcholine receptors (nAChRs) has not 
been examined. This may be particularly relevant for a l  nAChR, which like the 
NMDA ligand-gated ion channels have a relatively high permeability to Ca2+

Human a l  nAChRs (Doucette-Stamm et al. 1993) were expressed in 
Xenopus oocytes using standard techniques. Nicotinic current responses were 
measured using two-electrode voltage clamp in the presence of 10 mM Ba2+ to 
prevent secondary activation of Ca2+-dependent Cl- currents, and 2 pM atropine to 
prevent activation of endogenous muscarinic receptors. In oocytes injected with 
α7 nAChR message, (-)-nicotine and acetylcholine (ACh) activated α7 nAChR 
currents with EC50 values of 83 ± 10 μM (n=6) and 177 ± 32 pM (n=9) respec
tively. (+)MK-801 blocked the response to 200 μM ACh with an IC50, = 15 ± 3 
μpM (n=3). This effect was not stereoselective; the IC50 for (-)MK-801 was 14 ± 3 
pM (n=3). In comparison, the nAChR antagonist mecamylamine was only 8-fold 
more potent (1C50 = 1.8 ± 0.2 pM, n=3). The selective a7 antagonists a-bunga- 
rotoxin and methyllycaconitine were much more potent (IC50 = 0.54 ± 0.04 nM, 
n=4 and 0.64 ± 0.08 nM, n=3 respectively). Thus, while MK-801 does inhibit 
the human a l  nAChR, it is at least two orders of magnitude less potent than at 
NMDA receptors. The lack of MK-801 stereoselectivity at the human α7 nAChR 
further differentiates this effect from the blockade of NMDA receptors.

247 .12

EFFECTS OF (±)EPIBATIDINE ON CORTICAL SOMATOSENSORY 
RESPONSES EVOKED BY HINDPAW STIMULATION IN RATS. R.J. 
Radek* and C.A. Briggs. Pharmaceutical Products Division, D-47W, Abbott 
Laboratories, 100 Abbott Park Rd., Abbott Park, IL. 60064-3500

This study assessed effects of (±)epibatidine, a potent nicotinic cholinergic 
ligand, on the evoked potential (EP) recorded over the somatosensory cortex in the 
rat. The EP was elicited by electrical stimulation (1.25 Hz) of the hindpaw under 
pentobarbital anesthesia (25 mg/kg, i.p.).

(±)Epibatidine at doses of 0.01 and 0.03 μmol/kg i.p. attenuated the amplitude 
of the primary cortical component of the EP during a 90 minute post-treatment 
period (p<0.05, 2 way ANOVA). This effect was found to be similar to that 
produced by morphine (35.0 μmol/kg i.p.). Saline control had no effect on the 
EP. A higher dose of (±)epibatidine (0.1 μmol/kg, i.p.) increased the amplitude of 
the EP during the 0-30 minute post-treatment period and attenuated the response 
during the later 30-90 minute period. The opiate antagonist naloxone (1.5 
pmol/kg, i.p.) reversed the EP attenuation following morphine (35.0 pmol/kg 
i.p.) but not that following (±)epibatidine (0.03 μmol/kg i.p.). The nicotinic 
antagonist mecamylamine (6.0 μmol/kg i.p.) blocked the effect of (±)epibatidine 
(0.03 μmol/kg i.p.) on the EP when administered before (±)epibatidine, but did 
not reverse the EP attentuation when administered 24 minutes after (±)epibatidine. 
In addition to the EP attenuation, (±)epibatidine also produced a nicotine-like 
desynchronization of spontaneous cortical EEG during the experiments.

These results indicate that (±)epibatidine and other nicotinic agonists can 
modulate somatosensory responses independently of locomotor effects, supporting 
the concept of an analgesic response mediated by nicotinic receptors.
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247 .13

ACUTE AND CHRONIC TOLERANCE TO THE 
PHARMACOLOGICAL EFFECTS OF EPIBATIDINE. M.I. 
Damaj * and B.R. Martin. Department of Pharmacology and 
Toxicology, Medical College of Virginia/Virginia Commonwealth 
University, Richmond, VA 23298.
Tolerance to nicotine’s pharmacological effects of nicotine after 
acute and chronic administration are documented. In this study we 
evaluated the tolerance profile of epibatidine, a new potent nicotinic 
agonist that produces analgesia in different animal tests. Male ICR 
mice were used and the antinociceptive effect of the drugs was 
measured by the tail-flick test. Contrary to nicotine, mice treated 
with epibatidine isomers at different times and doses did not develop 
significant tolerance after s.c. acute nor after repeated injections. In 
mice that chronically received (+)-epibatidine (24 μg/kg/day for 10 
days), no significant tolerance was seen after acute challenge with 
(+)-epibatidine in the tail-flick test. However, a significant shift in 
(-)-epibatidine’s dose-response curve was obtained in animals that 
received (-)-epibatidine (24 μg/kg/day). This shift was significant 
and the ED50 values (and 95% CL) for saline-treated and (-)- 
epibatidine-treated animals were 7.2 (5.1-10.3) and 19.6 (14.5- 
26.4) μg/kg, respectively. In nicotine tolerant animals (4 mg/kg/day 
for 10 days), no significant tolerance was seen after acute challenge 
with (+)-epibatidine in the tail-flick test. However, the animals were 
less sensitive to the acute (-)-epibatidine challenge in the tail-flick 
test and (-)-epibatidine’s dose-response curve was shifted to the 
right. Further studies are needed to explain the differential 
mechanisms of tolerance development to epibatidine and nicotine. 
(Supported by NIDA grant #DA-05274).

247 .15
IN VITRO CYTOPROTECTIVE PROPERTIES OF THE NOVEL 
CHOLINERGIC CHANNEL ACTIVATOR (CHCA), ABT-418  I.
Hu*. D. Donnelly-Roberts. S. P. Americ and J.P. Sullivan Neuroscience 
Research, D-47W, Abbott Laboratories, 100 Abbott Park, IL 60064-3500

Recent literature has shown that compounds interacting with neuronal 
nicotinic acetylcholine receptors (nAChRs) may possess the potential to be 
neuroprotective/neurorestorative both in vitro and in vivo. ABT-418 is a novel 
ChCA that selectively stimulates subtypes of the nAChRs and exhibits 
cognitive enhancing activity in both rodents and primates. In the present study, 
the cytoprotective effects of ABT-418 and (-)-nicotine were investigated in a 
glutamate(GLU)-induced cytotoxicity assay using primary rat cortical neurons. 
A 15 min exposure of the cortical cells to 300 μM GLU significantly increased 
cytotoxicity as assessed by the release of lactate dehydrogenase (LDH) into the 
media 24 hrs post GLU treatment. This GLU-induced toxicity was prevented by 
the pretreatment of cells with either 10 μM of ABT-418 or (-)-nicotine. The 
cytoprotection elicited by these ChCAs is both time and concentration-dependent 
with an optimal concentration of 10 pM and an optimal pretreatment of 2hrs. 
The protective effects of these compounds appear to be mediated via an 
interaction with the nAChRs since mecamylamine (100 μM), a neuronal 
nAChR channel blocker, attenuated these protective effects as well as α - 
bungaratoxin (αBgt) and methyllycaconitine (MLA), both selective antagonists 
of the a7 subtype. Furthermore, a metabolite of ABT-418, A-87770 (10 pM) 
that has no activity at the putative a l, a4β2 or α 3β4 nAChR subtypes, 
displayed no cytoprotective activity. Similar results have been obtained using 
the differentiated human neuroblastoma cell line, IMR 32. Future experiments 
will elucidate which nAChRs are responsible as well as possible mechanisms for 
this cytoprotection. The cytoprotective nature of ABT-418 suggest this 
compound may possibly slow the progression of neurodegeneration during the 
progression of AD.

247 .14
Activation and Inhibition of Neuronal nAChRs by Potential Therapeutic 
Agents. R.L. Papke1 C.M. de Fiebre1. B.A. Moulton2. J.S. Thinschmidt2. R. 
Quintana1, and E.M. Meyer1 Univ. of FI.. Depart, of 1Pharma, and 2Neurosci.

We have tested ABT-418 and (±)epibatidine for their effects on rat neuronal 
nicotinic receptor subtypes expressed in Xenopus oocytes and have compared those 
results to the effects of anabaseine and its derivatives, DMXB and DMAC.

While the anabaseine derivatives are α7 selective agonists, epibatidine is an 
extremely potent and efficacious agent for all of the neuronal receptor subtypes. 
ABT-418 is only a partial agonist (20% of the efficacy of ACh) for receptors 
containing an α3 subunit, but otherwise has properties similar to (-)-nicotine. The 
application of any of these compounds at high concentrations produced an 
inhibition of subsequent responses to ACh that was noncompetitive in nature. The 
time course of α4β2 current responses stimulated by anabaseine, epibatidine. or 
ABT-418 (and also nicotine) were significantly different from the currents 
actiavated by ACh. While the values for peak currents activated by these 
compounds failed to increase to the same level as the ACh controls, the net charge 
relationships did approach the same maximum values as the ACh controls. The 
effect on the current waveform was similar to what is observed for the effect of 
local anesthetics on endplate currents. That is, currents stimulated by ABT-418, 
epibatidine, or anabaseine appeared in 2 phases, consisting of a rapid peak 
followed by a protracted tail. The protracted phase of the responses was 
selectively eliminated by other use-dependent inhibitors.

ABT-418, DMXB, & DMAC have been shown to improve cognitive behavior 
and epibatidine has analgetic effects. Our characterizations of the functional 
responses to these various agonists suggest the possibility that improved retention 
of passive avoidance behavior could result from the activation of a l receptors, 
and/or the selective inactivation (or desensitization) of a4β  receptors.

Some of these experiments were supported by Taiho Pharmaceuticals. BAM was 
supported by NIAA and AHA. Anabaseine compounds were generously provided 
by Drs. B. Kem and J. Zoltewicz, and ABT-418 from Abbott laboratories.

247 .1 6

SEROTONIN DEPLETION DECREASES THE THERAPEUTIC 
EFFECT OF NICOTINE, BUT NOT THA, IN AGED RATS. M.
Riekkinen* and P. Riekkinen Jr. Department of Neurology, University of 
Kuopio, P.O.Box 1627, FIN-70211 Kuopio, Finland.

The present study was designed to investigate the hypothesis that a 
cholinesterase inhibitor, te trahydroam inoacridine (THA) and a 
nicotinic acetylcholine receptor agonist, nicotine, stim ulate cognitive 
function via serotonin (5-HT) projections. Therefore, we compared 
the effects o f systemic pretraining injections o f THA (3 mg/kg, 
intraperitoneally (i.p .)) and nicotine (0.1 and 0.3 m g/kg, i.p .) on 
spatial navigation water maze (W M ) perform ance in aged control rats 
and in aged rats following treatm ent with p-chlorophenylalanine 
(PCPA , a 5-H T synthesis inhibitor, 400 m g/kg on 3 successive days, 
i.p .). PCPA treatm ent did not aggravate the W M  failure o f aged rats. 
THA (3 m g/kg) improved WM perform ance o f PCPA-lesioned aged 
rats, but nicotine (0.3 mg/kg) no longer improved the test 
perform ance o f aged rats after PCPA treatm ent. This result 
dem onstrates that serotonergic pathology may decrease the therapeutic 
effect o f nicotine in aged rats. The present results suggest that 5-HT 
systems, to some extent, mediate the W M  perform ance improving 
effect o f nicotine, but do not seem to be involved in the am eliorating 
effects o f TH A .

EX CIT AT O R Y  AMINO A C ID S : E X C IT O T O X IC IT Y  IV

24 8 .1

GLUTAMATE EXCITOTOXICITY IN HEK-293 CELLS EXPRESSING 
RECOMBINANT NMDA RECEPTORS. A. Moshaver*#. W. Tinglev*#. I. Shalaby*. 
R.L.Huganir&. L A. Raymond* #Dept. of Psychiatry, U. of British Columbia, 
Vancouver, B.C. &Dept. of Neurosci., HHMI, Johns Hopkins, Baltimore, MD.

Data from both in vivo and in vitro studies indicate that prolonged exposure of 
neurons to glutamate results in overactivation of N-methyl-D-aspartate (NMDA)- 
type receptors, allowing an increase in [Ca2+], and resulting in cell death. However, 
details of the molecular mechanisms, particularly the role of NMDA receptor 
structure, function, and subunit composition, that underly these events have been 
difficult to study in neuronal systems. We have co-expressed recombinant NMDA 
receptors with the marker protein β-galactosidase (β-gal) in human embryonic 
kidney 293 (HEK-293) cells and determined the percentage of viable transfected 
cells by immunostaining with NRl-specific antibodies and/or assaying for β-gal 
expression. Expression of NMDA receptor subunit combinations known to form 
functional channels, such as NR1 and ε l (the mouse homolog of NR2A), resulted in 
extensive loss of transfected cells when these cells were cultured in standard MEM 
with 10% fetal bovine serum (glutamate and glycine ~50 μM). Cell death was 
eliminated by addition of  receptor antagonists D,L-APV (1 mM) or MK-801 
(10 μM). In addition, incubation in bicarbonate-buffered physiological salt solution 
for 6 h resulted in loss of transfected cells when NMDA was included. This effect 
was dose-dependent with an EC50 of ~300 μM NMDA. Importantly, when these 
experiments were repeated with cells expressing Ca2+-impermeant mutant 
NRl(N598R)/ε l receptors, cell death was diminished by ~75%. In experiments with 
wild-type NRl/ε l-transfected cells, substitution of N-methyl-glucamine for Na+ in 
the salt solution decreased cell death by ~50%, suggesting that cytotoxicity was 
mediated in part by Na+ flux through NMDA receptors. Expression of recombinant 
receptors in HEK-293 cells is a promising model system for further analysis of the 
molecular mechanisms underlying NMDA receptor-mediated cytotoxicity.

248 .2

GENE EXPRESSION OF TWO NMDA RECEPTOR SUBUNIT SPLICE VARIANTS 
IN THE HIPPOCAMPAL REGION FOLLOWING GLOBAL ISCHEMIA IN THE 
GERBIL. Marie C. Paupard*. Eleonora Aronica. Jan A. Gorter, Dannv 
Rosenbaum. R. Suzanne Zukin. Department o f Neuroscience, Albert Einstein 
College o f Medicine, Bronx, N Y 10461.

Transient global ischemia of the brain induces delayed neuronal death in 
specific populations of cells. The CA1 region of the hippocampus is 
particularly sensitive to  ischemic injury. Induction of global ischemia leads to  
reduced expression of GluR2 (the subunit tha t lim its Ca2+ permeability of 
AMPA receptors). Increased expression of NMDA receptors (NR) is also 
expected to enhance glutamate pathogenicity. A lte rnative splicing of the 
NR1 subunit a ffects pharmacological and physiological properties o f the 
receptor. To examine ischemia-induced changes in NR1 splice patterns, we 
used in situ hybridization w ith specific oligonucleotide probes fo r NR1 splice 
variants. We focused on the NR11xx (a NR1 variant which exhibits the 
greatest potentiation by protein kinase C) and NR10xx (the most prominent 
NR1 variant expressed in the hippocampus and least potentiated by PKC). 
Twentyfour hours after the ischemic insult in the gerbil, expression of NR11xx 
receptors (w ith the N1 insert) was decreased specifically in the CA1 region. 
Expression of NR10xx receptors (lacking the N1 insert) was only modestly 
affected in the CA1 region. NR1XXX expression in other hippocampal areas did 
not d iffer from expression in sham operated controls. Decreased expression 
of N1 insert containing NR1 receptors (which exhib it a large inward current 
upon activation) after the ischemic insult would be expected to decrease 
glutamate pathogenicity and could therefore be a compensating mechanism, 
delaying neuronal cell death.
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2 4 8 .3

E X P R E S S IO N  O F G L U T A M A T E  R E C E P T O R S  O F R A T 
CEREBELLAR G RA N U LE CELLS DEPENDS UPON TH E VOLUM E 
OF CU LTU RE M EDIUM .
C .Z o n a .L .D u s ,N .C a n u * ,M .T .C io tti  and  P .C a lis s a n o  D ep t. of 
E xperim en tal M edic ine, II U niversity  o f Rom a, and Institu te  of 
Neurobiology C.N.R. Roma, Italy

In a prelim inary series of studies we have found that the response of 
ce rebellar granule cells cu ltured  in vitro for 8 days to a cytotoxic 
glutam ate pulse ( 100μM, 20 min. incubation) varies according to the 
volum e o f m edium  in w hich neurons are grow n. W hen cells are 
cultured in low volum e (LV) (1.2x106 c e lls /1.2 ml/17 mm dishes) the 
glutam ate pulse causes 80-90%  cell death. W hen sister cultures are 
prepared in a high volum e (H V) o f 4 .0  ml the cell death follow ing 
glutam ate treatem ent is reduced to 20-30% . Addition o f a conditioned 
m edium  (CM ) derived from LV cultures to HV cultures markedly 
increases their response to the toxic gluatam ate treatem ent. In order to 
investigate this volum e dependency and the action of CM on glutamate 
sensitivity, we have measured sodium currents, the currents evoked by 
A M PA /kainate and NMDA as well as the mRNA ( 1A. IB, 2A.2B.2C) 
and  th e  p ro te in  s u b u n its  fo rm in g  th e  A M P A /K a in a te  
(G luR2/3,G luR6/7) and NMDA (N M D A R1.2A/B) receptors. We found 
that the glutam ate resistant phenotype ensuing in HV culture conditions 
is accom panied by, and probably causally connected with, a low ered 
functional and physical expression of both voltage operated sodium 
channels as well as kainate and NMDA receptors.
W e hypothesize that such volum e dependency to the cytotoxic action 
of glutam ate is connected with the extent of production and release in 
culture of a substance operationally  defined as glutam ate sensitizing 
activity or GSA.

24 8 .5

OVEREXPRESSION OF RECOMBINANT HUMAN CALPASTATIN IN E. COLI 
AND ITS NEUROPROTECTIVE EFFECTS AGAINST EXCITOTOXICITY 
Okhee Hong*, Robert Chapman, Chulhee Kang1 and Ralph Nixon. McLean Hospital, 
Harvard Med. Sch., Belmont, MA 02178 and 1Dept. Biochem. and Biophys., 
Washington State Univ., Pullman, WA 99164.

Calpastatin is an endogenous inhibitor acting specifically on the calcium- 
activated neutral proteinases (calpains), which have been implicated in 
neurodegenerative processes including Alzheimer’s disease. Two species of calpastatin 
with molecular weights of 110 (tissue-type) and 70 kDa (erythrocyte-type) have been 
described in mammals (Inomata et al., 93). The larger species of calpastatin consists 
of five domains L, 1, 2,3 and 4 among which domains 1, 2, 3, and 4 are repetitive and 
share homology with each other. Calpain inhibitory activities have been observed for 
each of the repetitive domains. The function of the domain L is not known. To 
further our understand ing  of the structure-function relationship of calpastatin molecules 
and to explore neuropiotective effect of calpastatin, we overexpressed each domain or 
combination of domains of calpastatin in E. co li. Single and multiple domains of 
calpastatin were cloned by reverse transcriptase polymerase chain reaction (RT-PCR) 
using human neuroblastoma mRNA as templates or by PCR using human liver or 
brain cDNA as templates. Each of the domain(s) L, 1, 1-2,1-3, and 4 was cloned in 
T7 polymerase driven E. coli expression vectors. The level of recombinant DNA 
expression was 10% or greater of the total protein for each construct. Recombinant 
calpastatins D1, Dl-2, D1 -3 and 4 showed high specific activity toward calpain and 
demonstrated neuroprotection at an equal or higher level achieved by an NMDA 
receptor antagonist MK801 against glutamate exdtotoxicity in mouse primary cortical 
neurons in culture. This neuroprotection was abolished by preabsorbing recombinant 
calpastatin with calpastatin antibodies. The result strongly indicates that the 
recombinant calpastatin may be a potential therapeutic agent of neurodegenerative 
diseases. The mechanism of the neuroprotection by calpastatin is being investigated.

2 48 .7

NMDA INDUCES CALPAIN-MEDIATED PROTEOLYSIS OF MICROTUBULE- 
ASSOCIATED PROTEIN 2 AND SPECTRIN IN CULTURED NEURONS. J.F. 
Meschia*. B.T. Faddis, M.P. Goldberg Cntr. for the Study of Nervous System 
Injury, Dept. of Neurol., Washington Univ. School of Med., St. Louis, MO 63110.

Microtubule-associated protein 2 (MAP2) is a somatodendritic cytoskeletal 
element which is rapidly lost following cerebral ischemia or traumatic brain injury 
in vivo. The calcium-dependent neutral protease, calpain, may contribute to loss of 
cytoskeletal proteins and to neuronal injury in this setting. To assess the 
mechanisms and possible significance of calpain activation, we examined potential 
targets of calpain proteolysis in cortical cultures exposed to NMDA, using 
immunofluorescence and Western blotting.

Primary dissociated neurons from mouse neocortex were exposed to 30 pM 
NMDA for periods of 10 to 120 min. NMDA exposures of 20 min resulted in 
widespread neuronal death one day later. Immediately following NMDA exposure 
cultures were fixed and processed for indirect immunofluorescence, or were 
harvested and total MAP2 was measured using 7.5% SDS-PAGE followed by 
Western blotting and enzymatic chemiluminescence. A decrease in MAP2 
immunoreactivity was first detectable with 60 min of continuous NMDA exposure, 
and MAP2 was virtually absent with 120 min exposure. There was little appreciable 
loss of MAP2 during 120 min NMDA exposure when calcium was omitted from the 
exposure medium. NMDA exposure (60-120 min) also resulted in appearance of 
calpain-specific spectrin breakdown products (Ab provided by R. Siman, Cephalon, 
Inc.). Addition of the calpain inhibitor, MDL28.170 (1-100 pM), substantially 
attenuated the loss of MAP2 immunoreactivity but did not reduce neuronal cell 
death. These observations suggest that sustained NMDA receptor stimulation in 
cortical neurons activates calpain, resulting in delayed proteolysis of MAP2 and 
spectrin. However, calpain activation may not be required to initiate irreversible 
neuronal death. (Supported by NIH NS32140 and NS01543, to MPG).

24 8 .4
ANTISENSE OLIGONUCLEOTIDES TO CALPAIN I mRNA PROTECT 
CULTURED HIPPOCAMPAL SLICES FROM NMDA-INDUCED 
PATHOPHYSIOLOGY. E, Bednarski1, P. Vanderklish1, C. Gall2, T. Saido3. 
B.A. Bahr1, G. Shaw1’, & G. Lynch1. 'Ctr. for Neurobiol. of Learning & Memory, and 
2Dept. of Anat. & Neurobiol., Univ. of Calif., Irvine, CA 92717; 3Dept. of Mol. Biol., 
Tokyo Metro. Inst. Med. Science, 3-18-22 Honkomagome, Bunkyo, Tokyo, 113.

Two measures of NMDA-induced excitotoxic damage were reduced in cultured 
hippocampal slices that were previously exposed to antisense oligonucleotides 
(25μg/ml for 5 days) directed against the mRNA for calpain I. First, antisense 
intervention attenuated the generation of spectrin breakdown products (BDP’s) 
following a 10-20 min NMDA (200 μM) infusion by approximately 42% (p<04, 
t-test, 2 tails) on immunoblots developed with a BDP-specific antibody. These 
reductions in BDP formation were associated with a comparable degree of protease 
suppression, as measured by decreases in immunoblots (~42%) and in vitro activity 
estimates (~60%, p<.01, t-test, 2 tails), strengthening the assumption that increases 
in the concentration of spectrin fragments indeed reflect recent episodes of calpain
1 activity. Second, translational suppression of calpain I protected CA1 neurons 
from enduring NMDA-induced (200 μM for 15 min) synaptic dysfunction. 
Although slices transfected with antisense probes mimicked sibling cultures treated 
with an equivalent concentration of sense oligonucleotides in their initial response 
to NMDA (complete loss of synaptic potentials), they recovered more quickly and 
to a greater extent (to 74% of baseline EPSP amplitude after 55 min, p<.03, t-test,
2 tails) than did sense controls (to 21% of baseline at same time point). These 
results suggest that proteolysis by calpain I plays a significant role in exdtotoxicity 
and that translational suppression of the protease protects cultured slices from the 
extreme spectrin proteolysis and pathophysiology normally elicited by intense 
NMDA receptor activation (supported by NIA AG00538 and NIMH MH14599).

24 8 .6

ROLE OF CALPAIN IN THE DEVELOPMENT AND RECOVERY OF 
EXCITOTOXIC DENDRITIC INJURY IN VITRO. B.T. Faddis* and M.P. 
Goldberg. Center for the Study of Nervous System Injury and Dept, of Neurology, 
Washington University School of Medicine, St. Louis, MO 63110.

One of the earliest morphological changes following NMDA receptor activation 
in cultured cortical neurons is appearance of focal swellings along dendrites. The 
formation of these dendritic varicosities is largely calcium dependent and may be 
reversible. Also, the microtubule-stabilizing compound, taxol, attenuates NMDA- 
induced dendritic varicosity formation in mouse cortical cell cultures (Soc. 
Neurosci. Abstr. 20:1529). suggesting that the microtubule cytoskeleton plays a role 
in the maintenance of dendritic structure. Because several cytoskeletal proteins are 
targets of the calcium-activated enzyme, calpain, we investigated the role of calpain 
in dendritic varicosity formation.

Application of 30 μM NMDA for 10 minutes caused widespread dendritic 
varicosity formation visualized by MAP2 immunofluorescence. Pre-treatment of 
neuronal cultures with 1-100 μM MDL28.170 (generously provided by Marion 
Merrell Dow Inc.) or Calpain Inhibitor I for 2 hours did not alter the formation of 
dendritic varicosities induced by NMDA These calpain inhibitors did substantially 
attenuate the NMDA-induced loss of MAP2 and increase of spectrin BDP 
immunoreactivity , suggesting sufficient cell permeability of these compounds (see 
abstract by Meschia et al., this meeting).

The NMDA exposure used in these studies was sublethal, as assessed by LDH 
release measured 24 hours post-exposure, and dendrites returned to normal 
morphology within 2 hours following NMDA removal. However, the presence of 
calpain inhibitors pre- and post-treatment blocked this recovery for at least 8 hours. 
These results suggest that calpain activation does not play a role in varicosity 
formation, but may be necessary for recovery of dendritic structure following injury.

(Supported by NIH NS32140 and NS01543, to MPG)

248 .8

EFFECT OF SECRETORY PHOSPHOLIPASES A2 AND GLUTAMATE ON 
VIABILITY OF RAT CORTICAL NEURONS AND CALCIUM DYNAMICS. M. 
Kolko. M. A. DeCoster*. G. Lambeau. M. Lazdunski and Nicolas G Razan 
Neuroscience Center, LSU Medical Center, New Orleans, LA 70112-2234.

Nonpancreatic secretory phospholipases A2 (sPLA2s) may be involved in modulation 
of neuronal function. A receptor binding sPLA2s has been cloned from muscle (Lambeau, 
et. al. JBC, 1994). Two sPLA2s from snake venom (OS1 and OS2) bind to this receptor. 
OS2 and sPLA2 from bee venom (BV) bind avidly to brain membranes, while OS, does 
not. We evaluated the neurotoxicity of OS1, OS2 and BV combined with glutamate 
(GLU). Lactate dehydrogenase (LDH) release was used as the toxicity assay. BV and 
OS2 dose dependently (0.01-10 pg/mL) caused neurotoxicity and OS, did not. GLU (80 
pM) was as toxic as approximately 0.5 μg/mL BV. Submaximally toxic concentrations 
of BV combined with GLU demonstrated higher toxicity levels than the two compounds 
added separately. BV (0.05 μg/mL) and GLU together showed three times more toxicity 
than the sum of the separate toxicity levels, indicating that GLU and BV are having a 
synergistic effect. The toxicity experiments were combined with studies investigating the 
effect of the sPLA2s on intracellular free calcium concentration ([Ca2+]i). The fluorescent 
calcium indicator fluo-3 was used with a confocal microscope to measure real-time 
calcium dynamics in these neurons. We observed basal oscillations in [Ca2+], in the 
cultures. BV and OS2 dose-dependently (0.5-10 μg/mL) altered ([Ca2+]i) dynamics, while 
OS, had no effect. Both BV and OS2 (0.5 - 10 μg/mL) obliterated calcium oscillations, 
and also decreased [Ca2+]i to below baseline levels. We did not see any calcium 
modulations in the cultures exposed to sPLA2 concentrations below 0.5 pg/mL, even 
though the sPLA2s were toxic to about 0.025 pg/mL. These results indicate that calcium- 
independent toxicity may be occurring at low sPLA2 concentrations. Our results support 
the observed binding properties of sPLA2s in muscle and brain tissue, and provide 
evidence for modulatory roles of sPLA2s in neuronal signal transduction. (Supported by 
DAMD-17-93-V-3013).
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24 8 .9

DIFFERENTIAL RESPONSES IN CALRETININ-IMMUNOREACTIVE 
CORTICAL NEURONS TO KAINIC ACID EXPOSURE: ANALYSIS OF CREB 
PHOSPHORYLATION, CELL DEATH AND NEURITE OUTGROWTH. K.R. 
Isaacs*, I. Hanbauer, and D.M. Jacobowitz. NIMH and NHLBI, Bethesda, MD 
20892-1266

In mesencephalic primary cultures we reported that neurons containing 
calretinin (CR), a Ca2+-binding protein, were resistant to excitatory amino 
acids (EAAs) (Isaacs eat al., submitted). To determine if this resistance was 
related to the presence of CR or other factors, we studied the effects of EAAs 
on CR-containing neurons in cortical primary cultures. Cortical cells from 
E14 rat embryos were plated on slides and grown for 6-7 days in vitro (DIV). 
Formalin-fixed cells were subsequently incubated with primary antibodies 
for immunofluorescent detection of CR, GABA, phosphorylated cAMP/Ca2+ 
response element binding protein (PCREB) or the glutamate receptor 
subunits GluR5-R7. Co-expression of GABA and CR was extremely rare. CR- 
IR was found in 4-5% of the cells in culture while GABA-IR cells comprised 
2-3% of the total cell population. All GABA-ER cells, but not all CR-IR cells, 
co-expressed GluR5-R7. Dual immunofluorescence with PCREB and CR 
antibodies revealed that CREB was phosphorylated in many, but not all, the 
CR-IR cells after a 5 min exposure to 500 μM kainic acid (KA), and 
approximately half of the CR-IR cells exhibited PCREB-IR after a 30 min 
exposure. A 24 h exposure to 500 μM KA resulted in the detection of 
approximately 50% fewer CR-IR and GABA-IR cells. CR-IR neurons 
appeared swollen and exhibited long varicose fibers with swellings. GABA- 
IR cells, while swollen, did not have extended neurites. Unlike 
mesencephalic cell cultures, the presence of CR does not appear to confer 
neuroprotection against excitotoxicity in cortical primary cultures.

248 .11

CALCIUM BUFFERING ENHANCES THE EXCITOTOXIC EFFECTS OF 
GLUTAMATE IN RAT HIPPOCAMPAL NEURONAL CULTURES.
K.M. Abdel-Hamid and K.G. Baimbridge* Dept. Physiology, University of 
British Columbia, Vancouver, B.C. Canada. V6T 1Z3.

Either brief exposure o f cultured neurons to high concentrations, or 
prolonged exposure to lesser concentrations o f glutamate, can lead to a 
delayed cell death that is dependent upon the presence o f external Ca2+. We 
have therefore examined the potential neuroprotective effect of either the 
artificial Ca2+ buffer BAPTA or calbindin-D28K, a calcium binding protein 
expressed in some neurons which has been proposed to act as a Ca2+ buffer.

Primary hippocampal neuronal cultures were prepared from either 18 day 
embryo or 4 day postnatal rat pups. After at least 8 days in vitro they were 
exposed to various doses o f glutamate either for 30 minutes or for 24 hours. 
Neuron death was assessed using morphological criteria 24 hours after the 
onset of glutamate exposure. Regardless o f the excitotoxicty protocol used, 
or the source o f cultures, the presence of either BAPTA (loaded using the 
membrane permeable ester BAPTA-AM) or calbindin, determined 
immunohistochemically, enhanced cell death when compared to appropriate 
control neurons either loaded with the non-Ca2+-binding molecule "half'- 
BAPTA or devoid of calbindin.

We suggest that during prolonged stimulation of neurons these Ca2+- 
buffers may reduce the Ca2+-dependent inactivation of either Ca2+ or NMDA 
operated channels, or limit the stimulation of Ca2+-dependent K+-channels. 
Any or all o f these effects would result in an increase in the total Ca2+ influx  
which may be the key factor in glutamate induced excitotoxicity.

248 .13

CELLULAR ORIGINS OF c-FOS PRIOR TO NEURONAL 
DEATH BY THE QUINOLINIC ACID EXCITOTOXIC 
CASCADE. Y. Shan* & P.D Walker, Dept, o f Anatomy & Cell 
Biology, Wayne State University School of Medicine, Detroit, MI. 48201 

Intrastriatal NMDA receptor overstimulation by quinolinic acid (QA) 
produces a rapid cascade of neuronal death and glial activation within 24 
hours. During this time, QA also triggers a prolonged wave o f c-fos 
mRNA expression that peaks in relationship to a decline in neuronal 
mRNAs and the induction o f glial transcription. Because the prolonged 
IEG response could originate either from dying neurons or activated glia, 
we sought to determine the cellular origin o f c-fos expression within the 
QA lesion site prior to neuronal death. Adult male rats received bilateral 
injections of 4% fluorogold into the substantia nigra or globus pallidus to 
prelabel striatal neurons that are sensitive to QA. After 5-7 days, these 
rats received unilateral intrastriatal injections o f QA (1 μl o f 240mM) 
followed by sacrifice at 1, 6, and 24 hours post-lesion. Brain sections 
through the lesion site were subjected to single and double-label 
immuno-cytochemistry with antibodies to FOS (Santa Cruz), GFAP 
(Sigma), Ox-42 (Serotec), and DARPP-32 (gift from H. Hemmings and 
P. Greengard). FOS immunoreactivity was contained primarily within 
nuclei and appeared to increase within the QA-injected striatum from 1 to 
6 hours. Some areas o f the lesion site contained GFAP+ processes 
emanating from FOS+ nuclei indicating that reactive astrocytes may 
originate a portion of the prolonged FOS response. However, the 6 hour 
lesion site contained an even larger proportion o f  DARPP-32+ neurons 
that colocalized FOS+ nuclei. These cells were eliminated from the lesion 
site by 24 hours suggesting that prolonged c-fos induction originates 
from striatal neurons destined to degenerate during the QA excitotoxic 
cascade. Supported by NIH NS30550 and the M ichigan Parkinson 
Foundation.

2 4 8 .10

Gene Transfer of Calbindin D28k cDNA by HSV Amplicon  
Vecto r Decreases Ca lc ium  Ion M ob iliza tion  Fo llow ing  
Glutamate Exposure But Does Not Enhance Cell Survival. T. J.
Meier*. D. Y. Ho and R. M. Sapolsky . Dept. of Biological Sciences, Stanford 
University, Stanford, CA 94305-5020.

Maintenance of intracellular calcium ion homeostasis plays an important role 
in the ce llu lar well-being of hippocampal neurons. D isruption of that 
homeostasis often leads to cell death. In recent years the function of 
calcium-binding proteins as calcium ion (Ca2+) buffers has been proposed. 
We hypothesized that calbindin D28k (CB) may function as an intracellular 
Ca2+ buffer and constructed herpes simplex virus vectors to deliver rat CB 
cDNA to hippocampal neurons in vitro. These vectors were constructed to 
co-express bacterial lacZas a reporter gene. Cells were infected with vectors 
delivering the CB cDNA, or with negative control constructs (the CB gene 
inactivated by insertion of stop codons in all three reading frames near the 5’ 
end of the gene, or no CB gene at all). Infected cells were challenged with 
glutamate, and examined by calcium ratiometric imaging utilizing the fluores
cent calcium indicator fura-2. Data were analyzed with Universal Imaging's 
FLUOR software. Following glutamate challenge, cells infected with vectors 
carrying the CB gene exhibited significantly greater rates of Ca2+ rise, higher 
adjusted maximum Ca2+ values, faster rates of Ca2+ fall, and lower overall 
amounts of Ca2+ mobilized. Cells infected with the vector alone exhibited 
significantly higher Ca2+ mobilization, as compared to uninfected cells. Cells 
infected with the vector alone, with the CB gene, or the inactivated CB gene 
were assayed for survivorship after 30-minute exposure to glutamate in vitro. 
Infected neurons which survived glutamate treatment were visualized using 
the chromogenic substrate X-gal. Cells receiving the CB gene did not gain a 
survivorship advantage over cells receiving the inactivated gene. Our work 
indicates that decreased Ca2+ mobilization via CB overexpression does not 
enhance neuronal survival following glutamate exposure.

2 4 8 .12
NMDA-INDUCED c-FOS  IM M UNOREACTIVITY IS BLOCKED BY 
ANTISENSE PHO SPHO RO TH IO A TE OLIGONUCLEOTIDES IN 
ORGANOTYPIC CULTURE OF RAT HIPPOCAM PUS. R. Wilson. M. 
Colberg-Beers and C. Shin*. Molecular Neuroscience Program, Departments 
of Neurology and Pharmacology, Mayo Foundation, Rochester, MN 55905.

Ischemic neuronal injury occurs through mechanisms likely involving 
glutamate receptor activation. A subtype of glutamate receptors, NMDA- 
receptor, is linked to many intracellular processes through calcium signaling 
pathways, including induction of immediate-early gene (IEG) expression such as 
c-fos. Thus one could hypothesize that IEGs through NMDA-receptor activation 
may be involved in ischemic neuronal injury. As a step toward testing the role 
of IEGs in ischemic neuronal injury, we have studied whether antisense 
oligonucleotides will block NMDA-induced c-Fos immunoreactivity in 
hippocampal explant cultures.

Explant cultures (14-21 DIV) from 6-day-old rat hippocampus were 
preincubated for 24 hours with antisense or sense phosphorothioate 
oligonucleotides (15mer; 1-20 pM). They were then exposed to 50 μM NMDA 
for 30 minutes. 90 minutes later cultures were fixed in 4% paraformaldehyde 
then frozen-sectioned for immunohistochemistry.

Numerous c-Fos immunoreactive neurons were observed after NMDA 
exposure in CA1, CA3 pyramidal and dentate neurons of hippocampal explant 
cultures. Antisense, but not sense, oligonucleotides blocked the expression of 
Fos protein in a dose-dependent fashion.

This result demonstrates the feasibility of suppression of NMDA-induced Fos 
protein expression by antisense oligonucleotide approach that will allow the 
direct testing of the causative role of IEGs in ischemic neuronal injury.

2 4 8 .14

IN D U C T IO N  O F c-fos IN  T H E  B A SA L  F O R E B R A IN  
FO L LO W IN G  K A IN A TE IN JE C T IO N  IN T O  M E S O P O N T IN E  
TEGM EN TU M . P.J. Miller* and  L. Zaborszky . C enter for M olecular 
& B ehavioral N euroscience, R utgers, The State U niversity  of NJ, 
N ew ark, NJ 07102.

The induction of the im m ediate early  gene c-fos and  its associated 
protein product, Fos, has been suggested  to be a sensitive m arker for 
n eu rona l ac tiv ity  in  response  to a range of stim uli. In o rder to 
d e term ine  the areas of m esopon tine  te g m en tu m  (MPT) efferent 
te rm ina tion  in the basal forebrain  (BF) as w ell as to eva luate  the 
identity  of the affected BF neurons, w e injected kainic acid (1 umol,
0.8 ul) into the MPT and exam ined im m unoreactiv ity  (ir) for Fos and 
choline acetyltransferase (ChAT). W idespread  Fos-ir w as observed 
in the BF, w ith  particu larly  strong stain ing  in  horizontal limb of the 
d ia g o n a l b a n d , s e p tu m , v e n tra l  p a l l id u m , a n d  su b s ta n tia  
innom inata. O ther b rain  regions w hich  w ere Fos-im m unoreactive 
inc luded  parietal, insular, and  p irifo rm  cortices, in tra lam inar and 
p a ra v e n tr ic u la r  th a la m ic  n u c le i, e n to p e d u n c u la r  n u c le u s , 
sub thalam ic nucleus, la teral and  m edial p reop tic  areas, and  bed 
nucleus of stria  te rm ina lis . D ouble im m u n o s ta in in g  in the BF 
revealed Fos-ir and  ChAT-ir neurons w hich w ere either interm ingled 
or in separa te  popu la tio n s  b u t never co localized . A dditionally , 
ChA T-ir w as decreased  in  the ipsilate ral basal forebrain  in several 
an im als. T hese p re lim in a ry  fin d in g s  su g g es t p o te n tia l non- 
cholinerg ic ta rgets  of M PT efferen ts in  the BF w hich , follow ing 
activation, m ay inhibit BF cholinergic neurons.

Supported  by USPHS NS23945.
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249 .1
SUBSECOND MEASUREMENT OF GLUTAMATE IN CORTICAL BRAIN 
DIALISATES. L.Hernandez*. S.Tucci. P.Rada.
Department of Physiology, Medical School, Los Andes 
University.

Excitatory and inhibitory aminoacids are released 
and reuptaken in fractions of seconds. Capillary 
Electrophoresis with Laser Induced Fluorescence 
Detection is the only analytical technique sensitive 
enough to measure the small amounts of these 
neurotransmitters released in such short time 
intervals. Brain microdialysis probes were inserted in 
the parietal cortex of anesthetized rats and perfused 
at 1 μl /min. Samples were continuosly collected into a 
teactor and mixed with Fluorescein Isothiocyanate and 
0.02 M carbonate buffer at pH 9.5. The mixture was 
collected by capillarity every 0.8 seconds. After 14 
hours of reaction in the dark the mixture was diluted 
and 1 nanoliter of sample was injected into a 20 μm 
fused silica capillary filled with carbonate buffer. 
Glutamate, GABA, and arginine were separated by 
applying 20,000 Volts and detected by laser induced 
fluorescence. In six consecutive samples Glutamate, 
Aspartate, GABA and Arginine were detected with greater 
than 30:1 signal to noise ratio in a single run. The 
method has the potential to measure excitatory and 
inhibitory aminoacids in fractions of seconds. Such 
improvement is needed to apply microdialysis to the 
analysis of the chemical correlates of behavior.

2 4 9 .3

RELEASE OF THE NITRIC-OXIDE (NO) PRECURSOR, ARGININE, FROM 
THE THALAMUS IN VIVO EVOKED BY SENSORY STIMULATION AND 
EXCITATORY AMINO ACIDS. 1T E Salt. 1K E Binns. 2B Benz. 2K Q Do*, 
1Department Of Visual Science, Institute of Ophthalmology, LONDON EC1V 
9EL. UK, and 2Brain Research Institute, Zurich University, Zurich, Switzerland.

The identity of the neurotransmitter(s) which participate in the responses of 
thalamic relay neurones to sensory stimuli is still unclear, although the 
responses of ventrobasal (VB) thalamus neurones to natural stimulation of 
somatosensory afferents of the rat are mediated by ionotropic excitatory 
amino acid (EAA) receptors when stimulation is performed using an air jet 
directed at the vibrissa receptive field. Using a similar natural stimulation 
protocol, together with push-pull perfusion and recording in VB, we have 
attempted to detect the release of amino acids in the VB thalamus in vivo. We 
have detected the selective release of arginine among 22 other naturally- 
occurring amino acids following physiological stimulation of somatosensory 
affererits. This release of arginine can be blocked by addition of the EAA 
antagonists CPP (50μM) and CNQX (10μM) to the perfusate, which also block 
synaptic responses to sensory stimuli. Addition of NMDA (100μM) to the 
perfusate also evoked release of arginine. These data suggest that release of 
arginine is dependent upon postsynaptic activation of VB neurones via EAA 
receptors. Moreover, iontophoretically-applied L-arginine can facilitate sensory 
synaptic transmission and responses to NMDA and AMPA on VB neurones: 
this effect was blocked by co-application of L-NAME, an inhibitor of NO 
synthase This suggests that the effect of arginine is via the synthesis of the 
diffusible messenger, NO, and it is possible that the release of arginine is due 
to an increased requirement for this amino acid for NO synthesis. This may 
represent a novel, local, positive-feedback, modulatory system which could 
enhance the responsiveness of thalamic neurones to sensory input. (This 
work was supported by the European Science Foundation, grant N 67).

2 49 .5

MOLECULAR CLONING AND EXPRESSION OF RAT AND HUMAN 
KYNURENINE AMINOTRANSFERASE. 1M. Mosca. 1J. Breton. 1S. 
Toma. 2E. Okuno. 2R, Schwarcz. C. Speciale. M. Mostardini and L. 
Benatti*. Pharmacia R&D CNS and 1BioScience Center, Nerviano, Italy 
and 2Md. Psych. Res. Ctr., Baltimore, MD 21228.

Kynurenic acid, an antagonist at excitatory amino acid receptors, is 
produced from L-kynurenine by the action of kynurenine aminotrans
ferase (KAT). We previously reported the cloning o f a cDNA encoding 
the cytosolic form of rat kidney KAT (cKAT) (FEBS Lett., 353: 21,
1994). Transient recombinant expression showed that KAT is identical 
with glutamine transaminase K and cysteine conjugate β-lyase. The 
present studies demonstrate that at least two rat KAT mRNAs are pro
duced from a single gene. Thus, we describe the cloning of a cDNA  
encoding a novel rat KAT (mKAT) which has an N-terminal extension 
of 14 amino acids resembling a mitochondrial leader peptide. RT-PCR 
was used to analyze the distribution of the two mRNAs in rat tissues. 
While cKAT mRNA was widely expressed, mKAT mRNA showed a tis
sue-specific pattern of expression. Only translation o f cKAT mRNA 
was strongly inhibited in a rabbit reticulocyte assay. Therefore, either 
different subcellular localization or control of translation may play a 
role in modulating KAT activity. Two KAT enzymes exist and have 
been characterized in the human brain (Neuroscience 55: 177, 1993). The 
rat kidney cDNA clone was used to screen a human brain cDNA library 
and to isolate a human cDNA clone coding for KAT. The deduced amino 
acid sequence (422 aa) exhibited high homology (82%) to the rat. North
ern blot analysis showed that a single 2.3-kb KAT mRNA is mainly ex
pressed in skeletal muscle and kidney. Lower levels of KAT expression 
were present in other human tissues, including the lung, brain, heart, 
liver and placenta.

24 9 .2
Brain glutamate decreases immediately after 
transitory ischemia. Rada. P.*, Tucci. S. and 
Hernandez, L. Lab. of Behavioral Physiology, 
Universidad de los Andes, Merida 5101, Venezuela.
In vitro and in vivo studies demonstrated an increase 
in glutamate release during ischemia. Recently, in vivo 
experiments with microdialysis confirmed this increase. 
However, time resolution is still a limiting factor in 
this in vivo technique due in part to a lack in mass 
sensitivity of the available analytical techniques. 
Capillary zone electrophoresis with laser induced 
fluorescence detection (CZE-LIFD) has the capability to 
detect zeptomole (10-21) to yoctomole (10-24) masses. 
In the present experiment a combination of CZE-LIFD and 
microdialysis was used to measure glutamate during 
expe-rimenta1 ischemia. Rats (N=5) underwent 
hemicranectomy exposing the main trunk of the medial 
cerebral artery (MCA) . A 3 mm length, 200 μM diameter 
microdialysis probe was inserted into the parietal 
cortex. Samples were collected every 30 seconds, 
derivatized with fluorescein isothiocyanate (isomer 1) 
and injected into a home made CZE instrument. 
Extracellular glutamate decreased to 38±10% 30 seconds 
after clamping the MCA followed by a rebound increase 
to 175+ 34% of baseline 150 seconds later. This 
experiment shows that brain glutamate levels change 
biphasically (decrease-increase) during, ischemia and 
underlie the need to improve the time resolution of 
brain microdialysis.

24 9 .4
POSSIBLE INVOLVEMENT OF NITRIC OXIDE PRODUCTION IN NMDA- 
INDUCED STRIATAL GLUTAMATE RELEASE IN VIVO. M B. Bogdanov and R.J 
Wurtman*. Department of Brain and Cognitive Sciences, MIT,Cambridge, MA 
02139.
The involvement of nitric oxide production (NO) in the consequence of glutamate 
receptor activation are complex. In this study we have examined effects of NO 
synthase (NOS) inhibitors on NMDA-induced striatal glutamate release, as 
measured using brain microdialysis in awake rats. All the compounds were applied 
locally. NMDA (0.25, 0.5 or 1 mM) induced concentration-dependent increases in 
glutamate levels, maximally up to 168+12%, 231+14%, and 403+37% of basal 
values, respectively. An 0.5 mM NMDA concentration was thereafter used to study 
effects of different treatments on the increase in glutamate levels. The glutamate 
response was significantly inhibited during perfusion with a Ca2+-free medium, that 
contained EGTA (5mM) or by TTX (10 μM). NMDA-induced increases in 
glutamate levels were significantly inhibited by TMB-8, a putative intracellular Ca2+ 
antagonist, at concentrations 1, 10 or 100 μM. The competitive NOS inhibitors NG- 
nitro-L-arginine methyl ester (L-NAME) and NG-monomethyl-L-arginine (L-NMMA) 
(both at concentrations 0.25, 0.5 or 1 mM), and D-NAME (0.5 or 1 mM), the 
inactive enantiomer of L-NAME, all failed to affect basal glutamate levels. However 
NMDA-induced increases in glutamate levels were inhibited in a concentration- 
dependent manner by L-NAME or L-NMMA L-NAME (0.1, 0.25 or 0.5 mM) 
inhibited the glutamate response by 32%, 40%, and 43%, respectively. L-NMMA 
(0.25 and 0.5 mM) inhibited the glutamate response by 42% and 48%, respectively 
At 1 mM both L-NAME and L-NMMA completely abolished the NMDA-induced 
increases in glutamate levels. In contrast, D-NAME did not modify the glutamate 
response, thus suggesting the stereospecificity of the effect of NOS inhibition. 
These data demonstrate that increased NO production is involved in the increase 
in striatal glutamate release triggered by activation of striatal NMDA receptor.

2 4 9 .6
RAT BRAIN KYNURENINE AMINOTRANSFERASE: EVIDENCE 
FOR FUNCTIONAL CHANGES DURING ENZYME PURIFICATION. 
1E. Okuno*. 2P. Guidetti and 2R. Schwarcz. 1Dept. Biochem., Wakayama 
Medical College, Wakayama, Japan and 2Maryland Psychiatric Research 
Center, Baltimore, MD 21228.

Kynurenic acid, an endogenous broad spectrum excitatory amino acid 
receptor antagonist with neuroprotective and anticonvulsant properties, is 
biosynthesized from L-kynurenine by the action o f kynurenine amino
transferase (KAT). cDNA cloning revealed that the physiologically most 
relevant KAT in the rat brain is identical with glutamine transaminase-K 
(GTK) and with kidney cysteine conjugate β- lyase (FEBS Lett., 353: 21, 
1994; J. Neurochem., 64: 1448, 1995). Experiments were therefore de
signed to identify the characteristics o f this enzyme further. Purified 
KAT was strongly inhibited by glutamine and S-dichloro-vinyl-L-cys- 
teine (DCVC) (80% by 20 μM glutamine and 86% by 200 μM  DCVC), 
whereas the enzyme in a crude extract was inhibited by DCVC (91% at 2 
mM) but not by glutamine (20% at 2 mM). Addition of the purified enz
yme to the crude extract did not increase KAT activity in the presence of 
glutamine. Phenylpyruvate or 2-oxo-4-methiolbutyrate reduced the in
hibition o f purified KAT by glutamine. Phenylpyruvate also decreased 
the affinity of kynurenine to the purified enzyme and augmented the 
vmax value- The α-helix o f the purified enzyme, ascertained by circular 
dichroism, and unfolding at raised temperature, remained unchanged 
when glutamine and/or 2-oxo-4-methiol-butyrate were added to the 
enzyme. These data suggest that purification procedures and the addition 
of keto acids induce a conformational and hence functional change in. 
KAT without destroying the secondary structure o f the enzyme.

Supported by grant NS 28236 and a grant from the HDSA (to P.G.).

Society for Neuroscience, Volume 21, 1995



MONDAY AM EXCITATORY AMINO A CID S: ANATOMY AND PHYSIOLOGY I 611

249 .7

METABOLISM OF 5 -3H-KYNURENINE IN THE ADULT RAT 
BRAIN IN VIVO. P. Guidetti*. C.L. Eastman and R. Schwarcz. Maryland 
Psychiatric Research Center, Baltimore, MD 21228.

The existence of an intact kynurenine pathway has not been docu
mented in the normal mammalian brain in vivo. We now studied the in
corporation of tritium label into quinolinic acid (QUIN), kynurenic acid 
(KYNA) and other kynurenine pathway metabolites in normal and 
QUIN-lesioned (50 μg, 7 days earlier) rat striata after a focal injection 
of 5 - 3H-kynurenine (KYN). The time course of metabolite accumulation 
was examined 15 min to 4 h after injection of 5 -3H-K YN, and the con
centration dependence of KYN metabolism was studied in rats killed 2 
h after injection of 1.5 to 1500 μM 5 -3H-KYN. Labeled QUIN, KYNA, 
3-hydroxykynurenine (3HK), 3-hydroxyanthranilic acid and xanthurenic 
acid (XA) were recovered from the striatum in every experiment.

After injection with 15 μM 5 -3H-K YN, a lesion-induced increase in 
KYN metabolism was noted. Thus, the proportional recoveries of 3H- 
KYNA (5.0 vs. 1.8%), 3H-3HK (20.9 vs. 4.5%), 3H -X A  (1.5 vs. 0.4%) 
and 3H-QUIN (3.6 vs. 0.6%) were markedly elevated in the lesioned 
striatum. Increases in KYN metabolism in lesioned tissue were evident at 
all timepoints and KYN concentrations used. Lesion-induced increases of 
the activities of kynurenine-3-hydroxylase (3.6-fold), 3-hydroxykynur- 
eninase (7.6-fold), kynurenine aminotransferase (1.8-fold) and 3-hy
droxyanthranilic acid oxygenase (4.2-fold) likely Contributed to the 
enhanced flux through the pathway in the lesioned striatum.

These data provide evidence for the existence o f a functional kynur
enine pathway in the normal rat brain, and for a substantial increase in
flux after neuronal ablation. This method should prove valuable for 
studies of cerebral kynurenine pathway function and dysfunction in vivo.

Supported by USPHS grants NS 16102 and NS 28236.

249 .9
KYNURENINE PATHWAY FUNCTION IN THE DEVELOPING RAT 
STRIATUM: EFFECT OF EXCITOTOXIC LESIONS. G. Ceresoli*. P. 
Guidetti and R. Schwarcz. Maryland Psychiatric Research Center, 
Baltimore, MD 21228.

Using a novel radiometric method (cf. Guidetti et al., this meeting), 
kynurenine (KYN) metabolism was measured in developing rats after an 
intrastriatal injection o f 5 -3H-K YN  (15 μM, 2.5 μCi over 10 min) in vivo. 
Injections into 7 day-old pups revealed the production, within 2 h, of all 
radiolabeled metabolites identified under identical experimental condi
tions in the adult striatum, namely kynurenic acid (KYNA), 3-hydroxy
kynurenine (3HK), xanthurenic acid, 3-hydroxyanthranilic acid and 
quinolinic acid. Overall, the recoveries of the tritiated metabolites, 
expressed as a proportion of the total radioactivity extracted from the 
tissue, were lower than, but qualitatively similar to the adult striatum.
An acute co-injection o f the excitotoxin ibotenic acid (10 μg) with 5 -3H- 
KYN induced a selective increase in the proportional recovery of 3H- 
KYNA (0.6 vs. 0.4%). In contrast, ibotenic acid injections (40 μg) into 
the adult rat striatum caused both an increase in 3H -K YNA recovery (5.8 
vs. 1.9%) and a decrease in 3H-3HK recovery (1.7 vs. 2.5%). Finally, a 
selective increase in the amount of 3H -K YNA formed (2.0 vs. 0.5%) was 
also observed in rats which were killed 1 week after receiving an 
intrastriatal ibotenate injection on postnatal day 7. Taken together, these 
data demonstrate the existence of an intact kynurenine pathway in the 
brain of 7 day-old rats and indicate qualitative differences between 
kynurenine metabolism in the young and adult brain in response to acute 
and chronic excitotoxic insults.

Supported by USPHS grant NS 28236.

249.11

IDENTIFICATION OF CALCIUM (Ca+2)-DEPENDENT COMPONENT OF 
GLUTAMATE (GLU) AND GABA RELEASE VIA MICRODIALYSIS IN 
RATS. S.M. Lasley* and M.C. Green. Dept. Basic Sci., U. Illinois Coll, of 
Medicine, Peoria, IL 61656.

The amounts of GLU and GABA measurable in brain extracellular fluid 
(ECF) emanate from multiple sources, though Ca+2-dependent release is 
normally the desired quantity in animal studies in vivo. This experiment was 
designed to identify this component by microdialysis perfusion of brain tissue 
with Ca+2-containing and Ca+2-free solutions in separate groups of awake 
animals. Guide cannulae were stereotaxically implanted under anesthesia in 
hippocampus of male Long-Evans rats, and dialysis initiated 2-4 days later by 
insertion of a probe that extended 1 mm beyond the cannula tip so as to 
dialyze the CA1-dentate area. Rats were perfused with either a modified 
Ringer's solution or the same solution with Mg+2 replacing Ca+2 and 0.4 mM 
EGTA added. After establishing basal levels of GLU and GABA in ECF, 
release was stimulated by switching perfusion to Ringer's containing 150 mM 
K+ (no Na+ to maintain isotonicity) with 200 uM threo-3-hydroxyaspartate, a 
glutamate uptake blocker. 40 min later perfusion was returned to the initial 
solution. Ca+2-dependent release was defined as the difference between 
GLU/GABA measured in the presence of Ca+2 (total release) and its absence 
(Ca+2-independent release). Under these experimental conditions 36% of GLU 
measured during K+ depolarization could be attributed to Ca+2-dependent 
release, in agreement with studies utilizing lesions or axonal transections to 
interrupt corticofugal innervation. In contrast, 72% of GABA measured dur
ing high K+ perfusion was related to Ca+2-dependent release. This study sug
gests that Ca+2- dependent GLU/GABA release can be isolated by the use of 
microdialysis. (Supported by NIH ES06253 and Children's Miracle Network)

24 9 .8

DIFFERENTIAL ACUTE EFFECTS OF DIRECT AND INDIRECT 
EXCITOTOXINS ON KYNURENINE METABOLISM IN THE RAT 
STRIATUM. C.L. Eastman*. G. Ceresoli. P. Guidetti and R. Schwarcz. 
Maryland Psychiatric Research Center, Baltimore, MD 21228.

The existence of an intact brain kynurenine pathway in the normal 
rat brain has been demonstrated in vivo using an intracerebral bolus 
injection of 5 -3H-kynurenine (3H-K YN) (Guidetti et al., this meeting). 
Since prolonged infusion of the precursor is likely to provide a more 
physiologically relevant model for the study of cerebral kynurenine 
pathway metabolism, we examined the accumulation of labeled metabo
lites after prolonged intrastriatal infusion of 3H-KYN (routinely 1.25 
μCi/h  for 2 h). Animals were killed immediately after completion of 
the tracer infusion. Incorporation of isotopic label into kynurenine 
pathway metabolites was assessed in normal rats and during co-infusion 
with direct or indirect excitotoxins.

Tritium label was detected in 3-hydroxykynurenine (3HK), kynur
enic acid (KYNA), 3-hydroxyanthranilic acid, xanthurenic acid and 
quinolinic acid. In control striata, 3H-KYNA (1.3%) accounted for twice 
the percentage o f recovered radioactivity as 3H-3HK (0.6%). After co
infusion of the direct excitotoxins ibotenic acid (225 nmoles) or quino
linic acid (120 nmoles), the accumulation of 3H-K YNA, alone among all 
metabolites, showed a substantial (1.5-2 fold) increase. In contrast, co
infusion of the indirect excitotoxin malonate (9 μmoles) caused no 
change in the proportional recovery of 3H-KYNA. These findings sug
gest qualitative differences in brain kynurenine metabolism during the 
early stages of neurodegeneration caused by direct and indirect 
excitotoxins.

Supported by USPHS grants NS 16102 and NS 28236.

249 .10
IN VIVO MICRODIALYSIS. FIELD POTENTIAL AND SINGLE UNIT 
RECORDING IN HUMAN HIPPOCAMPUS. E.J.Behnke. C.L.W ilson*. 
I.Fried, N.T.Maidment. M.H.Shomcr and J.Engel.Jr. Brain Research Institute. 
Depts. of Neurology, Psychiatry and Div. of Neurosurgery. UCLA Center for 
Health Science. I .os Angeles. CA 9(X)95.

A recent approach to understanding basic mechanisms of human epilepsy is 
the correlation of electrophysiology with alterations in extracellular 
neurochemicals of brain structures responsible for seizure onset. Diagnostic- 
studies required for surgical treatment of drug-resistant temporal lobe epilepsy 
can provide investigators a unique opportunity to use simultaneous 
microelectrode and microdialysis techniques to investigate structures in 
conscious human brain.

Experiments are carried out in a hospital ward setting with a 1.2-1.6 meter 
microdialysis tether allowing free movement of subjects. A series of 10 patients 
with intractable partial complex seizures underwent stereotactic SEEG depth 
electrode implantation for clinical EEG recording of seizure onset and spread. 
Thirty-seven micrixlialysis probes introduced through the lumen of the depth 
electrodes were used to sample concentrations of excitatory and inhibitory amino 
acids in the extracellular fluid of the following limbic structures: amygdala (13), 
anterior (18) and middle (2) hippocampus, anterior (2) and posterior (1) 
hippocampal gyrus, and cingulate gyrus (1). A total of 22 seizures were captured 
with microdialysis monitoring extending 1 - 9 days alter probe implantation. 
Excitatory and inhibitory amino acid and catecholamine dialysate levels were 
sampled at half hour intervals and analyzed with HPLC. A flow rate of lμl/min 
provided usable recovery levels over a period of 5 to 9 days.

Each microdialysis probe and adjacent depth electrode carried 40μm diameter 
microwires capable of recording single neuron activity. Electrical stimulation of 
platinum contacts on electrodes placed in enlorhinal cortex evoked population 
PSPs and spikes adjacent to microdialysis probes in hippocampal formation. 
Correlations between neurochemical and electrophysiological response will be 
presented. Supported by NIH grant NS02808.

249 .12

C-FOS GENE EXPRESSION IN RAT PREFRONTAL CORTEX AFTER 
SUB-CONVULSANT AND SUB-ANESTHETIC DOSE OF KETAMINE 
A. DE BARTOLOMEIS*. D. PiCKAR. P. HOLMES. V. KOPRIVIKA.
G. MUSCETTOLA. and A. BREIER . Experimental Therapeutics  
Branch, NIMH, NIH. Bethesda, MD 20892; Dept, of 
Neuroscience, Sch. of Med., Univ. Federico II, Naples, (Italy) 
and Psychiatric C lin ic, Sch. o f Med., Univ. o f Trieste (Italy) 

Specific activation o f human prefronta l cortex after 
bolus + continuos infusion of ketam ine, a d issocia tive  
anesthetic agent and a non competitive NMDA antagonist, has 
recently been described in humans by means of PET and FDG 
(B reie r et al.,1994). To explore at h is to log ica l and ce llu la r 
level the effects of ketam ine in rat pre fronta l cortex, we 
in jected male Sprague-Daw ley rats w ith sub-convu lsant and  
sub-anesthetic dose of ketam ine hydrochlo ride (12 mg/kg  
/i.p .) or w ith lim b ic -se izu re induc ing dose (50 m g/kg /i.p .) 
and studied c-fos mRNA induction using quantita tive in situ 
hybrid iza tion h istochem istry w ith syn the tic o ligonuc leo tide .

Computer assisted analysis of the autoradiograms revealed 
that, compared to control sa line-in jected an ima ls, 
sta tis tica lly s ign ifican t (p=0.025) ac tiva tion o f c-fos gene  
expression was induced by sub-anesthetic and sub-convu lsant 
dose of ketam ine in the deep layers o f rat pre fronta l cortex  
with specific regard to cingulate region cG3.
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250.1
AN NMDA RECEPTOR-MEDIATED POLYSYNAPTIC RESPONSE IN CA1 
ADULT HIPPOCAMPAL SLICES V. Crépel. R. Khazipov. G. Mandl* and 
Y. Ben-Ari INSERM U29, 123 Blvd de Port Royal, 75674 Paris cedex 14 (France).

The present study is based on extracellular and whole cell recordings from CA1 
pyramidal neurons. NMDA receptor-mediated (APV sensitive) field potentials and 
excitatory postsynaptic currents were evoked by orthodromic electrical stimulation 
of the Schaffer collateral/commissural pathway in presence of 0.3 mM Mg2+, 10 μM 
CNQX, 10 μM bicuculline and 10 pM glycine. The synaptic response included a late 
synaptic component. We reasoned that this component could be mediated through 
a polysynaptic network since it was reminiscent of paroxysmal depolarizing shifts. To 
test this hypothesis we increased the concentration of external Ca2+ (from 2 mM to 
7 mM), a procedure that preferentially abolishes polysynaptic but not monosynaptic 
responses. In high Ca2+ ACSF, the late synaptic component was strongly reduced, 
confirming that this component was mediated through a polysynaptic network. 
Antidromic stimulation of the CA1 pyramidal cell (in stratum oriens) induced similar 
polysynaptic responses and pressure application of 30 μM tetrodotoxin (in stratum 
oriens) strongly reduced the late polysynaptic responses evoked by orthodromic 
stimulation. Therefore the late synaptic component is mediated by recurrent 
collaterals of CA1 pyramidal cells. Furthermore, the I/V relations of the late synaptic 
component obtained in whole cell recordings showed that it was mediated by NMDA 
receptors. Finally, the late synaptic response is observed only in presence of 
bicuculline and a low Mg2+-containing ACSF. In conclusion, we show that in CA1 
region there arc powerful NMDA receptor-mediated local excitatory connections 
between CAl pyramidal cells that arc revealed by low extracellular Mg2+ 
concentration and bicuculline. Therefore measures of synaptic efficacy should be 
done with caution in these conditions, since the monosynaptic responses are greatly 
contaminated by a polysynaptic component.

250 .3

EFFECT OF MATURATION ON THE RESPIRATORY RESPONSE 
TO GLUTAMATE RECEPTORS BLOCKADE IN CAT AND MOUSE. 
V. Bordav. A.S. Foutz and M. Denavit-Saubié *. Institut Alfred 
Fessard, C.N.R.S, 91198 Gif-sur-Yvette cedex, France.

Glutamate is the main putative excitatory neurotransmitter in the 
brainstem neuronal network which generates the respiratory rhythm. 
It is involved in the rhythm generation and transmission to the 
motoneurons innervating respiratory muscles. We examined, on the 
respiratory activity of adult and neonate cats and Swiss mice, the 
effects of separate or combined blockade of NMDA and non-NMDA 
receptor subtypes by selective antagonists administered 
systemically. Respiration was measured by the barometric method in 
the freely-moving animals. In adult cats and mice, the NMDA 
antagonist dizocilpine (MK-801) or the non-NMDA antagonist NBQX, 
had limited effects on respiratory activity, but the combination of both 
antagonists produced an apneustic respiration (long inspiratory 
pauses), and consequently a dramatic decrease of breathing 
frequency (F) and minute ventilation. In mice, at postnatal days 1 
and 2, NBQX mainly decreased F by an increase in inspiratory time 
(Ti) and a larger increase in expiratory time (Te), whereas dizocilpine 
mainly decreased respiratory amplitude (Vt). The combination of 
both antagonists produced an extreme prolongation of Te (apnea). 
At postnatal days 9-10, apneusis and apnea were observed. In 
newborn kittens, a combined blockade of both receptor types 
increased Te (apnea). It is concluded that the response of the 
respiratory network to glutamate receptors blockade changes during 
postnatal development from apnea to apneusis.

250 .5

GLUTAMATERGIC SYNAPTIC INPUT TO HETEROGENEOUS CA3 
INTERNEURON POPULATIONS IN THE STRATUM RADLATUM OF THE 
RAT HIPPOCAMPUS.
F. Laczza,  J. Dohertv. and R Dingledine Dept. of Pharmacol.. Emory Univ., 
Atlanta. GA.

GABAcrgic interncurons in CA3 stratum radiatum have been segregated into 
physiologically distinct populations based on current-voltage (IV) relationships 
derived from spontaneous miniature AMPA receptor-mediated EPSCs, as well as 
from currents evoked in response to exogenously applied kainate. In type I 
interncurons. AMPA receptor-mediated currents possess linear IV relationships, 
while AMPA receptors in type II interneurons are characterized by inwardly 
rectifying IV relationships In this study, synaptic inputs from CA3 pyramidal cells 
to physiologically identified type I and type II interncurons were examined utilizing 
whole cell patch recordings in the hippocampal slice preparation Type I and type II 
interncurons were identified by constructing IV plots of AMPA receptor-mediated 
spontaneous EPSCs recorded under voltage clamp in the presence of bicuculline (10 
uM) and D-APV (50 uM). Electrical stimulation (1-50 uA) of the CA3 pyramidal 
cell layer ev oked short latency (2-6ms) EPSCs in both type I and type II interncurons 
that were blocked by CNQX (3 uM). Evoked EPSCs were inwardly rectifying in 
ty pe 11 neurons, but generated linear IV relationships in type I neurons.
Both spontaneous and evoked AMPA receptor-mediated EPSCs of type II 

interncurons were suppressed by Joro toxin (JSTX. 5-10 uM), the polyamine toxin of 
the spider. Nephila clavata. In contrast, neither spontaneous nor evoked AMPA 
receptor-mediated EPSCs of type I interncurons were affected by JSTX. These 
results suggest that the excitatory synaptic input from CA3 pyramidal cells of type II 
interncurons is mediated by AMPA receptors lacking the edited GluR2 subunit. The 
spider toxin JSTX selectively blocks AMPA receptors on type II interneurons, 
suggesting that diversity in native sy naptic AMPA receptor expression contributes to 
the physiological roles of GABAergic interncurons in the hippocampus.

2 5 0 .2
REDUCTION OF CORTICO-THALAMIC EPSPs IN VIVO BY 
ANTAGONISTS ACTING AT METABOTROPIC GLUTAMATE RECEPTORS 
(mGluRs) AND NMDA RECEPTORS. S.A. Eaton & T.E. Salt*. Dept. Visual 
Science, Inst. Ophthalmology, Bath St., LONDON ECIV 9EL, U.K.

We have previously shown, in the rat ventrobasal thalamus (VB) in vivo, that 
EPSPs evoked by natural somatosensory (air jet) stimuli can be blocked by the 
NMDA receptor antagonist CPP and the AMPA receptor antagonist CNQX (Salt 
& Eaton, 1991, E ur J Neurosci, 3: 296-300). As thalamic relay nuclei receive 
a substantial cortical input, we have now investigated the synaptic pharmacology 
of EPSPs evoked by stimulation of the S1 cortex.

Intracellular recordings were made from VB relay neurones in urethane- 
anaesthetised rats with combination recording/iontophoresis micro-pipettes. 
Electrical stimulation (0.1ms pulse) of ipsilateral S1 cortex evoked EPSPs, 
followed by IPSPs which curtailed the EPSPs. lontophoretic application of the 
competitive GABAA-receptor antagonist SR95531 reduced the IPSPs and 
revealed enhanced cortico-thalamic EPSPs. Such EPSPs were reduced by 
iontophoretic applications of CPP at doses which selectively blocked NMDA - 
evoked depolarisations. The Group-I metabotropic glutamate receptor 
antagonist (S)-4-carboxyphenylglycine [(S)-4CPG] also reduced the cortico
thalamic EPSPs, but did not reduce EPSPs evoked by air je t stimulation of the 
somatosensory afferents to VB at doses which reduced depolarisations evoked 
by the metabotropic agonist (1S,3R)-ACPD.

These data suggest that cortico-thalamic EPSPs in vivo are mediated by a 
combination of NMDA receptors and Group-I metabotropic receptors, whereas 
sensory-evoked EPSPs are mediated via AMPA receptors and NMDA receptors.

Supported by the Wellcome Trust.

2 5 0 .4
MEMBRANE POTENTIAL OSCILLATIONS OF RAT MOTONEURONES 
EVOKED BY DORSAL ROOT STIMULATION G. Baranauskas* and A. 
Nistri. Biophys. Lab., Int. Sch. Adv. Studies (SISSA), Via Beirut 4, 34013 
Trieste, Italy.

Many central neurones display membrane potential oscillations which could 
be important for rhythm generation and in particular to determine their 
patterns of integrated activity . Usually these oscillations are observed only 
after pharmacological treatment which makes their occurence under 
physiological conditions unclear. Here we report that dorsal root fibre 
stimulation induced membrane potential oscillations of motoneurones of the 
neonatal rat spinal cord in vitro in standard saline solution. The recordings 
were done from functionally-identified motoneurones (rest potential -76±1 
mV and input resistance 26±2 MΩ, mean±s.e.m.) with potassium chloride 
(3M) or potassium acetate (4M) or potassium methylsulphate (2M) filled 
microelectrodes. In about 60% of the cells the oscillations accompanied the 
decay phase of the electrically (single 1 ms, 3-10V pulse) evoked excitatory 
postsynaptic potentials (EPSP, lasting 2-15s). The oscillation frequency (3-12 
Hz, mean 7±0.5 Hz, n=27) was independent of membrane potential (-110 to - 
50 mV) or intensity of dorsal root stimuli. The oscillation amplitude was 
linearly related to the membrane potential. Pharmacological block of the N- 
methyl-D-aspartate (NMDA) or non-NMDA receptors strongly depressed the 
oscillations. The neurokinin-1 receptor antagonist SR 140333 blocked the 
oscillations in 2/5 cells In 5 cells the frequency power spectra of the 
spontaneous background activity revealed a lowpass filter behaviour with a 
cut off frequency similar to the one of the oscillations. It is suggested that the 
same mechanism which limits the length of the spontaneus EPSP is involved 
in the generation of the oscillations. Supported by C.N.R., I.N.F.M. and 
Telethon Foundation.

2 5 0 .6

FACTORS INFLUENCING VARIABILITY OF SPONTANEOUS 
EXCITATORY QUANTAL EVENTS IN HIPPOCAMPAL PYRAMIDAL 
CELLS. M. Ghamari* and M.I. Glavinovic. Dept. of Anaesthesia Research and 
Physiology, McGill University, Montreal, Que. H3G 1Y6. CANADA.

The factors that determine the amplitudes and the time courses of miniature 
excitatory postsynaptic currents (mEPSC's) and thus their variability, are not well 
understood, although desensitization of AMPA/K receptors is expected to play an 
important role In this study we characterize the changes in the relationship 
between the basic parameters describing the unitary events (Am Epsc - amplitude. 
Td,mEpsc - decay time; TrmEpsc - rise time) that occur with desensitization 
Experiments have been done in Sprage-Dawley rat hippocampal pyramidal 
neurones on slices (CA1 region) at 35-37 °C using the whole cell patch clamp 
technique, at the holding potential of -90 mV and in the presence of lμM 
tetrodotoxin and 10 μM bicuculline methiodide The variability of basic 
parameters does not change markedly with the addition of aniracetam. This lack of 
global change in variability conceals profound changes that individual factors 
influencing the variability undergo. The amplitude dependence of both τdmEpsc's 
and τrmEps's is only marginal prior, but becomes prominent after addition of 
aniracetam. This suggests that: a) at least one of the factors, channel gating, 
transmitter diffusion or its uptake is concentration dependent, and b) 
desensitization is concentration dependent. The scatter of both τdmEpsc's and 
τrmEps's about the best fitted lines to the data pairs is small and essentially 
amplitude independent prior, but increases markedly and in an amplitude 
dependent manner after the addition of aniracetam. These changes in scatter are 
more difficult to explain, but are probably at least partly due to similar factors. 
Supported by Medical Research Council (Canada).
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250 .7

PATCH CLAMP RECORDING FROM VISUALLY IDENTIFIED SUBSTANTIA 
GELATINOSA NEURONS IN POSTNATAL RAT SPINAL CORD SLICES. R. Bardoni. P. A. 
Goldstein. C. J. Lee & A. B. MacDermott*- Depts. of Physiology and Cellular Biophysics and 
Anesthesiology and the Center for Neurobiology & Behavior, Columbia Univ., New York, NY 
10032.

Transverse slices of rat spinal cord (SC) provide a model in which questions concerning 
mechanisms of sensory transmission in the SC can be addressed (Yoshimura & Jessell 
1989). We describe a method that permits direct identification of substantia gelatinosa (SG) 
neurons while measuring EPSPs from the postnatal SC using a modification of a previously 
described infrared video imaging system (Stuart et al. 1993). Neonatal rats (P3-P10) are 
decapitated and the cervical spinal column rapidly removed and placed in ice-cold Krebs 
solution aerated with 95%15% O2/C02 (< 1 min). The SC with attached dorsal roots (DR) (1- 
3 mm) is dissected free and the dura removed except near the roots as they enter the cord. 
The SC is embedded in 2.5% w/v agarose in Krebs at 35-37 °C, affixed to a vibratome stage 
and submerged in ice-cold Krebs (Takahashi 1990) 300 um thick transverse slices are 
obtained and incubated in aerated Krebs at 37 °C for 1 hour. A slice is transferred to a 
recording chamber and placed on the stage of an upright microscope. Using a 10x lens (NA 
0.25), Lamina II is identified and a concentric bipolar stimulating electrode positioned on the 
DR. A SG neuron is identified using a 40x water immersion objective (NA 0.75) and an 
infrared filter (λ = 775 nm) after off-setting the Kohler illumination by 50% of the visual field. 
The image is enhanced and displayed on a monitor. The recording electrode is advanced to 
the neuron under visual control while applying positive pressure (thus avoiding surface 
cleaning) and whole-cell patch recordings made following the formation of a GΩ seal. 
EPSPs are evoked by stimulation of the DR and always have a prominent component that is 
blocked by 10 uM CNQX. These data are consistent with immunocytochemical staining 
demonstrating the presence of GluR1 and 2/3, but lower levels of 4 and 5/6/7, subunits in 
the SG. Supported by NIH NS 29797, GM 32099 and a HFSPO Fellowship to R.B.

25 0 .9

TIME COURSE OF EXCITATION AND INHIBITION IN RAT PREFRONTAL 
CORTEX NEURONS FOLLOWING INJECTIONS OF GLUTAMATE AND 
POTASSIUM CHLORIDE. B A. Field. E.B. Cutrell. and R.T. Marrocco* Inst of 
Neuroscience, Univ. of Oregon, Eugene, OR 97403-1254.

Recent work from this and other labs has used microinjections of KC1 or glutamate 
(GIu) to release norepinephrine (NE) or dopamine into extracellular fluid1. Indeed, it 
was suggested that preterminal control of neurotransmitter release may be 
accomplished directly by either or both of these substances2. While the kinetics of 
monoamine release following injections of these substances have been studied, their 
effects on local inteneurons that may modulate monoamine release are unknown.
The aim of this study, therefore, was to investigate the time course of excitatory and 
inhibitory responses to KC1 and Glu using standard, extracellular, single-unit 
recording.

S.D. albino rats were anesthetized with chloral hydrate. KC1 (100-125 mM) and 
Glu (500 mM-1 mM) were pressure injected through glass micropipettes (4-20 psi,
0.125-4.0 s). Ten to 15 min elapsed between drug injections. The sequence of drug 
concentrations was randomly determined. Single cells were recorded with tungsten 
microelectrodcs, placed 50-200 microns from the injection pipette.

Our results show that Glu elicits a dose-dependent, short latency (mean= 0.35 sec), 
short duration (mean =1.5 seel, excitatory response in most neurons. Inhibitory 
responses were rarely seen. Responses to KC1 have longer latencies (mean 2.8 sec), 
much longer durations (mean= 12 sec), and are often composed of excitatory and 
inhibitory phases. In comparison, the mean rise time of the electrochemically recor
ded noradrenaline signal to either KC1 or Glu is about 40 sec2. These results suggest 
that both KC1 and Glu trigger local cellular activity that gives rise to secon-dary, as 
yet unknown, processes thattrigger the release of NE detected electrochemically.
1Gerhardt, GA., Rose, GM., and Hoffer, BJ. J. Neurochem.. 1986, 46, 842
2Harris-Collazo, CR, Davidson, MC, and Marrocco, RT. Neurosci. Abstr. 1994, 20,
.528. Supported by NIH grant NS32973.

250 .11

SUPPRESSION OF NMDA CURRENT BY ACTIVATION OF 
METABOTROPIC GLUTAMATE RECEPTOR. T. Shlrasakl* 
and N. Akaike. Dep. of Physiol. Saga Medical 
Sch., Saga 849 JPN and Dep. of Physiol. Fac. of 
Medicine Kyushu Univ., Fukuoka 812 JPN.

In the hippocampal CA1, it has been demon
strated that both NMDA and metabotropic glu
tamate (mGlu) receptors contribute to the LTP. 
But, our previous data showed that activation of 
mGlu receptor induces Ca2+-dependent K+ current 
in rat dissociated CA1 pyramidal cells. Our and 
other's results are mutually exclusive. There
fore, we studied the interaction between NMDA 
and mGlu receptors. Neurons were dissociated 
from 1 to 2 week-old rats. Both quisqualic acid 
(QA) and trance-ACPD but not SCCG I suppressed NMDA-induced peak current at VH of -50 mV. 
Phorbol esters, and 4 alpha- isomer also, sup
pressed NMDA current. Staurosporine did not 
affect to the interaction between the two recep
tors. KN-62 but not KN-04 prevented the suppres
sion of NMDA. These results suggest the follow
ing pathway; mGluRl or 5 - IP3 - Ca2+ release - 
Ca/CaM - CaM kinase II - phosphorylation of NMDA 
receptor - suppression of NMDA current. On the 
other hand, at VH of +5 mV, NMDA induced Ca2+ - 
dependent K+ current and it was enhanced by QA. 
In anyway case, it was suggested that the acti
vation of mGlu receptor causes the inhibitory 
action in the CA1 pyramidal cells. The mGlu 
receptor may not contribute to LTP in these 
cells, at least by postsynaptic mechanism.

25 0 .8

SYNAPTIC TRANSMISSION BETWEEN PRIMARY GUSTATORY AXONS 
AND THE NUCLEUS OF THE SOLITARY TRACT IS MEDIATED BY 
GLUTAMATE. C.-S. Li* and D. V. Smith, Department o f Anatomy, University 
of Maryland School of Medicine, Baltimore, MD 21201-1559.

The roles of specific neurotransmitters in the processing of gustatory 
information are largely unknown. Although whole-cell recording from in vitro 
slice preparations suggests that glutamate may act as a neuretransmitter between 
the solitary tract and cells in the nucleus of the solitary tract (NST), the taste 
responsiveness of these cells remains unknown Glutamate appears to be a 
neurotransmitter between primary vagal afferent fibers and second-order cells in 
the NST. In the present experiment, we recorded from cells in the hamster NST 
in vivo to test the hypothesis that glutamate is the neurotransmitter between 
primary gustatory afferent fibers and NST cells Single neurons in the hamster 
NST were recorded extracellularly and pharmacologically stimulated using a 
multibarrel pipette assembly. The activity of each cell was recorded in response 
to lingual stimulation with 0.032 M N ad , 0.032 M sucrose, 0.0032 M citric acid. 
0.032 M QHC1, and 25 μA anodal current. Once a cell was identified as a taste- 
responsive neuron, 30 nl of either 50 mM kynurenic acid, a broad spectrum 
glutamate antagonist, or phosphate-buffered saline was microinjected into the 
vicinity of the recorded cell. Responses of all taste-sensitive NST cells to both 
chemical and anodal current stimulation of the tongue were completely and 
reversibly blocked by kynurenic acid but not by saline These data implicate 
glutamate as the neurotransmitter between primary gustatory fibers and NST cells 
Experiments with APV and CNQX are underway to evaluate the role of NMDA 
and non-NMDA glutamate receptors in this process.
Supported by NIH grant DC00066 to DIN>.

250 .10

GABA e r g ic  I n h ib it io n  in  n e o c o r t e x  P r e v e n t s  t h e  
A p p e a r a n c e  a n d  S u b s e q u e n t  F a t ig u e  o f  a n  NMDA  
Re c e p t o r -M e d ia t e d  p o t e n t ia l , r . M etherate* and J. H. A she, 
D epts of N eurosci. and Psych., U. California, R iverside CA  92521

W e have investigated G ABA ergic suppression o f an NM DA 
receptor-mediated synaptic potential using extracellular and w hole
cell voltage clamp recordings in rat auditory cortex in vitro. Single 
afferent stim ulus pulses at low intensity elicited a slow extracellular 
negativity (Component C) that was m ediated by N M D A  receptors.
At higher intensities, Comp. C was reduced by recruitm ent of 
GABAergic inhibition. To understand G A BA ergic actions on Comp. 
C, we determined the effects of i) paired-pulse depression of 
GABAergic inhibition, ii) pharm acological antagonism  of GABA 
receptors, and iii) stim ulation in slices from neonatal rats prior to the 
development of cortical inhibition. The results indicate that 
GABAergic inhibition prevents Comp. C from occurring, thereby 
preventing its fatigue upon repeated stim ulation. W hole-cell voltage 
clamp recordings were used to test the hypothesis that GABAergic 
suppression occurs by way of m em brane hyperpolarization. 
Hyperpolarization was sufficient to suppress N M D A  receptor- 
m ediated synaptic currents, even with paired-pulse stim ulation, 
whereas preventing G ABA -m ediated hyperpolarization prevented 
suppression of NMDA receptor-m ediated synaptic currents.

W e conclude that G ABA -m ediated hyperpolarization suppresses 
an NMDA receptor-mediated synaptic potential, thereby preventing 
its subsequent fatigue. Reduced inhibition can fully "switch on" the 
NM DA potential as frequently as once every 10-20 s.

250 .12

VOLTAGE- AND TIME-DEPENDENCY OF 1S,3R-ACPD ACTION ON 
IN  CHARACTERISTICS OF CA3 PYRAMIDAL CELLS IN RAT 
HIPPOCAMPAL SLICE CULTURES.
A. Lüthi*, B. H. Gähwiler. U. Gerber. Brain Research Institute, 
University of Zurich, CH-8029 Zurich, Switzerland.

Synaptic responses mediated by metabotropic glutamate receptors 
(mGluRs) display a marked voltage-dependent decrease in amplitude 
at hyperpolarized membrane potentials (Charpak & Gahwiler, 1991). 
We have investigated the basis for this apparent non-linear behavior 
by activating mGluRs with 1S,3R-ACPD (10-100 μM) in CA3 pyramidal 
cells voltage-clamped using sharp or patch electrodes.

Instantaneous and steady-state current-voltage relationships were 
determined by measuring current amplitudes at 50 msec or 1 second 
after the imposed voltage commands. Bath-application of 1S,3R- 
ACPD induced an inward current associated with a decrease in input 
conductance (33% reduction) as seen in the instantaneous current- 
voltage relationships. Interestingly, the steady-state IN  relationship 
was characterized by a region of negative slope conductance at 
membrane potentials between -60 mV to -40 mV. This resulted from 
the activation of a transient (1 to 2 seconds to peak) apparent inward 
current associated with a decrease in input conductance. Activation of 
this ionic conductance did not appear to be dependent on extracellular 
calcium as it was not blocked by extracellular cadmium (50 μM).

1S,3R-ACPD modulates a number of different currents in these 
cells. We are now attempting to identify the current underlying the 
pronounced voltage dependency of this response.
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250.13
A MPA RECEPTOR SUBUNIT GLUR1 IS LOCALIZED TO A 
SUBPOPULATION OF GABAetgic CELLS IN THE RAT AMYGDALA
C.R. FARB* and J.E. LEDOUX. Center for Neural Science, New York 
University, NY, NY 10003.

Anatomical and electrophysiological studies suggest that glutamate is 
the excitatory neurotransmitter in the auditory thalamo-amygdala pathway, but 
inhibitory GABAergic intemeurons may modulate excitatory responses Recent 
anatomical studies have demonstrated that the AMPA receptor subunit, GluRl, 
is uniquely distributed in the amygdala in a pattern remarkably similar to that 
of GABA, particularly in patches adjacent to the lateral association bundle and 
the external capsule. To determine if GluRl-containing cells were also 
GABAergic, double labeling experiments were performed using a rabbit 
polyclonal antibody directed against the GluRl subunit and a mouse monoclonal 
antibody raised against a GABA-BSA complex. Confocal microscopy 
demonstrated that many GABAergic cells are also immunoreactive to GluRl. 
Electron microscopy revealed that cells immunoreactive to both GluRl and 
GABA were small (8-12 μm) or medium sized (12-15 pm), contained 
invaginated nuclei and abundant cytoplasm, were densely packed and frequently 
were directly apposed to one other with no glial intervention between them. To 
determine if GluRl cells were specific to a particular subset of GABAergic 
neurons, double-label immunocytochemistry was performed using mouse 
monoclonal antibodies directed against parvalbumin and calbindin-D-28K, 
calcium-binding markers for subsets of GABAergic neurons. Confocal and 
electron microscopy revealed GluRl-ir in both calbindin- and parvalbumin- 
containing cells. Previous studies have demonstrated that GluRl-ir dendrites are 
postsynaptic to thalamo-amygdala projections. The present results suggest ways 
in which excitatory afferent inputs influence inhibitory GABA intemeurons in 
the amygdala. Supported by MH46516, MH38774, and MH00956.

250 .15
A SELECTIVE ROLE FOR VESICULAR ZINC DURING FAST 
NEURONAL FIRING. J. Easley. A. Lee. E. Fleming, and C.J. 
Frederickson.* Laboratory for Neurobiology, UT Dallas, Box 688 
Richardson TX 75080.

Zinc is co-localized with glutamate in telencephalic axonal boutons and 
is released presynaptically during neural activity. Here we report 
preliminary evidence that synaptically-released zinc has a robust but 
selective effect upon synaptic transmission, reducing EPSP amplitude 
during fast (15 Hz) but not slow (0.1 Hz) pathway stimulation.

We used the zinc-containing Schaffer input to hippocampal field CA1 
as a test system and recorded the evoked field potentials in the slice 
preparation. To focus on the zinc-sensitive NMDA receptor, we used Mg*+ 
free medium and blocked the non-NMDA receptors with DNQX or CNQX. 
Comparison slices showed that the resulting EPSP was blocked by APV.

When 0.1 Hz stimulation was used, the EPSP's evoked by Schaffer 
stimulation were not affected by zinc chelation ( DEDTC (to 1 mM) or 
TPEN (to 40 μM)). In contrast, during 15 Hz stimulation, the EPSP's 
showed amplitude decrementing within the pulse train, and this 
decrementing was sensitive to chelation. Specifically, after chelation of the 
synaptic zinc, the magnitude of response decrementing was reduced.

Though preliminary, these results suggest that zinc may act as a 
frequency-dependent, feed-forward inhibitory mechanism, selectively 
antagonizing the NMDA-mediated component of glutamatergic responses 
during rapid neuronal activity. Complementary data (Kay, Budde, Minta, 
White, and Frederickson; this volume) suggest that the release of zinc from 
the boutons is. in fact, selectively driven by rapid firing.

250.14
GABA RECEPTORS REGULATE SYNAPTIC TRANSMISSION IN 
THE AUDITORY THALAMO-AMYGDALA PATHWAY: AN in 
vivo MICROIONTOPHORETIC STUDY X. F, Li* and J. E. LeDoux. 
Center for Neural Science, New York University, NY, NY 10003.

Glutamate appears to be the major excitatory neurotransmitter in the 
auditory thalamo-amygdala pathway, but anatomical and physiological 
studies suggest that GABA inhibitory intemeurons may modulate the 
excitatory responses. The purpose of the present study was to explore the 
possible contribution of GABAa and GABAb receptors to synaptic 
transmission at amygdala cells that are postsynaptic to the auditory 
thalamo-amygdala projection. In urethane anesthetized rats, 41 cells in 
the lateral amygdala (LA) were identified by their responsivity to single
pulse stimulation (100-500μA, 100-400μs, 0.2Hz) of the medial 
geniculate body (MGB). Iontophoretic application of the GABAa receptor 
antagonist, bicuculline methiodide (5m M, pH 3), increased short latency 
excitatory responses evoked by MGB stimulation. In contrast, the GABAb 
receptor antagonist, Phaclofen (20mM, pH 3) or 2-hydroxysaclofen 
(20mM, pH 3) had no effect on short latency evoked spikes. In studies 
involving paired pulse stimulation, an early (<30 ms) and late (>50-60 
ms) period of inhibition was observed. Iontophoretic application of the 
GABAa antagonist interfered with the early inhibition, while application 
of the GABAb antagonist interfered with the late inhibition. These data 
demonstrate that transmission in the auditory thalamo-amygdala pathway 
is regulated by early and late inhibitory mechanisms that involve different 
GABA receptor classes. Supported by MH465I6, MH38774, and 
MH00956.

250.16
IMAGING NMDA RECEPTOR ACTIVATION IN VIVO WITH [125i ] NS 
1261 A. A.L. McGregor. D. Dawson. J. Owens. K. Kodama. J . McCulloch. S. 
Magar. M. Perlman. L. Zhang and A.G. Knapp* Wellcome Surgical Institute, 
University of G lasgow G61 1QH, U K. and Cambridge NeuroScience, Inc. 
Cambridge MA 02139.

Ligands acting at the NMDA receptor ion channel bind in a use-dependent 
manner, and this feature can be utilised to image NMDA receptor activation 
in vivo. lodo-MK-801 has been employed as an autoradiography ligand in 
rats and as a SPECT agent in man to image the excessive activation of 
NMDA receptors that occurs in cerebral ischaemia. However, the wider utility 
of this tracer is limited by the molecule’s relatively high level of nonspecific 
binding in vivo.

The iodinated guanidine CNS 1261A (N-(1-naphthyl)-N '-(3-iodophenyl)-N'- 
methylguanidine hydrochloride) binds to the NMDA ion channel in vitro with 
high affinity (K i = 24 nM for displacing [3H]MK-801). [125I]CNS 1261A 
(specific activity 2200 Ci/mmol) was synthesized from the 3-trimethylsilyl 
precursor via an electrophilic iododesilylation reaction and purified by HPLC. 
For autoradiographic studies, [ 125I]CNS 1261A (200 μCi; 11 μg/kg) was 
administered intravenously to anesthetized rats two hours prior to sacrifice. 
[125I]CNS 1261A was taken up rapidly by the brain, and was cleared from  
plasma with a half-life of 160 min. The in vivo binding of [125I]CNS 1261A in 
the ischaemic rat brain was similar to that previously described with [125I]MK- 
801, i.e. areas of markedly enhanced tracer were observed in the neocortex 
and striatum follow ing occlusion of the middle cerebral artery. However, 
[125|]CNS 1261A was superior to iodo-MK-801 in labeling unlesioned brain 
regions. [125I]CNS 1261A binding to normal hippocampus (CA1) was 70% 
greater than that observed within the cerebellum (cerebellar isotope levels 
are taken as a measure of nonspecific binding), compared to 35% for 
[125I]MK-801. Differences in lipophilicity and/or binding kinetics appear to 
confer advantages on CNS 1261A over iodo-MK-801 as a tracer for imaging 
NMDA receptor activation in vivo.

EX CIT AT O R Y  AMINO A C ID S: PHARMACOLOGY—mGluRs

251.1 251.2
EFFECTS OF 4-BROM OHOM OIBOTENIC ACID AND 4- 
METHYLHOMOIBOTENIC ACID ON CLONED METABOTROPIC 
GLUTAMATE RECEPTORS D.S Chung* , D.S. Joshi, S. Travnelis. T J, 
Murphy, and P J Conn. Department of Pharmacology and Program in 
Neuroscience, Emory University, Atlanta GA. 30322.

Metabotropic glutamate receptors (mGluRs) are a family of glutamate 
receptors that are coupled to a variety of second messenger systems through 
GTP-binding proteins. Of the 8 subtypes cloned to date, mGluRl and mGluR5 
are coupled to phosphoinositide hydroly sis in expression systems, and both are 
activated by the glutamate analogue l-aminocyclopentane-lS,3R-dicarboxylic 
acid (1S.3R-ACPD) Previously, we provided evidence that 4- 
bromohomoibotenic acid (BrHI) and 4-methylhomoibotenic acid (MHI) activate 
a lS,3R-ACPD-insensitive phosphoinositide hydrolysis-coupled mGluR in rat 
cortical slices (Chung et al., 1994). Here, we further examine these compounds 
in expression systems. In Xenopus oocytes injected with mGluRla mRNA, 
BrHI elicits a slight current (mean current -15.2nA ± 11.9, mean glutamate 
current -1881.2nA + 465.9, total n=8), whereas in oocytes injected with 
mGluR5 mRNA, BrHI elicits a much larger current (mean current -210.4nA + 
69.1, mean glutamate current -645 0nA + 151.9, total n=10). This is consistent 
with our previous finding that maximal concentrations of BrHI and 1S,3R- 
ACPD, while additive in rat cortical slices, are not additive in rat hippocampal 
slices, where mGluR5 is highly expressed. In contrast, MHI is ineffective at 
eliciting a current in either mGluRla or mGluR5 mRNA injected oocytes 
(n=19). These compounds had slight effects on mGluRs 4 and 7 and no effect 
on mGluR2.

In summary, MHI may be a more selective agonist of the 1S,3R-ACPD 
insensitive phosphoinositide hydrolysis-linked receptor.

PHARMACOLOGY OF METABOTROPIC GLUTAMATE 
RECEPTOR (mGluR) REGULATION OF 1AHP AND Ic a.
M.A. Abdul-Ghani. T.A. Valiante . P.L. Carlen and P.S. Pennefather.* 
MRC Nerve Cell and Synapse Group, Playfair Neuroscience Unit, 
Toronto Hospitals Res.Inst., Dept. Physiol., and Faculty of Pharmacy, 
University of Toronto, Toronto, MSS 2S2.

Using whole-cell recording from dentate granule neurons in 
brain slices of the rat hippocampus we have found that a Ca2+-activated 
K+ current (IAHp) and a Ca2+ current (ICa) are depressed by selective 
mGluR agonists through distinct, parallel pathways. The action on IAHP 
is maximal at concentrations that have little effect on ICa. Dose response 
curves for effects of ACPD and quisqualate on IAHP and ICa were fit to 
the hill equation. For suppression of IAHP, A C P D  and quisqualate had 
EC50S of 1.4 μM (nH =1.7) and 3 μM (nH = 1.4) and produced 
maximal inhibition o f  100 and 75% respectively. With ICa the EC50S 
were 50 and 30 μM and maximal inhibition was 60% and  >75% for 
ACPD and quisqualate respectively. Thus, quisqualate is slightly more 
potent and effective than ACPD for suppression of ICa while the reverse 
is true for suppression of IAHP. These relative potencies do not match 
those observed with any of foe cloned homomeric mGluRs studied in 
various expression systems. Interaction with hydrolysis resistant 
guanine nucleotides indicate that G-proteins are involved in both 
responses but, differential sensitivity to GDP-β-S blockade suggests that 
different types are involved. The second messengers involved also 
appear to be different. The suppression of ICa was prevented by foe 
selective PKC blocker RO-31-7549 which had no effect on suppression 
of Iahp while tyrosine kinase inhibitors such as genistein blocked 
suppression of IAHP without affecting suppression of ICa.
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251 .3

CHARACTERIZATION OF THE mGIuR4a METABOTROPIC GLUTAMATE 
RECEPTOR: IDENTIFICATION OF NEW POTENT AGONISTS AND MAP4 
AS AN ANTAGONIST AT THIS RECEPTOR SUBTYPE. P.A. Johansen*1
L.A. Chase2  A.D. Sinor1 . J.F. Koerner2. R.L. Johnson2 and M.B. Robinson1 .  
1Children's Seashore House, Depts. of Peds and Pharm., Univ. of Penn., 
Philadelphia, PA 19104; 2 [)ept. of Biochem. Univ. of M innesota, 
Minneapolis, MN 55455.

Eight different mGluR cDNAs have been isolated and are organized into 
three groups. mGluR4a is a member of Group III and is coupled to the 
inhibition of forskolin-stimulated cAMP production. Like the L-AP4 receptor 
mediating synaptic depression in the lateral perforant pathway (LPP), 
mGluR4a is activated by low micromolar concentrations of the glutamate 
analog L-AP4. In the present study, the pharmacology of the mGluR4a 
receptor expressed in BHK570 cells was characterized and compared to that 
previously reported for the LPP responses. The cyclopropyl AP4 analog, (Z)- 
(±)-2-am ino-2,3-m ethano-4-phosphonobutanoate, inhibited forskol in- 
stimulated cAMP production with an EC50 of 0.58 μM, comparable to that of 
L-AP4 (EC 50 = 0.43 μM). Two other cyclic analogs of L-AP4 were agonists 
at mGluR4a: (±)-1 -amino-3-(phosphonomethylene)cyclobutanecarboxylate 
(EC5 0= 4 .4μM) and (E )-(±)-2-amino-2,3-methano-4-phosphonobutanoate 
(EC50 = 7.9 μM). (+)-MCPG blocked the effects of L-AP4 in the LPP but did 
not block the effects of L-AP4 at the cloned receptor, suggesting that the 
mGluR4a receptor does not mediate the effects of L-AP4 in the LPP. Another 
L-AP4 analog, MAP4, had no agonist activity at the mGluR4a receptor but 
caused a concentration-dependent inhibition of the reduction in forskolin- 
stimulated cAMP formation elicited by L-AP4. Inhibition was consistent with 
a competitive mechanism of action, with a Ki of 190 μM. MAP4 is the first 
antagonist identified for the mGluR4a subtype of metabotropic glutamate 
receptor. (NS29868, MBR; MH14654, PAJ; NS 17944, JFK)

251 .5
PHARMACOLOGICAL CHARACTERIZATION OF UPF523, A SELECTIVE 
mGluR 1 ANTAGONIST. G. Lombardi*, C. Thomsen2, P, Leonardi, S. Albani, R. 
Luneia1, R. Pellicciari1 & F. Moroni. Dept, of Pharmacology, University of 
Florence, V.le Morgagni 65, 50134 Florence, Italy. 1Inst. of Medicinal Chemistry, 
University of Perugia, 06123 Perugia, Italy and 2Dept. of Neurobiol. Novo-Nordisk, 
2760 Malov, Denmark.

New selective agonists and antagonists for different metabotropic glutamate 
receptor (mGluR) subtypes could be important tools in understanding the role they 
play in brain function. We report now that UPF523 ( I-aminoindane-l,5-dicarboxylic 
acid) is a new selective mGluR 1 antagonist. This compound was studied in; a) stable 
transfected cell lines (BHK) expressing either mGluR la, mGluR2 or mGluR4; b) 
cerebellar granule cells (3 DIV, 10 mM KC1) preferentially expressing mGluRl; c) 
cerebellar granule cells (9 DIV, 25 mM KCl) expressing both mGluRl and mGluR5; 
d) rat hippocampal and cortical slices containing both mGluRl and mGluR5; e) i.c.v 
injected mice. In cells expressing only mGluRl (transfected BHK and cerebellar 
granules 3 DIV, 10 mM KCl), UPF523 completely antagonized, in an apparently 
competitive manner (ICso; 7 pM), the increase in phosphoinositide metabolism 
induced by 1S,3R-ACPD (100 μM). In preparations expressing both mGluRl and 
mGluR5, such as rat hippocampal slices, UPF523 (10 - 300 pM) could reduce this 
increase only to 30% at most. In mGluR2 and mGluR4 transfected cells and in brain 
slices, the compound failed to modify the inhibitory effects of mGluR agonists on 
forskolin-induced cAMP accumulation. When tested on [3H]glutamate binding in 
membranes obtained from mGluRla transfected cells, UPF523 displaced the ligand 
(IC30: 10 μM), but when tested on ionotropic glutamate receptor binding in rat brain 
membranes, UPF523 was inactive up to 1 mM. When tested on the potentiation of 
transmitter release in rat cortical slices, an action mediated by mGluRl receptors, 
UPF523 (10 - 300 pM) antagonized the effects of mGluR agonists. Finally, UPF523 
(0.1 - 10 nmoles, i.c.v.) had mild sedative and analgesic effects in mice.

251.7

LY302427, A STRUCTURALLY NOVEL METABOTROPIC  
GLUTAMATE RECEPTOR ANTAGONIST. D-D- Schoepp*. R.A. 
Wright. Bryan G. Johnson. N. G. Mayne. J. Paul Burnett. A. Mann, 
and C.G. Wermuth. Lilly Research Laboratories, Eli Lilly and 
Company, Indianapolis, Indiana 46285 and UPR 421, Centre de 
Neurochimie du CNRS, Strasbourg, France.

Studies of metabotropic glutamate receptor (mGluR) 
pharmacology and function are currently hampered by the lack 
of selective receptor antagonists for subtypes of these receptors. 
The compound LY302427 is a glutamate analog which 
selectively displaced mGluR binding in rat brain membranes with 
IC 50 values of 4.2 μM and 22.6 μM fo r 1S.3R-1- 
am inocyclopentane-1 ,3-d icarboxylic acid (1 S.3R-ACPD)- 
sensitive 3H-glutamate and 3H-CGS19755 binding, respectively. 
3H-AMPA and 3H-kainate binding were not greatly affected by 
LY302427 (IC50S >100 pM). LY302427 reversed 1S.3R-ACPD 
(20 μM)-induced inhibition of forskolin -stimu lated cAMP 
formation in adult rat hippocampal slices or cells expressing 
human mGluR2 with IC50 values of 11 μM and 29 μM, 
respectively. Interestingly, LY302427 also antagonized 1S,3R- 
ACPD (100μM)-stimulated phosphoinositide hydrolysis in adult 
rat hippocampus (IC50 = 47 pM), but did not block 1S.3R-ACPD- 
stimulated phosphoinositide hydrolysis in human mGluRl a or 
mGluR5 expressing cells at up to 100 pM. Thus, LY302427 is a 
relatively potent mGluR antagonist with a novel profile at in situ 
rat versus cloned human mGluR subtypes.

2 5 1 .4
IDENTIFICATION OF TWO NOVEL AGONISTS OF METABOTROPIC  
EXC ITATORY AM INO ACID (EAA) RECEPTORS COUPLED TO 
PHOSPHOINOSITIDE (PI) HYDROLYSIS L. Littman*. S. Venkatraman, R.J. 
Roon. R.L. Johnson. J.F. Koerner. and M.B. Robinson. Children's Seashore 
House, Depts. of Peds. and Pharm., U. of Penn.; Phila., PA 19104 and Depts. 
of Med. Chem. and Biochem., U. of Minn.; Mpls., MN 55455.

An understanding of the functions of metabotropic EAA receptor subtypes 
has been hindered by a lack of potent and selective agonists and antagonists. 
Trans-(±)-1 -am ino-1,3-cyclopentanedicarboxylate (frans-ACPD), the most 
selective agonist for these receptors, activates both receptors coupled to PI 
hydrolysis (Group I) and those coupled to inhibition of adenylyl cyclase (Group 
II). Quisqualate (Quis, 1), the most potent agonist of Group I receptors, also 
activates EAA receptors coupled to ion channels. It is possible that there are 
structural analogs of Quis which are potent and selective ligands for 
metabotropic receptor subtypes. This hypothesis is supported by the recent 
identification of several Quis analogs which are inhibitors of Group I receptors 
(Littman et al., Neuropharm., in press). In the current studies, the effects of 
three new Quis analogs, aza-homoquis (2), (±)-(E)-1-am ino-3-[2'-(3',5'-dioxo- 
1',2',4'-oxadiazolidinyl)]cyclobutane-1-carboxylate (3), and (±)-(Z)-1-amino-3- 
[2 '-(3 ',5 '-d ioxo-1’,2',4'-oxadiazolid inyl)]cyclobutane-1-carboxylate (4), on PI 
hydrolysis in neonatal rat hippocampus or on the depolarization of Schaffer 
collateral-CA1 pyramidal neurons were examined. Analog 2 did not stimulate 
PI hydrolysis and had a low potency for depolarizing neurons (IC50 = 1.7 ± 
0.46 mM). Analogs 3 and 4, however, stimulated PI hydrolysis with EC50 
values (and maximal effects in DPM/100,000 DPM Incorporated) of 18 ± 6 pM 
(30,200 ± 7,900) for 3 and 53 ± 19 μM (31,800 ± 8,500) for 4. In parallel 
assays, PI hydrolysis stimulated by trans-ACPD (300 μM) was 25,100 ±4 ,100  
DPM/100,000 DPM incorporated. 3 and 4 were less potent as inducers of 
neuronal depolarization, with IC50 values of 69 ± 1.3 μM for 3 and 390 ± 70 μM 
for 4. These data suggest that 3 and 4 may be useful agonists to examine the 
functions of metabotropic EAA receptors. (NS29868, MBR; NS17944, JFK)

2 5 1 .6
Specific Metabotropic Activity of the Isomers of 1 -amino-1 - 
carboxycyclopentane-3-acetic acid. E. Mikiciuk-Olasik . M. J. Palmer. 
and K. Curry* Pharmaceutical Sciences, University of British 
Columbia, Vancouver B.C. Canada V6T 1Z3.
We have reported previously on the actions of cis and trans 1-amino-1- 
carboxycyclopentane-3-acetic acid (homoACPD) and we have now 
completed the total synthesis and isolation of the constituent 
enantiomers. These compounds have been tested for ionotropic and 
metabotropic activity at glutamate receptors using the "cortical wedge" 
preparation for studying ionotropic responses and cAMP and IP3 
determinations to indicate metabotropic actions. In contradiction to 
earlier work it now appears that the active configuration for the 
compounds is cis SS and cis RR homo ACPD. These compounds are 
both active in depressing the glutamate suppression of forskolin induced 
cAMP production while having no effect on the production of IP3 in rat 
cortical slices. Further the compounds are all inactive when applied to 
cortical wedge in producing depolarization of cortical neurons. This 
result indicates a specific action for the compounds at mGluR 2/3 
receptors. The results are presented as traces of depolarization of 
cortical wedge, and activity on IP3 and cAMP production measured by 
pre-labeling techniques

2 5 1 .8

ELECTROPHYSIOLOGICAL AND NEUROPHARM ACOLOGICAL 
CHARACTERIZATION OF NEW  AGONISTS FOR m G luRs, trans - 
AND cis-M CG-I. M. Ishida*. T. Saitoh and H. Shinozaki. Dept, of 
Pharmacology, The Tokyo Metropolitan Inst, o f Med. Sci., Bunkyo- 
ku, Tokyo 113, Japan.

Some derivatives o f 2-(carboxycyclopropyl)glycine (CCG ), such as 
L-CCG-I and DCG-IV, are potent agonists for metabotropic glutamate 
receptors (m G luRs), in particular mGluR2 or 3. Recently, we found 
that other CCG derivatives, (2S, 1 'S ,2 'R ,3 'S ) -  and (2 S ,1 'S ,2 'R ,3 'R )-  
2-(2-carboxy-3-methoxymethylcyclopropyl)glycine (trans- and cis- 
M CG-I), inhibited forskolin-stimulated cAMP formation in the cultured 
spinal neurons without affecting the basal phosphoinositide hydrolysis, 
their IC50 values being about 0.1 and 1.5 μM ,  respectively, trans- and 
cis-M CG-I effectively depressed monosynaptic excitation in the spinal 
reflex o f new born rats with IC50 values of 0.3 and 3 μM, respectively, 
w hich w as sensitive to (+)-M CPG . They did not cause any 
depolarization even at 0.3 mM . H owever, after the treatment with 
quisqualate, only cis -M C G -I dose-dependently caused a depolarization 
o f motoneurons in the isolated new born rat spinal cord with a threshold 
concentration of 1 μM (quisqualate effect). The depolarizing activity 
lasted more than 2 hours, but gradually attenuated. cis-MCG-I-induced 
depolarization was considerably depressed by NBQX, and 
pharmacologically resembled the depolarization induced by α -amino-ω - 
phosphonate analogues such as L-AP4 or L-AP6 under the 1quisqualate 
effect'. L-α -aminoadipate and L-aspartate to some extent attenuated 
1quisqualate effect', how ever, (+)-M CPG  (3mM) did not block the 
quisqualate-induced sensitization to cis-M CG -I.
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2 51 .9

ACTION OF TWO trans-AZETIDINES ON METABOTROPIC GLUTAMATE 
RECEPTORS IN CEREBELLAR NEURONS AND ON RECOMBINANT 
RECEPTORS. S. Pshenichkin*1, S. Ikonomovic1, A P. Kozikowski2. and J.T. 
Wroblewski1. 1Department of Pharmacology, Georgetown University School of 
Medicine, Washington D C. 20007, and 2Neurochemistry Research, Princeton, NJ.

We have previously reported that in primary cultures of cerebellar granule 
neurons tras -azetidine-2,4-dicarboxylic acid (ADA) produces a steroselective and 
dose-dependent stimulation of phosphoinositide (PI) hydrolysis with an EC of 100 
μM, a potency three-fold lower than that of 1S.3R-ACPD. Moreover, similarly to 
ACPD, a strong response to ADA was observed in granule cells cultured in 10 mM 
K+ , but not in those cultured in 25 mM K+ which express pharmacologically 
distinct PI-couplcd metabotropic glutamate receptors. We now report that a novel 
azetidine, trans-3-carboxymethyl-azetidine-2-caiboxylic acid (CMA) stimulates PI 
hydrolysis in cerebellar neurons with a potency equal to that of ACPD (EC50 = 30 
μM). In order to establish which metabotropic glutamate receptors (mGluRs) are 
responsible for the stimulation of PI hydrolysis by the two azetidines we have 
prepared CHO cells stably expressing mGluRla and mGluR5a, the two receptors 
known to couple with PI hydrolysis. ACPD, acting at these transfected receptors 
stimulated PI hydrolysis with EC50 values of 15 and 42 μM for mGluR5a and 
mGluRla, respectively. Both receptors were also stimulated by CMA, however with 
a lower potency than that of ACPD. In contrast, ADA, which enhanced PI hydrolysis 
in cerebellar neurons, failed to produce such an effect in CHO cells transfected with 
either mGluRla or mGluR5a up to a concentration of 1 mM. Instead, ADA was able 
to inhibit forskolin-stimulated cAMP formation in CHO cells transfected with 
mGluR2, a receptor negatively coupled to adenylate cyclase, while CMA was 
virtually inactive at mGluR2 receptors. These results suggest that CMA is a more 
selective agonist of group I mGluRs (1 and 5) as compared to group II receptors 
(mGluR2 and 3). Moreover, the profile of ADA action on transfected receptors 
suggests that its stimulatory action on PI hydrolysis in cerebellar neurons is not 
mediated through mGluRl or mGluR5, the only two metabotropic glutamate 
receptors known to couple to PI hydrolysis.

251 .10
PHARMACOLOGY OF HIGHLY SELECTIVE METABOTROPIC GLUTAMATE 
RECEPTOR AGONISTS DERIVED FROM AMPA. H. Bränner-Oshorne*a. N. 
Sekivamab S. Nakanishib  , F.A. Sløka. B. Eberta and P. Krogsgaard-Larsena. 
aPharmaBiotec Research Center, Department of Medicinal Chemistry, Royal Danish 
School of Pharmacy, DK-2100 Copenhagen, Denmark.b Institute for Immunology, 
Kyoto University, Faculty of Medicine, Yosida, Sakyo-ku, Kyoto 606, Japan.

Based on (RS)-2-amino-3-(3-hydroxy-5-methylisoxazol-4-yl)propanoic acid (AMPA) 
we have synthesised two new AMPA analogues: (RS)-2-amino-3-(3-hydroxyisoxazol-4- 
yl)propanoic acid (Desmethyl-AMPA, 1) and (RS )-2-amino-4-(3-hydroxy-5- 
methylisoxa/.ol-4-yl)butanoic acid (Homo-AMPA, 2). The compounds were 
characterized using electrophysiology on rat brain tissue to determine the effect on 
ionotropic glutamate receptors, and in second messenger assays on mGluRlα, 
mGluR2 and mGluR6 expressed in Chinese hamster ovary cells.

AMPA has previously been shown to be highly selective for the AMPA receptor 
with no effect on NMDA, KAIN or metabotropic glutamate receptors. In 1 the 
methyl group in the 5-position of AMPA was removed and in 2, the side chain in the
4-position was extended by one methylene group. These “one-carbon-atom” 
modifications reduced the potency at the AMPA receptor significantly. Thus, 1 was a 
weak AMPA agonist whereas 2 was inactive at the AMPA receptor.

While loosing the AMPA potency, 1 and 2 gained activity at the mGluRs. Both 
compounds had no significant activity at mGluRlα or mGluR2, whereas 1 and 2 were 
weak and strong mGluR6 agonists, respectively. Thus in conclusion Homo-AMPA is 
a new highly selective mGluR6 agonist.

HOOC HOOC HOOC /

AMPA Desmethyl-AMPA (1) Homo-AMPA (2)

251 .11

P H A R M A C O L O G IC A I. A N D  I M M U N O C Y T O C H E M I C A L  
CHARACTERIZATION OF METABOTROPIC GLUTAMATE RECEPTORS 
IN IMMORTALIZED HYPOTHALAMIC NEURONS. M.A. Sortino*. G. 
Aleppo, A. Copani, §F. Nicoletti, #R. Kuhn, #T. Knoepfel and *P.L. Canonico. 
Inst. Pharmacol.. Univ. of Catania, §Dept. Exp. Med. Biochem. Sciences, Univ. 
of Perugia, *Chair Pharmacol., School of Dentistry, Univ. Pavia, Italy and 
#CNS Research, Pharmac. Division, Ciba, Basle, Switzerland

The mixed glutamate metabotropic receptor (mGluR) agonist 1S,3R- 
ACPD stimulates GnRH release in immortalized, hypothalamic GT1-7 cells 
(Spergel et al.. 1994). We have studied the mGluR subtypes involved in this 
effect and the intracellular mechanisms that can mediate this stimulatory 
response. In GT1-7 cells, immunocytochemical analysis revealed the expression 
of mGluRla,b, mGluR5, mGluR2/3 and mGluR7a. Phosphoinositide hydrolysis- 
linked mGluRs were expressed only in low density-cultured GT1-7 cells as 
measured by the accumulation of [3H] inositolmonophosphate. 1S,3R-ACPD as 
well as quisqualate stimulated cyclic AMP accumulation in GT1-7 cells, this 
effect being concentration-dependent and insensitive to blockade of 
phosphodiesterases. Surprisingly, 1S,3R-ACPD and quisqualate potentiated 
forskolin-stimulated cyclic AMP accumulation; this effect was concentration- 
dependent and was mimicked by DCG-IV, L-CC G-I and L-AP4. The synergistic 
effect of 1s,3k-ACPD and forskolin on cyclic AMP accumulation was not 
prevented by preincubation of GT1-7 cells with adenosine deaminase. The 
present results suggest that different mGluRs are present in GT1-7 cells. 
Whether these receptors in GT1-7 neurons are not coupled to the classical 
transducing mechanisms reported in transfected cells or whether a novel subtype 
is expressed in this neuronal population has to be established.

251 .12
SERINE-O-PHOSPHATE DERIVATIVES AS NOVEL, POTENT AND 
SELECTIVE METABOTROPIC GLUTAMATE RECEPTOR (mGluR) 
ANTAGONISTS. N.K. Thomas. D.E. Jane, H-W, Tse and J.C. Watkins*. 
Department of Pharmacology, University o f Bristol BS8 1TD, U.K.

We have synthesized tw o  novel compounds, (R,S)-α-methylserine-0- 
phosphate (MSOP) and its monoester derivative, (R,S)-a-methylserine-0- 
phosphate monophenylester (MSOPPE) fo r testing as presynaptic mGluR 
antagonists. These compounds are analogs of the previously reported 
mGluR antagonist (S)-a-methyl-2-am ino-4-phosphonobutyrate (MAP4) 
which is selective fo r the L-2-am ino-4-phosphonobutyrate (L-AP4)-sensitive 
presynaptic mGluR relative to  (1 S,3S)-1 -am inocyclopentane-1,3- 
dicarboxylate ((1 S,3S)-ACPD)-sensitive presynaptic mGluR which are both 
present in primary afferent endings on neonatal rat motoneurones. The 
activ ity of MSOP and MSOPPE at reversing L-AP4- and (1 S,3S)-ACPD- 
induced depressions of the dorsal root-evoked monosynaptic excitation 
were investigated in the hemisected neonatal rat spinal cord preparation.

MSOP selectively antagonized the L-AP4-induced depressions of the DR- 
VRPs (apparent KD 51 ± 6  μM, n = 3), displaying very little activ ity at the 
(1 S,3S)-ACPD-sensitive presynaptic mGluR (apparent KD >  700 μM, n = 3). 
MSOPPE, on the other hand, displayed 3x greater potency at the (1S,3S)- 
ACPD site compared to the L-AP4 site (apparent KD values 73 ± 3 nM and 
221 ± 1 7  μM, n = 3, respectively). In conclusion, a methyl substituent in 
the a  position o f serine-O-phosphate confers selective antagonist activity 
fo r the presynaptic L-AP4-sensitive mGluR in this preparation. In contrast, 
the monophenyl ester o f this compound displays greater selectivity for the 
(1 S,3S)-ACPD-sensitive presynaptic mGluR compared to the L-AP4- 
sensitive receptor. An increase in potency is likely fo r both antagonists 
w ith  the isolation of the active stereoisomer in each case.

251 .13

COMPARISON OF CARBOXYPHENYLGLYCINE EFFECTS ON 
FUNCTIONAL RESPONSES OF mGLURlα AND mGLUR5a 
A.E. Kingston, J. Short and S.R.Baker* Lilly Research Centre Ltd., Eli Lilly & Co., 
Erl Wood Manor, Windlesham, Surrey GU20 6PH, U.K.

The antagonist effects of 4-carboxyphenylglycine compounds were compared on 
the phosphoinositide (PI) hydrolysis responses of cloned human metabotropic 
glutamate receptor (mGluR) subtypes: mGluRla and mGluR5a. IC50 values were 
obtained for (S)-4-carboxy-3-hydroxyphenylglycine (4C3HPG), (S)- 4-carboxy- 
phenylglycine (4CPG) and (+)-a-methyl-4-carboxyphenylglycine (M4CPG) on PI 
responses induced by half maximal concentrations of agonists: glutamate, quisqualate, 
(RS)-3,5-dihydroxyphenylglycine (DHPG), L-cysteine sulphinic acid (L-CSA) and 
(IS, 3R)-aminocyclopentane dicarboxylic acid (ACPD). When taken together, for all 
the agonists, 4C3HPG was the most potent antagonist for both mGluRlα and 
mGluR5a with IC50 values for the different agonists ranging from 19-60pM for 
mGluRlα and 53-500μM for mGluR5a. 4CPG and M4CPG produced similar IC50's 
ranging from 30-500μM for mGluRlα  and 150-1000μM for mGluR5a expressing 
cells. These results not only support that the compounds are more potent antagonists 
of mGluRlα than mGluR5a but have also shown that the relative differences in 
antagonist potencies between the mGluRs is dependent on the agonist used to 
stimulate PI hydrolysis. The greatest difference in IC50 values of the carboxy- 
phenylglycines for mGluRlα and mGluR5a was seen for glutamate - induced 
responses followed by quisqualate>DHPG>L-CSA>ACPD.

In summary, the results of this study indicate that closely related mGluRs 
belonging to the same subgroup exhibit a different pharmacology with respect to the 
phenylglycines and that the relative sensitivity to antagonist is dependent on the 
agonist used to stimulate a response. These observations suggest that the molecular 
interactions of different agonists with group 1 mGluRs may be subject to different 
types of binding constraints.

251 .14

THE M ETABOTROPIC GLUTAMATE RECEPTO R ANTAGONIST 
AP3 IS A POTENT IN HIBITOR OF PHOSPHOSERINE 
PHOSPHATASE. Manuel Acosta-Burruel. Paul L. Wood* and Jon E. 
Hawkinson. CoCensys, Inc., 213 Technology Dr., Irvine, CA 92718.

L-2-Amino-3-phosphonopropionic acid (L-AP3) is generally regarded as a 
noncompetitive metabotropic glutamate receptor antagonist since it inhibits 
metabotropic agonist-mediated phosphoinositide (PI) hydrolysis and synaptic 
responses. However, the actions of L-AP3 are complicated by contrasting 
pharmacological actions in different assay systems, ranging from antagonism 
to full agonism. These differing activities have been viewed as evidence 
supporting the existence of subtypes of metabotropic receptors. Alternatively, 
at least some of the actions of L-AP3 may be due to actions at CNS targets 
other than the metabotropic glutamate receptor. Here we report that L-AP3 
inhibits phosphoserine phosphatase (PSPase; EC 3.1.3.3), the enzyme 
catalyzing the final step in the major pathway of serine biosynthesis in brain. 
Using D-phosphoserine as substrate, L-AP3 inhibited partially purified rat 
brain PSPase with a Ki of 182 ± 21 μM. Interestingly, D-AP3, which is less 
active as a metabotropic receptor antagonist, is more potent at inhibiting 
PSPase with a Ki o f 60 ± 10 μM. Racemic DL-AP3 had intermediate potency 
(K, 84 + 5 μM). Whereas similar concentrations o f L-AP3 have been shown 
to inhibit PI hydrolysis, D-AP3 appears to be selective for PSPase. Moreover, 
it is possible that some of the disparate results reported for AP3 may be 
related to inhibition of PSPase rather than to modulation of metabotropic 
glutamate receptors. Finally, inhibition of PSPase must be considered as a 
possible mechanism underlying some of the in vivo effects of AP3.
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251 .15

D IF F E R E N T IA L  P H A R M A C O L O G IC A L  P R O P E R T IE S  OF 
PHENY L G LY CIN E D ERIV A TIV ES ON PI H Y D RO LY SIS AND 
C a2+ IM AG IN G  IN RAT BRAIN CO RTEX  AND CEREBELLA R 
SLICES. H. Schaffhauser-1  H. M uller2  , G. G om bos*2, J. de Barry2 
and V. M utel1  Pharm a Division Preclinical Research, F. Hoffmann- 
La Roche Ltd, CH -4002 Basel, S w itze rland1, and N eurobiologie 
Cellulaire, CNRS, 67084 Strasbourg, France2.

The effects o f the phenylglycine derivatives, including S-4CPG, S- 
4C3H PG , S-3HPG , D HPG , and (+)M CPG  w ere evaluated on basal 
or lS ,3R-stim ulated PI hydrolysis and C a2+ m obilisation in cortical or 
cerebellar slices (occipital cortex and deep cerebellar nuclei for Ca2+ 
im aging). (+)M CPG showed a com petitive antagonist effect and no 
agonist properties for PI hydrolysis or C a2+ m obilisation. S-3HPG 
and DHPG were found to be as efficacious agonists as 1S,3R-ACPD 
in the cerebellum  but less efficacious than 1S,3R-ACPD in the cortex. 
S-4C3HPG was a weak agonist in both areas and S-4CPG was a weak 
agonist in cerebellum  only with no effect on the cortical preparations. 
Both drugs inhibited non com petitively the effects o f 1S,3R-ACPD in 
cerebellum but only S-4CPG was a com petitive antagonist in the cortex 
w hereas S-4C 3H PG  was in e ffe c tiv e  in this area. Considering the 
differential distribution of mRNAs coding for the Pl-coupled glutamate 
receptors m G luR l and m G luR5 in rat cortex and cerebellum  our 
results suggest that the pharm acological differences observed for the 
phenylglycine derivatives reflect their subtype specificity. In the cortex 
it rem ains to be assessed w hether there is a functional interaction 
between the Pi and the cA M P m etabolic pathways. In the cerebellum  
how ever our observations are in better agreem ent with described 
electrophysiological effects in spinal cord.

CATECHOLAM INE RECEPTO R S: D2, D 3, D4 PHARMACOLOGY

252 .1

THE APPARENT RELATIVE SELECTIVITY OF DOPAMINE 
ANTAGONISTS FOR DOPAMINE D2 AND D4 RECEPTOR 
CLONES DEPENDS ON THE RADIOLIGAND USED.
M.J. Durcan*. G.C. Rigdon. M H. Norman and P.F. Morgan. 
Wellcome Research Laboratories, 3030 Cornwallis Road, Research 
Triangle Park, NC 27709, USA.

Binding of 3H-spiperone and 3H-raclopride to membranes from cells 
stably-transfected with a human dopamine D2 receptor clone was 
investigated, as was that of 3H-spiperone to those stably-transfected 
with a human dopamine D4 receptor clone. 3H-spiperone and 3H- 
raclopride labeled the same number of sites in the D2 receptor 
preparation (BMAX = 1020 ±  42 and 986 ± 55 fmol/mg protein, 
respectively). The inhibition of binding by clozapine, spiperone, (-) 
eticlopride, haloperidol and the novel substituted benzamide 1192U90 
was also investigated. The K,s for clozapine against 3H-spiperone 
and 3H-raclopride binding to the dopamine D2 receptor preparation 
were 672 nM and 38 nM respectively and those for 1192U90 were 65 
nM and 13 nM. The Kis for spiperone, (-) eticlopride and haloperidol 
did not differ between the two radioligands. Comparison with 
inhibition of 3H-spiperone binding to the D4 receptor revealed that 
clozapine and 1192U90 displayed selectivity (10 and 5 fold 
respectively) for the D4 receptor when compared with binding of 3H- 
spiperone, but not 3H-raclopride, to the D2 receptor.

252 .3

THE IN VITRO BINDING PROFILE AND FUNCTIONAL 
CHARACTERISTICS OF NGD 94-1, A POTENT AND SELECTIVE D4 
ANTAGONIST. R. Meade. K. Huston. L. J. Cornfield . A. Thurkauf. A. 
Hutchison, and J. Tallman *. Neurogen Corp., Branford, CT 06405.

The selectivity and relative potency of NGD 94-1 was evaluated 
using radioligand binding techniques. It was determ ined that this 
compound has a high affinity for the cloned human D4 dopamine 
receptor stably expressed in CHO cells, as compared to all dopamine 
and other receptors tested. The affinity of NGD 94-1 for the D4 
receptor is 3.6 nM using [3H ]YM09151-2 as ligand for the D4 
receptor. Custom labeled [3H] NGD-94-1 was obtained and the 
binding characteristics of this compound were studied. Results 
indicate that [3H ]N G D  94-1 has a Kd of 2.2 nM at the cloned D4 
receptor with a Bmax of 560 fmol/mg protein . The binding affinities of 
antipsychotic drugs were then compared using both [3H]YM09151-2 
and [3H]NGD 94-1 as ligands. There was a high correlation between 
the binding profiles of these compounds at the cloned human D4 
receptor labeled by [3H]YM-09151-2 which is a radioligand that has 
high affinity for D2, D3, and D4 receptors, and [3H]NGD 94-1 which is 
selective for the D4 receptor. The in vitro functional activity of NGD 
94-1 at the cloned human D4 receptor was determined based on its 
effect on forskolin-stimulated cAMP production . NGD 94-1 caused a 
significant reversal of the inhibition of forskolin-stmulated cAMP 
induced by the D4 receptor agonist quinpirole. In summary, this data 
indicates that NGD 94-1 is a highly selective antagonist at the human 
D4 receptor.

25 2 .2

EPINEPHRINE AND NOREPINIEPHRINE ACT AS POTENT AGONISTS 
AT THE HUMAN RECOMBINANT D4.4 RECEPTOR. F. Lanau, M.-T. 
Zenner, O. Civelli, and D. S. Hartman*. Pharmaceutical Research, Preclinical 
Neurosciences, Hoffmann-La Roche AG, CH-4002 Basel, Switzerland.

In order to investigate potential interactions between the dopaminergic and 
adrenergic neurotransm itter systems, we have studied the effect of 
epinephrine (EP) and norepinephrine (NE) on the hum an dopamine D4.4 
receptor (hD4.4R). In competition binding assays using membranes from 
Chinese Hamster Ovary cells expressing the hD4.4R (CHO-D4.4), we have 
found that both EP and NE bind hD4.4R with high affinity: Ki (EP) = 41± 9 
nM (3), Ki (NE) = 134 ± 20 nM (4). This NE affinity is higher than reported to 
the receptor variant hD4.2R expressed transiently in COS-7 cells (Van Tol et 
al, Nature 350:610,1991). Using 3H-EP, we have directly measured a KD = 26 ± 
7 nM (3) at the hD4.4R, which is similar to the affinity of dopamine (DA) at 
this receptor (10 nM). The relative lack of catecholamine selectivity at the 
hD4.4R is in contrast to the strong dopamine selectivity of the D2 receptor. 
Experiments are now underway to characterize catecholamine selectivity of 
the D4.2 and D4.7 receptor variants expressed in CHO cells.

In intact CHO-D4.4 cells but not in untransfected CHO cells, DA, EP, and 
NE all behaved as hD4.4R agonists, decreasing forskolin-stimulated cAMP 
levels at submicromolar concentrations. Dopaminergic antagonists reversed 
these effects in a concentration-dependent manner.

Our resultss suggest that the D4R could play a pivotal role in integrating 
catecholaminergic signalling in the brain. Future experiments addressing the 
physiological relevance of DA, EP, and NE interaction with the D4R will 
require dem onstration of D4 receptor colocalization w ith sites of 
neurotransmitter release, and the use of D4 specific ligands in viw.

2 5 2 .4

CO-EXPRESSION OF DOPAMINE D1 AND D2 RECEPTORS IN SF9 CELLS. 
G.YK.Ng1,G.Varghese1.M.Bouvier2. M. Brann3, B.F.O’Dowd1,and S.R. George1*. 
1Dept. Pharmacol., University of Toronto, and Addiction Res. Fdn. ON, 2Dept. of 
Biochem., University of Montreal, QC, Canada, 3Dept. Psychiatry, University of 
Vermont, Burlington, VT, USA.

The biophysical properties of a c-myc epitope tagged D1 receptor and the 
D2L receptor were examined when co-expressed to specific activities of 6 and 4 
pmol/mg of protein respectively in Sf9 cells. Saturation binding analyses with 
[3H]SCH-23390 and [3H]spiperone, SKF-38393/ [3H]SCH-23390 competition and 
quinpirole/[3H]spiperone competition analyses on membranes prepared from Dl- 
D2 cells, showed no modulation of ligand binding properties of D1 or D2 
receptors when co-expressed in the same cell line. Immunoblot analysis of Dl- 
D2/membranes using a monoclonal antibody directed against c-myc of c-myc-Dl 
receptor showed the presence of two major species migrating at ~48 and ~110 
kDa, identical to the immunostaining pattern observed for membranes prepared 
from Dl/cells. Immunoblot analysis using a D2 receptor selective antiserum 
revealed two major species at ~ 44 and ~ 100 kDa identical to the immunoreactive 
pattern observed for membranes prepared from D2/cells. The D1 and D2 
receptor photoaffinity labels, [125I]IMAB and [125I]NAPS, showed no evidence of 
D1-D2 receptor dimers. In membranes prepared from D1-D2 cells, SKF-38393 
stimulated adenylyl cyclase activity with the efficacy (EC50 ~ 200 nM) shown for 
D l/ cells. In membranes prepared from D1-D2/ cells, quinpirole inhibited 
adenylyl cyclase activity with the efficacy (IC50 ~5 nM) shown for D2/ cells. 
However in membranes from Dl-D2/cells, dopamine stimulated adenylyl cyclase 
activity was attenuated showing possibly the contribution of D l receptor 
stimulation and concurrent D2 receptor inhibition. Collectively, these data are 
suggestive that an interaction between D l and D2 receptor coupled adenylyl 
cyclase systems does not occur at least at the level of the receptor.
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252.5
[3H](+)S 14297, A NOVEL SELECTIVE RADIOLIGAND AT DOPAMINE D3 
RECEPTORS. CHARACTERISATION OF BINDING TO CLONED HUMAN 
D3 RECEPTORS. V. Audinot*. A. Newman-Tancredi. V. Jacques, J-L. Peglion 
and M.J. Millan. Institut de Recherches Servier. 125 Chemin de Ronde, 78290 
Croissy. Paris, France.

The novel benzofurane, (+)-S 14297 ((+)-[7-(N,N-dipropylamino)-5,6.7.8- 
tetrahydro-naphtho(2.3b)dihydro,2.3-furane]), is a highly selective ligand for 
dopamine D3 receptors (Millan et al, Eur. J. Pharmacol., 260, R3-R5, 1994). The 
compound was tritiated to high specific activity (145 Ci/mmol). and its ligand 
binding characteristics evaluated in CHO cells stably expressing the human D3 
(hD3) receptor (Sokoloffet al. Eur. J. Pharmacol. 225, 331-337). [3H](+)S 14297 
exhibited rapid association to hD3 receptors at room temperature (half time =35 
seconds), with a dissociation half-time of 102 seconds. These data yielded an 
estimated of 4 3 nM. which agreed well with that determined in saturation 
binding experiments. These showed that [3H](+)-S 14297 binding is saturable 
(Bmax = 10.4 pmol/mg of membrane protein) and of high affinity (Kd = 7.0 
nM). Binding of [3H](+)S 14297 was stereoselectively inhibited by competition 
with (+)S 14297, its less active distomer (-)S 17777 and with (+) or (-)7-OH- 
DPAT (with KiS of 7.4. 444. 0.8 and 25.5 nM respectively). The competition 
binding profile of eight dopaminergic ligands for [3H](+)S 14297 was highly 
correlated with that for [125I]iodosulpiride (r = 0.98). Negligeable specific binding 
of [3H](+)S 14297 (7 nM) was observed to hD2 receptors Further, unlabelled 
(+)S 14297 was 40-fold more active at [3H](+)S 14297-labelled hD3 receptors 
than at [125I]iodosulpiride-labelled hD2 receptors. In conclusion. [3H](+)S 14297 
offers a selective tool to characterise dopamine D3 receptors.

252.7
SUBSTITUTED AMLNOPIPERIDINES AS SELECTIVE, POTENT 
D4-DOPAMINE RECEPTOR ANTAGONISTS. S.K. Schlachter, 
T.J. Poel, C.F. Lawson, D.M.Dinh, M.E. Lajiness, A.G. Romero, J.R. 
Palmer, D.B. Carter*, and M.W. Smith. Upjohn Laboratories, The 
Upjohn Company, Kalamazoo, MI 49001.

Brain D4-dopamine receptors have been extremely difficult to 
study due to their low in vivo abundance. Nevertheless, these 
receptors are of great interest as possible sites of action of 
antischizophrenic therapies directed at dopamine receptor blockade. 
The identification of compounds having a large degree of D4- versus 
D2-dopamine receptor selectivity would provide the opportunity to 
directly probe the physiology of D4-dopamine sites and their clinical 
relevance. We have discovered a collection of aminopiperidines 
having high in vitro  affinity for human D4-dopamine receptors 
expressed in HEK293 cells, and 80-1000 fold selectivity compared 
with D2-dopamine receptors. D4-dopamine receptor antagonist 
properties of selected analogs were determined by their ability to 
inhibit quinpirole stimulated mitogenesis in cell lines expressing 
cloned human D4 receptors. This new class of compounds may be 
useful tools by which more information regarding the structure and 
therapeutic role of the D4-dopamine receptor may be obtained.

252.9
INTRINSIC ACTIVITY OF DOPAMINE AGONISTS AND PARTIAL 
AGONISTS AT THE CLONED hD21 AND hD4.4 RECEPTORS.
C.A. Tamminga* , A. Mutin, E. Cochrane. A.C. Lahti and R.A. Lahti.
Maryland Psychiatric Research Center, Univ. of Maryland School of Medicine, 
Baltimore, MD 21228.
The dopamine D2-family of receptors have been cloned and clozapine found 

to be selective for the D4 vs. the D2 (Van Tol et al.,1991). Others (Lahti, et 
al 1993) suggested that antipsychotic activity may reside in D4 receptor 
occupancy and EPS effects in D2 receptor occupancy. Dopamine agonists 
and partial agonists have been evaluated in the treatment of schizophrenia 
(Tamminga et al., 1978, 1986, 1992). Their intrinsic activities (IA) were 
determined using tissue derived D2 receptors. Consequently their IA at the 
D2 subtypes may differ. Using receptor state (high- (HiAg) and low-affinity 
agonist (LowAg) states) binding affinities (Lahti et al, 1992) and hD21 
membranes and hD4.4 membranes (cells courtesy M. Caron and H.VanTol) 
the IA of dopamine agonists, partial agonists, was determined. For the hD21 
receptor affinities at the LowAg state were determined using [3H]-raclopride + 
GTP and at the HiAg state [3H]-U-86170 was used. [3H]-YM-09151-2 + GTP 
and [3H]-N-0437 were used at the hD4.4 receptor. (-)-N-0437 and (+)-3-PPP 
have high IA at both the hD21 and hD4.4 receptors. (-)-3-PPP appears to have 
higher IA at the hD4.4 receptor (92%) than the hD2 (36%). (-)-NPA has high 
IA at the hD21 (100%) and lower intrinsic activity at the hD4.4 (54%). A similar 
profile was found for (-)-apomorphine. (-)-NPA had the highest affinity for at 
the hD21 (0.05 nM), at the hD4.4 (-)-N-0437 had the highest affinity (0.3 nM). 
Both (-)-N-0437 and (-)-3-PPP caused substantial releases of [3H]-arachidonic 
acid from the CHO-hD4.4 cells and the effect of (-)-N-0437 was significantly 
reduced by clozapine. The differing IA of (-)3-PPP at these two receptors 
may explain the findings obtained in schizophrenic patients.

252.6
DOPAMINE D3 RECEPTOR BLOCKADE DOES NOT INHIBIT MOTOR 
BEHAVIOUR AND REDUCES HALOPERIDOL-INDUCED CATALEPSY.
M. Brocco*. H, Gressier, S. Veiga. V. Audinot. S. Maurel-Remy and M.J. 
Millan. Institut de Recherches Servier, 125 Chemin de Ronde, 78290 Croissy. 
Paris, France.

In contrast to dopamine D2 receptors, D3 sites are found in a low density in 
striatum. We explored their role in the control of motor behaviour by comparing 
the motor actions of haloperidol (KiS in nM for cloned rat D3/D2 sites 
transfected into CHO cells = 2.7/0.4) to those of (+)-AJ 76 (31/119) and the 
selective D3 vs D2 antagonist, (±)-S 11566 (27/615), together with its active 
eutomer, (+)-S 14297 (13/365) and its inactive distomer, (-)-S 17777 (296/3403) 
(Rivet et al., Eur. J. Pharmacol., 265, 175-177, 1994). We measured inhibition 
of spontaneous locomotion (LOC) in male Wistar rats and NMRI mice, gnawing 
elicited by methylphenidate (40.0 mg/kg. i.p.) in rats. LOC elicited by 
amphetamine (2.5 mg/kg, i.p.) in rats and climbing elicited by apomorphine 
(0 63 mg/kg. s.c.) in mice, a conditioned avoidance response in rats, induction of 
catalepsy (CAT) and inhibition of haloperidol (2.5 mg/kg, s.c.)-induced CAT in 
rats. _____________________________________________

Spont. LOC. 
Mice Rats

Amph.
LOC.

MPhen.
Gnaw.

Apo.
Climb.

Cond.
Avoid

Induct.
CAT.

Inhibit.
CAT

(±)-S 11566 >10.0 > 10.0 > 10.0 > 10.0 15.2 > 10.0 > 10.0 1.7
(+)-S 14297 > 10.0 > 10.0 > 10.0 > 10.0 14.0 > 10.0 > 10.0 1.9
(+)-AJ 76 > 10.0 5.0 5.0 NT. 1.8 > 10.0 25.9 .

Haloperidol 0.2 0.02 0.04 0.04 0.01 0.08 0.14 -

Doses are ID50S (mg/kg, s.c ), except for CAT which are ED50S.
(±)-S 11566 and (+)-S 14297 did not inhibit (Table) or induce (not shown) 
motor behaviours. However, they inhibited induction of catalepsy by haloperidol. 
(-)-S 17777 (10.0) was inactive (not shown). Dopamine D3 and D2 receptors 
appear, thus, to differentially modulate motor behaviour.

252.8
STRUCTURE-ACTIVITY RELATIONSHIP STUDIES OF 2,3-DIMETHOXY- 
PIPERIDIN-4-YL BENZAMIDE ANALOGUES FOR DOPAMINE D2 AND D3 
RECEPTORS. R.H. Mach1,2*. R.R. Luedtke3. J.T. Cheney1. D. Johnston3, and 
R.L. Ehrenkaufer1. Depts. of 1Radiology and 2Physiology & Pharmacology, 
Bowman Gray School of Medicine, Wake Forest University, Winston-Salem, NC 
27157; and 3Dept, of Pharmacology, University of North Texas Health Science 
Center, Fort Worth, Texas 76107.

A panel of N-alkyl substituted analogues of 2,3-dimetboxypiperidin-4-yl 
benzamide was prepared and the binding affinities were measured for dopamine 
D2(long) and D3 receptors expressed in Spodoptera frugiperda (Sf9) cells. The first 
series of compounds consisted of N-substituted benzyl derivatives and the following 
substituent effect was observed for the para-substituted analogues:
Table. Ki [nM] (n = 3)

Substituent D2(long) D3
Cl 0.8 ± 0.1 3.6 ± 1.3
CH3 1.6 ± 0.6 2.4 ± 1.1
F 1.9 ± 0.3 7.8 ± 1.6
I 1.9 ± 0.5 2.9 ± 0.7
OCH3 3.1 ± 0.2 8.5 ± 2.1
c f 3 17.0 ± 4.2 46.7 ± 14.6
n o 2 37.6 ± 3.0 231 ±41.6

The corresponding meta- or ortho-substituted regioisomers bad a similar affinity for 
D2(long) and a  2-10-fold reduced affinity for dopamine D3 receptors. The N-(2- 
napthyl)methyl benzamide had a high D2(long) affinity (3.1 nM) and moderate D3 
affinity (19 nM) whereas the N-2-pbenethyI and N-(phthalimido)methyl analogues 
were inactive at both receptors. The N-(cyclohexyl)methyl benzamide had a high 
affinity for D2(long) receptors (5.2 nM) and moderate D3 affinity (21 nM), proving 
that an aromatic ring in this region of the molecule is not essential for binding to 
dopamine D2 and D3 receptors. Supported by DA09142, DA09147, CHE 9200075.

252.10
MOLECULAR AND PHARMACOLOGICAL CHARACTERISATION OF A 
NEW HUMAN DOPAMINE D4 RECEPTOR ISOFORM. N. J. Stem*. C. 
Roesink. I. Collie. D. Hill. W. Olijve. and M. Shahid. N.V. Organon, Scientific 
Development Group, P.O. Box 20,5340 BH Oss, The Netherlands.

Recent molecular cloning studies have revealed the existence of various 
polymorphic forms of the dopamine D4 receptor. These variations are found in the 
putative third cytoplasmic loop and encode a variable number of repeats of 16 amino 
acids in length. Furthermore, a variable 4 amino acid repeat has been reported in the 
N-terminal part of the receptor. This study describes the cloning, characterisation and 
expression of a gene for a new D4 receptor isoform. Screening of a genomic DNA 
library yielded a 8 kb Bam HI fragment that was found to harbour the entire coding 
sequence for a new D4 receptor subtype. Sequence analysis indicated the presence of 
several amino acid differences when compared to known D4 receptor isoforms, in 
addition to those found in the N-terminus and the third cytoplasmic loop. To assess 
the pharmacological characteristics of the cloned receptor, the gene was stably 
expressed in CHO cells. Receptor transfectants displayed saturable [3H]spiperone 
binding and affinity (Kd= 0.40 nM) which was similar to values reported for other D4 
receptor isoforms. [3H]spiperone displacement studies with various dopamine agonists 
and antagonists are currently being performed to characterize the receptor in more 
detail. Although the receptor density was adequate pharmacological characterisation 
(Bmax= 556 fmol/mg protein), we were not able to select transfectants that expressed 
the receptor at higher densities. Similar difficulties to get high stable expression have 
been reported for other D4 receptor isoforms. To determine whether intronic 
sequences or other sequences in the 5’ and 3’ untranslated regions interfere with 
efficient expression of the D4 receptor gene, a set of new expression constructs has 
been made in which all non coding regions have been removed systematically. These 
constructs are currently being tested and the results will be presented at the meeting.
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252.11 252.12
MOLECULAR BASIS FOR AGONIST SELECTIVITY AT DOPAMINE D1
AND D2 RECEPTORS. S.Starr*1. B.L. Wiens1. K.A. Neve1. R.S. Pearlman2 and 
R E. Wilcox2 Oregon Health Sciences U. and VAMC, Portland, OR, 97201 
College of Pharmacy & Institute for Neuroscience, U. Texas at Austin, TX 787 1 22.

The design of D1 receptor-selective drugs has been more difficult than the 
development of D2 receptor-selective compounds. Although there are probably 
several features that contribute to the selectivity of dopamine receptor agonists, one 
key difference may be the distance (N-plane) of the positively charged amine group 
above the plane of the catechol (or corresponding) ring of the drug. Dopamine is 
sufficiently flexible to adopt either conformation, whereas some rigid D2 agonists 
cannot assume a D1 binding conformation without increasing conformational 
energy to the point that receptor binding is precluded. In contrast, most D1 ligands

Pharmacophore map N-O(p) N-O(m) N-plane
D1 DA receptor 6.4-7.4 A 6.8-7 9 A 1.0-1.4 A
D2 DA receptor 6 3-7.8 A 5.9-7.8 A 0.5-0.8 Å

We have assessed D1 vs. D2 selectivity, in terms of both potency and efficacy, for 
a number of DA receptor agonists. The D1 agonists 6-C1-APB, 6-C1-PB, 6-Br- 
APB, SKF38393, fenoldopam, and dihydrexidine were all efficacious at D2 
receptors, albeit with reduced potency. The D2-selective agonists bromocriptine, 
(+) 3-PPP, and quinpirole had little or no efficacy at D1 receptors. NPA, PPHT, 
and 6,7-ADTN were efficacious at both D1 and D2 receptors. Pharmacophore 
maps developed for the D1 and D2 DA receptors have revealed distinctly different 
requirements for D1 vs. D2 binding in addition to expected similarities. 
Additionally, Comparative Molecular Field Analysis (CoMFA) for agonist affinity 
at the two receptors yields highly predictive regression models which can be used 
in prioritizing candidates for synthesis and testing. [RR08579, MH45372, U S. 
EPA (HRCLLS-Sub-UT - 4/9/93), Tripos Associates, Inc., Glaxo Inc ]

AFFINITY OF LIGANDS AT RECOMBINANT D2A DOPAMINE 
RECEPTORS STABLY EXPRESSED IN C6 GLIOMA CELLS: SODIUM 
EFFECTS. C.K. Mak. P.K. Randall. K. Neve, and R. E. Wilcox*. National 
Institutes of Health, Bethesda, MD 20892, VA Medical Center, Portland, OR 
97201, College of Pharmacy, University of Texas, Austin, TX 78712.

Affinities (Ka) of dopamine (DA) agonists at recombinant D2A DA receptors 
stably expressed in C6 glioma cells were determined using adenylate cyclase 
inhibition in intact cells and membrane binding assays. C6-D2A glioma cells were 
treated ± NIPS, D2 receptor alkylator and challenged with 30 uM forskolin and 
concentrations of DA, apormorphine or quinpirole. Cyclic AMP accumulation was 
used as the cellular marker. In parallel, haloperidol and sulpiride affinities (Kb) 
were calculated from shifts of the DA dose-response curves.
Drugs
EC50 (uM)
Ka (uM)
Drugs
Ka (nM) with NaCl 
Ka (uM) without NaCl

Dopamine
0.03510.003
0.58± 0.017
Haloperidol
0.25 ± 0.049 
0.175± 0.071

Apomorphine
0.025 ± 0.001 
0.39± 0.102 
Sulpiride 
1.1± 0.26 
1.86± 0.63

Quinpirole
0.063 ± 0.003 
2.94± 1.052

Agonists and haloperidol demonstrated classic dose-response characteristics, but 
sulpiride exhibited anomalous dose-response behavior. Whereas DA itself showed 
a Na+ sensitive reduction of cAMP inhibition, effects of neither haloperidol nor 
sulpiride appeared to be modified by Na+. The Na+ shift in membrane antagonist 
binding revealed that haloperidol was only slightly affected by Na+; sulpiride 
showed a Na+ mediated 10-fold decrease in Ki (+Na+, 100 nM; Ki -Na+, 9.3 nM). 
[NIH grants: RR08579 and MH453723].

252.13
IN VITRO RECEPTOR BINDING PROFILE OF A NOVEL 
BENZINDOLE WITH HIGH AFFINITY AND SELECTIVITY FOR 
THE DOPAMINE-D3 RECEPTOR.
M.A. Scheideler*1, J.S. Rasmussen1. L  Naerum1, R. Hohlweg1. M. 
Crider2, D. Ghosh2. S, Cruse2 and A. Fink-Jensen1. Health Care 
Discovery, Novo Nordisk A/S, 2760 Må Iøv, Denmark1 and Northeast 
Louisiana University, Monroe, LA 712092.

The affinity and selectivity of a novel benzindole structure for the 
Dopamine-D3 receptor has been established in radioreceptor 
binding experiments at the cloned dopamine receptor subtypes, and 
in a further profile of assays selective for neurotransmitter receptors, 
ion channels and uptake sites. The Ki value determined for ligand 
binding at the Dopamine-D3 receptor (14 nM) was 1200-fold, 1300- 
fold, 530-fold and 110-fold higher affinity than could be measured 
at the D1A, D5, D2S and D4 Dopamine receptors, respectively. A 
weak, but significant drug-receptor interaction could also be 
observed in assays selective for Adrenergic-alpha2 binding, 
Serotonin-5HT1A binding, and Serotonin uptake. No significant 
additional binding site interactions were measured; this profile 
notably included assays in which neuroleptic drugs often show 
activity (Histamine and Adrenergic-alphal binding, Dopamine 
Uptake). These results, taken together with the accompanying 
pharmacological profile (A. Fink-Jensen et al.), demonstrate the 
suitability of this benzindole for use in further investigations into the 
mechanism of antipsychotic drug action.

252.14
PHARMACOLOGICAL PROFILE OF A BENZINDOLE WITH 
HIGH AFFINITY AND SELECTIVITY FOR THE DOPAMINE D3 
RECEPTOR. A. Fink-Jensen1, E.B. Nielsen1. R. Hohlweg1. L. 
Naerum1. M. Crider2. D. Ghosh2. S. Cruse2 and M.A. Scheideler1. 
Health Care Discovery, Novo Nordisk A/S,  Novo Nordisk Park, 
DK-2760 Må lø v, Denmark1 and Northeast Louisiana University, 
Monroe, LA 71209, U.S.A.2

We report on the pharmacological effects of a novel benzin
dole with high affinity and selectivity for the dopamine D3 
receptor (for in vitro data, see M.A. Scheideler et al., accompany
ing abstract). The benzindole inhibits spontaneous and d-amphe- 
tamine induced locomotor activity in mice and rats at doses 
which do not induce catalepsy. It does not induce locomotor 
activity in reserpinized mice, in contrast to the effect of apo
morphine, (±)7-OH-DPAT and quinpirole. The benzindole inhibits 
conditioned avoidance responding in rats but does not increase 
interstitiel levels of DOPAC in the striatum as observed with 
neuroleptics. It induces contralateral rotation and increases (±)7- 
OH-DPAT-induced contralateral rotation in 6-OHDA lesioned rats 
suggesting agonist activity. These results show that the com
pound has a preclinical behavioral profile suggestive of anti
psychotic activity but with a profile different from the known 
neuroleptics.

252.15
SAR OF NEW AND KNOWN COMPOUNDS IN THE 2-AMINOTETRALIN 
SERIES WITH RESPECT TO DOPAMINE RECEPTOR SUBTYPES 
LA. van Vliet. D. Dijkstra*. P.G. Tepper. G. Damsma†  , H. Wikström. Dept. of 
Medicinal Chem., Univ. Centre for Pharmacy, A. Deusinglaan 2, 9713 AW 
Groningen, The Netherlands, T.A. Pugslev. L.D. Wise. Parke Davis, 2800 
Plymouth Road, Ann Arbor, MI 48105, USA

The 2-aminotetralin system has proved to be a valuable structural base for 
ligands binding to dopamine receptor subtypes, especially for dopamine D2 and D3 
receptors. SAR-studies of these compounds resulted in the preparation of R-(+)-7- 
hydroxy-N,N-dipropylaminotetralin (R-(+)-7-OH-DPAT), which was later shown 
to be a fairly selective dopamine D3 receptor subtype agent. Recent developments 
in molecular biology have led to the identification of new interesting dopamine 
receptors, like the D3 and the D4 receptor, which are both possible targets for 
psychiatric diseases. The pharmacological investi-gation of these receptors 
generated a need for pharmacological tools, i.e. compounds which bind selectively 
to these receptors. However, most of the aminotetralias, and related compounds 
that have been prepared until now, show affinity for both the dopamine D2 and 
D3 receptor subtypes. To study the SAR of these compounds in more detail we 
prepared some new 2-aminotetralins, substituted with a methoxy or a hydroxy 
group in the 5- or 7-position and with varying N-alkyl substituents. These 
compounds were tested for their affinity towards dopamine D2 , D3 and D4 
receptor subtypes, together with some previously published 2-aminotetralins.
+Deceased 6 December 1993

252.16
ILOPERIDONE BINDING TO HUMAN DOPAMINE RECEPTORS: 
COMPARISON WITH OTHER ANTIPSYCHOTICS. H.B. Hartman*, 
J. Cai, L.L. Kerman. P. Weissensee. J.E. Roehr, L. Tana. A. 
Sandrasaara & S. Konasamut Neuroscience Product Group Unit, 
Hoechst-Roussel Pharmaceuticals, Inc., Somerville, NJ 08876 

lloperidone (HP 873; 1-[4-[3-[4-(6-fluoro-1,2-benzisoxazol-3-yl)- 
1-piperidinyl]propoxy]-3-methoxyphenyl]ethanone) possesses an 
antipsychotic profile in several in vitro and in vivo tests (Szewczak 
et al., submitted) and is in clinical trials for the treatment of 
schizophrenia, lloperidone displays affinity for D2 dopamine, 
5HT2A serotonin and a1 adrenergic receptors and has a variety of 
in vivo activities (Corbett et al. Pharmacol. Biochem. Behav. 45: 9, 
1993; Szewczak et al., submitted). Here we present an 
examination of the affinity of itoperidone to the human homologs 
of the other D2-like dopamine receptor subtypes and compare this 
with other antipsychotic compounds or antipsychotic candidates. 
For this purpose we employed receptor binding assays with 
membranes from cells stably expressing human homologs of the 
D2, D3 and D4 receptors, lloperidone displayed higher affinity for 
the D3 receptor ( K i = 7.1 nM) than for the D4 receptor ( K i = 25 
nM). This is unique among the antipsychotic compounds tested. 
The results are discussed with reference to the possible 
involvement of different dopamine receptors in antipsychotic 
activity.
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252.17

DEVELOPMENT OF A CYCLIC AMP INDUCIBLE REPORTER TO 
MONITOR ACTIVATION OF G-PROTEIN COUPLED RECEPTORS.
P. R. Weissensee1  L. Tana1 . J. Cai1. L. L. Kerman1. J. Haley2 .
F. Cavalier2  S. Kongsamut1- and A. Sandrasaara1  1Neuroscience 
Product Group Unit, Hoechst-Roussel Pharmaceuticals, Inc., Somerville, 
NJ 07921. and 2Oncogene Sciences Inc., Uniondale, NY 11553.

Numerous G-protein coupled receptors modulate adenylate cyclase 
activity upon receptor activation. We have attempted to exploit the 
ability of dopamine D-1 and D2s receptors to couple either positively or 
negatively to cAMP in order to develop a transcription based cellular 
screening system that will allow the rapid identification of ligands 
functionally active at the D1 and D2s receptor subtypes. We have 
constructed a series of cAMP inducible promoters that drive expression 
of a luciferase reporter in mammalian cells. In addition, we have 
generated stable cell lines expressing the hD1 and hD2S receptor 
subtypes. Radio-ligand binding assays with cells stably expressing hD1 
and hD2S receptors showed appropriate rank order potencies for all 
agonists and antagonists tested. In addition, functional assays 
demonstrated that in these cell lines hD1 and hD2S are positively and 
negatively coupled to cyclase, respectively. Experiments in which our 
reporter constructs were transiently transfected into stably expressing 
hD1 and hD2S lines indicated that these luciferase reporters can be used 
to rapidly screen for dopamine receptor agonists and antagonists.
These data suggest that this transcriptional based system can be used to 
identify ligands selective for a variety of G-protein coupled receptors.

252 .19

INDUCIBLE EXPRESSION O F TH E DOPA M IN E D 3 RECEPTOR 
IN STABLY TRA N SFECTED  G H3 CEL LS. C .Schmauss* and B.V. 
Skryabin. Dept. Psychiatry & Brookdale Center for Molecular Biology. ML Sinai 
Sch  of Med.. New York. NY 10029.

In order to be able to study the kinetics o f the synthesis and the 
posttranslational processing o f D3 receptors in stably transfected cells 
we em ployed an inducib le expression  system  that is based on the 
tetracycline-responsive transcriptional regulatory elem ent of E. coli 
( te tO ; see G ossen  & B ujard ,1992, PN A S 89, 5547-5551). In our 
study, the transcrip tion  o f bo th  the te tracyc line-responsive  trans
ac tivator and the cD N A  encod ing  the D 3 recep to r are under the 
transcriptional control o f a tetracycline-responsive promotor. W e were 
able to generate stably transfected G H3 cells in w hich virtually no 
expression of D 3 m R N A  and protein w as found in the non-induced 
state. Steady-state m RN A  and protein levels w ere reached 24 hrs after 
induction. Tw entyfour hrs after reintroduction o f tetracycline a ca. 50% 
decrease in the am ount o f D 3-receptor protein w as found. N o residual 
D 3 mRNA and protein were detected after 3 days of inhibition.

In the induced state steady-state D 3 m RN A  and protein levels were 
found to be substantially higher than those we obtained previously in 
constitutively D 3-expressing GH3 cells. The m ajor D 3-immunoreactive 
protein band in transfected G H3 cells m igrates at ca. 50 kD. However, 
after co-transfection with cD N A  encoding the truncated D 3-like protein 
D 3nf a prom inent shift in the electrophoretic m obility o f the D 3 protein 
w as observed. The size o f th is sh ift (~50kD ) suggests that both 
pro te ins can form  s tab le  com plexes tha t w ithstand reducing and 
denaturing agents. The kinetics of this com plex form ation is currently 
under investigation. (Supported by NARSA D  and M H45212).

2 5 2 .18
AGONISTS AND ANTAGONISTS DIFFERENTIALLY REGULATE THE HIGH- 
AFFINITY STATE OF THE HUMAN D2L RECEPTOR IN HEK 293 CELLS. 
V. A. Boundy*. M. A. Pacheco. W. Guan. and P. B, Molinoff Dept, of 
Pharmacology, Univ. of Penn. Sch. of Med. Philadelphia, PA 19104 and CNS Drug 
Discovery, Bristol-Myers Squibb, Wallingford, CT 06492.

Agonists and antagonists induced up-regulation of D2 dopamine receptors 
measured with a labeled antagonist, in 293-D2l or 293-D2s cells (Mol. Pharm. 
44:371, 1993). Separate mechanisms appear to be involved as the regulation induced 
by agonists, but not antagonists, was synergistic with cAMP analogs, and the time 
courses of these two effects were distinct (JPET 271:1574,1994). These studies have 
been extended to investigate agonist- and antagonist-induced regulation of the high- 
affinity state of the D2l receptor, measured with a labeled agonist. Exposure to 
agonists decreased, whereas exposure to antagonists increased, the density of the high- 
affinity state of the receptor with no change in the affinity of the receptor for the 
radioligand. The effects of both agonists and antagonists on the high-affinity state of 
the receptor occurred without a lag in a time- and in a dose-dependent manner. In 
functional studies examining agonist inhibition of forskolin-stimulated cAMP 
accumulation, no change was seen after exposure of the cells to (-)sulpiride. 
Desensitization was seen 1.5 hr after quinpirole treatment suggesting that the rapid 
loss of high-affinity binding sites represents an uncoupling of the receptor from the G 
protein that mediates inhibition of adenylyl cyclase. Pre-treatment of the cells with 
the protein synthesis inhibitor cycloheximide did not block the quinpirole-induced loss 
of high-affinity binding sites. The effect of (-)sulpiride on high-affinity binding sites 
was blocked by cycloheximide, but only at times at which the total receptor 
population is elevated. At early time points, the (-)sulpiride-induced increase in the 
density of the high-affinity state of the receptor was unaffected by cycloheximide. 
These results suggest that the increase in agonist binding at early time points is due to 
an interaction of the receptor with G proteins that are not coupled to inhibition of 
adenylyl cyclase, whereas the increase in agonist binding at later time points is 
associated with antagonist-induced up-regulation. (USPHS NS 18591, MH14654)

252 .2 0
STIMULATION OF [35S]GTPγS BINDING BY DOPAMINE AND 02- 
LIKE SELECTIVE AGONISTS AND PARTIAL AGONISTS. K.M. 
O'Boyle* and M. Lawlor, D epartm ent of Pharmacology, University 
College Dublin, Belfield, Dublin 4, Ireland.

Dopamine receptors (D1, D2, D3, D4, D5) belong to the family of 7 
transmembrane receptors which mediate their effects via coupling to 
guanine nucleotide binding proteins (G proteins). In this study, the direct 
activation of G proteins by dopamine and a range of D2-like selective 
agonists and partial agonists was investigated by measuring the binding 
of the poorly hydrolysable GTP analogue, [33S]GTPγS, to bovine caudate 
membranes.

Dose-response curves were constructed for dopam ine and D2-like 
selective agonists with high (quinpirole, apomorphine), low/medium 
(terguride, S(-)3PPP) or low (SDZ 208-911, SDZ 208-912) intrinsic 
activities. Dopamine stimulated the binding of [35S]GTPγS in a dose 
dependent manner, causing a 65% increase over basal at 100 μM. The 
response to dopamine was inhibited by piflutixol, (+)butaclamol and 
eticlopride but not by SCH 23390. The responses produced by 
apomorphine and quinpirole were greater than those produced by either 
terguride or S(-)3PPP. The two low efficacy compounds, SDZ 208-911 and 
SDZ 208-912, produced small responses only at high concentrations.

These data suggest that this assay detects a preferential stimulation of 
D 2 rather than D1 receptors by dopam ine and that the response to 
dopam ine is mimicked by D2-like selective agonists in general 
accordance with their intrinsic activities. (Supported by HRB and 
Forbairt).

252 .21

MELANOTROPE DOPAMINE D2 RECEPTOR ISOFORM EXPRESSION IN 
THE DEVELOPING RAT PITUITARY. B.M. Chronwall* + . S.A. Sands+ . 
D.S. Dickerson+ , K.E. Hagler+  D.R. Sibley#, and K.A. Gary + . + School 
of Biological Sciences, University of Missouri-Kansas City, Kansas City, MO 
64108 and #Experimental Therapeutics Branch, NINDS, Bethesda, MD 20892.

The emphasis of this study was to determine melanotrope expression of D2 
receptor mRNA and protein isoforms in relation to the appearance of dopamine 
in axons during postnatal development of the rat pituitary intermediate lobe. 
At postnatal day 2, before innervation occurs, the D2 receptor (D2total) mRNA 
was heterogeneously expressed in a subpopulation of melanotropes which also 
expressed the long isoform. The isoform appeared to be predominant 
during early postnatal development, since the D2total probe, which did not 
discriminate between the isoforms, and the D2long probe largely hybridized to 
the same cells as determined by examination of serial sections. Similar results 
were obtained by immunohistochemistry using antisera for the D2total, and the 
D2long receptor. At postnatal day 10, when dopamine is present in axons 
throughout the lobe, the D2total receptor mRNA and protein were detected in a 
larger population of melanotropes than those expressing D2long mRNA and 
protein in serial sections, possibly indicating the appearance of the 
isoform. D2 receptor mRNA could not be detected in all melanotropes at 
postnatal days 2 and 10, since melanotropes immunoreactive for β -endorphin 
were more abundant than those hybridized to the receptor probe on serial 
sections. The appearance of the D2xhort isoform subsequent to dopaminergic 
innervation implicates dopamine as a possible inducer of this isoform. 
Supported by NIH grant NS 28019 to BMCh.
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2 53 .1

THE EXPRESSION AND FUNCTIONAL CHARACTERIZATION OF 
HUMAN DOPAMINE D4.2 RECEPTOR IN CHO K1 CELLS. Yu Hsin 
Shih. T. A, Pugslev. M. Taylor*. Fu Zon Chung. Department of 
Therapeutics, Parke-Davis Pharmaceutical Research, Division of Warner- 
Lambert Company, Ann Arbor, MI 48105.

Dopamine (DA) receptors have been implicated in a number of 
neurological and psychiatric disorders. It is now established that there are 
two families of receptors, the DA Dl-like (D1 and D5) and D2-like (D2, D3, 
D4). Here we describe, using the gene splicing technique, the preparation of 
a synthetic version of the human DA D4.2 receptor. The G+C content of the 
natural gene was reduced by 5% without altering the amino acid content of 
the corresponding protein. CHO K1 cells were transfected with the synthetic 
human D4.2 and demonstrated the same pharmacology as that of the native 
gene. Clozapine, apomorphine, and (+)-NPA were more selective for D4.2 
than for D2L receptors, with D2L/D4.2 ratios of 5.7, 7.1 and 17.1, 
respectively. Functional studies indicated that the DA agonist, quinpirole 
inhibited the forskolin-induced increase in cAMP accumulation and this 
effect was mediated by a DA receptor as it was blocked by the antagonist 
spiperone. This suggests that D4.2 receptor expressed in CHO K1 cells is 
functionally coupled to a G-protein signal transduction system. A DA 
D2L/D4.2 receptor chimeric was also constructed. The amino-terminal end 
to the third transmembrane of human D4.2 were replaced by human D2L 
receptor for investigating the importance of regional ligand binding and 
signal transduction. The D4 receptor is of interest as it shows high affinity 
for the atypical antipsychotic clozapine and thus new agents interacting with 
this receptor may provide novel therapeutic agents.

253 .3

BINDING CHARA CTERISTICS O F H U M A N  CHIM ERIC 
D2/D4 D OPAM INE RECEPTORS. J.R . B unzow , 1 W . Z hu.1 
V. Jovanovic.2 H-C, G uan.2 H.H. Van T o r  and D .K. G randy .1 
1Vollum Institute, O HSU , Portland, OR, 97201. 2Clarke Insti- 
tute o f Psychiatry, Toronto, Ont. M 5T 1R8.

The D4 dopam ine receptor is of interest as a target for thera
peutic drugs used in the treatm ent o f  schizophrenia because o f 
its high affinity for the atypical antipsychotic clozapine and its 
anatomical localization to limbic and cortical regions o f thebrain. 
The D4 dopam ine receptor is part o f the D 2-like family of dopa
mine receptors and as such has a close structural and pharm acol
ogical relationship to the D 2 dopam ine receptor. A series of 
chimeric receptors in which corresponding regions o f the human 
D2 and D4 receptors were swapped have been generated and are 
being transiently expressed in Cos-7 cells for binding studies. 
The pharm acological profile o f various antagonists and agonists 
for dopamine receptors will be exam ined for the different chim 
eras. The data should help delineate the structural determinants 
involved in the selectivity o f human D 2 and D4 dopam ine recept
ors for clinically im portant antipsychotic drugs.

253 .5

MAPPING THE BINDING-SITE CREVICE OF THE DOPAMINE D2 RECEPTOR. 
J. A. Javitch*. D. Fu. J. Chen and A. Karlin. Center for Molecular Recognition and 
Dept, of Psychiatry, Columbia University, & NYS Psychiatric Inst. NY, NY 10032.

The binding site of the dopamine D2 receptor is contained within a water- 
accessible crevice formed among its seven membrane-spanning segments. Using the 
substituted-cysteine accessibility method, we have begun to map all the residues 
exposed in this binding-site crevice. We mutate individual residues in the 
membrane-spanning segments to cysteine, express the cysteine-substitution mutants 
in HEK 293 cells, and examine antagonist binding to mutant receptor in intact cells. 
If mutant receptors are near-normal in their binding, we determine whether the 
substituted cysteine is at the water-accessible surface of the binding site by testing its 
accessibility to small, charged hydrophilic, lipophobic sulfhydiyl-specific derivatives 
of methanethiosulfonate (MTS). These reagents react covalently with cysteine, and if 
the engineered cysteine faces into the binding-site crevice, the reaction will block 
antagonist binding irreversibly and will be retarded in the presence of ligand. We 
previously found that antagonist binding to wild-type D2 receptor is irreversibly 
inhibited by cationic MTS reagents and that Cysll8, in membrane-spanning 
segment M3, is responsible for this sensitivity and is exposed in the binding-site 
crevice. We therefore used the mutant Cl 18S, which is insensitive to the reagents, as 
the starting point for further mutation. We mutated, one at a time, 23 residues in and 
flanking M3 to cysteine. Ten of these mutants reacted with the MTS reagents added 
extracellularly, and were protected from reaction by a dopamine antagonist. Thus, 
the side chains of these residues are exposed in the binding-site crevice, which like 
M3 extends from the extracellular to the intracellular side of the membrane. The 
pattern of exposure is consistent with a short loop followed by six turns of an a- 
helix. In contrast, MTS derivatives reacted with 10 consecutive cysteine-substitution 
mutants in M5. Thus, the inferred structure of M5 is not compatible with a fixed α- 
helix. Supported by K29-MH01030, T32-NS07258, NARSAD and the Scottish Rite.

25 3 .2

EXPRESSION OF AN AMINO-TERMINAL DELETED FORM OF THE 
D4 RECEPTOR BY ALTERNATIVE INITIATION. S. Sanval§. O. 
Schools#. H.-C. Guan§. V. Jovanovic§. and H.H.M. Van Tol§*.
§ Depts. of Pharmacology & Psychiatry, Univ. of Toronto; Clarke Inst, of 
Psychiatry, Toronto, Ont. Canada, M5T 1R8. # Rudolf Magnus Institute, 
Utrecht, The Netherlands.

The human D4 receptor is highly polymorphic in the coding sequence, in 
particular for a variable 16 aa tandem repeat. Thus far 20 different forms of 
this region have been detected in the human population which have 2 to 10 
repeat units (named D4.2 to D4.10). In order to determine whether this 
region is faithfully translated we expressed the D4.2, D4.4, D4.7, and a D4 
initiation deletion mutant (D4AATG) in an in vitro transcription-translation 
system. This demonstrated that the D4 receptor variants were translated into 
products with the appropriate Mw. An unexpected finding was the detection 
of a translation product of the D4AATG mutant. The Mw of 40.5 kD 
suggests initiation in the putative first transmembrane region. Transient 
expression of various deletion mutants indicated that this receptor form can 
be expressed up to 70% of the D4.4 control levels. This mutant was stably 
expressed in CHO cells. Pharmacological analysis demonstrated no major 
differences in antagonist binding with the regular D4.4 receptor. However, 
the EC50 for blocking forskolin-stimulated cAMP levels by dopamine was 
about 10-fold lower as compared to the D4.4, which was in agreement with 
agonist binding affinities. These data suggest that the amino-terminal domain 
is not essential for proper expression and antagonist binding, but does 
interfere with the affinity for agonists.

2 5 3 .4

DETERMINANTS OF DOPAMINE RECEPTOR FUNCTION 
L.B.Kozell* and K.A.Neve. VAMC and Oregon Health Sciences 
University, Portland OR. 97201.

We have constructed and characterized 13 chimeras containing D1 and 
D2 dopamine receptor sequence. Chimeras with transmembrane (TM) 
region 1 and TMII from D l, and D2 receptor TMVII had very low affinity 
for D2-selective and non-selective antagonists. Transmembrane region VII 
was important in selective potency of the Dl antagonist SCH-23390, Dl 
agonists SKF-82958 and SKF-38393, and a D2 agonist quinpirole. 
Determinants of drug efficacy were dissociable from those for drug affinity. 
Addition or removal of D2 receptor TMVI greatly increased or decreased, 
respectively, the efficacy of several D2 agonists. Chimeras with TMI and 
TMII from D2, and Dl receptor TMVII were not detectable by ligand 
binding. In support of our hypothesis that these receptors are non
functional due to incompatibilities between these Dl and D2 receptor TM 
regions, replacement of the Dl TMVII in the non-functional chimeras with 
D2 receptor sequence restored radioligand binding.

A chimera with Dl receptor 2nd cytoplasmic loop (IC2) and D2 
receptor IC3 was unable to either stimulate or inhibit adenylyl cyclase 
activity. Chimeras with IC2 and IC3 from the D2 receptor were able to 
inhibit adenylyl cyclase activity. These results confirm a role for the IC3 in 
D2 receptor coupling to G1 and suggest that IC2 is also necessary. A 
chimera containing TMV through TMVI from Dl receptors was able to 
stimulate adenylyl cyclase activity, indicating that the area around IC3 of 
the Dl receptor was sufficient for coupling to Gs. [MH45372 and VA Merit 
Review Program]

2 5 3 .6

STRUCTURAL DETERMINANTS OF AGONIST POTENCY AND 
EFFICACY AT THE DOPAMINE D2 RECEPTOR. B.L. Wiens*. L.D. 
Wise. T.G. Heffner. D.J. Wustrow, and K.A. Neve. Veterans Affairs 
Medical Center, Portland, OR 97201; Parke-Davis, Ann Arbor, MI 
48105.

Three serine residues in the D2 receptor TM V (Ser-193, -194, - 
197) have been implicated in the binding o f agonists, as well as the 
ability o f agonists to activate the receptors. Interestingly, we have found 
that the effect o f mutating each serine residue differs depending on the 
agonist that is being tested. Furthermore, mutation-induced alterations 
in potency (binding affinity) and efficacy (receptor activation) are 
dissociable. A number o f aryltetrahydrophenylperidine and 
arylpiperazine drugs have been developed that have significant agonist 
or partial agonist properties at the D2 receptor, but that differ 
substantially from dopamine in structure and bound conformation. A set 
o f drugs o f this class that vary in potency and efficacy at wild-type D2 
receptors was selected. To identify structural determinants o f binding 
and efficacy, we assessed the ability o f these drugs to bind to mutant D2 
receptors (affinity) and to inhibit adenylyate cyclase via the mutant 
receptors. Our data suggest that neither Ser-193, -194, nor -197 
contributes substantially to the efficacy or potency o f this class o f 
agonists, in contrast to more dopamine-like agonists. The interactions of 
these compounds with other mutant D2 receptors will be discussed.
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253 .7
MOLECULAR MECHANISMS UNDERLYING FORSKOLIN-MEDIATED 
UP-REGULATION OF HUMAN DOPAMINE D2LONG RECEPTORS 
EXPRESSED BY LTK- CELLS. M.H. Wanderoy and A. Westlind-Danielsson* 
Dept. of Neuropharmacology, CNS Preclinical R&D, Astra Arcus AB,
S-151 85 Södertälje, Sweden.

We have recently presented a means of up-regulating human dopamine 
(DA) D2-long receptors stably expressed in Ltk- cells (hD21R-Ltk-) by treating 
the cells with forskolin (100 μM, 16 h: Eur. J. Pharmacol. 269,149-155,1994). 
This up-regulation (142 ± 3 %) is coupled to functional supersensitivity 
expressed as an augmented DA mediated inhibition of forskolin stimulated 
cAMP production. The molecular basis for the receptor up-regulation has 
been examined.

We have found that the appearance of additional receptors is dependent on 
de novo protein synthesis as the up-regulation is completely blocked by 
cycloheximide. The increased receptor density seems to be dependent on a 
sustained high level of intracellular cAMP as (1) 0.5 mM 8-Br-cAMP and (2) 
activation of a stimulatory adenylyl cyclase (AC.) pathway with PGE1 both 
mimic the effect of forskolin. Blocking the down-stream cAMP-activation 
cascade with the cAMP-dependent protein kinase A inhibitor, KT5720, 
prevents up-regulation. A partial blockade of the effect is seen in the 
presence of pertussis toxin.

As forskolin has a number of additional effects other than activating AC 
we used its analog 1,9-dideoxyforskolin (1,9-DDF, which does not activate 
AC), to rule out a non-AC-dependent mechanism behind the hD21R-Ltk- 
up-regulation. Not only did 1,9-DDF lack the ability to cause up-regulation 
but it also prevented forskolin to do so. Studies have also been conducted 
using antisense to the hD21R-Ltk- cDNA to inhibit the increase in receptor 
number.

2 5 3 .9

EFFECTS OF D2 DOPAMINE RECEPTOR STIMULATION 
ON MITOGEN-ACTIVATED PROTEIN KINASE (MAPK).
Donald H. VanLeeuwen. Seema Shah and Robert G. MacKenzie*. 
Parke-Davis Pharmaceutical Research, Division of Warner -Lambert 
Company, Ann Arbor, MI 48105.

CHOpro-5 cells stably transfected with the cDNA of the human D2 dopamine 
receptor were used to study D2 receptor-mediated stimulation of [3H]thymidine 
uptake. Cells were challenged with the D2 agonist quinpirole or the growth 
factor insulin. Both ligands stimulated [3H]thymidine uptake by approx. 20-fold. 
Pertussis-toxin treatment blocked the quinpirole response but had no effect on the 
insulin response. Maximal quinpirole and insulin responses were non-additive 
and this was not due to a ceiling effect because the activation of purinoceptors 
by ATP augmented both quinpirole and insulin responses.

The effects of quinpirole and insulin on MAPK were studied because activation 
of this kinase is typically associated with mitogenic indices such as stimulation 
of [3Hlthymidine uptake. Quinpirole and insulin tyrosine phosphorylated the 42 
kDa MAPK to the same extent as shown by probing western blots of MAPK 
antibody immunoprecipitates with an anti-phosphotyrosine antibody. Quinpirole 
and insulin also activated MAPK to the same extent as shown by phosphorylation 
of myelin basic protein by MAPK antibody immunoprecipitates. Pertussis toxin 
blocked the tyrosine phosphorylation of MAPK by quinpirole but not by insulin. 
Insulin stimulated the tyrosine phosphorylation of the insulin receptor substrate-1 
(IRS-1) but quinpirole did not.

Results from these experiments suggest that quinpirole and insulin stimulate 
[3H]thymidine uptake via activation of the MAPK growth factor pathway but 
initiation of the signal in this pathway differs between G-protein coupled and 
growth factor receptors. We are continuing to look for the convergence point of 
these initially distinct signals.

253 .11

CLONING OF PROTEINS INTERACTING WITH THE D2A DOPAMINE 
RECEPTOR THIRD INTRACELLULAR LOOP. D.J.Pepperl. I. Abraham*. 
R.D.Klein and R.M. Huff. CNS Diseases Research (DJP and RMH), 
Molecular Biology Research (RDK) and Cell Biology (IA), The Upjohn 
Company, Kalamazoo, MI 49001.

Two isoforms of the dopamine D2 receptor, differing by only 29 amino 
acids in the putative third intracellular loop, are generated by alternative 
splicing. This insert is highly conserved across species, suggesting some 
functional role for this sequence. Our goal was to use the yeast Two- 
Hybrid system to search for neuronal proteins which may interact with 
this unique insert sequence. This system permits detection of a functional 
interaction between a "bait" protein and a library of proteins by 
reconstitution of the yeast transcriptional activator GALA. A portion of 
the D2 receptor third intracellular loop containing the insert was 
expressed in the yeast strain Y190 as a fusion protein with the DNA 
binding domain of GALA. Strains expressing the D2-GAL4 fusion were 
selected, and then transformed with a plasmid DNA library expressing rat 
brain cDNAs fused to the GALA activation domain. Strains containing 
both plasmids were then screened for β-galactosidase activity. Eleven 
LacZ+ strains were identified, and plasmid DNAs from these strains were 
sequenced to identify the interacting protein(s). Several novel cDNAs 
were identified, five of which encoded fusions exhibiting particular 
selectivity for the D2 dopamine receptor fusion. These clones potentially 
represent novel proteins which selectively interact with the D2 receptor 
third intracellular loop. Proteins interacting with this sequence may offer 
insight into the function of this unique sequence, as well as provide useful 
targets for differentiating the D2 receptor isoforms.

253 .8
INVERSE AGONISM AT DOPAMINE D2 RECEPTORS: 
HALOPERIDOL-INDUCED PROLACTIN RELEASE FROM GH4C1 
CELLS TRANSFECTED WITH THE HUM AN D2 RECEPTOR IS 
ANTAGONIZED BY R(-)-N-PROPYLNORAPOMORPHINE, RACLO- 
PRIDE, AND PHENOXYBENZAMINE
Elias Eriksson*, Agneta Ekman, Monika H ellstrand. and Christer L. 
N ilsson. D epartm ent of Physiology and Pharm acology, Division of 
Pharmacology, Göteborg University, M edicinaregatan 7, S-413 90 Göte- 
borg, Sweden

Our earlier observation that the antipsychotic drug  haloperidol in the 
absence of dopam ine (DA) increases cAMP form ation and prolactin 
(PRL) release in two PRL-producing cell lines expressing rat DA D2 
receptors (GH 3  G H 4Z R 7), but not in sim ilar cells devoid of D2 
receptors (GH4C1), has prom pted us to suggest that haloperidol may 
act as an inverse (or negative) agonist, rather than as neutral antagonist, 
at the D2 receptor (Nilsson and Eriksson, J. N eural Transm , 1993, 92, 
213-220). In the present study, it is shown that haloperidol elicits a 
small increase in PRL release also in PRL producing  GH4C1 cells 
transfected with the human DA D2 receptor (short isoform) (GH4C1- 
h D 2s); in addition , it is shown that ano ther antipsychotic drug, 
flupenthixol, also causes PRL release per se in GH4C1 cells expressing the 
hum an D2 receptor. The effect of haloperidol on PRL release was 
calcium -dependent and was counteracted by pretreatm ent either with 
the D2 receptor agonist R(-)-n-propylnor- apom orphine or a D2 receptor 
antagonist that does not affect PRL release per se (raclopride). In 
a d d i tio n , p re t re a tm e n t  w ith  th e  a lk y la t in g  com p o u n d  
phenoxybenzamine at a concentration causing a dram atic reduction of 
D2 receptor density in G H 4C ]-hD 2s cells significantly counteracted 
haloperidol induced PRL release.

253 .10
INVESTIGATION OF D21 DOPAMINE RECEPTOR REGULATION IN CHO 
CELLS DEFICIENT IN cAMP-DEPENDENT PROTEIN KINASE ACTIVITY. 
Naoko Ozaki. Ana L.M. Ventura. T. Yoshikawa* and David R. Sibley. Molecular 
Neuropharmacology Section, ETB/NINDS/NIH, Bethesda, MD 20892.

Previous investigations have shown that the D2l receptor is subject to 
agonist-induced up-regulation in a variety of cell types. Using transfected CHO 
cells, we found that agonist treatment promotes a desensitization of the D2l 
functional response in conjunction with an up-regulation of receptor expression. 
Moreover, we found that this was primarily (but perhaps not exclusively) due to 
increased receptor synthesis. We have now investigated the role of the cAMP- 
dependent protein kinase (PKA) in these responses through the the use of 
CHO cells that are PKA deficient. We used the 10260 CHO mutant cell line 
which expresses less than 10% of type I and type II PKA activities relative to 
the parental 10001 CHO cells (JBC 256:926, 1981). Transfection of the 10001 
and 10260 CHO cells with the rat D2L receptor cDNA resulted in cell lines 
stably expressing the receptor. Radioligand binding analyses with [3H]- 
methyspiperone revealed receptor levels (Bmax) of ~1 pmol/mg protein for the 
10001 line and ~2 pmol/mg protein for the 10260 line. Dopamine was found to 
inhibit forskolin-stimulated cAMP production in both cell lines in a similar 
fashion. Pretreatment of both cell lines with 50-100 μM dopamine for 15-20 hr 
resulted in a desensitization of the ability of dopamine to inhibit cAMP 
accumulation. This was due to both a reduction in the potency of dopamine as 
well as a decreased maximum response. There was no significant difference 
between the mutant and parental cell lines. Dopamine treatment was also 
found to dose-dependently increase [3H]-methyspiperone binding by ~2-fold 
with no change in receptor affinity. Again, there was no significant difference 
between the parental and mutant cells. Our current data suggest that either 
PKA is not involved in the dopamine-induced up-regulation response or that 
more than one mechanism is involved.

253 .12
PERTUSSIS TOXIN RESISTANT Giα’S USED TO SELECTIVELY 
MONITOR SPECIFIC D2 DOPAMINE RECEPTOR-G PROTEIN 
INTERACTIONS. L.V.Goodman, M.E.Lajiness, C.L.Chio, V.Ramsey- 
Williams* and R.M.Huff. CNS Diseases Research, The Upjohn Co., 
Kalamazoo, MI 49001.

D2 dopamine receptors activate several signaling pathways in CHO 
cells via coupling to multiple pertussis toxin (PTX) sensitive Gr proteins. 
Among the Gi-linked pathways are inhibition of adenylate cyclase, 
stim ulation of arachidonic acid release, activation of the NaH-1 antiport, 
activation of mitogen activated protein kinase (MAPK), and stimulation 
of mitogenesis. In order to determine the G-proteins th a t mediate each 
signaling pathway we have made recombinant D2 expressing CHO cells 
(D2-L6) in which only a single D2 receptor/Gi-protein interaction is 
permitted. We have generated PTX resistan t Gi2α and Gi3α by mutating 
cys551/552 and have expressed each in D2-L6 cells. Using this strategy, all 
interactions with endogenous Gi are abolished in the presence of PTX, 
and only the m utant Gi can couple to D2 receptors. In a cell line 
expressing m utant Gi2α (3-5 times endogenous protein) dopamine inhibits 
cAMP accumulation in the presence of PTX. The maximal effect and 
IC50 for dopamine are equivalent to th a t seen in untreated  D2-L6 cells. 
M utant Gi2α partially reconstitutes dopamine stim ulation of MAPK 
activity but not potentiation of arachidonic acid release or activation of 
NaH-1 antiport. Corollary studies are being carried out w ith m utant 
Gi3α. The results suggest th a t different G proteins are required for the 
different D2 mediated signaling events in CHO cells and dem onstrate 
th a t D2 mediated activation of NaH-1 antiport and potentiation of 
arachidonic acid release are not downstream of cAMP inhibition.
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253 .13

BINDING AND FUNCTIONAL CHARACTERIZATION OF 
DIHYDREXIDINE AND OTHER HEXAHYDROBENZO[A]PHENANTH- 
RIDINES IN D2- AND D4-TRANSFECTED MN9D CELLS. J D. Kilts1. M A 
Mavleben1. D.E. Nichols2. K.L, O’Malley3. R.D. Todd3. K. Suzuki1 , C .P.L awler1 
and R.B. Mailman1. Univ. of North Carolina1, Chapel Hill, NC 27599, Purdue 
Univ.2, W. Lafayette, IN 47907, and Washington Univ.3 , St. Louis, MO 63110.

The full intrinsic activity D1 agonist dihydrexidine (DHX), while ten-fold D1 
selective, also has high affinity for the D2 receptor (K0.5 = 100 nM in rat striatum). 
In rat brain preparations, DHX has an unusual D2-like functional profile, having 
agonist properties at functions mediated by “postsynaptic” D2 receptors (e g., 
inhibition of adenylyl cyclase activity in striatal slices), yet no agonist effects in D2- 
mediated “presynaptic” functions (e g., inhibition of nigral cell firing, or inhibition 
of dopamine synthesis or release). Yet DHX binds with similar affinity to both pre- 
and post-synaptic receptors. The present study investigated the functional selectivity 
of DHX and certain analogs using MN9D cells, a clonal mesencephalic-derived line 
that can synthesize and release dopamine (making it a model of dopamine neurons). 
Two lines of MN9D cells were used, one stably transfected with the D2 receptor, the 
other with the D4 receptor. DHX, N-n-propylDHX, and 4-methyl-N-n-propylDHX 
had ca. 100-fold lower affinity in the D2-MN9D line than at D2-like sites in rat 
striatum, and ca. ten-fold lower affinity in the D4-MN9D than at striatal receptors. 
The D2 agonists quinpirole and R(-)NPA inhibited the stimulated release of 
[3H]dopamine by 70% and 60%, respectively, at 10 μM. Neither DHX nor N-n- 
propylDHX inhibited stimulated [3H]dopamine release significantly even at 
concentrations as high as 10 μM. These data are consistent with previous reports 
showing that DHX and N-n-propylDHX do not inhibit dopamine release in rat brain 
(assessed in vitro or in vivo). Together, the data suggest that members of the hexa- 
hydrobenzo[a]phenanthridine class may have “functional selectivity” for D2-like 
receptors, having agonist or antagonist functional properties depending on the 
transduction machinery associated with the receptor.

253 .15

ROLE OF G PROTEIN IN QUINPIROLE INDUCED MOBILIZATION OF 
[Ca2+]i IN D2S AND D2L RECEPTOR TRANSFECTED NG108-15 CELLS. 1H.
N. Parikh*, 2F. J, Monsma, Jr. 2D. R. Sibley and, 1L. A. Chiodo. 1Dept. of 
Pharm..Texas Tech Univ. HSC, Lubbock, TX, and 2NINDS, Bethesda, MD.

Two isoforms of the dopamine (DA) D2 receptor, termed D2l and D2S which 
differ by the presence of 29 amino acids in the third cytoplasmic loop have 
been isolated. It has been reported that these DA receptor isoforms are 
coupled to G proteins. We have demonstrated that when NG108-15 cells are 
transfected to stably express the D2S isoform, this receptor couples to K+ 
currents and stimulation by DA receptor agonists inhibits these currents via 
the mobilization of [Ca2+] i (Castellano et al.. Mol. Pharm. 44, 649, 1993). We 
have begun to examine the possible involvement of G proteins in 
mobilization of [Ca2+] i by D2S and D2L receptor stimulation using the DA 
receptor agonist quinpirole (QUIN) and the fluorescent probe Fura2-AM. 
Cells were grown on a 13 mm coverslips, and mounted on a perfusion 
chamber to study the the effects of bath applied QUIN for quantitative 
analysis. Digital imaging of free calcium changes was accomplished by 
preloading the cells with 2 Fura2-AM for 30 minutes at 37°C. The ratio 
measurements of fluorescence intensities was used to determine [Ca2+]i, 
using a Nikon 40X objective for epifluorescence measurements together 
with a CCD camera. Our study suggest that QUIN induces a dose- 
dependent (10-50 μM) increase in mobilization of [Ca2+]i in both D2L and D2S 
transfected NG108-15 cells. QUIN-induced mobilization of [Ca2+]i in D2L 
transfected cell was completely blocked by pretreatment with pertussis toxin 
(PTX). In contrast, in D2S transfected cells, PTX produced a small 
nonsignificant attenuation of QUIN’s effect. These results indicate that PTX 
sensitive G proteins are involved in the signal transduction mechanism in D2L 
transfected NG108-15 cells, with respect to [Ca2+]i mobilization, but not that 
induced by D2S receptor stimulation. (Supported by MH 41557).

253 .17

ETHANOL INCREASES THE VOLTAGE-DEPENDENT POTASSIUM 
CURRENT IK IN IDENTIFIED DA NEURONS. L.-X. Liu*. J. Koss. O. Garcia 
and L.A. Chiodo. Dept. Pharmacology, Sch. Med., Texas Tech Univ. Health Sci. 
Ctr., Lubbock, TX.

Somatodendritic DA autoreceptors are critically involved in regulating the 
membrane excitability of mesencephalic DA neurons. We have shown that these 
receptors modulate several different currents present in these neurons including K+, 
Ca2+ and Na+ currents. Many of these currents are modulated by stimulation of 
somatodendritic autoreceptors present on these cells. Since both the physiology and 
pharmacology of DA neuronal systems are known to be altered by ethanol (Shen and 
Chiodo, Brain Res. 622:289 & 624:216), we have begun to examine ethonal’s actions 
on identified currents using whole-cell voltage-clamp techniques. We have observed 
that Ik is enhanced 50% by bath application of ethanol (10-20 mM). Since we have 
previously reported that enhancement of this current by DA autoreceptor stimulation 
is via a signal transduction pathway which involves Goa. we examined if a similarity 
exists with respect to the observed ethanol effect. Ethanol-induced increases in Ik 
were abolished by pretreatment with pertussis toxin (500 ng/ml for 3-4 hr). In 
addition, the intracellular application of a polyclonal antibody which specifically 
recognizes Goα, but not GSα, completely blocked the ability of ethanol to modulate 
outward K+ currents. Taken together, these findings indicate that Ik present in DA 
neurons is modulated by acute ethanol exposure via a mechanism which involves 
Goα- (Supported by MH41557).

2 5 3 .14
MECHANISMS OF AUTOREGULATION OF DOPAMINE SYNTHESIS BY D2 

DOPAMINE RECEPTORS IN A MOUSE MESENCEPHALIC CELL LINE. C.M. 
O’Hara. K.L. O’Malley, and R.D. Todd*. Depts. of Psychiatry, Genetics, and 
Anatomy and Neurobiology, Washington Univ. Sch. of Med., St. Louis, MO 63110.

The D2-like dopamine receptors (D2, D3, and D4) have been shown to act as 
autoreceptors in the regulation of dopamine synthesis and release in a number of 
systems. We have shown previously that transfected D2 dopamine receptors are 
capable of inhibiting dopamine synthesis and release as well as decreasing cAMP 
levels following agonist stimulation in a mouse mesencephalic cell line (MN9D). 
Moreover, these cells express the pertussis toxin sensitive G-protein subunits 
including Gαi2, GαoA, and GαoB. In the current study we further characterized the 
mechanisms by which dopamine synthesis is regulated. MN9D cells transfected with 
the D2 dopamine receptor were grown to near confluence, stimulated with the 
dopamine agonist quinpirole (10 μM), and L-dopa accumulation measured in the 
presence of the L-amino acid decarboxylase inhibitor, NSD1015 (200 μM) by high 
performance liquid chromatography/electrochemical detection. Under these 
conditions, D2 receptor stimulation inhibits K+-stimulated dopamine synthesis by 25- 
35 % in a pertussis toxin sensitive manner. However, D2 receptor stimulation had no 
effect on forskolin (10 μM)-stimulated L-dopa accumulation, suggesting that this 
inhibition does not occur through a cAMP-dependent mechanism. When MN9D cells 
are cotransfected with both the D2 receptor and a pertussis toxin resistant mutant 
GαoA subunit, D2 receptor-mediated inhibition of K +-stimulated dopamine synthesis 
is no longer pertussis toxin sensitive. In contrast, the pertussis toxin sensitive D2 
receptor mediated inhibition of adenylyl cyclase activity is coupled via Gαi2 but not 
GαoA. Collectively, these results suggest that D2 receptor mediated inhibition of 
dopamine synthesis and adenylyl cyclase activity occurs by differential coupling to 
specific G-proteins within the same cell.

25 3 .1 6
ETHANOL INCREASES IK IN D2L AND D3 RECEPTOR TRANSFECTED 
BUT NOT WILD-TYPE MES-23.5 CELLS. L.A. Chiodo*1, L.H. Burgess2. A. 
Gonzalez2, D.R. Sibley2, L.-X. Liu1. 1Dept. Pharamcol, Sch. Med., Texas Tech Univ. 
Health Sci. Ctr., Lubbock, TX., 2NINDS, Bethesda, MD.

Recently, we have begun to examine the DA neuroblastoma MES-23.5 cell 
line which is phenotypicaliy similar to mesencephalic DA neurons, synthesizes 
dopamine but is devoid of DA receptors. MES-23.5 cells display an Ik which is 
similar to that observed in DA neurons. Cells stably transfected with either D2l or 
D3 receptors demonstrate coupling of these receptors to Ik such that receptor 
stimulation significantly enhances this current through a Goa-dependent mechanism. 
Since ethanol is known to influence DA systems in vivo, we asked whether ethanol 
could influnce the DA receptor coupling to Ik- Ethanol (5-20 mM) had no effect on 
Ik in wild-type cells. In transfected cells, ethanol enhanced Ik to a degree similar to 
that produced by receptor stimulation with the DA receptor agonist QUIN (20 μM). 
There was no additive effect of ethanol (20 mM) and QUIN (20 μM) with respect to 
Ik - We also examined the signal transduction pathways involved in mediating this 
ethanol modulation. Pretreatment of the cells with pertussis toxin (500 ng/ml for 4 
hr) did not alter ethanol’s effects nor did the intracellular application of an antibody 
directed against Goa. In contrast, intracellular application of an antibody directed 
against Gsα completely blocked ethanol-induced increases in Ik - These findings 
suggest that expression of either D2L or D3 receptors produces an ethanol sesnsitivity 
of Ik which involves a different G protein from that utilized in the DA receptor- 
induced modulation of this current. (Supported by MH-41557).

2 5 3 .18

CROSS-TALK BETWEEN G PROTEIN-COUPLED RECEPTORS: 
D2 DOPAMINE RECEPTOR AGONIST-MEDIATED 
SENSITIZATION OF ADENYLATE CYCLASE ACTIVITY V J .
Watts* and K. A. Neve Oregon Health Sciences University and VA Medical 
Center, Portland OR, 97201

Pretreatment with receptor agonists that inhibit adenylate cyclase (AC) 
sensitizes agonist-stimulated AC activity in a variety of cells. To examine 
the generality of this phenomenon, we have examined sensitization 
mediated by D2L and D2S receptors expressed in C-6 glioma cells. Cells 
were pretreated with dopamine (DA) receptor agonists and then 
isoproterenol (ISO)- or forskolin- stimulated cAMP accumulation was 
determined. The results of these studies demonstrated that 2 hour 
pretreatment with DA resulted in a sensitization o f both ISO- and forskolin- 
stimulated AC activity. D2 receptor agonists from a variety of structural 
classes (quinpirole, 6,7-ATDN, pergolide, and 7-OH DP AT) also sensitized 
both ISO- and forskolin- stimulated AC activity. In contrast to agonist- 
mediated desensitization, the mechanisms for agonist-mediated sensitization 
have not been studied in detail. D2 DA receptors are coupled to inhibition 
of AC via a pertussis toxin sensitive Gi, thus we examined the ability of 
pertussis toxin to block DA mediated sensitization of AC activity. 
Overnight treatment with pertussis toxin appeared to attenuate DA-mediated 
sensitization, however it was also found that pertussis toxin alone sensitized 
ISO-stimulated AC activity. In efforts to examine other mechanisms, we 
also pretreated cells with either 8-bromo cAMP or dibutyryl cAMP in 
combination with DA. These cAMP analogs were unable to significantly 
inhibit sensitization by DA. indicating a lack of involvement of protein 
kinase A. These studies show that D2 DA receptor agonists sensitize AC in 
C-6 glioma cells transfected with D2 DA receptors. The mechanism(s) is 
currently unknown however, the present results suggest that this occurs 
independent of PKA inhibition and may be pertussis toxin sensitive. 
(Supported by MH45372 and VA Merit Review)
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253 .19

A POINT MUTATION RESULTING IN A SER ‒› PRO CHANGE IN 
THE THIRD EXTRACELLULAR DOMAIN OF THE HUMAN 
DOPAMINE D3 RECEPTOR ABOLISHES HIGH AFFINITY 
DOPAMINE BINDING. P. G. Zaworski1. D, L. Evans2. L. Figur2,
E. Adams1. J. Slightom1. K. Merchant2 and
G. S. Gill1.* 1Molecular Biology Research and 2CNS Research, The 
Upjohn Company, Kalamazoo, MI 49001.

Brain dopamine receptors are the primary targets in the medical 
treatment of schizophrenia and Parkinsons disease. The dopamine 
D3 receptor has been proposed to be a target for drugs potentially 
useful in the treatment of schizophrenia. In the course of isolating 
and expressing the human dopamine D3 receptor we detected a 
mutation in the receptor gene which altered receptor pharmacology. 
DNA sequence analysis of the PCR generated gene revealed a T –› C 
base change at nucleotide position 544 of the coding sequence which 
when translated results in a serine ‒› proline change at amino acid 
position 182 of the protein. Expression of the gene in Chinese 
hamster ovary (CHO) cells resulted in a gene product having high 
affinity for spiperone, YM-09151-2 and haloperidol but not for other 
compounds which have been shown to bind the receptor most 
notably dopamine. When the mutation was corrected in the coding 
sequence and expressed in CHO cells high affinity dopamine 
binding and D3 receptor pharmacology were restored. This data 
suggests that mutations in an extracellular domain of the receptor 
can greatly alter receptor function and binding characteristics.

2 5 3 .2 0
FUNCTIONAL COUPLING OF HUM AN DOPAMINE D3 
RECEPTORS STABLY TRANSFECTED IN HEK-293 CELLS. 
S. B. Freedman*. K. L. Chapman and S. Patel. Neuroscience Research 
Centre, Merck Sharp & Dohme Research Laboratories, Terlings Park, 
Eastwick Road, Harlow, Essex CM20 2QR, United Kingdom.

Although functional coupling of the human D3 (hD3) receptor has 
been difficult to obtain, we have previously described coupling of the 
hD3 receptor expressed in HEK-293 cells to inhibition of adenylyl 
cyclase activity (McAlliser et al. 1995).

In this study we have examined the ability of the hD3 receptor to 
promote guanine nucleotide exchange using [35S] GTPγS binding. A 
range of structurally diverse dopamine receptor agonists including 
apomorphine, dopamine, (±) 7-OH DPAT and the putative D3 agonist 
PD 128907 dose-dependently stimulated [35S] GTPγS binding. The 
potency of the agonists was dependent upon the concentration of 
exogenously added GDP. The dopamine dose-response curve was shifted 
to the right by haloperidol (Kb 0.8nM) and (-) sulpiride (Kb 3.6nM) in a 
dose-dependent manner. In contrast to the adenylyl cyclase assay where 
all of the agonists showed similar maximal responses, a range of differing 
efficacies were observed for agonists in the [35S] GTPγS binding assay. 
The implications for these findings will be discussed.

McAllister et al. (1995). J. Receptor & Signal Transduction Res. 15 
267-281.

OTHER NEUROTRANSM ITTERS: N IT R IC OXIDE

254 .1

CO-LOCALIZATION OF CYCLIC GMP-DEPENDENT PROTEIN 
KINASE WITH NITRIC OXIDE SYNTHASE IN SENSORY 
PATHW AYS. Y. Qian*. D. S. B redt. D epartm ent of 
Physiology, U niversity of California, San Francisco, CA 
94143.

Nitric oxide mediates the stim ulation by glutam ate of 
cGMP levels in the cerebellum. A main effector for cGMP 
elevation  is cG M P-dependent pro tein  kinase (G -kinase), 
which is restricted to cerebellar Purkinje cells in brain. 
The m ajor m olecular target for G -kinase in brain, G-
substrate , is also res tric ted  to Purk in je  ce lls . The 
d is tribu tion  of n itric  oxide syn thase (N OS) is more 
w idespread in the nervous system . During developm ent 
NOS is transiently  expressed in neurons and fibers of
sensory pathways. We now show by im munohistochem ical 
study that G-kinase is also localized in sensory pathways 
during development. G-kinase is in the cell bodies as well 
as efferent and afferent fibers of sensory ganglia. In 
adult dorsal root ganglia, G-kinase is prim arily present in 
the sm all neurons, w hich are neurons of the pain
pathway. We also find that G -substrate is prom inent in 
both developing and adult sensory pathways. However, G-
substrate is restricted to neuronal soma and is absent from 
sensory axons. These findings suggest roles for nitric 
oxide and cGM P dependent pro tein  phosphory lation  in 
regulating sensory functions such as pain.

25 4 .3

COMPARISON OF CARBON FIBER ELECTRODES FOR THE ELECTRO
CHEMICAL DETECTION OF NITRIC OXIDE M.N. Friedemann*. S.W. 
Robinson and G.A, Gerhardt. Depts. of Psychiatry, Pharmacology, and 
Neuroscience, University of Colorado Health Sciences Center, Denver, CO 80262.

Electrochemical methods are recognized as important tools for the rapid and 
sensitive measurement of endogenous nitric oxide (NO). Malinski and Taha (1992) 
developed a porphyrinic-based microsensor with a reported detection limit of 10-20 
nM for NO. The purpose of this study was to compare this porphyrin-coated 
electrode with other carbon fiber sensors. Single carbon fiber electrodes (30 μm 
diam.; 100-150 μm length) were coated with 6 layers of Nafion (n=8) or plated with 
Ni-II-meso-tetra-3-methoxy-4-hydroxy-phenyl porphyrin (n=9) in 0.1 N NaOH. 
The porphyrinic film was deposited by cyclic voltammetry (300 mV/sec, 0.0 to 1.0 
V). On top of the porphyrin we added 6 layers of Nafion. Electrodes were 
calibrated with NO using 5 Hz chronoamperometry (Applied pot. +0.9V, Resting 
pot. 0.0V). In addition, the electrodes were tested for their selectivity against 
ascorbic acid (AA) , dopamine (DA) and nitrite (N02). We found that porphyrin- 
treated electrodes have significantly increased levels of background current (1.29 ±
0.15 nC vs. 0.43 ± 0.04 nC; p<0.001) and their detection limit (99 ± 16 nM, signal- 
to-noise of 3) is poorer than electrodes coated with Nafion alone (34 ± 7 nM; 
p<0.01). In terms of their selectivity against other electroactive chemicals the 
porphyrinic electrodes were less selective against NO2 (170 ± 27:1 vs. 302 ± 34:1 
p<0.01) and there was no difference in the selectivity against AA (855 ± 423:1 vs. 
238 ±60:1; n.s.) compared to electrodes with Nafion alone. Both electrode types 
exhibited high sensitivity to DA. Selectivity for NO:DA was 4 ± 1:1 for porphyrin 
electrodes and 2 ± 1:1 for Nafion electrodes. Additional improvements in the 
fabrication of NO selective electrodes are being undertaken.

2 5 4 .2
A -M E T H Y L -D -A S P A R T A T E  I N D U C E D  C Y C L I C - G M P  
R E L E A S E  A S  A N  IN D E X  O F  N I T R I C  O X ID E  IN  T H E  
L A T E R O D O R SA L  T E G M E N T A L  N U C L E U S. T . K o d am a * . Y. 
Honda and M. Watanabe. Dept. P sychol., T okyo  M ctropol. Inst, 
for N eurosci., 2-6 M usashidai, Fuchu, Tokyo 183, JAPAN

A ccum ulated evidence indicates that nitric oxide(N O ) acts as a 
neurom odulator in the central nervous system . C holinerg ic neurons 
in the pontine reticu lar tegm entum  are supposed to  he involved in 
sleep regulation . S in ce  c h o l in e rg ic  n e u ro n s  in th e  la te ro d o rsa l 
tegm ental nucleus(L D T ) detected  by stain ing  N A D PH -diaphorase, 
contain  NO synthase, w e hypo thesized  that NO release from  LDT 
has a modulating effect on sleep-waking regulation.

W e exam ined first w hether NO release in LD T is enhanced by 
NM DA receptor activation and secondly  w hether NO and glutam ate 
releases change across sleep-waking cycles.

A d u lt  m a le  S p ra g u e -D a w le y  ra ts  w e re  a n e s th e t iz e d  and 
im plan ted  w ith  standard  s leep  e lec tro d es  and gu ide  cannu lae  for 
m icrodialysis probes in the LDT. Perfusates w ere collected every 30 
m in and cG M P in the perfusates w ere m easured as an index of NO 
release by the EIA kit(Amersham).

Local perfusion through microdialysis probes w ith NMDA(5mM ) 
enhanced up to  10-fold ex tracellu la r cG M P release in LD T. Both 
A P 5 (lm M , N M D A  recep to r an tagon ist) and A -nitroarginine(lm M , 
NO syn thase inh ib ito r) p reven ted  the N M D A -induced  increase of 
cGM P in LDT. Extracellular cG M P release increased during the 12- 
h dark period, and glutamate release in LD T increased in w aking state.

T h e se  r e s u l t s  s u g g e s t  N O  in d u c e d  by  g lu ta m a te  re le a s e  
modulates sleep-waking cycle through cholinergic system in LDT.

2 5 4 .4

NITRIC OXIDE RELEASE MEASURED DIRECTLY FROM DORSAL ROOT 
GANGLIA NEURONS USING A PORPHYRINIC MICROSENSOR 
L.A. Birder*. S. Mesaros#. M.S. Finkel. T. Malinski# and A. J, Kanai 

Department of Physiology School of Medicine, UNC Chapel Hill, NC 27599;
#Department of Chemistry, Oakland University, Rochester, MI 48309 

Nitric oxide (NO) has been implicated as a second messenger in sensory 
pathways, but its direct measurement from neurons has been hampered by its short 
t1/2 (<6s). Dorsal root ganglia (DRG) neurons were excised from deeply 
anesthetized adult rats (150-250 gm) and enzymatically dissociated in Dulbecco’s 
Modified Eagles Media (DMEM). NO concentration was measured by positioning 
the tip of a Nafion coated porphyrinic microsensor (diameter 0.5-1.5 μm; detection 
limit 1 nM; response time 1 ms) directly on the surface of individual neurons. The 
neurotoxin capsaicin (50-500 nM) induced NO release (125-350 nM) from a 
population of small diameter neurons (10-15 μm; n=7). The adrenergic agonist 
norepinephrine (NE, 0.1-1 μM) elicited release of NO (0.15-1.5 μM) from a 
population of medium size neurons (15-30 μm; n=8). Repositioning of the tip of the 
microsensor >25 μm off the cell surface abolished the signal, verifying that the 
response was coming from a single neuron. NO release due to both capsaicin and 
NE was reversibly blocked using the neuronal specific NO synthase (NOS) inhibitor 
7-nitroindazole (7-NI, 1 mM; n=7), but was only partially inhibited using the NOS 
inhibitor NG-monomethyl-L-arginine (L-NMMA, 10 mM; n=6). The response to 
NE was reversibly blocked by the L-type calcium channel antagonist nifedipine (10 
μM; n=6), but not by the β1-β2 antagonist propranolol (100 μM; n=8). NO release 
was not induced by a number of agents: ATP (10 μM); bradykinin (10 μM); 
cholinergic agonist carbachol (10 μM); dibutyryl-cAMP (1 mM); 8-Br-cGMP (1 
mM); and phosphodiesterase inhibitor 3-isobutyl-1-methylxanthine (IBMX, 0.5 
mM). This study demonstrates the first direct measurement of NO release from 
neurons and suggests a second messenger role for this free radical in DRG.
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2 5 4 .5

CARBON MONOXIDE AND NITRIC OXIDE IN SYNAPTIC TRANSMISSION. 
R. Zakharv*. N. Flavahan. S. Gaine. J. Dinemian. M. Ruat. S.Snyder. 
Department of Neuroscience, Johns Hopkins University School of Medicine, 
Baltimore, MD 21205

Studies have demonstrated a correlation between synaptic transmission and 
stimulation of guanylyl cyclase as observed by increases in cGMP levels. 
Experiments have demonstrated that both nitric oxide and carbon monoxide elevate 
cGMP levels. Although the affinity of NO for the heme moiety of guanylyl cyclase 
is much higher than that of CO, the prevalence of CO generated by heme oxygenase 
(HO) isoforms supports its importance as a putative second messenger.

We have generated an antibody against a 15 amino acid segment of heme 
oxygenase-2. Western blot analysis identifies a 36 kd band from microsoines 
prepared from brain, testes, endothelial cells, and 293 cells transfected with the HO- 
2 cDNA. This 36kd band is abolished by preadsorption of the antiserum with the 
synthetic peptide. In immunohistochemical experiments using our antibody, HO-2 
has been localized to peripheral nerves and organ systems, including endothelial 
cells and in the adventitial nerves of blood vessels, indicating clearly the expression 
of HO-2 in these systems.

In organ bath experiments the NOS inhibitor L-NAME inhibits 
acetylcholine-induced relaxation, but a NAME-resistant component remains. The 
heme oxygenase inhibitor SnPP-9 potently inhibits this NAME-resistant response 
at 10 uM. Negligible effects on NOS or guanylyl cyclase and potent inhibition of 
heme oxygenase are observed with SnPP-9 at 10 uM. These data suggest that NO 
and CO work together to modulate levels of cGMP, and that CO is an endothelial- 
derived relaxing factor. Current experiments explore the mechanism of interaction 
between NO and CO and physiologic relevance of such interactions.

2 5 4 .7

CHANGES IN EXPRESSION O F NITRIC OX IDE SYNTHASE IN TH E 
DORSAL VAGAL COM PLEX AFTER NODOSE GANGLIONECTOM Y OR 
VAGOTOM Y IN RAT. L-H Lin*. S. Boutelle. A. Sandra# and W. T. Talman. 
Dept, of Neurol, and #Anat., Univ. of Iowa and VAMC, Iowa City, IA 52242.

Nitric oxide (NO) or NO donors may participate in transmission of 
cardiovascular reflex signals in the nucleus tractus solitarii (NTS). This 
suggestion is further supported by the presence of nitric oxide synthase (NOS) in 
both the NTS and nodose ganglion (NG), a site from which cells project into the 
NTS and through which efferent axons of the vagus nerve pass. We tested the 
hypothesis that the concentration of NOS-containing terminals in the dorsal vagal 
complex (DVC) is in part derived from vagal afferents. Adult male rats were 
euthanized 5, 10, and 20 days after unilateral nodose ganglionectomy (NGX) or 
transection of the vagus nerve distal to the NG. Sham-operated and unoperated 
rats were used as controls. Levels of brain NOS expression were assessed with in 
situ hybridization, immunostaining, and NADPH diaphorase (NADPH-d) 
staining. A 493 bp nucleotide (347-840) was subcloned from rat brain NOS 
cDNA and used as a template for a digoxigenin-labeled antisense RNA probe. 
We observed a very strong mRNA signal in the area postrema (AP) and less 
signal in NTS and dorsal motor nucleus of vagus (DM V). The pattern of 
NADPH-d staining was similar. In contrast, immunoreactive staining for bNOS 
was prominent in NTS and DMV, but sparse in AP. Thus, bNOS translation in 
DMV and AP may differ. NGX did not affect NOS, diaphorase, or bNOS mRNA 
in NTS ipsilateral to NGX, but bNOS, bNOS mRNA, and diaphorase increased in 
neurons of the DMV. Unilateral vagotomy, but not sham lesions produced 
similar increases in DMV. Thus, vagal afferents may either contribute little to 
NOS in NTS or contribute equally to both sides. Efferent degeneration 
upregulates NOS expression in the DMV. Support: VA Clinical Investigatorship 
and Merit Review, NIH HL32205 and HL14438 and AHA Grant in Aid.

2 5 4 .9

DIFFERENTIAL LOCALIZATION OF NADPH-DIAPHORASE AND 
CALCIUM BINDING PROTEINS IN THE MOUSE BRAIN. L.C.T. 
Campos1. V.E. Paéz-Espinosa1, L.F. Felicio*,2 and L.R.G. Britto1. 
Department of Physiology and Biophysics, Institute of Biomedical 
Sciences1 and School of Veterinary Medicine2, University of Sao Paulo, 
05508-900, Sãão Paulo, Brazil.

Both nitric oxide (NO) and calcium binding proteins (CaBPs) appear to 
be involved in some neuropathological processes. In this study, we sought to 
investigate if NO and CaBPs are colocalized in neurons of the mouse brain. 
Fourteen C57BL/6J mice were deeply anesthetized and perfused with 4% 
paraformaldehyde and their brains were processed for NADPH-diaphorase 
histochemistry to detect NO and also subjected to immunohistochemistiy 
with antibodies against calbindin-28kD, parvalbumin and calretinin. Both 
fluorescence and peroxidase methods were employed. NADPH-diaphorase 
neurons were seen in several brain regions, which include the cerebral 
cortex, basal ganglia, hypothalamus, amygdala, hippocampus, olfactory 
bulb, cerebellum and subcortical visual pathways. CaBPs were also 
distributed in many brain regions, some of which contained NADPH- 
diaphorase. However, no double-labeled cells were seen in the mouse brain, 
when considering diaphorase-positivity and either one of the CaBPs tested. 
These data suggest that despite the fact that NO and CaBPs appear to be 
involved in similar neuropathologies, they are present in different neuronal 
populations in the mouse brain and thus might participate in different neural 
processes.
Supported by FAPESP, CNPq, and CAPES (Brazil).

2 5 4 .6

Local nitric oxide production  evoked by electrical a n d  chemical
STIMULATION IN THE LATERODORSAL TEGMENTAL NUCLEUS (LDT) IN
v itr o . K.M. M itchell1*. E.K. M ichaelis1 and  C.S. Leonard 2. Dept, of 
Pharm acology & Toxicology and Higuchi Biosciences Center, Univ. of 
Kansas, Lawrence, KS1 and Ctr. for N eural Science, NYU, N ew  York.2

M esopontine cholinergic neurons in the LDT contain high levels 
of nitric oxide synthase (NOS) and are hypothesized to play a key role in 
behavioral state control. We investigated the possibility that activity of 
these cells engender local production of nitric oxide (NO) by m easuring 
[NO] in LDT w ith an electrochemical sensor. Sensors were placed in the 
LDT and in some cases, also in the dorsal raphe nucleus of a guinea pig 
slice. Sensor location in the LDT was verified by N A D PH -diaphorase 
histochemistry. Baseline NO  levels w ere about 3 times higher in the LDT 
than in the DR. Bath application of NM DA (100uM) increased the [NO] in 
the LDT by up  to 15nM and local application of NM DA increased the [NO] 
in a dose-dependent m anner with a m axim um  increase of nearly  l 0nM. L- 
NAME (Im M ), a NOS inhibitor, reduced the evoked increase by 66%. This 
inhibition was reversible, recovering to 95% of control after w ashing in 
norm al Ringer. Local electrical stim ulation (1s train; 100Hz) produced a 
transient increase in [NO] of 37nM that peaked w ithin 8s. This was 
followed by a plateau of l 0nM  lasting up  to 130s. The peak and the 
p lateau were reduced by 71% and 61% respectively following superfusion 
with 1mM L-NAME. These data  dem onstrate activity-dependent 
increases in [NO] and suggest that local NO production  m ay result from 
the sta te-dependent activity of LDT neurons. Supported by a Marion Merrill 
Dow Fellowship (K.M.M.), AA04732 and NIH grant NS27881 (C.S.L.).

2 5 4 .8

NITRIC OXIDE SYNTHASE INHIBITION SUPPRESSES ULTRASONIC 
VOCALIZATIONS IN 10-11 DAY OLD RAT PUPS. J. Campbell* and L. 
P . Spear. Dept, of Psychology and Center for Developmental 
Psychobiology, Binghamton University, Binghamton, NY, 
13902.

Examination of the effects of blocking nitric oxide 
synthase (NOS), the enzyme required for nitric oxide (NO) 
production, has suggested a role for NO in neurobehavioral 
function. For example, systemic injection of NG-nitro-L- 
arginine methyl ester (L-NAME), a NOS inhibitor, has been 
shown to reverse the anxiolytic effects of nitrous oxide 
(Caton et al., 1994, PBB, 48: 689-92), although ICV 
administration of L-NAME into the periaqueductal gray has 
been reported to produce anxiolysis (Guimaraes et al., 
1994, Neuroreport, 5 : 1929-32). The present study examined 
potential anxiolytic/anxiogenic effects of L-NAME early in 
ontogeny via assessment of its effects on isolation-induced 
ultrasonic vocalizations (USVs) that are elicited in rat 
pups by separation from the dam (Hofer & Shair, 1978, Dev. 
Psychobio, 20: 465-76). Such USVs have been suggested to 
reflect dysphoria, in that the incidence of USVs are 
increased by anxiogenic drugs and are suppressed by 
anxiolytic compounds as well as by reinforcing drugs such 
as cocaine (e.g. see Barr & Wang, 1993, Eur. J of Pharm., 
233: 143-49). In the present study, pretreatment with L- 
NAME (1, 10 or 100 mg/kg i.p.) 2 hrs. before testing did 
not reverse the suppression of USVs induced by treatment 
with cocaine (10 mg/kg s.c.), and induced no detectable 
alterations in locomotor activity or body temperature. L- 
NAME, however, resulted in a dose-dependent suppression of 
USVs in 10-11 day old isolated rat pups, a pattern of 
response analogous to that seen following administration of 
anxiolytic and/or reinforcing drugs.

2 5 4 .1 0

NITRIC OXIDE SYNTHASE AND NOS mRNA ARE INCREASED IN A 
SUBPOPULATION OF AXOTOMIZED SYMPATHETIC NEURONS 
L. Klimaschewski*. S. Bachmann. M. Majew ski and C. Heym. Institute of 
Anatomy and Cell Biology, University of Heidelberg, 69120 Heidelberg, FRG.

NADPH diapborase-activity is increased in some sympathetic neurons of the 
rat superior cervical ganglion in response to postganglionic axotomy or after 
colchicine treatment (Vanhatalo and Soinila, 1994, Brain Res. 652:107). It was 
suggested that nitric oxide synthase (NOS) accumulated within neuronal peri- 
karya due to blockade of axonal transport However, the NADPH diaphorase 
technique is not entirely specific for NOS. Moreover, since both procedures 
induce the expression of various neuromodulators in peripheral neurons, the 
possibility of induced enzyme synthesis has to be considered. Therefore, the 
expression of NOS in the adult rat superior cervical ganglion was investigated 
one week after transection of the postganglionic axons by immunofluorescence 
and non-radioactive in situ hybridization applying a polyclonal antibody and a 
cRNA probe specific for neuronal NOS.
In control ganglia, NOS was detected in varicose nerve fibers that formed bas
kets around postganglionic neurons. Very rarely, an intraganglionic neuron 
exhibited NOS. At the lateral border of the SCG, a band-Hke cluster of np to 
10 neurons was observed, and some large NOS-positive neurons were located at 
the exit of the internal carotid nerve. One week after transection of both 
carotid branches the number of NOS-positive neurons increased significantly. 
Compared to control ganglia, the number of NOS mRNA positive neurons was 
also elevated in response to axonal lesion. The results indicate that increased 
diapborase-activity in lesioned sympathetic neurons is due to an elevation of 
NOS protein and NOS mRNA. Therefore, the expression of neuronal NOS is 
induced in axotomized sympathetic neurons probably by loss of target-derived 
factors inhibiting NOS synthesis under normal conditions. These factors would 
also be reduced after colchicine treatment Supported by the DFG (Zi 110/22).
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ADRENERGIC CO NTROL OF RAT PINEAL NO SY NTH ASE N.C. 
Schaad*, J. Vanecek, E. Kosar, and P. E. Schulz, Division o f Clinical 
Psychopharmacology, Departm ent o f  Psychiatry, Geneva University Medical 
School, 1225 Chene-Bourg, Switzerland.

W e have previously shown that exposure o f  rats to constant light (LL) 
induced a  decrease in N O  synthase activity in the pineal gland (Schaad et 
al. J. Neurochem, 62:2496-2499, 1994). W e present here evidence that 
chronic (4 days) norepinephrine (NE) or isoproterenol (ISO) treatment 
prevents the effect o f  LL and enhances pineal NO S activity in LL animals. 
This effect o f  NE appears to be mediated by (3- adreneceptors, since it was 
not mimicked by the a-agon ist phenylephrine. NOS activity was calmodulin 
(CaM ) and calcium-dependent both in pineals isolated from rats kept LD, or 
isolated from rats exposed to LL and treated with N E or ISO, indicating that 
only the Ca++/CaM  form o f pineal NOS is regulated by adrenergic 
mechanisms. Pineal NOS activity was reduced in LD animals treated for 4 
days with the (3-adrenergic antagonist propranolol, but not with the (Xr 
adrenergic antagonist prazosin, indicating again an involvement o f  $- 
adrenergic receptor in the control o f  NOS. Treatm ent with adrenergic 
antagonists did not affect cortical NOS activity, suggesting that the control 
o f  NOS is different in these two tissues, or that the pineal express a specific 
isoform o f the enzyme. Taken together, these data suggest that NE controls 
NOS in the pineal gland through (3-adrenergic receptors. To our knowledge, 
this represent the first demonstration o f  a regulation o f  NOS by a 
ncurotransm itter in the central nervous system.

2 5 4 .1 2

S-NITROSOGLUTATHIONE IS ENDOGENOUS IN RAT CEREBELLUM.
! Kluge, U.gytteQk-AmsLeL..(^LCy^nod* an lK .Q .D o . Brain Research Institute, 
University of Zurich, 8029 Zurich,Switzerland.

The form in which the diffusable and short-lived messenger nitric 
oxide (NO) is stored, delivered and transported in central nervous system has 
not been directly studied. Based on the strong reactivity of NO for thiols and 
on the presence of cysteine and glutathione at the mM level intracellularly and 
pM level extracellularly (Zangerle et al., 1992), we have investigated whether 
S-nitrosothiols, i.e. S-nitrosocysteine and/or S-nitrosoglutathione (GSNO) may 
be the potential "package" form in which NO could be stored. We have 
optimized an extraction method which avoids partial degradation of S- 
nitrosothiols and developed a sensitive and selective analytical method based 
on reversed phase HPLC combined with multiwavelength detection and on
line absorption spectrum which allows to quantify S-nitrosothiols at a level of 
150-300 pmol. In extract of cerebellar slices from 8-10 days old rats incubated 
with radioactive [35-S]-cysteine, a radiolabeled peak corresponding to GSNO 
has been detected. Its identification was confirmed by spiking with reference 
compound. Indeed, labelled cysteine was taken up and incorporated into 
glutathione and GSNO. Moreover, the endogenous compound eluting at the 
retention time of GSNO was chemically characterized by micro HPLC coupled 
to continous-flow fast atom bombardment mass spectrometry: its 
fluorenylmethyloxycarbonyl- derivative has a mass spectrum identical to that 
of authentic GSNO. The use of the same technique and deuterated GSNO as 
an internal standard will allow us to determine the endogenous concentration 
of GSNO. The packaging of NO in form of GSNO might serve to facilitate its 
transport, prolong its life and target its delivery to specific effectors. 
Furthermore, the formation of GSNO may provide a means to control the 
toxicity of the free radical NO-.

2 5 4 .1 3

IDENTIFICATION AND PHARM ACOLOGICAL CHARACTERIZATION 
OF AN S-NITROSOGLUTATHIONE BINDING SITE IN RAT BRAIN.
J. Taguchi*. H. Ohta and W.T. Talman. Dept, of Neurology, Univ. of Iowa and 
VAMC, Iowa City, IA 52242.

Nitric oxide (NO) is a putative central neurotransmitter that is formed following 
glutamatergic receptor activation. NO activates soluble guanylate cyclase (GC) 
and may combine with thiols to form S-nitrosothiols. We have shown that the L, 
but not the D, isomer of an S-nitrosothiol, S-nitrosocysteine (SNC), microinjected 
into the nucleus tractus solitarii decreases arterial pressure and heart rate via 
activation of GC. These effects were not blocked by glutamate receptor antago
nists that did block effects of cysteine. The results suggest the existence of a 
stereospecific L-SNC binding site that differs from glutamate receptors. We 
sought to determine if an S-nitrosothiol binding site was present in crude synaptic 
membrane prepared from rat brain and to pharmacologically characterize the site 
by receptor binding assays. We used [3H]S-nitrosoglutathione (pHJGSNO), a 
m ore stable ligand than SNC, in the receptor binding assay. [3H]GSNO was 
synthesized from pHJglutathione (reduced form) and sodium nitrite. (3H]GSNO 
bound to crude synaptic membrane with tem perature-, protein concentration- and 
[3H1 ligand concentration-dependency. Pharmacological examination indicated 
that [3H]GSNO binding was displaced with related S-nitrosothiols including 
GSNO and SNC but not with S-nitroso-N-acetyl-penicillamine (SNAP). 
Furthermore, pHJGSNO binding was not displaced with glutamic acid and 
glutamate receptor antagonists (6-cyano-7-nitroquinoxaline-2,3-dione, 2-amino-5- 
phosphonovaleric acid, 2-amino-3-phosphonopropionic acid and MK-801). These 
results support the presence in rat brain of a [3H]GSNO binding site that is 
insensitive to SNAP and differs from binding sites for excitatory amino acids. 
Support: VA Merit Review and Career Award, AHA Grant in Aid, and NIH 
HL32205 and HL14388.

T R A N S M IT T E R S  IN  IN V E R T E B R A T E S : N E U R O P E P T ID E S

2 5 5 .1

PU R IFIC A TIO N  A N D  SEQ U EN C E A N A LY SIS O F A NOVEL  
PEPTID E FR O M  TH E C ER EBR A L G A N G L IO N  O F APLYSIA. 
G. A. Phares1*. J, H, Walent2. R. L. Niece2. S. B. K um ar3. L. FL 
Ericsson3. K, A. Walsh3, and P. E. Llovd1. 1 Committee on 
Neurobiology, University of Chicago, Chicago, IL; 2 Biotechnology 
Center, University of Wisconsin, Madison, WI; 3 Department of 
Biochemistry, University of Washington, Seattle, WA.

We are investigating peptidergic transmission between ganglia in the 
Aplysia CNS. Lloyd (1989) demonstrated that cerebral ganglia 
synthesize [35] S-methionine containing peptides that are transported to 
other central ganglia, primarily the abdominal and pedal ganglia. We 
now have purified a second of these peptides, termed cerebral peptide 
2 (CP2).

[35]S-CP2, a probe for the purification, was obtained by incubating 
the cerebral ganglion in [35] S-methionine allowing time for synthesis 
and transport of CP2 to the abdominal ganglion which was extracted 
and the labeled CP2 purified by RP-HPLC. This [35]S-CP2 was added 
to the pooled extracts of 1000 ganglia, and CP2 was purified using 3 
sequential modes of HPLC. Automated Edman degradation of native 
CP2 and overlapping proteolytic fragments (generated by trypsin, 
endoproteases Lys-C and Asn-C), as well as ESMS and MALDI- 
TOFMS were used to determine the primary structure of CP2: 
F D F G F A G L D T Y D A IH R A L E Q P A R G T S N S G S G Y N M L M -  
K M QRHam ide. A synthetic peptide with the proposed sequence 
coelutes with [35]S-labeled CP2. Also, proteolytic (trypsin, Lys-C) 
fragments of the synthetic peptide coelute with [35]S-labeled 
fragments. We have now begun to investigate the biological activity of 
CP2.

2 5 5 .2

MEASUREMENT OF ELH RNA IN APLYSIA BAG CELLS AND 
CONNECTIVES USING AN INTERNAL RNA STANDARD FOR 
QUANTITATIVE REVERSE-TRANSCRIPTION-POLYMERASE 
CHAIN REACTION (RT-PCR) AMPLIFICATION. V. Khurana1. J. 
Benjamin1. R.E. McCaman2 and J.K. Ono1*. ^ ep t. of Biological 
Science, California State University, Fullerton, CA 92634 and 2Div. 
of Neurosciences, Beckman Research Institute of the City of Hope, 
Duarte, CA 91010.

Messenger RNA has been detected in nerve fibers in a number of 
preparations, including the axons of the bag cell neurons in the 
abdominal ganglion of the marine mollusk, Aplysia californica. The 
function of mRNA located in cellular compartments other than the 
cell body of a neuron is unknown. We are in the process of 
developing the bag cells and their neurites in the pleuro-visceral 
connectives (PVC) as a model system to determine whether the RNA 
located in the PVC has a functional role in the synthesis and 
availability of egg-laying hormone (ELH). We previously used RT- 
PCR to demonstrate that low levels of ELH mRNA is present in the 
PVC. In the present study, a modified fragment of the ELH sequence 
derived from RT-PCR was cloned into the Bluescript plasmid. This 
cloned fragment was used to synthesize a cRNA that may be used as 
an internal standard for quantitative RT-PCR measurements that 
would reflect the level of RNA present in the bag cells and in their 
neurites located in the PVC after various experimental manipulations.

Supported by Minority Biomedical Research Program and 
Departmental Association Committee grants at CSUF.
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255.3
THE GENES OF FOUR NEUROPEPTIDES CONTROLLING MALE 
COPULATION IN LYMNAEA STAGNALIS ARE CO-EXPRESSED IN 
SPECIFIC COMBINATIONS. R.P.J. de Lange. J. van Minnen*. R.E. van 
Kesteren. R.M. Hoek. C.P. Tensen. F.A. van Golen and H.H. Boer. 
Graduate School Neurosciences, Vrije Universiteit, Dept. Experimental 
Zoology, Amsterdam, The Netherlands.

The male copulatory behaviour of the hermaphrodite pond snail 
Lymnaea stagnalis is controlled by a limited number of neurones as 
shown in retrograde fillings of the penis nerve. A major cluster of these 
neurones is found in the anterior lobe of the right cerebral ganglion. 
These cells express a neuropeptide gene that encodes the tetrapeptide 
APGWamide. Three other recently cloned genes also appeared to be 
expressed in a subset of these cells, as was shown by in situ 
hybridization. They encode the precursor peptides of the vasopressin-like 
conopressin, a Lymnaea form of neuropeptide Y and a novel peptide 
designated pedal peptide. We describe here the (co-)localization of those 
peptides in the central nervous system and the penial complex and try to 
relate this to their physiology. The anterior lobe cells solely express 
APGWamide, or co-express APGWamide with conopressin, or with 
NPY, or with pedal peptide, or with NPY and pedal peptide. The results 
further suggest a functional separation of neuropeptides co-localized 
within the same cells: NPY and APGWamide -which have cumulative 
relaxing effects on the penis retractor muscle- are packaged in the same 
secretory granules, whereas conopressin and APGWamide -which have 
opposite effects on muscles of the vas deferens- appear to be packaged 
separately.

255.5
THE L5-67 AND LUQ-1 PEPTIDE PRECURSORS OF APLYSIA 
CALIFORNICA: LOCALIZATION OF IMMUNOREACTIVITY IN THE 
CENTRAL NERVOUS SYSTEM AND IN PERIPHERAL TISSUES.
N. Giardino1  , R Aloyz2, M Zollinger2  M.W. M iller1*. L. DesGroseillers2  
1Inst. of Neurobiology, Univ. of Puerto Rico, 201 Blvd. del Valle, San Juan, PR, 
0090 1; 2Depl. of Biochcm., Univ. of Montreal, Montreal, Quebec, Canada H3C3J7 

Two genes that encode neuropeptide precursors have recently been shown to be 
expressed in a distinct and non-overlapping manner in the five left upper quadrant 
(LUQ) cells in the abdominal ganglion of Aplysia californica (Landry el al., 1992). 
Using whoiemount immunohistochemistry, lmmunoelectron microscopy, and 
radioimmunoassay (RIA), we have assessed the pattern of expression of these two 
genes at the protein level throughout the central nervous system and in peripheral 
tissues of Aplysia. L5-67 precursor-like immunoreactiv ity (IR) was present in the 
four dorsal LUQ cells (L2-4 and L6) and in a total of approximately 100 neurons 
that were distributed among each of the central ganglia. At the subcellular level, 
this immunoreactiv ity was localized to dense core vesicles (approx. 114 nm in 
diameter). LUQ I precursor-like IR was more limited in the central nervous system, 
occurring m the ventral LUQ cell (L5) and in a total of approximately 20 neurons in 
the abdominal and cerebral ganglia. The kidney and the intestine, two tissues in 
which considerable water reabsorption is thought to occur, w ere richly innervated by 
distinct L5-67 and LUQ-1 immunoreactiv e systems. L5-67 immunoreactive fibers 
were also located on several tissues associated with the circulatory and reproductive 
systems in which no LUQ-1-like IR was detected. The quantification of 
lmmunoreactive material in peripheral tissues, as determined by RIA, was in general 
agreement with the histological observations. These results support previous 
findings regarding the heterogeneity of neurotransmittcr phenotypes in the LUQ 
cells. Furthermore, they arc indicative of a fairly broad role for the L5-67-derivcd 
neuropeptides, and a more limited role for the LUQ-1-derived neuropeptides in the 
regulation of the visceral organ systems of Aplysia.

255.7
MOLECULAR STUDIES OF THE DROSOPHILA 
CARDIOINHIBITORY GENE DROMYOSUPPRESSIN 
(Dms). M. Dickerson*, J. McCormick, K. Paisley, D. Otteson, 
and R. Nichols. Departments of Biology and Biological 
Chemistry, University of Michigan, Ann Arbor, MI 48109-1048

Previous reports of our work have included the 
purification and structure analysis of the Drosophila 
myosuppressin peptide TDVDHVFLRFamide (DMS). We 
have also shown that DMS inhibits Drosophila heart rate in a 
dose dependent manner as measured in a whole organism assay.

We have now determined that processes stained by 
DMS-specific antisera extend from superior protocerebrum 
cells to innervate the anterior part of the dorsal vessel. The 
Drosophila myosuppressin (Dms) gene has been isolated and 
analyzed by Southern blot and the Dms genomic DNA has been 
restriction mapped and sequenced. The cytological position of 
Dms has been identified on the right arm of the third 
chromosome at 96A1 and confirmed through analysis of 
deficiency stocks. We will also report on our studies of the 
cardioinhibitory action of DMS using a molecular genetics 
approach.

255 .4
ULTRASTRUCTURAL LOCATIONS OF PEPTIDE MODULATORS IN THE 
STOMATOGASTRIC GANGLION. V.L.Kilman* and E.M arder. Volen Center 
for Complex Systems, Brandeis Univ., Waltham, MA 02254.

Many peptides and amines modulate rhythmic motor patterns in the 
stomatogastric ganglion (STG) o f the crab Cancer borealis. The cells which 
produce these modulators have cell bodies in other ganglia, and their projections 
to the STG are branched arbors with varicosities along each fiber. We have shown 
previously (Kilman and M arder, 1994) the ultrastructural locations o f dense core 
vesicles (DCVs, peptide-containing granules) in the STG neuropil in both 
neurohemal and in classical synaptic profiles. However we were not able to 
connect the electron microscopic studies to the large number o f previously 
performed light level immunocytochemical studies demonstrating the presence of 
peptide and amine modulators. We have now determined, using electron 
microscopic immunogold staining, the ultrastructual locations o f several peptide 
modulators including the extended FLRFamides. W e show that some modulators 
are present in large and small neurohemal profiles as well as in classical synaptic 
profiles, while others are not present in both neurohemal and classical profiles. 
For example, the extended FLRFamides in the fluorescence studies were found in 
two classes o f varicosities, one large (13.8 ±  3.0 μ m), and the other much smaller 
(2.4 ±  1.8 μm). In this immunogold EM study, the large profiles that contain 
extended FLRFamides are all o f  the neurohemal type, while the smaller profiles 
are sometimes small neurohemal profiles, and other times are classical synaptic 
profiles o f type C (King 1976; Kilman and M arder, 1994). By determining the 
spatial location o f the different types o f peptidergic inputs with regard to the target 
neurons we hope to understand the integrative structure o f  peptidergic modulation. 
Supported by NS 17813

255 .6
ANALYSIS OF A PUTATIVE PEPTIDE SYNAPSE IN VITRO.
M.D. W h im * and L.K. Kaczm arek . Dept. of Pharmacology, Yale 
University School of Medicine, New Haven, CT 06510.

By radio-labeling newly synthesized peptide it has been shown 
that neuron B2 of Aplysia releases the small cardioactive peptides 
A and B (SCPs) when placed in culture (Lloyd et al, 1986). To try 
to monitor peptide release on a more rapid time scale we have co
cultured single B2 neurons with single pleural sensory neurons 
(SN) as post-synaptic detector cells. Under these conditions B2 
stimulation induced a slow inward current in the SN which 
outlasted B2 activity. The following lines of evidence suggest that 
the inward current involves the release of the SCPs. 1) Bath 
application of exogenous SCPB (0.1 μM) to the SN evoked a slow 
inward current (Ocorr and Byrne, 1985) with a sim ilar time 
course and conductance change to the synaptic current. 2) When 
the SN was desensitized by exogenous SCPB, the synaptic current 
was eliminated. 3) Following B2 stimulation the SN showed a 
reduction in spike accommodation, mimicking the effect of 
exogenous SCPB (Klein et al, 1986). 4) Although B2 is probably 
cholinergic the synaptic current was not markedly affected by a 
cholinergic antagonist which blocked the effect of exogenous ACh on 
the SN. 5) The synaptic- and SCPB-induced currents had very 
similar reversal potentials. These results suggest that the SCPs 
are released from the B2 neuron and mediate a major component of 
the synaptic current. Using this preparation it may be possible to 
detect peptide release and its modulation from a single presynaptic 
neuron.

255 .8
A DROSOPHILA GENE REQUIRED FOR THE VIABILITY OR NORMAL 
FUNCTION OF DIVERSE NEUROPEPTIDE NEURONS. A.M. Schaefer and P H. 
Taghert*. Anatomy & Neurobiology, Washington University School of Medicine, 
St. Louis, MO 63110.

We are using Drosophila genetics to analyze the production and release of 
biologically active neuropeptides (NPs). We have screened enhancer trap lines for P 
element insertions that display patterns of reporter gene expression in identified 
peptidergic neurons. Insertion P[929] (from K. Kaiser, U. Glasgow) displays high 
expression in about 200 diverse neurons of the larval central nervous system. At 
least 40% of these neurons are peptidergic and/or neurosecretory, by 
immunocytochemical or morphological criteria. The lacZ pattern does not correspond 
to any single, known NP pattern; rather, it partially overlaps several.

To study the function of the indicated ”929" gene, we used imprecise excision to 
create the Rev8 mutation, a small deletion of the P[929] region. P[929] is a GAL4 
insertion at chromosomal locus 39C2-4. This region contains the steroid receptor 
DHR39 and the lethal mutation cryptocephal (crc). Rev8 homozygotes die as mid-to- 
late stage larvae. In early-stage Rev8 homozygous larvae, NP expression is severely 
depressed in CNS neurons that are normally P[929]lacZ-positive. Further, the Rev8 
chromosome fails to complement crc, suggesting that P[929] is close to, or within, 
the crc gene. We are currently searching for a transcript whose expression pattern 
resembles that of P[929].

For phenotypic analysis, we used antibodies to three different NPs and to an NP- 
associated enzyme (dPAM - B. Eipper, D. Mains & P.H.T., unpublished). We 
compared larvae that were homozygous versus heterozygous for the Rev8 
chromosome. For all markers examined, homozygotes displayed moderate to severe 
reductions of staining in P[929]lacZ-positive neurons, but normal levels of staining in 
"non-929" neurons. Peripheral cells that are P[929]lacZ-positive (e.g., Ring gland 
cells, gut neurons, gut endocrine cells) appear normal for NP expression in the 
homozygote.

We conclude that P[929] defines a gene with important functions in a diverse group 
of peptidergic neurons in the Drosophila CNS.

Society for Neuroscience, Volume 21, 1995



TRANSM ITTERS IN INVERTEBRATES: NEUROPEPTIDES MONDAY AM

2 5 5 .9

NEUROPEPTIDE AMIDATION: IDENTIFICATION OF A DROSOPHILA GENE 
HOMOLOGOUS TO MAMMALIAN PAM. M.S. Roberts, R. C. Johnson. A. S. 
Kolhekar. B.A. Eipper*. R.E. Mains and P.H. Taghert. Anat. & Neurobiology, 
Washington University Sch. Med., St. Louis MO 63110, Neurosci. & Physiol., 
Johns Hopkins University Sch. Med., Baltimore MD 21205.

Peptide alpha-amidation is a widespread and often essential modification of 
biologically active peptides. The amide moiety is usually required for full bioactivity. 
In vertebrates, a single gene (called PAM - peptidylglycine-alpha amidating 
monooxygenase) encodes a large protein with two separable enzymatic domains that 
together convert peptides with C terminal glycines to the alpha amide. The first 
domain is a monooxygenase (PHM) and the second is a lyase (PAL). To further the 
analysis of PAM using genetics, we have begun to study this aspect of neuropeptide 
biosynthesis in Drosophila.

We found both PHM and PAL activities in a size-fractionated extract of Drosophila 
heads. We used degenerate oligonucleotide primers and PCR techniques to isolate a 
~1.4 kB cDNA (called dPHM) from the Drosophila shi-1 cell line. The cDNA encodes 
a monofunctional protein that is 41% identical to the catalytic core domain of rat 
PHM, including 8 of 10 cysteine residues. dPHM was expressed in hEK-293 cells and 
found to possess monooxygena.se activity. Three additional sizes of cDNAs were 
recovered from an adult head cDNA library: all contained the same 366 AA ORF found 
in the original dPHM along with varying amounts of UT sequences. We continue to 
screen for sequences homologous to rat PAL.

Probing the genome with dPHM sequences has so far indicated the presence of a 
single PHM gene: isolation and analysis of dPHM cosmids indicated a cytological 
location at 28A1-3. We are currently examining mutant stocks in this region to 
identify putative PAM mutations. We raised polyclonal antibodies to the recombinant 
dPHM protein. In mature larvae, we have compared immune to pre-immune staining, 
and found PHM-like material in the CNS and endocrine cells of the gut, in several 
peripheral glands and fat body, and weakly in epidermis. Within the CNS, there is a 
low level of expression in many (or most) neurons; ~ 100-200 neurons (probable 
neurosecretory neurons) display a higher level of activity.

2 5 5 .1 1

DEVELOPMENTAL CHANGES IN PEPTIDE IMMUNO- 
REACTIVITY OF THE MEDIAN NEUROSECRETORY CELLS OF 
THE SUBESOPHAGEAL GANGLION OF MANDUCA SEXTA. N .T . 
Dayis* and J.G. Hildebrand. ARL Division of Neurobiology, Univ. 
Arizona, Tucson, AZ 85721.

The median neurosecretory cells of the mandibular, maxillary, and 
labial neuromeres of the sphinx moth Manduca sexta are FMRFamide- 
immunoreactive in larvae and adults. It is known that the FMRFamide 
antiserum labels several different FMRFamide-related peptides (FaRPs), 
including myosupressins and gastrin-like sulfakinins.

Antisera raised against gastrin and moiluscan small cardioactive 
peptide B (SCPB) were used to distinguish two types of FaRP- 
immunoreactivity. These antisera did not recognize any of the 
FMRFamide-immunoreactive median neurosecretory cells of larvae. 
The FMRFamide immunoreactivity of the larval median neurosecretory 
cells disappeared at the onset of pupation and then reappeared in the 
pharate adult. The mandibular and maxillary cells acquired a 
FMRFamide/ gastrin-type immunoreactivity, and that of the labial cells 
was a FMRFamide/SCPB type. These changes in immunoreactivity, 
which occur at pupation, may be due to an alteration of phenotypes or 
of postranslational processing, and suggest that functions of these median 
neurosecretory cells change during the transition from larva to adult. 
[Supported by NIH grant AI-23253 to JGH.]

2 5 5 .1 3

ECLOSION HORMONE STIMULATES AN INCREASE IN cGMP IN THE 
NEUROSECRETORY TERMINALS OF A NEUROHEMAL RELEASE SITE. 
David B. Morton . ARL Division of Neurobiology, University of Arizona,
Tucson, AZ 85721.

The neuropeptide, eclosion hormone (EH), triggers eedysis, pre-eedysis and 
other stage-specific behaviors at the end o f each molt in the tobacco homworm, 
Manduca sexta. Several previous studies have shown that the actions o f EH are 
mediated by the intracellular messenger cGMP.

Using an antibody which recognizes cGM P in fixed tissue (generously 
provided and previously described by Ewer, De Vente and Truman, J. Neurosci. 
14:7704, 1994) I have investigated the localization o f cGMP immunoreactivity in 
abdominal nervous systems, removed from animals prior to pupal ecdysis and 
treated with EH in vitro. After EH exposure, cGMP immunoreactivity was seen in 
a dense network of fibers in the transverse nerve, a neurohemal release site, of 
each abdominal ganglia. This staining was absent in nervous tissue which had not 
been exposed to EH. It was also absent in nervous tissue exposed to EH and 
incubated with antibody which had been preincubated with l 0μM cGMP. In 
addition, the time course and EH-dose/response curve o f the EH-stimulated cGMP 
immunoreactivity were the same as those for the EH-stimulated increase in cGMP 
measured by RLA. The EH-stimulated cGM P immunoreactivity was eliminated by 
preincubating the nervous tissue with the PLA2/DAG lipase inhibitor, 4-BPB, a 
finding similar to that found for RIA experiments.

Double-Iabei experiments with anti-cGMP antibody and propidium iodide, 
viewed using con-focal microscopy, showed no overlap in the signals. This 
indicated that little, if any, o f the cGM P staining was associated with glial cells in 
the transverse nerve and that almost all the staining was in the terminals o f 
neurosecretory neurons which project to the transverse nerve.

Supported by an Alfred P. Sloan Fellowship and NIH grant NS 29740.

2 5 5 .1 0

STRUCTURE, CELLULAR LOCALIZATION, AND FUNCTION OF CAP2b, 
AN INSECT CARDIOACTIVE PEPTIDE. G.R. Huesmann. K.M.Swiderek. 
I.D. Lee. S.HP, Maddnell. C.M .Bate. and N.J Tublitz*. Inst, of Neurosci., 
Univ. of Oregon, Eugene OR, Div. Immunol., City of Hope, Duarte CA, Dept. 
Zoology, Univ. of Cambridge, Cambridge UK.

The CNS of the tobacco hawkmoth Manduca sexta contains five cardioac- 
celeratory peptides (CAPs) that can be subdivided on the basis of their 
chromatographic elution profiles into the CAP1s (CAP1a & CAP1b) and the 
CAP2s (CAP2a, CAP2b, & CAP2c). One o f the CAPs, CAP2a, is 
structurally identical to Crustacean Cardioactive Peptide (CCAP). Here we 
present data on the structure of CAP2b, and it's ce llu lar localization and 
function in Drosophila.

For structural analysis CAP2b was extracted from 6000 pharate adult 
Manduca nerve cords, passed through a C-18 Sep-pak column, and 
subjected to a 5 step HPLC purification followed by MS/MS analysis. The 
pri-mary sequence of CAP2b was determined to be pyroELYAFPRVamide 
(MW=976). Confirmation of this sequence was accomplished by comparing 
the bioactivity and chromatographic behavior of native and synthetic forms 
of CAP2b. HPLC analysis of Drosophila adult nerve cords revealed the 
presence of a peptide with biological and chromatographic properties similar 
to that of Manduca CAP2b.

Data from an adult Drosophila Malphigian tubule (MT) bioassay indicates 
the presence of CAP2b-like bioactivity in a segmentally iterated pair of 
mesodermally derived midline cells (MMCs) that lie immediately dorsal to the 
ventral CNS. Both synthetic CAP2b and an MMC cell extract elicit similar 
responses on the MT bioassay. Several lines of evidence suggests that 
CAP2b acts via cGMP on Drosophila MTs: application of cGMP mimics the 
CAP2b response by MTs; CAP2b triggers a two fold increase in MT cGMP 
levels; and CAP2b treated MTs can be further stimulated by cAMP but not 
cGMP. These data suggest that CAP2b is likely to act on several visceral 
targets in insects, including the heart in Manduca and the MT in Drosophila.

2 5 5 .1 2

THE CLONING AND LOCALIZATION OF VARIOUS FORMS OF 
GUANYLYL CYCLASE IN MANDUCA SEXTA. Alan Nighorn*. 
David Rivers, and David B. Morton ARL Division of Neurobiology, 
University of Arizona, Tucson, AZ 85721.

Eclosion hormone (EH) is a 62 amino acid neuropeptide which 
triggers eedysis behavior at the end of each molt in the tobacco 
hornworm, Manduca sexta. EH action is mediated by a rise in cGMP 
in the central nervous system just prior to eedysis. To better 
understand the role of guanylyl cyclase (GC) in the mediation of EH 
action and other signal transduction processes we have attempted to 
clone and characterize both the soluble and particulate forms of GC 
expressed in the developing nervous system of Manduca sexta.

We have used RT-PCR with degenerate primers to amplify and 
clone GC from central nervous system(CNS) poly-A+ RNA taken 
between 4 and 24 hours prior to pupal eedysis. Following PCR 
amplification and agarose gel analysis, products of the expected size 
were cloned using the TA cloning kit (Invitrogen). Preliminary 
sequence analysis (Sequenase, Amersham) of the first products 
revealed Five unique clones with homology to the vertebrate particulate 
forms of GC. Northern blot analyses demonstrate that all five clones 
are expressed in prepupal CNS as well as in CNS just prior to adult 
eedysis.

Experiments are currently underway to isolate additional membrane 
and soluble forms of GC. In addition, in-situ hybridization will be 
used to determine the tissue distribution of the these clones within the 
pupal and adult nervous systems.
Supported by the NIH (AN: NS07363, DBM. NS29740)

2 5 5 .1 4

NOVEL MOUSE IgG-LIKE IMMUNOREACTIVITY EXPRESSED BY 
CONSERVED NEURONS IMMUNOREACTIVE TO CRUSTACEAN 
CARDIOACTIVE PEPTIDE. K. A  Mesce*. K. A. Klukas. J. E. Bestman and 
T. C. BreljeA. Dept, of Entomology and Graduate Program in Neuroscience, 
Univ. of Minnesota, St. Paul, MN 55108 and ADept. of Cell Biology and 
Neuroanatomy, Univ. of Minnesota, Minneapolis, MN 55455.

Immunogiobuin-reiated molecules have been shown to play important 
roles in cell-cell recognition events during the development of both vertebrate 
and invertebrate nervous systems. In the moth, Manduca sexta, we report the 
presence of novel, mouse, immunoglobulin G (mlgG)-like immunoreactivity in a 
discrete population of identified neurosecretory neurons (the NS-Ls also 
known as the 27s) and intemeurons (the 1N-704s). A number of polyclonal 
anti-mlgG antibodies were used to immunostain these cells in whole mount. 
The mlgG-fike-immunoreactive (IR) neurons were present during 
embryogenesis through the developing adult stages, but disappeared in the 
post-emerged adult. Biochemical analysis of M. sexta ventral nerve cords 
revealed that the mlgG-like antigen is a membrane associated 27 kDa protein 
which is likely responsible for the mlgG-like immunostaining observed.

Unambiguous identification of the mlgG-like-IR neurons was based on 
neuronal morphology and our ability to demonstrate conclusively that these 
neurons expressed immunoreactivity to an antiserum against crustacean 
cardioactive peptide (CCAP). Stained neurons in the thoracic ganglia appear 
to be "homologues” of the abdominal CCAP-IR NS-Ls, neurons that in the 
adult are known to switch their neurotransmitter and release the neuropeptide 
bursicon. Interestingly, the CCAP-IR neurons have also been shown by 
others to become highly cGMP-IR just prior to the generation of ecdysis 
behavior. Recently, we found the migG-iike and CCAP immunoreactivities 
colocafized to neurons that are present in the more primitive insect orders 
such as Orthoptera (crickets) and Odonata (damselfies). Similarities in 
neurotransmitter phenotype and morphology indicate that such neurons may 
be highly conserved evolutionary, and may share common functions.
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EXPRESSION AND ACTION OF flp-1, A GENE ENCODING FMRFamide- 
LIKE NEUROPEPTIDES IN CAENORHABDITIS ELEGANS. L. Nelson. S 
Craven. M. Rosoff. and C. Li*. Dept, of Biology, Boston University, Boston, 
MA 02215

FMRFamide-like peptides have been found throughout the animal 
kingdom, and have been implicated in different functions, including 
cardiovascular control and neuromodulation. These peptides have also 
been implicated in modulation of egg-laying activity in Caenorhabditis 
elegans. The flp-1 gene of C. elegans encodes multiple copies of 
FLRFamide-containing peptides, and FMRFamide-like immunoreactivity has 
been localized in about 10% of the neurons. To examine the regulation of 
flp-1, lacZ reporter constructs containing different fragments 5' to the start 
site of flp-1 transcript'on were microinjected for production of transgenic 
animals. These transgenic strains have led to the identification of one 
promoter region responsible for flp-1 expression only in the anterior of the 
animal. Regions further upstream have possibly been isolated and will be 
used to identify other regulatory elements.

A flp-1 deletion mutant, or "knockout", is also being isolated to characterize 
flp-1 function in the animal. A strain containing a transposon insertion in the 
promoter region of the flp-1 gene was kindly provided by Dr. Ronald 
Plasterk. Deletion screening is underway. The flp-1 gene has now  
been genetically mapped to a cluster on the right arm of chromosome  
IV by transposon tagging.

2 5 5 .1 7

DISTRIBUTION AND EFFECTS OF CORAZONIN-L1KE AND 
ALLATO TRO PIN-UK E PEPTIDES IN THE CRAB STOMATOGASTRIC 
N ERVO US SYSTEM. A. E, Christie* and M. P, Nusbaum . Department of 
Neuroscience, University o f Pennsylvania School o f Medicine, Philadelphia, PA 
19104.

We recently found that antisera generated against the insect peptides corazomn 
(COR) and allatotropin (ATR) immunolabeled profiles in the stomatogastnc 
nervous system (STNS) o f the crab, Cancer borealis. The STNS includes the 
stom atogastnc ganglion (STG), the oesophageal ganglion (OG) and the paired 
commissural ganglia (CoGs). COR-like immunoreactivity in the STNS is 
restricted to neuropilar processes in the CoGs (N=6 ). This staining onginates 
from 2-3 fibers that project to each CoG from the thoracic ganglionic nng. No 
COR-like immunoreactivity was detectable in the either the STG (N=3) or the OG 
(N=3). ATR-like staining is widely distributed w ithin the STNS. The ATR-like 
immunopositive structures include 4-8 somata in each CoG (N=6 ), 2 somata in 
the OG (N=3) and neuropilar plexi in both the CoGs and STG (N=3).

Superfusion o f COR to the isolated STG excites the pyloric rhydim, which is 
generated by the STG neural network. At relatively high concentrations (> 10-2
M), CO R superfusion elicits a transient increase in the pyloric cycle frequency 
and selectively enhances bursting in the pyloric dilator (PD) and inferior cardiac 
(1C) neurons (N=4). At lower concentrations (10 -8 M), COR superfusion excites 
the pyloric rhythm for the duration of the application. We are presently 
characterizing the STG response to ATR superfusion. W e are also continuing to 
characterize the effects o f COR and several related peptide family members.

Research supported by F32-NS09718 (AEC), NS29436 (M PN) and HFSP.

2 5 5 .1 6
VISUALIZATION OF THE EXPRESSION OF AN INSULIN RELATED 
PEPTIDE IN THE CNS OF LOCUST A MIGRA TORIA BY TWO METHODS: IN 
SITU HYBRIDIZATION AND IMMUNOHISTOCHEMISTRY.
S.L. King. M-R- Elphick* and J.P. Bacon. Sussex Centre for Neouroscience, 
School of Biological Sciences, University o f Sussex, Brighton BN1 9QG, UK.

In a previous study, an insulin related peptide (LIRP) was isolated and 
characterized from Locusta migratoria (Hietter et al. 1990 Eur J Biochem 187:241- 
247; Lagueux et al. ibid. 249-254). Immunoreactivity against mammalian insulins 
has been detected in the neurosecretory cells o f the pars intercerebralis o f the locust 
brain and the neurohaemal lobes o f the corpora cardiaca, to which the brain cells 
project (GoltzenS et al. 1992 Cell Tissue Res 269:133-140). The peptide is thought 
to have a similar role in locusts as insulin does in mammals - regulation of 
haemolymph sugar and lipid levels.

We have stained the locust CNS using 1) In situ hybridization with an 
oligonucleotide probe designed to 23bp o f locust cDNA encoding the B chain of 
LIRP, and 2) Immunohistochemistry with an antiserum raised against bovine 
insulin.

Use of alternate serial sections confirms that the immunoreactive cells are the 
same as those which hybridize with the in situ probe. Controls have shown the 
hybridization to be specific to mRNA. The cells are present exclusively within the 
pars intercerebralis region o f the median protocerebrum of the brain. We estimate 
that 100 to 150 cells express LIRP, approximately 10 to 15% o f the total 
complement o f pars intercerebralis cells.

Studies are currently underway in embryos and larvae to analyse the 
developmental expression o f LIRP by distinguishing both the onset o f  transcription 
and the formation of the mature peptide product.

2 5 5 .1 8
NEUROPEPTIDE ACTIVATION OF RHYTHM IC MOTOR ACTIVITY VIA 
EXCITATION OF IDENTIFIED PROJECTION NEURONS. D.M. Blitz* and M.P. 
Nusbaum. Dept. of Neuroscience, University of Pennsylvania School of 
Medicine, Philadelphia, PA 19104.

Neural network activity in the stomatogastric ganglion (STG) of the crab, 
Cancer borealis, is directly influenced by many modulatory transmitters. 
Among the best characterized of these neuromodulators is the peptide, 
proctolin. Three proctolin neurons project to the STG (Coleman et al., J  Comp 
Neurol 325:581, 1992) and both exogenously applied proctolin and proctolin 
neuron stimulation excite the pyloric rhythm in the STG (Nusbaum & Marder, 
J  Neurosci 9:1600, 1989). Previous work in the lobster, Panulirus interruptus, 
showed that proctolin application (10-5 M) to the STG also elicits the gastric mill 
rhythm (Heinzel & Selverston, J  Neurophysiol 59:566, 1988). In contrast, we 
found that in crab, proctolin application (10-5 M) to the commissural ganglia 
(CoGs), but not to the STG, elicited the gastric mill rhythm. The gastric mill 
activation by proctolin application appears to result at least partly from its 
excitation of two previously identified CoG projection neurons that excite the 
gastric mill rhythm. These neurons are MCN1 (Coleman & Nusbaum, J 
Neurosci 14:6544, 1994) and CPN2 (Norris et al., J  Neurophysiol 72:1451, 
1994).

Interestingly, we found that one of the proctolin neurons, called MPN. that 
excites the pyloric rhythm within the STG, also influences MCN1 and CPN2 
activity in the CoGs. Specifically, MPN activity inhibits these two neurons and 
thereby inhibits the gastric mill rhythm (Blitz & Nusbaum, Soc Neurosci Abstr 
20:23, 1994). Thus, exogenously applied neuropeptide does not necessarily 
mimic peptidergic neuron stimulation. We are investigating whether the 
effects of proctolin and MPN on MCN1 & CPN2 are direct, and whether their 
different effects result from a cotransmitter in MPN.

Supported by: NS29436, IBN94-96264 and HFSP (MPN).

2 5 5 .1 9

FMRFamide-RELATED PEPTIDES (FaRP) AND COLOR PATTERNING 
IN THE CUTTLEFISH, Sepia officinalis. P.K. Loi* & N.J.Tublitz. Institute 
of Neuroscience, University o f Oregon, Eugene OR 97403

Color patterning in cuttlefish involves the coordination of millions of 
chromatophores which are under neuronal control. Last year we presented 
immunocytochemical and pharmacological data showing that one of the 
neurotransmitters present at the chromatophore neuromuscular junction in Sepia 
may be a peptide belonging to the FaRP family. In this report, we present 
molecular and biochemical evidence that FaRPs are present in Sepia.

PCR was used to ascertain the existence and sequence of FaRPs in Sepia 
using PCR primers made from sequences obtained from a squid FMRFa cDNA 
(D.Price, unpublished) PCR was performed on DNA template from a Sepia 
brain cDNA library. PCR products were purified, cloned, transformed and 
sequenced. Sequence information from one of the PCR products indicated the 
presence of several FaRPs: a decapeptide with the same peptide sequence as the 
squid FaRP decapeptide, a FLRFa, and multiple copies of FMRFa. To 
determine whether any FaRPs are expressed in the chromatophore layer of the 
dermis, the ventral skin of the fin was homogenized, desalted in a C18 
cartridge, and subjected to HPLC analysis. The eluent was collected at one 
minute intervals and an aliquot of each fraction was assayed on an in vitro 
chromatophore bioassay. Five bioactive peaks (A-E) were identified. Each 
bioactive peak was rechromatographed using slightly different conditions, and 
resultant fractions were assayed to confirm the presence of bioactivity. For finer 
separation, the bioactive fractions were subjected to a final run on a microbore 
HPLC. To determine if this bioactivity was due to the presence of FaRPs, 
fractions from the third HPLC run were blotted on a nitrocellulose membrane 
for immunoassay using an FMRFa antibody. Three of the bioactive peaks 
showed FMRF-like immunoreactivity.

These results indicate that the cuttlefish contains multiple FaRPs, one or 
more which are likely to play an important physiological role in the regulation 
of chromatophore activity.
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O N T O G E N Y  O F  N A D P H  D IA P H O R A S E  S T A IN IN G  IN  T H E  
C E N T R A L  G A N G LIA  O F  LA RV A E A N D  JU V E N IL E S  O F  
T H E  P R O S O B R A N C H  M O L L U SC  ILYANASSA OBSOLETA.
E.M. Leise* and M.-F. Lin. Dept. of Biol., U. of North 
Carolina Greensboro, Greensboro, NC 27412 

Neuronal nitric oxide synthase (NOS) produces nitric 
oxide which is known to act as a neurotransmitter in adult 
gastropod molluscs. As yet, little information exists about 
the ontogeny of NOS-containing neurons in molluscs. 
NADPH-diaphorase (NADPHd) histochemistry generally 
colocalizes with NOS immunoreactivity in neurons. We 
used NADPHd histochemistry to map the distribution of 
NOS activity in the nervous systems of larvae (including 
metamorphosing states) and juveniles of the mud snail 
Ilyanassa obsoleta. We observed staining in several 
ganglionic neuropils throughout development. The most 
intense NADPHd staining occurs in the neuropil of the 
apical ganglion, a specialized larval structure, with 
intermediate staining levels occurring in neuropils of the 
cerebral, pedal, and pleural ganglia. Larval buccal, 
subintestinal and supraintestinal ganglia showed little 
reaction product, with slight increases in competent larvae. 
NADPHd activity conspicuously decreases in the central 
nervous systems of metamorphosing larvae. The 
osphradial ganglion develops early during organogenesis 
and shows only weak NADPHd activity. This study 
supports the existence of a nitrinergic transmitter system in 
molluscan larvae and juveniles.

2 5 6 .3

SYNTHESIS, DISTRIBUTION AND FUNCTIONAL EFFECTS OF 
NITRIC OXIDE SYNTHASE (NOS) IN THE PREDATORY 
OPISTHOBRANCH MOLLUSC Pleurobranchaea califormca.
M oroz, L,L,*, Chen. D.. Gillette M,U. and R.Gillette. Dept. Physiology, 
University o f  Illinois, Urbana, IL 61801.

NO synthase (NOS) activity and distribution o f putative NOS-containing cells 
were studied biochemically in CNS extracts and histochemically via NADPH- 
diaphorase (NADPH-d) histochemistry. Conversion o f  L-arginine to L-citrulline 
in the CNS was comparable to NOS activity measured in parallel for rat 
cerebellum, was sensitive to a calmodulin blocker (TFP, 80 μ M), but not to the 
Ca2+-chelator EGTA and was inhibited by L-NAME. NADPH-d positive 
neurones were observed in all central ganglia, predominating in larger neurones 
o f  buccal, cerebropleural and pedal ganglia. A variety o f identified neurons were 
positive for NADPH-d, including the serotonergic metacerebral cell o f the 
cerebropleural ganglia, putative locomotor motomeurons o f the pedal ganglion, 
and buccal motoneurons. At the periphery, NADPH-d activity was detected in 
only a few neurons o f the rhinophore and tentacle ganglia. NADPH-d staining 
was marked in the salivary glands and gills, but there was no or very little staining 
in the esophagus, buccal mass and foot. α -NADPH could not substitute for β- 
NADPH. The NOS inhibitor, 2,6-Dichlorophenol-indophenol, at 10-3M 
abolished NADPH-d positive staining. In microelectrode studies application of 
NO-donors (SNAP, SNP) activated the feeding motor network. In identified cells, 
NADPH-d positivity was co-localized with cAMP-gated N a current. These data 
suggest the presence o f Ca2+-independent, constitutive calmodulin- and 
NADPH-dependent neuronal NOS synthase in molluscs. The localization o f 
NOS in identified neurons offers opportunities to study its regulation and roles 
in neuronal activity. Supported by NIH R01NS26838 to RG.

2 5 6 .5

CELLULAR DISTIBUTION OF NITRIC OXIDE-ACTIVATED cGMP IN THE 
DEVELOPING LOBSTER NERVOUS SYSTEM. N.L . Scholz. E.S. Chang+. J.W. 
Truman, and K. Grauhard* University of Washington, Dept, of Zoology, Seattle, WA 
98195 and +Bodega Marine Lab, Bodega Bay, CA 94923.

Nitric oxide (NO) serves as a signaling molecule in a diverse array of vertebrate and 
invertebrate tissues. Nitric oxide activates a soluble guanylate cyclase, leading to the 
production of cGMP. In the mammalian CNS, NO-activated cGMP is known to 
mediate changes in synaptic strength; this signaling pathway may also play a role in 
synapse maturation during nervous system development We are studying potential 
roles for NO and cGMP in identified circuits within the developing nervous system of 
the lobster, Homarus americanus. In lobsters, postembryonic development consists of 
three planktonic larval instars (stages I-III), followed by metamorphosis and a 
transition to benthic life as a juvenile (stages IV & V). We stimulated the CNS in 
v itro  with exogenous applications of NO in combination with 
isobutylmethylxanthine, and visualized NO-sensitive neurons with an antibody against 
cGMP. Using this approach, we have mapped potential cellular targets for NO at each 
stage of larval and early juvenile development.

The CNS of a stage I larvae contains hundreds of NO-responsive neurons. By stage 
III, only a small subset of cells still respond; this sensitivity persists into adulthood. 
For example, the segmental intemeurons comprising the lateral giant (LG) fiber 
system are sensitive to NO only during larval development, possibly reflecting the 
establishment of synaptic connections that precede the emergence of LG-mediated 
escape behavior. A unique pattern of NO-responsiveness is seen in the stomatogastric 
ganglion (STG). Sensitivity first appears in a single neuron at stage III. Additional 
neurons gradually become responsive during juvenile development, until 
approximately 13 cells respond in the STG of adults. Based on these results, we 
suggest that NO and cGMP may play an organizational role during development and a 
modulatory role as a neuronal messenger in adult circuits. Supported by an NRSA 
traineeship to N.S-., NIH grant NS 15697 to K.G, and NSF grant IBN9242993 to 
J.W.T.

2 5 6 .2

A POSSIBLE RO LE FOR NITRIC O X ID E IN TH E M OTORNERVOUS 
SYSTEM  OF TH E PARASITIC N EM A TO D E ASCARIS SUUM. Z.A, 
Bascal, 1M. O ’Shea. 1J. Cunningham . L. Holden-D ve & R.J. Walker. 
SPON: Brain Research Association. Dept. Physiol. & Pharmacol.. 
University o f Southam pton, Southam pton, UK, S 0 1 6  7PX. 1 Sussex Centre 
for Neuroscience, University o f Sussex, B righton, UK, BN1 9QG.

Here we will present evidence that nitric oxide synthase (NOS) is present 
in, and nitric oxide (NO) has effects in Ascaris.

NADPH diaphorase staining (a histochemical m arker for NOS) is present 
in a subpopulation o f Ascaris central neurones, in the pharyngeal nerves, in 
the nerve cords and at the neurom uscular junction  but not in other non
neuronal tissues e .g . intestine. 3H -Citrulline production has been detected 
using HPLC following incubation o f a crude hom ogenate of Ascaris nerve 
cords with 3H -L-arginine, but not in intestinal tissue, indicating the presence 
o f a NOS-like enzyme with a d istribution that parallels the NADPH 
diaphorase staining. Furtherm ore, c itrulline production is dependent on a 
large ( >  10,000) m olecular w eight com ponent (retained on centricon filters). 
In vitro pharm acological studies on Ascaris muscle have shown that NO 
donors sodium  nitrite (1-10 mM , n =  7), hydroxylam ine (100 μM - 1mM, 
n = 5 )  and sodium  azide (1-10 mM , n =  3) decrease the contraction elicited 
by 10 μ M ACh (the putative excitatory neurom uscular junction transmitter).

Further studies are planned to characterize the nematode NOS and to 
assess a possible role for NOS in the m otornervous system  in Ascaris. In 
particular, the anatomical sim plicity will enable the role of NO in synaptic 
transm ission at single inhibitory and excitatory synapses to be investigated. 
We are grateful to the Wellcome Trust for support.

2 5 6 .4

CENTRAL AND PERIPHERAL DISTRIBUTION OF PUTATIVE 
NITRIC OXIDE SYNTHASE (NOS)-CONTAINING CELLS IN 
Octopus vulgaris. 1J.D, Robertson*. L.L. Moroz and R. Gillette. 1Dept. 
Neurobiology, Duke University Medical Center, Durham, NC 27710 and 
Dept. Physiology, University of Illinois, Urbana, IL 61801

Inhibition of NOS blocks tactile learning in Octopus (Robertson et al., 
Proc. Roy. Soc. Lond. B. 256, 269, 1994). We used NADPH-diaphorase 
(NADPH-d) histochemistry to locate NOS activity. Most intensive and 
numerous NADPH-d positive neurons were peripheral, in ventral parts of 
the arm nerve cords, in stellate ganglia and in suckers. In contrast, the 
CNS showed relatively weak NADPH-d activity. NADPH-d positive 
neurons were found predominantly in inferior buccal ganglia and in distinct 
parts of the suboesophageal ganglionic mass. The supraesophageal 
ganglion complex had no stained neuronal somata; however, the neuropil 
areas in vertical lobes, subfrontal and posterior buccal areas were labelled. 
The weakest NADPH-d activity was observed in neuropil of the optic lobes 
and no specific staining was found in the retina. No NADPH-d activity 
was observed in peripheral gastric and cardiac ganglia. In addition to 
neuronal structures, a number of peripheral muscle cells were selectively 
labelled in suckers, mantle, esophagus, buccal mass and gills. NADPH-d 
activity was resistant to long-term fixation, was suppressed by DPiP and 
could not be mimicked by a-NADPH or glucose-6-phosphate 
dehydrogenase activity. These data suggest that nitric oxide is involved in 
signalling both in neurons and muscle of Octopus.

2 5 6 .6

NEW  FEATURES OF THE INSECT CNS REVEALED BY NOS 
HISTOCHEMISTRY. R.A. Colbert*. M.R. Elphick, L. W illiams. I.-H. Park, 
K.S.J. Thom pson and Michael R. O 'Shea Sussex Centre for Neuroscience, 
School of Biological Sciences, U niversity of Sussex, Brighton BN1 9QG, UK.

W e have dem onstrated  a strong correspondence betw een NADPH 
d iaphorase histochem istry and  the distribution  of NOS-like enzymatic 
activity  in  the locust brain. Using the N A D PH -d technique, we have 
m apped  the CNS distribution  of NOS in the locust and  a num ber of new 
neuroanatom ical features are  revealed w hich are not specifically revealed by 
any  o ther technique.

In the brain  NOS is found in a cluster of local in tem eurons in the 
antennal lobes. The optic lobes also show  extensive and locally intense 
d iaphorase staining associated w ith identified tracts, d istinct neuropiles and 
cell body g ro u p s at all levels of the visual pathw ay. The m ost striking 
feature in the optic lobe is found in the lobula and  in its connection to the 
m edulla. These observations point to a role for the  NO-cyclic GMP 
signalling p a thw ay  in both olfactory and  visual sensory processing.

NOS is associated w ith  entirely new  and unexpected structures w ithin the 
m ushroom  bodies. The α  and  β lobes of the m ushroom  bodies contain four 
tu b u lar structures defined by strong circum ferential N A DPH diaphorase 
staining. These are the first sub-com partm ental structures to be described 
in  the m ushroom  bodies, p arts  of the  insect brain  associated with learning 
an d  m em ory.

In the ventral nerve cord, NOS is associated w ith the non-octopaminergic 
sub-population  of DUM neurons and  w ith  a series of local and 
intersegm ental neurons som e of w hich are large and  uniquely  identifiable 
bi-laterally sym m etrical pairs.

Supported  by  BBSRC and  W ellcome Foundation grants to MO.
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MOLECULAR ANALYSIS OF THE NO-cGMP SIGNALLING 
PATHWAY IN INSECT AND MOLLUSCAN CNS. O. Qgunshola, J. 
Picot, M. Piper, S. Korneev and Michael R. O'Shea* Sussex Centre for 
Neuroscience, School of Biological Sciences, University of Sussex, 
Brighton BN1 9QG, UK.

The two principal gene-product components of the NO-cGMP 
signalling pathway are the soluble guanylyl cyclase (SGC) and the 
nitric oxide synthase (NOS). To date there are no published 
sequences for these enzymes in the invertebrate species we use in the 
analysis of neurotransmission. We have therefore employed a RT- 
PCR strategy to clone cDNAs encoding SGC and NOS from the pond 

snail Lymnaea stagnalis CNS and the locust Schistocerca gregaria CNS- 
The aim is to study the expression and regulation of these genes in 
identified neurons.
Comparison of deduced amino acid sequences has revealed 66% 

identity between the catalytic domains of insect and molluscan SGC 
β subunits as well as approximately 40% homology of these domains 
to the corresponding region of the mammalian β subunits.

The invertebrate NOS cDNAs we have sequenced span the 
calmodulin binding region of the enzyme and analysis of the 
deduced amino acid sequences shows approximately 67% (locust) 
and 55% (snail) identity to mammalian neuronal NOS and 63% 
homology to each other. In Lymnaea we have found evidence for two 
different spliced transcripts and interestingly the splice site is the 
same as found in the mammalian NOS gene.

This work is supported by a BBSRC grant to MO.

2 5 6 .9

CO M PARISO N OF BIO G EN IC AM INE LEVELS IN TH E  NERVOUS 
SYSTEM  O F D R O SO PH ILA : W IL D -T Y P E  vs. A M UTANT FOR 
TYRAM INE-ẞ-HYDROXYLASE. C. E. Linn Jr.*A M. M onastirioti† and K. 
W h ite† . ADept. Entomology, New York St. Agric. Expt. Station, Cornell 
University, Geneva NY 14456, and |Dept. Biology, Brandeis University, Waltham, 
MA 02254.

Octopamine is an important neurotransmitter and neurohormone in invertebrates. 
Octopamine is synthesized from tyramine via the action of tyramine-ẞ-hydroxylase 
(TBH). Recently several mutant strains of Drosophila melanogaster were generated 
that lack the ability to make this important enzyme. Evidence comes from 
molecular-genetic studies and TBH-immunoreactivity.

In the present study high-performance liquid chromatography with 
electrochemical detection was used as another technique to verify that mutant 
forms in fact are deficient in octopamine. In addition to octopamine, levels of 
dopamine, serotonin, tyrosine, tyramine, tryptophan, N-acetyl-octopamine, N- 
acetyl-dopamine, N-acetyl-serotonin, 5-hydroxyindoleacetic acid (5-HIAA), 3,4- 
dihydroxyphenylacctic acid (DOPAC), and norepinephrine were measured in the 
brains of wild-type and several of the mutant Drosophila strains.

Results demonstrate that all of the mutant strains have significantly lowered 
octopamine levels (2-6 pgrams/brain compared with 40-50 pgrams/ brain in 
controls), and that two of the strains had levels below detection (1 pgram/brain).
The mutant strains also had significantly elevated levels of tyramine compared with 
controls. In contrast, levels of dopamine and serotonin, as well as their N-acetylated 
metabolites, were unchanged in mutants. The metabolites 5-HIAA and DOPAC 
were not chromatographed in wild-type or mutant forms, indicating there was no 
evidence for an MAO pathway, and there was no evidence for the production of 
norepinephrine.

The TBH mutant strains of Drosophila are of interest for molecular-genetic and 
biochemical studies of neurotransmitter production, and also because they offer an 
excellent behavioral system for testing current ideas about the role o f octopamine 
'fight or flight' reactions and 'general arousal’ phenomenon in invertebrates.

2 5 6 .11

MOLECULAR IDENTIFICATION OF THE MUSCARINIC RECEPTOR IN THE 
TOBACCO HORNWORM, Manduca sexta. A. Wu* and B. A . Trimmer. Dept, of 
Biology, Tufts University, Medford, MA 02155.

Evidence for the existence of muscarinic acetylcholine receptors (mAChR) 
in Manduca sexta has been obtained using physiological, biochemical, and 
pharmacological approaches. However, there is no information regarding the 
molecular properties of the mAChR in Manduca. Using the polymerase chain 
reaction (PCR) and degenerate primers based on the Drosophila mAChR sequence, 
two fragments, designated MSF1 and MSF2 were generated from genomic DNA. 
MS F 1 codes for an 80 amino acid fragm ent corresponding to the predicted 
transmembrane (TM) regions 3-5 in the Drosophila clone. MSF2 codes for 60 
amino acids and resembles the proposed TM6 and TM7 and 4  amino acids in the C - 
terminal strand. Comparison at the amino acid level demonstrates high similarity 
between MSF1 and MSF2 to the appropriate regions of the Drosophila mAChR, with 
an overall identity of 84% and 86%, respectively. In contrast, amino acid sequence 
alignment to a nonmuscarinic receptor, the Drosophila octopamine receptor, shows a 
low similarity of 26% to MSF1 and 28% to MSF2. To determine possible expression 
of these fragments in the CNS, specific nondegenerate primers based on MSF2 and 
primer T7 were used to PCR amplify cDNA from a larval nerve cord library. The 
entire MSF2 was cloned including additional amino acids corresponding to the C 
terminus, and two consecutive stop codons, suggesting that the MSF2 fragment is 
indeed expressed in the CNS of Manduca. Because MSF1 and MSF2 are located in 
different regions of the putative mAChR sequence, it is conceivable that each 
fragment represents two genes or subtypes of mAChR. Southern blots using MSF1 
and MSF2 as probes revealed that both fragments most likely represent a single gene. 
These results show that two muscarinic-like fragments MSF1 and MSF2 are found 
and expressed in the CNS of Manduca sexta and the high amino acid identity to the 
Drosophila mAChR suggest they code for parts of the Manduca mAChR.
Supported by a Sloan Foundation Fellowship, Whitehall Grant and NIH Grant 30566 
to BAT.

2 5 6 .8

COACTIVATION OF OCTOPAMINE AND SEROTONIN INTERNEURONS 
IN THE MEDICINAL LEECH. L.S. Gilchrist*. K.A. Klukas. and KA . Mesce. 
Graduate Program in Neuroscience (L.G. and K.M.) and Department of 
Entomology (K.K. and K.M.), University of Minnesota, St. Paul, MN 55108

Experiments in several preparations have shown the antagonistic 
behavioral roles of serotonin and octopamine. In the leech Hirudo 
medidnalis, we are able to examine possible synaptic connections between 
the previously identified serotonergic interneurons and the newly identified 
octopamine-immunoreactive neurons (Gilchrist etal. ,1995, J. Comp. 
Neurol., 353:451-463.). We obtained simultaneous intracellular recordings 
from either cell 21 or the Retzius neuron and the dorsolateral octopamine- 
immunoreactive neuron (the DLO) in posterior ganglia. Reciprocal inhibitory 
connections between these cells were not observed, in fact, we found no 
evidence of synaptic connections between the DLOs and the serotonergic 
neurons. We did, however, find evidence of simultaneous activation of the 
serotonergic and DLO neurons.

It is known that the serotonergic neurons can be activated by identified 
mechanosensory neurons. Thus, we are investigating the possibility that 
these mechanosensory neurons are responsible for the coactivation of the 
Retzius, cell 21 and the DLO. To begin to examine this possibility, we 
obtained intracellular recordings from the DLO while identified 
mechanosensory neurons were stimulated intracellularly. 
Electrophysiological investigations have demonstrated that stimulation of 
both the mechanosensory touch (T) and pressure (P) sensitive neurons 
results in the activation of the DLOs, while the nociceptive (N) 
mechanosensory cells do not influence the firing rate of the DLOs. The 
connections between the T or P cells and the DLOs appears to be 
polysynaptic. We are currently investigating the relative strengths of each 
type of mechanosensory input in each of the intemeuronal systems.

25 6 .1 0

FACILITATION OF EJPS BY 5HT IS PERSISTENT AND  
INDEPENDENT OF NEW PROTEIN SYNTHESIS
L.E. Fox* and P.E. Lloyd Committee on Neurobiology, University of 
Chicago, Chicago, IL. 60637

Aplysia intrinsic buccal muscle 3 (I3a) is innervated by 2 glutamatergic 
motor neurons which express peptide cotransmitters: the SCPs in B38; 
FMRFamide in B3. I3a is also innervated by the serotonergic MCC. B3 
or B38-evoked contractions are potentiated by either 5HT or the SCPs, 
but their EJPs are modulated very differently even when recorded in the 
same muscle fibers. B38 evoked EJPs were dramatically increased by 
1 μ M SCPs or 5HT while B3-evoked EJPs were unchanged. Since 
neither 5HT nor the SCPs potentiate B3-evoked EJPs, their effects on 
B3-evoked contractions largely reflects a postsynaptic action; while 
potentiation of B38-evoked EJPs reflects an additional presynaptic action.

The potentiation of B38-evoked EJPs and contractions by 5HT is 
extremely persistent while those of the SCPs are not. The potentiation of 
EJPs and contractions by a 20 min application of 1 μpM 5HT persists for 
more than 5 hours of washout. Lower concentrations of 5HT (0.1 μ M) 
also produced persistent effects, but higher concentrations of the SCPs 
(10 μ M) did not. Thus, the difference in the duration of facilitation is not 
likely to be due to concentration. The persistent facilitation does not 
require protein synthesis. 10 pm anisomycin applied to the 
neuromuscular preparation did not alter the duration of the persistent 
potentiation. A previous study (Lotshaw & Lloyd, ‘90) implicated cAMP 
as the second messenger involved in at least some of the short-term 
effects of 5HT and the SCPs. We are currently investigating whether 
another second messenger system is involved in the persistent actions of 
5HT.

2 5 6 .12

INOSITOL PHOSPHATE METABOLISM IN THE NERVOUS SYSTEM OF 
AN INSECT, Manduca sexta. S. Oazi* and B. A. Trimmer. Dept. of Biology, 
Tufts University, Medford, MA 02155.

Previously we demonstrated that in whole abdominal nerve cords of 
Manduca sexta larvae, muscarinic receptors (mAChRs) can stimulate inositol 
phosphate turnover. To test for direct coupling between mAChRs and the 
generation of inositol phosphates from [3H]-phosphatidyIinositol 4,5, 
bisphosphate ([3H]-PDP2), we developed crude homogenate (CH) and purified 
membrane (PM) preparations of Manduca nerve cords. Water soluble [3H]-PIP2 
metabolites were analyzed on an anion exchange HPLC column (Waters, 10SAX) 
using a gradient of 1.5M ammonium phosphate (5-50% in 45 min, lml/min). 
Radiolabelled products were identified by coelution with known standards. 
Addition of the muscarinic agonist, oxotremorine-M (oxo-M), to PMs resulted in 
a 1.9 fold increase in total inositol phosphate levels (p<0.001), demonstrating that 
mAChRs, G-proteins and phospholipase C required for the generation of IP3 
(1,4,5) are all present in CNS membranes. CH preparations generated lower 
levels of inositol trisphosphates (8.9% of total inositol phosphates compared to 
54.4% from oxo-M stimulated PM preparations), suggesting that enzymes acting 
on IP3 metabolism are present in the cytosolic fraction. These enzymes which 
metabolize IP3(1,4,5) are currently being investigated using radiolabelled 
substrates; [3H]-IP3(1,4,5), [3H]-IP4(1,3,4,5), and specific phosphatase inhibitors.

Supported by a Sloan Foundation Fellowship, a Whitehall Foundation grant and 
NIH Grant NS 30566 to BAT.
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SYNAPTIC AND EXTRASYNAPTIC JUNCTIONS IN THE 
COCKROACH DORSAL UNPAIRED MEDIAN (DUM) 
NEURONS. H. Washio*. Dept, of Biotech. Ishinomaki Senshu 
Univ., Ishinomaki, Miyagi 986-80, Japan.

Both L-glutamate and GABA produced a depolarization or a 
hyperpolarization at resting membrane potential of the DUM neurons 
in the thoracic ganglia of the cockroach, Periplaneta americana, 
accompanied by an increase in membrane conductance, and inhibited 
spontaneous spikes. The reversal potential (about -40mV) was the 
same for L-glutamate and GABA. The responses to these amino 
acids were completely blocked by picrotoxin and sensitive to a low 
chloride saline. The responses were reversed when chloride was 
injected into the cell. These results provide evidence for L-glutamate 
and GABA inhibitory receptors on the soma membrane of the DUM 
neurons linked to a chloride channels. Since there are no synapses on 
the DUM somata, these receptors might be extrasynaptic. On the 
other hand, very small spontaneous depolarizing and hyperpolarizing 
potentials were recorded from the soma membrane of the DUM 
neurons in the saline containing TTX. These potentials were 
abolished when Ca2+ was omitted from the external saline. The 
frequency of the potentials was increased with increase in external K+ 
concentrations, suggesting that these potentials are miniature 
junctional potentials derived from remote synaptic sites. The reversal 
potential of the depolarizing miniature potentials was found to be near 
OmV. Therefore, the synaptic junctions might be distinguished from 
the extrasynaptic on the soma membrane.

2 5 6 .1 5

AGE RELATED CHANGES IN DOPAMINE RECEPTOR SUBTYPE 
DENSITY IN APLYSIA CALIFORNICA. M .D. Southall. V. 
Chandhoke*. R.W. Holt and J.M. Flinn. George Mason University, 
Fairfax, VA 22030.

The age associated changes in dopamine subtype receptors 
were examined in Aplysia californica. In earlier studies (Southall, et 
al. 1994) it has been shown that the density of total dopamine 
receptors were age dependent, increasing from younger to older 
animals. In this study the density of the subtype receptors D 1, D2, D3 
and D4 were examined in the ganglia from 4.5, 6, 8, 9, and 12 month 
animals. Receptor analysis was preformed by examining the binding 
of radiolabeled ligands to the individual subtypes. [3H]SCH23390 and 
[3H]Clozapine were used to analyze D 1 and D4 specific binding, 
[3H]Quinpirole was used for determining D2 and D3 specific binding. 
Specific binding was present for all four receptor subtypes. We report 
here the results for the 4 to 9 month old animals. All receptor 
subtypes showed an increase in density from 4.5 to 6 months. D2 and 
D3 decreased from 6 to 8 months while D 1 and D4 increased. D4 
showed the strongest increase. Both D l and D4 decreased from 8 to 
9 months. ANOVA results indicate age is the predominate factor in 
the subtype receptor density for the four subtypes. Additionally 
weight is a significant factor in the density of D4 receptors. Pearsons 
correlation indicated that D2 and D3 receptor densities correlate with 
dopamine neurotransmitter concentration across age(D2 R2=64.4%, 
D3 R2=70.0%), while Dl and D4 densities did not correlate with 
dopamine levels.

2 5 6 .1 7

ONTOGENY O F DO PA M IN E R E C EPTO R S IN IN SEC T (AP IS  
MELLIFERA) BRAIN. I.C. Kokay and A R. Mercer* Department of 
Zoology and Centre for Neuroscience, University of Otago, Dunedin, New 
Zealand.

There is increasing evidence that monoamines such as dopamine (DA) act as 
regulatory signals in the developing neuronal system. Receptors for DA are 
present early in development and show subtype-specific patterns of expression in 
the developing brain. Dl-like DA receptors are present in the brain of the adult 
worker bee (Kokay and Mercer 1993) and high affinity binding sites for the 
vertebrate D2 DA receptor ligand [3H]-spiperone have also been identified 
recently in bee brain homogenates (Kokay unpublished). In vitro radioligand 
binding techniques have been used to examine changes in the density of these 
receptors (i) during metamorphic adult development and (ii) during the life time 
of the adult worker bee. D l-like DA receptors were identified using the 
radioligand [3H]-SCH23390. Non-specific binding was defined as binding in the 
presence of 5 x 10-6 M cis-(Z)-flupentixol. For experiments using [3H]- 
spiperone, non-specific binding was defined as binding in the presence of 10-5 M 
domperidone. Throughout metamorphosis Dl-like DA receptors were present in 
low levels in the developing brain but increased markedly after emergence of the 
adult bee. Within 48 hr of emergence the density of receptors had increased 
significantly to reach a level that was around 50% of the density found in adult 
forager bees. The pattern of binding site density is markedly different for sites 
labelled by the vertebrate D2 DA receptor ligand [3H]-spiperone. In contrast to 
[3H]-SCH23390 binding sites, [3H]-spiperone binding sites are expressed at 
relatively high levels early in pupal development. These levels are similar to 
those found in the brain of adult bees. Unlike [3H]-SCH23390 binding sites, 
changes in the density of [3H)-spiperone binding sites appear to be related to the 
levels of endogenous dopamine in the brain of the bee.

2 5 6 .1 4

IN VIV O  M EASURES O F cA M P-PH O SPH O D IESTERA SE KINETICS IN 
NEURONS OF Pleurobranchaea californica. L. Sudlow* and R. Gillette. 
D ept. o f Physiology and Biophysics, Univ. o f  Illinois, U rbana IL 61801 

Phosphodiesterase (PDE) activity in the neurons o f  Pleurobranchaea is 
reflected the relaxation rate o f  the cAM P-gated N a+ current (INa,cAMp)- 
Analysis o f  INa,cAMP relaxation rates allows the characterization o f PDE 
kinetics. [cAMP] and adenylyl cyclase (AC) activities in Pleurobranchaea 
neurons were determ ined using INa,cAMP as a reporter o f  [cAM P] (Sudlow and 
Gillette, Soc. Neurosci. Abs. 20:1282; Sudlow et al., in preparation). Given 
that during steady-state INa,cAMP the rate o f  change o f [cAM P] is zero, or: 
d[cAMP]/dt = 0. To achieve this condition the velocity o f  cAM P hydrolysis 
in the w hole cell by PDE (m oles/s) is equal to either the rate o f release of 
cAM P from the iontophoretic pipette tip or the AC synthesis rate (moles/s). 
The rate o f  release o f m olecules from iontophoretic pipettes is equal to 
I n z -1F-1 ; where I  is the iontophoretic current (am ps), n is the transport number 
for the iontophoresed m olecule (0.0482, here borrowed from Shoemaker et 
al., 1975, J. Cyc. Nucl. Res., 1:97), z  is the valence, and F  is the Faraday 
constant. W hole-cell [cA M P] and PDE velocities were calculated for each 
tonic iontophoretic injection for each cell. V max and Km were then fit to the 
w hole-cell [cAM P] and PD E velocities for each cell using a least-squares 
fitting algorithm (Schiff, 1985, Int. J. B io-M ed. Com p. 16:143). Fourteen 
cells o f  the G cluster o f  the Pleurobranchaea pedal ganglia had PDE 
activities that followed M ichaelis-M enton kinetics. The average Vmax was 
33.70 ± 4 .1 8  fem tom oles/sec (mean ± standard error o f  the m ean) and Km 
was 33.58 ± 4.62 μM. This work has been supported by N IH  (R O l 
NS26838) and NSF (IBN 88-21219).
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BIOGENIC AMINE RECEPTOR GENE FAMILY CLONING 
IN THE HONEY BEE. P. R. Ebert* Depts. of Biochemistry 
and Entomology, The University of Queensland, Brisbane, 
QLD4072 Australia.

The complex yet stereotypic behavior of the honey bee 
provides a simple model system for investigating the 
molecular genetic basis of both individual and social 
behavior. As a prelude to these behavioral studies, I have 
begun to isolate members of the biogenic amine receptor 
gene family. Using degenerate primers directed to 
transmembrane domains six and seven, I have isolated 
polymerase chain reaction amplified DNA fragments 
from ten distinct biogenic amine receptors which are 
homologous to published serotonergic, dopaminergic, 
octopaminergic, and adrenergic receptor sequences. I have 
demonstrated the presence of eight of these receptors in a 
honey bee central brain cDNA library. Receptor gene 
expression patterns between sexes and castes will be 
presented.
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A C U TE PHYSIOLO GICA L EFFECTS O F  PRONA SE ON LYMNAEA 
NEURONS. P.M. Hermann*. W.C. Wildering. K. Lukowiak and A.G.M . Bulloch. 
Neuroscience Research Group, University o f Calgary, Calgary, AB, Canada, 
T2N 4N1.

Treatm ent with proteolytic enzymes is regularly used as a preparative 
procedure in cell isolation, and to soften the sheath o f the CNS and slices, etc. 
Although several effects on neuronal physiology of intracellular application of 
proteolytic enzymes have been described, the  effects o f extracellular application 
of enzymes have received considerably less attention. The present study, 
therefore, investigated the effects of short term  exposure to Pronase E  (protease 
type XIV) on neurophysiological properties o f identified neurons and neuronal 
circuits o f the CNS of the gastropod mollusc Lymnaea stagncdis. Short term 
exposure of isolated brain preparations to Pronase E (0.05%) induced, within a 
minute, depolarization o f the m em brane potential and changed the spontaneous 
electrical activity o f several types o f identified neurons (i.e. motoneurons: RPA; 
peptidergic cells: VD1/RPD2; interneuron: R P eD l). Also, application o f Pronase 
resulted in imm ediate spike broadening in these cells. Furtherm ore, Pronase 
exposure affected chemical synaptic inputs as well as electrical synapse 
transmission. N one of the effects of Pronase described above was reversible 
within at least 30 minutes. The acute physiological effects o f exposure to Pronase 
indicated that it might affect Ca2+ currents. W hole cell voltage clamp 
experiments showed that short exposure of Pronase E (0.01%) on cells (RPA) 
isolated without enzyme treatm ent induced an acute increase in high voltage 
activated Ca2+ currents. Taken together, our results show that short term 
application of Pronase E  is immediately able to  affect cell and network properties 
in Lymnaea, and our results indicate that these effects are  irreversible. Supported 
by NSERC and M RC (Canada).
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THE EFFECT OF THE ANTHELMINTIC IVERMECTIN ON PHARYNGEAL 
PUMPING BEHAVIOUR IN THE NEMATODE ROUNDWORM ASCARIS 
SUUM  (NEMATODA, ASCAROIDEA). D JA Brownlee1,2*, L Holden-Dye1. R J 
Walker1 and I Fairweather2. lDept of Physiology and Pharmacology, Biomedical 
Sciences Building, Southampton SO 16 7PX, England & 2School of Biology and 
Biochemistry, the Queen's University of Belfast, Belfast BT7 INN, N. Ireland, UK.

The parasitic nematode, Ascaris suum feeds on the tissues and suspended food 
particles of its host. Ingestion is via the pumping action of a highly muscular 
phary nx, which creates sufficient pressure to overcome the internal hydrostatic 
pressure within the worm. The pharyngeal muscle consists of a syncytium of radial 
muscle innervated by the enteric nervous system, which contains both peptidergic 
and serotonincrgic components. Intrapharyngcal pressure changes which can be 
related directly to pharyngeal pumping have been recorded by a pressure transducer 
system Serotonin (5-HT), 100 pM, stimulated pharyngeal pumping with a 
frequency of 0.5 Hz (n = 6). In contrast, γ-aminobutyric acid (GABA), 10 -100 
μM (n = 7), inhibited this pumping behaviour. The onset time for this inhibition 
was dose-dependent. A subthreshold concentration of GABA, eg, 1 μM, was 
applied and then 0.1 nM ivermectin perfused: a threshold inhibitory response to 
GABA was obtained (n =3). The results suggest that the pharyngeal muscle of 
Ascaris is very sensitive to the anthelmintic ivermectin. The data would indicate 
that ivermectin may be acting through GABA-gated channels. Furthermore, 5-HT 
is involved in the regulation of phary ngeal pumping and this experimental 
approach can be employ ed to investigate the modulation of this behaviour.

David Brow nlee is in receipt of a Medical Research Council Training Fellowship.

2 5 6 .2 0
HUMORAL CONTROL OF MITOTIC ACTIVITY IN TENTACLE 
REGENERATION OF THE SNAIL ACMATINA FULICA. S B. Moffett*1. A. P. 
Sidelnikov2 and I. I. Stepanov3, 1Dept. Zool., Wash. State Univ., Pullman, WA, 
2Lab. Ontogenesis. Biol. Inst., Petersburg State Univ., St. Petersburg, Russia, 
3Dept. Neuropharm., Inst. Exp. Med., St. Petersburg, Russia.

When body tissue regenerates, mitotic activity increases to replace missing cells 
and then decreases as repair nears completion. The dynamics may reflect the 
relative abundance of a promoting factor, but inhibitory factors may also be 
involved. Both humoral signals and neuronal contact are implicated in control of 
mitosis in gastropods. We have investigated bloodborne factors in optic tentacle 
regeneration in Achatina fulica. Blood from control or regenerating snails was 
injected into recipient snails 2 days after tentacle excision; sacrifices at 5 days 
revealed effects of donor blood on tentacle regeneration of recipients. Cerebral 
ganglion homogenates were similarly tested. Mitotic index was measured by visual 
inspection of sections or cytophotometrically following Fuelgen staining. In donor 
snails, the mitotic index increases 2-3 wks after tentacle excision and then declines 
to a low value by 42 days. Blood taken from donors on day 18 significantly 
stimulates mitosis in recipients but the stimulatory effect may be missed in longer 
sampling intervals. The most striking effect of blood from snails at 7, 14, 21, 28, 
35 and 42 days of regeneration is depression of mitosis in recipient snails by blood 
from snails completing their own regeneration (42 days). In contrast, the cerebral 
ganglion homogenate from donors in their 16th day of regeneration depresses 
mitotic activity. The lag between appearance of the cerebral factor and normal 
depression of mitosis may reflect delay in release or opposing effects of a 
stimulatory factor in the blood. Characterization of the inhibitory factor may allow 
intervention to block mitotic activity in tumors. This work was supported by 
Internat. Sci. Found. Grant #R5Q300 to Stepanov and Sidelnikov.
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2 5 7 .1

CARBON DIOXIDE MAINTAINS THE TONIC ACTIVITY OF 
LOCUS COERULEUS NEURONS BY BLOCKING A PROTON- 
SENSITIVE INWARD RECTIFIER POTASSIUM CURRENT.
J. Pineda and G.K. Aghajanian*. Depts. of Psychiatry & 
Pharmacology, Yale Univ. Sch. of Med., New Haven, CT 06508.

This study investigated, with electrophysiological techniques, the 
effect of carbon dioxide on locus coeruleus (LC) noradrenergic neurons 
in rat brain slices. Under standard conditions (5% C0 2/95% O2 and 3 
mM external [K+]), LC neurons discharged spontaneously at ~ 1 Hz. 
Extracellular recordings showed that lowering pC02 below 5% reduced 
the firing rate of LC neurons, often with a complete cessation of activity 
at 0% CO2 (100% O2). When the composition of the aCSF was 
adjusted to obtain a constant pH (7.34), lowering pC02 still reduced 
firing rates indicating that the effect of CO2 removal was not due to 
changes in external pH. Intracellular recordings showed that 0% CO2 
caused a hyperpolarization with a decrease in input resistance; in cells 
voltage-clamped at -60 mV there was an outward current of ~ 100 pA. 
The effect of bath application of NH4CI (5 mM), which acutely elevates 
intracellular pH, resembled that of CO2 removal. The currents induced 
by either 0% CO2 or NH4CI were inwardly rectifying and reversed near 
Ek; raising [K+] from 3 to 6 mM induced a positive shift in the reversal 
potential. Bath application of Ba2+ (300 μ M), a blocker of inward 
rectifier K+ channels, markedly reduced the effects induced by 0% 
C 0 2 . We conclude that CO2 maintains the tonic activity of locus 
coeruleus neurons by decreasing intracellular pH which, in turn, closes 
proton-sensitive inward rectifier K+ channels.

2 5 7 .3

A- AND C -F IB E R -M E D IA T E D  R E S P O N S E S  OF LO C U S  
COERULEUS (LC) NEURONS ARE CONVEYED BY DIFFERENT  
EXCITATORY AMINO ACID (EAA) RECEPTOR MECHANISMS. IL
Hirata*. & G. Aston-Jones. Div. Behavioral Neurobiology, Dept. Psychiatry, 
Hahnemann Univ., Philadelphia, PA 19102.

We recently reported that responses of LC neurons to sciatic nerve or footshock 
stimulation include early (20-60 msec; A-fiber-mediated) and late (~ 200-400 msec; C- 
fiber-mediated) components (Hirata & Aston-Jones, 1994). The early response is 
mediated primarily by non-NMDA EAA receptors within the LC (Ennis & Aston- 
Jones, J. Neurosci., 1988). However, the receptor mechanism involved in the late 
response is not known. Here, we used local application of EAA receptor antagonists 
from multibarrel pipettes to determine the receptors involved in the late response.

Responses of 24 single LC neurons to electrical stimulation of the exposed sciatic 
nerve were examined in 13 halothane anesthetized rats. Stimulation with 0.02 ms, 4 
mA pulses produced only early responses, whereas 1 ms, 4 mA stimuli induced the 
late response as well. A cocktail of the non-NMDA EAA antagonist CNQX (25 μM) 
plus the NMDA antagonist AP5 (50-100 μM) microinfused into the LC reduced both 
early and late response magnitudes (Rmags; 23% and 28% of control, respectively; 
n=4). Microinfusions with CNQX alone decreased the early and late responses by 44% 
and 57% of control, respectively (n=8). In contrast, AP5 alone decreased early and late 
Rmags to 86% and 59% of control, respectively (n=7). All changes except the 
reduction of the early Rmag with AP5 were statistically significant (t-tests, two-tailed; 
p<0.05). Similar results were obtained when Rmags were adjusted to normalize for 
changes in spontaneous discharge after drug administration. Furthermore, local 
infusion of vehicle (artificial cerebrospinal fluid) did not change early or late Rmags of 
LC cells (n=5).

These results indicate that two components of sciatic nerve-evoked responses in 
LC neurons utilize different EAA receptor mechanisms: the early A-fiber-mediated 
response is predominantly conveyed by non-NMDA receptors, while the late C-fiber- 
mediated response has a stronger NMDA receptor-mediated element. Supported by 
PHS grant NS 24698.

2 5 7 .2
β -ADRENERGIC MEDIATED PARAGIGANTOCEUAJLARIS POTENTIATION 
OF PERFORANT PATH EVOKED POTENTIALS IN DENTATE GYRUS IS 
NOT OCCLUDED BY LTP SATURATION. C. A. Munro* and C. W. Harley. 
Department of Psychology, Memorial University of Newfoundland, St.John’s, NF, 
A1B 3X9, Canada.

In vitro work indicates that NMDA receptor blockade effectively attenuates 
both frequency mediated potentiation (LTP) and NE mediated potentiation (NEP) 
in dentate gyrus, suggesting both types of potentiation rely on a common 
mechanism. In vivo, however, Frizzell and Harley (1994) found intradentate 
application of ketamine had no effect or enhanced NEP while preventing LTP, 
indicating NEP is independent of LTP. The present study  was undertaken to 
further characterize the relationship between LTP and NEP in vivo.

Paragigantocellularis (PGi) stimulation produces a presumed adrenergic 
mediated short-term potentiation of perforant path evoked potentials in the 
dentate gyrus which is blocked by systemic beta blocker. By recording perforant 
path evoked potentials simultaneously from large-tipped saline and timolol-filled 
pipettes, we demonstrated specifically that PGi potentiation is mediated by 
intradentate beta receptors. PGi prestimulation resulted in significantly larger 
popspikes from both pipettes, F (l,6 )=  12.77, p<  .95, those from the saline pipette 
were significantly larger than from the timolol pipette F (l,6 )=  6.13 p<.05.

The initial magnitude of LTP induced was attenuated from the timolol pipette 
(t=  6.67, p<  .05). There was no significant magnitude difference in the baseline 
recordings once saturation was obtained. Following LTP saturation, PGi effects 
persist, F(1,6)=  6.06, p<.05, and are again attenuated by timolol F(1,6) =  7.68, 
p<.05). The observation that beta adrenergic PGi-induced potentiation is 
unchanged following LTP saturation is consistent with the hypothesis that NEP 
does not depend on LTP processes in vivo.

2 5 7 .4

INTRINSIC MECHANISMS REGULATING SPONTANEOUS DISCHARGE 
AND SUBTHRESHOLD OSCILLATIONS IN LOCUS COERULEUS (LC) 
NEURONS IN VITRO. A. Y. Ivanov* and G. Aston-Jones. Div. Behav. 
Neurobiol., Dept. Psychiatry, Hahnemann Univ., Philadelphia, PA 19102.

Intracellular recordings were made from LC neurons in brain slices from  
adult rats. Twenty four of 120 neurons studied exhib ited a sustained  
subthreshold rhythmic oscillation (SRO) in membrane potential (peak-to-peak 
amplitude ~ 5 mV and frequency. 0.5-1 .0 Hz). These SROs were voltage- 
dependent: Their amplitude decreased with hyperpolarization and increased 
with depolarization for membrane potentials of -50 to -90 mV. Application of 1 
μM TTX completely blocked spontaneous discharge in 55 of 58 LC neurons, 
but did not eliminate SROs. Superfusion of the slice with 1 μM TTX + 2mM  
Ba++ caused the appearance of SROs in the vast majority of LC neurons that 
normally did not exhibit subthreshold oscillations. TTX + 100 μM N i++ , or TTX 
+ 200 μM Co++ , completely blocked spontaneous discharge as well as SROs 
in all LC neurons after 3 min of superfusion (n=4). N i++ or C o++ alone evoked 
only a slight hyperpolarization of LC neurons accompanied by depression of 
spontaneous discharge. SROs persisted during the first 15min of superfusion 
with N i++ or Co++ but were blocked during prolonged application of these 
ions. The L-Ca++ channel blocker n ifedipine (20 pM ) did not block  
spontaneous discharge or SROs during 30 min of superfusion. In contrast, the 
gap-junction blockers octanol (10 μM) or carbenoxolone (100 μM) completely 
blocked SROs (n=3). Also, the alpha-2 antagonis t yohimbine (1 pM) 
suppressed SROs. The data suggest that: (i) a persistent Na+ current or TTX- 
sensitive Ca++ current plays an important role in the genera tion of 
spontaneous discharge in LC neurons; (ii) a low-threshold, but not a high- 
threshold, C a++ current is involved in the generation of SROs, and (iii) 
electrotonic coupling and alpha2 receptors could also be involved in SROs in 
the LC. Supported by PHS grants NS 24698 and DA 06214.
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257 .5
INVOLVEMENT OF THE ROSTRAL VENTROLATERAL MEDULLA IN 
THE ALPHA2-ADRENOCEPTOR-INDEPENDENT EFFECT OF CLONIDINE 
ON LOCUS COERULEUS IN RATS. J.A. Ruiz-Ortega. L. Ugedo. J. Pineda* 
Dept. of Pharmacology, Univ. of the Basque Country, Leioa, Bizkaia, E-48940, Spain.

The aim of this work was to investigate whether the rostral ventrolateral medulla 
(RVLM) was involved in the stimulatory effect of clonidine produced over the firing 
activity of locus coeruleus noradrenergic neurons (LC-NA). Since we have previously 
shown that clonidine stimulates LC-NA neurons through a non-adrenergic 
mechanism, probably involving an imidazoline receptor (Pineda et al., Naunyn- 
Schmiedeberg's Arch. Pharmacol., 348:134, 1993), and that this effect of clonidine is 
indirectly mediated by excitatory amino acids (Ruiz-Ortega et al., Naunyn- 
Schmiedeberg's Arch. Pharmacol. , in press, 1995).
Single-unit extracellular recordings of identified LC-NA neurons were performed in 
anesthetized rats after complete irreversiblely inactivation of alpha2-adrenoceptors by 
the alkylating agent N-ethoxicarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ; 6 
mg/kg i.p.; 6 h). In one group of EEDQ-pretreated rats the effect of local 
administration in RVLM of clonidine (0.5-2.0 μl of 10 nmoles in 0.5 μ l ) on LC-NA 
neurons and blood pressure (BP) were study. In other group of EEDQ-pretreated rats 
the effect of systemic administration of clonidine (320-5120 μg/kg x2, i.v.) on LC-NA 
neurons was study after electrical lesions of RVLM. In EEDQ-pretreated rats, local 
administration of clonidine in RVLM produced an stimulatory effect on firing activity 
of LC-NA neurons (Emax=215±81%) while BP was not modified. In EEDQ- 
pretreated rats which RVLM was destroyed by electrical discharge, clonidine did not 
stimulate firing activity of LC-NA neurons. These results suggest that: 1) the 
stimulatory effect of clonidine on LC-NA neurons is an indirect effect and 2) RVLM 
is involved in the stimulatory effect produced by clonidine, probably through an 
imidazoline receptor.

Supported by the Spanish CICYT (SAF 93-0450). J.A.R-O. was supported by a 
fellowship from MEC. J.P. was supported by a postdoctoral fellowship from GV.

257 .7

SYNCHRONOUS OSCILLATIONS IN MEMBRANE POTENTIAL SUGGEST 
ELECTROTONIC COUPLING IN ADULT RAT LOCUS COERULEUS. M. 
ISHIMATSU and J. T. WILLIAMS* Vollum Institute, Oregon Health Sciences 
University, Portland, OR 97201-3098

The existence of electrotonic coupling between neurons in the locus coeruleus (LC) 
of the adult rat was explored using an intracellular and an extracellular recording from 
brain slices. Spontaneous oscillations in membrane potential were observed in 
tetraethylammonium chloride (TEA, 10 mM) containing krebs solution. Membrane 
hyperpolarization by current injection did not alter the frequency or an amplitude of 
the oscillations. The oscillations did not reverse polarity when the membrane 
potential was manually clamped at -120 mV in a krebs solution containing 2.5 mM 
potassium or at -60 mV in a high potassium (10 mM) solution. On the other hand, 
the afterhyperpolarization following an evoked action potential reversed polarity at - 
120 mV in 2.5 mM K+ and -60 mV in 10 mM K+. The frequency of oscillations 
were increased by BaCl2 (1 mM) and decreased by [Met5]-enkephalin (10 μM). Dual 
intracellular recordings from LC neurons revealed that action potentials also occurred 
synchronously. To determine the extent of the nucleus which had oscillations, field 
potentials were observed in the various parts of the nucleus using an extracellular 
recording at the same time as an intracellular recording. The field potentials were 
synchronous with action potentials and were recorded in all areas within the LC but 
not outside the LC. Synchronous oscillations in membrane potential and field 
potential measured extracellularly were disrupted by carbenoxolone (100 μM) or 
intracellular acidification suggesting the presence of gap junctions. These results are 
consistent with existence of the electrotonic coupling in the LC neurons of the adult 
rats.

2 5 7 .9

COLOCALIZATION OF GALANIN AND NOREPINEPHRINE (NE) IN LOCUS 
COERULEUS (LC) NEURONS THAT INNERVATE THE RAT TRIGEMINAL
so m a to sen so ry  sy st em . K.L. Simpo n*. R.C.S. Lin, and B.D. waterhouse. Dept.
of Anat. and Neurobiol., MCP/Hahnemann University, Phila., PA 19102

Studies suggest that one role of the central noradrenergic system is to regulate the 
transfer of information through sensory circuits during periods of arousal and selective 
attention. The LC, the principle source of NE to sensory areas of the mammalian brain, 
includes a large contingency of neurons which also contain the putative peptide 
neurotransmitter, galanin (GAL). To begin to assess the role that neuropeptides, such as 
GAL, may play in modulating sensory signal processing via LC efferent projections, we 
are examining the proportion and distribution of GAL-immunoreactive (IR) LC cells 
which target cortical and subcortical structures associated with the rat trigeminal 
somatosensory pathway. Specific aims are to: 1) characterize the intranuclear distribution 
of GAL-containing LC cells which innervate the thalamic ventrobasal complex (VB) or 
primary somatosensory cortex (SI); 2) determine the ipsi- vs. contralateral distribution of 
these peptidergic LC projection neurons; and 3) determine the fraction o f LC cells which 
collateralize to multiple trigeminal sites and demonstrate GAL-IR. Fluorescent retrograde 
tracers are injected into electrophysiologically identified whisker regions of the VB, and 
stereotaxically localized barrelfield regions of SI. Following perfusion, representative 
coronal sections (40um) selected every 120um through the LC are incubated with rabbit 
anti-GAL, proceeded by a secondary reaction employing Texas red-conjugated goat anti
rabbit IgG. Preliminary results suggest that at least half of the SI projection neurons in LC 
contain GAL. These cells are concentrated within the dorsal aspect of the ipsilateral LC. 
Our current observations compliment our previous findings which indicate that cells 
within the LC are organized with respect to their efferent sensory targets. Evidence for 
GAL and NE colocalization within these neurons leads us to consider the potential impact 
of GAL and NE release on the physiological response properties of thalamocortical 
sensory circuits. NIDA D A 05117 and NINDS NS32461 to BDW.

2 5 7 .6
IDENTIFICATION OF IMIDAZOLINE /  GUANIDINIUM 
RECEPTIVE SITES AS DOMAINS ON THE ENZYME 
MONOAMINE OXIDASE: CELL TYPE-SPECIFIC ACCESS TO 
BINDING SITES DISTINCT FROM THE CATALYTIC SITE Rita 
Raddatz*. Angelo Parini and Stephen M. Lanier Dept. of 
Pharmacology, Medical University of South Carolina, Charleston, 
SC 29425. Pharmacologically-active compounds with an 
imidazoline and/or guanidinium moiety are recognized with high 
affinity by a family of membrane-bound proteins collectively 
known as imidazoline binding sites or imidazoline/guanidinium 
receptive sites (IGRS). The identity and functionality of these 
proteins are unknown, but the Mr and subcellular distribution of 
some imidazoline binding proteins is similar to that of monoamine 
oxidase (MAO), an enzyme involved in the metabolic processing 
of neurotransmitters including norepinephrine, serotonin and 
dopamine. To define the relationship between these two entities, 
the IGRS binding subunits in human liver and placenta were 
labeled with an IGRS-selective photoaffinity adduct and the 
photolabeled species were immunoprecipitated with antibodies to 
MAO. The IGRS photolabeled in these tissues were identified as 
the A and B isoforms of MAO. However, the enzyme domain 
recognizing imidazoline or guanidinium ligands is distinct from the 
active site that interacts with the mechanism-based, acetylenic 
MAO inhibitors, such as pargyline. Interestingly, the IGRS binding 
domain is inaccessible in human platelets, perhaps due to masking 
of the site by an endogenous regulatory substance.

2 5 7 .8
TIME SERIES ANALYSIS OF LC STIMULATION EFFECTS IN THE LGN OF 
THE RAT. R.N. Holdefer, H. Beck and I.C. Bruce*. Dept. of Biology, Hong Kong 
Univ. of Science and Tech, and Dept. of Physiology, Hong Kong Univ., Hong Kong.

Firing rate is only one of many metrics which may be used to assess the 
neuromodulatory effects of the locus coeruleus-norepinephrine system. We 
previously reported that activation of the locus coeruleus (LC) in rats disrupted burst 
firing and increased fast, oscillatory (approximately 30 Hz) activity of LGN neurons 
(Holdefer et al., 1994). Here, results are reported of a time series analysis of phasic 
LC stimulation (30 Hz for 200 ms) on multi-neuron activity in the LGN of 
halothane-anesthetized animals.

Visually-evoked spike counts (minus maintained discharge) during 0.5 s intervals 
were obtained at regular 5.5 s intervals for 50 consecutive trials for each of three 
separate conditions: visual stimulation alone (VIS), visual stimulation paired with LC 
stimulation (LCVIS), and a second, immediately following, visual stimulation alone 
(VISP) condition. A finite Fourier transform was used to compute spectral density 
estimates of the trial-to-trial variability in visually-evoked spike counts within each 
of these conditions.

As expected, the trial-to-trial variability in spike counts during the VIS and the 
LCVIS conditions gave a spectral density estimate resembling white noise. 
However, for 4 of 9 sites tested (4 animals) during the VisP condition, spectral 
density estimates were significantly different from that expected for white noise 
(p <.05 or better, Fisher’s Kappa test).

We conclude that trial-to-trial variability in visually-evoked spikes involved a 
deterministic process during the VisP condition of these experiments, possibly 
involving long-term neuromodulatory effects in the LGN of phasic LC activation.

2 5 7 .10
MICROINFUSION OF CORTICOTROPIN-RELEASING FACTOR IN THE 
LOCUS COERULEUS INCREASES EXTRACELLULAR NOREPINEPHRINE IN 
THE RAT HIPPOCAMPUS. M.E. PAGE* AND E.D. ABERCROMBIE Center 
for Molecular and Behavioral Neuroscience, Rutgers University, Newark, NJ 07102 

The noradrenergic nucleus locus coeruleus (LC) is activated by a variety of stimuli, 
and by stressful stimuli in particular. It has recently been shown that the stress 
hormone, corticotropin-releasing factor (CRF) serves as a neurotransmitter in the LC 
to mediate activation of the LC by hypotensive challenge in anesthetized rats 
(Valentino et al., 1991). The present study was designed to assess the ability of CRF 
to increase norepinephrine (NE) efflux in the hippocampus of awake rats. NE efflux 
in the hippocampus was monitored using in vivo microdialysis techniques. In 
agreement with previous electrophysiological results, extracellular levels of NE 
increased 88%, in response to i.e.v. CRF (3.0 μg/5 μ l). In order to determine 
whether this action of CRF is mediated directly at the level of the LC, 
electrophysiological recordings of LC activity were conducted at the time of the 
microdialysis probe implantation surgery to assist in the placement of a 26 g stainless 
steel guide cannula 2 mm above that structure. Following 18-20 hours recovery, peri- 
LC infusions of CRF (2 or 20 ng/200 nl) were made through a 30 g infusion cannula. 
CRF (2 ng/200 nl) into the LC increased extracellular NE in the ipsilateral 
hippocampus from 1.6 ± .2 pg/20 μ l to 2.1 ± .2 pg/20 μ l, an increase of 32% 
(p=.06; n=5). This increase is of a similar magnitude as that observed in response to 
a tailpinch stressor. A higher dose (20 ng/200 nl) resulted in a 49% increase of 
extracellular NE, from 1.7 + .1 pg/20 μ.1 to 2.5 + .3 (p<.00l; n=8), suggesting that 
CRF activates LC neurons in a dose-dependent manner. Pharmacological studies with 
CRF antagonist microinfusions are in progress to test the hypothesis that endogenous 
CRF released in the LC mediates stress-induced increases in extracellular NE in the 
forebrain. This work supported by PHS M H10969 and the Alfred P. Sloan 
Foundation.
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NORADRENERGIC AFFERENTS SELECT AMONG THE TARGET INTER
NEURONS IN THE RA T HIPPOCAMPUS. R. Miettinen*. P. Riekkinen Sr. Depts. 
Neurol, and Pathol., Univ. Kuopio, P.O.Box 1627, FIN-70211 Kuopio, Finland.

Termination pattern of the dopamine-β-hydroxylase (DβH)-containing afferents 
was studied in the rat hippocampus, Immunohistochemical staining for D βH revealed 
that DβH-containing fibers form an intensive fiber network in the hilus of the dentate 
gyrus and in the stratum lucidum of the CA3 subfield. A large number of DβH fibers 
were also observed in the molecular layer of the dentate gyrus and in the stratum 
lacunosum-moleculare of the CA1-3 subfields, whereas they were less frequent in the 
stratum radiatum, pyramidale and oriens of the CA1-3 subfield. The majority of the 
DβH fibers was thin with round or flattened small boutons. Double immunostaining 
revealed that DβH-containing fibers made contacts with GABA-containing cell 
bodies and dendritic profiles. Analyses of the neurochemical and morphological type 
of GABAergic nonpyramidal cells receiving innervation from the DβH fibers showed 
that DβH containing fibers never made close contacts with the parvalbumin- 
containing cell bodies, whereas the nonpyramidal cells containing calretinin received 
multiple contacts from the DβH-immunoreactive fibers. Typically, DβH fibers made 
only a few 'en passant' contacts with the dendrites or soma of the calretinin neurons. 
Occassionally, DβH fibers, however, followed the dendrites of calretinin cells and 
established several contacts with them along their course. The hilar neurons 
containing somatostatin were often surrounded by DβH positive axons, but the 
nonpyramidal cells containing calbindin D28K received only occasional input from 
them. These light microscopic findings indicate that the noradrenergic afferents 
arising from the locus coeruleus select among the target interneurons in the rat 
hippocampus. Our observations also suggest that norepineprine can modulate 
hippocampal electrical activity via the subpopulations of GABAergic intemeurons 
which are known to participate in feedforward distal dendritic, probably GABA-B 
receptor mediated, inhibition.

2 5 7 .1 3

EFFECTS OF NEONATAL NOREPINEPHRINE DEPLETION ON DENTATE 
GRANULE CELL DEVELOPMENT. K.M. Faber* and J.H. Haring. 
Dept. of Anatomy and Neurobiology, St. Louis Univ. Sch. 
Med., St. Louis, MO 63104.

Both 5-HT and norepinephrine (NE) appear early in CNS 
development. In view of the effects of 5-HT depletion on 
granule cell development (W. Yan et al., this vol.), we 
also investigated the effects of NE depletion. NE was 
depleted by a single DSP-4 injection (50mg/kg, SC) on 
PND3 and hippocampal slices were prepared from male rats 
on PND14. Granule cells were filled with neurobiotin and 
total dendritic length, number of segments, segment 
length, dendritic envelope area and spine density were 
analyzed. Dendritic spine density on PND14 was unaffected 
by NE depletion. However, dendritic arbors were sparse 
compared to control. Dendrites extended to the 
hippocampal fissure and the width of the molecular layer 
was not different from control. But, total dendritic 
length was reduced to 39% of control and the number of 
dendritic segments was 35% of control. Also, the area of 
the dendritic envelope was 47% less than control. These 
data indicate that NE may influence the development of 
granule cell dendrites in a manner that is distinct from 
the action of 5-HT on dendritic spine density.

2 5 7 .1 5

NORADRENERGIC MODULATION OF INTRINSIC MEMBRANE AND SYNAPTIC RESPONSE 
PROPERTIES OF LAYER ll/lll NEURONS IN RAT BARREL FIELD CORTEX. D.T. Fleischer. F.M. 
Sessler, & B.D. Waterhouse*. Dept. Of Anatomy & Neurobiology, MCP/Hahnemann Univ., 
Philadelphia, PA 19102-1102

Rodent neocortex is innervated throughout all layers by the brainstem noradrenergic locus 
coeruleus, a projection system which has been postulated to play a role in enhancing signal 
transmission through sensory circuits. The purpose of this study was to examine NE's effects on 
intrinsic and synaptically-evoked membrane response properties of layer ll/lll neurons in rat 
barrelfield cortex. In these experiments intracellular recordings were made from neurons in cortical 
slices maintained in vitro. Intrinsic membrane properties were measured under current clamp 
conditions through 3M K Ac-filled glass microelectrodes. Synaptically-evoked responses were 
generated using a bipolar stimulating electrode placed in the subcortical white matter or in mid- 
cortical layers. Recordings were performed from both regular-spiking and intrinsically-bursting 
neurons. Bath application of NE over a range of 10nM to 100μM produced: 1) increases or 
decreases in input resistance (at sub-μM NE); 2) increases or decreases in rheobase (at sub-μM 
NE); and 3) blockade of accommodation in all cases, at all doses. In the presence of NE at 100nM, 
synaptic stimuli which were otherwise subthreshold for generating postsynaptic spike responses 
routinely elicited action potentials in regular spiking neurons. In general these results are in 
agreement with previous findings from this laboratory regarding NE's actions on layer V pyramidal 
neurons of barrelfield cortex However, the present results indicate that NE can alter intrinsic 
membrane and synaptic response properties of cells in layer ll/lll barrel field cortex at 
concentrations lower than has been previously reported for neurons in other cortical layers. Taken 
together these findings suggest a differential sensitivity between cortical lamina for NE's modulatory 
actions. Since cells in layer ll/lll are the predominant source of associational and callosal 
projections, these data imply that intra- and interhemispheric communications are more sensitive 
to noradrenergic modulation than is corticofugal output. (Supported by NINDS NS32461 to B.D.W.)

2 5 7 .1 2

Noradrenergic modulation of commissural and perforant path
INPUT TO THE RAT DENTATE GYRUS: INPUT SELECTIVITY. 
J.H.Evans*,J.S. Milway. and C.W Harley. Psychology Department, 
Memorial University, St. John’s, Nfld A1B 3X9

Neuromodulation by norepinephrine (NE) has been described as an 
enhancement of the signal-to-noise ratio in a variety of neuronal circuits. 
This simple formulation is complicated by new evidence that NE 
selectively modulates signals in limbic areas. Specifically, NE potentiates 
medial perforant path (PP) input to the dentate gyrus (DG) while 
depressing lateral PP input to the same site. In olfactory cortex, NE 
enhances extrinsic input from the lateral olfactory tract but depresses 
intrinsic associational input. This differential effect has been 
hypothesized to reduce interference and increase storage capacity.

The present study examines NE influence on intrinsic commissural 
inputs to DG. Paragigantocellularis (PGi) stimulation (4 .5 ms 
pulses@300 Hz), activating locus coeruleus NE cells projecting to DG, 
was given 30 ms prior to single pulse stimulation of either perforant path 
or commissural input to DG. Commissural placements were such that 
they suppressed the PP evoked population spike.

As described previously, PGi stimulation potentiated medial PP-evoked 
population spike amplitude. Typically PGi stimulation did not alter the 
commissural potential through the depth profile of c o m m issu ra l 
stimulating sites. In a few cases ventral commissural sites did evoke 
potentials enhanced by PGi stimulation. Since commissural inputs have 
both excitatory and inhibitory actions, PGi potentiation of both actions 
might explain these data.

The data support the view that synaptically released NE differentially 
and selectively modulates extrinsic and intrinsic inputs to DG.

2 5 7 .1 4

REGULATION OF NO RA DRENA LIN E RELEASE IN THE BED 
NUCLEUS OF THE STRIA T E R M IN A L S  IN VIVO STUDIES 
M.I. Forray. K Gysling and G Bustos* Lab. Biochemical Pharmacology, 
Dept o f  Cell and M olecular Biology, Faculty o f  Biological Sciences Catholic 
University o f  Chile, Santiago, Chile

The ventral part o f  the bed nucleus o f  the stria terminalis (vBNST) is the 
area o f  the bram with the highest concentration o f  noradrenaline (NA) nerve 
term inals The available evidence mdicates that NA in the vBN ST is 
originated mamly from the nucleus o f  the solitary tract and the A 1 region m 
the ventral medulla . In vivo microdialysis was used in this work to  study the 
regulation o f  NA and DOPAC release in the vBNST.

M icrodialysis probes were stereotaxically implanted in the vBN ST o f 
anesthetized rats. Probes were perfused at a rate o f  2 ul/min with artificial 
CFS . NA and DOPAC extracellular levels were m easured every 5 min by 
HPLC-EC

Sixty min after placing the probe steady basal levels o f  NA (2-5 fmoles/ul) 
and DOPAC (11-16 fmoles/ul) were observed. The addition o f  10 uM 
desipramine through the probe produced a significant increase in NA but not 
DOPAC extracellular levels. Perfusion with high K+ , in the presence or 
absence o f  desipramine, induced a significant release o f  NA and a 
concomitant decrease in DOPAC extracellular levels Reserpine 
( 1m g/kg,intravenously) induced a significant increase m DOPAC 
extracellular levels and biphasic changes in NA levels.

Our results indicate that the vBN ST m ay be an adequate model to  study the 
in vivo regulation o f  NA and DOPAC release with time "windows" o f  5 
minutes (Supported by Grants FO NDECYT 686/93 and 2950010).

2 5 7 .1 6

IN VIVO VOLTAMMETRIC MEASUREMENT OF CLEARANCE 
OF NOREPINEPHRINE FROM PREFRONTAL CORTEX OF 
DSP-4-TREATED RATS. A. H. Swiergiel*. V. Palmartchouck. and A. 
J. Dunn. Dept Pharmacology, Louisiana State University Medical 
Center, Shreveport, LA 71130.

DSP-4 is a potent and highly selective neurotoxin of central 
noradrenergic neurons. A single systemic injection of DSP-4 to rats 
produces long-lasting reductions in the content of brain norepinephrine 
(NE) and in the capacity of brain tissue to take up NE, presumably 
because the axons of noradrenergic neurons degenerate.

The aim was to estimate the relative in vivo contributions of 
synaptic uptake and diffusion. Adult Sprague-Dawley rats were injected 
with DSP-4 (50 mg/kg, ip). 72 hours later they were anesthetized with 
urethane and implanted in the prefrontal cortex with a carbon fiber 
electrode attached to a micropipette. Local application of 500 μM NE 
was performed by pressure ejection of 10 to 200nl of the solution (doses 
of 0.5 - 10 pmol of NE). Rapid chronoamperometric measure-ments of 
the exogenous NE oxidation current were performed with IVEC-10. 
The rate of clearance of NE from the vicinity of voltammetric electrode 
is reflected by the decline in oxidation current.

The rate of clearance of exogenously applied NE was markedly 
slower in DSP-4-treated animals than in the controls. This indicates that 
synaptic uptake of NE is dependent on intact synaptic terminals. The 
decreased uptake delays return of the NE to baseline extracellular 
concentrations and thus may affect diffusion. The use of real time 
chronoamperometry provides a valuable method for estimating experi
mentally induced changes in neuronal uptake of NE in living animals.
Supported by a grant from the Air Force Office of Scientific Research
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THE ACTIONS OF T-588, A NOVEL COGNITIVE ENHANCER, ON 
NORADRENALINE RELEASE IN RAT CEREBRAL CORTICAL SLICES. 
H Miyazaki1'2, T. Murayama1, S. Ono2 , H Narita2 and Y. Nomura1*. 
1 Department of Pharmacology, Faculty of Pharmaceutical Sciences, Hokkaido 
University, Sapporo 060, Japan, 2Research Laboratory, Toyama Chemical Co. 
Ltd., Toyama 930, Japan.

A novel cognitive enhancer, T-588 (R(-)-1 -(benzo[b]thiophen-5-yl)-2-[2-(V,N- 
diethylamino)ethoxy]ethanol hydrochloride), enhanced the working memory 
deficit in rats or scopolamine-indused EEG slowing in rabbits. We investigated the 
effect of T-588 on noradrenaline (NA) release from rat cerebral cortical slices in 
vitro. The addition of T-588 in an assay mixture stimulated [3H]NA release from 
the prelabeled slices in the absence or presence of extracellular CaCl2. 
Pretreatment with W-7 or trifluoperazine, Ca/calmodulin antagonists, did not 
inhibit the stimulatory effect of T-588 T-588 stimulated NA release with time lag 
about 1 mm, and kept the release high level at least for 10 min. NA release by 
KCl-evoked depolarization was dependent on extracellular CaCl2 The maximal 
response by KC1 was observed within 1 min after the addition and the effect 
declined subsequently The effect of T-588 seemed to be reversible, because 
pretreatment with T-588 showed no effect on NA release after twice washing by 
centrifugation Next, we compared the effects of T-588 and V-ethylmaleimide 
(NEM), which is a sulfhydryl alkylating agent and shown to stimulate 
neurotransmitter release in several types of cell. The addition of NEM also 
stimulated NA release from the slices in a Ca2+-independent manner. The effect of 
NEM, but not T-588, was irreversible and inhibited by simultaneous addition of 
dithiothreitol. Interestigly, T-588 did not stimulate NA release from the NEM- 
treated slices. These data suggest that 1) T-588 stimulates NA release from rat 
cerebral cortical slices in a Ca/calmodulin-independent manner, 2) T-588 may 
stimulate NA release via NEM-sensitive factors, although the mechanism of T-588 
effect seems to be different from that of NEM. T-588 might act as a cognitive 
enhancer by stimulation of neurotransmitters release in the brain.

2 5 7 .1 8

NOREPHINEPHRINE (NE) INCREASES SELECTIVITY IN 
FREQUENCY RECEPTIVE FIELDS (FRF) OF AUDITORY CORTEX 
N EURO NS.
J-M Edeline* & Y. Manunta. NAM, Univ. ParisXI, Orsay, France.

If many studies have described the effects of ionophoretic 
application of NE on spontaneous and evoked activity in sensory 
cortices, very few have tried to determine how sensory receptive fields 
are modified by NE. In the present study, the FRF of rat auditory 
cortex neurons was determined under urethane anesthesia before, 
during and several times after ionophoretic NE application (5-40nA). 
FRF was determined by presenting a set of 11 ascending frequencies 
to the contralateral ear via a calibrated earphone.

Based upon 268 auditory cells, we observed that the dominant 
effect of NE is a decrease of spontaneous (n=93) and of evoked 
(n=133) activity. These effects were antagonized by prazosin and 
potentiated by propanolol suggesting that they are mediated by a l 
receptors. The Signal/Noise ratio was increased during and just after 
NE application. The frequency selectivity, quantified by the strength 
of the response at the Best Frequency (BF) relative to the Mean 
evoked response in the FRF [(BF-Mean)/BF] was increased during 
and just after NE application.

The inhibitions induced by GABA application (n=28) led to the 
same effects on the S/N and on the frequency selectivity; but NE was 
still effective during bicuculline application (n=9). Thus, NE seems to 
promote an increased selectivity in cortical FRF by acting 
independently of GABAergic inhibitions.

2 5 7 .1 9

DISTANT ELECTROPHYSIOLOGICAL EFFECTS FROM THE INTERCRAN- 
IAL MICROINFUSION OF ARTIFICIAL CEREBROSPINAL FLUID (aCSF). 
K.B. Clark*1. D.C. Smith1. Q.-S. Yan2, J. Dickerson2. R.L. Burger2, and J.W. Dailey2. 
1Department of Psychology, Southern Illinois University, Carbondale, IL 62901; 2De
partment of Basic Sciences, University of Illinois College of Medicine, Peoria, IL 61656.

Intercranial microinfusion techniques are conventionally interpreted as providing 
spatially-discrete pharmacological effects at the site of delivery (Myers, 1974). However, 
previous research conducted in our laboratory suggests otherwise, as the mere infusion of 
isotonic saline (pH=7.0), at a standard volume (0.5pl) and rate of infusion (0.25pl/min), 
into the locus coeruleus (LC) produced a persisting increase in the pEPSP slope of 
perforant path (PP)-evoked dentate gyrus (DG) granule cells (Smith et al., 1993). LC 
neurons were thought to be physically displaced by pressure from the injected volume, 
resulting in an increased rate of discharge and a protracted release of norepinephrine (NE) 
onto DG-molecular layer dendrites. However, neurons sensitive to the ionic constituency 
of isotonic saline, as reported by Myers and Veale (1970), and not pressure from an 
injected volume, might have produced the observed effects. To explore this hypothesis, 
urethane-anesthetized Long-Evans rats were unilaterally implanted with guide cannulae 
dorsal to the LC. Recording and stimulating electrodes were then lowered into the 
ipsilateral DG strata moleculare and PP, respectively, and positioned so as to maximize 
the amplitude of the evoked pEPSP. After a lh  stabilization period and the last of two 
preinjection pEPSP baseline collection periods, animals received either sham, isotonic 
saline or aCSF infusions (0.5pl/2min) through an injection needle inserted into, but not 
extending ventrally beyond the guide cannula. Both isotonic saline (n=10; F (2,27)=19.77, 
p<.001) and aCSF (n=8;E(2,27)= 20.29, p< 0 0 l) conditions, as compared to sham-infused 
control animals (n=10), showed a significant and long-lasting (~70min) increase in the 
percent change of pEPSP slope from averaged preinjection baseline, an effect similar to 
that found for G-protein-dependent, NE-induced long-term potentiation. These findings 
indirectly support the claim that the force of microinfusing small, recommended volumes 
induces electrophysiological artifact in distant structures, and thus challenge established 
delivery parameters and interpretation of effects. We are currently studying the duration 
and concentration of NE released onto DG granule cells following infusion into the LC 
using microdialysis in anesthetized and awake rats. These results will be presented.

2 5 7 .2 0

ADRENALECTOMY INCREASES BETA-ADRENOCEPTOR DENSITY IN 
THE RAT FRONTAL CORTEX : NORMALIZATION BY SALMON 
CALCITONIN. F. Boujrad1 F. Dauphin2* and R. De Beaurepaire1. 1 INSERM 
U320, Laboratoire de Pharmacologie, CHRU de Caen; 2URA 1829 CNRS, 
Cyceron, CAEN, France.

Experimental and clinical reports suggest that the noradrenergic system may be 
involved in human depression. Indeed, chronic treatment with antidepressant 
drugs down-regulates beta-adrenoceptors (B-AR) in frontal cortex (FC). In 
parallel, post-mortem studies on suicide victims, with history of depression, 
revealed an increase in cortical ẞ-AR density. We have recently proposed an 
animal model of depression in the rat using salmon calcitonin (CT). With the aim 
of characterizing this model, we have investigated the effect of a chronic CT 
treatment (2 x 2.5UI/day for 9 days) on FC and hippocampus (Hpc) ẞ-AR through 
the use of [3H]-dihydroalprenolol saturation binding experiments performed on 
crude membranes. Since several authors report relationships between 
corticosterone and the noradrenergic system, we compared the effects of CT in 
control and adrenalectomized (ADX) female Sprague-Dawley rats. Chronic 
treatment with CT in control rats did not modify the maximal density (Bmax; 
mean+SEM; n=5-6; 64.6+6.7 vs 66.3+ 11.2 fmol/mg prot in FC and 74.5+ 17.5 vs 
73+ 13 fmol/mg prot in Hpc, for controls and CT rats, respectively) nor the affinity 
(Kd; 4.5+ 1.1 vs 4.4+0.7 nM in FC and 6.9+ 1.8 vs 7.7±3.2 nM in Hpc). After 
ADX, a significant increase in ẞ-AR density was observed in the FC (141+40 
fmol/mg prot, +118%, p<0.05. ANOVA) but not in the Hpc (78.5+ 12.1 fmol/mg 
prot), as compared to control. In ADX rats, CT reversed the effect on ẞ-AR 
density in FC (79+9 fmol/mg prot, -44%. p<0.05) and produced a decrease in the 
number of ẞ-AR binding sites in the Hpc (39.7+5.3 fmol/mg prot, -49%, p<0.05). 
In conclusion, these results represent the first direct demonstration of 
ADX-induced up-regulation of ẞ-AR. In addition, the normalization of B-AR 
density by CT supports the hypothesis, previously proposed by our laboratory, of 
an endogenous antidepressant effect of this peptide.

CARDIOVASCULAR REGULATION: SUPRAMEDULLARY MECHANISMS

2 5 8 .1

HIPPOCAMPAL INPUT TO THE MEDIAL PREFRONTAL CORTEX: AN 
INFLUENCE ON CARDIOVASCULAR REGULATION? A.J.N.Headlam. 
S.J.Bacon*. P.L.AGabbott. A.D.Smith. Department of Pharmacology, Mansfield 
Road, Oxford, OX1 3QT, U.K.

Corticospinal neurons within the prelimbic region of medial prefrontal cortex 
(mPFC) have been shown to influence cardiovascular function. The CA1 region of 
the hippocampus is known to influence cardiovascular regulation and projects directly 
to the mPFC. The aim of this study was twofold: 1. To describe the morphological 
features of the post-synaptic target of CA1 afferent fibres within the mPFC. 2. To 
look for a direct connection between the CA1 afferent input and labelled neurons from 
a physiologically identified vasomotor region in the mPFC.

A vasomotor centre in the prelimbic cortex of male Sprague-Dawley rats was 
identified by the injection of potassium chloride from one barrel of a double barrelled 
micropipette. When a significant fall in blood pressure was recorded, 2.5% Phaseolus 
vulgari s -leucoagglutinin (PHA-L) was applied iontophoretically from the other barrel 
of the same pipette. 4-5 days later biotinylated dextran amine (BDA) was injected 
into the ventral CA1 region of the hippocampus. BDA was revealed with the 
chromogen 3,3’-diaminobenzidine (DAB) giving a brown reaction product, and PHA- 
L with benzidine dihydrochloride (BDHC) giving a blue reaction product In the LM, 
brown fibres from the CA1 hippocampus were seen within the infralimbic and 
prelimbic cortices forming dense plexuses that traversed all cortical layers emitting 
collateral branches. Preliminary EM studies of these axonal boutons within layers II 
and III of the prelimbic cortex indicate that they form asymmetrical synaptic contacts 
with dendritic profiles and spine heads of cortical neurons.

In the LM, brown CA1 afferent fibres were seen in close apposition to blue layer V 
somata and dendrites within the identified vasomotor region. This suggests the 
possibility of a direct connection between the CA1 hippocampus and a vasomotor 
centre in the mPFC. We aim to study material in the EM to look for synaptic contacts 
between these CA1 afferent fibres and identified neurons within the vasomotor region.

2 5 8 .2

EFFECTS OF MEDIAL PREFRONTAL CORTEX STIMULATION ON 
ARTERIAL BLOOD PRESSURE, REGIONAL SYMPATHETIC NERVE 
ACTIVITY AND MEDULLARY SYMPATHOEXCITATORY NEURONS. A.J.M. 
Verbeme* University of Melbourne, Clinical Pharmacology and Therapeutics 
Unit, Austin Hospital, Heidelberg 3084, Australia.

Electrical stimulation of the medial prefrontal cortex (MPFC) evokes 
depressor responses in a number of spedes. We tested the hypothesis that 
MPFC stimulation reduces blood pressure by inhibiting sympathetic vasomotor 
outflow and the activity of sympathoexdtatory neurons in the rostral ventral 
medulla (RVLM). In halothane-anesthetized (1.3-1.5%/100% O2), paralysed 
(pancuronium 2 mg/kg, i.v.) Sprague-Dawley rats, blood pressure, lumbar or 
splanchnic sympathetic nerve discharge (LSND or SSND) and the firing rates of 
barosensitive neurons of the RVLM, were recorded. Electrical stimulation (tw in 
pulse, 0.5 Hz, 3 ms pulse interval, 1 ms pulse width, 150-300 μA) of the MPFC 
produced a pattern of splanchnic sympathetic response consisting of a profound 
inhibitory phase with an onset latency of 146±14 ms (n=5) and duration of 
162±18 ms. The lumbar nerve response consisted of 1 or 2 sympathoexdtatory 
peaks sometimes preceded by an inhibitory phase w ith onset latency of 128±6 
ms and peak latency of 172±9 ms (n=4 of 7 rats). Chemical stimulation (sodium 
glutamate; 5 nmol/50 nl) and electrical stimulation (20 Hz, 100 pA) of the MPFC 
reduced blood pressure, SSND and LSND. Electrical stimulation of the MPFC 
also inhibited 10/21 RVLM neurons (onset latency = 48±2 ms; duration = 66±7 
ms, firing rate = 15±3 spikes/s). RVLM neurons were never exdted by MPFC 
stimulation. These findings suggest that the MPFC influences blood pressure 
and regional sympathetic vasomotor activity by modulating the activity of RVLM 
vasomotor neurons. The lumbar sympathoexdtatory response may be non- 
vasomotor and does not appear to involve RVLM neurons. (Supported by the 
NH&MRC of AUSTRALIA).
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258.3
NEUROTRANSMITTERS IN THE THALAMUS RELAYING VISCERAL 
INPUT TO THE INSULAR CORTEX IN THE RAT. F. Barnabi. and D.F. 
Cechetto*. Robarts Research Institu te /Univers ity o f Western Ontario, 
London, Ontario, Canada, N6A 5K8.

Neurotransmitters relaying ascending visceral in formation were 
examined by comparing the response of neurons in the insular cortex to 
vagal stimuluation (0.8Hz, 2mA) before and after neurotransm itter 
antagonist injections (200nL) in the ventroposterior parvocellular nucleus 
of the thalamus (VPpc). Cobalt (10mM;pre-synaptic blocker) and 
kynurenate (100μM; non specific excita tory amino acid antagonist) 
injections in the VPpc resulted in an attenuation (87% , and 65%  
respectively) o f the evoked cortical response. Injections o f the specific 
NMDA antagonist AP5 (200μM, and 2mM) did not a ffect the vagally 
evoked response, whereas the non-NMDA antagonist CNQX (20μM, 
200μM and 2mM) attenuated (29% , 31%  and 59%  respectively) the 
vagally evoked cortical response. The selective AMPA antagonists GDE 
(200μM) and NBQX (20μM, 200μM and 2mM) inhibited the vagally 
evoked cortical response by 89%  fo r GDE; 13% ,53%  and 52% for 
NBQX respectively. Phentolamine (0.1μM), a general α-adrenergic 
antagonist, did not a ffect the vagally evoked response. Atropine, a 
muscarinic cholinergic antagonist, decreased the vagally evoked 
response by 40%  at a concentra tion o f 0.1 μM, but a higher 
concentration of 1 .0μM had no effect. These results indicate tha t the 
AMPA excitatory amino acid receptor is necessary fo r the relay of 
visceral in formation in the VPpc. Muscarinic receptors may modulate 
neuronal excitability in the VPpc by an in teraction between the inhibitory 
(m2) and excitatory (m3 or m5) muscarinic receptor types found in the 
thalamus. (Supported by the Heart and Stroke Foundation o f Ontario).

258.5
CARDIOVASCULAR EFFECTS OF SEROTONIN MICROINJECTION INTO THE 
BED NUCLEUS OF THE STRIA TERMINALS. A. Dedeoglu* and L.A. Fisher. 
Dept. of Physiology, The Ohio State Univ. Col. of Med., Columbus, OH 43210 

Intracerebroventricular (icv) administration of low doses (<10 nmol) of 
serotonin (5-HT) elevates arterial pressure (AP) and heart rate (HR) in conscious 
rats through an action at 5-HT1A receptors. These excitatory cardiovascular 
responses may be mediated in part by the release of corticotropin-releasing 
factor (CRF) because co-administration of the CRF receptor antagonist, α-helical 
CRF9-41, significantly attenuates the cardiovascular actions of low doses of 5-HT. 
Stimulation of 5-HT2 receptors upon icv administration of higher doses (> 10 
nmol) of 5-HT increases AP but decreases HR; these responses are not modified 
by CRF receptor blockade. Recent immunohistochemical studies have identified 
axosomatic and axodendritic contacts between serotonergic terminals and CRF- 
containing neurons in the bed nucleus of the stria terminalis (BNST). The present 
studies were thus performed to  investigate the BNST as a potential site of action 
mediating the cardiovascular effects of icv administration of low doses of 5-HT. 
All experiments were performed in conscious unrestrained male Sprague-Dawley 
rats (230-250 g). From a total of 39 injections of 1 nmol 5-HT into the BNST, 18 
responses consisted of simultaneous elevations of AP and HR, 9 responses 
consisted of elevated AP and decreased HR, and 6 responses consisted of 
elevated AP and biphasic HR responses; in 6 cases, no responses were 
observed. The most active sites (greatest magnitude and smallest latency to 
peak response) for generating elevations of both AP and HR were in or near the 
ventral and ventrolateral subdivisions of the BNST at 0.26 to 0.4 mm posterior to  
bregma. Interestingly, at those sites mediating bradycardic responses, injections 
of 5-HT at lower doses (0.01 to 0.1 nmol) often elicited elevations of HR. These 
results suggest that 5-HT1A receptors located within the BNST may mediate 
elevations of HR whereas BNST 5-HT2 receptors mediate reductions of HR.

258.7
Changes in Catecholamine Activity in the Anterior 
Hypothalamus during Increases in Arterial Pressure.
J.R. Haywood.* C. Vachette. B. Renaud. Laboratoire de 
Neuropharmacologie, Claude Bernard Université, 69373 Lyon, France 
and Univ. Tx. Health Science Center, San Antonio, TX 78284.

In this study, catecholaminergic oxidation activity in the dorsal region 
of the anterior hypothalamic area (AHA) was measured with normal 
differential pulse voltammetry using a carbon fiber electrode. The 
purpose of the study was to determine if catechol oxidation activity 
increased in the AHA in response to a rise in arterial pressure. Rats were 
anesthetized with halothane, prepared with arterial and venous catheters 
and placed in a stereotaxic unit. Angiotensin II (AII, 100 ng/kg/min) was 
infused intravenously for 25 minutes increasing mean arterial pressure 
(MAP) (+33±1 mmHg) and catechol oxidation activity (+37.8±6.4%). 
Then, the alpha adrenergic receptor antagonist, piperoxane (10 mg/kg) 
was given before repeating the A ll infusion to inhibitory presynaptic 
alpha receptors. Piperoxane increased the catechol oxidation activity 
114%. Infusion of A ll elevated MAP (+38±2 mmHg) and catechol 
oxidation activity (+36.4±6.8%). Sequential administration of 
desipramine to block catecholamine uptake resulted in a catechol 
oxidation activity 349% above control. A ll infusion caused a 38±5 
mmHg increase in MAP and a 23.6±6.1% in catechol oxidation activity. 
These findings indicate that increasing MAP activated catecholaminergic 
activity in the AHA; however, the All-induced catecholamine activity is 
not affected by blockade of presynaptic alpha adrenergic receptors or 
catecholamine uptake. (Supported by CNRS, UMR 105 and Region 
Rhône-Alps)

258.4
DISTRIBUTION OF CARDIOVASCULAR RELATED SITES WITHIN THE 
HUMAN THALAMUS. N Kulshreshtha, LH Rowland, C Lawson, C Mao, 
FA Lenz, PM Dougherty, SM Oppenheimer*. Laboratory of 
Neurocardiology, Johns Hopkins University, Baltimore MD

Cardiac-related units have been identified in the rat VPLpc which relays 
to the insular cortex, a site of specific cardiac representation. There is no 
information about human thalamic cardioactive sites. 60 awake, 
unanesthetised patients (mean age 55) undergoing stereotactic surgery for 
movement disorder or pain were investigated with extracellular recording. 
An average of 4 tracks were passed per patient; recordings were made 
from 7175 cells. Cardiac related activity was identified by coherence 
analysis. 43/7175 cells (0.6%) showed cardiac relationships (23/43 Left 
and 20/43 Right thalamus). The majority of cardioactive cells (26/43) were 
situated within the ventral caudal nucleus (Vc) the homologue of the VPL 
and in the adjacent ventral intermediate nuclei (Vim). These sites are 
clustered away from the ventricle or adjacent major arteries. Cardioactive 
sites are present within the Vim and Vc thalamus and may be involved 
with baroreceptor and cardiac afferent sensory processing.

Supported by the EL Wiegand Foundation and the NIH.

258.6
5-HT1A-TYPE RECEPTOR MEDIATED CARDIOVASCULAR RESPONSES 
ELICITED BY 8-OH-DPAT MICROINJECTION IN THE PREOPTIC AREA. A.
Szabó and R.H. Alper*. Department of Pharmacology, University of Kansas 
Medical Center, Kansas City, KS 66160.

We have shown previously that the 5HT1A agonists buspirone and 8-OH-DPAT 
produce tachycardia and hypertension when microinjected into the preoptic area 
(POA) in conscious rats. The present study was to determine: 1) if the non- 
selective 5-HT1 antagonist methiothepin blocked the effect of 8-OH-DPAT and 2) 
if the 5-HT1A receptors mediating the cardiovascular responses were localized pre- 
or postsynaptically in the POA Studies were performed in freely-moving male rats 
with a guide cannula in the POA for drug injections (250 nl/10 sec) and an arterial 
catheter to monitor blood pressure (BP) and heart rate (HR). Artificial cerebrospinal 
fluid (250 nl) did not after BP or HR. 8-OH-DPAT (2 pmoles - 6.3 nmoles) 
produced dose-dependent increases in BP and HR; the maximal response was 
elicited by 2 nmoles. By contrast, at 20 nmoles, 8-OH-DPAT decreased both BP 
and HR. Microinjection of methiothepin into the POA (0.1 - 60 nmoles) increased 
BP and HR at doses higher than 10 nmoles. When administered simultaneously 
into the POA, the pressor and tachycardic responses produced by 8-OH-DPAT 
(200 pmoles) were reduced but not eliminated by methiothepin (1 nmole). In the 
final experiment, 5,7-dihydroxytryptamine (5,7-DHT; 5 μg) was injected unilaterally 
into the right POA Seven days later the response to 8-OH-DPAT was reduced by 
approximately 50%, whereas the response to GABAa antagonist bicuculline (20 
pmoles) was unchanged. In these rats 5-HT levels were decreased by >50% while 
NE levels were not affected as compared to the intact left POA. These data 
support the hypothesis that activation of 5-HT1A-like receptors discretely in the POA 
increases BP and HR. The data further suggest that this 5-HT1A-dependent 
mechanism is mediated, at least in part, by presynaptic autoreceptors.

[Supported by NS 29765]

258.8
CHARACTERIZATION OF CARDIOVASCULAR RESPONSES TO 
HYPOTHALAMIC PARAVENTRICULAR NUCLEUS (PVN) INJECTIONS OF 
AN OPIOID ANTAGONIST IN CONSCIOUS RATS. Andrée Lessard and 
Héléne Bachelard*. Unité de Recherche sur I'Hypertension, Centre de 
Recherche du CHUL, Université Laval, Qué bec, G1V 4G2 

Considering the critical role of the PVN in integrating autonomic control of 
cardiovascular system and the demonstrated cardiovascular effects of opioid 
peptides in this brain area, the present study was designed to investigate the 
endogenous influence of the PVN opioid innervation on cardiovascular system. 
Therefore, the cardiovascular responses elicited by bilateral PVN injections 
(0 .2pl) of increasing doses of an opioid antagonist, naloxone methiodide (0.1- 
5.0 nmol), or a selective 6 -opioid antagonist, ICI-174,864 (0.1-1.0 nmol), were 
studied in conscious, unrestrained male W istar rats. The rats were chronically 
instrumented with intracerebral cannulae, in tra-vascular catheters and pulsed 
Doppler flow probes implanted around specific arteries in a three step surgery. 
PVN microinjection of artific ia l CSF had no consistent effects whereas 
naloxone meth iod ide produced dose-re la ted  ca rd iovascu la r effects  
characterized by quick (significant within 1 min) and transient (subsided in 10 
min) increases in blood pressure, heart rate, and hindquarter vascular 
conductance and falls in renal and superior mesenteric vascular conductances. 
Thus, naloxone methiodide at the dose o f 3.0 nmol produced significant 
increases in mean arterial blood pressure (+10 ± 2 mm Hg) and heart rate (+69 
± 17 bpm), falls in renal (-20 ± 8%) and mesenteric (-24 ± 8%) vascular 
conductances and increases in hindquarter (+38 ± 20%) vascular conductance. 
However, PVN microinjections of ICI-174,864 had no cardiovascular effects. 
Together these results suggest that the endogenous PVN opioid innervation 
exert a tonic inhibitory influence on the PVN neurons involved in cardiovascular 
regulation and might participate to the central regulation of cardiovascular 
system in conscious rats.
The work was supported by the FMCQ and the NSERCC.
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2 5 8 .9

CARDIOVASCULAR EFFECTS OF SEROTONIN MICROINJECTION INTO THE 
PARAVENTRICULAR NUCLEUS. LA. Fisher* and A. Dedeoglu. Dept. of 
Physiology, The Ohio State Univ. Coi. of Med., Columbus, OH 43210 

Intracerebroventricular (icv) administration of serotonin (5-HT) elevates arterial 
pressure over a wide range of doses. The pressor responses to low doses (< 10 
nmol) of 5-HT are accompanied by elevations of heart rate (HR) whereas higher 
doses (> 10 nmol) of 5-HT decrease HR. Evidence supports the hypothesis that 
the tachycardic responses to low doses of 5-HT are mediated by 5-HT1A 
receptors that stimulate the release of corticotropin-releasing factor (CRF). CRF- 
containing neurons within the hypothalamic paraventricular nucleus (PVN) are 
innervated by serotonergic afferents arising from the raphe nuclei. Some of these 
5-HT afferents influence the activity of CRF-containing neurons that project to the 
median eminence, i.e., those governing pituitary ACTH release. Other 5-HT 
afferents contact CRF-containing neurons that project to the brainstem and spinal 
cord, important sites regulating autonomic nervous and cardiovascular function. 
The present studies were thus performed to investigate the PVN as a potential 
site of action mediating the cardiovascular effects of icv administration of low 
doses of 5-HT. All experiments were performed in conscious unrestrained male 
Sprague-Dawley rats (230-250 g). Simultaneous elevations of AP and HR were 
observed after injections of 0.01 to 1.0 nmol 5-HT into the anterior parvocellular 
subdivision of the PVN (at 1.3 mm posterior to bregma), the zona incerta (at 1.4,
1.8 and 2.12 mm posterior to bregma) and the posterior PVN (at 2.12 mm 
posterior to bregma). Pressor responses attended by bradycardia were evoked 
by 5-HT injected into the lateral magnocellular subdivision of the PVN (at 1.8 mm 
posterior to bregma). Injection of 5-HT into the ventral reuniens nucleus, 
ventromedial thalamic nucleus and mammillothalamic tract did not alter AP and 
HR. These results suggest that 5-HT1A receptors within the PVN mediate 
excitatory cardiovascular responses.

2 5 8 .1 1

AN NMDA-GLUTAMATERGIC SYNAPSE IN THE LATERAL 
HYPOTHALAMIC AREA MEDIATES INSULAR CORTICAL 
SYMPATHETIC RESPONSES. K.S. Butcher' and D.F. Cechetto. 
Robarts Research Institute, University of Western Ontario, London, 
Ontario, Canada N6A 5K8

Previous work in this laboratory has shown sympathetic nerve 
responses to insular cortical (1C) stimulation are mediated by 
synapses w ith in  the lateral hypothalam ic area (LHA) and ventrolateral 
medulla. The present study was aimed at determ ining the 
neurotransm itter(s) and receptor(s) involved at the synapse in the 
LHA. Twenty male W istar rats were instrumented fo r renal nerve, 
arterial pressure and heart rate recording. The right 1C was 
stimulated w ith  a bipolar electrode (200-1000 μA ; 2 ms; 0 .8 Hz) 
resulting in sympathetic nerve responses. Antagonists were then 
pressure-injected into the ipsilateral LHA (300-500 nl). Kynurenate 
(250 mM) injection resulted in 51 ± 8 % block of IC stimulated 
sympathetic nerve responses. Similarly, the NMDA glutamate 
receptor antagonist AP5 (200 μM) resulted in an inhibition  
(82 ± 8%) of IC stimulated sympathetic responses. Injection of the 
non-NMDA antagonist CNQX (200 μM) had no effect on IC 
sympathetic responses. Injection o f antagonists to GABA, 
acetylcholine and adrenergic receptors were also w ithou t effect. No 
antagonist had any effects on baseline sympathetic nerve discharge, 
arterial pressure or heart rate. These results suggest the IC 
autonomic efferents projecting to  the LHA utilize NMDA  
glutamatergic synapses.
Supported by the Heart and Stroke Foundation of Ontario

2 5 8 .1 3

DECREASED LEVELS OF GLUTAM IC ACID DECARBOXYLASE 
(GAD) mRNA IN THE CAUDAL HYPOTHALAMUS OF 
SPONTANEOUSLY HYPERTENSIVE RATS. E M. Horn*. T .A Batista 
and T G. Waldrop Department of Physiology and Biophysics, Neuroscience 
Program and College of Medicine, University of Illinois, Urbana, IL 61801.

Previous reports from this laboratory have demonstrated a reduced 
GABAergic inhibition of pressor sites in the caudal hypothalamus of 
spontaneously hypertensive rats (SHR) compared to normotensive Wistar-Kyoto 
rats (WKY). In addition, immunocytochemical studies using an antibody to the 
GABA synthesizing enzyme, glutamic acid decarboxylase (GAD), have shown 
a fifty percent reduction in the number of GABA-sy nthcsizing neurons in the 
caudal hypothalamus of the SHR compared to the WKY rat The purpose of 
the present study was to determine if this reduction in the number of GAD 
producing neurons in the caudal hypothalamus of SHRs is due to a reduced 
amount of messenger RNA (mRNA) for GAD. Total RNA was isolated from 
the caudal hypothalamus of adult (11-16 weeks of age) SHR and WKY rats 
The total RNA was then elcctrophoresed through a 1.25% agarose gel 
containing 3% formaldehyde, blotted and probed with a radiolabeled 
oligonucleotide, antisense to GAD67 mRNA (bases 1357-1396, NBI). 
Differences in RNA amounts in the individual lanes were normalized by 
probing with a cDNA for β-actin Phosphoimager analyses revealed a 33% 
reduction in the amount of GAD mRNA in the caudal hypothalamus of SHR 
compared to WKY rats. Analysis of the GAD expression in the cortex, 
midbrain, cerebellum, brainstem and total brain demonstrated no differences 
between SHRs and WKYs Therefore, it appears that the SHR has a reduction 
in the amount of GAD mRNA in the caudal hypothalamus. This malfunction 
in the GABAergic system in the caudal hypothalamus, a well known 
cardiovascular regulatory site, could contribute to the hypertension seen in this 
animal model (Supported by NIH 38726 and AHA-IL Affiliate).

2 5 8 .1 0

CARD IO VASCU LAR  RESPONSES TO NMDA IN THE 
PARAVENTRICULAR NUCLEUS IN MALE AND FEMALE RATS.
I.C. Chapa. J.R. Haywood, S. Mifflin* and C. Hinojosa-Laborde. Dept. of 
Pharmacology and Physiology, The Univ. of Texas Health Science Center, 
San Antonio, TX. 78284-7764.

Previous studies suggest that glutamate stimulation of the paraventricular 
nucleus of the hypothalamus (PVN) elicits an increase in mean arterial 
pressure (MAP), heart rate (HR) and activation of the sympathetic nervous 
system. Initial findings suggest that glutamate acts on N-methyl-D-aspartate 
(NMDA) receptors in the PVN. The purpose of this study was to assess the 
ability of NMDA receptor stimulation to elicit sympathoexcitation in males and 
in females in various stages of the estrus cycle. Age-matched (10-12 week) 
male and female Sprague-Dawley rats were stereotaxically prepared with 
bilateral guide cannulae directed at the PVN. Femoral arterial catheters were 
implanted for the measurement of MAP and HR. Baseline MAP and HR were 
not significantly different between males and females during the initial 
control period. Bilateral microinjection of 0.1 nM NMDA, dissolved in artificial 
cerebrospinal fluid (aCSF), produced significant (p<0.05) increases in MAP 
and HR in males (+23.8 ± 2.2 mmHg; +100 ± 14 bpm) and proestrus 
females (+18.4 ± 1.2 mmHg;+91 ± 9 bpm). However, in estrus and diestrus 
female rats, the NMDA response was significantly attenuated for MAP (+9.7 
± 2.1 mmHg) and HR(+44 ± 11 bpm). Bilateral microinjection of aCSF 
produced no significant changes in MAP and HR. These data suggest that 
during low estrogen phases of the estrus cycle, females appear to be 
refractory to NMDA sympathoexcitation of the PVN. (SUPPORT BY NIH 
HL36080 AND HL 03153).

2 5 8 .1 2

GABAb r e c e p t o r s  in  t h e  DORSOMEDIAL HYPOTHALAMUS AND 
HEART RATE IN RATS. E . H. Stotz-Potter*. A. J. Monroe. J. A. DiMicco. 
Dept. Pharmacol. & Toxicol., Indiana Univ. Sch. of Med., Indpls, IN 46202 

Our previous studies of the dorsomedial hypothalamus (DMH) in rats show 
that (1) blockade of inhibitory GABAa receptors or stimulation of local 
excitatory amino acid (EAA) receptors results in cardiovascular changes that 
mimic those seen in acute stress, and (2) stimulation of GABAa receptors or 
blockade of local EAA receptors markedly suppresses stress-induced 
increases in heart rate (HR) and blood pressure (BP). The purpose of this 
study was to determine whether inhibitory GABAb receptors exist in the DMH 
by assessing the ability of microinjection of baclofen (BAC), a GABAb 
receptor agonist, to suppress the increase in HR produced by (1) blockade of 
local GABAa receptors in anesthetized rats, and (2) acute experimental stress 
in conscious rats. In 6 urethane-anesthetized rats, bicuculline methiodide 
(BMI)10 pmol/ 50nL was injected alone or along with BAC 2.5-10 pmol in 
random order; maximum increases in HR (beats/min ± SEM) are given below. 
BMI Alone BMI + BAC 2.5 B M U  BAP. 5.0 BMI + BAC10.0
+82 ± 8 +55 + 7  +29 ±11 +18 ± 8
To establish the role of GABAb receptors in the inhibitory effect of BAC, OH- 
saclofen (SAC; 200 pmol), a GABAb antagonist, was coinjected with BMI 10 
pmol alone or along with BAC 2.5 or 5 pmol in random order, (* significantly 
different from BMI Alone by ANOVA and Fisher's PLSD test; n=3)
BMI Alone_______BMI + BAC BMI + SAC________BMI + BAC + SAC
+92 ±14  +32 ± 7 *  +95 ±25  +82 ±11
Preliminary data in conscious rats suggest that bilateral microinjection of BAC 
100 pmol into the DMH markedly attenuates air stress-induced tachycardia. 
These findings point to the existence of inhibitory GABAb receptors in DMH 
neural circuitry mediating stress-induced tachycardia. (Supported by USPHS 
Grant NS 19883 and by the American Heart Association, Ind. Affil.)

2 5 8 .1 4

OXYTOCIN IS RELEASED IN RESPONSE TO HYPOTENSION. J. C.
Graham* and A. F. Sved. Department of Neuroscience, Univ. of Pittsburgh, 
Pittsburgh, PA 15260.

Hydralazine (HDZ), a drug that lowers arterial pressure (AP), increases plasma 
oxytocin (OT) levels and evokes c-Fos expression in OT-containing magnocellular 
neurons in the hypothalamus (Graham et al., 1994). In order to more directly test 
whether OT neurons are responsive to decreased AP, conscious rats (n=5) with 
femoral arterial and venous catheters were injected with chlorisondamine (CHL: 
2mg/kg/iv) to lower AP; other rats (n=5) received an infusion of phenylephrine 
(PHE; l-4μg/kg/min) to prevent the CHL-induced hypotension. Blood samples were 
taken at 0, 10, 30 and 90 minutes after CHL for measuring OT and VP. AP in rats 
receiving CHL fell from 123±4 to 85±4 mmHg at 10 min and remained below 100 
mmHg for the remainder of the experiment. OT and VP levels were significantly 
increased in these rats; the increase, averaged over the 90 minute period was 67±15 
pg/ml for OT and 80+17 pg/ml for VP (each p<0.05 vs. controls). PHE infused to 
block the CHL-induced decrease in AP (MAP was kept between 120 and 135mmHg 
for the 90 minute period) also prevented the CHL-induced increase in plasma levels 
of OT and VP (integrated OT release was 22±5 pg/ml for OT and 13+4 pg/ml for 
VP, p< 0.01 compared to CHL alone).These results show that OT release in response 
to drugs that decrease AP is dependent upon the hypotensive effect of the drugs. To 
examine whether the hypotension-induced OT release was mediated by arterial 
baroreceptor input, HDZ (10mg/kg,i.v.) was administered to rats in which sinoaortic 
baroreceptors had been surgically removed 7 days earlier (n=4); in these rats HDZ 
increased OT and VP similar to control rats. These results suggest that hypotension- 
induced increases in OT and VP release do not require arterial baroreceptor input, 
similar to what we have recently reported for hemorrhage and hypovolemia-induced 
VP release (Schreihofer and Sved, Am.J.Physiol.,267, R965-R973, 1994).

Society for Neuroscience, Volume 21, 1995



MONDAY AM CARDIOVASCULAR REGULATION: SUPRAMEDULLARY MECHANISMS 639

258 .15
SPONTANEOUS NEURAL ACTIVITIES OF THE VENTROMEDIAL 
NUCLEUS OF THE HYPOTHALAMUS SYNCHRONIZED WITH 
DECREASES IN HEART RATE AND BLOOD PRESSURE. 
M.Hirasawa, M.Nishihara and M.Takahashi*. Dept. of Vet. Physiol., 
Univ. of Tokyo, Tokyo 113, Japan.

Spontaneous neural activity within the ventromedial nucleus of the 
hypothalamus (VMH) was monitored in rats by means of multiple unit 
activity (MUA) recording method. A train of explosive increases in 
neural activity (MUA volleys), which persists for 1 to 4 min each, was 
recorded in conscious animals. The frequency of these characteristic 
MUA volleys exhibited a clear diurnal variation: they appeared every 15 
or 20 min in the light phase but only seldom in the dark phase. 
Simultaneous recording of MUA and heart rate revealed a correlation 
between MUA volleys and fall in heart rate. These MUA volleys could 
also be observed under urethane anesthesia. Blood pressure as well as 
heart rate decreased synchronously with MUA volleys in anesthetized 
rats. Electrical stimulation (50-100Hz. 80μA) through the electrodes 
that recorded MUA volleys could replicate the decrease in blood 
pressure. MUA monitored in the rostral ventrolateral medulla, the 
vasomotor area, also decreased in accordance with the MUA volleys 
originated in the VMH. MUA in the RVL was suppressed by baroreflex 
activation, and electrical stimulation of the RVL induced pressor 
response, which suggests that neurons responsible for MUA in the RVL 
includes Cl neurons. In conclusion, we found a discrete population of 
VMH neurons that fires predominantly during the light phase in an 
episodic manner. This neural activity may suppress Cl neurons, which 
results in a transient decrease in heart rate and blood pressure.

258 .17
PEPTIDERGIC PROJECTIONS FROM THE HYPOTHALAMUS TO THE NUCLEUS OF THE 
SOLITARY TRACT AND VENTROLATERAL MEDULLA IN THE RAT. H.A. Krob* 
D.P. Friedman. C.M. Ferrario. and D.B. Averill. Dept. of Physiology and Pharmacology and 
Hypertension Center, Bowman Gray School of Medicine, Wake Forest University, Winston- 
Salem, NC 27157.

As part of an effort to understand the role of angiotensins in the neurobiology of 
hypertension in transgenic rats, we examined the projections from the hypothalamus to the 
nucleus of the solitary tract (NTS) and the ventrolateral medulla (VLM) using localized 
injections of fluorescent retrograde tracers in anaesthetized rats. Target sites were 
confirmed physiologically by observing changes in blood pressure produced by glutamate 
injection. After appropriate survival times, rats were deeply anaesthetized, perfused with 
paraformaldehyde, and the brains removed. Frozen serial sections were cut on a sliding 
microtome and mounted on glass slides. Sections adjacent to those taken for tracer 
mapping were prepared for immuncytochemistry using antibodies selective for 
angiotensin-(1-7) [Ang-(1 -7)], vasopressin (VP), and oxytocin (OT). Injections into the NTS 
labeled cell bodies in the medial- (mp), dorsal-, and lateral parvocellular (Ip), and posterior 
magnocellular (pm), subdivisions of the paraventricular nucleus of the hypothalamus 
(PVH). Parvocellular neurons were labeled bilaterally, with a majority on the ipsilateral side. 
Magnocellular neurons were labeled ipsilaterally. In the mp- and Ip-PVH, the distribution of 
labeled neurons coincided with the distributions of VP-immunoreactive (VP-IR) and Ang- 
(1-7)-IR cells on adjacent sections. Injections into either the rostral or caudal VLM, by 
contrast, labeled neurons in the lateral hypothalamic area (LHA). The distribution of labeled 
cells did not correspond to the distributions of VP-IR or Ang-(1 -7)-IR neurons. There were 
very few retrogradely labeled cells in the medial hypothalamus.

These results suggest that Ang-(1-7) and VP may influence blood pressure regulation by 
participating in the neural pathway from the parvocellular PVH to the NTS. Supported by 
HL 51952.

258 .19

VENTROLATERAL MIDBRAIN PERIAQUEDUCTAL GRAY: DESCENDING 
PROJECTIONS TO MEDULLARY CARDIOVASCULAR REGIONS. L. Henderson. 
K.A. Keay* and R. Bandler. Dept of Anatomy and Histology, University of Sydney, 
NSW, Australia, 2006

Deep pain is the type o f pain of most clinical relevance and also the type of 
pain about whose central representation we have least knowledge. In contrast to 
cutaneous pain, which evokes defensive behaviours, hypertension and 
tachycardia, the physiological reaction to most deep pain includes auiescence, 
hyporeactivity, hypotension and bradycardia. The reactions evoked by deep pain 
are remarkably similar to those evoked by excitation of neurons within the 
ventrolateral midbrain periaqueductal gray (vlPAG) region and there is evidence 
using the noxious stimulus-evoked expression of the immediate early gene, c-fos, 
that neurons within the vlPAG are selectively activated by a range of deep 
somatic and visceral nociceptive manipulations [1]. This study examined the 
descending output projections of the vlPAG using the anterograde tracer 
biotinylated dextran. A major focus was to delineate projections to 
"cardiovascular regions" o f the medulla which might mediate the falls in arterial 
ressure evoked by vlPAG excitation. In 19 halothane-anaesthetised rats (1.5% 
alothane in 100% O 2), double-barrelled micropipettes were used to inject 

biotinylated dextran into vlPAG sites at which a hypotensive response had been 
evoked by an injection of DL-homocysteic acid. Alter survival times of 3-5 days, 
the rats were deeply anaesthetised (Nembutal: 60mg/kg i.p.), perfused and 
sections (50μm) through the medulla were reacted for presence of the 
anterograde tracer using the avidin-biotin-peroxidase technique. In 5 animals 
the sections were stained also fo r the presence of the catecholamine synthetic 
enzyme, tyrosine hydroxylase (TH). Identifying TH positive neurons made it 
possible to delineate precisely the major adrenergic and noradrenergic 
cardiovascular regions of the medulla. It was found that the vlPAG projected 
strongly to: (i) a newly defined caudal raphé depressor region; (ii) the caudal 
ventrolateral medullary depressor region; and (i ii) the rostroventrolateral 
medullary pressor region. There was evidence of only a small projection to the 
nucleus of the solitary tract. The identification of these PAG recipient medullary 
cardiovascular regions is a first step in understanding the central circuitry 
undeHying vlPAG mediated hypotension. [1] Keay et al (1994) Neurosci: pp 727-732

2 5 8 .1 6
ACTIVATION BY HYPOTENSION OF NEURONS IN THE PARAVENTRICULAR 
NUCLEUS (PVN) THAT PROJECT TO THE NUCLEUS TRACTUS SOLITARIUS 
(NTS) OR VENTROLATERAL MEDULLA (V LM ).T.L. K ruko ff* . D. MacTavish. 
and J.H. Jhamandas. Depts. of Anatomy & Cell Biology and Medicine. Univ. 
of Alberta, Edmonton, A lberta, Canada T6G 2H7.

Changes in blood pressure (BP) activate neurons at many levels of the brain 
including the PVN. Fos-immunoreactivity was used to compare the activation  
of brainstem-projecting PVN neurons in response to hemorrhage (HEM)- and 
sodium nitroprusside (SN)-induced hypotension. The proportions of these 
PVN neurons tha t produce nitric oxide were also determined using NADPH-D 
histochem istry. Under anesthesia, rats received injections o f fluorescent- 
labelled latex microspheres into the NTS or VLM and were instrumented w ith  
arterial and venous canulae. One week later, conscious rats (n = 5) were 
hemorrhaged (6-7 ml) to lower and maintain BP to 30-50%  of resting BP for 
1.5 h. A separate group (n = 5) received SN intravenously (4 mg/kg, 0 .5 ml) 
to lower and maintain BP to 30-50%  of baseline for 1.5 h. Of PVN neurons 
tha t projected to  the NTS, 38% were activated by HEM and 28%  by SN; 5%  
of neurons activated by HEM or NP projected to  the NTS. About 3 PVN- 
NADPH neurons/section were activated by HEM or NP and projected to  the 
NTS. Of PVN neurons tha t projected to the VLM, 19% were activated by 
HEM and 30%  by NP; 4%  of neurons activated by HEM or NP projected to 
the VLM. Less than 2 PVN-NADPH neurons/section were activated by HEM 
or NP and projected to  the VLM. Results show  tha t both HEM- and SN- 
induced hypotension activate PVN neurons which project to  the NTS or VLM. 
NADPH neurons in the PVN are activated by HEM or NP and small numbers 
of these neurons project to NTS or VLM.
Supported by the Heart and Stroke Foundation o f Canada.

25 8 .1 8
HALOTHANE ANAESTHESIA-INDUCED ACTIVATION OF MEDULLARY 
ADRENERGIC AND NORADRENERGIC PROJECTIONS TO THE VENTROLATERAL 
MIDBRAIN PERIAQUEDUCTAL GRAY. C. I. Clement*. K. A. Keav and R. Bandler. 
Dept, of Anatomy and Histology, Univ. o f Sydney, NSW, Australia, 2006.

Deep noxious evoked Fos expression in ventrolateral midbrain  
periaqueductal gray matter (vlPAG) neurons is potentiated by halothane 
anaesthesia. Halothane anaesthesia also evokes Fos expression in medullary 
catecholaminergic cells. The same medullary catecholaminergic cell groups 
project strongly to the vlPAG. Recent in vitro studies in our laboratory have 
revealed that noradrenaline and α-1 agonists depolarize neurons in the vlPAG. 
This raised the possibility that anaesthesia-induced activation of medullary 
adrenergic ana noradrenergic projections to the vlPAG contribute to the 
anaesthesia-induced potentiation o f vlPAG noxious evoked Fos expression. As a 
first step to test this hypothesis we investigated whether the population of 
medullary catecholaminergic neurons that project to the vlPAG are activated by 
haiothane anaesthesia. We used a combination of retrograde tracing and Fos 
and tyrosine hydroxylase (TH) immunohistochemistry. Retrograde tracer (400- 
600 nl, fluoroscein latex microspheres) was injected stereotaxically into the vlPAG 
of anaesthetised rats (i.m. ketamine 100mg/kg & rompun 4mg/kg). Animals 
were recovered fo r 7-28 days, to allow surgery-evokea Fos expression to return 
to control levels and then anaesthetised (1.5% haiothane in 100% oxygen) fo r 2 
hours. Animals were transcardially perfused, brains removed and cryoprotected 
overnight before being cut (40 μm) and processed fo r Fos and TH using direct 
immunohistochemical visualization with fluorophores Texas Red and AMCA 
respectively. Microscopic inspection of the meaulla revealed that 
catecholaminergic projections to the vlPAG were bilateral. The caudal 
ventrolateral medulla [A l] contained the largest number of TH containing vlPAG 
projecting cells which were activated by haiothane anaesthesia (75%). In the 
rostral ventrolateral medulla [C l] and medial nucleus of the solitary tract [C2] 
approximately 50% of TH-positive vlPAG projecting neurons were activated by 
anaesthesia. However, anaesthesia failed to evoke Fos expression in TH-positive 
vlPAG projecting neurons in commissural nucleus of the NTS [A2].These data 
demonstrate that vlPAG activity maybe modulated by haiothane anaesthesia via 
medullary catecholaminergic cell groups.

2 5 8 .2 0
EFFECTS OF METOPROLOL ON THE MIDBRAIN PERIAQUEDUCTAL GRAY 
IN REGULATING THE CARDIOVASCULAR SYSTEM IN THE CAT.
S.E. Nienhuis. B.F.M. Blok. K.I. Lie and G. Holstege* Department of Anatomy and 
Embryology, Faculty of Medicine, University of Groningen, Oostersingel 69, 9713 EZ 
Groningen, The Netherlands.

Beta-adrenergic receptors are found in high concentrations in selective areas of the 
brain, but little is known about their specific function. It has been hypothesized that 
the extra beneficial effects of ẞ-blockers with high lipophilicity, such as metoprolol, 
might be the result of the relatively high penetration rate of the agent through the 
blood-brain barrier. A very important center for autonomic regulation is the midbrain 
periaqueductal gray (PAG). The PAG can influence nociception, micturition, 
vocalization and reproduction. In respect to the cardiovascular system, stimulation of 
certain areas of the PAG induces changes in blood pressure, heart rate, peripheral 
blood flow and vascular conductance. The question arises, whether administration of 
metoprolol into the PAG influences its cardiovascular response.

Effects of local application of 100 nl S-metoprolol in the PAG was studied in the 
cat, and compared with the effect of its relatively inactive enantiomere R-metoprolol, 
to rule out any local anesthetic effects. The effect of administration of metoprolol was 
also compared with the effect of administration of saline in the PAG. Before and after 
administration of metoprolol or saline the PAG was electrically stimulated (10s train, 
0.5ms pulse, 80Hz, 100μA) at fixed time-intervals. Changes in blood pressure, heart 
rate, carotid and femoral flow and conductance were compared with those of the 
baseline value before administration of metoprolol.

The experiments show that administration of S-metoprolol into the PAG greatly 
reduced the cardiovascular response elicited by PAG stimulation. In contrast, its 
inactive enantiomere R-metoprolol and saline had only a limited effect. The results 
suggest that lipophilic B-blockers have an effect in the central nervous system, and that 
the PAG is an important target of lipophilic ẞ-blockers.
This study is supported by the Dutch Heart Foundation and ASTRA.

Society for Neuroscience, Volume 21, 1995



640 CARDIOVASCULAR REGULATION: VAGAL ORGANIZATION MONDAY AM

2 5 9 .1

DELINEATION OF THE CENTRAL CARDIAC CIRCUITRY IN AN 
ORGANOTYPIC BRAIN SLICE: AN IN VIVO TO IN VITRO VIRAL TRACING 
STUDY. A. Standish*1. G.E. Gonye2. L.W. Enquist3. and J.S. Schwaber1. 1E. I. 
DuPont Co., and 2DuPont Merck Pharmaceutical Co.. Wilmington, DE 19880, 
3Princeton Univ.. Princeton, NJ 08544.

We have previously injected pseudorabies virus (PRV). a self-amplifying 
transneuronal tracer, into the heart to map central cardiac circuitry. One goal of this 
work has been to discriminate between sympathetic and parasympathetic inputs. In 
the present study, we describe cardiac viral tracing in conjunction with organotypic 
culture techniques to define the central microcircuitry of vagal cardiac innervation. 
This combination of methods eliminated sympathetic inputs and provided a way to 
study transsynaptic transport in vitro. PRV-BarthaBlue (PRV-BaBlu; a reporter virus 
expressing β-galactosidase) was injected into the cardiac ventricular muscle of P9 rat 
pups. These animals have similar central circuitry with viral tracing in vivo compared 
to adult rats. Thirty hours after injection of PRV-BaBlu, transverse medullary slices 
were put into culture. At this time, no virus was detectable in the brain or spinal cord 
by immunohistochemical techniques. After 24 hr in vitro, several motoneurons in the 
nucleus ambiguus (NA) were labeled. Therefore, virus was present in the brain 30 hr 
post injection, but had not yet replicated to sufficient levels for detection. Initiating 
culture at this early time eliminated transport of virus via the sympathetic nervous 
system. Even if virus was present although not detectable in the spinal cord, there 
would not be sufficient time for it to replicate, cross the additional synapse in the 
spinal cord, and transport to the brain. By 33 hours in culture (HIC) motoneurons in 
the NA were labeled and at later times in culture labeled neurons appeared in the NTS 
regions recapitulating our in vivo results. We conclude that organotypic brain culture 
supports processes of viral replication and transport allowing transsynaptic 
delineation of central circuit organization.

2 5 9 .3

CO-LOCALIZATION OF C-FOS AND TRANSMITTER 
IMMUNOREACTIVITY IN CAT MEDULLA AFTER CAROTID 
SINUS NERVE STIMULATION. P N McWilliam*. A Maqbool and 
TFC Batten. Inst, for Cardiovascular Research, University of Leeds, UK.

The aim of this study was to map neuronal circuits in the cat medulla 
oblongata involved in baroreceptor/chemoreceptor reflexes by induction 
of c-fos and to discover which transmitter substances are used by these 
neurones. The right carotid sinus nerve of anaesthetized cats was 
stimulated electrically for one hour and two hours later the brain was 
perfused with fixative. C-fos expression was revealed with goat anti c-fos 
antibody and an alkaline phosphatase substrate. Various transmitters 
were localized on the same sections using rabbit or mouse antisera to 
tyrosine hydroxylase (TH), glutamate, somatostatin, neuropeptide Y and 
nitric oxide synthase, with diaminobenzidine as substrate. Numerous cells 
of both the ipsilateral and contralateral nucleus tractus solitarii (NTS) 
and ventrolateral medulla (VLM) exhibited c-fos immunoreactivity (IR). 
By contrast, sham operated control animals showed a low number of 
c-fos IR cells in the VLM and few, if any, in NTS. Approximately 10% 
of c-fos cells in the NTS and 30% of cells in the VLM showed TH-IR: 
the vast majority being located rostral to the obex. Cells double labelled 
with other antisera were only rarely seen. The neurotransmitter content 
of many c-fos cells, especially those in the NTS, remains to be identified.

2 5 9 .5

BEATING NTS NEURONS IN VIVO. J.S. Schwaber1 J.F McElroy*2 M Ramaker1 
and J. F. R. Paton3. 1University of Pennsylvania, Philadelphia, PA 19104-6392; 
2Dupont Merck Pharmaceuticals, Wilmington, DE 19880 and 3Department of Physi
ology. School of Medical Sciences, University of Bristol, Bristol, BS8 1TD, UK.

In vitro experiments from this lab indicate that a group of neurons in the nucleus 
tractus solitarius (NTS) fire at a constant rate that is similar to the heart rate. Specifi
cally, these neurons are located in the commissural and dorsomedial portions of the 
NTS. Some of these cells rely on synaptic input to generate their rhythm. Other neu
rons from this group intrinsically fire at a constant rate. The goal of this study was to 
determine if the same cells could be identified in vivo and whether the function of 
these cells could be determined.

Male wistar rats were anesthetized with urethane. The vagus and aortic nerve were 
isolated and put on stimulating electrodes. Animals were paralyzed and artificially 
ventilated. Extracellular recordings were made from neurons in the commissural 
NTS that were identified by the fact that they had a constant firing rate which was 
approximately the same as the heart rate (n=6). These neurons consistently showed 
an input from vagal nerve shocks with a latency from 20-35 msec. During normal 
activity, these cells had no distinct peaks in their post R-wave time histograms 
(PRWTH). In response to changes in ventilation rate and volume, these neurons 
changed their average firing rate, but no changes were seen in their PRWTHs. Blood 
pressure was altered by a constant infusion of phenylephrine in the femoral vein, but 
changes in blood pressure had little effect on the firing rates and PRWTHs of these 
neurons. For some of the cells (n=2), the ventilation mixture was supplemented with 
95% oxygen/5% carbon dioxide. This stimulus caused changes in the firing rate of 
these neurons and the PRWTHs showed a distinct peak at 30 msec. We hypothesize 
that these neurons may transiently act in cardiovasailar-respiratory systems integra
tion.

2 5 9 .2

A c-fos-GUIDED ANALYSIS OF T HE ORGANIZATION AND TRANSMITTER- 
SPECIF IC ITY OF MEDULLARY BAROREFLEX CIRCUITRY. R K W, Chan* 
and P.E. Sawchenko. The Salk Institute, La Jolla, CA 92037.

We described patterns of phenylephrine- (PE-) induced c-fos expression that conform 
in the nucleus of the solitary tract (NTS) and caudal ventrolateral medulla (CVLM) to 
the distribution of carotid sinus nerve terminations and a physiologically defined 
depressor region, respectively (J. Comp Neurol 348:433, 1994). In addition, 
ultrastructural analysis indicated that projections from the ventrolateral aspect of the 
medial N TS (NTSmvl) terminate principally on non-catechol;uninergic neurons of the 
CVLM (J. Comp Neurol 351:62, 1995). To link these observations into a more 
coherent view of barorellex circuitry, we characterized medullary neurons displaying 
Fos- immunoreactivity (-ir) in response to sustained hypertension (~40 mm Hg, 25 
min) induced in freely moving rats by PH infusion (2.5 μ g/kg/min, iv). Robust Fos 
induction, peaking at 2 hr and abating by 4 hr, was seen principally in the dorsal aspect 
of the commissural NT'S (NTScom). in rostrally contiguous parts of the dorsal and 
dorsolateral subnuclei, and in the CVLM. The manner in which markers for inhibitory 
neurotransmission map onto these sites was determined by combining localization of 
PE-induced Fos-ir and mRNAs encoding isoforms of a glycine transporter (GLYT-1/2) 
or glutamic acid decarboxylase (GAD 65/67). While barosensitive neurons expressing 
GLYT-2 were rare in the medulla, a substantial populations of C VLM and NT'Scom 
neurons displayed both Fos-ir and GAD in RNA. To determine the relationship of these 
PE-responsive GABAergic neurons to reticulospinal vasomotor cells, these experiments 
were repeated in animals bearing retrograde tracer (2% fluoro-gold) deposition in the 
RVLM. Many CVLM neurons displaying Fos and GAD transcripts were identified as 
projecting to the RVLM, while only a small number of Fos-ir commissural NT'S 
neurons could be re trogradely labeled from the RVLM with a subset of these bearing 
the GAD transcripts. Iontophoretic deposition of anterograde tracers (PHA-L, BDA) 
into the "baroreceptor strip" of the commissural NTS, revealed predominantly 
intranuclear projections that ramified principally in the NTSmvl. These findings 
support the existence of an NT Scom - NT Smvl - C VLM (CABA) - RVLM pathway 
for the arterial baroreccptor control of sympathetic outflow.

2 5 9 .4

SIMPLE MODEL OF THE VAGAL BARORECEPTOR REFLEX. BARORECEP- 
TORS AND NTS. M. Ramaker and J. S. Schwaber*. University of Pennsylvania, 
Philadelphia. PA 19104-6392.

A model of the nucleus tractus solitarius (NTS) and baroreceptors using simplified 
neurons is explored. The model NTS contains local inhibitory interneurons and out
put neurons that project to other locations in the brainstem. One population of 
baroreceptors synapses onto the interneurons. A different population of barorecep
tors projects to the NTS output neurons. The local inhibitory neurons connect to the 
output neurons in the NTS. Convergence and divergence of all connections is lim
ited. Simulations were made with various types of input signals, and the output of 
individual neurons as well as the output of the entire population of NTS ouput neu
rons were examined for response properties. The output of the NTS was considered 
to be the sum of the responses of all individual ouput neurons in the NTS. In 
response to slow ramps of pressure, the NTS inhibitory interneurons had a sigmoidal 
response curve. The output neurons showed a sharp increase in firing rate at a given 
pressure threshold followed by a fall in firing rate that was either maintained at some 
constant level as pressure continued to rise or the neuron became silent. The collec
tive output of the NTS showed a ramp increase in firing rate which saturated at some 
pressure level. In response to pulsatile pressure waveforms, several types of 
responses were observed in the NTS output neurons. Some of the output neurons 
were unmodulated by the input waveform. The rest of the output neurons were mod
ulated by the input but had either one or two peaks in their phase relationship to the 
input. The collective output of the NTS resembled the input waveform. Increases 
and decreases in the input waveform caused similar changes in the firing rate of the 
collective NTS output. So far the model has accounted for some of our data and that 
found in the literature. Since our neuron models do not contain complex nonlinear 
dynamics we hope to better understand the relative contributions of network and cell 
properties to the NTS processing of blood pressure information.

2 5 9 .6

NITRIC OXIDE NEURONS IN RAT NTS: DISTRIBUTION, MORPH
OLOGY AND RELATIONSHIP TO GABA AND GLUTAMATE-IR.
T F .C . Batten* and Li-M ine He. Inst. Cardiovascular Res., Univ. o f  Leeds, UK 

Using NADPH-diaphorase (NADPH-d) histochemistry m any authors have 
reported nitric oxide (NO) neurons in the nucleus tractus solitarii (NTS) o f rat. 
W e have investigated presumptive NO-producing NTS cells with NADPH-d 
activity and NO synthase (NOS) immunoreactivity (IR) on serial sections o f rat 
brains perfused with 4%  paraformaldehyde/0.4%  glutaraldehyde. The two 
methods revealed similar distributions o f  cells, but slightly more cells were seen 
with NADPH-d staining Reactive cells were m ost numerous approx. 1 0 mm 
rostral to obex, mostly clustered just medial to the tractus solitarius, extending 
into the dorsal, medial, intermediate and ventral subnuclei. Cell numbers 
gradually reduced towards obex, where scattered neurons occurred in the 
commissural NTS, and were greatly reduced in the rostral NTS. EM  studies on 
tissue from NADPH-d labeled vibratome sections showed reaction product 
confined to intracellular membranes o f  the Golgi, nuclear envelope, endoplasmic 
reticulum and mitochondria. Reactive sites were identical in sections immuno- 
labeled for NOS by preembedding peroxidase or 1 nm gold-silver methods. LM 
and EM double labeling combining anti-NOS with either anti-glutamate or anti- 
GABA revealed that a few NO S-IR  cells in the rostral NTS were also 
glutam ate-IR, but that coexistence o f GA BA-IR with NO S-IR  was common. 
NO S-IR  neurons were heavily innervated by synaptic term inals immunoreactive 
for GABA and glutamate. The results suggest that NO is produced by neurons 
in NTS regions known to  receive projections from afferent fibres concerned with 
cardiovascular regulation, and that they may be closely associated with GABA 
and glutamate neurons in the processing o f  sensory information.
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2 5 9 .7

ACTIVATION OF CNS NITRIC OXIDE SYNTHESIZING (NO) NEURONS IN 
THE RAT FOLLOWING AUTONOMIC STIMULATION. T. Petrov*. K.H. Harris. 
D. McTavish. T.L. Krukoff. K.H. Jhamandas and J.H. Jhamandas. Depts. of 
Anatomy and Cell Biol., Medicine (Neurology), Univ. of Alberta, Edmonton, 
Alberta T6G 2H7 and Dept, of Pharmacology and Toxicology, Queen’s Univ., 
Kingston, Ontario K7L 3N6, Canada.

Autonomic stimulation evokes responses from descrete neuronal cell groups 
in the brain. Centers that participate in autonomic regulation and contain NO 
neurons are the paraventricular (PVN), supraoptic (SON), solitary tract (NTS) 
nuclei and the ventrolateral medulla (VLM). We used double staining for Fos 
(as an indicator of activation) and NADPH-D (to reveal NO) to  study the 
distribution of activated NO neurons in these structures following autonomic 
stimulation in conscious rats. Hypotension was induced by withdrawal of 5-7 
ml of blood or infusion of nitroprusside (4mg/kg, 0.5ml). To evoke general 
activation of the autonomic nervous system we induced opiate withdrawal in 
morphine dependent rats by intraperitoneal administration of naloxone.

In the PVN of the hypotensive animals 56% of the NADPH-D cells showed 
Fos immunoreactivity (IR). Following morphine withdrawal 16% of the PVN 
NADPH-D profiles displayed Fos IR. Similar results were obtained from the 
SON. In the NTS and VLM, although both stimuli evoked Fos IR, Fos was 
detected only occasionally in NADPH-D positive cells.

The results indicate that in the PVN and SON, hypotension is a more 
powerful stimulus for the activation of NO neurons than opiate withdrawal. NO 
neurons throughout the neuraxis are selectively activated, since very few NTS 
and VLM neurons that synthesize nitric oxide respond to  the stimulations. 
These observations suggest that hypothalamic NO neurons are sensitive to 
alternative types of cardiovascular stimulation and that nitric oxide may 
participate in centrally regulated autonomic responses.

Supported by MRC and Hearth and Stroke Foundation of Canada.

2 5 9 .9

NEUROPEPTIDE CHANGES IN THE NUCLEUS OF THE SOLITARY TRACT 
FOLLOWING CERVICAL VAGAL STIMULATION.
TAREK M. SALEH. and DAVID F. CECHETTO. Robarts Research Institute and 
the University of Western Ontario, London, Ontario, Canada N6A 5K8

Previous studies in our laboratory have shown that the peptides; neurotensin 
(NT), cholecystokinin (CCK), substance P (SP), calcitonin gene-related peptide 
(CGRP) and somatostatin (SOM) are contained in neurons projecting from the 
nucleus of the solitary tract (NTS) to the parabrachial nucleus (PB) may have 
some modality specificity in the NTS. In this investigation, we examined whether 
the release of these peptides can be differentially regulated by gastric or 
cardiovascular afferent activation. Changes in the neuropeptide levels in the 
subnuclei in the caudal region of the NTS were examined following visceral 
activation which included stimulation of the cervical vagus, abdominal vagus 
(AV) or aortic depressor (ADN) nerves or intravenous infusion of phenylephrine 
(PE) or sodium nitroprusside (NaNp) for 2 hours. Paired control and 
experimental inactin-anesthetized male Wistar rats were instrumented to 
monitor blood pressure and heart rate. Changes in the levels of peptide intensity 
were quantified by computer-assisted densitometry. All five peptides were 
depleted in the caudal NTS subnuclei following cervical vagal nerve stimulation. 
AV stimulation produced a decrease in the level of CCK and SOM-like 
immunoreactivity in the caudal NTS subnuclei, but did not affect the levels of 
CGRP, SP or NT-like immunoreactivity. In contrast, ADN stimulation or PE 
infusion for 2 hours produced a decrease in only NT, CGRP and SP- like 
staining, while NaNp infusion resulted in an increase in the levels of NT, SP and 
CGRP-like immunoreactivity in the NTS subnuclei. These results suggest that 
some peptides in the NTS are selectively released by gastric afferent activation 
(CCK and SOM), while others appear to be cardiovascular afferent related (NT, 
CGRP, and SP). Supported by the Heart and Stroke Foundation of Canada.

2 5 9 .1 1

GLUTAMATE IMMUNOREACTIVE CORTICAL AFFERENTS TO THE 
NUCLEUS TRACTUS SOLITARIUS OF THE RAT. F. Torrealba* and C. Muller. 
Fac. Ciencias Biolbgicas, P. Universidad Catόlica de Chile. Casilla 114-D, 
Santiago 1 Chile.

As part of a project to study the ultrastructure of identified afferents to the 
nucleus tractus solitarius (NTS), we analyzed cortical axon terminals labeled by 
WGA-HRP injections into the insular or the prefrontal visceral cortex. Vibratome 
sections were processed with tetramethylbenzidine stabilized with 
diaminobenzidine, postfixed with OSO4, and flat embedded in araldite. Ultrathin 
sections from the medial and commissural subnuclei were processed with 
postembedding immunogold against glutamate and GABA. The ultrastructure of 
the cortical terminals from both cortices was similar. The axon terminals were 
round and small, with a mean diameter of 0.7 μm. They contained only small and 
clear synaptic vesicles, and differed from other terminals in a lack of dense core 
vesicles. They made single, asymmetric synaptic contact only with thin dendritic 
shafts and with spines. Cortical terminals were smaller than terminals 
immunoreactive to GABA. The latter made symmetric synaptic contacts with larger 
dendrites or with perikarya. Cortical terminals were immunoreactive to glutamate, 
having more than four times the immunogold particle density of local dendrites. 
Non cortical axon terminals making synaptic contacts of the asymmetric type were 
also immunoreactive to glutamate, in contrast to axon terminals participating in 
symmetric synapses, which had glutamate levels similar to those of dendrites. Some 
of the glutamate immunoreactive terminals of non cortical origin had the 
ultrastructural features attributed to primary afferents. However, several other types 
of terminals that could not be considered as cortical or primary afferents were also 
immunoreactive to glutamate, suggesting that NTS afferents from different sources 
may be glutamatergic. Financed by FONDECYT 1940652

2 5 9 .8

HYPO- OR HYPERTENSION, BUT NOT OPIATE WITHDRAWAL, ACTIVATES 
NEUROPEPTIDE FF (NPFF) NEURONS IN THE NUCLEUS TRACTUS 
SOLITARIUS (NTS).
J.H. Jhamandas*. K.H. Harris. T. Petrov. H-Y.T. Yang and K.H. Jhamandas. 
Dept. of Medicine (Neurology), Univ. of Alberta, Edmonton, Alberta, NIMH 
Neuroscience Ctr. at St. Elizabeths, Washington, DC., USA & Dept. of 
Pharmacology & Toxicology, Queen’s Univ., Kingston, Ontario, Canada.

NPFF, a morphine modulatory peptide with opioid and anti-opioid profile, 
is localized within discrete central autonomic regions including the brainstem 
NTS. NPFF containing neurons within the NTS are known to project to the 
pontine parabrachial nucleus. However, the functional role of NPFF neurons 
in autonomic responses is unknown. We have examined the activation of 
NTS NPFF neurons, using Fos immunoreactivity, following cardiovascular 
stimulation or centrally-generated opiate withdrawal. Rats received 
intracerebroventricular injections of naloxone (2μ g) following central infusion 
of morphine (15μ g/hr) for 5 days. In conscious rats, hypotension was 
evoked following either hemorrhage (5-7 ml blood withdrawal) or intravenous 
(iv) infusion of sodium nitroprusside (4mg/kg,0.5 ml). Blood pressure (BP) 
was lowered to 30-50% of baseline value and maintained for 1.5 hr. Another 
group of rats received iv phenylephrine (10-15μg/kg/min) sufficient to elevate 
BP by 50-60 mm Hg for 1.5 hr. Virtually no Fos expression was observed in 
NPFF neurons of the NTS following opiate withdrawal. In contrast, both 
hypo- and hypertension resulted in significant number of NPFF neurons that 
were also Fos positive. Some activated NPFF cells within the NTS project 
to the parabrachial nucleus. NPFF neurons in the NTS respond to specific 
cardiovascular stimulation produced by hypo- or hypertension, but not to 
other stressful stimuli such as centrally-generated opiate withdrawal. 
Supported by the Medical Research Council of Canada

2 5 9 .1 0

D ISTR IBUTIO N  OF N ICOTIN IC  A C ETYLC H O LIN E  RECEPTOR  
SUBUN ITS  IN THE NUCLEUS TR ACTU S SO L ITAR IUS  AND  
V E N TR O LA TE R A L M E D U LLA  OF THE C H ICK . S .L .C ra v o * 1 . 
K.Cox2 . H.J. Karten2 and K.T. Kevser2 . 1Dept. Physiology, Escola Paulista 
de Medicina, SP, Brazil; 2Dept.Neurosciences, University of California, San 
Diego, CA.

Monoclonal antibodies against three acetylcholine binding alpha subunits 
(α5, α7 and α8) and a structural beta subunit (β2) of the nicotinic 
acetylcholine receptors (nAChR) were used to determine their distribution in 
the medulla oblongata of hatchling chicks. The distributions of the two α- 
bungarotoxin-sensitive subunits (α7 and α8) were then compared to those 
distributions observed for the α5 and β2 subunits. W ithin the nucleus tractus 
solitarius (NTS), numerous α7- and α8-like immunoreactive (LI) somata and 
intensely immunoreactive neuropil were primarily found in the lateral tier 
subnuclei: n.sulcalis superficia lis-taen ia choroidea and dorsalis (a7), 
superficialis ventralis (α7 and α8) and parasolitarius (α8). Numerous α7-LI 
cells and intense neuropil staining were observed in the dorsal motor 
nucleus of the vagus (DMX). Large numbers of α5-LI somata were found 
throughout the main (dorsal, intermediate and ventral) divisions of the 
medial tie r of NTS, whereas in the lateral tie r α5-LI cells were found 
exclusively in the n.sulcalis superficialis. Numerous α5-LI cells were also 
observed in the n. paragigantocellularis lateralis (PGL), n. ambiguus (nA), 
DMX and the reticular formation between the nA and the DMX. Structures 
containing small to moderate numbers of β2-LI cells include the DMX, the nA 
and the PGL. Few scattered 02-LI cells were also observed in the medial 
NTS. Although the distribution of β2-immunopositive cells is very similar to 
that observed for α5, their number is much lower. This suggests that in the 
medulla oblongata, many α5-LI cells may associate with other 0 structural 
subunits. Supported by NIH (KTK; EY07845), NINDS (HJK; NS24560) and 
CNPq.

2 5 9 .1 2

MORPHOLOGY AND PROJECTIONS OF ELECTROPHYSIO 
LOGICALLY CHARACTERIZED MEDIAL NUCLEUS TRACTUS 
SOLITARII (mnTS) NEURONS WITH SOLITARY TRACT (TS) 
INPUTS. J.A. Drazba. D.M. DeWeese, P.M. Mathisen* and K.L. Barnes. 
Dept. Neurosciences, Res. Inst., Cleveland Clinic, Cleveland, OH 44195.

We found that angiotensin (Ang) receptors are usually presynaptic to 
TS-innervated mnTS neurons excited by glutamate (Glu) but not by 
substance P (SP), but are postsynaptic on cells responsive to SP. To 
compare the morphology and projections of these two Ang-responsive 
mnTS cell groups, whole-cell current-clamp recordings were made with 
neurobiotin-filled pipettes in rat medulla horizontal slices. Perikarya of 
cells responsive to Ang II and Glu but not SP (Group A, n = 9) were 
usually multipolar or round, whereas most neurons responsive to Ang II, 
SP and Glu (Group B, n = 23) were oval and oriented parallel to the TS. 
Group A neurons were located closer to the TS than Group B cells (94 ± 
10 pm vs. 164 ± 14 pm, p < .01). While most dendrites were oriented 
medially or laterally, Group A neurons often sent dendrites across 
midline and axons into the vagal motor nucleus (X), suggesting that they 
influence vagal motor outflow. Dendrites of many Group B cells 
traversed X with varicosities apposed to vagal neurons, and their axons 
coursed medially and caudally into the reticular formation, indicating 
that they may transmit vagal information to neurons outside the dorsal 
medulla. These data reveal that two groups of Ang-sensitive mnTS 
neurons which contrast in their responsiveness to SP also differ in their 
location, morphology, and projections within the dorsal medulla. Thus 
analysis of the morphology and projections of neurons that have been 
electrophysiologically characterized in vitro can suggest functional 
differences between the cells. (Supported in part by NSF BNS-9109673).
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2 5 9 .1 3

ANGIOTENSIN R EC E PT O R S ARE PRESYN A PTIC TO 
GLUTAM ATE-RESPONSIVE M EDIAL NUCLEUS TRACTUS 
SOLITARU (m nTS) N EURONS W ITH SOLITARY TRACT (TS) 
IN PU TS. D. M. DeWeese and K. L. B arnes*. Dept. of Neurosciences, 
Research Institute, Cleveland Clinic, Cleveland, OH 44195.

Angiotensin (Ang) II and L-glutam ate (Glu) evoke hypotension and 
bradycardia in the mnTS, and both agonists excite some mnTS neurons 
via ionotropic excitatory amino acid receptors. We compared the synaptic 
location of receptors and the effects of Ang II (1 μM), Glu (100 μM), and 
substance P (SP, 1 μM) on membrane properties of 29 Ang II-responsive 
mnTS neurons with whole-cell current-clamp recordings in ra t medulla 
horizontal slices. Tetrodotoxin (TTX, 10 μM) reversibly blocked
excitatory postsynaptic potentials (EPSPs) and spikes evoked by TS 
stimulation. Ang Il-induced EPSPs were blocked by TTX in 7 of 9 
neurons responsive to Glu but not to SP, while Glu-induced excitation 
persisted. In contrast, Ang II still generated EPSPs in 17 of 20 SP- 
responsive mnTS cells during synaptic block with TTX. TTX failed to 
prevent EPSPs evoked by Glu or SP in all neurons. Excitation produced 
by postsynaptic Ang, Glu, or SP receptors was accompanied by 
depolarization and decreased Rin. In the 7 Glu-responsive mnTS neurons 
with presynaptic Ang receptors, Ang II-induced excitation was 
accompanied by increased variability of Vm and Rin without 
depolarization. These data  reveal th a t most Ang receptors are 
presynaptic to TS-innervated mnTS neurons excited by Glu but not by 
SP, bu t are postsynaptic on SP-responsive cells. Thus Ang II may evoke 
hypotension and bradycardia in the mnTS via presynaptic Ang receptors 
th a t potentiate the release of Glu from baroreceptor afferents a t  mnTS 
baroreceptor synapses. (Supported in part by NSF BNS-9109673).

2 5 9 .1 5

NUCLEUS RETROAMBIGUUS PROJECTIONS TO SYMPATHETIC- AND 
INTERCOSTAL MOTOR NEURONS OF THE THORACIC SPINAL CORD.

S .G .P . Hard y*  and J .G . H o r e c k y . U n iv . o f  M is s .  Med. 
C t r . ,  J a c k so n , MS 3 9 2 1 6 .

N eurons r e s i d i n g  w i t h in  th e  n u c le u s  r e tr o a m b ig u u s  
(NA) a r e  known t o  p r o j e c t  t o  v a r io u s  l e v e l s  o f  th e  
s p i n a l  c o r d . W h ile  NA p r o j e c t io n s  t o  t h e  c e r v i c a l  c o r d  
h ave b een  th e  s u b j e c t  o f  c o n s id e r a b le  s tu d y ,  l i t t l e  i s  
known o f  NA p r o j e c t io n s  t o  t h o r a c i c  l e v e l s  o f  t h e  c o r d .  
In th e  p r e s e n t  s tu d y ,  a s e r i e s  o f  a n a to m ic a l  
e x p e r im e n ts  w ere p e r fo rm ed  in  a n e s t h e t i z e d  r a t s ,  f o r  
th e  p u r p o se  o f  b e t t e r  u n d e r s ta n d in g  NA p r o j e c t io n s  t o  
th e  t h o r a c i c  c o r d . An o r th o g r a d e ly - t r a n s p o r t e d  t r a c e r  
( b io t i n y la t e d  d e x tr a n  am in e; BDA) was m ic r o in j e c t e d  
i n t o  th e  NA; t y p i c a l l y  w ith o u t  s p r e a d in g  i n t o  th e  
r o s t r a l  v e n t r o l a t e r a l  m e d u lla . In  a d d i t io n ,  a 
r e t r o g r a d e ly - t r a n s p o r t e d  t r a c e r  ( h o r s e r a d is h  
p e r o x id a s e ;  HRP) was i n j e c t e d  i n t o  i n t e r c o s t a l  m u s c le s  
(T3 6) and i n t o  th e  s u p e r io r  c e r v i c a l  g a n g l io n .  
S u b se q u e n tly , B D A -la b e lle d  a x o n s  w ere o b s e r v e d  w i t h in  
th e  l a t e r a l  h o rn s  ( p r im a r i ly  i p s i l a t e r a l  t o  t h e  NA 
i n j e c t i o n  s i t e )  and v e n t r a l  h o r n s  ( p r im a r i ly  
c o n t r a l a t e r a l  t o  th e  NA i n j e c t i o n s  s i t e ) . In  e a c h  
c a s e ,  B D A - la b e lle d  v a r i c o s i t i e s  w ere o b s e r v e d  in  c l o s e  
p r o x im ity  t o  H R P -la b e lle d  n e u r o n s . T h ese  f in d in g s  
s u g g e s t  t h a t  NA p r o j e c t io n s  t o  th e  t h o r a c i c  c o r d  may 
in f l u e n c e  b o th  s y m p a th e t ic  and r e s p ir a t o r y  f u n c t i o n s .  
T h is  s tu d y  was s u p p o r te d  b y NIH g r a n t  1 -R 1 5 -N S 3 2 8 6 1 -0 1 .

2 5 9 .1 7

VAGAL AFFERENT INNERVATION OF THE RAT HEART 
RECONSTRUCTED WITH CONFOCAL MICROSCOPY:, LOCAL 
REFLEX CIRCUITS? Zixi Chenga*, T.L. Powleya, J.S. Schwaberb and F.J.
Doylea  . aPurdue University, West Lafayette, IN  4 7 9 0 7  and b DuPont, Co., 
Wilmington, DE 1 9 8 8 0 .

The traditional understanding of cardiac ganglia as simple efferent relays, not stations 
involved in local reflex circuitry, is challenged by the finding that the postganglionic 
neurons are innervated by CGRP and Substance P fibers (Parsons et al., 1 9 8 7 ) .  
However, the exact source of these presumptive sensory inputs is unknown. To study 
this issue, male SD rats (n =  1 0 ) were given unilateral supranodose vagotomies to 
eliminate efferents, followed 1 0 -2 0  days later by Dil oil (0 .1 -1  μl)  injections into the 
ipsilateral nodose ganglion. A fte r a 3 wk survival period, animals were perfused. 
Deefferentations were verified with i.p. administration of Fluoro-gold. Control animals 
(n =  1 2 ) with bilateral Dil injections were also examined. A tria  were blocked and 
processed as wholemounts, and specimens were scanned with a confocal microscope. 
Vagal afferent fibers and endings are richly distributed in both atria and the septum, as 
well as the aortic arch. Three types of terminals predominate: ( 1 )  dense pericellular 
varicose endings surround SIF cells within cardiac ganglia, with few or no terminations on 
principle neurons, (2 )  densely arborizing trees or "flower sprays," similar to  aortic arch 
baroreceptor endings, terminate in endocardial connective tissue, and (3 )  varicose 
contacts or endplates end on cardiac muscle, including conducting fibers. W ith confocal 
reconstructions, a novel polymorphism is seen: single fibers have one or more collaterals 
ending in flower-spray terminals in the endocardium and other collaterals ending in 
varicose intramuscular arborizations. Occasionally, retrogradely labeled neurons are also 
found in cardiac ganglia. The present results indicate that vagal afferents provide an 
extensive and differentiated network in the heart. The morphological specializations 
suggest a multiplicity of neural functions, and both polymorphisms and SIF cell 
innervation are consistent with integrative local-loop or axon-reflex functions.
NSF BCS-931 5 7 3 8 , N IH  D K 276 27  and N IM H  M H 0 1 0 2 3 .

2 5 9 .1 4

STIMULATION OF NUCLEUS TRACTUS SOLITARIUS (NTS) EVOKES BOTH 
NMDA AND NON- NMDA POST-SYNAPTIC CURRENTS IN VAGAL NUCLEUS 
AMBIGUUS (NA) NEURONS. R. A. Neff and D. Mendelowitz*. Dept. Physiology 
and Biophysics, Univ. of Tenn., 894 Union Ave., Memphis, TN 38163.

Activation of sensory baroreceptor neurons evoke reflex increases in cardio- 
inhibitory vagal activity. While it is well known that NTS neurons receive excitatory 
synapses from baroreceptors, little is known about the pathway from NTS to efferent 
vagal neurons in the NA. This study focuses on the NTS to NA pathway.

We used whole cell and perforated patch-clamp techniques to examine post
synaptic currents in visualized NA neurons evoked upon stimulation of NTS . 
Sprague Dawley rats were anesthetized and sacrificed by cervical dislocation. The 
brains were placed in 2°C buffer and cut in transverse sections 250μ thick. Slices 
were perfused with a solution containing (in mM): NaC1120; KCI4.8; KH2PO4 1.2; 
NaHC03 25; dextrose 5.5; and CaCI2 2; equilibrated with 95% 0 2-5%C02. The 
pipette solution contained (in mM): Cs Gluconate 125, HEPES 10, EGTA (or 
BAPTA) 10, and CaCI21, QX314 5, pH 7.4.

Stimulation of NTS neurons evoked both NMDA and non-NMDA post-synaptic 
currents in NA neurons. The non-NMDA synaptic response could be blocked with 
the specific non-NMDA antagonist CNQX, 25 μM. The long-lasting (200-300 ms) 
NMDA response could be inhibited by adding Mg (1-2 mM) to the bath, and the 
NMDA current was selectively blocked by the specific NMDA antagonist AP5, 25 μM.

In conclusion, stimulation of NTS neurons projecting to NA neurons release 
glutamate that activate post-synaptic NMDA and non-NMDA receptors on vagal NA 
neurons. Supported by grant HL-49965 to D.M.

2 5 9 .1 6

CAROTID CHEM ORECEPTOR RESPONSES ARE MEDIATED BY 
EXCITATORY AMINO ACID (EAA) RECEPTORS LOCATED IN THE 
PHRENIC MOTOR NUCLEUS (PMN). V.C. Chitravanshi* and H.N. Sapru.. 
Depts. of Neurosurgery & Pharmacology, New Jersey Medical School, 
Newark, NJ 07103.

The purpose of the present study was to identify the receptors in the PMN which 
mediate the responses to carotid chemoreceptor stimulation. Experiments were 
done in urethane-anesthetized, bilaterally vagotomized, paralyzed and artificially 
ventilated rats with a pneumothorax. The PMN was identified by microinjections 
(50 nl) of glutamate (1.77 nmol); an increase in phrenic nerve (PN) background 
discharge was observed. Similar microinjections of other EAAs (NMDA & 
AMPA) produced the same effect on PN discharge. Responses elicited by NMDA 
and AMPA were blocked by their antagonists (AP-7 & DNQX, respectively). The 
carotid chemoreceptors were stimulated with the tracheal administration of N2 for 
7-10 sec. The chemoreceptor stimulation induced an increase in the frequency and 
amplitude of PN bursts and reduction in PN inspiratory (T1), expiratory (TF)and 
total cycles (TTOT). The responses to chemoreceptor stimulation were blocked by 
microinjections of AP-7 (5 nmol) and DNQX (1 nmol) into the PMN; the interval 
between the injections of AP-7 & DNQX was less than 3 min. Microinjections of 
either AP-7 (5 nmol) or DNQX (1 nmol) alone attenuated but did not abolish the 
chemoreceptor responses. These results suggest that: (1) the presence of both 
NMDA and non-NMDA receptors in the PMN is necessary for mediating the 
responses to carotid chemoreceptor stimulation, and (2) an EAA may be released 
at the terminals of the projections of respiratory neurons in the PMN in response 
to carotid chemoreceptor stimulation.
Support: NIH: HL24377 and AHA (NJ).

2 5 9 .1 8

DISTRIBUTION OF CARDIAC GANGLIA NEURONS ON THE ATRIAL AND 
VENTRICULAR SURFACE OF THE ADULT HUMAN HEART. S. Singh*. 
R. E, Lee. E. Orfei. H. J. Sullivan. V. Lonchyna. A. Montoya. H, Tran. R. D, 
Wurster. Neuroscience Program, Department of Physiology, Loyola 
University of Chicago, Stritch School of Medicine, Maywood, Illinois 60153.

Previous studies on cardiac ganglia distribution in the adult human heart 
are limited and present conflicting or incomplete descriptions. To provide a 
more accurate description of the cardiac ganglia location, atrial and 
ventricular tissue from 5 adult hearts and atrial tissue from 10 additional 
hearts was examined. Preliminary results indicate that the largest 
populations of cardiac ganglia are near the sino-atrial node proximal to the 
right pulmonary veins and near the atrio-ventricular node superior to the 
coronary sinus. Smaller populations of ganglia are found along the coronary 
sulcus in the left and right atria, between the left and right pulmonary veins 
and in the right auricle. Although neurons exist around the base of the 
pulmonary arteries and aorta, very few neurons are found in the ascending 
aorta or the pulmonary trunk. Few, if any, cardiac ganglia are found on the 
right atrial free wall outside of the sino-atrial region or on the left auricle. 
Ventricular cardiac ganglia are found primarily below the coronary sulcus 
proximal to the epicardial fat that surrounds the coronary vasculature. Very 
few neurons are present in the majority of the ventricular myocardium or 
towards the apex of the heart.

Our findings suggest that the two largest populations of ganglia are near 
the nodal tissues of the heart as has been previously reported. However, in 
contrast to previous studies our results indicate that very few cardiac ganglia 
are present on the right atrial free wal lateral to the inferior vena cava, the 
ascending aorta, or the pulmonary trunk. Furthermore, we find cardiac 
ganglia in the right auricle while other authors have not reported ganglia in 
this region of the adult human heart.
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2 6 0 .1

HYPERALGESIA PRODUCED BY ENDOTOXIN (ET) INJECTIONS; A 
NEW MODEL FOR LOCALIZED INFLAMMATORY PAIN IN RATS AND 
MICE. B. Safleh-Garabedian. S.A. Kanaan, J. Haddad. S. M alik A. Abdel 
Nour, N.E. Saadé and S.J. Jabbur*. Fac. of Arts and Sciences and Fac. of Med., 
American Univ. of Beirut - Lebanon.

Animal models for inflammatory pain are known to produce a long lasting 
and, often, a generalized inflammation, which can result in prolonged distress 
and discomfort in the experimental animal. The aim of this study is to establish 
a new model for localized inflammatory pain in mice and rats by using bacterial 
ET.

Different groups of rats and mice received variable amounts of ET ranging 
from 300 ng to 40 μg dissolved in 50 μl of saline and injected in the plantar area 
of the left hind legs. All animals were subjected to tail immersion (Tl), hot plate 
(HP) and paw pressure (PP) tests 2 days before injections and during the 
following 2 days. ET injection produced a dose-dependent decrease in the 
latencies of the HP and PP of the injected leg reaching a maximum of 40-50% 
decrease with 20 μg of ET and 9 hrs after the injection. Complete recovery was 
observed after 24 hrs in rats and 48 hrs in mice. Tl latencies showed a less but 
significant decrease while PP of the opposite leg and all tests in sham-injected 
animals did not elicit significant variations. The effects of ET injections were 
antagonized by i.p. injections of either 12 mg/kg of acetaminophen or 0.06 
mg/kg of dexamethasone at 12 hr and 1 hr before and 3 and 6 hrs following ET 
injections.

Our results favor the use of the ET-produced hyperalgesia as a valid model 
for local and reversible inflammatory pain.
(Supported by grants from the Diana Tamari Sabbagh Fund, University 
Research Board and LNCR).

2 6 0 .3

Differences in hyperalgesia and immune responses 
induced by unilateral mononeuropathy among rat strains. 
U. Herzberg*. M. P. Murtauah. A.J. Beitz. Dept. Vet. 
PathoBiology, Univ. of Minnesota, St. Paul MN 55108

We have previously demonstrated that unilateral 
mononeuropathy induced by loose sciatic ligation produces a 
neuronally mediated, local increase in delayed type hypersensitivity 
response to a specific antigen and an antigen specific decrease in 
humoral immunity (Herzberg et. al. 1994). To investigate the 
possible role of the hypothalamic-pituitary-adrenal (HPA) axis in the 
induction of these immunological changes Fisher, Sprague-Dawley 
(SD) and Lewis rats were subjected to loose ligation of the left or 
right sciatic nerve, immune sensitization with keyhole limpet 
hemocyanin and subsequent challenge at the left hindpaw with the 
same antigen. Significant differences in the magnitude of induced 
hyperalgesia following ligation were found among the three strains 
of rats. In addition, Lewis rats demonstrated a significantly 
increased DTH reponse following the induction of unilateral 
mononeuropathy as compared to SD rats, while the magnitude of the 
DTH response of sham operated SD and Lewis rats was similar. 
These data demonstrate that the HPA axis has a potential 
"dampening" effect on both the hyperalgesia - like behavior and the 
alteration in immune reponses induced by unilateral 
mononeuropathy. (NIH DA06687, DE06682, DA07239)

2 6 0 .5

SUPPRESSION OF MECHANICALLY EVOKED RESPONSES OF 
DORSAL HORN NEURONS BY ELECTRICAL STIMULATION IN 
NEUROPATHIC RATS. K.S. Paik*. C.K. Suh and J.W. Leem. 
Depts. of Physiology, Yonsei & Inha Univ. Col. Med., Seoul, Korea.

The aim of this study is to see if enhanced responses of spinal 
dorsal horn neurons to mechanical stimuli seen in neuropathic rats are 
suppressed by electrical stimulation.

For neuropathic rats, an unilateral ligation of L5-6 spinal nerves 
were made. Activity of wide dynamic range (WDR) lumbar dorsal 
horn neurons evoked by brush and pinch stimulation of the receptive 
field (RF) was recorded, and effects of electrical stimulation of RF (2 
Hz, 4-5 mA, 20 min) on mechanically evoked responses were tested. 
Comparison was made between neuropathic and normal rats.

Neurons in neuropathic rats, as compared to in normal rats, showed 
higher discharges in both brush-evoked and pinch-evoked responses. 
Electrical stimulation suppressed both responses in neuropathic rats 
while suppressing only pinch response in normal rats. Time course of 
suppressive effect on brush response in neuropathic rats was shorter 
than that on pinch responses in neuropathic and normal rats.

The results implicate that electrical stimulation of RF produces 
antinociceptive effect via a suppressive action on the enhanced 
mechanical responsiveness of the spinal neurons, and that different 
machanisms are involved in mediating suppressions o f non-noxious and 
noxious responses in this rat model of peripheral neuropathy.

2 6 0 .2

DIFFERENT EFFECTS OF PROTEIN KINASE-C ACTIVATION 
ON T HE RESPONSES TO BRADYKININ AND TO HEAT OF VIS
CERAL POLYMODAL RECEPTORS STUDIES IN VI TRO. K 
Mizum ura*H . Koda and  T. Kum azawa. Dept. Neural Regula
tion, Res. Inst. Environ. Med., Nagoya Univ., Nagoya, 464-01. 
J ap a n .

To clarify the possib le  involvem ent of p ro te in  k inase  (PK) C- 
activation on polym odal recep tor (PMR) activities, we studied  
the  effects of PKC-activating phorbol esters , phorbol 12-myris- 
ta te  13-acetate (PMA) an d  phorbol 12 ,13-d ibu tyra te  (PDBu), 
on PMRs recorded in vitro in te stis-sp e rm atic  nerve p re p a ra 
tions excised from dogs u n d e r an es th e sia  with pen tobarb ita l 
sodium  (30 m g /kg , i.v.). PMA an d  PDBu (> =0.1 μM) excited 
som e of PMRs, and  the excitation induced  by h igher concen
tra tions of PDBu lasted  long (>30 min) a fte r rinsing. The heat 
responses  were reversibly facilitated by p re trea ting  PMA and  
PDBu (0.1 μM for 5 min). Sensit ization of the  h ea t responses 
by PDBu w as blocked by s tau ro sp o rin e  (1 μ M. for > 15 min), 
confirm ing th a t the  facilitation of the h ea t response  by PDBu 
w as induced by activation  of PKC. PDBu (0.1 μ M) applied  s i
m ultaneously  w ith bradykin in  (BK , 0 .03-0 .1  μM) facilitated 
the BK response, w hereas PDBu trea ted  5 min before s u p 
p ressed  the  following BK response. Both effects were revers
ible. These re su lts  suggest two m echan ism s facilitated and  in
hib ited  by PKC a re  involved in the BK response  of PMRs.

2 6 0 .4

PERICARDIAL INJECTIONS OF IN FLAM M ATO R Y CHEM ICALS EXCITE 
UPPER CERVICAL (C1-C3) S P IN O TH A LA M IC  TR AC T  (STT) CELLS IN 
MONKEYS . M .J . C han d le r* . J. Zhang and R.D. Forem an . Dept. 
Phys io logy , Un iv . o f O kla . HSC, O kla . C ity , OK 7 3 1 9 0 .

E lec trica l s t im u la tio n  o f vaga l and ca rd io pu lm ona ry  sym pa th e tic  
a ffe re n ts  e xc ite s  C 1-C3 STT ce lls . C ard iac no c ice p t io n  is tra n sm itte d  
to  th o ra c ic  segm en ts  in s ym pa th e tic  a ffe re n ts , bu t pa in m ay be 
re fe rred  to  th e  neck and ja w  a fte r s ym pa th e c tom ie s . M yoca rd ia l 
ischem ia  a c tiv a te s  bo th  vaga l and s ym pa th e tic  a ffe re n ts . W e  
hypo thes ized  th a t ch em ica l s t im u la tio n  o f th e  hea rt ex c ite s  C1-C3 STT  
ce lls  v ia  e ithe r vaga l or sym pa th e tic  a ffe re n ts . C 1-C3 STT ce lls w ere  
id en tifie d  a n tid rom ica lly  from  la te ra l tha lam us  in an es the tized  male  
m onkeys . E x tra ce llu la r po te n t ia ls  o f 18 ce lls  e x c ite d  by e lec tr ica l 
s t im u la tio n  o f vaga l or sym pa th e tic  f ib e rs  w e re  exam ined fo r e ffe c ts  
o f pe rica rd ia l in je c tio n  o f in flam m a to ry  soup m ix tu re  (b radyk in in , 
PGE2, 5 -H T , h is tam ine ,each  1 0 -5M; adenos ine , 1 0 -3M ). Chem ica l 
s t im u la tio n  o f the  hea rt e x c ited  11 , in h ib ited  1 , and did no t a ffe c t 6 
ce lls . C u ttin g  or coo ling  ce rv ica l vagus fib e rs  decreased chem ica l 
e x c ita to ry  responses in 7 o f 9 ce lls  te s te d ; 2 ce lls  w e re  u n a ffe c te d . 
Spinal co rd  ab la tion  p lus c u tt in g  ce rv ica l vag i e lim in a te d  chem ica l 
e x c ita tio n  in 2 o f 7 ce lls . In 1 add itio na l ce ll, sp ina l co rd  ab la tion  
a lone e lim ina ted  the  e x c ita to ry  response to  in flam m a to ry  soup. Thus, 
po te n t ia lly  no x io us  chem ica l s t im u la tio n  o f th e  hea rt e x c ited  C1-C3 
STT ce lls  via  e ithe r vaga l or sym pa th e tic  a ffe re n t fib e rs . Card iac pain  
re fe rred  to  the  neck and ja w  reg ion  m ig h t in vo lve  a c tiv a tio n  o f vagal 
a ffe re n t in ne rva tio n . (S upported  by NIH g ra n t H L 2 2 7 3 2 )

2 6 0 .6

ELECTROPHYSIOLOGICAL CHARACTERISATION O F SUPERFICIAL 
LAMINAE NOCICEPTIVE NEURONES PROJECTING TO THE PARABRACHIAL 
AREA IN THE RAT. H. Bester. V. Chapm an. .I F, Bernard. B. Ontemente* & 
J.M. Besson. INSERM  U.161, 2 rue d 'A lé sia, 7 5 0 14 Paris.

W e have previously shown that parabrachial (PB) neurones backfired 
from  the am ygdala or the ventrom edial nucleus o f the hypothalam us were 
exclusively activated by noxious stim uli. The purpose o f our study was to 
establish the encoding properties of superficial dorsal horn neurones, of the 
rat sp inal cord , p ro jec tin g  to the PB area. Thus c h a rac te risin g  the 
physiological relevance of the spinal-PB link in the rat.

Extracellular recordings of superficial dorsal horn (L4-5 segm ent, depth 
0 -2 5 0μ m) neuronal responses were m ade w ith tungsten  e lec trodes in 
halothane anaesthetised  rats. The recorded neurones were an tid rom ically 
driven from  the contralateral PB area (position labelled with the prussian 
blue po in t techn ique). N euronal responses to innocuous and noxious 
ipsilateral cutaneous graded m echanical and heat stimuli were determined.

All of the neurones (n=10) were antidrom ically driven from the PB area, 
with a mean latency o f 7.2±2m s, thus a conduction velocity of 20,5±3m/s. 
and therefore conveyed by m yelinated fibres. All o f the neurones had a 
very low spon taneous ac tiv ity  and sm all ip sila te ra l recep tive  fields 
incorporating one o r two toes o f the hind-lim b. The mean thresholds and 
latencies o f the neurones to transcutaneous electrical stim ulation (0.2m s 
pulse) were 0.24±0.04m A  and 7 .4±1.4m s for A -fibres respectively , and 
9 .5±1 .3m A  and 226±23m s for C -fib res resp ec tiv e ly . T hese neurones 
exhibited increm entally increasing responses to graded m echanical and heat 
stim uli in the  nox ious range (m ean th resh o ld s: l 0 ±2.3 N /cm 2 and 
42.9±1.2°C  respectively). None o f the neurones responded to brush.

Our prelim inary  results in the rat indicate that num erous nociceptive 
superficial lam inae neurones project to the PB area, and that their neuronal 
characteristics resem ble those we have previously described at the PB level.
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260.7
DIFFERENTIAL PROJECTIONS OF THE PARABRACHIAL AREA 
TO THE THALAMUS: A PHA-L STUDY IN THE RAT. J.F. Bernard*. 
H. Bester and J.M. Besson.  U 161, 2 rue d'Alésia, F-75014 
Paris, France.

Microinjections of the anterograde tracer Phaseolus Vulgaris 
leucoagglutinin (PHA-L) were made in subnuclei of the pontine 
(pPB) and mesencephalic (mPB) parabrachial divisions (n=85) and in 
adjacent (n=20) areas. Serial sections w ere reacted w ith 
immunochemistry permitting the demonstration that parabrachial 
(PB) projections to the thalamus are organized as follows:

Only two restricted regions of the PB area send a high density of 
projections to the thalamus: 1) the internal lateral subnucleus of the 
PB area, recently characterized as a target of spinal lamina V 
afferents, concentrates almost all of its projections onto the central 
medial and paracentral thalamic nuclei; 2) the classical gustatory 
region of the PB area primarily projects to specific gustatory and 
adjacent thalamic nuclei. A lthough more diffuse, noticeable 
projections were also observed to the rhom boid, subm edius, 
paraventricular, parafascicular and subparafascicular thalamic 
nuclei, from the external medial subnucleus of the pPB division and 
portions of the mPB division.

In contrast with the above results, the PB areas that receive the 
densest innervation from spinal lamina I neurons, do not primarily 
project to the thalamus.

In conclusion, the present study strongly suggests the existence of 
a new and im portant spino-parabrachio-thalam ic nociceptive 
pathw ay originating from the spinal lam ina V neurons and 
terminating in the intralaminar thalamic nuclei.

260.9
THE DORSAL COLUMN (DC) IS MORE. IMPORTANT FOR VISCERAL PAIN 
THAN THE SPINOTHALAMIC TRACT? E.D. Al-Chaer*. N.B. Lawand. K.N. 
Westlund and W.D. Willis. Dept. of Anatomy and Neurosciences, University of 
Texas Medical Branch, Galveston, TX 77555.

To study the different roles of the DC and the anterolateral column (ALC) in 
visceral and cutaneous nociceptive processing, experiments were done on 20 male 
Sprague Dawley rats anesthetized with pentobarbital. Recordings were made from 
single units in the ventral posterolateral (VPL) nucleus of the thalamus in response 
to graded cutaneous stimuli and graded colorectal distension spanning the 
innocuous and noxious range. The cells were tested before and after sequential 
lesions of the DCs and the ALC at T10 segmental level. Units with complete 
records were divided into two groups of ten units each. The First group was tested 
before and after a lesion of the DCs followed by a lesion of the ALC and further 
testing. The second group was tested before and after a lesion of the ALC 
followed by a lesion of the DCs and further testing. The results show that the 
lesion of the DCs essentially eliminated the responses to innocuous and noxious 
colorectal distension as well as to innocuous cutaneous stimuli but failed to affect 
the response to noxious cutaneous pinch. The later ALC lesion eliminated the 
pinch response. When the sequence of lesions was reversed, the ALC lesion 
reduced only slightly the responses to colorectal distension but nearly eliminated 
the response to noxious pinch. The DC lesion eliminated the remaining responses. 
The results obtained so far indicate that a pathway exists in the fasciculus gracilis 
that is more important for visceral nociceptive processing than pathways in the 
ALC, primarily the spinothalamic tract, which are more important for somatic 
nociception. (Supported by NS09743, NS32778, NS11255.)

260.11
SPINOPARABRACHIAL CELLS CONTAINING SP, VIP AND CRF IN THE 
LUMBOSACRAL SPINAL CORD. E.J. Rubenstein, W.D. Willis* and K.N. 
Westlund, Dept. of Anatomy & Neurosciences, University of Texas Medical 
Branch, Galveston, Texas 77555.

Cells in the marginal zone of the spina! cord are known to transmit 
nociceptive information to supraspinal areas, like the parabrachial (PB) nucleus, 
where information is integrated into the central autonomic control system. Others 
have shown that neurons in the superficial dorsal horn stain immunohistochem- 
ically for the neuropeptides dynorphin, enkephalin, and substance P (SP). SP has 
been proposed to play a role in nociceptive processing; vasoactive intestinal 
polypeptide (VIP) may have an important role in mediation of visceral sensation; 
and corticotropin releasing factor (CRF) has been suggested to regulate stress 
responses. We investigated whether spinoparabrachial cells contain SP, VIP or 
CRF. Retrograde tracers were injected into PB and then spinal cord sections 
immunohistochemically stained for the peptides. Injections were grouped into two 
categories: (1) experiments in which the injection sites were localized solely in the 
dorsal lateral and central lateral subnuclei, and (2) experiments in which the 
injection sites were localized in the dorsal lateral, central lateral and internal lateral 
subnuclei. The experiments indicate that spinoparabrachial cells contain SP, VIP 
and CRF. In the first group of experiments retrogradedly labeled cells containing 
SP, VIP and CRF were predominately observed in lamina I and the lateral spinal 
nucleus (LSN). Very few labeled cells were seen in deeper laminae in the lumbar 
or sacral spinal cord. In the second group of experiments spinoparabrachial cells 
containing SP, VIP and CRF were observed in lamina I, LSN and deeper laminae, 
including the lateral portion of lamina V and lamina X. Triple labels indicated 
that some of these cells also send a collateral to the thalamus. These neuropeptides 
may be involved in visceral nociception. (Supported by NS11255, NS28064, 
NS09743.)

260.8
TIMECOURSE OF C-FOS ACTIVATION OF BRAINSTEM AND SPINAL 
CORD CELLS AFTER NOXIOUS COLON STIMULATION WITH MUSTARD 
OIL. Y. Lu*. W. D. Willis. K.N, Westlund. Department of Anatomy and 
Neurosciences. University of Texas Medical Branch, Galveston, TX 77555-1069.

The expression of c-fos protein is thought to be an indicator of neuronal 
activation in response to noxious stimuli. Mustard oil (0.5ml of 2.5% in peanut oil) 
injected into the lumen of the colon at a distance of 7cm from the anus results in 
an acute inflammation After 1, 2, 4 and 8hr periods, animals were transcardially 
perfused (4% paraformaldehyde). Brainstem. Cl and L6-S1 spinal cord tissue was 
processed for immunocytochcmical localization of c-fos. The timecourse of the 
appearance of c-fos protein was determined. Since the noxious input is applied 
bilaterally, c-fos labeled nuclei were counted bilaterally. C-fos protein was evident 
after lhr, was greatest at 4hr and was still evident but declining at 8hr. This 
included localization in the superficial laminae in the lumbar and particularly in 
the sacral spinal cord. Localization of c-fos appeared in deeper spinal laminae at 
4hr. No c-fos was evident in the cervical spinal cord. C-fos was prominently 
localized in the solitary nucleus in the medulla Other brainstem sites containing c- 
fos included the ventrolateral intermediate reticular field of the medulla, the 
parabrachial, locus cocruleus. pontine dorsal raphe nuclei and periaqueductal grey. 
In most of these sites the number and intensity of the c-fos labeling was increased 
up to 4hr and began to decrease at 8hr No c-fos was evident in normal control 
animals. Some c-fos label was evident after 4hr of peanut oil alone (equivalent to 
lhr of mustard oil) but was significantly less than 4hr of peanut oil containing 
mustard oil Mineral oil as a vehicle produces c-fos protein staining equivalent to 
mustard oil in the colon. These data suggest that neurons in these regions are 
activated by noxious stimulation of the colon. (Support for these studies was 
provided by NIH grants NS 1 1255, NS32778. NS09743).

260.10
ADMINISTRATION OF MORPHINE AND CNQX IN THE RAT SACRAL 
CORD BLOCKS THE RESPONSES OF DORSAL COLUMN NUCLEI (DCN) 
CELLS TO VISCERAL BUT NOT TO CUTANEOUS STIMULATION. N.B. 
Lawand*. E.D. Al-Chaer. K.N. Westlund and W.D. Willis. Dept. of Anatomy and 
Neurosciences, Univ. of Texas Med. Branch, Galveston, TX 77555.

A role of the dorsal columns (DCs) in visceral nociceptive processing was 
recently confirmed in a study done in the rat (Al-Chaer et al. abstract). The aim 
of the present study is to investigate visceral and somatic nociceptive pathways 
activating the cells of the nucleus gracilis (NG). Experiments were done on 
anesthetized male Sprague Dawley rats with the hypogastric nerves sectioned 
bilaterally to restrict the visceral input to the sacral and lower lumbar spinal cord. 
The sacral spinal cord was exposed and a microdialysis fiber introduced at S2 
allowing the infusion of morphine or CNQX, a non-NMDA glutamate receptor 
antagonist, in artificial cerebrospinal fluid. Single unit recordings were made from 
NG neurons in response to natural cutaneous stimuli (brush, press and pinch) and 
to graded colorectal distension (20, 40, 60 and 80 mm Hg). Morphine applied to 
the sacral cord blocked reversibly the responses to colorectal distension but failed 
to affect the responses to either innocuous or noxious cutaneous mechanical 
stimuli. The effect of morphine was reversed by naloxone administered 
intravenously. A similar blocking action was obtained with CNQX. Our 
interpretation is that visceral afferents activate postsynaptic neurons in the spinal 
cord whose axons project to the DCN and whose responses are blocked by 
morphine or CNQX. Cutaneous responses may be mediated by primary afferents 
ascending directly to the NG. Our data along with earlier recordings done from 
postsynaptic dorsal horn neurons in the sacral cord (Hirshberg et al. submitted) 
imply that transmission of visceral input to the DCN and the ventral posterior 
lateral nucleus of the thalamus, involves the postsynaptic dorsal column path. 
(Supported by NS32778, NS09743, NS11225.)

260.12
FE-A5 MONOCLONAL ANTIBODY LABELS CAPSAICIN SENSITIVE RAT 
DORSAL ROOT GANGLION CELL BODIES. L.P Del Mar* and R.S. Scroggs 
University of Tennessee, College of Medicine., Department of Anatomy and 
Neurobiology, Memphis, TN 38163.

Sensitivity to capsaicin was determined in acutely isolated DRG cells which 
were labeled by the monoclonal mouse IgM antibody FE-A5 The FE-A5 antibody 
targets a lactoseries carbohydrate antigen selectively expressed by a subpopulation of 
DRG sensory neurons with afferent terminals in lamina I and II of the dorsal horn 
(Dodd and Jessel, 1985). Acutely isolated DRG cells, adhered to a poly-L-Lysine 
coated coverslip, were incubated with FE-A5 antibody (8 μg/ml, a saturating 
concentration) for 1/2 hour, washed, and then incubated with fluorescene conjugated 
second antibody (goat antimouse IgM). FE-A5 labeled cells (FE-A5+) were detected 
using fluorescence microscopy. Approximately 10-15% of acutely isolated DRG cells 
were labeled by this technique. FE-A5+ DRG cell bodies were in the small to 
medium diameter range.

FE-A5+ DRG cells were recorded from using the whole-cell patch clamp 
method. 16 of 17 FE-A5+ DRG cells (average diameter = 24.1μm ± 1.3 SEM, range 
-  17.5 μm - 37.5 μm) were capsaicin sensitive. In the capsaicin sensitive cells, 
superfusion with l μM capsaicin produced a characteristic inward shift in holding 
current and increase in membrane conductance, which was reversible upon washout 
High-threshold Ca2+ channel currents in this subpopulation of FE-A5+-capsaicin 
sensitive cells were not significantly inhibited by activation of 5HT1A receptors with 
l μM 8-OH-DPAT. The observation that most FE-A5+ DRG cell bodies were 
capsaicin sensitive and thus possibly nociceptors is consistent with the previous 
observation that FE-A5 labeled DRG cells have central axons which terminate in 
lamina I and II of the dorsal horn, where most nociceptors synapse.

FE-A5 monoclonal antibody was obtained from the Developmental Studies 
Hybridoma Bank, Department of Biological Sciences, University of Iowa
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260.13
NOXIOUS MECHANICAL, THERMAL, AND CHEMICAL STIMULI IN THE 
PERIPHERY INDUCES SUBSTANCE P RECEPTOR INTERNALIZATION 
IN THE SPINAL CORD: IMAGING PEPTIDE ACTION IN VIVO
J. R. Ghilardi. S.D. Rogers. A.I. Basbaum. C.R. Mantyh. S R. Vigna. D.A. 

Simone. M.W. Dysken*. P.W. Mantyh. Mol. Neurobio. Lab (151) and 
GRECC, VA Med. Cntr., Mpls., MN 55417; Dept. of Anatomy, UCSF, SF, 
CA 90024; Depts. of Cell Biology, Med. and Surgery, Duke Univ. Med. Cntr., 
Durham, NC 27710; Dept. of Psychiatry, Univ. of Minnesota, Mpls., MN 
55455
Dorsal root ganglion neurons synthesize and transport substance P (SP) to 

the spinal cord, where it is released upon noxious stimulation of the 
innervated tissue. While SP appears to be released in the spinal cord upon 
noxious peripheral stimulation, little is known about the specific 
somatosensory modalities that induce SP release, how far SP diffuses 
within the cord once it is released or the exact postsynaptic targets of SP in 
the spinal cord. We have previously shown that SP release in vivo causes a 
rapid and reversible internalization of SP receptors (SPR), which may 
provide a pharmacologically specific image of neurons activated by SP. We 
now show that noxious stimuli, including capsaicin or bradykinin injection, 
pinch, 55C, or -10C stimuli applied to the hindpaw of the anesthetised rat, 
induce significant SPR internalization in lamina I cell bodies and lamina I 
and II dendrites. In contrast, non-noxious stimuli, such as joint flexion or 
brush of the skin produce little SPR internalization within the same 
population of spinal cord neurons. These data suggest that SP is 
preferentially released from primary afferent terminals in response to 
noxious mechanical, thermal or chemical stimulation. These data also 
suggest that agonist-dependent receptor endocytosis can provide a spatially 
and pharmacologically specific image of the sites of receptor activation. 
Supported by NIH and the VA.

260.15
DIFFERENTIAL ENCODING OF CORNEAL INPUT IN TWO DISTINCT 
REGIONS OF THE SPINAL TRIGEMINAL NUCLEUS (Vsp) IN THE RAT.
I.D. Meng*. J.W. Hu. A.P. Benetti. D.A. Bereiter. Depts. Neuroscience & Surgery, 
Brown U/RI Hosp, Providence, RI & Faculty of Dentistry, U of Toronto, Ontario.

Corneal primary afferents project to two distinct regions in Vsp: subnucleus 
interpolaris/caudalis transition (Vi/Vc) and subnucleus caudalis/cervical cord 
transition (Vc/Cl). However, second-order comeal responsive units at Vi/Vc and 
Vc/Cl have never been compared. Extracellular recordings were used to 
characterize corneal responsive units at both Vi/Vc and Vc/Cl in chloralose 
anesthetized rats (n=30). Electrical stimulation of the cornea (1-5 mA, 0.1-2 ms) 
was used to determine the type of fiber input (A8 and C). If present, the cutaneous 
receptive field was characterized. Units were tested after mechanical, thermal and 
mustard oil (MO) stimulation of the cornea. Corneal units at Vc/Cl received 
either Aδ or Aδ and C fiber input and all had a cutaneous receptive field that could 
be classified as either nociceptive specific or wide dynamic range. The corneal 
receptive field had mechanical von Frey thresholds that ranged from 0.085 to 0.19 
gm and did not always contain the entire cornea. All Vc/Cl units gave large 
responses to noxious corneal heat and MO. In contrast, Vi/Vc cells existed as two 
distinct catagories. One group of cells (>50%) received only AS input, responded 
to mechanical stimulation of the entire cornea with thresholds from 0.085 to 0.7 
gm and responded poorly to corneal heat and MO. Over 90% of these units had no 
cutaneous receptive field. No units of this type were found at Vc/Cl. All other 
units at Vi/Vc received AS and C fiber input, responded to mechanical stimulation 
of the entire cornea with thresholds similar to AS only units and gave large 
responses to noxious corneal heat and MO. Most of these units had a cutaneous 
receptive field (>70%). This first systematic analysis of corneal sensory 
processing by Vi/Vc and Vc/Cl neurons reveals significant differences in primary 
afferent fiber input, receptive field properties and responses to noxious stimulation 
which may underlie various aspects of trigeminal nociception. Supported by NIH 
grant NS 26137.

260.14
THE ROLE OF SPINOTHALAMIC TRACT NEURONS IN ITCH AND 
ALLOKINESIS. J. Li1*. J.-M. Zhang2. E.R. Stevens1. R.H. LaMotte2 
and D.A. Simone1. 1Department of Psychiatry, University of Minnesota, 
Minneapolis, MN 55455 and 2Department of Anesthesiology, Yale University 
School of Medicine, New Haven, CT 06510.

Intradermal injection of histamine in humans produces a sensation of 
itch and an area of allokinesis (itch evoked by gently stroking the skin 
surrounding the injection site) while injection of capsaicin produces pain and 
a surrounding area of mechanical allodynia. Pain and allodynia from 
capsaicin are due in part to excitation and sensitization of spinothalamic tract 
neurons. In the present study, we investigated the role of spinothalamic tract 
neurons in itch and allokinesis. Responses of monkey spinothalamic tract 
neurons to mechanical stimuli (stroking with a cotton swab within the 
receptive field) were determined before and after injection of histamine (20 
μg in 10 μl) or vehicle (normal saline pH = 7.4) into the receptive field. 
Histamine excited 6 of 7 cells and the maximum discharge usually occurred 
during the first minute after injection, in agreement with sensory 
measurement of itch in human. None of the cells became sensitized to 
stroking after histamine. All were excited by injection of capsaicin after 
which responses to stroking increased in 4 of 5 cells tested. These results 
suggest that a subpopulation of spinothalamic tract neurons responsive to 
capsaicin contributes to histamine evoked itch. However, either another 
population of spinothalamic tract cells, or other ascending tract cells 
contributes to allokinesis (Supported by NIH grant NS 14624).

260.16
PARTICIPATIO N OF SPINAL CCK RECEPTO RS IN M USTARD OIL- 
INDUCED FA CILITATION OF TH E N O CICEPTIV E TA IL-FLICK 
REFLEX. M. Jiang*. M O, Urban and G.F. Gebhart. D ept. o f 
Pharmacology, Univ. o f  Iowa, Iowa City, IA 52242 

M ustard oil (allyl isothiocyanate) is a chemical irritant which produces a 
neurogenic inflammation, selectively activates C-fibers, and causes 
hyperalgesia in several pain models. Cholecystokinin (CCK) is a 
neuropeptide that is distributed throughout the central nervous system (CNS) 
and has been implicated as a hyperalgesic/antianalgesic neurom odulator in 
the spinal cord. This peptide is also localized in prim ary afferent fibers and 
released by C-fiber intensity stimulation. In the current study, we tested 
whether m ustard oil could produce a hyperalgesia on the noxious heat- 
induced spinal tail-flick reflex, and whether spinal CCK receptors mediate 
this effect. M ustard oil (100%, 20 μl) applied topically to the skin on the 
lateral surface o f  the left hind leg o f  adult rats resulted in a facilitation o f  the 
tail-flick reflex that lasted approxim ately 60 min. This hyperalgesic response 
was apparent, but o f  significantly less magnitude and duration (30 min) in 
spinalized animals. Intrathecal injection o f the CCK receptor antagonist 
proglumide (1 μg, 5 μl) completely inhibited m ustard oil hyperalgesia in both 
normal and spinalized animals. These data suggest that topical application o f 
m ustard oil produces a  hyperalgesia that involves both local peripheral 
afferent input and a descending pain facilitatory pathw ay in the CNS. 
Additionally, spinal CCK receptors appear to mediate both components o f  the 
hyperalgesic response.

260.17
MORPHOLOGICAL CLASSES OF RETROGRADELY LABELED LAMINA 
I SPINOTHALAMIC NEURONS IN THE MONKEY. E.-T. Zhang* and A.P. 
(Bud) Craig. Div. Neurobiology, Barrow Neurological Institute, Phoenix, 
Arizona 85013

Spinothalamic tract (STT) neurons in the marginal zone (lamina I) of the 
spinal dorsal horn were studied after large contralateral thalamic injections of 
cholera toxin subunit B and development with the ABC technique, which 
produced excellent dendritic staining. Morphological examination of a total of 
10,700 labeled cells (in 4 monkeys) in serial horizontal 50 pm sections 
disclosed at least 3 cell types similar to our preceding findings in the cat: 
fusiform (F) cells with small, spindle-shaped somata and longitudinal bipolar 
dendritic arbors; pyramidal (P) neurons with triangular somata and dendritic 
arbors oriented mainly rostrocaudally; and multipolar (M) cells with larger 
multiangular perikarya and dendritic arbors oriented rostrocaudally as well as 
mcdiolaterally. A small number of cells with transitional shapes or round 
perikarya were unclassified (U). Overall, the proportions of cell types were: 45% 
F, 28% P, 24% M and 3% U cells. About 25-50 cells were counted per segment 
in the thoracic cord of each animal, but 100-250 cells per segment in the 
enlargements. The relative proportions of 3 type cells varied longitudinally. F 
cells were highest (over 60%) in thoracic segments, but the ratio of P (and M) 
to F cells greatly increased in the enlargements (to about a third each).

Lamina I STT cells are considered to transmit pain and temperature activity 
in several species. There are three major physiological classes of lamina I STT 
cells, and intracellular labeling work in cat in this lab (Han and Craig, SN ’94) 
has shown that nociceptive-specific cells are F, cold-specific cells are P and 
multimodal cells are M cells. The distinct morphological types of lamina I STT 
cells in the monkey with differential longitudinal distributions strongly suggest 
that these cell types could similarly correspond to the different functional classes 
of lamina I STT neurons. (Supported by NS 25616)
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261.1
MULTISENSORY CONVERGENCE AND INTEGRATION IN CORTICAL 
AREA 7b OF UNANESTHETIZED MONKEYS. W. K. Dong*. E. H. Chudler
and K .S u g iyama. Department of Anesthesiology, University of Washington
School of Medicine, Seattle, WA 98195-6540.

A previous study from our laboratory (J. Neurophysiol., 72:542-564, 1994) 
demonstrated that multisensory (S-V) neurons in conical area 7b receive 
convergent somatosensory and visuosensory inputs and that multimodal (thermal 
and mechanical) nociceptive input constitutes a portion of the somatosensory 
information inflow. A notable consequence of this multisensory convergence is 
spatial alignment or congruence of somatic and visual receptive fields. The 
location and size of the cutaneous receptive field complement those of the visual 
receptive field, the visual receptive field is immediately adjacent to the somatic 
receptive field and subtends solid angles in both the vertical and horizontal visual 
planes that extend out from the body part. S-V neurons code the location of visual 
stimuli in somatocentric or body-part centered coordinates. The current study 
revealed that S-V neurons have spatial selectivity for the direction of target motion 
and for target distance within the visual receptive field.

An important finding regarding multisensory integration in area 7b is that 
visuosensorv input evokes activity that enhances the neural responses to weak 
somatosensory input. The response magnitude of nociceptive S-V neuron to 
thermal shifts from warm (38°C) to near-noxious heat (43-44°C) was significantly 
enhanced by a threatening visual target that approached the skin prior to heating. 
The enhanced responses evoked by near-noxious heat were not significantly 
different from responses evoked by frankly noxious heat (i.e., 47°C) alone. 
Such multisensory response amplification which mimics a maximal response to 
noxious thermal stimulation alone may allow minimally effective thermal 
stimulation within the context of a visual threat to be readily detected.

261.3
ELECTRICAL STIMULATION EFFECTS OF THE LOCUS COERVLEUS (LC) UPON THE 
SPONTANEOUS AND NOCICEPTIVE EVOKED ACTIVITY IN THE MEDIAL PREFRONTAL 
CORTEX (MPfCx) AND CENTRAL LATERAL (CL) THALAMIC CELLS. Sánchez-Moreno 
R M., Condés-Lara M.and Alvarez-Leefmans F. J. * Institute Mexicano de Psiquiatria.Mexico. D.F. 
At present it is known that the painful information processed in the MPfCx and CL 

thalamic nucleus is related with the emotive component of pain. These structures present 
noradrenergic terminations from the LC and they also present at least one type of 
noradrenergic receptor The LC has a defined profile as a nucleus in which electrical 
stimulation produces spinal analgesia, however, its participation in the production of 
supraspinal analgesia has not been studied vet. We carried out 40 experiments in male 
Wistar rats anesthetized with uretane (25 exps.) and with halothane (15 exps) We 
performed electrophysiological extracellular unitary and simultaneous records in the MPICx 
and in the CL thalamic nucleus. 28 MPfCx cells and 31 CL cells were recorded, from which 
17 and 21 cells respectively were tested with nociceptive stimuli. The 41% of MPfCx cells 
and the 76% of the CL cells showed responses to noxious stimulation. Concerning the 
electrical LC stimulation effects of the spontaneous activity in cells, presenting responses to 
nociceptive stimulation, we observed that 56% from the MPtCx and CL cells demostrated a 
decrease and some of them displayed a total arrest of their activity This last effect was most 
evident in the cortical cells (75% of the responsive cells). The CL activity was also 
decreases asociated with a rithmic patem in 77% of the responsive cells The few cells 
tested with LC electrical stimulation and during the nociceptive stimulation showed an 
inhibitory action Our results suggest that the LC nucleus can be involved in mechanisms 
modulating the spontaneus and evoked activity by nociception. The LC electrical stimulation 
effects show diferent characteristics in the evoked patern acivity when we compared cortical 
and thalamic cells. This may account for a different action of LC mechanisms upon MPfCx 
and CL cells, and possibly involve an interaction with other structures. Considering the 
literature of MPfCx and CL cells about pain mechanisms, it may be that the present results 
could be related with the emotional integration of nociceptive responses.

261.5
UNILATERAL INACTIVATION OF THE CENTRAL NUCLEUS OF THE 
AMYGDALA ATTENUATES MORPHINE ANTINOCICEPTION IN THE TAIL- 
FLICK TEST. B.H. Manning1* and D.J. Mayer2. Depts. of 1Anatomy and 
2Anesthesiology, Medical College of Virginia, Virginia Commonwealth University, 
Richmond, VA 23298

We have recently demonstrated an involvement of the central nucleus of the amygdala 
(Ce) in the production of morphine antinociception (MA). Bilateral excitotoxic lesions of 
the Ce reliably attenuate the antinociceptive effect of systemically administered morphine 
in both the formalin and tail-flick ( IT) tests During the course o f these investigations, we 
noticed that several rats with large lesions of the Ce in one hemisphere, but only minimal 
damage to the Ce in the other hemisphere, also appeared to show marked attenuation of 
antinociception. The following experiment was designed to determine whether unilateral 
inactivation of the Ce is indeed sufficient to attenuate MA in the TF test. Unilateral 
excitotoxic ablation of the Ce using N- methy1-D- aspartate (NMDA; 0.25M, 150 nl injection 
volume, pH 7.4), but not unilateral lesions of adjacent amygdaloid areas, reliably attenuated 
MA (2.5 and 4 mg/kg morphine sulfate, s.c.) in the noxious heat-evoked TF test (3.0-4.0 
sec baseline TF latencies) as measured over a fifty minute observation period. Unilateral 
inactivation of the Ce with the local anesthetic lidocaine (2%, 250 nl) also reliably 
attenuated MA. It is unlikely that these effects were artifacts of lesion-induced 
hyperalgesia, since unilateral Ce inactivation failed to reliably increase baseline nociceptive 
reactivity even at baseline TF latencies of 10-12 seconds These experiments provide 
additional evidence that systemieally administered morphine requires the integrity of the 
Ce in order to suppress spinally-mediated nociceptive reflexes. This evidence, together 
with recent evidence linking the Ce to the production of several forms of conditioned and 
unconditioned environmentally-induced antinociception, may w arrant incorporation of the 
Ce into current models of endogenous pain control circuitry. Furthermore, unilateral Ce 
lesions in conjunction with pharmacological manipulation of other CNS areas may provide 
a labor-efficient means of investigating interactions between the Ce and brainstem areas 
known to be involved in the generation of antinociception.

261.2
NOCICEPTIVE NEURONS COME IN BUNCHES IN THE VENTROPOSTERIOR 
LATERAL NUCLEUS (VPL) OF THE SQUIRREL MONKEY. J. Brü ggemann*. T. 
Shi, L.R.Airapetian and A.V. Apkarian. Dept. of Neurosurgery at SUNY 
Health Science Center, Syracuse. NY 13210.

Single cell recordings imply that only 10% of VPL neurons are nociceptive, i.e. 
they encode duration, intensity and location of somatic noxious stimuli. The aim of 
the present study was to investigate multineuronal dynamics of VPL cells in the 
neighborhood of identified nociceptive neurons.

In halothane-anesthetized squirrel monkeys, neuronal activity in VPL was recorded 
using matrix-microelectrodes (4 tungsten tips in a 115 μm2 plane, 0.5-1.5 MΩ). 
Individual unit activity was clustered off-line (Datawave). Their locations in 3D. 
relative to each other and the electrode tips, were calculated. The units' interactions 
were quantitatively studied by crosscorrelation analysis, and their responses to 
mechanical and thermal innocuous and noxious stimuli determined.

Four to 10 neurons could be studied at single recording sites. At sites where 
nociceptive neurons were present their proportion was 50-80%. Cross-correlation 
analysis showed that both excitatory and inhibitory interactions exist in these 
populations, and that the strength and type of interaction can change for different 
types of stimuli. With noxious thermal or mechanical stimuli, the cross-correlations 
dramatically and distinctly increased.

This is the first report of simultaneous recordings, and the characterization of the 
dynamics, of populations of nociceptive neurons during processing of non- 
nociccptive and nociceptive information, in the monkey thalamus. These multi
electrode recordings indicate that the number of nociceptive neurons in VPL is much 
larger than previously thought. The relations between strengths of interactions and 
relative positions of these cells, as well as the differences in interactions between 
recording sites, are being analyzed. This study was partially funded by NIMH 1R01 
MH50064. J. Brü ggemann was funded by the Fogarty International Center of NIH.

261.4
FORMALIN INCREASES CNS N-METHYL-D-ASPARTATE (NMDAR1) mRNA. K.
Elliott*. M. Brodsky. B. Warwick. K.M. Foley and C.E. Inturrisi. 
Dept, of Pharmacology. Cornell U. Med. College. New York, NY 10021.

The N-methyl-D-aspartate (NMDA) receptor is important in 
nociceptive processing (Elliott 1994). The formalin test is a model 
of acute somatic pain resulting in both a stereotyped nociceptive 
response and glutamate release in spinal cord and NMDA receptor 
antagonists are antinociceptive in this model. To investigate the 
effects of right hindpaw formalin on NMDA receptor expression in 
BALB/c mice, we used solution hybridization to measure the levels of 
NMDAR1 mRNA (Franklin et al.. 1993) at 1. 4 and 9 hrs post-injection 
(formalin or saline) in CNS regions important in nociceptive 
processing. Each formalin animal demonstrated a nociceptive response 
that peaked at 30 minutes and returned to control at 1 hr post- 
injection. NMDAR1 mRNA levels were determined from right (injected 
side) and left dorsal horn of spinal cord (SpC), the nucleus raphe 
magnus (NRM), periaqueductal grey (PAG), medial thalamus (Thal) and 
sensorimotor cortex (Ctx). At 1 hr following formalin NMDAR1 mRNA 
levels in each of the CNS regions examined were not different, as 
compared with saline controls. At 4 hr post-formal in. NMDAR1 mRNA 
was significantly (p<0.05) increased in the ipsilateral SpC, in the 
Thal and bilaterally in Ctx. However, at 9 hr post-injection, only 
the increase in ipsilateral SpC persisted, and there was a decrease 
in NMDAR1 mRNA in the NRM. These results suggest that changes in 
NMDAR1 mRNA may be a marker of activation in these nociceptive 
pathways. The regulation of NMDAR1 mRNA may be important in 
modulating the endogenous antinociceptive response to formalin, with 
thalamic and sensorimotor neuronal activation "turning on" 
descending endogenous antinociceptive pathways to "shut off” the 
nociceptive response to formalin. This is manifested by a marked 
diminution of nociceptive behaviors seen at 1 hr post-formal in. 
Supported by NIDA Grants DA01457. DA-07274, DA07274, DA00198 and the 
VZV Research Foundation.

261.6
DIFFERENTIAL EFFECTS OF PARAVENTRICULAR NUCLEUS 

LESIONS ON STRESS-INDUCED ANALGESIA DURING THE FIRST 
AND SECOND PHASE OF THE FORMALIN TEST. P.N. Fuchs* and R. 
Melzack. Dept. of Psychology, McGill University, Montreal, QC H3A 1B1 

Previous research indicates that the paraventricular nucleus of the 
hypothalamus (PVN) is an important structure for the development of 
stress induced analgesia (SIA). Research implicating the PVN in SIA has 
primarily employed cold-water swim as the stressor and phasic pain tests, 
such as the tail-flick test, as the pain model. The present study 
investigated the effects of PVN lesions on SIA caused by 30 min of 
restraint using a tonic pain test, the formalin test. Male Long-Evan rats 
were randomly assigned to one of three groups. One group received 
electrolytic lesions of the PVN and a second group served as no-lesion 
control (composed of sham-operated and non-operated rats). Both 
groups were exposed to 30 min of restraint immediately prior to a 0.05 
ml injection of 2.5% formalin into the planter surface of one hind paw. A 
third group received the formalin injection without prior exposure to 
restraint. Following restraint, the no-lesion control group had significantly 
lower pain responses during the first phase (0-5 min post-formalin 
injection) and the late period of the second phase (40-50 min post
formalin injection) of the formalin test indicating that 30 min of restraint 
can produce short-term and long-term SIA for tonic pain. In addition, 
PVN lesions attenuated SIA during the first phase, but had no effect on 
SIA during the second phase of the formalin test. The differential effect 
of PVN lesions on SIA for tonic pain suggests that stress engages 
multiple endogenous pain inhibitory systems.
Supported by NSERC grant A7891
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261.7
THE PHYSIOLOGICAL PROPERTIES OF THE BASOLATERAL NUCLEUS 
OF AMYGDALA TO PAG PATHWAY. S. D. Chandler*. T M. Da Costa 
Gomez and M . M. Behbehani. Dept. of Mol. and Cell. Physiology, U. of 
Cincinnati College of Medicine, Cincinnati, OH 45267-0576.

The periaqueductal gray (PAG) receives projections from the central and the 
basolateral nucleus (BLN) of the amygdala. The goals of this study were to 
determine the physiological properties and the role of opioid receptors in the 
BLN-PAG system. Thirteen male adult rats deeply anesthetized with chloral 
hydrate were used. We used conventional extracellular single unit recording 
methods and measured the effect of chemical ( l 0mM dl-homocysteic acid) and 
electrical (50-200μ A, 100 Hz, for 10 s) stimulation of the BLN on PAG neurons. 
Naloxone (10 mM) was either injected next to the recording electrode or 
systemically. In addition, the effect of BLN stimulation on systemic blood 
pressure was measured. A total of 50 cells were recorded. The majority of these 
neurons were distributed in the lateral subdivision of the PAG. Train electrical 
stimulation of BLN excited 21% and inhibited 27% of cells. The latency of the 
excitatory response was significantly shorter than the latency of the inhibitory 
response. PAG neurons were more responsive to chemical stimulation of BLN 
than electrical stimulation (35% excited, 29% inhibited). Stimulation of BLN 
showed inconsistent effects on systemic blood pressure. The maximum BP 
change produced by BLN stimulation was 26.7 mmHg. In 4/5 cells, the response 
to BLN stimulation was blocked by naloxone. It is concluded that ( I) the 
majority of neurons responsive to BLN stimulation are located in the dorsolateral 
and lateral division of the PAG. (2) BLN stimulation has a mixed effect on PAG 
neurons, and (3) BLN stimulation has only a small effect on systemic blood 
pressure of anesthetized rats. Supported by NIH grant NS20643.

261.9
SYNAPTIC BLOCKADE IN THE ROSTROVENTROLATERAL MEDULLA 
ATTENUATES AUTONOMIC AND ANTINOCICEPTIVE RESPONSES 
EVOKED FROM THE HYPOTHALAMUS P.M.Hudson and B.M.Lumb (SPON: 
Brain Research Association). Dept. of Physiology, University of Bristol, UK

Hypothalamic integration of autonomic control and the spinal processing of 
nociceptive inputs may be mediated, in part, via a relay in the rostroventrolateral 
medulla (RVLM). In the rat, the rostral region of the RVLM is thought to 
subserve both cardiovascular and antinociceptive functions (Lovick 1986). The 
present study was designed to test whether the effects of hypothalamic stimulation 
are mediated by synaptic transmission as well as axonal conduction within the 
rostral RVLM.

Arterial blood pressure, heart rate and hindlimb blood flow were measured in α - 
chloralose anaesthetised rats. Influences on the spinal processing of nociceptive 
input were assessed by monitoring changes in the rectified biceps EMG to 
controlled noxious pinches of the hind paw. The effect of a blockade of 
transmission in the RVLM, using a local anaesthetic or a mixture of kynurenic 
acid and baclofen, was evaluated by analysing any changes in the responses 
evoked by chemical stimulation in the hypothalamus.

Stimulation at hypothalamic sites produced either depressor or pressor responses 
accompanied by inhibitions of the EMG responses to noxious pinches. Following 
non-specific or synaptic-specific blockade in the medulla, hypothalamically 
evoked changes in EMG and cardiovascular parameters were attenuated but not 
eliminated. However, synaptic blockade alone attenuated the antinociceptive 
component to a greater degree than in combination with axonal blockade.
The results suggest that descending control of autonomic and sensory function 
that originates from sites in the hypothalamus involves a synaptic relay at the 
level of the RVLM.
Lovick, TA (1986): Pain 25, 259-268. P.M.H. was a MRC (U K.) scholar

261.8
DIFFERENTIAL INHIBITORY MECHANISMS IN VB VERSUS  
INTRALAMINAR NOCICEPTIVE NEURONS. Y. Nishikawa,
N. Koyama, Y. Yoshida, K. Ikemoto* and T. Yokota. Dept, o f Physiol., 
Osaka Dent. Univ., Otemae, Chuo-ku, Osaka 540, Japan and Depts. of 
Physiol, and Pschiat, Med. Coll, of Shiga, Seta, Otsu, 520-21, Japan.

Differential inhibitory mechanisms acting upon nociceptive units in 
the ventrobasal (V B) complex and intralaminar nuclei of the thalamus 
were studied in urcthane-chloralose anesthetized cats. In both nocicep
tive specific (N S) and wide dynamic (W DR) units recorded from the 
VB com plex, responses both to peripheral and to spinothalam ic (or 
trigeminothalamic) inputs were always inhibited following conditioning 
stimulation o f the nucleus raphe dorsalis (NRD) or its adjacent per
iaqueductal gray (PAG). In intralaminar nuclei, conditioning NRD/PAG 
stimulation inhibited responses o f a small proportion o f nociceptive 
units to peripheral input and to input from the midbrain reticular forma
tion (MRF). The conditioning stimulation excited some units, but had 
no effects in a majority o f intralaminar units. Conditioning stimulation 
applied to the fornix inhibited responses o f some intralaminar units to 
peripheral and MRF inputs, but had no effects on responses of nocicep
tive VB units. The results provide evidence o f differential inhibitory 
mechanisms in VB versus intralaminar nociceptive neurons.

P A IN  M O D U L A T IO N : A N A T O M Y  A N D  P H Y S IO L O G Y — R E C E P T O R  A N D  NE R V E

262.1
INCREASED EXPRESSION OF NEURONAL NITRIC OXIDE SYNTHASE (NOS) 
AND FOS PROTEINS IN NEURAL PATHWAYS FOLLOWING ACUTE AND 
CHRONIC IRRITATION OF THE URINARY TRACT IN RATS. M. A. Vizzard*. 
S. L. Erdman and W. C. de Groat. University of Pittsburgh, Department of 
Pharmacology, School of Medicine, Pittsburgh, PA 15261.

Changes in axonal firing or synaptic activity can alter gene expression in neurons. 
The present experiments examined the alteration in the expression of two proteins, 
NOS and Fos in visceral sensory pathways following irritation of the urinary tract. 
Chemical cystitis was induced by cyclophosphamide (CYP) which is metabolized to 
acrolein, an irritant eliminated in the urine. Injection of CYP (n=6, 75 mg/kg, i.p.) two 
hrs prior to sacrifice of the animals increased the expression of Fos, the protein product 
of the immediate early gene c-fos, in spinal neurons (dorsal commissure, dorsal horn 
and autonomic regions) in rostral lumbar (L1-L2) and lumbosacral (L6-S1) segments 
receiving afferent inputs from the bladder and ureter. However, Fos was not observed 
in the L4 or T8 spinal segments. Chronic CYP administration (n=15, 75 mg/kg, i.p., 
every third day for two weeks) significantly (p <0.01) increased bladder weight by 
60% and increased the number of NOS-IR sensory neurons (7-11 fold increase) in the 
L6-S1 DRG. In control animals, the number of NOS-IR cells was low in the L6-S1 
dorsal root ganglia (DRG; 0.5-0.7 profiles/section) and cervical DRG (C5,C8; 0.3-0.8 
profiles/section) but was significantly higher in thoracic and rostral lumbar DRG (T8- 
L2; 3-44 profiles/section). In four animals given chronic CYP treatment, Fluorogold 
(FG, 40 μl) was injected into the bladder wall five days prior to the first CYP treatment 
to label bladder afferent cells in the L6-S1 DRG. In control animals, no dye-labeled 
bladder afferent neurons exhibited NOS-IR (FG+NOS); however, following chronic 
CYP administration, there was a significant increase in the percentage of bladder 
afferent neurons exhibiting NOS-IR; L6 (19.8%) and S l (25.3%). Fos-IR in the spinal 
cord was not changed in rats receiving chronic CYP treatment. These results indicate 
that neuronal gene expression in visceral sensory pathways can be upregulated by 
chemical irritation of sensory receptors in the lower urinary tract and/or that 
pathological changes in a target organ (i.e., bladder) can initiate chemical signals that 
in turn alter the neurochemical properties of visceral afferent neurons.

262.2
NMDA RECEPTOR INVOLVEMENT IN NEUROPLASTIC CHANGES INDUCED 
BY NEONATAL C-FIBER DEPLETION IN TRIGEMINAL (V) BRAINSTEM 
NOCICEPTIVE NEURONS OF ADULT RATS. C.Y.Chiang*. K.Seo, J.W .Huand 
B.J.Sessle. Fac. of Dent., Univ. of Toronto, Toronto, Ont. MSG 1G6, Canada.

C-fiber afferents provide important nociceptive inputs to V brainstem and spinal 
dorsal horn neurons, but as well may also exert neuroeffector and neurotrophic 
influences. This study was initiated to test whether neonatal C-fiber depletion 
produces alterations in V nociceptive neuronal properties that involve NMDA receptor 
mechanisms. Neonatal rats were injected with capsaicin (50 mg/kg, s.c., CAP rats, 
n= 37) to deplete their C-fiber afferents, or with vehicle (CON rats, n = 22). Both 
groups o f rats at 2-4 months of age were anesthetized with urethane/α -chloralose, and 
neuronal activity recorded from V subnucleus caudalis (Vc). Nociceptive neurons 
were classified as wide dynamic range (WDR, n= 54) or nociceptive-specific (NS, 
n=34). The efficacy of neonatal CAP treatment in depleting C-fiber afferents was 
indicated by the significant reduction (P <  0.001, t-test) in CAP rats of Evans Blue 
Dye extravasation that was evaluated spectrophotometrically and induced by the skin 
application of mustard oil (MO), a C-fiber excitant and inflammatory irritant, and by 
the lack in CAP rats (n== 13) of the MO-induced neuroplastic mechanoreceptive field 
(RF) changes that we have previously documented in normal rats (Yu et al. J. 
Neurophysiol., 70, 1704, 1994). In CAP rats, neuronal RF size was significantly 
enlarged in WDR neurons (6.4±1 sq.cm, mean ±  S.E., n= 3 3 , vs CON: 2.6±0.5  
sq.cm, n= 21 ; P <0.005, t-test) and also markedly enlarged in NS neurons (2.9±0.6 
sq.cm, n = 1 4  vs CON: 1 .5±0.3 sq.cm, n= 1 3 ; P =0.054); spontaneous activity of 
WDR neurons was also significantly increased. MK-801, a non-competitive NMDA 
receptor antagonist (1-2 mg/kg, i.v.), produced a profound and significant reduction 
in size of the enlarged RF of CAP rats that lasted 60 min or more, with the peak 
reduction occurring at 10-20 min (68.3+ 9.8% of control; P < 0 .0 1 , n= 9). MK-801 
resulted in no significant RF size changes (107 ± 6  %, n = 9 ) in CON rats, and RF size 
remained stable following vehicle (saline) injections. These findings suggest that 
NMDA receptor activation may be involved in the neuroplastic changes induced in 
Vc nociceptive neurons by the neonatal depletion o f C-fiber afferents. Supported by 
NIH grant DE-04786.
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262.3
HEAT SENSITIVE NOCICEPTORS INDUCE FLARE-LIKE ANTIDROMIC 
VASODILATATION IN THE PIG SKIN. Fr.-K. Pierau*. +B. Lynn, 
S. Schütterle and S. Basile MPI fur physiol, a nd klin. Forschung. Bad 
Nauheim. Germany Dept of Physiol. Univ College London. UK.

The flare reaction around cutaneous injuries is suggested to be propagated by 
an axonreflex mechanism within the peripheral terminals of stimulated 
noc r e ptors, resulting in the local release of vasoactive mediators, but the types 
of receptors involved are unknown We have addressed this question by 
stimulating filaments of the pig saphenous nerve containing identified afferent 
fibers while monitoring skin blood flow using laser-Doppler flux imaging C- 
fiber units were recorded from the saphenous nerve of anesthetized domestic 
pigs while the skin was searched with different mechanical and heat stimuli 
The cutaneous reccpti\e fields were mapped of units identified by observing 
latency increases to elelctrical stimulation following natural stimulation of the 
skin. In 10 filaments containing 25 identified units in the C-fiber range (CV 
0.6-1.4 m/s. 21 units or 2 2-4.3 m/s. 4 units) 9 units were identified as 
polymodal nociceptors and 10 as specialized heat nociceptors. The latter were 
characterized by high thresholds to mechanical stimuli (> 245 mN) and fired 
after a delay of several seconds with high frequency bursts (often >10 Hz) to 
heat stimulation > 43 6 °C All of the 3 units tested were activated by 
intradermal injection of 10 μl capsaicin (0.3-3 μM) into the receptive field. 
Only electrical stimulation of filaments containing heat nociceptors increased 
skin blood flow in an area restricted to or spread just outside the receptive 
fields of heat nociceptors. No significant changes of blood flow were observed 
in or near receptive fields of polymodal nociceptors or any other receptor type 
stimulated The size of receptive fields of heat nociceptors (max. extension: 9- 
15 mm) matched the extension of flare areas induced by microinjection of 
capsaicin and punctate heat stimulation. The results indicate that in the pig 
skin only heat nociceptors arc involved in axonreflex flare responses

262.5
A NON-SELECTIVE CATION CHANNEL ACTIVATED BY 
CAPSAICIN IN CULTURED DRG NEURONS. U. Oh*. J Y. Kwak. 
S.U. Hwang. T G. Ha. J .Y, Chung and D. Kim *. Seoul National University, 
College of Pharmacy, Seoul 141-742, Korea and 1Finch University of 
Health Sciences/Chicago Medical School, Department of Physiology and 
Biophysics, North Chicago, IL 60064.

Capsaicin (CAP) excites sensory nerve fibers, causing burning pain and 
neurogenic hyperalgesia. Although many studies characterizing ion fluxes 
and whole-cell currents evoked by CAP suggested the presence of ion 
channels activated by CAP, single channels responsible for the macroscopic 
CAP-evoked current have not been identified clearly. Here, we describe the 
properties of CAP-activated single-channels in cultured neonatal rat DRG 
neurons. We first identified CAP-sensitive whole-cell currents which 
blocked by a CAP antagonist, capsazepine, and reversed near ~0 mV in 
physiological solution. In outside-out patches, extracellular application of 
CAP caused opening of ion channels in a dose-dependent manner (EC50,
1.1 μ M) The channel was blocked by capsazepine (10 μM, n=5) but 
activated by 2-10 nM resiniferatoxin. In symmetrical 140 mM Na+, the 
single-channel slope conductances were 45±0.8 and 80±0.4 pS at -60 and 
+60 mV, respectively (n=9) Ion substitution studies indicated that the 
channel was a cation channel, and discriminated poorly among cations since 
the reversal potential did not shift significantly when Na+ was replaced by 
K+, Cs+, Rb +and Li+ The channel was also permeable to Ca2+ . These 
results show that the opening of the non-selective cation channels gives rise 
to the whole-cell CAP-activated current. Supported by RCNDD of Korea.

262.7
T he pH -response of rat cutaneous nociceptors correlates with
EXTRACELLULAR [N a+] AND IS INCREASED UNDER AMILORIDE, IN VITRO.
K. H. Steen, H. Wegner. H. W. Krevsel & P. W. Reeh*. Dept, o f  
Dermatology, Univ. Bonn, D-53105 Bonn; Dept. o f  Physiology I, Univ. 
Erlangen - N ürnberg, D -91054 Erlangen, Germany.

Hydrogen ions induce sustained nociceptor excitation (Steen et al., 
1992, J Neurosci 12; 86-95) and this has been suggested to result from a 
slowly inactivating sodium inward current by evidence from sensory 
ganglion cells (Bevan & Yeats, 1991, J Physiol Lond 433: 145-161).

In a rat skin saphenous-nerve preparation in vitro , receptive fields o f  70 
nociceptors were exposed to CO2 saturated isotonic solutions (pH 6.1) 
containing physiological concentrations o f  K+ and Ca++ but varying 
[Na+]e (217, 145, 96 mM). The pH-induced nociceptor excitation was 
both significantly increased (+57%) with higher and decreased (-36%) 
with lower than normal [Na+]e (p<0.002 and 0.05, respectively; 
W ilcoxon test) which agrees with a perfectly linear correlation and 
confirmes the above suggestion. Amiloride has been shown to block the 
pH-induced Na+ current in hamster taste cells (Gilbertson et al., 1992, J 
Gen Physiol 100: 803-824), however it proved not to do so in cutaneous 
nociceptors. Even more, in presence o f  elevated [Na+]e, amiloride 
induced a dose-dependent massive increase o f  pH-responses, on average 
(amiloride 10-4 M: 435 versus 212 spikes/15 min; 10-3 M: 1180 versus 
310 spikes/15 min; p<0 .02), whose onset was also accelerated (n.s.).

We interprete the latter results as a blockade o f  the Na+/H+-exchange 
transport which prevents the nerve endings from extruding H+ and 
increases intracellular acidosis. This transport was also to be blocked by 
a complete removal o f  [Na+]e, which was replaced by sucrose (see 
Wegner et al. 1995, this meeting).

This study was supported by the DFG (grant Ste 593/1-2 & SFB 353).

262.4
DIODE LASER IRRADIATION CHANGED TTX-SENSITIVE Na+ 
CHANNEL ACTIVITY SENSORY NEURONS 
A. Miu r a  a n d  M. K aw atan i*
D e p t. of P hysio l., S ch . M ed., A k ita  U niv., A k ita  O l0 . J a p a n

A G a-A l-A s d iode la s e r  sy s te m  h a s  b e e n  u s e d  for th e  trea tm en t of 
v a rio u s  ty p es  of p a in . P rev io u s  s tu d ie s  d e m o n s tra te d  th a t  the  laser 
Irra d ia tio n  selectively  in h ib i ts  i r r ita n t  in d u ce d  n e u ro n a l  firing and 
in h ib its  th e  a c tio n  p o te n tia ls  m ed ia te d  b y  Aδ a n d  C fibers. Present 
s tu d ie s  w ere ex a m in e d  th a t  th e  effect of la se r  irra d ia tio n  in cu ltured  
se n so ry  g an g lio n  cells.

The e n e rg y  of la se r  i rra d ia tio n  (J) w as th e  p ro d u c t  of power(W) 
m u ltip lied  by d u ra t io n  (s). L aser i rra d ia tio n  ( 6 x l0 -3J) depolarized  the 
m e m b ra n e  p o ten tia ls  in 62%  of th e  rec o rd e d  ce lls  (n=153) under 
c u r r e n t- c la m p  reco rd in g s , w h e re a s  h y p e rp o la rized  in 17% of them. 
21%  of th e  cells  w ere  u n a ffe c te d  by  irra d ia tio n . T he c h an g e  of the 
m e m b ra n e  p o ten tia l in c re a se d  in  sm a lle r  la se r  i rra d ia tio n  energy (6- 
3 2 x l 0 -3J), w h e re a s  d e c re a se d  follow ing la rg e r i rra d ia tio n  (> 3 2 x l0-3J). 
The d e p o la riz a tio n  w as  o b se rv ed  w ith  1 m in  from  th e  beginn ing  of 
i rra d ia tio n  in  81%  of cells  (n= 153). The m e m b ra n e  p o ten tia l recovered 
in  53%  of sm a lle r  e n e rg y  irra d ia tio n , b u t  on ly  in  27%  of larger energy 
irra d ia tio n . The d e p o la riz a tio n  w as rep ro d u c ib le  w h en  m em brane 
p o ten tia l recovered . L aser irra d ia tio n  In c re a sed  in w ard  c u rre n t  under 
v o lta g e -c la m p  reco rd in g s . In w ard  c u r r e n t  w as  o b se rv ed  1 -2  m in after 
i rra d ia tio n . TTX ( 1μM) a b o lish e d  in w ard  c u r r e n t ,  b u t  TEA (7.5 mM) did 
n o t a lte re d  th e  in w ard  c u rre n t.

T hese  d a ta  co u p led  w ith  p rev io u s  in vivo s tu d ie s  in d ica ted  that 
i rra d ia tio n  co u ld  d irec tly  a c t on  T T X -sen sitiv e  Na+ c h a n n e l  of sensory 
nerve fibers a n d  m ig h t c a u se d  d ep o la r iz a tio n  b lo ck  in p a in  m ediated 
s e n so ry  fibers.

262.6
C hanges in pH -response of rat skin nociceptive nerve endings 
induced by sodium depletion, In vitro. H. Wegner, P. W. Reeh, 
H. W. Krey sel & K. H. Steen*. Dept, o f  Dermatology, Univ. Bonn, 
D-53105 Bonn; Dept. o f Physiology I, Univ. Erlangen - Nurnberg, 
D-91054 Erlangen, Germany.

The proton induced nociceptor excitation (Steen et al.. 1992, J 
Neurosci 12: 86-95) is shown to be enhanced by increased [Na+]e and by 
blockade o f the Na+/H+-exchange transport due to the diuretic drug 
amiloride (Steen et al. 1995, this meeting).

A metal ring, which sealed on the corium with its weight, was used in 
the rat skin-nerve preparation, in vitro , to restrict the stimulation fluids to 
isolated receptive fields o f  pH-sensitive C-fiber terminals. The super- 
fusate for 5 min stimulus periods was "synthetic interstitial fluid" 
acidified with 100% C 0 2 gassing (pH 6.1). As experimental variable all 
sodium salts were replaced by sucrose which strongly altered the pattern 
o f  the pH responses: the peak discharge was shifted from the fifth into 
the first minute o f  the superfusion, the duration was significantly 
shortened (from 222s to 99s, on average, n=13, p< 0.007, Wilcoxon test), 
and a second peak o f  discharge occurred when Na+ reappeared during 
wash-out o f  the C 0 2-sucrose solution. The initial increase in pH induced 
discharge is interpreted as confirming the amilorid findings, since 
decreasing [Na+]e prevents the nerve endings from repeling the H+- 
challenge. The early decline o f  the response is certainly due to pro
gressive lack o f  Na+, although even prolonged superfusion with sucrose 
solution did not abolish spiking. Plain sucrose (pH 7.4) even induced low 
frequent firing in the nociceptive afferents which may result from ectopic 
impulse generation in the transition zone between N a+ deprived and un
deprived axonal membrane.

This study was supported by the DFG (grant Ste 593/1-2 & SFB 353).

262.8
CAPSAICIN ELICITS INWARD CU RRENT W ITH TW O COMPONENTS 
DIFFERING IN TIM E COURSE AND RESPONSE TO  PH IN ADULT RAT 
SENSORY NEURONS. M. Petersen*, R.H. LaM otte‡  A. Klusch and K.-D, 
Kniffki. Dept. of Physiology Univ. W urzburg, D-97070 W urzburg and Dept. of 
Anesthesiology, Yale Univ. School of Medicine‡, New Haven, CT 06510.

A subpopulation of sensory neurons expresses a specific receptor which recog
nizes capsaicin (CAP) and resiniferatoxin. However, anomalies in potency and 
specificity suggest that CAP may act on more than one binding site. The re
sponse to a prolonged application of capsaicin (200 to 1000 nM) in an external 
solution of high (10 mM) and normal (2 mM) calcium was tested in isolated 
dorsal root ganglion (DRG) ceils of adult rats with the whole-cell patch-clamp 
technique. CAP (300 nM) evoked in a subpopulation of cells an inward cur
rent with two components, which reached m axim a after a mean of 8.5 and 36.0 
sec., respectively. Activation and decay phases of both current components could 
be fitted by single exponential functions. Both components could be activated 
separately and distinguished by their activation kinetics suggesting independent 
mechanisms of activation. After complete tachyphylaxis, CAP in an extracellu
lar acidic medium (pH 6.3) then evoked the second component but not the first. 
Another subpopulation of responsive cells exhibited, under the same conditions, 
a current with one maximum, either in the time range of the first or of the second 
component, respectively, irrespective of the calcium concentration. These results 
support the hypotheses of either multiple binding sites for CA P or different sub- 
types of the vanilloid receptor and could explain both the m ultiple effects induced 
by CAP and inter-species differences.

Supported by DFG Pe 299/3-1 and by P.H.S. grants NS 14624 and NS 10174.
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262 .9
THE EFFECTS O f CALCIUM CHANNEL BLOCKERS ON ISOLATED DORSAL 
AND VENTRAL ROOT AXONS. F.B.Dietz and R.A.Jaffe* Department of 
Anesthesia, Stanford University School of Medicine, Stanford, CA 94305.

Local anesthetics are known to affect Na+-, K+- and Ca2+-channels. The mechanism 
of local anesthetic induced differential nerve block may depend on differential ion 
channel effects. In a previous study, the Ca+-channel blocker verapamil caused a 
differential conduction block in myelinated dorsal root axons. In the present study we 
examined the differential blocking effects of several Ca+-channel blockers applied to 
dorsal root (DR) and ventral root (VR) axons.

Adult male Sprague Dawley rats were anesthetized, and single lumbar dorsal and 
ventral roots were excised, transferred to a perfusion/recording chamber and 
continuously superfused with artificial CSF at 37°±0.5°C. Single fiber dissection and 
recording techniques were used to isolate activity in individual axons. Following 30 
min of control measurements each nerve root was exposed to either verapamil (20 or 
40μM), nicardipine (2-10μ M) or CoCl2 (2mM) and action potential propagation was 
observed. In selected fibers the threshold concentration for bupivacaine (BUP) was 
determined. Only one series of measurements was obtained from each nerve root.

A total of 97 axons were studied, including 67 myelinated DR and VR axons and 30 
unmyelinated axons. Verapamil produced conduction block in 42% of the myelinated 
fibers and 10% of the unmyelinated fibers at 20μM and in 7% of the myelinated fibers 
and 20% of the unmyelinated fibers at 40μM. Conduction block was produced without 
a significant effect on conduction velocity. Nicardipine was also without effect on 
conduction velocity’, and failed to produce conduction block in any fiber type at any 
concentration tested. CoCL consistently decreased conduction velocity in all axons 
tested without producing conduction block. Verapamil and nicardipine did not effect 
the threshold blocking concentration for BUP.

262.11
NOREPINEPHRINE EXCITATION OF CUTANEOUS POLYMODAL 
RECEPTORS IN STREPTOZOTOCIN-DIABETIC RATS. J. 
Sato*. S. Suzuki, and T. Kumazawa. Res. Inst. 
Environ. Med., Nagoya University, Nagoya, Japan.

We have shown that sympathetic outflow 
excited some cutaneous C-fiber polymodal 
receptors (CPRs) in chronic inflammatory 
conditions. These results showed an important 
role of the adrenergic-sensitive CPRs in the 
mechanisms underlying pain sensations related to 
some inflammatory states. In this experiment, we 
studied the effects of norepinephrine 
administration on the CPR activities in diabetic 
rats. Diabetic neuropathy was induced by an 
injection of 60-70 mg streptozotocin intra- 
peritoneally. Four to 16 weeks after treatment, 
single nerve recording of CPRs was done using 
fine filaments dissecting from the saphenous 
nerve. In diabetic rats but not in controls, 
many (70%) CPRs showed sustained ongoing 
discharges. In control animals, close arterial 
injection of norepinephrine 400-800 ng (NE) did 
not excite any CPRs tested. On the other hand, 
NE were excitatory for some (50%) of CPRs in 
diabetic rats. These findings suggest that 
diabetic neuropathy can induce plastic changes 
in sensitivity of cutaneous nociceptors to 
sympathetic activities.

262.10
CORTICOTROPIN RELEASING FACTOR PRESENT IN INFLAMED 
TISSUE IS CRUCIAL FOR INTRINSIC MECHANISMS OF PERIPHERAL 
OPIOID ANTINOCICEPTION. M. Schafer1,2. S. Mousa2. C. Stein2*, 
1P eclin. Pharmacol., DIR,NIDA,NIH, 2Dep. of Anesth., Johns Hopkins 
Univ., Baltimore, MD 21224
Local inflammation initiates the synthesis of opioid peptides within resident 
immune cells. Recently, we have shown that exogenous administration of 
corticotropin releasing factor (CRF) or interleukin-1 (IL-1) induces the re
lease of these peptides resulting in activation o f peripheral opioid receptors 
and inhibition of pain. In this study we investigated the role of endogenous 
CRF at the inflammatory site. Male Wistar rats (180-225 g) developed a 
unilateral hindpaw inflammation 4 days after Freund's adjuvant inoculation 
and were subjected to a lmin cold water swim (CWS) stress. This specific 
stress paradigm produces potent antinociception in inflamed paws caused 
by a similar mechanism of local opioid release. Intraplantar a-helical CRF 
(0.2-10ng), but not IL-1 receptor antagonist (0.001-1 μg) dose-depen- 
dently attenuated the stress induced antinociception. Local, as well as 
intravenous injection of a polyclonal anti-CRF antibody dose-dependently 
reversed this effect with an ED50 = 8.6 ng and ED50=205 μg, respectively. 
Heat denatured anti-CRF antibody (10 μg) or nonimmune rabbit serum 
(10 μg) were ineffective. 10 ng intravenous CRF could not mimic the effect 
of the CWS stimulus. Preliminary data indicate that intraplantar, but not 
subcutaneous pretreatment (50 μg given three times 12 h apart) with an 
18-mere CRF antisense oligodeoxynucleotide (ODN), abolishes the CWS 
induced antinociception. Immunohistochemistiy shows a decrease in the 
amount of cells staining for ir-CRF in ODN-pretreated inflamed paws. Our 
results suggest that peripheral endogenous CRF triggers opioid mediated 
antinociception following a specific stress stimulus and may point to a role 
for peripheral CRF in inhibition of inflammatory pain.

262.12
DIMETHYL SULFOXIDE (DMSO) SENSITIZES Aδ AND 
DESENSITIZES C FIBER NOCICEPTORS. J. Kusmirek. E G 
Anderson*, and D. C. Yeomans. Dept. of Pharmacology, University 
of Illinois at Chicago, Chicago, IL 60612.

DMSO is a commonly used solvent that has gained a folk 
reputation as a topical analgesic. However reports of DMSO use 
indicate that application to the skin produces both a cutaneous 
hypersensitivity as well as a deep pain relief. These effects have not 
been investigated systematically but some evidence in the literature 
suggests that topical DMSO can sensitize myelinated (Aδ) 
nociceptors and desensitize or inhibit unmyelinated (C) nociceptors. 
To test this hypothesis, we have performed behavioral studies using 
a rat model which allows differentiation of A6 vs. C fiber mediated 
responses, single fiber peripheral nerve recordings in rats, and 
intracellular recordings of freshly isolated rat dorsal root ganglia A6 
and C cell bodies (determined by conduction velocity of spinal nerve 
fibers). The results of these experiments demonstrate that topical 
DMSO facilitates behavioral responses to Aδ and attenuates 
responses to C nociceptors, sensitizes Aδ and desensitizes C 
nociceptive fibers, and that addition of DMSO to the bath depolarizes 
most A6 cell bodies and hyperpolarizes most C fiber cell bodies. 
These results indicate that the sensitizing and analgesic properties 
of topical DMSO may be mediated by the sensitization of A6 
nociceptors and the desensitization of C nociceptors respectively.

262.13
TOPOGRAPHIC DISTRIBUTION OF SENSITIVE LOCI W HERE 
SPONTANEOUS ELECTRICAL ACTIVITY AND LOCALIZED TW ITCH 
RESPONSE CAN BE IDENTIFIED IN RAT SKELETAL MUSCLE. C -Z  
H o n a * .  D . T .  L i n  a n d  J . C .  L e e .  Department of Physical 
Medicine and Rehabilitation, Univ. o f California Irvine, Irvine, CA 92717.

Clinically, myofascial trigger points (TrPs) are the manifestations of 
myofascial pain syndrome (MPS). Studies o f human subjects and rabbits have 
shown that the Localized Twitch Response (LTR), which is quick contraction of 
muscle fibers in a certain fascicle, can be elicited with rapid needle penetrations 
into a sensitive locus in a TrP region. It has also been shown that spontaneous 
electrical activity (SEA) can be recorded electromyographically from such a 
locus. It is currently hypothesized that sensitive loci in a TrP region are near or 
at the neuromuscular junction. The purpose of this study is to establish the 
topographic distribution of the sensitive loci in the rat biceps femoris muscle in 
order to confirm the above hypothesis. Twelve albino rats were studied 
bilaterally. After the biceps femoris was exposed, the muscle endplate sites were 
localized by surface stimulation. To map the sensitive loci for SEA or LTRs, the 
superficial layer of each biceps femoris muscle was systemically searched. A 
total of 9-15 tracks (1 mm apart), with 14-18 advancements in 1 mm increments 
in each track, were searched. SEA was recorded using a monopolar 
electromyographic needle. LTRs were elicited by inserting the needle into 
investigated sites and was identified visually. SEA was recorded in 6.09% of 
total advancements, while LTR was identified in 66.7% of all tested sites. It was 
found that SEA, but not LTRs, was concentrated near the endplate. The 
experimental results suggest the following conclusions: 1) the rat biceps femoris 
can be used as an animal model for the study of TrP phenomena; 2) SEA 
originates from sites at or near the endplate; and 3) LTRs may originate from 
sites other than those associated with SEA.
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263.1
REFLEX-RELATED ACTIVATION OF PUTATIVE PAIN FACILITATING 
NEURONS IN ROSTRAL VENTROMEDIAL MEDULLA (RVM) DEPENDS 
UPON EXCITATORY AMINO ACID TRANSMISSION. M.M. Heinricher* and 
S.M. Roychowdhury. Div. Neurosurgery, Oregon Health Sci. Univ., Portland, 
OR 97201 and Dept. Neurol., Univ. Calif., San Francisco, CA 94143

Two populations of putative pain modulating neurons have been identified 
in the RVM of the rat. "On-cells" display a sudden increase in activity 
beginning just before nocifensive reflexes, and are proposed to have a 
permissive or even facilitating effect on nociception. These neurons are 
directly sensitive to opioids, and are thus a means through which opioids 
could gain access to the modulatory circuitry of this region. Cells of a second 
class, “off-cells," show an abrupt pause in firing just prior to the occurrence of 
nocifensive reflexes, and are likely to exert a net inhibitory effect on 
nociceptive processing A third class of cells, “neutral cells," show no reflex- 
related changes in firing. Their function, if any, is unknown.

The aim of the present study was to examine the role of excitatory amino 
neurotransmitters (EAA) within the RVM, and to determine whether an EAA is 
involved in generation of the reflex-related on-cell burst, lontophoretic 
application of the broad-spectrum EAA antagonist kynurenate significantly 
reduced the reflex-related on-cell burst (to a mean of 18.9±3.4% of control).
In the majority of cases, ongoing firing was unaffected. Ongoing activity of 
off-cells and neutral cells was also unchanged.

These data thus demonstrate that an EAA receptor is crucial in the 
activation of on-cells associated with nocifensive reflexes. In contrast, these 
receptors play little or no role in maintaining the ongoing activity of any cell 
class in the region.

Supported by a grant from NIDA, DA05608.

263 .3
AN INOSITOL PHOSPHATE A NALOG REDUCES NOXIOUS- 
EVOKED BEH A V IO R  A N D  EX C ITA TO R Y  A M INO  ACID  
RELEASE FROM THE SPINAL CORD IN RATS. A .B . Malmberg* 
N.A. Calcutt. Dept, o f Pharmacology, Univ. Gӧteborg, Sweden, and 
Dept. o f Pathology, UCSD, La Jolla, CA 92093, U.S.A.

A lpha-trinositol (D -m yo-Inositol 1,2,6-trisphosphate) is an 
inositol trisphosphate isom er which m odulates calcium  flux and 
possesses anti-inflammatory properties. In the present study, we were 
interested in the potential antinociceptive effects o f alpha-trinositol via 
modulation o f neurotransmitter release. Female Sprague-Dawley rats 
(200-250g) were implanted with intrathecal microdialysis probes with 
the active site at the level o f the lumbar enlargement. Experiments were 
carried out 2 days after implantation in awake, freely moving rats and 
the rat paw formalin test was used as a nociceptive stimulus. Perfusate 
amino acids were assayed by HPLC. Sub-cutaneous injection o f 50 μl 
5% formalin produced two phases o f pain-like behavior and significant 
elevation of Glu (108% increase), Asp (95%), Gly (49%), Tau (144%), 
Ser (53%), concentrations in the first 10-min sample after formalin 
injection. Delivery o f alpha-trinositol (300 mg/kg i.p.) 20 min before 
formalin injection significantly suppressed both phase 1 (87% decrease) 
and 2 (88%) of formalin-induced behavior and reduced formalin-evoked 
elevation o f Glu (70% decrease), Asp (65%), Gly (100%) and Ser 
(100%), but not Tau (40%). These data demonstrate that alpha-trinositol 
produces a powerful reduction o f acute and prolonged nociceptive 
behaviors in conjunction with a suppression of the enhanced release of 
spinal excitatory amino acids during the first phase o f the formalin test. 
This work was supported by Perstorp Pharma, Sweden.

263.5
CORTICAL APPLICATION OF PICROTOXIN AS A MODEL OF « CENTRAL 
PAIN » IN THE RAT. J-L Olivéras , J Montagne-Clavel and J. Epelbaum*. 
INSERM U. 161, 2 rue d ’Alésia, 75014 Paris, France.

So far, there is no available animal model for « central pain », meanwhile 
some relative to peripheral neuropathies are developped. Hence, the goal of the 
study was to see whether the convulsivant GABAa receptor antagonist picrotoxin 
is able to produce so-called « pain-like » reactions, when directly applied to the 
primary somato-sensory cortex (SmI) of the rat.

The picrotoxin was microinjected in behaving animals, upon which was 
chronically implanted a guide-cannula directly lying on the dura matter in the 
SmI region corresponding the hind paw on one side. Then, 0.2 pi of distillated 
water containing or not 2μg of picrotoxin were delivered by means of a 28ga 
cannula penetrating for about 1.5mm through the cortex, which was also used as 
an electrode for recording the electro-corticogram (ECoG). In order to show that 
the 1h observed phenomena were of a central origin, their eventual modifications 
were appreciated in rats submitted to the hind paw sensitive denervation produced 
by sciatic and saphenous nerves transections.

Relative to the vehicle which did not produce any effect, picrotoxin induced 
massive ECoG and behavioral changes such as i) classical numerous and regular 
spikes-and-waves and less « bursts » ii) stereotyped « pain-like » manifestations 
concerning the contralateral hind paw and consisting of frequent lifting off the 
floor, liking or biting, « tu rn -in» paw, tremor, sometimes associated with 
« limping », « tramping » etc., which did not appear to be strictly locked to the 
ECoG events, except the tremor. The hind paw denervation did not consistantly 
affect these behaviors, besides a complete disappearence of the « turn-in » paw 
reaction for obvious reasons.

These results emphasize the SmI local application of picrotoxin as an relevant 
animal model for « central pain », and the eventual deficit of cortical GABA as 
an explanation for such a kind o f didease.

263.2
BASAL A ND FORMALIN-EVOKED SPINAL LEVELS OF AMINO 
ACIDS IN CONSCIOUS DIABETIC RATS. N.A. Calcutt* and A.B 
Malmberg Dept. o f Pathology, UCSD, La Jolla, CA 92093, USA 

This study determined whether formalin-evoked hyperalgesia in 
diabetic rats was associated with altered spinal amino acid levels. Adult 
control and 3 week streptozotocin-diabetic rats were implanted with an 
intrathecal dialysis probe placed at the rostral edge o f the lumbar 
enlargement. Tw o days after surgery, dialysis o f artificial CSF was 
begun ( 10μ l/min) and effluent collected in 5 or 10 min fractions. After 
60 min baseline collection, 50μ l o f 0.5% formalin was injected into the 
right hind paw and dialysate collected for a further 60 min along with 
counting o f  form alin-evoked flinching. D iabetic rats exhibited 
exaggerated flinching 5-20 min after formalin (control = 3±1 vs diabetic 
= 14±1 mean ±  sem sum flinches p<0.001 by t test). Basal glutamate 
(19.5± 1.9 pmol/min) levels were significantly (p<0.05) reduced in 
diabetic rats compared to controls (28.8± 3.3 pmol/min). Formalin 
caused increased spinal levels o f glutamate, aspartate and taurine, but 
only during the first 5 min after stimulation. Diabetic rats had 
significantly reduced formalin-evoked glutamate levels (control =
54.3± 8.6 vs diabetic = 32 .7±  5 .0  pmol/min; p<0.05), while the 
increases in aspartate and taurine were not different from controls. The 
increase in glutamate relative to basal levels was similar in both control 
and diabetic rats (control = 193129 vs diabetic = 183± 29 % of basal 
levels). These data show that diabetic rats have a specific impairment in 
basal and formalin-evoked levels o f  spinal glutamate which could 
contribute to hypoalgesia in acute high-threshold pain tests, but which is 
temporally dissociated from formalin-induced hyperalgesia.

263.4
THE ROLE OF METABOTROPIC GLUTAMATE RECEPTORS (mGluRs) IN 
FORMALIN-INDUCED NOCICEPTION. K. Fisher* and T. J. Coderre. Pain 
Mechanisms Laboratory, Clinical Research Institute of Montreal, 110 Pine Ave. 
West. Montreal, PQ. H2W 1R7, Canada.

Research has shown that noxious stimulation leads to sensitization of neurons 
in the dorsal horn of the spinal cord, a form of neuronal plasticity proposed to be 
an underlying mechanism for persistent nociception or hyperalgesia. Evidence 
suggests that glutamate receptors play a role, since administration of NMDA 
receptor antagonists decreases the sensitization of dorsal horn neurons and 
attenuates formalin-induced nociceptive behaviour. The present study examined 
the contribution of mGluRs to nociceptive responses in male Long Evans rats 
following a subcutaneous injection of 1% formalin (30 μ l) to the plantar 
hindpaw. An intrathecal (i.t.) injection of the agonists (20 nmol/30 μl), DHPG 
and 1S,3S-ACPD enhanced formalin-induced nociception. The facilitation 
associated with DHPG and 1S.3S-ACPD was reduced by prior administration of 
the metabotropic antagonists (100 nmol/30 μ l), 4C3HPG and MCPG, 
respectively. However, when administered alone, neither antagonist substantially 
reduced responses in the formalin test. It was also found that pretreatment with 
the NMDA receptor antagonist, D -AP5 (5 nmol/30 μl), attenuated the mGluR 
agonist enhanced nociceptive scores. Interestingly, a higher dosage of the 
agonists (50 nmol/30 μ l) produced long-lasting spontaneous pain-related 
behaviours, such as elevation, licking and biting of the tail and hindpaws, which 
were reduced by prior MCPG or D-AP5 administration (i.t.). It is suggested that 
although activation of mGluRs does not appear to be a prerequisite for formalin- 
induced nociception, enhancement of mGluR activity may facilitate nociception 
through interactions with the NMDA receptor.

263.6
INTRATHECAL BACLOFEN AND MUSCIMOL, BUT NOT MIDAZOLAM ARE 
ANTINOCICEPTIVE IN THE RAT-FORMALIN MODEL. D M. Dirig and T.L. 
Yaksh*. Pharmacology and Anesthesiology, Univ. of Calif., San Diego, CA 92103 

Both GABAa  and GABAg receptor subtypes have been implicated in spinally- 
mediated antinociception in acute pain models. The formalin test was used as a 
model of protracted nociception to examine the effect of intrathecally (IT) 
administered baclofen (GABAg), muscimol (GABAa ), or midazolam. At doses that 
did not affect motor function, baclofen (1.0 μg, IT) decreased the flinch response in a 
dose-dependent manner during Phase 1 and Phase 2. This effect was reversible by the 
GAB A B-specific antagonist, CGP35348. Muscimol (1.0 μg, IT) evoked a dose- 
dependent, bicuculline-reversible decrease in flinching during Phase 1 and Phase 2, 
but midazolam had no effect on either phase No attenuation of the quiescent period 
between Phase 1 and Phase 2 was seen after administration of baclofen, muscimol, or 
midazolam, and no increase in nocifensive behavior was observed after administration 
of either antagonist alone. Thus, both GABAa  and GABAB receptor systems are 
involved in antinociception at the spinal level, but the lack of either midazolam- 
mediated antinociception or GABAa /B receptor antagonist-induced hyperalgesia 
suggests low tonic spinal GABA levels in this model. (GM07752 and DA02110)

Fig: Phase 1 and Phase 2 dose-response curves for Baclofen and Muscimol.
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263.7
CONTRIBUTION OF SPINAL AND BRAIN STEM SITES TO 
ANTINOCICEPTION PRODUCED BY THE SYSTEMIC 
ADMINISTRATION OF BACLOFEN. D.A. Thomas*. I.M. Navarrete. 
B.A. Graham. M.K. McGowan, and D.L. Hammond. Department of 
Anesthesia & Critical Care, University o f Chicago, Chicago IL 60637 

We examined several CNS sites where systemically-administered (R)- 
baclofen hydrochloride (BAC), a GABA„ receptor agonist, may act to 
produce antinociception. Male S-D rats were implanted with either an i.t. 
catheter that terminated at the thoraco-lumbar junction or a guide cannula 
aimed at the ventromedial medulla (VMM; n. raphe magnus, n. 
gigantocellularis pars α). One week later, base-line measurements of tail- 
flick (TF) and hot-plate (HP) latencies were made. BAC (1 or 3 mg/kg) was 
then s.c. injected, and 24 min later TF and HP latencies were redetermined. 
The GABAB receptor antagonist, CGP35348 was then either i.t. injected (0, 
3 or 10 μg/10μl) or microinjected into the VMM (0, 0.5, or 3 μg/0.5μ l) and 
response latencies were redetermined. Intrathecal injection of CGP35348 
dose-dependently attenuated BAC-induced antinociception, with 10 μg 
returning response latencies to base line. The increase in TF and HP 
latencies produced by BAC was also attenuated by microinjection of 
CGP35348 into the VMM. However, this effect was small and was not dose 
dependent. Microinjection of CGP35348 at sites outside the VMM did not 
attenuate BAC-induced antinociception. Microinjection or i.t. injection of 
CGP35348 in rats in which saline was administered s.c. did not alter TF or 
HP latencies. These data suggest that systemically-administered BAC acts 
in the spinal cord and, to a lesser extent, in the VMM to produce thermal 
antinociception in rats. Supported by grants D E11423 and DA07004.

263.9
ANTINOCICEPTIVE ACTIVITY OF ADENOSINE ANALOGS AND AN 
ADENOSINE KINASE INHIBITOR DEPENDS ON STIMULUS 
INTENSITY IN THE FORMALIN TEST. A  Poon. T. White* and J. 
Sawvnok. Department of Pharmacology, Dalhousie University, Halifax, 
Nova Scotia, Canada B3H 4H7

Adenosine analogs produce antinociception in thermal threshold tests, 
but their effects in an inflammatory pain test have not been determined. 
In the present study, we examined the effects of direct- and indirect- 
acting adenosine analogs using two concentrations of formalin (5% and 
2%). Drugs (20 μl) were administered by acute lumbar puncture under 
halothane anesthesia 10 minutes prior to formalin (50 μl). Behavioral 
responses (paw flinching/lifting and licking/biting) within 2-minute 
periods were recorded for 60 minutes following the formalin. N6-cyclo- 
hexyladenosine (A1 selective) and 5’-N -ethylcarboxamidoadenosine (NECA) 
(A1/A2) (0.1, 1 nmol) moderately suppressed flinching and markedly 
suppressed licking behavior produced by formalin (2% > 5%). CGS 21680 (A2a 
selective) produced no antinociception under any condition. 5’-amino-5’- 
deoxyadenosine (5’NH2doA), an adenosine kinase inhibitor, (100, 300 nmol) 
inhibited both flinching and licking responses in the 2% but not 5% formalin 
group, whereas the adenosine deaminase inhibitor, deoxycoformycin, did not 
produce antinoeiception in any instance. The effects of NECA and 5’NH2doA 
were reversed by caffeine, confirming the involvement of the adenosine 
receptors in their action. We conclude (a) that the A1, but not the A2a, 
adenosine receptor is involved in spinally mediated antinociception in the 
formalin test, (b) that adenosine kinase is more important than adenosine 
deaminase in regulating endogenous adenosine levels in the spinal cord, and 
(c) stimulus intensity is an important determinant of the effects of purines in 
the spinal cord. (Supported by MRC Canada)

263.11
Role of Spinal Adenosine Receptors in Modulating 
Formalin-induced Tissue Injury
H.Tamura. T . Ishikawa. H. Ujihara*. S.Kakumoto. T. Sakabe
Departments of Anesthesiology Resuscitology and ’ Pharmacology, Yainaguchi
University School of Medicine. Ube, Yamaguchi, 755 Japan

Adenosinergic neurons have recently suggested to modulate afferent 
nociceptive processing in the spinal cord. However, the contribution of adenosine 
receptor activity to spinal sensitization is not fully understood. The purpose of 
the present study was to investigate whether manipulation of adenosine recptor 
system modulates formalin induced tissue inflammation in rats.
Methods: Three days after intrathecal implantation of PE 10 catheter along 
with loop type microdialysis probe in Male Sprague Dawley rats. 50 ul of 5% 
formalin was subcutanously injected into left hind paw. Thereafter, dialysis of 
10min intervals (amino acids: HPLC ECD) and observation of flinches were 
performed after intrathecal administration of either R PIA (3nM, 10 nM); A 1 
receptor agonist or aminophiline (300nM); A 1 and A2 receptors antagonist. 
Results: Biphasic increases of flinches after injection of formalin were 
observed: phase 1 (max. 11 flinces/min at lmin) and phase 2 (18 flinces at 
30-45min). R PIA significantly attenuated flinches during both phase 1 (max. 6, 
2) and phase 2 (max. 8, 3) periods in a dose dependent manner This inhibition 
was reversed by aminophiline . CSFglutamate was transiently increased by 40% 
during first l 0 min but was not attenuated with R PIA.
Comments: The results that formalin induced hyperalgesia was attenuated by 
adenosine agonist and this attenuation was reversed by adenosine receptor 
antagonist suggest a possible contribution of a dorsal horn adenosine system to 
the nociceptive processing. Abolishment of flinches with adenosine agonist 
without suppression of Glu release suggests that adenosine may provide 
analgesia by excerting lead to hyperpolarization of postsynaptic neurons .

263.8
GABAa BLOCKADE FACILITATES POST-INJURY CENTRAL SENSITIZATION 
IN THE RAT. T Goto*. H Yanagida. and S Monta. Dept. of Anesth., Teikyo Univ. 
Ichihara Hospital, Ichihara, CHIBA 299-01 JAPAN 

Injection of formalin into the hindpaw of a rat induces a biphasic response in pain- 
related behaviors such as paw flinching. Phase 1 (0-5 min following formalin 
injection) is due to C-fiber activation. This triggers a state of central sensitization by 
activation of an NMDA receptor resulting in a longer-lasting phase 2 (10-50 min). We 
hypothesized that central sensitization would be under inhibitory modulation of GABA 
and that bicuculline (BIC), a GABAa antagonist, would therefore enhance phase 2 
response to formalin injection. 94 male Wistar rats weighing 250-300g with lumbar 
subarachnoid catheters chronically implanted received a subcutaneous injection of 50 μ l 
of 1% formalin into the left hindpaws. BIC was administered intrathecally (it) 5 min 
before or 5, 15, or 25 min after formalin injection at a dose of 3. 10, 30 or 100 ng in 
10 μl of normal saline (n=5/group). Higher doses were not tested because they 
consistently produced marked allodynia and transient caudal biting/scratching. Control 
animals received only normal saline it (n=9). The total number of flinches of the 
injected paw observed during phase 1 and 2 were compared with that of controls using 
ANOVA and Dunnett's test. BIC did not alter phase 1 flinching (NS). In contrast, 
phase 2 flinching was enhanced by BIC 30 and 100 ng administered 5 min after or 100 
ng administered 15 min after formalin injection (179, 159, and 179%, respectively: 
P<0.0l). This facilitatory action of BIC 30 ng administered 5 min post-formalin was 
dose-dependently inhibited by simultaneous administration of an NMDA antagonist 
MK-801 0.3-3 μg it, although MK-801 3 μg it alone had no effect. In conclusion, 
spinal GABAa  blockade facilitates behavioral manifestation of central sensitization 
without affecting the acute phase response to noxious stimulation. Furthermore, this 
effect is readily suppressed by concurrent administration of an NMDA antagonist, 
suggesting that GABAa  and NMDA receptors may mediate opposing functions in the 
development of noxious stimulation-induced neuroplasticity.

263.10
Nitrous Oxide-induced Analgesia Is Not Mediated By The 
Spinal Adenosine Receptor Activity
T. Ishikawa*, H.Tamura. S.Kakuinoto. J. Tsurnta, T. Sakabe 
Departments of Anesthesiology Resuscitology. Yamaguchi University 
School of Medicine, Ube, Yamaguchi, 755 Japan

Although nitrous oxide (N2O) induced analgesia has long been believed to be 
mediated by interacting with opioid receptors, the definite mechanisms are not 
fully understood. Recent studies demonstrated that adenosine receptor (A1) 
agonist has antinociceptive properties and that analgesic effects of morphine may 
be mediated by adenosine receptor activity. The purpose of this study was to 
investigate whether adenosine receptor is involved in analgesic effect of N2O . 
M ethods: Male Sprauge Dawly rats were subjected to examine analgesia 
effects of either exposure to N2O 75% in a box or intrathecal injection of 

Al receptor agonist; R PIA (3nM) three days after intrathecal 
implantation of PE 10 catheter. In addition, either combination of NT) and - 
adenosine receptor antagonist: aminophiline (300nM) or R PIA and aminophiline 
were also examined. Analgesic effect was evaluated by using tail flick method 
and expressed as % maximun possible effects (MPE) .
R esults: Both N2O and R PIA alone produced analgesia assessed by tail flick 
latency, the %MPE value being maximally increased to 77% and 54% at 30min, 
respectively. Intrathecal injection of aminophiline in a dose that blockes analgesic 
effects of R PIA ( 3%) did not influence upon N2O analgesia .
Com m ents: The presentresults suggest, that analgesic effect of N2O may 
not be mediated by adenosinergic neuronal activity in the spinal cord . which is 
apparently in contrast to opioids, but also in agreement wit h recent report which 
demonstrated that alpha 2 receptor antagonist; idazoxane or locus coeruleus 
lesions attenuated analgesic effect of N2O, while this analgesia was not reversed 
by naloxone.

263.12
EVIDENCE FOR A ROLE OF ENDOGENOUS CANNABINOIDS 
IN NOCICEPTIVE PROCESSING. W.J. M artin*1. J.M. W alker1. N .M . 
F ortin1. D. Salehani2. G. Prestwich2 and D.G. Deutsch2. D e p t . o f  Psycholo- 
gy1, B row n U niversity , P rov idence , R I 02912. Dept of Biochemistry and 
Cell Biology2, SUNY at Stony Brook, Stony Brook, NY 11794.

Anandam ide is a putative an endogenous ligand for the central cannabi- 
noid receptor that, like other cannabinoid agonists, decreases nociceptive re
sponding. The purpose o f this study was to examine the involvem ent o f endog
enous cannabinoids in nociceptive processing by either increasing or 
m aintaining levels of extracellular anandamide. M ale rats were surgically im 
planted with guide cannulae above the left lateral ventricle, where they received 
injections after a 3 -5  day recovery period. Two approaches were employed to 
increase extracellular concentrations of anandam ide. First, ethanolainine was 
adm inistered to increase anandam ide synthesis. Second, inhibitors of ananda
mide breakdown were adm inistered to m inim ize its enzym atic degradation. 
A dm inistration of ethanolamine markedly increased tail flick latencies. Etha- 
nolam ine-induced antinociceptin was concentration-dependent and blocked 
by a selective cannabinoid antagonist. Intraventricular administration of ara- 
chidonyl trifluoromethyl ketone also decreased nociceptive responding. Co
adm inistration of SR141716A significantly attenuated the rise in tail flick la
tencies. The antinociceptive effects of ethanolam ine and of arachidonyl 
trifluoromethyl ketone were not accom panied by catalepsy w hen m easured 15 
m inutes post injection. In summary, w e found that adm inistration of a precur
sor for the form ation of anandam ide or of an inhibitor of anandam ide break
down produced antinociception that was blocked by adm inistration of a canna
binoid antagonist. The finding that antinociception results when levels of 
endogenous cannabinoids are increased further im plies that one function of en
dogenous cannabinoids is to modulate pain sensitivity.
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263.13
MODULATION OF NOXIOUS HEAT-EVOKED ACTIVITY OF LUMBAR 
DORSAL HORN NEURONS BY A CANNABINOID AGONIST.
Andrea G. Hohmann*. Kang Tsou and J. Michael Walker. Schrier Research Laborato
ry, Department of Psychology, Brown University, Providence, RI 02912.
Previous work demonstrated that systemic administration of the selective cannabinoid 

agonist WIN 55,212-2 suppresses noxious stimulus-evoked activity in wide dynamic 
range (WDR) neurons in rat spinal dorsal horn. Pressure applied to the hindpaw was 
used as the noxious stimulus in this study. The present study was conducted to extend 
this investigation to another modality of noxious stimulation and to determine the site 
of action for these effects. Extracellular recordings were obtained from the lumbar dor
sal horn of intact and spinally transected rats. Noxious thermal stimulation was applied 
with a Peltier device to regions of the ipsilateral hindpaw corresponding to the receptive 
field of isolated WDR neurons. WDR neurons were identified by their responses to in
nocuous brushing of the hind paw and to a range of cutaneous stimuli from innocuous 
to noxious. WIN 55,212-2 (125 μg/kg, i.v.) produced a potent and reversible suppres
sion of activity in spinal nociresponsive neurons in response to noxious thermal stimu
lation in the intact animal. Intravenous administration of either vehicle or the receptor- 
inactive enantiomer WIN 55,212-3 (125 μg/kg, i.v.) failed to alter noxious 
heat-evoked activity. Moreover, WIN 55,212-2 (250 μg/kg, i.v.) failed to alter the 
evoked activity of nonnociceptive mechanosensitive neurons over the corresponding 
time interval. These data suggest that the cannabinoid-induced suppression of noxious 
stimulus-evoked activity represents a selective suppression of pain neurotransmission. 
The suppression of noxious stimulus-evoked activity induced by systemic administra
tion of the cannabinoid agonist was markedly attenuated in spinally transected rats. 
These data provide indirect evidence for a role of descending antinociceptive mecha
nisms in the cannabinoid-induced suppression of noxious stimulus-evoked activity in 
the spinal nociceptive neurons. The present data, together with the suppression of nox
ious stimulus-evoked c-fos expression in rat spinal cord that is observed after intrathe
cal administration of cannabinoids provide evidence that cannabinoid-mediated in
hibition of pain neurotransmission is mediated, in part, at the spinal level.

263.14
M O D U L A T IO N  O F  N O C IC E P T IV E  T H R E S H O L D S  BY 
EN D O G EN O U S CA NN ABIN OIDS IN N O R M A L A N IM A LS. J.D. 
Richardson*. L.M. Aanonsen1. K.M. Hargreaves, Depts. of Restorative Sciences 
and Pharmacology, Univ. of MN, Mpls, MN 55455 and 1Dept. of Biology, 
Macalester College, St. Paul, MN 55105.

It has been widely reported that antinociception can be produced by injection of 
cannabinoids into normal animals but less is known about the nociceptive role of 
endogenous cannabinoids. Previously, we have shown that cannabinoids inhibit 
neurosecretion from capsaicin-sensitive neurons (Abs. Soc. Neurosci. 20:128, 
1994). In the present study, we evaluated the hypothesis that cannabinoids are 
released tonically to modulate basal nociceptive thresholds. Male mice were placed 
on a hot plate at 55°C and the time measured for them to either lick their hindpaw 
or jump off the hot plate surface. Mice received 5 μl intrathecal injections of 
vehicle or 0.0001-1.0 fmol of the cannabinoid receptor antagonist SR141716A 
(Sanofi Recherché, France) and were tested 5 min later. In separate experiments, 
mice received four days of intrathecal injections (1 μg/5μ 1) of oligonucleotide 
sequences either corresponding to (sense) or complementary to (antisense) bases 29- 
51 of the CB1 cannabinoid receptor mRNA (Genosys, TX). Hot plate latencies 
were tested on days 1, 2, 4, 5, 8, and 10. In both experiments difference scores were 
calculated by subtracting baseline values from post-injection latencies. Results 
indicate that SR141716A produces hyperalgesia in a dose-dependent manner 
(p<0.05). In addition, four days of intrathecal injections of the antisense 
oligonucleotides to the cannabinoid receptor mRNA produced reversible hyperalgesia 
as compared to injection of the sense oligonucleotide (-3.48±0.92 sec vs. 
-1.0510.83 sec; p<0.05). Taken together, these results are consistent with the 
hypothesis that tonic thermal nociceptive thresholds are modulated by basal release 
of endogenous cannabinoids. This research was supported by a Predoctoral 
Fellowship from the Howard Hughes Medical Institute, DE9860, and DEI 1277.

263.15
N-(2 -HYDROXYETHYL)HEX ADEC AN AMIDE REDUCES MECHANICAL
HYPERALGESIA FOLLOWING SCIATIC NERVE CONSTRICTION INJURY. S.
Mazzari*. R  Canella and A. Leon. Researchlif e S.c.p.A., 31033 Castelfranco 
Veneto, Italy.

Inflammatory extravasation consequent to immunogenic (passive cutaneous 
anaphylaxis) or neurogenic (substance P) stimulation of mast cells (MCs) in vivo is 
effectively reduced by orally given N-(2-hydroxyethyl)hexadecanamide (LG 
2110/1). Further, LG 2110/1 decreases in vivo the number of degranulated MCs in 
response to substance P. Carrageenan-induced mechanical hyperalgesia is also 
diminished by LG 2110/1. The N-acylamide and its derivatives ("ALIAmides") may 
provide antiinflammatory strategies targeted to MCs (Facci et al., this meeting). We 
now report that LG 2110/1 prevents mechanical hyperalgesia due to chronic 
constriction injury (CCI) of rat sciatic nerve. Animals were treated orally (10 
mg/kg) for 1 h before CCI and then once a day. Mechanical withdrawal threshold 
(MWT) (g) was measured according to Randall and Selitto, 24 h after the last 
treatment. Table 1 shows that LG 2110/1 reduced mechanical hyperalgesia 48 and 
96 h following CCI of sciatic nerve. LG 2110/1 was still protective at least up to 21 
days after CCI. Importantly, LG 2110/1 did not modify MWT in naive animals.
Table 1 Mechanical hyperalgesia following CCI: Effect of LG 2110/1.

48 h after CCI 96 h after CCI
CCI contralateral CCI contralateral

Vehicle 173.5+6.8 261.5+ 5.9 185.5 ±  11.0. 259.5 + 6.4
LG 2110/1 228.5 + 9.7* 260.0+ 12.1 220.0 + 13.0* 264.0 ± 9.5
Values are mean + SEM; n = 10; *p < 0.01 vs. vehicle.

The cellular action of LG 2110/1 involves an agonist-like behavior at the peripheral 
cannabinoid receptor (CB2) on MCs. and direct inhibition of MC activation in vitro 
(Facci et al., PNAS, 1995). LG 2110/1, by virtue of its ability to reduce CCI-induced 
hyperalgesia, could be of use in treating neuropathic pain.

S U B C O R T IC A L  V IS U A L  PA TH W A Y S II

264.1
TEC TA L PATHW AY TO TH E R ETIN A  IN B IR D S . H. UCHIYAMA* 

Dept. of Information and Computer Science, Fac. of Engineering, Kagoshima Univ., 
Kagoshima 890, Japan; Intelligence and Its Origin, PRESTO, JRDC, Japan.

The avian retina receives the projection from a midbrain nucleus, the isthmo-optic 
nucleus (ION) (Cowan, 1970; Uchiyama, 1989). The ION, in turn, receives a 
predominant input from the ipsilateral optic tectum. Thus the avian retinopetal 
pathway can be regarded as a bisynaptic tectal pathway to the retina.

Somata of tectal neurons projecting to the ION (tecto-ION neurons) were located 
in layer 9 of the tectum in the Japanese quail. Distribution of the neurons showed a 
regular spacing pattern. The dendrites of single tecto-ION neurons were confined in a 
vertically-oriented column of 100-150 μ m-diameter. The tecto-ION neurons may, 
therefore, receive spatially restricted inform ation in  sensory and/or motor 
coordination. Estimated total number of the tecto-ION neurons was 8000-10,000, 
which is almost identical to the total cell number of the ION neurons. Furthermore, 
morphology of axon terminals of the tecto-ION neurons suggests that a single tecto- 
ION neuron synapses with, perhaps, a single ION neuron. As regards the isthmo- 
retinal projection, the IO fibers, or the axons of the ION neurons in the retina, usually 
have only one large synaptic terminal in the innermost region of the inner nuclear 
layer (INI.) and synapse with single target cells (IO-redpient neurons; IOR neurons) 
(Uchiyama & Ito, 1993). Judging from their morphology, the IOR neurons seem to be 
specialized in centrifugal control of retinal function (Uchiyama et al., 1995).

Thus the tecto-isthmo-retinal system could be regarded as a neuronal circuit made 
up of parallel and discrete modules that are organized with a strict topography: Each 
module is formed by three serially-connected neurons (tecto-ION, ION and IOR 
neurons). Such an organization may enable single modules to enhance the responses 
of retinal ganglion cells (RGC) in a localized region of the retina. Because the firing 
patterns of ION neurons are phasic (Marin et al., 1990) and their influence on RGC is 
transient (Uchiyama & Barlow, 1994), the enhancement of RGC responses by 
retinopetal input may be both local and short lived. Thus the tecto-isthmo-retinal 
circuit may be a machinery for local and transient enhancement of retinal output

264.2
RETINOHYPOTHALAMIC PROJECTIONS OF GALLIFORM BIRDS 
A. Csillag*. K, Cox. A. Brzozowska-Prechtl. T. Csikos and H J, Karten, 
Dept. of Neurosciences, UCSD, San Diego, La Jolla, CA, 92093, and 1st 
Dept, of Anatomy, Semmelweis Univ. Med., H-1450 Budapest, Hungary.

The principal aim of this study was to contribute new data to the disputed 
localization of the avian suprachiasmatic nucleus. Anterograde transport of 
cholera toxin subunit B (CTb) was used to study the retinal projections in two 
species of birds. One- to two-day-old quail chicks and one-week-old domestic 
chicks were deeply anaesthetised and received transcomeal or transscleral 
injections of CTb into the vitreous of the right eye. After a 5-6 day survival 
period, CTb-immunoreactive structures were detected and charted using 
Neurolucida and Neurotate computer programs. Selected sections from chick 
brain were immunoreacted for vasoactive intestinal polypeptide (VIP). In both 
avian species, CTb-immunoreactive fibers were observed in two main 
contralateral hypothalamic areas, (i) a posterolateral retinorecipient region 
wedged between the optic chiasm and the dorsal supraoptic decussation and 
(ii) an anteromedial retinorecipient region abutting on the optic recess of the 
third ventricle. Neither projection was sharply delineated from the neighboring 
retinorecipient areas, e.g. the nucleus ventrolateralis thalami or the supraoptic 
nuclei. VLP-immunoreactive fibers and perikarya were observed in both 
retinorecipient hypothalamic regions. These findings are in agreement with 
previous observations in pigeons (Shimizu et al., Vis. Neurosci. 11 (1994) 
441) and suggest that both main hypothalamic retinorecipient areas may 
contribute to the avian suprachiasmatic nucleus.
Supported by a Fogarty-NIH CEESFN Research Fellowship to A C. and NE1 
EY06890-10 to H.J.K.
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264.3
SOME O B SER V A TIO N S ON THE CO N N ECTIO N S OF THE 
ECTOSTRIATUM IN THE AVIAN TELENCEPHALON. S. A. Husband. T. V. 
Laverghetta. G. L. Bosco. S. C. Edwards*, and  _T, Shim izu. Depts. of 
Psychology, Biology, and Surgery, Univ. of South Florida, Tampa, FL 33620.

The ectostriatum is the avian telencephalic structure which receives the 
tectofugal visual pathway. Neural organization and circuitry of the tectofugal 
pathway (e.g., the optic tectum, n. rotundus) have been extensively studied in 
birds. However, little has been clarified regarding the intratelencephalic 
connections of the ectostriatum. We used anterograde and retrograde tracers (e.g., 
Phaseolus leucoagglutinin, cholera toxin subunit B, biotinylated dextran amine) to 
investigate intratelencephalic connections of the ectostriatum in pigeons 
(Columba livid). First, we studied efferents of the ectostriatum. Small injections 
of anterograde tracers into the core region of the ectostriatum (Ec) showed labeled 
fibers in the surrounding peri-ectostriatal belt (Ep), confirming a report by Karten 
and Hodos (1970). When the injection sites included Ec and Ep, labeled fibers 
extended to the neostriatal areas surrounding Ec/Ep, particularly dorso-lateral and 
caudal to the injection sites. Large injections of anterograde tracers in these 
neostriatal regions resulted in labeled fibers traveling dorsolaterally toward the 
caudal neostriatum where there was a diffuse terminal field. Secondly, we studied 
intratelencephalic afferent connections of Ec/Ep. Injections of retrograde tracers 
into Ec/Ep resulted in a group of labeled cells in the ventro-lateral portion of the 
hyperstriatum ventrale (HVvl), confirming previous reports (Shimizu et al., 1989, 
Veenman et al., 1994). Furthermore, after injections of anterograde tracers in 
HVvl, a dense terminal field was found in Ec. Injections of retrograde tracers in 
HVvl showed labeled cells in the neostriatal area surrounding Ec/Ep, indicating 
that HVvl may send feedback information to Ec/Ep. However, the functions of 
HVvl are not known. According to behavioral tests utilizing operant conditioning 
procedures, HVvl lesions did not cause significant deficits in color and pattern 
discrimination tasks whereas Ec/Ep lesions caused deficits in both tasks. 
Supported by NSF (IBN-9209538).

264.5
CALCIUM-BINDING PROTEINS IN THE CHICK ACCESSORY OPTIC 
NUCLEUS C A B, Toledo1. N.S. Cameras* 2, and L.R.G. Britto2. 1Dept. Physiol. 
Sciences, Federal Univ. of Santa Catarina, Florianopolis, SC, and 2Dept. Physiol. 
Biophys., Inst. Biomed Sci., Univ. São Paulo, SP, Brazil.

Several calcium-binding proteins have been identified in the nervous 
system, which have been implicated, for example, with the buffering of cytosolic 
calcium. This study was conducted to determine the distribution of the calcium
binding proteins calbindin-28kD (CB), parvalbumin (PV), and calretinin (CR) in 
the accessory optic nucleus (nucleus of the basal optic root, nBOR) of the chick 
brain. Monoclonal antibodies against CB and PV (Sigma) and an antiserum 
against CR (Chemicon) were used with conventional immunoperoxidase and 
immunofluorescence techniques to detect those proteins in sections obtained from 
brains of chicks (Gallus gallus) that were deeply anesthetized and perfused with 
buffered 4% paraformaldehyde. Many PV-positive fibers and perikarya were seen 
in all subdivisions of the nBOR. Somata sizes of PV-positive cells ranged from 10 
to 25 μm in the largest axis. The pattern of distribution of CR-like 
immunoreactivity was similar to that of PV, but with a lower density of labeled 
cells, whose sizes also ranged from 10 to 25 μm. CB-like immunoreactivity was 
seen in presumptive nBOR intemeurons, ranging from 5 to 10 μm. These CB- 
positive neurons were mainly distributed in the lateral and central portions of 
nBOR, and many of them exhibited a typical bipolar pattern. These data indicate 
that different subpopulations of nBOR neurons might use different calcium-binding 
proteins to buffer cytosolic calcium, which could be related to the role of those 
neurons as projection neurons and/or intemeurons.
Supported by FAPESP, CAPES, and CNPq (Brazil).

264.4
DISTRIBUTION OF PA RVA LBU M IN , CALBINDIN D-28K, AND 
CALRETININ IN THE ECTOSTRIATUM OF PIGEONS AFTER THALAMIC 
LESIONS. T. B. Patton. K, M. Radcliffe. L. R. G. Britto, and T._Shimizu*. 
Departments of Psychology and Surgery, University of South Florida, Tampa, FL 
33620, and Department of Physiology and Biophysics, University of Sao Paulo, 
05508 São Paulo, SP, Brazil.

The ectostriatum is the major visual area in the avian telencephalon, where three 
calcium-binding proteins - parvalbumin (PV), calbindin D-28K (CB), and 
calretinin (CR) - are normally abundant. This structure receives the projections 
from the ipsilateral n. rotundus of the thalamus, which in turn receives the 
projections from the optic tectum. Immunohistochemical techniques were used to 
investigate the distribution patterns of the three calcium-binding proteins in the 
ectostriatum after lesions were made to the n. rotundus. One, four, or eight weeks 
after lesions in the n. rotundus, the pigeons were deeply anesthetized and sacrificed. 
No significant difference was found in the number of PV-positive cells in the 
ectostriatum ipsilateral to the lesion when compared to the contralateral 
ectostriatum. However, the intensity of PV-immunoreactive neuropil was 
moderately reduced, particularly in the belt region of the ectostriatum on the lesion 
side. As for CB, a significant reduction in the number of cell bodies and intensity 
of neuropil staining in the ectostriatum was found on the lesion side. A slight 
increase was noticed in the number of CR-positive cells in the ectostriatum after 
the lesions. There was no apparent change in the intensity of CR-immunoreactive 
neuropil in the ectostriatum. These findings suggest that these calcium-binding 
proteins might be differentially regulated by visual input originating in the n. 
rotundus. Supported by FAPESP, CNPq (Brazil), and NSF (IBN-9209538).

264.6
TIME-DEPENDENT SUMMATION OF UNITARY EPSPs IN THE 
ACCESSORY OPTIC SYSTEM OF TURTLE. N, Kogo* and M. Ariel. 
Dept. Anatomy & Neurobiology, St. Louis Univ., St. Louis, MO 63104.

Neurons in the basal optic nucleus (BON) of turtle receive monosynaptic 
inputs from direction-sensitive retinal ganglion cells. An in vitro retina-brain 
preparation permitted stable BON cell recordings of EPSP input from retina 
using whole-cell recording techniques, as we reported here last year. Now we 
analyze temporal and spatial summation of unitary EPSPs evoked by electrical 
microstimulation of retinal ganglion cells or focal visual stimulation.

Initially, a moving pattern was projected on the retina to determine the 
edges of the visual receptive field of the BON neuron. When a very small 
pattern was aimed to one edge, EPSPs were recorded from one or several 
direction-sensitive inputs which were distinguished from each other. Then, a 
bipolar stimulation electrode (200 μm tip separation) was placed in the retina 
at that edge of the BON cell’s receptive field. Unitary EPSPs were evoked by 
small current pulses (5 to 30 μA, 0.1 ms). To study spatial summation, two 
loci at opposite edges of the receptive field evoked two unitary EPSPs. When 
the interval between the two stimuli was large enough, the BON response 
showed simple summation. On the other hand, when the stimulus interval was 
short (less than 3 ms), the amplitude of the second EPSP was attenuated. To 
study temporal summation, one locus was stimulated twice with intervals 
longer than the refractory period (about 2 ms). Two unitary EPSPs occurred 
but, when the interval was short, the second response was attenuated. The 
results suggest that EPSP inputs to BON neurons from direction-sensitive 
retinal ganglion cells may exhibit non-linear spatial and temporal summation 
in a time-dependent manner.

264.7
OSCILLATIONS AND INDUCED RHYTHMS IN RETINA AND OPTIC TECTUM 
OF AN ELASMOBRANCH. M.H. Hofmann* & T.H. Bullock. Dept. Neurosci. & 
Neurobiol. Unit Scripps Inst. Oceanogr., U.C. San Diego, La Jolla, CA 92093-0201.

Correlated firing of neurons, which may lead to oscillatory field potentials (OPs) 
is an emergent property of neuronal networks which has attracted wide notice. It 
may be an important aspect of information processing in the mammalian cortex, 
but is a universal form of coding found in many other neuronal assemblies as well.

We noted OPs in optic tectum and retina of the thomback ray (Platyrhinoidis 
triseriata) induced by stimulation with diffuse light flashes. In the retina, OPs with 
a frequency of 15-25 Hz occur after sudden changes of light intensity. They are 
biggest after the off of a steady light, require several seconds of light adaptation and 
increase both in amplitude and duration with increasing adaptation time. Repetitive 
stimulation (lsec flashes every 5sec) result in habituation of the OP. OPs can be 
recorded from the cut optic nerve with a suction electrode and are also present in 
the electroretinogram.

In the optic tectum, additional OPs, not observed in the retina, are present after 
short light flashes. A 100ms light flash can cause an increase in EEG power around 
20Hz which may last 15sec; 10-20ms light flashes cause in addition large spindles 
with a latency of 400-500ms, whereas shorter or longer flashes do not. These OPs 
can be suppressed by giving a second flash before the due time of the OP. The 
amplitude varies in successive sweeps and within an OP and may depend on other 
more endogenous factors. Single flashes that do not cause such spindles, may induce 
them if repeated at l-2Hz, as a late component of the evoked potential. They occur 
just before the next flash as if they reflect an expectancy of the next stimulus.

The variability of the tectal OPs even to diffuse light flashes suggests that it is not 
only a fixed stimulus-induced event, but may depend to some degree on the 
animal’s state and the ethological valency of the stimulus.

Supported by the German Science Foundation (D.F.G.) and the NIH NINDS.
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265.1
RETINORECIPIENT ORGANIZATION OF HAMSTER PRETECTAL 
NUCLEI. J. Blanchard* and L.P. Morin. Dept. Psychiatry, Stony Brook 
University, Stony Brook, NY 11794.

There is ambiguity concerning which rodent pretectal areas are 
retinorecipient [Rev. Oculomot.Res. 1988, 2:335-364]. Therefore, we 
analyzed retinal projections to the pretectum and dorsal thalamus after 
an intraocular injection of cholera toxin-p fragment (CT-p) and compared 
their distribution to the locations of neuropeptide Y (NPY) and enkephalin 
(ENK) immunoreactive cells and processes in adjacent sections.

As in other species, the retina innervates the nucleus the optic tract 
(NOT), olivary (OPT) and posterior (PPT) pretectal nuclei and there is 
innervation of the lateral posterior thalamic nucleus. The dorsal division 
of the anterior pretectal nucleus (APT) is also well innervated, a feature 
not previously reported in rodents. The dorsal posterior lim itans thalamic 
nucleus (PLi) receives direct retinal input as well. A medial pretectal 
region (MPT) and posterior commissural nucleus are also innervated.

The OPT is identifiable by dense ENK term inals and contains many 
NPY neurons and fibers. The NOT contains numerous ENK and a few 
NPY cells. The PPT and MPT contain both NPY and ENK fibers and 
terminals. The APT is traversed by NPY and ENK fibers, but contains 
neither neurons or term inals with these peptides.

These and other data show (a) the pretectum to be a clearly laminated 
structure, (b) the central thalamus encased in an arrangement of 
thalamic, pretectal and tectal visual nuclei and (c) extensive efferent and 
afferent connections of m idbrain visual structures with the intergeniculate 
leaflet of the circadian visual system. Supported by NS22168 to LPM.

265 .3
VISUAL RESPONSE PROPERTIES OF RETINAL SLIP NEURONS IN THE 
NOT-DTN IN SQUIRREL MONKEY (SAIMIRI SCIUREUS) AFTER LONG 
TERM MONOCULAR DEPRIVATION. K.-P. Hoffm ann- , C. Distler and O.J. 
Gru sser2 . Allgemeine Zoologie & Neurobiologie, Ruhr-Universitat Bochum, 
44780 Bochum, FRG, and “ Physiology, FU Berlin, 14195 Berlin, FRG

Retinal slip neurons in the nucleus of the optic tract and the dorsal 
terminal nucleus of the accessory optic system (NOT-DTN) were recorded in 
anesthetized and paralyzed squirrel monkeys that had been deprived of vision in 
one eye (MD) for more than 12 years. In two animals, lid suture had been 
performed at birth, in the third animal at 6 weeks of age. As in normal controls. 
NOT-DTN neurons in MD monkeys were directionally selective for horizontal 
ipsiversive stimulus movement. By contrast, there was a dramatic reduction of 
binocular convergence in the NOT-DTN of MD monkeys. NOT-DTN neurons in 
normal squirrel and macaque monkeys were all found to be binocular. In squirrel 
monkeys with early onset MD 84% of retinal slip neuroas were exclusively 
activated by the non-deprived ipsilateral eye, the remaining 16% were still 
dominated by this eye. In the late MD animal, the breakdown of binocularity was 
less dramatic with 13 % of the cells being monocularly driven by the non-deprived 
eye, 61% being dominated by this eye, and 26% receiving equal input from both 
eyes. Out of 26 cells tested through the non-deprived eye 17 neurons had optimal 
stimulus velocities of about 12°/s, compared to 60-80°/s in normal controls. The 
remaining 9 cells did not show any significant velocity tuning. In the early MD 
monkeys almost no optokinetic nystagmus (OKN) could be elicited through the 
deprived eye. In the late deprived monkey, monocular OKN of the deprived eye 
was asymmetric. OKN of the noti-depriced eye was always symmetrical. These 
data are discussed in relation to findings in MD cats. Supported by grant Ho 450 
and a Lise Meitner stipend to C. Distler.

265.5
S u b co rtica l trac ts  rela ted  to  o p to k in e tic  n y s tag m u s  in  cats

S. Watanabe*1, I. Kato1 and M. Norita2 Department of Otolaryngology, St. 

Marianna University School of Medicine, Kawasaki, Japan1. Department of 
Anatomy, Niigata University School of Medicine, Japan“.
The nucleus of the optic tract (NOT) serves as an important visuo-motor relay 
between the retina and preoculomotor structures that mediate horizontal optokinetic 
nystagmus (OKN). In the present study, projections from the NOT in the 
brainstem were investigated using biocytin and WGA-HRP. Following biocytin 
injections into the NOT, labeled fibers were observed in each of the following 
efferent pathways: 1) those that project to the contralateral NOT via the posterior 
commissure; 2) those that course through the nucleus pontis oralis to terminate in 
the interstitial nucleus of Cajal and nucleus reticularis tegmenti pontis; and 3) 
those that descend via the media! lemniscus to the level of the medulla to terminate 
in the dorsolateral pontine nucleus, nucleus prepositus hypoglossi, nucleus pontis 
caudalis, superior, lateral and medial vestibular nucleus and the dorsal cap of the 
inferior olive. Furthermore, distribution of labeled cells in the NOT were found 
following WGA-HRP, or both dextran fluorescein and dextran
tetramethylrhodamine injections into the nucleus prepositus hypoglossi and 
vestibular nuclei. Labeled cells were distributed to the rostral part of NOT 
following the tracers injections into the rostral part of superior and medial 
vestibular nucleus, whereas labeled cells were found throughout NOT following the 
tracers injections into the nucleus prepositus hypoglossi. The recent
neurophysiological study demonstrates that areas adjacent to the medial vestibular 
nucleus are supposed to participate in production of OKN, because both the slow 
component and after-nystagmus similar to OKN and OKAN were produced by 
stimulation study of the vestibular nuclei. This direct projection from the NOT to 
the vestibular nuclei may serve to drive velocity storage in the vestibular nuclei.

265.2
THE STRIATE CORTICO-PRETECTAL PROJECTION IN RAT AND 
MARMOSET. SEGREGATION OF RETINAL AND VISUAL CORTEX 
PROJECTIONS TO THE PRETECTUM. J.J.L. van der Want. E.H. Blaauw and H. 
de Weerd. (SPON: European Neuroscience Association). Lab. Cell Biol. & 
Electronmicroscopy, University of Groningen, Groningen, 9713 EZ, the 
Netherlands.

Horizontal optokinetic nystagmus is mediated by the pretectal nucleus of the optic 
tract (NOT). Neurons in the NOT show velocity and direction selective properties in 
temporo-nasal direction. During monocular stimulation in rat and rabbit the opto
kinetic (OKN) response is asymmetrical, this is in contrast with monocular stimu
lation in cat, ferret and primate, where OKN response is symmetrical and can be 
evoked both in naso-temporal and temporo-nasal direction. This difference could be 
related to the different cortical inputs. The fact that a normal OKN can be elicited in 
decortized rabbits is considered in accordance with the absence of such a projection. 
However, recently Schmidt and Hoffmann (1993) provided evidence for a direct 
connection between the visual cortex and the NOT in pigmented rat. In this study we 
have investigated the fine structural organisation of the corticoprctectal projection in 
rat and marmoset with emphasis on the relation between identified GABAergic and 
glutamatergic elements in the NOT.

Anterograde tracing was performed with either Phaseolus vulgai s leucoaggluti- 
nin or biocytin. After appropriate survival times the animals were reanaesthetized and 
perfused with fixatives. The brains were processed for PHA-L or biocytin followed 
by gold substituted silver peroxidase intensification. Postembedding GABA and 
glutamate immunocytochemistry were performed on gold grids with secondary 
antibodies conjugated to 15 nm immunogold. Labelled terminals from the visual 
cortex form asymmetrical synapses on dendrites in the deep NOT. These terminals 
are glutamate immunopositive and can be synaptic to GABAergic and 
nonGABAergic elements. In the vicinity of the identified cortical terminals in the rat 
NOT no retinal terminals were found. This segregation of terminal areas in rats could 
indicate that there is no direct interaction between cortical and retinal input.

265.4
VISUAL. RESPONSE PROPERTIES OF RETINAL SLIP NEURONS IN THE 
NOT-DTN OF MACAQUE MONKEYS WITH EARLY CHILDHOOD 
STRABISMUS. C. Distler* and K.-P. Hoffmann. Allgemeine Zoologie & 
Neurobiologie, Ruhr-Universitat Bochum, 44780 Bochum, FRG

Experiments were performed in 3 Macaca nemestrina characterized by 
early childhood strabismus. Two of them exhibited accommodative squint whereas 
the third had an early onset convergent strabismus which was resolved in 
adulthood. Single unit recordings were performed in primary visual cortex (VI) in 
two monkeys as well as in the nucleus of the optic tract and dorsal terminal 
nucleus of the accessory optic system (NOT-DTN) in all individuals while the 
animals were anesthetized and paralyzed. Both animals had a U-shaped ocular 
dominance distribution in V 1 with the majority of cells being exclusively driven 
by one or the other eye. This breakdown of binocularity was less pronounced in 
the animal with accommodative squint. Similar results were obtained in the NOT- 
DTN. As in normal controls, retinal slip neurons were directionally selective for 
horizontal ipsiversive image motion. In the two animals with accommodative 
squint, as in normal monkeys, almost all cells were binocular, most were equally 
driven by both eyes. By contrast, in the monkey with resolved strabismus the 
majority of NOT-DTN cells were dominated by the contralateral eye. only very 
few neurons received equal input from both eyes. Behaviorally this animal showed 
a strong asymmetry of optokinetic nystagmus (OKN) when tested under monocular 
viewing conditions. The animals with accommodative squint exhibited milder 
OKN asymmetries. These findings suggest that accommodative disorders have less 
effect on motion processing in the central visual system than other forms of 
strabismus. We gratefully thank Dr. R. Boothe and the Yerkes Primate Center for 
providing the animals; supported by a Helmholtz stipend to C. Distler and 
Forschergruppe Neurovision.

265.6
IMPULSE RESPONSES OF DIRECTIONAL NEURONS IN THE NUCLEUS 
OF THE OPTIC TRACT. M.R. Ibbotson and R.F. Mark. Developmental 
Neurobiology, RSBS, The Australian National University, Canberra, 
Australia.

Recordings were made from directional neurons in the nucleus of the optic 
tract (NOT) of the wallaby. Responses were elicited in the cells by brief 
displacements of a wide-field textured pattern. Once the stimulus duration 
was less than a certain value, referred to as the integration time, the 
magnitude of the responses depended on the size of the displacement, 
regardless of the velocity of the movement. These responses are referred to 
as velocity impulse responses. The NOT contains two kinds of directional 
neurons: those sensitive to slow (slow cells) and fast (fast cells) moving 
images. The velocity impulse responses of the slow cells to displacements in 
the preferred direction were characterized by a rapid increase in firing rate 
followed by a slow exponential decline back to their resting activities. The 
impulse responses of the fast cells to preferred direction movements showed 
a rapid increase in firing rate followed by a short-lived inhibition of the 
background activity. Displacements in the anti-preferred direction led to 
inhibition of the background firing rates for both cell types. The responses to 
prolonged pulses of stimulus velocity could be predicted for slow and fast 
cells by convolving their impulse responses with the velocity profile of the 
stimulus. Thus, although the mechanism leading to the detection of image 
displacement must be non-linear for the detectors to be directional, the NOT 
pathway can be regarded as a linear system because the responses of its 
cells to pulses in velocity can be described as the sum of a set of impulse 
responses, each weighted by the instantaneous stimulus strength. Given the 
demonstration of linearity, the Fourier transforms of the impulse responses 
were calculated to reveal the temporal filtering characteristics of the neurons. 
The slow and fast cells had low-pass (cut-off 5-10 Hz) and band-pass 
(optimum pass-band 6-12 Hz) temporal filtering characteristics, respectively. 
Thus the optokinetic system operates over a wide frequency range.
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265.7
REFLEXIVE SHIFTS OF ATTENTION: FACILITORY AND  
INHIBITORY EFFECTS OCCUR AT ISOLUMINANCE.
S. Danziger. R. Fendrich* . A. Kingstone* and R. Rafal. Center 

for Neuroscience, Univ. o f California Davis, 1 Dept, o f Psychology, 
Univ. o f Alberta, Canada

When attention is summoned reflexively by a peripheral cue, an 
initial facilitation of detection reaction time (RT) to targets appearing 
at the cued location is followed by a slowing of RT to such targets. 
This slowing has been termed Inhibition o f Return (IOR). The 
superior colliculus (SC) has been implicated as a potential source of 
these effects, since (1) they are reduced in PSP patients with 
midbrain degeneration, and (2) they are generated more effectively in 
normal humans by cues in the temporal hemifield. The latter effect 
correlates with the larger direct innervation of the SC by the nasal 
hemiretina.

This study exploited the lack of color opponent cells in the SC. 
Using a flicker nulling technique, we determined the green 
luminance that was isoluminant with a grey background for each 
subject. Manual RT was measured for a subject's monocular 
detection of a peripheral target An uninformative precue preceded 
the target by 75-125 or 600-1000 ms. In alternating blocks the cue 
was isoluminant with or brighter than the background. Isoluminant 
and non-isoluminanl cues produced equivalent facilitation at short 
intervals and IOR at long intervals. Effects did not differ between the 
nasal and temporal hemifields. These results suggest that the effects 
of reflexive attentional orienting may not require the retino-tectal 
pathway. Supported by PHS M H 41544 and NINDS PO l NS 17778.

265.9
VELOCITY SELECTIVITY OF NEURONS IN THE PIGEON’S TECTUM CAN BE 
MODULATED BY MANIPULATION OF OBJECT’S RETINAL IMAGE SIZE.
H - J. Sun and B. J Frost*. Visual and Auditory Neurosciences Laboratory. Dept. 
Psychol.. Queen's Univ.. Kingston, Ont. K7L 3N6, Canada.

An object’s velocity appears constant even with variations in viewing distance. Such 
velocity constancy can be achieved through utilizing distance cues and/or scaling of 
retinal velocity relative to object size or other reference scales in the visual scene. Little 
is known about the neural mechanism of such velocity constancy especially at the single 
cell level. We have developed visual stimuli using a Silicon Graphics IRIS computer 
graphics system, which presents moving objects within the context of a rather realistic 3- 
D environment. Apparent distance of an object relative to the pigeon was manipulated 
through presentation of perspective depth cues in the background. Retinal image size of 
an object could also be manipulated in order to simulate the difference in apparent size 
of an object at different viewing distances. The neural responses of pigeon’s tectal 
neurons to objects moving in the tangent screen were  recorded extracellularly Magnitude 
of the responses as the function of object velocity and object size were analyzed, it was 
found that the velocity tuning curve of the recorded neurons shifted towards slower retinal 
velocity when that object was made to appear farther away from the pigeon. This effect 
is most prominent when the retinal image size exceeds that of the cell's receptive field. 
The effect of manipulation of distance through perspective depth cues alone (while 
maintaining same retinal image size for different viewing distances) were not as strong 
as those produced by combining the manipulation of retinal size and viewing distance. 
These results suggest that these neurons may be involved in the processing of velocity 
constancy, i.e. extracting information about the object velocity through incorporating 
retinal velocity with information about object size (and possibly object distance) rather 
than solely relying on retinal velocity.

Supported by an NSERC grant OGP0000353 to BJF and an NSERC Postgraduate 
Scholarship to HS.

265.11
SENSORY RESPONSE PROPERTIES IN TH E SU PERIOR COLLICULUS 
(SC) OF TH E N E W B O R N  RH ESU S M O N K EY  M.T. W allace*. J.G. 
M cHaffie and  B.E. S tein . D ep t. of N eurobio logy and  A natom y, Bow m an 
Gray School of M edicine, W ake Forest Univ., W inston-Salem , NC 27157 

Unlike altricial species such as carn ivores and  rodents, the m onkey is 
b o m  capable  of a tten d in g  and  o rien tin g  to a v arie ty  of sensory  cues. 
Presum ably, a high p roportion  of SC sensory and  sensorim otor neurons are 
sufficiently m atu re  to su p p o rt these behaviors in the absence of postnatal 
sensory experience. Indeed, in the superficial SC of the new born  m onkey a 
w ell-o rd ered  v isu a l m ap  w as found . A lth o u g h  resp o n se  selectiv ities 
closely resem bled  those in adu lts , receptive fields w ere 2-4 tim es larger 
a nd  latencies w ere significantly  longer (X=161 vs. 93 ms). In deep  layers, 
v isual neu ro n s w ere also topograph ica lly  o rgan ized  an d  h ad  im m ature  
latencies (X=185 vs. 98 m s), as d id  aud ito ry  neu ro n s (X=45 vs. 18 ms). In 
co n tra s t, so m a to sen so ry  n e u ro n s  seem ed  m o st m atu re : th ey  w ere  
p redom inan tly  cu taneous, h igh  velocity, rap id ly  ad ap tin g , sho rt latency 
(X=28 m s) an d  w ere o rg an ized  in to  a w e ll-o rd ered  bod y  m ap. The 
im m aturity  of the SC w as m ost ap p aren t in its m ultisensory  neurons. Such 
neurons w ere m uch less com m on than  in ad u lts  (7% vs. 25%), an d  they 
lacked the ad u lt capacity  to in teg rate  cross-m odal in fo rm ation  (W allace 
and  Stein 1994). N evertheless, an d  in con trast to  o b serva tions in o ther 
species, no  p o stn a ta l experience w as necessary  for a lig n m en t of their 
receptive fields. It seem s likely th a t the m onkey  SC, like the cat SC, 
undergoes a developm ental chronology in w hich som atosensory processing 
m atures first, follow ed by auditory , visual, and  finally m ultisensory . M ost 
p ro tracted  is the  deve lopm ent of the ability  to  syn thesize  cues from  the 
different sensory m odalities. S upported  by N IH  EY06562 and  NS22543.

265.8
DIRECT RETINAL PROJECTIONS TO THE OLFACTORY BULB AND 
INFERIOR COLLICULUS (IC) IN THE HAMSTER. L.P. Morin* and J. 
Blanchard. Dept. Psychiatry, Stony Brook University, Stony Brook, NY 
11794.

Three divisions of the visual system have been well studied. These 
consist of a) the classical image forming and analysing areas, b) 
those nuclei concerned with oculomotor regulation, and c) the 
circadian rhythm system. Retinal projections have also been reported 
in areas (e.g., dorsal midline thalamus or olfactory tubercle) not 
belonging to the above. Here, cholera tox in -β fragment (CT-β) was 
injected intraocularly (5 μl of 0.2% C T -β in 2% DMSO in 0.9% saline) 
and CT -β immunohistochemistry was performed on brains taken from 
anesthetized, perfused adult male hamsters about 48 hr later.

CT -β-IR fibers exit the contralateral basal hypothalamus over the 
supraoptic nucleus into anterior amygdala. Fibers continue rostro- 
laterally, through the nucleus of the lateral olfactory tract (NLOT), into 
the LOT. They extend rostrally in the LOT to the rhinal fissure and 
turn medially. Numerous fibers with term inals are present in the 
caudal part of the dorsal anterior olfactory nucleus.

Fibers are also found in a superficial lamination near the midline of 
the contralateral inferior colliculus (IC). Fibers and term inals are 
evident spreading across the caudal pole of the IC. The IC results are 
sim ilar to reports in other species [Brain Res. 233, 45-52, '82], but a 
retinal projection in the LOT has not previously been documented. 
Supported by NS22168 to LPM.

265.10
A HIGH-FREQUENCY BURST FIRING MODE IN NEURONS OF THE RAT 
SUPERIOR COLLICULUS. F-S Lo*. R.J. Cork & R.R. Mize. Dept. of Anatomy 
and Neuroscience Center, LSU Medical Center, New Orleans, LA 70112.

We have shown elsewhere that in the optic layer of the rat superior colliculus 
there is a tier of cells containing the calcium binding protein calbindinD28k. Using 
an in vitro slice preparation, together with intracellular recording techniques and 
iontophoretic injection of biocytin we are characterizing the membrane properties 
and morphology of these cells. Recordings were obtained from 29 neurons in the 
region o f the optic layer. They had an average resting potential of -62±7.6 mV 
and a mean resting input resistance of 41.8±12.8 MΩ . The large (73.2±8.5 mV) 
overshooting sodium spikes were followed by two after-hyperpolarizations (AHP) 
and showed frequency accommodation. An inward rectifying current (Ih) that was 
blocked by 10 mM CsCl, was observed during hyperpolarizing current pulses. If 
cells were depolarized to about -60 mV from hyperpolarized potentials a 
relatively short (20-30 ms) low-threshold calcium spike (LTS) with 1-2 Na-spikes 
riding on it was observed. The LTS was reversibly blocked by 1mM NiCl2. Upon 
further depolarization, some cells fired a train of single Na-spikes after the LTS. 
while others (11/29) exhibited repetitive bursting behavior within a limited range 
of depolarized potentials (-47 to -53 mV). The inter-burst frequency increased 
with greater depolarization, reaching a maximum at about 50 Hz. The degree of 
burst frequency accommodation was also voltage dependent, decreasing as the 
potential approached the Na-spike threshold. During these experiments we noted 
that pyramidal cells in the hippocampal CA1 region had many similar membrane 
properties, e.g. Ih , short LTS, 2 AHPs, and also expressed calbindin. Double 
labeling experiments are underway to determine if the cells that have been 
recorded from do contain calbindin.
Supported by Department of the Army, Cooperative Agreement DAMD17-93-V- 
3013, and NIH EY02973.

265.12
EFFECTS OF NEO N A TA L D E C O R TIC A T IO N  O N  M ULTISENSO RY 
O R IE N TA TIO N  BEHAV IOR L.K. W ilkinson*1. M .T. W allace2 and  B.E. 
Stein2 Dept. Psychology1, V irginia C om m onw ealth  Univ., R ichm ond, VA 
23298 an d  Dept. N eurobio logy and  A natom y2, Bow m an G ray School of 
M edicine/W ake Forest Univ., W inston-Salem , N C 27157

The ability of superior colliculus (SC) n eurons to in tegrate  inform ation 
from  d ifferen t senses is critical to its role in  a tten tive  an d  o rien tation  
behavior. In cat, th is  ab ility  is d e p e n d en t on in p u ts  from  an  a rea of 
association cortex , the an terio r ectosylvian su lcus (AES). D eactivation of 
AES elim inates m ultisensory  in teg ration  in the  m ajority  of SC n eurons 
(W allace and  Stein 1994) and  m arked ly  d eg rad es  an an im al's  ability  to 
use m ultip le sensory cues to facilitate atten tive and  o rien tation  behaviors 
(W ilkinson, M eredith  and  Stein 1992). F urtherm ore, SC neu ro n s develop 
the capacity  for m ultisen so ry  in teg ra tio n  only  after AES cortico tectal 
projections becom e functional (W allace and  Stein 1993). In the p resen t 
experim ents the behavioral consequences of neonata l AES ablation  w ere 
exam ined. AES w as rem oved  at 7 d p n  an d  follow ing m atu ra tio n  each 
anim al (n=3) w as tra ined  to approach  a n ear th resho ld  visual stim ulus 
p resen ted  either: (a) alone (b) accom pan ied  by a sp a tia lly  co incident 
aud ito ry  cue, o r (c) accom panied  by  a spatia lly  d isp a ra te  au d ito ry  cue. 
Surprisingly , the behavior of these an im als w as in d is tingu ishab le  from  
n o rm a l ad u lts : sp a tia lly  co in c id en t m u ltise n so ry  cues d ram a tica lly  
enhanced correct responses, w hereas spatially  d ispara te  cues significantly 
d e p re s se d  th ese  b eh av io rs . A p p a re n tly , th e re  a re  d e v e lo p m e n ta l 
m ech an ism s th a t a llow  for co m p e n sa tio n  fo llo w in g  loss of AES. 
Presum ably its loss initiates processes w hich enable neighboring  cortical 
areas to take over these functions. S upported  by NIH  grant EY06562.
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265.13
N E O N A T A L  D E C O R T IC A T IO N  IN  C A T : E F F E C T S  O N  
M ULTISENSORY IN TEG R A TIO N  IN SU PERIO R CO LLICU LUS (SC) 
N E U R O N S. B.E. Stein*1. m .T. W a lla c e 1 an d  L.K. W ilk inson2 D ept. 
Neurobiol. and A natom y1, Bowman G ray Sch. M ed ./W ak e  Forest Univ., 
W in s to n -S a le m , N C 27157 an d  D e p t. P s y c h o lo g y 2 , V irg in ia  
Com m onw ealth Univ., Richmond, VA 23298

M any SC neurons respond  to stim uli from tw o or m ore m odalities, and 
synthesize this inform ation to a lter the salience of events. Physiological 
a nd  behav io ra l da ta  are rem arkab ly  paralle l: the  sam e m u ltisen so ry  
stim ulus com binations that enhance neuronal responses enhance orientation 
behaviors, w hereas stim ulus com binations that depress neuronal responses 
depress these behaviors. In the vast m ajority of SC neu ro n s m ultisensory  
integration involves inputs from an area of association cortex, the an terior 
ectosylvian sulcus (AES). D eactivation of AES com prom ises m ultisensory  
in teg ra tio n  in SC n e u ro n s  and  e lim in a te s  m u ltise n so ry  o r ien ta tio n  
behaviors. An adjacent cortical area (rostral lateral suprasy lv ian  cortex— 
rLS) is a sm all contributor to this function and  is norm ally  inadequate  to 
su p p o rt these behaviors. In m atu re  an im als in w hich AES w as ablated  
neonatally, the situation is quite different. The p roportion  of m ultisensory 
SC neurons is high (even higher than  norm al, 67% vs 58%), and  a sizable, 
a lth o u g h  sm alle r (43% vs 79%) p e rcen tag e  sy n th es ize  m u ltisen so ry  
inform ation. Cortical d eactivation  in a sm all sam ple of these neu ro n s 
suggest that they d epend  on rLS for their cross-m odal in tegration. These 
data , coupled w ith the previous abstract (W ilkinson, W allace, and  Stein 
1995), indicate that loss of AES is likely to initiate a process w hereby rLS 
co rtico tec ta l in flu en ces  a re  s ig n ifican tly  e x p a n d ed . A lth o u g h  n o t 
com ple te , th is  co m p en sa tio n  is su ffic ien t to  s u p p o rt  S C -m ed ia ted  
m ultisensory behaviors. Supported  by NIH  grant EY06562.

265.15
CALBINDIND28K AND PARVALBUMIN ARE EXPRESSED IN COMPLEMEN
TARY PATTERNS IN THE RAT SUPERIOR COLLICULUS.
R.J. Cork*. S.Z, Baber & R.R. Mize. Department of Anatomy and Neuroscience 
Center, LSU Medical Center, New Orleans, LA 70112.

We have examined the distributions of two calcium binding proteins, 
calbindinD28K (CB) and parvalbumin (PV), in the rat superior colliculus (SC). 
Sections, cut from the brains of adult Sprague Dawley rats, were labeled using 
fluorescence- or DAB- immunohistochemistry. The distributions of labeled cells 
were plotted using a Eutectics NTS system, and cell size data was collected using 
a Joyce-Loebl Magiscan image analyzer. CB was expressed in cells found in three 
sublaminar tiers. The most dorsal tier consisted of lightly labeled cells that were 
scattered at 100-250 μm deep in the superficial gray layer (sgl). The second tier 
consisted of a dense band of intensely labeled cells in the optic layer (ol), at 
depths between 300 μm and 500 μm. The third tier consisted of cells widely 
distributed throughout the deep gray layer (dgl), between 1 mm to 2 mm deep. PV 
was found in the somas of cells in two tiers that lay between the CB bands. An 
upper band was concentrated at about 300 μm, occupying the ventral sgl and 
dorsal ol. The remainder of the PV cells formed a thick wedge with cells 
concentrated along the dorsal lateral edge of the intermediate gray layer (igl) (900 
± 300 μm) but extending into the dgl to about 1600 μm. Labeled cell size 
increased with depth throughout the SC. Cell size bore no apparent relationship to 
CB or PV expression, however, average labeled cell-body areas were different in 
different tiers. For example, the mean cell-body area was 83.7±21.5 μm2 for the 
upper CB tier, and 184.4±53.1 μm2 for the ol CB tier. Fluorescence double
labeling showed that a few cells expressed both CB and PV but that, overall, the 
calcium binding proteins were expressed in alternating tiers superimposed on the 
traditional laminated structure. Supported by Department of the Army, 
Cooperative Agreement DAMD17-93-V-3013, and NIH EY02973.

265.17
NEUROACTIVE SUBSTANCES IN THE PARABIGEMINAL NUCLEUS OF 
THE THIRTEEN-LINED GROUND SQUIRREL. R.J. Garcia-Mercado and N. 
Lugo*. Dept. Anatomy and Inst, of Neurobiology, Univ. of Puerto Rico, MSC, 
San Juan, P.R. 00901.

The parabigeminal nucleus (Pb) has extensive reciprocal connections with 
the superior colliculus (SC) in the thirteen-lined ground squirrel 
(Spermophilus tridecemlineatus). Immunohistochemical methods were 
employed to identify neurotransmitters and/or neuromodulators implicated 
in these projections. Animals were intracardially perfused with 4% 
paraformaldehyde or 4% paraformaldehyde-2.5% glutaraldehyde in PB (pH 
7.4), depending on the antibody to be used. Brain sections 40 pm thick were 
processed for immunofluorescence or with a DAB-nickel enhanced avidin- 
biotin complex (ABC) method. Immunoreactive cells and/or fibers were 
identified in Pb after incubations with antisera against choline acetyl 
transferase (ChAT), gamma-aminobutyric acid (GABA), tyrosine hydroxylase 
(TH), substance P (SP), somatostatin (SS), neuropeptide Y (NPY) and 
serotonin. Cells positive for ChAT appear to constitute most of the neuronal 
population of Pb. Small GABA-like cells scattered throughout the nucleus 
were less abundant, as were fusiform cells positive for TH or for SP. Few 
neurons exhibited SS-like and NPY-like immunoreactivity. These cells 
formed clusters in the lateral portion of Pb. Serotonin-like fibers were 
abundant in this nucleus, yet no cell bodies were detected. Fibers positive 
for TH, SP and NPY were also found in the superficial and deep layers of 
SC. Pb has only been found to connect with SC in the thirteen-lined ground 
squirrel. Thus, our observations suggest that some of the substances 
detected in Pb may be involved in its connections with SC. Our results also 
imply that some of the neuroactive substances might be colocalized within 
a single Pb cell. (Supported by ONR Grant N00014-89-J-3070 and NIH 
Grant MH-48190).

265.14
V ISU A L O R IE N T IN G  R E S P O N S E S  IN T H E  HEM IA N O PIC  
VISUAL FIE L D  O F TH E C O R T IC A L L Y  BLIN D CAT CAN BE 
R E STO R ED  BY SIT E -S P E C IF IC  G A B A -E R G IC  DISINHIBITION 
OF TH E SU PERIO R CO LLICU LUS 
V.Ciaramitaro*, J.S. Purmer. W.E, Todd & A.C. Rosenquist 
Dept. of Neuroscience, Univ. of Penn, Phila., PA 19104

Following unilateral removal of all known visual cortical areas, a 
cat is rendered hemianopic in the contralateral visual field as 
measured by visual perimetry and other behavioral tests. One 
mechanism mediating reversible recovery o f visual orienting in the 
previously blind hemifield is GAB Aergic disinhibition o f the superior 
colliculus (SC) ipsilateral to a cortical lesion. (Ciaramitaro et.al., 
Society for Neuroscience Abstracts, vol 20(2): p 1186,1994)

SC disinhibition is effective in mediating recovery when injections 
of bicuculline methiodide, a GABAa antagonist, are made into the 
m edial and rostral areas o f the deeper layers o f the SC. Immediate 
post-injection effects endure for approximately one hour and include 
a defensive reaction and strong motor biases o f the eyes, head and 
body contralateral to the injection site. Subsequent recovery of visual 
orienting behavior endures for several hours, depending on the 
concentration and volume of the drug. Although similar injections of 
more la teral or caudal SC regions elicit the same immediate post
injection effects, there is no subsequent recovery o f visual orienting 
behavior.

Thus, recovery of visual orienting in the cortically blind cat appears 
to be mediated by a site-specific  G ABA-ergic mechanism which is 
dissociable from immediate post-injection motor effects.
(Supported by E Y 02654 , 2  T32 EY07035 and 2 P O I EY01583 )

265.16
EFFECT OF NEONATAL EYE REMOVAL ON EXPRESSION OF mRNAs 

FOR GAD, PPT, CCK, PENK AND SOM IN RAT SUPERIOR COLLICULUS
ARHarvey*1, L.Tang1 and D.J.S.Sirinathsinghji2. 1Dept, of Anatomy and Human 
Biology, The University of Western Australia, Perth, WA 6907 and 2Neuroscience 
Research Centre, Merck Sharp and Dohme Research Laboratories, Harlow, UK.

This study used the technique of in situ hybridization histochemistry to study the 
expression of mRNAs for glutamic acid decarboxylase (GAD), preprotachykinin 
(PPT), preprocholecystokinin (CCK), preproenkephalin (PENK) and 
preprosomatostatin (SOM) in the adult rat superior colliculus (SC), and to determine 
how mRNA expression was altered in the SC in rats unilaterally enucleated at birth 
Hybridization was carried out on cryostat sections ( l 0μm) using 35SdATP-labelled 
synthetic oligonucleotide probes (45 mer). In the superficial layers of normal SC. 
large numbers of GAD mRNA expressing cells were found in stratum zonale (SZ) 
and stratum griseum superficiale (SGS). PPT mRNA expressing cells were mainly 
found in the upper two-thirds of SGS while CCK mRNA expression was prominent 
in the middle third of this layer. PENK mRNA expression was mostly found in 
lower SGS and stratum opticum (SO). Cells containing SOM mRNA formed a 
conspicuous band in the lower third of SGS and upper SO. In the superficial tectal 
layers contralateral to eye removal, quantitative analysis revealed a significant 
decrease in GAD, PPT, CCK and PENK mRNA expression. For all 4 probes, both 
the number of cells expressing these mRNAs and the level of expression per cell was 
decreased in visually deprived SC. By comparison, neonatal enucleation resulted in 
only a slight fall in the level of SOM mRNA expression in SGS and upper SO. The 
data show that removal of the major source of primary sensory input to the 
superficial layers of rat SC leads to a long-lasting reduction in the synthesis (and 
presumably turnover) of GAD and the neuropeptides PPT, CCK and PENK

265.18
VISUOCORTICAL PROJECTIONS TO THE MACAQUE MONKEY BASAL 
PONTINE GRAY. R .A . Giolli* K.M. Gregory. F. Lui and 
R .H.I. Blanks. Dept. Anat. & Neurobiol., Univ. Calif. 
Coll. Med. Irvine, CA 92717.

Projections to the basal pontine gray were studied 
after injections of 3H-leucine restricted to one of 
each of the following cytoarchitecturally defined 
cerebrocortical areas: 17, OA, caudal PGa, caudal OAa, 
POa, and 7. All corticopontine projections are 
divergent as they terminate as dense patches of silver 
grains distributed over multiple zones of basal pons 
arranged as lamellae. The data also suggest some 
convergence of terminal pontine fields from different 
visuocortical areas. We find that: area 17, in which 
central visual field is represented, does not project 
to the basal pons (area 17 representing peripheral 
visual field was not studied). Area OA has a limited 
projection targeting the dorsolateral (DL) and lateral 
(L) pontine gray. Area PGa projects widely to DL, L, 
dorsal (D) and peduncular (P) pontine gray, whereas 
the area OAa projection is limited to DL and P pontine 
gray. Area POa targets DL, L, and P pontine gray 
while area 7 projects widespread to the DL, L, D, P, 
and ventral pontine gray. Area 7b, alone provides a 
small input to the dorsomedial pontine gray. 
Supported by NSF grant IBN 9121376. F. L. was 
supported by the Fidia Foundation.
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266.1
LOCUS OF ORIGIN OF AUGMENTING AND REDUCING OF VISUAL EVOKED 
POTENTIALS IN THE RAT BRAIN. J. Siegel*. A. Sharma. D. Gayle. 
Psychology Dept., Univ. Delaware, Newark, DE 19716 and P. 
Driscoll. Inst. fur Nutztierwissenschaften, ETHZ, 
Switzerland.

Human and cat high sensation seekers show increasing 
amplitudes of the early components of the cortical visual 
evoked potential (VEP) to increasing intensities of light 
flash; low sensation seekers show VEP reducing. Roman high- 
avoidance (RHA) and Roman low-avoidance (RLA) rats have 
behavioral traits comparable to human and cat high and low 
sensation seekers, respectively. We have shown that RHA rats 
are cortical VEP augmenters (A) and RLA rats are reducers (R) 
of the first cortical component. The goal of this study was 
to determine if A and R is in fact a property of the visual 
cortex or is occurring at the lateral geniculate and is 
merely reflected in recordings from the cortex. VEPs to five 
flash intensities were recorded from the visual cortex and 
dorsal lateral geniculate. As in the previous study, the 
slope of the first cortical component as a function of flash 
intensity was greater in the RHA than in the RLA rats. The 
amplitude of the geniculate component that has a latency 
shorter than the first cortical component was no different 
in the two strains of rats. The finding from the cortex 
confirms the earlier finding of A and R in RHA and RLA rats, 
respectively. The major new finding is that augmenting and 
reducing differences recorded at the cortex does not occur 
at the thalamus, indicating that it is truly a cortical 
phenomenon.

266.3
SPATIOTEMPORAL RESPONSE PROPERTIES OF SUBCORTICAL 
VISUAL SYSTEM OSCILLATIONS Rowshanak Hashemiyoon* and John 
K. Chapin. Department of Physiology and Biophysics, Hahnemann University, 
Philadelphia, Pa. 19102

We have previously reported retinally derived dark-spontaneous fast 
frequency (10-40 Hz) oscillations in the direct retinal receiving zones of the 
pretectal area, su p erior colliculus and lateral geniculate nucleus in rats. 
Simultaneous single neuron recordings were obtained from arrays of up to 16 
microwire electrodes chronically implanted across the retinal representations in 
these nuclei. Time-shifted cross-correlograms between these neurons revealed 
clear phase shifts, which increased as a function of distance away from the 
reference neuron, indicating travelling waves. These oscillations were found to 
be inhibited by tonic light stimulation, exhibiting pronounced rebounds upon 
removal of the stimulus. Latencies to this light-off rebound increased as a 
function of distance away from the retinotopic locus of light stimulus, again 
indicating a travelling wave, this time propagating away from the locus of 
stimulation. These oscillatory rebounds were not solely a property of stationary 
light stimuli, but were also observed in response to moving stimuli therefore, 
the spatiotemporal patterns of these wave responses appear to be functions of 
both the time and position of the stimuli.

The temporal domain of light stimulations also interacted with the intrinsic 
visual system oscillations. Progressively higher frequencies o f light flashes 
could: 1) completely drive and/or phase-reset the oscillations, 2) produce 
nonlinear frequency bifurcations, or 3) resonate harmonically with the 
spontaneous oscillations, markedly facilitating responses to stimuli delivered at 
harmonics of the endogenous frequency. Thus, the spatiotemporal frequency 
domain of visual stimulation may not only be reflected in the oscillatory 
response pattern, but the intrinsic properties of the rhythm producing networks 
may also bias the processing. Supported by grants NS23722 and ONR 
NOOO14-95-1-0246 to JKC.

266.5
EFFECTS OF GAZE ANGLE ON DIRECTION AND ORIENTATION BIASES OF 
LATERAL GENICULATE NEURONS IN THE AWAKE CAT. D. Lee* and J. G. 
Malpeli. Neuroscience Program and Department of Psychology, University of Illinois, 
Champaign, IL 61820.

Many cat LGN cells show some degree of orientation or direction bias that appears 
to originate mainly in the retina (Shou et al., J. Neurophysiol. 73: 1414, 1995). 
However, visual responses of most LGN neurons are affected by gaze angle (Lee & 
Malpeli, Soc. Neurosci. Abstr. 20: 134, 1994), and a possible source of this effect, 
corticogeniculate cells of area 17, are themselves direction and orientation selective. 
Since responses of cat area 17 cells are also affected by gaze angle (Weyand & 
Malpeli, J. Neurophysiol. 69: 2258, 1993), we asked if these biases are fixed, as 
would be expected if they are entirely retinal in origin, or change with gaze angle, as 
might be the case if they depend in part on central inputs.

Cats were trained to fixate a small spot of light presented straight ahead or displaced 
8° to the right or left. Isolated cells were stimulated with a task-irrelevant sinusoidal 
grating of optimal spatial frequency drifting across the receptive field at a temporal 
frequency of 7 cyc/sec. For 44 cells, responses were obtained for vertical gratings 
drifting to the right or left. Most (30) showed a bias for drift direction for at least one 
gaze angle (p<0.05, for this and other effects). This bias interacted with gaze angle 
for 11 cells, in some cases even reversing for different fixation targets. For 22 cells, 
tuning curves were obtained with 8 drift directions for targets displaced 8° to the right 
or left. Of these, 14 showed effects of gaze angle, and 19 had an orientation bias, with 
an interaction between these two factors for 5 cells.

Overall, 16 of 58 cells (28 %) showed some effects of gaze angle on orientation or 
direction bias, suggesting that such biases are influenced by gaze-dependent central 
feedback. Whether these relatively small, but statistically reliable effects are 
functionally important remains to be determined. Supported by NIH grant EY02695.

266.2
USING A CORTICAL NETWORK AND CORTICOGENICULATE 
FEEDBACK TO IMPROVE TEMPORAL ACCURACY OF SPIKING 
ACTIVITY IN THE LGN K. Funke*. E. Nelle. F. Wӧrgӧtter and U.T. 
Eysel. Dept. Neurophysiol., Ruhr-Univ. Bochum, 44780 Bochum, FRG.

Temporal structuring o f  spiking activity is thought to be one key- 
mechamsm to perform higher level sensory processing, e g. object 
recognition in the visual system. Here we show that the feedback loop 
from the visual cortex to the lateral geniculate nucleus (LGN) can be 
used to achieve a higher accuracy o f  temporal coding. Our computer 
model includes geniculate cells which transmit the retinal input in an 
almost 1:1 fashion to a strongly interconnected cortical network. Each 
cortex cell represents a coincidence detector which fires only if a 
sufficient number o f  geniculate and cortical inputs arrive within a small 
time window. Finally, cortical output activity can be feed back to LGN 
cells which then in turn perform a coincidence evaluation o f  retinal and 
cortical inputs. A structured activity consisting o f  preferred, but strongly 
jittered, intervals is transmitted from retina via LGN to cortex. At each 
cortex cell the dominant LGN input and those transmitted via the lateral 
cortical network are averaged. As a result, the timing o f  spike generation 
at the cortex cells is slightly shifted back or forth. Consequently, interval 
distributions in the cortex are minimally sharpened as compared to the 
LGN, even without corticofugal feedback. With introduction o f  the feed
back, the interval distribution is now additionally sharpened in the LGN. 
The combined action o f  cortical and geniculate coincidence processes 
results in a markedly reduced temporal jitter o f  geniculate spike 
generation. In addition, the sharper interval distribution is associated 
with a higher degree o f  synchrony o f  geniculate activity. Synaptic noise 
should increase the temporal jitter along the visual pathway. Our model 
and experimental data show  that the interval distribution in the LGN is as 
sharp as in the retinal input but blocking the cortical feedback increases 
the jitter. Supported by the DFG, Ey 8/17-3, W o 388/4-2.

266 .4
W HAT CONTRO LS TH E TR AN SFER  OF INFORM ATIO N  
THR O U G H  TH E LGN? P. Mukherjee* . T. Ozaki and E, Kaplan. 
Laboratory of Biophysics, The Rockefeller University, NY, NY, 10021

The lateral geniculate nucleus (LGN) receives input not only from 
the retina, but also from the visual cortex and brainstem. The nonreti- 
nal inputs are thought to influence the transmission of visual informa
tion through the LGN, and we sought to learn more about their influ
ence on LGN function. We therefore compared the retinal input 
(recorded as synaptic, or S, potentials) with the LGN spike output at 
two or more locations in the LGN. Each recording electrode thus 
provided a record o f the transfer ratio (LGN/retina) vs time.

We studied anesthetized and paralyzed adults cats, which viewed 
either blank CRTs at various luminance levels, or drifting gratings 
which were optimized for the receptive fields o f the recorded neurons.

The transfer ratio from retina to LGN fluctuates spontaneously with 
time, and these fluctuations are dominated by low frequencies. The 
transfer ratios of unstimulated cells arc positively correlated, even 
when their receptive fields are non-overlapping, and this correlation 
can be affected by visual stimulation. Our results suggest that the 
control of transmission through the LGN is global rather than local. 

Support: EY4888, NIMH R01 MH50166-01, andNRSA GM07524-18.

266.6
RESPONSES OF PRIMATE LGN NEURONS TO NATURAL IMAGES.
J.B. Levitt* and  Y. Tadm or. D ept.V isual Science, Inst. O phthalm ol., 
London EC1V 9EL, U.K., and  Univ. Cam bridge, C am bridge, U.K.

The responses of neu ro n s in the lateral g en icu late  nuc leus (LGN) to 
geom etrically  sim ple  stim uli, such  as g ratings o r spo ts, are  know n to 
depend  on stim ulus contrast. H ow ever, little is know n about the responses 
of these n eurons to real w orld  scenes. H ere, we recorded  the activity  of 
single LGN u n its  in para ly zed , o p iate -an esth e tized  m acaque  m onkeys, 
using  both  achrom atic n a tu ra l im ages and  sim ple  geom etric stim uli. For 
each neuron , we d e te rm ined  the d istr ib u tio n  of response am p litu d es  to 
several n a tu ra l im ages, each im age flashed  in 200-400 positions over its 
recep tive  field. These d is tr ib u tio n s  w ere  ty p ica lly  u n im o d a l w ith  a 
p ro n o u n ce d  p eak  close to  0 im p u lse s /se c . In te rleav ed  w ith  im age 
p resen ta tio n s, w e also m easu red  co n tra s t resp o n ses  fu n ctio n s, u s in g  
concentric spot stim uli op tim ized  for each receptive field. These concentric 
stim uli revealed  the full dynam ic range of each n eu ro n , a llow ing us to 
assess the degree to w hich the po ten tial response range of each neuron  is 
u tilized  w hen  v iew ing  n a tu ra l im ages. S u rp ris in g ly , n e u ro n s  seldom  
exploited their en tire  potential response ranges; n eu ro n s m ost frequently  
used  only about 30% of this range. A lthough there  is no  sim ple  definition 
for contrast in complex images, m acaque LGN neurons responded to images 
as th o u g h  they  w ere v iew in g  stim u li w h o se  W eber co n tra s ts  rarely  
exceeded 50%.
(Supported by M RC G9203679N and N IH  EY10021 and a Wellcome Vision 
Research Fellowship to YT)
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266.7
SELECTIVE VULNERABILITY OF SUBSETS OF NEURONS IN SUBCORTICAL 
STRUCTURES OF MONKEYS WITH EXPERIMENTAL GLAUCOMA. J.H. 
M orrison*1, S.M. Podos2 . J.C. Vickers3. R.F. Wang2. R.A, Schumer2, C.A. 
Sailstad1 and P.R. Hof1. 1Depis of Neurobiology and 2Ophthalmology, Mount Sinai 
Sch. Med., New York, NY 10029; 3Dcpt of Pathology, Univ. of Tasmania, Australia.

Previous analyses of a monkey model of glaucoma have revealed severe degenerative 
alterations and cell loss in restricted neuronal subsets in the retina and along the visual 
pathways. To define further the neurochemical phenotype of vulnerable neurons at 
different levels of the visual pathways, we quantified pathologic changes in identified 
cell types within the lateral geniculate nucleus (LGN) and superior colliculus (SC) in 
monkeys with unilateral glaucoma using stercological methods. Glaucoma was 
induced in one eye of 7 monkeys by laser photocoagulation of the trabecular 
meshwork. Following a period of sustained elevated intraocular pressure, the monkeys 
were killed and their brains prepared for immunohistochemistry with antibodies to 
neurofilament protein (NFP) and the calcium-binding proteins parvalbumin (PV), 
calbindin (CB), and calretinin (CR). In contrast to retinal ganglion cells and 
neocortical pyramidal cells, most LGN projection neurons contain both PV and NFP. 
In animals with severe glaucoma, quantitative analysis demonstrated marked neuron 
loss (up to 60%) in the PV- and NFP-containing LGN projection neurons in layers 
corresponding to the affected eye, while SC displayed a less extensive neuron loss. 
Neuron counts from immediately adjacent sections stained with Nissl showed a 37% 
cell loss in LGN indicating that the lower immunoreactive neuron densities reflect 
specific patterns of vulnerability, rather than protein down-regulation. Thus, severe 
cell-type specific alterations occur in the brain following the development of 
glaucoma, that are restricted to neuronal subpopulations identifiable by specific 
morphologic and ncurochemical phenotypes, and selective vulnerability to the 
degenerative process. These data show that analogous to retinal ganglion cells and 
neocortical pyramidal cells, NFP-containing neurons are vulnerable in glaucoma, and 
that the presence of the calcium-binding protein PV in LGN projection neurons does 
not confer resistance to degeneration. Supported by NIH AG06647, AHAF, and RPB.

266.9
COMPARISON OF SINGLE CORTICOFUGAL AXONS TO THE LATERAL 
GENICULATE NUCLEUS (dLGN) FROM AREAS 17 AND 18 OF CAT VISUAL 
CORTEX.
P.C. Murphy* and A.M. Sillito Inst, of Ophthalmology, London, EC1V 9EL, U.K.

The cat dLGN receives a massive feedback projection from the visual cortex. 
Corticofugal axons contact projection cells, perigeniculate and local inhibitory 
interneurones, contributing 40-50% of the synapses in the dLGN neuropil. This 
pathway thus has the potential to exert a substantial influence over transmission from 
the retinae to the cortex, yet we know little about the patterns of connectivity linking 
the cortical and geniculate representations of the visual world. We previously used 
iontophoredc injections of biocytin to fully label and reconstruct single corticofugal 
axons arising from area 17, and have now extended that study to include the pathway 
from area 18. Injections were made into monocular regions at the centre of ocular 
dominance columns, so that the laminar distribution of terminals from contra- and 
ipsilaterally driven axons could be compared. Receptive fields at the injection sites 
were also carefully mapped. We then recorded and marked the location of dLGN 
cells in and around the zone of termination, in order to determine the spread of the 
axons with respect to the geniculate retinotopic map.

The axons from area 18 resemble those from area 17 in that they divide above the 
dLGN, and give rise to a sparse but extensive (>  1mm diameter) network of intrinsic 
type 1 collaterals. Individual axons may terminate in all layers of the dLGN, as well 
as in the PGN, MIN and NRT, but the input to the A layers is biased such that 
contralaterally driven axons project more strongly to layer A and ipsilaterally driven 
axons to layer Al. They differ in that they give rise to a greater density of terminals 
in and around the intralaminar zones. In addition, area 18 axons have a greater mean 
diameter than those from area 17, and thus presumably a faster conduction velocity. 
It therefore appears that the first iteration of the corticofugal loop is likely to involve 
feedback from area 18 rather than area 17.

266.11
ULTRASTRUCTURAL LOCALIZATION OF NITRIC OXIDE SYNTHASE IN 
THE LGN OF THE CAT. A.E. Günlük*. S.C. Van Horn, M E. Bickford. and S.M. 
Sherman. Dept. Neurobiology, SUNY, Stony Brook, NY 11794-5230.

Nitric oxide (NO) is a diffusible neurotransmitter implicated in development, 
plasticity, and signal processing. The NADPH-diaphorase histochemical reaction is 
often used to identify NO-producing neurons. In the cat LGN, this labels a rich 
network of fibers and terminals that originates from cholinergic neurons of the 
brainstem parabrachial region (PBR). We used an antibody against brain nitric oxide 
synthase (BNOS) to confirm that the NADPH-diaphorase reaction product localizes 
NO-producing cells by combining fluorescent BNOS labeling with NADPH- 
diaphorase staining. We found that 165 of 172 (96%) BNOS labeled PBR cells also 
stained for NADPH-diaphorase. We then used electron microscopy to identify the 
geniculate localization of BNOS. In the LGN A-laminae, most BNOS labeling was 
found in vesicle containing profiles located peripherally within the glomeruli, a 
location preferred by cholinergic terminals from PBR. The majority o f BNOS+ 
terminals are thus ideally positioned to release NO within glomeruli, and this release 
is presumably associated with activity in cholinergic PBR cells. To confirm this, we 
combined preembedding staining for choline acetyl transferase (ChAT) with 
postembedding immunogold labeling for BNOS. This revealed the presence of BNOS 
labeling in 69 of 74 (93%) of the ChAT+ profiles. These BNOS/ChAT+ terminals 
contacted dendritic appendages of relay cells and the dendritic terminals of 
intemeurons, which were also postsynaptic to retinal terminals; this pattern suggests 
that the BNOS+ terminals mainly target X cells rather than Y cells. A second but less 
frequent pattern of BNOS labeling was found in extraglomerular dendrites of medium 
to small caliber, presynaptic dendrites, and vesicle-filled profiles. Double-labeling 
with postembedding GABA immunogold revealed that these extraglomerular BNOS+ 
profiles are components of inhibitory intemeurons. These BNOS+ dendrites were 
frequently postsynaptic to RSD-type terminals, which are presumably of cortical 
origin. However, since no extrageniculate BNOS/GABA+ neurons project to the LGN 
A-laminae, and intemeuron somata there are BNOS-, the origin of this extraglomerular 
BNOS/GABA labeling is elusive. (Supported by EY03038 and EY06473.)

266.8
ACTIVITY DEPENDENT REGULATION OF NITRIC OXIDE 
SYNTHASE AND CYTOCHROME OXIDASE IN THE RAT VISUAL 
SYSTEM. L. Granstrom. C. Zhang. P, Antuono*. and M. Wong- 
Rilev. Dept. of Cellular Biology and Anatomy, Medical College of 
Wisconsin, Milwaukee, WI 53226.

Nitric oxide is a recently discovered gaseous messenger of the central 
nervous system (Dawson & Snyder, 1994). One current model 
suggests that nitric oxide synthase (NOS) may be localized in 
postsynaptic neurons which receive excitatory synapses, specifically 
those associated with glutamate (Garthwaite, 1991). Retinogeniculate 
terminals have been reported to be glutamatergic (Montero, 1990). If 
their postsynaptic targets were NOS-positive, and if their NOS levels 
were dependent on afferent input, then the removal of such input should 
cause a decrease in NOS in postsynaptic structures. In order to test this 
hypothesis, we deprived one side of the adult rat visual system of retinal 
stimulation for 1, 2, and 3 weeks by monocular enucleation. Serial 
sections of the superior colliculus and lateral geniculate nucleus were cut 
and reacted for NOS, NADPH-diaphorase, as well as for cytochrome 
oxidase (C.O.), a metabolic marker. Our results showed that both 
visual centers normally contained NOS, and eye removal caused a 
consistent down regulation of both NOS and C.O. on the deprived side. 
The superior colliculus showed a much more marked decrease in both 
enzymes for all three time periods than did the lateral geniculate nucleus. 
Optical densitometric values support these findings (p < 0.01 for all). 
Thus, the levels of both NOS and C.O. are regulated by neuronal 
activity in the rat subcortical visual centers. Supported by NIH 
NS 18122.

266.10
SUBCORTICAL EXTRARETINAL PROJECTIONS TO THE MONKEY LGN.
M. E. Bickford*. A. E. Günlük. D. W. Godwin. J.W. Gnadt. and S. M. Sherman. Dept. 
Neurobiology, SUNY, Stony Brook, NY 11794-5230.

Extraretinal inputs to the lateral geniculate nucleus (LGN) in cats modulate 
retinogeniculate transmission during different behavioral states, but less is known of 
such circuitry in monkeys. We have begun to study this in macaques. Injections of 
WGA-HRP, fast blue, or diamidino yellow were placed in the LGN of 2 monkeys, and 
tissue from a third was used for immunocytochemistry. As in the cat, extensive 
retrograde cell labeling was found in the thalamic reticular nucleus (TRN), superior 
colliculus, pretectum (PT), parabigeminal nucleus (PBG), and the paramedian pontine 
tegmentum (PPT). Rare labeled cells were also found in the tuberomammillary nucleus 
o f the hypothalamus and the dorsal raphé nucleus. Immunocytochemistry of these 
projection cells was also similar to that o f the cat. Antibodies directed against glutamic 
acid decarboxylase (for GABAergic cells) tagged retrogradely labeled TRN (102 of 
120; 85%) and PT cells (35 of 71; 49%). Antibodies directed against choline acetyl 
transferase (for cholinergic cells) tagged retrogradely labeled PBG (80 of 86; 93%) 
and PPT cells (140 of 145; 97%). Unlike the cat, no retrograde labeling was found 
among noradrenergic brainstem cells (stained with an antibody directed against 
tyrosine hydroxylase). Thus, excluding the pretectum and superior colliculus, the 
brainstem projections to the monkey LGN are almost entirely cholinergic. When we 
stained brainstem sections for ChAT and then reacted for NADPH-diaphorase, 320 of 
485 (66%) cholinergic PPT cells stained for NADPH-diaphorase. We conclude that 
the NADPH-diaphorase reaction stains cells that contain brain nitric oxide synthase 
(BNOS), because double labeling demonstrated that 100% of a sample of 200 PPT 
cells stained with antibodies against BNOS also stained for NADPH-diaphorase. Thus, 
in the monkey as in the cat, axons and terminals originating from cholinergic PPT cells 
are a source of nitric oxide in the LGN. These results indicate that, with few 
differences, details of extraretinal inputs to the monkey LGN match those of the cat. 
(Supported by EY03038, EY082I7, EY06645, and EY06473.)

266.12
CAN GLUTAMATE BE INHIBITORY IN CAT THALAM IC RETICULAR 
NUCLEUS (TRN)? S.C. Van Horn. D.W. Godwin. A.E. Günlük. and S.M. 
Sherman*. Dept. Neurobiology, SUNY, Stony Brook, NY 11794-5230.

Glutamate may have an inhibitory role through metabotropic receptors (mGluRs) 
that inhibit forskolin-stimulated cAMP formation. In situ hybridization studies of two 
such receptors (mGluR2 and mGluR3) in rat thalamus show expression o f mGluR3 
but not mGluR2 mRNA in the thalamic reticular nucleus (TRN; JCN, 335:252, 
1993; Neurosci 53:1009,1993). We sought to determine whether mGluRs coupled 
to cyclic AMP may play a role in visual information flow through the cat TRN by 
using an antibody that recognizes mGluR2 and mGluR3. Specificity was tested on 
western blots of membranes prepared from cat TRN to show that the antibodies 
recognized appropriate bands. With light microscopy, we saw prominent 
somadendritic labeling in TRN, but not in LGN. Neuropil staining was present in TRN 
and LGN. We then used the electron microscope with a postembedding marker for 
GABA to further characterize this mGIuR distribution. In TRN, RSD terminals and 
GABA+ terminals, dendrites, and somata were labeled. In LGN, RSD and FI GABA+ 
terminals were labeled. Since TRN cells receive collateral input from corticogeniculate 
and geniculocortical axons as they pass through, and since these axons are 
glutamatergic, the mGIuR labeling on GABA+ profiles in TRN is consistent with the 
possibility that some of these inputs inhibit TRN cells. This would mean that the 
action of cortical and relay cell axons on TRN cells may be much more complex than 
previously thought, with a mixture of excitatory and inhibitory effects. Most RSD 
terminals are cortical in origin, and the mGIuR labeling on RSD terminals may 
indicate an autoreceptor role for cyclic AMP-coupled mGluRs in these terminals (cf. 
J. Neurochem., 62:2316, 1994; J. Neurosci., 14:5120, 1994). However, we cannot yet 
be certain that these labeled RSD terminals are cortical. The mGIuR labeling of F 1 
terminals is even harder to understand, although these terminals may derive from TRN 
axons. (Supported by EY03604, EY06645, and EY06473. We thank Dr. Robert 
Wenthold for generously providing the antibody and Dr. Carl Romano for tissue 
blots.)
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266.13
LOCALIZATION OF TWO METABOTROPIC GLUTAMATE RECEPTORS 
(M G luR lα AND MGluR5) IN CAT LGN. D.W. Godwin*1. S.C. Van Horn1. A.E. 
Günlük1, M.A. Sesma2, C. Romano3 and S.M. Sherman1. 1Dept. Neurobiology, SUNY, 
Stony Brook, NY 11794-5230 and Depts. of Psychiatry and 3Ophthalmology, 
Washington U. Sch. of Med., St. Louis, MO 63110.

In addition to ionotropic receptors, glutamate activates metabotropic receptors 
(mGluRs) that, via second messengers, decrease a “leak” K+ conductance to produce 
a long, slow EPSP (PALLS’ 89:2774,1992; Soc. Neurosci. Abstr. 20:7,8,133, 1994). 
These mGluRs mediate a shift from burst to tonic firing mode. It appears that only 
cortical terminals, which innervate distal dendrites, activate mGluRs on relay cells, 
while retinal terminals activate mGluRs on F2 terminals (from intemeuron dendrites) 
and not on relay cells, which they innervate proximally. This suggests certain patterns 
of mGluR localization. We tested this by using antibodies specific to mGluRla and 
mGluR5, two Pi-coupled receptors, that recognize appropriate bands on western blots 
of membranes from cat LGN. Antibody staining for both was found throughout the 
neuropil in all LGN laminae and in the thalamic reticular nucleus. For ultrastructural 
localization, which differed for mGluRla and mGluR5, we also used postembedding 
anti-GABA labeling. M GluRla label was mostly on distal, GABA- dendrites, 
postsvnaptic to various terminals: of these, 69% were cortical. 26% were GABAergic, 
and 4% were retinal. MGluR5 label was on GABA+ F2 terminals that were 
postsynaptic to retinal terminals and presynaptic to GABA- dendrites. MGluR5 also 
labeled GABA- dendrites, but diffusely through the dendritic arbor. We conclude that 
this localization is consistent with known physiology, since there is evidence that both 
cortical input to relay cells and retinal input to F2 terminals activate mGluRs. Our data 
further suggest that these two pathways may activate a different mix of mGluRs. 
(Supported by EY03604, EY09370, AG 1 1355, EY06645, and EY06473.)

266.15
PROPERTIES OF CELLS IN THE STRIATE-RECIPIENT ZONE OF THE 
CAT'S LP: LENGTH SUMMATION, CONTRAST AND PHASE SENSITIVITY.
T. Savard* K. Minville, L. Merabet, and C. Casanova. Departments of 
ophthalmology and of physiology and biophysics, Faculty of Medicine, University 
of Sherbrooke, Sherbrooke, Quebec, Canada.

Even if there is clear evidence showing that the LP-pulvinar complex is 
mainly involved in visual processing, there is still a paucity of data regarding its 
physiology. It has been shown that cells in the striate-recipient zone (LP1) 
respond with robust sustained discharges to bars and sine-wave gratings drifted 
across their receptive fields. We investigated how these responses vary as a 
function of the length, contrast and phase of the stimulus. Experiments were 
performed with anesthetized normal adult cats. Cells were stimulated with bars 
or with either drifting or counterphase flickering sine-wave gratings. For 14 out 
of 19 cells tested, response increased with increasing bar length within the RF. 
One half of these units exhibited various degrees of end inhibition. The 
remaining cells did not show any clear tuning. For around half of the cells tested 
(28 out of 52), the full-range contrast response was characterized by a high 
contrast gain and response saturation (hyperbolic or logarithmic function) The 
mean half-saturation contrast was 0.18 ± 0.12. For the remaining units, the 
response increased linearly with contrast without clear saturation. The mean 
half-maximum response contrast was 0.3 ± 0.17. The amplitude of the 
responses (first harmonic) of 8 cells out of 14 tested varied with spatial phase. 
These cells showed a null position (no response at a specific phase). The 
remaining cells were virtually insensitive to spatial phase. In all units, the second 
harmonic component of the responses was phase independent. These results 
suggest that most LPI cells do not exhibit linear spatial summation. Supp, by 
Grant MT-10962 of MRC of Canada, FRSQ, and FCAR.

266.14
PUL VINO-CORTICAL CONNECTIONS OF AREA V2 IN MONKEYS. B, J, 
O'Brien*. P. L. Abel & J. F, Olavarria. Graduate Program in Behavioral 
Neuroscience and Dept, of Psychology, University of Washington, Seattle, WA 
98195-1525.

Previous studies have demonstrated segregation of pulvinar connections with 
higher order visual areas in the inferior temporal (IT) and posterior parietal (PP) 
cortex. These areas are not only widely separated in the cortex, but they are also 
functionally different. These data can be viewed from at least two perspectives. One. 
connections of pulvinar subdivisions are segregated according to functional 
specialization. Two. pulvinar connections follow an overall organization such that 
adjacent/distant cortical areas receive input from adjacent/distant regions in the 
pulvinar. In an attempt to distinguish between these two perspectives, we examined 
the pattern of connections from the pulvinar to V2. This area contains 
subcompartments (cytochrome oxidase stripes) comparable to areas PP a nd IT in 
function, but placed close together. Additional tracers were injected into areas V4 and 
MT to help correlate the pulvino-V2 projection with projections to these 
functionally distinct areas.

Fluorescent retrograde tracers were injected into visual areas V2, V4 and MT. 
Injections into V2 were distributed over four millimeters to encompass a full cycle of 
cytochrome oxidase stripes of all three classes. Subdivisions of the pulvinar nucleus 
were visualized by Calbindin-D28k immunostaining (Cusick et al. 1993).

A focus of cells projecting to area V2 was consistently found in each of the 
topographically organized subdivisions of the pulvinar (inferior-PI, and lateral-PL). 
These two foci straddled the border of PI and PL in accord with their retinotopic 
organization. In addition, injections in areas V4 and MT also produced labeling that 
straddled the border between PI and PL. However, while the areas containing cells 
projecting to V2 and V4 overlapped somewhat, neither of these areas overlapped with 
areas projecting to MT. These results indicate that both patterns of connections 
proposed above can be recognized in the connections from the pulvinar to areas V2, 
V4 and MT. Supported by NIH EY09343 and T32 EY07031.

266.16
CONVERGENCE OF PROJECTIONS FROM DIFFERENT CORTICAL AREAS 
UPON THE VISUAL SECTOR OF THE THALAMIC RETICULAR NUCLEUS 
IN THE RABBIT. J.W. Crabtree*. Department of Anatomy. School of Medical 
Sciences, University of Bristol. U K.

A previous study of the rabbit (Crabtree & Killackey, Europ. J. Neurosci., 
1:94, 1989) showed that a discrete dorsocaudal region, or visual sector, of the 
thalamic reticular nucleus (TRN) receives inputs from visual cortical area 1 (VI) 
and projects to the dorsal lateral geniculate nucleus (dLGN). The representation of 
the posterior parietal cortex (PP) in the rabbit's TRN was studied in relation to 
inputs from VI and to the reticular cells providing outputs to dLGN. Injections of 
WGA-HRP were made into PP, VI, and dLGN. The resultant anterograde and 
retrograde labelling in the thalamus was analysed.

Single injections restricted to PP, VI, or dLGN result in single slabs of 
labelled terminals (PP- or VI-related) or labelled somata (dLGN-related) located in 
the outer two-thirds of the visual sector of TRN. These slabs are orientated in the 
oblique rostrocaudal dimension of this sector and lie parallel to the plane of TRN. 
The VI- and dLGN-related slabs are all approximately the same length, whereas 
the PP-relatcd slabs are about half the length of those related to VI or dLGN. 
Double injections of VI and dLGN result in entirely overlapping distributions of 
labelled terminals and somata. Double injections of PP and dLGN result in 
partially overlapping distributions of labelled terminals and somata that are 
restricted to the rostral half of the visual sector. All of PP appears to project to 
TRN, whereas the VI projection to TRN appears to arise only from cortex 
representing the retinal visual streak.

These results indicate that rather than mapping onto TRN in a continuous 
fashion, the corticoreticular projection has significant overlaps. Furthermore, 
rather than the whole cortex mapping onto TRN, the corticoreticular projection has 
significant omissions. [Supported by the UK MRC, Grant No. G9224531N]

V IS U A L  C O R T E X : E X T R A S T R IA T E — V E N T R A L  ST R EA M  II

267.2267.1
Physiology of Selective Attention in V4: Relationship to activity in other visual 
areas and contribution to surface ERP. Mehta AD*, Ulbert I, Foxe JJ, Simpson 
GV, Vaughan HG J r ,  Lindsley RW, and Schroeder CE. Dept. o f  Neuroscience. 
Albert Einstein College o f  Medicine and Hungarian Academy o f  Sciences.

Selective attention was studied in humans and monkeys using an intermodal 
paradigm. Auditory and visual stimuli were presented simultaneously. Subjects 
were required to respond to deviant stimuli in one modality, ignoring all stimuli in 
the other. In alternate trial blocks, the attended modality was switched. Auditory 
stimuli were different frequency tones, and visual stimuli were strobe flashes of 
different intensity and color Difficulty of discrimination was equated across 
modalities. In monkey, laminar profiles of ERP, current source density, and 
multiunit activity were recorded during multiple penetrations in various visual areas 
with linear array multicontact electrodes Laminar analysis of V4 attention effects 
showed an early (27msec) small increase in current flow, followed by a later 
(100msec) larger decrease in current flow. This later change correlates with 
decrease in inhibition in superficial laminae. Significant, but smaller attention 
effects were seen in areas V 1, MT, and intraparietal sulcus (IP). Onset of 
attentional modulation in VI and M r  was earlier than onset of modulation in V4, 
but late effects in V 1, MT and IP were small compared to late effects in V4. The 
spatiotemporal pattern of modulation of the surface ERP suggests a strong 
contribution to late modulation from V4. 64 channel human scalp recordings show 
both early (N70) and later (P105 and P 155) surface component modulations, which 
suggest homology with monkey. Our data show: 1) attention decreases inhibition 
in superficial laminae of area V4. 2) Modulation due to attention in V 1 and in 
areas of the parietal stream is smaller and occurs earlier than in area V4. 3) V4 is a 
dominant contributor to the modulation surface ERP in monkeys, and 4) These 
effects are homologous to surface component modulation in the human.
MH47939, NS27900, and MH06723, and James S. M  cDonnel Foundation.

SOURCE LO CALIZA TION AND TEM PO RA L CHARACTERISTICS OF 
V IS U A L  E V O K E D  P O T E N T I A L S  T O  C O L O R  A N D  M O T IO N

Neurosciences, Univ. of California, San Diego, La Jolla, CA 92093-0608 and 2Dept. 
of Psychology, Univ. of Iowa, Iowa City, IO 52242-1407.

Multichannel visual evoked potentials (VEPs) were recorded in two separate 
experiments designed to activate selectively either the motion (Exp. 1) or the color 
(Exp. 2) visual stream. The stimuli were isoluminant, colored, high spatial frequency 
checkerboards in Exp. 1, and gray, low spatial frequency, low contrast moving 
stimuli in Exp. 2. In both experiments, a 1000-ms adapting stimulus was followed by 
a 100-ms test stimulus that either matched or mismatched the adapting stimulus in 
direction of motion (Exp. 1) or color (Exp. 2).

The VEPs to the adapting stimulus were analyzed in terms of their relative 
sensitivity to hue, direction of motion, and visual field location as demonstrated by 
changes in VEP amplitude, latency, and topography of voltage and scalp current 
density. A similar analysis of the differentially adapted test VEP identified sources 
that were specifically activated either by stimulus hue (cf. Allison et al., EEG journal, 
1993) or direction of movement. The Brain Electrical Source Analysis (BESA) 
algorithm and structural magnetic resonance images (MRIs) of several individual 
subjects were used to identify the location of equivalent source dipoles for these 
VEPs.

Multiple dipole models that accounted for more than 95% of the variance in the 
VEP scalp topographies demonstrated the activation of distinct extrastriate areas in 
response to color, a parvocellular feature, and direction of motion, a magnocellular 
feature. Color-selective areas were relatively more ventral in their brain location than 
their motion-selective counterparts.
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267.3
VISUAL STIMULUS SELECTIVITY IN AREA TEO. Lonatana L. 
Chen* and Keiji Tanaka Lab Neural Information Processing, 
Frontier Res Prog, RIKEN, Wako, Saitama 351-01, Japan.

The present study investigates the shape selectivity of neurons in 
the posterior part of the inferotemporal cortex, area TEO. Single
unit recordings were carried out in N2/02 anesthetized/immobilized  
monkeys. Penetrations were aimed at an angle perpendicular to the 
cortical surface of the dorsolateral part of TEO. The optimal stimulus 
feature of the cells was assessed by a reduction process, in which the 
feature necessary for driving the cells was identified through a step- 
by-step feature simplification from complex stimulus patterns.

Many TEO cells responded to 2-D achromatic patterns. The optimal 
features of these cells were, in general, solid shapes constructed by 
line segments, curves or spacings. The cells recorded in the same 
vertical penetration tended to show preferences for similar stimulus 
features. However, these cells often differed from each other in their 
selectivity for stimulus orientation or size. We found that cells 
preferring various stimulus sizes and bandwidth of size tuning could 
be found in simultaneously recorded cell pairs or in cells located at 
different depth in the same penetration. That is, size selective (< 1.5 
octave) cells and invariant (> 4 octave) ones were intermixed within 
each columnar region. The preferred stimulus size as well as the 
bandwidth of the size tuning showed no obvious relationship with the 
size of the cells' receptive fields.

267.5
VISUAL EFFECTS OF A LESION OF CORTICAL AREA TEO IN 
MACAQUES
R. Haves. R. Saunders and W. H. Merigan*. University of Rochester 
Medical Center, Rochester, NY 14642

TEO is a component o f inferotemporal cortex in primates that 
receives much of its input from area V 4 and in turn provides much of 
its output to area TE. Previous lesion studies have shown that damage 
to area V4 causes a disruption of complex shape discrimination, with 
little, if any, effect on color vision. Shape discrimination is also greatly 
disrupted by lesions o f either area TEO or TE, although the nature of 
the disruption appears to be different for the different lesions. Finally, 
at last years meeting it was reported that combined lesions of TEO and 
TE render monkeys com pletely color blind, perhaps providing an 
animal model o f human cerebral achromatopsia.

In this study we made bilateral lesions o f area TEO and then 
retested monkeys on a wide range o f simple and com plex visual 
discriminations, including color vision and shape discriminations. Hue 
difference thresholds for four directions in color space were unaffected 
by the lesions. However, shape discriminations were affected in two 
ways. In the first few tests after the lesions were made the performance 
of the monkeys was greatly disrupted, with perseveration and position 
biases evident in all shape discriminations, but not during color 
discriminations. Performance eventually recovered to pre-lesion  
stability, but shape difference thresholds for simple geometric shapes 
were elevated, compared to pre-lesion testing.
Supported by EY08898 and an unrestricted grant from Research to 
Prevent Blindness.

267.7
NEURONS MEDIATING HORIZONTAL INTERACTIONS IN 
THE MONKEY INFERIOR TEMPORAL CORTEX.
I. Fujita1,2*. H. Tanigawa1. H. Ojima3 and M. Kato1. 1Dept. Cognitive 
Neuroscience, Osaka Univ. Medical School; 2PRESTO, JRDC, Osaka 
565; 3Dept. Anatomy, Toho Univ., Tokyo 143, Japan.

In area TE of the monkey inferior temporal cortex, horizontal axons run 
parallel to the pial surface and mediate interaction between distant sites. 
Distribution and type of horizontally projecting neurons determine the 
nature o f the interaction. In this study, fluorescent retrograde tracers, fast 
blue (FB) or diamidino yellow (DY), were injected into the TE of Japanese 
macaques. The distribution of retrogradely labeled cells was analyzed in 
fixed slices. Lucifer Yellow was then intracellularly injected into DY- 
labeled cells, and their dendritic morphology was examined by confocal 
laser scanning microscopy. Single injections of FB or DY, which covered 
all layers and were 0.2-0.4 mm wide, labeled more than 20 columnar 
clusters o f cells as well as cells diffusely scattered between the clusters. In 
the clusters, labeled cells were found in layers 2 to 6 with a few labeled 
cells in layer 4. The clustering of labeled cells in layers 5 and 6 tended to 
be looser than that in layers 2 and 3. In layers 2 and 3, all the cells so far 
injected with Lucifer Yellow were symmetrical pyramidal cells (120/120). 
A few cells labeled in layer 4 were also pyramidal cells (4/4). In layers 5 
and 6, asymmetrical pyramidal cells and fusiform cells (36/88) and 
nonpyramidal intemeurons (9/88) were labeled in addition to symmetrical 
pyramidal cells (43/88). No difference was detected in the laminar 
distribution and type o f labeled cells between the clusters and interclusters. 
The results suggest that horizontal interactions in the TE are predominantly 
mediated by standard pyramidal cells, and contribution o f other types of 
cells may differ between the supragranular and infragranular layers.

267.4
RESPONSIVENESS OF CELLS TO PATTERNS IN TWO AREAS OF 
THE POSTERIOR INFEROTEMPORAL CORTEX OF THE MACAQUE 
MONKEY. K. Hikosaka*and M. Watanabe. Dep t. of Psychology, Tokyo 
Metropolitan Institute for Neuroscience, Fuchu, Tokyo 183, JAPAN.

The posterior inferotemporal cortex (posterior IT) is thought to be 
involved in perception of complex visual patterns. Based on the 
visuotopic organization, we found recently that posterior IT consisted of 
at least two areas ; area TEO-d located in the superior temporal sulcus 
and area TEO located on the lateral convexity of the gyrus . The purpose 
of this study was to compare the characteristics of coding visual patterns 
between these two areas. By presenting eight 2-dimensional patterns, 
we investigated response properties of cells of areas TEO-d and TEO in 
anesthetized and paralyzed monkeys (M . fuscata).

Of 809 cells tested for their responses to the eight patterns, 38 % of 
cells in area TEO-d (140/366) and 28 % of cells in area TEO (126/443) 
responded to one or more patterns. The receptive field sizes of cells in 
areas TEO-d and TEO were almost the same and most cells in both 
areas showed pandirectional activities to moving visual stimuli. The 
preference of cells in both areas for patterns varied from cell to cell; 
some responded to one particular pattern whereas others responded to 
two or more patterns. The incidence of cells in area TEO, which 
responded to one particular pattern, was somewhat larger (38/126,30%) 
than that in area TEO-d (26/140,19% ), but the preference for patterns 
did not differ significantly between two areas.

These results suggest that clear differences in visual responsiveness 
are not observed between ceils in areas TEO-d and TEO in posterior IT.

267 .6
A COMBINED LESION OF AREAS V4 AND TEO LEAVES 
COLOR AND SHAPE DISCRIMINATIONS LARGELY INTACT
P. De Weerd*. R.A. Hoag. R. Desimone & L.G. Ungerleider 
Laboratory o f  Neuropsychology, NIMH, NIH, Bethesda, MD 20892.

Although area V4 provides a crucial link in the occipitotemporal 
pathway for object vision, lesions o f V4 typically produce minimal 
visual impairments. One possible explanation for this result is that 
information can be relayed directly from V2 to TEO, bypassing V4 
(Nakamura et al , J. Neurosci. 13:3681,1993).

To test this possibility, we examined the effects o f  a combined 
V4/TEO lesion and compared them, in the same animal, to those o f a 
V4 or TEO lesion alone. In one hemisphere, we made a lesion 
confined to dorsal V4, which affected the lower quadrant o f the 
contralateral visual field but left the upper quadrant intact. In the 
other hemisphere, we combined the same lesion with a complete 
lesion o f TEO. Thus, in the visual field contralateral to this 
hemisphere, the lower quadrant was affected by both lesions, whereas 
the upper quadrant was affected only by the TEO lesion.

While the monkey fixated, we measured thresholds in a variety o f  
visual discrimination tasks (color, shape, motion, orientation, etc.) 
using extrafoveally presented stimuli. As expected, the V4 lesion 
alone produced only minor deficits; similarly, small effects were 
produced by the TEO lesion. Unexpectedly, the combined V4/TEO 
lesion did not exacerbate these deficits. Therefore, performance on 
these tasks is mediated by areas posterior to V4, or, alternatively, 
there are routes into the temporal lobe, bypassing both V4 and TEO, 
that mediate the performance.

267.8
POSTNATAL DEVELOPMENT OF PARVALBUMIN, CALBINDIN, 
CALRETININ AND NEUROFILAMENT PROTEIN IMMUNOREACTIVE 
NEURONS IN INFERIOR TEMPORAL CORTEX OF MONKEY. M. J. Webster*. J. 
H. Morrison1. A M. Edwards1 & P.R. Hof1. Lab. Neuropsych., NIMH, Bethesda, MD 
20892 & 1Fishberg Res.Ctr. Neurobiol, Mt. Sinai Sch. Med., New York, NY 10029.

Behavioral studies have indicated that inferior temporal cortex (IT) is immature in 
infant monkeys and may possess the capacity for functional plasticity. To further 
examine the development of IT neurons we have studied the density and laminar 
distribution of neurons immunoreactive (ir) for the calcium binding proteins 
parvalbumin (PV), calbindin (CB), calretinin (CR) and for neurofilament protein 
(NFP) in monkeys at various postnatal ages and in adulthood. For all proteins the 
density of ir neurons and the staining intensity increases over the postnatal period but 
is still relatively immature at 9 months of age. At the earliest ages, PV-ir cells are 
only present in layers IV and V. By 3 months PV-ir cells are present throughout 
layers II-VI, and unlike the adult, many PV-ir chandelier cell axon cartridges are 
present in layer IV. These transiently ir cartridges are still present in layer IV at 9 
months. In addition to the intensely CB-ir cells found scattered in layers II and V/VI 
at all ages, the younger animals also have lightly ir, densely packed cells in layer IV. 
At 9 months there is a decreased number of transiently CB-ir layer IV cells and an 
increased number of lightly labeled cells in layers II and III. Many of these layer II/III 
cells are pyramidal neurons. The density of NFP-ir neurons increases slowly over the 
first postnatal year. There are only a few NFP-ir cells in layers V and IIIc at the 
earliest ages. By 6 months NFP-ir cells are also appearing in layers IIIa and II. The 
density of NFP-ir cells changes from more in infragranular layers at the earliest ages, 
to more in supragranular layers in the adult. For CR, PV and NFP there appears to 
be a gradient of maturation from posterior to anterior cortex. For CB-ir cells, anterior 
cortex, and in particular perirhinal cortex, appears to aquire the adult pattern slightly 
ahead of posterior areas. Supported in part by MacArthur Fdn. & NIH AG04467.
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267.9
SACCADIC EYE MOVEMENTS (SEM) ENHANCE STIMULUS 
SPECIFIC ADAPTATION IN INFEROTEMPORAL (IT) UNITS OF 
MACAQUE. Anna Nowicka*1,2. James L. Ringo1 and Stephen O’Neill1 
1 Physiology, Univer of Rochester, Rochester NY 14642; 2 Nencki 
Institute, 02-093 Warsaw, Poland.

Previous work from this laboratory has found a large, extraretinal 
signal from SEM in IT and medial temporal lobe which might share 
some characteristic with the rodent theta rhythm. In the present study 
we tested whether SEMs influence a memory effect, known as 
repetition decrement or stimulus specific adaptation (SSA), seen in 
many cells in IT. The effect is a more vigorous response to a novel 
than to a subsequent re-presentation of an image.

We have preliminary results from 54 IT units recorded in two 
macaques. At the beginning of a trial a fixation mark was foveated by 
the monkey for 300 ms, the mark was extinguished and 200-600 ms 
later a dot (visual cue) appeared for 17 ms either at a position 10 deg 
displaced and the monkey saccaded to that position or at the gaze 
position in which case no saccade occurred. The image was then 
displayed at the cued position for 400 ms. Each image was presented 
twice (the second time with a short lag). Thirty units (30/54) were 
visually responsive and 20 (20/30) showed greater response to the first 
than to the second presentation. Of those, 19 (19/20) showed greater 
SSA with images presented to the fovea via a saccade than with images 
presented, foveally, to the fixating monkey (t-test, t= 4 .1 , P <  0.001).

267.11
RESPONSE OF SINGLE NEURONS TO SINE WAVE GRATINGS 
IN AREA 21 OF THE CAT. E.Tardif. A.Bergeron. F.Lepore. J-P. 
Guillem ot*. Univ. du Quebec and Univ. de Montreal, Montreal, 
Quebec, Canada, H3C 3J7.

We investigated the receptive field (RF) properties of units in two 
adjacent areas (21a and 21b) o f the cat visual cortex. Extracellular 
recordings were made under halothane (0,5%) anaesthesia mixed with 
N2O-O2 . Spikes were and analysed in the conventional manner. The 
RF of each cell was mapped with dark and light bars. Sine wave 
drifting gratings were next presented at optimal direction and the cell 
was tested for spatial and temporal tuning, as well as contrast 
threshold. Results show that the two regions had RFs in the upper part 
of the visual field and the RFs were larger in area 21b. Most cells in 
both regions had complex RFs althought a small proportion of simple 
and end-stopped RFs was found in area 21a. Both areas contain 
neurons having either low-pass or band-pass spatial frequency (SF) 
tuning functions, established by using a constant temporal frequency 
(TF) and a high contrast (50%). Area 21a contains neurons tuned 
optimally to low and high SFs while cells in area 21b respond only to 
low SFs. The visual resolution, as defined by the high cut-off SF, was 
also greater in area 21a. The spatial bandwidths did not differ for the 
two areas and were about two octaves wide at half amplitude. The 
contrast thresholds of neurons in the two areas range from low (<3%) 
to high (>10%) but are usually higher for neurons in area 21b. 
Temporal tuning functions o f most cells in area 21a and 21b are band
pass. In both regions, optimal TFs range from low (0,5 c/s) to high (10 
c/s) and the temporal bandwidths are usually large (>2 octaves).

267.13
EFFECTS OF UNILATERAL INFERIOR TEMPORAL LESIONS ON 
ORIENTATION DISCRIMINATION TASKS IN SPLIT BRAIN RHESUS 
MONKEYS. R. Vogels (1). R.C. Saunders (21 and G.A. Orban* (1). (1) Lab. 
Neuro- en Psychofysiologie, KULeuven, B-3000 Leuven, Belgium. (2) Clin. 
Brain Disorders Br., NIMH, Bethesda, MD 20892.

Previous lesion and single cell studies suggest that inferior temporal (IT) 
cortex participates in temporal comparisons of successive stimuli. However, it 
cannot be ruled out that at least part of the deficit is due to an impairment in 
the processing of the complex stimuli and not a deficit in temporal comparison 
alone. We determined the effect of IT lesions on a temporal same-different 
(TSD) task in which the monkey had to judge whether or not successively 
presented gratings differ in orientation. In this task, only a single feature 
(orientation) needs processing. For comparison, the discrimination capacity for 
orientation was measured in the same 2 monkeys using an identification task 
(ID) in which the monkeys had to judge which of two simultaneously presented 
gratings was horizontal. In both tasks, the monkey was required to fixate on a 
central spot before stimuli w ere presented peripherally in one of the hemifields. 
Prior to all discriminations (TSD & ID), the anterior commissure and corpus 
callosum were cut. The individual hemispheres were then overtrained on both 
tasks preoperatively. An unilateral TE lesion (LI) produced no deficit in 
either task, even when combined with subsequent removal o f TEO (L2) in the 
same hemisphere. In contrast, ablation of IT (TE & TEO; L3) of the 
remaining intact hemisphere, produced a permanent deficit in the TSD task 
and a short lasting retention deficit in the ID task. The performance 
decrements were only associated with the hemifield contralateral to the single 
stage removals of TE and TEO (L3), with performance related to the staged 
removals of TE and TEO (L1&2) remaining unaffected. These results are 
consistent with a role of IT in temporal comparisons per se, unrelated to 
stimulus processing. Furthermore, it suggests that large removals may have 
different effects than successive smaller removals and that partial damage of 
IT leads to a control by other areas of its contribution to temporal comparison.

267.10
EFFECT OF VISUAL NOISE ON PATTERN RECOGNITION AND  
NEURONAL RESPONSES IN MONKEY INFERIOR TEMPORAL 
CORTEX. M. Shidara*, T. J. Gawne & B. J. Richmond. Neuroscience 
Sect., Electrotechnical Lab., 1-1-4 Umezono, Tsukuba-shi, Ibaraki 305, 
Japan, & Lab. of Neuropsychology, NIMH, Bethesda, M D20892, USA.

We recognize objects even when they are masked with visual 
noise. We are studying the relation between the effect o f noise on pattern 
recognition and inferior temporal (IT) neuronal responses using a se
quential delayed match-to-sample task. We used 8 black and white pat
terns. The patterns consisted o f 48*48 video monitor pixels. To add 
noise, we reversed the color o f groups o f 3*3-pixel dots with probabili
ties o f 5, 10, 15, 20, and 25%. As expected, the monkey’s rate o f re
sponding correctly decreased with higher noise. The reaction time to bar 
release to the matching stimulus increased with higher noise up to 20% 
noise, slowing by about 100ms. At 25% noise, the monkey’s correct 
response rate and the reaction time were not consistent, suggesting that 
the monkey did not recognize the patterns well and did the task by guess
ing. Visually responsive neurons in IT responded to the specific patterns 
with latencies o f 100 - 150ms when there was no noise. The latency to 
the matching stimulus did not change consistently, frequently not chang
ing at all. When we reduced the contrast instead o f adding noise, the 
monkey’s reaction time in the matching task also increased. Unlike the 
case of adding noise, our preliminary results suggests that the latency of 
single IT unit activity to the matching stimulus increased, but unlike the 
case where we added noise, preliminary data suggest that the neuronal 
response latency increased. Thus changes in the latency o f IT neurons 
do not predict changes in the reaction time of the animal.

267.12
INFEROTEMPORAL UNITS SHOW LONG-TERM MEMORY WITH 
DISCRIMINATION OF ORIENTATION.
Stanislaw Sobotka* -Mark D. Diltz and James L, Ringo.
Physiology, University of Rochester, Rochester, NY

While gratings have been traditional stimuli in vision research, it is 
only recently that it has become clear that IT makes a contribution to 
orientation detection and has appropriate unit responses. We studied IT 
units while two monkeys discriminated among eight gratings differing 
only in orientation, uniformly distributed, separated by 22.5 deg. Four 
of the gratings signified a Go response, the alternate four, interlaced in 
orientation, signified Nogo. The cardinal positions were avoided by a 
11.25 deg displacement.

This was a difficult problem (performance around 80% despite months 
of training) and it seems plausible that it might cause a long term 
remolding of unit responses. We also used a preparation with a cut 
chiasm, a cut splenium, and monocular presentation to measure the 
interhemispheric transfer of orientation information via the anterior 
commissure.

From 117 cells recorded, 20% were significantly orientation selective 
and 30% showed significant visual response with monocular, ipsilateral 
viewing. For contralateral viewing (filtered through the anterior 
commissure) 9% were orientation selective and 27% visually responsive. 
Interestingly, averaged cell response to the Nogo gratings (in the period 
100-250ms after image onset) was greater than to the Go gratings (for 
binocular vision, P < 0 .01) suggesting long-term memory.

267.14
COMPARISON OF PREFRONTAL (PF) AND INFERIOR TEMPORAL (IT) 
NEURONS DURING PERFORMANCE OF A MEMORY TASK. E.K. Miller*.
C.A. Erickson, and R. Desimone. Lab Neuropsych, NIMH, Bethesda, MD 20892.

Neurophysiological and behavioral studies suggest that the PF cortex and IT cortex 
both play a role in working memory (WM). We examined the roles of these 
structures in WM by recording from PF cortex and IT cortex in a monkey performing 
a modified delayed match-to-sample task in which several test stimuli couid intervene 
between the sample and the match (ABBA task).

In previous experiments, we identified three mechanisms that may contribute to 
memory: 1) delay activity, in which cells showed sample-specific activity in the delay 
period following the sample, 2) enhancement, in which cells showed potentiated 
responses to the matching test stimulus in the sequence, 3) suppression, in which 
cells had suppressed responses to match stimuli as well as to irrelevant repetition of 
nonmatching stimuli.

As reported previously, sample-selective delay activity in IT cortex was abolished 
by the first intervening stimulus. By contrast, delay activity in PF cortex was 
maintained across intervening items. Thus, after interference, only PF delay activity 
conveys information about the sample.

Mnemonic modulation of visual responses was more common in PF cortex than IT 
cortex. Half of the visually responsive cells in IT cortex exhibited enhancement or 
suppression compared to 73% in PF cortex. This was entirely due to the greater 
incidence of enhancement in PF cortex. As a measure of information about the 
match-nonmatch status of the stimulus, we used discriminant analysis to classify the 
responses to test stimuli as being to a match or nonmatch. PF neurons conveyed 
more information than IT neurons, due to the fact that enhancement in PF cortex 
conveyed more information than suppression or enhancement in IT cortex. Thus, 
enhancement, which uniquely signals a match in the sequence of stimuli, is more 
common and conveys more information in PF cortex than in IT cortex.
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267.15
MAGNETIC FIELDS EVOKED BY FACES IN THE HUMAN BRAIN:
1. TOPOGRAPHY AND EQUIVALENT DIPOLE LOCATIONS.

2E. Halgren*. 1T. Raji. 2K. Marinkovic. 1V. Jousmaki. 1R. Hari.
1Low Temperature Physics Lab, Helsinki Univ. of Technology; 2INSERM CJF90- 
12, CHU Pontchaillou, 35033 Rennes, France; West Los Angeles VAMC, UCLA.

Magnetoencephalographic (MEG) signals evoked by human faces were studied 
with a 122 channel whole-head neuromagnetometer in 10 normal subjects. The 
stimuli were digitized color or grayscale photographs, or schematic black-and-white 
drawings, of unfamiliar faces. Face-selective activity was revealed by subtracting 
the fields evoked by sensory controls (meaningless images constructed by 
randomizing the face stimuli). Equivalent current dipoles (ECDs) were fit and 
localized with respect to the MRI (available in 9 subjects). In all subjects one ECD 
could be localized to the posterior medial occipital lobe, in or near primary visual 
cortex. The dipole moment, peaking on average at 132ms after stimulus onset, was 
larger to the control stimuli: the difference was statistically significant as early as 
100ms after stimulus onset. This finding suggests that VI may be more strongly 
activated by visually unrealistic or unnatural stimuli. Another ECD was localized to 
the right occipitotemporal cortex in 9 of 10 subjects (8 with MRIs). This ECD was 
vertically oriented in the inferior surface of the posterior fusiform gyrus (4 cases), 
or in the fundus of the sulcus between the fusiform and inferior temporal gyri (4 
cases). This source was maximally activated by faces and had peak strength at 166 
and 256ms post-stimulus onset. A third, face-selective ECD was localized at 167ms 
to the left occipitotemporal cortex in 7 of 10 subjects (6 with MRIs). Again, this 
ECD was most often localized to the fusiform gyrus (4 subjects) or the sulcus lateral 
to it (1 subject). When considering only those 4 subjects with the clearest bilateral 
occipitotemporal ECDs, the right-sided ECD was about 3 times stronger than the 
left. The simultaneously recorded EEG demonstrated a bilaterally symmetrical 
temporo-occipital face-selective potential at 167ms.

Depth recordings have proven locally-generated electrical fields to faces at 165ms 
in the posterior fusiform gyri. Furthermore, fusiform g. lesions may produce 
prosopagnosia. Thus, the current studies indicate that MEG detects and is able to 
correctly localize face-selective fusiform activity in normal subjects. The partial 
and variable laterality of face-selective MEG fields implies that whether 
prosopagnosia requires unilateral right versus bilateral lesions may be a matter of 
pre-existing individual variability.

Supported by EC HCM programme (BIRCH), INSERM, US Veterans Affairs, 
and USPHS (NS18741).

267.17
SELF-ORGANIZATION OF OBJECT REPRESENTATION USING  
MODULAR NETWORKS. H. Ando* and S. Suzuki. ATR Human 
Information Processing Research Labs., Kyoto, 619-02, Japan.

Recent experimental studies have shown that the inferotemporal cortex 
is composed o f columnar modules in which cells with overlapping but 
slightly different selectivity to complex patterns cluster together. We 
present here a network model that can self-organize columnar modules 
which learn to represent various visual patterns for object recognition.

The proposed model consists of a set o f modular networks whose 
units in the hidden layers encode particular visual patterns. Each network 
receives a filtered image o f an object as an input and recovers the input 
image by interpolating the encoded representation in the hidden units. 
The input image is then identified as an object by selecting a module 
that best recovers the input image. Population coding of an object within 
a module can tolerate variations in object images caused by different 
view angle, illumination or deformation. Training the networks is based 
on an optim ization principle which incorporates com bination of 
cooperative interaction between neighboring hidden units and competitive 
interactions between modules as well as within a module.

Computer experiments demonstrate that from random presentation of 
various views of 3D objects the proposed model has proven successful 
on learning to classify the views into their object classes. Examination 
of acquired representation in the hidden units showed that each unit in a 
module became broadly tuned to a different view of an object and multiple 
units in a module respond to an input image. Such distributed representation 
of objects exhibits robustness to accidental damage o f some hidden units. 
The model thus provides a possible computational mechanism o f how 
the columnar modules are self-organized in the inferotemporal cortex.

267.16
MAGNETIC FIELDS EVOKED BY FACES IN THE HUMAN BRAIN:
2. COGNITIVE PROFILE. 2K. Marinkovic*. 1T. Raji . 2E. Halgren. 1R. Hari. 
1Low Temperature Physics Lab, Helsinki Univ. of Technology; 2INSERM CJF90- 
12, CHU Pontchaillou, 35033 Rennes, France; West Los Angeles VAMC, UCLA.

Whole-scalp neuromagnetic signals of 10 normal subjects were analyzed across a 
large number of face and face-like stimuli. Spatial filters were applied in order to 
estimate the cognitive response profile for activity hypothesized to be generated in 
the right and left basal occipitotemporal cortices (ROT, LOT), and in the medial 
occipital cortex (OC). The ROT signal, peaking on average at 166ms, was strongest 
to digitized photographs of human faces, and was not affected by their color, gender 
or expression. The activation was about 25% weaker to schematic face drawings, 
and about 50% weaker to digitized color photographs of animal faces. Scrambled 
faces (eyes, mouth and nose randomly located in the facial area) reduced the 
response by about 25% for both photographed and schematic faces. The ROT 
response was highly selective: little or no activity (i.e., a response decrement of 
80% or more) was evoked by drawings of common objects, by animal bodies, or by 
randomized faces (meaningless sensory controls constructed by randomizing the face 
stimuli). A similar response profile selective for human faces was observed for the 
ROT signals at a second peak which averaged 256ms in latency. The LOT response 
peaking at 167ms also had a similar cognitive profile, but appeared to be less strong 
or reliable than the ROT response. The OC activity significantly distinguished 
between normal and randomized faces as early as 100ms after stimulus presentation. 
This OC response generally had the opposite cognitive profile to that observed later 
in ROT: face photographs evoked the least activity, whereas randomized face 
controls evoked the most. At its peak latency (132ms), the OC activity showed 
much less difference between faces with scrambled vs normal features than did the 
OT activity. Conversely, the OC activity showed a much greater difference between 
drawings vs photographs of human faces. At early latencies, the OC activity was 
significantly greater to emotionally expressive faces (happy or sad) as opposed to 
faces with a neutral expression. No significant changes related to emotional 
expression were observed for OT activity. The early OC response may reflect a 
detector directing unrealistic or unnatural stimuli toward additional processing. The 
cognitive profiles of the ROT and LOT signals suggest that these areas function as 
highly specialized face encoders, transforming sensory representations for further 
processing by inferotemporal, limbic and multimodal cortical areas.

Supported by EC HCM programme (BIRCH), INSERM, US Veterans Affairs, 
and USPHS (NS18741).

267.18
SEEM O RE: A M ODEL OF O B JE C T  R E C O G N IT IO N  IN TH E 
EX T R A ST R IA T E  V ISUAL PATHWAYS K. Morikawa & B. Mel* 
Dept. of Biomedical Engineering, USC 1451, Los Angeles, CA 90089.

The primate visual system recognizes objects extremely rapidly, while 
exhibiting a remarkable degree of viewpoint invariance. We describe fur
ther development of a neurally-inspired system for visual object recog
nition, called SE E M O R E , whose architecture and cell response properties 
have been modeled after the primate striate and extractriate cortical 
pathways. The main conjecture of this approach is that, under typical 
viewing conditions, classification of an object can proceed directly on the 
basis of a large set of simple but carefully “designed” feature channels 
that are each (1) as insensitive as possible to changes in object view
point, but (2) as sensitive as possible to changes in object “quality” - i.e. 
shape, color, texture, etc. s e e m o r e ’s 70 feature channels currently in
clude curves and orientation discontinuitities, oriented and circular blobs 
at several scales, contour junctions (e.g. T ’s, Y's, and K’s), other higher- 
order contour features, and patches of color. In response to 600 quasi- 
arbitrary test views (excluding highly foreshortened views) of 100 real 
3-D objects and color photographs, s e e m o r e ’s correct recognition rate is 
95% (chance is 1%) for both rigid (e.g. shovel) and non-rigid objects (e.g. 
phone cord). Recognition rate using color features alone is 91%; shape 
features alone, 83%. When objects are 50% occluded, correct recogni
tion falls to 77%,. Ongoing development of higher-order feature channels 
and analysis of scaling behavior suggest much better recognition rates 
are easily possible.

V IS U A L  C O R T E X : E X T R A S T R IA T E — D O R S A L  ST REA M  II

268.1
ABNORMAL VISUAL MOTION PROCESSING IN DYSLEXIC SUBJECTS 
DEMONSTRATED WITH FUNCTIONAL MAGNETIC RESONANCE IMAGING 
G.F. Eden. J.W. VanMeter, J.M. Maisog. J. Rumsev and T.A. Zeffiro*
NIMH, NIA, and LDRR, National Institutes of Health, Bethesda, MD, USA

Anatomical and psychophysical evidence suggests that in addition to impaired 
phonemic segmentation, dyslexics differ from normals in some aspects of their visual 
information processing. It has been suggested that these differences result from a 
developmental disorder of the magnocellular visual pathways, a system that may be 
used in visual processing of motion. To test this hypothesis we examined the motion 
sensitivity of a cortical area specialized for visual motion processing (MT/V5) in 
dyslexics and controls. Using functional magnetic resonance imaging (fMRI), we 
compared visual motion and pattern sensitivity in five severely dyslexic adult males 
and five normal controls. All subjects were right handed. Multislice fMRI data 
(5x5x5mm voxels) were acquired using a 1.5 Tesla MRI system, Echo Planar 
Imaging and two 5" surface coils. The subjects maintained fixation whilst viewing 
(a) a field of uniform illumination, (b) a coherently moving random dot field, or (c) a 
stationary dot field with high spatial correlation. All three stimuli had equal 
luminance. Stimuli (a) and (b) had the same global spatial frequency.

Task-related signal changes were detected by computing t-statistic maps 
contrasting (b) vs. (a) to detect motion sensitivity and (c) vs. (a) to detect pattern 
sensitivity. Following transformation to the standard normal distribution, areas 
exhibiting motion or pattern sensitivity were identified using z=4 as the critical 
threshold. The time series for each of these significant areas was examined to confirm 
that the signal changes were task-related. All control subjects exhibited motion 
sensitivity bilaterally in a small cortical region at the occipital-temporal junction, the 
presumed location of MT/V5. The increases were 1.2-5.9% in the left hemisphere and 
0.9-6.4% in the right hemisphere. In the dyslexics only unilateral activation was seen 
in three subjects and no activation was detected in the other two. In contrast, both 
groups exhibited similar pattern sensitivity in primary visual cortex.

These results are the first demonstration of differences in visual motion 
processing in dyslexic individuals measured with functional neuroimaging.

268.2
DIRECTION SENSITIVE MEG, EEG and fMRI RESPONSES IN 
HUMAN CORTEX TO VISUAL MOVEMENT  
A Korvenoja l , S Ahlfors2. HJ A ronenl. JW Belliveau3. A Dale4. M 
H uotilainen3. WA K ennedv4. AK Liu4. GV S im pson5*. C-G 
Standertskjӧld -N ord en stam l. RBH T ootell4 . J Virtanen3. RJ 
Ilmoniemi2
1 Radiology, Helsinki Univ. Central Hospital, Finland, 2Albert Einstein 
College o f Medicine, Bronx, NY, 3M assachusetts General Hospital, 
NMR Center, Charlestown, M A, 4U niversity o f  O slo, Norway, 
5Cognitive Brain Research Unit, Univ. o f  Helsinki, Finland, 6BioMag 
Laboratory, Helsinki Univ. Central Hospital, Finland

We recorded MEG and EEG simultaneously (122-channel MEG, 
32-channel EEG) from six subjects in response to eight degree visual 
stim ulation centered on fixation with concentric continuously  
contracting and expanding bands. The stimuli were presented on a 
video screen with the contrast adjusted psychophysically to the lowest 
level where the subject could still see the motion. The subjects were 
fixating at the center o f  the concentric bands. The EEG/MEG 
responses were averaged on-line beginning 200 ms before and ending 
at 800 ms after the reversal o f the direction o f the motion. The 
EEG/MEG measurements demonstrated visual cortical areas that were 
sensitive to changes in the direction o f motion, including a region 
activated at approximately 290 ms after reversal o f the direction o f  the 
motion. This activation was bilateral in all subjects, and correspondeds 
at least in part to an area independently identified as MT/V5 using 
fMRI in the same subjects (Tootell et al., J. Neurosci. 1995).
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268 .3
fMRI RESPONSE TO 180 DEGREE REVERSALS OF 3D OPTICAL FLOW 
FIELDS REVEAL DIRECTION SELECTIVITY IN HUMAN AREA MT 
W.A. Kennedy. A.M. Dale. J.B. Reppas, A.K. Liu. J.W, Belliveau. B.R. Rosen. and 
R.B.H. Tootell*. MGH NMR Center, 149 13th St., Charlestown, MA 02129.

A previous study using functional magnetic resonance imaging (fMRI) furnished 
indirect evidence for direction selectivity in human area MT (Tootell et al, Nature 
1995). Here we tested for direction selectivity using more direct stimulus tests, in MT 
and in three additional visual cortical areas in the human dorsal stream (MSTd, V3A. 
VIP). All four cortical areas respond better to moving compared to stationary visual 
stimuli.

Subjects were scanned using surface coils in a 1.5T whole-body GE magnet with 
echo-planar imaging (ANMR). Preliminary scans were devoted to imaging the brain 
anatomy (e.g. T1 high resolution, 1.5 X 1.5 mm) or to functionally localizing each of 
these four cortical areas (TR=2 sec, ~3 X 3 X 4-6 mm). For instance, to specifically 
activate areas MT, V3A and MSTd, we presented concentric rings, either moving of 
stationary, of low luminance contrast. To selectively activate areas MSTd and VIP. 
we presented random dot arrays moving either coherently or incoherently.

Following these preliminary scans, we presented simulated flow fields based or 
unlimited-lifetime random dot arrays in which dot size and speed varied with 
eccentricity. Dot density was uniform in 3 dimensional. In initial tests, the flow field 
alternated between continual expansion versus contraction, each in 30-second epochs. 
In the averaged time courses from areas MT (based on area-localizing tests described 
above), a clear positive-going transient was obtained peaking ~8 seconds after each 
direction reversal. The 8 second delay is consistent with the known hemodynamic 
delay. Similar direction-specific transients were obtained from area VIP, but not from 
other areas presumed to lack large percentages of direction-specific neurons (e.g. V 1,
V2, etc). In subsequent tests the 3-D angular change every 30 (or 40) seconds was 
systematically varied in order to generate a direction tuning curve for each area.
This work supported by NEI 07980 to RBHT.

268 .5
REGIONS IN THE HUMAN BRAIN INVOLVED IN THE PROCESSING 
OF MOTION DISCONTINUITIES AND OF UNIFORM MOTION: A PET 
STUDY. P. Dupont1* A. Rosier1,2, R. Vandenberghe1,2. B. De Bruvn2. G. 
Bormans1, L, Mortelmans1 and G.A, Orban2. 1Center for Positron Emission 
Tomography, UZ Gasthuisberg and 2Lab. Neuro- en Psychofysiologie, 
KULeuven, Medical School, GHB, B-3000 Leuven, Belgium.

In a previous study (Orban et al. PNAS 1995, 92:993-997) we described a 
posterior occipital region more active in counting of kinetic gratings than of 
luminance gratings. The aim of the present experiment was to determine 
whether the same region would also be revealed 1) by comparing passive 
presentation of kinetic versus luminance gratings and 2) by comparison of 
kinetic gratings with uniform motion. Therefore we measured rCBF in four 
passive viewing conditions: 1) kinetic gratings produced by random dots 
moving in opposite directions changing in orientation at 1.17 Hz and reversing 
in direction at 2.34 Hz, 2) luminance gratings of same spatial frequency 
changing in orientation at 1.17 Hz, 3) random dots moving uniformly and 
changing in direction at 2.34 Hz and 4) stationary random dots.

The results show that kinetic gratings stimulate occipital cortex more 
extensively than uniform motion, which itself activated a number of regions 
including the homologues of MT/V5. The kinetic gratings stimulated these 
homologues of MT/V5 as much as the uniform motion. Amongst the regions 
which were significantly more activated by the kinetic gratings than uniform 
motion, the posterior middle occipital gyrus (MOG) bilaterally also differed 
significantly from luminance gratings. This confirms our earlier report and 
underscores the role of MOG in processing of kinetic contours.

268.7
SPATIAL INTERACTIONS WITHIN MONKEY MIDDLE TEMPORAL (MT) 
RECEPTIVE FIELDS. K.H. Britten*. Center for Neuroscience, UC Davis, Davis, 
CA, 95616.

Extrastriate cortical areas typically have receptive fields (RFs) larger than those of 
their inputs. This implies that spatial summation is occuring as a consequence of the 
divergent-convergent connections within or between areas. Spatial summation has 
been well explored at early levels of visual processing, but much less so in extrastriate 
cortex. In part, this is because the complex selectivities of extrastriate areas render the 
simple stimuli (e.g., flashed bars) suitable for such studies relatively ineffective. To 
remedy this problem, more complex, yet still localized, "motion impulse" stimuli 
were employed to explore spatial interactions within MT RFs. These stimuli are 
oriented, odd-symmetric Gabor functions moved perpendicular to their long axis; 
carrier and envelope move together. The size of these functions was usually small 
enough to make them effectively luminance dipoles. These were ramped on and off in 
contrast, and the total spatial and temporal extents of the impulse were around 1 degree 
and 100 msec. These were presented in rapid succession either singly or in pairs, in 
pseudorandomly chosen locations over the cell's RF. To assess the interactions 
between two locations within the RF, the responses to pairs of these impulses could 
be compared against the responses to individual impulses. Generally these moved in 
the cells' preferred directions, but other directions were also employed.

Of the 45 cells studied with these stimuli, most gave responses to pairs of such 
impulses which were well predicted by the average of the individual responses. 
Regression analysis relating the observed responses to the prediction of linear 
summation revealed an average slope of 0.57 (0.5 would indicate averaging). For most 
cells, the interaction was quite consistent across location. For a minority of cells, the 
interaction was less homogeneous, and sometimes showed considerable spatial 
structure. This spatial structure was related in unpredictable ways with the simple map 
of response magnitude across the RF. Such inhomogeneities might reflect "noise" in 
the lateral connections prior to or within MT, or may indicate the first stages of the 
more complex interactions seen in area MST. (Supported by NIH grant EY10562)

268.4
CORTICAL ACTIVATION RELATED TO PERCEPTION OF 
VISUAL ROTATORY MOTION. M. A. Uusitaloa*. S. Saleniusa  , V. 
Virsub . and R. Haria. aLow Temperature Laboratory, Helsinki 
University of Technology, FIN-02150 Espoo, Finland. bDepartment 
of Psychology, University of Helsinki, FIN-00014 Helsinki, Finland.

Human brain regions activated by moving visual stimuli have been 
recently identified with PET and fMRI recordings but the temporal 
sequence of activation remains less well known. We followed the 
spatiotemporal dynamics of motion-related cortical visual processing 
in humans by means of planar 122-channel neuromagnetic recordings.

Seven healthy subjects were studied while they viewed radial 
gratings that subtended 6 deg in diameter and were presented for 1 s 
once every 3 s. The gratings rotated in place by 140 deg/s or were 
stationary.

Both stimuli produced similar transient signals peaking at 60-250 
ms over the occipital lobe. Five subjects displayed sustained motion- 
specific signals beginning 140-520 ms after the movement onset and 
lasting 0.1-1 s after the stimulus offset. The source areas of these 
signals agree with the presumed bilateral locations of the MT/V5 
cortical areas. In four subjects, sources in these lateral regions were 
transiently active during both rotating and stationary stimuli. 
Movement-related cortical areas may thus also respond to various 
transient changes in the visual environment.

This study was supported by the Academy of Finland, the Magnus 
Ehrnrooth Foundation, and the Gyllenberg Foundation.

268.6
SPATIAL HETEROGENEITY IN THE SURROUND OF AREA MT FOR 
MOTION VECTORS DIFFERING IN DIRECTION OR SPEED FROM THE 
CRF, Xiao. D.-K.. Marcar*. V.L. Raiguel. S.E. & Orban. G.A. Lab. Neuro- 
en Psychofysiologie, KULeuven School of Medicine, Leuven, Belgium

In a previous report (Xiao et al, Soc. Neurosci. Abstr: 324.6, 1994) 
we indicated that antagonistic surrounds in many MT cells exhibit a distinct 
spatial heterogeneity. We have mapped the surround in greater detail and 
extended our investigation by including motion in the surround at different 
speeds or the opposite direction (OD) to the optimum motion for the CRF.

We selected cells recorded extracellularly in area MT of paralyzed- 
anaesthetized macaque monkeys showing a surround inhibition of at least 
50%. In 46 cells the strength of the antagonistic surround was mapped in 
detail. In over 60%, the position of strongest inhibition was located within 5 
degrees from the center of the CRF, a result in agreement with mathe
matical fitting of the data from summation tests. In the 22 cells in which the 
surround was stimulated with motion in the OD, 20% exhibited a non- 
directional inhibitory surround, 30% were significantly facilitated when the 
entire surround was stimulated with motion in OD. Similar results were 
obtained when motion in OD was restricted to the position eliciting the 
strongest inhibition when stimuli in the surround and CRF moved in the 
same direction. A degree of heterogeneity was also observed in the 
facilitatory effects of OD in the surround. In half of our sample, the position 
of strongest facilitation was located along the same axis as the point of 
strongest surround inhibition. Surround heterogeneity was also observed for 
surround stimuli differing in speed from that over the CRF.

Our results suggest that heterogeneity is an intrinsic property of the 
antagonistic surround of MT cells.
(Supported by BRA INSIGHT II + Human Capital & Mobility)

268 .8
INTERACTION OF CENTER AND SURROUND RECEPTIVE FIELD REGIONS 
IN MONKEY MST NEURONS S. Eifuku, and R. H. Wurtz*. Laboratory of 
Sensorimotor Research, National Eye Institute, NIH, Bethesda, MD 20892.

Many MST neurons are sensitive to large field motion, and some respond best 
to motions in opposite directions in the central and peripheral regions of their 
receptive fields (Komatsu and Wurtz, 1988; Tanaka et al., 1993). In the present 
experiments we investigated how moving stimuli in the periphery alter the 
response to stationary stimuli in the center of the field.

We recorded MST neurons in the awake rhesus monkey. The moving stimuli 
were random dots moving at the optimal speed for each neuron. The center 
stimulus was equal to the estimated size of the central receptive field (5° to 40°), 
and the outside of the surrounding annular stimulus was usually 60° on a side.

All neurons we studied gave directionally selective responses to stimuli moving 
between 3° and 40°/sec across the central region of the receptive field. A subset of 
these neurons gave little response to motion of the stimulus in the periphery. For 
some neurons of this subset, there was a response when a stationary random dot 
field was added in the center of the field, and the direction of peripheral motion 
was opposite to the preferred direction of motion in the center of the field. If the 
direction of peripheral motion was the same as that preferred by the center, there 
was no such response. If the stationary stimulus was a uniform dark or light field 
rather than the random dot pattern, there was little response. One possible 
explanation of this effect is that the large peripheral field stimulation induced 
ocular following eye movements which in turn produced a moving stimulus in the 
appropriate direction across the center of the field. This does not, however, 
explain why some cells show this motion effect while other cells with receptive 
fields at the same eccentricity do not.

The results show that motion in the periphery of the receptive field of some 
MST neurons can induce the cell to respond as if a patterned stimulus moved 
across the field center.
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268.9
TEMPORAL DYNAMICS IN RESPONSES OF MACAQUE MT CELLS 
DURING TARGET ACCELERATION S.G. Lisberger*. L.P. O’Keefe. M. 
Kahlon, H.W. Mahneke. J.A. Movshon. Department of Physiology and Keck 
Center for Integrative Neuroscience, UCSF. San Francisco, CA 94143; Howard 
Hughes Medical Institute and Center for Neural Science, NYU, New York, NY 
10003.

Neural correlates of target acceleration have been recorded previously in the 
responses of MT cells to either steps or ramps of target velocity. For ramp 
changes in target velocity, the information about target acceleration is encoded 
in an asymmetry in the size of the response to target acceleration and 
deceleration. We have now developed and tested a model that reproduces the 
basic features of the responses of MT cells to steps and ramps of target velocity. 
The model uses divisive gain control to create an asymmetry between the 
responses to ramps of target acceleration and deceleration. We looked for 
evidence of divisive gain control by probing MT cell responses to 64-ms pulses 
of target velocity at different intervals after the offset of 512-ms steps of target 
velocity. In cells that encoded a neural correlate of target acceleration, the 
responses to the probe pulses were small at short condition-test intervals and 
increased back to control values at intervals of 128 ms or longer. In cells that 
responded purely to target velocity, there was little or no suppression of the 
response to the probe pulses, even at the shortest condition-test intervals. We 
also tested MT cell responses to sinusoidal modulation of target velocity over 
frequency ranges from 1 to 16 Hz. Surprisingly, the cells responded poorly at 
frequencies above 8 Hz. even though their responses to steps of target velocity 
contained significant power at much higher frequencies. We think that the weak 
response to high frequency sine waves is related to the time course of offset of 
the gain control mechanism that makes the cells encode information about target 
acceleration.

268.11
RESPONSE TO MOTION AT MULTIPLE SPEEDS, DISPARITIES AND 
DIRECTIONS IN AREA MST. N. Ghani and J-P. Roy*. Montreal Neurologi
cal Institute, McGill University, Montreal, Quebec H3A 2B4, Canada.

As one moves while fixating off to the side, the images of objects at different 
depths move at different velocities. This differential motion contains informa
tion both about the speed and direction of self-motion and about the structure of 
the environment We have examined the response of neurons in MST to such 
differential motion.

Four sets of stimuli were used, each set consisted of a control stimulus and 
a speed gradient stimulus. The control was a random dot pattern in which all 
the dots moved at the same speed in the same direction. The speed gradient 
stimulus contained dots moving at three different speeds. These stimuli were 
presented either at the plane of fixation, at some disparity relative to fixation or 
spread out at different disparities, with the slower speeds at small disparities 
and the faster speeds at higher disparities. The fourth set had dots moving in 
both the null and the preferred direction of the cell.These shearing displays 
were also presented at fixation, at one disparity value and at three separate dis
parities for the three different speeds.

Most of the neurons examined show a sensitivity to speed gradients. 
Amongst these, some neurons respond best to speed gradients only if the speeds 
are separated in disparity. A smaller subset of our sample shows no response to 
speed gradients in one direction, but responds preferentially to displays with 
motion in two direction. This leads us to propose that MST processes not just 
information about the direction of self-motion but also information about the 
speed of self-motion and about the three dimensional structure of the environ
ment.

268.13
NEURAL NETWORK SIMULATIONS PREDICT THE DEVELOPMENT OF 
AREA MSTI VISUAL-TRACKING (VT)-NEURON PROPERTIES. P.W. 
Dicke and P. Thier. (SPON: European Neuroscience Association) Sekt. f. 
Visuelle Sensomotorik, Univ. Tubingen, D-72076 Tubingen, Germany.

Cortical area MSTI is known to be essential for smooth-pursuit eye- 
movements. MSTI contains smooth-pursuit related units (VT-neurons) 
responsive to retinal image slip (R), eye (E) and head velocity (H). A salient 
feature of VT-neurons is the similarity of their preferred directions 
(=isodirectionality) for R, E and H. We have proposed earlier that by linearly 
combining the 3 inputs reflecting R, E and H, MSTI-VT-neurons might 
become able to reconstruct a signal related to target motion in space and 
that this reconstructed signal might be used to drive coordinated eye- and 
head movements. Based on the investigation of neural networks with VT- 
neuron-like elements we have been able to show that the required 
reconstruction of target velocity in space is indeed possible provided a 
larger number of MSTI VT-neurons is allowed to act in concert, thereby 
compensating for the non-linearities of single VT-neurons. However, the 
same network studies also clearly indicate that isodirectionality is not a 
prerequisite for the reconstruction to be accomplished. Could it be that 
isodirectionality reflects developmental constraints rather then functional 
constraints? In order to address this question, we investigated a 3-layered 
neural network whose intermediate layer was comprised of hidden units 
(HU), which similar to VT-neurons, have access to R, E and H. Modality 
specific information is offered by an input layer, consisting of 3 subsets of 
units, one for each modality. The output layer consists of 4 elements 
encoding target velocity in space. Our major finding is that after training we 
reproducibly found a subset of HUs with properties strikingly similar to those 
of real MSTI-VT-neurons, among others, isodirectionality. While HUs 
characterized by non-isodirectionality were more frequent, a quantitative 
analysis based on signal-entropy showed that this latter group did not 
contribute significantly to the performance of the overall network. Therefore 
a major step in pruning such networks might consist in extruding low entropy 
units during development. Supp. by DFG SFB 307 & HCM CHRX-CT93-0267.

268.10
G A TIN G  O F P E R C E P T U A L  M O T IO N  C O H E R E N C E  BY 
F O R E G R O U N D /B A C K G R O U N D  IN T E R P R E T A T IO N :
NEURAL C O RR ELA TES IN AREA M T. R. O. Duncan*. G. R. 
Stoner and T. D. Albright. The Salk Institute, La Jolla, CA 92037.

Our initial study of perceptual transparency and the selectivity of MT neurons 
suggests that surface segmentation influences cortical motion processing at a 
relatively early stage (Stoner and Albright, 1992, Nature , 358:412). 
Foreground/background (F/B) interpretation also has a profound effect upon 
surface segmentation and, in turn, perceptual motion coherence (Albright and 
Stoner, 1995, PNAS, 92:2433). We therefore predicted that stimulus 
conditions known to influence perceived F/B assignment would also influence 
the integration of motion signals by cortical neurons. To test this hypothesis, 
we presented moving plaid patterns to the receptive fields of directionally- 
selective MT neurons. Plaids were created by superimposition of a single 
moving grating and a second stationary grating. A conjunction of image cues 
was used to manipulate perceptual depth ordering between the component 
gratings: luminance ratios were adjusted to manipulate perceptual transparency 
and relative sizes of plaid subregions were adjusted to manipulate F/B 
interpretation. About 50% of the sampled cells responded differentially to 
stimulus conditions known to elicit opposing F/B interpretations. Specifically, 
stimulus configurations associated with non-coherency elicited greater responses 
than did those associated with coherency, when the component grating was 
moving in the preferred direction. These results are consistent with the 
hypothesis that F/B interpretation and, thus, surface segmentation governs the 
neural integration of ID motion signals. Our results also suggest that neurons 
in area MT participate in mechanisms that disambiguate the multiple motion 
signals that arise from overlapping surfaces in the visual environment.

268.12
VISUAL TRACKING NEURONS in MST ARE ACTIVE DURING SMOOTH- 
PURSUIT OF COGNITIVE FIGURES. U.J. IIg* and P. Thier. Sekt. f. Vis. 
Sensomotorik, Neurologische Universitätsklinik, 72076 Tubingen, Germany.

In order to demonstrate a contribution of extra-retinal signals to pursuit- 
related activity, brief disappearances of the target (1) or alternatively retinal 
stabilization of the target image by electronic means (2) have been used. 
However, these 2 approaches are not fully conclusive, since they remove 
foveal image slip only transiently (1) or incompletely (2). Looking for an 
alternative, we decided to use a cognitive figure, lacking any foveal 
information, as a target for pursuit. This was achieved by training monkeys 
to track the center of an hour-glass (size: 20•x20•  defined by the 
intersection of the two diagonals ("real figure"). Subsequently, a 12•x12• 
central region, including the intersection, was left blank, requiring the 
monkeys to reconstruct the intersection by a cognitive operation ("cognitive 
figure"). Analysis of oculomotor responses showed that both the onset of 
saccades and the onset of pursuit were delayed, when directed towards the 
cognitive figure. On the other hand, the main sequence for saccades and 
steady state pursuit were the same for both the cognitive and the real figure. 
We have performed single unit recordings from different parts of the STS in 
one monkey so far. Here, we focus on visual tracking neurons, presumably 
located in area MSTI as indicated by the following features: these neurons 
were activated directionally selectively by both smooth pursuit and 
suppression of the VOR, even if the target was turned off briefly. Discharge 
latency roughly corresponded to pursuit latency. Furthermore, these neurons 
were also directionally selective for retinal image slip during fixation of a 
stationary target with small, parafoveal receptive fields. The cognitive figure 
activated these neurons in much the same way as the real figure. On the 
other hand, neurons that displayed marked decreases in activity following 
the target disappearance, such as foveal MT neurons, never responded to 
tracking of the cognitive figure. Supported by DFG SFB 307A1.

268.14
NEURONAL RESPONSE TO OPTIC FLOW PATTERNS IN STPa IN THE 
BEHAVING MACAQUE. K.C. Anderson* and R.M. Siegel. Center for Molecular and 
Behavioral Neuroscience, Rutgers University, Newark, NJ 07102.

The anterior portion of the superior temporal polysensory area (STPa) lies at the 
intersection of, and receives input from, both the what and where pathways. STPa 
neurons are selective to the form and/or motion of an object (Bruce et al. 1981; Perrett 
et al. 1985). We wanted to determine whether STPa cells were responsive to motion 
alone in the absence of any form cues, and whether they may play a role in the analysis 
of structure-from-motion (SFM). We recorded from cells in one behaving monkey 
using SFM stimuli controlled for form cues. The animal was trained to pull back a 
lever, fixate a 3° square, and release the lever in response to a change in a random dot 
stimulus. The test stimuli consisted of translation, planar rotation, radial, and spiral 
optic flow fields, and a stimulus that gave rise to the percept of a 3D sphere (Siegel & 
Andersen, 1988; Anderson & Siegel, 1993). Displays were presented as structured with 
a change to unstructured motion or vice versa. A two-way ANOVA was used to 
determine the sensitivity to onset and selectivity to the type of motion for each neuron 
based on 500 msec averages of activity. We recorded from 413 neurons throughout 
STPa and found that 59% were visual. The sensitivity to motion was tested in 371 
cells with the various optic flow displays. We found that 175 (47%) cells were 
sensitive to the onset of motion stimuli. Of these, 70 cells were tested with a control 
display of stationary flickering dots and 27 (38%) were found to have no response to 
the stationary dots. Thus, this set of neurons are responding to the motion within the 
flow field and not to the flickering dots or the boundaries of the flow field. In order to 
examine the role of STPa neurons in the analysis of SFM, we tested 343 cells with a 
block of stimuli containing only planar rotation, radial, and 3D motion. We found that 
131 (38%) of these neurons were sensitive to the onset of these complex motions and 
that 51 (39%) of these neurons showed selectivity to one or more of the motion types, 
as reported for MST and area 7A. A novel finding is that some neurons are selective to 
3D sphere stimuli. We then analyzed these same 343 neurons for sensitivity to the 
change from structured to unstructured motion. Of these cells, 79 (23%) were sensitive 
to the change in the stimulus with 39 (49%) also being tuned to the type of motion 
present before the change. These data provide evidence that STPa neurons are involved 
in the processing of complex motion and that this processing can be selective for a 
particular type of motion. We have shown that STPa neurons respond to motion in the 
absence of any form cues and further that they show selectivity to particular types of 
motion. We have also shown that STPa neurons may be involved in the analysis of 
SFM, a role compatible with its position at the junction of the what and where 
pathways. Supported by ONR N00014-93-1-0334.
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268.15
SELECTIVITY OF THE PARIETAL VISUAL NEURONS IN 3D ORIENTATION  

OF SURFACE OF STEREO SCO PIC STIMULI. E. Shikata . Y. Tanaka. H. 
Nakamura. M. Taira and H. Sakata.* Dept. of Physiology, Nihon Univ. Sch. of 
Med., Itabashi, Tokyo 173, Japan and PRESTO/JRDC.

Surface orientation is perceived through stereopsis. Recently, we found a 
group of binocular neurons that were selective in 3D orientation of longitudinal 
axis of visual objects in the caudal part of the lateral bank and fundus of 
intraparietal sulcus. In this same area, we occasionally found neurons that 
responded preferentially to a luminous plate or checkerboard in a particular 
orientation. In order to study the functional properties of such surface 
orientation selective neurons, we used stereoscopic display of computer 
graphics with a screen of 105 x 150 cm to present checker board or plate in 
different orientations and distances and changed stimulus parameters such as 
width and thickness We studied the response of 32 parietal neurons to 
stereoscopic stimuli in 3 hemispheres of 2 Japanese monkeys. Twelve of 
these neurons were found to be tuned to a particular surface orientation of 
plate or checkerboard in the stereoscopic display. Preferred orientation was 
either frontal, sagittal, horizontal or diagonal. Most of them preferred wide and 
flat stimuli showing monotonic increasing function in width-response curve 
and monotonic decreasing function in thickness-response curve. In some 
neurons, however, the increase in thickness did not change the response to 
the stimuli in preferred orientation. Some cells were sensitive to the shape 
preferring square plate to circular disc. Majority of these neurons tested (6/10) 
responded better to the binocular than to the monocular stimuli. Many cells 
preferred near to far stimuli but some cells preferred far stimuli. These results 
suggest that the parietal association cortex is likely to integrate the signals of 
binocular disparity to discriminate surface orientation of objects in space.

268.17
OCULOMOTOR, VESTIBULAR AND VISUAL RESPONSE PROPERTIES OF 
NEURONS IN THE ANTERIOR INFERIOR PARIETAL LOBULE OF MACAQUE 
MONKEYS. W. Graf. F. Bremmer. S. Ben Hamed. M. Sammaritano* and J.-R. 
Duhamcl. CNRS-Collège de France, 75270 Paris Cedex 06, France.

Orientation in three-dimensional space is the end-product of multisensory signal 
processing resulting in perception and movement. The parietal cortex is known to 
participate in these functions. In order to generate the reference frames for visually- 
guided behavior, information about head movements in space is essential. We thus 
set out to investigate neurons in and around anterior parietal cortex areas that are 
known to receive vestibular input in order to quantify their visual, oculomotor and 
vestibular response properties.

Single cell responses were recorded extracellularly in one awake cynomolgus 
monkey (Macaca fascicularis) who was trained to perform several oculomotor tasks: 
fixation in different gaze directions, smooth pursuit and saccade paradigms. Visual 
stimuli as well as oculomotor targets were back-projected onto a translucent 
tangential screen. Vestibular stimuli were delivered by vertical axis (horizontal) 
rotation of a turntable.

Neuronal responses revealed space-time selectivity in all employed experimental 
paradigms. Saccade related activity was tuned to the direction of eye movements and 
occurred in synchrony with saccade onset or post-saccadically. Neurons often had 
also an eye position sensitivity during active fixation in darkness. Visually 
responsive neurons had receptive fields that varied in size from small parafoveal 
areas up to covering the entire visual field. Vestibular responses seemed to signal 
head velocity only, and habituated rapidly. In case neurons reacted to optokinetic 
(large random dot patterns moving in the fronto-parallel plane) and vestibular 
stimuli, the responses were spatially and directionally congruent, i.e., preferred 
directions for vestibular and optokinetic activation were in opposite directions. We 
conclude from our data that neurons in the anterior parietal lobe are suited to 
participate in a distributed supramodal representation of movement space.

268.19
RESPONSES IN AREA 7a OF POSTERIOR PARIETAL CORTEX TO SALIENT 
STIMULI EMBEDDED IN MULTI-STIMULUS ARRAYS. C. Constantinidis* and 
M.A. Steinmetz. Krieger Mind/Brain Institute and Department of Neuroscience, 
Johns Hopkins University, Baltimore, MD 21218

Neuronal responses were studied in area 7a of the posterior parietal cortex 
to multi-stimulus arrays consisting of a salient stimulus within a field of uniform 
distractors. Monkeys were trained in a spatial version of a delayed match-to- 
sample task. They were presented with a transient visual cue and a series of 
stimuli at different locations and had to release a bar when a single stimulus 
appeared at the cued location or when an array of stimuli ap peared  that 
contained a salient stimulus at the cued location. A 5x5 degree white square was 
used as the cue, as a single stimulus and as a salient stimulus among slightly 
smaller “x-shaped” distractors. The distractors and salient stimulus were arranged 
in a 3x3 orthogonal grid extending ± 20 degrees from the point of fixation.

Thirty-four neurons were tested with single and salient stimuli at the 9 
locations in randomly interleaved trials. The effect of the presence of distractors 
within the receptive fields was examined by comparing responses to single stimuli 
to those evoked by the multi-stimulus arrays. The presence of distractors had no 
effect (2-way ANOVA, p>0.05) on the spatial selectivity of 59%  of the neurons. 
Of the remaining neurons, 29%  were completely suppressed by multiple stimuli 
and 12% did not respond differentially to the location of the salient stimulus.

Previous studies indicated that the majority of neurons in area 7a are most 
responsive to single stimuli that appear at unattended locations. The current 
results suggest that most area 7a neurons display the same selectivity for the 
spatial location of a salient stimulus in a multi-stimulus array as they do for single 
stimuli. These findings are consistent with the hypothesis that neurons in area 7a  
have a role in shifting attention to salient stimuli in multi-stimulus scenes.

Supported in part by NIH EY09129.

268.16
REPRESENTATION OF THE CENTRAL VISUAL FIELD AND FIXATION- 
RELATED ACTIVITY IN THE LATERAL INTRAPARIETAL AREA OF 
MACAQUE MONKEYS. S. Ben Hamed. J.-R. Duhamel. F. Bremmer and W. Graf* 
C.N.R.S.-College de France, F-75270 Paris, France.

Exploration of the visual environment requires making saccadic eye movements 
away from a currently foveated location. Single cells in the macaque lateral 
intraparietal area (LIP) show enhanced, spatially selective responses to the 
appearance of behaviorally significant stimuli and before the onset of saccades. This 
activity may signify an attention shift as well as an intention to move the eyes to a 
new location. In contrast, active eye fixation serves to maintain an object of interest 
on the fovea. In this experiment, we studied the responses of a subset of LIP neurons 
activated by stimulation of the central visual field and by eye fixation. Visual 
receptive fields were mapped during fixation of a central stimulus and during free 
gaze. Most neurons had a receptive field which could be determined during visual 
fixation, but some cells responded to a test flash only in the absence of a fixation 
target. Activity was also recorded while the monkey performed three different 
oculomotor tasks: ( 1) visual fixation with the target momentarily blinked off, (2) gap 
saccade, and (3) memory-guided saccade. Different response patterns were observed. 
Some cells had sustained discharges during periods of fixation and were inhibited by 
saccades. This activity depended upon the continuous presence of a stimulus on the 
fovea, their firing rate decreasing during the blink interval. The second pattern was a 
mirror image of the first as activity depended upon the absence of a visual stimulus. 
Neurons exhibiting this behavior only responded during the blink interval of the 
fixation task as well as during the saccade tasks, from the extinction of the fixation 
light until the appearance of a new stimulus on the fovea. A third pattern was related 
to the anticipation of a foveal event. Neurons in this category responded immediately 
after saccades to memorized targets, until the reappearance of the saccade target. 
These results indicate that LIP neurons carry signals related to different stages of 
fixation engagement and disengagement and of the underlying attention process.

268.18
PERIODIC OSCILLATING STIMULI ARE MORE EFFECTIVE THAN 
VISUAL STIMULI OF CONSTANT SPEED FOR VIP CELLS OF THE 
AWAKE MONKEY.S.J. Schaafsma1, T.M.H. Dijkstra2, J. Duysens3,4*. 1 Lab. 
Neurobiology and anatomy, Bowman Gray School of Medicine, 
Winston-Salem, USA, 2 Dept. of Psychology, Univ. of Pennsylvania, 
Philadelphia, USA, 3 Lab. Medical Physics and Biophysics, Univ. of Nijme
gen, Nijmegen, The Netherlands and 4 LU C, Diepenbeek, Belgium

Oscillating visual patterns are frequently encountered in 
everyday life yet little is known about the responses of visual cortical cells 
to such patterns. In the present experiments on awake monkeys, direction 
selective cells in area VIP were tested with various optic flow patterns 
(translation, divergence, convergence, rotation etc..). The responses were 
compared to those obtained when the same stimuli were presented in 
oscillating movement (0.2 to 3 Hz). All cells investigated responded to the 
oscillatory stimuli, provided the optimal effective optic flow component was 
present. In some cases there was a clear build-up of responses over the first 
few cycles. Some cells gave only a very small response to regular non-
oscillating stimuli, but responded vigorously to oscillating optic flow 
pattern. In some cases the great efficacy of oscillating stimuli could partly 
be accounted for by summation of disinhibition, following stimulation in 
the non-optimal stimulus direction, and facilitation due to movement in the 
preferred direction. Often, however such explanations failed to account for 
the behavior of the cells. For example in some cells there was a reversal in 
the preferred direction when regular stimuli were replaced by oscillating 
ones. Alternative explanations such as predictive facilitation and sensitivity 
to deceleration will be considered.

Supported by NWO and ESPRIT II (MUCOM 6615).

268.20
RESPONSES OF PARIETAL VISUAL NEURONS TO ATTENTION ALLY 
SIGNIFICANT STABLE OBJECTS. M. Kusunoki* and M. E. Goldberg. 
Laboratory of Sensorimotor Research, National Eye Institute, Bethesda, MD 20892.

Neuronal visual activity has traditionally been studied as the response to transient 
events in the visual environment: the appearance, disappearance, or motion of 
objects. Even visual attention has been studied by manipulating the behavioral 
significance of flashed objects. In the natural world, objects rarely flash. They 
occasionally move onto a receptive field by their own motion, but, more usually, are 
brought onto a receptive field by an eye movement. We developed a stable array 
visual search task to study neuronal activity in a visual environment in which test 
stimuli never evoke transient responses. Rhesus monkeys viewed a video-projected 
screen upon which an array of eight symbols were displayed. These symbols 
remained on the screen for a block of time, usually more than ten minutes, without 
changing. The monkey fixated a red fixation point that appeared at the center of the 
array. A cue appeared adjacent to the fixation point matching one of the members of 
the stable array, and the monkey later made a saccade to the matching array member 
when the fixation point disappeared. Only the central fixation point and the cue 
appeared or disappeared during the entire block of trials. LIP neurons were first 
studied in a standard memory-driven delayed saccade task to determine their 
receptive fields. The neurons responded to the onset of visual stimuli, and then 
sometimes at the time of the saccade to the spatial location of the stimulus. In the 
stable task the neurons never responded when the monkey brought the object into the 
receptive field by making a saccade to the fixation point. They did not respond to the 
cue except when it matched the stimulus in the receptive field. In that case the cells 
began to discharge, and continued to discharge until the saccade. The latency of the 
response to the cue was inevitably longer than the visual on-response of the neuron, 
but not related in time to the actual saccade. These results suggest that LIP neurons 
are subject to an attentional control, and that activity in LIP neurons correlates with 
the intensity of attention. The response to flashed stimuli in standard visual paradigms 
may reflect the ineluctable attentional attraction of a flashed target.

Society  for N euroscience , V o lu m e  21 , 19 9 5



666 VISUAL CORTEX: EXTRASTRIATE— DORSAL STREAM II MONDAY AM

268.21
EFFECT OF ATTENTION ON VISUAL RESPONSES IN MACAQUE 
PREMOTOR CORTEX. Michael S. A. Graziano* and C. G. Gross. 
Department of Psychology, Princeton University, Princeton, NJ, 08544.

Over one third of the neurons in the ventral premotor cortex (PMv) of 
the macaque monkey respond to visual stimuli. Previously, we showed 
that most of these visual receptive fields (RFs) are anchored to the body 
surface, either to the head or to the arm, moving when that body part is 
moved but not when the eyes move. Such “body-part-centered” visual 
RFs could contribute to the visual guidance of head and arm movements. 
(Graziano, Yap, & Gross, 1994, Science. 266, 1054-1057).

We studied visual responses in PMv under 3 different conditions: 1) the 
animal Fixated on an illuminated light-emiting diode (LED) while a 
stimulus was presented within the visual RF; 2) the LED was extinguished 
during stimulus presentation but the animal was required to maintain 
fixation on the same location; 3) the LED was never illuminated, and the 
stimulus was presented while the animal was not fixating. This last, non-
fixating condition was used only for visual RFs that were independent of 
the position of the eyes. The presence or absence of the fixation light had 
little effect on visual responses. However, on average, visual responses 
were larger when the animal was not required to fixate. Fixation 
supressed responses even when the fixation point was at the same location 
that the stimulus was presented. Thus active use of oculomotor systems 
for Fixation suppressed the responses of neurons that are involved in the 
control of somatic movements. We suggest that an attentional switching 
mechanism may coordinate between several different motor-control 
modules.

AUDITORY SYSTEMS:

269.1
CORTICOFUGAL MODULATION OF RESPONSES OF THALAMIC FM-FM 
NEURONS FOR PROCESSING TARGET-DISTANCE INFORMATION IN THE 
MUSTACHED BAT. H. Teng* and N. Suga. Department of Biology, Washington 
University., St. Louis, MO 63130.

The mustached bat, Pteronotus parnellii, emits pulses each containing 4 
harmonics of a frequency-modulated component (FM1-4). The time interval (echo 
delay) between the FM components of the pulse and its echo carries target-distance 
information. The FM-FM area of the auditory cortex and the dorsal division of the 
medial geniculate body contain three types of “FM-FM” neurons that are tuned to 
particular time interval between pulse FM1 and echo FM2, 3 or 4. Best echo delays 
(BDs) for their excitation systematically vary across the FM-FM area and the dorsal 
division for the representation of target-distance information. The aim of the present 
study was to examine the role of corticofugal projections in processing target- 
distance information. Responses of multiple cortical and single thalamic FM-FM 
neurons to paired FM sounds were recorded and their BDs were measured. Then, 
the cortical neurons were either inactivated with 66-132 nl of 1.0 % Lidocaine or 
activated with 5-500 nA of 0.2 ms-long single electrical stimuli, and its effect on 
responses of the thalamic FM-FM neurons to the paired FM sounds was studied. 
The effect on thalamic responses differed depending on whether the BD of cortical 
neurons was the same as that of thalamic neurons. When their BDs were the same 

 0.6 ms), the cortical inactivation decreased the thalamic responses by 15-91% 
(mean: 59%, n=15), and the cortical activation increased the responses by 23-98% 
(mean: 52%, n=5). When their BDs were different (≥ 0.7 ms), the cortical 
inactivation increased the thalamic responses by 21-99% (mean: 55%, n=17), and 
the cortical activation decreased the responses by 15-73% (mean: 42%, n=39). 
These modulations of thalamic responses by the corticofugal projections presumably 
take place at the thalamus and/or the inferior colliculus. (Work supported by ONR 
research grant N00014-90-J-1068)

269.3
AMPLITUDE AND LATENCY AXES AND MULTI- 
PEAKED NEURONS IN THE POSTERIOR PRIMARY 
AUDITORY CORTEX OF THE MUSTACHED BAT. S.
Nakata* and N. Suga. Department of Biology, 
Washington University, St. Louis, MO, 63130.

The posterior primary auditory cortex (AIp) of the 
mustached bat, Pteronotus parnellii represents 10-50 
kHz sounds. Since components of communication calls 
are mostly within this frequency range, we recorded the 
responses of single AIp neurons to constant-frequency 
(CF) tones with tungsten wire electrodes and studied the 
basic physiological organization of AIp. We found the 
following. (1) Best stimulus amplitudes to excite neurons 
were high (90-100 dB SPL ) at the dorsal portion of iso-
best frequency contour lines , but low (50-70 dB SPL ) at 
the ventral portion. Compared with the DSCF area 
which is part of AI, AIp neurons were not sharply tuned 
to particular amplitudes and amplitopic representation 
was limited. (2) Response latencies were short (6-7 ms) 
at the central portion of iso-best frequency contour lines, 
but long (13-15 ms) at the dorsal and ventral portions. (3) 
Multipeaked neurons were common in AIp. About 60 % 
of AIp neurons exhibited two frequency sensitivity peaks 
which were harmonically related to each other in one- 
to-two ratio. (Supported by NIDCD research grant DC 
00175)

CENTRAL PHYSIOLOGY III

269.2
THE DSCF AREA OF THE PRIMARY AUDITORY CORTEX (AI) 
OF THE MUSTACHED BAT IS DIFFERENT FROM THE 
REMAINING PORTIONS OF THE AI IN BINAURALITY AND 
HEMISPHERIC INTERACTIONS. W. Liu* and N. Suga. Department 
o f  Biology, Washington University, St. Louis, MO 63130.

The primary auditory cortex (AI) o f  the mustached bat is composed 
o f  the anterior (AIa), posterior (AIp) and Doppler-shifted constant- 
frequency processing (DSCF) areas. The DSCF area occupies 30% of 
AI and over-represents 60.6-62.3 kHz sounds along its radial frequency 
axis. It has a circular amplitude axis for systematic representations of 
13-100 dB SPL sounds. The DSCF area consists o f  E-E and I-E 
subdivisions. The E-E subdivision is bilaterally connected by callosal 
fibers, but the I-E subdivision is not. E-E neurons show facilitative 
responses to weak binaural stimuli. They are suited for the detection of 
targets at long distances. The AIa and AIp areas have virtually no E-E 
neurons, but 0-E and I-E neurons. 0-E neurons are monaural and 
excited by contralateral ear stimuli. These two areas are not bilaterally 
connected by callosal fibers because horseradish peroxidase (HRP) 
injected into the AIp or AIa on one side o f  the brain does not label 
neurons on the opposite side o f  the brain. Therefore, the DSCF area is 
different from other portions o f  the AI not only in over-representation 
o f  frequency, systematic representation o f  amplitude, but also in 
binaurality and callosal connections. (Supported by McKnight 
Foundation, Human Frontier Science Program and NIDCD)

269.4
E F F E C T S  OF G ABA a  A N D  N M D A  A N T A G O N IS T S  ON 
FACILITATORY R E SPO N SE S TO PU L SE -E C H O  STIM ULI OF 
THALAMIC DSCF NEURONS OF MUSTACHED BATS. Y. Zhang, N. 
Suga* and J. Y an. D ept. of Biology, W ashington U niversity, St. Louis, 
MO 63130.

Cortical DSCF neurons of the m ustached bat, Pteronotus parnellii, are 
sharply turned to ~61 kHz sound and show a facilitatory response to a 
pair of pulse H 1 and echo H 2 (H 1 and H2 : 1st and 2nd harmonics). It is 
likely  th at their response properties are m ostly created in subcortical 
auditory nuclei, as those of cortical FM-FM neurons are. In the present 
research, we found th at thalam ic DSCF neurons show ed facilitatory  
resp onses to H 1-H2 stim uli and th at b icucullin e m ethiodide (BMI: 
GABAa  antagonist) and d-2-am ino-5-phosphono valerate (APV: NMDA 
antagonist) iontophoretically applied to them  changed th eir  response 
properties. In 4 m ustached bats, 31 DSCF neurons were recorded. Same 
as cortical DSCF neurons, m ost thalam ic DSCF neurons showed best 
facilitatory responses to H 1-H 2 stim uli at particular H2 delay from H 1. 
APV elim inated the later portion of the facilitatory responses without 
affecting the initial portion of the responses. BMI dram atically increased 
the m agnitude and duration o f later portion of the facilitatory responses. 
This increased burst of discharges by BMI w as selectively  elim inated by 
APV. Our data indicate that the facilitatory responses of thalam ic DSCF 
neurons are transm itted to the auditory cortex, that the major portion of 
the facilitatory responses of thalam ic DSCF neurons are m ostly produced 
by NM DA w ith in  th e  th a la m u s, and th a t th e  N M D A -dependent 
facilitatory responses are shortened by GABAA -m ediated  inhib ition .
(Supported by a NIDCD research grant, DC00175)
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269.5
THE TOPOGRAPHY OF BINAURAL COLUMNS IN THE PRIMARY AUDITORY  
CORTEX OF THE BIG BROWN BAT, E P T E S IC U S  F U S C U S . Q .-C. Chen*, J.- 
X. Shen and P. H .-S. Jen. Division of Biological Sciences, University of 
Missouri-Columbia, MO 65211.

Under closed-system stimulation conditions, we studied the topography of 
binaural columns in the primary auditory cortex of the big brown bat, E p te s ic u s  
fu s c u s , by examining the aurality and interaural intensity differences curves 
(IID  curves) of sequentially isolated cortical neurons from orthogonally 
penetrated electrodes. In addition, threshold curves, rate-intensity function, 
latency-function of sequentially isolated neurons were also obtained with 
sound delivered to the ear contralateral to the recording site.

A total of 75 cortical neurons responding to a sound delivered from the 
contralateral ear were recorded at depths of 130 -1003  pm with best 
frequencies (BFs) of 28.4-96.8  kHz and minimum thresholds (MTs) of 21-90  
dB SPL. Their shortest response latencies were between 7-25 ms. They  
generally received excitatory inputs from the contralateral ear but received 
either excitatory (EE) or inhibitory (El) inputs from the ipsilateral ear. When 
stimulated from the contralateral ear, cortical neurons sequentially isolated 
from an orthogonally penetrated electrode generally had similar threshold 
curves, BFs and MTs. However, their response latencies slightly shortened 
with increasing recording depth. In addition, they did not always have same 
rate-intensity functions and latency-functions. W hereas neurons within the 
same column had same aurality (i.e. either EE or El columns), they did not 
always have same IID curves. Different from the aural representation in the 
primary auditory cortex of the mustache bat in which EE columns are located 
ventrally and El columns dorsally (Manabe e ta /.,1978), EE and El columns are 
intermingled in the primary auditory cortex of this bat species. (work 
supported by HFSP and NIH 247).

269.7
FACILITATION AND INHIBITION SHAPE NEURAL SPECIALIZATIONS IN 
THE DSCF AREA FOR JAMMING AVOIDANCE AND TARGET TRACKING IN 
MUSTACHED BATS. J. S. Kanwal* and N. Suga. Dept. of Biology, Washington 
University, St. Louis, MO 63 130.

Mustached bats, Pteronotus parnellii, emit complex echolocation pulses that 
consist o f CF1-4 and FM1-4 harmonic components. Neurons in the tonotopically 
enlarged, Doppler-Shifted CF processing (DSCF) area show sharp, level-tolerant, 
excitatory tuning to echo CF2(ECF2) frequencies and play a role in amplitude and fine 
frequency discriminations for target characterization (Manabe et al., 1978, 
Riquimaroux et al. 1991). Over 80% of DSCF neurons, however, show broad delay 
tuning to and facilitated by the pulse FM1 (PFM1)-ECF2 combinations (Fitzpatrick et 
al., 1993).

To further examine the correlation of response properties of DSCF neurons with 
echolocation behaviors, we measured facilitatory and/or inhibitory tuning curves of 67 
DSCF neurons using 30 ms long CF tones delivered at a rate of 5/s. The inhibitory 
tuning either skirts or overlaps with both the excitatory and facilitatory areas of ECF2 
and sometimes for PFM1 frequencies. In nearly 50% of the neurons, the inhibitory 
curves show an additional peak adjacent to the ECF3 frequency. This may correspond 
to the PCF3 component of echolocation pulses emitted by conspecifics foraging or 
roosting in the vicinity. Inhibition by PCF3 may function as a conditioning mechanism 
for avoidance of jamming by pulses emitted by other bats, whereas inhibition by 
frequencies adjacent to ECF2 masks irrelevant stimulation by multiple echoes from the 
background clutter. About 15% of DSCF neurons also clearly show oblique excitatory 
and facilitatory tuning curves so that the tuned ECF2 frequency decreases with 
increasing stimulus amplitudes. The mean tuned frequency of 4 neurons decreased by 
1.70±0.64 kHz over a 50 dB range above threshold. This translates into velocity 
differences of 6.0±1.6 m/s. This response property is suitable for target-tracking 
during the approach phase of insect pursuit when echo amplitude increases and the 
relative flying speed decreases in preparation for insect capture. These findings 
suggest that convergent excitatory and inhibitory inputs produce functionally coherent, 
yet diverse specializations among DSCF neurons.

(Supported by NIH grants DC02054 and DC00175)

269.9
ENCODING OF STIMULUS DIRECTION BY AI NEURONS IN 
THE CAT: EFFECTS OF SOUNDS ARRIVING AT DIFFERENT 
TIMES AND FROM DIFFERENT DIRECTIONS R.A. Reale.
J.F. Brugge and J.E. Hind*. Dept. Neurophysiology and Waisman 
Center, University of W isconsin, Madison, WI 53706  

The virtual space receptive field o f an A I neuron occupies typically a 
quadrant or more when mapped onto a spherical coordinate reference 
system. However, this map of directional selectivity is mutable as 
evidenced by a neuron's responses to two sounds that arrive at different 
times and from different incident directions. When two sounds are 
delivered successively from the same direction in a VSRF, the response 
to the lagging sound is completely suppressed for most neurons when 
the temporal separation is reduced to 40-50 msec. The degree of 
suppression can be graded by progressively increasing the temporal 
separation to 300-400 msec. Suppression of the discharge may be 
accompanied by an increase in response latency. In some ce lls . the 
joint response to two sounds delivered successively is summative or 
facilitative at critical temporal separations below about 20 msec. These 
relationships hold throughout the VSRF even for those directions near 
the acoustic axis that often elicit the strongest response. Consequently, 
a VSRF defined by the response to the lagging sound is progressively 
reduced in size when delays are shortened from 400 to 50 msec. In 
certain cells, the strength o f suppression can vary systematically with 
the direction o f the lagging sound when the delay time is fixed and the 
delayed sound arrives from different directions. Thus, at both short and 
long delays the directional sensitivity of A I cells appears to be altered 
dynamically by factors related to both temporal separation and sound 
source direction. (Supported by DC00398, D C 00116 and HD03352)

269.6
IN FL U EN C E  OF F R E Q U E N C Y -T U N IN G  O N  T H E  A D A P T IV E  
PR O PERTIES OF C O R T IC A L  N E U R O N S  OF M Y O T IS  L U C IF U G U S .  
K ejian C h e n *  and D onald  W o n g . D e p t . o f A n a to m y , Indiana  
U n ivers ity  School of M e d ic in e , In d ianapolis , IN 4 6 2 0 2

S ing le-un it recordings w e re  m ad e  in th e  d e lay -sen s itive  part of 
a u d ito ry  c o rte x  of th e  FM  b a t, M y o t is  J u c if u g u s .  E xc ita tory  
fre q u e n c y-tu n in g  cu rves  (FT C s) and th e ir in h ib itory  side bands w ere  
m easured  w ith  pure -to n e  s tim u la tio n . N eurons w ith  s ingle-peak  
FTC s w ere  lo ca ted  large ly  in th e  cau d o -ve n tra l p o rtion , w h ereas  
neurons w ith  d u a l-p eak  FTC s w e re  lo c a ted  la rge ly  in th e  rostro-dorsal 
portion of th e  d e lay -sen s itive  a rea . It is k n o w n  th a t inhibitory  
regions flan k  the  la tera l sides of F T C s , but for th e  firs t tim e, 
inh ib itory  regions have  also been found w h ic h  s ep arate  the  tw o  
peaks of d u a l-p eak  neurons. In d u a l-p e a k  neurons, s tim uli w ith  
i d e n t i c a l  FM  s w e e p s  for p u lse -ech o  pair e vo ke d  fac ilita ted  responses  
over a large pulse rep e titio n  ra te  (PRR) range ( 1 0 -2 2 0 /s )  and w ith  
tra ck in g -ty p e  of de lay  sen s itiv ity . H o w e v e r, w ith  a d i f f e r e n t  FM  
c o m b in a tio n  for pu lse -ech o  pair, d e la y  s en s itiv ity  w a s  observed in a 
res tric ted  PRR range ( 1 0 -1 0 0 /s ) ,  w h e re  th e  d e lay -sen s itive  property  
w a s  e ith er track in g  or d e la y -tu n e d . R esu lts  su g gest th a t 1) all delay- 
sen sitive  neurons e xh ib it track in g  p rop erty ; 2) response prop erty  is 
re la ted  to  s tim ulus con d itio n s , esp ec ia lly  th e  F M  co m b in a tio n  of 
p u lse-ech o  pair; 3 ) sam e neuron can  e xh ib it d iffe re n t tem p o ra l-tu n in g  
pro p erty  w ith  d iffe re n t s tim ulus  co nditions; 4 ) d e lay-sensitive  
neurons m ay  have m u ltip le  fu n c tio n s  during ech o lo c a tio n .

269.8
CODING OF SOUND SOURCE ELEVATION BY FIRING PATTERNS OF 
AUDITORY CORTICAL NEURONS. L. Xu. J C. Middlebrooks*. Depts. of 
Neuroscience and Otolaryngology, University of Florida, Gainesville, FL 32610 

We have reported that sound locations in azimuth can be coded by the firing 
patterns of neurons in the auditory cortex (Middlebrooks et al., Science 
264:842-844, 1994). That result might indicate that firing patterns code sound 
location per se, or it might simply demonstrate neuronal sensitivity to a specific 
localization cue, such as interaural level difference. To resolve this issue, we 
measured sensitivity to locations along the vertical midline, where interaural 
differences are negligible. We presented noise bursts at 14 midline locations in 
20° steps, from 60° below the front horizon to 20° below the rear horizon, and 
recorded single unit responses in auditory field AES of cats. We used an 
artificial neural network to classify the firing patterns of these neurons according 
to the location of the sound source. For the 19 neurons studied to date, median 
errors in network performance averaged 42.7° (compared to chance performance 
of 70°). The major acoustical cues for location in the vertical midline are 
absolute SPL cues (due to shadowing by the head) and spectral shape cues. We 
roved sound-source SPL's over ranges of 20 to 30 dB to partially confound the 
absolute SPL cue, but absolute SPL still was a significant factor. Nevertheless, 
preliminary results indicate that the spike patterns of neurons successfully 
discriminated between pairs of locations even when stimuli produced nearly 
identical SPL's at the eardrum. Presumably, spectral shape is the only available 
location cue in that situation. Our results suggest that the firing patterns of 
cortical neurons represent the influence of multiple acoutical cues for sound 
location. (supported by NIDCD)

269.10
ENCODING OF STIMULUS DIRECTION BY AI NEURONS IN 
THE CAT: EFFECTS OF CHANGING STIMULUS INTENSITY  
ON VIRTUAL SPACE RECEPTIVE FIELDS. J.F. Brugge*.
R.A. Reale and J.E. Hind. Dept. Neurophysiology and Waisman 
Center, University o f W isconsin, Madison, WI 53706  

Listeners detect the lateral position o f sound source over a range of 
stimulus level. We have studied the level dependence o f direction- 
sensitive properties o f primary (A I) auditory cortical neurons in 
anesthetized cats using brief noise bursts (broad- or narrow-band) that 
were presented over sealed and calibrated earphones and that mimicked 
those presented in free-space. The complete array o f such synthesized 
signals constitutes a cat's virtual acoustic space (VAS). In response to a 
VAS stimulus, an A I neuron typically fires a burst o f 1-3 spikes that is 
precisely time-locked to the stimulus onset. The aggregation of 
effective directions forms a virtual space receptive field (VSRF), which 
within 10-30 dB o f threshold may span a quadrant or more o f acoustic 
space. Raising stimulus level by 10-50 dB results in an expanding 
VSRF. Although the VSRFs are broad, their internal structure is not 
uniform with respect to timing or discharge strength. Response latency 
may vary between VAS loci by as much as 4-5 ms. For certain cells, 
directions near the acoustic axis elicit the shortest latency and latency 
becomes progressively longer with greater eccentricity. Raising 
stimulus level shortens the absolute latency at any given locus but has 
little effect on the spatial pattern o f latencies. Thus, information about 
stimulus direction cannot be carried in the absolute timing o f a neuron's 
discharge. Instead, it is postulated that such information is carried in 
the relative timing o f discharges across ensembles o f A I neurons. 
(Supported by DC00398, D C 00116 and H D 03352)
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269.11
SPECTRAL DETERMINANTS OF NOISE MASKING IN CAT 
AUDITORY CORTEX. L.M. Kitzes* and M.N. Semple. Department of 
Anatomy and Neurobiology, University of California, Irvine, Ca92717  

Previous studies of masking in auditory cortex by Phillips and his 
colleagues (Hear Res, 18: 73-86, 1985; Hear Res, 19: 253-268, 1985; 
Beh Brain Res, 37: 197-214, 1990) have examined the effect of wide- 
spectrum noise stimuli on responses to tonal stimuli at the unit's 
characteristic frequency (CF: the stimulus frequency to which the unit is 
most sensitive). A shift in the range of effective tones to higher levels 
was demonstrated when those stimuli were delivered during or shortly 
after the offset of prolonged noise. This behavior was common to both 
mono-tonic and nonmonotonic units.

The purpose o f the present study was to extend these analyses of 
Phillips and his colleagues by examining the consequences of band- 
limited noise on responses of single units in auditory cortex of cat to 
tonal stimuli. Generally, a forward masking paradigm was implemented 
in which 100-ms long octave-wide noise stimuli (48 dB/octave skirts) 
with various center frequencies were delivered at various delays prior to 
100-ms long CF tones. Responses of single units in auditory cortex of 
barbiturate anesthetized cats were examined as a function of the center 
frequency of the noise. In this paradigm, the ability of noise to mask 
responses of auditory cortex units to CF tones varied with the center 
frequency of the noise. In some cases surprisingly little energy, if any, 
of the noise band was required within the response area of the unit to 
effect masking phenomena to tonal stimuli demonstrable with wide- 
spectrum noise. These results suggest that auditory cortical neurons are 
subject to inhibitory influences arising well beyond their excitatory 
domains. Supported by DC00450

269.12
ORGANIZATION OF SPATIAL TUNING COLUMNS IN THE AUDITORY 
CORTEX OF NORMAL AND VISUALLY DEPRIVED CATS. P. T. Henning* and 
J. P. Rauschecker. Lab. of Neuropsychology, NIMH, Bethesda, MD 20892-4415.

Cats that are binocularly deprived (BD) of vision from birth have greatly 
improved auditory capacities. An increased proportion of neurons in the superior 
colliculus and the anterior ectosylvian (AE) cortex of BD cats responds to auditory 
stimuli, and the azimuthal spatial tuning of auditory neurons in the AE region is 
sharpened significantly. We now report evidence for a more regular arrangement of 
spatially tuned neurons in the primary auditory cortex (AI) and the AE region of 
BD cats.

Auditory spatial selectivity was investigated with electrophysiological recording 
techniques. Stimuli (pure tones in AI and complex sounds in AE) were presented in 
free field, and preferred azimuth and elevation were determined from spatial tuning 
curves 20 dB above threshold. Each tuning curve was classified according to the 
following criteria: single-/multi-peaked, omni-directional, contra/ipsi or upper/ 
lower hemifield. In 17 tracks through AI of normal cats we confirmed a non-random 
distribution of azimuth selectivity. All spatial tuning features appeared in clusters 
larger than expected from a uniform distribution (p<0.01; df=l). In tangential 
tracks, we observed systematic changes of preferred azimuth, interrupted by 
sudden jumps. In tracks orthogonal to the cortical surface, preferred azimuth 
remained nearly constant. Azimuthal tuning was also non-randomly distributed in 
BD cats (104 units, 17 tracks; p<0.001; df=l). However, clusters of units with 
similar tuning were larger than in the control cats, i.e., smooth sequences were 
longer and jumps occurred more rarely. Elevational selectivity in the AE region 
was examined in four BD (175 units, 27 tracks) and three normal cats (105 units; 
16 tracks). As in AI, spatial tuning in the AE region was non-randomly distributed 
(p<0.001; df=l; for each group) but was more regular in BDs than in normal cats.

We propose that auditory spatial tuning in AI and AE is organized into 
"columns", possibly similar to orientation columns in the visual cortex. 
Furthermore our data suggest a more precise arrangement of this pattern in visually 
deprived cats.

269.13
D yn a m ic  to n o t o pic  o r g a n iza tio n  o f  the  G erbil  a u d ito r y  c o r te x  r e vea led
WITH OPTICAL RECORDING OF INTRINSIC SIGNALS
A. HeB* and H. Scheich, Federal Institute for Neurobiology (IIN), 39118 Magdeburg, 
Germany
The auditory cortex of the M o n g o lia n  G e rb il is known to be parcellated into at 
least 7 distinct subfields. The primary auditory cortical field (AI) and the 
rostrally adjacen t field (AAF) have roughly dorsoventral and parallel 
isofrequency contours. The two fields exhibit prominent tone-induced activity 
with m irror-im aged tonotopic organ ization  as revea led  with flu o ro -2 -  
deoxyglucose ( S c h e ic h  e t a l., 1993, E u ro p . J. N e u ro s c i. 5, 8 9 8 -9 1 4 )  and 
electrophysiological methods ( Thom as e t al., 1993, E uro p . J. N euro sc i. 5, 882 - 
897). Optical recording of intrinsic signals has recently been shown to be a 
brain im aging techn ique w ith the c ap ab ility  to d em o n stra te  network  
characteristics of various cortical fields. For the auditory cortex of the gerbil a 
tonotopic shift due to different stimulation frequencies has already been 
demonstrated (H e ss a n d  S che ich , 1994, N e u ro sc ie n ce  A b s tra c ts ).
In this study we present a rapid method of generating tonotopic maps with 
optical recording data by summing up binarized activation patterns for each 
frequency.
Awake gerbils were chronically prepared with a skull anchor and a chamber. 
They were stimulated in a random order with pure tones of 1 ,4 , 8 and 10 kHz 
(250 ms stimulus, 250 ms pause, 4 repetitions) at 45dB SPL (tree-field) in a 
soundproof cham ber. For each s tim u lus-p resentation  8 fram es w ere  
accumulated at video rate during 3200 ms (Imager 2001 Optical Imaging). The 
image-series for each stimulation frequency were normalized to the maximal 
peak activity and subsequently binarized at a threshold of 0 .005%  of the 
reflection change. The resulting images were summed up for all frequencies 
and pseudo color-coded in order to obtain a tonotopic map. This map  
represents the frequency specific characteristics of Al and AAF, namely the 
mirror imaged tonotopy, larger representation of lower frequencies and the 
overall better frequency resolution in Al compared to AAF. Additionally, optical 
recording reveals dynamic aspects of stimulus processing e.g. a faster signal 
rise-up-time at low frequencies.

269.14
FUNCTIONAL MAPPING OF TRANSSYNAPTIC EFFECTS AFTER 
LOCAL MANIPULATION OF INHIBITION IN THE AUDITORY CORTEX 
OF THE GERBIL. K. Richter*, A. Hess, W. Zuschratter and H. Scheich. Federal 
Institute for Neurobiology, POB 1860, D-39008 Magdeburg, FRG.

In neocortex excitatory neurons are under powerful, mainly GABAA- and GA- 
BAB-receptor mediated control of inhibitory interneurons. In our study the 2- 
deoxyfluoro-D-glucose (FDG) method (Scheich et al. 1993, Europ. J. Neurosci. 
5:898-914) and the immunocytochemistry of the IEG-product c-Fos were used to 
map transsynaptic effects of GABA, the GABAa agonist 4-piperidinesulfonic acid 
(P4S) and the GABAa antagonist bicucullinc methiodide (BIC). Substances and 
vehicle (PBS) were locally microinjected (0.5 µl) into the auditory cortex (AC) of 
halothan-anesthetized gerbils.

GABA did not result in a detectable change of the FDG pattern, whereas P4S led 
to a decrease of local FDG accumulation in a small area surrounding the injection 
site. This P4S effect can be interpreted as a reduced local synaptic activity of exci
tatory neurons as a result of a massive GABAa receptor activation. ImM BIC in
duced an extreme increase of FDG accumulation in a sharply demarcated cortex 
area which was obviously greater than the radius of direct substance action. This 
may reflect the ability of disinhibited excitatory neurons to activate neighbouring 
cortical excitatory neurons through axonal collaterals. Long distance excitatory 
output from AC is suggested by a massive FDG labelling of ipsilateral structures 
like corticothalamic fiber tract, medial geniculate nucleus, subgeniculate nucleus 
and lateral amygdaloid nucleus. The selective propagation of this activity was sur
prising because other direct target regions of excitatory projections from AC, e.g. 
the contralateral AC, parts of the ipsilateral prefrontal cortex and striatum, showed 
no or only minimal changes in FDG uptake.

The postsynaptic marker c-Fos was expressed above background only in an area 
surrounding the BIC-injection site. The absence of cells expressing c-Fos in stron
gly FDG labelled subcortical areas as the medial geniculate nucleus indicate that 
even extreme transsynaptic activation does not necessarily trigger c-fos expression.

The method of focal application of neuroactive substances and mapping their 
transsynaptic effects using the combination of FDG technique and c-Fos immu
nocytochemistry appears to reveal new global aspects of transmitter action with 
respect to functional brain organization.

269.15 269.16
TOPOGRAPHIC ORGANIZATION OF SPECTRAL INTERACTION FUNC

TIONS IN PRIMARY AUDITORY CORTEX (AI) ALLOWS DIF
FERENTIATED RESPRESENTATION OF VOWELS

F.Ohl* and H. Scheich, Fed. Inst. Neurobiol. (IfN), Brenneckestr. 6,
D-39118 Magdeburg, Germany.

Previous 2DG studies have demonstrated an orderly representation of synthetic 
2-formant vowels in primary auditory cortex, field AI , of the Mongolian Gerbil 
(Ohl and Scheich, Soc. Neurosci. Abstr. 20, 326, 1994). The main effect consisted 
of a systematic shift of the dorsal boundary of the AI 2DG label into ventral 
direction with decreasing formant distance F2-F1. The results could be explained 
by the assumption of an inhibitory interaction between F 1 and F2 which increases 
along the dorsal direction (along the isofrequency axis) in AI.

Here, existence, shape ana topographic distribution of predicted spectral 
interaction functions were investigated by electrophysiological recording o f  single 
and multi units using synthetic 2-formant vowels with varying inter-formant 
distance F2-F1. Mexican Hat' shaped interaction functions with excitatory- 
inhibitory characteristics were obtained across AI.

An interaction index 
giving the normalized density 
of exitatory (>0) or inhibitory 
(<0) interactions for various 
dorso-ventral positions and 
formant distances was 
calculated and showed 
negative values predominan- 
tely for dorsal positions and 

ventral small F2-F1 distance.
These results agree with 

2000 our previous hypothesis that a
® differentiated representation
“entmion vowels in AI makes use of a 

topographic mapping of 
formant distances along the 
isofrequency axis.

Interaction Indot

EFFECTS OF ACETYLCHOLINE ON CORRELATED ACTIVITY OF 
AUDITORY CORTICAL NEURONS IN THE ANESTHETIZED  
GUINEA PIG. D. S h u lz*, S . C o h e n , S. H a idarliu , E. A h issar,
D ept. of Neurobiology, The W eizm an n Institute, Rehovot, Israel; *lnst. 
A. Fessard, C N R S , Gif sur Yvette, France.

A ctiv ity  w as reco rd ed  s im u ltan eo u sly  from  2 to 12 ind iv idual 
neurons, via 4 m icroelectrodes distanced 160 to 8 00  µm horizontally. 
Acetylcholine or its agonist carbachol w ere individually applied from  
one or two com bined recording-iontophoretic electrodes (H aidarliu et 
al. J. Neurosci. Meth., 5 6 :1 2 5 , 1 99 5 ). Auto- and cross-correlations
w e re  q u a n tifie d  w ith in  tw o 5 0 __________________ ______________
ranges of correlation  delays:
0 -2 0  a n d  0 -3 0 0  m s e c .
Cholinergic applications mostly 
affected the spontaneous firing 
rates and the evoked responses  
(E R ). A u to -co rre la tio n s  w ere  
less affected, and in most cases  
their peak areas w ere reduced.
C ro s s -c o r  rel a ti ons w e r e  
h a rd ly  a f fe c te d . T h is  is 
c o n s is ten t w ith  c h o lin e rg ic  
agonists affecting gen era l cellu lar excitability  of cortical neurons  
rather than specific cortico-cortical connections.

Supported by: The Israel Science Foundation, M D R I-C N R S  and H FS P.
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269.17
FM-SELECTIVITY OF NEURONS IN THE LATERAL AREAS OF RHESUS 
MONKEY AUDITORY CORTEX. B. Tian and J.P. Rauschecker*. Laboratory of 
Neuropsychology, NIMH, Bethesda, MD 20892-4415.

Neurons in the posterior part of the superior temporal gyrus (STG) of the rhesus 
monkey respond well to bandpassed noise (BPN) bursts with defined center frequency 
and bandwidth. This allowed us to identify three areas in this lateral belt region, 
which we termed AL, ML, and CL (Rauschecker, Tian and Hauser, Science 268, 
1995). We now examine the responses of neurons in the lateral areas to linear 
frequency-modulated (FM) sweeps using microelectrode recording in isoflurane- 
anesthetized and awake restrained monkeys. We tried to differentiate the three areas on 
the basis of their FM preferences and tried to relate the FM responses to the acoustic 
properties of rhesus-specific communication calls.

Neurons in all three areas responded generally much better to FM sweeps than to 
tone bursts (p<0.0001; paired t-test). Many neurons even preferred FM sweeps over 
BPN bursts. As in the cat's nonprimary auditory cortex (Tian and Rauschecker, Soc. 
Neurosci. 1992, 1993), neurons in the lateral areas of the monkey were specific for 
the rate and direction of FM sweeps. For a cell to be called FM-direction selective, 
the response in one direction had to be twice as good as in the other. About 60% of 
the units in all three areas met this criterion, in 14% a 4:1 ratio or larger was found. 
Neurons in area AL responded best to rates around 25 Hz/msec (median) whereas 
neurons in area CL had a preference for higher rates (~160 Hz/msec). Rate preferences 
in ML were in between (median: 61 Hz/msec).

The rate preferences in AL correspond well to FM rates contained in "coo" calls, 
whereas the preferred rates in CL match the rates contained in "screams". In some 
recordings, we compared the responses to FM sweeps and specific monkey calls 
directly and found them to be in good agreement. The present results are consistent 
with the idea derived from our earlier data that the lateral areas of rhesus monkey 
auditory cortex may be involved in the preprocessing of communication sounds. 
Similar neural mechanisms in the posterior STG of the human brain could be used 
for the phonetic decoding of speech.

269.19
SYSTEMATIC DISTRIBUTION OF RESPONSE LATENCIES ALONG THE ISO-
FREQUENCY AXIS OF MONKEY PRIMARY AUDITORY CORTEX.
X. Wang*, R.E. Beitel. C.E. Schreiner and M.M. Merzenich. Keck Center for 
Integrative Neuroscience and Coleman Laboratory, UCSF, San Francisco, CA 
94143-0732.

Our recent study of cortical responses to marmoset monkey vocalizations revealed a 
temporal-to-spatial transformation in the primary auditory cortex (A l) in the 
representation of spectrotemporally complex sounds. An important aspect of 
understanding the nature o f this transformation is to document how temporal 
discharge patterns vary across the iso-frequency axis of A l in primates. In the current 
study, we measured the minimum response latencies of A l units (among other 
stimulus-driven response parameters) responding to best frequency (BF) tone pips for 
a large number of units sampled in each individual animal. At the BF of most units, 
response latencies decreased as sound level increased, reaching a plateau at a 
suprathreshold sound level. The iso-frequency band in a marmoset monkey’s Al 
typically has a rostral-to-caudal orientation for low frequencies, gradually shifting to a 
dorsal-to-ventral orientation for higher frequencies. When response latencies evoked 
by stimuli at a given sound intensity were plotted vs the distance from the rostral or 
dorsal edge of an iso-frequency band, a very systematic shortening vs distance was 
recorded. About 8 -10ms differences were recorded across a given band. This latency 
distribution appeared to be independent of other spectrally-based parameters of the 
receptive field, for example, the sharpness of tuning, which was also measured for all 
sampled units. The systematic distribution o f response latencies reported here 
suggests that the neural integration time may be longer rostrodorsally and shorter 
caudoventrally along the iso-frequency axis of the marmoset monkey A l. This 
differential distribution of response latency may reflect part of the neural basis for 
representing temporal parameters of acoustic signals by spatially distributed A l 
neurons. Thus, it may contribute to the spatial segregation of spectrally overlapping 
complex sounds that have different temporal characteristics. (Supported by NIH Grant 
NS-10414, ONR, Coleman Fund and HRI)

269.21
COCHLEO- AND TONOTOPIC ORGANIZATION OF THE SECOND 
AUDITORY CORTICAL AREA (All) IN THE CAT. I . Volkov, A. 
Galazuyk, A. Gokin*. Department o f Physiology, Bogomoletz Inst. 
Physiol., Kiev, 252024, Ukraine.

In the present study, the cochleo- and tonotopic organization of AII was 
investigated in 48 cats under Nembutal anesthesia using a combination of 
macro- and microelectrode techniques. Direct electrical stimulation of the 
neural fibers innervating different regions o f the organ of Corti 
demonstrated the existence of two complete representations of the cochlea 
in area AII: one is located in the dorsocaudal (DC) portion, the other in the 
ventrorostral (VR) portion. The two cochleotopic regions within AII differ 
in their size and spatial orientation within cortex. The DC projections 
extend over a distance of 2.6-3.2 mm from the basal to the apical focus in 
an arc-shaped pattern. The orientation and order of arrangement of 
projections from different parts of the cochlea to the DC zone of AII 
resemble that in AI (apical projection most caudal). The projections of the 
cochlea to the VR portion of AII, extend over a 1.4 to 2.5 mm region and 
have an reversed order of representation compared to AI.

Microelectrode recordings were obtained from neurons positioned along 
the central axes of the DC and VR zones. Analysis of best frequencies (BF) 
for these neurons revealed a systematic progression from low to high BF 
that correlated with the earlier cochleotopic studies. In the DC zone, BFs 
increased as recordings were obtained more rostrally. The opposite pattern 
of BF progression was observed in the VR zone.

269.18
PHYSIOLOGICAL CO RRELATES FO R PITCH E N C O D IN G  OF CLICK  
TRAINS IN PRIM ARY A U D ITO R Y C O R TEX (A1) OF TH E  AW AKE  
M ONKEY. M. Steinschneider*, D. Reser, C.E. Schroeder and J.C. Arezzo. 
Albert Einstein College of Medicine, Bronx, NY, 10461.

Pitch perception is of central importance for the appreciation of complex 
acoustic stimuli such as music and speech. W e  examined associated neural 
mechanisms by exploiting the pitch perception of click trains. The pitch of 
trains < 100 Hz equals the pulse rate regardless of the click polarity pattern.
In contrast, the pitch of click trains > 200 Hz is dependent on click polarity 
pattern and equals the fundamental frequency (f0). Pitch perception equal to 
pulse rate is encoded by high frequency channels, while pitch perception 
equal to the fo is mediated by low frequency channels.

Current source density and multiunit activity in A1 of the awake monkey 
were examined. Two sets of click trains varying in pulse rate from 10 to 2000 
Hz were presented using pulses of the same polarity (pulse rate = fo) and of 
alternating polarity (pulse rate = 2 fo). Response patterns were related to the 
tonotopic organization.

High best frequency (BF) regions of A1 were relatively insensitive to the 
polarity pattern of the click trains and responded with prominent phase-
locking to the pulse rate at frequencies < 100 Hz. In contrast, low BF regions 
of A1 were highly sensitive to the polarity pattern of the click trains and 
responded primarily to the stimulus fo-

W e conclude that A1 response patterns evoked by click trains parallel their 
pitch encoding. Pulse rate encoding of pitch is primarily mediated by high BF 
regions and is determined by phase-locked activity to the temporal features 
of the stimuli. Fo encoding of click train pitch is primarily mediated by low BF 
regions and is determined by spectral features of the stimuli.
(supported by Beth Abraham Hospital Institute for Music and Neurologic 
Function and grants DC00657 and M H06723)

269.20
R E SP O N SE S TO S T IM U L A T IO N  O F IP S IL A T E R A L  & 
C O N T R A L A T E R A L  E A R  IN  A I O F  J A P A N E S E  
M O N K EY S
H. Kosaki * Lab. Neural Systems, FRP, RIKEN, Wako 351-01, & 
Dept Otolaryngology, University o f Tokyo, Tokyo,113, JAPAN

The auditory pathway in the mammalian CNS has ipsi- and 
contralateral components and the auditory cortex receives stimuli 
from both ears. It is w ell known that responses to binaural stimuli in 
AI differ from those to unilateral stimuli. We asked that if  the side of 
an unilateral stimulus (ipsilateral or contralateral), leads to different 
responses o f AI neurons.

Unit recordings were made with glass-coated Elgiloy electrodes 
from the left A I o f Japanese monkeys (M acaca fuscata), under 
anesthesia with nitrous oxide and isoflurane, white noise and tone 
bursts stimuli were given to each ears.

Ipsilateral or contralateral unilateral stimuli caused no difference.in 
the latency o f responses, and, the best frequency o f neurons did not 
change. Some neurons showed the same responses as to the best 
frequencies, and to the higher harmonics o f their best frequencies, 
when stimuli were applied to uni- or binaurally, although they did not 
respond to each o f the harmonics.

The present results suggest that at the level o f AI, the latency of 
responses, and the frequency map are same for both ears.

269.22
CHANGES IN FERRET AUDITORY CORTEX PHYSIOLOGY FOLLOWING 
UNILATERAL DEAFENING IN INFANCY AND ADULTHOOD D.R. Moore*, 
J.R. Mendelson and S.J. France , Univ. Lab. of Physiology, Oxford, OX1 3PT, U K.

Unilateral deafening in early life produces a series of degenerative and 
regenerative changes in the brainstem including loss and shrinkage of neurons in the 
cochlear nucleus (CN) and superior olivary complex (SOC), and axon sprouting of 
CN neurons innervating the inferior colliculus (IC) and SOC. Neurons in the IC and 
the primary auditory cortex (AI) on the side of the intact ear are also more 
responsive to stimulation of that ear than they are in normal adult animals. The 
main aims of this study were to characterize the time course of these response 
changes in the ferret AI and to compare them with data previously collected from 
the ferret IC.

We examined the responses to tone stimuli of single neurons in the ipsilateral AI 
of adult ferrets following removal of the contralateral cochlea on postnatal day 
(P)25, and in adults that had the cochlea removed either several months before 
recording (chronic), on the day of recording (acute), or not at all. By several indices 
(proportion of sustained responses, threshold, dynamic range, spontaneous 
discharge), long-term deafening, either at P25 or in the chronic adult group, 
produced a change in AI single unit physiology that may be summarised as an 
increase in excitation, both in the presence and absence of an acoustic stimulus. 
Excitation was also found at more recording sites, over a wider area of cortex, in 
the chronically deafened than in the normal animals.

These findings confirm previous data showing an increased excitatory response 
of IC and AI neurons ipsilateral to the stimulated, intact ear following neonatal 
deafening of the contralateral ear. We have also found that ferret auditory forebrain 
neurons are changed more by unilateral deafening at P25 than are those in the 
auditory midbrain, and that long-term deafening in adulthood can increase the 
excitability of AI neurons. This is the first demonstration both of emergent plasticity 
in the auditory forebrain, and of changes in binaural organization in adulthood.
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270.1
A CHARACTERIZATION OF MEMBRANE CURRENTS UNDERLYING 
THE FIRING PATTERN OF NEURONS ACUTELY ISOLATED FROM 
RAT INFERIOR COLLICULUS Lu-Yane Wang & Leonard K. Kaczmarek*, 
Depts. of Pharmacol., Cell & Mol. Physiol., Yale University School of 
Medicine, New Haven, CT 06510

The inferior colliculus (IC) is one of the major auditory nuclei in the 
central nervous system and plays an important role in forming a high-order 
representation of sound in space. Several potassium channels from the Shaker 
and Shaw gene families are heavily expressed in this nucleus. We have now 
used the whole-cell patch-clamp technique to characterize the membrane currents 
of acutely isolated IC neurons. We found that the voltage responses of IC 
neurons to a series of current steps (from -0.5 to 0.5 nA) displayed strong 
outward rectification near the resting membrane potential (about -40 mV). 
Suprathreshold current steps typically evoked a single action potential (AP) at 
the start of the pulse. Subsequent voltage-clamp experiments revealed that there 
were at least two delayed rectifying outward conductances, one of which (TEAs) 
was very sensitive to TEA (ImM) while the other (TEAr) was relatively 
resistant to this blocker. These currents were also blocked by 4-AP but not 
dendrotoxin. Although both currents activated at about -20 mV and their tail 
currents reversed at -80 mV, they displayed distinctive activation, inactivation 
and deactivation kinetics. Blockade of TEAs broadened the widths of APs 
without changing their amplitude whereas both width and amplitude were 
increased when TEAr was also blocked. The physiological and pharmacological 
profiles of TEAs and TEAr strongly resemble those of a Shaw-like potassium 
channel (Kv3.1) and a Shaker-like potassium channel (Kvl.3), respectively. 
Given that both channels are widely and abundantly distributed in IC, we 
suggest that these two potassium channels may contribute to the electrical 
characteristics that are likely required for IC neurons to process a variety of 
acoustic information.

270.3
DIRECTIONAL SENSITIVITY OF NEURONS IN THE INFERIOR COLLICULUS 
OF THE LABORATORY MOUSE M U S  D O M E S T IC U S  . David .M. Cain* and 
Philip .H .-S. Jen. Division of Biological Sciences, University of Missouri- 
Columbia, MO 65211.

Directional hearing of the laboratory mouse (M u s  d o m e s t ic u s ) was studied 
by recording responses of 16 evoked potentials, 6 multiunits, and 31 single 
units from the inferior colliculus to a sound delivered from 9 selected 
azimuthal angles. The most sensitive frequency (the best frequency, BF) of 
all recorded responses was between 6.8 and 50 kHz and the BF changed 
from low to high along the dorsoventral axis of the inferior colliculus. The 
minimum thresholds (MTs) of these responses were between 6 and 91 dB 
SPL. High BF neurons tended to have high MTs. In addition, neurons 
recorded from old mice exhibited significantly higher MTs(M±SD=74.9±10.2) 
than those recorded from young mice (M ±SD =22.8±12.7). All recorded 
responses showed lowest MT and maximal response amplitude or number of 
impulses to sound delivered from azimuthal angles 0° to 85° contralateral to 
the recording site. The angle of maximal response (the response center), 
from which a delivered sound generated a lowest MT, was determined for 13 
neurons. All 13 response centers were located within 30°-85° in azimuth and 
0°-50° in elevation of the contralateral half of the frontal hemisphere. The 2 
dB and 5 dB response areas determined with a sound intensity at 2 and 5 dB 
above each unit's MT expanded more contralaterally than ipsilateraily. Sound 
direction affects the dynamic range of collicular units. Among 28 units in 
which their rate-intensity functions were determined for sounds delivered 
from 6 selected azimuthal angles, the dynamic range tended to increase 
(r=0.98, p<0.001) when the sound was systematically delivered from the 
ipsilateral to the contralateral angles. (Supported by NIH 247).

270.5
NEURAL M EC H A N IS M S  U N D ER LYIN G  TH E IN FL U EN C E  OF PULSE  
REPETITIO N  RATE ON THE M IN IM UM  TH R E SH O LD  AND R ESPONSE  
LATENCY OF INFERIOR COLLICULAR NEU R O N S OF TH E BIG BROWN  
BAT, E P T E S IC U S  F U S C U S . Philip H .-S. Jen*. Q i-Cai Chen and Ka-Choi 
Tang, Div of Bio S c i, University of Missouri-Columbia, MO 65211

Previous studies have demonstrated that pulse repetition rate increases the 
minimum threshold (MT) and lengthens the response latency of auditory 
neurons (Chen and Jen, 1994 ; Wu and Jen, 1995). By ionophoretical 
application of bicuculline to the recorded neurons and/or appropriate  
stimulus intensity compensation, we studied the neural mechanisms  
underlying the influence of pulse repetition rate on the response latency of 
inferior collicular neurons of the big brown bat, E p te s ic u s  fu s c u s  .

Response latencies of 126 of 182 (69% ) neurons studied lengthened with 
repetition rate (range = 1.5 to 24 ms; mean ± sd = 4.8 ± 3.3 ms) while that of 
the remaining neurons either remained unchanged (n = 37, 20% ) or 
fluctuated within 3.0 ms (n = 19, 11%). The MTs of 45 of 217 (21%) neurons 
studied either remained unchange or varied less than 3 dB with repetition 
rate but that of the other 172 (79% ) increased significantly (range = 4 to 75 
dB ; mean ± sd = 22.1 ± 16.2 dB). The MT increase in a neuron is due to its 
poor recovery cycle (due to shortening interpulse interval) and/or due to 
GABAergic inhibition. This MT increase contributes partly to the lengthening 
of its response latency. By appropriately compensating the stimulus intensity 
for the MT increase at each repetition rate and/or ionophoretical application of 
bicuculline, the response latency of a neuron was shortened and remained 
unaffected by pulse repetition rate. This observation suggests that 
GABAergic inhibition and MT increase are the two main factors contributing to 
the lengthening of the response latency of collicular neurons with increasing 
repetition rate. (work supported by HFSP).

270.2
SO U N D  D IR EC TIO N  A FFEC TS TH E FR E Q U E N C Y  T U N IN G , DYNAM IC  
RANGE AND R E SP O N S E  S E N S IT IV IT Y  O F IN F E R IO R  CO LLICULAR  
NEURONS OF THE FM BAT, E P T E S IC U S  F U S C U S . Y.-W. Chen*, K.-C. Tang 
and Philip H.-S. J en . Division of Biological Sciences, University of Missouri- 
Columbia, MO. 65211

Under free field stimulation conditions, the effect of sound direction on 
auditory response properties of 50 inferior collicular neurons of the big brown 
bat, E p te s ic u s  fuscu s , was studied by measuring the frequency tuning curve, 
rate-intensity function, minimum threshold (MT) and number of impulses of 
each recorded neuron at several selected azimuthal angles. In addition, we 
also studied the contribution of GABAergic input to the auditory sensitivity of 
binaural neurons.

More than 90% of neurons responded with the lowest MT and maximal 
number of impulses to sounds delivered from angles contralateral to the 
recording site. Whereas frequency tuning of 5 of 25 neurons studied was not 
affected by sound direction, that of the other 20 had the largest Q 10-dB value 
to sounds delivered from ipsilateral angles (n=12), from contralateral angles 
(n=6) or from the front (n=2). Similarly, whereas the dynamic range of 4 of 16 
neurons studied was not affected by sound direction, the other 12 had a 
larger dynamic range for sounds delivered from contralateral angles (n= 9) or 
from the ipsilateral angles (n=3). Our preliminary results show that disinhibition 
of the GABAergic input of binaural neurons (ipsilateral ear: inhibition; 
contralateral ear: excitation) by ionophoretical application of bicuculline 
reduced the sharpness of the frequency tuning (i.e. reduced the Q 10-dB 
value), broadened frequency response range, increased the number of 
impulses, lowered the MT, and reduced the directional sensitivity of recorded 
collicular neurons (work supported by NIH 247).

270.4
TEM PO RALLY PATTER N ED  S O U N D  PULSES A FFE C T D IR EC TIO N A L  
SENSITIVITY OF INFERIOR COLLICULAR NEURONS OF THE BIG BROWN  
BAT ,E P T E S IC U S  F U S C U S . Min I. W u* and P .H .-S . Jen Division of 
Biological Sciences, University of Missouri-Columbia, Missouri 65211 

Under free field stimulation conditions, directional sensitivity of 83 inferior 
collicular neurons of the big brown bat, E p te s ic u s  fu s c u s ,  was studied by 
means of three pulse trains with varied pulse repetition rates (PRR) and pulse 
durations (PD). The pulse characteristics of these three pulse trains were 
typical of echoes occurring during search, approach and terminal phases of 
the bat's hunting. Three directional sensitivity curves for each recorded 
neuron were plotted with the number of impulses discharged to each pulse 
train delivered from 9 selected azimuthal angles. The pulse within each train 
was delivered at the best frequency and 20 dB above each neuron's 
minimum threshold which was determined with a 3 ms pure tone pulse 
delivered from 30° contralateral to the recording site. These neurons can be 
divided into three groups according to their directional sensitivity curves. The 
first group (N=22, 27% ) always had hemi-field sensitive curves. All three 
curves had a similar angle of maximal sensitivity and directional sharpness. 
The second group (N=24, 29% ) always had inverted V-shape directional 
sensitivity curves. The third group (N=26, 31% ) changed their hemi-field 
sensitivity curves to inverted V-shape sensitivity curves when pulse trains 
increased PRR together with reduced PD. Excluding the hemi-field 
directional sensitivity of the first group, the angle of maximal sensitivity and 
the sharpness of directional sensitivity curves of second and third groups of 
neurons were refined and sharpened with increasing PRR and shortening 
PD. This sharpening of directional sensitivity certainly enhances a bat’s 
sensitivity to any change of target direction during its final phase of hunting. 
(work supported by NIH 247).

270.6
PHYSIOLOGY OF THE AGING F344 RAT INFERIOR COLLICULUS.
P.S. Palombi* and D.M. Casparv. SIU School of Medicine, Springfield, IL 62702

Presbycusis, age-related hearing loss, involves changes in both the peripheral 
and central portions o f the auditory system, including the inferior colliculus 
(IC). Studies o f  the IC have shown decreased levels o f  markers for GABA in 
aging Fischer 344 (F344) rats. Given these age-related alterations in the 
inhibitory neurotransmitter system, we hypothesized that aged rat IC neurons 
would show alterations in physiological response properties.

In  v iv o  extracellular single unit recordings were made from 320 IC neurons in 
anesthetized young adult (3 month) and 297 neurons in aged (24 month) F344 
rats. Despite an increase in average threshold from 25.4 dB SPL in young rats 
to 56.1 dB SPL in aged rats, response properties remained relatively normal. No 
differences were noted in spontaneous activity, First spike latency, dynamic 
range, percentage o f  units with nonmonotonic contralateral characteristic 
frequency (CF) rate-intensity functions, percentage o f  units sensitive to 
amplitude-modulated (AM) stimuli, or percentage o f  units sensitive to changes 
in CF tone presentation rate. Statistically significant differences in aged rats 
included a higher percentage o f  units poorly responsive to auditory stimulation. 
For the responsive units, there was a 12% reduction in the maximum discharge 
rate, a 12% increase in the percentage o f  units classified as onset in their 
temporal response pattern, an 18% increase in the breadth o f  the isointensity 
contours at 30 dB above threshold, and an increase in the percentage o f  AM gain 
functions classified as low pass with a corresponding reduction in those 
classified as band pass. Despite peripheral deficits suggestive o f  reduced input 
to the IC and neurochemical changes, many IC neurons are able to respond to 
simple auditory stimuli in a fashion similar to that observed in young rats. 
These results suggest that compensatory mechanisms are active in the IC as 
animals age. This work was supported by NIH DC-00151.
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270.7
MODULATION OF CALEVELS IN DEVELOPING INFERIOR COLLICULUS BY 
INHIBITORY NEUROTRANSMISSION Y. J. Lo, S. C. Rao and D. H. Sanes*, 
Center for Neural Science, New York University, New York, NY 10003.

Inhibitory synaptic activity influences the development of neuronal form and 
function (Sanes and Takacs, 1993; Kotak et al„ this volume). Since intracellular free 
CV+2 plays significant roles in neuronal development, we have examined how 
inhibitory systems effect the [Ca+2]IN of inferior colliculus (IC) neurons in PND 9-15 
gerbil brain slices. Whole-cell recordings were obtained with electrodes containing 
a Ca+2-sensitive indicator dye (fluo-3 or Ca+2 green). EPSPs & IPSPs were evoked by 
stimulating the lemniscal pathway at the dorsal nucleus of lateral lemniscus (DNLL). 
Ca+2 changes were measured as difference of change in fluroscence (AFafter/AFbefore). 
Blockade of synaptic inhibition with picrotoxin (50 µM) and strychnine (2 µM) 
increased synaptically-evoked Ca+2 levels (320±100%, mean ± SE) in 7 of 9 cells. In 
a second test, postsynaptic current pulses were delivered alone or in the presence of 
IPSPs (i.e., in the presence of CNQX and AP-5). The current-evoked rise in Ca+2 was 
attenuated 75.3 ± 6.3 % (n=12) by IPSPs.

Since the DNLL projection to IC is largely GABAergic, we examined 
alterations of [Ca+2]IN after the application of the GABA agonist, muscimol (50 pM). 
Muscimol initially hyperpolarized IC neurons followed by a long-lasting 
depolarization (8.4 ± 0.7 mV). Intracellular Ca+2 levels increased by 14.8 ± 2.3 % 
during the depolarization (n=12). Current-induced membrane depolarization (10-20 
mV) produced only small Ca+2 rises (4.4 ± 0.9 %, n=5). The Ca+2 response was further 
examined in brain slices incubated in fura-2 AM. Of 31 cells, 23 responded to 
glutamate (100 pM), 28 to muscimol (50 pM), 14 to GABA (200 pM), and 5 to 
glycine (200 pM). The efficacy of the drugs in producing a rise in Ca+2 was 
glutamate>muscimol>GABA>glycine. These results suggest a paradoxical effect of 
inhibitory systems during development. They can both suppress synaptically-evoked 
Ca+2 rises, and elicit significant increases themselves. Wh ether or not trains of 
inhibitory potentials can mimic the effects of muscimol remains to be determined. 
Supported by NSF (IBN-9308377) and NIH DC00540.

270.9
“W HITE-NOISE" TE C H N IQ U ES REVEALED DELAY-TUNED NEURONS IN 
THE INFERIOR COLLICULUS OF AN FM BAT, THE LITTLE BROWN BAT, 
M Y O T IS L U C IF U G U S . K. R. White*. C. J. Condon, and A. S. Feng . Dept. of 
Physiology and Biophysics and the Beckman Institute, University of Illinois, 
Urbana, IL 61801.

Echolocating bats can be classified in two general groups: CF-FM bats 
whose echolocation calls are relatively long and consist of a long ( 1 0 -1 0 0  
ms) constant-frequency (CF) component immediately followed by a short (1 - 
5 ms) frequency-modulated (FM) sweep, and FM bats, whose calls consist of 
only a 1 - 5 ms FM sweep. In contrast to CF-FM bats, delay-tuned neurons in 
FM bats produce facilitated responses to pulse pairs in which both pulses 
contain frequencies from the first harmonic component of the bat’s call. 
Delay-tuned neurons have been identified in the auditory cortex of both 
types of bats, in the thalamus of CF-FM bats, and the intercollicularis nucleus 
of FM bats. Recently, delay-tuned neurons were also found in the inferior 
colliculus (IC) of CF-FM bats (Mittmann and Wenstrup, 1994).

The goal of this study was to determine whether neurons in the inferior 
colliculus of an FM bat displayed delay-tuned properties, using white noise 
techniques. The stimuli were long (> 15 min.) trains of tone pulses (duration 
2 ms) at the unit’s characteristic frequency with Poisson-distributed gaps 
between the pulses. Pulse amplitudes were randomized with a uniform 
distribution of amplitudes within a 40 dB dynamic range. The responses were 
analyzed by cross-correlating the stimulus with the response and calculating 
the pulsatile kernels. The second-order kernels showed that IC neurons 
exhibited delay-tuning facilitation. Additional response properties of the 
neurons (e.g., the dependence of response properties on the mean pulse 
amplitude or mean pulse rate) were also determined.

270.11
ROLE OF THE OUTER EAR IN THE DEVELO PM EN T OF THE A U D ITO R Y  
SPACE M A P  IN THE FERRET SUPERIOR C O LLICULUS. J .W .H . Schnupp, 
A .J . K in g *, S.Carlile and J. Baron. University Laboratory of Physiology, 
Parks Road, O xford OX1 3PT, UK.

The outer ear provides im portant cues for sound location, which are 
used by the auditory system  to distinguish betw een  locations on either 
side of the interaural axis. Thus, filling the cavities of the outer ear 
increases front-back confusions in hum an listeners. Similarly, acute  
surgical removal of the pinnae renders the map of auditory space in the 
superior colliculus (SC) am biguous, as m any units becom e tuned to tw o  
azim uthal locations, one in front and the other behind the interaural axis.

The role of the outer ear in the developm ent of this auditory space 
map w as exam ined by recording from  the SC of anaesthetized, adult 
ferrets in which the pinna and concha had been rem oved in infancy. 
Following bilateral removal of these structures, the representation of 
auditory space w as severely degraded, particularly at sound levels that 
stim ulated both ears. M any units had bilobed response profiles and there  
w as little order in the distribution of best azim uths of those units that 
w ere tuned to a single location. Unilateral removal of the outer ear, 
which disrupts only one set of monaural spectral cues, had a much 
smaller e ffec t on the developm ent of the auditory representation. A 
greater proportion of units in the SC on both sides of the brain were  
tuned and their best azim uths exhibited som e topographic order, although  
neither representation w as as precise as th a t found in normal animals.

These data indicate that the outer ear plays a critical role in the  
developm ent of the auditory space map; w hen monaural and binaural 
spectral cues becom e spatially ambiguous, the map fails to develop.

270.8
INHIBITORY DEPRIVATION ENHANCES NM DA RECEPTOR- 
MEDIATED EPSPs AND DENDRITIC BRANCHES. V. C. KOTAK*. 
J. E. APONTE. AND D. H. SANES. Center for Neural Science, New York 
University, N. Y., N. Y. 10003.

There is a dramatic enhancement in excitatory transmission in the lateral 
superior olive (LSO) following manipulations that attenuate synaptic inhibition during 
development. Therefore, we were interested in the cellular basis for this plasticity. To 
selectively block inhibition at the LSO, gerbils pups (PND 3-7) were (1) subjected to 
unilateral cochlear ablations, a manipulation that functionally denervates the glycinergic 
projection to the contralateral LSO, or (2) reared with the glycine receptor antagonist, 
strychnine. In manipulated animals, the ipsilateral excitatory afferent projection to the 
LSO remains functionally intact. From PND 8-14. both excitatory and inhibitory synaptic 
transmission were assessed independently with whole-cell recordings from LSO neurons 
in a brain slice preparation. The internal pipet solution contained 0.2% biocytin, and 
recorded neurons were stained and their dendrites analyzed with a 3 dimensionai 
morphometry system. Inhibitory deprivation caused a dramatic increase in excitatory 
PSP size (~ 50%) and duration (> 3 fold). These long-lasting PSPs could be reduced by 
~50% when neurons were hyperpolarized to -90 mV, suggesting the presence of a 
voltage-dependent mechanism. The NMDA receptor antagonist, AP-5 (25 µM). was also 
able to reduce EPSP duration by ~50%. In control neurons, hyperpolarization to -90 mV 
or AP-5 superfusion had a minor effect on EPSP duration. Although inhibitory 
deprivation led to the enhancement of functional NMDA receptors within 24 hours, it did 
not effect dendritic morphology for at least 3 days. The LSO neurons of ablated and 
control animals were not significantly different at PND 8-9, but manipulated cells 
exhibited a significantly greater number of dendritic branch points beginning at PND 10- 
11, from 23.1 ± 9.5 to 36.9 ± 13.8 ( mean ± SEM: p = 0.011). These results indicate that 
glycinergic inhibition exerts a strong influence on the development of NMDA receptor 
expression and postsynaptic growth, although on different time scales. Supported by NSF 
(IBN-9308377), Basic Research Grant No. 1-FY93-0236 from the March of Dimes Birth 
Defects Foundation, and NIH DC00540.

270.10
NEONATAL IN FERIOR COLLICULUS LESIONS A FFEC T SOUND- 
G UID ED  NAVIGATION. M.C. Zrull*, C.L. M iner, C.A. Parker. C. L. Kluttz 
and J. Rochelle. Dept. of Psychology, Appalachian State Univ., Boone, NC 
28608.

In mammals, the inferior colliculus (IC) plays an important role in many 
aspects of directional hearing, and IC lesions produce sound source 
detection and discrimination deficits. A preliminary investigation of rats’ 
ability to use sound cues to navigate through expected and unexpected 
environments following IC lesions made prior to ear canal opening is 
described. At postnatal day 8, the IC of anesthetized hooded rats were 
ablated (N =9, ICL), or rats were sham operated (N =  6, CON). As adults, 
rats learned to navigate around barriers in a raised circular maze to obtain 
a water reward. Animals received either sequentially and spatially distinct 
sound (ICLS, CONV; 50 dB, 2-16 kHz noise) or visual cues only (ICLV, 
C O NV) to guide navigation. Sessions consisted of 8 trials, and blind alley 
errors were summed for each and averaged across sessions. For trained 
mazes (i.e ., expected), ICLS and ICLV rats averaged 70% more navigation 
errors than either control group. For probe mazes (i.e ., unexpected), 
CO NS rats averaged fewer errors than ICLS, ICLV or C O N V groups, 
F(1,292)=5.63, p<.02. Rats with IC lesions exhibited a 78% increase in 
errors relative to sham operated rats for sound-guided navigation through 
unexpected maze patterns. Females averaged 81% more navigation errors 
than male rats, F ( 1,7)=7.53, p< .03, across experimental conditions. Large, 
bilateral lesions of IC produce deficits in sound-guided navigation 
suggesting that the IC may play a role in mediating behavior guided by 
sound cues. However, lesions of this study were made in developing 
animals and a comparison to sound-guided navigation following IC lesions 
made in adult rats is warranted to clarify/confirm the current results.

270.12
TUNING FOR SINUSOIDAL FREQUENCY MODULATION BY NEURONS IN 
THE INFERIOR COLLICULUS OF THE BIG BROWN BAT, E P T E S IC U S  
FUSCUS. J.H. Casseday*. E. Covey and B. Grothe, Department of Neurobiology, Duke 
University Med. Ctr., Durham, NC 27710, and Zoologisches Institut, D-80033, 
München, Germany.

Most of the sounds that the big brown bat uses for echolocation contain frequency 
modulated components. Because we knew that some neurons in the inferior colliculus 
(IC) of this bat respond only to linear frequency modulated sweeps, we asked whether 
these or other neurons are specialized for other types of frequency modulated signals. In 
this study we tested the response of 114 neurons in the IC to pure tones, broad-band 
noise, linear frequency modulated sweeps and sinusoidally frequency modulated (SFM) 
signals. Of these neurons, 26 (23%) responded only to SFM or only to SFM and linear 
FM stimuli, 61 (53%) responded to SFM and to other stimuli, and 27 (24%) did not 
respond to SFM but did respond to other stimuli. For the neurons that responded best to 
SFM, most responded to a limited range of modulation rates and a limited range of 
modulation depths. The range of modulation rates over which individual neurons 
responded was 5 Hz to 170 Hz (N=20). The medians of these individual modulation rates 
ranged from 7.5 Hz to 125 Hz. Thus SFM specialized neurons respond to low modulation 
rates. The depths of modulations to which the neurons responded ranged from 0.7 kHz 
to 40 kHz (N=13), with median values ranging from 0.6 kHz to 30 kHz. The SFM 
specialized neurons in the IC respond to a lower and more limited range of SFM rates 
than do neurons in the nuclei of the lateral lemniscus of this bat. To our knowledge, the 
finding of neurons that respond exclusively to SFM has not been described before. We 
propose that this specialized tuning has biological importance for the bat’s behavior, 
either in detecting frequency modulations in echolocation signals or in detecting 
modulations in high frequency sounds that are generated by wing beats of some beetles. 
(Supported by NIH grants DC-00287, DC-00607 and Deutsche Forschungsgemeinschaft 
grant SFB 204)
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270.13
THE CREATION OF N EURO NA L SELECTIVITY FOR FM SWEEPS: 
ELUSIVE M ECHANISM S. Z. M. Fuzessery * and  J. C. H all. Depts. of 
Psychology and  Zoology, Univ. of W yom ing, Laram ie, WY 82071, and 
D ept. of Zoology, Univ. of Tennessee, Knoxville, TN 37996.

F requency-m odula ted  (FM) sw eeps are  im p o rtan t com ponen ts  of 
com m unication signals in m any species, including  h um an  speech. They 
are also essential com ponen ts of the b iosonar em issions of nearly  all 
echolocating  anim als. For m ore than  30 years, s tud ies  of verteb ra te  
auditory  system s have exam ined neuronal selectivity for FM sw eeps as a 
model for understanding  the processing of complex acoustic signals. These 
studies have revealed vary ing  degrees of neurona l response selectivity 
FM sw eeps over o ther soun d s, as w ell as selectiv ity  for b an d w id th , 
spectrum , sweep direction and sweep rate.

Several m odels have been proposed  to explain how  the auditory  system  
creates neuronal FM sw eep selectivity. The p resen t aim  is to exam ine 
these m odels, and to app ly  them  to the FM sw eep selectivity seen in the 
m idbrain  of the pallid bat. The ventral half of the central nucleus of its 
inferior colliculus (ICC) is tu n ed  to the d o w n w ard  FM sw eep of the 
biosonar, and contains an large percentage (>50%) of neurons that respond 
selectively or exclusively to dow nw ard  FM sweeps. Iontophoretic studies 
indicate that sw eep d irec tion  selectiv ity  is crea ted , in p a rt, th ro u g h  
GABAergic inpu t to these ICC neurons, and that it can be selectively 
e lim ina ted  w hile leaving o th er form s of selectiv ity  in tact. W e will 
su g g est th at th is se lec tiv ity  can be ex p la in ed  by d e n d ritic  cable 
properties and the organization  of synaptic inpu t, b u t fu rther conclude 
that d irect su p p o rt for any m odel of FM sw eep  selectiv ity  rem ains 
frustratingly elusive. (Supported by NIH DC00054).

270.15
RIPPLE ANALYSIS and INDUCED FAST OSCILLATIONS in FERRET 
INFERIOR COLLICULUS. D.A.Depireux and S.A.Shamma*, Institute for 
Systems Research. University of Maryland, College Park. MD 20742.

We have previously shown that responses of neurons in the primary auditory 
cortex to broad-band sounds are fully characterized by their responses to ripples, i.e. 
sounds whose spectral envelope is a sinusoid on a logarithmic axis. This ripple 
analysis is analogous to the local spatial frequency analysis of visual cortex. with 
the ripple spectrum corresponding to the visual gratings. To better understand how 
the cortical decomposition into ripple components emerges, we have recorded in 
the Inferior Colliculus of the barbiturate-anaesdietized ferret. Our results show that. 
as in the auditory cortex. neurons in the 1C respond maximally to stationary 
ripples of specific frequency and phase; however, neurons tend to be tuned to 
ripples with the lowest ripple frequency used, .2 cycles per octave. After 
determining the best ripple frequency of a cell, we used traveling ripples, in which 
the ripple phase changes with time, the stimulus going through a full cycle at a 
frequency varying from 1 to 200 Hz. Cells tend to respond best to a low (3-10 Hz) 
and/or a high (60-80Hz) temporal frequency. Together, these results indicate that 
the auditory pathway progresses from a pure frequency or Fourier decomposition up 
to the level of the cochlear nucleus to a ripple decomposition at the cortical level.

Single unit responses also exhibit periodicities in the responses with frequencies 
varying from cell to cell, typically between 40-80 Hz. The characteristics of these 
oscillatory responses are unrelated to the stimulus frequencies (the ripple spectrum 
is a broad-band sound with energy from 1 to 20 KHz). Such periodic responses or 
oscillations are strongly reminiscent of the 40 Hz oscillations in visual cortex. 
with important differences; among others. oscillations appeared only for traveling 
ripples with very specific parameters, and the timing of the oscillations is highly 
reproducible from sweep to sweep. We are currently investigating the possible 
functional role for these oscillations for the perception of broad-band sounds.

270.17
MAPS OF AUDITORY AND VISUAL SPACE ARE AFFECTED BY AN 
INCREASED SEROTINERGIC INNERVATION OF THE GUINEA-PIG 
SUPERIOR COLLICULUS. S.K. Thornton, D J. Withington and W. Winlow*. 
Physiology Dept. University of Leeds, Leeds, LS2 9NQ UK.

In the guinea-pig the retinocollicular projection is topographically ordered from 
birth but the map of auditory space, present in more ventral layers of the superior 
colliculus (SC), does not emerge until the guinea-pig is 32 days old. The 
refinement of the auditory receptive fields within the SC are thought to be via 
activity-dependant processes both extrinsic and intrinsic to the SC. A possible 
candidate for shaping the auditory receptive fields in the SC during development 
is serotonin. Previous work in the hamster has shown that increasing the 
serotinergic innervation to the SC influences the retinotectal projection. One day 
old guinea-pigs were pre-treated with desmethylimipramine (DMI, 25mg/kg, 
i.p ), as this protects noradrenergic fibres from the effects of the neurotoxin 5, 7- 
dihydroxytryptamine (5,7-DHT) which was administered one hour after DMI at a 
dose of l 00mg/kg (s.c). When the animals were at least 36 days old the acute 
mapping experiments commenced. Visual multi-units were recorded in the 
superficial SC and the receptive field position charted. The electrode was then 
lowered into the deeper layers where auditory multi-units could be recorded in 
response to free-field auditory stimuli which consisted of 100ms bursts of white 
noise. The auditory receptive fields recorded were constructed in the form of 
normalized polar plots. Spatial tuning parameter values of the auditory receptive 
fields from the experimental group were found to be significantly greater than 
equivalent values from a normal control group of animals (ANOVA, P<0.05). 
Furthermore, in the 5,7-DHT treated animals both visual and auditory receptive 
fields did not display normal topographic order. These data indicate that 
increasing the serotinergic innervation to the SC has a profound effect on the 
development of both auditory and visual space maps in the SC of the guinea-pig.

270.14
NOISE EXPOSURE INDUCED PLASTICITY OF GABAERGIC INHIBITION IN 
THE INFERIOR COLLICULUS OF THE RAT: EXTRINSIC AND INTRINSIC 
INHIBITORY INFLUENCES ON INFERIOR COLLICULUS NEURONS.
W.S. Szczepaniak and A.R. Moller*, Dept of Neurological Surgery, Univ. of 
Pittsburgh Sch. of Med., Pittsburgh, PA 15213.

Recent investigations have shown that noise exposure causes an overall increase 
in the excitability of neurons in the inferior colliculus (IC), as well as changes in the 
processing of auditory information by IC neurons. Subsequent work in our 
laboratory has shown that these changes are due to a decrease in GABAa mediated 
inhibitory influence on IC neurons. By selective lesions of the dorsal nucleus of the 
lateral lemniscus (DNLL) and the brachium of the IC (BIC), and microinjection of 
GABA synthesis inhibitors into the IC, we investigated the influences of different 
sources of inhibition to the IC on click-evoked potentials recorded from the IC, and 
on temporal integration in the IC determined using l-20ms duration tonebursts. In 
norma! animals, the amplitude of the peak in the IC response that is generated 
postsynaptically in the IC decreases with increasing stimulus duration. After 
microinjection of bicucullene or a GABA synthesis inhibitor into the IC, the 
amplitude of this peak was less dependent on stimulus duration. Lidocaine or DNQX 
injected into the DNLL caused an increase in the amplitude of the click-evoked 
potentials but did not significantly affect temporal integration. Transection of the 
brachium of the IC caused an increase in the amplitude of the click-evoked responses 
and the response to tonebursts was less dependent on duration (10-20ms). We 
interpret these results to show that the major ascending (from DNLL) and descending 
(via the BIC) GABAergic influences on IC neurons do not account for short-term (1- 
10ms) integration and that the effect of pre-exposure to noise on temporal integration 
is most likely attributed to changes in intemeurons intrinsic to the IC.
This work was supported by grants from the American Tinnitus Association.

270.16
RESPONSES OF COLLICULAR NEURONS TO ACOUSTIC MOTION IN THE 
HORSESHOE BAT RHINOLOPHUS ROUXI. A. Kleiscr, G. Schuller, CL 
Neuw eiler*. Zoologisches Institut der Universität München, 80333 München, 
Germany.

The auditory world of an animal is constantly subject to spatial and temporal 
modulations. In this study the neuronal responses of midbrain neurons to acoustic 
motion were investigated in the echolocating bat Rhinolophus rouxi using free field 
stimuli.

Extracellular recordings from the inferior colliculus (IC) were carried out in awake 
animals with stabilized pinnae. Stimuli were presented from a semicircular array of 
24 speakers in the horizontal plane. Speakers were separated by 7.5°. Acoustic 
motion was generated by activating the speakers sequentially. Different angular 
spacings and interpulse intervals (IPI) of the successive stimuli were tested. The 
responses were compared to a stationary control.

The most prominent effect of acoustic motion was a medial shift of the horizontal 
response range of single units such that stimulus locations ineffective during 
stationary presentation became effective. The width of the response range was 
strongly influenced by the IPI applied.

Neurons in the IC of Rhinolophus rouxi are sensitive to spatial and temporal 
components of acoustic motion. However, the effects are represented in the changes 
of the response range, rather than in the responses to specific spatial positions. The 
width and position of the response range and the spike distribution within this range 
depended on the azimuth position, the angular spacing of the successive speakers and 
on the interval between the stimuli.

The encoding of the spatial and temporal constellation of successive stimuli in the 
IC may serve as the basis for acoustic motion detection at higher levels in the 
mammalian brain.

Supported by grants from the Deutsche Forschungsgemcinschaft (SFB 204 
"Gehӧr") and the Claussen-Stiftung im Stifterverband fur die Deutsche Wissenschaft.

270.18
EFFECTS OF SIGNAL BANDWIDTH ON THE PROCESSING OF 
INTERAURAL TIME DIFFERENCES THE BARN OWL. J . Mazer* Division of 
Biology 216-76, California Institute of Technology, Pasadena, CA 91125.

The neural substrate of horizontal sound localization in the barn owl, Tyto alba, 
is a coincidence detection circuit in nucleus laminaris (NL). NL neurons receive 
ipsi- and contralateral input from narrow band neurons located in nucleus 
magnocellularis in the form of phase locked action potentials. NL neurons compute 
interaural phase difference (IPD) over a narrow frequency range by coincidence 
detection and provide a phase ambiguous representation of interaural time 
difference (ITD) to the inferior colliculus (IC). Phase ambiguity is eliminated in 
the colliculus by integrating the activity of multiple narrow band frequency 
channels. This integration suppresses the phase ambiguous side peaks. I examined 
the relationship between sidepeak suppression (SPS) and stimulus bandwidth (BW) 
in ITD sensitive neurons in the lateral shell of the central nucleus of IC (LS) and 
the external nucleus of IC (ICx)

LS and ICx neurons exhibit a sigmoid relationship between BW and SPS, 
characteristic of a cross correlator. The physiologically observed relationship 
differs from that of a “model” cross correlator in several ways: (1) 89% of neurons 
exhibited maximum levels SPS of less than 70%, in contrast to >90% SPS for the 
model correlator at similar BWs. (2) In neurons, the minimum BW required for 
SPS was between 2-3 kHz, substantially greater than for the model. (3) The data 
suggest that two independent processes contribute to SPS: main peak facilitation 
and side peak suppression.

These results suggest that LS and ICx, despite the narrowband nature of NL 
neurons, compute the broadband cross correlation between the sounds arriving at 
the two ears. The neural circuitry which underlies SPS makes the operation of the 
neural cross correlator different than the operation of a mathematical cross-
correlator.
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270.19 270.20
NEURAL RESPONSES TO SPATIO-TEMPORAL PITCH 
CONTEXTS IN THE BARN OWL. P.Janata* and T.T. Takahashi. 
Institute of Neuroscience, Univ. of Oregon, Eugene, OR 97403.

Naturally occurring auditory environments are typically filled with 
multiple sounds that are characterized by their spatial locations, 
spectral contents and temporal properties; each of these features 
potentially helping to determine how the auditory scene is parsed into 
multiple objects.

Auditory streams consisting of complex harmonic sounds were used 
as stimuli to investigate a) the neural responses to rarely occurring 
(oddball) pitch events embedded in a stream of standard events of a 
different pitch, and b) responses to two, simultaneously occurring pitch 
streams whose spectral contents both did and didn't overlap, and whose 
timing (repetition rates) were manipulated such that sounds from each 
stream would occur simultaneously only a fraction of the time.

Neural responses (in ICc and Field L) were quantified by measuring 
both the strength of the oscillatory potential evoked at each pitch's 
fundamental frequency (FF), which was missing from the actual 
stimulus, as well as the strength of the onset evoked potential. The 
magnitude of the onset response was a robust indicator of stimulus 
deviance, with rare events evoking a larger onset response. The 
strength (in the ICc) of the FF oscillation in response to standard and 
deviant pitches depended both on the repetition rate of events in the 
stream, as well as the position o f a sound's spectrum relative to the 
population's tuning curve. Spatially separate but spectrally 
overlapping streams created phantom sources halfway between the two 
speakers whenever pitch events within the two streams coincided a 
small fraction of the time, thus creating a third stream of less frequent 
events. Spatially and spectrally separate streams did not form such 
third streams. Thus, the representation of any given pitch event in the 
ICc depends on the spatio-temporal context in which the pitch occurs.

LEARNED RESPONSES IN THE EXTERNAL NUCLEUS OF THE 
OWL'S INFERIOR COLLICULUS (ICX) ARE PREFERENTIALLY  
MEDIATED BY NMDA RECEPTORS. DR Feldman* and EI Knudsen. 
Dept. Neurobiology, Stanford University. Stanford CA 94305.

Neural tuning for interaural time difference (ITD) in the barn owl's optic tectum 
is calibrated by experience-dependent plasticity in the ICX, which provides auditory 
input to the tectum. ICX neurons normally respond to a narrow range of ITDs and 
ITD tuning varies systematically across the ICX. In owls raised wearing laterally 
displacing prismatic spectacles, ICX neurons acquire responses to ITDs outside their 
normal range ("learned responses"). This modification of ITD tuning is observed 
both locally within the ICX and in the optic tectum. We have previously reported 
that the NMDA receptor antagonist AP5, applied in the ICX, preferentially blocks 
expression of learned responses in the optic tectum. Here we show that AP5 has a 
similar effect on learned responses measured locally in the ICX.

Multiunit recordings were made in the ICX along physiologically defined 
transects that allowed normal ITD tuning to be estimated within ±10 µsec. ICX 
neurons in prism-reared owls displayed both normal responses appropriate for their 
location, and learned responses to ITDs displaced from normal values by up to 90 
µsec. ITD tuning was measured before, during, and after application of AP5 or the 
non-NMDA receptor antagonist CNQX. In the lateral ICX, where the largest 
modifications in ITD tuning were observed, AP5 blocked learned responses 
preferentially relative to normal responses (n=19 sites, paired t-test, p<.000l). 
Across the same sites, CNQX blocked normal and learned responses equally. In the 
medial ICX, where smaller ITD tuning shifts were found, preferential blockade of 
learned responses by AP5 was only observed rarely (3/14 sites). No asymmetric 
blockade was observed across ITD at recording sites in the Lateral Shell of the central 
nucleus, where no ITD tuning modifications occur (n=17).

These data indicate that newly learned auditory responses in the lateral ICX are 
mediated by circuits preferentially reliant on NMDA receptors. Supported by NIH 
DC00155-12 and an HHMI Predoctoral Fellowship.

AUDITORY SYSTEMS: CENTRAL ANATOMY II

271.1
BILATERAL PROJECTIONS TO THE COCHLEAR NUCLEI FROM 
INDIVIDUAL CELLS IN THE SUPERIOR OLIVARY COMPLEX.
B.R. Schofield*. Dept. Neurobiology, Duke Univ., Durham, NC 27710.

We injected different fluorescent tracers into the cochlear nucleus (CN) on 
each side of the brain in guinea pigs in order: 1) to compare the morphology 
of cells in the periolivary nuclei (PON) that project to the ipsilateral 
versus the contralateral CN; and, 2) to identify individual cells that project 
bilaterally to both cochlear nuclei.

The posteroventral PON and the medial nucleus of the trapezoid body 
(MTB) project only to the ipsilateral CN; the rostral PO N has few  
projections to either CN. The remaining PON contained cells that project to 
either CN. Within these nuclei, small to m edium  cells, ranging in shape 
from round and multipolar to elongated or fusiform, project to the CN on 
either sid e. In several nuclei (anteroventral, dorsal, dorsolateral, 
anterolateral PON and the lateral nucleus of the trapezoid body), large 
cells were also labeled; these cells project only to the ipsilateral CN.

Double-labeled cells were observed in all PON that project bilaterally. 
The great majority were located in the ventral nucleus of the trapezoid body 
(VTB) and the anteroventral periolivary nucleus (AV). In both of these 
nuclei, the double-labeled cells were small to m edium  in size and ranged 
from multipolar to fusiform in shape.

The results demonstrate the existence of individual periolivary cells 
that project bilaterally to the CN. Most of these cells lie in the VTB and 
AV, which are targets of a dense descending projection from the inferior 
colliculus as well as an ascending projection from the CN. These inputs and 
the bilateral pattern of projections to the CN suggests that this pathway 
could serve to coordinate activity in the CN on the two sides.

Supported by NIH grant DC00135.

271.3
DIFITiRENTIAL EXPRESSION OF VOLTAGE-GATED K+ CHANNELS IN 
THE MOUSE AUDITORY SYSTEM. J.J. Grigg* and B.L. Tempel. Depts. of 
Otolaryngology and Pharmacology, University of Washington, Seattle, WA 98195.

We have examined the expression of two members of the Shaker subfamily 
(K vl.l and Kvl.2) and two members of the Shaw subfamily (Kv3.1 and Kv3.3) in 
the central auditory nuclei of mouse using in situ hyridization. Given their potential 
for heteromultimer formation, we wondered if subfamily members were similarly or 
differentially expressed. Slide-mounted frozen brain sections were fixed in 
paraformaldehyde, acetylated with acetic anyhydride, delipidated with chloroform, 
hybridized overnight with 35S-labeled cRNA probes, RNase treated, washed and 
dehydrated. Slides were apposed to film, dipped in photographic emulsion, 
developed and counterstained. Image analysis was used to determine optical 
densities for each channel gene in a number of different brain regions including; the 
anteroventral, posteroventral and dorsal cochlear nucleus (AVCN, PVCN and DCN 
respectively), the superior olivary complex (SOC), the medial nucleus of the 
trapezoid body (MN TB) and the inferior colliculus (IC). Control, sense-strand 
cRNA transcripts did not show specific staining in any of the auditory nuclei 
studied. Analysis of the regional and cell specific expression patterns suggest that: 
(1) K vl.l and Kvl.2 are expressed most strongly in what are likely to be octopus 
cells of the PVCN and spherical bushy cells of the AVCN; cells that receive high 
frequency, temporally patterned input directly from the cochlea; (2) the rank order 
of expression in various auditory nuclei is similar for K vl.l and Kv3.1 with the 
exception that 1.1 is expressed more strongly in the SOC; while 3.1 is expressed 
more strongly in IC (also see Perney et al., J. Neurophysiol., 1992); and (3) both 
Kvl.2 and Kv3.3 are expressed at relatively higher levels in the DCN than either 
K vl.l or Kv3.1. In conclusion, these voltage-gated potassium channels appear to be 
expressed strongly in neurons that we presume are synaptically connected and 
transmit temporally encoded information. The relative expression patterns are 
different both within and between Shaker and Shaw subfamilies.

271.2
THE CYTOA R C H ITEC TU R E AND SO U N D -ELIC ITED  FOS-LIKE IM M UNO- 
REACTIVITY IN THE CEREBELLAR DEEP NUCLEI OF TH E BIG BROWN  
BAT, E P T E S IC U S  F U S C U S . Y ing Qian*and Philip H.-S. J en . Division of 
Biological Sciences, University of Missouri-Columbia, MO 65211

Using Golgi and Nissl staining techniques, we studied cytoarchitecture of 
cerebellar deep nuclei of the big brown bat, E p te s ic u s  fu scu s . Located near 
the midline of the roof of the fourth ventricle and extended ventrolaterally, 
the ovoid fastigial nucleus consists of large cells which are intermingled with 
small cells. Lateral to the fastigial nucleus is the interpositus nucleus which is 
composed of a mass of cells that are separated by numerous fiber bundles. 
The folded sack-shape dentate nucleus is located most laterally and it 
contains the largest cells (35 µm) among all three cerebellar deep nuclei. 
This nucleus can be divided into anterodorsal and posteroventral divisions. 
Nissl staining show that neurons in these three deep nuclei can be 
described as globular, multipolar, tripolar, fusiform , spherical, octopus, 
stellate and granular. Rapid Golgi staining show that they can be described 
as globular, multipolar, pyramidal, bipolar, fusiform, unipolar, octopus cells, 
polymorphous, granular and stellate.

Using c-fos immunocytochemistry, we examined sound elicited Fos-like 
immunoreactivity in cerebellar deep nuclei. When stimulated with a 50 kHz 
and 79 dB SPL sound under both-ears opened conditions, bilaterally and 
symmetrically distributed Fos-like immunoreactive neurons were observed in 
20-50 % of neurons in all three cerebellar deep nuclei. W hen stimulated 
under the monaurally plugged conditions, 50-7 4 %  more of Fos-like 
immunoreactive neurons were observed in the ipsilateral cerebellar deep 
nuclei. This finding suggests that cerebellar deep nuclei receive their 
auditory inputs primarily from the contralateral ear (work supported by NIH 
247 and HFSP).

271.4
PA R VALBUM IN PROFILES IN THE M ATU RA TIO N  OF THE 
GUINEA PIG COLLICULI. D McCROSSAN AND DJ WITH3NGTON* 
Department of Physiology, University of Leeds, Leeds. UK

Developmental studies of the guinea pig colliculi have detailed the postnatal 
emergence of maps of auditory space. The construction of the auditory space map 
in the deep layers of the superior colliculus (SC), and in the external nucleus of the 
inferior colliculus (ICX), can be disrupted by sensory deprivation. Indeed. 
maintenance of the SC auditory space map, even following successful emergence, 
remains sensitive to sensory deprivation up to 250 days after birth.

The appearance of parvalbumin immunoreactivity (PV-IL) has been correlated 
with the onset of function in various nuclei in the development of the auditory 
pathway. The aim the present study was to follow PV-IL through the sensitive 
period of ICX and SC auditory space map establishment and maintenance.

Our results indicate that although PV-IL within the inferior colliculus has 
reached a relatively advanced stage by the time of birth, the pattern continues to 
mature during the following weeks. In contrast, very little PV-IL is seen in the SC 
at birth. Furthermore, the time course of PV-IL maturation in the SC covers a 
later and perhaps longer period in the postnatal development of the guinea pig.

The guinea pig is a precocial species as it can hear in utero. Thus, the pattern 
of PV-IL within the inferior colliculus reflects the advanced development of the 
guinea pig auditory system. In contrast, the pattern of PV-IL in the SC may reflect 
experience-dependant cellular events that lead to the development of multimodal 
integration which is a feature of the superior colliculus.

DJ Withington is a MRC Senior Research Fellow.
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271.5
SOME CONNECTIONS OF COMBINATION-SENSITIVE NEURONS IN THE 
INFERIOR COLLICULUS OF THE MUSTACHED BAT. D.H. Mittmann. C.D. 
Grose. J.J. Wenstrup* Dept. of Neurobiology, Northeastern Ohio Univ. Sch. of 
Med., Rootstown, OH 44272
Combination-sensitive neurons in the mustached bat’s central nucleus of the inferior 

colliculus (ICC) integrate information from both fundamental frequencies and higher 
harmonics o f the bat's sonar signal. These neurons, located in higher harmonic 
representations of the ICC, must receive input from neurons responding to the sonar 
fundamental. This study examines possible sources of fundamental frequency input to 
combination-sensitive neurons in the ICC. Iontophoretic deposits of tracers (wheat 
germ agglutinin conjugated to horseradish peroxidase (WGA-HRP), cholera toxin b- 
subunit, or biocytin) were placed in physiologically defined regions of the ICC.

Tracer deposits in combination-sensitive ICC regions anterogradely labeled regions 
of the medial geniculate body (MGB) where combination-sensitive neurons are 
prominent, suggesting that the combination-sensitive cells o f the ICC project to 
similar neurons in the MGB. There was no retrograde label in ICC representations of 
the fundamental frequencies, suggesting that the ICC does not provide the fundamental 
input necessary for combination-sensitive neurons. Retrograde label from combination 
sensitive deposits occurred in all nuclei of the lateral lemniscus. Some was in regions 
thought to respond to higher harmonics: a band in the dorsal nucleus, a focus in the 
intermediate nucleus, and two small foci in the ventral nucleus. However, in each case 
unexpected label was found: in the dorsomedial part of the intermediate nucleus, along 
the medial edge of both the intermediate and ventral nuclei, or in the ventral nucleus. 
These unexpected sites were also sites of overlapping label in a dual tracer study; here, 
one tracer was deposited in the fundamental representation of the ICC and another in a 
higher harmonic representation of the ICC in the same animal. These results suggest 
that possible sources of fundamental frequency input to combination-sensitive neurons 
exist in the nuclei of the lateral lemniscus. (Supported by USPHS grant DC00937.)

271.7
THE DORSAL NUCLEUS OF THE LATERAL LEM NISCUS SENDS  
DENDRITIC ARBORS TO THE LATERAL BRAINSTEM SURFACE. J.M. 
Zook*. B. L. Schanbacher, N. Kuwabara and M. Notestine. Dept. Biological 
Sciences and OUCOM, Ohio U., Athens, OH 45701

The dorsal nucleus of the lateral lemniscus (DNLL) holds a strategic 
position within the ascending fibers of the mammalian lateral lemniscus 
clustered just below the point where these ascending fibers enter the ventral 
pole of the inferior colliculus. The DNLL has been generally regarded as a 
relay nucleus as it receives its input from ascending lemniscal fibers and 
sends its main projections on to the inferior colliculi and contralateral DNLL.

Intracellular labeling of DNLL cells in tissue slices of the mouse, gerbil and 
big brown bat, E p te s ic u s  fu scu s , have shown a rich pattern of local and 
intrinsic axons that may provide the basis for extensive local interactions 
(Tuck et al., Neurosci. Abst. 19:1204, 1993; Zook & Kuwabara, ARO 18:40, 
1994). As our labeled cell sample has increased, we have found an equally 
interesting range of dendritic patterns within the DNLL. Perhaps the most 
unusual cells in the DNLL are distinguished by their distal dendritic arbors. 
We have found a small number of cells, with otherwise typical DNLL 
dendritic and axonal morphology, which have one or more dendritic 
branches that can be traced laterally to the adjacent surface of the 
brainstem. Next to the pial surface these processes form extensive, fine- 
caliber dendritic tufts spread in parallel to the brain surface. The dendritic 
morphology of these cells is reminiscent of cells in the periaqueductal gray 
that are thought to be in communication with the ventricular CSF. Although 
seen in all three species examined, the prevalence of these unusual DNLL 
cells and their significance have yet to be determined.

(Supported by NIH DC02397 and OUCOM .)

271.6
D E S C E N D IN G  P R O J E C T IO N S  FR O M  TH E  INFERIOR  
C O L L IC U L U S  TO  TH E  V E N T R A L  N U C LE U S  OF THE 
TR A PEZO ID  BODY. N. Kuwabara.* M.A. Notestine and J.M. Zook 
Dept. of Biol. Sci. and OUCOM, Ohio University, Athens, OH 45701.

The ventral nucleus of the trapezoid body (VNTB), a periolivary cell group, 
is strategically located in the superior olivary complex (SOC) in the auditory 
brainstem of most mammals including human. Previous studies of gross 
connections strongly suggest that this nucleus is the major intersection of the 
ascending and descending auditory systems in the SOC. The VNTB receives 
both ascending and descending afferent projections and contributes both 
ascending and descending efferent projections. However, little is known about 
the detailed organization of the VNTB, its relation to the rest of the SOC, or 
the relationship between its afferent and efferent connections. By combining 
retrograde tract-tracing with intracellular labeling of single cells in tissue slices, 
we have previously reported that some cells in the inferior colliculus (IC) have 
descending axons terminating on VNTB cells. The IC-targeted VNTB cells, in 
turn, showed descending projections to the cochlear nucleus (CN). The results 
indicated that such VNTB cells may relay descending auditory information 
from the IC to the CN (ARO abstr. 18:195, 1995).

In the present study, we examined the extent of descending projections from 
the IC to the VNTB by using extracellular injection of Biocytin in the IC in 
both the whole animal and tissue slice preparations. Biocytin deposited in the 
gerbil IC was anterogradely transported successfully. Numerous descending 
axons from the cells in the IC were traced to the VNTB. While terminal 
endings were found over the entire dorsoventral width of the VNTB, the 
density of endings in the ventral part of the nucleus was slightly higher than 
the dorsal part. Together with our previous studies of dendritic patterns, these 
data suggest that many VNTB cells receive extensive afferent projections from 
both the ascending trapezoid body fibers and descending axons from the IC. 
(Supported by NIH DC01303, DC02397 and OUCOM)

271.8
CONVERGENCE OF AUDITORY CORTICOFUGAL PROJECTIONS UPON THE 
SUPERIOR COLLICULUS IN THE CAT. J.J. Prieto*. M. Beneyto. R. Riquelme. 
M.L. Sala, and J.A. Winer. Department of Histology, University of Alicante, 03080- 
Alicante, Spain (JJP, MB, RR, MLS) and Department of Molecular and Cell Biology, 
University of California at Berkeley, Berkeley, CA 94720-3200 (JAW).

The deep layers of the superior colliculus (SC) control the orientation of the pinnae 
to sound in space. This acousticomotor reflex requires the convergence of projections 
from the brain stem and the cerebral cortex. However, it is uncertain which auditory 
cortical areas project to the SC, nor is the arrangement of their axons within the SC 
understood. The goal of the present study was to map the distribution of corticotectal 
axons from areas AI, AII, AAF, PAF, INS, and TE. Each area was injected with 
WGA-HRP, the animal was perfused, and frozen sections were reacted for TMB.

The projection from AI produced the most extensive and heaviest anterograde 
terminal labeling in the SC, and this was arranged in two bands. The dorsal one 
occupied the medial third of the stratum griseum intermediale, with some fibers in the 
ventral aspect of the stratum opticum. The ventral band was in the medial half of the 
stratum album intermediale, with sparse labeling in the stratum griseum profundum. 
The AII injection resulted in one band of dense anterograde transport, corresponding 
to the ventral input from the AI injection. The labeling after the AAF and PAF 
injections was very weak, and terminated in the medial aspect of the stratum album 
intermediale. The injections in areas INS and TE produced no labeling in the SC.

These results demonstrate that the primary and secondary auditory cortices, but not 
the polymodal association areas, can reach the SC. This pattern parallels the 
projections of these areas to the basal ganglia. It suggests that precise auditory 
information directly influences midbrain premotor neurons, while periauditory 
association areas do not.

Supported by DGICYT grant PB 93-0928 of the Spanish Government and by United 
States Public Health Service grant R01 DC02319-15.

271.9 271.10
PARALLEL AUDITORY CORTICAL PROJECTIONS TO THE CAT INFERIOR
COLLICULUS. B.J. Hefti*. J.J. Diehl and J.A. Winer. Department of Molecular 
and Cell Biology, University of California, Berkeley, California 94720-3200.

The current view of auditory corticocollicular projections emphasizes target diversity, 
while the structure of corticofugal axon terminals is largely unknown. We found both 
convergence and divergence of input to inferior colliculus (IC) subdivisions, and 
evidence for morphological heterogeneity in the axons.

We injected WGA-HRP or biotinylated dextran amine (BDA) into primary (AI), 
secondary (AII), or posterior (P) auditory cortex, and the intermediate (Epi) and ventral 
(Epv) posterior ectosylvian fields. Terminals were assessed in TMB material and the

central 
nucleus (CN)

rostral pole 
nucleus (RPN)

lateral 
nucleus (LN)

caudal 
cortex (CC)

superficial dorsal 
cortex (DCs)

deep dorsal 
cortex (DCd)

AJ • m ..
An ,
p .
Epi .

AI, AII, and Epi also projected to the superior colliculus (JJ. Prieto et al., this vol.). 
Epv had no IC input, though pontine and medial geniculate body label were significant. 
This set Epv apart from all other fields, which had targets in both the thalamus and IC.

Axon morphology differed between collicular subdivisions. LN axons were thick 
(1-3 µm) and many ended elsewhere. Their large, round boutons formed varicosities or 
endings on stalks. Some smaller axons had complex terminal fields. DC afferents 
were fine (0.5-1 µm) and beaded, though some were more intricate. The largest BDA 
injections in AI ,All and other areas labeled sparse, very fine (<0.5 µm) axons with 
small boutons throughout the central nucleus.

Differences in connections and axon morphology imply that the descending pathways, 
like the ascending ones, are not uniform. This challenges the view that there is a 
single corticocollicular pathway and suggests specific, discrete, and modulatory 
projections as well as auditory cortical input to non-auditory centers.

Supported by United States Public Health Service grant ROl EX202319-15. We 
thank D.T. Larue and C.L. Huang for assistance.

PRINCIPLES OF AUDITORY CORTICOTHALAMIC AND 
THALAMOCORTICAL CONNECTIVITY IN THE CAT. JJ. Diehl* and J.A. 
Winer. Department of Molecular and Cell Biology, University of California, Berkeley, 
California 94720-3200.

Midbrain input to the medial geniculate body (MGB) comprises parallel channels: 
the lemniscal pathway to the ventral (V) and ovoid (Ov) nuclei, a lemniscal adjunct 
pathway to the dorsal (D), superficial dorsal (DS), and ventrolateral (V1) nuclei, and 
pathways to the deep dorsal nucleus (DD), to the suprageniculate nucleus (Sg), and to 
the medial division (M). MGB connections with primary (A1), posterior (P), secondary 
(AII), and the posterior ectosylvian (Ep) auditory fields were studied to clarify whether 
they are reciprocal, independent, or divergent. WGA-HRP-labeled axon terminals and 
cells were plotted in the auditory thalamus in TMB-reacted material and BDA revealed 
axonal morphology following cortical injections.

Each cortical injection labeled a unique pattern of cells and terminals within and 
across nuclei (see table). Only the connections of areas AI and P with the V, Ov and D 
nuclei were topographic. Differences 
axon terminals from AI and AII  
Endings less than 2 µm in diameter 
were common and widely distributed, 
while giant (>5 µm) terminals were 
concentrated in the dorsal nuclei.

The enormous divergence and 
convergence in AII and Ep’s connections suggest a redistributive role in MGB function 
for these non-tonotopic areas. The topographic connectivity of AI and P with 
lemniscal nuclei is ideal to conserve tonotopy and may play an early role in signal 
processing. The largest axonal endings could provide an executive pathway for the 
temporal or spatial control of thalamic processing.

Supported by United States Public Health Services grant ROl DC02319-15. We 
thank B.J. Hefti, D.T. Larue and C.L. Huang for assistance.

were also found in the distribution and form of
V Ov D DS V1 DD S g M

AI . . . . . . . .
P . . . . .  . . . . .

AII .
Ep •
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271.11 271.12
SENSO RY  PROCESSING IN THE STRIATUM : THE CAUDAL  
STRIATUM  IS FUNCTIONALLY RELATED TO AUDITORY  
PATHWAYS. E. Amauld, J. Arsaut, Y. Jeantet, J. Demotes-Mainard*. 
CNSERM U-394, Université de Bordeaux II, 33077 Bordeaux, France.

It is currently held that the topographical organization o f corticostriatal 
projections respects a longitudinal pattern, each cortical area projecting 
on a longitudinal strip along the whole rostro-caudal extent o f the 
striatum. Nevertheless, the caudal striatum shows many distinctive 
features in terms o f connectivity and neuronal phenotype when 
compared to the rostral striatal region. Striatal c -fos expression in 
response to cortical activation or sensory stimulation may help to clarify 
these functional corticostriatal relationships. Therefore we studied in the 
mouse the effects o f cortical activation through local application of 
picrotoxin on the Fos-immunoreactivity (Fos-IR) in the striatum. 
Activation o f both sensori-motor and visual cortices only resulted in low 
and scattered Fos-IR throughout the striatum, whereas activation of the 
auditory cortex induced a dense ipsilateral Fos-IR restricted to the caudal 
striatum, i.e. in the caudo-medial striatum and in the caudal part of 
fundus striati, and also in the lateral amygdala. On the other hand, visual 
or auditory stimulation in awake animals failed to induce c -fos 
expression  in the striatum. However, using quantitative in situ 
hybridization for c -fos mRNA, we found that auditory - but not visual - 
stimulation significantly potentiated the c -fos response to the D1 agonist 
SKF 38393 (2mg/kg, i.p.) in the caudal part o f the striatum. These data 
suggest that, contrarily to other sensory or motor processing systems, 
auditory signals converge onto a restricted part o f the caudal striatum, 
according to a connection pattern that is reminiscent o f the transversal 
segmentation proposed in early studies o f corticostriatal projections.

PARVALBUMIN IS EXPRESSED IN A RECIPROCAL CIRCUIT LINKING THE 
RABBIT MEDIAL GENICULATE BODY AND AUDITORY NEOCORTEX.

Anatomy, Univ. of Arizona College of Medicine, Tucson. AZ 85724.
lmmunocytochemical staining for the calcium-binding protein parvalbumin (PV) 

delineates primary auditory cortex (AI) and the ventral division of the medial 
geniculate body (MGV) in the rabbit (McMullen et al, 1994, J. Comp. Neurol.349). 
AI is demarcated by dense patches of PV- terminal-like labeling within lamina III/IV 
and a prominent band of PV+ somata in lamina VIa. The PV+ patches in III/IV have a 
distribution remarkably similar to thalamocortical afferent patches labeled by the 
injection of anterograde tracers into MGV (McMullen & deVenecia, 1993, Brain Res. 
620). The presence of PV+ patches in III/IV and PV+ somata in VIa suggested the 
existence of a reciprocal PV+ circuit linking AI and the MGV. In the present study. 
double labeling experiments were carried out to provide evidence for this circuit 
Focal injections of biocytin or biotinylated dextran amine (BDA) into the MGV 
labeled thalamocortical afferent patches within III/IV and backfilled corticothalamic 
neurons in VIa of the ipsilateral AI. Adjacent sections stained with antibodies against 
PV revealed patches of PV+ terminal-like labeling in III/IV and PV+ somata in Via 
that were precisely in register with those labeled by the tracers. Serial section 
reconstruction of BDA-labeled corticothalamic neurons in VIa revealed pyramidal 
cells with tangentially oriented basal dendrites and sparsely branched apical dendrites 
that ascended to lamina I. Moreover, fluorescent double-labeling studies demonstrated 
that a subpopulation of these corticothalamic neuronsexpress PV. Discrete injections 
of BDA into auditory cortex labeled a column of neurons in the ipsilateral MGV 
whose orientation paralleled the fibrodendritic laminae characteristic o f this 
subdivision. Retrograde double-labeling experiments showed that most MGV relay 
neurons also express PV. These studies provide evidence for the existence of 
multiple, chemically-coded reciprocal pathways linking AI and theMGV.

271.13
CELLS IN THE AUDITORY THALAMUS PROJECT TO BOTH AMYGDALA 
AND AUDITORY CORTEX: A DOUBLE LABELLING STUDY. N. Doron and 
J.E. LeDoux*. Center for Neural Science, New York University, NY, NY, 10003.

Auditory information reaches the amygdala by way of two projections 
originating in the thalamus: a direct thalamo-amygdala projection and a 
polysynaptic pathway involving thalamo-cortical and cortico-amygdala pathways. 
In the rat, neurons in the medial areas of the auditory thalamus (medial geniculate 
body and associated nuclei) contribute to both projections, but the extent to which 
the two projections originate from the same cells is poorly understood. We 
therefore used two different methods of retrograde double labelling tract tracing to 
determine whether individual neurons in the auditory thalamus project to both the 
auditory cortex and the amygdala: ( I) Cholera toxin B subunit (CTb), visualized 
by immunocytochemistry using fluorescein, combined with rhodamine B, and (2) 
CTb, visualized by the immunohistochemical ABC technique, combined with CTb- 
conjugated to gold, visualized using silver-intensification. Areas labeled by 
application of these tracers to either the lateral amygdala (LA) or the auditory 
association cortex (AAC) included the medial division of the medial geniculate 
body (MGm), posterior intralaminar nucleus (PIN), and suprageniculate nucleus. 
While double labeled cells were seen in each of these regions, they were most 
commonly observed in PIN, which is known to contain the cells that originate the 
major projection to LA. However, even within PIN, fewer than 10% of the cells 
that project to LA also project to AAC. While it is possible that with larger 
injections of AAC the number of double labeled cells would increase, the 
topographic segregation of the cells projecting to the two regions suggests that 
different populations are involved: the cells projecting to LA were for the most part 
situated in the medial and ventral part of PIN and the cells projecting to AAC in 
the dorsal and lateral part. Consistent with the finding of Kudo et al., (1986), these 
results suggest that the amygdala receives inputs from a unique set of non- 
cortically projecting auditory neurons in the thalamus. Supported by PHS grants 
R37MH38774 and K02MH00956.

271.14
PROJECTIONS FROM THE A UDITORY TH A LA M U S UPON  
C A L B IN D IN  A N D  P A R V A L B U M IN  IM M U N O R E A C T IVE 
NEURONS IN THE LATERAL NUCLEUS OF THE AMYGDALA. 
W. W oodson*. C. Farb, and J. E. LeDoux. Center for Neural Science, 
New York University, 4 Washington Place, New  York, N.Y. 10003

The auditory thalamus projects upon the dorsal subdivision o f the 
lateral nucleus of the amygdala (LA), and LA cells have short auditory 
responses (Bordi et al., Behav. Neurosci. 5:757-769, 1993). In order to 
determine if inhibitory neurons are postsynaptic to this pathway, the 
biochemical content o f LA cells in receipt o f auditory input was 
exam ined using the flu orescen t and EM d oub le labelling  
immunocytochemical techniques. Transmitter surveys indicated that 
many calbindin (CAL) and parvalbumin (PARV) immunoreactive (ir) 
neurons were observed throughout the rostro-caudal extent of LA. 
Follow ing injections o f the anterograde tracer, biotin-conjugated  
dextran into the medial division of the medial geniculate nucleus and 
the posterior interlaminar nucleus, axo-dendritic and axo-somatic 
presumptive terminals were found in proximity to CAL and PARV-ir 
neurons. At the EM level, anterogradely labelled  terminal 
arborizations were found upon CAL-ir cell bodies.

Thus, different subpopulations of GABAergic neurons are in receipt 
o f projections from the auditory thalamus. These results provide 
evidence for feedforward inhibition to the LA which probably plays an 
important role in the short latency auditory responses o f LA neurons 
and their plasticity. Supported by NIH-M H38774-10.

271.15
INTERHEMISPHERIC DIFFERENCES OF PATCHY INTRINSIC 
CONNECTIONS IN WERNICKE'S AREA (AREA 22) OF THE HUMAN 
b r a in  R.A.W. G aluske1*.W. Schlote2 and W. Singer1. 1Max-Pianck-institut fur 
Himforschung, 2Neurologisches Institut der Universität (Edineer Institut). 
Deutschordenstraßc 46. 60528 Frankfurt a.M.. FRG
The organization of long range intrinsic connections was examined in cortical area 
22 (Wernicke’s area) of the human brain using post-mortem fluorescent tracing with 
the carbocyanine dyes Dil and DiA in autopsy specimens. Long range tangential 
axons could be detected in layers III, V and VI bridging distances up to 7 mm in 
layer III. In layer IV tangential axons were rare and usually did not reach further 
than 4 mm. Retrogradely labelled projection neurons could be identified as 
pyramidal cells, suggesting that the long range intrinsic axons are excitatory.
In sections cut tangentially to the pial surface these intrinsic axons exhibited a 
characteristic patchy distribution. Groups of axon terminals and retrogradely labelled 
cells were found at regular spaced intervals. If Dil and DiA were applied in the same 
block of tissue, different systems of selectively interconnected neurons could be 
visualized simultaneously. In most cases they were interdigitating, but in others they 
partially overlapped. Interhemispheric comparison of the distances between the 
patches revealed significantly larger interpatch distances in the left (1440 µm) than 
in the right (1180 pm) hemisphere (p< 0.0001). The size of the patches also showed 
a tendency towards larger values in the left hemisphere (735 pm left vs 704 pm 
right, p= 0.02).
These data indicate that human area 22 is endoved with a network of far reaching 
tangential axons, whose laminar and columnar selectivity closely resembles that of 
horizontal connections in other cortical areas such as the visual cortex. The 
interhemispheric differences in the average spacing of interconnected columns might 
reflect the lateralization of language functions.

271.16
Fos-LIKE IMMUNOREACTIVITY REVEALED AFTER COGNITIVE 
INFORMATION PROCESSING IN THE AUDITORY PATHW AY OF 
RATS. V.M. Bajo*, A.E.P. Villa, C. Locatelli, J. Eriksson, C. Eriksson, and 
E.M. Rouiller. Dep. Biología Celular γ Patología, Univ. Salamanca, E- 
37007 Spain; Institut de P h y sio lo g ié, UNIL, CH -1005 Lausanne, 
Switzerland; and Institut de Physiologié, Univ. Fribourg, CH-1700.

Experimental paradigms based on a two-choice stimulus-compatibility  
task (G O /N O -G O ) were arranged in such a w ay that prelim inary  
evaluation o f the stim uli should lead to one response, w h ile a more 
com plete evaluation of the sensory inputs should lead to the other  
response. Freely moving Long-Evans rats were trained to respond to a two- 
components (pitch and location) auditory stim ulus lasting 500 msec. One 
hour after the last session of the training the possible activation in brain of 
the immediate early gene c-fos was studied by evaluating the occurrence of 
its protein product Fos. At brainstem level, dense Fos-like imm uno- 
reactivity (FLI) w as clearly detected on both dorsal and posteroventral 
subdivisions of cochlear nucleus as well as in the lateral and m edial 
superior olivary nuclei. The central nucleus of the inferior colliculus and 
the ventral d iv ision  of the m edial gen icu late body belonging to the 
lemniscal pathway were free of FLI. In cortex, FLI w as present mainly in 
non primary auditory areas, perirhinal, and entohrinal regions. Dense FLI 
was found in some pontine nuclei, which are target of corticofugal auditory 
projections and may give access to the motor system. After conditioning to 
the present cognitive task, the distribution of FLI at brainstem level was  
comparable to that obtained after response to passive pure tone listening, 
but was clearly different at higher level, i.e. in the m idbrain, thalamus 
and cortex, as well as in non-auditory brain regions.
Sponsored by European CHRX-CT93-0269 and Swiss OFES 93.0241 grants.
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271.17
C O R T IC A L  C O N N E C T IO N S  O F  P A R A B E L T  A U D IT O R Y  
C O R T E X  IN M A C A Q U E  M O N K E Y S .
Troy a . H a ck e tt1 , Iw o n a  S tep niew s ka *2 . Jon h , Kaas2-
D e p t. of H earing and S p eech  S c ien ce s 1 and D e p t. of Psychology2 ,
Vanderbilt University, N ashville , T N  3 7 2 4 0 .

Auditory cortex includes a prim ary core (A1 and R), a  belt of 
several areas, and a lateral parabelt region. Injections of up to 6 
tracers (fluorescent dyes and W G A -H R P ) in parabelt cortex along  
the upper lip of the superior tem poral gyrus w ere  used to reveal 
patterns of connections with other regions of ipsilateral cortex. To aid 
in accurate location of transported tracers cortex w as artificially 
flattened and cut parallel to the surface. Sets of sections w ere  
processed for label, myelin, acetylcholinesterase, cytochrom e  
oxidase, or parva lbum in so that patterns of label could be related to 
cortical architecture. Each injection typically labeled several locations 
in the belt region around A1 and R, and only a few  neurons within A1 
and R. Rostrocaudal seq uen ces of injections ten ded to label 
rostrocaudal sequences of regions in the lateral belt, as well as an 
overlapping region in the m edial belt. Thus, parabelt cortex largely 
depends on belt cortex for auditory input, and belt cortex has several 
subdivisions.
Additional connections w ere  with cortex of the rostral bank of the 
superior tem poral sulcus and dorsolateral prefrontal cortex. 
(Sup ported  by N S  1 6 4 4 6 ).

271.18
COMPARISON OF CALCIUM BINDING PROTEINS WITH ZINC DISTRIBUTION IN 
THE AUDITORY CORTEX OF GERBILS ( MERIO NES UNGUICULATUS)
W. Zuschratter*. K. Richter and H. Scheich. Federal Inst. for Neurobiology,
P. O . Box 1860, D-39008 Magdeburg, FRG
The presence of zinc in glutamatergic neurons of specific brain regions is well 
documented. Among them are limbic regions including the hippocampal 
formation, amygdaloid complex, septal nuclei and neocortical systems which 
show relatively dark or moderate staining in discrete cytoarchitectonic fields 
or lam inae. Zn2+ is actively taken up and stored in synaptic vesicles of 
presynaptic terminals from which it can be released after stimulation in a 
C a2+-dependent fashion. Since zinc affects various Ca2+ dependent cellular 
functions we becam e interested in a comparison of the spatial cortical 
distribution of Zn2+ containing synapses with the distribution of neurons that 
express specific C a2+-buffering proteins (C aB Ps) like parvalbumin (PV), 
calbindin D-28K (CAL) and calretinin (CAR).
Adult male gerbils were perfused transcardially with 0 .1%  Na-sulfide solution 
followed by buffered 4% formaldehyde. 40 pm thick horizontal vibratome 
sections were then first immunostained with antibodies against PV, CAL or 
CAR using FITC labelled second antibodies. Areas of interest were analyzed 
using a laserscanning microscope (Leica TCS4D ). Afterwards sections were 
stained using the Timm sulfide-silver histochemical method and reanalyzed 
for colocalization of Zn2+ with the immunocytochemical markers.
The highest concentration of Zn2+ containing terminals was found at the 
border between laminae I and II from which labelling faded out towards layer 
IV. Laminae IV remained nearly unstained, whereas lamina V and VI were 
m oderately  stained. In terestingly , in lam ina I patches of strong Timm 
labelling, interrupted by columns of lighter staining intensity, formed a 
coherent net across the auditory cortex that demarcated cortical fields Al and 
AAF. Immunocytochemical staining of the CaBPs demonstrated a largely 
complementary distribution of PV-IR  neurons to the Timm staining pattern 
while CAL-IR and CAR-IR cells partly overlapped with zinc enriched zones. 
Supported by BMBF 07NBL TP4

BASAL GANGLIA: PRIMATE ANATOMY

272.1
A N A TO M IC A L BASIS FO R BASAL G A N G LIA  IN V O LVE M E N T IN 
W O R K IN G  M EM ORY. F.A. Middleton*1 and P.L. Strick2. 2Research  
Service, VA  Medical Center and Departments of 2Neurosurgery and 
1,2Physiology, S U N Y  Health Science Center, Syracuse, NY  13210.

W e used retrograde transneuronal transport of the Mclntyre-B strain of 
herpes simplex virus type 1 (H SV 1) to determine whether three regions of 
the prefrontal cortex are the target of output from the basal ganglia. 
Injections were placed into portions of areas 46, 12 and 9 in cebus monkeys 
( C e b u s  a p e lla ) . There is evidence that each of these areas is involved in 
some aspect of "working memory". Five days after the cortical injections, 
HSV1 was detected in 'first-order' neurons located in thalamic regions 
known to project to each cortical injection site. In addition, 'second-order' 
neurons, labeled by retrograde transneuronal transport, were found in two 
output nuclei of the basal ganglia: the internal segment of the globus 
pallidus (GPi) and pars reticulata of the substantia nigra (SNr). The number 
and distribution of labeled neurons in GPi and SN r varied according to the 
region of the prefrontal cortex injected. After HSV1 injections into area 46, 
labeled neurons were located in dorsomedial portions of GPi. These  
neurons were confined to the middle third of the nucleus rostro-caudally. 
In contrast, injections into area 12 resulted in labeled neurons in dorsal 
portions of SNr. These neurons were concentrated in the caudal third of the 
nucleus. Virus injections into area 9 labeled neurons in both GPi and SNr. 
The labeled neurons in GPi were located dorsal to the region of this nucleus 
that projects to area 46. The labeled neurons in SN r were located rostral 
to the region of this nucleus that projects to area 12. These observations 
provide an anatomical substrate for the output of the basal ganglia to 
influence regions of prefrontal cortex involved in working memory. Support: 
NAR SA D  Established Investigator Award, V A  Medical Research Service, 
and U S PH S  24328  (PLS).

272.3
FUNCTIONAL SEGREGATION AND SYNAPTIC ORGANIZATION OF THE 
PALLIDOTHALAMIC PROJECTION IN PRIMATES. M. Sidité *1. M.D. 
Bevan2. J.P. Bolam2. and Y. Smith1. 1Centre de recherche en neurobiologie, 
Hop. Enfant-Jésus, Univ. Laval, Québec, Canada, and 2MRC Unit, Oxford Univ., 
Oxford U.K.

It is well established that the internal segment of the globus pallidus (GPi), 
one of the output structure of the basal ganglia, is a major source of afferents to 
the thalamic nuclei ventral anterior/ventral lateral (VA/VL) and centromedian 
(CM) in primates. The main objective of the present study was to determine the 
topographical organization and the synaptology of these projections in the squirrel 
monkey (Saimiri sciureus). This was achieved by using the anterograde transport 
of biotinylated-dextran amine (BDA).

Following restricted injections of BDA in different regions of GPi, a rich 
contingent of anterogradely labeled fibers with large varicosities invade largely 
segregated regions of VA/VL and CM thalamic nuclei. Our results show that: (1) 
the neurones in the sensorimotor region (ventrolateral two-thirds) of GPi 
preferentially innervate the principal segment of the ventral lateral nucleus (VLp) 
and the dorsolateral region of CM, (2) the neurones in the associative region of 
GPi (dorsal third) principally project to the parvocellular part of VA (VApc), the 
dorsal segment of VL (VLd) and the dorsal border of CM, and (3) the neurones in 
the limbic territory of GPi preferentially innervate the VApc, the anterior segment 
of VL (VLa) and the rostromedial portion of CM. Electron microscopic analysis 
revealed that, overall, the pallidal terminals labeled with BDA in VA/VL are larger 
(1.0-3.0 µm in diameter) than those in CM (0.5-2.0 µm in diameter). In both 
nuclear groups the labelled boutons form symmetric synapses with dendrites and 
perikarya.

In conclusion, our findings demonstrate that the informations from different 
functional territories of GPi remain largely segregated at the level of the 
ventrolateral and centromedian nuclear groups in the thalamus of primates. 
(Supported by the Medical Research Council o f  Canada and the Fonds de la 
Recherche en Santé du Québec).

272.2
TERMINATION OF PALLIDOFUGAL PATHW AYS IN MAN. D.B. 
Rye*. J. Vitek. R.A.E. Bakay, Y. Kaneoke, T. Hashimoto, R, TurneL S, Mirra,
M. DeLong. Dept. of Neurology, Emory Univ. Sch. of Med., Atlanta, GA 30322 
The brain of a 64 year-old man who underwent successful unilateral microelectrode- 

guided pallidotomy for treatment of medically intractable Parkinson's disease (PD) 
was examined histologically following accidental drowning 7 months after the 
procedure. Forebrain and brainstem blocks were sectioned at 50-60 pm in the 
sagittal or coronal planes, respectively. Cytoarchitectonic detail was revealed 
employing thionin or cresyl violet and chemoarchitecture was revealed employing 
parvaibumin immunohistochemistry and acetylcholinesterase histochemistry. 
Additional series were processed with an amino/cupric/silver method modified from 
DeOlmos et al. (Neurotoxicol. & Teratol., ’94) to reveal axonal degeneration.

Routine pathologic examination revealed changes consistent with idiopathic PD. 
Gliotic traces of the microelectrode tracts and the lesioning probe were visible as 
well as a large (approximately 5-7mm diameter) lesion in the internal segment of 
the globus pallidus (GPi). The lesion was centered in the caudoventral GPi with 
some encroachment on the GPe dorsally and the substantia innominata ventrally. 
There was minimal involvement of the internal capsule and the optic tract was 
spared. Degenerating axon terminals were readily observed in the centromedian 
thalamus, along the stria medullaris extending towards the lateral habenula and in 
the ventral thalamic tier. Correlations of the latter fields with the finer subdivisions 
of the ventral tier as described by Hirai and Jones (B. Res. Rev. ’89) are ongoing. In 
the brainstem, a very focal, dense collection of axonal degeneration approximately 
2.5mm in diameter was observed in a relatively cell poor region of the dorsolateral 
mesopontine tegmentum rostral to the trochlear nucleus. This region corresponds 
best to the nucleus subcuneiformis and pars dissipatus of the pedunculopontine 
tegmental nucleus as delimited by Olszewski and Baxter (’82). The terminations of 
pallidofugal fibers in man therefore correspond closely to previous descriptions in 
sub-human primates and stress the importance of a relatively limited set of pallidal 
output pathways in the pathophysiology of PD. Supported by the APDA.

272.4
SYNAPTIC ORGANIZATION OF GABAERGIC TERMINALS IN THE 
SUBTHALAMIC NUCLEUS (STN) OF THE SQUIRREL MONKEY. 
Shink* and Y. Smith. Centre de Recherche en Neurobiologie, Hop. Enfant-J6sus 
and Univ. Laval Québec, CANADA.

The present study aimed at elucidating the pattern of synaptic innervation of 
neurones in the STN by GABA-containing terminals in the squirrel monkey. To 
do so, we used the post-embedding immunogold method for GABA.

Our findings, combined with those obtained in previous tract-tracing studies, 
reveal that 99% of the GABAergic terminals encountered in the STN display the 
ultrastructural features of terminals arising from the external pallidum (GPe); i.e. 
they are large, contain many mitochondria and pleomorphic vesicles, and form 
symmetric synapses. These boutons account for more than 95% of the terminals 
in contact with perikarya of STN neurones; whereas they are involved in 60-80% 
of the axo-dendritic synapses in the same structure. In addition to GPe boutons, 
three types of terminals that are non-immunoreactive for GABA form asymmetric 
synapses with STN neurones. These terminals represent only 5% of the boutons 
in contact with the somata of STN cells, whereas 20-40% of the synapses formed 
with dendritic shafts involve these GABA-negative terminals. In many cases, 
single GABA-positive or GABA-negative boutons form synapses with two or 
three post-synaptic targets. Axo-axonic synapses between GABA-immunoreactive 
terminals and non-immunoreactive boutons are also encountered in the STN. The 
synaptic innervation of single subthalamopallidal neurones that project to GPe or 
the internal pallidum is currently under analysis.

In conclusion, our findings demonstrate that the GPe terminals is, by far, the 
major source of afferents to STN neurones in primates. In contrast to GPe and 
GPi, where the dendritic shafts were almost completely devoid of afferents from 
GPe terminals; the proximal and distal dendrites of STN neurones receive a 
substantial input from GPe boutons. These data indicate that the GPe afferents are 
located to subserve a more specific modulation o f excitatory inputs to STN 
neurones than to GPe and GPi cells. (Supported by the Medical Research Council 
of Canada and the FRSQ).
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272.5
THE PEDUNCULOPONTINE NUCLEUS (PPN): A POTENTIAL TARGET 
FOR THE CONVERGENCE OF INFORMATIONS ARISING FROM 
DIFFERENT FUNCTIONAL TERRITORIES OF THE INTERNAL 
PALLIDUM (GPi) IN PRIMATES. Y. Smith* and E. Shink. Centre de 
Recherche en Neurobiologie, Hôp. Enfant-Jésus and Univ. Laval, Qu6bec, 
CANADA.

The first objective of the present study was to determine the pattern of 
distribution of terminals arising from different functional territories of GPi at the 
level of the PPN in the squirrel monkey. Secondly, we analysed the synaptic 
organization of GPi terminals in contact with PPN neurones. This was achieved 
by using biotinylated-dextran amine (BDA) as an axonal tracer.

Injections of BDA were made in the sensorimotor (SM, ventrolateral two- 
thirds), associative (AS, dorsal third) and limbic (LI, rostromedial pole) regions of 
GPi. All these injections led to the labelling of fibres with large varicosities in 
the PPN. In sections processed for the simultaneous localization of cholinergic 
neurones and BDA-positive elements; it appears that the BDA-containing fibres 
largely avoid the PPN pars compacta (PPNc). A major feature that stood out after 
injections in the differents regions of GPi was the segregation and overlap of 
terminal fields in the PPN. For instance, injections in the SM region of GPi led 
to a field of labelled terminals that was strictly confined to a sector of PPN located 
more rostral and medial than the PPNc. On the other hand, injections in the AS 
and LI regions of GPi led to labelled fibres that arborized preferentially in different 
sectors of PPN, but a substantial contingent also converged to the region of PPN 
receiving SM-related informations from GPi. Retrogradely labelled cells were 
encountered in PPN after every injections in GPi. In some cases, they were 
contacted by large BDA-containing varicosities which often arose from the same 
axon. None of the labelled cells were found in the PPNc. In the electron 
microscope, the GPi terminals were large (2-5 µm), contained many mitochondria 
and pleomorphic vesicles and formed symmetric synapses predominantly with 
dendritic shafts. In conclusion, our data suggest that the PPN is a potential target 
for the integration of information arising from different functional regions of the 
basal ganglia in primates. (Supported by the MRC and FRSQ).

272.7
C A L R E T I N IN  IN  N E U R O N S  O F  P R IM A T E  
P E D U N C U L O P O N T IN E  (P P N ) A N D  L A T E R O D O R S A L  
TEGM ENTAL (LDT) NU CLEI: CO LO CA LIZA TIO N W ITH  
OTHER NEUROCHEMICAL MARKERS. M. Fortin* and A. Parent. 
Centre de recherche en neurobiologie, Hôpital de l'Enfant-Jésus, Université
Laval, Québec, Canada, G1J 1Z4.

Brainstem cholinergic neurons are largely concentrated in the PPN (Ch5 
group) and LDT (Ch6 group) nuclei of the mesopontine tegmentum. Recent 
studies from this laboratory on the chemoarchitecture of the primate PPN have 
revealed that; (a) cholinergic neurons are segregated from monoaminergic neurons 
in the mesopontine tegmentum; (b) glutamate occurs in subsets of cholinergic 
and non-cholinergic neurons; and (c) the calcium-binding protein calbindin D-28k 
(CB) is present in a specific subpopulation of PPN neurons but does not occur 
in cholinergic neurons. More recent investigations have shown that calretinin 
(CR), another calcium-binding protein, may be used as a selective marker for 
specific neuronal subpopulations in all major components of the basal ganglia in 
primates. The present study provides the first evidence for the existence of CR- 
immunoreactive neurons in the PPN and LDT nuclei of a primate, the 
cynomolgus monkey (Macaca fascicularis). In the PPN and LDT, CR labels a 
highly heteromorphic neuronal subpopulation, whose elements are scattered 
throughout the rostrocaudal and mediolateral extents of the PPN/LDT but abound 
particularly along the lateral border of the superior cerebellar peduncle. Double- 
immunostaining experiments reveal that a significant proportion of the CR- 
positive neurons also displays immunoreactivity for CB. These CR+/CB+ 
neurons have small to medium-sized perikarya with bipolar or multipolar 
dendritic arborizations. CR also occurs in a large proportion of the PPN/LDT 
cholinergic neurons, as visualized by choline acetyltransferase (ChAT) 
immunohistochemistry. The CR+/ChAT+ neurons are present in both pars 
compacta and dissipata of the PPN. Some of the single ChAT-positive neurons 
are closely surrounded by numerous and closely intertwined CR fibers. These 
results indicates that CR may play a crucial role in PPN/LDT functions, by 
acting either alone or in conjunction with acetylcholine or CB. [Supported by 
the MRC of Canada].

272.9
CORTTCOSTRIATAL PROJECTIONS FROM THE DORSAL AND VENTRAL 
DIVISIONS OF THE PREMOTOR AREA IN THE MACAQUE MONKEY. M. 
Inase1*. M. Takada2 . H. Tokuno2 and A. Nambu3 1mol. & Cellular 
Neurosci. Sec., Electrotechnical Lab., Tsukuba 305, 2 Dept. of 
Morphol. Brain Sd., Fac. of Med., Kyoto Univ., Kyoto 606-01, 
3Tokyo Met. Inst. for Neurosci., Tokyo 183 JAPAN.

Corticostriatal projections from the dorsal (PMd) and ventral 
(PMv) divisions of the premotor area were examined in Japanese 
monkeys (Macaca fuscata), and their terminal distributions were 
compared with those of projections from the primary motor cortex 
(Ml) and supplementary motor area (SMA). Double anterograde 
axonal tracing with biotinylated dextran amine and wheat germ 
agglutinin conjugated horseradish peroxidase was applied in single 
monkeys. After mapping with intracortical microstimulation, one 
tracer was injected into the forelimb region of PMd (lateral bank 
of the superior precentral dimple) or PMv (caudal bank of the 
arcuate sulcus), and the other was injected into the forelimb 
region of Ml or SMA. The following observations were obtained:
1) Anterograde labeling from both PMd and PMv was distributed, 
bilaterally with an ipsilateral predominance, In the dorsoventrally 
intermediate aspect of the putamen. They were seen more densely 
within the medial half of the putamen than within the lateral half;
2) The distribution areas of the labeled axon terminals from PMd 
and PMv tended to overlap the distribution area of those from SMA, 
but not much from Ml. The present results indicate that inputs 
from PMd/PMv and SMA converge, at least partially, upon the 
putamen. (Supported by joint reseach projects of the National 
Institute for Physiological Sciences)

272 .6
PATTERNS OF ARBORIZATION OF SINGLE STRIATOFUGAL  
AXONS IN PRIMATES. A. Charara*. D. Pinault and A. Parent. Centre de 
recherche en Neurobiologie, Université Laval, Hopital de l'Enfant-Jésus, Québec, 
Canada, G1J 1Z4.

The pattern of axonal arborization of single striatofugal axons in the external 
(GPe) and internal (GPi) pallidal segments, as well as in the substantia nigra (SN) 
of cynomolgus monkeys (Macaca fascicularis) was studied following small 
extracellular (small pools of 8-10 cells) or juxtacellular (single cells) iontophoretic 
injections of biocytin (1.5%) into various sectors of the putamen. This novel 
neuronographic method, which allows extracellular recording of neurons before 
labeling them, produces Golgi-like images of injected perikarya and detailed views 
of their entire axonal arborization including local collaterals. A total of 9 
putamenofugal axons were analyzed in the present study, including 3 axons that 
were entirely reconstructed with the aid of a camera lucida. Putamenofugal axons 
are very fine and display numerous irregularly spaced varicosities along their 
course. They all penetrate the pallidum by piercing the external medullary lamina, 
where they give rise to collaterals arborizing in the GPe along the inner surface of 
the lamina. The parent axons continue their course medially to arborize either in 
the GPe alone (1 axon) or, more commonly, in both GPe and GPi (8 axons). 
Axons heading towards the GPi emit numerous collaterals along the outer border 
of the internal medullary lamina before leaving the GPe. The majority (7/8) of 
the axons that arborize profusely in the GPi have a main branch that traverses the 
internal capsule to terminate in the form of poorly arborized processes in the SN. 
Despite that most of the striatofugal axons examined here collateralize in all three 
recipient structures of the striatum, each axon appears to have a preferential target, 
where it arborize profusely and form the typical "woolly fibers" composed of 
several thin collaterals that closely entwined the dendrites of pallidal neurons. Our 
findings suggest that, in contrast to previous beliefs based on the results of 
retrograde double-labeling experiments, most single striatofugal axons arborize 
within more than one target structures in primates. [Supported by FCAR, FRSQ 
and MRC]

272.8
SOMATOTOPICAL REPRESENTATIONS OF INPUTS FROM THE 

SUPPLEM EN TA RY  MOTOR AREA IN THE PUTAM EN. M . 
T ak ad a1*. H. T okuno1. A. N am bu2 and M. Inase3 .1 Dept. o f  
Morphol. Brain S ci., Fac. o f  M ed., K yoto U niv., Kyoto 606-01, 
Japan, 2Dept. o f  Neurobiol., Tokyo Met. Inst. for Neurosci., Fuchu, 
Tokyo 183, Japan and 3Electrotech. Lab., Tsukuba 305, Japan.

Somatotopical projections from the supplementary motor area (SMA) 
to the putamen were investigated in the Japanese monkey (Macaca 
fuscata), and their terminal distribution was compared with that o f the 
projections from the primary motor cortex (MI). D ouble anterograde 
axonal tracing with biotinylated dextran amine and wheat germ  
agglutinin-conjugated horseradish peroxidase was applied to examine 
the terminal fields o f the SMA-putamen and Ml-putamen projections in 
single monkeys. Under the guidance o f intracortical microstimulation 
mapping, one tracer was injected into one o f the orofacial, forelimb and 
hindlimb regions o f the SM A, and the other was into the corresponding 
region o f  the MI. The follow ing observations were obtained: (1) 
Anterogradely-labeled axon terminals from the SM A and MI were 
arranged dorsoventrally in the putamen in the order o f the hindlimb, 
forelimb and orofacial part; (2) The terminal labeling from the SMA was 
more marked medially in the putamen than laterally, whereas that from 
the MI was more marked laterally in the putamen than medially; and (3) 
The distribution areas o f the labeled axon terminals from the SM A and 
MI were partially overlapped with each other in the mediolateral central 
aspect o f  the putamen. The present results indicate that the putamen 
receives dorsoventrally-directed somatotopical inputs from the SMA, 
and that, for each body representation, the inputs from the SMA and MI 
partially converge upon the putamen.

272.10
REVERSED SOMATOTOPICAL REPRESENTATIONS IN THE SUBTHALAMIC 
NUCLEUS AS REVEALED BY CORTICAL MOTOR INPUTS FROM THE 
SUPPLEMENTARY MOTOR AREA AND THE PRIMARY MOTOR CORTEX.
A . Nambu1*. M. Takada2. H. Tokuno2 and M. Inase3 1Dept of Neurobiol., Tokyo 
Met. Inst, for Neurosci., Fuchu 183, Japan, 2Dept. of Morphol. Brain Sci., Fac. of 
Med., Kyoto Univ., Kyoto 606-01, Japan and 3Electrotech. Lab., Tsukuba 305, Japan 

Somatotopical projections from the supplementary motor area (SMA) to the 
subthalamic nucleus (STN) were investigated in the Japanese monkey (Macaca fuscata), 
and their terminal distribution was compared with that of the projections from the 
primary motor cortex (MI). Double anterograde axonal tracing with biotinylated 
dextran amine (BDA) and wheat germ agglutinin-conjugated horseradish peroxidase 
(WGA-HRP) was applied to examine the terminal fields of the SMA-STN and MI-STN 
projections in single monkeys. Under the guidance of intracortical microstimulation 
mapping, one tracer was injected into one of the orofacial, forelimb and hindlimb 
regions of the SM A and the other was into the corresponding region of the MI. The 
following observations were obtained: (1) Anterogradely-labeled axon terminals from 
the SMA were distributed mainly within the medial half of the ipsilateral STN, 
whereas those from the MI were within its lateral half; (2) Body representations in the 
SMA domain of the STN were arranged mediolaterally in the order of the orofacial, 
forelimb and hindlimb parts. By contrast, these body parts were, in the inverse order, 
represented mediolaterally in the MI domain of the STN; and (3) The terminal labeling 
from the SMA region representing a particular body part was further evident, albeit 
sparse, in the MI domain o f the STN that showed the same body representation, and 
vice versa. The present results indicate that the STN has reversed somatotopical 
representations of SMA versus MI inputs along its mediolateral axis, and that, for each 
body representation, the SMA and MI domains of the STN receive additional 
convergent input, respectively, from the MI and SM A

Society  for N euroscience , V o lu m e  21 , 19 9 5



678 BASAL GANGLIA: PRIMATE ANATOMY MONDAY AM

272.11
Observations on the Connectivity of the Primate Subthalamic Nucleus and the 
Internal Pallidum
Keily A. Atlers,* Jeffrey T . Perez, Michael Crutcher, Ph D., David B. Rye., M.D.
Ph D
Department of Neurology, Emory University School of Medicine, Atlanta. GA
30322

This study was undertaken to further investigate the topographical projection 
from the subdialamic nucleus (STN) to the internal globus pallidus (GPi). 
Biotinylated dextran (n=6), and inactivated cholera toxin B (n= l) were injected 
into the internal segment of the globus pallidus(GPi) in individual rhesus monkeys. 
In each case, Golgi-type profiles of retrogradely labeled STN neurons were 
revealed in distinct bands along the dorsal border of the central subthalamic 
nucleus and spherical shells around dorsal and ventral borders extending medially. 
There was no labeling of the lateral third of the STN in these cases. The 
predominant cell type labeled in this area corresponds to the elongated fusiform 
neurons described in previous studies utilizing the Golgi technique. The central 
segment of the STN was found to project to the central portion of GPi, while the 
medial STN was found to project to the rostral dorsal segment of GPi. Most 
unexpected was the observation of dense labeling of bouton studded axon fields 
coincident with retrogradely labeled neurons. These terminals could reflect a 
projection from the central GPi to the STN or recurrent axon collaterals from the 
retrogradely labeled cells within the STN, neither of which has been previously 
observed. The pattern remained unchanged with injections that also involved GPc 
and/or substantia innominata. One injection to the internal capsule did not produce 
this pattern. These observations support previous anatomical segregation theories 
and suggest either a source of excitation through recurrent collaterals or negative 
feedback through a GPi to STN projection.

272.13
ORGANIZATION OF THALAMIC PROJECTIONS TO THE SENSORIMOTOR 
STRIATUM IN PRIMATES: A COMPARISON TO VENTRAL STRIATUM. 
N.R, McFarland* and S.N. Haber. Department of Neurobiology & Anatomy, Univ. 
of Rochester School of Medicine and Dentistry, Rochester, NY 14642.

Although the thalamic projections to the striatum have been well described in 
rodents and cats, the thalamostriatal projection in primates has not been completely 
characterized. This study explores the organization of the thalamostriata l projection to 
the dorsolateral or ‘ sensorimotor” striatum using retrograde tracing techniques. The 
arms of this study arc to determine whether the primate thalamostriatal projection is 
functionally topographic and to compare the distribution of thalamic projections to 
sensorimotor and ventral striatal regions.

Retrograde tracer injections were placed in different regions of the “sensori-motor - 
refated” or dorsolateral striatum in macaque monkeys. Retrogradely labeled cells in the 
thalamus were examined using light microscopy and charted with the aid of a drawing 
tabe. In general, the dorsolateral striatum receives ipsilateral projections primarily 
from the lateral nuclei of the intralaminar thalamic group and parts of the ventral 
lateral and v e n tral anterior nuclei. The extent and distribution of labeling found in 
thalamic nuclear groups differed according to the region of dorsolateral striatum 
injected. After injection o f tracer into of dorsal putamen, labeled neurons were found 
primarily in the lateral two-thirds of the centre médian-parafas e ular complex (CM- 
Pf), the central superior lateral and the ventral lateral nuclei. Projections to the 
dorsolateral caudate were similar to those to the dorsal putamen, but differed in that the 
lateral parts of the ventral anterior nucleus and parts of the medial dorsal nucleus 
contributed additional projections. In contrast to dorsolateral regions, projections to 
the ventral puti men originated from more medial aspects of the CM-Pf, the central 
superior lateral, central medial nuclei and parts of the medial dorsal nucleus.

These results confirm previous studies on the thalamostriatal projections from the 
intralaminar nuclei in primates and support the notion that the projection is 
topographically organized. In addition, the results document a previously undescribed 
projection from the ventral lateral and ventral anterior nuclei in primates. (Supported 
by NS2251 and the Lucille Markey Charitable Trust)

272.15
TRANSMITTER SPECIFIC STRIATONIGRAL PROJECTIONS IN PRIMATES. 
J.I.. Fudge* and S.N. Haber, Department of Neurobiology and Anatomy, Univ. of 
Rochester School of Medicine and Dentistry, Rochester, NY 14642.

Emerging evidence from this lab and others suggests that the substantia nigra (SN) 
may play an important role in integrating corneal information through the basal 
ganglia in higher primates. Previous studies with anterograde tracers indicate that the 
ventral striatum innervates a large area of the SN including the medial pars compacta 
and a large area of the dorsal tier mediolaterally. In contrast, the sensorimotor-related 
striatum projects to a restricted region of the ventrolateral SN. To confirm the above 
findings and to further explore the distribution of striatal efferents to the SN, a 
complementary study using retrograde tracers was performed. Sections were double 
stained for transmitter specificity using in situ hybridization (ISH).

Preliminary results show that throughout its mediolateral extent, the SN receives 
inputs from both caudate and putamen. An injection in the lateral SN revealed 
projections primarily from caudal striatum, with highest cell density at the medial 
edge of putamen and in the medial tail of the caudate. The head of the caudate had a 
less dense projection anti only at its most caudal levels. Medial SN injections, in 
contrast, appealed to receive projections primarily from rostral striatum, anterior to 
the anterior commissure Cell density was greatest in the ventromedial to central 
striatum, areas associated with limbic and association cortex input, respectively. 
Ce n t ral SN injections had the the most rostrocaudal projection from striatum. Cells 
were distributed throughout rostral caudate, and in central areas of rostral putamen. At 
levels caudal to the anterior commissure, cell density was highest in the ventromedial 
caudate and there were no cells found in putamen or the tail of the caudate. These 
results confirm that ventral striatum projects to a large area of SN and that dorsolateral 
striatum innervates a restricted area of lateral SN. Substance P (SP) and enkephalin 
(ENK) mRNA labelling showed a differential distribution of these transmitter 
messages, many of which appeared in tracer labelled cells. Results will be discussed 
with regards to immunohistochemical analysis of SP and ENK mRNA distribution. 
(Supported by NIMH T32MH18911, NS22511 and the Lucille P. Markey Charitable 
Trust)

272.12
A COMPUTATIONAL MODEL OF LOCAL MEMORY IN THE PRIMATE 
PALLIDAL-SUBTHALAMIC CIRCUIT. G.S. Berns*1 and T.J. Sejnowski2. 
‘Western Psychiatric Institute & Clinic, Univ of Pittsburgh, Pittsburgh, PA 
15213, 2Howard Hughes Medic al Institute, Salk Institute, La Jolla, CA 92186.

Previous models of the primate basal ganglia have postulated a dichotomy 
in flow of information: a "direct" pathway from the striatum to globus 
pallidus internus (GPi) and an "indirect" pathway from striatum to globus 
pallidus externus (GPe) to subthalamic nucleus (STN); however, recent tracer 
studies have revealed the existence of a more complex connectivity including 
a reciprocal STN-GPe pathway as well as a substantial GPe-GPi connection. In 
an earlier computational model we demonstrated how the basal ganglia can 
learn action sequences, hut this required short-term memory in the PFC. We 
now hypothesize that one function of the GPe-STN-GPe loop is to store short 
term local traces of activity in the basal ganglia. The loop was simulated on a 
computer using spiking GPe and STN neurons with an inhibitory GPe→STN 
synapse,  an excitatory STN→GPe synapse, an inhibitory striatal input to the 
GPe, and an excitatory cortical input to the STN. Each neuron was modeled 
as an integrate-and-fire unit with spike aflerhyperpolarization, post-inhibitory 
rebound, and psp's modeled by alpha functioas. With a tonic cortical input to 
the STN, the circuit settled into a regular pattern of firing in both the STN and 
GPe cells. When perturbed from this s tate by transient striatal inhibition of the 
GPe, a post inhibitory rebound of activity in the GPe resulted in a transient 
inhibition of the STN followed by rebound activity, which then reexcited the 
GPe neuron. In this manner, the traasient striatal inhibition led to an extended 
period of alternating quiescence and bursting in the GPe-STN loop. Because 
this loop is also connected to the GPi, the GPe-STN loop is ideally suited to 
storing activity trace's which can bo used in the production of action 
sequence's. Le sioas of the loop are predicted to impair the execution of 
previously learned sequences because of decreased local memory storage.

272.14
T H E  PR IM A T E  S T R IA T A L  P R O JE C T IO N S  FROM  
T H E IN SU LA : A R E T R O G R A D E  ST U D Y . M. Chikama* 
and S. N. Haber. Dept. o f N eurobiology and Anatomy, Univ. of 
Rochester School o f Medicine and Dentistry, Rochester, NY 14642 

We studied the organization o f  the projections from the insular 
cortex to the striatum by injecting the retrograde tracers, Lucifer Yellow 
or horseradish peroxidase conjugated to wheat germ agglutinin, into 
the ventral and dorsolateral striatum. Classically, the cortex of the 
insula has been subdivided into three belts which include an innermost 
agranular (Agrn) belt, an intermediate dysgranular (D ysg) belt and an 
outer granular (Gran) belt. These three belts are arranged around the 
olfactory allocortex in a radial orientation (Mesulam and Mufson, 
1985. Cerebral Cortex: Vol. 4). The medial ventral striatum and the 
shell of the nucleus accumbens receive inputs primarily from the Agrn 
and the ventral D ysg belts but few inputs from the Gran belt. The core 
of the nucleus accumbens receives inputs primarily from all areas o f the 
Dysg belt. The lateral ventral striatum also receives inputs from the 
Dysg belt but these labeled cells are more scattered than those found in 
the core. In contrast, the dorsolateral striatal projections are primarily 
from the Gran belt.

These data suggest that the projection from the insula to the striatum 
is topographically organized. In brief, the agranular region of the insula 
projects to the most medial ventral (or limbic-related) portion o f the 
striatum, while the granular region projects to more dorsolateral (or 
sensorim otor-related) regions o f  the striatum. (Supported by 
N S22511, MH45537, and the Lucille P. Markey Charitable Trust)

272.16
DISTRIBUTION OF MUSCARINIC ml AND m2 RECEPTOR PROTEINS IN 
MONKEY STRIATAL PROJECTION AND INTERNEURONAL CELL 
POPULATIONS. ANATOMICAL EVIDENCE FOR CHOLINERGIC 
MODULATION OF GLLTAMATERGIC PREFRONTAL-STRIATAL 
PATHWAYS. A.A. Alcantara*, A.I. Levey. S.M. Hersch and PS. Coldman-Rakic. 
Section of Neurobiol., Yale University, School of Medicine, New Haven, CT 06510 
and Depart. of Neurol. Emory University, School of Medicine, Atlanta, GA 30322.

Acetylcholine plays a critical role in cognitive and behavioral processes and in 
many CNS disorders. Using antibodies directed against the muscarinic ml and m2 
receptor proteins (Levey et al.. 1991), the present study focused on the morphology 
and synaptology of these proteins through light and electron microscopy. Focus was 
on the monkey caudate nucleus; a structure which has been implicated in cognitive 
and motor processes and in a variety of neurological disorders

Remarkably, each receptor protein was preferentially identified with a specific 
class of striatal neuron as revealed by double labeling procedures using antibodies 
against ChAT. calbindin-D28k, parvalbumin. and NADPH-diaphorase. The ml 
protein was localized on the GABAergic medium spiny projection cell population, 
while the m2 protein was associated with cholinergic interneurons. Ultrastructural 
analysis revealed that ml and m2 proteins were localized both pre- and post- 
synaptically ml was localized predominately in spines forming asymmetric synapses 
indicating that afferents onto ml-positive spines originate from areas extrinsic to the 
striatum. Indeed, prefrontal cortex lesions showed that ml-positive spines within the 
neostriatum do in fact receive direct innervation from pretrontal cortex. Serial section 
analysis showed that ml is strategically positioned at the synapse of these spines, m2 
was predominately on axons which formed symmetric synapses, a finding consistent 
with its putative role as a cholinergic autoreceptor. The cellular and subcellular 
distribution of the ml and m2 receptor proteins revealed in this study suggests that a 
major role of ml may be to modulate glutamatergic input from prefrontal cortex or 
perhaps from thalamus, whereas the main role of m2 may be the regulation of 
acetylcholine release via autoreceptors on axons of cholinergic interneurons. 
Supported by NS30454, NS31937 (AIL), MH38546 (PG-R). NS 07224 (AAA).
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272.17
PRESYNAPTIC SUBSTANCE P RECEPTOR SITES IN THE RAT AND 
PRIMATE STRIATUM AND PREFRONTAL CORTEX: 
MORPHOLOGICAL EVIDENCE FOR PEPTIDERGIC MODULATION 
OF EXCITATORY NEUROTRANSMISSION.
Robert L. Jakab* and Patricia Goldman-Rakic. Section of Neurobiology, Yale 
University, School of Medicine, New Haven, CT 06510, U.S.A.

The neuropeptide substance P and its receptor (SPR) in the brain have 
been implicated in stress-induced (McLean et al. 1993) and defensive rage 
behaviors (Shaikh et al. 1993), and in conditions such as normal aging and 
Alzheimers disease (Kowall et al. 1993), Parkinson’s disease (Gai et al. 1991), 
Huntington's disease (Gale et al. 1978; Kowall et al. 1993) and schizophrenia 
(Michelot et al. 1978; Toru et al. 1988). To examine the synaptic circuitry 
underlying these functions, we studied the subcellular distribution of the SPR 
protein in rat and primate striatal and prefrontal cortical tissue, employing 
antibodies raised against SPR (Shigemoto et al., 1993). SPR-immunoreactivity 
(SPR-ir) has been found in postsynaptic sites in the rodent striatum and cortex 
(Shigemoto et al. 1993; Kaneko et al. 1994; Liu et al. 1994). In the present 
study, electron microscopy revealed that SPR-ir, besides being present in the 
somatodendritic domain of the cholinergic and somatostatinergic interneurons 
of the striatum, and in a subgroup of GABAergic non-pyramidal cells of the 
cortex, was also localized in presynaptic profiles. SPR-ir was usually restricted 
to a portion of the axoplasm both in the cortex and striatum. The majority of 
SPR-ir axons formed asymmetric synapses with dendrites and dendritic spines 
in both structures. Since the overwhelming majority of asymmetric synapses 
are formed by glutamate/aspartatergic pyramidal neurons in the cortex, and 
most of such synapses in the striatum are established by corticostriatal 
projection, the present results suggest that presynaptic SPRs are generally 
linked with glutamatergic cortical projections. The association of SPRs with 
excitatory amino acid-utilizing synapses provides a morphological substrate for 
peptidergic modulation of excitatory neurotransmission. (Supported by NIH 
Grant MH 44866 (P. G-R.) and Tourette Syndrome Association Grant (R.L.J.)

272.18
THE DISTRIBUTION OF NEUROTENSIN-POSITIVE NEURONS IN THE 
BASAL GANGLIA OF THE MACAQUE AS REVEALED WITH IN SITU 
HYBRIDIZATION AND IMMUNOCYTOCHEMISTRY. D P. Friedman*. 
R.J. Moore, and S. Vinsant. Dept. o f  Physiology and Pharmacology, Bowman 
Gray School o f  Medicine, Wake Forest University, Winston-Salem, NC 27157 

Previous studies in rats have demonstrated that at least one subpopulation of  
dopamine-containing neurons o f the ventral mesencephalon also express 
neurotensin. In the present study we have used in situ hybridization and 
immunocytochemistry to examine the relationship between the distributions of 
neurotensin and catecholamines in the basil ganglia o f  the monkey For in situ 
hybridization studies, monkeys were euthanized by barbiturate overdose, their 
brains quickly removed, blocked, and frozen at -80°C. A 48-bp oligonucleotide 
complementary to human neurotensin/neuromedin N gene was 3'-end-labeled 
using terminal deoxynucleotidyl transferase and [alpha-3SS]dATP. After 
hybridization, coronal sections and autoradiographic standards were apposed to 
film for 1 week. For immunocytochemistry, another group o f animals was 
euthanized by barbiturate overdose and transcardially perfused with 4% 
paraformaldehyde. Coronal sections were then incubated with antibodies against 
neurotensin and tyrosine hydroxylase. Neurotensin mRNA and neurotensin 
immunoreactivity were seen in scattered neurons in the dorsal portion o f the 
nucleus accumbens. Intense label from both probes was also seen in the bed 
nucleus o f the stria terminalis. No neurotenin immunoreactivity was detected in 
cell bodies in the ventral mesencephalon. However, a small number o f cells were 
found containing neurotensin mRNA. These results confirm the presence of 
neurotensin in dopamine-containing neurons in the ventral mesencephalon o f the 
monkey. Supported by DA7955 (DPF) and DA07246 (RJM)

REFLEX FUNCTION: HUMAN STUDIES

273.1
MOTONEURONAL PROPRIOCEPTIVE CONTROL : DEPENDENCE 
O N  MOTOR UN IT TYPE A N D  SUBJECT’S H A N D ED N ESS. 
A. Schmied, D. Morin, J-P. Vedel*, S. Pagni. CNRS - Neurobiologie et 
Mouvements, 13402 Marseille cedex 20, France.

The activity of 236 single motor units (MU) was recorded in the wrist 
extensor m uscles of right- and left handers during isometric contraction 
while tendon taps were delivered with a constant post-spike delay (80 
ms). Comparisons were made between the monosynaptic response of pairs 
of MUs recorded in the same experiment, presenting either the highest vs 
the low est recruitment threshold (RT), the shortest vs the longest 
contraction time (CT), the largest vs the smallest contraction force (CF) 
or the largest vs the smallest macro-potential area (macro-MUP). MUs 
with lower RT, longer CT, smaller CF and smaller maro-MUP displayed  
larger monosynaptic reflex activation with longer latencies

The strength of MU response to la afferent volleys was found to 
depend on the subject's lateralization. W athever their biomechanical 
and bioelectrical properties, the MUs tested in the right arm of right-
handers displayed significantly larger reflex responses than the MUs 
tested in their left arm or in both arms of the left-handed subjects. N o  
difference could be evidenced in the MU response probability when  
comparing MUs tested in both arms of the left-handers.

The results indicate the existence of an asym m etry, apparently  
restricted to the right-handers, w hich favour the right side in the 
control exerted by the muscle spindles on the MUs of the wrist extensor 
m uscles, in superim position  to the gradient related to the MU 
characteristics. The structural an d /or use dependent origin of this spinal 
lateralization remains to be determine. (DRET, AFM and FRM grants)

273.3
MODULATION OF LONG-LATENCY STR ETC H  REFLEX IN HUMAN  
THUM B FLEXOR DURING  M O VEM EN TS. C. J. W allace and T. S. 
Miles*. Department of Physiology, The University of Adelaide, Adelaide, 
SA 5005, AUSTRALIA

The reflex response to stretch of the long flexor of the human thumb 
is dominated by an excitatory response that occurs at approximately 
twice the monosynaptic latency and is believed to be transcortical. The  
aim of the present experiments was to determine whether the gain of 
this reflex changed during isometric compared with isotonic 
contractions. The subject kept the level of excitation of the long thumb 
flexor steady with the help of visual feedback of the smoothed, rectified 
electromyograph signal. Small, precisely controlled stretches of this 
muscle were given while the muscle was contracting isometrically or 
isotonically. During the isotonic trials, the stretches were superimposed 
on slow ramp displacements of the interphalangeal joint of the thumb in 
either the flexion or the extension direction. The amplitude of the long- 
latency (onset 50-70 ms) reflex was markedly reduced during both the 
eccentric and the concentric contractions, in comparison to isometric 
conditions. This modulation was graded, with suppression of the reflex 
occurring even at ramp velocities near to the threshold for perception of 
the displacement. Hence it is unlikely that the modulation is the result of 
central programming related to specific modes of movement. Other 
possibilities are that the modulation is due to changes in spindle 
sensitivity during movements or, more probably, to more general 
presynaptic inhibition of spindle afferent signals during movements.

273.2
EXAMINING DIURNAL PATTERNS OF HUMAN BICEPS BRACHIl SPINAL 
STRETCH REFLEXES. R.L. Segal*. P.A. Catlin. M.L. Ash. C M, Phillips. 
D.D. Ruehle. P.A. Ruff. Div. Phys. Ther., Emory Univ. Seh. of Med., Atlanta. 
GA 30322.

Diurnal rhythms have been reported in the non-human primate spinal stretch 
reflex (SSR; Wolpaw & Seegal, ’82) with the highest magnitude around midnight 
and the lowest around noon. Results from recent human SSR operant conditioning 
studies closely resemble results from non-human primate studies. The purpose of 
this study was to determine if diurnal rhythms of the human biceps brachii SSR 
exist and if these rhythms vary relative to a subject's perceived alertness. Nine 
able-bodied subjects were assigned to a random data collection sequence of 9 
sessions, 3 at each time: 0800, 1400 & 2000. Subjects also were grouped for 
analyses by morning or evening alertness categories. Surface electromyography 
(EMG) electrodes were placed over the biceps brachii and brachioradialis muscles. 
During each session the subject’s elbow was rapidly extended by a torque motor 
250 times to elicit the biceps SSR after simultaneously meeting background biceps 
brachii EMG activity and elbow position criteria. These criteria were held 
coastant for each subject for all stretches and sessions. Although the mean SSR 
magnitude was higher on the average during the morning and the evening, there 
were no statistically significant differences in biceps SSR magnitude within or 
between session times as tested with repeated measures ANOVA’s. The results 
of this study do not support the hypothesis that diurnal rhythms of the human 
biceps brachii SSR exist. However, there is a tendency (6/9 subjects) for the 
afternoon sessions to have the smallest magnitude SSRs, which is similar to the 
results of Wolpaw and Seegal. Interestingly, in 3 of the subjects with low 
afternoon biceps SSRs the brachioradialis SSR was at its highest magnitude. 
Supported by American Paralysis Association grant SA2-9002-1.

273.4
EVA LU A TIO N  O F AN IN T R IN S IC  FO O T M U S C L E  IN T H E  H U M A N . DM  
K o ce ia1,2. M W  Harty1,2, and EM Kurz2*. 1Motor Control Lab, 2Program  
in Neural Science, Indiana University, B loomington, IN 474 0 5 .

T h e  flexor digitorum brevis (FD B ) is an intrinsic foot muscle found 
on the planar surface of the foot that is active during the lift-off phase  
of the gait cycle and during forward sway. Previously, Loeb (1993) 
found that the activity pattern of the FDB, in cats, during the gait cycle 
was highly idiosyncratic. The purpose of our study w as two fold; 1) to 
extend Loeb’s findings to the hum an, and 2) to determ ine if the gain of 
the FDB follows the sam e patterns found in the soleus. Com parisons  
between the soleus and FDB were m ade since both muscles are involved 
in plantar flexion of the foot. Using an antiseptic protocol, we inserted 
hook-wire needle electrodes into the FD B . H -re flexes  w ere elicited 
with standard protocols. S ubjects w ere eva lu ated  at four different 
levels of background activity (0 , 10, 20 , and 3 0% ) in both positions; 
the gain (H -reflex/background E M G ) of the reflex was calculated to 
give an indication of how the m otor pool w as reg u lated  as the 
background intensity increased.

O ur results indicate ind ividualized patterns of H -re flex  activity in 
both positions. The gain of the muscle w as also highly idiosyncratic, 
although the gain in all subjects did tend to go towards 1 as the 
intensity increased. T he soleus, in contrast, has a very stereotypic  
pattern of H -re flex  activity and predictable  changes in gain in both 
positions. Our results extend Loeb’s findings to the hum an and support 
his conclusion that the individual history of the sm all distal muscles  
has a much greater im pact upon their norm al and reflexive activity 
pattern than is the case in larger muscles such as the soleus.
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273.5
EFFECTS OF VIS IO N AND TASK C O M PLEXITY ON THE GAIN OF THE  

SOLEUS H-REFLEX. M.A. Hoffman*, D M. Koceja . Motor Control Lab., 
Indiana Univ. Dept. of Kines., Bloomington, IN 47405.

Previous research demonstrates modulation of the Hoffmann reflex 
amplitude and gain during changes in environmental conditions. H-reflex 
gain (defined in this study as the ratio of H-reflex amplitude to average 
soleus background EMG) is considered a functional measure of reflex 
modulation. In this study the effects of manipulating visual input and surface 
stability were investigated in 17 subjects under four experimental conditions: 
1) vision-stable surface, 2) no vision-stable surface, 3) vision-unstable 
surface, and 4) no vision-unstable surface. In each condition, subjects 
performed fifteen trials of a single leg stance for seven seconds The H- 
reflex was electrically elicited at the end of each trial by delivering a 1ms 
square wave stimulation to the tibial nerve in the popliteal fossa of the 
dominant leg. Average background EMG (40 ms window) and peak to peak 
amplitude of the H-reflex were measured online for each trial (sampling 
rate=2 kHz). An analysis of variance revealed significant decreases in H- 
reflex gain for the visual (F(1.16)=4.71, p< 05) and surface conditions 
(F(1.16 =7.67, p< 05) however there was no interaction (F(1.16)=0.48, p>.05) 
between these variables These results suggest that supraspinal 
mechanisms, possibly presynaptic inhibition, modulate H-reflex gain across 
environmental conditions. W e conclude that visual and possibly cutaneous 
inputs were responsible for driving presynaptic inhibition and thus 
decreasing H-reflex gain.

273.7
SOLEUS H-REFLEX GAIN IN YOUNG AND ELDERLY 
ADULTS: MODULATION DUE TO POSTURE. R.M.
Angulo-Kinzler* & D.M. Koceja . Motor Control 
Lab, Indiana University, Bloomington, IN 47405.

In an effort to investigate the modulation of 
the H-reflex, soleus H-reflex gain (H-reflex 
amplitude/background EMG activity) was examined 
in 9 young (age = 23.3 yrs) and 9 elderly (age =
71.7 yrs) adults. Soleus H-reflexes were 
determined using standardized procedures. 
Subjects were tested in two conditions: prone 
and standing. Custom designed software 
digitized and averaged background EMG (40 ms 
window) and peak to peak amplitude of the H- 
reflex on each trial (sample rate = 2 kHz). In 
each condition, subjects were required to 
produce 10, 20 and 30% of their maximal 
voluntary contraction using EMG biofeedback.
When normalized to resting gain values, the 
results indicated that the elderly subjects 
produced significantly (p < .05) less reflex 
modulation during standing and prone, as shown 
below for the 10% contraction level:

Standing Prone
Young 80.6% 71.3%
Elderly 48.6% 14.1%

These results indicate differences in reflex
modulation between young and elderly subjects.

273.9
H - REFLEX AND SINGLE MOTOR UNIT RECOVERY CURVES 

IN HUMAN SUBJECTS C.Rossi-Durand. S.Adams and P.Bawa.* 
Kinesiology, S.F.U., Burnaby, B.C., Canada V5A 1S6

With conditioning-testing (C-T) stimulation paradigm in the cat, the 
monosynaptic test reflex is initially inhibited followed by a gradual 
recovery towards control values. This phenomenon is also reflected in 
the low frequency depression o f the reflex (Curtis and Eccles, 1960). In 
the present experiments, surface EMG and single motor unit (SMU) 
activities were recorded from soleus muscles of human subjects. H- 
reflexes were elicited by stimulation o f the posterior tibial nerve. In 
completely relaxed subjects, H-reflex amplitude and response probability 
of an SMU decreased with increasing stimulation rates from 0 .1-1.0/sec. 
Using the C-T stimulation paradigm monotonic recovery curves were 
observed for surface EMG. The time course o f recovery o f an SMU  
response depended on its recruitment threshold. Even when an SMU 
had a high probability of responding with a conditioning stimulus, its 
response could be zero for up to 1 sec. This time course o f recovery 
could be shortened by increasing the excitability o f the spinal cord. It 
has been suggested that the rising phase of the AHP o f a motoneuron can 
be determined from the recovery phase during C-T paradigm (Kudina 
and Alexeeva, 1992). Our results, on the other hand, suggest that the 
recovery phase of an SMU response is determined by the recruitment 
threshold o f the motoneuron and the net excitability of the spinal cord. 
The observed recovery can occur much later and slower than the rising 
phase of the AHP would predict.

Supported by NSERC. C.Rossi-Durand is a visiting scientist from 
CNRS, Marseilles.

273.6
Comparison of Presynaptic Inhibition From Supine to Standing.
R.G. M y na rk *. C.A. Lewis, and D.M. Koceja. Motor Control Laboratory, 
Indiana University, Bloomington, IN 47405 

As the demands placed upon the body by movement or posture increase, a 
subsequent decrease in the amplitude of the monosynaptic reflex response can 
be observed. For example, the H-reflex amplitude decreases significantly from 
prone to standing conditions. Recent studies have attributed this change to the 
mediation of supraspinal control mechanisms such as presynaptic inhibition. In 
this situation, presynaptic inhibition refers to the effect of GABAergic 
interneuronal connections made onto the la afferent nerve fibers prior to their 
synapse onto α-motoneurons. These inhibitory inputs are thought to be 
regulated by descending influences that modulate the gain of the reflex in 
response to the changing needs of the peripheral muscles. The purpose of this 
study was to compare the levels of presynaptic inhibition observed in supine 
and standing conditions. Five subjects were testing using a heteronymous 
facilitation protocol as described by Hultborn et al. (1987). This method 
utilized a supramaximal conditioning stimulation of the ipsilateral femoral 
nerve, followed 5-7 ms later by a test H-reflex of 10-20% of maximal motor 
response in amplitude. The resulting facilitation of the conditioned reflex is an 
indirect measure of the presence of presynaptic inhibition. After establishing the 
interstimulus interval, 20 test H-reflexes, and 20 conditioned H-reflexes were 
measured at each condition. Results indicated a 58% average facilitation of the 
H-reflex during supine testing, and 12% average facilitation while standing. 
These results show a significant increase (p <0.01) in presynaptic inhibition 
when posture is changed from supine to standing. This finding demonstrates that 
presynaptic inhibition is a major component of the reflex modulation observed 
with changes in posture and may also be a primary factor in the changes seen 
during other movements.

273.8
INTRINSIC AND REFLEX CONTRIBUTIONS TO DYNAMIC 
ANKLE STIFFNESS IN NORMAL AND SPASTIC SUBJECTS: 
VARIATION WITH TONIC CONTRACTION LEVEL.
M.M. Mirbagheri1. R.E. Kearney 1*. H. Barbeau2. and M. Ladouceur2. 
Department of Biomedical Engineering1, and School of Physical and 
Occupational Therapy2, McGill University, Montreal, Canada H3A 
2B4

The objective of this study was to determ ine the relation contribution of intrinsic 
and reflex mechanics to joint mechanics in normal and spinal cord spastic (SCI) 
subjects.

Ankle stiffness dynamics were examined at different levels of tonic contraction in 
normal and SCI spastic subjects. Intrinsic and reflex contributions to the stiffness 
dynamics were separated using a new parallel-cascade identification method. Intrinsic 
stiffness dynamics were well modeled by a linear, second-order system relating 
intrinsic torque to joint position. Reflex stiffness dynamics were accurately 
described by a linear, third-order system between half-wave rectified velocity and 
reflex-torque.

In normal subjects, intrinsic stiffness gain increased with the level of tonic 
contraction in the ankle extensors (gastrocnemius-soleus) while the reflex stiffness 
gain decreased.

In SCI spastic patients, intrinsic stiffness also increased with level of tonic 
contraction but the gain was generally lower than in normal subjects. In contrast, 
reflex stiffness gain was higher in spastic than in normal subjects and increased, 
rather than decreased, with voluntary activation.
These results suggest that both intrinsic and reflex mechanics are abnormal in 
spastic SCI patients.

(Supported by a grant from the Medical Research Council of Canada)

273.10
FE A SIB IL ITY  O F  U S IN G  A N A L Y S IS  O F  V A R IA N C E  T O  VALIDATE  
M -W A V E  STA B IL ITY  FO R  H -R E F L E X  T E S T IN G . S .C . Allison*. L.D. 
A braham  and C. S tanford . K inesiology & H ealth Education and 
Institute for Neuroscience, University o f T exas , Austin, T X  78712 & 
H ealthcare Rehabilitation Center, Austin, T X  787 4 5 .

M -w ave  stability is critical w hen H -re flexes  a re  used to test the 
effects o f varying experim ental conditions on excitability of stretch 
reflex pathways. R ecent research indicates that A N O V A  is more 
sensitive for detecting changes in M -w a v e  am plitudes than commonly 
used rejection criteria which use per cent deviations from the mean.

A N O V A  (α= .0 5 ) w as used to test soleus M -w ave  stability in two 
experim ents which introduced system atic  bias in M -w ave  amplitudes. 
In one experim ent, M -w aves  and H -w aves  w ere  collected with the 
ankle in three static positions. Stim ulating intensities w ere adjusted to 
stabilize M -w aves  across conditions using visual inspection of M-wave 
am plitudes on an oscilloscope. Subsequ ent A N O V A  revealed that 
5 0%  of the data sets had dissim ilar M -w aves . In a  second experiment, 
M -w aves  and H -w aves  w ere  ana lyzed  with the subjects at rest, 
perform ing an isom etric dorsiflexor contraction, and with vibration 
applied to the Achilles tendon. Digital on-line M -w a v e  amplitude 
detection w as accom plished by a  virtual instrum ent created with 
LabV iew  softw are (version 2 .2 , National Instrum ents). The instrument 
allow ed for im m ediate inspection o f M -w a v e  amplitudes; trials were 
accepted  into the data sets only w hen M -w a v e  am plitudes fell within 
the upper and low er bounds of the re feren ce (resting condition) data 
set. W h e n  stimulating intensity adjustm ents w ere  guided by 
autom ated on-line analysis o f M -w a v e  am plitude, A N O V A  revealed 
stable M -w ave  am plitudes for 9 8 %  o f the  data sets (59  of 60).
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273.11 273.12
POTENTIATION OF MUSCLE COMPOUND ACTION POTENTIAL 
IN TRICEPS SURAE. G.A. Novak & D.M. Koceja* 
Motor Control Lab, Indiana University, 
Bloomington, IN 47405.

In an attempt to investigate M-wave 
potentiation, maximal M-waves were elicited in 
the lateral and medial gastrocnemii and soleus 
of nine subjects (age = 28.3 yrs). Subjects were 
seated with their leg positioned at 135°, and 
each subject was tested under three conditions. 
Condition One consisted of ten trials of a 
single stimulus that served as an experimental 
control (C). Condition Two consisted of ten 
trials of double stimuli (DS) 170 msec apart. 
Condition Three consisted of three stimuli (TS) 
that were delivered within a 450 msec window. M- 
waves were elicited by a supramaximal 
percutaneous electrical stimulus (1 msec pulse) 
to the tibial nerve, and dedicated software 
digitized and averaged the peak to peak 
amplitude (AMP) and IEMG on each trial (sample 
rate = 2 kHz). Results indicated that the AMP of 
the second and third M-waves were potentiated 
while the IEMG was attenuated, as shown below:

AMP
IEMG

DS
M-WAVE 2+10.6%
- 5.3%

TS
M-WAVE 2 
+9.3% 
-2.3%

M-WAVE 3 
+12.3%
- 5.3%

EVALUATING THE OVERALL ELECTROMYOGRAPHIC EFFECT OF 
CUTANEOUS NERVE STIMULATION IN HUMANS. E.P. Zehr, T. 
Komiyama. and R.B. Stein*. Div. of Neuroscience. University of Alberta, 
Edmonton, Alberta, CANADA T6G 2S2.

Complex patterns of electromyographic (EMG) responses consisting of 
alternating phases of suppression and facilitation have been shown to occur after 
cutaneous nerve stimulation in humans. Within this pattern, data analysis has 
most often been centred upon the peak amplitude of reflex responses occurring 
within a given latency. As these reflex responses are generally at minimum 
biphasic, an examination of the reflex effects of electrical nerve stimulation based 
upon analysis of isolated phasic phenomena can provide only limited information 
on the integrated reflex effect. However, until now there has been no reliable 
method for evaluating the overall reflex effect of nerve stimulation.

A method for evaluating the overall surface EMG response, known as ACRE 
(Averaged Cumulative Reflex EMG), has recently been developed. Pre-stimulus 
EMG levels and reflex responses to cutaneous stimulation in human quadriceps 
and triceps surae muscles were full-wave rectified and averaged. The background 
EMG level was then subtracted from each trace, thereby resulting in an EMG trace 
consisting of reflex responses only. The post-stimulus responses were then 
cumulatively summed and divided by the time interval of integration up until 150 
ms post-stimulus, thus minimizing the potential contamination of reflex with 
voluntary EMG responses. Further, as prominent stimulus artifacts were often 
present in the EMG records, the summation began at a certain delay after 
stimulation (~25 ms). This analysis gives the Averaged Cumulative Reflex EMG 
(ACRE150) occurring over an interval extending from the end of stimulation until 
150 ms post-stimulus. Results have revealed that although prominent phasic 
responses are observed during both standing and walking, generally the overall 
effect (ACRE150) is greatly attenuated during walking.
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274.1
RHYTHMICAL MOTOR ACTIVITY: VARIOUS MANIFESTATIONS - 
A SINGLE MODEL G . Staude1, W. W olf1* and R. Dengler2. 1Universitat der 
Bundeswehr München, D-85577 Neubiberg, Germany. 2Medizinische Hochschule 
Hannover, D-30625 Hannover, Germany

Rhythmical activity in the human motor system appears in a variety of different 
forms. It may result from voluntary cyclical muscle activation (e.g. finger tap
ping), or may be caused by intrinsic oscillators that are not under voluntary control 
(e.g. tremor). It may be physiological (e.g. physiological tremor) or pathological 
(e.g. essential tremor, Parkinsonian tremor) in nature, and associated with central 
as well as peripheral oscillators. Irrespective of its origin, it finally becomes visible 
in the external world as a rhythmical modulation in observable biomechanical 
variables (e.g. muscle forces, kinematics, electromyographic activity (EMG)).

We present a functional model for the emergence of EMG during rhythmical 
muscle activation that is based on the framework of the Equilibrium Point hypoth
esis. The overall information flow is subdivided into stages control and execution. 
Control signals descending from higher levels are assumed to be linearly superim
posed. Interaction at the level of execution is modeled by a simple (non-linear) 
limiter function. As a major result, slight variations of a single pair of parameters 
are associated with a variety of extremely different activation patterns at the level 
of observable variables. This includes tremor arising only during active muscle 
contraction (action tremor), and symptoms that are characteristic for Parkinsonian 
tremor patients (e.g. multiple burst pattern during fast voluntary movements, 
difficulty initiating a movement at all).

We conclude that a single intrinsic oscillator may be associated with various 
manifestations of rhythmical activity in observable biomechanical variables. There
fore, different activation patterns do not necessarily reflect different origin of 
tremor.

274.3
A TIME DELAY ESTIMATE OF MUSCLE EMG-TO-FORCE PROCESSING FOR 
USE IN THE STUDY OF MOTOR CONTROL. R.A. Scheidt‡. J.P.A. Dewald‡§ 
and W.Z. Rvmer‡†* ‡Dept. of Biomed. Eng., Northwestern University, Evanston,
IL; †SMPP, Rehab. Inst. of Chicago; §Depts. of PM&R and Phys. Ther., NU Medical 
School, Chicago, IL.

Electromyograms (EMGs) during ballistic, multijoint movements are complex and 
exhibit both clear and repeatable modulations which appear distinct from agonist ac
celeration and antagonist deceleration bursts. In order to determine whether specific 
features of EMGs are tailored to the compensation of intersegmental coupling torques, 
the relative timing between EMG activity and torque generation at its joint must be 
known. The purpose of this study was to develop a simple time delay model of mus
cle’s EMG-to-force (EF) transformation to assist in the interpretation of EMGs during 
specific and controlled arm movements. The limb’s mechanical response to extensor 
electrical excitation was tested in vivo by applying a brief current pulse (0.5 ms dura
tion, < 5 mA amplitude) to the lateral head of the triceps muscle. Stimulus amplitudes 
were reduced until current spread to neighboring muscles was negligible. The me
chanical response of the muscle and limb system were measured with a six degree-of- 
freedom load cell fixed to the subject at the wrist via a rigid cast. The shoulder was 
held at 90° abduction and at 15° flexion. Eleven stimuli were presented at each of sev
eral joint angles. At least 30 seconds of rest elapsed between each brief stimulation, 
and at least five minutes rest was allowed between each set of eleven stimuli. Three 
estimates of varying aspects of EF time delay were then examined and compared. The 
first method calculated this delay as the difference between the applied stimulus onset 
and the measured moment response onset (41.4 ± 7.6 ms; mean ± std. error). Re
sponse onset was defined as the time when the elbow moment exceeded 4 times the 
std. dev. of its baseline. The second method estimated the EF delay as the time to 
peak in the cross-correlation between the stimulus and the response data sets (92.9 ± 
15.1 ms). The third method estimated the delay by fitting (in the least-squares sense) a 
pure time delay, frequency-domain model to the phase response of the system in the 
low-frequency range (73.3 ± 10.9 ms). All three methods demand that muscle length, 
velocity, and moment arm about the joint are well controlled. These estimates of EF 
delays will significantly increase the capability to interpret the relative importance of 
specific features of the EMG signals recorded during goal-directed, arm movements. 
Supported by NIH NS 19331.

274.2
VELOCITY-DEPENDENT CORIOLIS FORCE PERTURBATIONS: AN 
EXPLANATION OF THE POSITIONAL ERRORS AND ADAPTATION. A.G. 
Feldman. D.J. Ostry*and M.F. Levin. Centre de recherche, Institut de ré daptation 
de Montréal, University o f Montreal, Québec, Canada. H3S 2J4 

Some rejections of the equilibrium-point hypothesis (λ  model) are based on the 
assumption that the model predicts equifinality of movement in all cases of velocity- 
dependent or transient perturbations. Actually, the model only predicts that such 
behavior may occur but, in fact, has never claimed that it is a universal phenomenon. 
An interesting example of positional errors (non-equifinality) has been described by 
Lackner and Dizio (1994) in studies of pointing movements in the presence of 
Coriolis forces. These errors and the evolution o f the endpoint arm trajectory during 
the adaptation of pointing movements can be explained in terms of the X model. 
Briefly, subjects may diminish the arm deflections elicited by the Coriolis force by 
curving the endpoint equilibrium trajectory in the direction opposite to the curvature 
of the actual trajectory. This strategy results in an endpoint positional error in the. 
direction of the Coriolis force. In the process of adaptation from one trial to the 
next, subjects should first, increase the curvature of the equilibrium trajectory to 
further compensate the curvature of the actual trajectory and second, diminish the 
positional error by rotating the equilibrium trajectory as a whole in the direction 
opposite to the Coriolis force. This explanation may be extended to post-rotatory 
adaptation as well as the data of Shadmehr and Mussa-Ivaldi (1994) on the evolution 
of the trajectory in a velocity-dependent force field. Rather than building a model of 
the force field as suggested by Shadmehr and Mussa-Ivaldi, the nervous system may 
adapt by gradually modifying the direction and curvature of the equilibrium 
trajectory. This process may not require detailed knowledge o f the characteristics of 
the force field. Experimetal tests for this explanation are suggested.

274.4
SIMULATION OF THE PENDULUM TEST OF SPASTICITY BASED 
ON A NEURO-MUSCULAR DYNAMICS MODEL Jip ing H e *. Bill 
N orling . Bioengineering, A rizona S tate  University, Tem p e , A Z  852 8 7

Spasticity is one of the most comm on symptoms present in patients  
of various neuro log ica l d iseases  or in juries. Y e t the  underlying  
m echanism s have not been fully understood. O n e  obstac le  is the  
difficulty in experim entally  isolating effect of individual param eters  on 
spasticity. Previous effort in modeling spasticity has been focused on 
biomechanical aspect of the pendulum test. The  lum ped param eters of 
stiffness and viscosity in a second order model of knee joint helped to 
explain the principle of the pendlum test. But its simplicity also limited 
its usefulness in investigating spasticity.

W e  expanded the m odel to include explicit muscle dynam ics and  
stretch reflex loops so that the effect of individual param eter changes on 
spasticity can be invesitgated through sim ulation. A generic  model is 
developed using norm alized limb and m uscle param eters . O nly the  
stretch reflex gain and thresholds (both stretch and the rate of stretch) 
are  a llo w ed to change. Forty patients of m ultip le  sclerosis  w ere  
evaluated. D ata  w ere grouped according to the severity of spasticity. 
M odel simulation w as then perform ed under three conditions: 1) stretch 
reflex thresholds are  norm al, gain w as system atically  increased; 2) 
stretch re flex  gain  w as norm al, th resh o ld s  w ere  s ys tem atica lly  
decreased; and 3) both stretch reflex gain and thresholds w ere altered.

The results indicate that individual changes in stretch reflex gain or 
thresholds can cause mild spasticity, that both gain and thresholds have  
to be a ltered sim ultaneously to s im ulate m o derate to severe  spaticity. 
Furtherm ore, the spsticity is m ore sensitive to the dynam ic threshold  
than the static threshold.

So ciety  for N euroscience , V o lu m e  21 , 19 9 5



682 CONTROL OF POSTURE AND MOVEMENT: MODELLING MONDAY AM

274.5
A DYNAMIC MODEL OF THE FROG HINDLIMB MUSCULATURE 
Galagan, J.E.; Loeb, E.P.; Bizzi, E .*  Dept of Brain and Cognitive Sciences, 
MIT, Cambridge, MA 02139
Previous work has demonstrated the existence of a small number of postures 
of the frog hindlimb elicited by lumbar cord stimulation of the interneuronal 
grey (Bizzi et al,1991). These data can be described as time-varying force 
fields, and are the result of particular muscle synergies. To analyze the role 
of hindlimb muscles in the production of spinal force fields, a static muscle 
model was previously developed (Loeb 1995). This model succesfully pre
dicts static forces of individual muscles across the workspace as well as static 
linear combinations of muscles. However, this model, when simply scaled by 
emg activity, fails to accurately capture the timecourse of force production 
by combinations of muscles. Thus the current static model is inadequate 
to analyze the time varying component of spinal force fields. To capture the 
timecourse of muscle activation, a dynamic muscle model has been developed. 
This model consists of an embedded Hill-model component and an emg-to- 
active state converter. The parameters of the model are set using the results 
of previous muscle and spinal stimulation experiments. The model is used to 
predict the timecourse of force production by muscle synergies, and to ana
lyze the contributions of particular muscles to the generation of time-varying 
postural force fields. In addition, the dynamic model is used to generated a 
simulation of the frog hindlimb musculo-skeletal system in order to investigate 
the role of spinal force fields in the production of hindlimb movements. In 
particular, the simulation is used to investigate how trajecotories generated 
by two spinal force fields are combined after the linear combination of the 
corresponding spinal force fields. ACKNOWLEDGEMENTS: NIH NS09343, 
and ONR N00014/90/J/1946

274.7
DYNAMICS OF FORCE-FIELD PRIMITIVES IN THE REFLEX 
MOVEMENTS OF SPINAL FROGS. S.F. Giszter*, W. Kargo, and M.R. Davies. 
Dept Anatomy and Neurobiology, MCPHU, Philadelphia, PA 19129.

Static force-field descriptions of reflex behaviors of spinal frogs are consistent 
with primitives or functional modularity of pattern generators and synergies in the 
spinal cord However, during real movement the structure and time course of 
response must be modified by motion dependent afference. Preliminary data 
confirms that both the time course of force development and muscle activation in 
frog reflex behaviors are influenced by limb motion. The force variations must 
include both the effects of the limb position and velocity on muscle force 
generation, and feedback regulation of muscle activation by the CNS. Remarkably, 
despite these complex effects, preliminary data suggested that the direction of force 
production after a period of motion matches the prediction of the static force-field.

We are now relating the static force-field descriptions of reflex limb responses 
to forces required during movement. We measure all 4 forces generated proximal 
to the ankle (4 degrees of freedom limb [DOF]) in the static condition. In 
addition, we are able to drive the ankle through preassigned 3 DOF translations, 
or present different 3 DOF impedance fields to the limb. The data from these 
experiments can be used in a dynamic model of the frog leg (Boston Dynamics 
Inc ). Using the dynamic model we are able to (1) relate the torques required for 
a given kinematic pattern of motion to time evolution of force-fields and (2) 
examine the dynamics that would be generated by a particular time evolution of 
a static force-field We are currently testing the unlikely hypothesis that, during the 
spinal reflex behaviors, the combined effect of motion based reflex feedback and 
muscle properties lead to multi-joint force-fields that can be simply described as 
a time-varying scalar modulation of the isometric force-field ’primitive’ that was 
measured with the limb at rest. Supported by NIH R29-NS34640-01.

274.6
C O N V E R G E N T  F O R C E  FIE L D S  IN T H E  RA T SPIN A L CO RD 
Tresch, M .C .*; B izzi, E .. D ep t of B rain  an d  C ogn itive Sciences, MIT, 
C am bridge, M A 02139

Prev ious work in th is  lab o ra to ry  (Bizzi 1991, G isz te r 1993) has de
scribed a  sm all num ber of m ovem ent p rim itives  encoded in the  spinal 
cord o f th e  frog. W e exam ine here w h e th e r th e  sam e p a tte rn  of results 
can be observed in th e  sp inal cord  of a  m am m al; th a t  of the  ra t. We 
applied m ic rostim ulation  to  th e  in te rn eu ro n a l regions o f th e  lumbar 
sp inal cord . T h e  ankle was a tta c h e d  to  a  6 axis force tran sd u cer and 
th e  isom etric force evoked by m ic ro stim u latio n  was recorded  a t differ
en t positions o f th e  ankle in th e  w orkspace. T h is p a tte rn  of position 
dep en d en t forces c o n s titu te s  a  force field. W e found th a t  the  force 
fields evoked by m ic ro stim u latio n  o f th e  in te rn eu ro n a l regions of the 
sp inal cord are  convergent; th a t  is, regard less o f w here th e  limb is ini
tia lly  p laced, th e  evoked forces p o in t to w ard  a  single end position  of the 
ankle. T h is  convergence was never seen w hen ind iv idual muscles were 
s tim u la ted . F u rth e r, th ere  a p p e a r  to  be only a  few types o f convergent 
force fields explicitly  encoded in th e  ra t  sp inal cord. C ostim ulation  of 
tw o in te rn eu ro n a l sites p roduces a  force field which is a  sim ple vector 
sum  of the  force fields p roduced  by s tim u la tio n  o f th e  two sites sepa
rate ly . T his p a tte rn  of resu lts  is very sim ilar to  th a t  found in the frog, 
suggesting  th a t  b o th  the  am ph ib ian  and  th e  m am m alian  spinal cord 
have developed sim ilar so lu tions to  th e  problem s o f lim b control. 
A C K N O W L E D G E M E N T S : NIH NS09343, O N R  N 0 0 0 1 4 /9 0 /J/1 9 4 6  
and a  How ard H ughes P red o c to ra l Fellow ship to  M C T

274.8
INTERPRETING MOVEMENT KINEMATICS. P.L. Gribble* and 
D.J. Ostry . McGill University, Montreal, PQ, Canada H3A IB 1.

Without explicit models o f  the limbs, kinematic patterns which are 
attributable to central control cannot be distinguished from those which 
arise due to muscle properties and dynamics and are not represented in 
the underlying control signals. In the present paper w e address, in the 
context o f  models o f  human arm and jaw  motion, the possible origins 
o f  empirically observed kinematic characteristics such as smoothness 
and context sensitivity, as well as relationships among kinematic 
variables such as peak velocity and movement amplitude. We also 
assess how musculo-skeletal geometry may be represented by the 
nervous system when planning movements. The arm and jaw models, 
based on the equilibrium-point hypothesis, include neural control signals 
and reflexes, muscle mechanics, geometry and limb dynamics. Modelled 
muscle mechanical properties include the dependence o f  force on 
muscle length and velocity, reflex damping, and graded muscle force 
development. By examining the kinematics o f  human arm and jaw 
movements in the context o f  simulations, w e demonstrate in a number 
o f  ways that unplanned effects may arise due to mechanical and 
dynamical factors and these must be accounted for before drawing 
conclusions about the contribution o f  central control to the observed 
kinematics.

274.9
USING MUSCLE MODELS TO EXPLORE M OTOR CODING IN THE CNS 
Mussa-Ioaldi, F.A*; Tresch, M.C.; Loeb. E.P.; Northwestern University Med
ical School, Chicago IL 60G11; Dept of Brain and Cognitive Sciences, MIT, 
Cambridge, MA 02139

Neurons throughout the motor system show cosine tuning to the direction 
of movement or to limb displacement. This cosine tuning has been cited as 
evidence that the CNS is planning movements in spatial coordinates. However, 
previous work (Mussa-Ivaldi, 1988) has shown th at cosine tuning would also 
result if the CNS were planning movements in terms of muscle activations. We 
have used models of the ra t hindlimb musculature (Loeb, 1995, Tresch 1994) 
in a series of simulations designed to emphasize the point th a t cosine tuning 
would result from the control of almost any collection of muscles. On the 
sensory side we show this by illustrating th a t the length of muscles vary in a 
sinusoidal manner with the direction of limb displacement. On the motor side, 
we show th at individual muscles will show a cosine tuning when the muscles are 
activated in random combinations. Further, the population vector predicted by 
these muscle tuning curves varies with the direction of the movement, although 
it is biased due to the non uniform distribution of preferred directions of the 
muscles. We also show that the change in the preferred direction of a muscle 
combination when the limb is placed in different starting  positions can be well fit 
to a polar coordinate system, as well as to a number of other coordinate systems. 
Thus, the default prediction of a signal involved in the control or sensation of 
muscle variables is a cosine tuning curve to the direction of movement. These 
simulations also suggest aspects of neural coding, such as the observed uniform 
distribution of preferred directions in MI, which might not result simply from 
the control of the musculature.

ACKNOWLEDGEMENTS: NIH NS09343, and ONR N 00014/90/J/1946, 
and a Howard Hughes Predoctoral Fellowship to MCT.
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275.1
FEEDFORWARD DEACTIVATION OF THE HAMSTRING MUSCLES FOR 
TRIGGERING A RAPID CHANGE OF POSTURE IN HUMANS. G-Cheron*. A. 
Bengoetxea., J.P Draye. T. Pozzo and D. Pavisic. Lab. of Biomechanics , ISEPK, 
Université Libre de Bruxelles, Belgium.

Normal subjects were asked to make rapid flexions of the legs from a stationary 
initial standing posture. Because this movement implicates a rapid change in posture, 
questions were asked about the type of central command which must include the 
control of posture and the accomplishment of the goal directed movement. Movements 
of the different segments of the body were recorded and analyzed using the 
optoelectronic ELITE system. Kinematic and kinetic parameters of the head, hip, knee 
and ankle were calculated in the sagittal plane of the body prior to and during the 
movement. Electromyographic (EMG) activity of 8 muscles of the lower limb on one 
side of the body were recorded, rectified and integrated. The time relationships of the 
different EMG signals (activation or deactivation) were analyzed with respect to 
selected kinetic measures of the related segments of the body. The mean duration of 
flexion movements of the legs was 727 ± 115 ms. The mean of the maximal angular 
velocity of the knee was 340.3 ± 44.8 deg/'s. In the majority o f the subjects, the 
anticipatory EMG events included a specific deactivation of the tonic EMG activity of 
the semimembranous (SM) and the semitendinous (ST) muscles (time onset relative to 
the onset of the legs flexion:-90.7 ± 89.2 ms and -208.6 ±91.9  ms, respectively). A 
second anticipator)’ event was a phasic activation of the tibialis anterior (TA) muscle 
(time onset: -106.5 ± 105.1 ms). All the other muscles (the biceps femoris,the vastus 
medialis, the vastus lateralis, the rectus femoris and the soleus) were not active prior to 
the movement. Even though a small forward sway of the body was recorded prior to 
leg movement (time onset of -218.3 ± 205.3ms), the resulting head motion occurred 
too late or with a smaller amplitude to induce the deactivation of the hamstring 
muscles. The results demonstrated that a feedforward deactivation of the SM and ST 
muscles represents the first element of the descending command to switch from the 
standing to the squatting posture.

275.3
WEIGHT-SHIFTING STRATEGY IN BELOW-KNEE AMPUTEES 
DURING LATERAL LEG RAISING. L. Mouchmno, M-L, Mille, R. Forget*. 
M Cincera. A. Bardot, A Delarque. Faculty of Sport Sciences, University of the 
Mediterranean. Marseille, France.

The coordination between equilibrium control and lateral leg movement raises a 
specific problem due to the fact that the limb to be moved is initially involved in 
supporting the body. The leg movement is therefore preceded by a shift of the 
center of gravity (CG) towards the supporting side. This CG shift is initiated by a 
thrust exerted by the moving leg onto the ground which is shortly preceded by an 
activation of the gastrocnemius medialis (GM, ankle extensor) in the moving leg. 
The aim of the present study was to investigate if the weight-shifting in amputees 
remained the same as in normals. In that case, the functional role of missing distal 
muscles (GM) could be taken on by more proximal muscles. Experiments were 
performed on 10 subjects: five below-knee amputees with no pathology and five 
normal subjects. While standing, subjects were instructed to raise one leg laterally 
as fast as possible to an angle of 45° and to maintain the final position. It has been 
observed in amputees that an early Tensor Fasciae Latae (TFL) burst is observed 
just prior to and associated with the onset of the center of pressure (CP) lateral 
change This moving leg abductor may be responsible for the initiation of the 
thrust when that leg is still on the ground. In addition, the amputees used in 50% 
of the trials a new mode of shifting the CP ("pre-pushing mode"). It consists of two 
thrusts: an early thrust onto the ground is exerted by the supporting leg. followed 
by the classical thrust exerted by the moving leg. This was observed either when 
the moving leg is the prosthetic leg (32%) or the sound leg (26%). This early 
thrust exerted by either the sound or prosthetic leg may increase the efficiency of 
the second classical thrust by initiating a swing. It may also be involved in 
evaluating the support conditions in order to plan the CG shift.

275.5
IS T H E  F O R C E  C O N S T R A IN T  S T R A T E G Y  U SE D  BY  
H U M A N S TO M A IN T A IN  S T A N C E  A N D  E Q U IL IB R IU M ?
J. Fung*. S. M. Henry and F. B. Horak. R. S. Dow Neurological Sci. 
Institute, Legacy Good Samaritan HMC, Portland, OR 97209.

Previous studies showed that cats standing at the normal inter-paw 
distance responded to surface translations by exerting forces under each 
paw in only two horizontal directions, regardless o f  the direction o f  
translation (Macpherson, J. Neurophysiol. 1988; 1994). This postural 
strategy observed in quadrupeds is termed the force constraint strategy. 
This study examined whether i) the force constraint is also a feature o f  
bipedal stance regulation and ii) the strategy depends on stance width.

Normal healthy adult subjects stood on a moveable platform with each 
foot on a force plate at two different stance widths: narrow (10 cm) and 
wide (32 cm), while being exposed to 12 different directions o f  surface 
translations, presented in random order. Bilateral 3-D  ground reaction 
forces and joint positions as well as EMGs were recorded.

Preliminary results showed that during quiet stance, the forces exerted 
by the feet against the surface were directed outwards laterally, with a 
six-fold increase in magnitude in wide stance as compared to narrow 
stance. During translations, the passive forces in both narrow and wide 
stance were directly opposite to the movement o f the platform. However, 
during narrow stance, the active forces in each foot were clustered into a 
single, lateral direction, with increasing magnitude when the limb was 
loaded. During wide stance, the active force vectors were clustered into 2 
diagonal directions, without any modulation in magnitude. Thus, the 
force constraint strategy is utilized for human bipedal stance and is 
dependent on biomechanical constraints imposed by the different stance 
postures. (Supported by RHLF, NIA, and NIDCD/NASA)

275.2
FOUR METHODS OF SIT-TO-STAND COMPARISON BY OBSERVING 
EMG QUANTIFICATION AND FREQUENCY
B. R. Etnyre1*, D.Q. Thomas1, C. White2 and T. Maggio2 1Human 
Performance and Health Sciences Dept., Rice Univ., Houston, TX 77251, 
2Physical Therapy Dept., Texas Woman’s University, Houston, TX 77030.

The purpose of this study was to compare integrated EMG (1EMG) and 
frequency components of five leg muscles during sitting-to-standing (STS) 
motion. Each of 23 subjects performed a standing motion by rising from a 
standard chair with the arms: FREE; CROSSed; extended with hands on 
KNEEs; or flexed with hands on ARMRESTs. Bipolar, preamplified surface 
electrodes recorded from five muscles: tibialis anterior (TA); triceps surae 
(TS); rectus femoris (RF); medial hamstrings (MH): and gluteus maximus 
(GM). EMG was collected for three seconds. The signals were integrated and 
mean and median power density frequencies were calculated from an FFT. 
One way analysis of variance for each muscle revealed the 1EMG for the 
ARMREST condition was significantly less than the other conditions for the 
TS and RF muscles (F(3,22), p < 0.05). The FREE IEMG consistently 
resulted in lower values than the KNEE or CROSS conditions. Mean and 
median frequencies were significantly lower for the FREE and CROSS 
conditions than the other two. No other significant differences were revealed. 
It was concluded for STS in patients with lower extremity pathology, 
armrests should be used, but if not available rising with arms FREE is better 
than with the hands on KNEEs.

275.4
PREPARATORY POSTURAL ADJUSTMENTS IN PERTURBATION 
INDUCED STEPPING: A COMPARISON TO GAIT INITIATION.
Michael R. Carhart* and Gary T. Yamaguchi, The Whitaker Center for 
Neuromecha. .cal Control and The Department of Chemical, Bio and Materials 
Engineering, Arizona State University, Tempe. AZ, 85287-6006.

While a number of studies have examined human postural responses to small 
perturbations, the process of equilibrium maintenance when "ankle" or "hip" 
strategies are insufficient is not clearly understood. It has been suggested that 
stepping responses to large perturbations of posture consist of an initial unsuccessful 
ankle strategy followed by the initiation of a step or steps. However, such a 
superposition of the response strategies has yet to be demonstrated. Studies of gait 
initiation have shown that dynamic phenomena, namely shifts in center of pressure 
both backward and toward the stepping foot, precede the initiation of voluntary 
forward stepping. It is the objective of the present study to determine if these 
dynamic shifts are present in perturbation-triggered stepping responses. Variable 
amplitude "pull" perturbations were randomly applied at waist level to seven normal 
adult males via an electro-pneumatic perturbation system. Subjects responded to the 
perturbations by stepping in 60% of the trials (63 of 105). In 94% of these stepping 
responses, a lateral shift in the center of pressure toward the initial swing limb was 
observed, occurring at 204±56 ms after perturbation onset. For the non-step 
responses, a similar lateral shift in the center of pressure toward the preferred swing 
limb was observed in 86% of trials (onset 228±82 ms). These lateral shifts are 
similar to those commonly observed in gait initiation. Such shifts are believed to 
represent preparation for stepping in that they generate the necessary postural and 
dynamic conditions for the lateral progression of the center of mass toward the 
stance leg. Taken together, the low-latency of these shifts and their presence in both 
the step and non-step responses suggests that preparation for stepping is embedded 
in (or executed in parallel with) the "feet in place" postural response.

275.6
EM G  R E SP O N SE S  TO  M U L T ID IR E C T IO N A L  S U R F A C E  
T R A N S L A T IO N S . S.M. Henry *. J. Fung and F.B. Horak. R. S. 
Dow Neurological Sciences Institute, LGSHMC, Portland, OR 97209.

Automatic postural responses in humans have been well studied in the 
sagittal plane; however, balance disruptions do not occur only in cardinal 
planes. The purpose o f this study was to characterize postural responses 
in normal subjects to multidirectional surface translations in a narrow and 
wide stance in order to examine neural and biomechanical factors that 
characterize balance responses. EMGs from 12 lower limb and trunk 
m uscles were recorded during 12 different horizontal translations, 
presented randomly. Average EMG integrals were plotted as a function 
o f perturbation direction. The shape o f the tuning curve and direction of 
maximal activation for each muscle changed as a function o f stance width 
and perturbation direction. Generally, distal muscles were most active in 
response to diagonal perturbations and increased EMG activity was seen 
in narrow stance. In contrast, in wide stance, trunk and hip muscles had 
a maximal activation pattern in the sagittal plane. Some muscles were 
tuned unidirectionally while others exhibited more com plex, multi
directional tuning curves. Some muscles responded to limb loading or 
stretch; however, the direction o f maximal EMG activation could not be 
predicted based on the anatomical orientation alone. These complex 
muscle recruitment patterns interacted to produce directionally similar 
force vectors under the feet. This finding can not be explained by a 
neural strategy consisting o f a simple muscle synergy organization. 
Rather, the specific combination o f m uscles recruited to create the 
ground reaction force is dependent on multiple factors, including 
loading, stretch and joint dynamics, all o f  which can be influenced by 
initial stance width. (Supported by NIA and NIDCD/NASA)
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275.7
PARALLEL CONTROL OF C O N TAC T FORCE M A G N IT U D E  
AND DIRECTION DURING POSTURAL EQUILIBRIUM  TASKS. 
R. Jacobs* and J. M. Macpherson. R.S. Dow Neurol. Sci. Inst., Legacy 
Good Samaritan Hosp., 1120 N W  20th Ave., Portland, OR 97209.

The focus was on how the nervous system controls contact forces in 
postural equilibrium tasks in standing cat. W hen the body is displaced 
from a position o f balance by an external perturbation, appropriate 
forces must be generated to restore balance.

Cats were trained to stand quietly on a moveable platform. During 
quiet stance, the cat was perturbed by a platform translation in each of  
12 directions in the horizontal plane. M uscle activity o f mono and 
biarticular thigh muscles, forces exerted by the paw, and kinematics o f  
hindlimb segments were recorded. Net joint torques were computed 
using inverse dynamics. The analysis focussed on the functional 
organization of the rapid, postural responses o f the muscles.

The data show a functional subdivision o f  the thigh m uscles 
according to the relationship o f their activation to contact force 
magnitude and direction. In the first group reciprocal activations of 
mono and some biarticular muscles were related to force magnitude. In 
the second group reciprocal activations o f a distinct group o f biartic
ular muscles were related to force direction by regulating the net joint 
torques at hip and knee. It is suggested that this subdivision reflects a 
neural strategy for the parallel control o f contact force magnitude and 
direction in postural equilibrium tasks. Furthermore, this parallel 
control mechanism may be a strategy for simplifying the control o f the 
m ultisegmented limb in contact force tasks. Supported by NINDS  
(NS 29025).

275.9
DO THE TIMING AND CONTROL OF ANTAGONIST MUSCLE 
INHIBITION DURING AUTOMATIC POSTURAL REACTIONS 
DIFFER FROM VOLUNTARY MOVEMENT? C.T. Leonard*. T. 
Matsumoto. P.M. Diedrich and J.A. McMillan. Motor 
Control Research Laboratory, The University of 
Montana, Missoula, MT,59812 USA.During voluntary ankle dorsiflexion the 
amplitude of the soleus muscle H-reflex decreases 
prior to activation of the tibialis anterior (TA) 
muscle. The inhibition of the soleus alpha 
motoneuron pool occurs <50 ms prior to TA 
activation and is thought to be of supraspinal 
origin. Automatic reactions are triggered by 
proprioceptive and vestibular input. The present 
study was conducted to determine whether 
antagonist muscle inhibition latencies during 
automatic reactions were similar to those 
recorded during voluntary ankle dorsiflexions. 
Results indicated that, in contrast to voluntary 
movement, the soleus muscle was not inhibited 
prior to TA activation. These findings suggest 
that the motor control of sequential muscle 
activations are organized differently between 
voluntary and automatic movements.
(Supported by NIH [NINDS] 1R15NS3066401A1)

275.11
PREPARATORY POSTURAL CONTROL AFTER SPACE FLIGHT. C. S. 
La yne*, P.V. M cDonald. C.J. Pruett. G. Jones and  J.J. Bloom berg. M otor 
Perform ance Laboratory and Space Biomedical Research Institute, KRUG Life 
Sciences and NASA-Johnson Space Center, H ouston, TX 77058.

A stronauts experience a variety of problem s w ith  postural control upon 
return ing  from space flight. We sought to assess the influence of space flight 
on neurom uscular activity by m easuring  postural-control m ovem ents 
typically m ade in anticipation of voluntary  limb m ovem ents. Two 
astronauts com pleted a series of self-initiated, rap id  arm  raises before and 
after an 8-day Space Shuttle flight. In addition  to arm  acceleration, the center 
of pressure (COP) was m easured  and the velocity vector of COP m otion 
evaluated relative to an u prigh t stability boundary , perm itting  determ ination 
of the tim e-to-contact (TTC) of the COP w ith the boundary . Surface 
electrom yography (EMG) w as collected from the left and  right biceps femoris, 
right anterior deltoid, right tibialis anterior, and  left paraspinals. After full- 
wave rectification, 15 trials w ere averaged relative to the poin t at which arm 
acceleration began, and the m ean onset latency of m uscle activation (relative 
to acceleration onset), durations, and b u rst am plitude were calculated. After 
flight, the m ean am plitudes of the right biceps fem oris and  the paraspinals 
decreased relative to preflight values while that of the deltoid increased. 
O nset latency for the anterior deltoid w as decreased in both subjects. These 
changes in neurom uscular function before the onset of arm  acceleration were 
associated w ith significant decreases (25%, p< 0.05) in arm  acceleration after 
flight. Also, the rate of change in TTC preceding prepara to ry  activation of the 
lower limb m usculature w as reduced by approxim ately 50% after flight.
These data  suggest that some ability to generate p reparatory  neurom uscular 
activity is preserved after space flight, bu t that this activity cannot support a 
coordination strategy that w ould  result in m axim al arm  accelerations.

275.8
ABSENCE OF POSTURAL EQUILIBRIUM RESPONSE TO 
HORIZONTAL TRANSLATIONS IN THE CHRONIC SPINAL CAT.
J. M. Macpherson*. J. Fung. R. Jacobs R.S. Dow Neurological Sciences 
Institute, Legacy Good Samaritan Hospital, Portland, OR 97209

The adult chronic spinal cat is capable of weight support and stepping, 
given an adequate training regimen. Even though these animals can be propped 
in a balanced position for brief periods o f independent stance, it is not known 
whether they have active postural responses. We examined this question by 
training cats to stand quietly on force plates mounted upon a moveable support.

Forces, kinematics, and EMG responses to translations of the support 
surface in many directions in the horizontal plane were recorded in 2 cats 
before and up to 3 months after complete transection of the spinal cord at the 
T6 level. The cats were trained daily, post-lesion, and given perineal 
stimulation as required to assist in development of extensor tonus. Full weight 
support was achieved within 2-3 weeks, after which perturbations were given 
during periods of independent stance. Neither cat showed the spatial pattern of 
response in flexors and extensors that characterizes postural reactions in the 
intact animal. Low level modulation of tonic extensor activity was observed in 
response to loading and unloading o f the recorded limb during translation. IP 
doses of α1 & α2 noradrenergic agonists were tested to try and enhance the 
development of postural responses, but no effect was observed, except for 
increased tonus in the limbs and trunk. These data suggest that postural 
responses for dynamic equilibrium are organized at a level above the spinal 
cord, perhaps the brainstem, and for this reason the spinal cat has minimal 
lateral stability.Supported by NINDS and Rick Hansen Man in Motion Fndn

275.10
Galvanic Vestibular Stimulation Clarifies Vestibular- 

Somatosensory Interactions for Human Postural Control

F. Horak, C. Shupert*, & F. Hlavacka R. S. Dow Neurol. Sciences 
Institute, Portland, OR, 97209, and Slovak Academy o f Sciences

This study examines the interaction between vestibular and 
somatosensory signals for maintaining postural equilibrium and 
orientation by introducing galvanic vestibular stimulation prior to and 
during automatic equilibrium responses. Low levels o f galvanic 
stimulation prior to and during equilibrium responses to backward 
platform translations did not affect the triggering, temporal organization, 
or amplitude o f the earliest automatic responses to dysequilibrium. In 
contrast, tonic galvanic stimulation affected both force and EMG 
components o f the postural response at 1.5-2.5 s after the onset of 
platform movement and changed the targeted final body position. This 
suggests that tonic galvanic vestibular stimulation changes the internal 
vertical orientation reference. The effect of galvanic stimulation was 
largest when the current was delivered 500 ms prior to the platform 
movement, and least when delivered simultaneously with movement 
onset, indicating that the galvanic vestibular signal must be integrated 
over time to produce a change in the internal representation o f vertical. 
These results support the hypothesis that the earliest automatic postural 
responses may be shaped primarily by somatosensory information, 
whereas tonic vestibular information may modify the targeted vertical 
orientation reference.
Supported by NIH grants R01-DC01849 and P60-DC02072.

275.12
COMPARISON OF KINEMATIC AND ELECTROMYOGRAPHIC ANALYSIS 
OF SITTING BALANCE IN INFANTS USING BLOCKED AND VARIABLE 
PRACTICE. D. Scalise-Smith . S. Caffrey. T. Hendricks. M. Hickey, P. McBride. 
Carol A. Giuliani * Dept. of Physical Therapy, Temple Univ., Phila., PA, 19140, Div 
of Physical Therapy, Univ North Carolina,Chapel Hill, NC 27599-7135.

The purposes of this study were to characterize and describe the changes in sitting 
posture in full-term infants using blocked versus variable practice trials and to 
provide quantitative data on the development of sitting using electromyography 
(EMG) and kinematic analysis. Two control and 2 experimental full-term healthy 
infants, aged 4-6 mo., participated. Seated infants, supported at the trunk, received 
auditory cue prior to release and hold trials. One block of acquisition trials (20) and 
2 blocks of retention trials (10) were conducted. The latter trials performed 15 min 
and 24 hr after the former. Angular velocity and displacement were measured and 
analyzed using the Peak Performance Motion Analysis System. Onset latency from 
trunk and lower extremity muscles were recorded with surface EMG electrodes and 
analyzed using Data-Pac II. The number and variability of muscles synergies 
decreased over the 24 hr. Controls exhibited a greater decrease in number and 
variability of muscle synergies over 24 hr than experimentals. Angular velocity and 
displacement decreased across trials over 24 hr in the control group, this group 
having less variability and displacement and reaching a baseline level of consistency 
earlier in trials than the experimental group. In conclusion, infants utilized different 
muscle strategies to accomplish the task of independent sitting. These infants are 
capable of learning a motor task as evidenced by a decrease in EMG and kinematic 
variability. Blocked practice may be more effective for improving performance in 
early stages of motor learning. These results suggests that infants are capable of 
learning motor skills, and that motor learning strategies could be an effective means 
of intervention with prelinguistic infants.
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276.1
POSITION AND VELOCITY CONTROL OF MOVEMENTS AT 
DIFFERENT VELOCITIES. G. Kerr* and P. Cordo. School of Human 
Movement Studies, Queensland Univ. Technology, Brisbane, Q 4059, 
Australia.; R.S. Dow Neurological Sciences Inst., Portland, OR 97209.

This study examined how proprioceptive input related to joint 
velocity and dynamic position is used to coordinate movements of 
different velocities. Normal human subjects were instructed to open 
their hand briskly as the ipsilateral elbow was passively extended 
through a target angle. Precise performance depends on 
proprioceptive input because the movement time to the target was 
unpredictable and visual feedback was prevented. Naive subjects 
perform this task with a constant error of ±0-1.3° (Cordo et al., J. 
Neurophys. 71, 1994). Proprioceptive input related to both joint 
velocity and dynamic position is used to perform this task. Velocity 
input is used predictively to compensate for sensorimotor delays.

The study reported here investigated the relative importance of 
proprioceptive information related to velocity and dynamic position in 
the coordination of this motor task when the elbow is rotated at 
different velocities. The waveform of elbow rotation was either a 
constant velocity or the sum of a constant velocity and sum-of-sines. 
The sum-of-sines reduces the usefulness of velocity information in 
compensating for sensorimotor delays. Subjects' performance at each 
velocity and waveform of elbow rotation was compared to 3 models 
with different levels of control by dynamic position or velocity 
information. The experimental results were best fit with a model in 
which position and velocity is used at fast velocities and only position 
information is used at slow velocities.

Supported by NIH grants AR-31017, HD-30127.

276.3
THE INFLUENCE OF VISUAL AND PERIODONTAL FEEDBACKS ON BITE 
FORCE CONTROL. J.T. Chang, J.S. Wang, L -D. Lin*, and Y.Y. Shiau Grad.
Inst. Dent. Sci., National Taiwan University, Taiwan, R.O.C.

Although periodontal feedback may play a  role in biting force control, whether 
visual feedback affects the biting force control is still a matter of debate. We were 
also interested in the interaction between visual and periodontal feedbacks in biting 
force control. This study's aim was to gain insight into the influence of periodontal 
and visual feedbacks on biting force control. A force transducer was constructed 
with metal bars and strain gauges, and the output was displayed digitally. The 
experiments were divided into two parts: without periodontal anesthesia and with 
periodontal anesthesia. Each part included two sessions (4 trials/session): first 
session, five volunteers were asked to maintain a constant biting force via visual 
feedback (digital display) for 15 seconds at 5 kgf and 15 kgf force levels; second 
session, the visual feedback was only provided during the first 5 seconds and was 
deprived for the rest of biting (10 seconds). After first part of experiments, the 
upper and lower right molars were anesthetized with 2% xylocaine local infiltration 
and inferior alveolar nerve block respectively. Then, the two sessions were repeated. 
With multiple regression (GEE program for SAS), the force maintenance accuracy, 
defined as the difference between target and mean forces during the 10-second 
experimental period, was significantly altered by depriving the visual feedback at 
15-kgf force level (p<0.001), and by depriving the periodontal feedback at 5-kgf 
force level (p<0.01). At both force levels, depriving the visual feedback in subjects 
without periodontal feedback significantly (p<0.05) affected the force maintenance 
stability, defined as the standard deviation of mean force during the 10-second 
experimental period, in comparison with depriving the visual feedback when their 
periodontal feedback was intact. This suggests that both visual and periodontal 
feedbacks affect the biting force control (the former mainly at higher force level, 
15kgf; the latter at a lower force level, 5kgf), and an interaction exists between the 
two feedbacks in biting force control. Supported by R.O.C. NSC84-2331-B002-164

276.5
OPERANT CONDITIONING OF THE HUMAN BICEPS BRACHII SPINAL 
STRETCH REFLEX MAY ALTER NEUROMUSCULAR SYNERGIES OF THE 
UPPER LIMB. J.S. Krutulis, D. Jacobs. R.L. Segal. S.L. Wolf and A.W. 
English*. Neuroscience Program, Emory Univ., Atlanta, GA 30322.

Movements are not usually produced by the action of one muscle, but are the 
result of the cooperative effort of multiple muscles acting together (often referred 
to as synergies). Koshland et al., (1991) showed that, in some instances, 
voluntary and reflex synergies for the same movement trajectory were similar. 
The purpose of this study was to: 1. examine the similarities of voluntary and 
reflex synergies, and 2. determine whether these synergies could be modified by 
operant conditioning. Surface electromyographic (EMG) recordings were made 
from the biceps brachii, brachioradialis, extensor carpi radialis longus (ECRL) and 
flexor carpi radialis (FCR) during similar voluntary and stretch reflex-evoked 
movements. Movements were in an elbow flexion trajectory with the forearm 
pronated or supinated. Reflex movements were elicited using a torque motor. 
In 5 subjects the EMG activity of the 4 muscles was only monitored during the 
voluntary and reflexive movements. In 2 other subjects the biceps brachii spinal 
stretch reflex was uptrained and the effect on synergies was assessed. The average 
pattern of activation observed during voluntary movements with the forearm 
pronated was in the following order from first to last: biceps, brachioradialis, 
ECRL, FCR. In the supinated position the activation order from first to last was: 
biceps, FCR, brachioradialis, ECRL. The activation orders were essentially the 
same during reflex-evoked movements prior to conditioning. It appears the 
conditioning of the biceps brachii does have an effect on the voluntary synergies. 
One subject, trained in a pronated position, showed a nearly uniformly shortened 
latency of voluntary activation for all 4 muscles. However, in a subject trained 
in supination the shortened latencies were more pronounced for the wrist 
musculature (ECRL, FCR). Supported by HD32571 from the USPHS.

276.2
MUSCLE COORDINATION DURING STATIC TASKS: DIFFERENCES IN 
ACTIVATION DURING FORCE CONTROL AND POSITION CONTROL. T.S. 
Buchanan* and D.G. Lloyd. Northwestern University Medical School, 345 E. Superior 
St, Chicago, II 60611.

Previous studies have shown that, for identical elbow joint postures and torques, the 
central control of muscles’ activation are different for force control and movement 
control tasks. In this study we sought to determine if the central control was different 
when there was only a potential for movement. To this end, muscle activation levels 
were examined during two different static tasks which required the same joint angles 
and the same joint moments. In the isometric case, joint angles were fixed and subjects 
were required to match forces. In the isoinertial case, a constant load was imposed 
across the joint and the subject was required to match position. It was observed that for 
a specified posture and load condition, EMG activity varied depending on whether the 
limb was loaded isometrically or isoinertially. In flexion, the activity in the biceps 
brachii was observed to increase and the brachialis and brachioradialis activity 
decreased comparing one task to the other. Brachialis and brachioradialis were 
generally activated in tandem to offset changes in the biceps brachii. Small levels of 
co-activation of extensors was observed during flexion tasks. For extension tasks, 
significant changes were also observed in the triceps brachii during these two different 
load conditions. Increased activation in the triceps was accompanied by an increase in 
co-activation in flexor muscles. Results of this study suggest that this transition in 
central control strategy occurs not only between static isometric tasks and movement 
tasks, but even between static isometric and static isoinertial tasks. The differences 
between these tasks could be described by the potential for movement—isometric 
tasks allow no movement while movement is possible during isoinertial tasks 
(although not allowed in our study). This difference could also be described by the 
type of control required. One task (isometric) requires force control and the other task 
(isoinertial) is essentially position control, of which movement control is a subset.

276.4
RATE DEPENDENT CONTROL OF CYCLIC JAW OPEN-CLOSE 
MOVEMENTS. F. Bosman*, J.H. Abbink, A. van der Bilt and H.W. van der 
Glas, Lab. of Oral Pathophysiology, Universiteit Utrecht, POB 80037, 3508 TA
Utrecht, The Netherlands.

In previous work (e.g. J Neurophysiol 65: 75-83, 1992) we investigated 
human jaw closer muscle activity during cyclic open-close movements while the 
closing phase was opposed by a counteracting force. These experiments model 
the events during chewing where food resistance has to be overcome. It was 
observed that next to a small amount of muscle activity for the movements as 
such, additional muscle activity (AMA) was required to overcome the force. The 
AMA appeared to consist of an anticipatory part starting before force onset and 
a peripheral part starting about 25 ms after force onset. The jaw movements 
in these experiments were executed in normal chewing rhythm. In the present 
study we investigated to what extend the control strategy depends on the rate 
of the cyclic movements. Similar to the previous experiments cycles with an 
opposing force were unexpectedly alternated with cycles without a force and 
vice versa. Movement conditions were normal chewing frequency (1 Hz) and 
twice as slow and twice as fast.

The results show that the total AMA from 20 ms after force onset until 
occlusion is larger for higher speeds. The anticipating AMA in the same period 
is about 5% of the total AMA for the lowest rate, about 20% for the normal rate 
and about 60% for the highest rate. However, for the average peripherally 
triggered AMA no rate dependency could be observed.

It is concluded that the control strategy for these movements is speed 
dependent with a shift to relatively more anticipating activity for higher speeds, 
giving the movements a more ballistic character.

276.6
FUNCTIONALLY DIFFERENT ARM-TRUNK SYNERGIES DURING 
REACHING MOVEMENT: AN ANALOG TO EYE-HEAD 
COORDINATION. S. Ma, M.F. Levin and A.G. Feldman*. Centre de 
Recherche, Institut de  réadaptation de Montréal, Montréal, Québec, H3S 2J4, 
Canada.

To address the problem of the coordination of a redundant number of 
degrees of freedom in motor control, we analyzed the influence of voluntary 
trunk movements on the arm endpoint trajectory during reaching. Subjects 
made fast non-corrected planar movements of the right arm from a near to 
a far target located in the ipsilateral workspace at a 45° angle to the sagittal 
midline of the trunk. These reaching movements were combined with a 
forward or a backward sagittal motion of the trunk. The direction, positional 
error, curvature, and velocity profile of the endpoint trajectory remained 
invariant regardless of trunk movements. Trunk motion preceded endpoint 
motion by about 175 ms, continued during endpoint movement to the target 
and outlasted it by 200 ms. This sequence of trunk and arm movements was 
observed regardless of the direction of the endpoint trajectory (to or from the 
far target) or trunk movements (forward or backward). Our data imply that 
reaching movements result from two control synergies: one coordinates trunk 
and arm movements leaving the position of the endpoint unchanged and the 
other produces interjoint coordination shifting the arm endpoint to the target. 
The use of functionally different synergies may underlie a solution of the 
redundancy problem.
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276.7
LIMITATIONS IN THE LEARNING AND GENERALIZATION OF 
MULTIJOINT DYNAMICS.
R.L. SAINBURG* & C. GHEZ Ctr. for Neurobiol. & Behav., Columbia Univ. 
and NYS Psych. Inst., New York, NY 10032.
This study examines the learning and generalizability of internal models of 
limb biomechanical properties. Subjects were to trace linear hand-path 
templates presented on a computer screen by making rapid, overlapping 
out-and-back movements. Their dominant arm was supported in the 
horizontal plane by a frictionless system with an outrigger to which weights 
could be attached either medial or lateral to the forearm. These differences 
in mass distribution substantially altered interaction torques acting at the 
elbow joint. In successive sessions subjects were trained to perform 
movements in a single direction with each of the two mass configurations. 
Accuracy was then tested for both configurations during movements 
performed in the same and other directions. The effects of training condition 
on accuracy were compared and errors were evaluated using forward 
dynamic simulations.
When tested with the trained mass distribution and in the trained direction, 
subects made accurately directed movements with sharp reversals. 
However, errors in initial direction and movement reversal increased 
progressively as the test direction deviated from the trained direction. 
Testing with the different mass distribution in the trained direction resulted 
in large errors predicted by the forward dynamic simulation. However, 
differences in accuracy between trained and untrained mass conditions 
decreased as the directions deviated from those of practice. Our findings 
confirm that control of intersegmental interactions involves a learned 
representation of limb mechanical properties which can be used to control 
movements in a range of directions. Internal models generated by practice 
in a single direction are, however, incomplete and do not permit accurate 
control of movements in directions that differ greatly from those of practice. 
(NS22715)

276.9
INFLUENCE O F VISUAL FEEDBACK INFORM ATION ON INTER-
JOINT COORDINATION. N. Virji-Babul*, J.D. Cooke, K.K. Maitra. Faculty 
of Applied Health Science, University of Western Ontario, London, Ontario, 
Canada, N6G 1H1

The generation of a goal-directed movement involves a transformation of 
the visual representation of the target in space, into the appropriate motor 
commands for reaching the target. Little is known about the properties of the 
external visual environment that influence the planning of multi-joint 
movements. The purpose of this study was to determine how visual feedback 
information influences coordination during a two-joint planar movement 
involving the wrist and elbow joints. A novel paradigm was used in which the 
targets could be presented as physical locations in space or as progressively 
abstract visual representations on a computer monitor. We analyzed the 
kinematic relationship between the two joints as well as the underlying muscle 
activation patterns.

Movement durations and peak velocities at the individual joints were 
unaffected by the feedback conditions. Inter-joint coordination however, was 
significantly influenced by the visual feedback conditions. Abstract visual 
feedback representations produced segmented movements in which the wrist 
joint moved first and was followed by the elbow joint. In contrast, movements 
made to physical targets and in response to more concrete visual 
representations resulted in coordinated movements in which the timing of 
movement at the two joints were closely related.

The data suggest that, although visual feedback information does not affect 
the kinematic relations of movements at the individual joints, the nature of the 
feedback information does in fact, modify the relationship and coordination 
between joints.

276.11

THE KINEMATICS OF PLAYING THE PIANO.
K.C. Engel, M. Flanders and J.F. Soechting.* 
Combined MD/PhD Program, Univ. Minnesota, 
Minneapolis, MN 55455

In the keyboard performance of music, both 
mechanical and neural constraints weigh heavily on the 
subtlety and complexity that can be achieved. To study 
these constraints, and to learn more about the 
organization and control of movement sequences, we 
have recorded the hand and finger movements of 
pianists during the performance of selected phrases.

Our first experiment was designed to determine the 
extent to which anticipatory processes play a role in 
generating the movement sequences. We compared the 
kinematics for two phrases where the first few notes 
were the same but the last few notes differed.

In contrast to typing, where sequential keystrokes are 
organized in a strictly serial fashion, in playing the 
piano, hand kinematics are modified in anticipation of 
upcoming movements. Thus piano playing can provide 
a model system for the study of complex movement.

276.8
VARIABILITY OF TWO-VS THREE-JOINT HUMAN ARM MOVEMENTS. G.F. 
Koshland*, C. Galloway, R.F. Lichtenhan. Dept. Physiology, AHSC, Univ. 
Arizona, Tucson, AZ 85724

There are two consistent observations about multijoint arm movement;
(1) more joints and muscles are used than are necessary for one 
computational solution for a task (the redundant degrees of freedom 
problem), and (2) people do not make the same movement twice, regardless 
of the amount of practice. We are interested in the relationship between 
these two facts, and specifically, the purpose of this project is to test whether 
variability increases when there is an increased number of joints used to 
perform the behavior.

Using video and EMG recordings, we compared the variability of initial 
muscle activities and initial hand path during 2- and 3-joint arm movements in 
the horizontal plane to 12 target directions. Results showed no systematic 
difference in muscle or path variability between the 2- and 3-joint 
experiments. However, variability of initial path was consistently greatest for 
target directions of 120-150° and least for a target direction of 270° 
(Directions are counterclockwise with respect to the hand-forearm segments, 
wrist joint angle ≈ 0°). These findings parallel differences in extent and 
direction errors for target directions with least vs. most anisotropy (Gordon, 
Ghilardi, & Ghez, Exp. Brain Res. 99:97-111 & 112-130, 1994). Variability of 
muscle onsets, on the other hand, showed no systematic directional effect; 
instead agonist onsets were consistently less variable than antagonist 
onsets. Interestingly, wrist muscles were active during all 2-joint movements 
even though the wrist joint was immobilized. Hence, variability of a muscle's 
activation is little influenced by the central nervous system's knowledge of 
the number of joints or even if a joint can move. Taken together, the findings 
provide further evidence that the central nervous system does not plan arm 
pointing movements at the level of joint planning. Supported by NIH 
AR040853 & NS 07309.

276.10
THE CHANGE OF HUMAN ARM MECHANICAL IMPEDANCE DURING 
MOVEMENTS UNDER DIFFERENT ENVIRONMENTAL CONDITIONS. H. 
Gomi 1 & M. Kawato.2* 1NTT Basic Res. Labs. Kanagawa, Japan & 2ATR 
Human Information Processing Res. Lab. Kyoto, Japan.

In order to investigate computational strategies for arm control by the central 
nervous system, we measured human arm stiffness parameters during point-to- 
point multi-joint arm movements in the horizontal plane, and compared them with 
stiffness during posture control. Three subjects sat and were restrained by straps in 
front of a parallel link direct drive manipulandum (DDM). They were requested to 
repeatedly move the handle of the DDM with their right hands from a left to a right 
position (0.4 m, 1 sec) with visual feedback of handle position indicated on a CRT. 
The hand was placed in a molded plastic cuff and tightly coupled with and 
supported in the direction of gravity by the handle of the DDM. The hand was 
perturbed by small sinusoidal forces for a brief period (0.2-0.3 sec) with several 
randomized timings and patterns. The arm's inertia, viscosity and stiffness 
parameters were estimated in joint space by a least squares method using force, 
position, velocity and acceleration. When subjects could move their hand in any 
horizontal direction (unconstrained condition), the stiffness values during 
movements were not much higher than those during posture maintenance. When 
the handle could be moved only in one direction (one-directional constrained 
condition), the stiffness value measured at the middle of movement in the direction 
perpendicular to the movement was smaller than during posture maintenance, and 
the stiffness value in the other direction was higher than during posture 
maintenance. This indicates that not only stiffness magnitude but also stiffness 
balance could be changed according to the environmental condition and/or required 
task during movement while stiffness balance could not be changed during posture 
control. Equilibrium trajectories based on the simple torque generation mechanism 
model (i.e., Equilibrium control hypothesis) were slightly sinusoidally curved in 
Cartesian space and their velocity profiles were quite different from the velocity 
profiles of the actual hand trajectories.

276.12
A NEW METHOD FOR DETECTING MUSCLE PATTERN CHANGES IN 
UNCONSTRAINED, MULTI-JOINT LEARNING TASKS. I: SINGLE MUSCLE 
ACTIVITY. Esther Thelen* & John P. Spencer. Dept of Psychology, Indiana 
University, Bloomington, IN 47405.

Following Bernstein (1967), researchers have suggested that as people learn 
tasks, single muscle activity becomes more phasic and less temporally varied. 
However, few studies have empirically tested such conjectures in unconstrained, 
multi-joint movements. Here we replicated a task used by Schneider et al (1989) 
to test these learning predictions and to demonstrate the utility o f a new technique 
for analyzing muscle timing.

Three subjects performed 100 learning trials with their non-dominant hand in 
which they started at a lower target positioned near the knee and as fast as possible 
rounded a barrier, reversed directions at an upper target, rounded the barrier again, 
and came to rest at the lower target. We collected EMG data (1500Hz) from 4 
upper arm muscles on 3 trials out of each block of 10. In order to investigate the 
relation between speed and learning, 5 additional SLOW trials were collected at the 
end of the learning session where subjects were instructed to perform the same task 
at a comfortable, relaxed pace. We determined onsets and offsets of muscle activity 
using threshold and duration criteria for three movement phases: UP, REVERSAL, 
DOWN. Results showed changes over learning time in active braking primarily by 
the triceps at the end of the UP and DOWN phases. Analyses of burst durations 
revealed that burst durations increased over learning time contrary to learning 
predictions. These changes paralleled increases in movement speed and were 
reversed in the 5 SLOW trials. It is unclear whether learned braking accompanied 
speed increase or facilitated it. Learning changes in muscle activity must be 
assessed in relation to the kinematic requirements of the task.

**Supported by NIH ROl HD22830 and NIMH KO5 MH01102
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276.13
A NEW METHOD FOR DETECTING MUSCLE PATTERN CHANGES IN 
UNCONSTRAINED, MULTI-JOINT LEARNING TASKS. II: MULTI-MUSCLE 
STATE ACTIVITY. John P. Spencer* & Esther Thelen. Dept of Psychology, 
Indiana University, Bloomington, IN 47405.

Bernstein (1967) proposed that muscle co-activity would decrease with skill 
learning as degrees of freedom are freed up and limb stiffness is reduced. To date, 
no studies have explicitly quantified muscle co-activity changes over learning time 
in unconstrained, multi-joint movements. Here we report results from a state 
analysis of muscle activity designed to test Bernstein’s predictions.

Three subjects performed 100 learning trials with the non-dominant hand where 
each trial, performed as fast as possible, consisted of an UPward movement around 
a barrier, a REVERSAL, and a DOWNward movement around the barrier. We 
collected EMG (1500Hz) from 4 upper arm muscles on 3 trials out o f each block 
of 10. In addition, 5 SLOW trials were conducted at the end o f the learning session 
where subjects were instructed to move at a relaxed pace. After determining muscle 
onsets and offsets, we identified the state for each EMG frame, where the state 
space consisted of 16 possible co-activity states ranging from no muscles active to 
all muscles active. Results showed that the frequency of ALL 4 muscles co-active 
increased over learning time, particularly during deceleration prior to the end of the 
UP and DOWN phases. As in our companion abstract, these changes paralleled 
increases in movement speed and were reversed during the 5 SLOW trials. The 
frequency of 0 or 1 muscles active at a time was generally low except during the 
start of the UP phase and during the SLOW trials. Stable patterns o f co-activity at 
particular times during the UP/DOWN phases suggest that learning involved a 
process of synergy selection. It is unclear whether increases in co-activity 
accompanied speed increase or facilitated it. These results also illustrate the utility 
of our state analysis, which may offer unique insights into synergy formation.

**Supported by NIH RO1 HD22830 and NIMH K05 MH01102

276.14
SCALING OF JAW MUSCLE ACTIVITY WITH BODY SIZE IN ECTOTHERMIC
v er tebr ates . K.C Nishikawa*, J.C. O'Reilly, B.A. Richard and P. C . 
Wainwright. Dept. of Biol. Sci., N. Arizona Univ., Flagstaff, AZ 86011-5640 
and Dept. of Biol. Sci., Florida State Univ., Tallahassee, FL 32306-3050.

Body size changes during the lifetime of an individual organism as it grows 
and develops, as well as during evolution (e.g., mouse to elephant). As part 
of a broader analysis of the effects of body size on movement, we ask how 
muscle activation patterns change with body size. In this study, we compare 
the scaling of jaw muscle activity during prey capture in two groups of 
ectothermic vertebrates, largemouth bass (Micropterus salmoides) and toads 
(Bufo). Both taxa grow nearly geometrically (i.e., they increase in size without 
changing shape). In bass, the duration of muscle activity in both agonists and 
antagonists was independent of body mass, whereas the relative onset of 
antagonist activity scaled with body size. Thus, overlap in activity of agonists 
and antagonists decreased with body size. In toads, duration and rise time 
increased with body size, whereas decay time was independent of body size 
in the agonist. In the antagonist, relative onset and offset, duration and 
decay time increased with body size, whereas rise time was independent of 
body size. Thus, overlap in activity of agonist and antagonist was 
independent of body size in toads. These results demonstrate that the 
pattern of muscle activation changes with body size in both fishes and 
amphibians. However, toads and bass differ in the scaling of EMG activity with 
body size. The comparison suggests that toads are maximizing efficiency of 
muscle contraction (i.e., number of captures that can be performed before 
the muscle runs out of fuel), whereas bass are maximizing speed of 
contraction (i.e., peak power). Thus, it appears that animals may use different 
motor control strategies to achieve different goals (i.e., speed vs. efficiency), 
and these goals in turn may affect the scaling of muscle activation.

CIRCUITRY AND PATTERN GENERATION: SPINAL CORD

277.1
SWIM OSCILLATOR COUPLING SIGNALS IN THE LAMPREY SPINAL 
CORD. J.T. Buchanan*, S. Kasicki, & D. Komorowski. Department of Biology, 
Marquette University, Milwaukee, WI 53233.

The locomotor network in the lamprey spinal cord consists of a chain of unit 
oscillators coupled so that rostral oscillators lead more caudal ones. A proposed 
model of the unit oscillator has at its core inhibitory commissural interneurons that 
form a reciprocal inhibitory network.

To test the necessity of commissural interneurons in rhythmogenesis, the isolated 
spinal cord was split completely along the midline to sever all crossing axons. 
Ventral root activity was recorded with suction electrodes during superfusion with 
N-methyl-D,L-aspartate to evoke fictive swimming, and autocorrelations of spike 
times were used to assess rhythmicity. Ventral root bursting at the normal swim rate 
(1-3 cycles/sec) was abolished by the complete midline cut. However, irregular 
bursting at higher rates (4-8 cycles/sec) could sometimes be detected.

To assess the functional length of coupling signals, partial midline spinal cord cuts 
were made that extended from either the rostral or the caudal end to the middle of 
the spinal cord piece (20-40 segments in total length). The regularity of ventral root 
rhythmicity, measured from autocorrelations of spike times, decreased with the 
distance of the ventral root from the intact cord with length constants ranging from 
2 to 5 segments. In a separate set of experiments done on intact isolated spinal 
cords, cross-correlograms of fast synaptic activity between pairs of motoneurons 
during fictive swimming exhibited a similar decay in the correlation coefficient as 
a function of the distance separating the motoneurons.

Thus, commissural interneurons appear to be necessary for rhythmicity at the 
normal swim rate, though some limited capacity for unilateral bursting exists, and 
strong intersegmental coupling signals extend relatively short distances in the spinal 
cord. (Supported by NIH #NS28369 and TW04648).

277.3
EFFECTS OF TRIGEMINAL INPUT ON LOCOMOTOR PATTERN AND 
RETICULAR NEURAL ACTIVITY IN THE LAMPREY R. Jung* and A. H. Cohen. 
Dept. of Zoology, Univ. of Maryland, College Park, MD 20742

Sensorimotor integration was examined by determining the effects of trigeminal 
nerve stimulation (TS) on intracellular reticular activity and fictive locomotion in adult sea 
lamprey (Petromyzon marinus). Experiments were conducted on isolated brain-spinal cord 
in vitro preparations with a partition separating the bath holding the brain and the spinal 
cord. With a control solution in both compartments (no swimming) unilateral TS elicited 
a few bouts of fictive swimming. TS also caused IPSPs in several ipsilateral Müller cells 
and triggered a few short latency action potentials in contralateral Muller cells.

When the spinal cord was bathed in 0.2 mM NMA fictive swimming was elicited 
and recorded from ventral roots of left and right rostral and caudal segments (brain bathed 
in control solution) and reticular Müller cells sometimes showed spontaneous firing. In 
some instances unilateral TS elicited phase shifts in the locomotor rhythm, with subtle 
effects on the burst pattern, while in some other instances TS with the same stimulation 
parameters could cause pronounced changes over several cycles in both the amplitude and 
duration of the burst discharge as well as perturb the left-right alteration and intersegmental 
coordination. Additionally, TS could not only cause excitation of silent contralateral 
Müller cells but also elicit prolonged firing. If the contralateral Müller cell was 
spontaneously firing, TS increased the firing frequency. These changes in the state of the 
reticular neuron were accompanied by the pronounced changes in fictive locomotor 
rhythm and pattern.

These preliminary results suggest: (1) trigeminal sensory input can cause changes 
in the rhythm, pattern and coordination of fictive locomotion; (2) fictive swimming can 
move the state of the reticular neurons closer to a bifurcation threshold such that they show 
enhanced sensitivity to sensory input; and (3) a dynamic interaction exists between the 
reticular neurons and the spinal central pattern generator during locomotor activity. 
(Supported by NRSA NS-09462 to RJ and NIMH MH-44809 to AHC.)

277.2
FUNCTIONAL ROLES OF SERIALLY HOMOLOGOUS RETICULOSPINAL 
NEURONS STUDIED BY IN VIVO CONFOCAL CALCIUM IMAGING IN 
ZEBRAFISH. J.R. Fetcho* . Y - H . Kao  and D .M. O 'M alley. Dept. 
Neurobiology and Behavior and Howard Hughes Medical Institute. 
SUNY at Stony Brook, NY 11794.

The hindbrain of zebrafish, like other vertebrates, is segmented, 
with successive segments containing individually identifiable, 
serially homologous neurons. One set of homologous cells includes the 
Mauthner cell and two Mauthner-like neurons (MiD2cm and 
MiD3cm) in more caudal segments. Foreman and Eaton (J. Neurosci. 
13:4101) have suggested that these neurons might be differentially 
activated during escape behaviors to account for the variability from 
escape to escape. We studied the functional roles of the M-cell and its 
homologues in 16 zebrafish by backfilling the neurons with calcium 
green dextran injected into caudal spinal cord and observing, with a 
confocal microscope, the calcium increases associated with activity in 
neuronal somata in intact living larval fish. Escapes were elicited by 
a light, abrupt touch to the head or tail produced by a piezoelectric 
device. We found that escapes elicited by stimulating the head 
activated all three homologues (M-cell, MiD2cm, MiD3cm) whereas 
stimulus of the tail activated the M-cell, but typically not MiD2cm 
and MiD3cm. Our data indicate some functional diversification among 
the serial homologues in hindbrain segments, and support the 
hypothesis that the trajectory of the escape may be determined in part 
by the pattern of activity in this population of serially homologous 
neurons. The data are entirely consistent with the predictions of the 
model proposed by Foreman and Eaton. Supported by NIH NS26539 
and the Howard Hughes Medical Institute.

277.4
STUDIES OF THE STABILITY OF THE SWIMMING RHYTHM IN LAMPREYS. 
A.H.Cohen, S. Lesher, V. Pate. L. Guan*, T. Kiemel. Department of Zoology, 
University of Maryland, College Park, MD 20742.

The swimming rhythm from isolated spinal cords of adult lampreys can be very 
stable, while even under the best conditions that of larval lamprey spinal cords is 
typically far less stable. We tested the behavior of intact larval lampreys to determine 
if the pattern of intact animals was stable or exhibited the same variability as the 
isolated spinal cord. The periodicity was compared between intact larval animals, and 
previously collected isolated spinal cords of both larval and adult animals. EMG 
electrodes recorded muscle activity in intact larval animals placed in a long container 
that allowed them free movement with no water flow, but wires could serve as a 
tether with free swimming in place. This allowed observation o f many cycles of 
swimming. The movements appeared normal and signals were the same whether 
tethered or unconstrained. Swimming was stimulated by gentle tail pinchs and head 
strokes.

Fully intact larval lampreys typically exhibited relatively short episodes of 
swimming in response to the stimuli. The episodes often begin and end with long 
cycle periods, while the periods in the middle of the episode are often remarkably 
regular. When there were changes, the changes were often smooth and curvilinear. In 
some animals, the brain was exposed, and a transection made above the caudal 
brainstem. With the remainder of the body intact, this preparation produced results 
similar to the fully intact.

These observations demonstrate that the larval lamprey when intact can exhibit 
extremely stable swimming rhythm, more stable than either adult or larval isolated 
spinal cords. Thus, the spinal cord of the larval animal requires additional input for 
stability.
Supported by NIMH MH44809 to AHC; VP was supported by the Howard Hughes 
Medical Institute
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277.5
ANALYSIS OF TRANSIENT BEHAVIORS IN THE LAMPREY LOCOMOTOR CENTRAL 
PATTERN GENERATOR DURING INITIATION AND TERMINATION OF MECHANICAL 
ENTRAINMENT. S. Dykstra, T. Kiemel, A.H. Cohen*. Department of Zoology, 
University of Maryland, College Park, MD 20742

The lamprey locomotor central pattern generator (CPG) is viewed as a chain of 
coupled oscillators. The CPG produces a traveling wave of activity that passes along 
the spinal cord with phase delays of roughly 1% per segment. It is known that the 
network can be entrained to rhythmic bending of the cord and that phase delays among 
segments are altered by entrainment to frequencies above/below the intrinsic frequency 
of the cord. Since the rate at which perturbations in phase delays are corrected is one 
characteristic of coupling strength, observation of the approach to steady state values 
of the delay after external (or intrinsic) perturbations provides information about 
coupling strengths within the system.

In this study, isolated lamprey spinal cords, bathed in D-glutamate and saline, were 
repeatedly entrained to frequencies above/below the intrinsic frequency in order to 
examine the resulting transient behaviors after the onset and after the termination of 
bending. Output was measured from ventral roots. Spike histograms were computed 
(200-500 repetitions of the entrainment) showing the number of spikes observed as a 
function of time relative to the onset of bending. The transient in the spike histogram 
after termination of bending, took place within one cycle. This confirms earlier 
results demonstrating that the coordinating system corrects intrinsic perturbations of 
phase delays within one cycle and supports the hypothesis of strong coupling among 
spinal segments. The transient in the spike histogram after the initiation of bending 
was roughly two cycles, and observed entrainment ranges (another measure of the 
strength of coupling between the rhythmic bending movement and the cord), were 
comparable to those reported in other studies. This suggests that the functional 
coupling strength between the movement and the cord is weaker than the coupling 
strength among segments within the cord. Supported by MH44809, NS 16803 to AHC.

277.7
EVIDENCE OF A PATTERN GENERATOR IN PARALYZED SUBJECTS WITH 
SPINAL CORD INJURY DURING SPINAL CORD STIMULATION.
J.E. Rosenfeld, A .M. Sherwood*. J.A. Halter. M .R Dimitrijevic Division of Restorative 
Neurology and Human Neurobiology, Baylor College of Medicine, Houston TX 77030 

There are areas intrinsic to the spinal cord of both invertebrates and vertebrates that are 
involved in generating the patterned alternating movements that characterize gait This 
has prompted interest in the possibility of similar “pattern generators” in humans 

Pattern generation for rhythmic movements relies not only on the intrinsic neural 
circuitry of the central pattern generator (CPG) but also on supraspinal and afferent input s 
that serve to “sculpture” the final pattern. In paralyzed persons with spinal cord injury, 
with varying degrees of supraspinal-spinal connectivity, it may be possible to “drive” or 
entrain a spinal pattern generator with selective afferent inputs We will describe two 
cases, in which rhythmic bursting myoelectric activity was produced in the lower 
extremities under the influence of a strong afferent input, dorsal column stimulation This 
activity was recorded using a surface polyelectromyographic protocol designed to 
evaluate segmental and suprasegmental contributions to motor control

Common features in both cases were: 1) Spread of the response from proximal 
muscles to distal muscles with increasing intensity. 2) The duration and frequency of the 
bursting activity could be modified by superimposed volitional movements attempts. 3) 
Stimulation to the dorsal columns of 40 and 50 hz resulted in a 1 -3 hz bursting frequency 
response in the lower extremity muscles. 4) In both cases, pattern generator activity was 
recorded in the absence of clinical movement. In one case, evidence of reciprocal 
patterning of agonist-antagonist activity was seen in the distal lower extremities 

These cases illustrate an ability to drive a spinal pattern generator located in the lumbar 
segments of the spinal cord with a high intensity afferent input We will discuss future 
applications of this technique to more comprehensively study this pattern generator in 
human subjects with spinal cord injury.
This research was generously supported by the Vivian L. Smith Foundation for 
Restorative Neurology.

277.9
THE ROLE OF SPINAL MOTONEURONS AND INTERNEURONS IN THE 
PRODUCTION OF RHYTHMIC ACTIVITY INVESTIGATED USING A NEW 
TECHNIQUE FOR SELECTIVE INACTIVATION OF NEURONAL 
POPULATIONS. P.Wenner*and M. J. O’Donovan. Lab. of Neural Control, 
NINDS, NIH, Bethesda, MD 20892.

Motoneurons (M) and intemeurons (I) are rhythmically 
activated during spontaneous activity generated by the isolated spinal cord of 
the chick embryo. To determine the role of each type of neuron in the 
production of rhythmic activity, we have blocked discharge selectively in 
either population and established the effects on rhythmic activity. Discharge 
was blocked by retrogradely filling either population with QX-314 which 
blocks voltage-sensitive Na+ channels. Controls indicated that the QX-314 
was confined intracellulariy and did not exert extracellular effects. 
Motoneurons were filled by drawing spinal nerves LS1-3 into suction 
electrodes containing QX-314 and calcium green dextran (experimental side) 
or calcium green dextran alone (contralateral control side). Intemeurons were 
filled using the same procedure applied to the ventrolateral funiculus (VLF). 
The effects of QX-314 on the affected neurons was assessed by monitoring 
their extracellular discharge (M) and optical activity (M and I) during 
spontaneous bursting. Motoneuronal extracellular spiking was substantially 
depressed on the experimental side. Similarly, peak optical signals on the 
experimental side were 19% (M) or 37% (I) of the values recorded on the 
control side. To assess the effects on rhythmic activity the cord was cut down 
to encompass only the filled cells (2-3 segments), hemisected and its activity 
quantified. VLF fills abolished spontaneously' occurring activity although 
evoked episodes contained fewer cycles. Motoneuron inactivation reduced 
the number of cycles in spontaneous episodes to 30% of the control. The 
results suggest that intemeurons are required for the triggering of episodes 
and that both cell classes regulate cycle number.

277.6
DESCENDING CONTROL OF TURNING LOCOMOTOR ACTIVITY IN LARVAL LAMPREY. A.D. 
McClellan*, A. Hagevik, Biol. Sciences, Univ. of Missouri, Columbia, MO 65211

Three approaches were used to examine turning locomotor activity in larval 
lamprey: (a) whole animals - muscle recordings during spontaneous turning; (b) 
in vitro brain/spinal cord preparations - sensory-evoked turning motor activity; 
and (c) computer modeling - descending modulatory inputs to spinal CPGs.

During locomotor behavior in whole animals, spontaneous turns were initiated 
by larger than normal bending of the head to one side. As the turn proceeded, 
progressively more caudal areas of the body assumed the new axis of swimming. 
During turning to one side, there was an increase in the duration and amplitude 
of ipsilateral muscle burst activity, and cycle time also increased. The degree 
to which the burst duration, burst amplitude, and cycle time increased during 
the turn cycle was a function of the magnitude of the turn angle.

During brainstem-initiated in vitro locomotor activity, brief electrical 
stimulation applied to the left side of the oral hood during burst activity on 
the right elicited turning-like locomotor activity. For example, during the 
perturbed cycle the duration and amplitude of right ventral root burst activity 
increased relative to control cycles, and there was an increase in cycle time.

In a computer model, right and left spinal cord phase oscillators were 
coupled by reciprocal inhibition and could be differentially biased by 
descending modulatory inputs. Brief descending excitation to the right 
oscillator and brief inhibition to the left oscillator produced turning-like 
output patterns. Specifically, during the perturbed cycle the duration of the 
right "burst" increased, and there was an increase in cycle time.

In summary, the changes in both timing and intensity of locomotor activity 
during turning maneuvers probably are mediated by descending modulatory inputs 
primarily to the spinal oscillator networks, but perhaps also to motoneurons.

Supported by NIH Grant NS 29043 and APA Grant MB1-9108 awarded to A.D.M.

277.8
ORGANIZATION OF THE CPG REVEA LED BY PERTURBATION OF 
THE STEP CY CLE EVOKED BY GR O U P I A FFEREN TS. P. Guertin*, 
M-C. Perreault and D.A. M cCrea. Dept o f  Physiology, U o f  Manitoba, 
Canada.

It has been proposed that locom otion is generated in the spinal cord by 
groups o f  intem eurons reciprocally organized into extensor and flexor half-
centers. The perturbation o f  the tim ing o f  the step cycle by stimulation of 
group I extensor afferents is believed to be evoked by actions o f these 
afferents on intem eurons which are part o f  the extensor half-center. To 
further explore the interaction between half-centers and m uscle afferents, we 
analyzed the effects o f  ankle extensor group I afferent stim ulation (<2T, 200 
Hz, 20 shocks) on locom otor drive potentials (LD Ps) recorded in pairs of 
hindlim b m otoneurons. Stim ulation o f  ankle extensor group I afferents reveals 
short latency synaptic effects that are distributed sim ultaneously to synergist 
and antagonist m otoneurons. During resetting o f  the cycle (i.e. a premature 
switch to extension) a sim ultaneous depolarization o f  extensors and 
hyperpolarization o f  flexors is evoked less than 2 ms after the stimulus onset. 
The sim ultaneous and not sequential distribution o f  effects to flexors and 
extensors does not support the idea o f  a selective input o f  extensor group I 
afferents to the extensor half-center. The latencies o f  the effects o f  group I 
evoked perturbations recorded in pairs o f  extensor m otoneurons innervating 
proxim al and distal m uscles are rem arkably sim ilar. This in turn suggests that 
the extensor half-center consists o f  relatively few classes o f  spinal 
intem eurons whose actions are w idely distributed to m any populations of 
motoneurons. Supported by the M RC and the Rick Hansen Legacy Fund.

277.10
MULTI-FUNCTIONAL ACTIONS OF GABA IN THE REGULATION OF 
SPONTANEOUS ACTIVITY IN THE ISOLATED SPINAL CORD OF THE 
CHICK EMBRYO. N. Chub and M. J. O’Donovan.* Lab. of Neural Control, 
NINDS, NIH, Bethesda, MD 20892.

The isolated spinal cord of E10-11 chick embryo generates recurrent 
episodes of rhythmic activity. In the interval between episodes we obtained 
whole cell recordings of the changes in membrane potential (Vm) and 
conductance (Gm) of ventrally located spinal neurons. Some neurons 
depolarized 5-8mV between episodes and exhibited an increase in 
membrane noise and Gm (10%) shortly before the episode. Puff-application 
of the GABAa  antagonist bicuculline (BIC, 100μM) to the recorded cell before 
an episode hyperpolarized Vm by 5-10 mV and depressed Gm by 8-10%. The 
drug had no effect on Vm and Gm when applied just after an episode. 
Episodes could be triggered by puffs (0.5mM) of GABA or isoguvacine into 
the spinal cord and their frequency depressed by bath-applied BIC.

We also investigated the hypothesis that GABAA receptors cause the 
inhibition of sartorius (SAR) motoneurons by a shunt conductance. During 
each cycle SAR motoneurons are rhythmically depolarized by 20-25mV and 
stop firing at the peak depolarization when Gm increases by 40-50%. This 
block was not voltage-dependent because depolarization (20-25mV) resulted 
in continuous discharge. Local application of BIC abolishes the SAR inhibition 
and is accompanied by less of a conductance change (15-20%) at peak 
depolarization, consistent with a GABA-induced shunt.

These findings suggest that GABA may be involved in both episode 
initiation and in the patterning of motoneuron discharge during spinal cord 
development.
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277.11
MODULATION OF SYNAPTIC TRANSMISSION IN THE DEVELOPING 
CHICK CORD BY GABAB RECEPTORS. Anne Donevan* and M. J. 
O’Donovan. Lab. of Neural Control, NINDS, NIH, Bethesda, MD 20892.

The isolated embryonic chick spinal cord generates spontaneous 
episodes of rhythmic activity beginning early in development. Recent 
evidence suggests that periodic release of GABA may trigger spontaneous 
episodes. Synaptic transmission is depressed immediately after an episode 
and progressively recovers in the interval between episodes. The goal of the 
present work was to investigate the extent to which GABAB receptor 
activation modifies synaptic transmission in E10-E12 spinal cords.

We examined the effects of the GABAB agonist baclofen (1-5μM) on 
mono- and polysynaptic potentials recorded from the ventral roots in 
response to ventral root, dorsal root and ventrolateral funiculus stimulation. 
Baclofen reversibly depressed the synaptic potentials in a dose-dependent 
manner. To isolate the short-latency component of the dorsal root-evoked 
ventral root responses, we bath-applied 1mM mephenesin which has been 
reported to depress motoneuronal polysynaptic responses in rat cord. This 
procedure eliminated most of the longer latency ventral root activity but did 
not produce a purely monosynaptic response. In the presence of 
mephenesin, baclofen had similar effects to those described above, 
depressing the polysynaptic activity at 1-2μM and the monosynaptic 
component at higher doses (3-5μM). These results reveal that GABAB 
receptors are functional on diverse synaptic pathways in the developing 
spinal cord and suggests that their activation may play a role in modulating 
the excitability that underlies spontaneous activity. Experiments are currently 
in progress to test this hypothesis directly.

277.12
CLOCKLIKE BURSTS INDUCED IN THE RAT SPINAL CORD BY 
PHARMACOLOGICAL BLOCK OF INHIBITORY SYNAPTIC 
TRANSMISSION. E. Bracci, L . Ballerini*, A. Nistri. Biophys Lab, Int Sch 
Adv Studies (S.I.S.S.A.), 34013 Trieste, Italy.

In mammals, spinal networks are responsible for the generation of 
rhythmic patterns such as fictive locomotion, but the circuitry involved and 
the role of synaptic inhibition are still unclear. To address this issue we 
performed intracellular recordings from lumbar motoneurons of neonatal (5-8 
d) rat spinal cord. When GABA-ergic synaptic transmission was blocked by 
bath-application of 20 μM bicuculline the normal spontaneous synaptic 
activity was converted to irregular bursting (n=4). Bursting event amplitude 
averaged 36 mV, with 29 s duration and 1.2 burst/min mean frequency. The 
coefficients of variation of burst duration (CVd) and interburst periods (CVi) 
were 37% and 51%, respectively. When glycinergic synaptic transmission 
was blocked by 1 pM strychnine, no bursting appeared. When GABA and 
glycine receptors were simoultaneously blocked a regular pattern of bursting 
developed (n=12). Burst amplitude averaged 50 mV, with 7.2 s burst 
duration and 1.9 burst/min frequency. CV, and CVd were <15%, showing 
the rhythmicity of such events. This bursting pattern was antagonized by the 
NMDA receptor blocker CPP. When 25 pM cyclothiazide (a blocker of AMPA 
receptor desensitization) was perfused toghether with bicuculline and 
strychnine bursting became resistant to NMDA antagonism. When the 
resting membrane potential of motoneurons was changed neither burst 
duration nor burst frequency were affected and burst amplitude increased 
with hyperpolarization. TTX or CNQX abolished bursting activity. It is 
suggested that burst onset and mantainance were network driven and due to 
synchronization of synaptic events, in the absence of inhibition which was 
unnecessary for rhythmogenesis. Supported by Telethon Italy (grant n. 502).

277.13 277.14
RHYTHMIC MOTOR ACTIVITY IN THE WALLABY POUCH YOUNGS.
Stephen Ho* Dev. Neurobiology, RSBS, ANU, Canberra, Australia, 2601

The wallaby provides a unique opportunity for studying the mammalian 
central pattern generator (CPG). This marsupial has a short intrauterine 
gestation followed by a protracted in-pouch development. The spinal cord is 
immature at birth but has a functional motor rhythm generator that enables 
the newborn to climb into the pouch. Forelimb activity was studied using 
behavioural and electrophysiological methods.

Alternating forelimb movements could be observed when the animal was 
removed from the pouch. Air stepping cycle frequency (at 25°C) was about 
0.15 Hz in P1-2, and increased to a steady level around 0.4 Hz by 4 weeks. 
Forelimb activity was uncorrelated with respiration and torso movements. 
Coactivation of both limbs was not observed and the rhythmic activity could 
be disrupted by restraining the contralateral limb. These suggest the brachial 
CPG is independent of other motor centers and functional interaction 
between left-right centers during early development. Forelimb activity could 
be suppressed by raising the ambient temperature to 37°C. This was 
especially effective in older animals (>P60). For in vitro studies, the 
brainstem-spinal cord was isolated and motor activity recorded from muscle 
nerves. Preparations up to 5 week-old could be kept viable, some remained 
active for more than 30 hr. Spontaneous activity appeared 4-5 hr after the 
dissection. Motor discharge could also be evoked by single pulse stimulation 
to the brainstem or dorsal cord. Motor activity was coordinated: alternation 
between contralateral nerves, and phase separation between ipsilateral 
flexors and extensors. Bath applied NMDA (2-5 μM) enhanced the number 
of burst per evoked episode, and in some cases resulted in continuous 
bursting. Bath applied bicuculline or strychnine changed the activity pattern 
to coactivation suggesting GABAergic and glycinergic neurons are involved 
in establishing the alternating discharge pattern between contralateral limbs 
and phase shift between ipsilateral flexors and extensors. However rhythmic 
excitation remains in the absence of these inhibitory pathways.

VARIABILITY IN  SH IV ERING SUPPORTS THE PRESENCE OF A 
CENTRAL PATTERN GENERATOR IN  HU M ANS. S.M. W ilso n , M. H u l l , 
W .C. A dam s and E. C arstens* . Neurobiology, Physiology, and  B e h a v io r, 
Univ. of Calif., Davis CA 95616.
The objectives of this experim ent are: 1) to characterize  the  variab ility  of 
shivering trem or using  tim e series averaging  and  pow er spectrum  a n a ly s is  
and  2) to fu rther test the p roposal th a t sh ivering  is m ed ia ted  by a sp in a l 
cord pa tte rn  generator. Shivering trem or w as elicited in 11 hum an  subjects 
and  surface e lectrom yographic recordings m ade of the left (experim en ta l) 
and  righ t flexor carpi ulnaris (control). A stretch  reflex stim ulus w as 
elicited in  the experim ental muscle group by a controlled extension of th e  
wrist. Time series analysis of EMG d ata  show ed  th at sh ivering  trem or is a 
random , non-stochastic process. Since the v a ria b ility  in the sp ec tra l 
estim ate of the unfiltered EMG recordings is dependent upon the frequency 
of activation  of the in d iv id u a l motor units, the  large v a ria tio n  (table 1) 
shows th a t the recruitm ent p a tte rn  and  m otor unit firing frequency a re  
variable. Furtherm ore, the m ed ian  spectral estim ate  sh ift (ex p erim en ta l 
flexor, pre- and post-stim ulus, table 1) supports the  h y p o th esis  t h a t  
sh ivering  trem or is m odu la ted  by a spinal p a tte rn  generator.

T able  1. M edian  Spectral Estim ate (Hz)
E xperim ental Flexor (n=888) C ontrol Flexor (n=590) 
U n filte red  Band L im ited U n filte re d  Band L im ited

Pre Stim ulus 67.1±12.0 8.80±1.0 69.9115.7 8.711.1
Post Stim ulus 65.1± 10.8* 9.04± 1.1* 70.3115.7 8.611.1
* denotes significant difference (p<0.05) pre-post stim ulus

277.15
TH E N ETW O RK  G E N ER A TIN G  R E SPIR A T O R Y  RH Y TH M  AND 
PA TTER N  IN M ED U LLA R Y  SLIC E S IN V ITR O . E X PE R IM E N T A L  
AN ALYSIS AND C O M PU TA TIO N A L M O D EL. J.C . S M IT H *. Lab. 
o f Neural Control, NINDS, NIH, Bethesda, M D 20892.

Isolated m edullary slices from  neonatal rodents contain ing  the pre-
B otzinger com plex  (p re-B ötC) have an active netw ork  th at g enerates 
respiratory rhythm  and a m otor output pattern (Sm ith et al., Science 254: 
1991). The intrinsic bursting  properties, sp ik ing  behav io r, and synaptic 
in teractions o f the m ajor populations o f  resp iratory  in terneurons in the 
pre-B ötC and adjacent ventrolateral reticu lar form ation in these slices were 
studied  by w hole-cell cu rrent- and v o ltage-clam p record ing . T he m ain 
classes  o f  active insp irato ry  (I) n eurons (p re-I, I-D ec, and L ate-I), 
expiratory  (E) neurons, and tonic neurons w ere studied. Subpopulations 
o f  I neurons had in trinsic  osc illa to ry  bursting  p ro p erties  w hich  w ere 
v o ltage-dependen t as p rev iously  show n ( ib id .);  these  p acem ak er-ty p e  
neurons are presum ed to be the source o f the I phase oscillatory  drive. A 
com putational m odel incorporating  all availab le  d a ta  on neuron  types, 
in tr in s ic  p ro p ertie s , and  ex c ita to ry /in h ib ito ry  in te rac tio n s  has been  
constructed to explore how cellu lar and synaptic properties are integrated 
in the netw ork for rhythm  and pattern generation. This m odel is the m ost 
e lab o ra te  version  o f  our hybrid  p acem ak er-n e tw o rk  o sc illa to r  m odel 
(S m ith  e t a l., 1992, 1994) yet c o n s tru c ted  and  in clu d es: b ila te ra l 
p o p u la tio n s  o f  sy n ap tica lly  co u p led , v o lta g e -d e p e n d e n t p acem ak er 
n eu ro n s; se ts  o f  in tr in s ic  c u rren ts  m o d eled  w ith  H o d g k in -H u x ley  
equations w hich, com bined  w ith m odeled  synap tic  cu rren ts , give the 
bu rstin g  and sp ik ing  b eh av io r ch a ra c te ris tic  o f  each  n euron  class ; 
heterogeneity  o f in trinsic properties and synaptic in teractions to  account 
fo r tem poral d isp e rs io n  o f  ac tiv ity  w ith in  a ce ll c lass . T he  m odel 
sim ulations rep roduce the osc illa to ry  b ursting  b eh av io r o f  pacem aker 
neurons, spiking patterns and m em brane potential tra jectories o f  I and E 
neurons, and m easured tim e courses o f synaptic interactions.

277.16
FUNCTIONAL SPECIALIZATION OF SPINAL MOTONEURON POOLS 
DURING FETAL LIFE: EFFECT OF SPINAL CORD TRANSECTION. 
P.J. BERGER* AND I.R.C. COOKE. Institute of Reproduction and 
Development, Monash Medical Centre, Clayton, Vic., 3168 and 
School of Biological & Chemical Sciences, Deakin University, Geelong, 
Vic., 3217, Australia.

Motor behavior in the fetal lamb at 45 days gestation (G45; term 
is G147) is characterised by cycles of activity and inactivity. Each bout 
of activity begins synchronously, and ends at approximately the same 
time, in muscles of different function in the mature animal. Global 
activation of spinal motoneuron pools is therefore a feature of early 
fetal development in the lamb. By G75 the fetus no longer exhibits 
clear activity/inactivity cycles and different muscles are now activated 
independently of one another. In order to examine whether this 
change represents maturation at the segmental level, or whether it 
depends upon supraspinal inputs, we have examined the effect of 
spinal cord transection at a time by which the motoneuron pools have 
established independent discharge characteristics. Under maternal 
general anesthesia, 12 fetal lambs at G62-G63 were instrumented with 
small electrodes for the recording of EMG activity in the costal 
diaphragm, external intercostal and external oblique muscles. In 5 
fetuses the spinal cord was left intact, in 5 it was transected at C9-T1 
and in 2 fetuses at C1-C2. Recordings of EMG were made at G65 and 
every 10 days thereafter until G125. After cord transection, activity in 
those muscles caudal to the transection reverted to the early gestation 
pattern in which the muscles were synchronously activated and cycles 
of activity and inactivity were present; this feature persisted until G125. 
We conclude that the development of independence of activation in 
spinal motoneuron pools requires supraspinal inputs.
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277.17
INPUTS TO THE V E N T R O M E D IA L  M E D U LLA  FR O M  T H E M E SEN C E P-
H ALIC LO C OM O TO R REG ION (M LR ) A N D  SPIN A L  CO RD: R E L A T IO N -
SHIP W ITH T R EA D M ILL L O C O M O TIO N  IN D U C ED  C -FO S PR O TEIN .
X. Quan, S. Pylypas, L.M Jordan* and D.M. Nance. Depts. of Physiol. 

and Path., Univ. of Manitoba, Winnipeg, MB. R3E 0W3, Canada.
Treadmill locomotion produces c-fos expression in neurons in the 

mesencephalic central gray and cuneiform nucleus (MLR) of the rat, and 
the MLR has reciprocal connections with the ventromedial reticular 
formation. We tested whether cells in the MLR that show activation 
during locomotion also project to the ventromedial medulla. Retrograde 
and anterograde tracers (Fluorogold and rhodamine-dextran) were injected 
into the ventromedial medulla. 7 days later, rats were placed in a treadmill 
for 60 min. The brain and spinal cord were processed for c-fos with 
immunofluorescence. Results showed many retrogradely labeled cells 
located in the MLR and numerous c-fos positive cells located in the same 
region. Very few of these c-fos positive cells were found to project to the 
ventromedial medulla and most double-labelled cells were located in the 
rostral MLR and deep mesencephalic nucleus. Retrogradely labeled cells 
were identified in layers 5, 6, 7, 8 and 10 (spinoreticular) of the cord. 
Locomotion induced c-fos in spinal cord neurons, but few of these cells 
were spinoreticular neurons. These results indicate reciprocal connections 
between the spinal cord, ventromedial medulla and the MLR and adjacent 
mesencephalon. The scarcity of double-labeled neurons suggests that 
most of the cells in the mesencephalon and spinal cord that express c-fos 
protein following locomotion project to areas other than the ventromedial 
medulla or else represent interneurons. Supported by NCE.

277.18
ESOPHAGOMOTOR RHYTHMOGENESIS BY COACTIVATION OF 
MUSCARINIC AND NM DA RECEPTORS IN THE SUBNUCLEUS CENTRALIS 
OF THE NUCLEUS OF THE SOLITARY TRACT. W .Y . Lu and D. Bieger*. 
Faculty o f Medicine, Memorial University o f Newfoundland, St. John's, Canada A1B 
3V6

Activation o f  muscarinic cholinoceptors (mAChR) on subnucleus centralis 
(NTSc) premotoneurons produces rhythmic esophageal peristalsis in the rat. This 
response is blocked by NM DA receptor antagonists. To investigate the possible 
contribution o f  mAChR and NM DA receptors to the generation o f esophagomotor 
output, we undertook whole cell recordings in rat brainstem slice preparations. Most 
neurons in the NTSC region were found to fire spontaneously with a prominent spike 
afterhyperpoplarization. Spontaneous activity was Ca2+ -dependent and eliminated by 
bath application o f tetrodotoxin (TTX, 0.5 μM) and the NM DA receptor antagonist 
DL-2-amino-5-pbosphono-valeric acid (AP-5, 10-25 μM ), but not the mAChR 
antagonist, methscopolamine (MSCP, 1-2 μM). When the cell membrane potential was 
held near resting levels (-45 to -60 mV), pulse or bath application o f NMDA (20-40 
μM) elicited tonic firing superimposed on a small depolarization. At hyperpolarized 
potentials ( >  -60 mV), tonic firing was replaced by TTX-resistant rapid oscillations 
(1-2 Hz) that were suppressed in nominally Ca2+-free medium. A subpopulation of 
NTSC neurons responded to pulses o f ACh or bath-applied muscarine (1 μM) with 
bursts o f spike discharges triggered by slow rhythmic oscillations (0.1-0.5 Hz). The 
oscillations were abolished by bath-applied AP-5 (25 μM) and eliminated by TTX (0.5 
μM) in a subset o f these cholinoceptive cells. However,the same cells developed 
repetitive oscillations when held near their resting potential in TTX and stimulated 
simultaneously with NM DA and ACh. We conclude that (i) NTSC cholinoceptive 
neurons are endowed with conditional oscillator properties; and (ii) rhythmic 
esophagomotor activity under physiological conditions involves coactivation of NMDA 
and mACh receptors. (Supported by the Medical Research Council o f Canada)

COMPARATIVE NEURO AN ATOMY: NON-FOREBRAIN

278.1
NADPH-DIAPHORASE ACTIVITY IN CATECHOLAMINERGIC 
NEURONS OF THE BRAIN OF THE AMPHIBIANS Rana perezi 
AND Pleurodeles waltlii AND THE LIZARD Gekko gecko. 
A .G onzález1*, M .M uño z 1, A .M uño z 1, O .M arín 1  , J.R .A lonso2 , 
R .A révalo2 , A .Porteros2 and W .J.A .J.Sm eets3. 1Dept. Cell Biol., 
Univ. Complutense of Madrid, Spain. 2Dept. Cell Biol. & Pathol., Univ. of 
Salamanca, Spain. 3Graduate Sch. Neuroscience, Dept. Anat. & Embryol. Fac. 
Med. Vrije Univ. Amsterdam, The Netherlands.

The codistribution and/or colocalization of NADPH-diaphorase 
(ND) and catecholamines have been studied by means of ND 
histochemistry and tyrosine hydroxylase (TH) immunohistochemistry 
in the brain of two amphibians and a reptile. In the three species, a 
high degree of codistribution of ND and TH cells was found in areas 
such as the nucleus of the solitary tract, locus coeruleus, substantia 
nigra, ventral tegmental area, posterior tubercle, preoptic area and 
olfactory bulb. However, in sections stained sequentially for ND and 
TH a restricted distribution of doubly labeled neurons was found. In 
the amphibians, colocalization was present in the posterior tubercle 
and, only in the frog, in the locus coeruleus. In the reptile, 
colocalization was observed in numerous cells in the ventral tegmental 
area and substantia nigra, while only few cells could be doubly labeled 
in the locus coeruleus. If ND is a selective marker for neurons 
containing nitric oxyde (NO) synthase and NO has a role in the 
activation of TH, as recently demonstrated, the majority of the 
catecholaminergic cells in the brain of the three species here studied 
would lack the possibility of this activation.
Supported by DGICYT PB93-0083 and Junta de Castilla-Leon.

278.3
CENTRAL CONNECTIONS OF THE NUCLEUS PRAEEMINENTIALIS 
IN CATFISH: A RE-EVALUATION. J.G. New* and Jie He, Dept. of 
Biology and Parmly Hearing Institute, Loyola University Chicago, 
Chicago, IL 60626.

The nucleus praeemientialis (nPr) of catfish is an isthmic structure 
known to be involved in electro- and mechanosensory processing. 
Specifically, this nucleus receives collateral axon projections from 
ascending medullary neurons, and nPr neurons in turn project back 
down onto these medullary neurons, forming a sensory feedback loop. 
The purpose of this study is investigate the nature of additional central 
connections of nPr in the channel catfish, Ictalurus punctatus.

Several different neuronal tracers (horseradish peroxidase, DiI and 
fluorescence-conjugated dextran amines) were used to determine the 
afferent and efferent connections of nPr. Our results have demonstrated 
four principal afferent pathways to nPr: (1) a commissural connection 
with the contralateral nPr, (2) bilateral reciprocal connections with the 
medial and lateral divisions of the cerebellar eminentia granularis, (3) 
broad, bilateral lemniscal inputs from medullary octavolateralis nuclei, 
and (4) inputs from basal medullary nuclei, including the medial and 
lateral inferior reticular formation. An important efferent pathway of nPr 
is the bilateral projection caudally to the octavolateralis column. A 
previously described source of afference, the torus semicircularis, was 
not labelled in any of our cases.
Supported by NIH NS30194 to JGN.

278.2
CO-LOCALIZATION OF CHOLINE ACETYLTRANSFERASE AND NADPH- 
DIAPHORASE IN THE ISTHMUS IN TURTLES. A. S. Powers* and C. 
Kaeppner. Dept. of Psychology, St. John’s University, Jamaica, NY 11439.

In mammals the cholinergic cells of the pontine tegmentum have been shown to 
be positive for NADPH-diaphorase (NADPH-d), a marker for cells that make nitric 
oxide. The present study investigated whether cholinergic cells in the isthmus of 
turtles also contain NADPH-d. Painted turtles (Chrysemys picta) were perfused 
intracardially with saline followed by 4% paraformaldehyde. Frozen sections (40μm) 
were incubated with an antibody against choline acetyltransferase (ChAT), the 
synthetic enzyme for acetylcholine, and stained for immunofluorescence. ChAT- 
positive cells in the isthmus were photographed, and the tissue was subsequently 
stained for NADPH-d using a standard histochemical technique. Again the tissue was 
photographed. Comparison of the two sets of photographs showed that a population 
of cells in the isthmic region contained both ChAT and NADPH-d. These cells were 
located in the cerebellar peduncle, between the locus coeruleus ventromedially and 
a dense group of ChAT-positive cells dorsolaterally. Between these two cell groups 
nearly all the cholinergic cells contained NADPH-d. Locus coeruleus (as defined by 
tyrosine hydroxylase immunohistochemistry) did not contain NADPH-d-positivecells. 
Neither, for the most part, did the ChAT-positive lateral cell group, but some large 
cells were double-labelled in this region. Thus, although ChAT and NADPH-d do 
not co-localize in the basal forebrain of turtles (Powers & Giusti, 1993, Soc. 
Neurosci. Abst.. 19), such co-localization does occur in the isthmic region, as it does 
in mammals. Cells in this region are thought to regulate sensory input to the 
thalamus and cortex in mammals, and the co-localization of acetylcholine and 
NADPH-d is a constant feature of their anatomy. The present study suggests that 
this pattern of co-localization in the pontine or isthmic region has been present in 
amniotes since before the origin of mammals.

Supported by NIH grant #NS-31785 to ASP.

278.4
LABELLING OF THE NEURONAL TRACTS ASSOCIATED WITH THE 
TORUS SEMICIRCULARIS OF THE MID-BRAIN IN RAINBOW TROUT. L. 
Beaudet*. Dept. Biology, U. Victoria, P.O.Box 1700, Victoria, B.C. Canada 
V8W 2Y2

The torus semicircularis (TS) plays an important role as a multimodal sensory 
integration center. It has been shown, in particular, to contain a large number of 
visually sensitive units. This study provides additional anatomical evidence for 
the presence of pathways between the TS and visual centers other than the optic 
tectum. I studied the anatomical connections of the TS of the mid-brain in the 
rainbow trout (Oncorhynchus mykiss) using the carbocyanide dye DiI. In 
formaldehyde-fixed brains, part of the optic tectum was removed to expose the 
TS. Crystals of DiI (Molecular Probes, OR) were applied unilaterally to the 
slightly scratched TS and left to incubate at room temperature for several weeks. 
Preliminary results show extensive connections between the TS and all major 
subdivisions of the brain, often both ipsilaterally and contralaterally. In the 
brainstem, labelling was found ipsilaterally and contralaterally in the 
octavolateralis area. Some labelling was also found ipsilaterally in the tractus 
bulbomesencephalicus. In the cerebellum, labelling was found terminating 
ipsilaterally in the stratum granulae. Connections with the optic tectum, again 
ipsilateral, could only be seen at the level of the deep white zone. Rostrally, 
labelling was observed in the hypothalamic, thalamic and preoptic areas, which 
are also recipient of direct retinal projections in trout. Finally, in some 
specimens, labelling was observed in the ventral telencephalon. Further 
investigations of the anatomical connections of the TS using other tracing 
techniques are warranted to confirm and complement these findings. Research 
supported by NSERC operating grant to C.W. Hawryshyn and NSERC, FCAR 
and University of Victoria scholarships to LB.
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278.5
THE ANATOMY AND FUNCTIONAL SIGNIFICANCE OF 
HYPOGLOSSAL AFFERENTS IN THE FROG C.W. Anderson* and 
K.C. Nishikawa. Dept. o f Biological Sciences, Northern Arizona Univ., 
Flagstaff, AZ 86011

In a previous study, we suggested that afferents must be present in the 
hypoglossal nerve on the basis of behavioral data obtained after 
transection o f the hypoglossal nerve. These afferents coordinate the 
timing o f tongue protraction with the opening of the mouth during 
feeding. The goal of the present study was to identify these hypoglossal 
afferents in the frog, Rana pipiens. Retrograde tracing was done using 
HRP and fluorescent dextran amines Our anatomical data show that the 
hypoglossal afferents enter the brainstem through the dorsal root of the 
third spinal nerve and travel in the dorsomedial funiculus These cervical 
afferents travel in a pathway that carries primarily proprioceptive 
information. Therefore, the receptors coordinating tongue movements in 
Rana are probably muscle spindles. We hypothesize that the presence of 
afferents in the hypoglossal nerve represents a recent phylogenetic event 
among anurans, coinciding with the morphological acquisition of a highly 
protrusible tongue. Supported by NSF IBN-9211310 to K.C.N. and an 
ARCS Foundation Fellowship to C.W.A

278.7

ASCENDING MECHANORECEPTIVE LATERAL LINE PROJECTIONS 
ARE TOPOGRAPHICALLY ORGANIZED IN THE ATLANTIC 
STINGRAY. R.L. Puzdrowski* and R.B. Leonard. Marine Biomed. Inst., 
Univ. Texas Med. Br., Galveston, TX 77550.

The medullary octavolateral region in elasmobranchs is characterized by a 
pair of cell aggregates termed C 1 and C2. Previous studies have shown that C1 
and C2 lie within the terminal fields of the anterior lateral line nerves (ALLN), 
the branches of which project topographically such that the supraorbital ramus 
projects to the medial portion of C  and C2, that of the external mandibular 
ramus to the more lateral portion, and that of the buccal ramus to the 
intermediate portion. It has also been shown that the cells of C1 and C2 project 
to the medial mesencephalic nucleus (MMN). Bleckmann et al. ('87) have 
demonstrated a somatotopic map on the MMN, such that the rostro-caudal 
body axis maps rostro-caudally on the MMN. The question that we address in 
this abstract is: Do the cells of Cl and C2 project to the MMN 
topographically, such that the cells of the medial portion of C1 and C2 project 
to the rostral MMN and those of the lateral portion to more caudal regions?

To investigate this question unilateral injections of HRP were made into the 
MMN either rostral or caudal to the oculomotor nucleus in the Atlantic 
stingray, Dasyatis sabina. Rostrally centered injections result in labeled cells in 
the medial portions of C1 and C2. Whereas, caudally centered injections result 
in labeled cells in more lateral portions of these cell groups. These results show 
that both C 1 and C2 project topographically to MMN. Taken together with the 
previous studies, these results indicate that the organization of the ALLN 
projections to C1 and C2 is maintained in the projections of these cell groups 
onto MMN.(Supported by The Foreman Research Foundation and NSF.)

278.9

DISTRIBUTION AND INNERVATION OF NEUROMASTS IN THE 
ZEBRAFISH Danio rerio. R. G. Northcutt* and C. B. Braun. 
Neurobiology Unit, Scripps Institution of Oceanography, and Dept. 
of Neurosciences, School of Medicine, University of Calif., San 
Diego, La Jolla, CA 92093-0201.

Although there are several experimental developmental studies of 
the lateral line system in zebrafish, it is difficult to place them in a 
comparative context, as the number, distribution and innervation of 
neuromasts in adult zebrafish are unknown. Scanning electron 
microscopy and serially sectioned, Bodian stained heads and trunks 
reveal that neuromasts form four lines on the trunk and 11 lines on 
the head: anterior pit, ethmoid, infraorbital, middle pit, opercular, 
posterior pit, post-temporal, preoperculomandibular, supraorbital, 
supratemporal and temporal lines. Neuromasts of the supraorbital, 
infraorbital, preoperculomandibular, temporal and post-temporal 
lines occur within canals; the remaining lines occur on the surface. 
Each of the preotic canal lines varies greatly in structure, both 
within and between individuals, and each is characterized by one or 
two lines of accessory superficial neuromasts. Cleared zebrafish 
bodies stained with Sudan Black, or immunoreacted with an 
antibody to acetylated tubulin to reveal innervation of the 
neuromasts, indicate that these fish have five pairs of lateral line 
nerves: anterodorsal, anteroventral, middle, supratemporal, and 
posterior lateral line nerves. (Supported in part by NIH grant 
NS24669.)

278.6
IMMUNOCYTOCHEMICAL OBSERVATIONS OF THE 
DEVELOPING ELECTROSENSORY LATERAL LINE LOBE IN 
CHANNEL CATFISH (ICTALURUS PUNCTATUS) M. J. Lannoo* 
and S. J. Lannoo. Muncie Center for Medical Education. Indiana 
University School of Medicine, Ball State University, Muncie IN 
47306.

Within electrosensory siluriform teleosts, generalized 
passively electroreceptive species (catfishes) form an electrosensory 
lateral line lobe (ELL) consisting of one somatotopic map. Derived 
species (gymnotoid weakly electric fishes) are actively 
electroreceptive with an ELL composed of four maps. This system 
is an experimentally accessible model for the study of multiple map 
formation. We have been generating monoclonal antibodies (mabs) 
to components, typically polypeptides, of the ELL in adult catfishes 
and using these mabs to follow the expression of adult polypeptides 
in both electric fishes and in developing catfishes. One of these 
mabs, 2A6, labels radial glia in developing catfishes and is described 
here. Radial glia extend massively from the IVth ventricle to the 
ELL throughout our developmental series and persist even when glia 
to neighboring structures no longer label. Radial glia appear to end 
most densely in the germinal zone of the ELL cellular layers, as 
revealed by 5-bromo-2-deoxyuridine labelling. Radial glia may 
form an essential pathway for neuronal recruitment within the ELL 
in postembryonic development. During this time the periventricular 
relationships of the embryonic germinal zone disappear with the 
caudal overgrowth of the crista cerebellaris, and the expansion of the 
facial lobe. Supported by NIH grant NS 30702, to M. J. L.

278.8
DISTRIBUTION AND INNERVATION OF THE CUTANEOUS 
CHEMOSENSORY SYSTEMS IN ZEBRAFISH (Danio rerio). C.B. Braun* 
and R.G. Northcutt. Neurobiology Unit, Scripps Institution of Oceanography, 
and Dept. of Neurosciences, Univ. California, San Diego, CA 92093-0201.

During the last decade zebrafish, Danio (=Brachydanio) rerio, have become 
a widely popular model organism for genetic analyses of development. 
Surprisingly, very little is known of their adult morphology, or of the 
phylogenetic constraints acting upon the development of these fish. We 
have therefore begun to examine the adult morphology of several sensory 
systems of these cyprinid fish.

Like other cyprinids, zebrafish have an extensive system of external taste 
buds (TBs) and solitary chemoreceptive cells (SCCs). Using scanning 
electron microscopy, immunohistochemistry, lipophilic dye tracing and 
histological analyses, we have demonstrated the distribution and innervation 
of taste buds both externally and internally, and the relative densities of 
solitary chemoreceptive cell apices. Both taste buds and SCCs are clustered 
at higher densities in the regions adjacent to superficial lines of neuromasts. 
Taste buds are found at the highest densities on the barbels, lips, and the 
dorsal surface of the head (densities reach 170 TBs/mm2 on the upper jaw 
and lip, mean density for this region and the dorsal surface of the head = 99 
TBs/mm2). Taste buds are not found on the trunk, tail or any fin. SCCs are 
found on all surfaces, including the trunk, tail and all fins. Experimental 
demonstration of the innervation of the widely distributed SCC system is 
problematic, but it is likely that these cells are innervated by both cranial 
(probably trigeminal) and spinal nerves. The external taste buds, however all 
appear to be innervated by rami of the facial nerve, many of which are 
anasthamosed with rami of other cranial nerves. Supported by NIH grant 
DC01081 to R.G.N.

278.10

PROJECTIONS OF MESENCEPHALIC TRIGEMINAL 
NEURONS OF THE GUPPY. M.C. Rodicio1, R. Alvarez2, M .A. 
Pombal3 and R. Anadón 1. (SPON: European Neuroscience 
Association). 1Dpt. Biol. Fundamental, Univ. de Santiago de 
Compostela. 2Dpt. Biol. Fundamental, Univ. de Vigo. 3Dpt. de 
Biol. Celular y Molecular, Univ. de La Coruna (Spain).

Mesencephalic trigeminal (MV) neurons are central primary 
sensory cells of vertebrates. In this work we study the distribution 
and projections of MV neurons in the guppy (Lebistes reticulatus) 
after application of horseradish peroxidase (HRP) into the trigeminal 
nerve.

A small number ( 1 to 8) of large ipsilateral monopolar MV 
neurons were solid labelled in the rostral mesencephalon. The thick 
process of MV neurons runs caudally and bifurcates, at the level of 
the trigeminal nerve entrance, in a peripheral fibre and a central 
process which runs separatedly from the descending trigeminal root 
and originates several collaterals between the level of the octaval 
nerve and the C6 level of the spinal cord. The collaterals run to the 
same region to which the descending trigeminal root projects, i.e. 
the trigeminal descending and dorsal funicular nuclei. No collaterals 
to the trigeminal motor nucleus, the cerebellum or the 
mesencephalic tegmentum were observed. Our results in the guppy 
indicate that the MV nucleus consists of very few (8) cells that have 
stereotyped patterns of connections with medullary and spinal 
regions associated with the trigeminal descending root. They do not 
project to the cerebellum or to mesencephalic targets.

Supported by a grant from the Xunta de Galicia.
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278.11
CALBINDIN IMMUNOREACTIVITY IN A VISUAL THALAMIC NUCLEUS IN 
A REPTILE. M.B.Pritz*. Sect. of Neurol. Surg., Indiana U. 
Sch. of Med., Indianapolis, IN 46202-5124.
Previous studies in one group of reptiles, Caiman crocodi- 
lus, investigated certain morphological features of nuc
leus . In Caiman, nucleus rotundus is a prominent 
neuronal aggregate in the dorsal thalamus that relays vis
ual information to the telencephalon. Nucleus rotundus 
can be subdivided into 3 parts: an outer shell, an inner 
core, and a cell free zone located between the shell and 
core. Neurons of the core contain relay cells and lack 
local circuit neurons. The present study investigated 
some immunocytochemical properties of rotundal core neur
ons using an antibody to calbindin. Neurons immunoreac
tive to calbindin were numerous, occasionally grouped in 
clusters, and were frequently so well stained that ter
tiary dendrites were visualized. Quantitative measure
ments on calbindin (+) core neurons, expressed as mean ± 
standard error, were performed on 50 cells examined in the 
transverse plane. Parameters investigated were: area, 
perimeter, and eccentricity (greatest width/greatest 
length). The results were: area (μm2)- 198.21 ± 8.79; 
perimeter (μm)- 56.36 ± 1.39; and eccentricity - 0.70 ± 
.02. Further quantitative observations and analysis of 
dendritic morphology are underway to determine whether 
calbindin (+) neurons of the rotundal core represent a 
single or multiple subpopulations of relay cells.

278.13
MAPPING THE SUPEROXIDE DISMUTASE CONTAINING CELLS 
IN THE RODENT BRAIN S. Frankl*, J. S. Schneider, 
Hahnemann Univ and F . J . Denaro, TTUHSC, Lubbock, 
TX 79430

Superoxide dismutase (SOD) (Cu/Zn) has been 
implicated in many important disease processes. 
There is also growing evidence for its role in 
different CNS diseases. In previous work we have 
demonstrated histologically the presence of SOD in 
the human and primate brains.(1) In the present 
study a systematic mapping of SOD in the rat and 
mouse brain has been undertaken. SOD positive 
staining has been observed in: large neurons of 
the cortex; granular cells of the hippocampus; 
purkinje cells of the cerebellum; substantia nigra 
neurons; and glial cells. The morphology of some 
of these cells suggest microglia. A detailed map 
of the SOD containing cells is being produced. 
Thus it will be possible to correlate presence of 
SOD with anatomical areas which have been 
characterized as being involved in specific 
neurodegenerative disorders. Examples of such 
diseases are Alzheimer's disease and Parkinson's 
disease. 1. Denaro, F.J. and Schneider, J.S. J 
of Cell Biochem. S 12A:44,1988. NS31857, AG10280

278.15
THE STRUCTURE OF THE GANGLIA CONTROLLING THE REPRODUCTIVE 
APPARATUS IN WORKER AND QUEEN HONEY BEES. D.A. O'DELL.*
Dept. of Biol. Sci., Mary Washington College, Fredericksburg, 
VA 22401

A histological comparison of the structure of the sixth 
abdominal and terminal ganglia in worker and queen honey bees 
was made. Ganglia were fixed in situ and processed for wax 
histology using standard protocols. 10μ m serial sections 
were stained using either hematoxylin and eosin or a modified 
silver impregnation after Gregory, 1980 (in 
Neurophysiological Techniques, Strausfeld and Miller, ed. 
Springer-Verlag).

The seventh abdominal ganglion is composed of two fused 
neuromere, the posterior of which innervates the oviduct. In 
workers, this ganglion measures 200μ m (W) X 220μ m (L) X 
190μ m (D), whereas in queens the ganglion measures 320μ m 
(W) X 660μ m (L) X 190μ m  (D) . The difference in size is 
seen as an increase in neuropilar area in the queen ganglion 
over the worker ganglion. Neither the internal organization 
of the neuropile nor the number of neuronal somata differs 
between workers and queens.

The terminal ganglion is composed of three fused 
neuromeres. The lateral nerves from this ganglion innervate 
the body wall, the movements of which are used during 
ovipositing by the queen, and the sting apparatus. The 
ganglion of queens again is larger than that of workers, and 
again the neuropilar area is greatly increased in quuens when 
compared to workers. This increase in the neuropile could be 
a result of the increased activity of the reproductive 
structures in queen necessitating increased neuronal 
connections.

On-going work examines the morphology of motor neurons 
that innervate the reproductive apparatus, comparing the 
structure of those in workers with those in queens.

278.12
THEORY OF DENDRITIC MORPHOLOGY AND A 
REDUCED NEURONAL MODEL. Y. Tamori*. "Intelligence and
its origin", PRESTO, Research Development Corporation of Japan (JRDC); Lab. for 
Information Representation, The Institute of Physical and Chemical Research 
(RIKEN), 2-1 Hirosawa, Wako, Saitama 351-01, JAPAN.

Several formulae, which rule the global dendritic morphology 
for fundamental parameters, are derived. Effective volume which 
corresponds to the organizing efficiency of dendrites is 
proposed. The principle o f least effective volume leads to 
analytically deriving branch angles of a dendrite. By applying 
those formulae, the whole dendritic trees of pyramidal cell with 
the fundamental parameters are graphically created in 
simulations. The simulated dendrites are in good agreements 
with real ones quantitatively. Mathematical formulae for extra 
global parameters, such as a combined length or a shaft area 
which are measured in anatomical experiments, are analytically 
derived as functions of the above parameters. The analytical 
results are quite consistent with experimental ones (Larkman, 
1991), which might suggest that only a few chemical factors are 
responsible for dendrites. This theory also reproduces dendritic 
morphology of spiny-stellate cells by changing spatial 
distributions of daughter-branch ratios. It is considered that 
pyramidal cells and spiny-stellate cells are morphologically in 
the same category. A number of dendritic cable equations are 
mathematically reduced into one effective cell body model 
based on the theory. The reduction concludes that the locations 
of synaptic inputs have less effect on somatic EPSP.

278.14
THE HISTAMINERGIC SYSTEM IN THE ZEBRAFISH BRAIN 
K.S. Eriksson* and P. Panula Dept. of Biology, Abo Akademi Univ., 
Biocity, FIN-20520 Abo, Finland.

There are reports of a transient synthesis of large quantities of 
histamine (HA) in the brain during mammalian fetal development. The 
significance of this is unknown, largely due to the lack of a suitable 
experimental model. In an attempt to overcome this obstacle, the 
distribution of HA-containing neural elements in the adult zebrafish 
(Brachydanio rerio) was studied by means of immunocytochemistry 
using an antiserum against HA and light microscopy.

A small number of HA-immunoreactive (HAir) neural somata were 
seen in the basal posterior hypothalamus and none were seen in any 
other part of the brain. These neurons emitted varicose axons in the 
dorsal and lateral directions. Most regions of the brain were innervated 
by a sparse to moderately dense network of HAir fibers. All parts of the 
central layers of the optic tectum contained HAir fibers, a situation that 
has not been reported in teleosts before. No HAir fibers were seen in the 
olfactory bulb, cerebellum, medulla oblongata, or optic nerves. The 
spinal cord and the peripheral nervous system appeared to lack HAir 
neurons or fibers.

The general picture of the histaminergic system in the zebrafish 
brain resembles that of other vertebrates. Thus, this species may provide 
a model for experimental studies on the role o f HA during brain 
development.
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279.1
READING PICTURES, VIEWING TEXT: AN EVENT-RELATED POTENTIAL 
STUDY G. Garris*@, H E. Schendan@, and M. Kutas. Cognitive Science, UCSD, La 
Jolla, CA 92093-0515. Neuropsychological and behavioral studies have found processing 
differences between written words and non-linguistic visual objects. This may be due to 
perceptual differences between words and objects but perhaps also to the overleamed status 
of written words. Some components of visual processing may thereby be specialized for 
letter strings. We investigated the nature and time course of such processing differences by 
recording ERPs to word-like (concrete nouns, non-pronounceable nonwords, pseudo-font 
strings) and object-like stimuli (line drawings of common objects and pseudo-objects), as 
well as icon strings, which are both word- and object-like, during three tasks. Here, we 
report only VEPs.

The first VEP difference occurred between 100-125 ms with strings generating greater 
negativity than objects at the midline occipital (Oz) site. This effect may reflect 
perceptual differences between character strings and single object-like images. At the same 
time at lateral occipital sites, pseudo-objects generated greater positivity than objects 
(P1). Since the P1 is modulated by visuospatial attention, it may be that pseudo-objects 
attract more attention than do objects or character strings. By 125-175 ms, a frontocentral 
positivity (P150) was largest for word-like items but much smaller for objects and 
pseudo-objects. Although intermediate in amplitude, the P 150 to icon strings was more 
consistently like that to word-like than object-like stimuli, suggesting that icon strings 
are analyzed more like words. The absence of a detectable difference between the P150 to 
real-letter and pseudo-font strings suggests that overlearning is not the crucial factor in 
P 150 modulation. The P 150 may instead reflect processing of linear arrays and/ or 
multiple items. Neither length of strings nor global orientation of objects could account 
for any of these early effects, which were independent of task. The scalp P150 may be a 
reflection of the intracranial letterstring N200 observed by Allison et al. (1994) and may 
therefore be useful also in the investigation of reading and reading disorders. Overall, the 
neural analyses of words and objects appear to differ by 100 ms with subsequent 
processing subserving finer distinctions between stimuli within character string and object 
classes. (@These authors made equal contributions and are funded by the McDonnell-Pew 
Center for Cognitive Neuroscience in San Diego. *Funded by Center for Research on 
Language, UCSD).

279.3
GLUCOSE METABOLISM IN THE INFERIOR TEMPORO-OCCIPITAL 
CORTEX IS RELATED TO PERFORMANCE ON A LETTER RECOGNITION 
TASK. A.S. Garrett*, F.B. Wood, and J.W. Keyes. Section 
of Neuropsychology, Bowman Gray School of Medicine, Win
ston-Salem, NC 27157.

Glucose metabolism was measured using [18]-F-2-deoxy- 
glucose (FDG) in N=54 neurologically and psychiatrically 
normal males and females (ages 21-70 years) during a 
continuous performance activation task. Every 2 seconds, 
a letter or a symbol was presented on a computer monitor 
and subjects were instructed to respond only to letters 
using the mouse button. Hits, false alarms, and reaction 
times were tallied by the computer.

A Pearson’s correlational analysis revealed that, after 
controlling for age, the percentage of hits and false 
alarms was related differentially to metabolism in the 
right and left inferior temporo-occipital cortex (Brod
mann’s Area 37). An increasing percentage of false alarms 
is related to increasing left Area 37 metabolism, while 
an increasing percentage of hits is related to decreasing 
left Area 37 metabolism. These data support work by 
Ungerleider and colleagues suggesting that this region is 
involved in form recognition. In addition, Area 37 in the 
right versus the left hemisphere may be differentially re
lated to correct versus incorrect recognition of letters.

279.5
EVENT RELATED POTENTIALS TO RELATIVE CLAUSE PROCESSING IN 
SPOKEN SENTENCES. H. M. Müller*, J. W. King and M. Kutas. Department of 
Cognitive Science, University of California San Diego, La Jolla, CA 92093-0515.

Event related potentials (ERPs) can provide an on-line measure of the brain electrical 
activity elicited by free speech, uncomplicated by a reliance on secondary tasks. This 
study provides empirical evidence for the timecourse of the analysis of naturally spo
ken sentences with relative clauses, and further shows that a subject’s comprehension 
skill is correlated with working memory-related features of the ERP. Relative clauses 
increase a sentence’s complexity and the demands on listeners’ analytic abilities; In 
short, the processing of relative clauses differs from that of simple sentence types in 
that the head noun of the relative clause needs to be stored in working memory until it 
has been assigned a thematic role. We recorded 23-channel ERP data from 24 subjects 
whose task was to listen to 216 sentences and answer occasional true/false comprehen
sion questions. The critical materials consisted of 36 examples each of two relative 
clause sentence types that differ in processing difficulty, namely Subject Object (SO) 
relative sentences and Subject Subject (SS) relative sentences:

(SO) The reporter who the senator harshly attacked admitted the error.
(SS) The reporter who harshly attacked the senator admitted the error. 

Sentence-length ERPs showed several differences in the slow cortical potentials 
elicited by SO and SS sentences. The data include a enhanced relative negativity for 
SO sentences after the word who when the second noun phrase of the SO sentence en
ters working memory, and a larger, longer-lasting fronto-central negativity that appears 
just before the main verb admitted -  precisely where the linguistically defined “gap” in 
the relative clause occurs; this latter difference was larger for those showing Good 
(above median) comprehension than for Poor comprehenders. The ERP included a 
prominent clause-ending negativity (CEN) at both the end of the relative clause and 
main clause of SS sentences. This negativity was more widely distributed over the 
scalp for these auditory sentences than for visual materials (e.g., Kutas & King, in 
press). Our findings suggest contributions from modality-specific, modality-indepen
dent, and individual difference factors to ERP effects in sentence processing.

279.2
PERFORMANCE OF AUDITORY AND VISUAL LEXICAL- 
DECISION TASKS AFTER ANTERIOR TEMPORAL-LOBE 
RESECTION. I. S. Johnsrude* & B. A. Milner. Cognitive Neuroscience 
Unit, Montreal Neurological Institute, McGill University, 3801 University 
Street, Montreal, Quebec, Canada H3 A 2B4.

This study examined the effect of modality of presentation on 
performance o f a lexical-decision task by patients with either a left (LT; 
n=12) or a right (RT; n=9) anterior temporal-lobe removal and by normal 
control subjects (NC; n=11). Four lists o f 48 monosyllabic stimuli (24 
words and 24 pronounceable nonwords) were prepared. Two of the lists 
were administered visually and two aurally in a random, blocked, 
counterbalanced order. Subjects were asked to respond to each o f the 
stimuli by making a keypress with their dominant hand if they thought 
that what they had heard or read was a word, and to make a keypress 
with their nondominant hand if they thought that what they had heard or 
read was a nonword. Stimulus presentation was computer-controlled, and 
accuracy and reaction time were recorded automatically.

The subject groups did not differ from each other with respect to age 
or years o f education, and no differences among the groups in the 
accuracy of their lexical judgements were observed. However, the LT 
group took significantly longer to make their judgements than did either 
of the other two groups, regardless o f modality o f stimulus presentation. 
This result is discussed in terms o f the cognitive demands of the 
lexical-decision task, and we suggest that, compared to NC and RT 
subjects, LT patients have more difficulty accessing the mental lexicon on 
the basis o f either a word's phonological or orthographic representation.

279.4
DEFICITS IN PHONOLOGICAL SKILLS ARE RELATED TO DECREASED 
RELATIVE LEFT THALAMIC METABOLISM. F.B. Wood*, A.S. 
Garrett, J.R. Absher, and J.W. Keyes. Section of Neuro
psychology, Bowman Gray School of Medicine, Winston-Salem, 
NC 27157-1043.

A total of N=54 neurologically and psychiatrically 
normal volunteers (ages 21-70 years) underwent Positron 
Emission Tomography (PET) scans using [18]-F-2-deoxyglu- 
cose (FDG) during a continuous performance letter recog
nition task. Subjects also underwent neuropsychological 
testing which included the Woodcock-Johnson Word Attack 
(WJWA) test of phonological decoding skill.

A portion of the subjects (N=8) who scored below the 
10th percentile of the norm were compared to a group of 
N=8 well-matched subjects whose WJWA scores fell in the 
upper range. A between-groups t-test showed that relative 
glucose metabolism (expressed as a percentage of whole- 
brain maximum) in the left thalamus distinguished the two 
groups. The groups also had significantly different left 
to right thalamus ratios. These data suggest that phono
logical decoding deficits warrant consideration of 
thalamic mediation.

279.6
DIFFERENTIAL HEMISPHERIC SENSITIVITY TO SPEECH STIMULI 
IN MEG RECORDINGS FROM PRIMARY AUDITORY CORTEX 
D. Poeppel*, A. Marantz, C. Phillips, K. Wexler, E. Yellin, Dept. of Brain 
& Cognitive Sciences, MIT, Cambridge MA 02139. T. Roberts, H. 
Rowley. Dept. of Radiology, UCSF, San Francisco CA 94143.

Recent electrophysiological recordings from humans and macaques 
suggest that primary auditory cortex shows a sensitivity to the discreteness 
of phonetic categories and may contribute to the mapping from 
continuous acoustic signals into the discrete phonetic representations 
relevant for perception and linguistic representation (Phillips et al., 1995; 
Steinschneider et al., 1995). We investigated auditory cortical responses 
and their lateralization by recording signals from the left and right 
primary auditory cortices of six subjects (3 women, 3 men). 4 syllables 
(bӕ/dӕ, VOT 10ms; pӕ/tӕ, VOT 80ms) were pseudorandomly presented 
to the contralateral ear 100 times each. In one condition, subjects 
passively listened to the stimuli; in another, subjects overtly made a 
phonetic discrimination. Neuromagnetic data were acquired using a 37- 
channel first order gradiometer (BTi, San Diego, CA). Analysis of 
averaged, low-pass filtered responses reveals hemispheric, attentional, and 
phonetic effects in the amplitude (in fT) and latency of the peak evoked 
field (M100).

(1) Left primary auditory cortical responses have larger amplitudes 
and longer peak latencies in both passive and discrimination conditions.

(2) There is an amplitude increase in the left for the discrimination 
condition responses, suggesting that attentional demands modulate the 
response from left primary auditory cortex.

(3) The left cortical responses indicate a differentiation between voiced 
(b/d) and voiceless (p/t) phonemes, with the voiced phonemes showing a 
larger amplitude in both conditions. This phoneme-dependence was not 
seen in the right hemisphere data.
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279.7
E F F E C T  O F  M O D A L IT Y  ON  T H E  N E U R A L  O R G A N IZ A T IO N  
F O R  L A N G U A G E : AN fM R I STU D Y  O F  S IG N  L A N G U A G E  
P R O D U C T IO N  G. H ickok*†, K. C lark†, P. E rhard‡, K. Helm s-Tillery#, 
S. N aeve-V elguth‡, G. A driany‡, X. H u‡, H. T om aso‡,U. B ellugi‡ , P .L. 
Strick#, and K. Ugurbil‡ . †The Salk Institute, La Jolla, CA 92037, ‡Univ. 
o f M inn., #VA M C and SU NY-H SC, Syracuse. The classical model o f the 
neurology o f language, w hile perhaps overs im p lified , is in tu itively  
appealing: Broca’s area (involved in speech production) is located anterior 
to prim ary m otor areas for the speech a rticu la to rs, W ern ick e ’s area 
(involved in speech perception) is located posterior-la teral to prim ary 
auditory cortex. To what extent is this organization driven by the cerebral 
topography o f the sensory-m otor system s? W e approached this question by 
exam ining the neurobiology of a language with radically different sensory- 
m otor input/output. Am erican Sign Language (ASL) displays the complex 
linguistic structure o f spoken languages, but is perceived v isually  and 
produced manually. If the neural organization o f language is driven solely 
by the topography o f sensory-m otor system s, the neurology o f ASL should 
be substantially different from that of spoken language. Native deaf signers 
p artic ip a ted  in a functional M agnetic  R esonance  Im ag ing  (fM R I) 
experim ent in which they covertly (a) named objects, or (b) generated signs 
related to visually presented sign “handshapes” (analogous to generating 
words that include a particular phoneme). Random  dot arrays served as the 
baseline for all conditions. Sim ilar tasks (including covert production) have 
p roduced fM RI activations in B roca’s and W ern icke’s areas in hearing 
subjects using spoken language. Results: D eaf subjects show activation in 
both Broca’s area and areas 40, 42, and 22 (including posterior portion) in 
both tasks. These findings suggest that at least som e m ajor com ponents of 
the neural organization for language processing are m odality independent. 
W e are currently  investigating  the ex tent to which these reg ions are 
language specific.

279.9
FUNCTIONAL MAGNETIC RESONANCE IMAGING OF AUDITORY 
CORTEX USING PULSED TONES. C.M. Wessinger*1, M, Buonocore2, C.L. 
Kussmaul1. G.R. Mangun1,3, A. Jones1, M.S. Gazzaniga1. Center for 
Neuroscience1, Departments of Radiology2, and Psychology3, University of 
California, Davis 95616.

Macaque auditory cortex has been shown to contain multiple areas with 
separate tonotopic maps. Primary auditory cortex (AI) located along the superior 
temporal gyrus contains a tonotopic map with high frequencies represented 
posterior and medial to low frequencies. In an adjacent auditory association area 
(R), located anterior to AI, the tonotopy is reversed, with low frequencies 
represented posterior to high frequencies.

Combined EEG and MEG studies in humans have shown two distinct 
tonotopic maps. Data mapped to primary auditory cortex suggest that higher 
frequencies are represented at progressively deeper locations. A second tonotopic 
area in auditory association cortex maps higher frequencies to progressively 
more superficial locations. Neuroimaging studies with auditory stimuli have 
confirmed activation in the superior temporal gyrus, but have not demonstrated 
tonotopy.

We present an fMRI study designed to produce tonotopic activation within 
auditory cortex. Three conditions employing different tones (55 Hz, 220 Hz, 
880 Hz) pulsed (150 msec tone duration) at four Hz were used. Tone and no-
tone blocks were alternated every 16 seconds for eight full cycles. Fast echo 
planar imaging with a GE Signa 1.5T whole body scanner and an elliptical 
endcapped quadrature radiofrequency and local gradient coil designed for whole 
volume echo-planar brain imaging was utilized. Activation images were 
obtained at 16 coronal slice locations at 0.5 Hz per location by imaging the 
blood-oxygenation-level-dependent (BOLD) differences in magnetic state. For all 
subjects, auditory cortex activation was clearly correlated with tone 
presentation. Analyses and further experiments are proceeding. Supported by 
NIH/NINDS POl NS 17778-13 and the McDonnell-Pew Foundation.

279.11
FUNCTIONAL ANATOMY OF MUSICAL PROCESSING IN LISTENERS 
WITH ABSOLUTE PITCH AND RELATIVE PITCH ABILITY. R.J.Zatorre* , 
D.W.Perry , C.Beckett, and A.C. Evans. Montreal Neurological Institute 
and Faculty of Music, McGill University, Montreal, QC, Canada H3A 2B4.

Absolute pitch (AP) is the rare ability to label a tone without 
reference to other tones. The neural substrate of AP was studied in ten 
musicians screened for AP and ten musicians with relative pitch (RP) 
using H2O16 PET. Subjects participated in one baseline (listening to pairs 
of noise bursts) and three activation conditions in which they heard pairs 
of tones: in condition 1 they simply listened; in condition 2 they classified 
the intervals as minor or major; in condition 3 they detected the presence 
of a target tone sounded prior to scan onset. Subtraction of the baseline 
scan from each active scan yielded foci of CBF change; averaged PET 
data were superimposed on MRI for anatomical localization. In condition 
1, both AP and RP groups showed expected activity in the superior 
temporal gyrus bilaterally, the right inferior frontal area, and the occipital 
region. The AP but not the RP group also demonstrated CBF increases in 
the left dorsolateral frontal (DLF) and left parietal cortices. In the interval 
classification task (2) both groups demonstrated activation of the left DLF 
cortex, but in target detection (3) only the AP group showed the DLF 
activation. Conversely, whereas the RP group demonstrated right inferior 
frontal CBF increase in all conditions, this pattern was found only in 
condition 3 for the AP group. These findings suggest that no one regional 
activation is unique to AP possessors. The left DLF cortex may play a role 
in verbal association to tones, and is therefore active in all conditions for 
AP subjects, but only for interval classification for RP subjects. Right 
inferior frontal areas may be involved with working memory for pitch, and 
are recruited by both groups in the target detection task, but not by AP 
subjects in the interval task, as they can use verbal labels.

279.8
VISUAL RESPONSES IN AUDITORY CORTEX AND THEIR 
MODULATION BY ATTENTION. C.E. Schroeder*, A.D. Mehta. I. 
Ulbert1, M. Steinschneider and H.G. Vaughan. Jr. Departments o f  
Neuroscience & Neurology, A lbert Einstein Coll  Med., Bronx, N Y  10461 
and 1Hungarian Academ y o f  Sciences, Budapest, Hungary.

Recent experiments have revealed previously undocumented visual 
inputs distributed throughout the auditory cortices, possibly excluding 
part of A1. Here, we evaluated the laminar distribution and timing of 
visual and auditory inputs and their attentional sensitivity (by requiring 
alternation between visual and auditory discriminations) in these areas 
in comparison to the same variables in a classic polysensory area 
(STP). Local patterns of postsynaptic potentials and concomitant action 
potentials were assessed through laminar current source density and 
multiunit activity profiles sampled with linear array multicontact 
electrodes. In STP documented multimodal inputs also inputs show a 
predictable enhancement due to attention as well as a distinct temporal 
pattern; for a source at one meter, visual inputs come first ( ~ 21ms), 
followed by auditory ( ~ 25 ms). In auditory cortices, auditory inputs 
are earlier ( ~ 7ms) than visual ( ~ 50ms) and inputs are modulated by 
attention; visual inputs are generally reduced by visual attention. Our 
data outline neural bases for perception of visual-auditory mismatch 
(e.g., with "dubbed" films). Also, given the relative speeds of sound and 
light, the alternating latency advantages may define perceptual contours 
around the observer, defined by patterns of visual/auditory conjunction 
and disjunction. (MH47939 and the James S. McDonnell Foundation)

279.10
VOXELWISE PERCENTAGE TISSUE SEGM ENTATION OF HUMAN 
BRAIN MAGNETIC RESONANCE IMAGES. R.J. Frank. T.J. Grabowski,
H. Damasio,* Dept. of Neurology, University of Iowa, Iowa City, IA 52242. 

Existing methods for voxelwise MRI tissue segmentation remain underutilized
due to dependence on multiple or specialized pulse sequences. Single valued MRI 
datasets have proven difficult to segment reliably into homogeneous 
compartments. We present a method for segmenting T1 weighted MRI volumes 
into gray matter (GM), white matter (WM) and cerebrospinal fluid (CSF). Voxels 
are assigned a percentage of each tissue type, modeling partial volume effects.

The method is based on a 9 parameter, 3 gaussian distribution model fitted to 
histograms, similar to that proposed by Santago and Gage (1993). A slicewise 
proportional curve fit is used to remove scanning artifacts and standardize the 
histograms. Global model parameters are estimated, followed by fitting a 5 
parameter model to local histograms. Voxel tissue composition is computed by 
averaging locally modeled percentages in a 3x3x3 neighborhood. A GM cortical 
rim model is used to correct residual frontal and occipital polar intensity artifacts.

The method was compared to two human expert raters at 200 randomly selected 
voxels in each of 7 datasets (kappa=0.66±0.03, expert raters alone 
kappa=0.71 ±0.06). Experts were concordant for 82.1% of voxels and all raters 
for 79.1%. The mean GM/WM ratio for 39 datasets was 1.50±0.14 (range 1.08-
1.78), consistent with published values (Miller et al. 1980, Bartlett et al. 1994). 

This completely automated, volumetric algorithm, yields voxelwise estimates of
tissue composition using T 1 weighted MR. The use o f local histograms makes the 
algorithm robust in the presence of regional MRI signal variability. Partial 
volume estimates of tissue type add a continuous dimension to 3D MRI data. We 
envision applications in functional image reconstruction and analysis, higher order 
segmentation and sensitive tracking o f changes in tissue distributions (e.g. 
progressive cortical atrophy). Supported by NINDS POl NS 19632.

279.12

THE EFFECT OF VISUALIZATION ON WRITING IN APHASIC 
PATIENTS. H.L. Lutsep * and N.F. D ronkers. Center for 
Neuroscience, UC Davis, Davis, CA 95616; and VA Medical Center, 
Martinez, CA 94553.

Writing is believed to occur through two routes, phonological and 
lexical. It has been suggested that the lexical system uses visual word 
images for spelling irregular words. We sought to determine whether 
lexical writing required direct visualization of the written word, or 
whether mental imagery was sufficient. Two patients with nonfluent 
aphasia due to left hemispheric stroke and with relatively preserved 
lexical system writing were studied. To test effects of direct 
visualization on phonological and lexical writing, each subject wrote 
to dictation 20 regular (e.g., frog), 20 irregular (e.g., limb) and 20 
pseudo (e.g., roid) nouns, both in direct view and with the view 
obstructed. No differences were found between the visualized and 
nonvisualized performances in any of the three groups of words. Both 
subjects wrote real words better than pseudowords and showed 
knowledge o f irregular word spelling, consistent with lexical writing. 
To assess effects of visual imagery on writing, each subject viewed 40 
typed pseudowords one at a time, writing each word from memory in 
direct view and with the view obstructed. Again, no differences were 
found between the visualized and nonvisualized performances, 
indicating that viewing writing did not influence writing ability. 
However, these pseudowords that were visually presented were better 
written than those previously auditorily presented. Spelling errors 
most often bore a visual resemblance to target letters. This suggested 
that visual imagery, unlike direct visualization, influenced writing 
abilities in these patients with better lexical than phonological writing.
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279.13
PERFORMANCE IN MENTAL ROTATION AND SUPERIOR PARIETAL 
ACTIVATION DETERM INED BY FUNCTIONAL M RI AT 4 TESLA 
G. A. Tagaris*, S-G. Kim, J. P. Strupp, P. Andersen, K.U ğ u rb il  and A. P. 
Georgopoulos. Brain Sciences Center, VAMC and Center for Magnetic Resonance 
Research, University of Minnesota, Minneapolis, MN, USA 

Sixteen subjects performed the Shepard and Metzler mental rotation task (Science 
171:701, 1971) while multislice BOLD functional MR images were acquired with 
a 4 Tesla system. During the task period, subjects looked at pairs of perspective 
drawings of 3D objects in various orientations and decided whether they were the 
same or mirror reversed. In a control period, identical flat, longitudinal rectangles 
were used. The superior parietal lobule (SPL) was consistently activated (G. Tagaris 
et a l., Soc. Neurosci. Abstr. 20: 353, 1994). We analyzed the quantitative relations 
of this activation to measures of performance, as follows. (1) The right and left 
SPL were defined from anatomic images. (2) For each SPL, a normalized 
proportional activation was calculated: ω = t - c, where t and c are the means of 
the log-transformed ratios of the signal intensity during task and control periods, 
respectively, over the corresponding signal intensity in the whole image. (3) The 
performance was quantified by calculating the information transmitted (IT, in bits) 
from the 2x2 performance matrix (rows = objects shown [same, mirror]; columns 
=  subject’s response [same, mirror]) (See A.P. Georgopoulos and J.T. Massey, 
Exp. Brain Res. 69: 315-326, 1987 for calculations). (4) The slope, b, of the 
regression of reaction time on orientation angle was also calculated. We found the 
following, (i) IT  and b were uncorrelated; this indicates that these are independent 
measures of different aspects of performance, (ii) In a multiple regression analysis, 
ω was regressed against IT  and b. Both regression coefficients of IT  and b were 
negative. This indicates that higher parietal activation is associated with lower IT  
and faster rates of mental rotation. (Supported by NIH NS32919 and RR088079.)

279.15
REPEATED TASK PERFORM ANCE CAUSES CHANGES IN REGIONAL 
CEREBRAL BLOOD FLOW . T. Grabowski .* H. Damasio. R.J. Frank. C.K. 
Brown. L.L.B. Ponto. G.L. Watkins & R.D. Hichwa. Div. Cognitive Neurosci., 
Dept. Neurology & PET Imaging C tr., Univ. of Iowa, Iowa City, IA 52242.

We investigated the presence and nature of linear changes in regional cerebral 
blood flow (rCBF) with repeated task performance in 18 normal subjects with 

positron emission tomography (PET). g e n e r a t e  v erb  and rea d  
NOUN tasks (Petersen, et al 1988, Grabowski, et al, 1994) were performed four 
times, under conditions designed to minimize changes in performance strategy.

Data were analyzed by a general linear model (Friston, et al 1991) with nested 
order effects as covariables. Pixelwise regression coefficients were tested with T 
statistics. Rejection regions were calculated according to Worsley, et al (1992).

With serial performance of GENERATE, a significant increase in rCBF occurred 
in the superior segment of the left inferior frontal gyrus (LIFG). A decrease in 
rCBF occurred during r e a d  in the inferior portion o f LIFG (pars orbitalis). These 
results show functional dissociation between two segments of the LIFG. In L 
Heschl's gyrus and surround, an area o f "negative activation", both tasks showed 
rCBF increases. Task-specific order effects also occurred in the R posterior mesial 
sylvian region, cerebellar vermis, R angular gyrus, and R temporal pole. These 
effects averaged 1.2 m L/m in/l00g per trial (lower 95% CL 0.4 m L/m in/l00g), 
resulting in changes >  3 m L/m in/l00g over the observed range.

Recognition and analysis o f task-specific order effects helps identify which 
task(s) contribute to local change, particularly in regions of "negative activation." 
Because these order effects are large enough to affect the overall functional map, 
they underscore the sensitivity of functional images to paradigm design (e.g 
preliminary task rehearsal). Order effects can include pronounced increases in the 
intensity o f activation, i.e. the opposite o f an habituation effect. (Supported by a 
grant from The Mathers Foundation).

279.14
NEURAL CORRELATES OF THE PERCEPTION OF ACTION IN 
THE HUMAN PARIETAL CORTEX. E. Bonda. M. Petrides*. D. Ostry 
and A.C. Evans. Montreal Neurological Institute, and Department of 
Psychology, McGill University, Montreal, Quebec, H3A 2B4, Canada.

This study investigated, by means of positron emission tomography 
(PET), the involvement of specific cortical fields within the parietal and 
temporal cortex in the perception of animated sequences of human 
movement. Cerebral blood flow (CBF) was measured by the H215O 
intravenous bolus method with inter-subject averaging and co-registration 
of magnetic resonance and PET images. Normal subjects were tested 
during the performance of three tasks involving visual discrimination of 
various patterns of human movement, movement of an abstract 
geometrical display, and random motion. The subtraction method was 
used to compare distribution of CBF activity between these conditions. 
Within the parietal cortex, perception of the human movement resulted 
in greater activity in the caudal superior parietal lobule (area PEc) and 
portions o f the intraparietal sulcus. Significant activity changes were also 
observed in the caudal superior temporal sulcal cortex, which provides a 
link between the physiologically defined motion pathway and the parietal 
cortex. These findings suggest that the superior parietal region, in 
addition to its known role in the production of action, is also involved in 
the perception of scripts for human action.

279.16

WITHDRAWN

279.17
A  T H R E E -D IM E N S IO N A L  T E C H N IQ U E  FO R  TH E  
R EC O NSTR UC TIO N  A N D  M E A SU R EM EN T OF H U M A N  
CEREBRAL CORTEX A N D  ITS GROSS MORPHOLOGICAL  
SUBD IV ISIO N S IN VIVO. W .C. L oftus*. M.J. Tramo† . H .L . 
Lutsep and M S. Gazzaniga. Center for Neuroscience, University o f  
California, D avis, CA 95616; †Departm ent o f  N eurobiology, 
Harvard Medical School, Boston, M A 02115.

W e have adapted and extended our previous M RI-based 3D  
cortical surface modelling technique (Loftus et al. 1993, Cereb. Ctx. 
3:348-355; Tramo et al. 1995, J. Cognit. Neurosci. 7:292-301) and 
the deformable surface technique o f  D ale and Sereno (1993, J. 
Cognit. Neurosci. 5:162-176) to identify and measure the surface 
area o f cortical lobes. The follow ing operations were implemented 
on a S ilicon Graphics 4D  310/V G X : 1) surface m odelling and 
refinem ent using the marching cubes algorithm follow ed  by a 
surface deformation; 2) reformatting and texture mapping o f  
arbitrary planes o f voxel data; and 3) coregistration o f  slabs o f  the 
surface model with the texture planes.

U sing these capabilities, both the surface anatomy and the cross 
sectional anatomy o f  the cortex can be view ed and manipulated 
together in their natural 3D  arrangement, thereby facilitating the 
identification o f morphological subdivisions. The surface model can 
be interactively partitioned in order to obtain regional surface area 
data. W e present data on lobar surface area that was acquired with 
this technique.

Supported by NIH NS17778, NIH DC00071, and the McDonnell-Pew 
Foundation.
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280.1
BEHAVIORAL AN D HYPOTHALAM IC RESPONSES TO OVERFEEDING 
IN THE RAT. C.A. M atson. R. J. Seeley. M C havez. S. C. W oods. M. W. 
Schwartz*. Depts. of Psychology and  M edicine, Seattle VA M edical Center 
and  University of W ashington, Seattle, W A 98195.

Infusion of excess calories via a gastrostom y tube leads to increased 
bod y  w eigh t an d  d ecreased  sp o n tan eo u s food in take  in  rats . W hen the 
regim en is discontinued , rats continue to show  low  spontaneous food intake 
as body w eight decreases to control levels. In the  p resen t experim ent, in situ 
hybrid ization  w as used  to  determ ine the levels of m RN A  for neuropep tide Y 
(NPY) an d  co rtico tro p h in  releasing  h o rm o n e  (CRH) in  the  a rcu a te  and 
p araven tricu lar nuclei, respectively. These m easures w ere taken  from  four 
groups as follows. D uring  a n  ex tended period  of overfeeding  a t w hich point 
s p on taneous food in take w as v irtu a lly  e lim in a ted  (OV) an d  d u r in g  the 
subsequen t hypophagic  period  (OVRE). Tw o contro ls g ro u p s w ere given 
equivolum etric 0.9% saline instead of calories (SALN). O ne of these w as pair 
fed to the  subsequen t low  sp o n tan eo u s food in take  of the  OVRE group 
(PAIR). P relim inary  resu lts  indicate NPY m RN A  w ere reduced  in the OV 
group  and  increased in the PAIR and OVRE gro u p s w hen  com pared  to the 
SALN group. CRH m RNA w ere increased in the OV g roup  and  decreased in 
the PAIR an d  OVRE. H ence, in  the m ajority  of instances, NPY an d  CRH 
d isp lay  an  an tag o n is tic  re la tio n sh ip  in the  h y p o th a lam ic  resp o n se  to 
overfeeding. Further, this response appears to be the opposite  of that seen to 
sta rv a tio n  an d  is con sis ten t w ith  the h y p o th esis  th a t  changes in these 
hypothalam ic system s are im portan t in the hypophag ia  observed d u ring  and 
after overfeeding.

280.3
NEUROPEPTIDE Y, GALANIN AND OPIATE AGONISTS HAVE 
DIFFERENTIAL EFFECTS ON NUTRIENT INGESTION. H.J. Chae. B. Hoebel, 
D. L. Tempel*, M. Paredes and S.F. Leibowitz. Rockefeller Univ., N.Y. 10021.

The peptides, neuropeptide Y (NPY), galanin (GAL) and the opiate agonists, 
dynorphin A (DYN) and DAMGO, are potent stimulants of food intake in rats. 
While some evidence suggests that they preferentially enhance the ingestion of 
specific nutrients, these effects may vary from group to group, depending on baseline 
dietary preferences. This study examined whether differential effects can, in fact, be 
detected when the different peptides are tested in the same set of animals with normal 
variations in nutrient preferences. Rats (n =  18), with cannulas aimed at the 
paraventricular nucleus, were given 3 macronutrient diets, protein (P), carbohydrate 
(C) or fat (F). They received injections of saline or the 4 peptides (in random order) 
at dark onset. Measurements (90 mins or 24 hrs later) revealed very different effects 
of the peptides, with similar patterns seen with analyses of grams, kcals or % of total 
diet (see figures below *, p< 0 .05). All peptides significantly stimulated total (T) 
kcal intake. Whereas NPY (100 pmoles) preferentially enhanced C intake, GAL (300 
pmoles) stimulated intake of both C and F but shifted relative preference (%) from C 
to F at 90 mins and 24 hrs. The opiates (DYN and DAMGO, 3 nmoles), in contrast, 
preferentially increased intake of F. These results reveal, in the same group of rats, 
clear differences between these peptides in their signaling properties for potentiating 
nutrient ingestion.

280.5
GENE EXPRESSION IN HYPOTHALAMIC NEUROPEPTIDE Y (NPY) 
AND GLUCOCORTICOID RECEPTOR (GR) OF 2, 5 AND 9 WK OLD 
LEAN AND OBESE ZUCKER (fa/fa) RATS: RELATION TO 
CIRCULATING ADRENOCORTICOTROPIN HORMONE (ACTH). M. 
Jhanwar-Uniyal* and A. Burlet. The Rockefeller Univ. New York, New 
York 10021 and INSERM U308 Nancy, France.

Genetically predisposed Zucker rats exhibit various metabolic, endocrine 
and behavior abnormalities, such as hyperinsulinemia, hypothermia, 
enhanced lipogenesis, low energy expenditure, increased hypothalamo- 
pituitary axis, and hyperphagia. Most of these metabolic abnormalities can 
be seen before appearance of phenotypic characteristics of obese rats. NPY 
and GR control feeding and body weight gain along with control on 
circulating metabolic hormone. This study examines the hypothalamic NPY 
and GR gene expression (messenger RNA; mRNA) by using the Northern 
blot analysis of lean and obese Zucker rats at 2, 5, and 9 wk old. 
Circulating levels of ACTH was measured using RIA. The results show that 
compared to lean rats, obese rats show : 1) similar body weight at wk. 2, 
but higher at 5 (P< 0 .001) and 9 (P<0.001) wk.; 2) ACTH levels were 
lower at 2 wk, higher at 5 wk and analogous at 9 wk; 3) NPY mRNA was 
higher at 2, 5 and 9 wks; and 4) various transcripts of hypothalamic GR 
mRNA were present in the hypothalamus of both lean and obese rats and 
GR mRNA was significantly altered in obese rats but in a age specific 
manner. Thus, results of this study suggest that inadequate hypothalamo- 
pituitary functions exist in obese Zucker rats which, in concert with NPY, 
play a role in development /maintenance of obesity-associated metabolic 
disorders.

280.2
NEUROPEPTIDE Y STIMULATION OF FOOD INTAKE IN SIBERIAN 
HAMSTERS IS NOT PHOTOPERIOD DEPENDENT. K. A. Boss-Williams* 
and T. J. Bartness. Departments of Psychology and of Biology, Georgia State 
University, Atlanta, GA 30303.

Siberian hamsters (Phodopus sungorus sungorus) show naturally-occurring seasonal 
cycles of food intake that are triggered by changes in the photoperiod. In long 
‘summer-like’ days (LD) food intake is at its peak whereas in short ‘winter-like’ days 
(SD) food intake reaches a nadir. Although the mechanisms underlying these changes 
in food intake are unknown, results from previous studies suggest that the ability to 
stimulate or inhibit food intake in Siberian hamsters complements the naturally- 
occurring food intake cycle. Thus, inhibitors of food intake are more effective in 
SDs, whereas stimulators of food intake are more effective in LDs. A stimulator of 
food intake in a wide variety of species is neuropeptide Y (NPY). Therefore, we 
explored the ability of NPY to stimulate food intake in Siberian hamsters. In addition, 
we tested whether the efficacy of NPY to stimulate food intake was photoperiod 
dependent. In Experiment 1, LD-housed adult male hamsters were given a series of 
NPY doses (0.078- l 0.0μg) intracerebroventricularly (icv) into the third ventricle and 
food intake was measured 30min, 1, 2 and 4h post-injection. NPY was a potent 
stimulator of food intake with the 7.5μg dose of NPY producing the greatest increase 
at 30min. In Experiment 2, adult male hamsters were housed in LDs or SDs and were 
given various doses of NPY ranging from 0.039-7.5μg. NPY given icv stimulated 
food intake to the same degree in LDs as SDs with the greatest increases in food 
intake occurring in the hamsters receiving the 2.5 and 5.0μg dose of NPY. In 
addition, Siberian hamsters were very sensitive to NPY with the lowest effective dose 
(0.0585μg) being six times smaller than in other rodents tested. Collectively, these 
results show that Siberian hamsters are more sensitive to the stimulatory effect of 
NPY on food intake than any other species, but that the ability of NPY to stimulate 
feeding was not photoperiod dependent.

280.4
Y1 AND Y2-LIKE NEUROPEPTIDE Y RECEPTORS IN THE PERIFORNICAL 
HYPOTHALAM US. E.S. Corp*. D. B. Conze. and S. Krasnicki. Cornell 
University Medical College, White Plains, NY 10605,

The NPY Y1-receptor selective agonist Leu31Pro34NPY (LP-NPY) has been 
shown to be as potent as NPY in stimulating food intake whereas the Y2-receptor 
selective C-terminal peptide NPY 13-36 (and similar analogues) is relatively 
impotent. The C-terminal peptide, NPY 2-36, is more potent than NPY and LP-NPY 
in stimulating food intake; however, NPY 2-36 binds preferentially to Y2 receptors 
(Y2>Y1). To account for this paradoxical pharmacology in feeding, it has been 
hypothesized that a variant of the Y1 receptor may mediate NPY’s effect on feeding 
(Stanley et al„ 92).

To study this hypothesis at the tissue level, we used the Y1 receptor ligand 
[125I]LP-PYY and the Y1,Y2 receptor ligand [ l 25I]PYY with autoradiographic 
binding methods to probe for binding sites exhibiting high affinity for both LP-NPY 
and NPY 2-36 in the perifornical hypothalamus (PFH), a region medial to the fornix 
and lateral to the paraventricular nuclei, that has been shown to be the most sensitive 
to the stimulant effect of NPY on food intake (Stanley et al., 93). A population of 
specific [125I]LP-PYY binding sites was identified in the PFH. In this region, LP- 
NPY competed with high affinity (KD = 2.9 nM) for all the binding sites occupied by 
[125I]LP-PYY. NPY 2-36 competed with 10-fold lower affinity (KI = 21.1 nM) and 
maximally inhibited approximately 75% of specifically bound [ 125I]LP-PYY.

In contrast to its reduced potency against a Y 1 receptor radioligand, NPY 2- 
36 potently inhibited specific binding of [125I]PYY in the PFH (KI = 4.0 nM). LP- 
NPY, on the other hand, was a poor competitor of [l 25I]PYY binding (KI =162 nM). 
These data indicate that LP-NPY-sensitive and NPY 2-36-sensitive binding sites in 
the PFH are independent and suggests, therefore, an alternate explanation for the 
potency of LP-NPY and NPY 2-36 in feeding: Specifically, both Y1 (ie. LP-NPY 
preferring) and Y2-like (ie. NPY 2-36>NPY 13-36) receptors may mediate ingestive 
effects of NPY-related peptides.

Supported by the Whitehall Foundation

280.6
CO NTRASTIN G C A LO R IM ET R IC  AND FEE D IN G  EFFEC TS OF 
HY PO TH A LA M IC N E U R O PEPT ID E Y. P .J .  C urrie*  and  D.V. Coscina. 
Sect. o f Biopsychology, C larke In st. o f P sych iatry , T oron to , ON, M 5T 1R8 
an d  D ept. of Psychology, W ayne S tate U niversity , D etro it, M I, 48202.

Neuropeptide Y (NPY), a  36 am ino acid polypeptide horm one widely 
d istributed  in the m am m alian b ra in , is a  potent m odulator o f ingestive 
behavior an d  energy m etabolism , p articu la rly  when adm inistered  into the 
parav en tricu la r nucleus (PVN). In  co n tra s t, NPY injection into the 
perifornical hypothalam us (PFH) has been rep o rted  to elicit m arked 
hyperphagia  with little im pact on several indices o f m etabolism . The 
objective o f the present study was to fu rth e r characterize  the effects of this 
peptide on whole-body calorim etry  an d  feeding a fte r  injection into e ither the 
PVN o r P F H . The m etabolic effects o f NPY (19.5-78 pm ol) were determ ined 
using an  open-circuit calorim eter by m easuring  the volumes of oxygen 
consum ed (V 02) an d  carbon  dioxide expired  (V C 02) to perm it com putations 
o f resp ira to ry  quotients (RQ; V C 0 2 /V 0 2 ). NPY was injected into either the 
PVN o r P F H  an d  RQ s of freely-m oving ra ts  were m onitored  over 3 h. 
A dditional groups o f ra ts  with PVN or P F H  cannulae were tested for their 
feeding responses to these sam e low doses of peptide. W hile NPY infusion 
into the PVN evoked reliable increases in RQ  a t doses o f 39-78 pm ol, PFH  
NPY did not a lte r  R Q . F u r th e r , NPY injections into the both  the PVN and 
P F H  stim ulated  eating, although the P F H  was m ore sensitive to this effect in 
term s o f threshold  dose an d  quan tity  of food consum ed. These findings 
sup p o rt the hypothesis th a t the  PVN m ay regulate  m etabolic/autonom ic 
processes th a t either produce o r coincide with N PY -induced feeding. This 
con trasts  to the P F H , which appears to m ediate only the feeding-stim ulatory 
actions o f NPY. (S upported by N SERC of C anada)
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280.7 280.8
C en tra l In je c tio n  o f  N eu ro p ep tid e  Y  (N P Y ) D ecreases  
H yp oth a lam ic  N eu rop ep tid e  Y  B io sy n th esis  J.D . Pom onis*. 
C.M. Kotz. A.S. Levine, and C.J. B illington. Graduate Program in 
N euroscience, U niv. o f  M innesota and V A  M edical Center, 
Minneapolis, MN.

In order to examine the effects o f intracercbroventricular (ICV) 
injection o f NPY on the NPY biosynthetic pathway, three groups (N = 
8 each) were studied: (1) NPY 5 μg ICV every 6 hours for 24 hours 
and ad lib food access; (2) NPY in same dose with food intake yoked 
to control; (3) control saline ICV injections on the same schedule with 
ad lib food access. Follow ing the 24 hour period, the rats were 
sacrificed and the NPY mRNA levels in the arcuate nucleus o f the 
hypothalamus, NPY peptide levels  in the paraventricular nucleus 
(PVN), serum insulin levels, and brown fat (BAT) uncoupling protein 
(UCP) mRNA levels were examined, using radioimmunoassay for 
peptide levels, and cD N A  probes for m RNA levels. The data were

Treatment NPY
mRNA

NPY
Peptide

UCP
mRNA

Seram
Insulin

adlib 8.260a 2642. l a 2.347a 40.547a
yoked 9.712a 2808.3a 1.743a 30.388ab
saline 15.081b 5215 .l b 3.561b 28.170b

decreased in response to ICV injections o f N PY, independent o f food 
intake, while serum insulin levels increased in response to increased 
food intake. These data suggest a feedback mechanism in the NPY 
arcuate-PVN energy regulation circuit

NEUROPEPTIDE Y mRNA IS ELEVATED IN THE 
ARCUATE NUCLEUS OF GENETICALLY OBESE 
db/db AND ob/ob MICE. T. M. Mizuno*. S. P. Kleopoulos 
and C. V. Mobbs, Fishberg Center for Neurobiology and Bronx 
VA Medical Center, Mt. Sinai School of Medicine, New York, 
NY 10029.

Infusion of neuropeptide Y (NPY) into the hypothalamus 
facilitates feeding behavior and, eventually, obesity. 
Conversely, NPY mRNA is elevated in the hypothalamic 
arcuate nucleus after fasting. In the present study, we 
examined expression of NPY mRNA in the ARC of genetically 
obese db/db and ob/ob mice, relative to lean controls, after a 
48-hour fast or after glucose injection in ad libitum-fed mice. 
Mice fasted for 48 hours were sacrificed 30 minutes after i.p. 
injection of saline in the evening. Food was removed from the 
ad libitum-fed mice 7 hours before sacrifice, then glucose (2 
mg/gm b.w., i.p.) was injected 30 min before sacrifice in the 
evening. NPY mRNA in the arcuate nucleus was assessed by in 
situ hybridization. NPY mRNA in ARC was elevated in db/db 
and ob/ob mice, compared with lean controls, both after a 48- 
hour fast and after glucose injection. The present result 
suggests that elevation of NPY mRNA in the arcuate nucleus is 
characteristic of two forms of genetic obesity. Since infusion of 
NPY into the hypothalamus may cause hyperphagia and 
obesity, elevation of hypothalamic NPY mRNA may play a role 
in the etiology of genetic obesity.

280.9
REGULATION OF HYPOTHALAMIC JUN-B AND C-FOS 
mRNA IN GENETICALLY OBESE ob/ob MICE. S . P.  
Kleopoulos*. T. M. Mizuno and C. V. Mobbs. Fishberg Center 
for Neurobiology and Bronx VA Medical Center, Mt. Sinai 
School of Medicine, New York, NY 10029.

We have previously reported that jun-b and c-fos mRNA are 
induced in the ventromedial nucleus (VMN) of the 
hypothalamus by doses of glucose which reduce feeding 
behavior. In the present study, we examined the expression of 
the mRNAs in the VMN and paraventricular nucleus (PVN) after 
glucose injection in genetically obese ob/ob mice, relative to 
lean controls. Mice were fed ad libitum or were fasted for 48 
hours. Food was removed from the ad libitum-fed mice 7 hours 
before sacrifice, then glucose (2 mg/gm b.w., i.p.) was injected 
30 min before sacrifice in the evening. mRNA levels were 
assessed by in situ hybridization. Mice fasted for 48 hours were 
sacrificed 30 minutes after i.p. injection of saline. After a 48- 
hour-fast, expression of jun-b and c-fos mRNA in the PVN were 
elevated in genetically obese mice, compared to lean controls. 
In contrast, after glucose injection, jun-b and c-fos mRNA in the 
PVN were elevated to the same absolute level in both obese 
mice and lean controls, jun-b and c-fos mRNA were not 
significantly different in the VMN of obese vs. lean controls, 
either after a 48-hour fast or after glucose injection. These data 
suggest that PVN neurons may be relatively hyperactive in 
fasted genetically obese mice.

280.11
EFFECT OF TA CH Y K IN IN  NK1 and NK2 RECEPTO R ANTAGONISTS 
ON W A TE R  IN TA K E IN H IB ITIO N  EV O K ED  BY N E U R O PEPT ID E 
G A M M A . C. P o lid o ri* . G. S ta ffin a ti. R. C icco cio p p o . P. Pom pci. 
M . P e r fu m i an d  M . M a s s i . I n s t i tu t e  o f  P h a rm a c o lo g y ,  
U n iv e rs ity  o f  C am erin o , 62032 C am erin o  (M C ) Italy .
O u r  p re v io u s  s tu d ie s  h a v e  sh o w n  th a t  ta c h y k in in  (T K )
ag o n is ts  e n d o w ed  w ith  h ig h  ac tiv ity  a t NK1 rec e p to rs  in h ib it  
a n g io te n s in  II ( A I I ) - in d u c e d  w a te r  in ta k e ,  w h i le  th o se  
e n d o w e d  w ith  h ig h  a c tiv ity  a t N K 2 re c e p to rs  in h ib i t  ce ll
d e h y d ra t io n - in d u c e d  d r in k in g .  N e u ro p e p tid e  g a m m a  (N P y) ,  
w h ich  p o s s e s s e s  h ig h  a ff in ity  fo r  N K 2 re c e p to rs  an d , to  a 
lesse r  ex ten t, for NK1 rec e p to rs , h as  b een  rep o rted  to  in h ib it 
c e ll  d e h y d ra t io n -  an d  A l l - in d u c e d  w a te r  in ta k e . T o fu rth e r  
c h a ra c te r iz e  th e  T K  re c e p to rs  in v o lv e d  in  th e  in h ib i to ry  
e ffe c t o f  T K s on  w a te r  in ta k e , th e  p re se n t s tu d y  ev a lu a ted  the 
a b ility  o f  th e  NK1 re c e p to r  a n ta g o n is t  SR  140333 and o f  the
N K 2 recep to r an tag o n is t SR 48968 to  b lo ck  the  e ffec ts  o f  N Pγ o n  
d r in k in g  b e h a v io r .  I n t r a c e r e b r o v e n t r i c u la r  ( i . c .v . )  in je c t io n  
o f  S R 140333  (0 .5-1  γ /ra t)  m ark ed ly  o r co m p le te ly  red u ced  the 
in h ib i tio n  o f  A ll- in d u c e d  (1 0 0  n g /ra t)  w a te r  in ta k e  ev oked  
by  N P γ  (125 n g /ra t). On the  o th er hand , su b cu tan eo u s (0.5 and 
1 m g /kg) o r  i .c .v . (2 γ / ra t )  in je c t io n  o f  S R 4 8 9 6 8  p a r t ia l ly  
r e d u c e d  th e  in h ib i tio n  o f  c e ll  d e h y d ra t io n - in d u c e d  d rin k in g  
(1 .5  M N aC l; 1 m l/1 0 0  g b .w .)  e v o k ed  by  N Pγ  (125 n g /ra t).
T h e se  f in d in g s  a re  in  k e e p in g  w ith  th e  h y p o th e s is  th a t  TK  
NK1 and N K 2 re c e p to rs  m ed ia te  in h ib i tio n  o f  A I I - and  ce ll 
d e h y d ra t io n - in d u c e d  d r in k in g ,  r e s p e c t iv e ly .

280.10
INCREASED CONSUMPTION OF SWEET MILK, AND 
INCREASED SENSITIVITY TO SATIETY EFFECTS OF 
GLUCOSE, IN AGING MICE. C.V. Mobbs*. Fishberg Center 
for Neurobiology and Bronx VAMC, Mt. Sinai School of 
Medicine, New York, 10029

An "anorexia of aging” has been hypothesized, but the 
mechanism for such an anorexia is unknown. We and others 
have reported evidence of increased endocrine sensitivity to 
glucose during aging in mice. To assess if mice become 
increasingly sensitive to the satiety effects of glucose during 
aging, consumption of sweet milk was assessed in 6-, 15-, and 
24-month-old C57BI/6J male mice, after i.p. injection of saline 
or glucose. After a training period, food was removed 7 hours 
before onset of darkness. Fifteen minutes before onset of 
darkness, mice were injected with either saline or glucose. At 
onset of darkness, mice were presented with 50% condensed 
milk, and were allowed to consume milk for 15 minutes. Under 
this protocol, after saline injection, mice consumed 
progressively more milk as they aged. On the other hand, 15 
minutes after an i.p. injection of glucose (2 mg/gm b.w.), mice 
consumed relatively less sweetened milk as they aged. The 
increased consumption of sweet milk during aging was 
surprising, and may be related to the age-related decrease in 
plasma glucose which mice exhibit. The increased sensitivity to 
the satiety effects of glucose may be potentially related to 
decreased appetite during aging.

280.12
INTRACEREBROVENTRICULAR ADMINISTRATION OF ANGIOTENSIN 
TYPE 1 (AT1) RECEPTOR ANTISENSE OLIGONUCLEOTIDES ATTENUATE 
THIRST IN THE RAT. R.R. Sakai*. L. Y. Ma. P.F. He and S.J. Fluharty. Depts. o! 
Animal Biology, Pharmacology and Institute of Neurological Sciences, University o, 
Pennsylvania, PA 19104.

The central actions of the peptide hormone angiotensin II (AngII) are importantly 
involved in body fluid homeostasis. Included amongst these actions is a potent 
dipsogenic response that has been implicated in the thirst that develops during mεny 
forms of extracellular dehydration. The use of highly selective receptor antagonists has 
revealed that the Type 1 (AT1), and not the Type 2 (AT2), AngII receptor subtype 
mediates this drinking response. More recently, antisense oligonucleotides specific for 
the AT, receptor have been developed and after intracerebroventricular (ICV) 
administration, they significantly reduce the dipsogenic response elicited by a similar 
injection of AngII. In the present study AT, antisense oligonucleotides were used to 
further investigate their effect on experimentally induced thirst in the rat. In addition, 
immunohistochemical analysis of biotin-labelled oligonucleotides was performed in order 
to correlate the behavioral effects of the oligonucleotides with their distribution in the 
brain. The results demonstrated that the antidipsogenic effects of the oligonucleotides 
were dose and time-dependent and were limited to those thirst challenges that involve 
activation of the renin-angiotensin system. Collectively, these results demonstrate the 
efficacy and behavioral specificity of these oligonucleotides, as well as their utility in 
investigating the physiological role of cerebral AngII receptor subpopulations in various 
models of thirst. (Supported by MH43787 and NS23986)
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280.13
ANGIOTENSIN AT1 AND AT2 RECEPTORS CO NTRIBUTE TO DRINKING  
ELICITED BY EATING IN RATS. F.S. Kraly*. R.A. Tribuzio. Y.-M. Kim. M. 
Keefe. C.J. Braun and B.H. Newman. Dept. of Psychology, Colgate Univ., 
Hamilton, NY 13346.

A role for endogenous angiotensin II (ANG) and its AT1 and AT2 
receptor subtypes for mediating drinking elicited by eating was examined in 
adult male Sprague-Dawley rats. The ability of pharmacological antagonism 
of AT 1 and/or AT2 receptors to abolish drinking elicited by exogenous ANG 
was first established: The subcutaneous (SC) injection of the AT1 
antagonist losartan (DuP 753; 10 mg/kg) was sufficient to abolish drinking 
elicited by SC 0.05 mg/kg ANG. The intracerebroventricular (ICVT) injection 
(through a surgically implanted chronic cannula) of 100 ng losartan inhibited 
drinking elicited by ICVT 5 ng ANG; the combined ICVT injection of losartan 
plus the AT2 antagonist PD123319 (PD; 1000 ng) was sufficient to abolish 
drinking elicited by ICVT ANG. For 24-hr food-deprived rats, SC losartan 
plus 10 mg/kg PD inhibited water/food ratio, but ICVT losartan and/or PD 
failed to inhibit food-related drinking. For nondeprived rats eating a small 
cracker, SC losartan and/or PD attenuated water intake, but only ICVT  
losartan produced significant inhibition of drinking elicited by ingestion of 
cracker. The intragastric (IG ) infusion (through a surgically-implanted 
gastric catheter) of 2 ml 600  or 900  m Osm/kg NaCI, a treatment 
subthreshold for increase in systemic plasma osmolality, elicited drinking 
that was attenuated by SC losartan and/or PD and attenuated by ICVT 
losartan only. The IG infusion of 2 ml 1800 mOsm/kg NaCI, a treatment 
above threshold for increase in systemic plasma osmolality, elicited drinking 
that was not inhibited by SC or ICVT losartan and/or PD. These findings 
demonstrate that peripheral AT1 and AT2 and central AT1 receptors for 
ANG contribute to drinking elicited by eating and the gastrointestinal 
osmotic consequences of eating, thereby extending the evidence for a role 
for a renal renin-angiotensin contribution to food-related drinking in rats.

280.15
EXAMINING SEX DIFFERENCES IN TASTE REACTIVITY 
RESPONSES IN RATS. S.N .D .A. Clarke*, K.-P. Ossenkopp 
and L.A. Eckel. Neuroscience Program, University of Western 
Ontario, London, Ontario, Canada, N6A 5C2.

Investigations of palatability, in both humans and animals, 
have identified sex differences in taste acuity and preference, 
with females being more sensitive to taste properties. These 
observations have been made using paradigms which rely on 
level of intake as an indirect measure of taste and palatability. 
The present study was designed to investigate putative sex 
differences in taste responsivity by using a direct measure of taste 
and palatability, the taste reactivity test (TRT). Male and female 
rats were fitted with intraoral cannulae which permitted the direct 
infusion of solutions into the mouth. Each animal received a 2 
min infusion (0.78 ml/min) of three tastants: sucrose (0.2 M), 
quinine (0.0003 M) and a sucrose-quinine mixture. The 
frequency of ingestive and aversive responses elicited by 
exposure to these solutions was then analyzed to investigate 
possible sex differences. Results showed that there were no 
significant overall sex differences in total ingestive and aversive 
taste reactivity responses to any of the solutions. Thus, the TRT 
failed to identify any sex differences in taste responsivity. 
(Supported by NSERC and MRC of Canada).

280.14
ON A POSSIBLE ROLE FOR THE RENIN-ANGIOTENSIN SYSTEM ON WA
TER DEPRIVATION-INDUCED SALT INTAKE. M. A. Sato,M. M. Yada 
and L.A . De Luca Jr.*. Dept of Physiological Sciences, 
School of Odontology, Paulista State University - UNESP, 
14801-903, Araraquara, SP, Brazil.

Angiotensin II (ANG II) is necessary for the expression 
of sodium intake in diuretic models of sodium depletion.We 
investigate the importance of ANG II for the sodium intake 
induced by water deprivation.Adult male rats were deprived 
of water for 24 h.Controls drank 8 ± 1 ml/h of 1.5% NaCl. 
Intraperitonial injection of captopril (6-24 mg/kg) or in- 
tracerebroventricular injection of 80-160 nmol of losartan 
or of PD 123319 inhibited (60-90Z) the 1.5Z NaCl intake.Su- 
crose intake was not altered by the ANG II antagonists.The 
inhibition of the 1.5Z NaCl intake was not related to alte
rations in arterial pressure.The results suggest that ANG 
II is necessary for the salt intake induced by water depri- 
vation.

Supported by : CNPq, FAPESP, FUNDUNESP, UNESP

S T R E S S :  B E H A V IO R

281.1

M E C H A N IS M S  O F  IN IT IA T IO N  A N D  M A IN T E N A N C E  O F  
IN C R E A S E D  G E N E R A L IZ E D  A N X IE T Y  F O L L O W IN G  
T R A U M A T IC  S T R E S S  R. A dam ec* D ep artm en t o f  Psychology, 
M em orial University, St. John 's, N F ., A 1B  3X 9, C anada.

A single 5 min exposure to a cat lastingly increases anxiety-like 
behavior (ALB) in the elevated plus maze for up to three weeks in 
hooded rats. This effect may model aspects o f  generalized anxiety 
associated with post traumatic stress disorder (PTSD).

NM D A  receptors in the amygdala mediate lasting changes in 
fearful behavior in rodents in learning paradigms. Moreover, the 
amygdala is implicated in ALB in the plus maze. Therefore, it is of 
interest to determine if  N M D A  receptor blockade would prevent the 
increase in ALB in the plus maze produced by cat exposure. 
Finally, CCKB receptors have been implicated in human and animal 
models o f anxiety, so it is o f  interest to investigate their role in these 
lasting changes in anxiety. In addition, the question was asked, can 
one prevent the development o f  lasting increases in anxiety by 
administering either NM D A  or CCKB receptor blockers after the 
stress o f  cat exposure? A positive answer to this question might 
identify classes o f  compounds which could be clinically efficacious 
in preventing anxiety disorder following traumatic stress. This poster 
addresses all o f  these issues. Both N M D A  receptors and CCKb 
receptors were found to be involved in the lasting changes in rodent 
ALB following exposure to a cat.

281.2

STR ESS-IN D U C ED  IN H IBITIO N  O F  N O C TU R N A L  
FO RAGING A ND  A M BU LATIO N  IN  T H E  M O USE: A NEW  
PO TENTIA L A NIM A L M O D E L  O F  D E PR E SSIO N . J.S. 
Manavalan*. D. Quartermain and E .A . Stone. Depts. Psychiatry 
& Neurology, N ew  York University School o f  M edicine, New  
York, N Y  10016

M ost animal models o f  depression utilize daytime measures o f  
behavior in nocturnal rodents making them o f  dubious validity to 
depression. Maier and colleagues showed that stress can 
markedly inhibit nocturnal activity in the isolated rat (Pharmac. 
Biochem. Behav. 36:767,1990). Isolated rats however are much 
more sensitive to stress than group housed animals. Therefore 
w e replicated Maier et a l’s findings in the isolated male mouse, 
an animal that lives isolated in the wild and shows little effect o f  
isolation on stress responsivity. Swiss Webster male mice were 
maintained individually on a 12 hr light/dark cycle in small nests 
which were connected to either a large open field containing a 
bar- operated feeding device or a tunnel system through which 
the animal could ambulate. After bar pressing or ambulation, 
which were present primarily in the dark hrs, had stabilized (5-10  
d) the animals were stressed by restraint for 1 hr on 5 consecutive 
days. The stress was found to reduce both nocturnal bar pressing 
and ambulation approximately 50% throughout the 5 day period. 
Both measures rapidly regained control values after the stress was 
terminated. It is concluded that nocturnal active behavior in the 
isolated mouse is readily responsive to stress over a chronic 
period and may represent a new, ethologically valid animal model 
o f  depression. Supported by grants M H 45265 and M H 08618.
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281.3
PR O LO N G ED  PR ED A TO R EX POSU RE: AN IN N A TE, PA IN -FR EE, 
H A N D LIN G -FR EE M O D EL O F STRESS. J .N . Nikulina*. D .C. 
Blanchard. S.W . B erger. M .M .R . Brush and R .J. B lanchard. D ept. o f 
Psychology, U niversity o f  Haw aii, Honolulu, HI 96822.

A new and painless model for chronic stress involves the use o f an 
innate threat stim ulus, a predator. Rats w ere moved in their home cages 
to a test room  and placed under an empty cat cham ber. F ive m inutes later, 
a cat was introduced into the cham ber, for a one-hour period. Controls 
received a plush toy cat. Extrem ely high (80-90% ) levels o f  crouching and 
freezing w ere observed during the cat exposure, but not to the control 
stim ulus. Over 5 daily sessions, freezing significantly increased during the 
period before cat introduction, indicating conditioning to contextual and 
handling cues. No evidence o f habituation to the cat was found over these 
5 sessions, but in a second study using 20 daily sessions o f  1 hour cat-or- 
control exposure som e evidence o f habituation was obtained after the 15th 
session. After 20 sessions, cat-exposed subjects showed lower thymus and 
h igher adrenal w eights than those o f  toy cat-exposed controls.

This procedure provides an effective and natural model for the 
investigation o f the behavioral and neuroendocrine effects of 
"psychological" stress, which does not involve pain o r restraint at any point 
in the procedure, and also m inimizes handling o f subjects. Supported by 
a grant from  the How ard Hughes M ed. In st. through the U ndergrad. Biol. 
Sci. Educ. P ro g . and NIH RR03061.

281.5
RAPID CORTICOSTERONE EFFECTS ON RETICULOSPINAL 
NEURONS AND BEHAVIOR. J. D. Rose1* and F. L. Moore2. 1Dept. 
of Psychology. Univ. Wyoming, Laramie, WY 82071 and 2Dept. of 
Zoology, Oregon State Univ., Corvallis, Or 97331.

Corticosterone (CORT) rapidly blocks courtship clasping in the 
roughskin newt (Taricha granulosa) by an action at a corticosteroid 
receptor in neuronal membranes. Electrophysiological recording in 
immobilized newts has show that CORT rapidly depresses several 
aspects of excitability in medullary reticulospinal neurons. In the 
present study, CORT effects on behavior-related firing of identified 
medullary reticulospinal neurons were examined in freely-moving newts 
implanted with microwire electrodes. Before CORT injection, 
reticulospinal neurons fired in association with specific movements or 
motor states, including reflexive hindlimb clasping elicited by pressure 
on the cloaca and ventral body surface. Systemic CORT administration 
(32 nmol), but not vehicle injections, depressed reflexive clasping with 
a rapid onset (5-10 min). This behavioral effect was associated with 
a concurrent depression or loss of behavior-associated reticulospinal 
neuron firing. The rapidity of these neuronal effects of CORT is 
consistent with a membrane receptor-mediated action. These findings 
indicate that CORT can disrupt reticulospinal neuron control of motor 
processes, an effect that may underlie the steroid’s suppression of this 
amphibian’s courtship clasping behavior. Supported by NSF grants 
IBN-9410284 (J.R.) and IBN-9421175 (F.M.).

281.7
A PROPOSED ANIMAL MODEL OF MULTIPLE CHEMICAL SENSITIVITY: 
RELEVANCE TO  BEHAVIORAL SENSITIZATION . B.A. Sorq*1, J.R. Willis2,  
T.C. Nowaika1 and R E. See2 . 1Dept. VCAPP and 2Dept. Psychology, 
Washington State University, Pullman, WA 99164.

Multiple chemical sensitivity (MCS) syndrome in humans is a disorder believed 
to develop after exposure to a single high dose or multiple low doses to many 
volatile organic compounds. A promising line of animal research relevant to 
MCS is that of sensitization in the CNS, which is the progressive and enduring 
enhancement in behavioral responses after repeated exposure to 
psychostimulants and stress. Since sensitization has many parallels with that of 
MCS, we tested whether repeated formaldehyde (FORM) exposure cross- 
sensitized to cocaine-induced locomotion. Female rats were exposed to FORM  
vapors (11 ppm) or water vapor f a  1 hr/day f a  7 days. One day later, rats were 
given a saline injection followed by a cocaine injection (15 mg/kg, ip) the next 
day. Animals pretreated with FORM inhalation demonstrated an enhanced 
locom ota response to cocaine compared to controls. No differences occurred 
between groups after saline injection. One month after withdrawal, only a 
subset of animals remained sensitized; these animals also showed a higher 
locomota response to novelty (see below). In a  second experiment, animals 
were divided into high responders (HR) a  low responders (LR) based on their 
locomotion in a  novel cage. Results in a passive avoidance test suggest that 
HR demonstrate greater memory than LR in control rats, while no differences 
between HR and LR exist in FORM-exposed rats, which displayed an 
intermediate level of memory. On the elevated plus-maze, HR spent more time 
on the open arms than LR in both treatment groups, with slight differences 
between water and FORM groups. On a  hot plate test (52°C), no differences 
occurred between HR and LR in the control group, whereas nociception of the  
LR group was increased compared to HR in the FORM-exposed group. The 
cross-sensitization results suggest that the mesolimbic dopamine pathway may 
be sensitized after FORM exposure, and further, that HR and LR are 
d i f f e r entially affected by exposu re  in  FORM

281.4
EXPOSURE TO CHRONIC UNPREDICTABLE STRESS ENHANCES THE 
ACQUISITION OF ETHANOL (EtOH) DRINKING BEHAVIOUR. D M. 
Tomkins*, M. Tampakeras and E M. Sellers. Biobehavioural Research Department, 
Addiction Research Foundation, and Department of Pharmacology, University of 
Toronto, Toronto, Ontario, Canada.

Prior exposure to stress has been reported to enhance the acquisition of self-
administration of opiate and stimulant drugs. The aim of this study was to 
determine the effect of a chronic unpredictable stress regime on anxiety and 
exploratory behaviours and acquisition of EtOH drinking. Male Wistar rats were 
exposed to a series of unpredictable stressors for 42 days. The regimen consisted of 
5 stressors, the time of presentation and duration of which was randomised. A 
control group were familiarized with handling during this time. On days 43 to 45, 
behavioural assessments of the stressed and control rats were made. The rats were 
then assigned to one of 3 treatment groups; vehicle, fluoxetine (FL U, 3 mg/kg) and 
chlordiazepoxide (CDP, 5 mg/kg) and from day 46 were pretreated with their 
allocated drug treatment and allowed access to EtOH and water for 30 mins. The 
chronically stressed group exhibited greater levels of anxiety in both the social 
interaction (F1 6= 1 1.65, P=0.014) and open field tests. Locomotor activity was also 
greater in these animals (F1.12=8.26, P=0.014). Stressed rats acquired EtOH 
drinking behaviour at a greater rate than control animals. This was reflected in the 
amount of EtOH consumed in a test session (F 1.12= 10.2, P=0.008), and in the 
acceptability of higher EtOH concentrations. Water intake was not modified by the 
stress procedure. FLU reversed the effects of chronic stress on the acquisition of 
EtOH drinking behaviour (F1. 24=5.5, P=0.028). In contrast, CDP increased EtOH 
(Fl ,24-5.89, P=0.02) and water intake (F 1 ,24=8.1 P=0.009). This paradigm 
appears to be useful for examining the inter-relationships between chronic exposure 
to stress and the acquisition of drug taking behaviour. The model may also lead to 
identifying pharmacological agents useful in treating alcohol dependence in the 
presence of other stress-induced psychiatric disorders.

281.6
SH ORT AND LONG-TERM  EFFECTS OF AN EARLY AND LATER 
ADOPTION: ROLE OF M ATERNA L BEHAVIOR. S. M accari*. A. 
Barbazanges, M. Vallee, W. Mayo, H. Simon. S. Cabib, J . Day, M. Koehl, M .
Le Moal INSERM  U.259, Univ. o f  Bordeaux II, Rue C. S. Saëns, 33077 
Bordeaux Cedex, France and CN R Rome, Italic.

Life events occuring during prenatal or postnatal periods can have different 
long-term biological effects. Thus, prenatal stress increases emotionality 
reactivity, vulnerability to self-administer drugs and it prolongs stress-induced 
corticosterone secretion, which has been attributed to the observed decrease in 
central corticosteroid receptors. W e have also shown that an adoption at birth, 
which perturbs the postnatal environment, reverses the effects o f  prenatal 
stress. In order to understand the long-term effects o f  postnatal events we have 
characterized the biological effects o f  an early (at birth) or later (5 days o f  age) 
adoption on pups and adult offspring. W e studied in pups the emission o f 
ultrasounds, which is an index o f  behavioral reactivity after stress. In the adult 
offspring we studied the locomotor response to novelty and memory 
performance. The activity o f  the hypothalamo-pituitary-adrenal axis was also 
studied. The results show that later adoption induces i) an enhanced emission of 
ultrasounds after stress; ii) an increased locomotor response to novelty, iii) 
impaired memory capacities, and iv) a prolonged stress-induced corticosterone 
secretion. On the contrary an early adoption had opposite effects In order to 
understand how these two kinds o f  adoption have opposite short- and long-term 
effects we have investigated the role o f  maternal behavior. W e have shown that 
both early and later adoptions increase maternal behavior after stress in 
different ways. In conclusion, the modification o f  m aternal environment during 
lactation can change the development o f  offspring. The short- and long-term 
changes depend on the period o f  perturbation, which indicates the existence o f 
critical periods for the psychobiological development o f  an individual.

281.8
EFFECT OF NONPEPTIDE CCKB ANTAGONIST LY288513 
ON CONDITIONED FEAR STRESS IN RATS. T.lzumf* 
T.lnoue, K.Tsuchiya. S.Hashimoto and T.Kovama . Dept. 
of Psychiatry., Hokkaido Univ. Sch. of Med., Sapporo 
060, Japan.

Recent studies have indicated a role of 
cholecystokinin (CCK) in anxiety. We investigated the 
effects of three types of nonpeptide CCK antagonist, 
LY288513 (selective CCKb antagonist), lorglumide 
(relatively selective CCKa antagonist) and loxiglumide 
(CCKA/B antagonist that reveals no brain retension) on 
conditioned fear stress (CFS) in rats, an animal model 
of anxiety. CFS (exposure to an environment paired 
previously with footshock) 24 hours after single 
footshock induced marked freezing behavior. 
LY288513 (0.03-0.3 mg/kg, s.c.) 30 min before CFS 
sign ificantly  reduced freezing, suggesting that 
LY288513 has an anxiolytic activity. Lorglumide (s.c.) 
reduced freezing only at a high dose (1 mg/kg). 
Loxiglumide (s.c.) was without effect. These results 
suggest an important role of brain CCKb receptors in 
anxiety.
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281.9
EFFECTS OF AGE ON STRESS ALTERATION OF ANESTHETIC 
REQUIREMENTS. J.H. Silverstein.'  M.D..J. Beasley. MS Anesthesia Research, 
Bronx VAMC, Bronx, NY 10468 and Mount Sinai School of Medicine, New York, 
NY

Much information has been acquired regarding the perioperative stress response 
and the relative ability of various anesthetic agents to control the response. By 
contrast, there is little information concerning the opposite effect, that of the stress 
response on anesthetic requirements. This is a preliminary report of experiments 
designed to evaluate the role of the stress response in a model of the anesthetic care of 
the elderly.

Three groups of Fischer 344 rats (3, 12, and 24 months) were maintained in a 12 
hour light dark cycle and habituated to 
daily handling for one week. MAC for 
isoflurane was determined during the 
late morning of the first day of the 
experiment using standard methodology.
Following a cold swim stress, consisting 
of a 5 minute immersion in ice water 
(4°C), baseline body temperature was 
reestablished and MAC for isoflurane 
was again determined. Age decreases
MAC by 26%. By percentage, the stress decreased MAC by 30%, 38%, and 39% for 
3, 12, and 24 month old animals respectively. The results of the present study 
indicate that swim stress significantly decreases anesthetic requirements. The effect 
of stress on anesthesia, however, is not significantly influenced by age. Since age and 
stress both decrease anesthetic requirement, stressed old animals have an anesthetic 
requirement dcreased by 55% from that of unstressed young animals. These very 
robust effects, if applicable to humans, may have implications for clinical practice. 
Supported by a fellowship grant from the Brookdale Foundation (JHS)

281.10
NEUROSTEROIDAL MODULATION OF SOCIAL ISOLATION 
STRESS-INDUCED DECREASE IN PENTOBARBITAL SLEEP IN 
MICE. Kinzo Matsumoto*, Kazuma Ojima, Michihisa Tohda and Hiroshi 
Watanabe. Div. Pharmacol., Res. Inst. Wakan-Yaku, Toyama Med. & 
Pharm. Univ., Toyama 930-01, Japan.

Stressful manipulations arc known to change the levels of neuro-
steroids capable of interacting with GABAa receptor in the brain. We 
previously found that the social isolation stress (SIS)-induced decrease in 
the hypnotic activity of pentobarbital (PB) involves the hyperactivity of 
CRF system through noradrenaline stimulation of α 1  an d /or  β- 
adrenoceptor in mice. To clarify the involvement of these neurosteroids in 
SIS-induced decrease in PB sleep, we studied effects of pregnenolone 
sulfate (PS), a GABAa antagonist, and allotetrahydrodeoxycorticosterone 
(ATHDOC) and tetrahydrodeoxycorticosterone (THDOC), positive al
losteric modulators of the GABAA receptor, on the SIS-induced decrease 
in PB sleep in mice. Male ddY mice (4 week-old) were housed in groups 
of 5-6 per cage (GM) or isolated for 5-6 weeks (IM) before experiments. 
PB-Na (50 mg/kg, i.p.)-induced sleeping time was taken as the period 
between the loss of the righting reflex and its return. PB sleep in IM was 
significantly shorter than in GM. PS (5-10 mg/kg, i.p. or 12-24 nmol, 
i.c .v.) decreased PB sleep in GM without affecting the sleep in IM. 
THDOC (5-12.5 mg/kg, i.p. or 14.9-37.4 nmol, i.c .v.) and ATHDOC 
(15-37 nmol, i.c.v.) recovered the PB sleep decreased by SIS to the level 
in GM without changing that observed in GM. CRF (2.1 nmol, i.c .v.) 
decreased PB sleep in GM without affecting the sleep in IM. The effect of 
CRF was blocked by THDOC (12.5 mg/kg, i.p.). These results suggest 
that neurostcroidal modulation of GABAa receptor in the plays important 
roles in SIS-induced decrease in the hypnotic activity of PB in mice.

281.11
AMPLITUDE AND PHASE CHANGES IN ULTRADIAN RHYTHMS IN 
ANTICIPATION OF AGGRESSIVE CHALLENGES. J.C Cole*. W. 
Tomatzky. D.G. Harper and K.A. Miczek. Dept. o f Psychology, Tufts 
University, Medford, M A 02155.

In order to test the hypothesis that circadian and ultradian rhythms of 
temperature and heart rate reflect optimal homeostasis for an an im al, we have 
investigated the effects of aggressive challenges to  resident male rats.
Aggressive male rats were pair housed with females and then implanted with a 
telemetry sender. Temperature and heart rate readings were collected by a PC- 
based telemetry system in 5 minute epochs over 24 hours. The animals were 
allowed to recover from surgery by establishing a stable circadian pattern of 
temperature and heart rate change synchronized to a 12:12 light cycle (lights 
off: 08.00h). After recovery the resident males were challenged by a male 
intruder at lights off (08.00h) for 21 days. The agonistic encounters consisted of 
a 5 minute physical confrontation, followed by a 15 minute period where the 
intruder was protected by a wire cage but remained in the resident's cage. Using 
multioscillator cosinor analysis, the circadian and ultradian rhythmicity o f the 
rats were analyzed before, during and after the experimental period. During and 
after the experimental period, the amplitudes o f the tw o and four cycle per day 
rhythms increased for both temperature and heart rate. In addition, the 
acrophases o f the circadian rhythms were advanced and, the two and four cycle 
per day rhythms peaked at 08.00h. We interpret the changes in both the 
circadian and ultradian rhythms as anticipation o f the aggressive encounters.

281.12
SUBORDINATION RESULTS IN ANHEDONIA IN ETHANOL- 
EXPERIENCED, BUT NOT NAIVE RATS. D. Beniamin*. X.
Huang, L.A. Pohorecky. C enter of Alcohol Studies, Rutgers Univ., 
Pisca taway, NJ 08855

Singly and triad-housed male Long Evans rats were tested for 
consumption of ethanol (ET) and saccharin (S). Subjects were 27 
triad- and 19 singly-housed rats, half of which had a choice of 
drinking a 6% solution of ET or water in the home cage. Dominance 
status was ascertained by m onitoring behavior during  the initial 30 
m inutes of triad form ation. The num ber of attacks by the dom inant 
(a) on the suhdom inant (ß) and subordinate (τ) rats was observed 
daily to classify triads by aggression level. Consum ption of .001% S 
was m easured for each ra t in a separate  test cage in five 30 min trials. 
Overall, triad  housed rats that had ET available in the home cage 
consumed 29% less S than those w ithout ET available. In contrast, 
singly housed rats with access to ET consumed 63% more S than rats 
without ET. In triads with access to ET, αs consumed the most S, 
followed by ß and τ , regardless of aggression level. In triads given 
only water, aggression level interacted with rank ; in aggressive triads, 
αs consumed the least S, followed by the ßs, with the τs consuming 
most. In the nonaggressive triads w ithout ET available, S intake was 
not affected by rank . These results dem onstrate that the stress of 
aggression interacts with ran k  and ET availability to differentially 
affect S intake, and illustrates a complex relationship between ET, 
stress, and hedonia (Supported by NIAAA gran t 05306 and the 
Sm ithers Foundation).

281.13 281.14
PRENATAL HYPOXIA SIGNIFICANTLY ALTERS BODY AND ORGAN 
GROW TH, W ITHOUT EFFECTING SEXUALLY DIM ORPHIC 
BEHAVIORS. Sarah M. Umphress. and Lawrence D. Longo*. Ctr. for Perinatal 
Biology, Dept. of Physiol., Loma Linda Univ., Sch. Med., Loma Linda, CA 92350 

Background. Last week of gestation is critical for sexual differentiation of the 
rat brain. Maternal exposure to stress during this period is correlated with 
demasculinization and/or feminization of adult male offspring. Many 
developmental and neurobehavioral alterations in response to hypoxia are similar 
to those observed under stressful conditions such as restraint. To test the null 
hypothesis that acute, intermittent prenatal hypoxia does not affect the non- 
reproductive sexually dimorphic behavior viz., saccharin preference, and does not 
affect body and organ growth, we performed the following study. Methods. We 
exposed pregnant Sprague-Dawley dams to acute, intermittent hypoxic hypoxia 
(9% O2  6hr/d gestational day 15-21), with all offspring cross-fostered to non- 
hypoxic exposed lactating dams. In addition to measurements of body and organ 
weights, we examined adult male and female basal water and food intake in the 
normoxic control and hypoxic exposed offspring. Results. Basal water intake was 
110 ml/kg/d in males and 155 ml/kg/d in females (p<0.05). Body weights of male 
and female hypoxic offspring were significantly depressed from control offspring at 
all ages to 100 days. Furthermore, brain, heart, and kidney weights (expressed as 
percent of total body weight), of the adult male offspring from hypoxic exposed 
dams were significantly decreased, when compared with control of same age. 
Prenatal hypoxic exposure did not significantly affect adult saccharin preference. 
Conclusions. 1) Adult male and female rats differed significantly in baseline water 
and food intake 2) Prenatal hypoxia resulted in significantly decreased body and 
organ growth. 3) Nonetheless, we observed no alterations in the non-reproductive 
sexually dimorphic behavior, saccharin preference. 4) Water and food 
consumption are non-reproductive sexually dimorphic behaviors that are not 
altered by Acute, Intermittent Prenatal Hypoxia.

R E P E A T E D  IS O L A T IO N  E X P E R IE N C E  A L T E R S  
N EUROCHEM ICAL A ND  BEHAVIORAL R ESPO N SE S TO 
AM PH ETAM INE IN  10-DAY OLD RATS. P. K ehoe. L. Triano,
R.J. Austin-LaFrance and J.D . B ronzino. N euroscience Program, 
Trinity C ollege, Hartford C T 06106 U SA .

We have previously reported that neonatal isolation significantly enhances 
behavioral measures following amphetamine administration in adults. The 
present study examined amphetamine-induced responses of 10-day old pups that 
had been isolated from the nest, dam, and siblings for 1 hr per day over 
postnatal days 2 - 9. On day 10, following either amphetamine (0.5mg/kg, IP) or 
saline (eq. volume) administration, pups were placed in an open field arena and 
monitored for locomotor activity for 15 min. No differences in behavioral 
measures were obtained across the saline treated groups for either males or 
females. Amphetamine administration resulted in hyperactivity in all groups, with 
previously isolated females showing significantly greater enhancement than the 
non-isolated females. Amphetamine administration in males resulted in an equal 
enhancement of activity measures across the isolated and non-isolated groups. 
Immediately following testing, pups were decapitated, and brains were assayed 
for dopamine turnover in several regions. Previously isolated females showed 
significantly greater dopamine turnover in the striatum, medial septum, and 
hypothalamus in response to amphetamine than non-isolated females. As with 
behavior, dopamine turnover in isolated males did not differ from that of non-
isolated males. The data suggest that the repeated neonatal isolation paradigm 
has immediate effects on both behavioral and neurochemical responses to 
amphetamine and that these effects are gender specific.
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281.15
G EN D ER  D IFFER EN C ES IN  THE R E SP O N SE  O F JUVENILE  
RATS TO LTP FO LLOW ING REPEATED NEONATAL  
ISOLATION. R.J. Austin-LaFrance.* H.J. R ushm orc. J.Kurdian. 
J. Hoffm an. J.D . Bronzino and P. K eh oe. N euroscience Program, 
Trinity C ollege, Hartford, C T 06106, U SA .

We have previously reported that neonatal isolation significantly enhances 
both the magnitude and duration of long-term potentiation ( L T P) in the 
hippocampal dentate gyrus of freely moving male rats tested at 30 days of age. 
The present study examined LTP measures obtained from females tested under 
the same paradigm. Twenty-four hours after birth, litters were culled to 6 male 
and 6 female pups. On PND 2 all pups were weighed, and 3 male and 3 female 
pups were randomly assigned to one of two treatm ent groups: isolation or non-
isolation. Isolated animals were individually separated from the nest, dam, and 
siblings for a period of 1 hr per day over PNDs 2 - 9. On PND 28 pups were 
chronically implanted for examination of hippocampal LTP. Beginning on PND 
30, measures of dentate granule cell population EPSP slope and population spike 
amplitude were used to assess the magnitude and duration of LTP following 
tetanization of the perforant path. Significant enhancement of both the EPSP 
slope and PSA measures were obtained from all female groups. However, 
enhancement duration was significantly longer in the isolated group than in non
isolated siblings. A comparison of results from the male groups indicated no 
gender differences among the non-isolates. However, isolated males showed 
significantly greater enhancement of both m easures than any of the other groups. 
Results indicate that neonatal isolation has not only an enduring impact on 
subsequent response to LTP, but that these effects are gender specific.

281.16
THE EFFECTS OF ACUTE EXPOSURE TO THERMAL STRESS ON 
TEMPORAL DISCRIMINATION IN HUMANS. D. Shurtleff*. C.-M. Staschen. K. 
Kowalski. J. R. Thomas, and J. Schrot. Naval Medical Research Institute, 
Bethesda, MD 20889-5607.

Previous investigations have associated changes in time perception with 
subtle changes in core temperature. Typically, intervals of relatively long 
duration (several seconds or more) have been used when examining thermal 
effects on time estimation. In order to study shorter duration intervals, a 
temporal bisection procedure was employed to study thermal effects on time 
perception, and perceptual estimates were compared to changes in rectal 
and auditory canal temperature. Estimates of the perceptual midpoint of light 
durations of three different intervals (0.5" -0.75", 3" - 6") and of the
discriminability of the two end-point stimuli of these intervals were obtained. 
Following baseline training during exposure to 24°C ambient air, male 
volunteers (n=6) performed the temporal bisection tasks after 1 -hr of exposure 
to five ambient temperature conditions (4°C, 14°C, 24°C, 34°C, and 44°C, at 
50% RH). Only exposure to 4°C significantly reduced discriminability of the .5" 
and .75", 1" and 2" and the 3" and 6" stimuli. At 14°C, and 44°C there was 
reduced discriminability only between the .5" and .75" stimuli. Estimates of the 
perceptual midpoint were not affected by exposure to any temperature 
condition. Reduction in temporal discriminability could not be correlated with 
any changes in either rectal, or auditory canal temperature. These data 
suggest that exposure to thermal stress can disrupt short duration temporal 
discrimination performance without specific or significant changes to the 
measures of core temperature used in this study.
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282.1
COPULATION ACTIVATES c-fos EXPRESSION IN NEURONS OF THE QUAIL 
PREOPTIC AREA THAT DO NOT NORMALLY CONTAIN AROMATASE. 
J.Balthazart*. S.L. Meddle. J.C. Wingfield. M. Ramenofsky. A. Foidart and B.K. 
Follett. Lab. Biochemistry, Univ. Liège, Liège, B-4020 Belgium, Dept. Zoology, 
Univ. Bristol, UK & Dept. Zoology, Univ. o f Washington, Seattle, WA, USA.

Stereotaxic implantation o f testosterone (T) or its estrogenic metabolite, estradiol in 
the sexually dimorphic medial preoptic nucleus (POM) is necessary and sufficient to 
activate copulation in castrated male quail. This behaviour is also obviously controlled 
by stimuli originating from the female but it is still unknown, at present, how and 
where in the brain, endocrine and social/environmental stimuli are integrated, c-fos 
immunocytochemistry in mammals has identified neuronal populations that are 
activated following male copulation but no such study has been carried out in birds. 
This should, however, be enlightening because, in mammals, c-fos mostly identifies 
neurons that are activated by genital (penile)/ somatosensory and by olfactory/ 
vomeronasal stimuli and such inputs should play little or no role in birds (no penis, 
little or no role of olfaction). Male Japanese quail (Coturnix japonica) were allowed to 
freely interact with adult females and the presence of active sexual behavior was 
confirmed in each case. After 2 hrs, birds were perfused with Zamboni fixative and 
60μm-thick coronal sections through their brain were stained for c-fos using antibody 
PJS 9/3 kindly provided by Dr. P.J. Sharp (Midlothian, UK). Some sections were 
double-stained for aromatase (ARO) using an antibody raised against quail recombinant 
enzyme. Control birds were processed in the same way except that they were exposed 
for 2 hrs to a domestic chick (same size as an adult quail) and no sexual behavior was 
observed. Copulation induced the appearance of c-fo s -immunoreactive (ir) cells in the 
preoptic area, in the nucleus accumbens and in the nucleus intercollicularis in males 
but not in females. Preoptic c-fos-ir cells were located just lateral to the ARO-ir cells 
of the POM and in ventro-lateral position with respect to the ARO-ir cells o f the bed 
nucleus striae terminalis. A small percentage of c-fos-ir cells only were double-labelled 
for ARO. It is unlikely that the c-fos-induction resulted from copulation-induced 
endocrine changes because copulation did not affect plasma levels o f  LH or T. It was 
therefore presumably due to copulation-associated somatosensory inputs or to stimuli 
originating from the female. The nature o f these inputs has not been identified yet but 
they do not directly affect the POM and its ARO-ir neurons although they reach 
neighboring cells. One intemeuron at least is therefore needed to reach ARO-ir cells.

282.3
ANDROGEN RECEPTORS AND MATING-INDUCED FOS ARE CO-LOCALIZED 
IN HYPOTHALAMIC, LIMBIC AND MIDBRAIN NEURONS THAT PROJECT TO 
THE MEDIAL PREOPTIC AREA B. Greco*1- D. A. Edwards1 and A  N. Clancy1 ,2,3 
1Psychology Dept., Emory Univ., Atlanta, GA 30322, 2Biology Dept., GA St. Univ., 
Atlanta, GA 30303 and Department of Psychiatry and Behavioral Sciences, Emory 
Univ. Sch. of Med., GMHI, 1256 Briarcliff Rd., Atlanta, GA 30306.

Our earlier studies showed that mating elicits Fos- immunoreactivity (Fos-ir) in the 
medial preoptic area (MPOA) as well as in anatomically linked limbic and 
hypothalamic areas which contain high quantities of androgen receptor 
immunoreactivity (AR-ir). Neurons expressing mating-induced Fos-ir and AR-ir 
neurons are also present in the central tegmental field (CTF) and are distributed in a 
similar pattern. Because connections o f neurons co-localizing Fos-ir and AR-ir (such 
as in the CTF) with the MPOA have not been investigated, we examined the 
distribution o f neurons co-expressing mating-induced-Fos-ir and AR-ir following 
injections o f the retrograde tracer substance Fluorogold in the MPOA.. PG21 anti- 
AR (G. Prins) and anti-c-fos (Cambridge Research) primary antibodies were 
visualized, respectively, with rhodamine-conjugated and fluorescein-conjugated 
secondary antibodies (Jackson Laboratories). Four days after a unilateral injection of 
Fluorogold in the MPOA, rats were killed 1 hour after ejaculating with a receptive 
female. Most Fos-expressive neurons were also AR-ir positive and occurred in the 
same regions previously noted in single-labeling studies. Fluorogold containing 
neurons were present in hypothalamic and limbic regions known to project to the 
MPOA such as the bed nucleus o f the stria terminalis and the medial amygdala, and 
were also present in the CTF. In each o f these regions nuclear colocalization o f AR- 
ir and Fos-ir was present in a proportion o f Fluorogold containing neurons. Mating 
activates neurons containing AR in hypothalamic, limbic and midbrain regions and 
input from those neurons to the MPOA is probably critically involved in the 
hormonal regulation o f male sexual behavior (Funded by NSF grant IBN-9021579 to 
DAE).

282.2
COPULATION INDUCES FOS-LIKE-IMMUNOREACTIVITY IN 
THE STRIATUM OF MALE RATS. William M. Struthers* 
and David Wirtshafter. Dept. of Psychology, 
Univ. of I11. at Chicago, 1007 W. Harrison, 
Chicago, IL 60612-7137.
Substantial evidence exists implicating brain 
dopamine (DA) as an important mediator of sexual 
behavior in the male rat. In vivo microdialysis 
studies report that copulation increases the 
concentration of DA and its metabolites in 
several areas implicated in sexual behavior 
including the medial preoptic area (MPOA), 
nucleus accumbens (NuAc) and striatum. Studies 
using antibodies directed against the FOS 
protein product of the proto-oncogene c-fos have 
demonstrated Fos-Like-Immunoreactivity (FLI) in 
the MPOA and NuAc of males rats after sexual 
activity. In the current study, sexually 
experienced male rats were presented in their 
home cage with a receptive female and allowed to 
copulate to ejaculation. One hour after 
ejaculation, males were sacrificed and processed 
for FLI. FLI was observed in the MPOA and NuAc 
and, additionally, also seen in the striatum, 
although to a lesser extent than in the MPOA and 
NuAc. Additional data involving unilateral 6- 
OHDA lesions of the LH on copulation induced FLI 
in the NuAc and striatum will also be presented.

282.4
FOS IM M UNOREACTIVITY IN TH E M ALE R A T BRAIN, FOLLOW ING 
5-HT1A AGON IST 8-OH -DPAT-INDUCED EJACULATION: POSSIBLE 
R O LE FO R  OXYTOCIN. L M . Coolen*. B. Olivier and J.G. Veen in g. Dept of 
Anat. & Embr., Univ. of Nijmegen, The Netherlands. (Part.Supp.by SGW -Grant 
258-044 of the Neth.Org.for Sci.Res. [NWO]).

In a normal m ating-situation, ejaculation but not intromissions without 
ejaculation, was followed by induction o f Fos immunoreactivity (-IR) in specific 
subareas of the m ale rat brain. Ejaculation-specific Fos-IR  neurons were detected 
in a dense cluster in the lateral part o f the posterodorsal medial amygdala 
(M EApd), in two clusters in the  posteromedial bed nucleus of the stria 
terminalis (BNSTpm) and in the medial part of the parvicellular 
subparafascicular nucleus. The 5-HT1A receptor agonist 8-hydroxy-2-(di-n- 
propylam ino)tetralin (8-OH-DPAT) (0.4 mg/kg s.c.) facilitated male copulatory 
behavior, resulting in a short ejaculation-latency, preceded by low numbers of 
mounts and intromissions. 8-OH-DPAT-induced ejaculation was followed by the 
same distribution o f Fos-IR neurons in small subareas, as following normal 
ejaculation. Following a high dose o f 8-OH -D PAT (0.8 mg/kg), males ejaculated 
on the first intromission, circa 18 seconds after presentation o f the female 
partner. Even following this extremely short stimulus, Fos-IR was clearly present 
in the clusters in the M EApd and BNSTpm. This suggests that ejaculation per 
sé , and not sexual stimulation that normally precedes ejaculation, causes the 
induction o f Fos-IR  in specific small subareas o f the male rat brain.

Following administration o f 8-OH-DPAT, Fos-IR  was induced independent 
of sexual behavior, in oxytocin-containing neurons, especially in the BNSTpm and 
the rostral parts o f the paraventricular hypothalamic nucleus. The proportion 
double-labeled oxytocin-IR cells increased dose-dependently. Fos-IR neurons 
were also observed in the dorsal BNST and the central amygdala, areas known 
to contain oxytocin binding sites. This suggests a possible regulatory role for 
oxytocin in the stimulatory effects o f 8-OH -D PAT on male sexual behavior.
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282.5
SPECIFIC NEURONAL ACTIVATION IN THE MEDIAL AMYGDALA 
AFTER MATING IS CORRELATED WITH THE ONSET OF SEXUAL 
SATIETY. D.B. Parfitt* and S.W. Newman. Neuroscience Program and 
Department of Anatomy and Cell Biology, University of Michigan, Ann Arbor, 
MI 48109-0616

Rested male Syrian hamsters achieve 6-13 ejaculations in one mating bout 
before exhibiting long intromissions (a behavioral marker for the onset of sexual 
satiety). In our previous studies, immunocytochemistry for Fos protein (Fos-ir) 
has revealed a specific pattern of two cell clusters in the caudal medial amygdala 
(cMe) in 56% of males stopped after 5 ejaculations and 100% of males mated to 
long intromissions, whereas no males had clusters after one ejaculation. The 
present study was designed to test the hypothesis that the cMe cell clusters are 
activated at the onset of sexual satiety. Three groups of sexually experienced adult 
male hamsters were used. In the first group, males (Day 1 mated; n=3) were 
allowed to mate in a clean cage with a receptive female until they reached long 
intromissions. This group mated for an average of 9±1 ejaculations in 21±1 min. 
In a second group, males (Day 4 mated; n=4) were allowed to mate with a receptive 
female until reaching long intromissions on each of 4 consecutive days. On day 4 
these animals mated for 3±1 ejaculations in 17±6 min. All males in these groups 
were perfused 1 hour after the onset o f behavior. In the third group, males (Day 4 
control; n=3) were allowed to mate with a receptive female for three consecutive 
days. On the fourth day, these animals were placed into an empty clean cage and 
perfused 1 hour later. All hamsters were perfused with 4% paraformaldehyde and 
40μm brain sections were immunostained for Fos-ir. None of the Day 4 control 
animals showed cMe cell clusters, and all Day 1 mated animals exhibited these 
clusters. In addition, all Day 4 mated animals exhibited cMe cell clusters after 
mating to only 3 ejaculations. Results from this study indicate that activation of 
these cMe cell clusters is associated with the onset of sexual satiety regardless of 
the absolute number of ejaculations displayed by the male. (Supported by NEH NS- 
20629, T-32-HD070408)

282.7
C-FOS EXPRESSION IN THE BRAINS OF MATED AND UNMATED MALE 
MACAQUES. D. Zumpe, A. N. Clancy* and R. P. Michael. Department of 
Psychiatry and Behavioral Sciences, Emory University School of Medicine, GMHI, 
1256 Briarcliff Rd., Atlanta, GA 30306.

Immunoreactive c-fos expression was examined in brains of sexually experienced, 
intact male macaques and comparisons of the labeling distributions were made 
between animals that were either mated or unmatcd. Mated males were allowed to 
ejaculate with sexually receptive females, killed by an overdose of sodium 
pentobarbital within an hour after ejaculating, and then perfused transcardially. 
Brains were dissected for immunocytochemical processing. Unmated males were not 
paired with receptive females but were killed, perfused and processed as controls. 
Adjacent sections were incubated with different anti-c-fo s  antibodies and sections 
from mated and unmated monkeys were processed concurrently by the ABC 
immunoperoxidase method using identical immunoreagents. C-fos was observed in 
the nuclei of neurons in several brain areas thought to be important for male 
copulatory behavior, including the medial preoptic area, several hypothalamic 
regions such as the paraventricular, ventromedial and arcuate nuclei, and the medial 
amygdala. The best results were obtained from sections incubated with a polyclonal 
sheep anti-c-ybs antibody obtained from Cambridge Research Biochemicals. In 
marked contrast to similar work with rodents which reported fo s  expression only in 
recently-mated but not in unmated animals, preliminary analysis of monkey sections 
showed that both mated and unmated animals expressed c-fos; differences in 
labeling distributions were not large. Results suggest that in these primates with 
complex neocortical development and cognitive skills, c-fos in brain regions 
implicated in sexual behavior may be expressed when they are maintained in rooms 
together with other males and females. These questions are not fully resolved. 
(Supported by USPHS Grant MH 19506.)

282.9
ESTRADIOL IN THE MEDIAL PREOPTIC AREA PREVENTS SUPPRESSION 
OF MATING IN MALE RATS TREATED SYSTEMICALLY WITH THE 
AROMATASE INHIBITOR, FADROZOLE A. N. Clancy. D Zumpe R. P. 
Michael and R. W. Bonsall*. Department of Psychiatry & Behavioral Sciences, 
Emory University Medical School, GMHI, 1256 Briarcliff R d , Atlanta, GA 30306.

Previously we showed that both systemic administration and intracerebral infusion 
of the medial preoptic area (POM) with the non-steroidal aromatase inhibitor, 
Fadrozole (CIBA-Geigy CGS 16949A) suppressed mating in male rats In this 
study, mating was studied in sexually experienced, intact male rats assigned to the 
following 3 groups: F+E2, estradiol (E2) was implanted bilaterally into POM by 
means of hormone-coated cannulae and Fadrozole was given s c. (0.25 mg/kg/day) 
via osmotic minipumps; F+BL, blank bilateral cannulae were implanted into POM 
and Fadrozole was given s e as above; and C, unoperated controls In F+BL males, 
mounting decreased significantly by the seventh day (14.0 ± 6.2) after surgery 
relative to presurgical levels (49.2 ± 5.5) and it never recovered (4.7 ± .4.7, 8.3 ± 7.4 
and 6.3 ± 6.3 on post-surgical days 14, 21 and 28, respectively). In contrast, rats in 
groups F+E2 and C continued mounting and were indistinguishable statistically. 
Compared to presurgical levels (48 4 ± 6.5), F+E2 rats showed no significant 
changes in mounting after surgery (26.2 ± 15.4, 27 2 ± 17.0, 35.8 ± 12.4 and 50 0 ± 
13 9 on post-surgical days 7, 14, 21, and 28, respectively) and, on most post-surgical 
days, their mounting was significantly higher than that o f group F+BL. Ejaculations 
declined significantly after surgery in both surgical groups, but unlike F+BL males 
whose performance never returned (1 7  ± 0.2, 0.5 ± 0 3, 0.2 ± 0.2, 0.2 ± 0.2, 0.2 ± 
0 2 at presurgery and on post-surgical days 7, 14, 21, and 28, respectively), 
ejaculations recovered to presurgical values in F+E2 rats (1.4 ± 0.2, 0.4 ± 0.2, 0.4 ± 
0.4, 0.8 ± 0 5, 1 0 ± 0 4 at presurgery and on post-surgical days 7, 14, 21, and 28, 
respectively). Results show that E2-responsive neurons of POM influence male rat 
copulatory behavior. (Funded by the Emory University Research Committee).

282.6
N EU RA L SUBSTRATE O F SEX UA L BEH A V IO R IN TH E  M ALE RAT: A 
COM BINED FOS/TR A C E R /N EU R O P EPTID E STUDY. J.G. Vee ning, and 
L.M. Coolen. Dept. of Anat. & Embr., Univ. o f Nijmegen; The Netherlands. 
(SPON: Europ. Neurosc. Ass.) (Part. Supp. by SG W -G rant 258-044 of the Neth. 
Org. for Sci. Res. [NWO]).

Performance of sexual behavior induces Fos-immunoreactivity (-IR) in several 
parts of the male rat brain: posterodorsal medial amygdala (MEApd), 
posteromedial part of the bed nucleus of the stria terminalis (BNSTpm), medial 
preoptic nucleus (MPN) and parvicellular subparafascicular nucleus (SPFp). 
W ithin the boundaries o f these areas, specific clusters o f Fos-IR neurons appear 
in smaller subareas after ejaculation.

Anterograde (Dextran) o r retrograde (Choleratoxin-B) tracers were injected 
into the MPN, followed by the behavioral experiments and combined tracer- and 
Fos-IR staining, about 7 days later. Remarkably specific and partially reciprocal 
relationships were disclosed towards the cluster-like ’ejaculation-related’ subareas 
in M EApd, BNSTpm and SPFp.

Since the SPFp might be activated by stimuli ascending from the spinal cord, 
staining for FOS-IR was also combined with immuno-staining for Galanin 
(GAL) and Calcitonin Gene Related Peptide (CGRP). It appeared that the 
medial Fos-IR cluster in the SPFp, related to ejaculation, precisely matched a 
small bundle of, probably ascending, GAL-IR fibers. The lateral Fos-IR neurons, 
more diffusely scattered inside and around the SPFp and not related to sexual 
behavior, matched the location of, probably ascending, CG RP-IR  fibers. About 
40% of the CGRP-IR neurons in the lateral SPFp were double immuno-stained 
for Fos-IR.

The small clusters of neurons, showing Fos-IR after performance of the final 
phase of male sexual behavior, show a rem arkable degree o f specificity in their 
mutual relationships and in the involvement of GA L and possibly other 
neuropeptides.

282.8
AROMATASE INHIBITION, PROGESTIN RECEPTORS AND SEXUAL 
BEHAVIOR IN CASTRATED, TESTOSTERONE-TREATED CYNOMOLGUS 
MONKEYS (MACACA FASCICUIARIS). R. P. Michael*. D. Zumpe and A. N. 
Clancy. Department of Psychiatry & Behavioral Sciences, Emory University School 
of Medicine, GMHI, 1256 BriarclifTRd., Atlanta, GA 30306.

Male primate sexual motivation may depend on both unchanged testosterone (T) 
and estradiol (E2) in brain because it decreases in males given either 
medroxyprogesterone acetate (MPA), which reduces brain androgen uptake, or the 
non-steroidal aromatase inhibitor, Fadrozole, which suppresses the conversion of T 
to E2. Combined treatment with MPA and Fadrozole did not, however, have the 
anticipated summatory effect. To examine if Fadrozole suppressed the behavioral 
effects of MPA by preventing the induction by E2 of progestin receptors (PR) in brain 
to which MPA binds, 8 castrated, T-treated males were each tested with an 
estrogenized female (1) during baseline, and while given (2) 40 mg/week MPA i.m., 
(3) MPA with 0.25 mg/kg/day Fadrozole s.c., and (4) MPA, Fadrozole, and a Silastic 
E2 implant s.c. Two males in each treatment were then perfused for immunocyto
chemical studies on brain distributions of PR using the JZB-39 monoclonal antibody 
and of androgen receptors (AR) using the PG-21 polyclonal antibody. Plasma T 
levels remained stable and high after an initial decline with MPA treatment. 
Nevertheless, when males receiving MPA and Fadrozole were given E2 implants, 
male sexual motivation decreased to its lowest levels. PR and AR distributions in 
brain were little affected by MPA treatment alone. However, PR were virtually 
abolished in the brains of males receiving both MPA and Fadrozole, but were present 
in those receiving additional E2 treatment. This suggested that MPA exerts its 
behavioral actions by binding to PR but not by down-regulating AR. The possibility 
that some of the effects of aromatase inhibitors might be mediated by the removal of 
a tonic inhibitory influence by endogenous progestin receptor agonists may have 
clinical significance. (Supported by USPHS Grant MH 19506 and an Emory 
University Research Committee award.)

282.10
PATTERNS OF FOS IMMUNOREACTIVITY (IR) IN THE 
ACCESSORY OLFACTORY BULB (AOB) OF FEMALE RATS 
FOLLOWING STIMULATION OF THE VOMERONASAL ORGAN 
(VNO). Carol A. Dudley* and Robert L. Moss. University o f Texas 
Southwestern Medical Center, Dallas, Texas 75235

Previous studies from our lab have shown that removal o f the VNO 
reduced the number o f repetitive mating-induced fos-positive cells in the 
granule layer o f the AOB but not the mitral layer (Brain Res. Bull.
34:53, 1994). This finding raised questions about the connectivity of 
the VN nerve to the AOB. The present study was designed to compare 
patterns o f fos IR in the AOB after repetitive mating and electrical 
stimulation of.the VNO

A stimulating electrode was placed in the right VNO of urethane- 
anesthetized female rats. Trains o f electrical stimulation were given 
over a one hour period. After another hour o f waiting, animals were 
perfused and brains processed for fos IR. Compared to anesthetized 
controls, electrically stimulated animals had a significant elevation of 
fos-IR in the mitral layer and higher levels than controls in the granule 
layer. This pattern o f fos IR was different from that induced by 
repetitive mating in that many more mitral cells than granule cells were 
fos positive. The results suggest that repetitive mating activates an 
input into the AOB that is independent o f the VNO. Supported by NIH 
5R01 MH41784.
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282.11
MATING AUGMENTS Fos-LIKE IMMUNOREACTIVITY IN TYROSINE 
HYDROXYLASE IMMUNOREACTIVE NEURONS IN THE MAIN AND 
ACCESSORY OLFACTORY BULBS, BUT NOT IN THE MIDBRAIN, OF 
ESTROUS FEMALE FERRETS. S.R. Wersinger* and M.J. Baum. Department of 
Biology, Boston University, Boston, MA 02215.

Several studies have suggested that catecholaminergic neurons play a role in the 
regulation of the preovulatory luteinizing hormone (LH) surge. We used the 
immunocytochemical co-localization of Fos, the protein product of the proto-
oncogene c-fos, and tyrosine hydroxylase (TH) to determine whether mating, which 
induces the preovulatory LH surge in the ferret, activates catecholaminergic neurons 
in the main olfactory bulb (MOB), the accessory olfactory bulb (AOB) or the 
midbrain. Estrous female ferrets were either paired with a stimulus male until one 
5-minute intromission was received or were placed alone in a testing cage for an 
equivalent time. All subjects were then returned to their home cages prior to being 
perfused 1.5h later. The brains were processed to localize Fos-like immunoreactivity 
(Fos-IR; visualized using nickel DAB) and TH-IR (visualized using AEC). The 
percentage of double labeled neurons was determined for the MOB, the AOB, the 
locus coeruleus, and three levels in the nucleus of the solitary tract (NST). In 
addition, the number of Eos-IR non-TH neurons was counted in the granular layer, 
the periglomerular layer, and the subependymal zone of the MOB and AOB. 
Double-labeled neurons were present in all regions, regardless of the mating 
condition. After mating, the percentage of double-labeled neurons was significantly 
augmented in the AOB and the MOB but not in midbrain sites. The number of Fos- 
IR non-TH neurons was significantly increased by mating in the granular layer of the 
AOB. These results suggest that mating does not selecdvely activate midbrain TH 
neurons but does activate TH neurons associated with the olfactory/vomeronasal 
system in the ferret. (Supported by HD210942MH00392)

282.13
DIFFEREN CES IN N EURO NA L C FOS LEV ELS IN FEM A LE 
HA M STERS AS A RESU LT OF M ATING. S.M. R a m o se  J.F. DeBold. 
Psychology Departm ent, Tufts University, M edford, M A 02155.

M any brain structures have been im plicated in various aspects o f  mating 
behavior. The medial preoptic area (M PO), for example, influences the 
release o f  prolactin  w hich is necessary for the m aintenance o f pregnancy.
The habenula has reciprocal connections w ith the ventral tegm ental area 
(VTA), w hich is essential for estrus-like levels o f  ham ster sexual receptivity 
and lordosis. As a step toward elucidating the circuitry involved in ham ster 
lordosis, brain areas o f  ovariectom ized, horm one-prim ed, m ated ham sters 
were com pared to ovariectom ized, oil-treated, unm ated ham sters for c fos 
imm unocytochem istry. Fem ales in the m ated condition interacted w ith a 
sexually active m ale for 10 min in an observation arena. Unm ated anim als 
spent 10 min in the arena w ithout a male. All anim als were killed 1 hr after 
the 10 m in period. 50μ sections from  brain areas were considered 
com parable if  within 2 plates o f  the Paxinos and W atson stereotaxic atlas. 
Cells o f  the section containing the greatest num ber o f  cells w ith dense 
nuclear staining w ithin each area o f  interest were counted at l 00x 
m agnification. A nalysis is prelim inary, but shows that the M PO and lateral 
habenula o f  horm one-treated, m ated hamsters, as com pared to oil-treated 
unm ated anim als, contain higher num bers o f  fos imm unoreactive neurons, 
whereas the DM H shows com parable levels o f  fos staining across conditions. 
Other brain areas to be assessed include the superior colliculus, diagonal 
band o f Broca and the zona incerta w hich receive projections from the VTA. 
In addition the ventrolateral VM H is now being studied.

Supported by N SF grant BNS 91-12777 to JFD.

282.12
EFFECTS OF NEONATAL TESTOSTERONE TREATMENT ON 
NEUROENDOCRINE RESPONSES TO VAGINOCERVICAL 
STIMULATION IN THE FEMALE RAT. S. E. Gans* and M . S. 
Erskine. Dept. of Biology, Boston University, Boston, MA, 02215.

Vaginocervical stimulation (VCS) received during mating is critical for 
the generation of prolactin surges that initiate and maintain pregnancy in 
the female rat. Moreover, such VCS produces FOS-like 
immunoreactivity in the medial amygdala. We used a jugular cannulation 
procedure in combination with immunohistochemistry for the c-fos 
proto-oncogene protein product, FOS, to begin to understand sources of 
individual variability in neuroendocrine responses to VCS. Female pups 
were treated on the day of birth with either 0.5 or 0 μg testosterone 
propionate (TP) in 0.1 ml sesame oil, then raised to adulthood and 
ovariectomized. They were treated with estradiol benzoate and 
progesterone (10 and 500 μg in 0.1 ml sesame oil. respectively), 
anesthetized lightly with ketamine (22 mg/kg), then given either ten or 
zero artificial VCS. No female given zero VCS had any prolactin surge, 
nor did they display any FOS-like immunoreactivity in the medial 
amygdala. In contrast, all females given ten VCS had clear diurnal 
surges of prolactin, but only TP treated females had clear nocturnal 
surges. Moreover, only TP treated females displayed a clear FOS 
response to VCS. Apparently, treatment with ketamine can block FOS 
and prolactin responses to VCS. However, ketamine treatment is 
insufficient to block neuroendocrine responses to VCS in females that 
have been treated with 0.5 μg TP on the day of birth. This pattern of 
results suggests that neonatal TP treatment may increase peripheral 
sensitivity to VCS in the female rat. Supported by HD21802 to MSE.

282.14
PROGESTERONE IMPLANTS IN THE VENTROMEDIAL HYPOTHALAMUS 
INCREASE FOS-IMMUNOREACTIVITY IN FEMALE RAT BRAIN 
FOLLOWING SYSTEMIC ESTRADIOL TREATMENT.
J.C. Turcotte*. A.P. Auger, J.M. Meredith and J.D. Blaustein.
Neurosci. & Behav. Program, Univ. of Massachusetts, Amherst, MA 01003.

In female rats, the onset of estrous behavior depends on the sequential presence 
of estradiol followed by progesterone. Progesterone implants in the ventromedial 
nucleus of the hypothalamus (VMN) have been shown to be sufficient for 
progesterone’s facilitation of sexual behavior in estradiol-treated female rats. We 
have shown that systemic injection of progesterone increases Fos-immunoreactivity 
(Fos-IR) in estradiol-primed female rat brain. In this study, we implanted 
crystalline progesterone directly into the VMN of estradiol-treated rats and assessed 
Fos-IR in VMN projection sites.

Animals were ovariectomized and implanted bilaterally with indwelling cannulae 
aimed at the VMN. One week following suigery, animals were primed with 5 fig 
of estradiol benzoate. Forty-eight hours later, either empty or progesterone- 
containing internal cannulae were inserted into guide cannulae. Each animal was 
perfused with 2% acrolein 90 minutes after placement of internal cannulae.

Computer-aided image analysis was used to measure both Fos-IR cell numbers 
and levels of optical density. Progesterone placed in the VMN had no effect on 
Fos-IR cell number in the medial preoptic area (MPOA), but did increase the 
intensity of staining, doubling the mean number of darkly stained cells over blank 
controls. These findings support our previous results showing increased optical 
density of Fos-IR following systemic administration of progesterone. Furthermore, 
changes in Fos-IR at brain regions distant from the progesterone implant site 
suggest that these cells may be activated by VMN hormonal stimulation. This 
technique may be useful in identifying the functional circuitry of progesterone- 
sensitive cells.

282.15
REPRODUCTIVELY- RELEVANT STIMULI INDUCE FOS- 
IMMUNOREACTIVITY WITHIN PROGESTIN RECEPTOR-CONTAINING 
CELLS IN LOCALIZED REGIONS OF RAT FOREBRAIN. A.P. Auger. C.A. 
Moffatt and J.D. Blaustein.* Neuroscience & Behavior Program, Univ. of 
Massachusetts, Amherst, MA 01003.

While appropriate hormonal conditions are important for sexual receptivity in 
female rats, tactile stimuli provided by the male are also necessary. One important 
stimulus provided by the male during copulation is vaginal-cervical stimulation 
(VCS). VCS has been shown to elicit many different behavioral and endocrine 
changes in female rats such as pseudopregnancy and termination of sexual 
receptivity. VCS has been shown to increase Fos in areas associated with 
reproduction. Indeed, a portion of the neurons responding to VCS with increased 
Fos-immunoreactivity (Fos-IR) in female rat forebrain also contain estrogen 
receptors (ER-IR). Furthermore, treatment with steroid hormones decrease VCS- 
induced Fos-IR within the ventromedial nucleus of the hypothalamus (VMN).

Although VCS increases Fos-IR in ER-IR containing cells, it is not known 
whether these Fos-IR nuerons also contain progestin receptors (PR). As 
progesterone plays an important role in the induction of female sexual receptivity, 
it is important to determine if these neurons are also capable of integrating 
information about serum progesterone levels and social interactions. Thus, we used 
a dual immunofluorescent technique to label both Fos-IR and PR-IR in female rat 
brain following VCS manually applied by the experimenter. Results suggest that 
VCS increases the proportion of Fos-IR neurons that are co-localized with PR-IR in 
at least two PR-IR containing regions, the caudal ventrolateral aspect of the VMN 
and the rostral ventrolateral aspect of the VMN including the adjacent area lateral 
to the VMN. However, VCS did not increase the proportion of Fos-IR neurons 
containing PR-IR in the arcuate nucleus. These findings suggest that hormonal and 
tactile information converge on a population of cells to influence behavior.
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283.1
EFFECTS OF COCAINE ON DA SYSTEMS OF PREGNANT MICE AND THEIR 
FETUSES. W. O. Boggan,* W. Xu. J. Clancy . and L. D. Middaugh. Center 
for Drug and Alcohol Programs, Medical Univ. SC, Charleston, SC 294 25 .

The effects of cocaine on fetal and mother DA systems were determined. 
Cocaine (20  or 4 0  mg/Kg, methylester of the HCL salt) or saline was 
injected SC daily during G 1 2 -1 8  into pregnant C57BL/6J mice. The 
animals were sacrificed at 3 0 , 6 0 , and 120  min following the final 
injection. Cocaine (40  mg/kg) reduced food consumption and weight gain 
of the dams during pregnancy and reduced fetal body and brain weights. 
Both doses of cocaine reduced concentrations of the Dopamine (DA) 
metabolite, DOPAC, in the caudate and nucleus accumbens of the pregnant 
mouse brain at 3 0  min after the final cocaine injection w ithout influencing 
DA concentrations. Less extensive reductions were noted in the nucleus 
accumbens at 60  and 120  min after the last injection. Neurochemical 
changes were not observed in the G 18 day fetuses of these pregnant mice. 
Our finding of decreased DA turnover (DOPAC/DA) in dams is similar to the 
decreases in DA metabolism observed by others in nonpregnant animals 
after chronic cocaine administration (eg. Karoum et al, 1990; Trulson et al, 
1987), but contrasts w ith the findings of others (Kleven et al, 1988; Yeh 
and De Souza, 1991). The failure to find DA changes in the fetus after 
cocaine administration during gestation is similar to that reported by Meyer 
et al (1993 ) after chronic cocaine administration via implant to rats, but 
contrasts with their findings of decreased DA concentrations and no 
change in DOPAC in the whole dam brain. Perhaps the whole brain assays 
obscured regional differences. Finally, our findings of differences between 
the effects of cocaine on DA systems of the dams and the fetus might be 
accounted for by differences in brain concentrations of cocaine which were 
10 times higher in the dam than the fetus. (Supported by NIDA Grant 
0 8 0 3 4  to LDM)

283.3
PRENATAL COCAINE EXPOSURE POTENTIATES M POA MONOAMINE 
RESPONSE TO COCAINE CHALLENGE IN ADULT MALE RATS.
Robert C. Eaton*1. Daniel S. Lorrain2. Leslie Matuszewich2, Ilona Vathy1. and 
Elaine M. Hull2. 1Developmental Neurobiology Laboratory, Dept. of Psychiatry. 
Albert Einstein College of Medicine. Bronx. NY 10461, 2 Behavioral Neuroscience 
Program. Dept. of Psychology, SUNY Buffalo, Buffalo, NY 14260.

Previous work of Vathy and colleagues (1993) has shown that prenatal cocaine 
(COC) exposure increased dopamine (DA) content in the medial preoptic area 
(MPOA) of adult male rats. To determine whether this finding extends to 
extracellular levels, this study investigated the effects of gestational COC on basal 
and drug-challenged monoamine levels in the MPOA in awake animals.

Pregnant females were administered COC 10 mg/kg/. lcc or saline (SAL) s.c. 
twice a day on gestational days 11-18. On postnatal day 70, intact males were 
implanted with a stainless steel guide cannula aimed at either the left or right 
MPOA. Five days following surgery, a microdialysis probe was lowered into 
position, attached to a syringe containing artificial CSF, and dialyzed at a rate of 
0.5 μl/min for 2 hours. Baseline samples were then collected every 6 minutes until 
less than 10% change in parent amines between samples occurred. Then a 300 μM 
COC or 1 mM COC solution was delivered through the probe in a counterbalanced 
fashion for three six-minute sample intervals. Baseline was re-established between 
each dose of COC.

Both challenge doses of COC increased extracellular DA levels in SAL- and 
COC-exposed males. However, COC-exposed males showed greater DA response. 
Extracellular serotonin (5-HT) levels were increased by both COC challenge doses 
in SAL- and COC-exposed groups. COC-exposed males exhibited greater 5-HT 
increases when challenged with COC 1 mM, but not with COC 300 μM.

These results suggest that prenatal cocaine exposure alters monoaminergic re-
uptake mechanisms, and their response to subsequent cocaine exposure. Supported 
by Aaron Diamond Foundation Fellowship to RCE & NIMH MH4026 to EMH.

283.5
Effects of Cocaine and Amphetamine on 
Dopamine Levels in the Nucleus Accumbens 
of Weanling Rats as Measured by in vivo 
Microdialysis. Philpot R.M. , Araentieri 
J.M. , Kirstein C.L.* Psychology Department, 
University of South Florida, Tampa Fl, 33620.

The NAcc appears to play a significant role 
in both the reinforcing aspects of addictive 
substances as well as the development of 
addiction. In adult animals studies using 
drugs of abuse have been shown to induce 
significant increases in dopamine levels in the 
NAcc. The present study examines the effects 
of the dopaminergic agonists amphetamine and 
cocaine on NAcc dopamine levels in weanling 
pups. Weanling pups received acute injections 
of either d-amphetamine (0.2, 0.5, 1.0 or 2.0 
mg/kg/3cc, s.c.) or cocaine HC1 (2.0, 5.0, 10.0 
or 20.0 mg/kg/3cc, s.c.). Dopamine and its 
metabolites were measured via in vivo 
microdialysis. Dopamine increases in the NAcc 
of weanling pups are described.

283.2
PRENATAL EX POSURE TO COCAINE ALTERS TH E EFFECT OF 
AM PHETAM INE AND COCAINE ON EXTRACELLULAR DOPAM INE IN 
RABBIT CAUDATE J .A . Harvey*. W. Du, V.J.A loyo and P.S. Pazdalski. Div. of 
Behavioral Neurobiology, Dept. of Pharmacology, The Medical College of 
Pennsylvania and Hahnemann University, Philadelphia, PA 19129.

In order to further characterize the impact of prenatal cocaine exposure on 
dopaminergic system , in vivo microdialysis in caudate was conducted in conscious 
rabbits before and after acute systemic amphetamine and cocaine challenge. 
Dopamine transporter density in caudate was also m easured using [3H]WIN 35,428 
binding. Pregnant rabbits were given either saline or cocaine (4mg/kg, iv) twice a 
day from G8 through G29. The microdialysis was performed in saline or cocaine 
progeny at about PD70. There was no difference in the basal concentration of 
extracellular dopamine between cocaine and saline progeny. Amphetamine 
(5mg/kg, iv) significantly increased extracellular dopamine levels in the caudate of 
both groups (p< 0.001). Moreover, the amphetamine-induced dopamine increase 
was greater in cocaine progeny than in saline progeny (p<0.02). Although DOPAC, 
decreased in both groups following amphetamine injection, there was no significant 
group difference. HVA showed no change throughout the experiment. In contrast 
to amphetamine, acute cocaine (4mg/kg, iv) significantly increased the levels of 
extracellular DA in cocaine progeny (p< 0.023), but not in the saline controls. 
DOPAC and HVA showed no change after cocaine challenge in both groups. 
Prenatal cocaine exposure did not significantly alter either the Kd or Bmax values 
for WIN 35,428 binding in caudate in either the 50 or 120 day old animals. These 
findings suggested that prenatal exposure to cocaine may affects the development 
of the dopaminergic system so as to increase its response to stimulant drugs. This 
effect seems not to be due to upregulation of the dopamine transporter. Supported 
by DA06871.

283.4
PRENATAL COCAINE EXPOSURE ALTERS TISSU E LEVELS OF DOPAMINE, 
SEROTONIN, AND THEIR METABOLITES IN 12-DAY OLD RAT PUPS.

S.D. Glick. Dept. of Pharmacology and Neuroscience, Albany Medical 
College, Albany, NY and 'Wadsworth Ctr., NYS Dept. Health, Albany, NY

Pregnant Long-Evans rats were given injections of saline or cocaine 
(10  mg/kg twice daily, SC) between gestational days 7-21. At birth litters 
were cross-fostered to control mothers. Previous studies from this 
laboratory have indicated that prenatal cocaine exposure increases 
extracellular levels of dopamine (DA) and its metabolites (DOPAC and 
HVA) in striatum (STR) and N. accumbens (NA) as measured by 
microdialysis. This effect was observed in rat pups, but the levels 
returned to normal in adults. Additionally, we have observed increased 
levels of the serotonin (5-HT) metabolite, 5-HIAA, in the extracellular fluid 
of adult frontal cortex (FC) and increased 5-HT immuno-reactive fibers in 
the striatum of adult rats.

In the present study we examined the tissue levels of DA, 5-HT, and 
their metabolites in 12-day old pups that were prenatally-exposed to 
cocaine. Increases of approximately 20% were observed in DA and its 
metabolites in the caudal STR and hippocampus (HIP) while no changes 
were observed in rostral STR or FC. In NA there was a 20% increase in 
metabolites but no change in DA. 5-HT levels were almost double in 
caudal STR, increased approximately 25% in FC and HIP, and showed no 
change in rostral STR and NA. The altered tissue levels of DA and 5-HT 
observed are consistent with our previous neurochemical and anatomical 
observations. [Supported by DA-06199]

283.6
EFFECTS OF PRENATAL EXPOSURE TO THE COCAINE METABOLITE 
COCAETHYLENE ON DOPAMINE MECHANISMS IN THE 14-DAY-OLD RAT 
BRAIN. R.R. Murphy and D.E. Walters*. Div. Pharmacology, 
Dept. Pharmacal Sci., Auburn Univ., AL 36849.

The purpose of this study was to determine if cocaethyl- 
ene (CE), a unique cocaine metabolite formed only in those 
who coadminister cocaine and ethanol, produces effects 
similar to those observed following prenatal exposure to 
cocaine. On gestation day 7, adult female Sprague-Dawley 
rats were anesthetized with chloral hydrate, 400 mg/kg, for 
implantation of Alzet osmotic pumps containing CE base, 
83.3 mg/ml, or 0.9% saline vehicle. The dose of CE base 
was about 40 mg/kg/day based on an average body wt of 0.25 
kg during the last 2 wks of gestation.

Prenatal exposure to CE had no significant effect on the 
affinity (Kd) or density (Bmax) of dopamine (DA) D1 
receptors in the nucleus accumbens (NAc) of 14-day-old 
offspring. Although the sample size is still small, there 
was no significant effect of prenatal exposure to CE on the 
Kd of DA D2 receptors in the NAc at postnatal day 14. 
There was, however, a decrease in D2 receptor density in 
the NAc at this age. CE has had no significant effect on 
maternal food consumption or any other value related to 
pregnancy. Data will be presented on the effects of 
prenatal exposure to CE on DA receptor binding in the 
striatum and on DA transporters in the NAc and striatum. 
Funded by an Auburn University School of Pharmacy research 
grant-in-aid.
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283.7
NEUROTRANSMITTER REUPTAKE INHIBITION DURING THE LATE POSTNATAL PERIOD 
OF DEVELOPMENT PRODUCES GENDER AND DRUG-SPECIFIC CHANGES IN 
DOPAMINE D1 AND D2 RECEPTORS. G.S. Frick*. D.L. Dow-Edwards. Department of 
Pharmacology, SUNY-Health Science Center at Brooklyn, Bklyn, N.Y 11203.
The present study was aimed at determining the effects of exposure to cocaine during the 

late postnatal period of development on DA D1 and D2 receptors, and the relative 
contributions of two mechanisms, inhibition of dopamine (DA) and inhibition of serotonin 
reuptake on these receptors. Sprague-Dawley rats were mated in our animal facility and on 
day of parturition, pups were assigned to receive subcutaneous injections of cocaine, 
fluoxetine or GBR12909 at 25mg/kg or an equivalent volume of vehicle (water) during 
postnatal days 11-21. Animals were sacrificed on day 21 and brains were removed and frozen. 
Alternate frozen 20μ m coronal brain sections were taken on subbed slides. Sections were 
incubated for 45 minutes in either 6nM 3H-SCH23390 (D1) or 8nM 3H-raclopride (D2). 
Sections for non-specific binding were incubated in the aforementioned media plus 10μ M 
butaclamol and 40nM ketanserin. The sections were exposed for 2 weeks and were analyzed 
quantitatively using the M1 Imaging System (Imaging Research).

Overall treatment effects were observed in 10/14 regions and 14/18 regions assessed for D1 
and D2 receptor binding respectively. D1 and D2 receptor binding was virtually unaffected in 
both the male and female cocaine-treated animals. Decreased D1 and D2 receptor binding 
was observed in the GBR-treated females in several components of the motor, sensory and 
limbic systems. On the other hand, in the GBR-treated males, only 2 motor structures showed 
a decrease in D1 and D2 binding. Fluoxetine, like cocaine, produced little effect on binding in 
both males and females. Other non-DA effects of cocaine may have masked the DA effects in 
the cocaine-treated group which may explain why few changes in D1 and D2 binding were 
seen in these animals. These data confirm previous work from our laboratory showing that 
female rats are more sensitive to the effects of inhibition of DA uptake than male rats and that 
cocaine does not equal GBR in its effects on the development of the DA system. Supported 
by  Grant DA04118

283.9
CO CAIN E ADV ERSELY  AFFECTS D EV ELO PM EN T OF 
EM BRY ON IC N EU RON S IN  VITRO. IM M U N OCY TO CH EM I- 
CAL STUDY OF C A LCIU M -BIN D IN G  PROTEIN S. E. Alter- 
Yablonskv*. I.I.Glezer, I. M. Toporovsky. V. Lima. CUNY Med. School. 
NY, NY 10031.

GABAergic neurons of cerebral cortex from 15-16 day old embryos of 
white rats (Sprague-Dowley) were selecteively cultured in MEM enriched 
with 5% horse serum. On the seventh day after plating the cultures were 
divided into three experimental and one control groups ( 6-8 petri dishes in 
each group). In group 1 cocaine-chloride was added at concentrations 0.0 3, 
0.06 and 0.1 mg/ml of culture. To each culture in group 2 a monoclonal 
antibody against calcium-binding proteins, parvalbumin (APV) or calbindin 
(ACB) was added at a concentration 25 μ l  /ml. In group 3 a combination of 
cocaine+ APV was added at a concentration (0.10mg+25μ l)/ml of culture. In 
group 4 cultures were grown without additives. On the tenth day cultures 
were immunostained using APV and ACB antibodies. In developing GABA
ergic neurons of group 1 cocaine produced cytotoxic effects that were 
expressed in drastic decrease in number o f neurons and in degeneration of 
their processes. The lower concentrations o f cocaine caused milder cytotoxity 
and their effects were reversible. The highest concentration of cocaine caused 

irreversible degeneratioin of neurons. Similar cytotoxity was caused by APV or 
ACB in group 2. The most severe cytotoxic effects were seen in group 3 
where almost all neurons disappeared. Results suggest that in the developing 
nervous system calcium-binding proteins may serve as protective metabolites 
against cytotoxic agents. We have also shown that cocaine in higher 
concentrations directly affects development of GABAergic neurons in vitro .

Supported by PSC-CUNY grants # 665208 and # 664396.

283.11
CHRONIC COCAINE EXPOSURE ALTERS ENDOGENOUS OPIOID 
GENE EXPRESSION IN FETAL MONKEY BRAIN. Lin Chai*. Barry 
Naylor and Oline K. Ronnekleiv. Dept of Physiology, OHSU, Portland, OR 
97201, ORPRC, Beaverton, OR 97006.

This study examined the effects of cocaine on proenkephalin (PE) 
and prodynorphin (PD) mRNA expression in the fetal monkey brain. 
Eighteen-day pregnant rhesus monkeys were treated with 3mg/kg cocaine or 
saline, 4x/day until day 60 or 70 of pregnancy. Fetal brains were either 
dissected into 6 different regions for RNA extraction and ribonuclease 
protection assay (RPA; n=3, each treatment and fetal age), or fixed in 4% 
paraformaldehyde for immunocytochemistry and in situ hybridization (ISH) 
analysis. Human PE and PD 32P- or 35S-labeled cRNA probes were used for 
RPA and ISH, respectively. The RPA analysis revealed that cocaine 
treatment significantly elevated PE and PD mRNA expression in the frontal 
cortex (FC)/basal ganglia (BG) block by day 60 o f gestation (P<0.05). By 
day 70 of gestation, PE mRNA levels were significantly increased in the FC 
and BG blocks, and significantly decreased in the midbrain block in cocaine 
vs control fetuses (P<0.05). PD mRNA was not detected in the FC block of 
either fetal group, but was significantly increased in the BG, and decreased 
in the midbrain of cocaine treated subjects. Preliminary data on the 
anatomical distribution of PE and PD illustrates that both types o f neurons 
are present in the cortical subplate region and in the BG by day 60. These 
data suggest that chronic prenatal cocaine exposure may alters PE and PD 
gene expression in the rostral forebrain by day 60, and by day 70 of 
gestation other brain regions are also affected. {Supported by DA07165)

283.8
IN UTERO COCAINE EXPOSURE DOES NOT DIRECTLY AFFECT  
AMINERGIC RESPONSES OF CEREBELLAR PURKINJE CELLS IN ADULT 
MICE. E M. Gould1*. B.E. Kosofsky2. and B.D. Waterhouse1 Dept. of Anatomy 
and Neurobiol.1, MCP-Hahnemann University, Philadelphia, PA 19102. Mol. 
Dev. Neurosci.2, Mass. Gen. Hosp., Charleston, MA 02129  

The central actions of cocaine are mediated by blocking the reuptake of the 
biogenic amines, dopamine (DA), norepinephrine (NE), and serotonin, at nerve 
terminals. One potential mechanism whereby transplacental cocaine exposure 
may compromise fetal brain development is by altering the postsynaptic 
function of these aminergic neurotransmitter systems and their associated 
transduction systems. For example, cocaine effects on the central 
noradrenergic system may be manifested as an alteration in actions mediated 
by the β-receptor/cAMP-dependent transduction pathway. To assess 
differences in the effects of NE in the CNS of adult mice transplacentally 
exposed to cocaine versus saline controls, saline pair-fed controls, and sham 
controls, we utilized single unit extracellular recording and microiontophoresis 
in conjunction with a standard set of electrophysiological assays of cerebellar 
Purkinje neuron function. The cerebellum contains no DA terminals and when 
used in these protocols has been shown to be an excellent model for revealing 
changes in the neuropharmacology of the central noradrenergic system. We  
found no differences between groups in terms of: 1) Purkinje cell spontaneous 
firing rates, 2) efficacy of iontophoretically applied GABA, or 3) NE-induced 
inhibition of Purkinje cell discharge. However, in the cocaine exposed mice 
there appeared to be an increase in the ability of NE to potentiate GABA- 
induced inhibition at NE levels which had no effect on spontaneous activity. 
Overall these results imply that in utero cocaine exposure does not alter NE or 
GABA mediated inhibition of cerebellar Purkinje cell firing but may enhance 
NE-induced modulation of GABA actions. Supported by NIDA DA 05117 to 
BDW.

283.10
POSTNATAL 5-HT2A/2C ACTIVATION REVERSES MICROCEPHALY AND SEROTONERGIC 
DEFICITS IN RATS EXPOSED TO COCAINE IN  UTERO. H.K. Kramer*. L. A. Corrente 
J.C. Rios. E.C. Azmitia and J.C. Poblete. Dept. of Biology, New York Univ., NY, NY, 10003.

In utero exposure to cocaine (COC) results in numerous neurobehavioral deficits in laboratory 
animals. The serotonin (5-HT) system appears to play a role as a developmental signal during 
critical periods of brain growth, and is especially sensitive to the teratogenic effects of COC In 
rats, late gestational exposure to COC (GD 13-22) delays forebrain 5-HT innervation and retards 
glial cell migration and maturation. The latter results in a loss of the glial-denved, 5-HT and 
cortical growth factor S-100β . Treatment (tx) with a 5-HT1A receptor agonist, ipsapirone (from 
PND 1-5), alleviates COC-induced microcephaly and increases glial S-100β  levels. We now 
examine the effects of a 5HT2a/2c receptor agonist ((±)-DOB• HBr) after prenatal COC exposure. 
5-HT2a/2c receptors are, at birth, present throughout the brain (on astrocytes and other non-5-HT 
cells) and regulate cerebral glycogenolysis via second messenger systems (cAMP and PKC).

Pregnant Sprague-Dawley rats were injected with COC (40.0 mg/kg, s.c.) or saline (pair-fed 
controls) from GD 13-parturition. On PND 0, litters were cross-fostered, culled to 8 pups/litter, 
and divided into 4 groups which received either saline or the 5-HT2a/2c agonist, DOB (2.5 mg/kg, 
s.c.) from PND 1-5. Body and brain weights were recorded, and forebrain (CTX & HIP) 5-HT 
terminal density was quantified by 3H-paroxetine (3H-PAR) binding at PND 0. 7, and 21

Prenatal cocaine exposure significantly reduced neonatal body weight, brain weight, and the 
density of cortical (-34.6%) and hippocampal (-25.8%) 3H-PAR binding sites at PND 0 and 7. 
Perinatal DOB-tx increased 5-HT fiber density in COC, but not saline exposed rats by PND 7. 
Interestingly, DOB also caused a significant loss in body weight (from PND 5-21) regardless of 
the prenatal treatment. By PND 21, DOB had profoundly increased the density of forebrain 
5-HT terminals, in COC treated pups (+23.8-32.3%), compared to all other experimental groups. 
These results indicate that postnatal stimulation of the 5-HT2A,2c receptor alleviates some of the 
neuropathy mediated by gestational COC exposure, possibly through mechanisms that increase 
glucose availability to growing neurites. However, the anorectic effects of DOB may be 
produced through alterations in 5-HT2-mediated glucocorticoid release. (NIDA# 271-90-7403)

283.12
PRENATAL ONTOGENY OF NOREPINEPHRINE TRANSPORTER 
BINDING IN THE RAT BRAIN. L  P. Shearman*. A, Koman. and J. S. 
Meyer. Department of Psychology, Neuroscience and Behavior Program, 
University of Massachusetts, Amherst, MA 01003.

Little is known about the possible effects o f prenatal cocaine exposure on 
the developing noradrenergic system. To investigate this question, we studied 
the prenatal ontogeny of the norepinephrine (NE) transporter, and the 
influence of maternal cocaine treatment on fetal brain transporter binding. 
Single-point assays were performed with [3H]nisoxetine, a selective label of 
the NE transporter, to determine the normal development of NE uptake sites 
in rat brain. Washed membranes obtained from whole brains at gestational 
day (GD) 15, 17, 18, 20, postnatal day 1, and adulthood were incubated with 
1 nM [3H]nisoxetine for 3 h at 0°C. Parallel tubes contained 1 μ M mazindol 
to define nonspecific binding. NE uptake sites were detected at GD 15, and 
their density steadily increased into adulthood. This time course parallels our 
previous findings concerning the development of rat brain [3H]cocaine 
binding sites (Meyer et al., 1993). Saturation analyses demonstrated that 
[3H]nisoxetine bound with high affinity to a single class of sites at GD 20 
with a Kd similar to that reported for adult rat cortex (Tejani-Butt et al., 
1990). In another experiment, pregnant dams received cocaine continuously 
via s.c. Silastic implants from GD 17 to GD 20, and changes in fetal brain 
and placental [3H]nisoxetine binding were assessed. Whereas cocaine 
produced a marked upregulation of NE transporter density in the placenta at 
GD 20, no effect was found in fetal brain. Thus, brain NE uptake sites 
develop prenatally, however cocaine regulation of these sites remains to be 
demonstrated. Supported by DA-06495 and a Fac. Res. Grant from UMass.
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283.13
DEVELOPMENTAL TIME COURSE OF PRENATAL 
COCAINE-INDUCED PROLACTIN SUPPRESSION. R. 
F. Smith* C.N. Medici, D. K. Sheppard. V. Chandhoke, and 
C. Gomez. Dept. of Psychology and Shared Res. Instr. 
Facil.. Geo. Mason Univ., Fairfax, VA 22030

Pregnant Long-Evans hooded rats were dosed with 5, 10, 
20, or 40 mg/kg/d cocaine from G7-G20; controls included 
uninjected, and injected/ pairfed subjects. At each of PI, P3, 
P5, and P10, one sex pair per litter was sacrificed by 
decapitation. Serum samples were assayed for PRL by 
ELISA. For female subjects, there was a clear developmental 
time course of cocaine-induced PRL suppression. PI 
samples showed significantly reduced PRL levels in all 
cocaine-dosed groups, compared to both control groups. By 
P3 (and continuing), PRL levels for cocaine-dosed groups 
were similar to those of controls. Contrary to previous data, 
males failed to exhibit a clear cocaine-induced PRL 
suppression. These data confirm (at least in females) that 
prenatal cocaine leads to a suppression of neonatal prolactin 
levels, and indicate that suppression is transient. This 
transience suggests that neonatal PRL suppression is 
secondary to cocaine withdrawal, not to a lasting cocaine- 
induced change in neuroendocrine control.

283.15
ENHANCED SEIZURE SUSCEPTIBILITY OF PERINATALLY COCAINE- 
TREATED RATS: COMPARISON OF COCAINE AND PTZ-INDUCED 
SEIZURES. A. Snyder-Keller*, C . S am , and  L.C . Costantini, 
W adsw orth C enter for Laboratories and R esearch, N ew  York  State  
Dept, of Health, A lbany, NY, 12201.

W e  previously reported (SNA *93) that prenatal coca ine  exposure  
increased susceptibility to  cocaine-induced seizures later in life 
(Snyder-Keller and Keller, Neurosci. Lett. 1995). In the  present 
studies w e exam ine the critical period of deve lopm ental cocaine  
exposure leading to these  effects, as well as  the  generalizability  of 
seizure susceptibility to other chem oconvulsant agents. Prenatal 
cocaine (40 m g/kg s.c., E 10-E 20) enhanced susceptibility to  both  
acute cocaine-induced and cocaine-kind led  seizures w hen anim als  
w ere tested beginning at one m onth of age. Postnatal cocaine  (10-20  
m g/kg s.c., P1-P10) w as apparently  a  m ore severe treatm ent; m any  
of the rats treated with the  20  m g/kg  dose  fo r th e  full 10 days lost 
weight and died. Nevertheless, in surviving rats, this treatm ent w as  
less effective in enhancing susceptibility to  coca ine-in duced seizures; 
only fem ales show ed a  tendency tow ards an  increased rate of 
cocaine kindling. Susceptibility to  seizures induced by low doses of 
pentylenetetrazol (PTZ; 2 5-30  m g/kg) w as slightly g reater in prenatally  
cocaine-treated, but not postnatally cocaine-treated  rats. Sex  
differences w ere also apparent in all treatm ent groups: fem ales  w ere  
m ore sensitive to cocaine w hereas  m ales w ere  m ore sensitive to  PTZ. 
Supported by DA08694.

283.17
EFFECTS OF PRENATAL COCAINE EXPOSURE ON REWARD SENSITIVITY IN ADULT 
RATS G.S. Hecht* Loren Riocio. LP. Spear and N.E. Spear Dept  of Psychology and Center 
for Developmental Psychobiology, Binghamton University , Binghamton, NY 13902

Operant studies in rodents have shown that prenatal cocaine exposure results in 
increased rates o f cocaine sdf-administration in adulthood. Additionally, adult offspring 
exposed prenatally to methadone have been reported to exhibit increased operant responding 
for non-drug (food) reinforcement. Collectively, these data suggest that (at least with regards 
to opiates) the increased drug self-administration seen in drug-exposed offspring may reflect 
more global alterations in brain reinforcement mechanisms. To assess the effects o f prenatal 
cocaine exposure on the later functioning o f brain reinforcement mechanisms, the parameters 
of operant responding for a natural reinforcer (sweetened food pellets) were compared in adult 
rats prenatally exposed to cocaine and control offspring The study employed a progressive 
ratio(PR) reinforcement schedule which has been shown to be highly sensitive to alterations in 
motivation and/or reward sensitivity . Off spring were derived from Sprague Dawley dams that 
received daily s.c. injections of 40mg/kg/3cc cocaine HCL (C40) from Gestational Day 8-20, 
and nontreated control dams (LC . Male adult rats from each group were reduced to 85% of 
their free-feeding weight and trained under a PR schedule. Each PR session was ended when 
a rat failed to complete the ratio for a particular reinforce* within 20mm from the delivery of 
the previous reinforcer. The last ratio completed was defined as the breakpoint for that session. 
All animals from both groups were tested under both food deprived (FD) and free feeding (FF) 
states. Data from each self-administration session was scored as number o f responses, 
breakpoint, and mean inter-reinforcement interval (IRI). Neither prenatal treatment nor 
motivational state differences were observed for the IRI measures. The breakpoint measure 
was increased in FD rats relative to FF rats attesting to the sensitivity o f  the FR schedule, 
however no differences were seen as a function o f prenatal cocaine treatment. Thus unlike 
prenatal opiate exposure which appears to result in global alterations in reinforcement 
mechanisms, prenatal cocaine exposure may selectively alter sensitivity to future cocaine 
reinforcement, leaving sensitivity to other rcinforcers unchanged

283.14
C-FOS INDUCTION AFTER COCAINE- AND PTZ-INDUCED SEIZURES 
IN PRENATALLY COCAINE-TREATED AND CONTROL RATS. N. Liao*, 
R.W. Keller, Jr., and A. Snyder-Keller, Wadsworth Center 
for Labs and Research, New York State Department of 
Health, and Albany Medical College, Albany, NY, 12201.

As an approach to determining the locus of enhanced 
seizure susceptibility in the brains of prenatally 
cocaine-treated rats (Snyder-Keller and Keller, Neurosci. 
Lett., 1995), we examined the distribution and density of 
Fos-immunoreactive cells after cocaine- and pentylene
tetrazol (PTZ)-induced seizures in mature rats. Subconvul- 
sive cocaine doses (eg. 40 mg/kg) induced c-fos in several 
cortical areas as well as densely dopamine-innervated 
regions such as striatum and nucleus accumbens. Following 
cocaine-induced seizures, intense c-fos induction was 
observed in pyriform cortex, amygdala, and dentate gyrus. 
Following PTZ-induced seizures, the pattern of Fos 
immunoreactivity indicated that limbic structures were 
recruited sequentially as seizure severity increased. 
Because prenatally cocaine-treated rats kindle more 
rapidly to cocaine, we examined the pattern of c-fos 
induction after several days of daily cocaine treatment. 
With repeated cocaine injections, c-fos induction was 
reduced in all regions relative to an acute dose, although 
Fos-immunoreactive cells were again numerous in limbic 
regions after a cocaine-kindled seizure. Pretreatment 
with the noncompetitive NMDA antagonist MK-801, which 
prevents both acute and cocaine-kindled seizures, reduced 
seizure-induced Fos in posterior pyriform cortex, 
amygdala, and dentate gyrus. We are quantifying the 
number of Fos-immunoreactive cells to determine whether 
greater c-fos induction occurs in prenatally cocaine- 
treated versus control rats prior to or as a result of any 
of the seizures examined. Supported by DA08694.

283.16
THE IMPACT OF A SINGLE COCAINE INJECTION ON SER UM  AND BRAIN  
LEVELS OF DRU G-NAIVE AND D R U G-EX PER IENC ED RATS AND THEIR  
FETUSES: A Q UANTITATIVE HPLC A NA LY SIS STU DY. J.W. Linton*. D.E. 
Weese-Maver. P.M. Carvey. Depts. of Neurological Sciences & Pediatrics, Rush 
Medical College and Rush Children’s Hospital, Chicago, 1L 60612.

The vast majority of women that use illicit drugs during pregnancy have a substantial 
ding abuse history before becoming pregnant. Unlike clinical populations, animal based 
studies examining the consequences of prenatal cocaine exposure invariably employ drug- 
naive animals as subjects. Drug experience may alter the metabolism or transmission of 
cocaine across the placenta, resulting in differing levels of exposure for the fetuses. This 
study sought to examine: 1) The relationship between fetal brain and maternal serum and 
brain cocaine levels every 15 minutes after a single subcutaneous (s.c.) injection of 30 
mg/kg cocaine HC1 in an anesthetized pregnant rat on day El 5 of gestation, and 2) 
whether the dynamics of these relationships changed if the mother had been exposed to 
a 5 day administration of continuous cocaine ending 1 week before mating. Alter a 
general anesthetic, a femoral cutdown was performed to allow removal of timed blood 
samples, a pump attached to a microdialysis probe in the ventrolateral striatum was 
adjusted to 2 μ l/min, and the subject received a lower abdominal incision in order to 
reveal the fetuses in the uteius. Baseline blood and perfusate samples were collected and 
a fetus from the distal hom of the uterus was clamped off from the uterine blood supply 
and removed The brain was then dissected free from the fetus, frozen and stored for 
subsequent analysis. An s.c. injection of cocaine HC1 was administered followed every 
15 min by the collection of a blood sample, striatal dialysate and the removal of fetus. 
Samples were extracted using standard techniques and concentrated to allow for 
maximum sensitivity for IJV HPLC cocaine detection Fetal cocaine brain levels from 
drug-naive mothers reached a peak concentration of 98.4 ng/brain at 60 min post- 
injection, followed by a slow tapering off that left no detectable levels of cocaine after 105 
min. Maternal serum cocaine levels peaked at the same time at 178.5 ng/ml and tapered 
off in the same fashion. Microdialysis data and data from drug-experienced rats will be 
discussed.

283.18
PHYSIOLOGICAL CONSEQUENCES IN ADULT FOREBRAIN OF PRENATAL 
EXPOSURE TO PSYCHOSTIMULANTS. T.C. Napier.* T.M. Cabrera and G. 
Battaglia. Dept. Pharmacol., Loyola Univ. Chicago, Sch. M ed., Maywood, IL 60153.

The present study evaluated the long-term consequences o f  in utero exposure to 
psychostimulants. Pregnant rats were treated twice daily with cocaine (15 mg/ml/kg 
sc), methamphetamine (5 m g/ml/kg sc) or saline (1 m l/kg sc; fed ad lib or pair-fed) 
during gestational days 13 through 20. At birth, male and female offspring were 
fostered to untreated lactating dams. When offspring weighed 330-400 grams, they 
were anesthetized with chloral hydrate, and extracellular recordings o f  action 
potentials from over 700 individual spontaneously active neurons were characterized. 
Recordings were made in the frontal cortex, nucleus accumbens, striatum, globus 
pallidus and ventral pallidum. Descriptors obtained for action potential 
configuration (which can provide information as to recorded population 
homogeneity) were action potential height (μ V), duration (ms), waveform profile 
(mono-, bi-, tri-phasic), and initial deflection (negative, positive). Descriptors o f cell 
firing were spiking frequency, inter-spike-interval distribution, and number of 
spontaneously firing cells encountered per recording electrode penetration. The 
anatomical location o f each recording site was verified. It was determined that the 
areas sampled, and the location topography for encountered neurons, were similar 
among treatments and between genders. Measures o f  action potentials also were 
similar suggesting that neuronal populations that are active in chloral hydrate- 
anesthetized rats are not altered with in utero exposure to psychostimulants. In 
contrast, some measures o f  neuronal activity did differ. M ost striking was the trend 
that in adult males prenatally exposed to either cocaine or methamphetamine, the 
number and firing rate o f active neurons was increased within the cortex, striatum 
and nucleus accumbens. These observations support our previous findings that in 
utero exposure to psychostimulants can induce long-term, potentially permanent 
changes in the adult forebrain. A consequence o f  these changes appears to be an 
increase in the functional output o f  cortical and striatal regions, and males may be 
particularly susceptible to prenatal psychostimulant exposure. Supported by USPHS 
grants DA 05255 to TCN & DA07741 to GB, and NSF grant GER9253875 to TMC.
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283.19
EFFECTS OF PR EN A TA L EXPOSU RE TO C O CAIN E ON BRAIN  
SER OTONIN SYSTEM S IN A DU LT FEM ALE R AT PRO G ENY
G. Battaglia.* T.M. Cabrera, L.D. Van de Kar, W. Pinto, F. Garcia, and Q. Li 
Dept, of Pharmacol., Loyola Univ. Chicago, Sch. of Med., Maywood, IL 60153.

We previously reported attenuated hormone responses to a serotonin (5-HT) 
releasing drug in adult male (Synapse 15:158-168,1993) and PREPUBESCENT 
female (Brain Res. Bull. 34:93-97, 1994) progeny following prenatal exposure to 
cocaine. The present study investigates the consequences of prenatal exposure to 
cocaine on the biochemical & functional status o f pre- and postsynaptic serotonin 
systems in adult female progeny using serotonin selective drugs. In addition, the 
offspring’s responsiveness to a subsequent injection of cocaine was evaluated. 
Pregnant rats were administered saline or (-)cocaine (15 mg/kg, sc) bid from 
gestational day 13 through 20 and female progeny were tested at postnatal day 45. 
Functional alterations were determined by measuring changes in plasma hormone 
responses to a single injection of the 5-HT releaser p-chloroamphetamine (PCA; 
8 mg/kg, i.p.), the 5-HT2A/2C agonist DOI (2.0 mg/kg, sc), or cocaine (15 mg/kg, 
i.p.; the prenatal treatment drug). Basal levels of corticosterone (CORTS) were 
significantly higher in cocaine-exposed adult female progeny. Cocaine, DOI and 
PCA significantly elevated plasma corticosterone in saline-exposed progeny. 
However, CORTS was not significantly elevated above 'basal values in adult 
cocaine-exposed female progeny following any of the pharmacological challenges 
(i.e. cocaine, DOI or PCA). In addition, basal renin values were comparable 
between progeny groups, yet, the renin response to PCA was attenuated in cocaine- 
exposed progeny. Changes in brain monoamines and monoamine receptors are 
being determined and will be presented. These data demonstrate that prenatal 
cocaine exposure produces functional alterations in 5-HT mediated neuroendocrine 
responses in adult female progeny which differ somewhat from those previously 
observed in adult males. (Supported byDA07741, NSF GER9253875 &MH45812).

DRUGS OF ABUSE: COCAINE—DEVELOPMENT II

284.1
AGE-DEPENDENT EFFECTS OF COCAINE ON SEVERAL COMPLEX 
BEHAVIORS IN RHESUS MONKEYS M.G. Paule . M.P. Gillam. R.- 
R. Allen and P. Morris Division of Neurotoxicology, 
National Center for Toxicological Research/FDA, Jeffer
son, AR 72079-9502.

The effects of acute cocaine hydrochloride (COC) 
administration (0.03 to 3.0 mg/kg, intravenously) on 
several complex brain functions were studied in juvenile 
(at both 1.5 and 3 years of age, n=12) and adult (7 years 
old, n=7) rhesus monkeys. Several food-reinforced operant 
behaviors, used to model learning, short-term memory, 
color and position discrimination and motivation (MOT), 
were monitored. The lowest dose of COC that signifi
cantly disrupted any of these behaviors in adults was 
0.30 mg/kg, whereas in 3 year old animals it was 1.0 
mg/kg and in 1.5 year old juveniles, it was 1.75 mg/kg. 
For performance of the MOT task, the lowest dose of COC 
to cause significant effects increased from 0.3 to 1.0 to 
3.0 with decreasing age. Thus, sensitivity to the 
behaviorally disruptive effects of COC increase with age 
such that adults are about 5 to 10 times more sensitive 
to such effects than are 1.5 year old juveniles. 
Presuming that COC causes its behavioral effects via 
interaction with the dopamine reuptake transporter, 
changes in sensitivity to the behavioral effects of COC 
with age may reflect the functional status of this 
reuptake system or dopamine receptors themselves, 
(supported in part by Interagency Agreement #224-89-003 
with NIDA).

284.3
Effects of Chronic Cocaine Treatment Prior to Conception in the Rat. K.A. Margason 
and B.S. Neal-Beliveau*. Department of Psychology, Purdue School of Science, 
Indiana University - Purdue University Indianapolis, Indianapolis, IN 46202.

The incidence of infants born with illicit substances in their urine has increased 
greatly over the past 10 years, primarily due to an increase in the use of psychomotor 
stimulants such as cocaine. Perinatal exposure to cocaine is known to have adverse 
effects on neurobehavioral development, but it does not appear necessary to have direct 
cocaine exposure in utero to affect the offspring. For example, cocaine is known to 
have effects on gene transcription, and behavioral alterations have been reported in 
offspring following paternal exposure. The aim of this study is to determine if cocaine 
causes behavioral deficits in the offspring of parents that cease taking the drug prior to 
conception. Male (M) and female (F) Sprague-Dawley rats were treated with cocaine (C; 
10 mg/kg-day) or saline (S) for 65 days to ensure that the entire male spermatogenesis 
cycle was exposed. A 10-day period of abstinence was then imposed, after which rats 
were mated as follows: SF x SM (control group); CF x SM; SF x CM; and CF x 
CM. No detrimental effects of chronic drug exposure were noted. Rats were able to 
mate and give birth normally, and there were no effects on birth parameters (e.g., 
gestational length, litter size, male:female ratio). However, female CF x CM offspring 
weighed significantly less than their SF x SM counterparts (controls) on postnatal day 
1 (P1), P7 and P 14. Furthermore, both male and female CF x CM offspring exhibited 
delays in the following measures of reflex and physical development: (1) righting reflex 
(indicator of neurological development); (2) negative geotaxis (indicator of neuro
muscular locomotion and coordination abilities); (3) acoustic startle response; and (4) 
eye opening. No differences were observed with pinna detachment, fur emergence or 
cliff avoidance. Locomotor activity was measured on P21, P30 and P60; the CF x CM 
offspring were less active than the other groups on P60. Thus, effects of cocaine are 
apparent in the offspring even if parental exposure is terminated prior to conception. 
(Supported by USPHS Grant NIDA 09362 and an IUPUI Faculty Development Grant).

284.2
L O C O M O T O R  A C T IV IT Y  A N D  C O C A IN E  S E N S IT IV IT Y  IN R A T S  
F O L L O W IN G  P R E N A T A L  C O C A IN E  E X P O S U R E . C .M . Bridges, L. 
W a n g*. D .K . Pitts and R.L. C om m issaris . W a y n e  St. Univ., Detroit, M l.

The  present studies exam ined the effects of prenatal cocaine  
exposure on locomotor behavior and sensitivity to injected cocaine at 
adulthood. T im ed pregnant S prague D aw ley rats received A lze t mini
pum ps containing vehicle (distilled w ater) or cocaine (dose = 
approxim ately 50 m g/kg/day) beginning on Day 8 of gestation and  
continuing until delivery; m ini-pum ps w ere  rem oved following delivery. 
Locom otor activity w as m onitored in the pregnant dam s (15-m inute  
sessions) from the day prior to m ini-pum p im plant until Day 2 0  of 
gestation. T reatm ent w ith cocaine significantly increased locomotor 
activity in the pregnant dam s. W ith respect to the offspring, there w as  
no significant effect of in utero cocaine treatm ent on litter size, pup 
w eight (on Day 2 ) or w eight gain following birth. Locom otor behavior 
(30-m inute test sessions divided into 5-m inute intervals) w as  studied  
in the pups beginning at 3 m onths of age. Both control (non-drug) 
locomotor behavior and the effects of cocaine (5  - 2 8 .2  m g/kg, IP ) 
challenges w ere  exam ined over the course of several w eekly  tests. 
Irrespective of in utero treatm ent, m ale rats w ere  less active than  
fem ales. For both m ales and fem ales, there w as  no difference  
betw een in utero cocaine or vehicle treatm ents with respect to (1) 
within-session habituation, (2) across days habituation or (3 ) the  
stimulation produced by cocaine challenges. T he  im plications of 
these findings to the phenom enon of 'crack babies' are discussed. 
(Supported in part by M H  4 78 57  to D K P  and A A  0 7 6 0 6  to R LC ).

284.4
R A T S  E X P O S E D  P R E N A T A L L Y  T O  C O C A IN E  S H O W  
H E IG H T E N E D  F G  7 1 4 2 -IN D U C E D  D E F IC IT S  O N  A 
D E L A Y E D  A L T E R N A T IO N  T A S K .
B. L. M urphy*. R.N. H effelfinger. and R.H. Roth 
Dept. Pharmacology, Y ale School o f M edicine, New Haven, CT 06510 

Studies of prenatal cocaine exposure (PNCOC) have detected changes on some 
measures of cognition and activity in rats. Studies have also found that the 
behavioral stress response is altered following PNCOC (Goldstein, Murphy, and 
Roth, 1993). The prefrontal cortex is involved in many higher-order cognitive 
functions, in attention regulation and in the normal biochemical response to stress. 
These findings of altered cognition and activity parallel the results of clinical studies 
which indicate that a high percentage of children exposed to cocaine in-utero exhibit 
alterations of cognitive and attentional functions that resemble attention deficit 
disorder (Sumner, Mandoki, and Matthews-Ferrari, 1993). We treated dams from 
gestational day 12 to birth with either cocaine (40 mg/kg/day,s.c.) or saline. 
Infant/juvenile rats from these dams were tested on the PFC-dependent task, delayed 
alternation. No difference was detected between PNCOC and non-PNCOC rats in 
age of or ease in learning delayed response. Although PNCOC rats performed as well 
as control rats on baseline measures of delayed alternation, their performance was 
significantly impaired by the benzodiazepine inverse agonist, FG 7142 (10 mg/kg, 
i.p.). Non-PNCOC rats were not significantly impaired at this dose of FG 7142. 
Both groups were impaired by a higher dose of FG7142 (20 mg/kg, i.p) and this 
impairment was attenuated by pretreatment with the noradrenergic agonist, clonidine 
(0.1 mg/kg, i.p.).
This work was supported by the March of Dimes and USPHS grant # MH-14092.
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284.5
DEFICITS IN MEMORY CONSOLIDATION CONSEQUENT TO PRENATAL 
COCAINE EXPOSURE. Aaron S. Wilkins. Christine Konradi* and Barry E. 
K o so fsk y . Laboratory of M olecular and Developmental Neuroscience, 
Massachusetts General Hospital, Harvard Medical School, Boston, MA 02114.

We have developed a mouse model of transplacental cocaine exposure to 
investigate the effects of cocaine and cocaine-mediated malnutrition on memory 
processes. We created three prenatal treatment groups: a group injected with cocaine 
HC1 20 mg/kg, sc, twice daily from E8 to E17 (COC 40), a saline-injected pair-fed 
group (SPF 40), and a saline-injected group with food available ad libitum (SAL). 
On behavioral testing day P50, animals were separated into either a compound 
conditioned stimulus (compound) or a control (unpaired) group. During training, 
animals in the compound group were exposed to two odors and footshock 
simultaneously; animals in the unpaired group were exposed to two odors serially 
and then footshock. Animals were tested at two or four hours for their preference 
for an odor to which they were exposed during training, or a novel odor. We have 
previously demonstrated that COC 40, SPF 40, and SAL animals in the compound 
group demonstrate an aversion to an odor paired with footshock when testing 
follows training by 15 minutes. In this experiment we found a similar result across 
all groups when animals were tested 2 hours after training. However, we observed a 
main effect of treatment when animals were tested 4 hours after training (F(2,l 1) = 
15.44, p<.0007). While SPF 40 and SAL animals demonstrated the aversion 4 
hours after training, COC 40 animals failed to demonstrate an aversion (Scheffé , 
p<.05). We have utilized phosphocreb antibody to identify alterations in signal 
transduction in pathways mediating this behavior, which distinguish the COC 40 
animals from controls. The time-limited ability of COC 40 adults in retaining a 
conditioned-aversion suggests that transplacental cocaine exposure may disrupt the 
development of systems necessary for the consolidation of information from short
term to long-term memory in animals when tested as adults. (BEK was supported 
by DA00175).

284.7
ASSOCIATIVE NEURONAL CODING AND AVOIDANCE LEARNING 
IMPAIRED IN ADULT RABBITS EXPOSED TO COCAINE IN  UTERO.
J. H. Freeman. Jr.*. M. Mokszycki. C. Taylor and M. Gabriel. Beckman 
Institute, University of Illinois, Urbana, IL 61801.

Single daily injections of cocaine (8 mg/kg) administered to pregnant Dutch- 
belted rabbits from gestational days 8 - 2 9  alter the morphology and 
biochemistry of neurons in the anterior cingulate (AC) cortex (Murphy et al., 
Lab Animal Sci. 1995, in press). The functional significance of these changes was 
investigated by recording AC cortical neuronal activity during learning in 
cocaine-exposed (n=4) and saline control (n=2) rabbits supplied by NIDA 
Program Project P01DA06871. Nine and five AC cortical neuronal records were 
obtained respectively in the exposed and control rabbits as they learned to avoid 
footshock by stepping in response to a shock-predictive tone (CS+) and to ignore 
a non-predictive tone (CS-). Behavioral data of three albino rabbits were added 
to the control sample, to increase statistical power of the behavioral analysis. 
Average training-induced AC cortical neuronal discharges were severely 
attenuated in exposed rabbits relative to controls (P<002). Behaviorally, the 
exposed rabbits acquired the discriminative avoidance response to criterion at 
a normal rate, but exhibited significantly fewer conditioned responses than 
controls during the first training session (P<.047). These results suggested that 
changes induced by in utero cocaine may interfere with AC cortical associative 
processing, to produce a behavioral deficit in the earliest stage of acquisition. 
These results are in accord with previous findings indicating that AC cortex is 
critical for the initial stages of learning, but that other areas are involved in 
mediating acquisition to asymptotic levels of performance (Gabriel, M., in 
Neurobiology of Cingulate Cortex and Limbic Thalamus. 1993, Birkhauser: 
Toronto, 478-523). (Support: NINDS Grant NS26736).

284.9
EFFECTS OF NEONATAL SEPARATION IN RATS ON THE 
LOCOMOTOR RESPONSE TO COCAINE ADMINISTRATION. J. A. 
Eisler*. D, B, Neill. J. B, Justice. Jr. an d  P. M . Plotsky . Depts. o f 
Psychology, Chemistry, and Psychiatry, Emory Univ., Atlanta, GA 30322.

Differences in the sensitivity to psychostimulants in rats exists. Elevations 
in the locomotor response to a novel environment, to psychostimulant drug 
administration, dopaminergic response to psychostimulants, and
corticosterone response to a moderate stressor all have been shown to predict 
the vulnerability to acquire self-administration o f AMPH. The etiology o f 
these individual differences, however, is not known. We hypothesize that 15 
min o f maternal separation per day for the first two postnatal weeks, which  
has been shown to result in long-term modification o f  stress-associated 
behavior and neuroendocrine function, may lead to alterations in the 
responsiveness to psychostimulants and in the vulnerability to drug abuse in 
adult rats. Wistar rat pups (n=8 per litter) were separated from the dam daily 
for 15 min/day on postnatal days 1-14. Litters were w eighed and kept in a 
temperature controlled incubator (30 + 0.5 °C) while separated. Control 
litters remained unmanipulated for the first 15 days o f  life. At 60 days o f 
age, rats (m ales and OVEX females) were tested (1 h) for locomotor 
reactivity to a novel environment and to cocaine (5, 10, and 20 m g/kg I P.) in 
a photocell box. Separated females showed reduced locomotor response to 
novelty and to 5 and 10 m g/kg cocaine. Furthermore, these anim als showed a 
tendency toward reduced ACTH and corticosterone responses to air-puff 
startle compared to nonseparated controls. Separated and control males did 
not differ significantly across trials. Strain differences are under 
investigation.

284.6
T H E  EFFE C T S O F  N EO N A T A L  C O C A IN E  E X P O S U R E  O N  
A C Q U IS IT IO N  O F  A R U N W A Y  T A SK  IN  A  M O D IF IE D  T- 
M A Z E. J.A.Swope. T.M . Segar. L.S. H ansen-T rench  and 
S.Barron*. Psychology D ept., Univ. o f K entucky, Lexington, KY 
40506-0044.

This study em ployed a roden t model to  exam ine the  effects o f 
neonatal exposure to  cocaine on acquisition o f  an  appetitively 
m otivated runway task in a m odified t-m aze. A fter im plantation  
with an intragastric cannula, subjects w ere artificially reared  
(A R ) from postnatal days (PN ) 4-11 w ith d rug  added  to  the milk 
solution. This m odel rep resen ted  a binge m odel w ith drug 
exposure occurring betw een the  hours o f 1000 and  1600h each 
day. T here w ere four trea tm en t groups: high dose cocaine (40 
mg/kg/day), low dose cocaine (20 mg/kg/day), stock (an  A R  
contro l) and sham (a suckled control). Subjects w ere tested  on 
PN  37-42 in the runway task, which consisted o f  traversing a 
runway and  choosing the app rop ria te  arm  to  receive a F root- 
Loop rew ard. A cquisition o f the  task  w as no t im paired  in any of 
the neonatal trea tm en t groups. T hese results suggest tha t 
neonatal exposure to  cocaine does no t have negative effects on 
this simple learning task in rats. (S upported , in part, by N ID A  
DA06049 to  SB)

284.8
RESPONSES OF PREGNANT RABBITS TO REPEATED COCAINE 
ADMINISTRATION: EFFECTS ON IN UTERO EXPOSED 
OFFSPRING. E.H. Murphy*. E. Friedman. P. Levitt. K. Simanskv. and 
J.A. Harvey. Depts of Anatomy & Neurobiology and Pharmacology, 
MCPHU, Philadelphia, PA 19129 and Department of Neuroscience and Cell 
Biology, RW Johnson Medical School, Piscataway, NJ 08854.

Offspring of pregnant rabbits exposed to repeated cocaine 
administration exhibit a variety of structural and functional abnormalities of 
the anterior cingulate cortex (ACC) and uncoupling of the dopamine D1 
receptor. Although the cocaine dosage administered to the mothers during 
pregnancy is kept constant (4 mg/kg i.v. twice daily from gestational day 8 
[G8] to G29), their responses to cocaine vary in type, duration and severity, 
and sometimes include seizures. We have studied the relationship between 
the cocaine-induced response in the pregnant rabbit and the survival and 
neurobehavioural development in the offspring. A wide variety of responses 
by the mothers, including facial twitching, vacuous chewing, head bobbing, 
increased locomotor activity and foot thumping were recorded, and will be 
shown on video.

Some response categories were observed uniformly in all rabbits, while 
other responses revealed significant individual differences in response 
probability and/or severity. Some behaviours remained constant throughout 
the 22 days of injection, while others showed marked sensitization. Seizure 
activity, ranging from mild myotonic twitching of the head and neck to 
generalized tonic-clonic seizures (GTCs) occasionally occurred. The 
offspring of virtually all animals experiencing > 2 GTCs died shortly after 
birth. For all other animals studied, there was n o  relationship between the 
cocaine-elicited response in the pregnant dam and the extent of abnormality 
of neuronal structure (Jones et al), GABA and parvalbum in 
immunoreactivity (Wang et al) or dopamine D1 receptor function (Friedman 
et al, Simansky & Kachelries)in in utero exposed offspring. Supported by 
PO1DA06871.

284.10

B E H A V IO R A L  S E N S IT IZ A T IO N  T O  A P O M O R P H IN E  IN  A D U L T  R A T S  
E X P O S E D  T O  C O C A IN E  D U R IN G  T H E  P O S T N A T A L  P E R IO D . D.L. 
Dow -E dw ards*. Y. Busidan. and R. Y in . Lab. of C erebra l M etabolism , 
Dept. Pharm acology, S tate Univ. N ew  York, Brooklyn, N Y  1 12 03  

Previous work from our lab has shown that the adm inistration of 
cocaine during postnatal days (P N D ) 1 1 -20  produces long-term  
alterations in cerebral glucose utilization, dopam ine receptor content 
and behavioral responses to specific dopam ine agonists. This study  
exam ined similarly exposed adult rats for behavioral sensitization to 
apom orphine. In addition, the effects of inhibition of dopam ine uptake  
exclusively w ere  determ ined by com paring the effects of cocaine to 
those produced by G B R  12909 , a  specific dopam ine reuptake inhibitor. 
S prague-D aw ley  rats (V A F) w ere  m ated in our vivarium  and left 
undisturbed until parturition (P N D  1). Pups w ere  injected daily with 
either cocaine (50m g /kg), G B R 1 2 9 0 9  (2 5  or 5 0  m g/kg) or vehicle  during  
P N D  11-20 . In adulthood, apom orphine (2m g/kg) or saline w as  injected  
sc daily for 10  days and behavior m onitored in the O m nitech activity 
cham ber on the first, fifth and tenth day. Results show  that for total 
distance traveled , there w ere  significant treatm ent effects only for the  
first day  of testing. All groups show ed a  s im ilar pattern of increased  
locomotor activity with repeated  apom orphine injections. Assessm ent of 
video taped  behaviors is forthcom ing. How ever, at the present tim e, the  
results indicate that there is no alteration in the behavioral sensitization  
to apom orphine following adm inistration of e ither G B R  1 29 09  or cocaine  
during P N D  11-20 . Supported by grant D A 0 4 1 18.
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284.11
EFFECTS OF PRENATAL COCAINE ON STRESS-INDUCED 
GROOMING. T.D. Bliven and L.P. Spear*. Dept of Psychology and 
Center for Developmental Psychobiology, Binghamton University, 
Binghamton, NY, 13902-6000

Recent research in our lab has demonstrated that prenatal cocaine 
exposure results in an altered stress response later in life, markedly 
attenuating stress induced immobility that is typically seen during and 
after exposure to an inescapable stressor. In addition to immobility, a 
variety of other behaviors have also been reported in response to the 
presentation of a stressor, including an increase in self-grooming. The 
present study sought to investigate the effects of prenatal cocaine expo
sure on stress induced grooming (e.g., Colbern et al, 1981). Offspring 
were derived from Sprague Dawley dams receiving daily s.c. injections 
of 40mg/kg cocaine HC1 from gestational days 8-20 (C40), pair fed 
nutritional control dams receiving daily saline injections (PF), and non 
treated dams (LC). Adult rats were subjected to a 1 minute swim in 25 
degree water and then placed in a novel testing environment, or placed 
directly from the home cage into the novel environment. C40 offspring 
exhibited a suppression of swim stress-induced grooming during the first 
2 minutes of observation, but an increase in stress-induced grooming the 
second 2 minute block. The results of the present study augment previ
ous reports demonstrating an altered responsivity to stress in rats prena- 
tally exposed to cocaine.

284.13
EFFECTS O F LE SIO N S  O F  TH E  T H A LA M IC  PARAVENTRICULAR  
NUC LEU S O N TH E  D E V ELO P M E N T O F  C O C A IN E -IN D U C E D  
LO C O M O TO R  A C T IV ITY  A N D  B E H A V IO R A L S E N SIT IZA TIO N . C. D.
Young*. J. R. Taylor, B. A. H orger, and A. Y. D eutch. D epartm ents of 
Psychiatry and Pharmacology, Yale University Medical School, New 
Haven, CT 06508 and VA M edical C enter W est Haven, CT 06516.

The thalam ic paraventricular nucleus (PV) sends glutamatergic 
projections to the nucleus accumbens, m edial prefrontal cortex, and 
amygdala, and receives dopam ine (DA) afferents from the ventral 
tegmental area. We have recently shown that adm inistration of cocaine 
and am phetam ine dose-dependently increase PV Fos expression, and that 
these effects are completely blocked by adm inistration of the DA D2/3 
antagonist raclopride. We therefore examined the effects of PV lesions on 
the acute locomotor stim ulant effect of cocaine and on the development 
of cocaine-induced behavioral sensitization. Adult male rats received 
lesions of the PV and w ere then allowed to recover for 21 days. Rats then 
received daily cocaine (15 mg/kg) or vehicle injections for 5d, and were 
challenged with cocaine o r vehicle again 10 days later. Lesions of the PV 
increased the locomotor response to acute cocaine in PV-lesioned rats to 
a significantly g reater degree than in sham-lesioned rats. However, the 
difference between the lesioned and sham rats narrowed over subsequent 
days: PV lesioned rats showed a sensitized response to cocaine, although 
the magnitude of sensitization was not as great. Thus, PV lesions did not 
significantly block the expression of cocaine-induced behavioral 
sensitization but rendered rats hyperresponsive to initial cocaine exposure.

284.15
ANALYSIS O F R E LA TIO N S H IP  B E TW E E N  C O C A IN E -IN D U C E D  
ACTIVITY AND PLASMA CO CAINE LEVELS IN THE RAT, INCLUDING  
PREGNANT RATS. E.M. V ernotica* and J.l. Morrell. Ctr. Mol. & Beh. 
Neurosci., Rutgers Univ., Newark, NJ 07102  

We determined the temporal pattern of cocaine-induced activity and its 
correlation to plasma cocaine concentrations in rats across different 
endocrine states. Sprague-Dawley female rats were tested in automated 
activity boxes after a single, s.c. injection of cocaine at 10, or 20, or 40  
mg/kg for locomotor activity and stereotypy, sampled every 30 minutes 
over 7 hours. A subset of the rats were sacrificed at each time point to 
collect intracardiac blood to determine plasma cocaine levels. Baseline 
activity measures were sampled for two weeks prior to drug treatment. 
Following a single cocaine injection, locomotor activity and stereotypy 
increased 2-4 fold over baseline levels. The 40 mg dose induced activity 
and stereotypy levels twice those induced by the 10 and 20 mg doses. 
The ascending slope of the activity curve occurred within 30-60 minutes 
of injection with peak activity at 2 hours after 20 mg and at 3.5-4  hours 
after 40 mg.The descending slope of the activity and stereotypy curves 
occurred between 4-5 hours after injection, with a return to baseline after 
5.5-6 hours. Activity measures significantly correlated to plasma cocaine 
concentrations. Increases in plasma cocaine concentrations paralleled 
ascending slopes of activity and stereotypy curves, as did the plateau 
and descending portions of these curves. Since activity or plasma 
cocaine measures are extremely predictive of each other one measure 
may be eliminated to facilitate a specific paradigm. These patterns of 
activity and cocaine levels bear a  striking resem blance to those in 
chronically-treated pregnant fem ales. Supported by NIDA grant DA- 
07513 to JIM & JSR.

284.12
DEFICITS IN STRESS RESPONSE CONSEQUENT TO PRENATAL 
COCAINE EXPOSURE. Cleopatra. S. Planeta, Steven E. Hyman*, and Barry E, 
K o so fsk y . Laboratory of M olecular and Developmental Neuroscience, 
Massachusetts General Hospital, Harvard Medical School, Boston, MA 02114.

Administration of cocaine to adult rodents has been shown to alter 
hypothalamus-pituitary-adrenal (HPA) axis function. We analyzed freezing behavior 
following foot shock in adult animals following prenatal exposure to cocaine. Foot 
shock is a stressful stimulus that normally causes freezing, and allows the 
quantification of the stress response. Pregnant dams (Swiss Webster males and 
females) were assigned to four different groups: a cocaine group injected with 
cocaine 20 mg/kg, sc, twice daily from E8 to E l7 (COC 40), a saline-injected 
group pair-fed with the cocaine animals (SPF), a saline-injected group with food 
available ad libitum (SAL), and one group that did not receive injections handled 
only for routine animal care with food available ad libitum (SNI). Sixty mice were 
tested for foot shock on P75 (N = 15 per group). Each animal was placed in a 
shock box for 90 seconds, followed by a 150 second period during which each 
animal received 5 foot shocks (0.5 mA, 1 sec duration) at 30-sec intervals. 
Immediately after the last shock, each animal was observed for a 10 minute period, 
and duration of freezing was recorded. ANOVA showed a main effect for treatment 
group (F(3,56) = 2.996 p < 0.04). Pairwise comparisons of the means by the 
Fischer-PLSD test demonstrated a significant decrease in duration of freezing in 
mice prenatally exposed to cocaine (COC 40 animals) when compared to mice in 
the control groups (SNI and SAL animals). We have utilized in situ hybridization 
for the IEG c-fos to map the patterns of distribution of cell activation which 
distinguish COC 40 animals from controls, when tested in this paradigm. Prenatal 
exposure to cocaine may compromise the functional integrity of the HPA axis as 
evidenced by a decrease in the stress response in exposed animals when reared to 
adulthood. (CSP was supported by FAPESP #9411711-5; BEK was supported by 
DA00175 and DA 08648; We thank Lydia Dyett for expert technical assistance).

284.14
COCAINE-INDUCED IMMEDIATE-EARLY GENE EXPRESSION AND 
LOCOMOTOR HYPERACTIVITY ARE ATTENUATED BY PRENATAL 
EXPOSURE TO THE DRUG.
N. Tilakaratne and E. Friedman*. Medical College of 
Pennsylvania,
Philadelphia, PA 19129.
The effects of "in-utero” exposure to cocaine on the 
sensitivity to genomic and behavioral actions of the drug 
were studied. Pregnant Dutch Belt rabbits were 
administered two daily i.v. injections of saline or 
cocaine.HC1 (4 mg/kg), from day 8 thru day 29 of 
pregnancy. The offspring, when 20d old, were administered 
acute cocaine, their behavioral response monitored, and 
frontal cortex and striatal RNA analyzed for c - f o s  gene 
expression. In prenatal-saline pups, cocaine rapidly 
induced c - f o s  in a dose-dependent manner, the maximum 
stimulation being 2.3 and 3.1—fold in cortex and striatum 
respectively, at 45 min after cocaine (40 mg/kg, i.p.) 
treatment. The response was blocked completely by 
SCH23390, partially by methysergide, but not by 
sulpiride, suggesting that it may be mediated by D, 
dopamine receptor and one or more subtypes of 5-HT 
receptors. In prenatal-cocaine pups, the c - f o s  response 
was reduced by 46 and 38% in cortex and striatum 
respectively. The latter also showed a similar 
desensitization to the locomotor, head-bobbing and 
seizure effects of cocaine. Results suggest that prenatal 
exposure to cocaine results in the desensitization of 
offspring to effects of cocaine, probably via a mechanism 
involving altered dopamine and serotonergic 
neurotransmission, (supported by grant #P01DA06871 from NIDA).

284.16
SHO RT-TERM  S EN SITIZATIO N TO  THE BEHAVIORAL  
EFFECTS OF COCAINE IN NEO NATAL RATS. E. Tirelli* and M. 
Ferrara. Experimental Psychology Laboratory, University of Lié ge, 
Sart-Tilman Campus, bldg B-32, B-4000 Lié ge, Belgium.

Previous studies have failed to obtain cocaine behavioral 
sensitization in neonatal rats, presumably because cocaine 
exposure was not consistently paired with the experimental context 
(Barr & Wang, 1993; Meyer & Yacht, 1993). In this study, male 
pups aged 3 ,1 0  or 17 days were injected i.p. with either saline, 7.5, 
15 or 30 mg/kg cocaine HCI once daily over four consecutive days. 
After the injection, pups were left for 60 min in the experimental 
chamber (a clear acrylic cage without bottom and placed on a glass 
flooring), the post-injection context remaining constant through the 
chronic administration. On the test day (day 7, 14 or 21), pups 
from each pretreatment condition received either saline or cocaine 
at the dose used in the pretreatment (n=8). Each litter included the 
ten possible conditions, with one pup per condition. Immediately 
after the injection, pups were videorecorded for 60 min with a 
camera placed under the flooring. Videorecords were analyzed 
using a time-sampling technique for the behavioral scoring. 
Sensitization occurred on locomotion, head movements and 
incoordinated body movements (rolling) in 7-day-old pups 
(especially after 7.5 and 30 mg/kg cocaine), on locomotion, 
standing and mouthing in 14-day-old pups (7.5 and 15 mg/kg 
cocaine), and on locomotion, stereotyped head movements and 
rearing in 21-day-old pups (15 and 30 mg/kg cocaine). In contrast 
with previous studies, these results show that behavioral 
sensitization to cocaine does develop in neonatal rats if an 
appropriate procedure is Used. Supported by the F.N.R.S., Belgium
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285.1
INTRA-ACCUM BENS IN JECTIO NS OF SU LPIRID E REDUCES 
BREA K ING  POINTS ON A PRO G RESSIV E RA TIO  SCHEDULE 
REINFORCED BY  INTRAVENOUS CO CAIN E. B J, V an Groll*. R 
Dickson and D. C. S. R oberts. Departm ent, o f  Psychology, Carleton 
University., Ottawa, Canada K1S 5B6

The effects o f  dopamine D 2 receptor blockade w ithin the nucleus 
accumbens (ACC) on cocaine self-administration w as examined. Male 
Wistar rats (N=9) were surgically implanted under pentobarbital anaesthesia 
w ith an IV jugular cannula and a pair o f  stereotaxically placed guide 
cannulae directed at the ACC. Animals w ere trained to  self-administer 
cocaine (1.5 mg/kg/inj) on an FR  1 schedule during daily 5 hour sessions. 
After a stable baseline was established, rats w ere trained on a Progressive 
Ratio (PR) schedule in which the first injection o f  the session was made 
contingent on a single lever response; thereafter the response requirements 
escalated through the following series. 2 ,4 ,6 ,9 ,12,15,20,...etc. The effect o f 
bilateral injections o f  sulpiride (0.5μ g/side) into the ACC 30 minutes prior 
to  the session was evaluated on both FR  1 and PR  schedules in a counter 
balanced order. Intra-accumbens sulpiride injections failed to  affect rate o f 
drug intake on an FR 1 schedule. By contrast, intra-ACC sulpiride reduced 
the total number o f reinforcements received to  28%  o f  baseline when tested 
on the PR  schedule. The present data suggest tha t D 2 receptor blockade 
w ithin the ACC reduces the motivation to  respond for IV  cocaine. It 
appears that the FR 1 schedule can be insensitive to  changes in the 
reinforcing efficacy o f  cocaine (Supported by the M .R.C.).

285.3
CO CAINE-REGULATED mRNAS IN T H E  NUCLEUS 
ACCUM BENS & VTA REGION O F TH E RAT BRAIN.
X-Y C ha1, C Pierce2,PW K alivas2&SA M ackler1*. 1D epartm entof 
M edicine, Univ. o f PA & Phila VAM C, Phila PA 19104 & 2Wash. 
State Univ., Pullm an WA 99164-6530.

Cocaine alters specific mRNA levels in many brain regions. 
Some of these changes may underly drug self-adm inistration. We 
have identified multiple cocaine-regulated mRNAs using differential 
display PCR (DD-PCR) or antisense RNA am plification. Rats 
adm inistered l.v. cocaine for 15 of 21 days (x=40 mg/kg/3 hr 
session/day). Yoked rats received saline as a control group. cDNAs 
were synthesized from different regions by in situ transcription using 
an oligothymidine primer with the T7 promoter sequence at the five 
prime end. Several DD-PCR cDNAs have been isolated and 
subcloned. Cocaine use decreased the levels o f three of these 
previously unknown clones, two isolated from the nucleus accumbens 
and one from the VTA region. RNA blot analysis confirm ed these 
changes after cocaine use. Future in situ hybridization studies will 
dem onstrate the locations of these mRNAs. Antisense RNAs were 
synthesized using cDNAs from the same brain regions and T7 RNA 
polymerase. These RNAs have been used to exam ine for changes in 
the relative levels of mRNAs encoding proteins that mediate neuronal 
signalling. Increases in relative levels of the NMDA R1 and some of 
the nonNMDA glutamate receptor subunit mRNAs occurred in the 
accumbens of cocaine-injecting rats.

Identification of both novel and known regulated mRNAs will 
permit future studies of the molecular basis o f cocaine self
administration.

285.5

SIMULTANEOUS MEASUREMENTS OF DOPAMINE RELEASE IN THE  
VENTRAL TEGMENTAL AREA AND NUCLEUS ACCUMBENS UPON LOCAL 
APPLICATION OF COCAINE. S.-Y. Chen. R.L. Burger. I.G. Welsford* and 
M.E.A. Reith. Dept. of Basic Sciences, University of Illinois College of Medicine, 
Peoria, IL 61656, and Dept, of Biology, Keene State College, NH 03431.

Cocaine is a potent blocker of presynaptic dopamine (DA) reuptake 
which removes the transmitter from the synaptic cleft. Most likely, evidence 
suggests that the rewarding property of cocaine involves the mesolimbic DA 
system consisting of DAergic cell bodies in the ventral tegmental area (VTA) 
and axones terminating in the nucleus accumbens (NAc). Enhancement of 
DAergic neurotransmission in the NAc is thought to be a crucial component of 
cocaine’s action. However, cocaine also affects DAergic processes in the VTA  
involving somatodendritic DA transporters, and systemic cocaine will therefore 
affect both cell body and terminal events. It is not known to what extent the 
terminal effect of cocaine reflects changes at the cell body level. In the present 
study, rats were implanted with dual dialysis probes, one in the VTA, and 
another one ipsilateral in the NAc. Infusion of cocaine (10, 100, and 1000 μ M) 
into the VTA (each cone, for 80 min) gradually increased extracellular DA (on 
the average 240, 330, and 620%  of baseline) in the VTA. In contrast, the DA 
output by the NAc was reduced (to about 60%  of baseline at all cocaine 
concentrations). These results are consonant with reuptake blockade by 
cocaine occurring in the VTA, which activates somatodendritic impulse
regulating D2 autoreceptors; this in turn decreases the discharge rate and 
subsequently leads to a reduction of DA release in the terminal field. Thus, to 
some extent cocaine’s action at the cell body level counteracts its terminal 
effect. The dual-probe design will allow further study of the impact of regulation 
of cocaine’s effect in the cell body on terminal DAergic transmission. 
Supported by NIDA 03025.

285.2
THE EFFECTS OF 6-O H DA LESIO NS INTO TH E NUC LEU S  
ACC UM BENS AND A9/A10 CELL BODY REGION ON LO C O M O TO R  
RESPONSE TO 7-OH-DPA T IN RATS.
P.M. Robinet*. C.K. Akins. J.M . Dose & M .T. Bardo. Departm ent o f  
Psychology, University o f Kentucky, Lexington, KY 40503.

In two experim ents, male Sprague-Dawley rats received 6-O H D A  lesions 
to either the nucleus accum bens (NA) or the A9/A10 cell body region. In the 
first experim ent, 7 days following NA lesions or sham surgery, rats were 
injected with saline or 7-O H -DPA T (0.1 m g/kg, SC) and their activity was 
recorded for 60 min. Locom otor activity in the lesioned anim als was 
decreased com pared to sham treated controls in response to the saline 
injections. M ore im portant, the lesioned anim als showed hyperactivity in 
response to 7-OH-DPA T, whereas activity in the sham  controls was 
unaffected by 7-OH-DPA T. In the second experim ent, rats received 6-O H DA  
lesions to the A9/A10 cell body region. Three days follow ing the lesion or 
sham surgery, the rats were placed into a locom otor cham ber and their 
activity recorded for 60 min. The rats were rem oved from  the cham ber, 
injected with 7-OH-DPA T (0.1 m g/kg, SC) and placed back into the 
locom otor cham ber where their activity was recorded for an additional 60 
min. As in the first experim ent, lesioned rats showed decreased locom otor  
activity com pared to sham controls during the first hour. In addition, the 
lesioned rats showed hyperactivity in response to 7-O H -D PA T, while activity  
in the sham rats was unaffected by the drug. In both experim ents at least 
50%  depletion o f dopam ine in the NA was verified by H PLC analysis. Taken  
together, these results suggest that lesions to the term inal field or projection  
region of the mesolim bic dopam ine system  supersensitizes rats to the 
locom otor stim ulant effect o f 7-O H -DPA T.

285.4
REPEATED COCAINE ADMINISTRATION ALTERS MEMBRANE PROPERTIES  
OF RAT NUCLEUS ACCUMBENS NEURONS. X.-T. Hu* X.-F. Zhana and F.J. 
White. Neuropsychopharmacology Lab., Dept. of Neuroscience, FUHS/The 
Chicago Medical School, North Chicago, IL 60064.

Behavioral sensitization following repeated administration of cocaine is 
associated with increased responsiveness of dopamine (DA) D1-class receptors 
on nucleus accumbens (NAc) neurons, as well as reduced responsiveness of 
ionotropic excitatory amino acid receptors. The present study sought to determine 
whether these alterations observed during in vivo extracellular recordings result 
from changes in the membrane properties of NAc neurons. Following repeated 
administration of cocaine for 5 consecutive days (15 mg/kg/day, i.p.) and a 3-day 
withdrawal period, the resting membrane potential (RMP) of NAc neurons recorded 
from an in vitro slice preparation was significantly hyperpolarized as compared to 
saline-pretreated rats. NAc neurons were also significantly less responsive to 
depolarizing current injection (higher minimal currents for action potential 
generation), and exhibited increased spike thresholds and decreased action 
potential amplitudes. Repetitive firing in response to higher depolarizing currents, 
which was observed in all NAc neurons (n=30/30) in saline-pretreated rats, was 
absent in some NAc neurons (n=6/21) in cocaine-pretreated rats. Superfusion of 
DA (25-50 pM, 2-3 min) caused small hyperpolarizations of NAc neurons and 
inhibited action potentials evoked by current injection in saline-pretreated rats. 
These inhibitory effects of DA were significantly enhanced following repeated 
cocaine administration. The present findings indicate that the excitability of NAc 
neurons is significantly reduced following repeated administration of cocaine. 
These results also suggest that withdrawal from repeated cocaine, and 
sensitization to subsequent cocaine administration, may be related to alterations 
in the membrane properties of NAc neurons. Supported by USPHS grants DA 
04093 and DA 00207 (FJW).

285.6
INCREASED CROSS-CORRELATION OF ACCUM BENS NEURAL ACTIVITY 
UNIQUE TO COCAINE SELF-ADMINISTRATION IN RATS.
R.M. Carelli* and S.A. Deadwyler. Center for the Neurobiological Investigation o f  
Drug Abuse, Dept. o f  Phys./Pharm., Bowman Gray School o f  Medicine, Wake Forest 
Univ., Winston-Salem, NC 27157.

Nucleus accumbens (N A) neurons in the rat exhibit 3 types o f  phasic increases in 
firing rate occurring: 1) before the cocaine or water reinforced response (pre-response, 
PR), 2) after the cocaine or water reinforced response (reinforcement-excitation, RFE), 
or 3) both before and after the cocaine reinforced response coincident with both PR 
and RFe cells, respectively (J. Neurosci 14(12):7735-7746,1993). Since PR&RF cells 
were observed only relative to cocaine reinforcement, it has been hypothesized that 
PR&RF cell activity may reflect the convergent activation o f  individual PR and RFE 
cells during cocaine self-administration. In this study, cross-correlational analyses 
were used to test this hypothesis. PR&RF cells (n=30) were cross-correlated with 
either PR cells (n=10), RFE cells (n=10), or cells exhibiting nonphasic activity used 
as a control (NP, n=10), simultaneously recorded from microwire arrays during 
cocaine self-administration sessions in rats (n=12). Analysis time periods included the 
anticipatory period (10 sec prior to the response), the drug delivery period (10 sec 
after the response), and the baseline period (30-40 sec prior to the anticipatory period) 
for all cells. Results showed significant (p<.001) elevated mean cross-correlations 
between PR&RF and PR cells only during the anticipatory period compared to 
baseline. Mean cross-correlations were also significantly (p<.05) elevated between 
PR&RF and RFE cells during the drug delivery period compared to the baseline 
period. No significant cross-correlations were obtained between PR&RF and NP cells 
for any o f  the 3 analysis periods. These findings indicate that PR&RF cells may 
reflect the convergent activation by other PR cells and RFE cells but only during 
cocaine self-administration. Supported by grants NIDA DA 05535-03 to RMC and 
DA06634 and D A 0119 to SAD.
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285.7
ROLE OF THE VENTRAL TEGMENTAL AREA IN THE 
DISCRIMINATIVE STIMULUS EFFECTS PRODUCED BY COCAINE.
R. De La Garza II*. P.M. Callahan, and K.A. Cunningham. Dept, of 
Pharmacol., Univ.Texas Medical Branch, Galveston, TX 77555-1031.

Dopamine (DA) mesolimbic circuits originating in the ventral tegmental area 
(VTA) and projecting to the nucleus accumbens have been shown to be 
critically involved in the locomotor stimulant and rewarding properties of 
cocaine. To investigate the specific role of the VTA in the discriminative 
stimulus effects of cocaine, male Sprague-Dawley rats were trained to 
discriminate cocaine (10 mg/kg) from saline in a two-lever water reinforced 
task. After acquiring the cocaine-saline discrimination, rats were 
stereotaxically implanted with bilateral guide cannula into the VTA. 
Administration of systemic (ip) cocaine (0.625-20mg/kg) produced a dose- 
related increase in drug-lever responding. Injection of cocaine (5- 
50μ g/0.5μ l /side) into the VTA engendered primarily saline-like responding. 
This indicates that the VTA, by itself, is not the primary target area that 
mediates the stimulus effects of cocaine. In substitution tests, neither the DA- 
D2/D3 agonist 7-OH-DPAT (0.25-5μ g/0.5μ l/side) nor the 5-HT1A agonist 8- 
OH-DPAT (0. l-10μ g/0.5μ l/side) generalized to the cocaine cue. Antagonism 
tests with 7-OH-DPAT or 8-OH-DPAT plus a dose of cocaine (5mg/kg) that 
results in greater than 85% cocaine-lever responding when given alone will be 
used to assess the ability of these compounds to modulate the stimulus effects 
produced by cocaine. Since DA-D2/D3 and 5-HT1A receptors are localized in 
the VTA, it is hypothesized that they may have a regulatory influence on 
cocaine-induced behaviors. Supported by DA 06511 and DA 05638.

285.8
ROLE OF AMY GDALA DOPAMINE IN C(X:AINE SELF-ADMINISTRATION 
AND IN VIVO DOPAMINE LEVELS IN THE NUCLEUS ACCUMBENS.
A. McGregor, T. Falkenberg* and Y.L. Hurd. Division of Pharmacology and 
Department of Clinical Neuroscience, Karolinska Institute, Stockholm, Sweden.

Very little is known about how dopaminergic (DA) function in the nucleus 
accumbens (NACC) is modulated by other brain regions during cocaine self
administration behaviour. One such area of interest is the amygdala (AMY), since 
DAergic mechanisms within the AMY have been shown to contribute to cocaine 
self-administration behaviour. This experiment examined how manipulation of 
AMY DA function affects in vivo levels of extracellular DA in the NACC during 
cocaine self-administration in the rat.

Rats were trained to self-administer cocaine intravenously (1.5 mg/kg/inj) under a 
fixed ratio schedule (FR1), and then intracerebral guide cannulae were directed at the 
NACC and the ipsilateral AMY. Animals were allowed to self-administer cocaine 
again until a stable baseline had been achieved. On the afternoon prior to dialysis 
sampling, a 2mm. microdialysis probe was loweredinto the NACC. The next day. 
the animal was placedin the self-administration chamber and dialysis was begun 10 
min. samples were taken for two hours prior to initiating the self-administration 
session. After 2 hrs. of self-administration and dialysis, SCH 23390 ( l μ g/μ l) was 
injected into the AMY. Following initiation of the self-administration session, 
there was a 400% increase in baseline DA levels in the NACC. Moreover, rate of 
cocaine intake was significantly correlated with NACC DA levels. SCH 23390 
injection into the AMY produced a significant increase in rate of cocaine self
administration (212% of baseline). However, this behavioural increase in rate of 
intake which occurred immediately following treatment was not accompanied by a 
concomitant increase in extracellular levels of DA within the NACC. These results 
suggest that the blockade of DAergic function within the AMY, that alters cocaine 
self-administration, may not be not related to changes in NACC DA levels.

2 8 5 .9 28 5 .1 0

C O N TR IB U TIO N  OF TH E  NUC LEU S A C C UM BENS TO  CO CAINE- 
INDUC ED RESPO N S E S  O F VENTRAL PALLIDAL NEURO NS. P.l. 
Johnson* and T.C. Napier. Dept. Pharmacol., Loyola Univ. Chicago, Sch. 
Med., Maywood, IL 60153.

The present study characterized the responses of ventral pallidum 
(VP) neurons to intravenously (iv) administered cocaine (0 .003 to 1.0 
mg/kg) in chloral hydrate-anesthetized rats. Eighty-four percent (16/19) of 
the tested neurons displayed significant rate changes following cocaine 
administration. Fifty-three percent responded by increasing firing rate, 
with an E max  of 217±26%  of control and an ED50 of 0 .07±0.03 mg/kg. 
Neurons that displayed a rate decrease (26%) had an E max of 14.3 ±  9.0%  
of control and an ED50 of 0.04 ±  0.02 mg/kg. One neuron (5%) displayed 
a bi-phasic response pattern. Haloperidol (0.2 mg/kg) attenuated cocaine- 
induced effects in 90%  of the tested neurons. Given the responsiveness 
of VP neurons to cocaine administration, the extensive innervation of the 
VP by the nucleus accumbens (NAC), and the importance of the NAC in 
regulating cocaine-induced effects, NAC activity may affect VP responses 
to cocaine. Therefore, the influence of NAC on cocaine-induced VP  
activity was evaluated. Inactivation of the NAC with microinjections of 
procaine (40 μ g/2μ l/2min) did not alter the portion of VP  neurons 
sensitive to subsequent systemic administration of cocaine (0.1, 1.0 
mg/kg iv) or the E m ax  for the population of neurons showing a rate 
decrease. However, for the population of neurons showing a cocaine- 
induced rate increase intra-NAC procaine enhanced E max to 392 ±  74%  
of control (p < 0.05). Haloperidol (0.2 mg/kg iv) attenuated these effects 
in 88%  of the neurons tested. These data suggest that the ability of VP 
neurons to respond to iv cocaine is independent of the NAC. However, 
the magnitude of the cocaine-induced effect appears to be dependent on 
NAC influences. Finally, the ability of haloperidol to block VP responses 
to cocaine suggests that DA plays a role in these results. Work supported 
by USPHSGs DA05651 to PIJ and DA05255 to TCN.

A R O L E  F O R  A U T O R E C E P T O R S  IN  T H E  M O D U L A T IO N  
O F  D A  A N D  5 -H T  R E S P O N S E S  T O  C O C A IN E  IN  T H E  
N U C L E U S  A C C U M B E N S . C .M . A n d re w s*  a n d  I. L u c k i  
D e p a r tm e n ts  o f  P s y c h ia t ry  a n d  P h a rm a c o lo g y , In s t i tu te  o f  
N e u r o lo g i c a l  S c ie n c e s ,  U n iv e r s i t y  o f  P e n n s y lv a n i a ,  
P h ila d e lp h ia ,  PA  19104.

T he ro le o f au toreceptors in m odulating  ex tracellu la r levels o f 
dopam ine (DA) and serotonin (5-H T) in the nucleus accum bens after 
system ic cocaine injection was exam ined using in  vivo  microdialysis 
techniques in aw ake unrestrained Sprague-D aw ley rats. DA and 5-HT 
le v e ls  in  d ia ly sa te  sam p les  w ere  m e asu red  by H PL C  w ith 
electrochem ical detection. The day before the experim ent, a single 
m icrodialysis probe was im planted into the nucleus accum bens o f  rats 
under surgical anethesia. O n the day o f the experim ent, baseline 
sam ples w ere collected for 2 hours to establish basal levels. Systemic 
adm inistration o f  25 m g/kg cocaine alone resulted in a 500 and 200% 
increase in DA and 5-H T concentrations, respectively. Infusion o f 10 
mM  cocaine through the dialysis probe increased extracellular levels of 
DA by 850% , and 5-H T by 400% , above baseline. A fter 3 hours of 
infusion, an in jection  o f  25 m g/kg cocaine (i.p .) w as given, to test 
cocaine's effec ts on som atodendritic au toreceptors. T he injection of 
cocaine (25 m g/kg) during the cocaine infusion  now  resulted in a 
decrease in D A  and 5-H T levels o f 40 and 30% respectively from the 
cocaine infusion baseline. These results suggest that cocaine acts on 
D A  and 5-H T som atodendritic au toreceptors to lim it the increase in 
extracellu lar levels o f D A  and 5-H T in the nucleus accum bens. This 
research was supported by U SPH S grant D A05186.
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POTENT PHENYLTROPANE ANALOGS OF COCAINE PROVIDE STRONG  
CUE STRENGTH AND LONG CUE DURATION IN THE DRUG  
DISCRIMINATION TASK. T.A. Kopa jtic*. D.McBurney. J.W. Boja. F.l. Carroll. 
M.J. Kuhar and M.D. Schechter. Dept. Of Pharmacology. NEOUCOM. 
Rootstown, OH 44272, Research Triangle Institute, Res Triangle Park, NC 
27709 Molecular Pharmacology Section, NIDA/1RP, Baltimore, MD 21224.

Several phenyltropane analogs of cocaine have been developed that inhibit 
the binding of [3H]W IN 35,428 to striatal membranes with a potency much 
greater than that of cocaine itself. Several of these analogs have been 
identified as potential high-potency, long-acting compounds that may play a 
role in a possible cocaine-abuse treatment therapy. In order to test the 
substitution of these compounds for cocaine, several of the phenyltropane 
analogs of cocaine, notably the p-chlorophenyl (RTI-31) and p-iodophenyl 
(RTI-55) analogs of 3p-phenyl-tropan-2β-carboxylic acid ester were tested in 
Sprague-Dawley rats trained to discriminate 10 mg/kg cocaine from saline on 
a FR10 schedule. The analogs were injected IP 30 min prior to testing. In 
animals cocaine itself produced an ED50 of 2.11 mg/kg. The potent cocaine 
analogs RTI-31 and RTI-55 produced ED50 values of 0.039 and 0.075 mg/kg, 
respectively. In order to test the duration of action of these compounds the 
rats were injected with 0.1 mg/kg RTI-31 and tested 3 0 ,6 0 ,2 4 0 , 360 and 
1440 min later. After 240 min (4 hr) the animals still produced cocaine-like 
responding (81.3% on the cocaine-appropriate lever) with a return to saline- 
appropriate performance by 24 hrs post-injection. The results of this study 
suggest that low doses of these compounds produce a cocaine-like effect, 
and that the effect of these drugs is long-lasting. Further testing will be 
required in order to determine the efficacy of these compounds for a possible 
pharmaco-therapeutic role.

7-OH-DPAT GENERALIZES TO THE DISCRIMINATIVE STIMULUS 
PROPERTIES OF COCAINE AND IS SENSITIVE TO D 1 AND D2 
RECEPTOR ANTAGONISTS IN RATS. M.J. Piesla and K.L. Marquis*. 
Wyeth-Ayerst Research, CN 8000, Princeton, NJ 08543.

It has been shown recently that the selective D3 agonist 7-OH-DPAT 
(DPAT) has discriminative stimulus properties in rats (McElroy, 1994). In 
addition, the cocaine-like discriminative stimulus properties of DPAT were 
reportedly mediated by D2-like and not D 1-like receptor subtypes in squirrel 
monkeys (Spealman, 1994). In the current study, the role of various dopamine 
receptor subtypes in the stimulus properties of cocaine and DPAT was 
investigated in rats trained to discriminate cocaine (10 mg/kg i.p.) from saline 
in a two-lever food reinforced operant procedure. A cocaine dose response was 
evaluated and full generalization was observed, cocaine-ED50 = 2.73 mg/kg i.p. 
The D 1 antagonist SCH-23390 (SCH - 0.1 mg/kg i.p ), the D2 antagonist 
haloperidol (HAL - 0.3 mg/kg i.p.), and the D 1/D2 antagonist flupenthixol 
(FLU - 0.54 mg/kg i.p.), all antagonized cocaine as demonstrated by a 
rightward shift in the dose response curve for cocaine, cocaine-ED50 = 5.65, 
7.82 and 9.98 mg/kg i.p., respectively. In other experiments, DPAT fully 
generalized to the cocaine cue, ED50 = 0.14 mg/kg i.p. Subsequently, SCH, 
HAL and the putative D3 antagonist (+)-UH-232 were examined for antagonism 
of the discriminative stimulus effects of DPAT in cocaine-trained animals.
SCH partially antagonized while HAL fully antagonized 0.3 mg/kg i.p. DPAT, 
ED50 = 0.02 and 0.03 mg/kg i.p., respectively. However, (+)-UH-232, at a 
dose of 17 mg/kg s.c., had no effect on this dose of DPAT. Thus, both the 
cocaine discriminative stimulus and the cocaine-like effects of DPAT in rats are 
sensitive to D 1/D2 antagonists. As 7-OH-DPAT has low affinity for D 1 
receptors, a role for endogenous dopamine is suggested.
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285.13
TIME COURSE OF COCAINE ADMINISTRTION ON NEUROPEPTIDE 
EXPRESSION AND DOPAMINE RECEPTORS OF THE RAT NEOSTRIATUM. 
M. Kraft* and J.A. Angulo. Department of Biological 
Sciences, Hunter College, New York, NY 10021.

Cocaine increases the availability of dopamine in the 
neostriatum, thereby impacting the levels of 
neuropeptides and dopamine receptors found in this 
important region of the forebrain. Because addiction and 
dependence take time to develop, we have assessed the 
impact of chronic cocaine treatment on neostriatal 
parameters at 0.2, 3, 6 and 14 days of daily injections 
(two per day) at a dose of 15 mg/kg. A parallel time 
course was implemented for groups of animals (male rats) 
receiving the same cocaine injections plus the 
noncompetitive NMDA receptor antagonist MK 801 
(0 .lmg/kg). Animals were sacrificed 5 h after the last 
injection. PPT mRNA levels in striatum and accumbens were 
significantly increased by day 14 relative to controls.
In contrast, PPE mRNA levels showed a trend towad 
increase in the shorter time course but were 
statistically insignificant by day 14 of treatment. 
Dopamine D2 receptor levels showed a significant decrease 
relative to controls in some subdivisions of the 
striatum. Concurrent administration of cocaine with MK 
801 attenuated the effects of cocaine on neuropeptide 
mRNA expression and dopamine receptor levels. The 
dopaminergic and peptidergic circuits of the basal 
ganglia have been implicated in the behavioral effects of 
drugs of abuse. Our results suggest that the effects of 
cocaine on these systems require repeated exposure to the 
drug and that the tachykinin system is more malleable 
than the enkephalins to the effects of chronic cocaine 
treatment.

285.15
ISOLA TION -REARIN G BOTH ENHANCES AND RETARDS THE 
ACQUISITION OF INTRAVENOUS COCAINE SELF-ADMINISTRATION 
DEPENDING ON TRAINING DOSE: A BEHAVIOURAL AND IN VIVO 
DIALYSIS STUDY. S.R. Howes, L.S. Wilkinson, T.W. Robbins, B.J. Everitt. 
(SPON: European Brain and Behaviour Society). Dept Experimental Psychology, 
University of Cambridge, Cambridge CB2 3EB, UK.

Isolation-reared rats are more active in a novel environment, more responsive to 
the locomotor-stimulant action of cocaine, but retarded in the acquisition of i.v. 
cocaine self-administration. Here, we have investigated the impact of dose of cocaine 
(a high dose of 1.5mg/kg/infusion was used in the earlier study) on the acquisition of 
i.v. cocaine self-administration (SA) and on the extracellular concentrations of 
dopamine (DA) in the nucleus accumbens (NAcc), measured using in vivo 
microdialysis. Isolates acquired i.v. cocaine SA more slowly than socially-reared 
animals in the high dose condition (1.5mg/kg/infn). However, in the low dose 
condition (0.25mg/kg/infn), isolation-reared animals acquired i.v. cocaine SA more 
rapidly, and stabilised their self-administration rate at a higher asymptotic level, than 
socially-reared animals. Basal levels of DA in the NAcc were lower in rats having 
acquired cocaine self-administration than in drug-naive subjects, but there was no 
difference between isolates or socially-reared rats. All animals showed increased DA 
levels in NAcc in response to i.v. cocaine at the training dose, but the increase was 
much greater in isolates than in socials, especially in the high dose group. These data 
indicate that isolation rearing may enhance the reinforcing effects of low doses of 
cocaine, but confirm that acquisition of self-adminisration of higher doses is 
retarded. These behavioural Findings are compatible with the increased extracellular 
dopamine in the NAcc of isolates and show that the reinforcing effects of cocaine 
depend crucially on how the drug affects basal levels of extracellular dopamine. 
Further research is required to determine how the isolate adapts to a regimen of high 
dose cocaine self-administration.

285.14
D O PA M IN E OVERFLOW  IN TH E N U CLEU S A CCU M BEN S OF 
RA TS D U R IN G  E X T IN C T IO N  A N D  R E IN S T A T E M E N T  OF 
C O CA IN E SELF-A D M IN ISTRA TIO N . L.E. O ’D ell*. L .T.L. Tran- 
N guven. E. Castaneda. A.N, Sussm an. and J.L. N eisew ander.. Dept. 
Psychology, Arizona State University, Tempe, AZ 85287-1104.

C oca ine-associa ted  stim uli e lic it c rav ing  in hum ans. W e 
hypothesized that such cue-elicited craving m ay involve a conditioned 
enhancem ent o f dopam ine (DA) neuro transm ission . To test this 
hypothesis, DA overflow  was m easured in the nucleus accum bens 
(NAc) of rats during both extinction of cocaine self-adm inistration and 
reinstatem ent of responding following a prim ing injection o f cocaine. 
Sprague-D aw ley rats w ere allow ed to self-adm inister cocaine (0.75 
m g/kg/infusion) under an FR5 schedu le 3 h r daily  for 14 days. 
Control anim als received yoked adm inistration o f saline. A stimulus 
light above the lever was illuminated during the cocaine infusion. DA 
was m easured in the NAc using in vivo m icrodialysis 7-8 days after 
the last self-adm inistration session. B aseline sam ples were collected 
every 15 min for 1 hr. The rats w ere then placed into the operant 
cham bers and allow ed to respond in extinction  for 90 min, during 
which responses resulted in presentation of the stim ulus light. The rats 
then received a priming injection of cocaine (10 mg/kg, IP) that served 
to reinstate responding in extinction. D ialysate sam ples were collected 
every 15 min throughout both extinction and reinstatem ent. In contrast 
to our hypothesis, the results indicated  tha t cocaine-experienced 
animals exhibited less DA overflow in the N Ac relative to saline-yoked 
contro ls during both extinction  and reinstatem ent. (Supported by 
DA07730, NIM H /M N TP grant M H -19547, and HHM I).

285.16
E FFE C T  O F  C H R O N IC  C O C A IN E  T R E A T M E N T  A N D  W ITHD RAW AL  
O N  C Y T O C H R O M E  O X ID A SE  A C T IV IT Y  IN T H E  R A T  EX T EN D ED  
A M Y G D A L A  P.D . Lam bert* P. Czoty. T .D . Ely, and C .D . Kilts D e p t of 
Psychiatry, Em ory Univ. Sch. o f  M ed., A tlanta, G A  30322  

C ytochrom e O xidase (C O ) is the term inal enzym e in the electron  transport 
chain and plays a crucial role in A T P  generation  in neurons. CO  activity is a 
marker o f  sustained patterns o f  neuronal activity, and has been  used to map 
patterns associated with learning, developm ent, and long-term  neuropathology. 
T he neural system level pharm acology o f  cocaine is poorly understood. We 
have used a h istochem ical assay o f  CO  activity to map changes in neuronal 
functional activity following cocaine adm inistration and withdrawal. Male 
Sprague-Dawley rats w ere dosed  with cocaine (10  m g/kg i.p.) or saline once 
daily for 3d,7d, or 14d, and for 14d follow ed by 7d saline. 18 hours following 
the fm al injection, brains w ere collected , sliced (30μ m ) and stained for CO 
using the m ethods o f  G onzalez-Lim a. T he repeated  adm inistration o f cocaine 
was associated with significant alterations in CO  activity in structures o f the 
extended amygdala. T hese patterns w ere distinct for duration o f  treatment and 
withdrawal and found to vary b etw een  cerebral hem ispheres. Significant 
bilateral d ecreases in CO activity com pared to control w ere seen  following 14d, 
but not 3d, cocaine i.n the bed nucleus o f  the stria term inalis (R  38%, L 34%) 
and the central nucleus o f  the am ygdala (R  18%, L 33% ). A fter 3d treatment 
bilateral increases (20-30% ) in CO activity w ere seen  in the subdivisions of the 
nucleus accum bens. Follow ing withdrawal, CO activity increased (20-55%) in 
all areas exam ined with the exception  o f  the right dorsolateral caudate (-4%). 
Thus, CO  activity maps defined patterns o f  changes in neuronal activity in the 
extended amygdala following chronic cocaine treatm ent and withdrawal

DRUGS OF ABUSE: COCAINE II

286.1
N M DA RECEPTORS M ED IATE THE EX PRESSIO N  OF COCAIN E- 
SEN SITIZED  A CTIV ITY  IN STRIA TO N IG RA L N EU RO N S. R . P. 
H am m er. Jr.* . E. S. Cooke. W, L. Thom as. Jr. and D. M. Barrus 
D epartm ent of Psychiatry, Tufts Univ. Sch. M ed., Boston, M A 02111.

Repeated cocaine treatm ent sensitizes locom otor behavior and m eta
bolic activity in striatonigral circuits. To exam ine the effect o f NM DA 
receptor blockade, male Sprague-Dawley rats (225-275 g) received CPP 
(0, 5 or 10 mg/kg, i.p.), a com petitive N M D A  antagonist, 30 min prior 
to cocaine HC1 (30 mg/kg, i.p.) or saline vehicle for tw o days. Arterial 
and venous catheters w ere im planted on the m orning o f the second day. 
Ten min after cocaine or vehicle injection, [ 14C ]2-deoxyglucose (2DG) 
was adm inistered i.v. and tim ed arterial blood sam ples were collected 
while locom otor behav io r w as assessed. A fter 45 m in, brains were 
rem oved and p rocessed  for quantita tive autoradiography. R epeated 
cocaine augm ented locom otor activity and sensitized regional cerebral 
metabolic rate for glucose (rCM Rglc) in the entopeduncular nucleus (EP) 
and substantia nigra pars reticulata (SNr) com pared to acute cocaine or 
saline treatment. CPP pretreatm ent on day two dose-dependently reduced 
rC M R glc in EP and SN r, but locom otor behav io r w as unaffected. 
A dm inistration o f CPP on day one reduced behavioral expression, but 
had no significant effect on rC M R glc in EP and SNr. Locom otor activity 
was correlated with rC M R glc in EP and SNr across all treatm ent groups. 
The resu lts  suggest tha t N M D A  recep to r b lockade p reven ts the 
acquisition o f behavioral sensitization w ithout affecting its expression. 
However, N M DA receptor stim ulation is necessary for cocaine-induced 
activation o f striatonigral neurons. Reduced striatonigral activity in the 
presence of behavioral sensitization im plicates additional neural circuits 
in sensitized responding. Supported by USPHS A w ard R01 DA06645.

286.2
NITRIC OXIDE AND NMDA RECEPTOR INVOLVEMENT IN SENSITIZATION 
TO COCAINE-INDUCED BEHAVIORIAL ACTIVATION. J.L. Haracz*1. S.A. 
Belanger2. J.S. MacDoaall2, R. Sircar1. 1Dept, of Psychiatry, Albert Einstein Coll, 
of Med., Bronx, NY 10461. 2Dept. of Psychology, Fordham Univ., Bronx, NY 
10458.

Behavioral sensitization to cocaine was tested for in adult, male Wistar rats 
pretreated with MK-801, a noncompetitive NMDA receptor antagonist, or D-3-(2- 
carboxypiperazin-4-yl)-l-propenyl-l-phosphoric acid (D-CPPene), a competitive 
NMDA blocker. A 5-day regimen of once-daily cocaine (15mg/kg, i.p.) injections 
yielded sensitization to cocaine (15 mg/kg)-induced behavioral activation as revealed 
by rating rats with a 12-point scale (King et. al., Pharmacol. Biochem. Behav. 
45:577, 1993) 72 hr after the last pre-exposure injection. Cocaine sensitization was 
partially prevented by MK-801 (0.25 mg/kg) or D-CPPene (20 mg/kg) pretreatment, 
contrary to previous reports that NMDA receptor antagonists completely prevented the 
development of stimulant sensitization. While raising questions about methodological 
differences among laboratories, our findings suggest that sensitization may involve 
mechanisms dependent on NMDA-receptor function as well as NMDA-receptor 
independent mechanisms. Preliminary results indicate that cocaine sensitization was 
also prevented by pretreatment with a nitric oxide (NO) synthase inhibitor, either N- 
nitro-L-arginine methyl ester (100 mg/kg) or 7-nitro indazole (30 mg/kg), suggesting 
a role for NO in mechanisms underlying sensitization. This prevention was found 
despite a 10-day withdrawal period between pre-exposure and test injections, so the 
results are unlikely to arise from a long-lasting drug-induced inhibition of NO 
synthase. (Supported by The Aaron Diamond Foundation and NIDA.)
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286.3
THE ROLE OF GLUTAMATE AND NITRIC OXIDE IN COCAINE-INDUCED  
CONDITIONED INCREASES IN LOCOMOTOR BEHAVIOR.
Ag u Pert* and T. Sullivan. Biological Psychiatry Branch, National Institute of 
Mental Health, Bethesda, MD 20892.

Glutamate and nitric oxide have been reported to be involved in behavioral 
sensitization seen during repetitive cocaine-injections in rats. One important 
determinant of sensitization is the conditioning of cocaine-induced behavioral 
effects to environmental cues. The purpose of these studies was to 
determine the role played by glutamate and nitric oxide in the acquisition and 
expression of cocaine-induced conditioned increases in locomotor behavior. 
Rats were exposed to a locomotor chamber following injections or 30mg/kg 
of cocaine (PAIRED) or saline (UNPAIRED). One hour following return to 
their home cages the animals were injected with the opposite agent. After 
one or three days of training as described, all rats were tested with low 
doses of cocaine or saline. Pretreatment of rats with either MK-801 (.25 -1 .0  
mg/kg) or 100 mg/kg of NG - Nitro - L-arginine methyl ester (NAME) prior to 
a one day conditioning session prevented the acquisition of conditioned 
increases in locomotor activity by cocaine. Injections of MK-801 into the VTA  
but not the n. accumbens or amygdala were also effective in preventing the 
acquisition of conditioning after 3 days of training. Pretreatment of rats with 
either MK-801, CPP or NAME prior to the test session after one or 3 days of 
training were ineffective in preventing the expression of cocaine conditioned 
behavior. It appears then that glutamate (in the VTA) and nitric oxide are 
critical for the development of cocaine-induced conditioning but are not 
involved in its expression once established.

286.5

BOTH NMDA RECEPTOR ANTAGONISTS AND PREFRONTAL 
CORTEX LESIONS PREVENT VTA DA AUTORECEPTOR 
SUBSENSITIVITY AFTER REPEATED COCAINE TREATMENT. Y Li*. 
T. Berney. C. Stine. X.-T. Hu. M.E. Wolf and F.J. White. Department of 
Neuroscience, FUHS/The Chicago Medical School, North Chicago, IL 60064.

Behavioral sensitization is accompanied by a number of alterations in the 
mesoaccumbens DA system, including DA autoreceptor subsensitivity in the 
ventral tegmental area (VTA) Recent work also supports a role for excitatory 
amino acid (EAA) transmission in behavioral sensitization, since 1) EAA receptor 
sensitivity is altered after repeated cocaine (Coc) or amphetamine treatment, 2) 
coadministration of NMDA antagonists with Coc or amphetamine prevents the 
development of sensitization, 3) lesions of medial prefrotal cortex (mPFC), which 
provides a major EAA projection to the VTA, prevent sensitization of 
amphetamine-stimulated horizontal locomotor activity The present study 
investigates the role of EAA transmission in the development of DA autoreceptor 
subsensitivity in the VTA following repeated Coc treatment. With single unit 
extracellular recordings, we found that coadministration of MK-801 (a non
competitive NMDA antagonist) or CGS 19755 (a competitive NMDA antagonist) 
with Coc, in a protocol that prevents sensitization, also prevents VTA DA 
autoreceptor subsensitivity. To determine whether the relevant NMDA receptors 
were under regulation by mPFC EAA inputs, we next lesioned the mPFC with 
ibotenic acid. Repeated Coc treatment in rats with bilateral mPFC lesions failed 
to induce apparent VTA autoreceptor subsensitivity. These results suggest that 
NMDA receptor transmission from afferents originating in the mPFC is critical in 
the development of apparent VTA DA autoreceptor subsensitivity. (Supported by 
DA 04093 and DA 00207 to FJW, and DA 07735 to MEW.)

286.7
EFFECTS OF NON-MOTORIC MK-801 TREATMENT UPON COCAINE AND 
CAFFEINE INDUCED BEHAVIORAL AND HORMONAL RESPONSES. R.J. Carey*. 
H-Dai and E.N. Damianopoulos. Dept. of Psychiatry, SUNY Health Science Center and 
VA Medical Center, Syracuse, NY 13210.

Pharmacological antagonism of the NMDA ion channel with drugs such as MK-801 
(dizocilpine) has been shown repeatedly to attenuate drug sensitization and drug 
conditioning effects induced by repeated psychostimulant drug treatments. While these 
lasting but indirect effects of MK-801 on psychostimulant drug effects have been 
extensively investigated, the direct behavioral and hormonal impact of MK-801 on 
psychostimulant response effects are not well defined. Toward this aid a series of 
experiments were conducted in which rats were given non-motoric MK-801 treatments 
(0.1 mg/kg) either 20 min before or in conjunction with cocaine (10 mg/kg), caffeine (10 
mg/kg) or saline. Spontaneous motor behavior was measured by video image analysis in 
two environments. One environment was not associated with psychostimulant drug 
treatment and one environment was paired with the psychostimulant chug treatment. Prior 
to any drug treatments all animals were given two daily 20 min tests in each test 
environment with each test preceded by saline injection. Treatment groups were matched 
in terms of their locomotion behavior in the two test environments following the saline 
injection. The MK-801 treatment alone or in combination with saline initially did not 
modify locomotion behavior relative to animals given only saline treatments. As expected, 
cocaine and caffeine treatments had locomotion stimulant effects in the drug treatment test 
environment. While MK-801 did not modify the psychostimulant drug effect when given 
together with cocaine, MK-801 treatments given 20 min before cocaine or caffeine 
enhanced the psychostimulant behavioral response. This direct effect of MK-801 upon 
psychostimulant drug effects is evaluated in terms of drug distribution in brain and 
corticosterone and aldosterone hormonal responses. These experiments point to the critical 
importance of the measurement of the direct impact of NMDA antagonism upon 
psychostimulant drug effects for understanding the interaction between NMDA receptors 
and drugs of abuse.

286.4
COMPETITIVE EXCITATORY AMINO ACID ANTAGONISTS 
INTERFERE WITH THE DEVELOPMENT OF CONDITIONED 
HYPERACTIVITY INDUCED BY COCAINE. J.P. Druhan*. Division 
of Behavioral Neurobiology, Department of Psychiatry, Medical College 
of Pennsylvania and Hahnemann University, Philadelphia, PA 19102.

Previous studies have shown that the conditioning of psychomotor 
stimulant drug effects to environmental stimuli can be prevented when rats 
are pretreated with systemic injections of the non-competitive NMDA 
receptor antagonist, MK-801, prior to drug/environment pairing sessions. 
The present experiment examined whether similar results could be 
obtained in rats given icv injections of the competitive NMDA receptor 
antagonist, CPP, or the AMPA/kainate excitatory amino acid receptor 
blocker, CNQX, prior to drug/environment pairing sessions. The pairing 
phase of the experiment consisted of five, daily sessions in which rats were 
given IP injections of either cocaine (10.0 mg/kg) or saline 15 min after 
icv infusion (4.0 ul over 2 min ) of artificial cerebrospinal fluid (ACSF), 
CPP (0.8 nmol/rat) or CNQX (4.0 nmol/rat). The rats were placed into 
activity monitors for 30 min immediately after each IP injection. Tests 
for conditioned hyperactivity were given 24 h after the fifth pairing 
session. These tests involved monitoring activity for 30 min after 
administration of icv ACSF and IP saline to all animals. Rats pretreated 
with ACSF and then given cocaine during the pairing phase were found to 
be hyperactive during the conditioning test relative to ACSF-pretreated 
rats that received IP saline during the pairing phase. This conditioned 
hyperactivity was absent in rats pretreated with CPP during the pairing 
phase, and it was markedly attenuated in rats given CNQX prior to each 
pairing session. These results confirm that NMDA receptors play a 
critical role in the development of conditioned hyperactivity induced by 
cocaine, and they suggest that kainate or AMPA receptors may be 
involved in this conditioning process as well.

286.6
KETAMINE BLOCKS TOLERANCE TO THE REINFORCING 
EFFECTS OF COCAINE. D.-H. Li and M. W. Emmett-Oglesby . Dept. 
of Pharmacol., University of North Texas HSC, 3500 Camp Bowie Blvd., 
Fort Worth, TX 76107-2699.

This experiment tested the hypothesis that an NMDA antagonist can 
be used to prevent the occurrence of tolerance to the reinforcing 
effects of cocaine. The effect of the uncompetitive NMDA antagonist 
ketamine on tolerance to cocaine self-administration was determined 
under both a progressive-ratio schedule (PR) and a fixed-ratio 
schedule (FR 2). Rats were implanted with chronic indwelling jugular 
catheters. Following implantation, they were trained to self-administer 
cocaine, 0.25 mg/infusion, under either a PR schedule or a FR 2 
schedule. After each subject was stable for at least three consecutive 
days, they were tested with various doses of cocaine. Subsequently, 
subjects in the PR and the FR 2 groups were assigned into two 
subgroups. One group was treated chronically with cocaine 
(20mg/kg/8hr) for 7 days; the other group received this same cocaine 
regimen, but each injection was accompanied by an injection of 
ketamine (25 mg/kg/8hr). Rats treated chronically with cocaine alone 
showed a significant decrease in breaking points under the PR 
schedule, and showed a significant increase in the rate of cocaine 
self-administration under the FR 2 schedule. In contrast, results from 
the groups treated with the cocaine/ketamine combination were not 
significantly different from control data. These data support the 
hypothesis that NMDA antagonists can prevent tolerance to the 
reinforcing effect of cocaine. Supported by RQ1 DA 4137.

286.8
ON THE ROLE OF NMDA SYSTEMS IN THE DEVELOPMENT 
OF SENSITIZATION TO COCAINE. S. Schenk* and C. 
McNamara. Texas A&M University, Dept. Psychology, College 
Station, TX 77843

Repeated, intermittent administration of psychostimulants 
produces an enhancement of the subsequent behavioral effects 
of these drugs. Recently, there has been an accumulation of 
data implicating excitatory amino acids in the development of 
behavioral sensitization to repeated administration of psycho
stimulants. In particular, NMDA receptors in the ventral tegmen
tal area have been proposed as a critical component of the 
system contributing to sensitization. As a test of this hypothesis, 
2 bilateral infusions (1 per day) of either NMDA (2.5 or 5.0 
ug/side), glutamate (0.5 ug/side) or the vehicle were delivered 
to the ventral tegmental area. After a 5-7 day waiting period, 
the ability for cocaine (0.0 or 10.0 mg/kg) to increase horizontal 
motor activity was measured. Although this dose of cocaine 
effectively increased motor activity, neither glutamate or NMDA 
preexposure sensitized the rats to this behavioral effect of the 
drug. These data will be discussed within the framework of a 
model concerning the role of excitatory amino acids in the 
development of behavioral sensitization.

Supported by DA 06825
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286.9
STIMULATION OF GLUTAMATE RELEASE IN THE NUCLEUS 
ACCUMBENS FOLLOWING AN ACUTE INJECTION OF COCAINE OR 
AMPHETAMINE Malcolm S. Reid*. Kang Hsu. S. Paul Berger. 
U C SF/V A M C , S ubstance A buse T rea tm en t R esearch  116W, 4150 
Clement St., San Francisco, CA 94121

Recent studies have suggested  that glu tam ate  m ay p lay a role in the 
behavioral and  neurochem ical effects of stim u lan ts . P rev iously , we 
h av e  sh o w n  th a t local p e rfu s io n  w ith  d o p a m in e rg ic  a g o n is ts  
stim ulates g lu tam ate release in the s triatum . In the p resen t study , in 
vivo m icrodialysis w as used  to investigate  the effects of dopam ine 
up take blockers, cocaine and  GBR 12909, an d  the d o p am in e  releaser, 
am phetam ine, on the ex tracellular levels of g lu tam ate  in the nucleus 
accum bens and s tria tum  of freely m oving  S prague-D aw ley  rats. A 
single intraperitoneal injection of cocaine (15-30 m g /k g ), GBR 12909 (15 
m g /k g ) or d -am phetam ine (2 m g /k g )  p ro d u ced  a significant, dose- 
related increase in nucleus accum bens g lu tam ate  levels. The effects of 
cocaine (30 m g /k g ) on nucleus accum bens g lu tam ate  levels w ere C a++ 
d e p e n d en t and  w ere co m p le te ly  b locked  by  p re tre a tm e n t w ith  
ha loperidol (0.2 m g /k g )  and  partia lly  blocked by SCH 23390 (0.02 
m g /k g )  (at doses w hich  g reatly  red u ce  the locom otor stim u la to ry  
effects of cocaine). In the striatum , a single injection of cocaine (15-30 
m g /k g ) p roduced a w eaker increase in ex tracellu lar g lu tam ate  levels 
w hich w as observed  only afte r the  h ig h est dose. These fin d in g s  
indicate that dopam ine up take blockers and  releasers m igh t stim ulate  
g lu tam ate  release via th eir effects on d o p am in e  release. F u rth er 
studies in the striatum  and prefrontal cortex are underw ay.

286.11
CO N TEX T-SPECIFIC  BEH A V IO R A L C R O SS-SEN SITIZA TIO N  
O F SYSTEM IC CO CA IN E AND IN TRA -A CCU M BEN S AMPA IN 
TH E RAT. K. B. Bell* and P. W, K alivas. D epartm ent of V eterinary 
and C om para tive  A na tom y , P h a rm a co lo g y  and P h ysio logy , 
W ashington State University, Pullm an, WA 99164.

In a behavioral experim ent in the rat, the extent of context- 
specificity  in cross-sensitization  betw een chronic system ic cocaine 
ad m in is tra tio n  and  acu te  in tra -acc u m b en s  A M P A  in fu sion  
(unpublished observation) was evaluated. Subjects received seven 
consecutive daily IP injections in one of three paradigm s: 1 m l/kg IP 
saline in the hom e cage (S h), 15 m g/kg IP cocaine in the hom e cage 
(Ch), or 15 m g/kg IP cocaine in a photocell appara tus (C p). All 
subjects recieved one hour o f photocell box habituation prior to each 
daily  treatm ent. Follow ing seven days o f w ithdraw l from  daily 
treatm ent, all subjects were bilaterally im planted with microinjection 
canulae into the nucleus accum bens. On days 14, 17 and 20 of 
w ithdrawl from daily injections, all subjects received bilateral, intra- 
accumbens infusions of 0, .1 or .3 nmol AM PA in .3μ l  saline per side 
and were subsequently  m onitored for locom otor ac tiv ity  for two 
hours. C p subjects showed significantly greater locom otor activity to 
high-dose AM PA infusion than either S h or C h subjects, w hile no 
differences were seen between the dose-response relationships for S h 
and C h subjects. These results indicate substantial context-specificity 
to the cro ss-sensitiz a tion  betw een system ic cocaine and in tra- 
accum bens A M PA , im plicating contextually-conditioned changes in 
exc ita to ry  am ino  acid  neuro transm i w ith in  the NA in the 
expression of behavioral sensitization to cocaine.

286.13

SYSTEMIC PRETREATM ENT W ITH TH E AM PA ANTAGONIST 
NBQX INHIBITS COCAIN E-IN D UCED  IN CREA SES IN 
EXTRACELLULAR DOPAM INE. A. Pap* and C.W . Bradberry . Yale 
Univ. Sch. of Med., Depts. o f Psychiatry and Laboratory M edicine, and 
the W est Haven Veterans Administration Hospital, Box 116/A2,West 
Haven, C T 06516.

W e have previously demonstrated that local infusion via a 
microdialysis probe o f the AM PA/Kainate antagonist CN QX  
significantly attenuates the ability of systemically administered cocaine to 
elevate extracellular dopamine (DA), consistent w ith behavioral studies 
o f interactions between excitatory amino acid antagonists and 
psychostimulants. In the present investigation, aw ake anim als with 
microdialysis probes in the nucleus accumbens w ere pretreated either 
with saline or the systemically available A M PA antagonist NBQX (6- 
Nitro-7-sulphamoylbenzo(f)quinoxaline-2-3-dione;10 m g /k g , i.p.) 15 
minutes prior to cocaine (15 mg/kg, i.p.). N BQ X  significantly 
attenuated the cocaine induced increase in extracellular dopamine (351% 
of baseline in the NBQX group) in com parison to saline pretreated 
animals (217% of baseline, p < 0.01 by two-w ay repeated measures 
ANOVA). Locomotor behaviour w as also monitored during the 
microdialysis session in order to study the im pact o f NBQX  on the 
locomotor activation elicited by cocaine, with a non-significant trend 
toward a decrease in locomotor activation seen in the N BQX pretreated 
animals. These results provide further evidence for the potential 
application of excitatory amino acid antagonists as therapeutic agents in 
treating cocaine abuse. Supported by DA 08073, D A  08227, the W est 
Haven VA Centers for the study of PTSD and Schizophrenia, and a 
NARSAD Young Investigator Award to CW B.

286.10
REGULATION OF GLUTAMATE RECEPTOR SUBUNIT 
EXPRESSION BY DRUGS OF ABUSE AND STRESS: COMMON 
ADAPTATIONS AMONG CROSS-SENSITIZING AGENTS. L.W. 
Fitzgerald*. A.G. Hamedani, J. Ortiz, and E.J. Nestler. Lab. of Molecular 
Psychiatry, Dept. Psychiatry, Yale Univ Sch of Med, New Haven, CT.

Studies suggest that glutamate receptors in the ventral tegmental area 
(VTA) are instrumental in producing some of the adaptations in 
mesolimbic dopamine (DA) function that accompany repeated exposure 
to drugs of abuse or stress. We therefore examined the effects of repeated 
exposure to cocaine, morphine, ethanol, or stress on glutamate receptor 
subunit expression in central DA systems. Using subunit-specific 
antibodies, we found by Western blotting that rats treated repeatedly with 
cocaine (20 mg/kg, i.p., for lwk) showed significantly increased levels of 
GluRl and NMDAR1 (but not GluR2, NMDAR2A/B, or GluR6/7) 
immunoreactivity in the VTA. In contrast, repeated cocaine exposure had 
no influence on receptor levels in the nucleus accumbens, striatum, 
cortex, hippocampus, or substantia nigra. Morphine administered by an 
escalating dosing paradigm (10 to 120 mg/kg, s.c., twice daily for l0d) 
also significantly increased the levels of GluRl in the VTA, whereas 
ethanol (consumed orally for 3 mo) increased levels of both GluRl and 
NMDAR1 in this brain region. Similarly, restraint stress (45 min/d for 
l0d) increased GluRl levels in the VTA, whereas a more rigorous stress 
regimen (two randomly-selected stressors/d for lOd) increased both 
GluRl and NMDAR1 levels. In contrast, repeated treatment with drugs 
that lack reinforcing or sensitizing properties (haloperidol, raclopride, 
sertraline, desipramine) had no effect on GluRl and NMDAR1 levels in 
the VTA. Increased glutamate receptor subunit expression in the VTA 
may represent an important mechanism through which drugs of abuse 
and stress exert common, long-term effects on mesolimbic DA function.

286.12
T H E  E N H A N C E D  R E L E  AS A B IL IT Y  O F N U C L E U S  
A C C U M B E N S  S H E L L  D O P A M IN E  IN  R A T S  
BEHAVIORALLY SEN SITIZED  TO  CO CA IN E IS CA LCIU M - 
D EPEN DENT. R. C. Pierce* and P. W . K alivas. A lcoholism  
and Drug Abuse Program, W ashington State University, Pullman, 
W A 99164 USA.

Tw enty-one days following seven daily ip cocaine injections, 
dopam ine was monitored in the nucleus accum bens core and shell 
during the application of am phetam ine (0.03-30.0 pM) through the 
probe. These data revealed  tha t the local adm in istra tion  of 
am phetam ine produced  a s ign ifican t inc rease  in accum bal 
dopam ine in saline pretreated animals. Am ong cocaine pretreated 
rats, there was a significant potentiation of accum bal dopam ine 
release only following am phetam ine adm inistration in the shell. In 
order to determine if this sensitized dopam ine release was calcium- 
dependent, we repeated the above shell experim ent in the presence 
and absence o f  the L-type ca lcium  antagonists, d iltiazem  and 
verapam il (10 and 100 μ M , respec tive ly , co -p erfu sed  w ith 
am phetam ine), as well as the N-type calcium  channel antagonist, 
ω-conotoxin (1 μ M). In the presence o f any o f these calcium  
channel antagonists, the sensitized dopam ine transm ission in the 
shell was no longer present, a lthough am phetam ine-induced  
release in control rats was unaffected. Taken together, these 
results indicate that 1) the augm entation in nucleus accum bens 
dopam ine transm ission that is associated w ith cocaine-induced 
behavioral sensitization occurs primarily in the shell rather than the 
core and 2) that calcium  plays an im portant role in this sensitized 
dopam ine transmission.

286.14
REPEA TED  C O CA IN E TR EA TM EN T PR O D U CES SELECTIV E 
ALTERATIONS IN mRNA FOR SUBUNITS OF THE GABAA RECEPTOR. 
D.E. C arney * and M .S. A bel. Dept. Cell B iology & A natom y, 
FUHS/The Chicago M edical School, North Chicago, IL 60064.

R epeated  adm in istra tion  o f cocaine  p roduces behav io ral 
sensitization. Significant evidence indicates that cocaine sensitization is 
initia ted, but not m aintained, by dopam ergic system s. To further 
elucidate the m echanism  o f sensitization, we have exam ined the rat 
GABA a  receptor following repeated cocaine treatm ent. Previously, we 
have reported selective alterations in ligand binding to the G A B A a 
receptor after cocaine sensitization (Soc. N eurosci. Abstr. 1994). We 
are cu rren tly  exam in ing  altera tions in G A B A a  subun it m RN A  
expression. M ale Sprague-D aw ley rats w ere in jected  w ith cocaine 
(35m g/kg, i.p.) or saline daily  for 17 days. A scaled evaluation of 
sensitization was conducted follow ing the injections. A nim als were 
decapitated 24 hours after the last injection. 3 cocaine dosing regimens 
w ere exam ined - 1 dose (1C), 17 doses (17C), and 17 doses w ith a 
subsequent 2 week washout. (31C). B rain sections w ere prepared for 
In situ hybridization w ith riboprobes to unique portions o f G A B A a 
subunits α 2 , β3 and γ2- Em ulsion-coated slides w ere developed and 
grains w ere counted using a com puter-based  im aging system . The 
cocaine-treated  rats exh ib ited  progressive stereo typ ica l behavioral 
changes. 17 injections o f cocaine produced a persistent (17C & 31C) 
elevation o f α2 expression in the Hippocam pal CA1 and CA3 regions. 
In contrast, β3 was transiently increased (1C & 17C only) in Caudate 
N ucleus and D entate Gyrus. The γ2 expression was increased in the 
C audate N ucleus o f the C17 anim als. T hese find ings suggest a 
GABAergic component to cocaine-induced sensitization.
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286.15
INTRAVENTRICULAR INJECTION OF ANTISENSE OLIGONU

CLEOTIDES FOR GABAA RECEPTOR mRNA INCREASES CO
CAINE SENSITIVITY IN RATS. J . Peris* and D. W ielbo, D epart- 
ments of Pharmacodynamics and Pharmaceutics, University of Florida, 
Gainesville FL 32610.

Repeated cocaine injections have been shown to decrease the 
num ber and function of GABAa receptors in striatum . If the level of 
GABAa mediated inhibition in striatum is related to cocaine responsivi- 
ty, then a decrease in GABAA receptors should sensitize animals to 
cocaine. Intraventicular injection of phosphorothioated antisense oligo- 
deoxynucleotides (AS ODNs) targeted to GABAA receptor subunit 
mRNAs should decrease expression of receptor proteins in portions of 
striatum exposed to the lateral ventricle. The 18-mer ODNs (Interdisci
plinary Center for Biotechnology Research, University of Florida) were 
targeted to the intracellular area between transmembrane domains M3 
and M4 for the α2 and the β 2 subunit since these are most predominant 
in striatum . A com bination of both AS ODNs (25 ug of each in 50 ul 
total isotonic saline) were injected via guide cannulae implanted into the 
right lateral ventricle. Behavioral responses to cocaine (15 mg/kg, i.p.) 
were tested 18-20 hrs after ODN treatment. Animals injected with AS- 
ODNs exhibited greater behavioral scores (42 ± 4) com pared to non- 
injected, saline-injected or sense ODN injected rats (34± 3). Additional
ly, all animals injected with AS ODNs exhibited a greater number of left 
turns versus right turns compared to control animals in which the direc
tion of turning was equal. Thus, the num ber of GABAA receptors in 
striatum may be involved in determining cocaine sensitivity. Supported 
by PHS grant AA 00135 and a grant from the Alcohol Beverage Medical 
Research Foundation.

286.16
BACLOFEN ATTENUATES THE REINFORCING EFFECTS OF 
COCAINE IN RATS. M . A ndrews*, G.J. Vickers and D .C .S . 
Roberts. Department o f  Psychology, Carleton University, Ottawa, 
Canada, K1S 5B6

The effects o f  the GABAb agonist baclofen were examined on IV 
cocaine self-administration behavior. Rats were trained to self-administer 
cocaine on a progressive ratio schedule. The first lever response o f  the daily 
5 h session was reinforced with an IV injection o f  cocaine. The response 
requirements for each subsquent injection escalated according to the series: 
1,2,4,6,9,12,15,20,25... The number o f  injections self-administered before 
responding ceased was defined as the breaking point. Pretreatment with 
baclofen (2.5 mg/kg) reduced breaking points across a series o f  unit 
injection doses o f  cocaine (0.18, 0.38, 0.75, 1.5 mg/kg/inj). Baclofen 
(2.5mg/kg,SC) had no effect on responding for food reinforcement on an 
identical PR schedule and no effect on rate o f  cocaine intake on an FR 
1 schedule. Rats were also trained to self-administer cocaine on a discrete 
trials schedule where animals were given the opportunity to respond for 
a single injection o f  cocaine (1 .5  m g/kg/inj) during a 10 min trial. 
D iscrete trails were presented at 30 min intervals continually for two 
weeks. Under baseline conditions, rats self-administered on average 23 
injections/day in a reliable circadian pattern. Baclofen pretreatment (2.5 
mg/kg) reduced daily intake by 33 %. These data suggest that GABAb 
m echanism s may play a role in the reinforcing efficacy o f  cocaine. 
Supported by NIDA Contract N o. N O 1D A -3-7302.
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287.2287.1
MICE LACKING 5-HT1B RECEPTORS DISPLAY ALTERED BEHAVIORAL 
RESPONSES TO COCAINE. K. Scearce*, N. Castanon, and R. Hen. Center for 
Neurobiology and Behavior, Columbia University, New York, NY 10032.

5-HT has been suggested to play a role in the effects of drugs of abuse such 
as cocaine, MDMA and alcohol. In order to study the role of 5-HT receptors in the 
abuse potential of cocaine, we have examined the behavioral effects of cocaine in 
knockout mice lacking the 5-HT IB receptor (5-HT 1B-/- mice). In the ventral 
tegmental area, cocaine has been suggested to act as an indirect agonist o f 5-HT 1B 
receptors, thereby inhibiting GABA release onto DA neurons. The resulting activation 
of DA neurons might be responsible for the increase in locomotor activity elicited by 
cocaine and 5-HT1B agonists such as RU24969. Since the hyperlocomotor effect of 
RU24969 is absent in 5-HT 1B-/- mice, we expected these mutant mice to display a 
reduced response to cocaine.

We tested the effect of both acute and chronic administrations of cocaine on 
the locomotor behavior of 5-HT IB-/- mice. We monitored with a videotracking device 
the open-field activity (large locomotor movements and small stereotyped movements) 
of wild-type 129/Sv mice and 5-HT1B-/- 129/Sv mice after i.p. injections of saline or 
10mg/kg, 20mg/kg, or 40mg/kg of cocaine. In the acute condition, each animal was 
injected once and recorded immediately after injection for two hours. In the chronic 
condition, each animal was given daily injections of cocaine for two weeks and was 
subsequently tested for open-field activity in response to cocaine. In baseline 
conditions (saline injected or non-injected), the mutants displayed more large 
locomotor movements than the wild-type mice. After acute injection of cocaine (20 
and 40 mg/kg), both groups displayed an increase in large locomotor movements. 
After chronic administration o f cocaine, wild-type mice showed a large increase in 
small, stereotyped movements in response to cocaine (20 and 40 mg/kg) while this 
effect was absent in 5-HT 1B-/- mice. These results suggest that while the acute 
response to cocaine may be similar in both groups, the 5-HT1B-/- mice display a 
reduced response to chronic cocaine treatment. We are currently investigating the 
sensitizing effects of cocaine in 5-HT1B-/- mice.

MICE LACKING 5-HT 1B RECEPTORS DISPLAY A REDUCED EFFECT OF 
COCAINE ON STRIATAL C-FOS IMMUNOREACTIVITY. J.J. Lucas. J. 
Koester* and R. Hen. Center for Neurobiology and Behavior, Columbia 
University, New York, NY 10032.

Cocaine produces an increase in the expression of the early response protein c- 
Fos in the striatum, which has been postulated to mediate long-term changes 
associated with drug addiction. Serotonin has been suggested to play a role in the 
physiological effects of cocaine, including the induction of c-Fos in the striatum. 
Recently, cocaine was demonstrated to act as an indirect agonist of 5HT1B 
receptors in the ventral tegmental area (VTA). In addition, stimulation of 5HT1B 
receptors in the VTA and substantia nigra was shown to activate striatal neurons 
through both the nigrostriatal and mesolimbic pathways. To test the hypothesis 
that 5HT1B receptors mediate some responses to drugs of abuse, we analyzed the 
effects of cocaine on striatal c-Fos immunoreactivity in knockout mice lacking the 
5HT1B receptor (5HT1B-/- mice).

Wild type 129/Sv and 5HT1B-/- 129/Sv mice were injected i.p. with saline, 
cocaine (30 mg/kg), or RU24969 (5 mg/kg) and the expression of c-Fos in the 
striatum was analyzed 2 hours after injection by immunocytochemistry. In wild 
type mice, cocaine produced a marked induction of c-Fos immunoreactivity in the 
striatum and the 5HT1B agonist RU24969 (5 mg/kg, a dose that elicits 
hyperlocomotor effects similar to those produced by cocaine) also induced c-Fos 
immunoreactivity in the striatum with a similar anatomical distribution. In 
contrast, in the 5HT1B-/- mice, the effect of RU24969 was absent and the effect of 
cocaine was reduced by 70 % when compared to the wild type mice.

These results indicate that 5HT1B receptors play a role in cocaine-mediated 
induction of c-Fos in the striatum and open the possibility that these receptors are 
involved in cocaine-induced neuronal plasticity.

287.3

INHIBITORY AND STIMULATORY COMPONENTS OF COCAINE’S 
ACTIONS ON THE 5-HT2A RECEPTOR FUNCTION. N.A. Darmani* and 
S. Reeves. Dept. of Pharmacol., KCOM, Kirksville, MO 63501.

Acute cocaine administration attenuates the DOI-induced 5-HT2A-receptor- 
mediated head-twitch response (HTR) in mice by increasing the synaptic 
concentration of norepinephrine (NE) and serotonin (5-HT) via inhibition of 
their uptake and thus indirectly stimulating the respective inhibitory 
adrenergic α2 and serotonergic 5-HTIA receptors. The purpose of the present 
project was to investigate the effects of cocaine on the HTR produced by the 
5-HT precursor 5-hydroxytryptophan (5-HTP). Dose response studies 
indicated that a dose of 37.5 mg/kg of 5-HTP produces a robust frequency of 
HTR. The effects of cocaine, WIN 35428, sertraline, nisoxetine and GBR 
12935 were investigated on the 5-HTP-induced HTR. Thus, at zero time 
animals received carbidopa (a peripheral decarboxylase inhibitor), and at 10 
min different groups of animals received varying doses (0, 0.63, 1.25, 2.5, 
5, 10 and 20 mg/kg, i.p., n = 6-10) of the cited monoamine uptake 
inhibitors. At 20 min, each mouse received 5-HTP (37.5 mg/kg, i.p.) and 
the induced HTR was scored for the next 30 min. Sertraline, cocaine and 
WIN 35428 dose-dependently enhanced the 5-HTP-induced HTR. Cocaine 
and WIN 35428 appeared equipotent but less effective than sertraline. 
Nisoxetine dose-dependently attenuated the 5-HTP-induced HTR and this 
effect was prevented by yohimbine (0.05 mg/kg, i.p.) pretreatment. GBR 
12935 at high doses also tended to attenuate the induced HTR. The present 
results suggests that the selective 5-HT uptake inhibitor, sertraline, enhances 
the S-HT2a receptor function whereas cocaine and WIN 35428 possess both 
stimulatory-(via 5-HT uptake inhibition) and inhibitory-(via NE and possibly 
DA uptake inhibition) effects on the 5-HT2A-receptor-mediated response. 
Cocaine’s noradrenergic inhibitory component is due to the stimulation of 
postsynaptic adrenergic α2 receptors. Supported by NIH grant DA 07627.

287.4

THE DISCRIMINATIVE STIMULUS PROPERTIES OF COCAINE 
IN RATS: EFFECTS OF DOPAMINE, OPIATE AND GABAa 
ANTAGONISTS. R.J. Ferland*. C.L. Zuch and D.A. Cory-Slechta. 
Department of Environmental Medicine, University of Rochester 
School of Medicine and Dentistry, Rochester, NY 14642.

The non-selective nature of the uptake blockade produced by cocaine 
and the interaction of dopamine (DA) systems with various other 
neurotransmitter systems raises the possibility that cocaine’s stimulus 
properties are not exclusively mediated by DA receptors. This study 
examined the efficacy of the D1 antagonist SCH 23390 (0.025 - 0.1 
mg/kg), the D2 antagonist, eticlopride (0.01 - 0.1 mg/kg), their 
combination, the opioid antagonist naloxone (1.0 - 10.0 mg/kg) and 
the GABAa antagonist bicuculline (0.5 - 2.0 mg/kg) in attenuating the 
stimulus properties of 10 mg/kg cocaine using a two-lever fixed-ratio 
20 drug discrimination task. SCH 23390 decreased cocaine 
responding by 50%, while eticlopride (0.075 mg/kg) resulted in a 
significant 36% reduction in drug lever responding. Interestingly, 
coadministration of SCH 23390 (0.05 mg/kg) and eticlopride (0.1 
mg/kg) decreased cocaine responding by 68%, suggesting that a more 
potent blockade can be achieved with combination of D1 and D2 
antagonists. Naloxone produced a non-significant 21% decrease in 
drug lever responding and did not substitute for cocaine. Blockade of 
cocaine by bicuculline was negligible, although cocaine appeared to 
potentiate the convulsant properties of this drug. Taken together, these 
data provide evidence for a preferential mediation of cocaine by D1 
and D2 receptors and a minimal involvement of either opioid or 
GABAa receptors. ES05017, ES05903, ES01247.
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287.5
A M PERO ZID E, A 5-H T 2 RECEPTOR A N TA G O N IST, 
ATTENUATES THE REINFORCING EFFECTS OF COCAINE 
MEASURED BY CONDITIONED PLACE PREFERENCE. B.A. 
McMillen* and E.A. Jones. Dept. o f  Pharmacol., Sch. o f  Medicine, 
East Carolina Univ., Greenville, NC 27858.

Amperozide, a novel serotonin2 (5-HT2) receptor antagonist, 
decreases oral consumption o f  cocaine and alcohol during and after 3 
days o f  treatment (0.5, 1.0 or 2.5 mg/kg b .i.d .). To test the effect o f  
amperozide on the drug rewarding properties o f  cocaine, we used the 
conditioned place preference paradigm. Alternate daily injections o f  
saline and cocaine (5.0 mg/kg) for 8 days produced a conditioned 
place preference shown by a 74% increase in time spent in the least 
preferred (cocaine-paired) compartment. Injections o f  saline only for 
8 days decreased place preference for the least preferred side by 27%. 
The potential o f  amperozide (0.5 or 1.0 mg/kg s.c .) to block the 
development o f  the reinforcing effects o f  cocaine on conditioned place 
preference was then tested. Amperozide was injected s.c . 60 min. 
prior to saline or cocaine administration i.p. during the 8 day 
conditioning period. Amperozide (0.5 or 1.0 mg/kg) significantly 
reduced the time spent in the cocaine-paired environment. The time 
that the animals spent in the least preferred compartment increased by 
only 7% and 23%, respectively. Therefore, Amperozide potently 
reduces the reinforcing properties o f  cocaine exhibited in the 
conditioned place preference paradigm. (Supported by USPHS grant 
AA-04200-12)

287.7
CHRONIC COCAINE ADMINISTRATION DECREASES SEROTONIN TRANSPORTER 
mRNA. S. R. Letchworth*. J. B. Daunais and L. J. Porrino. Dept. of Physiology/ 
Pharmacology, Bowman Gray School of Medicine, Wake Forest University, Winston- 
Salem, NC 27157.

Cocaine binds to dopamine, serotonin, and norepinephrine transporters, reducing 
reuptake of these neurotransmitters from the synaptic cleft. Although the behavioral 
effects of cocaine have previously been attributed to its action at the dopamine 
transporter, recent evidence has indicated that actions at the serotonin transporter 
may also play a crucial role. Previous studies from our laboratory have shown dose- 
dependent decreases in dopamine transporter messenger RNA (mRNA) as a result 
of chronic cocaine administration. The purpose of this study was to determine if 
similar reductions occur in serotonin transporter (5-HTT) mRNA as a result of 
repeated cocaine treatment. The mean density of 5-HTT mRNA was determined 
autoradiographically using in situ hybridization (ISHH) with a 48-mer oligonucleotide 
cDNA probe specific for the 5' end of the rat 5-HTT mRNA. ISHH was carried out in 
tissue from male rats that had been chronically treated i.p. with either 0 ,1 0 , or 25 
mg/kg cocaine once daily for 14 consecutive days. Chronic cocaine administration 
resulted in a dose-dependent decrease in 5-HTT mRNA in the dorsal raphe nucleus. 
Regions innervated by dorsal raphe neurons include the neostriatum, which also 
receive projections from midbrain dopamine neurons and is integral to cocaine's 
action. In contrast, no change was detected in the median raphe nucleus. This 
nucleus has a predominant projection to the hippocampal formation, which is not a 
primary site of cocaine action. These data indicate that 5-HTT mRNA is regulated by 
cocaine exposure in a dose-dependent and regionally specific manner.
Supported by DA-07246 and DA-07522.

287.9
ELECTROPHYSIOLOGIC CHARACTERIZATION OF AN IBOGAINE 
METABOLITE IN THE CEREBELLAR CORTEX. L .J . Larson-Prior*, J.E. 
Smith1, D.C. Mash2 and J.M. Lakoski1 Depts. of Neuroscience & Anatomy, 
Pharmacology & Anesthesia1, Penn State Univ. College of Med., Hershey, PA 
17033 and Dept. of Neurology & Mol. Cell. Pharmacology2, Univ. of Miami 
School of Med., Miami, FL 33101.

Ibogaine, an indole alkaloid which is under investigation as an anti-addictive 
agent, has been shown to be neurotoxic in the cerebellar cortex at high doses (>100 
mg/kg i.p.). Ibogaine may exert its anti-addictive effects via a recently identified 
long-lasting metabolite, 12-hydroxyibogamine (noribogaine). The effects of 
noribogaine on cerebellar Purkinje cell activity were investigated using extracellular 
single unit recording techniques and compared to those evoked by application of the 
indoeamine neurotransmitter serotonin (5-HT). Acute neurotoxic effects of 
noribogaine were also investigated using immunohistochemical techniques.

Adult male Sprague-Dawley rats were anesthetized with chloral hydrate (400 
mg/kg, i.p.) and in vivo extracellular recording techniques were used to evaluate 
effects of acute application of noribogaine on spontaneously active Purkinje cells 
(simple spike firing rates 20-60 Hz). Microiontophoretic application of noribogaine 
alone (0.01 M, pH 5.5) inhibited cell firing in a current-dependent manner (20-60 nA; 
10-100% inhibition). Co-application of 5-HT (0.04M, pH 5.5) with noribogaine 
consistently potentiated the inhibitory effects produced by noribogaine alone in a 
manner similar to iontophoretic application of the serotonin reuptake blockers 
fluoxetine and duloxetine. At the close of each recording session microiontophoretic 
and systemic (i.v., 0.125-1.0 mg/kg) administration of noribogaine was assessed for 
acute (<4 hrs exposure) cytotoxic damage by localization of calbindin-28, OX-42 and 
S-100β. No acute cytotoxic effects on Purkinje cell viability or reactive glial 
elements were noted other than gliosis due to the electrode tracts. Thus, cerebellar 
Purkinje cells respond to direct application of noribogaine with a decrement in simple 
spike output without neurotoxic response to acute administration independent of the 
route of administration.Supported in part by Penn. State Univ. (JML, LLP). NS 30759 (LLP), and DA 9202 (DCM).

287.6
AM PEROZIDE AFFECTS COCAINE CONDITIONED PLACE  
PREFERENCE, BUT ITS CENTRAL SITE OF ACTION REMAINS 
UNKNOW N. E .A . Jones*, B .A . M cM illen and R .D . M vers, Dept. 
o f  Pharm., Sch. o f  M ed ., East Carolina U n iv ., Greenville, NC 27858  

Amperozide increased (0 .5 mg/kg) or decreased (1 .0  mg/kg) the 
time that animals, conditioned with cocaine in the place preference 
paradigm, spent in the least preferred compartment o f  a 3 
compartment shuttle box. Amperozide was administered in a single 
dose on the test day after 8 days o f  conditioning with alternate daily 
injections o f  saline and 5 .0  m g/kg cocaine. In this experiment, w e  
investigated the central site o f  action mediating these behavioral 
effects o f  amperozide. Previous biochem ical, behavioral and 
electrophysiological studies indicate that amperozide has a selective 
mesolimbic site o f  action. The ventral tegmental area (VTA), nucleus 
accumbens (NA) and medial prefrontal cortex (mPFC) were targeted 
as possible sites o f  action for amperozide. Amperozide, 2μg, 10μg, 
50μg or 100μg , was administered bilaterally 15 min. before recording 
place preference on the test day. The results demonstrate that 
amperozide injected into the mPFC, N A  or VTA did not significantly 
increase or decrease cocaine conditioned place preference at the 4 
doses tested. These data suggest that the anti-substance abuse effects 
o f  amperozide, exhibited in the place preference paradigm, are not 
mediated by the VTA, N A  or mPFC and are mediated by another 
site. (Suppt. by USPHS grant A A -04200-12)

287.8
EFFECTS OF REPEATED COCAINE EXPOSURE ON 5-HT 
FACILITATION ON DA RELEASE: MICRODIALYSIS STUDIES IN VIVO. 
Matthew P. Galloway* and Camille S. Suchowski. CCN Program, Dept. of 
Psych and Behav Neurosciences, Wayne State Univ Sch of Med, Detroit,
Ml 48202.

Microdialysis studies have established that intracerebral application 
of serotonin (5-HT) facilitates dopamine (DA) release in limbic and striatal 
projection fields; however the physiological significance of this effect 
remains to be determined. Since inhibition of monoamine reuptake by 
cocaine increases synaptic levels of both DA and 5-HT, potentially altering 
receptor sensitivity, we examined the effect of repeated exposure to cocaine 
on the ability of 5-HT to influence the interaction between 5-HT and DA. 
Cocaine was administered at 15 mg/kg i.p. for 1 day followed by 30 mg/kg
i.p. for 5 days and striatal microdialysis performed 24 hours after the last 
cocaine injection. The local perfusion of 5-HT (10μM) significantly 
increased striatal DA levels approximately 7-fold above baseline (705 ± 
103%, n=4) in saline-treated controls. In cocaine treated animals the effect 
of 5-HT (10μM) on DA was significantly attenuated (397 ± 50%, n=6).
These results suggest that repeated cocaine treatment decreases the ability 
of exogenous 5-HT to facilitate striatal DA release. A decrease in the tonic 
facilitation of DA release may be related to the development of craving or 
reinforcing drug seeking behavior. Further studies are in progress to 
determine the role of extended withdrawal periods and the mesoaccumbens 
DA response. Supported by NIDA-04120 and the Joe Young Sr. Research 
Fund.

287.10
ELECTROPHYSIOLOGIC CHARACTERIZATION OF AN IBOGAINE 
METABOLITE IN DORSAL RAPHE NUCLEUS AND HIPPOCAMPUS. J.M. 
Lakoski*. J.E. Smith and D.C. Mash1 Dept. of Pharmacology & Anesthesia, Penn 
State Univ. College of Med., Hershey, PA 17033 and Dept. of Neurology & Mol. 
Cell. Pharmacology1, Univ. of Miami School of Med., Miami, FL 33101.

The putative efficacy of ibogaine, a psychoactive indole alkaloid, for the 
treatment of cocaine and opiate abuse may, in part, be mediated by actions of a long- 
acting metabolite. A primary metabolite of ibogaine, 12-hydroxyibogamine 
(noribogaine), has been identified and exhibits high affinity for the serotonin 
transporter (5-HTT) and elevates extracellular 5-HT levels. The effects of acute 
administration of noribogaine have been evaluated using cellular electrophysiological 
recording techniques to address possible interactions on serotonergic function in the 
dorsal raphe nucleus (DRN) and hippocampus.

Adult male Sprague-Dawley rats were anesthetized with chloral hydrate (400 
mg/kg, i.p.) and in vivo extracellular recording techniques were used to evaluate 
effects of acute application of noribogaine on identified spontaneously active neurons 
in the DRN and hippocampus. Intravenous administration of noribogaine (1-2 mg/kg 
cumulative dose) rapidly (min) inhibited firing of DRN 5-HT neurons in a manner 
similar to systemic administration of the 5-HT reuptake inhibitors fluoxetine and 
duloxetine. Microiontophoretic application of 5-HT (0.01M, pH 5.5) inhibited cell 
firing in hippocampal pyramidal neurons in a current-dependent manner (30-60 nA; 
10-70% inhibition). Co-application of noribogaine with 5-HT (0.04M, pH 5.5) 
consistently potentiated the inhibitory effects produced by 5-HT alone in a manner 
similar to iontophoretic application of fluoxetine or duloxetine. In summary, the 
cellular physiological effects of noribogaine are consistent with its neurochemical 
interactions at the 5-HTT and may provide a mechanism by which ibogaine is 
effective in the reduction of cocaine and heroin abuse.

Supported by Pennsylvania State University (JML) and DA 9202 (DCM).
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287.11

LIG AND BIN DING PROFILES OF IBOGAINE A N D  ITS O- 
DEMETHYLATED METABOLITE NORIBOGAINE: IMPUCATIONS FOR 
DEVELOPING NOVEL MULTI-TARGET ANTI-ADDICTION AGENTS. 
D.C. Mash*1, I.K. Staley1 .S.M .N. Efange2 and J. L. Lakoski3. Depts. 
Neurology & Mol. Cell. Pharm., Univ. o f Miami School of Med., Miami, 
FL. 33101; D epts. R adiology &  Med. Chem ., Univ. of Minnesota, 
M inneapolis, M N 55455; Depts. Pharmacology & Anesthesia, Penn State 
Univ., College of M ed ., Hershey, PA, 17033.

Ibogaine is purported to be a naturally occurring anti-addiction agent 
based on preclinical studies in rodents and anecdotal reports from addict 
self-help groups. Radioligand binding assays have been conducted to 
identify the m olecular m echanism (s) underlying the anti-addictive 
properties of ibogaine. Ibogaine undergoes first pass metabolism and is O- 
demethylated to 12-hydroxyibogamine (noribogaine). The ligand binding 
profile for noribogaine is similar but not identical to ibogaine. Ibogaine 
and noribogaine bound to the 5-HT transporter with IC50 values of 590 and 
40 nM, respectively. W e have speculated that the actions of noribogaine 
at the 5-HT transporter may account in part for ibogaine's putative ability 
to alleviate dysphoria in abstinent cocaine abusers (Mash et al., 1995). 
Ibogaine and noribogaine bound to the DA transporter, NM DA receptor- 
coupled ion channel, and kappa opiate receptors at micromolar 
concentrations. Noribogaine demonstrated higher affinity than ibogaine 
at kappa receptors and lower affinity than the parent drug at NMDA  
receptor-coupled ion channels. Cocaine dependence results from distinct 
but inter-related neurobiological processes, w hich include tolerance, 
sensitization and withdrawal. The multi-site actions of iboga alkaloids 
suggest that simultaneous modulation of two or more neural mechanisms 
(m ulti-target strategy) m ay be a more effective pharmacological 
approach for treating cocaine dependence.

287.13

INTERACTIONS BETWEEN CHRONIC COCAINE AND MORPHINE ON 
LOCOMOTOR ACTIVITY AND DOPAMINE RECEPTOR FUNCTION.
Sari Izenwasser*. Psychobiology Section, NIDA Division of Intramural 
Research, Addiction Research Center, P.O. Box 5180, Baltimore, MD, USA.

An interaction between opioids and stimulants has long been documented. 
Both dopamine and opioid antagonists attenuate the reinforcing effects of 
cocaine and opioid drugs. Additionally, chronic cocaine treatment produces 
changes in opioid receptor number and function. In order to further examine 
interactions between cocaine and opioids, the effects of chronic treatment with 
cocaine, morphine, or naltrexone, alone and cocaine in combination with 
morphine or naltrexone, were measured on locomotor activity and dopamine 
receptor number and function. Male Sprague-Dawley rats were treated with a 
continuous infusion of drug via subcutaneously implanted osmotic minipumps. 
Locomotor activity was measured for one hour each day for eight days, after 
which the pumps were removed. Animals with cocaine pumps exhibited large 
increases in locomotor activity, compared to saline controls, 24 hours after the 
pumps were implanted. Partial tolerance to this effect developed over the 
course of five days, with activity levels diminishing to a level still significantly 
higher than that in saline-treated animals. Chronic naltrexone had no significant 
effect on locomotor activity. Cocaine with naltrexone produced the same 
pattern of activity as cocaine alone, but with slightly less stimulation on all days. 
Morphine produced a smaller increase in locomotor activity than cocaine that 
remained constant throughout the treatment week. Cocaine with morphine 
appeared to be additive, producing greater levels of activity and less tolerance 
than cocaine alone. Twenty-four hours after pump removal, brains were 
removed and caudate putamen and nucleus accumbens were dissected on ice 
for determination of dopamine receptor binding and regulation of adenylyl 
cyclase activity. Initial findings show that there were no differences in D1 
binding or stimulation of adenylyl cyclase activity following any of these 
treatments in either brain region, suggesting that the observed behavioral 
changes were not due to activity at dopamine D1 receptors.

287.15

BEHAVIORAL AND METABOLIC EFFECTS OF THE NOVEL TROPANE ANALOG, 
WF-31 (PIT): COMPARISONS WITH FLUOXETINE. L .J. Porrino*, S .L  Hart. 
A.A. Hedaecock. H .M .L  Davies. J.B. Daunais Dept. of Physiology & 
Pharmacology, Bowman Gray School of Medicine, Winston-Salem, NC 27157- 
1083 USA.

Previous studies have shown that the novel tropane analog of cocaine, WF-11, 
(PTT), which is more potent at dopamine than serotonin transporters, is a potent 
stimulant in vivo. increased locomotor activity and stereotypies accompanied 
administration of this compound (Porrino et al, ‘94). In the present experiments, 
we have evaluated the behavioral activating properties of another analog from the 
same series, WF-31 (PIT), a phenyl isopropyl derivative, more potent in binding 
to serotonin than to dopamine transporters. These effects were compared to 
those of the specific serotonin uptake inhibitor fluoxetine. PIT (1 or 10 mg/kg, ip) 
did not significantly alter levels of forward locomotion, as compared to saline 
controls. Fluoxetine (10 or 17 mg/kg, ip) reduced locomotor activity. Both PIT 
and fluoxetine produced a  similar pattern of alterations in functional activity, as 
measured with the 2 -[14C]deoxyglucose method. Glucose utilization was reduced 
in the hippocampus, raphe, and portions of the cerebral cortex. At high doses 
(30 mg/kg), however, PIT elicited large increases in forward locomotion. These 
could be blocked by pretreatment with the dopamine antagonist, flupenthixol (0.1 
or 0.3 mg/kg), suggesting a potential dopaminergic substrate for the locomotor 
increases. Whereas the behavioral and metabolic effects of low doses of PIT are 
similar to those of serotonin uptake inhibitors, at higher doses dopamine actions 
contribute to PITs behavioral effects. Supported by NIDA Grints P50 DA06634, 
DA07522 (UP), and DA06301 (HMLD).

287.12
CHANGES IN DENSITY OF SYNAPTIC MARKERS AFTER 
CHRONIC COCAINE INFUSION IN ADULT RATS . J. Bell*. A. 
Mahindra. A. Borella and P. W hitaker-Azmitia Dept. o f  Psychiatry, 
SUNY, Stony Brook N ew  York, 11794.

Serotonin and dopamine have both been shown to influence 
synaptic number, an effect which can be observed by changes in the 
density o f  synaptic markers such as M AP-2 and synaptophysin. 
Since cocaine alters levels o f  both o f  these transmitters, it is not 
unreasonable to expect that cocaine may also influence the density 
o f  synaptic markers. In the current study, adult rats were implanted 
with Alzet pumps which delivered a daily dose o f  cocaine equivalent 
to 40 mg/kg, subcutaneously, for two weeks. The animals were then 
perfused and immunochemically stained for M AP-2 (a microtubule 
associated protein used as a dendritic marker) and SNAP-25, (a 
protein associated with pre-synaptic terminals).

Analysis by immunodensitometry showed an increase in SNAP-25 
staining in the substantia nigra, globus pallidus and caudate-putamen. 
Conversely, these same regions showed a relative decrease in MAP-
2. Taken together, these results show that dopamine projection areas 
show an increase in presynaptic terminals and a decrease in dendritic 
density, follow ing chronic cocaine infusion. This suggests a synaptic 
re-modeling effect o f  cocaine.

287.14
EFFECTS OF THE NOVEL TROPANE ANALOG, WF-31 (PIT) ON STRIATAL OPIOID 
PEPTIDE mRNAs. J.B. Daunais*. S.L. Hart. A.A. Hedaecock. S.R. Letchworth. 
H.L. Davies and L .J. Porrino. Dept. Physiology and Pharmacology, Bowman Gray 
School of Medicine of Wake Forest University, Winston-Salem, NC 27157 USA 

PIT is a cocaine analog which binds more potently to serotonin (5HT) than 
dopamine transporters. To determine the role that 5HT plays in cocaine-mediated 
events, the behavioral and genomic effects of cocaine were compared with those 
elicited by PIT and the specific 5HT uptake inhibitor fluoxetine (Flu). Rats received 
a single injection of saline, PIT (1 ,1 0  or 30 mg/kg), FLU (10.0 or 17.0 mg/kg) or 
cocaine (30 mg/kg), and their activity monitored for 5hr. At the end of this time 
they were sacrificed for in situ hybridization histochemistry (ISHH). ISHH was 
performed using 48 base pair oligonucleotides encoding preprodynorphin (PPD) 
and preproenkephalin (PPE). Cocaine elicited stereotypical behaviors, whereas, 
Flu dose-dependently decreased spontaneous activity. One or 10 mgftg PIT did 
not alter, whereas the 30 mg/kg PIT increased, activity as compared to saline 
controls. Preliminary ISHH data at the 5hr time point demonstrated that 30 mg/kg 
cocaine increased striatal PPE mRNA 44% above control. PIT (30 mg/kg) also 
increased striatal PPE mRNA 82% above control. PPE mRNA remained unaltered 
by the two lower doses of PIT or fluoxetine at any dose. At the 5hr time point, 
striatal PPD mRNA was increased 60% above control by cocaine. PIT also dose- 
dependently increased PPD. In contrast, Flu did not alter PPD mRNA. Current 
studies are underway to determine whether the PIT-induced behavioral and 
genomic responses are in part mediated by the dopaminergic system. Supported 
by P50 DA06634, DA07522 (UP) and DA06301 (HMLD)

287.16

BLOCKADE OF COCAINE-INDUCED CONDITIONED PLACE PREFERENCE 
WITH NALTREXONE IMPLANT PELLETS. L.D. Mitchem*. M. 
Czapiga, R.M. Sunn, N.L. Hayes, J.J. Panos, and R.E. 
Steinpreis. Department of Psychology, The University of 
Wisconsin-Milwaukee, Milwaukee, WI 53211.

There is extensive evidence in the literature document
ing opiate-catecholaminergic interactions and it has been 
suggested that the opiate antagonist, naltrexone, might be 
efficacious in treating cocaine addiction. In the present 
study, the conditioned place preference paradigm was 
employed to determine if naltrexone could block the place 
preference produced by cocaine. Rats were implanted with 
naltrexone pellets (placebo, 10 mg, 30 mg, or 60 mg) in 
their hind quarters. The day after surgery rats were 
habituated to a Plexiglas box divided into two visually 
and tactually distinct chambers, equipped with infrared 
sensors. For the next six days, rats received one of 
three doses of cocaine paired with one chamber and saline 
paired with the other chamber, on alternating days. On 
the test day the rats did not receive drug and were 
allowed free run of both chambers. The amount of time 
rats spent in both chambers was computer recorded. As 
expected, all rats implanted with the placebo naltrexone 
pellet receiving any dose of cocaine demonstrated a con
ditioned place preference for the side paired with drug. 
The 10 and 30 mg pellets blocked preference for the 5.0 
dose of cocaine and the 60 mg pellet blocked preference 
for the doses of 5.0 through 15.0 mg/kg of cocaine.
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287.17
NALTRINDOLE POTENTIATES COCAINE-INDUCED TOXICITY 
IN RATS BY A CENTRAL MECHANISM OF ACTION. A.B. 
Waddell, FJ. Gordon, and S.G. Holtzman*. Dept of Pharmacology, 
Emory University School of Medicine, Atlanta, GA 30322.

We recently reported a potentiation of cocaine-induced lethality 
following intradstemal (Lc.) administration of naltrindole (NTI), a 
selective £-opioid receptor antagonist (FASEB,199S,A401). This was 
accompanied by a potentiation of cocaine-induced hypertension, 
attenuation of the bradycardia associated with cocaine administration, 
and a decrease in the dose of cocaine causing the first observable tonic- 
donic seizure. In subsequent experiments, to distinguish between a 
central and systemic site of NTI action, NTI was administered to male 
Sprague-Daily rats rither Lc. (0,3.0,10,30µg//il) or intravenously (i.v.; 
0,30,100,300)µg//il), followed by a continuous i.v. infusion of cocaine 
(1.0mg/kg/min) until death. NTI i.c. significantly reduced the lethal 
and seizure-inducing doses of cocaine (p<0.05); NTI i.v. produced a 
significant reduction in the seizure threshold during cocaine 
administration (p<0.05) without changing the lethal dose. NTI Lc. 
attenuated the bradycardia and potentiated the hypertension associated 
with cocaine administration (p<0.05). However, there was not an effect 
of NTI i.v. on the bradycardia or the hypertension. Blockade of central 
8-opioid receptors increases cocaine-induced lethality and toxicity. 
(Supprted, in part, by NIH grants HL36907 and DA00541 and by K05 
DA 00008).

287.19

k-AGONISTS p r e v e n t  in it ia t io n  a n d  l o n g -t e r m  e x p r e s s io n
OF BEHAVIORAL SENSITIZATION TO COCAINE BY NORMALIZING 
COCAINE-INDUCED ALTERATIONS IN EXTRACELLULAR DOPAMINE. 
Ch. A. Heidbreder & T.S. Shippenberg*. Preclinical Pharmacology 
Laboratory, NIH/NIDA, P.O. Box 5180, Baltimore, MD 21224, USA.

Repeated cocaine administration produces persistent adaptations within the 
mesolimbic dopamine (DA) system. These changes in DA neurotransmission are 
thought to mediate the behavioral sensitization which develops to cocaine 
following its repeated administration. Manipulations of endogenous K-opioid 
systems by the administration of exogenous agonists prevent sensitization to 
the behavioral effects of cocaine. Whether or not such treatment also prevents 
cocaine-induced alterations in mesolimbic DA transmission is unclear. The 
present study sought to characterize basal dialysate DA concentrations within 
the nucleus accumbens (ACB), 2, 12, or 22 days after the cessation of either 
repeated cocaine (20 mg/kg/day x 5 days) or saline (1.0 ml/kg/day x 5 days) 
treatment. In separate groups of animals, the K-opioid receptor agonist U-69593 
(0.32 mg/kg/day x 5 days) or its vehicle were given in combination with cocaine. 
Cocaine-pretreated animals exhibited an enhanced motor response to a cocaine 
challenge 2 days after cessation of cocaine treatment. The magnitude of this 
effect increased progressively over time. In contrast, no enhanced response to 
cocaine occurred in animals which had received U -69593 in combination with 
cocaine. Basal DA levels were elevated 2 days after termination of cocaine 
treatment. As the duration of withdrawal increased, basal DA gradually declined, 
whereas the response of DA neurons to a cocaine challenge progressively 
increased. By day 22 of withdrawal, a significant enhancement of cocaine- 
induced DA overflow was seen. U-69593 treatment prevented the elevation of 
basal DA levels occurring at early stages of cocaine withdrawal and blocked the 
progressive enhancement in the responsiveness of DA neurons to a subsequent 
drug challenge. These findings demonstrate that activation of K-opioid receptors 
prevents long-lasting alterations in mesolimbic DA transmission which occur 
following repeated administration of cocaine and that this action may underlie the 
prevention of behavioral sensitization to cocaine.

287.18
MODULATION OF THE DISCRIMINATIVE STIMULUS EFFECTS OF COCAINE 
BY THE KAPPA AGONIST U-50,488. A. Riberdy, K.M. Kantak* and 
R.D. Spealman. Dept.Psychol., Boston Univ., Boston, MA 02215 
and New Engl.Reg.Primate Res.Ctr., Southborough, MA 01772.

Previous studies have demonstrated that the position of 
the dose-response curve for the discriminative stimulus (DS) 
effects of cocaine can depend upon training dose in both 
rats and monkeys. Pretreatment with the mu agonist morphine 
has been shown to shift the cocaine dose-response curve to 
the left under high- and low-dose training conditions in 
both species. A smaller dose of morphine was sufficient to 
achieve this effect after training with the low-dose in 
rats. In monkeys, the kappa agonist U-50,488 has been shown 
to shift the cocaine dose-response curve to the right. In 
the present study, modulation of the DS effects of cocaine 
by U-50,488 was examined in rats trained to discriminate 
either 3 or 10 mg/kg cocaine from saline using a two-lever 
operant procedure. U-50,488 alone (1-4.7 mg/kg) did not 
engender substantial cocaine-appropriate responses under 
either training condition. Responding was eliminated by 5.6 
mg/kg. Pretreatment with 3 or 4.7 mg/kg U-50,488 attenuated 
the DS effects of cocaine under the low-dose, but not the 
high-dose, training condition. There was an approximate 2- 
fold increase in ED50 for cocaine. These findings indicate 
that, like morphine, the effects of U-50,488 can depend on 
the dose of cocaine used in discrimination training in rats. 
In addition, the influence of both drugs on the DS effects 
of cocaine are similar in rats and monkeys.
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288.1

COCAINE-SEEKING BEHAVIOR IS INDUCED BY D2-LIKE AND 
SUPPRESSED BY Dr LIKE DOPAMINE RECEPTOR AGONISTS IN 
THE RAT. D.W.  Self*. W.J.. Barnhart .  D.A . Lehman and E.J. Nestler. Laboratory of Molecular Psychiatry, Yale University School of Medicine, 
New Haven, CT.

Several previous studies have found that drug- or cue-induced activation of the mesolimbic dopamine pathway can reinstate drug- 
seeking behavior in rats with drug self-administration experience. In the 
present study, we tested the role of D1-like and D2-like receptors in 
mediating this "priming effect" in rats maintained on cocaine. In this paradigm, rats first self-administer cocaine (0.5 mg/kg/injection) for 2 
hrs; saline is then substituted for the cocaine, during which time self- administration behavior extinguishes. Following extinction, i.p. 
injections of the D2-like agonists quinpirole (0.1 - 3.0 mg/kg) and 7-OH- 
DPAT (1.0 - 10.0 mg/kg) dose-dependently reinstated non-reinforced 
responding at the drug-paired lever, without increasing responding at an 
inactive lever, when compared to control injections of vehicle. In contrast, the full D1-like agonist SKF 82958 (0.003 - 3.0 mg/kg) failed to 
reinstate non-reinforced responding. In another experiment, 
pretreatment with the D2-like agonist 7-OH-DPAT enhanced, while the D1- 
like agonists SKF 82958 (0.3 & 1.0 mg/kg) and SKF 81297 (1.0 & 3.0 
mg/kg) blocked the priming effects of low intravenous doses (0.5 - 2.0 mg/kg) of cocaine. Similarly, pretreatment with the D 1-like agonist SKF 
82958 (1.0 mg/kg) completely suppressed cocaine self-administration for the first hour of a two-hour test session; twice daily injections of SKF 
82958 did not result in tolerance to this effect over two weeks. These results suggest that activation of D2-like receptors could be involved in 
relapse to cocaine-seeking behavior and possibly drug craving, while activation of D 1-like receptors blocks these priming effects and may 
represent a novel replacement therapy for cocaine addiction.

288.2

MICROINJECTION OF DOPAM INE D 2 RECEPTOR ANTISENSE  
OLIGONUCLEOTIDES DISRUPTS COCAINE SELF-
ADMINISTRATION IN THE RAT. T.L. MacIntyre*. M. Andrews and 
D C S . Roberts. Department o f  Psychology, Carleton University, Ottawa, 
Canada K 1 S  5B6

The role o f  dopamine D2 receptors within the nucleus accumbens (NAc) 
and ventral tegmental area (VTA) in cocaine reinforcement was examined 
through the use o f  antisense oligonucleotides. M ale Wistar rats were 
trained to self-administer cocaine (1.5 mg/kg/inj IV) under a progressive 
ratio (PR) schedule o f  reinforcement and then implanted with bilateral 
intracerebral guide cannulae directed toward the V TA or Nac. Once stable 
self-adminstration baselines had been re-established, three injections o f  the 
antisense or a control sequence in a saline vehicle (2.5 nmol/1.0 ul/inj) 
w ere administered in a saline vehicle at 12 hour intervals. The 19 mer 
oligodeoxynucleotide sequence were identical to those used by Zhang and 
Creese (Neurosci. Lett. (1993)161:223-226) and w ere phophorothioated 
at all positions. While significant decreases in break point (BP) were 
produced following antisense treatment into either the V TA  or N A c, little 
change in BP was observed following treatment with the control sequence. 
Furthermore, the effect o f  oligodeoxynucleotide injection on food 
reinforced responding was sequence dependent. These data suggest that 
D 2 antisense injections into mesolimbic sites produce a temporary 
disruption in cocaine reinforcement. Supported under N ID A  Contract 
NO1DA-3-7302.
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288.3
D-l RECEPTOR ANTAGONIST INJECTED INTO THE BED NUCLEUS OF 
THE STRIA TERMINAI S  ANTAGONIZES COCAINE SELF-
ADMINISTRATION IN THE RAT. M.P. Epping-Jordan*. A. Markou. and G.F. 
Koob. Dept, of Neuropharmacology, The Scripps Research Institute, La Jolla, CA 
92037.

Previous studies have demonstrated that intracerebral injection of the D-l 
dopamine receptor antagonist SCH23390 into the nucleus accumbens (NAcc) or the 
amygdaloid central nucleus (ACe) antagonizes cocaine self-administration in the rat 
(Maldonado et al., Pharmacol Biochem Behav 4^:239, 1993; Caine et al., BeuQ 
Res, in press, 1995). The present study tested the hypothesis that D-l receptors in 
the bed nucleus of the stria terminalis (BNST) constitute part of the anatomical 
substrate underlying cocaine self-administration. This hypothesis is based on the 
anatomical and neurochemical similarities of the BNST, NAcc and ACe (e.g., 
Alheid and Heimer, Neurosci. 21:1988). Male Wistar rats equipped with bilateral 
23 ga intracerebral cannulae were prepared with I.V. jugular catheters and trained to 
self-administer cocaine (0.25 mg/injection) under an FR5 schedule of reinforcement 
during daily 3 hr sessions. Similar to its effects in the NAcc and ACe, SCH23390 
HC1 (0, 0.8, 1.6, 3.2, 6.4 pg total dose; equivalent to 0, 1, 2, 4, 8 pg SCH23390 
Maleate) decreased the cocaine inter-injection interval within the first 20 min of the 
self-administration session when injected into the BNST. This decrease was 
observed at 6.4 pg; a dose 2-fold higher than that required to produce similar 
decreases in the cocaine inter-injection interval following injections of SCH23390 
into the NAcc or ACe. Further, microinjections into the BNST (3.2 & 6.4 pg) 
decreased the cocaine inter-injection interval across the entire 3 hr session. These 
results suggest that D-l receptors in the BNST, in addition to those in the NAcc 
and ACe, may be part of the neural substrates mediating cocaine self-administration 
in the rat. (Supported by N1DA grants DA04398 to G.F.K. and DA00213 to A.M.)

288.4
COCAINE SELF-ADMINISTRATION: DOPAMINE D, RECEPTORS 
CONTROL TIMING AND INVERSE DOSE-RESPONSE RELATIONSHIP.
J D Belluzzi*. S. Pham. O. Nguven. T. Duong and L. Stein. Department of 
Pharmacology, College of Medicine, University of California, Irvine, CA 92717.

Cocaine self-administration is characterized by 1) an inverse relationship 
between response rate and dose and 2) precisely timed inter-injection intervals. 
These features are largely duplicated in self-administration of D, agonists, but not 
in self-administration of D2 ((+)-PHNO) or D3 (7-OH-DPAT) agonists (Belluzzi 
et al 1994). Here we report that the addition of a D, agonist to a low dose of 
cocaine largely mimics the effects on rate and timing of increasing the dose of 
cocaine by itself. Rats were trained to bar press for i.v. cocaine (750 pg/kg/inj) 
in daily 3-hr sessions. After baseline rates had stabilized, cocaine (250 
pg/kg/inj), alone or combined with a dopamine agonist, was substituted for the 
higher dose of cocaine. When added to cocaine 250, increasing doses of the D, 
agonist SKF 82958 reduced re
sponse rates and enhanced timing, 
and thus mimicked the effects of 
increasing the cocaine dose alone 
(Fig; *p<0.001 vs. next lower 
agonist dose). Similar additions of 
D2 or D3 agonists had smaller, 
statistically insignificant effects on 
response rates and timing. These 
results support the idea that 
cocaine self-administration 
patterns are predominantly
regulated by D, receptors.
(Supported by NIDA grant DA07747)

288.5

THE D1 -SELECTIVE ANTAGONIST SCH-23390 REVERSES THE 
STIM ULAN T AND REW ARDIN G  EFFECTS OF COCAINE 
ADMINISTERED INTRAVENOUSLY. D.A. Baker*. R.A. Fuchs. 
S.E. Specio. T.V. Khroyan. and J.L. N eisewander. Departm ent of 
Psychology, Arizona State U niversity, Box 871104, Tem pe, AZ 
85287-1104.

The effects of the dopamine D1-selective antagonist SCH-23390 on 
locomotion, stereotypies, and conditioned place preference (CPP) 
produced by intravenous (IV) adm inistration  of cocaine were 
investigated. Rats received 3 conditioning trials, each consisting of a 
30-min exposure to two distinct compartments of a CPP apparatus on 
consecutive days. On one day of the trial, rats received an injection of 
SCH-23390 (0, 0.5 or 1.0 mg/kg, IP). Fifteen min later, they were 
placed into a compartment and immediately injected with cocaine (0 or
4.2 mg/kg, IV). On the alternate day, all rats received an injection of 
saline IP, and 15 min later were placed directly  into the other 
compartment. The order of these treatments and the compartment 
paired with cocaine administration were counterbalanced. Locomotion 
was measured daily and stereotypies were measured following the first 
and last injection of cocaine. CPP was measured 24 hrs following trial
3. Cocaine produced an increase in locomotion and sniffing, and these 
effects were reversed by both doses of SCH-23390. Cocaine also 
produced CPP and this effect was reversed only by the 1.0 mg/kg dose 
of SCH-23390. These results suggest that D1 receptors are involved 
in the stimulant and rewarding effects of cocaine administered IV. We 
are currently investigating the effects of SCH-23390 administered into 
the nucleus accumbens on these behaviors. (Supported by DAO7730 
and HHMI)

288.6
INTRAVENOUS COCAINE SELF-ADMINISTRATION IN MICE: STRAIN 
DIFFERENCES AND EFFECTS OF D-l DOPAMINE RECEPTOR TARGETED 
GENE m u t a t io n . £ ji , Cains*. Li l .  Gold, G, F,.Kook Y . Perrche, C. Heyser, 
1. Polis. A. Roberts. M. Xu and S. Tonegawa. Dept, of Neuropharmacology, The 
Scripps Research Institute, La Jolla, CA, 92037, U.S.A. and Howard Hughes 
Medical Institute and Center for Learning and Memory and Dept, of Biology, 
Massachusetts Institute of Technology, Boston, MA, 02139, U.S.A.

Intravenous drug self-administration in mice may be utilized to study the 
influences of genetic factors and the roles of specific gene products in the reinforcing 
effects of drugs of abuse. Acquisition of cocaine self-administration was defined 
here as greater than 70% of total responding in an "active" nose poke which resulted 
in delivery of i.v. cocaine (7.5-30 pg), as well as stable levels of drug intake over 
consecutive daily test sessions. The time course and incidence of acquisition of 
cocaine self-administration differed in three strains of mice with a rank order 
C57xSJL > 129xSJL > BALB/C, such that 85%, 37% and 18% of mice tested met 
the criterion for acquisition, respectively. The differences in self-administration 
between the C57xSJL and BALB/C mice were unlikely to be the result of 
performance differences, since these strains performed comparably in an identical 
task reinforced with food pellets.

D-l dopamine receptor deficient mutant mice of the C57xl29 strain were 
suppressed in their acquisition of cocaine self-administration compared with their 
wild type litter mate controls, with 17% and 37% of mice tested reaching criterion 
for acquisition of cocaine self-administration, respectively. It should be noted 
however that several D-l deficient mutant mice did successfully acquire cocaine 
self-administration, and in small groups of mice exhibiting this behavior the cocaine 
self-administration dose-effect functions appeared to be similar in the mutants 
compared with their wild type litter mates. These data support the hypothesis that 
D-l receptors are involved in the effects of self-administered cocaine. Nevertheless 
a deficiency of D-l receptors throughout development does not appear to 
unequivocally block the effects of self-administered cocaine in adult C57xl29 mice.

288.7

THE EFFECT OF COCAINE SELF-ADMINISTRATION ON VENTRAL STRIATAL 
DOPAMINE D1 RECEPTORS IN RHESUS MONKEYS. R.J. Moore*. S. Vinsant. M.A. 
Nader. LJ. Porrino. D.P. Friedman. Dept, of Physiology and Pharmacology, 
Bowman Gray School of Medicine, Wake Forest Univ., Winston-Salem, NC 27157.

The nucleus accumbens (NAS), a key part of the mesostriatal dopamine system, 
has been implicated in the reinforcing effects of cocaine intake. Within the NAS, D1 
dopamine receptors may play a role in mediating this effect of cocaine. The present 
study links D1 receptors to cocaine actions by providing evidence that cocaine 
self-administration modulates D1 receptor density. Two rhesus monkeys 
intravenously self-administered an average of 1.35 mg/kg cocaine per day for 18 
or 22 months until they were euthanized immediately after a self-administration 
session. These monkeys, as well as naive controls (N = 2 ) were euthanized by 
lethal overdose of pentobarbital, their brains quickly removed, blocked, and frozen 
at -80 °C . 20-^m  coronal sections were incubated in a buffered solution of the D1 
ligand [3H]SCH 23390 (1 nM). Ketanserin (1 mM) was added to block serotonin 
receptor binding. Adjacent sections were treated in the same manner except 
(-F)-butaclomol (0.5 mM) was added to reveal nonspecific binding of [3HjSCH 
23390. The sections and autoradiographic standards, were apposed to 3H-sensitive 
film for 3 weeks. Preliminary analysis reveals that D1 binding density is lower in the 
NAS of animals self-administering cocaine than controls both in the medial (shell, 
37.25 vs 53.40 fmo^mg tissue, -30 % ) and lateral (core, 41.82 vs 51.85 fmo|/mg 
tissue, -19 % ) regions of the nucleus. These preliminary findings suggest that 
chronic self-administration of cocaine can modulate the density of dopamine D1 
receptors in the primate NAS. Supported by DA07955 (DPF), DA07246 (RJM'), 
DA06829 (MAN), and DA07522 (UP)

288.8

EFFECT OF ACUTE “BINGE” INTRAVENOUS COCAINE ADMINISTRATION 
ON (X -̂ADRENERGIC RECEPTOR DENSITY IN THE RAT HIPPOCAMPUS. 
CL. Colson*. DJL Wallace. C f . Mactutus and R.M. Booze Univ. of Kentucky, Sch 
of Medicine, Dept, of Pharmacology and Sch of Pharmacy, THRI, Lexington, KY 
40536.

We have previously shown that chronic administration of i.v. cocaine alters 
(Xj-adrenergic receptor density in the hippocampus (Mactutus et al., CPDD, 1995). The 
present studies examined the effect of acute-binge (1 injection/hour/10 hours) i.v. 
administration of saline or cocaine (0.5,1.0 and 3.0 mg/kg) on (Xj-adrenergic receptor 
density in rat hippocampal homogenates. Male Sprague-Dawley rats (N=40) were 
fitted with a subcutaneous vascular access port (Mactutus et al., 1994) and allowed to 
recover for 3 days. Animals were randomly assigned to activity chambers and 
habituated during two 60 minute test sessions following injection of heparinized saline. 
Locomotor activity (total, peripheral and central) data were collected at 5 minute 
intervals during alternating test sessions over the course of 10 hours (5 test sessions 
total). Animals were sacrificed 24 hours after the last injection and the hippocampus 
was removed and frozen. Oj-adrenergic receptor density was determined with the 
antagonist, [3H]RX821002 (1.6 nM). Receptor binding data and activity data was 
analyzed using ANOVA and multivariate regression. Surgery did not effect Oj- 
adrenergic density in the hippocampus (saline=99.1±1.9 fmol/mg protein; 
control=97.2±6.9 fmol/mg protein). All doses of cocaine resulted in decreased (9.7- 
13.0%) (Xj-adrenergic receptor density. Decreased hippocampal (Xj-adrenergic receptor 
density may indirectly alter dopaminergic function in the striatum/nucleus accumbens 
by a reduced inhibition of glutamate efferents, thus incorporating the hippocampal 
noradrenergic system as well as the glutamatergic and dopaminergic pathways during 
the development of behavioral modifications following cocaine administration. Taken 
with our previous findings, this effect is not dependent on either dose or length of 
treatment (acute versus chronic). (Supported by DA06638 & DA09160).
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288.9
DIFFERENTIAL REGULATION OF SIGMA RECEPTOR DENSITY IN THE 
RAT BRAIN FOLLOWING ACUTE “BINGE” INTRAVENOUS COCAINE 
ADMINISTRATION. R.M. Booze*. D.R. Wallace and C.F . Mactutus. University 
of Kentucky, School of Medicine, Dept. of Pharmacology and School of Pharmacy, 
Tobacco & Health Research Institute, Lexington, KY 40536.

The present studies examined the effect of acute-binge (1 injection/hour/10 
hours) i.v administration of saline or cocaine (0.5, 1.0 and 3.0 mg/kg) on sigma 
receptor density in rat striatal, nucleus accumbens and hippocampal homogenates. 
Male Sprague-Dawley rats (N=40) were fitted with a subcutaneous vascular access port 
(Mactutus et al., 1994) and allowed to recover for 3 days. Animals were randomly 
assigned to activity chambers and habituated during two 60 minute test sessions 
following injection of heparinized saline. Locomotor activity (total, peripheral and 
central) data were collected at 5 minute intervals during alternating test sessions over 
the course of 10 hours (5 test sessions total). Animals were sacrificed 24 hours after 
the last injection and tissue was removed and frozen. Sigma receptor density was 
determined with the sigma-selective radioligand, [3H]DTG (11 nM). Binding and 
activity data was analyzed using ANOVA and multivariate regression. Sigma sites 
labeled by [3H]DTG displayed regional variations with hippocampus > striatum = 
nucleus accumbens. Both hippocampal and striatal sigma receptors exhibited 
reductions in receptor number only at the 3.0 mg/kg cocaine dose (22% and 28%, 
respectively). A biphasic response to i.v. cocaine was observed in the nucleus 
accumbens. Sigma receptor density was upregulated in the 0.5 mg/kg cocaine group 
(54%) and 1.0 mg/kg group (20%), but unchanged in the 3.0 mg/kg group compared 
to control (126.6±17.6 fmol/mg prot.) or saline (120.2±16.4 fmol/mg prot.) densities. 
These data suggest that sigma receptors are differentially regulated in the hippocampus, 
striatum and nucleus accumbens following acute "binge" i.v. cocaine administration. 
This differential regulation could influence the behavioral modifications observed 
following psychostimulant administration.(Supported by DA06638 & DA09160).

288.11

WHICH IS THE BIOACTIVE FORM OF COCAINE ANALOGS IN BINDING TO 
THE DOPAMINE TRANSPORTER, THE CATION OR THE FREE BASE?
Xu*. L.L. Coffey. and M.E.A. Reith. Dept, of Biol., Illinois State Univ., Normal, IL 
61790; Dept. of Basic Sci. Univ. of Illinois Coll. Medicine, Peoria, IL 61656.

Cocaine, and its analogs including WIN 35,428 (CFT), can exist in the 
cationic and free base form, with the proportions of each form determined by 
the pKA which is approximately 8.4 for cocaine and closely related structures. 
Binding of [3H]CFT to rat striatal membranes was determined as a function of 
pH varying between 6 and 9. The increase in binding at elevated pH was due 
to a change in Kd (29 nM, 8.7 nM, and 3.8 nM at pH of 7.0, 7.4, and 8.0) with 
best fits to a 1-site model. The observed changes in binding by pH could be 
accommodated by a model in which only the free base has binding activity and 
its concentration increases with pH. However, incompatible with this model was 
the observed decrease in the IC50 for inhibition of 3.5 nM [3H]CFT binding for 
benzocaine (190 uM, 106 uM, 101 uM, and 92 uM at pH 7.0, 7.4, 8.0 and 8.5) 
which is always in the neutral form, and cocaine methiodide (28 uM, 11 uM, 6.8 
uM, and 7.8 uM) which is always in the cationic form (IC50 values were 26, 13, 
7.2, and 6.5 nM for CFT). Similarly, models in which only the cation of the 
cocaine analog binds, with or without changes at the transporter level due to 
pH, or models postulating entry of the free base into the membrane with the 
cation being active locally at an internally determined pKA, did not 
accommodate the data. Consonant with all data is a simple model in which the 
cation and free base have the same binding activity and binding changes as a 
function of pH are caused by changes at the level of the transporter rather than 
the ligand. Alternatively, if the recent modeling study in Mol. Br. Res. 
[27(1994)265] is correct in favoring the free base, benzocaine or cocaine 
methioidide binding may involve pH-sensitive transporter conformations 
different from those for CFT binding. Supported by NIDA 08379.

288.13

ENDURING CNS CHANGES IN MULTIPLE RECEPTOR SYSTEMS, 
DOPAMINE TRANSPORTER LEVELS, AND 2-FDG ACTIVITY 
FOLLOWING CONTINUOUS COCAINE EXPOSURE IN THE RAT.
A.S, Keys* and G.D. Ellison. Department of 
Psychology, UCLA, 405 Hilgard Ave., Los Angeles, CA 
90024.

Various continuous cocaine administrations in rats 
have been reported to produce long-term changes in 
levels of GABA, Muscarinic, and 5-HT receptor subtypes 
in striatal and limbic regions. Some reports have also 
noted changes in levels of the dopamine transporter.

Recent evidence from this laboratory indicates 
selective axonal degeneration in the lateral habenula 
and fasciculus retroflexus following continuous 
cocaine. Autoradiographic studies were conducted to 
examine changes in binding of a number of receptor 
ligands in rats at 21 days following 5-days of 
continuous cocaine. Alterations in 2-fluor-deoxy- 
glucose (2FDG) uptake were also examined at both acute 
and long-term withdrawal time points. Decreased AMPA, 
mazindol, and QNB binding were observed in both 
striatal and limbic areas. Increased mazindol and 
flunitrazepam binding was observed in habenular 
regions. The relation between long-term changes in 
receptor density and 2-FDG patterns will be addressed.

288.10
ACUTE “BINGE”INTRAVENOUS COCAINE ADMINISTRATION ELEVATES 
D, RECEPTOR DENSITY IN THE RAT STRIATUM AND NUCLEUS 
a c c u m b e n s . D.R. Wallace*. C.F. Mactutus and R.M. Booze, Univ. of Kentucky, 
Dept. of Pharmacology and School of Pharmacy, THRI, Lexington, KY 40536.

The role of the D3 receptor in modulating dopaminergic neurotransmission 
following psychostimulant challenge is unclear. The present studies examined the 
effect of acute (1 injection/hour X 10 hours) i.v administration of saline or cocaine 
(0.5, 1.0 and 3.0 mg/kg) on D2 and D3 receptor density in rat striatum and nucleus 
accumbens. Male Sprague-Dawley rats (N=40) were fitted with a s.c. vascular access 
port (Mactutus et al., 1994) and allowed to recover for 3 days. Determination of D2 
and D3 receptor density was accomplished 24 hours following the last injection with 
2 nM [3H]raclopride and 2.25 nM [3H](+)-7-OH-DPAT (Wallace and Booze, 1995). 
The density of D2 receptors labeled by [3H]raclopride was unchanged by i.v. cocaine 
administration. In the presence of high salt buffer, the density of D3 receptors was 
increased 38-65% in the striatum across each dose (1.0 > 0.5 > 3.0 mg/kg) of cocaine. 
In the nucleus accumbens, the density of D3 receptors was elevated in the 0.5 (31%) 
and 1.0 mg/kg (25%) group, but unchanged in the 3.0 mg/kg group. Addition of 10 
pM Gpp(NH)p, to prevent labeling of high affinity D2 receptors, reduced [3H](+)-7-OH- 
DPAT binding approximately 80% in the striatum but only 50% in the nucleus 
accumbens. Elevations in D3 receptor density were still evident in the presence of 10 
µM Gpp(NH)p with the rank order of 0.5 > 1.0 > 3.0 mg/kg i.v. cocaine in both striatal 
and nucleus accumbens homogenates. These data suggest that changes in D3 receptor 
density following acute cocaine administration are due to an increase in D3 receptor 
density and not [3H](+)-7-OH-DPAT labeling of high affinity D2 receptors. This 
hypothesis is supported by the finding that the differences observed under high salt 
conditions remain in the presence of 10 pM Gpp(NH)p. An elevation in D3 receptor 
density would decrease dopamine synthesis/release in the striatum or nucleus 
accumbens following a cocaine challenge. (Supported by DA06638 & DA09160).

288.12
Potent and selective ligands for the dopamine (DA) transporter. 
Aloke K. Dutta, Edmund A. Debler* and Maarten E. A. Reith. 
Organix, Inc, Woburn, MA 01801. University of Illinois, Peoria, IL 
61656.
Our interest in GBR molecules originated due to their high affinity 
and selectivity for the DA transporter which is implicated in 
cocaine addiction. We carried out the synthesis of a series of 
analogs of our lead novel compound, i, 4-[2-[bis(4-fluorophenyl)- 
methoxy]ethyl]-l-(3-phenylpropyl)piperidine. In binding studies 
with striatal tissues DA transporters were labeled with [3H]WIN 
35, 428 (CFT). The binding results showed that replacement of 
propyl linkage by ethyl linkage in the fluoro-substituted molecule 
(iv) did not alter their high affinity for the DA transporter 
(compare IC50 of 19.9 nM with 18.9 nM for compound 1). Other 
substituted compounds (chloro, bromo, methyl etc.) exhibited 
reduction in potency with methoxy and methyl groups showing 
the lowest activities. In this report, we will be presenting a series 
of different analogs of compounds belong to a structural class 
presented in its general form in Fig la . Synthesis and biological 
results including selectivity for DA versus serotonin transporters 
labelled with [3H]citalopram will be discussed. Supported by 
R29DA08647.

"  ch2»o
O  i) R=F, m=2, n=3, IC50=18.9nM(CH2)m ii) R=H, m=2, n=3,IC50=12 nM

iii)R=CI, m=2, n=3, IC50=65.2 nM Fig 1 a iv)R=F, m=2, n=2, IC50=19.9 nM etc.

288.14

C O C A IN E  EFFECTS O N  D O P A M IN E  C L E A R A N C E  A N D  
BEH A VIO R  IN  FREELY -M O V IN G  R ATS. C. K sir*_, N . R. 
Z ahniser. C. P ivik  an d  G .A . G erh ard t. D ep t. P sy c h o lo g y , 
U n iv . W y o m in g , Laram ie, W Y 82017  & D e p ts . P h arm aco lo gy  
& P sych iatry , U n iv . C o. H ea lth  Sci. C tr., D en v er , C O  80262.

S tu d ies  u s in g  an esth e tized  rats in  w h ic h  d o p a m in e  (D A )  
w a s m icro irtfused  in to  the n u c le u s  a ccu m b en s a n d  its  
clearan ce  m o n ito r e d  u s in g  in -v iv o  v o lta m m e tr y  h a v e  
estab lish ed  that D A  clearan ce m ea su r e s  D A  tran sp orter  
(D A T ) activ ity . T he p resen t ex p e r im en ts  e m p lo y e d  an  
im p la n ted  reco rd in g  p rob e co m b in e d  w ith  g u id e  can n u la e  
a llo w in g  m icro in jection  o f  200 p m  D A  ad jacen t to  th e probe  
in  a free ly -b eh a v in g  rat. A n  O m n itech  a c tiv ity  m on itor  
record ed  the rat's m o v e m e n t. A n  IVEC 10 e lec tro ch em istry  
sy ste m  m on itored  p eak  D A  co n cen tra tio n s fo llo w in g  each  
m icro in jection  o f  D A , w h ic h  occu rred  at 5 -m in  in terv a ls . 
S y stem ic  in jection  o f  10 m g /k g  co ca in e  resu lte d  in  in creased  
loco m oto r  activ ity  that w a s  m ax im al fro m  10-25 m in  
fo llo w in g  s.c. in jection . P eak  D A  s ig n a ls  in  th e  accu m b en s  
w ere  e lev a te d  30-50%  a b o v e  p re -in jec tion  a m p litu d e s ,  
in d ica tin g  that coca in e  red u ced  D A  clearan ce  o v er  a sim ilar  
tim e cou rse. T his tech n iq u e  a llo w s  for s im u lta n e o u s  
m on ito r in g  o f  d y n a m ic  c h a n g es in  b eh a v io r  an d  th e D A T  in  
a free ly -b eh av in g  an im al. S u p p o rted  b y  D A  04216.
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288.15
DIFFERENCES IN THE REINFORCING EFFECTS OF COCAINE AND  
GBR 12909 IN RATS. S.R. Telia. J.L. Cadet. H. Hirata and S.R. Goldberg*. 
Department of Pharmacology, Georgetown University School o f Medicine, 3900 
Reservoir Road, Washington, DC 20007. and Behavioral Pharmacology & 
Genetics and Molecular Neuropsychiatry Sections, NIH/NIDA, Division of 
Intramural Research, P.O. Box 5180, Baltimore, MD 21224

The inhibition by cocaine of dopamine re-uptake is thought to play a pivotal 
role in its reinforcing properties. Previous self-administration studies using short-
term substitution protocols have revealed that dopamine-selective re-uptake 
inhibitors reliably substitute for cocaine. In the present study, we tested the long-
term (5 to 7 weeks o f 2 hr daily sessions) self-administration o f GBR 12909, a 
dopamine-selective re-uptake inhibitor, in cocaine-naive and cocaine-trained 
Sprague-Dawley rats. Rats were trained to lever press for food on a fixed ratio 10 
schedule. Following the lever press training, the i.v. infusions o f cocaine (1 
mg/kg/infusion), GBR 12909 (0.5, 1 or 1.5 mg/kg/infusion) or sterile water 
replaced food reinforcement. Rats rapidly acquired and reliably maintained cocaine 
self-administration for a prolonged period. In contrast, the control group of rats 
self-administering sterile water dropped their responding with in three days and 
remained low for the subsequent days. Similarly, GBR 12909, though showed 
some stable responding during the first two weeks of testing, subsequently failed to 
maintain self-administration behavior. The substitution o f GBR 12909 (1 
mg/kg/infusion) for cocaine (1 mg/kg/infusion) in cocaine-trained rats also resulted 
in loss of self-administration behavior with a time-course similar to that in 
cocaine-naive rats. Following the loss o f self-administration behavior with GBR 
12909, there was a down regulation o f dopamine transporter density in striatum, 
nucleus accumbens as assessed by quantitative autoradiography. These results 
suggest that GBR 12909, unlike cocaine, on a prolonged access may have limited 
reinforcing potential and its self-administration leads to down regulation of 
dopamine transporters.

288.17

QUANTITATION OF DOPAMINE TRANSPORTER PROTEINS IN COCAINE 
FATALITIES USING IMMUNOLOGICAL APPROACHES. J.K. Staley*. D M. 
Segal. C.J. Heilman. A.I. Levey and D.C. Mash. Depts. of Neurology and 
Pharmacology, University of Miami School of Medicine, Miami, FL. 33101. 
Dept . of Neurology, Emory University School of Medicine, Atlanta, GA 
30322

The synaptic concentration of dopamine (DA) is regulated by the DA 
transporter. Cocaine exposure has been shown to increase the apparent 
density of cocaine recognition sites on the human DA transporter (DAT) in 
cocaine fatalities. Fatal cocaine intoxication presents in some subjects with 
dysphoria and preterminal excited delirium. Radioligand binding assays with 
cocaine-like ligands have revealed significant decreases in the extrapolated 
estimates of the total density of cocaine recognition sites in cocaine fatalities 
presenting with excited delirium. We report here quantitative analysis of the 
DAT protein using a highly specific monoclonal antibody to the N-terminus of 
the DA transporter. Homogenates of microdissected samples of the 
ventrolateral sectors of the anterior putamen from drug-free controls (n = 5), 
cocaine overdose (n = 5) and excited delirium (n =5) brains were separated 
by SDS-PAGE and analyzed by Western blotting and enhanced 
chemiluminescence. Serial dilutional standards served as a reference curve 
for quantitative analysis of DAT protein across subgroups. When compared 
to drug-free, age-matched control subjects, a significant decrease in the 
levels of DAT protein was observed in the cocaine overdose victims (p < 
0.05). The striatal levels of DAT protein were markedly decreased in the 
excited delirium subgroup (p < 0.005). Preliminary estimates of DAT mRNA 
by RT-PCR demonstrated a marked reduction in the relative abundance of 
message in the substantia nigra. Highly specific monoclonal antibodies 
directed against unique regions of the DA transporter provide a quantitative 
measure of the levels of DAT protein and its regulation by chronic cocaine 
abuse. (Supported by DA 9484 and DA 06227).

288.16
LIGAND BINDING PROFILE OF [125]I-IODOVINYLTETRABENAZINE 
TO THE VESICULAR MONOAMINE TRANSPORTER IN THE HUMAN 
BRAIN: LACK OF REGULATION BY COCAINE, J. Z. Talbot. J.K. 
Staley . M-P. Kung , H.F. Kung. W. J. Weiner* and D.C. Mash. Depts. of 
Neurology, Univ. of Miami School of Med., Miami, FL. 33101. Depts. of 
Radiology & Pharm., Univ. of Pennsylvania, Philadelphia, PA 19104.

Radioligand binding to sites associated with monoamine-containing 
synaptic vesicles affords a novel approach to map the integrity of DA and 
5-HT projections w ith  cocaine abuse. We describe  here the 
characterization and distribution of [125]]iodovinyltetrabenazine ([l25]]- 
TBZ) binding sites in the hum an brain. In vitro a u to ra d io g ra p h y  
demonstrated high densities of [125I]-TBZ labeling over the striatum, and 
moderate to low densities in the thalamus, hypothalam us and specific 
sectors of the cerebral cortical mantle. Saturation binding of [125I]-TBZ in 
striatal mem branes revealed a single high affinity site (Kd = 0.86 nM; 
Bmax = 37.2 pm ol/g ) w ith an app ropria te  pharm acological profile 
(tetrabenazine > ketanserin > reserpine > haloperidol > GBR 12909 = 
fluoxetine > citalopram). The rank order of potencies for drugs in 
com petition w ith [125I]-TBZ binding to striatum  vs. occipital cortex 
provides evidence that sites associated w ith cortical monoaminergic 
synaptic vesicles may be different from those assayed in the striatum. 
Q uantitative analysis of [125]-TBZ binding sites in cocaine overdose 
victims dem onstrated no significant regulatory alterations in striatal 
densities as compared to age-matched and drug-free subjects. We have 
p reviously  dem onstra ted  com pensato ry  increases in striatal DA 
transporter in victims of fatal cocaine overdose (Staley et al., 1994). The 
lack of any apparent regulatory action by cocaine indicates that the 
vesicular transporter may be an optimal m arker for assessing neurotoxic 
actions of drugs of abuse on monoaminergic terminals. (Funded by DA 9484)

288.18
DIFFERENTIAL PROTECTION BY BLOCKERS AND SUBSTRATES AGAINST 
NEM-INDUCED REDUCTION OF [3H]W1N 35,428 BINDING TO THE HUMAN 
DOPAMINE TRANSPORTER. M.E.A. Reith*. L.L. Coffey and C. Xu. 
Department of Basic Sciences, Box 1649, University of Illinois College of 
Medicine, Peoria, IL 61656.

Binding sites for the cocaine analog [3H]WIN 35,428 on the human 
dopamine transporter (cloned by the group of Janowsky et al., Mol. Pharmacol. 
45 (1994) 312) expressed in C6 glioma cells were alkylated with N- 
ethylmaleimide (NEM), and the protective potency (PC50) was measured of 
various compounds. A comparison was made with the inhibitory potency (IC50) 
measured under the same conditions as those used for NEM-alkylation. In 
general, the PC50 was lower (at least 4 to 5 times) than the IC50, but this 
disparity was substantially greater for the tested substrates (23- to 44-fold) 
(dopamine, d-amphetamine, norepinephrine) than for the blockers (4- to 11- 
fold) (cocaine, BTCP, benztropine), especially cocaine (5-fold) and BTCP (4- 
fold). Benztropine took an intermediate place (11-fold) between cocaine and 
BTCP, on the one hand, and dopamine (23-fold), on the other hand, which is of 
interest in view of the reversed potencies of the S-/R-enantiomers of 
benztropine analogs as compared with cocaine analogs (Meltzer et al., J. Med. 
Chem. 37 (1994) 2001). [3H]WIN 35,428 binding to the transporter in C6 cell 
membrane preparations was best described by a 1-site model under the current 
conditions. The present differences between substrates and blockers are 
consonant with models involving blocker-induced conformational changes, or 
with the existence of overlapping nonidentical binding domains for blockers and 
substrates.
Supported by NIDA 08379.

288.19

COCAINE USE DECREASES MONOAMINE LEVELS IN POST 
MORTEM HUMAN BRAIN  
Karley Y. Little*, Umesh N. Patel
Department of Psychiatry, University o f Michigan, and Ann Arbor 
VAMC

Previous human and animal experiments have suggested that chronic 
cocaine exposure may deplete brain dopamine levels, but reports have 
varied The present experiment examined dopamine, HVA, and DOPAC 
levels in frontal cortex(n=10), caudate, putamen, and n. accumbens(n=5) in 
clinically characterized human subjects using cocaine at death. Values w e re 
compared to an age-, sex-, and post mortem interval(PMI)-matched control 
group using an HPLC assay. Brain samples were collected at autopsy and 
frozen on dry ice, as authorized by the Chief Medical Examiner. Samples 
were homogenized and washed before resuspension in buffer solution. The 
mobile phase buffer included: 0.1 M citrate, 0.075 M sodium phosphate, 
0.75mM sodium heptanesulfonate and 17% methanol (v/v), with pH 
adjusted to 4.12. Separations were performed isocratically at a flow rate of 
1.0 ml/min employing a Cl 8 reverse phase column. An ESA 5100A 
electrochemical detector was maintained at 0.35 volts.

PMI was found to decrease levels o f each analysate. Preliminary analysis 
also indicates that dopamine levels were lower in frontal cortex and 
accumbens of cocaine users vs controls, while HVA and DOPAC values 
were similar. Previous experiments have demonstrated increased striatal 
dopamine transporter binding sites in these samp. subjects(Little et al, Brain 
Research. 628:17-25, 1993). These results suggest that decreased 
neurotransmitter stores may stimulate increased uptake.

Society for Neuroscience, V olume 21, 1995



722 DRUGS OF ABUSE: OPIOIDS AND OTHERS I MONDAY AM
289.1
NICOTINE W ITHDRAW AL IN THE MOUSE. R. Isola . V. 
Vogeslberg, T.A. Wemlinaer. N.H. Neff and M. Hadjiconstantinou*  
Departments of Psychiatry and Pharmacology and The 
Neuroscience Program, Ohio State University College of 
Medicine, Columbus, Ohio, 4 3 2 1 0

Administration of Nicotine, free base 2 mg/kg, sc, 4  times 
daily for 2 weeks, resulted in tolerance to the locomotor 
suppressant effect of the drug, and increased locomotor activity 
immediately after the administration of nicotine, as it has been 
reported. To study withdrawal symptomatology mice were 
treated as above, nicotine discontinued and animals observed for 
behavioral changes over 92 hr. Saline treated animals served as 
controls. Behaviors were monitored and scored for 3 0  min and 
included: grooming, rearing, jumping, scratching, chewing, w et 
body shake, head shake, forelimb shake, facial tremor, teeth  
chattering, licking and vocalization. With nicotine discontinuation 
animals displayed a withdrawal syndrome that lasted over 72  hr. 
The cardinal symptoms were rearing, jumping, head shake and 
facial tremor. Body shake, forelimb shake and licking were 
increased but did not reach statistical significance. Each 
behavioral sign had a unique temporal profile. When all signs 
were analyzed together, as a total behavioral score, behavior 
was maximally increased by 12 hr and remained elevated for up 
to 72 hrs. Administration of a single dose of nicotine 24  or 48  
hr into withdrawal appeared to abate the severity of the 
symptoms.

289.3
NICOTINE ABSTINENCE SYNDROME PRECIPITATED BY AN ANALOG OF NEUROPEPTIDE FF. D.H. Malin. J.R. Lake. P.E. Short. J.B. Blossman. B.A. Lawless. C.K. Sphopen. E.E. Sailer. K. Burgess1 and O.B. Wilson 2. Univ. Houston-Clear Lake, Houston. TX 77058, 'Texas A&M Univ., College Station, TX 77843 & 2Baylor College of Medicine, Houston,TX 77030.In a rodent model of nicotine abstinence syndrome, the observed signs closely resembled those of rat morphine abstinence. Endogenous opioids released by nicotine may contribute to nicotine dependence; morphine potently reverses abstinence signs, while naloxone precipitates abstinence signs and prevents nicotine from alleviating them. Considerable evidence sug-gests that neuropeptide FF (NPFF) has anti-opiate actions and contributes to opiate dependence. ICV injection of NPFF precipitates abstinence in morphine dependent rats, as does sc injection of its lipophilic analogs, dansyl- PQRFa and dansyl-RFa. The present study determined whether s.c. injection of 15 and 25 mg/kg dansyl-RFa could precipitate an abstinence syndrome in nicotine dependent rats infused for 7 days with 9 mg/kg/day nicotine tartrate. Dansyl -RFa precipitated nicotine abstinence signs in a dose-related manner, with a positive linear trend, p<.01. The profile of abstinence signs by category was roughly similar to that seen in spontaneous nicotine abstinence. Injection of 25 mg/kg dansyl-RFa had no significant effect in nicotine naive controls. (NIDA DA08260).

289.5
WITHDRAWAL OF CHRONIC COCAINE REDUCES µ
OPIOID  RECEPTOR BINDING IN RAT BRAIN. L. G. Sharpe*. 
C. B. Goodman and N. S. Pilotte. Molecular Neurobiol., Clinical 
Pharm., & Neurosci. Br., IRP, NIDA, NIH, Baltimore M D 21224.

Several lines o f  evidence show that withdrawal from chronic 
administration o f cocaine can lead to long-term changes in 
dopaminergic and non-dopaminergic systems. We have used in 
vitro autoradiography o f 125I-DAMGO binding to evaluate effects 
of cocaine withdrawal on µ opioid receptor expression in rat brain. 
24 male Lewis rats were given one or two cycles o f repeated IV 
infusions o f saline (0.1 ml/kg) or cocaine (1 mg/kg every 12 min 
for 2 hr each day for 10 days) and withdrawn for 10 days. Brains 
were removed and processed for 125I-DAMGO autoradiography 
after the first and second withdrawal period. µ receptor binding in 
rats given one infusion-withdrawal cycle showed mild (10-20%) 
reductions from controls, while rats withdrawn after 2 cycles 
showed 20% to 48% reductions in brain regions including cortical 
layer 4, retro splenial cortex, nucleus accumbens (dorsal and 
ventral core, anterior but not posterior shell), hippocampus (CA3), 
midline thalamic nuclei, and the superior colliculus. µ binding 
was not changed in the medial prefrontal cortex, olfactory 
tubercle, inferior colliculus, ventral tegmental area, or locus 
coeruleus. These long-lasting reductions in p expression after 
withdrawal from cocaine may be relevant to facets o f  cocaine 
dependence.

289 .2
ACETYL-L-CARNITINE STEREOSPECIFICALLY ATTENUATES NICOTINE 
ABSTINENCE SYNDROME IN THE RAT AND FACILITATES SMOKING 
CESSATION IN AN OPEN ONE-YEAR FOLLOW-UP TRIAL. A M. Persico*1 
D.H. Malin2, O.B. Wilson2. J.R. Lake2. M.C. Payne2, V A Carter2, and J.S 
Cunningham2. Laboratory of Neuroscience1. Libero Istituto Universitario Campus 
Bio-Medico. Rome. Italy and Univ. of Houston-Clear Lake2, Houston. TX 77058

Acetyl-L-carnitine (ALC) is an endogenous substance. previously shown 
to enhance nicotinic cholinergic activity at the neuromuscular junction and in the 
brainstem. We hypothesized acetyl-L-carnitine might potentially attenuate nicotine 
abstinence signs and possibly represent an effective smoking cessation aid. This 
hypothesis was initially tested in a validated rodent model of nicotine dependence. 
based upon the emergence of spontaneous behavioral abstinence signs following 
withdrawal from nicotine tartrate (9 mg/kg/day), continuously infused s.c. for 
seven days using osmotic minipumps. ALC (30 mg/kg s.c.) administered 20 hours 
after the end of nicotine infusion significantly suppressed abstinence signs in the 
rat. while an identical dose o f acetvI-D-carnitine or saline were absolutely inactive 

An open smoking cessation 1-year follow-up trial was then performed on 
23 smokers. The drug was very well tolerated by 21/23 (91.3%) smokers While 
still smoking, 15/21 (71.4%) subjects reported evident ALC-induced changes in 
cigarette taste and/or dramatic decreases in number of cigarettes smoked/day 
Following smoking cessation, ALC was administered at a mean daily dose of 3800 
mg p.o. (1500-5000 mg). At follow-up, 20/21 (95.2%) smokers were drug-free one 
week after quitting. 15/21 (71 4%) at one month and 8/21 (38 1%) at one year 
ALC appeared to exert major effects on tension, irritability, restlessness. insomnia. 
anxiety and cigarette craving, while minor or no effects on bradycardia and weight 
gain were recorded. Our results indicate ALC significantly blunts nicotine 
withdrawal signs in rodents and provide evidence supporting its efficacy and 
tolerability as a smoking cessation aid in humans.

289 .4
EFFECTS OF NICOTINE SELF-ADMINISTRATION ON FOS-RELATED 
ANTIGEN EXPRESSION AND AP-1 DNA BINDING IN SEVERAL RAT 
BRAIN STRUCTURES. C. Chiamulera*, S. Paqliusi. M. Tessari. S . 
deVevev, D. Talabot, R. Hooft, E. Merlo Pich. Glaxo Institute for Molecular 
Biology, CH1228 Geneva, Switzerland , and Glaxo Ricerche, Verona, Italy.

A growing body of evidence indicates that nicotine plays a major role in 
tobacco addiction. However, few studies investigated nicotine self-
administration and its underlying neural substrates. Recently Hope et al. 
(Neuron 13:1235, 1994) demonstrated that exposure to chronic cocaine 
produces upregulation of Fos-related antigens (FRAs) in several brain 
structures, suggesting their involvement in long term changes of gene 
expression associated with drug addiction. The aim of our investigation was 
to develop a nicotine self-administration procedure in rats and to study the 
effects of nicotine self-administration on the levels of Fos, FRAs and of their 
DNA binding sites of AP-1 complex using immunocytochemistry, Western 
blot and gel shift assay. Male Wistar rats trained to press lever for iv nicotine 
infusion (0.03 mg/kg/infusion on an FR-3 schedule of reinforcement), were 
sacrificed after 8-14 day of self-administration before or after (30 or 90 min) 
the last session. Control rats underwent the same procedure but with saline 
instead of nicotine. A second control group of non-trained animals was 
included. The simple exposure to the training procedure in saline rats 
increased FRAs and AP-1 complex binding levels in the nucleus accumbens 
and striatum before and after session . Nicotine self-administration further 
increased AP-1 levels only in the nucleus accumbens, while the strongest 
effect after session was found in the frontal cortex. These results show that 
nicotine self-administration is associated with long-lasting changes in the 
transcriptional control of the nucleus accumbens and the frontal cortex 
neurons, suggesting the involvement of these brain structures in nicotine 
addiction.

289 .6
THE SEPTAL AREA CONTRIBUTES TO THE OPIATE 
WITHDRAWAL SYNDROME. T.A. Kosten*, Y. Lee, M. Alreia.
Dept. of Psychiatry, Yale Univ. Sch. of Med., New Haven, CT 06508.

Administration of opiate antagonists to morphine-treated rats results 
in an opiate withdrawal syndrome (OWS) characterized by the 
exhibition of several physical signs. OWS appears to involve several 
brain regions, including the locus coeruleus and periaqueductal gray 
matter. Limbic sites have also been implicated in the OWS. Because 
the septal area is rich in mu and delta opioid receptors and shows 
marked increase in metabolic activity during OWS, we tested whether 
an OWS could be precipitated in the septum. Groups of rats were 
implanted with guide cannulas aimed at either the lateral septi (LS) or 
the medial septum (MS). One week later, rats were implanted with two 
morphine pellets (75 mg base; NIDA), one each on Days 1 and 2. On 
Day 4, methylnaloxonium (0, 125, or 1000 ng), a hydrophilic opiate 
antagonist, was infused through the cannulas in separate groups of rats 
(n=6 ea). Withdrawal signs were rated for 15 min by an observer blind 
to dose group. An OWS, consisting mainly of teeth chatters, 
mastication, and wet-dog shakes, was induced in both septal areas in a 
dose-dependent manner (pc.000 l). Teeth chatters, the most prominent 
sign, tended to be greater in LS groups (p< . 10) and the LS was more 
sensitive than the MS in the expression of this sign (p< .05). These 
results suggest that the septal area contributes to the OWS. [DA08227].
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289.7
OPIOID WITHDRAWAL IN SINGLE OPIOID-SENSITIVE NEURONS 
OF RAT PERIAQUEDUCTAL GRAY
B. Chieng and M.J. Christie*. Dept. of Pharmacology, Univ. of Sydney, 
NSW 2006, Australia.

Opioid-withdrawal in single periaqueductal gray (PAG) neurons was 
studied using intracellular recordings from brain slices of naive and 
morphine-dependent rats (pellet implantations for 5 days and maintained in 
vitro in 5µM  morphine). In slices from naive rats, µ-opioid agonists 
hyperpolarised 30% of PAG neurons via a K +-conductance increase (Brit. 
J. Pharmacol.,  133, 121-128). In slices from morphine-dependent rats, 
naloxone (100 nM or 1 µM) produced large depolarisations in 28% 
(15/54) of PAG neurons. The reversal potential of the naloxone-induced 
depolarisation was usually more negative than -135 mV (n =  10) and was 
-118 ±8 mV (n=3) when it could be measured, indicating that the 
depolarisation was not due simply to antagonism of a morphine-induced 
K +- conductance increase. In the same neurons, clonidine- and baclofen- 
induced hyperpolarisations always reversed polarity near Ek (-113±5 mV, 
n=6). In slices from naive animals, morphine-induced hyperpolarisations, 
or naloxone-induced depolarisations (control slices incubated in 5 µM 
morphine for up to 10 h), always reversed polarity near expected Ek 
(-109±3 mV, n= 5  and -111±3 mV, n = 5  respectively). In slices from 
dependent rats, naloxone-induced depolarisations were not affected by 
TTX (1 µM), bicuculline (30 pM) or CNQX (10 µM). All neurons which 
were depolarised by naloxone had previously been weakly hyperpolarised 
by met-enkephalin (30 µM). Opioid-insensitive neurons from dependent 
slices were unaffected by naloxone. These results demonstrate induction of 
a novel opioid-sensitive current in PAG neurons following chronic 
morphine exposure, which could be responsible for generation of some 
withdrawal signs.

289 .9
ACUTE DEPENDENCE ON OPIATES: PROGRESSIVE INCREASE IN 
SEVERITY WITH LONG INTERVALS BETWEEN SUCCESSIVE MORPHINE 
TREATMENTS. G. Schulteis*. C.J. Heyser. and G.F. Koob. Dept. of 
Neuropharmacology, The Scripps Research Institute, La Jolla, CA. 92037.

Recent studies in humans and rodents have reported naloxone-precipitated 
withdrawal-like signs following a single exposure to morphine, and this effect is 
potentiated with repeated morphine treatment spaced days (Kirby and Stitzer, 
Psychopharmacology 112:511, 1993; Azorlosa et al.. Psychopharmacology. 
114:71, 1994) or even one week apart (Adams and Holtzman, J Pharmacol Exp 
Ther 253:483, 1990). In rodents, operant responding for food is a sensitive index 
of antagonist-precipitated-opiate withdrawal, and the response-disruptive effects of 
opiate antagonists in this paradigm are enhanced even after a single morphine 
injection, providing a sensitive behavioral model of acute dependence. The present 
study examined the effect of systematically varying the inter-treatment interval on 
the progressive development of acute dependence in this operant paradigm in rats. 
Stable baseline response rates on an FR15 operant schedule for food reinforcement 
were established. Rats then were pre-treated with morphine (5 mg/kg s.c.) 
followed 4 hours later by an injection of saline or naloxone (0.3 mg/kg s.c.). 
Each rat received a total of 3 morphine treatments, spaced 24 hr, 1 wk, or 3 wks 
apart. Some rats received naloxone following each of the morphine treatments, 
others received naloxone only following the final morphine treatment. Even when 
the interval between successive morphine treatments was as long as 3 wks, the 
response-disruptive effects of naloxone showed a progressive escalation with 
repeated morphine exposure, although the escalation was not as profound as that 
seen with the 24 hr inter-treatment interval. This was true regardless of whether 
naloxone was given after each morphine treatment, or only after the third 
moiphine treatment. These findings suggest that the development of dependence 
on opiates as defined by the manifestation of precipitated withdrawal is a 
progressive phenomenon, beginning with a single dosing, and escalating with 
multiple exposures spaced up to 3 wks apart. Supported by PHS grant DA04043.

289.11
EFFECTS OF THE COMPLETE INHIBITOR OF THE ENKEPHALIN 
CATABOLISM RB 101 ON DIFFERENT EXPERIMENTAL MODELS OF OPIATE 
DEPENDENCE. R. Maldonado*. F. Ruiz. Q. Valverde, M.C. Fournié-Zaluski. B.P. 
Roques. Pharmacochimie Moldculaire et Structurale. U 266 INSERM, UA 498 CNRS. 
Faculté de Pharmacie. 4, avenue de l’Observatoire. 75006 Paris. France.

The administration of inhibitors of enkephalin catabolism into the central nervous 
system has been reported to decrease the severity of naloxone precipitated morphine 
withdrawal syndrome. A new mixed inhibitor of enkephalin degrading enzymes eliciting 
potent antinociceptive responses after systemic administration, RB 101, has been 
recently synthesized. The antinociceptive responses induced by RB 101 were potentiated 
by the co-administration of antagonists of the cholecystokinin-B (CCK-B) receptors. In 
this study, we have evaluated the effects of RB 101, given alone or associated with the 
selective CCK-B antagonist PD-134,308, on the expression of different aspects of 
opiate dependence in rats. In a first experiment, the systemic administration of RB 101 
(5, 10 and 20 mg/kg, i.v.) elicited a significant decrease in most of the signs of 
withdrawal precipitated by naloxone in morphine dependent rats. PD-134,308 (3 mg/kg, 
i.p.) did not modify the expression of morphine abstinence when given alone, but 
induced a strong facilitation on RB 101 responses. In a second experiment, the effects 
induced by the association of RB 101 and PD-134,308 were investigated on a model of 
spontaneous morphine abstinence. In this case, behavioral abstinence was observed 
36 h after the interruption of morphine chronic injection. RB 101 administration (40 
mg/kg, i.p.) also decreased the presence of spontaneous morphine abstinence. However, 
PD-134,308 (3 mg/kg, i.p.) did not modify the responses induced by RB 101 on 
spontaneous abstinence. The motivational effects induced by the co-administration of 
RB 101 (20 mg/kg, i.p.) and PD-134,308 (3 mg/kg, i.p.) were also investigated on 
place preference paradigm. The CCK-B antagonist facilitated the effects induced by RB 
101 on this test, indicating that endogenous CCK, acting through CCK-B receptors 
modulates the rewarding effects of endogenous enkephalins. These results suggest that 
RB 101 could represent a new approach in the management of opiate dependence. 
(Supported by Eiuropean Commission : BIOMED # PL931721)

289.8
PRECIPITATED MORPHINE WITHDRAWAL IN THE FETAL RAT. K. Jones* 
and G.A. Barr. Biopsychology Doctoral Program, Dept. o f Psychology, Hunter 
Collegc-CUNY, NY, NY 10021 and New York State Psychiatric Institute, 722 W. 
168th Street, NY, NY 10032.

It has been suggested previously that drug withdrawal in utero may be in part 
responsible for some of the adverse effects of maternal drug addiction observed in 
the newborn. In this study, we examined the behavioral effects of precipitated 
withdrawal in morphine dependent fetal rats at gestation day (GD) 20. An adult 
female rat was placed with a male rat overnight. On the following day, a vaginal 
smear was taken, and with the presence of sperm, that day was termed GD 0. The 
dam was implanted on GD 14 with one pellet containing 75.0 mg of morphine. 
Controls included dams that underwent the pellet implant procedure but were not 
implanted with pellets. Morphine was delivered to the fetus indirectly through the 
placenta. On GD 20, the dam underwent chemomyelotomy at L1/L2, and was 
gently restrained in a wire holding apparatus submerged in a warm isotonic saline 
bath. The uterine horns were externalized through an abdominal incision into the 
saline bath. Four subject fetuses were selected for behavioral observation, two from 
each uterine horn. The first of the four fetuses was prepared for direct observation 
by the delivery of the subject fetus through a 10 - 15 mm incision in the uterine 
wall, maintaining placental integrity . The fetus was then injected s.c. with either 
saline or naltrexone (1.0 mg/kg) and the behaviors of the fetus rated and recorded 
for a total of 20 minutes. The results show that naltrexone injected fetuses that had 
been chronically exposed to morphine demonstrate alterations in their behavior as 
compared to control fetuses. For example, morphine abstinent fetuses show 
increased limb, head, and mouth movements, body curls, stretches, and body 
twitches as compared to control fetuses. These results indicate that a morphine 
withdrawal-like syndrome can be described in the fetal rat. Supported by R01- 
DA06600.

289.10
THE REQUIREMENT OF Nl-PROTON OF NITROINDAZOLE FOR INHIBITING 
CEREBELLAR NITRIC OXIDE SYNTHASE (cNOS) ACTIVITY. Marc J. 
B ariavel1. Nicholas P. Plotnikoff1 *. Aloke K. D utta2 and Hemendra N. 
Bhargava1. 1Dept. Pharmaceutics/Pharmacodynamics, Univ. 111., Chicago, 
IL 60612 and 2Organix Inc., Woburn, MA 01801
Recently 7-nitroindazole (7-NI) was shown to have preferential affinity 
for cNOS. The present study was undertaken to determine the structural 
requirement for 7-NI to inhibit cNOS. Three analogs of NI were 
synthesized by replacing N1-H with different substitutions (Fig. 1). The 
effect of these analogs on the activity of NOS was determined by 
conversion of [3-H] arginine to [3H] citrulline in rat octical homogenates. 
The IC50 values of 7-NI (la) and (3) were found to be 1.93 ±  0.06 and 
420 ± 10, pM respectively. Compounds lb and 2 were inactive in 
inhibiting cNOS. These results suggest that N1-H is essential to confer 
the NOS inhibitory activity of nitroindazoles and that this site is 
important in the interaction with the active site of NOS in the brain. 
Synthesis and biological results will be presented in detail (Supported 
by a Research Scientist Development Award K02-DA-00130 from NIDA).

Fig 1

289.12
M ETABOLIC FATE OF A N O N -PEPTIDE, DELTA-SELECTIVE  
OPIOID AGONIST. J. A . Scheiz*. S. N. Calderon. K. C. Rice. C. M. Bertha. 
T, P. Davis and F. Porreca, Dept. Pharmacol., Univ. Arizona Coll. Med., Tucson, 
AZ 85724 (J.A.S., T.P.D., F.P.) & Lab. Med. Chem., NIDDK-NIH, Bethesda,
MD 20892 (S.N.C., K.C.R., C.M.B.)

Activation of the delta (δ) subtype of opioid receptors produces analgesia without 
the side-effects associated with activation of mu and kappa receptors. BW373U86 is 
a first generation non-peptide, 8-selective opioid agonist that produces short-lived 
analgesia. Following systemic, but not central, administration, BW373U86 is also 
a naltrindole-reversible convulsant.

SNC121 is a methyl ether derivative of BW373U86 with 8-selective agonist 
activity, and it also produces seizures when administered peripherally. The 
relationship between the metabolism and physiological actions of SNC121 was 
investigated by tracking the biotransformation of 3H-SNC121 in rats in vivo and 
in vitro via radioactive HPLC of extracted tissues and fluids. Radioactive 
metabolites were characterized by their HPLC retention times and opioid binding 
activity in rat brain membranes.

The liver rapidly (47% after 5 min.) converts i.p.-administered SNC121 to a 
BW373U86-like metabolite, while i.c.v. administration of SNC121 results in much 
slower metabolism (11% after one hour). SNC121 is also converted to a 
BW373U86-likc metabolite by the liver in vitro. We conclude that the liver is the 
primary site o f metabolism of peripherally administered SNC121 to a 
BW373U86-like metabolite. The in vivo time course of SNC121 metabolism 
following i.p. administration is consistent with its short duration of analgesia, and 
biotransformation of SNC121 to a BW373U86-like metabolite is rapid enough to 
account for its convulsant properties.
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289.13
THE ANTISENSE OLIGO TO 5-OPIOID RECEPTOR mRNA PREVENTS THE 
RECOVERY FROM ACUTE ANTINOCICEPTIVE TOLERANCE TO δ-, BUT 
NOT μ-, OR k-OPIOID RECEPTOR AGONISTS IN THE MOUSE Michiko Narita 
Minoru Narita. Zeliko J. Bosnjak*. John P. Kampine and Leon F. Tseng 
Department of Anesthesiology, Medical College of Wisconsin, Milwaukee, W  
53226

An intrathecal (i.t.) injection of [D-Ala2]deltorphin (DT), a 5-opioid receptor 
(DOR) agonist, produced an acute antinociceptive tolerance to a subsequent 
i.t. challenge of DT which lasted 3 to 9 hr and recovered in 12 to 24 hr. The 
experiments were designed to examine the effect of an antisense 
oligodeoxynucleotide (AS oligo) to DOR mRNA on the recovery from 
antinociceptive tolerance to DOR agonists in male ICR mice. Groups of mice 
were injected i.t. with DT(6.4 nmol) alone or a combination of DT or other opioid 
agonists and DOR AS oligo or mismatch (MM) oligo. Mice were then 
challenged i.t. with DT (6.4 nmol) at different times after DOR AS oligo injection 
and the tail-flick response was measured 10 min later. I.t. pretreatment with 
DOR AS oligo (1.63 to 163 pmol), but not MM oligo (163 pmol), dose- 
dependently prevented the recovery from tolerance to' DT. I.t. injection of 
DAMGO (19.5 pmol), a μ-receptor (MOR) agonist,or U50.488H (161 nmol), a k- 
receptor (KOR) agonist, also produced tolerance to a subsequent challenge of 
DAMGO or U50,488H. However, treatment of DOR AS oligo (163 pmol) did 
not prevent the recovery from tolerance to DAMGO or U50.488H. It is 
concluded that the inhibition of the synthesis of DOR protein by i.t. injection of 
DOR AS oligo selectively blocks the recovery from acute antinociceptive 
tolerance to i.t. administered DOR agonist, but not MOR or KOR agonist. We 
therefore propose that a single stimulation of DOR by DT induces a long lasting 
change of DOR which is insensitive to DOR agonist. The recovery from DOR- 
mediated antinociceptive tolerance does not depend on immediate reversal of 
DOR, but rather on the replenishment by newly synthesized DOR protein 
(Supported by NIH grant, DA 03811).

289.15
EFFECT O F COMPETITIVE AND NONCOMPETITIVE 
ANTAGONISM OF NMDA RECEPTOR ON PREPROENKEPHALIN 
(PPE) mRNA. Krishnamurthy P. Gudehithlu* and Hemendra N. 
Bhargava, Dept. Pharmaceutics/Pharmacodynamics, Univ. I11., Chicago, 
IL 60612.

Previous studies on the effect of noncompetitive antagonism of NMDA 
receptor on the expression of opioid peptides have yielded conflicting 
results. The present studies have therefore determined the effects of 
intraperitoneal administration of LY 235959 (2 mg/kg), a competitive 
antagonist of NMDA receptor and MK-801 (0.1 mg/kg), a
noncompetitive antagonist of NMDA receptor on the genetic expression 
of enkephalin in the mouse brain regions and spinal cord. The drugs 
were administered twice a day for 4 days and the mice were sacrificed on 
day 5. Mice serving as controls were treated with saline. The levels of 
mRNA were determined in brain regions (corpus striatum, midbrain, 
hypothalamus) and spinal cord. Differential changes in the levels of PPE 
mRNA in the brain regions were produced by the two antagonists. The 
levels in the spinal cord were unaffected. The levels of PPE mRNA 
levels in the striatum decreased but were increased in the hypothalamus 
by both the antagonists. On the other hand, PPE mRNA levels were 
unaffected by MK-801 in the midbrain but were decreased by LY 235959. 
The results suggest that competitive and noncompetitive antagonism of 
NMDA receptor differentially alters the genetic expression of enkephalin 
in certain brain regions and spinal cord (Supported by a Research 
Scientist Development Award K02-DA-00130 from the National Institute 
on Drug Abuse).

289.14
μ-O PIA TE R EC EPT O R : R EG IO N A L TRA NSG EN E 
O VEREX PRESSIO N  A LTERS O PIA TE R ESPON SES

#L.L. Miner*#L.G. Sharpe. @G.I Elmer. #1. Sora. #D,M. 
Donovan. #J.G Mulle. #A. Moriwaki. #J.-B. Wang and #%!G.R. 
Uhl. #Mol. Neurobiol. Br., @Preclin. Pharm. Lab, %Off. Dir., DIR, NIDA, 
1Depts. Neurol.&Neurosci., JHUSM, Box 5180, Balt, MD 21224.

p opiate receptors (μOPR) are the principal sites o f  opiate drug 
actions including analgesia and addiction. Mice overexpressing 
the rat μμOPR in catecholamine neurons under the control o f 4.8 
kb o f tyrosine hydroxylase promoter sequence display altered 
responses to opiate drug administration, tolerance development 
and withdrawal. These animals display enhanced morphine 
effects in tests o f supraspinal analgesia compared to controls. 
Morphine significantly enhances locomotor activity levels in 
these animals, but not in nontransgenic controls. These animals 
exhibit strikingly fewer manifestations o f  naloxone-precipitated 
withdrawal from chronic morphine treatment, especially jumping, 
than controls. However, they do not differ from controls in 
morphine conditioned place preference. These data demonstrate 
the striking alterations in specific opiate-induced behaviors and 
withdrawal symptoms that can be induced by modest regional 
alterations in expression o f  this principal brain opiate receptor 
type.

289.16
EFFECTS OF DRUGS OF ABUSE ON THE PHOSPHORYLATION STATE 
OF DARPP-32 IN VIVO. J. Ingum1. J.S. Solvold1 and I. Walaas2'. 1Natl. Inst. 
of Forensic Toxicology, Oslo, Nonway, 2Neurochemical Laboratory, 
University of Oslo, Norway.

Even though drugs of abuse generally increase dopamine levels in 
the Nucleus Accumbens (NAc), the extent to which these drugs function as 
dopaminomimetics in vivo remains incompletely known. In this study, we 
have examined the effects of several classes of drugs of abuse, including 
amphetamine, morphine and tetrahydrocannabinol (THC), on the 
phosphorylation state of DARPP-32, a cytosolic, dopamine-regulated 
phosphoprotein that is highly enriched in the dopaminoceptive medium-sized 
spiny neurons of NAc. Drug naive rats received either amphetamine (5 
mg/kg ip), morphine (5-15 mg/kg ip) or THC (0.5 mg/kg ip). Another group 
of rats received unilateral microinjections of pertussis toxin (Ptx, 0.1 μg/1μ l) 
into NAc one week before drug treatment. The rats were sacrificed at 15 or 
30 min after the treatments, NAc was dissected and rapidly frozen, and the 
phosphorylation state of DARPP-32 was measured with phosphorylation 
state-specific monoclonal antibodies. The basal phosphorylation level of 
DARPP-32 was estimated to be in the range of 30-50 %, and being about 
20 % higher in the Ptx-treated than in the control NAc, which suggests that 
the phosphorylation state of DARPP-32 is tonically inhibited by mechanisms 
mediated through Ptx-sensitive G proteins. 30 min after drug injections, 
amphetamine had increased the level of phospho-DARPP-32 by approx. 
20%, whereas morphine and THC had decreased phospho-DARPP-32 by 
approx. 40-60 %. Hence, psychostimulants such as amphetamine appear 
to regulate DARPP-32 phosphorylation in a manner similar to dopamine, 
while morphine and THC, which activate receptors coupled to Ptx sensitive 
G proteins, have a distinct postsynaptic effect.

289.17
CNS METABOLISM OF DRUGS; A STUDY OF BRAIN HYDROCODONE 
AND DEXTROMETHORPHAN BIOTRANSFORMATION. N.-Y. Li. 
E.M. Sellers*. R.F. Tvndale. Addiction Research Foundation; Departments o f 
Medicine, Psychiatry and Pharmacology, University o f Toronto, Canada.

Drug metabolizing cytochrome P450s have been identified in rodent, canine 
and primate brain using molecular, immunological and biochemical techniques. 
Their presence in the brain suggests that there may be local metabolism o f CNS- 
acting drugs, which may not be reflected in plasma drug measures, but may 
contribute significantly to the pharmacology and/or the neurotoxicity o f the drug. 
We used molecular and biochemical techniques to study the brain metabolism of 
hydrocodone to hydromorphone (a more potent metabolite), and dextromethorphan 
to dextrophan (a metabolite with different pharmacology). Metabolism o f both 
substrates was dependent on NADPH, protein concentration, drug concentration, 
incubation time and could be found in the microsomal fraction. These 
characteristics are consistent with the CNS metabolism o f these drugs being carried 
out by a cytochrome P450. The metabolism was higher in the cerebellum then in 
the cortex for both drugs. The inhibition o f the metabolism by quinine suggests that 
the brain metabolism, like the hepatic metabolism o f hydrocodone and 
dextromethorphan, is by the P450 called CYP2D1. RT-PCR studies o f rat brain 
CYP2D1 mRNA also show higher levels in the cerebellum as compared to the 
cortex. These results provide evidence that the brain can metabolize drugs o f abuse, 
that this metabolism is regionally variable, and that it is probably catalyzed by 
CYP2D1. As this is a genetically variable enzyme in humans (missing in 8% of 
Caucasians), this data also suggests that some people have CNS metabolism of 
these drugs while others will not, perhaps contributing to interindividual differences 
in drug response, propensity to drug dependency and/or neurotoxicity.

Supported by the Addiction Research Foundation and NIDA Grant 
DA086889.
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290.1
INCREASED SENSITIVITY TO NALOXONE ON HEROIN SELF-
ADMINISTRATION IN DEPENDENT RATS: M.R.A. Carrera*. G. Schulteis and 
G.F. Koob. Dept. Neuropharmacology, The Scripps Research Insitute. La Jolla, CA 
92037.

The current study sought to investigate the motivational significance of opiate 
dependence on heroin self-administration (SA) in rodents. Male Wistar rats were 
prepared with intravenous jugular catheters. Following establishment of stable rates 
of heroin SA, opiate-dependence was induced by subcutaneous implantation with two 
morphine (75-mg base) pellets. Rats in a non-dependent control group received 
placebo pellets. Three days after pellet implantation, animals were again allowed to 
self-administer heroin (0.06 mg/kg/injection) in daily 3-hr sessions until baseline 
criteria were met. Animals were then tested using a Latin square design which 
consisted of subcutaneous injections of several doses of naloxone or vehicle (0, 
0.003, 0.01,0.03 mg/kg) 115 min into the session. Morphine-dependent rats showed 
a significant increase in the rate of heroin SA at the 0.003 and 0.01 mg/kg naloxone 
doses, but decreased response rates at 0.03 mg/kg. Placebo-pelleted non-dependent rats 
increased their heroin intake only at the 0.01 mg/kg dose, with small increases 
observed at the 0.03 mg/kg dose. In order to exaggerate the difference between limited 
oppiate access and what is classically considered dependence, the heroin SA session 
length was shortened to 1-hr, the heroin dose reduced to 0.03 md/kg/injection and 
naloxone was administered 60 min into a 90 min testing session. Following the 
methodology described above, two additional groups were tested. The modified 
approach rendered a more convincing model of non-dependence. While dependent rats 
were still affected by naloxone doses of 0.003-0.03 md/kg heroin SA in non-
dependent rats was increased only folowing the higher dose of the antagonist. To 
further assess motivational differences between groups, a progressive ratio procedure 
was used. The breaking point values were 196% above baseline in dependent rats but 
within baseline levels for the non-dependent group. Taken together, the data suggest 
that as dependence develops, there is an increase in the motivation of rats to SA 
heroin, and that naloxone-precipitated withdrawal further enhances this motivational 
state.

290 .3
RELAPSE TO HEROIN-SEEKING BEHAVIOR DURING AND AFTER 
"MAINTENANCE THERAPY": EFFECTS OF STRESS, WITHDRAWAL 
AND PRIMING INJECTIONS OF HEROIN. J. Stewart*. H. Rajabi. Y. 
Shaham. Center for Studies in Behavioral Neurobiology, Department of 
Psychology, Concordia University, Montreal, Quebec, Canada.

It is well known that in humans relapse to heroin-taking occurs during 
and after drug-substituted maintenance therapy. We have used an animal 
model of relapse, to examine factors that might provoke relapse under these 
conditions. Male rats were trained to self-administer heroin (100 μg/kg per 
infusion, IV; four 3-h sessions/day for 4-5 days, and 6-7 additional days of 
7-h sessions). Alzet osmotic minipumps designed to deliver 
3 mg/kg/day heroin at a constant level were then implanted. Extinction 
sessions followed for 6-9 days during which saline could be self- 
administered. Tests for relapse to heroin-seeking were given in the 
presence of the minipump following non-contingent injections of saline, 
heroin (0.25 mg/kg, SC) and naloxone (0.1 mg/kg, SC), and after exposure 
to 10 min of footshock (0.5 mA; 0.5 sec on, mean off period of 40 sec). A 
second set of tests was given after the removal of the minipumps, at 24 h 
(withdrawal condition), and after saline, heroin and footshock (all in the drug 
free state). Footshock reliably reinstated heroin-seeking behavior 
regardless of the presence or absence of heroin in the body. The priming 
injections of heroin induced relapse to heroin-seeking in both conditions. 
Naloxone-precipitated withdrawal, which induced withdrawal symptoms and 
modestly decreased dopamine overflow in the nucleus accumbens, had no 
effect on heroin-seeking behavior. However, 24 h after the removal of the 
minipumps (withdrawal condition) a modest increase in heroin-seeking 
behavior was observed. These data suggest that experienced drug users 
remain susceptible to relapse provoking stimuli, and especially to stressors, 
even under conditions of drug maintenance therapy.

290 .5
EFFECTS OF ETICLOPRIDE AND NALTREXONE ON RESPONDING 
MAINTAINED BY FOOD, COCAINE, HEROIN AND COCAINE/HEROIN 
COM BINATIONS IN RATS S.E. Hemby*, J.E. Smith and S.I. Dworkin. Dept of 
Physiol/Pharmacol, Bowman Gray Sch Med, Wake Forest Univ, Winston-Salem, NC 

The effects of the D2 receptor antagonist eticlopride and the μ opiate receptor 
antagonist naltrexone on food, cocaine, heroin and concurrent cocaine/heroin self- 
administration (speedball) were compared. In the first experiment, responding was 
maintained by food under an FR1 0 (6 'TO) to produce rates of responding similar to 
that obtained with i.v. cocaine (COC; 0.25 mg/inf) and heroin (HER; 5.4 μ /inf). Food- 
maintained responding was decreased by eticlopride (0.1, 0.3 and 1.0 mg/kg; i.p.) in 
a dose-dependent manner whereas naltrexone (3, 10 and 30 mg/kg; i.p.) did not 
significantly affect responding. In the second experiment, within-session dose-effect 
curves were obtained for responding maintained by either COC (0, 0.125, 0.25 and 0.5 
mg/infusion; i.v.), HER (0, 5.4, 9.0 and 18.0 μ /infusion; i.v.), a low HER dose 
combined with COC (CH1; 5.4μg HER + each COC dose; i.v.) or a high HER dose 
combined with COC (CH2; 18.0 μg HER + each cocaine dose; i.v.) maintained under 
a multiple FR1O schedule of reinforcement. COC/HER combinations resulted in a dose- 
dependent decrease in the dose-effect curve compared to COC. Dose-dependent 
increases in the inter-infusion intervals were observed for COC, HER, CHI and CH2. 
Eticlopride (0.03, 0.1 and 0.3 mg/kg; i.p.) shifted the COC dose-effect curve to the right 
in a dose-dependent manner and decreased HER, CH1 and CH2 self-administration at 
0.3 mg/kg. However, the 0.3 mg/kg dose of eticlopride decreased food-maintained 
responding suggesting that these effects were non-specific. Conversely, naltrexone (1.0, 
3.0 and 10.0 mg/kg; i.p.) resulted in a rightward shift of the HER dose-effect curve but 
had no effect on COC self-administration. Following naltrexone, the dose-effect curves 
for CH1 and CH2 were not significantly different from COC. These results demonstrate 
that COC and HER self-administration are mediated in part by dopamine and opiate 
receptors, respectively. Furthermore, COC/HER combinations can maintain responding 
in the rat and that and that naltrexone is effective in attenuating the effects of HER on 
COC self-administration. (Supported by USPHS grants DA-06634, DA-03628, and 
DA-00114).

290.2
CHARACTERIZATION OF STRESS- AND HEROIN-PRIMED RELAPSE 
TO HEROIN-SEEKING BEHAVIOR IN RAT. Y. Shaham*. J. Stewart. 
Center for Studies in Behavioral Neurobiology, Department of 
Psychology, Concordia University, Montreal, Quebec, Canada

We reported recently that acute exposure to footshock and priming 
injections of heroin provoke relapse to heroin-seeking after prolonged 
drug-free periods (Shaham & Stewart, Psychopharmacol. 1995). Here we 
report an attempt to characterize these effects by varying the heroin 
priming dose and the duration of footshock and by examining the effects 
of pharmacological blocking agents. Male rats were trained to self- 
administer heroin (100 μg/kg/infusion, IV, during four 3-h sessions/day for 
8-11 days). Extinction sessions were given for 5-7 days during which 
saline was substituted for drug. Relapse was studied following SC 
injections of saline or heroin (0.125-0.5 mg/kg), and after 10-60 min 
footshock (0.5 mA; 0.5 sec on, mean off period of 40 sec). The effect of 
the opioid antagonist, naltrexone (1.0 mg/kg, SC), the D-2/3 antagonist 
raclopride (0.25-0.5 mg/kg, IP) and the D-1/5 antagonist SCH 23390 
(0.05-0.1 mg/kg, IP) on relapse following footshock (10 min) and heroin 
primes (0.25 mg/kg) was also studied. Footshock and heroin primes both 
reliably reinstated heroin-seeking behavior. Footshock appeared to be a 
more effective stimulus for relapse than heroin. The effect on relapse of 
the heroin prime was blocked by naltrexone, raclopride and the highest 
dose of SCH 23390. None of these treatments altered footshock-induced 
relapse. Contrary to our expectations, the neurochemical events 
underlying stress-induced relapse appear to differ in part from those that 
underlie relapse induced by heroin priming injections.

290 .4
HALOPERIDOL DIFFERENTIALLY AFFECTS REINFORCEMENT 
AND MOTIVATIONAL PROCESSES IN RATS RUNNING AN ALLEY 
FOR INTRAVENOUS HEROIN. K. McFarland* and A. Ettenberg. 
Behavioral Pharmacology Laboratory, Department of Psychology, 
University of California, Santa Barbara, CA 93106.

The role of drug-paired environmental stimuli in opiate self-
administration was investigated by exposing animals to discrete cues 
that were predictive of the availability or unavailability of heroin 
reinforcement. Rats were trained to traverse a straight arm runway for 
a reinforcement consisting of a single 0.1 mg/kg intravenous infusion of 
heroin delivered upon entrance to the goal box. On each trial, one of 
two discriminative olfactory stimuli (orange and almond) was used: 
one which signaled the availability of heroin in the goal box (S+), and 
one which signaled its absence (S-). The effect of dopamine. (DA) 
receptor antagonism on reinforcement and motivational processes was 
investigated by pretreating subjects with 0.0, 0.15 or 0.30 mg/kg of the 
DA receptor antagonist drug, haloperidol. Haloperidol had no effect on 
operant runway performance (i.e. goal time) in any condition. 
However, 24 h later, on the first post-treatment trial, those haloperidol 
animals that received heroin in the goal box on the previous trial (i.e. 
the S+ condition) ran reliably more slowly than subjects that received 
vehicle on the previous S+ trial. These results suggest that haloperidol 
does not affect the motivational properties of stimuli which predict the 
availability of heroin, while it does diminish the reinforcing effects of 
actually receiving heroin.

290 .6
EFFE C T S O F N EU RO TO X IC  LESIO N S O F T H E  
PED U N C U LO PO N TIN E NUCLEUS (PPN) ON INTRAVENOUS 
(IV) H ER O IN  SELF-A D M IN ISTR A TIO N : R O L E  O F 
SEN SITIZA TIO N . E.M .M unn1*, M .C.Olm stead1, K.B.J.Franklin2, 
and R. A. W ise l Center For Studies in Behavioral Neurobiology, 
Concordia U niv.l and Department of Psychology, McGill Univ. 2, 
Montréal, Que, CANADA H3G 1M8.

The PPN is a brainstem nucleus projecting to mesolimbic structures 
implicated in opiate reward. PPN lesions disrupt the acquisition of IV 
heroin self-administration in drug-naive rats. W e studied the effect of 
PPN lesions on a drug-reinforced lever-pressing task using a progressive 
ratio (PR) schedule of reinforcement. Adult male Long-Evans rats were 
prepared with chronic IV catheters and excitotoxin lesions (0.5 ul of 0.1 
M NMD A injected bilaterally over 10 min). Two weeks later, they were 
trained to lever-press for IV heroin (0.1 mg/kg/inj infused at a rate of 
0.25 ml/28 sec) on an FR-1 schedule o f reinforcement for 4 hr/day. 
When their responding had stabilized, they were switched to a PR 
schedule of reinforcement for 5 hr/day for 1 week. Lesioned animals 
earned fewer injections than controls, suggesting that the lesions 
decreased motivation for the drug. Rats that were lesioned after  training 
on the PR schedule did not show a similar deficit. A separate group of, 
lesioned rats that failed to learn to lever-press (FR-1) for IV heroin 
within 15 days were subsequently treated with daily s.c. heroin 
injections (0.5 mg/kg s.c.) for 4 days prior to retraining. After passive 
drug exposure, they learned to lever-press (FR-1) for heroin at the same 
rate as drug-naive animals with sham lesions. Sensitization of the 
animals to the drug appears to compensate for the motivational deficit 
produced by the PPN lesions.
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290.7
CORTICOTROPIN RELEASING FACTOR ANTAGONIST [D-Phe]CRF12-41
ATTENUATES THE ACUTE ACTIONS OF THE HIGHLY POTENT 
CANNABINOID RECEPTOR AGONIST HU-210 ON DEFENSIVE-WITHDRAWAL 
BEHAVIOR IN RATS1. F. Rodrgiuez de Fonseca1*, P. Rubio1. R. Gòmez, F. 
Menzaghi2, E. Merlo-Pich3, J. Rivier4, G. F. Koob2 and Miguel Navarro1. [1] Dpt. 
Psicobiología, Fac. Psicología, Univ. Complutense, 28223-Madrid (SPAIN). [2] Dpt 
Neuropharmacology, The Scripps Res. Inst., La Jolla, CA (USA). [3] Dpt. 
Neurobiology, Glaxo Inst. Molecular Biology, Geneva (SWITZERLAND). [4] The 
Clayton Foundation Lab. (The Salk Inst.), La Jolla, CA (USA).
The present study evaluated the possible modulatory role of central corticotropin-
releasing factor (CRF) systems in the mediation of the effects of acute exposure to the 
brain cannabinoid receptor (CB-1) agonist 3 -(l, l-dimethylheptyl)-(-)-ll-hydroxy-∆
tetrahydrocannabinol (HU-210) on defensive withdrawal behavior (DW) in male rats. 
In the first set of experiments the actions of the potent CRF antagonist [D-Phe12, 
Nle21,38, C“MeLeu37]-CRF (D-Phe CRF12-41) were examined on DW under novelty and 
familiar conditions. The acute i.c.v. administration of D-Phe CRF12-41 (0.2-5 
μg/injection) antagonized the DW response to stressing conditions such as novelty or 
swim stress in field-habituated animals. The acute i.p. administration of HU-210 (4, 20 
and 100 μg/kg) produced a clear dose-dependent stress-like effects in field-habituated 
animals, as reflected in the HU-210-induced increase in both the emergence latency 
(EL) and the mean time spent in the small chamber (MTIC). The i.c.v. administration 
of 5 μg  of D-Phe CRFI2-41, 5 minutes prior to the administration of the cannabinoid 
prevented the stressing actions of HU-210 (20 μg/kg, but not 100 μg/kg). Acute 
administration of HU-210 induced also a dose-dependent increase in plasma 
corticosterone levels, effect which was not antagonized by the pretreatment with 5 μg 
of D-Phe CRF12-41. The present study indicates a possible participation of central CRF 
systems in the mediation of the anxiogenic effects of CB-1 agonists, and supports the 
direct hypothalamic effect of cannabinoids in the activation of the pituitary-adrenal axis.

290.9

CP 55,940, A SYNTHETIC CANNABINOID, DOES NOT SENSITIZE 
LOCOMOTOR ACTIVITY OR COCAINE RESPONSIVITY WITH 
INTERMITTENT ADMINISTRATION IN WISTAR RATS. I.  S. McGregor*. 
P A. Bryant and J. Arnold Dept. Psychology, University of Sydney, NSW, 
2006, Australia.
Many drugs of abuse such as cocaine, nicotine, morphine and amphetamine 
produce a behavioural sensitization syndrome, whereby repeated 
intermittent exposure to the drugs causes a progressive increase in elicited 
locomotor activity. This sensitization process has been a focus of the recent 
influential "incentive sensitization" theory of drug craving (Robinson and 
Berridge, 1993). Here we assessed whether the synthetic cannabinoid CP
55.940 would cause similar sensitization. Male Wistar rats were first 
assessed for baseline locomotor activity in standard Skinner boxes and 
allocated to one of four treatment groups (2.5, 10 or 25 μg/kg of CP 55,940 
or vehicle). Each group was given their corresponding treatment once every 
two days for a total of six sessions. After each drug treatment, locomotor 
activity was recorded for one hour. The two lower doses (2.5 and 10 μg/kg) 
of CP 55,940 tended to increase locomotor activity while the higher dose (25 
pg/kg) produced a clear inhibition of activity. However, over the six test 
sessions there was no evidence of increasing locomotor activity in the CP
55.940 treated groups. A seventh drug-free test session was given, and 
again no activity differences were seen between groups, showing that there 
was no contextual conditioning of activity by the drug. A final test session 
was given with each animal receiving a low dose of cocaine (5 mg/kg). This 
dose caused an increase in activity in all groups, with the rats previously 
having received CP 55,940 showing no difference in the extent of this 
activation compared to vehicle treated rats. This shows that cross-
sensitization between the cannabinoid and cocaine had not occurred. It is 
concluded that this synthetic cannabinoid in the dosing regimen used here 
does not sensitize locomotor activity in Wistar rats. This concurs with our 
earlier findings that CP 55,940 fails to act as a positive reinforcer in rats.

290.11

EFFECTS OF ABUSED INHALANTS ON AN ELEVATED PLUS- 
MAZE TASK IN MICE. S. E. Bowen*. J. L. Wiley, M. E. Tokarz. and 
R L. Balster Department o f Pharmacology and Toxicology, Medical 
College o f Virginia, Richmond, VA 23298-0613 

Previous reports have shown that abused inhalants share some o f  the 
pharmacological properties o f drugs used in the treatment o f  anxiety. In 
an attempt to further examine possible anxiolytic properties o f  abused 
inhalants, the behavioral effects o f inhaled 1,1,1-trichloroethane (TCE; 0, 
2500, 5000, 10000 ppm) and toluene (0, 2000, 4000, 6000 ppm) were 
examined and compared to those o f  the benzodiazepine diazepam (0, 1, 
3 mg/kg) in the elevated plus-maze. Drug-naive male SWISS mice were 
placed in the center o f an elevated plus-shaped maze. Two opposing arms 
were enclosed by high walls while the crossing arms remained open. After 
twenty min o f inhalant exposure or 20 min after diazepam injection, the 
number o f entries and time spent in each type o f  arm were measured 
during 5 min tests. Exposures to increasing concentrations o f TCE and 
toluene produced concentration-related increases in the total number o f 
entries into and the total time spent on the open arms, a pattern o f 
response similar to that produced by DZ. This investigation provides 
additional evidence of anxiolytic actions o f  TCE and toluene. The 
increasing evidence for commonalities in the behavioral effects o f solvents 
and GABAergic drugs provides a basis for understanding the 
neurobehavioral basis o f inhalant abuse. Supported by NIDA grant DA- 
03112.

290.8
EVIDENCE THAT CANNABINOID RECEPTORS MEDIATE THE 
SUPPRESSION OF LUTEINIZING HORMONE RELEASE BY DELTA- 
9-TETRAHYDROCANNABINOL IN OVARIECTOMIZED RATS. B.C. 
Statham. A. Bartke* and L.L. M urphy. Dept. of Physiology, Southern 
Illinois Univ. Sch. of Med., Carbondale, IL 62901.

Although the ability of delta-9-tetrahydrocannabinol (THC), the 
major psychoactive component of marijuana, to suppress luteinizing 
hormone (LH) secretion in experimental animals is well documented, the 
mechanism of this THC action is unclear. These studies were designed to 
determine if cannabinoid receptors mediate THC-induced suppression of 
LH release by utilizing a potent cannabinoid receptor agonist, CP55,940, 
and a recently developed antagonist selective for the brain cannabinoid 
receptor, SR141716A. Adult rats were ovariectomized and 4 weeks later 
implanted with polyethylene cannulae inserted into the jugular vein for 
cannabinoid administration and blood withdrawal. In the first study, 
CP55,940 (0.01, 0.05 or 0.1 mg/kg b.w.; Pfizer Inc.) or its vehicle was 
administered at time 0 and blood samples were taken 15, 30, 45, 60, 90 
and 120 min post-CP55,940 treatment for plasma LH determinations. 
Plasma LH levels were significantly reduced in a dose-related manner 
from 15 to 90 min after CP55,940 treatment when compared to vehicle 
(p<0.05). In the second study, SR141716A (0.5 mg/kg b.w., ip; Sanofi 
Recherche) or its vehicle was administered 30 min prior to THC (0.5 
mg/kg b.w.) or vehicle administration. THC produced significant 
decreases in plasma LH levels at 30 and 45 min post-treatment when 
compared to vehicle (p<0.05). However, pre-treatm ent with the 
antagonist completely blocked the suppression of LH by THC when 
compared to animals receiving THC vehicle. These results suggest that 
cannabinoid receptors mediate the inhibition of LH secretion following 
acute THC treatment in ovariectomized rats. (Supported by DA-05042)

290.10
ANANDAM IDE ANTAGONIZES THE DISRUPTIVE EFFECTS OF 
A9-TETRAHYDROCANNABINOL ON LEARNING. Jesse Brodkin and 
J.M. M oerschbaecher*. Department o f  Pharm acology, L SU  M edical 
Center, N ew  Orleans, LA 70112 .

Responding by rats was maintained by food presentation under a repeated 
acquisition of behavioral chains procedure. Subjects acquired a different 
three-response chain each session and sequence completions were reinforced 
under a fixed-ratio 3 schedule. Errors produced a brief time out. A9- 
Tetrahydrocannabinol (THC) (1-10 mg/kg i.p.) produced dose-related 
increases in overall percent errors and at high doses decreased rates of 
responding. Intermediate doses of THC disrupted several measures of 
acquisition (e.g., rate of within-session error reduction) but had little or no 
effect on terminal accuracy. The endogenous cannabinoid receptor ligand 
arachidonylethanolamide (anandamide) (0.01-3.2 mg/kg) had little or no 
effect on either overall percent errors or response rate when administered 
alone. Lower doses of anandamide (0.01-0.56 mg/kg) administered in 
combination with THC partially or fully reversed all of the disruptive effects 
of THC. The highest dose of THC (10 mg/kg), which alone completely 
eliminated responding, was antagonized by anandamide (0.56 mg/kg). These 
findings suggest that THC produces disruptions o f learning in a repeated- 
acquisition procedure and that these effects can be dose-dependently 
antagonized by an endogenous cannabinoid receptor ligand. The data further 
suggest that although THC can disrupt learning, the endogenous anandamide 
system may not play a tonically active role in learning. (Supported by 
DA03573 and DA04475)

290.12

REGULATION OF THE CB1 CANNABINOID RECEPTOR IN
t r a n s f e c t e d  c e l l s . Mary E. Abood*. Vincent Showalter. and Melissa A,
Noel. Department of Pharmacology and Toxicology, Medical College of 
Virginia, Virginia Commonwealth University, Richmond, VA 23298-0524.

We have created transfected CHO cell lines expressing the neuronal (CB1) 
cannabinoid receptor. These cell lines are being used to examine the regulation 
of the cannabinoid receptor following chronic exposure to A9-THC and other 
cannabinoid drugs. CB1 cDNA (kindly provided by Dr. M. Parmentier) was 
subcloned into the pcDNA3 mammalian expression vector. The CB1 construct 
was transfected into CHO cells using a calcium phosphate procedure. Stable 
transformants were selected by adding G418 to the culture media. Colonies of 
transformed cells were tested for CB1 expression by Northern blot analysis. Cell 
lines that showed moderate to high levels of receptor RNA were tested in a 
filtration based radioligand binding assay. Scatchard-Rosenthal analysis of 
[3h ]CP-55,940 binding to P2 membranes prepiared from one of the CB1 cell 
lines (H24) indicated a Bmax of 48 ± .52 pM (680 fmols/mg protein) and an 
apparent of .95 ± .22 nM. The cells were treated with 1 μM A9-THC for 5 
min or 24 hours, then mRNA and P2 membranes were prepared. This treatment 
had previously been shown to attenuate cannabinoid mediated inhibition of 
cAMP accumulation in neuroblastoma cells. Steady state levels of CB1 mRNA 
did not appear to be altered following exposure to the cannabinoid, suggesting 
that mRNA stability is not affected. Initial experiments indicate that both the Kd
and the Bmax for [3H]CP-55,940 are changed following exposure to the 
cannabinoid. Experiments are underway to address whether residual drug in the 
assay accounts for these changes. This work was supported by DA 05274 and 
DA 07027.
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290.13

CANNABINOID STRUCTURE-ACTIVITY RELATIONSHIPS IN A CB2 CELL 
lin e  Vincent Showalter*, David R. Compton. Billy R. Martin.  and Mary E. 
Abood Department of Pharmacology and Toxicology, Medical College of Virginia, 
Virginia Commonwealth University, Richmond, VA 23298 

Although a peripheral receptor for cannabinoid drugs (CB2) exists, it has not been 
subjected to the same extensive investigation as the brain cannabinoid receptor 
(CB1). Since the CB2 receptor offers new opportunities for the potential use of 
cannabinoids in medicine and may be involved in cannabinoid induced 
immunosuppression, studies of it will only enhance the understanding of 
cannabinoid pharmacology. The purpose of this structure-activity relationship study 
was to examine the binding requirements of the CB2 site. CB2 cDNA was 
subcloned into the pcDNA3 mammalian expression vector. The CB2 construct was 
transfected into CHO cells using a calcium phosphate procedure. Stable 
transformants were selected by adding G418 to the culture media. Colonies of 
transformed cells were tested for CB2 expression by Northern blot analysis. Cell 
lines that showed moderate to high levels of receptor RNA were tested in a filtration 
based radioligand binding assay. Scatchard-Rosenthal analysis of [3H] CP-55,940 
binding to P2 membranes prepared from one of the CB2 cell lines (CB2-3) indicated 
a Bmax of .35 ± .40 nM and an apparent of .686 ± .10 nM. The ability of 
several compounds to displace [3H]CP-55,940 was determined. These compounds 
included classical and nonclassical cannabinoids, aminoalkylindoles, anandamide, 
anandamide analogs and the newly discovered cannabinoid antagonist SR141716A. 
Upon comparing the data with data previously published on CB1 binding, 
compounds could be divided into three groups: CB1 selective ligands, CB2 
selective ligands, and ligands with low selectivity. This work was supported by 
DA 05274 and DA 07027.

290.15

CANNABINOIDS ENHANCE THE RESPONSE TO NMDA IN CULTURED 
CEREBELLAR GRANULE NEURONS. D.L. Gruol*, J.G. Netzeband. J.A. 
Indyk and K.L. Parsons. Dept. Neuropharmacology, The Scripps 
Research Institute, La Jolla, CA 92037

Cerebellar granule neurons are known to express an abundance of 
cannabinoid receptors. These receptors are likely to mediate alterations 
in cerebellar function that occur with cannabinoid drug use. 
Cannabinoid receptors may also contribute to the normal physiology of 
the cerebellum, as endogenous neurochemicals have been identified that 
act at these receptors. In rats, cerebellar cannabinoid receptors first 
appear several days after birth, and increase in number during the 
postnatal developmental period. Little is known about the physiological 
consequences of cannabinoid receptor activation during this period, 
which could occur due to endogenous pathways or, in the case of humans, 
via maternal drug use. To explore this issue, we have examined the 
effects of cannabinoid receptor agonists on a neuronal property known 
to play an important role in CNS neuronal development, i.e., the 
response to activation of the NMDA subtype of glutamate receptor. The 
response of cultured granule neurons (from 8 day postnatal pups) to 
NMDA was measured with fura-2 microscopic calcium imaging and 
electrophysiological techniques at various culture ages. Acute 
application of R-1 Methanandamide (30 nM and 100 nM; an analogue of 
the endogenous cannabinoid anandamide) or the cannabinomimetic WIN 
55,212-2 (10 nM and 100 nM), significantly enhanced the calcium 
signal to NMDA in a dose-dependent manner. Resting calcium levels 
were elevated as well. Methanandamide also enhanced the membrane 
depolarization to NMDA, increased cell input resistance and decreased 
membrane potential. These results indicate that cannabinoids have 
multiple effects on the physiological properties of developing granule 
neurons. Such effects could significantly influence cerebellar function 
and granule neuron development.

290.14

EVALUATION OF THE LIGAND BINDING CHARACTERISTICS OF 
THE CANNABINOID ANTAGONIST SR141716A: THERMODYNAMIC 
ANALYSIS AND EVALUATION OF SODIUM DEPENDENT EFFECTS. 
D.R. Compton* and B.R. Martin. Department of Pharmacology and 
Toxicology, Medical College of Virginia, Virginia Commonwealth 
University, Richmond, VA 23298.

A9-tetrahydrocannabinol (A9-THC) is the principle psychoactive con
stituent of marihuana and the prototypical cannabinoid drug. CP-55,940 
was the cannabinoid ligand critical to the discovery of the cannabinoid CB1 
receptor. Recently the specific cannabinoid receptor antagonist SR141716A 
was discovered. Antagonists often bind to their respective receptors in a 
fashion unique from that of agonists. Opiate agonists exhibit a 'sodium 
shift' (decreased affinity in the presence of sodium), whereas antagonists 
are unaffected. CP-55,940 binding was reported to be decreased by 
sodium. Thermodynamic forces govern ligand binding, and β-adrenergic 
agonist binding is driven primarily by enthalpy, while antagonist binding is 
driven primarily by entropy. The sodium and temperature dependent 
binding of SR141716A were investigated using 3H-CP-55940 in a rat brain 
homogenate assay. Unexpectedly, 3H-CP-55,940 binding was not reduced 
by high sodium until magnesium was reduced. This result was due to a 
33% decrease in receptor Bmax, not affinity as anticipated. The KI of 
SR141716A increased steadily from 2 to 12 nM from 10-30 °C, while the 
affinity of CP-55,940 decreased steadily over the same temperature range. 
These data suggest a 'sodium shift' does not occur in cannabinoid receptor 
binding, and that the antagonist is driven by enthalpic forces while agonist 
binding is primarily entropy driven. Supported by NIDA grant DA 03672.

290.16

D ISCRIM IN A TIV E STIM ULUS E FFE C T S O F A LO W  
TRA INING  D OSE O F FENTANYL. J. Sutherland II. E. A. Walker, 
and A .M . Young*. Department o f Psychology, Wayne State 
University, Detroit, MI 48202.

These experiments were performed to pharmacologically 
characterize the discriminative-stimulus effects o f a low training dose 
o f the high efficacy μ opiate fentanyl (FT). Male, Sprague-Dawley 
rats (N =  17), were trained to discriminate 0.01 mg/kg FT from saline 
under a FR-15 schedule of food reinforcement. Cumulative doses of 
FT (0.0018-0.032 mg/kg) produced dose-dependent increases in FT- 
like stimulus effects and decreases in response rates. Naltrexone 
(NTX; 0.01-1.0 mg/kg) produced dose-dependent decreases in FT 
potency to produce FT-like stimulus effects or suppress response rates. 
Similar to values obtained in other assays with μ  compounds, NTX 
apparent pA2 values were approximately 7.5 mol/kg. Individual pKb 
values were determined for each dose of NTX and were similar to the 
apparent pA2 values. To further characterize the pharmacological 
selectivity of this assay, generalization studies with μ and k agonists 
revealed FT-like stimulus effects for μ compounds and saline-like 
effects for spiradoline (0.0032-0.1 m g/kg), a k agonist. These data 
suggest this low training dose of fentanyl is pharmacologically 
selective for μ opioid receptors. (Supported by DA03796, K02 DA 
00132 and NSF HRD-9014899.)

290.17

MEMORY FOR ORDER IS PRESERVED IN HUMANS DESPITE 
CHRONIC EXPOSURE TO OPIATES. M.C. Fratzke*. A. Kau, N. 
Gibson. C. Yasgur. and H.L. Roitblat. Drug Addiction Services of 
Hawaii, Inc., Honolulu, HI. 96817

The study of the neurobiology of memory has not been fully 
exploited in terms of drug abuse research. This study of short term 
memory demonstrates some of the consequences of chronic opiate 
use on performance and cognitive functioning.

To provide a better understanding of the effects of chronic 
exposure to opiates, the study compares Nineteen volunteer subjects 
enrolled in a methadone maintenance program, all of whom have at 
least one year of documented opiate use, to forty-four subjects with 
no documented opiate use. Subjects’ short term memory was 
assessed with a modified form of the digit-span memory test 
(LETTSPAN). This instrument provides separate measures of the 
subject’s ability to recall items and to remember a given item’s 
position in a sequence. Subjects with a history of opiate use scored 
significantly lower on the ability to recall the identity of items 
presented either successively or simultaneously. One measure that 
did not show the same degree deficit was the ability to recall an 
item’s position in a sequence of items. This ability may be part of a 
system independent of Mu opiate receptor influence. Implications for 
the form of methadone maintenance treatment are discussed.
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291.1
INTRACRANIAL SELF-STIMULATION (ICSS): SENSITIZATION TO AN 
OPIOID ANTAGONIST FOLLOWING CHRONIC AGONIST PRETREATMENT 
IN RATS.
K. W. Easterling* and S. G. Holtzman. Emory University, Department of 
Pharmacology, Atlanta, GA 30322.

Acute moiphine pretreatment (4 hr) dose-dependently sensitizes rats responding 
for food and ICSS reinforcement to the rate-decreasing effects of naltrexone (NTX). 
The present experiments were performed to compare acute (4 hr) and chronic (10 
day) morphine-induced sensitization in an ICSS paradigm. Six adult male Sprague- 
Dawley rats were trained to respond for medial forebrain bundle (MFB) stimulation 
under an ICSS autotitration schedule. In this schedule, subjects, in response to 
progressive decreases in stimulation frequency, are provided with a response 
alternative that allows restoration of the starting frequency. Response rate and 
threshold data are generated. In experiment number one, naltrexone dose-effect 
curves were determined by cumulative dosing following a single 4 hr pretreatment 
of either saline or one of two doses of morphine (3.0 and 10 mg/kg). Pretreatment 
doses of 3.0 and 10 mg/kg of morphine reduced the ED50 for the ICSS rate- 
decreasing effect of NTX from >30 mg/kg (following saline) to 8.41 and 0.02 
mg/kg, respectively. In experiment number two, NTX dose-effect curves were 
determined one week prior to, and on the 10th day of, chronic morphine infusion 
(15 mg/kg/day; SC; from two 2-week osmotic pumps). Following chronic 
morphine infusion, the ED50 for the rate-decreasing effect of NTX was reduced 
from >30 mg/kg to 0.01 (± 1.55) mg/kg. The correspondence in ED50's for the 
NTX rate-decreasing effect following both acute (10 mg/kg) and chronic ( 15 
mg/kg/day) morphine administration is consistent with the theory that acute 
agonist-induced sensitization reflects receptor-mediated changes occurring during 
dependence.
(supported in part by NIH Grant DA00541 and Research Scientist Award 
K05DA00008)

291.3
SWEET SOLUTION PREFERENCE IN ADULT RATS FOLLOWING 

PRENATAL EXPOSURE TO MORPHINE. Gapin. R .1 Cohen. E.1 
Binenboym. A.1 Hamburger. R.2 and Shavit. Y.1*. 1Dept. of Psychology, 
Hebrew Univ. Jerusalem 91905, ISRAEL, and the 2Anti-Drug Authority of 
Israel.

Exposure of pregnant rats to morphine has been reported to affect the 
development of the offspring, including smaller litters, reduced birth-weight 
and a higher rate of neonatal mortality. Long-term changes have also been 
reported, including changes in the endogenous opioid system (EOS) due 
to prenatal stimulation of this system during fetal development. Several lines 
of evidence implicate the EOS in the hedonic response to sweet gustatory 
stimulation. Therefore, it was hypothesized that prenatal morphine would 
enhance sweetness preference in adulthood.

Pregnant rats were given one of the following treatments during gestational 
days 12-18: (A) daily injection of morphine (0.75-12 mg/rat/day) in a slow 
release emulsion; (B) daily injection of vehicle and restricted feeding, paired 
to morphine-injected dams; (C) daily injection of vehicle and ad-lib feeding. 
Male offspring were tested at 14 weeks of age for the preference of 
saccharine solution (1, 3, 10, and 30 mM) over plain water, in a two-bottle 
paradigm. The results confirm our hypothesis: rats that were exposed 
prenatally to morphine preferred saccharine significantly more than controls, 
across all concentrations.

Our data support the existence of a long-term enhancement in hedonic 
tendencies after prenatal morphine. The possible implications regarding 
increased susceptibility to addictive agents should be further investigated. 
This study was partly supported by the Anti-Drug Authority of Israel.

291 .5

INESCAPABLE TAILSHOCK POTENTIATES THE REWARDING  
PROPERTIES OF M ORPHINE. M. J. W ill*. J. C. Poole. 
R . E.  Satin, S. A. B ranstette r , L. R. W atkins & S. F. M aier. 
Dept. of Psychology, University of Colorado, Boulder, CO 
8 0 3 0 9 .

The rewarding properties of drugs such as morphine can be readily 
assessed using a conditioned place preference paradigm. That is, an 
environment previously paired with a rewarding drug will later elicit 
responses of approach and sustained contact.

The present studies examined the effect of inescapable tailshock on 
later place preference conditioning. Initial preferences were first 
measured over a 20 min trial in which rats explored 2 distinct 
environments separated by a neutral area. On day 2, rats either 
received 100 inescapable tail-shocks (5 s, 1 min ITI, 1 mA) in a 
novel environment or remained in their home cages. Conditioning 
occurred on 2 sequential days with a 45 min pairing of 3mg/kg-ml s.c. 
morphine in one context &, 4 hours later, with a 45 min pairing of 
1ml/kg s.c. saline vehicle in the other context. An unbiased approach 
was used with random assignment of treatments to each conditioning 
compartment in a counter-balanced fashion. Testing of conditioned 
place preference changes was then conducted over a 20 min period 
approximately 24 hours following the last conditioning pairing. 
Difference in time spent in compartments before & after conditioning 
with drugs was determined. Significant potentiation of morphine 
conditioned place preference was observed in shocked rats compared to 
controls. Timecourse and dose-responsiveness of this effect are 
currently being investigated. Supported by NIH MH50479 and the 
Undergraduate Research Opportunities Program.

291.2
VARYING INTRAVENOUS RATES OF MORPHINE 
ADMINISTRATION AFFECTS SUBJECTIVE RESPONSES OF 
EXPERIENCED HEROIN USERS. D.B. Vaupel* and E.D. London. 
Neuroimaging and Drug Action Section, IRP, NIDA, Balto, MD 21224 

Three groups of nondependent human volunteers with histories of 
heroin abuse received a fixed, 10-mg dose of morphine sulfate or an 
equal volume of saline infused IV over 120 (n=4), 30 (n=4) and 10 
(n=12) sec, respectively. Saline treatments always preceded morphine 
with at least two days between treatments. Subjective self-reports of 
mood and feeling state were measured by the Morphine-Benzedrine 
Group (MBG) scale of the Addiction Research Center Inventory and 
seven visual analogue scales (VAS); pupillary diameter was measured 
from photographs. Baseline observations were followed by the 
infusion and 4 h o f measurements (5, 30, 60, 120,180 and 240 min). 
The 10-and 30- sec infusions were more effective than the 120-sec 
infusion in elevating MBG scores, particularly 1 to 2 h after morphine. 
Group t-tests comparing the effects o f 10-and 120-sec infusions 
yielded the following P values: 5 min, <0.18; 60 min, <0.07 and 120 
min, <0.03. The 120-sec MBG scores were below baseline values 
from 60 to 240 min. VAS responses exhibited similar patterns. Two h 
after morphine, 10- vs 120-sec group comparisons were as follows: 
drug strength, P <0.36; liking, P<0.04; good effects, P<0.12, high, 
P<0.14 and take drug again, P<0.07. No differences in pupillary 
constriction were produced by the three infusion rates. These results 
suggest that for a fixed, intravenous dose of morphine, a more rapid 
administration produces greater positive effects on mood 1 to 2 h after 
administration.

291 .4
THE ROLE OF THE PARABRACHIAL NUCLEI IN MORPHINE- 
COCAINE- AND LICL-INDUCED TASTE AVERSIONS IN RATS. 
P.S. Grigson* and R. N orgren. Department o f  Behavioral Science, 
College o f  Medicine, Penn State University, Hershey, PA 17033.

Eighteen rats received bilateral, electrophysiologically-guided ibotenic 
acid lesions o f  the PBN (20 ug/ul in 0.2 ul), 6 rats received 0.2 ul o f 
PBS, and 6 rats served as non-surgical controls. During conditioning, rats 
were given 5 min access to a CS (0.15% saccharin; 0.3 M alanine; or 0.1 
M NaCl), and after a 5 min interval, were injected with a US (15 mg/kg 
morphine ip; 10 mg/kg cocaine sc; 0.15 M LiCl, 1.33 m l/100 g bw ip or 
saline). The number o f  taste-drug pairings ranged from 4-8, depending 
upon the US administered, and was conducted first when water deprived 
(5 min am, 1 hr pm) and later when food deprived (82% o f  free-feeding 
bw) The results showed that when using the standard CTA procedures 
(i.e., water deprivation), PBN lesions did not disrupt morphine-induced 
suppression o f CS intake, p  < .05, but did interfere with both cocaine-, 
p > .05, and LiCl-, p  > .05, induced suppression. When food deprived, 
PBN lesions disrupted morphine-induced suppression o f  CS intake, 
p  > .05, and attenuated cocaine-, p  > .05, and LiCl-, p  > .05, induced 
suppression. Thus, while critical for LiCl-induced CTAs, PBN 
involvement in intake suppression induced by psychoactive drugs may 
depend upon the deprivation state o f the animal. Supported by DC02216, 
DC00240, & MH00653.

291 .6
DIFFERENTIAL DISPLAY OF ALTERED GENE EXPRESSION 
IN CATH.a CELLS AFTER MORPHINE TREATMENT. 
Bouvier* and M. Leid. College of Pharmacy, Oregon State 
University, Corvallis, OR 97331.

The locus coeruleus (LC) have been implicated in the deve
lopment of opiate tolerance, dependence and withdrawal. In 
order to ellucidate the cellular mechanisms underlying the 
molecular basis of opiate tolerance we used cultured CATH.a 
cells (a gift from Dr. Chikaraishi), an LC-like neuronal cell line, 
as a model. These cells highly resemble LC neurons in terms of 
opioid receptor coupling mechanisms, their complement of 
other G protein coupled receptors and their noradrenergic 
phenotype. The differential display technique was used to 
detect the gene transcripts modified by chronic morphine 
treatment (48 hours). Briefly, a reverse transcription reaction 
was performed on total RNA from mock- and morphine-treated 
cells using an oligo dT-containing RT primer (5' T 1 2 GN - 3’, 
where N = all bases). The product from this first strand cDNA 
synthesis was used in a PCR reaction using the RT primer (3’) 
and an arbitrarily-defined decamer as the 5' primer as 
described by Liang et al. (1993). The PCR reaction was carried 
out using [33P]dATP and the products of this PCR reaction 
were analyzed on a 6% sequencing gel. Differentially displayed 
bands were identified suggesting that the expression of some 
genes may be regulated by morphine treatment.
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2 9 1 .7 2 9 1 .8
ALTERATIONS IN ADENOSINE- AND G PROTEIN-MEDIATED 
ADENYLATE CYCLASE ACTIVITY WITH CHRONIC MORPHINE 
TREATMENT. G.B. Kaplan*. K.A. Leite-Morris. M.T. Sears and E.G. 
McClelland. Department of Psychiatry & Human Behavior, Brown University 
and Veterans Affairs Medical Center, Providence, Rl 02908.

Regulation of several receptor- and G protein-mediated adenylate cyclase 
(AC) pathways has been demonstrated during morphine treatment. These 
signalling alterations may mediate chronic opiate effects and opiate 
dependence. We examined the effects of chronic in vivo morphine 
exposure on adenosine receptor-, forskolin- and G protein-mediated AC 
activity in brain tissues. AC activity was examined in brain membranes, via a 
competition binding assay for [ 3H]cAMP, from morphine- or placebo-pellet 
implanted CD-1 mice (72 hr treatment). Dose-response curves were 
performed measuring forskolin-, G protein- (using GTP analogue, 
Gpp[NH]p), and adenosine A2a agonist- (CGS 21680) stimulated AC 
activity and A1 agonist- (R-N6-[2-phenylisopropyl]-adenosine or R-PIA) 
inhibited AC activity. Chronic morphine treatment significantly (P<.05) 
reduced maximum CGS 21680-stimulated AC in striatum and Gpp[NH]p- 
stimulated AC in cortex by 11 and 12%, respectively (vs. placebo); it also 
enhanced maximum AC inhibition by A1 agonist (plus forkskolin) in cortex 
by 18%. Chronic treatment significantly enhanced striatal Gpp[NH]p- 
stimulated AC by 35%. It produced no effects on forskolin-stimulated AC 
in cortex and striatum. Additionally, this same chronic morphine treatment 
produced a state of naloxone-induced opiate withdrawal (jumping, wet dog 
shakes, tremors, diarrhea). Thus, chronic morphine treatment produces 
complex regulation of adenosine- and G protein-mediated AC pathways, 
possibly contributing to the molecular mechanisms of opiate dependence.

INHIBITION OF NITRIC OXIDE SYNTHESIS ATTENUATES NEUROPEPTIDE FF-INDUCED QUASI-MORPHINE ABSTINENCE SYNDROME. J.R. Lake,  J.A. Jones, J.Morel, W.D. Moon, B. Corbxt, P. Kacher, P .A ._ Stevens. A.E. Claunch and D.H. Malin. Univ. of Houston-Clear Lake, Houston, TX 77058.Neuropeptide FF (NPFF) has certain anti-opiate actions and may play a role in opiate tolerance and dependence. A low dose (2 μg) of NPFF in the third ventricle precipitates abstinence syndrome in morphine dependent rats, while a higher dose (10 μg) induces a quasi-morphine abstinence syndrome in opiate naive rats. Nitric oxide synthesis may also contribute to the phenomena of opiate tolerance and dependence. The present study tests the hypothesis that NPFF acts through stimulation of nitric oxide synthetase (NOS). Ten μg NPFF precipitated an average of 46 abstinence-like signs during a 20 min. observation in opiate naive rats. Pretreatment (30 mins. earlier) with 7.5 mg/kg s.c. of the NOS inhibitor Nitro- L-Arginine (L-NA) resulted in a significant, p<.01, 59.8% reduction in signs, while 15 mg/kg resulted in a significant{ p<.01, 76.1% reduction. The anti-NPFF activity of 15 mg/kg L-NA was blocked by 750 mg/kg L-Arg, but not by the same amount of D-Arg, demonstrating a stereo-specific action of L-NA on NOS. The results suggest that some antiopiate, quasi-abstinence- inducing actions of NPFF may be mediated through stimulation of nitric oxide synthesis. (NIDA DA06554).

2 9 1 .9
ENHANCED ANTIOPIATE ACTIVITY AND ENZYME RESISTANCE IN AN ANALOG OF FMRFamide WITH TWO RIGID SUBSTITUTIONS. J.A. Jones. J.R. Lake. L.S. McDermitt, D.A. Smit,  W.E. Witherspoon, M.D. Schumannt K. Payza1 , K.-K. Ho. K. Burgessz and D.H. Malin*. Univ. of Houston-Clear Lake, Houston, Tx 77058, 1NIMHt Washington, D.C.20032, and 2Texas A&M Univ., College Station,Tx 77843.FMRFamide is a molluscan peptide which has shown antiopiate activity in a number of mammalian test systems. Peptidomimetics of FMRFamide containing stereoisomers of Z-2(3- methanomethionine or E-2,3-methanomethionine precipitate abstinence syndrome far more potently than FMRFamide itself. The current study determined the effect on antiopiate potency of an additional rigid substitution. A peptidomimetic containing a stereoisomer of E- 2,3-methanomethionine was compared with a pep- tidomimetic additionally substituted with C- terminal E-2,3-phenylalanine. Morphine abstinence signs were observed after varying doses (0.125 - 25.0 μg) of these substances were injected into the third ventricle of morphine dependent rats. The peptidomimetic containing both rigid substitutions was far more potent than the peptidomimetic of FMRFamide containing methanomethionine alone. The increased potency appears to be related to enzyme resistance rather than receptor affinity. (NIDA DA06554).

2 9 1 .1 1
LONG-TERM EFFECTS OF INTERMITTENT AND CHRONIC MORPHINE 
TREATMENT ON STRIATAL PREPRODYNORPHIN GENE EXPRESSION, 
DOPAMINE RELEASE AND LOCOMOTOR SENSITIZATION IN RAT 
G.H.K. Tion. T.J. De Vries. A.H. Mulder. P. Voom and A.N.M. 
Schoffelmeer*. Research Institute Neurosciences Vrije Universiteit, Faculty of 
Medicine, Department of Pharmacology, Amsterdam, The Netherlands.

In addition to the acute euphoric effects, drugs of abuse such as opiates and 
psychostimulants have been known to induce long-lasting behavioural sensitization. The expression of this phenomenon is dependent on the temporal pattern of drug administration (e.g. intermittent versus chronic) and may be involved in the acquisition/maintenance and relapse of drug-seeking behaviour. 
However, little is known about long-term neuroadaptive processes which may form the neurobiological substrate of these enduring behavioral effects. In this regard, endogenous opioid and mesolimbic dopamine (DA) systems may play an important role. For instance, cocaine treatment has been reported to increase the striatal preprodynorphin (PPD) gene expression and the responsivity of DA neurons. However, it remains unclear whether this involves a long-lasting 
adaptation and may be generalized to other drugs of abuse such as morphine. Therefore in this study we determined changes in depolarization-induced DA 
release and PPD gene expression in caudate putamen and nucleus accumbens in male Wistar rats treated intermittently or chronically with morphine.

Our results show that both intermittent and chronic morphine induced an decrease in striatal PPD gene expression and electrically evoked DA release 1 
day after the last administration of the drug. However, a clear increase in PPD expression and DA release was found 3 weeks after intermittent, but not chronic 
morphine. In contrast, DA release was still depressed 3 weeks after chronic morphine treatment with no significant effect on PPD gene expression. These 
results are discussed in relation to the locomotor sensitizing effects of morphine and suggest that enduring adaptive changes in PPD gene regulation and excitability of dopaminergic neurons may be involved in the long-lasting behavioural effects of drugs of abuse.

2 9 1 .1 0
REPEATED ALCOHOL AND MORPHINE TREATMENT 
DIFFERENTLY AFFECT LOCOMOTOR ACTIVITY IN RATS 
SELECTIVELY BRED FOR DIFFERENT ALCOHOL PREFERENCE. A. 
Honkanen1. E.R. Korpi2.1. Holopainen3* L. Ahtee1. 1 Dept, of Pharmacy, Div. of 
Pharmacology and Toxicology, POB 15, FIN-00014 University of Helsinki, 2 Biomedical 
Research Center, Alko Group Ltd. POB 350, FIN-00101 Helsinki, 3 Dept, of Pediatr. 
Neurol., Children’s Hospital, Turku, Finland.The drugs of abuse share a common ability to induce locomotor stimulation in rodents. When given repeatedly the stimulatory effects of these drugs are enhanced. This behavioural sensitization is possibly related to increased motivational and rewarding actions of the drugs and may be linked to development of drug addiction. In the present experiments we studied the effects of repeated alcohol and morphine treatment on locomotor acitivty in drug-naive rats selectively bred for high (AA rats) and low (ANA rats) voluntary alcohol intake. Non-selected Wistar rats were included in some experiments. Alcohol (0.4 and 1.0 g/kg, IP) and saline were given on 6 and morphine (0.3, 1.0 and 3.0 mg/kg, SC) on 4 consecutive days. The horizontal locomotor activity was registered daily during 30 min after alcohol treatment and during 120 or 180 min after morpnine. Alcohol did not modify locomotor activity either in the AA or ANA rats. The smallest morphine dose was ineffective as well but at the doses of 1 and 3 mg/kg morphine induced stimulation in all three rat lines. However, the activity counts after the first morphine injection were twice as many in the AA rats as in the ANA or Wistar rats. In addition, during repeated treatment the AA rats showed sensitization to the effects of 1 mg/kg of morphine but not to those of 3 mg/kg. In the ANA and Wistar rats the response to 1 mg/kg of morphine was similar in each test session. The response to 3 mg/kg in the ANA rats was largest in the first session and slightly decreased in the later sessions. These results suggest that the reinforcing effects of opioids are stronger in the alcohol-preferring AA rats than in the alcohol-avoiding ANA rats or Wistar rats. Furthermore, IP alcohol may not be reinforcing even in the alcohol- preferring rats.

2 9 1 .1 2
EFFECT OF 7-NITROINDAZOLE (7-NI) ON THE DEVELOPMENT 
OF TOLERANCE TO AND PHYSICAL DEPENDENCE ON 
MORPHINE IN THE MOUSE. Hemendra N. Bhargava* and Marc J. 
Barjavel. Dept. Pharmaceutics and Pharmacodynamics, Univ. I11., 
Chicago, IL 60612.

Male Swiss-Webster mice were rendered tolerant to and physically 
dependent on morphine by subcutaneous implantation of a pellet 
containing 75 mg of morphine free base for 3 days. Placebo pellet 
implanted mice served as controls. The effect o f 7-NI, a highly specific 
inhibitor o f brain nitric oxide synthase (cNOS), on the development of 
tolerance to the analgesic action was determined by using the tail-flick 
assay. Three doses o f 7-NI were used and were administered 
subcutaneously twice a day for 3 days. Multiple injections o f 7-NI in 
placebo pellet implanted mice had no effect on the analgesic response to 
morphine. However, in mice implanted with morphine pellets, multiple 
injection o f 7-NI inhibited the development o f tolerance. The 
development o f physical dependence was monitored by determining 
naltrexone-induced jumping response. Multiple injections of 7-NI also 
inhibited the development of physical dependence on morphine as 
evidenced by the inhibition of the jumping response. It is concluded that 
inhibition o f cNOS attenuates the development o f tolerance to and 
physical dependence development on morphine in mice (Supported by 
a Research Scientist Development Award, K02-DA-00130 from the 
National Institute on Drug Abuse).

Society for Neuroscience, V olume 21, 1995



730 DRUGS OF ABUSE: OPIOIDS AND OTHERS—MORPHINE MONDAY AM

291.13
IBOGAINE INTERFERES WITH THE ESTABLISHMENT OF 
CONDITIONED TASTE AVOIDANCE PRODUCED BY 
MORPHINE AND LITHIUM. L.A. Parker*1 and 
S.Sieqel2. 1Dept. of Psychology, Wilfrid 
Laurier University, Waterloo, Ontario, Canada 
N2L 3C5 and 2Dept. of Psychology, McMaster 
University, Hamilton, Ontario, Canada.

Ibogaine, a putative anti-craving drug, 
attenuated the establishment of both 
morphine-induced and lithium-induced 
conditioned taste avoidance when administered 
22 hr prior to the conditioning trial. The 
attenuated avoidance was not the result of 
nonspecific drug preexposure, because a 
single exposure to a high dose of morphine or 
lithium chloride 22 hr prior to a 
conditioning trial did not interfere with 
morphine-induced taste avoidance. The results 
suggest that ibogaine may interfere with 
conditioned taste avoidance learning 
(Supported by the Natural Sciences and 
Engineering Research Council of Canada).

291.14
PRIOR MORPHINE EXPOSURE ENHANCES IBOGAINE'S ABILITY TO DECREASE MORPHINE-INDUCED DOPAMINE 
RELEASE. Sandra M. Pearl* and Stanley D. Glick. Department of Pharmacology & Neuroscience, Albany Medical College, 
Albany, NY 12208.Prior studies in this laboratory have indicated that the 
antagonism of morphine-induced locomotor activity by the 
potential antiaddictive agent ibogaine (IBO) is enhanced by prior 
exposure to morphine. Using in vivo microdialysis, we sought to 
determine whether this enhancement of IBO activity by morphine 
was correlated with an increased inhibition of morphine-induced dopamine (DA) release in the striatum (STR) and nucleus 
accumbens (NAC). Female Sprague-Dawley rats (250-275 g) were 
pretreated once a day for two days with morphine (20 mg/kg, i.p.) or saline and then received an inactive dose of IBO (10 mg/kg, i.p.) or 
saline 19 hours before a test dose of morphine (5 mg/kg, i.p.). Neither saline, morphine pretreatment, nor IBO alone prevented morphine-induced DA release in either structure, but when rats 
were pretreated with morphine, the same dose of IBO reduced 
morphine-induced dopamine release. Rats pretreated with morphine before IBO also had significantly lower basal levels of 
DOPAC in STR than rats receiving saline instead of IBO. These 
effects of 10 mg/kg IBO in morphine-pretreated rats resemble the 
effects of 40 mg/kg IBO in naive rats. The data suggest that opioid 
history will be an important determinant of ibogaines anti-
addictive efficacy and/or potency. Supported by DA 03817 and DA 
05640.

291.15
MORPHINE SELF-ADMINISTRATION BEHAVIOR IN TRANSGENIC  
SUPER-OXIDE DISMUTASE MICE.

1Div. Intramural Research, NIDA, NIH, 4940 Eastern Ave, Balt., MD, 
21224, 2Dept Pediatrics, Univ. of Calif., San Fransisco, CA 94143 
Insertion of cloned DNA into the genome of a mouse provides a degree 

of experimental manipulation previously unavailable for studying 
complex systems. For example, the recent insertion of the Cu/Zn- 
superoxide dismutase (SOD) transgene results in a 5.7 fold increase 
in brain CuZnSOD-activity and a significant specific increase in CNS 
μ -opiate receptors in dopaminergic regions. Increased μ -opiate 
binding is observed in the shell versus core of the nucleus accumbens, 
substantia nigra pars compacta and the ventral tegmental area. Given 
the proposed importance of the shell versus core of the nucleus 
accumbens in drug-reinforced behavior our interest was to assess 
operant i.v. opioid-reinforced behavior in these transgenic mice. The 
homozygous SOD transgenic mice and the host CD mice were used in 
this study (N =5/stra in ). M ice w ere trained for w ater 
reinforcement, surgically implanted with an i.v. catheter, allowed 3 
days to recover, then given access in series to 1.0, 0.3, 0.1 and 0 
mg/kg/inj morphine on a Fixed Ratio 4 lever press schedule of drug- 
reinforced behavior. Morphine maintained significantly greater 
amounts of behavior in the SOD mice versus the CD mice. SOD 
transgenic mice self-administered an average of 3 .1-fold greater 
amounts of drug than the host CD mice across all three doses. These 
data demonstrate a significant effect of the Cu/Zn transgene on opioid- 
reinforced behavior and provide additional support for the relative 
importance of subdivisions within the nucleus accumbens.

291.16
MORPHINE-INDUCED CORTICOSTERONE RELEASE IN F344, LEWIS 
AND ACI INBRED RATS.
EL Ambrosio*1, G . L .  Elmer2, S .R . G o ld b erg 2, R B. RothmanA J (L  
Baumann2. 1Dept. Psicobiologia, U.N.E.D., Madrid Spain and 2Div. 
Intramural Res., NIDA, NIH, 4940 Eastern Ave, Balt., MD, 21224 

Evidence suggests a positive correlation between corticosterone 
release, spontaneous locomotor behavior and rate of acquisition of 
drug-reinforced behavior. Data from our laboratory have 
demonstrated a significant genetic correlation between acquisition of 
morphine self-administration behavior and spontaneous locomotor 
response to a novel environment across four inbred rat strains. The 
purpose of the present work was to determine the effect of stress 
(injection procedure) and m orphine adm in is tration  on 
corticosterone (CORT) release in three of these inbred strains. 
F344, Lewis and ACI rats were surgically prepared with indwelling 
intravenous catheters then allowed to recover for 7 days. Following 
an habituation period, rats were treated either with saline, 1.0, 5.0 
or 10.0 mg/kg morphine. Plasma CORT levels were determined 
immediately prior to and 20, 40, 60 and 120 min post morphine. 
There were no genetic differences in baseline CORT levels. There was 
a significant genotype by time effect on CORT level following saline 
administration with F344 rats exhibiting elevated CORT levels for 2 
hrs after vehicle injection. Genotype significantly affected 
morphine-induced CORT release at 10 mg/kg. Morphine induced the 
greatest release in ACI rats followed by F344 then Lewis rats. These 
data suggest genotype is a significant factor in morphine-induced 
CORT release but this measure appears unrelated to the acquisition of 
morphine-self-administration behavior in these three strains.

291.17
CHRONIC MORPHINE EXAGGERATES THE EXCESSIVE FORWARD 
LOCOMOTION PRODUCED BY NRTP DAMAGE. R.M. Chesire,* X. 
Wang,** P. Fox & J. Vogler. ColL Health Sciences, Univ. Hawaii-Manoa, 
Honolulu, HI 96822 and **Hebei Normal Univ., Hebei China.

In rats, the intact nucleus reticularis tegmenti pontis (NRTP) serves in part to 
inhibit locomotion. NRTP damage or chemical inibition can release extremely 
rapid forward locomotion that is not shut down by acutley administered 
morphine or ethanol, or by chronically administerd ethanol in doses that disrupt 
movement in intact rats (Chesire et aL, Physiol.Behav. 30:1983; NeuroscLAbs. 
12:1986). Furthermore, chronically administered ethanol can improve some 
motor functions of NRTP-damaged rats (Chesire RM & Digman BE, The 
PhvsioL 36:1993 & NeuroscLAbs. 20:1994). We describe here a marked 
exaggeration of the forward locomotion produced by electrolytic NRTP damage 
(1mA anodal, 20s bilaterally) in rats chronically administered morphine (10-30 
mg/kg, Lp. for 10-15 days). As part of a larger study, 10 Long-Evans hooded 
rats were pretested (10 min. trials) for baseline locomotion in an open field 
(102cm2) using an HVS automated monitoring system that recorded pathlength 
(PL), number of available boxes entered (BE) & the percentage of available 
boxes entered (%BE). After recovery from NRTP surgery (n-6), the animals 
(ntot- 9) were tested again in the open field each day for 10-15 days 30 min. 
following morphine injections, & for 3-5 trials post morphine administration. 
Kruskal-Wallis ANOVAs were significant for PL (p<0.001), BE (p<0.001) & 
%BE (p<0.001). On all measures, NRTP-damaged rats exceeded baseline 
levels. Morphine-treated, NRTP-damaged rats exceeded their postoperative 
levels while unoperated rats fell below baseline levels. The results indicate that 
NRTP damage obviates the motor impairing effects of chronically administererd 
morphine, & supports related work suggesting that disruption of the NRTP is a 
predisposing factor in some forms of substance abuse.

291.18
EFFECTS OF MORPHINE ON BEHAVIORAL ACTIVITY ELICITED BY 
INTERMITTENT TONES. COINCIDENT CHANGES IN PHOSPHO-CREB 
IMMUNOREACTTVITY IN THE RETICULAR FORMATION AND  
BRAINSTEM OF RATS. L. Winsky* and P. V. Holmes, Lab. Clin. Sci and 
Exp. Therapeut Br., NIMH Bethesda, MD 20892 

Numerous pharmacological studies have suggested an association between 
drug effects on behavioral and associative processes and effects on sensory 
processing. This study represents an initial attempt to identify behavioral 
and biochemical evidence for changes in sensory processing produced by 
centrally active compounds. Rats received morphine sulfate (10 m g /kg , i.p.) 
in PBS (n=8) or PBS alone (n=8) 5 min prior to placement in a sound 
attenuated chamber equipped with a white noise generator (80 dB, SPL) and 
automated activity monitor. Half of the rats in each drug condition were 
then presented with auditory stimuli for 1 of every 5 min (ISI 4-7 min) 
during a 60 min session. Animals were anaesthetized and brains perfused 
immediately following the last trial. Sections were processed for p-CREB 
immuno-reactivity (Ginty et al., 1993, Sdence:260) for initial examination of 
changes in immediate-early gene activation. Behavioral analyses revealed 
increased photocell crossings during the tones for both the morphine and 
PBS treated animals. Control animals habituated to the auditory stimulus as 
revealed by a decrease in the activity produced by tones across trials. In 
contrast, rats receiving morphine failed to show habituation as indicated by 
similar high levels of activity during tones across all trials. This was not due 
to a generalized increase in behavioral activity of morphine treated animals. 
Changes in P-CREB staining were observed between the different behavioral 
groups in reticular formation and in auditory nuclei. These results suggest 
that specific anatomical correlates may be associated w ith the failure of the 
morphine treated rats to habituate to the auditory stimulus.
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292.1
A PROTEIN KINASE INHIBITOR, H-7, BLOCKS NALOXONE 
PRECIPITATED CHANGES IN DOPAMINE AND ITS METABOLITES 
IN THE BRAINS OF OPIOID-DEPENDENT RATS. S. Tokuyama. H. 
Wakabayashi and I. K. Ho*. Department of Pharmacology and Toxicology, 
University of Mississippi Medical Center, Jackson, MS 39216.

The influence of a protein kinase A and C inhibitor, H-7 [l-(5- 
isoquinolinesulfonyl)-2-methylpiperazine], on naloxone (an opioid 
receptor antagonist; 5 mg/kg, i.p.)-precipitated withdrawal signs and 
changes in dopamine (DA) and its metabolites, using HPLC-ECD, in 
various brain regions of rats infused continuously with morphine (a µ- 
opioid receptor agonist; 26 nmol/µl/h) or butorphanol (a µ/δ/x mixed 
opioid receptor agonist; 26 nmoI/μl/h) for 3 days was investigated. 
Naloxone precipitated withdrawal syndrome and decreased the levels of: 
DA in the cortex, striatum, and midbrain; 3,4-dihydroxyphenylacetic acid 
(DOPAC) in the cortex, striatum, limbic, and midbrain; and homovanilic 
acid (HVA) in the striatum, limbic, and midbrain regions in morphine- 
dependent rats. In the animals rendered dependent on butorphanol, the 
results obtained were similar to those of morphine-dependent rats except 
for the changes of DOPAC levels. Furthermore, concomitant infusion of 
H-7 (1 and 10 nmol/pl/h) with opioids blocked both the expression of 
withdrawal signs and the decrease of DA, DOPAC, and HVA levels in a 
dose-dependent manner. These results suggest that the enhancement of 
protein kinase A and/or C activity during continuous opioid infusion leads 
to a reduction of DA and its metabolites which is intimately involved in 
the expression of physical dependence on opioids. (Supported by NIDA 
DA-05828)

292.3
ALTERNATION OF DA TRANSPORTER, G-PROTEINS (Gi/Go), 
TYROSINE HYDROXYLASE AND DA D2 RECEPTOR IN 
MORPHINE-ABSTINENT RATS. J.C.Chen*. C.J.Lo and 
J C.Chuang. Dept. Pharmacology, Chang-Gung Med. Sch., Taoyuan, 
Taiwan, R.O.C.

To investigate the response(s) of central dopamine (DA) activity during 
withdrawal stage of chronic morphine treatment, male Wistar rats (220- 
280gm) were administered with morphine sulfate twice daily using an 
escalating dosage paradigm. Animals developed physical dependence or 
shown withdrawal behaviors were selected for biochemical study. The results 
show (1) there was a significant increase in the immunoreactivity of tyrosine 
hydroxylase (TH) in the olfactory bulb from withdrawal day W2 to W4 In 
the same animals, the TH immunoreactivity of hypothalamus, prefrontal 
cortex, olfactory tubercle as well as dorsal and ventral striatum remained 
unchanged; (2) the immunoreactivity of Gai-3 in the ventral striatum was 
progressively decreased up to W7 and tends to recover at W14. In the various 
brain areas of the same animals, no changes were observed for the 
immunoreactivity of Gao; (3) Northern analysis revealed the amount of DA 
transporter mRNA in the midbrain region was gradually decreased during a 
2-week withdrawal period; (4) in the ventral striatum, Bmax value of DA 
D2 [3H]raclopride binding was decreased at W7 while increased at W14. 
The binding affinity o f DA D2 receptor remained constant in both dorsal and 
ventral striatum during a 3-week withdrawal period. Those results indicate a 
differential response(s) of various central DA systems upon morphine 
abstinence, which might provide the molecular basis for drug addiction.

292.5
CIS-FLUPENTHIXOL ATTENUATES THE ACUTE BUT NOT THE 
SENSITIZED EFFECTS OF PHENCYCLIDINE-INDUCED LOCOMOTOR 
ACTIVATION. S.M. Melnick*. J.G. Mallon and A. Ettenbera. Behavioral 
Pharmacology Laboratory, Department of Psychology, University of 
California, Santa Barbara, CA 93106

Dopamine (DA) substrates have been implicated in the behavioral 
actions of phencyclidine (PCP) through reports that DA antagonist drugs 
attenuate the acute locomotor activating effects of PCP. In the present 
study, this notion was extended to the examination of the effects of DA 
antagonism on the sensitized locomotor response to repeated PCP 
administration. Rats were placed into activity chambers (where infra-red 
photocell interruptions provided an index of locomotor activity) for 90 min 
test sessions on each of 21 days. On Days 1, 4, 7, 10, 13 and 19 each 
animal was pretreated IP with either 0.0, 1.0 or 5.0 mg/kg PCP. The 
locomotor response to PCP reliably increased with successive 
administration. This effect was apparently an unconditioned response to 
PCP since home cage controls also demonstrated a reliable PCP-induced 
locomotor sensitization. In a subsequent study, animals were pretreated 4 
hr prior to testing with the DA antagonist drug cis-flupenthixol (FLU; 0.0, 
0.25, 0.5 or 1.0 mg/kg IP) only on Days 4, 7, 10 and 13. Although FLU 
dose-dependently attenuated the acute response to PCP, it had no 
significant effect on the development of the sensitized locomotor reaction 
to repeated PCP administration. It is concluded that PCP-induced 
locomotor sensitization requires PCP action at a non-DA brain site. In this 
regard, the role of the PCP receptor within the NMDA receptor complex is 
currently being investigated.

292.2
EFFECTS OF (TRANS)-4-PHENY LPIPFRID1MLCVCL0HFXAN0L, A 

MAJOR METABOLITE OF PHENCYCLIDINE, ON THE 
EXTRA-CELLULAR LEVELS OF DOPAMINE AND ITS METABOLITES: 
AN IN VIVO MICRODIALYSIS STUDY. A. Baba1 3. Y Hagino1. E_  
Takamon1,3  . T. Moroji and T. Suzuki 3* . 1Dept. of Psychopharmacol, Tokyo 
Inst. Psychiatry, Tokyo 156, Tokyo Met Comprehensive Mental Health 
Center Tama District, Tokyo 2 0 6 , 3 Inst. Clin. Medicine, University of 
Tsukuba, Ibaraki 305, Japan.

To elucidate a possible role of metabolites of phencyclidine (PCP) in the 
psychotomimetic effects of PCP, using in vivo microdialysis technique, we 
investigated the effects of (trans) 1  phenypipendinilcyclohexanol [(trans)- 
4-PPCJ, a major metabolite of PCP, in comparison with the effects of PCP, 
on extracellular levels of DA and its metabolites, 3,4-dihydro.xyphenyl acetic 
acid (DOPAC) and homovamllic acid (HVA) in the striatum (STR) and the 
medial prefrontal cortex (mPEC) of freely moving rats. (Trans)-PPC or PCP 
were administered intraperitoneally (i. p.) into the animals. Diay sates were 
collected and assayed by a high performance liquid chromatograph equipped 
with an electrochemical detector. In the STR, both (trans)-4-PPC and PCP 
significantly increased the extracellular levels of DA with no significant change 
in levels of DOPAC and HVA. In the mPFC, (trans)-4-PPC increased the 
extracellular level of DA without affecting levels of the metabolites w hile PCP 
caused significant increase of the levels of DA, DOPAC, and HVA. These 
results suggest that in the mPFC of the rat brain, (trans)-4-PPC and PCP 
affect DA system in the different manners.

292 .4
LONG-LASTING CHANGES IN MESOLIMBIC DOPAMINERGIC 
FUNCTIONING AFTER DRUG WITHDRAWAL. M. Dianal *, A.L. 
Muntoni. M. Pistis, F. Palombal & G.L. Gessa. 1 Institute of Biological 
Chemistry, Univ. of Sassari & "B.B. Brodie" Dept. of Neuroscience, Univ. of 
Cagliari, ITALY. Chronic administration of addicting substances such as 
ethanol and morphine produce adaptive responses of central dopamine (DA) 
systems which show marked alterations on drug suspension. In particular, the 
mesolimbic DA system is tonically reduced in its spontaneous activity after 
withdrawal from chronic ethanol (Diana et al. P.N.A.S 90: 7966-7969, 1993), 
and chronic morphine (Diana et al. J.P.E.T. 272: 781-785, 1995). We 
hypothesized that the reduction in mesolimbic DAergic function may form the 
neurobiological basis of the dysphoria typical of drug withdrawal. Since the 
dysphoria, in humans, outlasts the behavioral manifestations of drug 
withdrawal, we studied the time course of the reduction of mesolimbic 
DAergic electrophysiological activity after ethanol and morphine withdrawal. 
Standard electrophysiological methods for extracellular recordings in 
unanesthetized rats were used. DA neurons from the VTA were 
antidromically activated from the nucleus accumbens and recorded at various 
times after drug suspension. In ethanol withdrawn rats, firing rate, burst firing 
and spikes/burst were found reduced, as compared with chronic saline treated 
controls, at 12, 24, 48 and 72 hours after ethanol withdrawal. The withdrawal 
syndrome returned to control values at 72 hours. In morphine withdrawn rats, 
firing rate and burst firing were reduced at 24 hours, 3 days and 7 days after 
drug withdrawal. At 14 days after withdrawal, electrophysiological indices 
were not different than relative controls. The withdrawal syndrome 
disappeared at 48-72 hours. These results provide further evidence in favour 
of a deep, long lasting involvement of the mesolimbic DAergic system in 
drug-withdrawal.

292.6
B UPREN ORPHIN E TO LER A N C E STUDIES IN RATS TRAINED 
TO D ISCRIM IN ATE N ALBUPHINE. E.A. W alker*, R. W. Witte and 
A.M. Young. Dept. o f Psych., Wayne State Univ., Detroit, MI 48202.

To determine the relationship between agonist efficacy and tolerance, 
these experiments compared effects o f repeated treatment with the low 
efficacy agonist buprenorphine (BUP) on the stimulus and rate- 
decreasing effects o f  low efficacy agonists nalbuphine (NLB) and BUP. 
Male, Sprague-Dawley rats (n=12) were trained to discriminate 3.2 
mg/kg NLB from saline under a FR15 schedule o f food delivery. 
Cumulative doses o f NLB (0.32-10 mg/kg) or BUP (0.001-0.1 mg/kg) 
produced NLB-like stimulus effects and decreased response rates. 
Training was suspended and 0.1 mg/kg/day BUP was administered for 
7 days. Repeated treatment with BUP decreased NLB potency to 
produce NLB-like stimulus effects by 300-fold but decreased BUP 
potency by only 3-fold. The repeated treatment dose was then 
increased to 0.4 mg/kg/day BUP for an additional 7 days. Treatment 
with the higher dose o f BUP eliminated NLB-like stimulus effects for 
NLB and decreased the maximal NLB-like stimulus effects o f BUP to 
40%. BUP repeated treatment produced marked tolerance to the rate- 
decreasing effects o f BUP but not NLB. These data suggest the 
magnitude o f tolerance and the pattern o f cross-tolerance observed after 
repeated buprenorphine treatment may depend on the relative efficacy 
o f  an agonist. (Supported by DA03796 and K 02  DA00132).
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292.7
EFFECTS OF PRENATAL BUPRENORPHINE ON MATERNAL 
AND OFFSPRING MEASURES IN RATS. L.S. Trench*. T.M. Segar, 
J.A. Swope and S. Barron. Department of Psychology, University of 
Kentucky, Lexington, KY 40506-0044.

Buprenorphine (bup), a mixed opioid agonist/antagonist, has been 
used in clinical trials as a treatment for cocaine or heroin addiction.
Two studies reported that prenatal/neonatal bup exposure altered opiate 
receptor density in neonatal rats. Therefore, prenatal bup exposure may 
have long-term effects on development. This study employed a rodent 
model to examine the effects of prenatal bup exposure on maternal 
weight gain, maternal retrieval behavior and pup body weights. 
Treatment groups were .3 mg/kg/day bup, .6 mg/kg bup, a saline- 
injected control group pair-fed to the high dose bup group, and a lab 
chow control. Bup or saline was administered on alternate days from 
gestational days 6 through 20. Maternal weight gain was significantly 
decreased by bup administration, compared to pair-fed and lab chow 
controls. There were no differences in weight gain between the high 
and low dose dams, however, the pair-fed dams gained significantly less 
weight than lab-chow controls. Bup decreased pup body weights in a 
dose-dependent fashion on postnatal days (PN) 1 and 5, however, by 
PN 10 there were no longer differences across groups. There was a 
trend for prenatal bup to impair maternal retrieval behavior. These 
results indicate that prenatal buprenorphine exposure may be 
detrimental to the dam and the offspring, and further research to assess 
the effects of prenatal bup is warranted. (Supported, in part, by a grant 
from the Multidisciplinary Center on Drug Abuse)

292.9
CHANGES IN REWARD OF MEDIAL VTA ICSS FOLLOWING 
MORPHINE: A BEHAVIORAL ANALYSIS M. F. Dent*,  J. Sim, 
and D. B. Neill . Dept. Psychology, Emory University, Atlanta, GA 
30322

Using the relatively rate-independent autotitration ICSS method, 
some investigators have reported that morphine lowers “reward 
threshold” in rats. In the autotitration procedure, the intensity o f 
brain stimulation delivered via a lever press progressively drops. A 
response on a second lever resets the current to the maximum for 
that animal. The lowered reset current following morphine could 
reflect enhanced reward value o f the stimulation; it could also simply 
reflect sluggish behavior, in which state the rat is less likely to reset. 
Available evidence does not allow discrimination o f  these 
possibilities. We trained rats with medial (L = 0.5 mm) VTA 
electrodes on autotitration ICSS and administered 0.5-2.0 mg/kg 
morphine S 0 4 S.C. Testing occurred 1 hr later. Although we 
occasionally observed lowered reset current in the presence o f 
decreased responding, we generally observed accompanying 
increased responding Time-course experiments showed this pattern 
o f enhanced reward to occur within 15 min o f  injection. The ability 
of morphine to enhance the reward o f the VTA stimulation had no 
relation to the ability o f  amphetamine to enhance reward in the same 
animals.

292.11
VENTRAL TEGMENTAL AREA MICROINJECTIONS OF A 
MU-OPIOID RECEPTOR ANTAGONIST PRODUCE 
CONDITIONED PLACE AVERSION. Darragh P. D evin * 
and Huda Akil. University of Michigan, Mental Health Research 
Institute, Ann Arbor, Michigan, USA 48109-0720

The involvement of ventral tegmental area (VTA) opioid 
receptors in the motivational effects of opioids has been a 
focus of research during the past few years. VTA 
microinjections of mu-opioid receptor agonists are rewarding 
and locomotor-activating, and they increase mesolimbic 
dopamine neurotransmission. Surprisingly, VTA
microinjections of the mu-opioid receptor antagonist CTOP 
also increase dopamine neurotransmission and locomotor 
activity. In the present study, an unbiased place preference 
conditioning procedure was used to examine motivational 
effects of CTOP. VTA microinjections of CTOP (3.0 x 10-11 
to 3.0 x 10- 9 moles per injection) produced dose-orderly 
aversions for the drug-paired environment. These 
microinjections of CTOP also produced dose-orderly increases 
in locomotor activity during the conditioning sessions. We 
are continuing to examine the pharmacological 
characteristics of CTOP in a cell line transfected with 
mu-opioid receptors.

292.8
THE EFFECTS OF BUPRENORPHINE AND METHADONE ON PLACE 
CONDITIONING AND EXTRACELLULAR LEVELS OF DOPAMINE IN THE 
NUCLEUS ACCUMBENS. H.E. Kuppinger*, J.J. Panos, N.L. 
Hayes, L.D. Mitchem, and R.E. Steinpreis. The University 
of Wisconsin-Milwaukee, Milwaukee-Wisconsin, 53211.

Buprenorphine and methadone are treatments for opiate 
addiction. Nucleus accumbens dopamine has been 
implicated in reward mechanisms. The present study was 
conducted to examine the appetitive properties of these 
compounds and their effects on extracellular accumbens 
dopamine. The conditioned place preference paradigm was 
used to determine appetitive properties. Conditioning 
lasted for 6 days and on alternating days rats received 
systemic buprenorphine or methadone paired with one 
visually and tactually distinctive chamber and saline 
paired with a different chamber. On the test day, rats 
received no drug and the time spent in each chamber was 
computer recorded. Both buprenorphine and methadone 
produced a conditioned place preference. In vivo dialysis 
was used to determine the effects of systemic 
buprenorphine and methadone on accumbens dopamine. The 
results indicated that both drugs produced dose-dependent 
increases in dopamine and DOPAC. Taken together, these 
experiments provide evidence for a possible role of 
dopamine in the appetitive properties of opiate agonists 
and mixed agonists-antagonists.

292.10
SYNAPTIC MECHANISMS OF OPIATE REWARD AS REVEALED BY 
SELF-ADMINISTRATION OF A GABAERGIC ANTAGONIST INTO 
THE VENTRAL TEGMENTAL AREA IN MICE. V. David. T.P. Durkin* 
and P. Cazala. Lab. Neurosciences Comportementales et Cognitives, CNRS 
URA n° 339, Univ. Bordeaux I, Ave. des Facultés, 33405 Talence, France.

Our previous comparative studies of different brain sites eliciting self-
administration of morphine in BALB/c mice revealed that the highest response 
rates were elicited from ventral tegmental area (VTA) implantations (DAVID and 
CAZALA, 1994, Behav. Brain Res., 65, 205-211). A critical neuronal substrate 
underlying this highly rewarding effect could be activation of VTA dopaminergic 
cells via opiate inhibition of local GABAergic intemeurons (JOHNSON & 
NORTH, 1992, J. Neurosci 12, 483-488). Consequently, if GABAergic 
intemeurons are involved in intra-VTA opiate reward mechanisms, local injection 
of a GABAergic antagonist should mimic the rewarding effect of morphine and 
consequently induce a self-administration behavior. To investigate directly this 
hypothesis, we tested acquistion of self-administration behavior for low (1.5 ng) 
doses of the GABA-A antagonist, bicuculline injected into VTA. Whereas a rapid 
acquisition of this response was effectively observed in experimental subjects, 
daily pre-session injections of the dopaminergic D2 antagonist, sulpiride (50 
mg/Kg, i.p.) totally supressed acquisition of bicuculline self-administration. 
Similarly, pre-test injection of sulpiride to mice which had previously fully 
acquired self-administration of bicuculline leads to a very rapid extinction of the 
response. In conclusion self-administration of morphine into the VTA, 1) 
critically depends on a dopaminergic D2-mediated neuronal substrate and 2) this 
dopaminergic activation involves a disinhibitory mechanism, via an initial mu 
opioid-mediated inhibition of an interposed GABA-ergic intemeurone. These 
results have important implications for our understanding of the synaptic 
mechanisms underlying opiate abuse in humans.
Supported by the CNRS, URA 339.

292.12
THE ROLE OF NICOTINIC AND MUSCARINIC (m5) RECEPTORS IN THE 
VENTRAL TEGMENTAL AREA IN INTRACRANIAL SELF-STIMULATION. 
J.S.Yeomans, M.Baptista, J.Takeuchi, O.Kofman* and 
M.R.Ralph. Dept. of Psychology, Univ. of Toronto, Toronto 
Canada M5S 1A1.

Nicotinic and m5 auscarinic receptors are found on 
ventral tegaental area (VTA) dopaaine cells, which are 
believed to be iaportant in nicotine and brain-stiaulation 
rewards. Rats were aicroinjected with a nicotinic 
antagonist dihydro-beta-erythroidine (DHBE; 5, 15, 30, 60 
ug), a auscarinic antagonist atropine (30 ug), a nicotinic 
agonist cytisine (4 ug) unilaterally in the VTA, or 
nicotine (4 ag/kg i.p.). DHBE significantly elevated 
frequency thresholds for brain-stiaulation reward in a 
dose related Banner by 6-27%, while atropine raised 
thresholds by 82%. Maxiaua bar-press rates were slightly 
lowered in several cases by either drug. Nicotine and 
cytisine had little effect. Antisense
oligodeoxynucleotides were infused into the VTA for 6 days 
by osaotic ainipuaps. An m5 antisense oligo, but not m5 
sense, m5 scraabled (4 bases only), or m2 antisense, 
raised frequency thresholds by 55% on days 4-6 in 3 of 5 
rats, and by smaller amounts in 2 other rats. Thresholds 
returned to baseline within 1-2 days after the infusion 
stopped. While both nicotinic and muscarinic receptors 
contribute to brain-stimulation reward, m5 muscarinic 
receptors are most imaportant.
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292.13
M O R P H IN E  M IC R O IN JE C T IO N S  IN T O  T H E  V EN T R A L  
TEG M EN TA L  AREA PR O D U C E  D O PA M IN E IN D EPEN D EN T 
CO NDITIONED PLACE PREFEREN CES. K. Nader* and D. van der 
Kooy, Neurobiology Research Group, Dept. o f Anatomy, Univ. of Toronto, 
Toronto, Ontario, M5S 1A8.

Lesions of the brainstem tegmental pedunculopontine nucleus (TPP) block 
morphine's rewarding effects only in drug naive animals. Conversely, 
dopamine antagonists block the rewarding effects o f  morphine only in 
opiate deprived rats, as well as the aversive effects o f morphine withdrawal 
itself. Given the previous focus on dopamine as the substrate for the place 
preferences induced by morphine microinjections into the VTA, we tested 
w hether previously drug naive rats pretreated with a broad spectrum 
dopamine antagonist would acquire place preferences to environments 
paired with near threshold doses o f morphine injected directly into the VTA. 
Using an unbiased, counterbalanced paradigm, 2 groups o f  animals were 
conditioned such that one environment was paired with 500 ng/0.5|μl 
morphine into the VTA and the alternate environment was paired with 
saline into the VTA. Two and one half hours prior to conditioning to both 
environments, rats in one group were pretreated with a high, 0.8 mg/kg ip 
dose o f α-flupentixol and rats in the other group were pretreated with saline 
control injections. On test day, both the saline and α-flupentixol pretreated 
groups showed similar place preferences for the morphine paired side, 
dem onstrating that morphine in the VTA can produce dopamine 
independent rewarding effects. We predict that lesions of the TPP nucleus 
will block these same place preferences. Furthermore, if  animals are 
pretreated with heroin to induce dependence prior to conditioning, then we 
predict that α-flupentixol will now be effective in blocking intra-VTA 
morphine place preferences in these opiate dependent rats.

292.15
ACUTE EFFECTS OF HEROIN AND ETHANOL ON 
AMYGDALA-DRIVEN NUCLEUS ACCUMBENS (NAcc) 
NEURONS. J.R. Criado*. G.l. Berg. R.-S. Lee, and S.J. Henriksen. 
Department of Neuropharmacology, The Scripps Research Institute, La 
Jolla, CA 92037.

It has been suggested that ethanol exerts some of its behavioral and 
physiological effects via brain opioid mechanisms. In fact, previous 
electrophysiological studies in vivo and in vitro suggest a common cellular 
substrate for the pharmacological actions of ethanol and opiates in the 
NAcc (J. Neurosci., 9:3538, 1989; JPET, 266:1705, 1993; Alcoholism, 
19:164, 1995). Studies in vivo have shown that ethanol and heroin 
reduced the firing rate of spontaneously active NAcc neurons, but had no 
effect on early fimbria-driven NAcc neurons. In order to characterize further 
the effects of ethanol and heroin on limbic-NAcc inputs, we studied their 
effects on amygdala-driven NAcc neurons in halothane-anesthetized 
Sprague-Dawley rats. Stimulation of the basolateral nucleus of the 
amygdala elicited single-unit activity in NAcc neurons recorded in both the 
shell and the core. Most of the amygdala-driven NAcc neurons were not 
spontaneously active (16/22; 73%). Systemic administration of ethanol 
(1.2-1.4 g/kg, i.p.) markedly suppressed the activation of amygdala-driven 
neurons in the shell (n = 8, F(2,14) = 17.16, p<0.0003), but had no effect 
on its latency (n = 8, F(1,7) = 3.4, p = 0.11). In contrast, ethanol had no 
significant effect on either the activation (n = 9, F(2,16) = 2.32, p = 0.13) or 
the latency (n=9, F(1,8) = 0.005, p = 0.94) of amygdala-driven NAcc 
neurons in the core. Similarly, our preliminary findings indicate that heroin 
(0.5 mg/kg, s.c.) had no significant effect on the activation of neurons in 
the core (n = 2, F(1,3) = 9, p = 0.21). These data are consistent with the 
notion of a similar pharmacological profile for ethanol and opiates in the 
NAcc (Supported in part by DA-08301 and AA-06420).

292.14
RESPONSES OF NUCLEUS ACCUMBENS NEURONS TO 
HEROIN: SELF-ADMINISTRATION BEHAVIOR, ANTAGONISM 
BY NALOXONE AND RE-ACQUISITION IN THE FREELY- 
MOVING r a t s . R.-S, Lee*, M, Piercv..G / F, Koob. and S, J. Henriksen, 
Dept, of Neuropharmacology, The Scripps Research Institute, La Jolla, 
CA 92037.

The nucleus accumbens (NAcc) has been hypothesized to function as an 
integrator of motor and complex limbic information. Other evidence 
indicates that the NAcc may be critical for reward-seeking behaviors. To 
further explore NAcc-related physiological correlates of drug-seeking 
behaviors, we have employed two sequential paradigms: (1) Rats were 
trained to self-administer heroin intravenously (through an indwelling 
catheter) by bar pressing (FR-1 schedule) in an operant chamber; (2) Rats 
were allowed to self-administer a combined heroin and naloxone mixture 
after stable heroin self-administration alone was obtained. NAcc neuronal 
activity was recorded using stainless steel microwires (62 μ) implanted into 
the NAcc under anesthesia. We have earlier reported that NAcc neuronal 
discharge in anesthetized rats was inhibited by systemic heroin and this 
effect was reversed by naloxone. However, our current studies in freely- 
moving rats suggest that only about 25% of NAcc neurons encountered 
are inhibited during heroin (0.06 mg/kg/injection) self-administration 
behavior. We also observed that decreases of NAcc neuronal activity were 
antagonized by co-administration of a mixture of naloxone (0.02 
mg/kg/injection) and heroin (3 neurons out of 4 neurons, N=4 rats). After 
this self-administered naloxone extinction paradigm, heroin self-
administration behavior can be re-acquired by a short period of non- 
contigent heroin administration. Following re-acqusition, the NAcc cellular 
responses mimic their pre-extinction pattern. (Supported by DA-0830t to 
SJH and DA-08467 to G FK).

292.16
INHIBITION OF VTA INTERNEURONS AND NUCLEUS ACCUMBENS 
NEURONS BY OPIOIDS S.J. Henriksen*, R.-S. Lee. J.H. Mayer, and S.C. 
Steffensen. Department of Neuropharmacology, Scripps Research Institute, 
La Jolla, CA 92037

The mesolimbic system has been hypothesized to function as an important 
site for the reinforcing properties of opioids. We studied the effects of in situ 
application of the mu-selective opioid [D-Ala2  NMe-Phe4  Gly-ol]-Enkephalin 
(DAMGO) and systemic application of the opiate heroin on the activity of 
putative ventral tegmental area (VTA) interneurons and nucleus accumbens 
(NAcc) neurons in halothane-anesthetized and freely-moving rats. Putative 
VTA interneurons in the halothane-anesthetized rat were classified by the 
following critera: 1) Histological identification by microelectrophoretic dye 
injections at recording sites in the VTA; 2) Non-bursting spontaneous activity 
(mean = 24 Hz) with action potential duration < 750 μs that consisted of an 
initial negative-going component; 3) Rhythmic firing modality (1-3 Hz) with 
quiescent periods of 0.5-1.0 s; and 4) Inhibition of spontaneous activity by 
NAcc stimulation. In situ VTA microelectrophoretic application of DAMGO 
and systemic administration of heroin (0.6 mg/kg i.p.) decreased putative VTA 
interneuron firing rate by 32 % and 65 %, respectively. Subsequent 
administration of naloxone (2-5.0 mg/kg i.p.) antagonized opioid inhibition of 
putative VTA interneuron firing with significant rebound excitation (30 %). 
Systemic administration of heroin decreased NAcc neuron firing rate (baseline 
3.7 Hz) by 35 % in freely-moving animals and in situ NAcc application of 
DAMGO decreased glutamate-evoked activity by greater than 50 %. No 
rebound excitation with naloxone was observed in the NAcc. These findings 
suggest that opioids have independent effects on VTA interneurons and NAcc 
neurons in vivo. This work was supported by PHS grants AA10075 to SCS, 
DA00143 to JHM and DA08301 to SJH.

DEVELOPMENTAL DISORDERS I

293.1
EMBRYONIC MARKERS IN TUBEROUS SCLEROSIS: 
AMPLIFICATION OF mRNA IN IMMUNOHISTOCHEMICALLY 
STAINED CELLS. PB Crino*. MA Dichter. JO Troianowski. JH 
Eberwine. Department of Pharmacology, University of Pennsylvania, 
School of Medicine, Philadelphia, PA 19104 

Tuberous sclerosis is an autosomal dominant condition characterized 
histologically by a type of cortical dysplasia (CD), the cortical tuber. 
Giant cells within tubers are abnormal cell types with an unclear 
phenotype. Tubers may result from disrupted neuronal maturation during 
development since the deleted TS gate may encode a tumor or growth 
suppresses We developed a method to amplify mRNA within individual 
immunohistochemically labeled neurons from paraffin embedded brain 
specimens in order to assess altered gene expression in TS. Antibodies to 
the human embryonic intermediate filament protein nestin labeled many 
giant cells and neurons within tubers. Antibodies to the two cell cycle 
markers proliferating cell nuclear antigen and Ki-67 also labeled neurons 
and giant cells. To analyze mRNA in single cells, individual nestin 
stained giant cells and neurons were aspirated into microelectrodes. 
Poly(A) mRNA was converted to cDNA using Avian myeloblastosis 
reverse transcriptase and an oligo-dT probe containing a T7 RNA 
polymerase promoter. Amplified P32 radiolabeled mRNA was generated 
with T7 RNA polymerase and then used to create expression profiles of 
individual giant cells and neurons via reverse Northern blotting with 
known cDNAs. Several mRNAs were detected including nestin, alpha 
intemexin, and microtubule associated protein 2. Neurons and giant cells 
in tubers express embryonic cytoskeletal and cell cycle markers which 
suggests an abnormality of cellular maturation in TS. Our technique 
permits quantification of multiple mRNAs within individual 
immunohistochemically defined cells and thus, may prove very useful in 
studying the molecular pathophysiology of TS and other CD.

293.2
AUDIOVISUAL STIMULATION ENHANCES NEOCORTICAL 
CEREBRAL GLUCOSE METABOLISM (rCMRglc) DIFFERENCES 
BETWEEN YOUNG AND OLDER NON-DEMENTED ADULTS WITH 
DOWN SYNDROME (DS). P. Pietrini*. A. Dani. M.L. Furey. U. Freo. B. 
Horwitz. C. Grady. G.E. Alexander, D. Mangot. M. Mentis. T. Haxby.M.B. 
Schapiro. Lab. of Neurosciences, NIA, NIH, Bethesda, MD 20892

Some degree of Alzheimer disease (AD) neuropathology and dementia 
increasingly occur after age 40 in DS. Resting PET-FDG studies show an 
extended period of stable neocortical rCMRglc prior to onset of dementia in 
older DS (Dani et al., Neurology, 4:A324,1995). To determine if response to 
audiovisual stimulation might reveal more subtle changes in neocortical 
rCMRglc prior to dementia, we studied 8 young [mean age (SD) 35±2 yr.] and 
8 older (50±7 yr.) non-demented (ND) DS subjects at rest (eyes/ears covered) 
and while watching and listening to a color movie. Subjects had. no 
significant past medical history; assessment for dementia was made using 
standardized criteria. We used a Scanditronix PC-2048-15B (FWHM 6mm) 
multislice PET scanner, and a double sequential FDG injection procedure 
(Brooks et al., J Nucl Med 28:53, 1987). At rest, no significant differences in 
absolute rCMRglc were present between young and older DS subjects. During 
audiovisual stimulation, older DS had significantly lower rCMRglc 
bilaterally in the parietal neocortical association areas, in the left insula 
and in the right sensorimotor cortex. No significant differences were seen in 
other cortical or subcortical regions. These results indicate that, despite 
normal rCMRglc at rest, an abnormal rCMRglc in response to stimulation 
occurs in ND DS in some neocortical regions known to be affected in AD. 
These findings also suggest that stimulation paradigms can improve the 
ability of PET to reveal neocortical rCMRglc abnormalities prior to onset of 
cognitive impairment in older DS subjects.
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293.3
NEUROTRANSMISSION ALTERATIONS IN THE CEREBELLUM OF 

MICE MODEL OF NIEMANN-PICK DISEASE TYPE C Gal Yadid.*∆Carlo 
Tomatore. ∆Belinda Baker-Cairns., and #Ehud Goldin. Dept, o f Life Sciences, Bar 
Ilan University, Ramat Gan Israel, and ^Lb oratory o f Molecular Medicine, and 
#Developmental and metabolic Branch NINDS, NIH, Bethesda.

Niemann-Pick disease Type C (NPC) is a progressive neuro-visceral disorder that 
is transmitted in an autosomal recessive manner and diagnosed by delayed 
intracellular cholesterol transport coincides with a 2 fold increase in cholesterol 
content in the liver of patients. Neurological damage includes visual disorders such 
as vertical supranuclear gaze palsy, movement disorders such as dystonia and 
ataxia, dementia, and seizures. So far the biochemical deficit manifested by delayed 
intracellular cholesterol transport or other biochemical or clinical visceral 
phenomena related to NPC could not be correlated with the progression of the 
neurological damage. A mutant Balb/C mouse displaying essentially the same 
visceral and neurological disease was previously described. Pathological 
examination of brain obtained by autopsy from NPC patients or brains of affected 
NPC mice of different ages, revealed signs of extensive damage throughout the 
brain, including neurofibrilary tangles and intracellular storage of various 
compounds. Loss of Purkinje cells from the cerebellum was the most significant 
damage.

In this study we show a 2 fold increase in the content of the inhibitory amino 
acid, glycine, and 4 fold in the content of serotonin and its main metabolite, 5- 
hydroxyindole acetic acid, exclusively in the cerebellum of NPC mice compared 
with normal. Increase in the expression of tyrosine hydroxylase gene was also 
detected. These results are the first to indicate changes in neurotransmission in 
NPC and could be correlated with the neuropathological manner of this disease.

293.5
MISSENSE MUTATIONS IN HUMAN GABA TRANSAMINASE. LK. 
Medina-Kauwe*4, W. L, Nyhan5, K M. Gibson6, and A.J. Tobin1-4. 
Departments o f  1Physiological Science and 2Neurology, 3Brain Research 
Institute and 4Molecular Biology Institute, University of California, Los 
Angeles, CA 90095; 5Department of Pediatrics, University of California San 
Diego, La Jolla, CA 90093; 6Metabolic Disease Center, Baylor Research 
Institute, Dallas, TX 75226.

Two siblings with GABA-transaminase (GABA-T) deficiency exhibited 
convulsions, axial hypotonia, hyperreflexia, lethargy, and abnormal growth 
(Jaeken et al., 1984). CSF from one sib showed abnormally high GABA 
and extremely low activity of liver GABA-T. To determine the molecular 
basis of GABA-T deficiency, we have analyzed the levels of GABA-T 
mRNA and the sequence of GABA-T mRNA in EBV-transformed 
lymphoblastoid lines derived from this patient and from her parents.

Using our previously described rat GABA-T cDNA, we isolated two 
overlapping human cDNAs from a human cDNA library derived from 
pancreatic islets. The human GABA-T cDNA contains an open reading 
frame of 501 codons and shares about 90% identity with its rat cognate. 
Using this cDNA as a probe in Southern and Northern blots, we found no 
evidence for significant insertions or deletions in genomic DNA or for 
differences in mRNA levels. In the first 1.1 kb of the coding sequence, we 
have identified two missense mutations, one of which may be responsible for 
the paternally derived allele for GABA-T deficiency. The maternally 
derived GABA-T allele, however, does not contain this mutation, and we are 
now searching for another mutation in GABA-T cDNA.

293.7
TWO mRNA SPECIES INCREASE RIBOSOMAL LOADING AFTER 
NEUROTRANSMITTER STIMULATION. I.J .  Weiler1*, K.Miyashiro2, 
J.Eberwine2, W. T. Greenough1,1 Depts. Psychol, and Cell & Struct. Biol. 
Neurosci. Prog, and Beckman Inst., Univ. Illinois, Urbana-Champaign, IL 
61801;2Univ. of Penn. School of Medicine, Phila.,PA 19104.

Upon glutamate activation of synaptoneurosomes, phosphoinositide-coupled 
metabotropic glutamate receptors mediate a rapid increase in translation of 
some mRNAs. To analyze this phenomenon, polyribosomal aggregates from 
synaptoneurosomes were centrifuged through a continuous sucrose gradient. 
Fractions along the polyribosomal profile were applied to dot blots. Dot blots 
from pairs of unstimulated and stimulated preparations were probed with 32P 
labelled cDNA from a hippocampal nerve process library. The mRNA of 2 
out of 24 tested clones was rapidly taken up into translation complexes of 
ACPD-activated synaptoneurosomes.

Based on some sequence similarities between one of the clones (2-10-10) and 
Fragile X, we made probes to the published FMR-1 sequence, and observed 
a similar rapid movement of FMR-1 mRNA into translation complexes. This 
suggests the existence of a family of proteins whose translation is regulated at 
the synapse.

Supported by MacArthur Foundation and AG 10154.

293 .4
BASAL GANGLIA DOPAMINE LOSS IN HPRT-DEFICIENT MOUSE 
MODEL OF LESCH-NYHAN DISEASE. H.A. linnah*, E.J. Hess, G.R. 
Breese, T. Friedmann. Dept. of Neurology, Johns Hopkins H ospital, 
Baltimore; Dept. of Neuroscience, Penn State Univ., Hershey; Dept. of 
Pharmacology, Univ. of North Carolina, Chapel Hill; and Dept. of 
Pediatrics, Univ. of California San Diegos, La Jolla.

Lesch-Nyhan disease is a neurogenetic disorder associated w ith  
deficiency of the purine salvage enzyme hypoxanthine-guanine 
phosphoribosyl transferase (HPRT) and dysfunction of basal ganglia 
dopamine systems. HPRT-deficient strains of mice developed as anim al 
models for this disease also have reduced basal ganglia dopamine levels, 
but the reported decreases have varied widely from 20-60%. To determine 
if differences in the degree of dopamine depletion were due to differences 
in the mouse strain used, we examined dopamine levels in the  
caudoputamen and accumbens of 5 mouse strains and compared them to age- 
and sex- matched coisogenic mutants carrying one of two different HPRT 
gene mutations. One mutation involved a deletion of the first part of the  
gene and the other involved a retroviral insertion into the coding region. 
Results showed a 2-fold variation in caudoputamen dopamine among 
normal mice of the Swiss-Webster, C57BL/J, DBA/2J, 129/J, and 129/SvEv 
strains. In the HPRT-deficient coisogenic mutants, 2-way ANOVA 
revealed that dopamine was reduced in all strains by 50-61%. However, 
this deficit did not emerge until after 4-6 weeks of age. There was also 
significant variation among strains in accumbens dopamine of normal mice. 
Some of the HPRT-deficient mutants had normal accumbens dopamine 
while others showed reductions of 30-40%. These results demonstrate th a t  
the degree of dopamine depletion observed in the HPRT-deficient mice 
depends on the strain, age, and region of the basal ganglia sampled.

293 .6
DEVELOPMENTAL LOCALIZATION OF FRAGILE X mRNA IN RAT 
BRAIN. R.M. Witt, B.K. Kaspar, A.D.Brazelton, T.A.Comery, A.M.Craig, 
LJ.Weiler, W.T. Greenough*, Depts. Psychol, and Cell & Struct. Biol., 
Neurosci. Prog., and Beckman Inst., Univ. Illinois, Urbana-Champaign, IL 
61801.

Fragile X and clone 2-10-10 (Weiler et a l,SFN Abstr. 1995) may belong to 
a related family and, because both rapidly associate with ribosomes following 
neurotransmitter stimulation, may be developmentally important. We have 
been studying maturation-related changes in rat brain and in cultured nerve 
cells. Using synthetic oligonucleotides designed from the published sequence 
of human FMR-1, we used in situ hybridization to study the appearance of 
mRNA during early postnatal development of the rat.

We observed the presence of FMR-1 mRNA throughout the brain during 
early postnatal ages. The intensity of the label was strongest in the 
cerebellum with substantial labeling in the cerebral cortex and hippocampus. 
Dendritic regions that have the highest concentrations of the transcript are 
those that are involved in synaptogenesis. NI E neuroblastoma cells kindly 
provided by Steve Rogers, UIUC, and hippocampal cells were grown in 
culture and hybridized with the same oligonucleotides. Work is in progress 
to describe localization in cell processes.

Ribonuclease protection assays were performed on hippocampal tissues at 
different postnatal ages, using riboprobes transcribed from a 2-10-10 vector 
provided by Miyashiro and Eberwine. Results suggested that 2-10-10 mRNA 
is highest during the period of intense synaptogenesis in the hippocampus. 
Supported by Kiwanis Nerv.Sys.Fnd. and MacArthur Foundation.

293 .8
POSSIBLE EXPRESSION OF FRAGILE-X MENTAL RETARDATIO*N  
PROTEIN IN RAT CENTRAL NERVOUS SYSTEM. T.A. Comery*,
S.A. Irwin, A.D. Brazelton and  W.T. Greenough. Depts. of Psych., Cell 
and Struct. Bio., Neurosc. Prog., and Beckman Inst., Univ. Illinois, 
Urbana, IL 61801.
Fragile-X mental retardation is thought to occur as a result of decreased 

expression of the Fragile-X protein (FMRP) resulting in synaptic dysgenesis 
during development. Current work suggests that FMRP, and perhaps related 
proteins, are rapidly translated in dendrites in response to synaptic activation 
(Weiler et al., Soc. Neur. Abst., 1995). In the present studies we investigate the 
expression and localization of FMRP in the rat central nervous system. We 
have raised a polyclonal antibody (pAb) to a synthetic polypeptide sequence 
homologous to both murine and human FMRP. Western blots of rat brain 
tissue demonstrate that the pAb recognizes two major bands with apparent 
molecular weights of 70 kDa (similar to that of human and murine FMRP) 
and 110 kDa. Immunohistochemical studies on rat brain sections show 
staining patterns similar to those reported for other antibodies against FMRP 
in human brain tissue. Immunoreactivity is cytoplasmic and predominantly 
labels neurons. Staining patterns reveal high levels of protein in neuronal 
cell bodies throughout the rat brain. Staining is particularly high in Purkinje 
cells of the cerebellum, the cerebral cortex, hippocampus, subthalamic 
nucleus, supraoptic nucleus and a number of brainstem nuclei. 
Immunoreactivity is also observed in the molecular layers of the dentate 
gyrus and the cerebellum suggesting neuritic localization. Preliminary work 
suggests a decrease in relative amounts of immunoreactivity in neuronal cell 
bodies in a number of structures following 10 days of exposure to a complex 
environment. Supported by Kiwanis Nerv. Sys. Res. Fnd., The MacArthur 
Fnd. & AG10154
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2 9 3 .9
CYTOSKELETAL PROTEIN AND EXCITATORY AMINO ACID RECEPTOR 
DEVELOPMENT IN A POTENTIAL MOUSE MODEL FOR RETT SYNDROME 
C. F. Hohmann*. M.E. Blue. W. E. Kaufmann. L. Peters and M.V. Johnston Morgan 
State University and the Kennedy Krieger Institute, Baltimore MD.
Rett syndrome [Rs] is a developmental disorder of currently unknown etiology which 
results in severe mental retardation in females. Neuropathologies that have been 
characterized include deficits in cholinergic and dopaminergic innervation and impaired 
maturation of neurons particularly of the forebrain. More recently, members of our 
group observed alterations in cytoskeletal protein expression and excitatory amino acid 
[EAA] neurotransmitter receptors in autopsy samples. (see posters W.Kaufmann, 
M.Blue in this section).
Previously, we developed a mouse model in which neonatal lesion of basal forebrain 
cholinergic projection neurons [nBM] leads to altered maturation of cerebral cortical 
neurons and connections as well as cognitive impairments. We are using this model 
to test the hypothesis that, in Rs, impaired neuronal maturation and subsequent 
impaired function of cortex and perhaps other forebrain areas results from early deficits 
in cholinergic innervation. We are using immunocyochemical labelling of 
microtubule associated protein [MAP2] and neurofilament protein to assess neuronal 
maturation. Autoradiographic labelling of ionotropic and metabotropic glutamate 
receptors is used to examine EAA neurotransmission. Our results suggest that in the 
neonatally nBM lesioned mouse, as in Rs, the pattern of MAP 2 immunoreactivity 
[IR] is altered. In mice older than 2 month, as in Rs, M AP2IR is decreased in cortex 
deafferented by the neonatal nBM lesion. In contrast, in immature animals, MAP2 IR 
on the lesioned side is increased. In contrast, IR for neurofilament protein, unaffected 
in Rett syndrome, is more altered by control lesions to the thalamus then by nBM 
lesions in the mouse. Quantifications of EAA receptor binding are currently 
underway. Qualitative analysis of autoradiographs does not suggests significant 
differences in cortex one month after the neonatal lesion; however, earlier ages are 
being examined. Supported by: HD01046 and HD24448.

2 9 3 .1 1
GLUTAMATE RECEPTOR DENSITY IS DECREASED IN BASAL  
GANGLIA OF PATIENTS WITH RETT SYNDROME. M.E. Blue. 
S. Naidu. H. Moser* and M.V. Johnston. The Kennedy Krieger 
Research Institute and Departments o f Neurology and Pediatrics, The 
Johns Hopkins Medical Institutions. Baltimore, Maryland 21205 

Rett Syndrome (Rs) is a neurological disorder, which produces 
severe mental retardation and motor impairments in females. Based 
on our hypothesis that excitatory amino acid (EAA) neurotransmitters 
are altered in Rs, receptor autoradiography was used to examine the 
distribution o f ionotropic (N M D A  and AM PA) and metabotropic 
glutamate receptors in the basal ganglia o f  5 cases o f Rs (ages 10-30 
years and 5 cases o f  controls (ages 10-20 years). In the putamen of 
Rs cases, 3[H]AM PA binding was decreased by 44% compared to 
controls (p=0.01) as was 3[H]CGP binding to NM D A  receptors 
(52%; p=0.004), and 3[H]glutamate binding to metabotropic receptors 
(63%; p=0.001). The overwhelming majority o f metabotropic sites 
w ere low  affin ity QUIS sites, b lockable by tr a n s -A C P D ,  a 
metabotropic antagonist. In the caudate nucleus, all three sites also 
decreased in density (AMPA sites: 32%; p=0.09; NM DA sites: 29%; 
p=0.24; metabotropic sites: 73%; p=0.07). 3[H]AMPA and 3[H]CGP 
binding was negligible in the globus pallidus in both Rs and controls, 
w hile metabotropic sites were decreased significantly in Rs (61%; 
p=0.002). These findings suggest that EAA transmitter function is 
altered profoundly in the basal ganglia o f Rs patients. The significant 
decline o f the ionotropic and metabotropic sites in the putamen, which 
receives its primary inputs from motor and somatosensory cortex, 
suggests a prominent role for glutamate receptors in the motor deficits 
observed in Rs. Supported by HD24448.

2 9 3 .1 3
EVIDENCE FOR A PRIMARY NEOCORTICAL SYSTEMS 
ABNORMALITY IN AUTISM, N J Minshew*. JA  Sweeney, & JM  Furman. 
University of P ittsburgh Medical Center, P ittsburgh, PA 15213

Autism is a developmental neurobiologic disorder of particular interest 
to neuroscience, as it involves deficits in complex cognitive abilities tha t 
provide the basis for adaptation and function in society. I t is now widely 
viewed as a  disorder of neuronal organization, th a t is thought to involve 
both dendritic tree development and the development of neural systems. 
Abnormalities have been documented in cerebral cortex, limbic system, 
and the cerebellum bu t the relative contributions of these regions to the 
affected neural systems rem ains controversial. In a previous study of 
basic ocular motor and oculovestibular physiology in 82 high functioning 
autistic and 62 matched normal control subjects, we found no evidence of 
localized posterior fossa abnorm alities and only subtle abnormalities in 
widely distributed pathways between cortex and brainstem . In the 
present study of 15 new high functioning autistic subjects and 35 matched 
normal controls, we investigated visually guided saccades and two 
volitionally guided tasks (memory guided saccades and antisaccades) 
thought to be mediated by frontostriatal circuitry. In this new sample, the 
integrity of visually guided saccades was confirmed. In contrast, the 
volitional control of saccades was significantly impaired. Antisaccade 
error rates in autism  were markedly increased (49% vs 18% in controls) 
and the accuracy of memory guided saccades was significantly impaired 
particularly a t shorter delays. These observations are consistent with a 
growing body of litera tu re indicating th a t disturbances of association 
cortex or cortical connectivity are central to the neuropathology of autism, 
and fail to identify functionally significant abnorm alities in the brainstem  
or cerebellum.

2 9 3 .1 0
IS RETT SYNDROME A SUBPLATE DISEASE?. W.E. Kaufmann* and S. Naidu. 
Depts. of Neurology, Pathology, and Pediatrics, Johns Hopkins University/Kennedy 
Krieger Institute, Baltimore, MD 21205.

Rett syndrome (RS) is a neurodevelopmental disorder, predominantly affecting 
girls, that is characterized by cognitive impairment and autistic-like behavior. 
Correspondingly, multiple neocortical anomalies have been found; they include 
decreased neuronal volume and increased cell packing density as well as reduction 
in cholinergic and dopaminergic markers. Recently, we have reported a selective 
decrease in microtubule-associated protein 2 (MAP-2) immunoreactivity (IR) 
throughout the neocortex (Kaufmann et al, Neuropediatrics 26, in press). Following 
this, we characterized the changes in MAP-2 expression in subcortical (subplate) 
neurons. By conventional histological and immunocytochemical techniques that 
included MAP-2, calbindin (a GABA marker), and neuropeptide Y (NPY) antisera. 
We analyzed postmortem samples from 3 RS cases, 3 age-matched normal controls 
and 6 other mental retardation (MR) controls.

MAP-2 IR was virtually absent in the white matter of the 3 RS cases while only 
a decrease in intensity of staining was seen in some MR controls. Moreover, in RS, 
cortical and subcortical GABAergic and neuropeptidergic neuronal profiles were 
preserved. Analyses using consecutive 10 μm sections demonstrated that MAP-2 
negative cells were positive for NPY. These cells differed from normal and MR 
controls because they had small somata and simplified dendritic arborizations.

Our study indicates that the reduction in MAP-2 IR, in subcortical neurons, is 
characteristic and specific to RS. Considering that many MAP-2 negative neurons 
are still present, and that some are NPY IR with small dendritic trees, this MAP-2 
IR change may reflect a disturbance in their cytodifferentiation. These findings 
support the concept of RS as a developmental disorder, probably secondary to 
subplate monoaminergic denervation during midgestation. Supported by the Research 
for Rett Syndrome Foundation.

2 9 3 .1 2
PLASMA DEHYDROEPIANDROSTERONE SULFATE
(DHEA-S) AND TESTOSTERONE IN AUTISM
S.A. TORDIMAN.* S. BRAILLY-TABARD and P. FERRARI. 

Fondation Vallée, Univ. Med. Paris Sud, Paris, France.
Accumulated evidence from a range of studies suggests 

that the role of the androgens in autism bears serious 
consideration : prevalence of autism is four-to-five fold 
higher in males compared to females, cases of 
hypermasculinization or precocious puberty are reported in 
autistic children. We previously reported in a preliminary 
study no significant group differences for plasma androgens 
in male autistics compared to normal control subjects 
(Tordjman, Anderson, McBride et al., soc. Neurosci-Abstr. 19(1) 
p. 182, 1993).

We have examined plasma levels of testosterone (TES) and 
the adrenal androgen, dehydroepiandrosterone sulfate (DHEA- 
S) in large groups of autistic (AUT, N = 71: 48 males, 25 females) 
and normal control (NC, N =120) individuals.

The AUT sujects underwent a complete behavioral 
assessment which include the ADOS, ADI, K-ABC, YAPA (Yale- 
Paris Aggression Scales, Vineland, HACES, TORDJMAN Anxiety, 
stereotypies and pain ractivity Scales. Groups or subgroups 
were matched on the Basis of age, sex and stage of puberty 
(Tanner Scale).

The results of this research will be presented and the 
implications will be discussed.

Supported by the INSERM (C.R.E. N° 93 10-09).

2 9 3 .1 4
ACUTE TRYPTOPHAN DEPLETION IN ADULTS WITH AUTISM. C .J. 
McDougle*. S. T. N aylon. D. J. Cohen. G. K. Aghaianian, G. R. Heninger. L. H. 
Price. Clinical Neuroscience Research Unit, Yale Univ. Sch. of Med., New Haven, 
CT 06519.

Serotonin (5-HT) function has been the subject of biological research in autistic 
disorder for the past 35 years. Recent findings suggest that brain 5-HT function may 
be reduced in some persons with autism. A controlled investigation of acute 
tryptophan (TRYP) depletion was completed in drug-free adults with autism to test 
this hypothesis. METHODS: Twenty adults with autistic disorder (DSM-III-R, ADI, 
ADOS criteria) (4 women, 16 men; 8 inpatients 12 outpatients; mean±SD 
age=30.5±8.5 years, range 20 to 53 years) participated in the study. A double-blind, 
placebo-controlled, randomized crossover design was used. Patients received a 24-hr, 
160 mg/day low-TRYP diet with (sham) or without TRYP supplementation, followed 
the next morning by an amino acid drink with (sham) or without 2.3 gms of TRYP. 
Behavioral and biochemical measures were obtained throughout the test period. 
Seventeen of 20 patients completed both test sessions. RESULTS: Acute TRYP 
depletion markedly decreased plasma free (69%) and total (86%) TRYP levels 5 hrs 
after the drink. Eleven of 17 patients (65%) who completed both test days 
demonstrated a significant global worsening of behavioral symptoms with acute 
TRYP depletion, whereas 0/17 showed any change following sham depletion 
(P=.001). Acute TRYP depletion led to a significant increase in whirling, flapping, 
pacing, banging and hitting self, rocking, and toe walking (F=2.69, df=3,48, P<.05), 
and patients were significantly less calm and happy and more anxious. Patients with 
Autism Behavior Checklist scores of >78 (P=.005) and with higher baseline levels of 
total plasma TRYP were more likely to show symptom exacerbation. 
CONCLUSIONS: These results support  the hypothesis that reduced central 5-HT 
function may contribute to the pathophysiology and symptom manifestation of some 
patients with autistic disorder.

Society for Neuroscience, Volume 2 1 , 19 9 5
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2 9 3 .1 5
QUANTITATIVE BRAIN MAGNETIC RESONANCE IMAGING IN 

ATTENTION-DEFICIT/HYPERACTIVITY DISORDER F.X.Castellanos, J.N. 
Giedd. W.L.Marsh. S.D. Hamburger. A.C.Vaituzis. J.W.Snell. N.Lanee, D.P. 
Dickstein. Y.C.Vauss. A.Krain, D.Kavsen, G.F.Ritchie, J.C.Rajapakse, J.L, 
Rapoport*. Child Psychiatry Branch, NIMH, Bethesda, MD 20892-1600.

Anatomic magnetic resonance imaging (MRI) studies o f Attention- 
Deficit/Hyperactivity Disorder (ADHD) have been limited by small samples or by 
measuring only single brain regions. Since the neuropsychological deficits in 
ADHD implicate a network linking basal ganglia and frontal regions, twelve 
subcortical and cortical regions and their symmetries were measured for 57 boys 
with ADHD and 55 healthy matched controls, ages 5 to 18 years, using a 1.5 Tesla 
Signa scanner with 1.5 -2 mm slices. Volumetric measures of the cerebrum, 
caudate nucleus, putamen, globus pallidus, amygdala, hippocampus, temporal lobe, 
cerebellum, a measure of prefrontal cortex, and related right-left asymmetries were 
examined along with mid-sagittal area measures of the cerebellum and corpus 
callosum. Interrater reliabilities were .82 or greater for all MRI measures. ADHD 
subjects had a 4.7% smaller total cerebral volume (p=.02). Analysis o f covariance 
for total cerebral volume demonstrated a significant loss of normal right greater 
than left asymmetry in the caudate (p=.006), smaller right globus pallidus (p=005), 
smaller right "anterior frontal region" (p=.02), and reversal of normal lateral 
ventricular asymmetry (p=.03) in the ADHD group. The normal age-related 
decrease in caudate volume was not seen for ADHD, and increases in lateral 
ventricular volumes were significantly diminished in ADHD relative to healthy 
controls. This first comprehensive morphometric analysis is consistent with 
hypothesized dysfunctions of right sided prefrontal-striatal systems in ADHD, and 
may also indicate more general abnormality in late maturational processes.

2 9 3 .1 7
ALTERED GENE EXPRESSION OCCURS ONLY DURING LATE STAGES OF 
CONGENITAL HYDROCEPHALUS IN H-TX RATS. R.W. Connelly, H.C. Jones. 
N.G. Harris, M.G. Luciano and J.P. McAllister*. Department of Neurosurgery, The 
Cleveland Clinic Foundation, Cleveland, OH 44195 and Department of Pharmacology 
and Therapeutics, University of Florida, Gainesville, FL 32610.

Relatively little is known about the initial neuronal response to ventriculomegaly in the 
developing brain. To determine if genetic changes can signal this response, the present 
study has utilized molecular techniques on tissue from the H-Tx rat. This congenital 
model develops aqueductal stenosis prenatally and the resulting ventriculomegaly 
progresses rapidly during the first postnatal month. Fresh frozen tissue from rostral 
neocortex, caudal neocortex, and combined neostriatum/basal forebrain was obtained 
from hydrocephalic and normal animals (n=3 or 4) at 1 ,  6, 12 and 21 days of age, 
corresponding to mild, moderate and severe stages of ventriculomegaly. Northern blot 
analysis was used to quantify the expression of heat shock protein (HSP), the immediate 
early gene FOS, glutamic acid decarboxylase (GAD), neuron specific enolase (NSE), 
GAP-43, and glial fibrillary acidic protein (GFAP). Expression of HSP and NSE was not 
changed in all regions and at all time points. No differences in GAD were noted in the 
cerebral cortex at any age, although expression was elevated significantly in the 
neostriatum at 6 days. Although expression of FOS was undetectable at 6 days and 
unchanged at 12 days in the cortex, it was significantly reduced by 30% in all areas at 21 
days. Likewise, GAP-43 expression was reduced by 15% and 38% in frontal and 
occipital cortices, respectively at 21 days. GFAP expression was unchanged at 12 days, 
but was elevated 100-176% at 21 days, depending on the region. These data suggest that 
gene expression in the cerebral cortex is relatively unaffected until the latest stages of 
progressive ventriculomegaly, when FOS changes may indicate a decreased activation 
of neurons, GAP-43 may signal impaired synaptogenesis and GFAP increases may 
represent an astrocytic response to neuronal damage.

2 9 3 .1 6
DOPAMINE-RELATED GENES AND ATTENTION DEFICIT HYPERACTIVITY 
DISORDER. G J. LaHoste1*. S.B, Wigal2. C. Glabe3. E.H. Cook4, J.L, Kennedy5 
and J.M. Swanson2. Depts. of 1Phys. Med. & Rehab., 2Pediatrics, & 3Mol. Biol. 
Biochem., University of California, Irvine, CA 92717; 4Dept. Psychiatry, Univ. 
Chicago; 3Clark Inst. Psychiatry, Univ. Toronto.

Attention Deficit Hyperactivity Disorder (ADHD) affects about 5% of school- 
aged children and is characterized by inattention, hyperactivity and impulsivity. 
Although the biological bases of ADHD are unknown, the symptoms can be 
ameliorated by drugs that increase synaptic concentrations of catecholamines. 
Thus, one hypothesis is that ADHD is caused by reduced cathecholaminergic, 
perhaps dopaminergic, transmission. In addition, there is evidence of genetic 
influences in ADHD. Based on these findings, we investigated polymorphic 
variation in dopamine-related genes in ADHD. Human DAT1, the gene encoding 
the dopamine transporter, which is a site of action of drugs used in the treatment 
of ADHD, contains a 40-bp region which is repeated 9-11 times (Vandenberg et aJ., 
Genomics 14:1104, 1992). DRD4, which encodes the dopamine D4 receptor, 
contains a 48-bp region that is repeated a variable number of times; these different 
forms have been shown to display different pharmacological properties in vitro (van 
Tol et al., Nature 358:149, 1992). We obtained blood from children with ADHD, 
their parents, and controls, and, using PCR, determined the alleles for DAT1 and 
DRD4. Preliminary results, using haplotype-based haplotype relative risk, reveal 
no significant difference in the transmission of the 9- or 10-fold DAT1 repeat in 
ADHD, although small sample size limits the present interpretation of this result. 
The frequencies of the different DRD4 repeats in ADHD generally paralleled that 
found in the general population. We are in the process of genotyping control 
subjects carefully matched for ethnicity to determine whether certain DRD4 alleles 
are associated with ADHD.

2 9 3 .1 8
A N  A N IM A L M O D E L  O F  A U D IT O R Y  IN T E G R A T IO N  T R A IN IN G  (AIT). M  
W aldh oer *. J. Panksepp , D. Pruitt. M . V an inaan  and D. M cK ee. J. Rossi III &

J. Lindsev D e p t. of Psychology, Bowling G ree n  S ta te  University, Bowling  
G reen , O H  4 3 4 0 3 , and N euro behavioral Toxicology, W righ t-P atterson  Air 
Force B ase, Dayton, O H  4 5 4 3 3 .

A IT  is a  new  m usic-based som atic-therapy for autistic children. It is reported 
to reduce auditory sensitivities and provide a  num ber of beneficial behavioral 
effects ranging from  increased attention to sociability. W e  w ere  ab le  to 
replicate those effects with 3 3  autistic children. Accordingly, w e  sought to 
develop an anim al m odel of com p arab le behavioral effects which would  
perm it rigorous biological analysis of brain effects. Dom estic chicks w ere  
selected because of their sound responsivity in th e  hum an acoustic range, 
their strong vocal repertoire and sociability. Behavioral responses of chicks 
given 2 0  half hour sessions, during their first 12 days of life, listening to 
m odulated m usic (bass and treble com p onents random ly enh a n ced  and  
d am p ened  by 4 0 d b -A IT )  w ere  contrasted to those that listened to the sam e  
m usic unm odulated as  well as a silent control group. Post “thera p y” effects  
(replicated across several experim ents) included increased growth and a  
reduced inhibition of separation induced d istress vocalizations (D V s) in 
response to music, but not to self-reflective cues (i.e . mirrors). Post-m ortem  
analysis of brain tissue revealed reduced serotonin and 5 -H IA A  levels in the  
music groups, with no c lear chan ges in o ther am in es. M usic effects w ere  
further affirm ed as a  function of reduced brain serotonin by evaluating the  
effects of cyproheptadine (1 and 5  m g/kg i.p.) on th ese  m easures. This  
general serotonin antagonist, which increases w eight gain, m arkedly  
increased D V s in response to music, but also in response to social cues. 
Although only m arginal differences b etw een  m usic and A IT  groups w ere  
present, the data  suggest that long-term  expo sure to such stimuli m ay  
selectively reduce serotonergic tone in the brain. T h e re  a re  severa l reasons  
to believe that such neurochem ical ch an ges w ould be beneficial to autistic 
child ren.

BETA-AMYLOID: PROCESSING I
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OPTIMIZED HPLC SEPARATIONS OF β-AMYLOID PEPTIDES: 
APPLICATION TO TISSUE ANALYSES AND PROTEOLYTIC PROCESSING 
OF THE PEPTIDES. B.E. Boves1, D.G. Walker2 and S.C. Sung2*1Rockland 
Technologies Inc., Newport, DE. 1 9 8 0 4 , 2Kinsmen Laboratory of Neurological 
Research, Department of Psychiatry, University of British Columbia, Vancouver, 
B.C. Canada, V6T1Z3.

In the Alzheimer Disease brain, amyloid precursor polypeptides (APPs) are 
processed in a fashion which ultimately leads to the deposition of extracellular 
amyloid plaques. The major peptidic components of the plaques are the 40 to 43 
amino acid β -amyloid peptides (β-APs). These peptides contain C-terminal 
sequences which extend into the membrane spanning segment of the APPs. As the 
length of the C-terminus of the peptides includes more of the hydrophobic 
membrane-spanning sequence, an increasing tendency of the peptides to aggregate 
is apparent. Investigation of the longer β-APs, particularly the 1-42 and 1-43 
peptides, has been hampered by an inability to chromatographically resolve and 
recover them. Gradient reversed-phase HPLC separations of synthetic P-AP(l-42) 
and β-AP( 1 -43), using standard conditions, result in broad tailing peaks with low 
and variable mass recovery. To define an optimized separation, gradient elution 
conditions, column operating temperature, column bonded-phase chemistry, and 
sample solubilization conditions were studied. Conditions were found which permit 
highly-efficient HPLC separations of the β-APs, allowing complete resolution of the 
β-AP 1-38, 1-40, 1-42, and 1-43 peptides with high mass recovery. This procedure 
has been applied to determine the proteolysis of the β-AP 1-40, 1-42, and 1-43 
peptides by human cathepsins. These peptides were observed to be effective 
substrates for the aspartyl endoproteinase cathepsin D, showing similarities in 
cleavage pattern, and decreasing rate of digestion with increasing length of the 
peptide substrate. Also the HPLC resolution of the β-APs, followed by off-line 
immunoassay, has been applied to quantification of the brain tissue levels of the 
peptides.

AMYLOID PRECURSOR PROTEIN PROCESSING IN 
SACCHAROMYCES CEREVISIAE. M. Seeger1,2 . H. Komano3. R.

S. Fuller3, T. V. Ramabhadran4*, P. Greengard2, S. E. Gandy.1 
1Dept. of Neurology & Neuroscience, Cornell Univ. Medical 
C ollege, New York, NY 10021; 2 Lab o f Mol. and Cell. 
Neuroscience, Rockefeller U niv., New York, NY 10021; 
3Dept. o f Biochemistry, Univ. o f Michigan, Ann Arbor, MI 
48109; 4Neurogen Corp., Branford, CT 06405.

Amyloid precursor protein (APP) is processed through at 
least two different pathways. In the amyloidogenic β - 
secretase pathway, APP is cleaved at the N-terminus o f the 
Aβ peptide, and further proteolysis by γ -secretase results in 
release o f the AB peptide from the cells, initiating a process 
which can lead to the formation o f extracellular amyloid 
plaques. Alternatively, non-am yloidogenic processing can 
occur within the AB region o f  APP, thereby precluding 
formation o f the amyloid peptide. This non-amyloidogenic 
processing pathway is known as α -secretase cleavage.

APP has been expressed in the yeast, S a c c h a r o m y c e s  
cerev is iae . It has been demonstrated that α - s e c r e t a s e  
cleavage o f APP occurs in yeast, resulting in release of 
proteolytic fragm ents, and the retention o f  carboxyl 
term inal fragm ents, id en tica l to th ose  form ed in 
mammalian ce lls. We are exam ining the proteolytic 
processing o f APP in yeast by genetically manipulating. the 
yeast secretory pathway. Studies on the regulation o f APP 
processing in S. cerevisiae  will be discussed.
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S D S -S O L U B L E  A M Y L O ID  ß P R O T E IN  E N D IN G  A T A ß4 2  O R  A ß4 0  
A C C U M U L A T E S  IN A L Z H E IM E R 'S  D IS E A S E  B R A IN . Y. H ariaava1* , M . 
S h o ii1, T. Kaw arabavashi1, M. K ana i1, T. N akam ura1, T. lizuka1, Y. Ig e ta1. 
T. C. S a id o 2 . N. S ahara3. H. Mori3 and S. Hirai1. 1D ept. of N euro logy, 
Gunm a University Sch. of M ed ., Gunm a 3 71 , Japan; 2 D ept. of M olecular 
Biology, Tokyo M etropolitan Institute of Medical S cie nce, Tokyo 1 1 3 , 
Japan; 3 Dept. of M olecular Biology, Tokyo Institute of Psychiatry, To ky o  
156, Japan.

R ecent studies have dem o nstrated that the major com p onent of sen ile  
plaque amyloid is amyloid ß protein (A B )1-42 , and that overproduction of 
AI3 is one of the causes of A lzheim er's d isease (A D ). H ow ever, the prec ise  
nature of the Af3 species that accum ulate in the A D  brain is still unclear. T o  
investigate this issue, w e serially extracted 6 AD and 5 control brains into  
T B S , R IPA, 10 %  S D S , and formic acid (FA) and directly analyzed th e  
supernatants by im m unoblotting. In AD brains, 4, 3 .7  and 3 .0  kD A 3  
species accum ulated. Although each  serial fraction (TB S , R IP A , 10%  S D S , 
and FA) conta ined A 3 , the largest signal was observed  in the 10 %  S D S  
fraction contrary to the w idely accepted view  that most A 3  in A D  brain is in a 
form that is essentially insoluble in S D S . T h e  th ree  A 3  peptid es w ere  
differentially extracted into the various solvents with the sm allest two  
peptides predom inating in the FA fraction. All 3  peptides w ere  reco g n ized  
by S 40, an antibody specific for Aß ending at A B 40 and by S 4 2 , which is 
specific for AB ending at AB42. In contrast, an antibody specific for AB  
beginning at AB1 d etec ted  the 4  kD peptide but not the 3 .7  or 3 .0  kD  
species. Thus it appears that the 3 .7  and 3 .0  kD ABs are m odifed at th e  
am ino term inus. Collectively, these data indicate that a co ns iderab le  
am ount of S D S -so lub le  AB accum ulates in the A D  brain, that this AB  
extends to AB40 or AB42, and that much of this AB is m odified at its am ino  
term inus.

2 9 4 .5

LYSOSOMAL PATHWAY AND POTENTIALLY AM YLOIDOGENIC 
FRAGMENTS IN CELLS CULTURED UNDER LYSOSOM OTROPIC 
AGENTS Y. Takamaru1, R. Fukatsu2, K. Tsuzuki3, T. Yoshida2, Y, Hayashi2, I, 
Kusumi4*, N. Fujii3, and N. Takahata2 1Department of Psychiatry, Sapporo 
Municipal General Hospital, Departments of 2Neuropsychiatry and 3Microbiology, 
Sapporo Medical University School of Medicine, 4departm en t of Psychiatry, 
Hokkaido University School of Medicine, Sapporo 060 Japan

Amyloid β protein (Aβ) is derived from proteolytic processing of amyloid 
precursor protein (APP), a large cell surface receptor-like membrane protein. The 
pathway and precise mechanism remain as yet unclear, by which APP is cleaved to 
generate Ap. We have demonstrated potentially amyloidogenic APP fragments of 50 
and 20 kDa containing full-length Aβ in a compartment closely related to 
endosomal/lysosomal pathway in the cultured cells with or without leupeptin, a 
potent lysosomal protease inhibitor of lysosome.

In the present study, we examined further whether or not the lysosomal pathway 
is involved in Ap generation. Cells from human cell lines of hematogenous origin 
were cultured under chloroquine (50 μM), or another potent lysosomotropic agent 
(leupeptin etc ). Cells were fractionated. APP fragments in these fractions were then 
characterized by Western blot analysis using monoclonal and polyclonal antibodies 
against several domains of APP. A variety of potentially amyloidogenic fragments, 
including 50 kDa and 20 kDa proteins were confirmed in mitochondrial fraction, 
and appeared to be remarkable in the presence of chloroquine. Interestingly, APP 
bands of less than 10 kDa were identified in mitochondrial fractions using Tris- 
Tricine gel electrophoresis and these became also notable under chloroquine.

Our data provide another evidence that endosomal/lysosomal pathway may be 
relevant to generate amyloidogenic fragments and presumably Aβ from full-length 
APP. But the possibility remains that more than one of these pathways (Golgi 
compartment), might contribute to production of Aββ

2 9 4 .7
PR ESEN CE OF AM Y LOID PRECURSOR PROTEIN IN A N  AXON- 
SPECIFIC PSEUDO -CAV EOLAR M IC RO D O M A IN . B. A llinquan t* , C. 
Bouillot. and  A. P roch ian tz . CNRS, URA 1414, ENS, 46, rue d 'U lm , Paris, 
France.
The am yloid  p recu rso r p ro te in  (ßAPP) is a transm em brane  glycoprotein  
that gives rise to the GA4 peptide, a m ajor com ponent of am yloid deposits 
in A lzh e im er’s d isease. The norm al physio logical function  of ßAPP and 
the cellu lar pa th w ay s leading  to its d egrada tion  and to the p roduction  of 
GA4 rem a in  to  be e lu c id a te d . U sing  e m b ry o n ic  co rtica l n e u ro n s  
d iffe ren tia tin g  in vitro, we have observed  that transm em brane  ßAPP is 
p resen t in tw o pools. The first pool is present in dendrites, cell bodies and 
axons, w hereas the second pool is a lm ost exclusively observed  in  cell 
bodies an d  axons. The latter pool of axonal APP (Ax-APP) represents 1 to 
5% of to ta l APP, increases u p o n  calcium  entry , and  is concen trated  in a 
su b p o p u la tio n  of vesicles that u nderlies the plasm a m em brane. In a first 
a ttem p t to ch aracterize  the vesicu lar d om ain  of Ax-APP we tried  to co
localize the p ro te in  w ith  specific m arkers of d istinct cell com partm en ts. 
D ouble im m unosta in ing  w ith  an ti-clathrin  an tibodies dem onstra ted  that a 
h igh  p ro p o rtio n  of Ax-APP is not associated w ith  c la thrin-coated vesicles. 
In con tras t, A x-A PP often  colocalized w ith  the G PI-linked g lycopro tein  
F3 /F 11 . The la tte r  f in d in g  is fu rth e r rein fo rced  by cell frac tio n a tio n  
experim en ts dem o n stra tin g  th at both  Ax-APP and  F3 are p resen t in low 
density , T riton X100 resistan t, vesicular structures. The association of Ax- 
A P P w ith  F 3 /F 11  g ly co p ro te in  su g g ests  th a t Ax-A PP is p re se n t in 
v es icu la r  m ic ro d o m ain s  w ith  caveo lae-like  p ro p ertie s  an d  raises the 
p o ss ib ility  th a t  A x-A PP is a s ig n a llin g  m o lecu les  for G P I-lin k ed  
g lycoprotein . It also suggests the existence of an u nsuspec ted  endocytic 
p a th w ay  that could  lead to the production  of GA4.

2 9 4 .4
PLA TELETS ARE TH E PRIM ARY SO U RC E O F 6-AM YLOID PEPTIDE 

(6A4) IN HU M AN BLOOD. M ing Chen. G ilbert S. Ross and Hugo L 
Fernandez*. Neuroscience Research L aboratory, R &  D Service (151), 
Veterans Affairs M edical Center, Bay Pines, F lorida 33504 and Univ. of 
South Florida, College o f M edicine, Tam pa, F lorida 33612 

A pathological hallm ark o f A lzheim er’s d isease (AD) is the deposition of 
fibril 6-amyloid peptide (6A4) in the  brain parenchym a and vasculature. The 
cellular origin o f  δ A4 in such deposits is unknow n. A circulatory origin has 
been postulated, but the precise site o f  6A4 generation has not been 
determined. In the present study, we examined the com ponents o f human 
blood from  healthy individuals and found that platelets account for 
approxim ately 90% o f the total anti-6A4 im m unoreactivity detected in whole 
blood. This result points to platelets as the prim ary source o f blood-borne 
6A4. Furtherm ore, we have purified a peptide from  the immunoreactive 
materials o f platelets by means o f reverse phase-high perform ance liquid 
chrom atography (RP-HPLC). This peptide appears to be genuine 6A4 by 
three criteria. F irst, it shares a retention tim e with the synthetic δA1-40 
peptide in two consecutive RP-H PLC analyses. Second, it interacts with two 
distinct anti-6A4 antibodies in separate enzym e-linked im m unosorbent assays 
(ELISA). Third , its partial N-term inal amino acid sequence matches that of 
6A4. The presence o f this peptide in platelets indicates that, aside from the 
predom inant non-am yloidogenic (secretory) pathw ay, the processing o f 6- 
amyloid precursor protein in platelets o r m egakaryocytes also involves an 
amyloidogenic pathway. This latter pathw ay is the m ajor source o f amyloid 
in circulation and its disturbance could lead to excessive amyloid deposits in 
the brain vasculature o f  AD.

2 9 4 .6
EXPRESSION OF AMYLOID PRECURSOR PROTEIN IN THE CELL 
LINE NTERA2 S.M. Bowes1, P.W. Andrews2. R C A. Pearson2. D. Parkinson*1 
1Div. Biomedical Sci., Sheffield Hallam University, S 1 1WB, UK and 2Dept. of 
Biomedical Sci., The University of Sheffield, S10 2TN, UK

Beta amyloid protein (βA4) is the major constituent of the plaques found in 
Alzheimer disease brains, and is formed from amyloid precursor protein (APP) 
which exists in three major isoforms in the human brain. The NTera2 (NT2) cell 
line can be induced to differentiate into a neuronal phenotype. These neuronal 
(NT2N) cells express endogenous APP. Previous work studying RNA has shown 
that expression of APP isoforms changes during differentiation.

NT2 cells were cultured under various conditions, then the cells and the culture 
media harvested. Cells were homogenised and centrifuged to separate soluble and 
membrane-bound fractions. These were compared, along with the concentrated 
culture media, by SDS-PAGE followed by Western blotting with antibodies directed 
against the different epitopes in APP.

After blotting with 22C11, which detects all 3 APP forms, two bands were 
stained. These bonds were present in cells at all stages of differentiation though the 
intensity of staining varied. Using an antibody which detects only APP751 and 
APP770 a single band was stained in media and cell extracts from stem cells, and 
in membrane-bound protein of NT2N cells. No bands were present in the soluble 
fraction or media from NT2N cells. RNA studies have shown that stem cells 
express APP595 and APP770 while NT2N cells express APP695 and APP751.

Taken together, these data suggest that NT2N cells produce APP751, but do not 
secrete it. It is probable, therefore, that it is processed in the endosomal/lysosomal 
system, which is known to be amyloidogenic. These results could give an 
important insight into neuronal processing of APP isoforms and ββA4 production.

2 9 4 .8
REGULATION OF AMYLOID PRECURSOR PROTEIN (APP) PROCESS
ING BY CALCIUM-DEPENDENT TYROSINE PHOSPHORYLATION. 
M.A, Petrynialk, B.E. Slack*, and R.J. Wurtman. Dept. of Brain and Cognitive 
Sciences, MIT, Cambridge MA 02139 and Dept. of Pathology, Boston Univ. 
Sch. of Med., Boston MA 02118.

Secretory processing of APP is increased by activation of muscarinic 
receptors coupled via GTP binding proteins to phosphoinositide hydrolysis 
(Nitsch et al., Science 258:304, 1992). The response is dependent on 
activation of pro tein  kinase C (PKC) and on p ro te in  tyrosine 
phosphorylation (Slack et al., JBC 270:8337,1995). The muscarinic agonist 
carbachol increases tyrosine phosphorylation by enhancing calcium influx, 
prompting us to test the role of calcium in carbachol-mediated release of 
soluble APP derivatives (APPs). As we previously showed, in human 
embryonic kidney cells transfected with muscarinic m3 receptors, both 
carbachol and the PKC activator phorbol 12-myristate 13-acetate (PMA) 
increased tyrosine phosphorylation as well as APPs release. The PKC 
antagonist GF 109203X blocked APPs release elicited by PMA, but only 
partially inhibited the response to carbachol, which was also reduced by 
tyrosine kinase inhibitors. The calcium chelator EGTA caused a small 
reduction in the response to carbachol; an effect that was additive with that 
of GF 109203X. The calcium ionophore ionomycin, like carbachol, increased 
both APPs release and tyrosine phosphorylation. These effects of ionomycin 
were blocked by EGTA, and nearly abolished by the tyrosine kinase 
inhibitor tyrphostin A25. These results support the hypothesis that 
activation of muscarinic receptors elevates APPs release by at least two 
mechanisms; one PKC-dependent, and one due to tyrosine phosphorylation 
secondary to calcium influx. (Supported by NIH grants MH-28783 and NS- 
30791)
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AMYLOID PRECURSOR PROTEIN CLEAVED AT THE AMINO TERMINUS 
OF THE AMYLOID β PEPTIDE IS PRODUCED INTRACELLULARLY IN 
HUMAN NEURONS DERIVED FROM THE NT2 CELL LINE BEFORE 
SECRETION. A. S. C. Chyung1, T. E. Golde1. B. Greenberg2, R. W. Doms1, 
and V. M.-Y. Lee*1. 1Dept. of Path, and Lab. Med., Univ. of Penn. Sch. of Med., 
Philadelphia, PA 19104., 2Cephalon, Inc., West Chester, PA, 19380.

Previous studies demonstrated that amyloid p (Ap) peptides and amyloid 
precursor protein (APP) fragments cleaved at the amino terminus of the Aβ 
peptide (APPsβ) are secreted by a variety of transfected and non-transfected cells. 
Although neither Aβ nor APPsβ have been recovered from cell lysates in these 
studies, we showed that human neurons (NT2N) derived from a teratocarcinoma 
cell line (NT2) produced intracellular Aβ and secreted it into the medium. In the 
present study, we examined the production of Ap, APPsβ, p3 (Aβ17-40) and 
APPsα  in NT2N cells. Our data demonstrate that both Aβ and APPsβ are 
produced intracellularly before secretion into the medium. In contrast, P3 and 
APPsα  are absent from NT2N cells and recovered only in the medium. These 
results suggest that the β secretase pathway is distinct from that of the a  secretase 
pathway. Intracellular APPsβ was detected by 2 different rabbit polyclonal 
antisera specific for the terminal Met596 of APPsβ . APPsβ migrated slightly 
faster than full length APP and was not detected by a number of antibodies 
specific for different epitopes in Aβ or the intracytoplasmic C-terminus of APP. 
Although APPsβ can be recovered from medium of a number of APP transfected 
cells, intracellular APPsβ can only be detected in NT2N cells. Finally, despite 
high levels of APP synthesis in the undifferentiated NT2 cells, they do not 
produce or secrete Aβ and APPsβ . We conclude that the undifferentiated NT2 
and NT2N cells process APP differentially.

2 9 4 .1 0
CY TOPLASM IC TY ROSIN E CO NTA INING SEQ UEN CE MOTIFS 
INFLUENCE TRAFFICKING AND PROTEOLYTIC PROCESSING OF β- 
AMYLOID PRECURSOR PROTEIN. A. Capell*1, 2, D.B. Teplow2,
D.J. Selkoe2 and C. Haass1,2, 1C entral Institute for Mental Health, University of 
Heidelberg, 68159 Mannheim, Germany, 2Center for Neurologic Diseases, 
Brigham and Women's Hospital, Harvard Medical School, Boston, MA 02115.

Previously, we have shown the importance of the cytoplasmic domain of the β- 
amyloid precursor protein (βAPP) and specifically of Tyr 653 for the polarized 
trafficking of cell surface ßAPP and for the generation of amyloid ß-peptide (AB) 
in MDCK cells. We have now further analyzed the influence of cytoplasmic Tyr 
on ßAPP trafficking and AB generation in kidney 293 cells. We mutagenized the 
three Tyr of PAPP695 at position 653, 682 and 687. Mutagenesis of Tyr 653 and 
of Tyr 687 results in a 2-3 fold increased cell surface expression of ßAPP. 
Moreover, these mutations also inhibit reinternalization of cell-surface ßAPP, 
indicating multiple signals for reintemalization and cell surface localization of 
ßAPP. These two mutations also increased the production of p3 by about 2-3 fold. 
Radiosequencing of AB secreted by cells transfected with either the Tyr 653 or 687 
mutation revealed a strong increase of alternative N-terminal cleavages. However, 
none of these mutations influenced the N-terminal cleavage of AB as strongly as a 
deletion of the entire cytoplasmic domain (AC). We therefore combined the two 
mutations at position 653 and 687 and found that cells transfected with this double 
mutation secrete similar amounts of alternatively cleaved AB as cells transfected 
with the ∆C cDNA construct. The enhanced production of Aß-like peptides with 
alternative N-termini might be related to the increased cell surface expression of 
ßAPP in these cells. Our data demonstrate the critical importance of cytoplasmic 
tyrosine containing sequence motifs (at position 653 and 687) that are involved in 
trafficking of ßAPP to the cell surface, reintemalization and N-terminal cleavage of 
AB.

ALZHEIMER'S DISEASE: CHEMICAL NEUROANATOMY

2 9 5 .1
THREE-DIMENSIONAL BRAIN RECONSTRUCTIONS: ANALYSIS OF 
CORTICAL ATROPHY. M. Hanus, E. Knudtson. S. Glatt*, R. Pahwa, S. 
Batnitzky. and M. Gordon. Departments of Neurology, Radiology and 
Pharmacology and Imaging Resource Center, University of Kansas Medical Center, 
Kansas City, KS 66160.

Diffuse cerebral atrophy accompanies normal aging and many neurodegenerative 
disorders. Although cerebral atrophy may be observed on two-dimensional 
magnetic resonance (MR) images, global cortical atrophy may be more directly 
appreciated and quantified following three dimensional (3D) reconstruction. This 
study presents a method for assessment of cortical atrophy based on computerized 
3D reconstructed MR images. A total of fifty-two high-resolution axial MR scans 
were obtained from normal subjects and subjects classified as having Alzheimer’s 
or Parkinson's dementia. Following data segmentation of the brain, a surface 3D 
reconstruction was performed. Measurements were obtained from the left 
hemisphere, right hemisphere, right frontal and occipital lobes. Analyzed 3D 
images were based on 256, 16 or 8 shade representations. Using this approach, 
significant differences in sulcal percentages were noted between 3D reconstructions 
from normal subjects and those classified as demented. The average decrease in 
sulcal percentages between these groups in different brain regions ranged from 16% 
to 22%. This method may be applicable for quantitation of degenerative cortical 
disorders in a variety of neuropathological conditions.

[Supported by A6101A2-05]

2 9 5 .2
ASSOCIATION OF NUCLEUS BASALIS CELL NUMBER AND 
CORTICAL VOLUME IN AGING AND ALZHEIM ER’S DISEASE
KM Cullen. GM Halliday*. K  Double. JJ Kril Neuropathology Unit, University of 
Sydney & Prince of Wales Medical Research Institute NSW 2006 AUSTRALIA 

Cortical atrophy and cell loss in the nucleus basalis (NB) is a well-established 
characteristic of Alzheimer’s disease (AD). Regional cortical volume loss has been 
shown to correlate with disease severity. NB cell loss in aging has been more 
controversial and is complicated by high inter-individual variance in small 
population studies. In 9 patients with AD and 8 controls, NB cell number was 
determined from 50μm serial Nissl-stained sections. Volumes of the cerebrum, 
cortical grey matter (total and lobar), white matter and deep grey structures were 
computed by point counting on black and white photographs of gapless 3mm 
coronal brain slices. In AD, cortical volume was found to be reduced relative to 
white matter volume, which remained unchanged in absolute terms compared to 
controls. Grey matter atrophy was most prominent in the temporal and frontal 
cortices. A highly significant linear relationship was found between cortical volume 
and NB cell number in controls and AD patients, with values for both groups on a 
single curve. Whole brain and cerebral volumes were also well correlated to NB cell 
numbers, but AD and control relationships differed by a constant factor. These data 
suggest that the volume of cortical grey matter may be coupled to the number of NB 

neurons. Compromised viability of NB 
neurons may precede cortical volume loss 
as large num bers o f neurofibrillary 
tangles, detected with nickel peroxidase 
staining [Cullen, 1994], were found in the 
NB all AD cases, including those with 
m inimal cell loss. Cortical volume 
changes, measurable in vivo, may serve 
as an internal index for evaluating 
changes in NB cell number with aging.

2 9 5 .3

MULTIPLE GENE ANALYSIS OF SINGLE POSTMORTEM BRAIN 
CELLS: TECHNIQUE AND IMPLICATIONS. J.E. Cheetham1 
M.K. O’Banion1.2, H.H. Yeh3 and P.D. Coleman.1* University of 
Rochester Medical Center, Depts. o f 1Neurobiology and Anatomy, 
:Neurology, Rochester, NY, 14642, and Pharmacology and 
Physiology, Bowman Gray School o f Medicine, Winston Salem, N C , 
27157.

The cellular composition o f the brain is heterogeneous. In many 
diseases, including Alzheimer’s disease (AD), some cells may be 
affected whilst their near neighbors appear healthy. Thus, to isolate the 
effects o f such diseases it is desirable to investigate properties o f  
individual cells. This can be achieved in part by combining in situ 
hybridization and immunohistochemistry, allowing the investigation of  
expression o f two or possibly three genes (Callahan et. al., Neurobiol. 
Aging, 15:381-386, 1994). We present here a method with the potential 
to determine the expression o f many genes within a single cell. 
Postmortem tissue is spread into a layer one cell thick and briefly fixed. 
Immunocytochemistry may then be used to identify cells affected by the 
disease o f interest versus unaffected cells. Identified single cells are 
then isolated, drawn into a micropipette and further processed. The 
presence o f intact mRNA is confirmed by RT-PCR for selected genes. 
Single cell mRNA is then amplified (Eberwine et al., PNAS 89 : 3010- 
3014, 1992) to generate a mixed antisense probe that is used to profile 
changes in the expression o f many genes. Application o f this method to 
postmortem AD brain has the potential to reveal changes in gene 
expression as a function o f disease progression.
Supported by grants from the NIA (LEAD AG09016, R01 AG01121-14 and ADC 
P30 AG08665), AHAF, and the Bader Foundation.

2 9 5 .4
DYSTROPHIC NEURITES IN ALZHEIMER’S DISEASE AND OTHER 
NEURODEGENERATIVE DISEASES. D.R. Brady*. Laboratory of 
Neurosciences, NIA/NIH, Bethesda, MD 20892.

Alzheimer’s disease (AD) is characterized neuropathologically by a marked 
density of neurofibrillary tangles and neuritic plaques in association cortices of 
the cerebral cortex. In addition to these two hallmarks o f AD, the topography 
and density of dystrophic neurites has become increasingly important in the 
analysis of AD and other neurodegenerative diseases. We compared the density 
and distribution of dystrophic neurites in the temporal lobe of 16 AD brains with 
neurologically normal, age-matched brains, and those from neuropathologically 
confirmed Parkinsons/AD, Picks, corticobasal degeneration and frontal lobe 
atrophy. Dystrophic neurites were labeled with PHF-1 antibody (1:1000) that 
recognizes the serine-396 phosphorylation site on the microtubule associated 
protein, tau. Immunocytochemistry was performed on 40 μm  thick, free-floating 
sections o f the temporal lobe. Optical density was measured in perirhinal cortex 
of the parahippocampal gyrus and the cortex over the crown of the superior, 
middle and inferior temporal gyri. In all AD cases, there was a significant 
density of dystrophic neurites throughout the temporal cortex as compared to 
normal brain. Perirhinal, middle and inferior temporal cortices consistently 
exhibited a greater density of dystrophic neurites than the superior temporal 
cortex. In addition, a laminar distribution was observed within each cortical 
area, with the density of dystrophic neurites greater in layers 2 and 3 than layer 
5. In normal aged brain, dystrophic neurites were observed, and their density 
was significantly greater in perirhinal cortex than in the other temporal cortical 
areas. However, no differential laminar density was seen in the distribution of 
dystrophic neurites within each cortical area. In addition to their topographic 
distribution, the regional laminar topography of dystrophic neurites may provide 
insight into the compromised circuitry in age-associated neurodegeneration.
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2 9 5 .5

RE-EXPRESSION AND RE-DISTRIBUTION OF THE 
FAC1 PROTEIN IN EARLY STAGES OF ALZHEIMER'S 
DISEASE R. Bowser*, S. Schoonover and M. H. Kokkola. 
Dept. of Pathology, Univ. of Pittsburgh, Pittsburgh, PA 
15213.

The FAC1 protein was previously identified as a novel Alz- 
50 antigen expressed at high levels in the developing brain 
and at lower levels in adult brain (Bowser et al. Develop. 
Neurosci., 1995). In the developing brain FAC1 protein is 
localized in the nucleus and cytoplasm of neurons. Within the 
neocortex of non-demented adults FAC1 is detected primarily 
in neuronal nuclei. Therefore the expression and localization 
of FAC1 protein is developmentally regulated. Increased 
levels of FAC1 protein are detected in the neocortex of 
Alzheimer's disease (AD) brain by immunoblot. The FAC1 
protein is localized to both nuclei and the cytoplasm of 
pyramidal neurons in AD brain. It is also present in a subset 
of plaques, as defined by Alz-50 and ß-A4 
immunocytochemistry. Re-distribution of FAC1 protein 
within the neocortex occurs during early stages of AD, prior to 
the appearance of neocortical neurofibrillary tangles (NFTs). 
Within the hippocampus FAC1 is observed in the cytoplasm 
and neurites of pyramidal cells; none of which contain NFTs. 
Our results suggest that FAC1 protein is re-expressed at 
early stages of AD and may function as a regenerative 
response to neuronal injury.

2 9 5 .7
CYTOCHROME OXIDASE SUBUNIT mRNA IN PAIRED HEUCAL 
FILAMENT-IMMUNOREACTIVE NEURONS IN ALZHEIMER DISEASE.
K. Hatanpӓӓ* , D.R. Brady, J. Stoll, _K._C_handrasekaran 
Laboratory of Neurosciences, NIA, Bethesda, M D  20892.

Clinical studies have shown that a decrease in cerebral energy meta
bolism precedes cognitive deficits in patients with Alzheimer disease (AD). 
In the post mortem AD brain, the mRNA for the subunits of cyto-chrome 
oxidase (COX), as well as the activity of this rate-limiting enzyme in 
oxidative phosphorylation, are decreased. W e studied the relation of COX  
mRNA and neuropathology by combined in situ hybridization and immuno- 
histochemistry.

An antibody recognizing phosphorylated Ser-396 of the tau-protein 
in paired helical filaments (PHFs) was used to identify tangle-bearing 
(PHF+) neurons in the midtemporal cortex from six AD cases and four 
nondemented controls. In situ hybridization was performed on the same 
tissue sections to compare levels of cytochrome oxidase subunit III (COX  
III) mRNA in PHF+ and tangle-free (PHF-) neurons. Similarly, probes for 
12s rRNA and polyadenylated mRNA (polyA) were utilized to estimate 
levels of total mitochondrial RNA and total mRNA, respectively. Finally, the 
sections were counterstained to differentiate intra- and extracellular tangles.

CO X III mRNA was found to be decreased in PHF+ neurons as com-
pared to PHF- neurons of similar size. However, most PHF+ neurons 
continued to show moderate levels of C O X  III mRNA. The levels of 12s 
rRNA and polyA were similar in PHF+ and PH F- neurons. These results 
indicate that PHFs are associated with an impaired or decreased energy 
metabolism.

2 9 5 .9
LOCALIZATION OF INDUCIBLE PROSTAGLANDIN G/H SYNTHASE-2 
(CYCLOOXYGENASE-2, PGHS-2) TO NEURONS IN ALZHEIMER'S AND 
CONTROL HUMAN BRAIN. J.W. Chang*. L.M. Callahan. W. Chen. P.D. 
Coleman, and M.K. O'Banion. Departments of Neurobiology and Anatomy and of 
Neurology, University of Rochester School of Medicine, Rochester, NY 14642.

Some investigators advocate the use of non-steroidal anti-inflammatory drugs 
(NSAID) to treat neurodegenerative disorders such as Alzheimer's Disease (AD). 
The major anti-inflammatory action of NSAID is to inhibit Prostaglandin G/H 
Synthase-2 (PGHS-2), the committed step for prostaglandin biosynthesis. We have 
previously shown that PGHS-2 message is induced by Interleukin-1ß and other 
inflammatory mediators in primary cultures of mouse astrocytes. To determine 
whether similar elevations of PGHS-2 occur in activated glia in human 
neurodegenerative disease, we combined immunocytochemistry and in situ 
hybridization to localize PGHS-2 mRNA production in control and AD brain.

Sections of neocortex and hippocampus from AD and age-matched control brains 
were hybridized with a 35S labeled riboprobe for human PGHS-2 followed by 
immunocytochemistry with antibodies against neuron specific enolase (NSE) or glial 
fibrillary acidic protein (GFAP). Our findings indicate that PGHS-2 message is 
primarily localized to cells that stain for NSE rather than GFAP. Previous data from 
northern blot analysis revealed that PGHS-2 message levels were decreased in AD 
brains relative to age-matched control brains (Chang et al., Soc. Neurosci. Abstr. 
20:1034, 1994). One interpretation of these two studies is that neurons lose their 
ability to synthesize PGHS-2 in AD, perhaps due to dysfunction or a loss of synaptic 
input. Studies to distinguish down-regulation of PGHS-2 mRNA in individual 
neurons from neuronal loss are in progress. These studies, as well as investigations 
into the role of neuronal prostaglandin production, will help clarify the potential 
benefits of NSAID therapy in neurodegenerative disorders.
[Supported by NIA grants (R03 AG12418-01, T32 AG107, R01 AG1121, and 
LEAD AG09016)].

2 9 5 .6
IM M U N O H IS T O C H E M IC A L  L O C A L IZ A T IO N  O F  H E A T  S H O C K  70  
P R O T E IN S  IN H U M A N  BR A IN
M M orrison-B oqorad*1.2, C  L W hite  III3. C  H ladik3. E H Biqio3, M  W einer*, and 
S P ard ue1 Depts of N euro logy1, B iochem istry2, N europathology3, and  
Psychiatry4, U T  Southw estern M edical School, D allas, Texa s  7 5 2 3 5 -9 0 3 6

H eat shock proteins m inim ize abnorm al folding of intracellular proteins and  
can prevent stress-related cell death . T o  com p are their distribution in hum an  
brain with that of vu lnerable neurons and  the neuropathology of Alzheim er's  
disease (A D ), w e  perform ed im m unohistochem ical analysis on hum an  
hippocam pus using antibodies specifically recognizing either heat shock 70  
cognate (hsc70) or heat shock 70  inducible (hsp70) proteins. In afebrile non- 
A D  hippocam pus, the hsc70 antibody im m u nolabeled perikarya and  
processes of most neurons in th e  C A 3  and  C A 2 regions of Am m on's horn. 
Neurons in C A 4 and CA1 w e re  less strongly im m unolabeled. T h e  pattern of 
im m unolabeling w as similar in afebrile  A D  brain, except that im m unolabeling  
in C A 1 neurons w as mostly in cytop lasm ic granules, and  that plaque-like  
structures throughout the hippocam pus w ere  also im m unolabeled. H sp70  
im m unolabeling w as observed in non-stressed hum an brain. In both AD and  
non-AD brains, punctate hsp70 im m unolabeling w as  present in discrete  
regions of most C A 4, C A 3  and  C A 2 neuronal perikarya and  w as absent from  
neuronal processes. Im m unolabeling w as also present in a  subset of glia. 
Virtually no im m unolabeling w as  present in cells of C A 1 . P laq ue-like  
structures w ere  inconsistently im m u nolabeled  with the  hsp70 antibody. 
G ran ular localization of hsc70 in CA1 neurons could render them  vulnerable  
to stress in A D  brain while lower levels of hsp70 in CA1 neurons of both non- 
AD and AD brain could contribute to their selective vulnerability to stress.

Supported by the A lzheim er's Association and  by N IH  grants A G 1 2 2 9 7  and  
1230 0 .

2 9 5 .8
C Y T O C H R O M E  O  X ID A SE A  C T IV IT Y  IN T H E  H U M A N
I n f e r i o r  C o l l i c u l u s : Q u a n t i f i c a t i o n  a t  C e l l u l a r  
a n d  t i s s u e  L e v e l s  a n d  C o m p a r i s o n  t o  A l z h e i m e r ’s

B R A IN S. F. Gonzalez-Lim a*. S. M atos-Collazo and M. Garrosa. 
Dept o f Psych and Inst for Neurosci, U niv o f Texas, Austin, TX 
78712 USA.

Quantitative histochemistry of cytochrome oxidase (C.O.) (Gonzalez- 
Lima & Cada, Neurosci. 63:559, 1994) was applied to human brains to 
measure enzymatic activity in the 3 main divisions of the inferior 
colliculus (IC): central (ICC), dorsal (ICD) and external (ICE). 
Metabolic activity was analyzed at each IC subdivision in tissue and 
cellular compartments (perikaryon, dendritic branches, adjacent 
neuropil and synaptic neuropil fields). Postmorten time ranged between
2.5 to 9 hours and was correlated ( r  =  -0.54) with C.O. activity units. 
ICC always showed the highest C.O. activity followed by ICD and 
ICE. Brains from patients with A lzheim er’s (mean age = 81± 7, 
postmortem time (hrs) = 4.95 ±  2) were compared with matched non- 
neurological controls (mean age = 84 ±  5, postmortem time (hrs) = 4.9 
±  2), revealing a significant C.O. decrease of 12% (p< 0.026) in the 
ICD. These findings provide the first normative quantitative 
histochemical data of C.O. activity in humans, and they serve as a first 
step in the visualization of the cellular oxidative metabolic defect in the 
electron transport chain reported in Alzheimer’s patients (Parker et al., 
N eurology 44 :1094 , 1994). (Supported by NIH grant R O l 
MH43353.)

2 9 5 .1 0
KINESIN MESSAGE IS MODERATELY DECREASED IN ALZHEIMER'S 
DISEASE TANGLE NEURONS RELATIVE TO NON-TANGLE NEURONS 
L.M, Callahan.*W . Chen. P.D. Coleman. University of Rochester School of 
Medicine and Dentistry, Neurobiology and Anatomy, Rochester, NY 14642

Previous data from our laboratory demonstrated in Alzheimer's (AD) brain a 
dramatic decrease of the messages for synaptic proteins, GAP-43 and 
synaptophysin, in tangle containing neurons (NFT-neurons) of AD relative to 
non-tangle neighbors. The decrease was specific since Poly A showed only a 
modest decrease in AD NFT-neurons, and cathepsin D showed a dramatic increase 
in numerous NFT-neurons vs. non-tangle neurons. Synapse loss is a major 
correlate to AD dementia, and the above data suggests that the neurons associated 
with the development of NFTs lose synaptic message/synapses in AD.

We hypothesize the loss of synapses in AD is the result of a fast axonal 
transport deficit that prevents synaptic vesicles and proteins from reaching the 
terminal in neurons forming tangles. As one approach to test this hypothesis, 
we combined immunocytochemistry (ICC) to identify tangles with in situ 
hybridization (ISH) to determine the message level of the fast axonal transport 
motor protein, kinesin. The ICC/ISH procedure was performed on the same 
hippocampal formation sections of 2 AD and 2 control cases. ICC for tangles 
was performed using antibody mAb 69 generously provided by Dr. S.-H. Yen. In 
situ hybridization used a riboprobe constructed using a cDNA insert kindly 
provided by Dr. R. D. Vale. The region included in the cDNA is unique to 
kinesin and is not part of the microtubule-binding domain region. The ICC/ISH 
results indicate a moderate decrease of kinesin message in NFT-neurons relative 
to neighboring non-tangle neurons. The moderate kinesin decrease is in distinct 
contrast to the dramatic decrease of synaptophysin and GAP-43 messages in 
tangle neurons. Manual quantitation of message levels correlated to percent cell 
body occupied by tangles is in progress using an MCID image analyzer.

This work was supported by the following grants: LEAD 5R35AG0916, 
NRSA 5T32 AG00107-12, RO l 5R11AG01121-14, ADC 5P30 AG08665.
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2 9 5 .1 1
V IM E N T IN  IM M U N O R E  A C T IV IT Y  IN  H U M A N  B R A IN :
CO M PA R ISO N  B ETW EEN  A L Z H E IM E R  D ISEA SE AND H IG H  
PLAQUE NON - DEM ENTED CO N TR O L CASES. J.B. Pan* and K.E. 
Asin. Neuroscience Research, D-47U, Abbott Laboratories, Abbott Park, IL 60064 

The protein vimentin is typically seen during fetal development of the CNS. It 
is rarely expressed in normal adult astrocytes, but can reappear early in reactive 
astrocytes. We were interested in studying the appearance of vimentin-like 
immunoreactivity (V-LI) in early and late stages of plaque formation in human 
Alzheimer diseased (AD), high plaque non-demented control (HPND), and aged 
control (C) brains, and the relationship between vimentin and complement 
activation. Sections from formalin-fixed AD, HPND, and C subjects were 
processed immunohistochemically using antibodies directed against vimentin, and 
were also stained for either thioflavin S (mostly mature plaques), 4G8 (diffuse and 
mature plaques), or C3d (mostly mature plaque) -like immunoreactivity (IR). In 
AD brain, there was extensive V-LI, and it was typically associated with 4G8, 
thioflavin S and C3-d -LI. In HPND brain, V-LI was less prevalent but it was 
always associated with 4G8-LI. Colocalization with thioflavin S and C3d-LI was 
far less frequent in HPND brain sections compared to those of AD. The presence 
of vimentin is believed to indicate early stages of astrocyte development and 
reactivity. In AD, where there is profound and diffuse pathology, the consistent 
association of vimentin with both diffuse and mature plaques may indicate extensive 
recruitment of immature astrocytes and increased astrocytic reactivity. In HPND, 
however, brain pathology has not progressed to such an extent, and the induction of 
gliosis does not appear to be as profound. Therefore, the relative and absolute 
numbers of vimentin-containing astrocytes may be smaller and vimentin may be 
apparent only in younger, more diffuse plaques.

2 9 5 .1 3
C O N S T IT U T IV E  A N D  A M Y L O ID  p  PEPTIDE S T IM U LA TE D  
EXPRESSION O F IN F L A M M A T O R Y  M E D IA T O R S  BY C U LTU R E D  
M IC R O G L IA  F R O M  A L Z H E IM E R 'S  D IS E A S E  A N D  
N O N D E M E N T E D  ELDERLY PATIENTS. L. B rachova*. L.-F. Lue. 
T .D . Clark. D .G . W alker. D . Lorton. and I. Rogers. L.J. Roberts 
Center, Sun H ealth  Research Institute, Sun C ity, A Z  8 5 3 7 2 .

W e  have recently developed and characterized isolated and 
m ixed glial cultures from  rapid ( <  3 hours postm ortem ) brain 
autopsies o f A lzheim er's  disease (A D ) and nondem ented elderly  
(N D ) patients (Lue et al., this volum e). These cultures serve as an 
accessible, age appropriate, species appropriate, and disease 
appropriate system for evaluating brain endogenous sources of 
various m olecules that have been im plicated in A D  pathogenesis.

W e  have begun to characterize the inflam m atory repertoire of 
these cells, beginning w ith  such inflam m atory markers and 
mediators as the m ajor histocom patib ility com plex type II 
glycoprotein (M H C II) , C 1q , IL-1β , and T N F -α . M ic rog lia  from A D  
patients constitutively express all these m olecules, as shown in 
stu d ies  us ing  p a ra lle l  W e s te rn  b lo t,  E lisa, and  
im m unohistochem ical techniques. W h en  co-incubated w ith  
am yloid p  peptide, m icroglia upregulate their expression of C1q. 
These assays are now  being extended to comparisons o f the 
various glial types and to com parisons o f A D  and N D  patients.

2 9 5 .1 5

CD38 IS ASSOCIATED W ITH ALZH EIM ER'S N E U RO FIBRILLA RY
TANGLES. N. O ts u k a 1,2. R. M a c h i n a m i 1. M. M iz u g o c h i2,3,__T.
A iz a w a 2, S. H a g a 2, M. S a to 2. T. N u k a d a * 4 a n d  K. I k e d a 2. 1 D e p t. o f 
P a th o lo g y ,  F a c u lty  o f  M ed., U n iv .,  o f  T o k y o , D ep t, o f  2U lt ra -  
s t r u c tu r e  a n d  4N e u r o c h e m i s t r y ,  T o k y o  I n s t ,  o f  P s y c h ia t r y ,  3D ep t. 
o f  M e n ta l  R e ta r d a to n ,  N a t io n a l  I n s t .  N e u r o s c ie n c e ,  T o k y o , J a p a n .

CD38, a 46kD a g l y c o p r o t e i n  c o m m o n ly  k n o w n  as a p h e n o 
ty p ic  m a r k e r  o f  c e r t a i n  T a n d  B l y m p h o c y t e  s u b p o p u la t io n s ,  h a s  
r e c e n t ly  b e e n  r e p o r t e d  to  p o s s e s s  e n z y m a t ic  a c t i v i t i e s  fo r  
f o r m a t io n  a n d  h y d r o ly s i s  o f  c y c lic  A D P -r ib o s e  t h a t  h a s  
i n t r a c e l l u l a r  Ca2 + - m o b i l i z in g  a c t iv i t y .  S in c e  Ca2+ p la y s  a c r u c i a l  
ro le  in  n e u r o n a l  c e ll  d e a th ,  w e im m u n o s t a in e d  s e c t io n s  o f 
f o r m a l i n - f i x e d ,  p a r a f f in - e m b e d d e d  a u to p s y  b r a i n s  o f  12 
p a t i e n t s  w i th  A lz h e im e r  d ise a s e  (A D ) a n d  10 c o n t r o l s  by 
im m u n o p e r o x id a s e  m e th o d .  A n t ib o d ie s  w e r e  r a i s e d  in  r a b b i t s  
a g a in s t  s y n t h e t i c  p e p t id e s  c o r r e s p o n d in g  to six  p o r t i o n s  o f  
CD38. A ll th e  a n t ib o d ie s  to CD38 g a v e  a s im i l a r  r e s u l t s  s h o w in g  a 
p o s i t iv e  s t a i n i n g  o f  n e u r o f i b r i l l a r y  t a n g l e s  (N F T s), d y s t r o p h i c  
n e u r i t e s ,  n e u r o p i l  t h r e a d s  a n d  so m e  n e u r o n a l  s o m a ta  w i th o u t  
NFTs. In  a d o u b l e - i m m u n o s t a in i n g  a s sa y , m o st o f th e  CD38- 
p o s i t iv e  s t r u c t u r e s  w e re  t a u - p o s i t i v e .  H o w e v e r , o c c a s io n a l  
s t r u c tu r e s  w e r e  e i t h e r  C D 3 8 -p o s itiv e  & t a u - n e g a t i v e  o r  CD38- 
n e g a t i v e  & t a u - p o s i t i v e .  C D 3 8 -p o s itiv e  & t a u - n e g a t i v e  n e u r o n s  
w e re  m o re  a b u n d a n t  in  th e  v i c i n i t y  o f  b r a i n  a r e a s ,  s u c h  as 
p a r a h i p p o c a m p a l  a n d  o c c ip i to t e m p o r a l  g y r i ,  w h e r e  th e  NFT 
f o r m a t io n  is a c t iv e .  In  c o n t r o l  b r a i n ,  n e u r o n s  w e r e  n o t  s ta in e d .  
CD38 m ig h t  b e  i n d u c e d  in  n e u r o n s  d u r in g  th e  d e g e n e r a t i v e  
p r o c e s s  in  AD, w h e r e b y  it c o u ld  be  a s s o c ia te d  w i th  NFTs.

2 9 5 .1 2
C H A R A C TE R IZ A T IO N  O F G LIA L C U LTURES FR O M  RAPID 
AUTO PSIES O F H U M A N  ELDERLY PATIENTS. L.-F. Lue*, L. 
Brachova, D . W alker, and I. Rogers. Sun H ealth  Research 
Institute, Sun C ity, A Z  8 5 3 7 2
W e  have developed isolated and m ixed cultures o f microglia, 
astrocytes, and oligodendrocytes from  rapid (mean of 2 hours 55 
m in) autopsies of nondem ented e lderly  patients and patients with 
A lzheim er's  disease, Parkinson's disease, and m ultip le  sclerosis. 
Cultures w ere  derived from  both the corpus callosum  and superior 
frontal gyrus. Cultured m icroglia phagocytosed latex beads, were 
reactive for D il-acetylated low  density lipoprotein , were 
im m unoreactive for C D 6 8  and m ajor h istocom patib ility complex 
II markers, and w ere not im m unoreactive for fibroblast, astrocyte, 
or oligodendrocyte markers. C ultured astrocytes included fibrous 
and protoplasm ic types, w ere  im m unoreactive for G FAP, and were 
not im m unoreactive for fibroblast, m icroglia, or oligodendrocyte  
markers. C ultured o ligodendrocytes w ere  poorly  adherent, were 
slow to develop, w ere  im m unoreactive for galactocerebroside, and 
w ere not im m unoreactive for fibroblast, m icroglia, or astrocyte 
markers. Because they are readily m anipulated under controlled 
experim ental conditions, and because they perm it immediate 
access to individual cells and sets o f cells from  patients w ho  have 
actually suffered the disease, these cultures m ay provide an 
im portant new  tool for unravelling the etio logy and pathogenesis 
of hum an CNS disorders.

2 9 5 .1 4
EXPRESSION O F BCL-2 O N C O P R O T E IN  IN ALZHEIM ER'S  
DISEASE. S. O 'B arr. I. Schultz. M . M cK in ley * , I. Rogers. Sun 
Health  Research Institute, Sun City, A Z  8 5 3 7 2 .

To investigate the ro le of the apoptosis-related protooncogene  
bcl-2  in A lzheim er's  disease (A D ), w e  com pared levels of its 
protein product, designated Bcl-2, in three groups o f patients: 
A D , nondem ented e lderly  w ith  little or no A D  pathology at 
autopsy (N D ), and nondem ented e lderly  w ith  profuse am yloid p  
and entorhinal cortex tangle expression at autopsy (high 
pathology controls, H PC). The 26  k D  Bcl-2 protein is increased 
in expression by m ore than three-fold in A D  com pared to N D  
samples, as detected by im m unoblots. H PC  samples demonstrate 
interm ediate Bcl-2 expression.

Im m unohistochem ical analyses give sim ilar results. In A D  
patients Bcl-2 im m unoreactivity  is dense and profuse, and 
appears to occur on reactive astrocytes, w hereas Bcl-2 
im m unoreactivity  o f astrocytes in N D  patients is light and sparse. 
Staining of both gray and w h ite  m atter is observed, but is most 
prom inent in the latter. Increased expression o f Bcl-2 by 
astrocytes m ay partially underlie  their resistance to loss in A D . 
By contrast, neuronal Bcl-2 im m unoreactivity  is m ore sparse and 
equivocal, perhaps reflecting the vu lnerab ility  o f this cell type to 
apoptotic mechanisms in A D . Cell culture m odels are now  being  
used to test these hypotheses.

2 9 5 .1 6
U T IL IZ A T IO N  O F T IM E  O F FL IG H T  MASS SPECTROM ETRY T O  
Q U A N T IF Y  IN F L A M M A T O R Y  RELATED PRO TEINS. J.J. Schultz,*  
S. O 'B arr. J. Krone. A. B ieber, and I. Rogers, Sun Health  
Research Institute, Sun C ity, A Z  8 5 3 7 2 .

Inflam m atory mechanisms have been linked to A lzheim er's  
disease (A D ) and m ay play a key ro le in the pathogenesis of this 
disease. D eterm in ing  w hether the elevated im m une response in 
A D  represents a prim ary pathogenic event or a secondary  
response to previously dam aged neurons is com plicated by the 
difficu lty encountered in quantify ing the low  levels o f various 
cytokines and com plem ent proteins in the A D  brain and CSF 
required for correlation w ith  degree o f pathology. Identification  
and quantification o f sub-nanom olar levels o f an individual 
protein m ay be perform ed u tiliz ing  the technique o f m atrix- 
assisted laser desorption tim e o f flight mass spectrom etry. This 
m ethod involves m icro-scale affin ity isolation o f the selected 
antigen fo llow ed  by mass spectrom etry, y ie ld ing  peaks o f unique  
mass values in the resulting spectra. An internal standard allows  
direct com parison o f various spectra. W e  have u tilized  this 
technique to identify and quantify  levels o f the com plem ent 
protein C 1q in the brain and CSF o f short term  post m ortem  A D  
and age m atched control individuals. W e  are currently extending  
this technique to include add itional com plem ent proteins and the 
interleukins.
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2 9 5 .1 7
H eparin -b ind ing  grow th facto rs in con tro l and A lzheim er ch o ro id  
p lex u s . S. Cortez*. C. Johanson. V. Kuo-LeBlanc,M. Rodrigucz-Wolf.A. Baird. 
A M , Gonzalez. A- Seddon. p, Bohle n .and E.G. Stopa.
Brown University,Providence,Rhode Island, The Scripps Institute, La Jolla, California 
and American Cyanamid Corp., Pearl River, New York

Heparin-binding growth factors are structurally heterogeneous proteins which 
normally bind to the heparan-sulfate proteoglycans (HSPGs) present within the 
basement membrane and extracellular matrix. Although previous localization studies 
have shown that many heparin-binding growth factors are widely distributed within 
CNS neurons and glial cells, little is known about their respective distributions in 
other brain structures.

In the present study we examined the distributions of four heparin-binding brain 
growth factors within the normal human choroid plexus: basic fibroblast growth factor 
(FGF-2),vascular endothelial growth factor(VEGF), heparin-binding neurotrophic 
factor (HBNF),and midkine protein (MK).We also examined the distribution of each 
growth factor in specimens obtained from patients with Alzheimer’s disease. The 
immunocytochemical procedures were performed on samples of choroid plexus 
obtained from the lateral ventricles of control brains (n=10) and AD brains(n=4) fixed 
by immersion in 4% paraformaldehyde. The tissue samples were free-floated in 
specific polyclonal antibodies, and stained using a modified ABC technique. 
Following the staining procedures, the specimens were embedded in paraffin and 
sectioned at 10 um.Basic FGF,VEGF, HBNF and MK immunoreactivity could all be 
readily demonstrated within choroid plexus epithelial cells. A similar staining pattern 
was observed in specimens obtained from AD patients despite increased staining with 
a monoclonal antibody to Beta amyloid(GElO).Specific staining was eliminated by 
omission of the primary antibody or incubation with the affinity-column flow-through 
of each respective antiserum. These data suggest that the choroid plexus may be a site 
of growth factor entry into the brain extracellular millieu both in normal and AD 
patients.(Supported by NIH:AG10682,NS27601and DK18811.)

2 9 5 .1 8
IM M U N O H IS T O C H E M IC A L  S T U D Y  O F  T Y P E -1 P L A S M IN O G E N  
A C T IV A T O R  IN H IB IT O R (P A I- l)  IN  B R A IN : H. Akiyam a*. K. Ikeda, 
H. Kondo. P.L. M cG eer1. E.G. M cG eer1. Tokyo In s t . of Psychiatry , Tokyo 156, 
J a p an , 1 K insm en Lab., Univ. of B ritish  Columbia, V ancouver, C anada

E xtrav ascu lar fibrinolysis h as  d iverse  biological functions. The 
plasm inogen activators(PA s)/plasm in system  is involved in cell m igration , 
t issue  rem odeling and  neu ritic  outgrow th . P lasm inogen ac tiv a to r inhibi- 
tors(PAIs) a re  p ro tease  inh ib ito rs which belong to th e  se rp in  fam ily and 
reg u la te  the  activ ity  of PAs. We rep o r t h e re  th e  im m unohistochem ical lo
calization of type-1 PA I(PA I-l) in  h um an  and r a t  b rain  tissue. B rains from 
15 p a tie n ts  w ith  A lzheim er’s disease(AD) and  6 control subjects w ere ob
ta in ed  p ostm ortem  and fixed in th e  cold 4% parafo rm aldehyde, 0.1M phos
p h a te  buffer. pH  7.4 for 24 hours. M ale W istar ra ts  w ere sacrificed under 
deep anesthesia . The b ra in s  w ere rem oved im m ediately  and  fixed sim ilarly  
to hu m an  b rains. P rim ary  antibodies em ployed in th is  s tudy  w ere a goat 
polyclonal and  a m ouse m onoclonal an tibodies to hu m an  PAI (Biopool) and a 
rab b it antibody to r a t  PA I-1 (ADI). The p rim ary  antibody labeling w as v isu 
alized using  th e  av id in-b io tinylated  H R P complex(ABC) system  (Vector) 
coupled to a d iam inobenzidine reaction  in tensified  w ith  nickel am m onium  
sulfate . Senile p laques w ere s ta in ed  w eakly for PAI-1 in some b u t  not all 
cases of AD. In an  AD case com plicated w ith  b ac te ria l encephalitis  a t  the  
te rm in a l stage, senile p laques w ere s ta in ed  m ore in tense ly  for PAI-1 th an  in 
o th er cases. In th is  case, coarse g ran u la r  sta in in g  w as also observed in 
n euronal perik ary a . In r a t  b rain , sim ilar neu ro n a l sta in in g  was found occa
sionally in the  hippocam pus. These resu lts  suggest th a t  neu ro n s express 
PAI-1 in b rain  and th a t th e  expression  m ight be u p reg u la ted  in some condi
tions such as inflam m ation. Though th e  am o u n t of PAI-1 deposited  in senile 
p laques m ay vary betw een cases, PAI-1 ap p ears  to p lay  a significant role in 
th e  pathological processes of AD.

2 9 5 .1 9
THROMBIN RECEPTOR IN RAT HIPPOCAMPAL NEURONS: 
COUPLED Ca++ A ND cAMP RESPONSES M AY IMPAIR MEMORY,
G.J. Brewer1*, H. Akivama2, and Y. Yang1. 1 Southern Illinois Univ. Sch. 
Med., Springfield, IL 6 2 7 9 4 , 2Tokyo Instit Psychiatry, Tokyo 156, Japan.

A  mechanism to link the loss o f  memory in Alzheimer’s disease could 
involve thrombin action on neurons in the hippocampus. Since the LTP 
model o f  increased synaptic strength requires elevated Ca++ and increased 
cAMP, w e tested the effect o f  thrombin on these second messengers in 
virtually pure neuron cultures in serum-free B27/Neurobasal medium. 
During short-term exposure to 27 nM thrombin (1-60 min), there was 
essentially no change in Ca** measured by fluo-3 fluorescence or cAMP 
measured by radioimmunoassay. By Western blot, an antibody against the 
thrombin receptor revealed very low  receptor density compared to 
neuroblastoma cells. However, after a 24 hr. treatment with thrombin, 
receptor labeling on neurons increased 6-fold. Associated with this 
increase was a 6-fold increase in the fraction o f  cells with increased 
intracellular Ca++ and an average 44% decrease in cAMP levels. The 
cAMP response was dose and time dependent and could be blocked by the 
specific thrombin inhibitor, hirudin. Lower cAMP was also blocked by 
pertussis toxin, suggesting coupling o f  the thrombin receptor to a G; 
protein that inhibits adenyl cyclase. These results demonstrate an inducible 
thrombin receptor on hippocampal neurons and suggest a mechanism 
whereby long-term stimulation could interfere with Ca++ and cAMP 
dependent processes in memory.

ALZHEIMER'S DISEASE: TAU AND NEUROFIBRILLARY DEGENERATION

2 9 6 .1

MITOTIC PROTEIN KINASES AND ALZHEIMER'S DISEASE. I.J. Vincent*. 
M. Rosado and P. Davies. Depts. of Pathology and Neuroscience, Albert Einstein 
College of Medicine, Bronx, NY, 10461.

To better understand mechanisms leading to widespread aberrant protein 
phosphorylation in the brains of individuals with Alzheimer's disease (AD), we have 
characterized seven new monoclonal antibodies that were raised against paired helical 
filaments (PHF) purified from AD brain by immunoaffinity chromatography. The 
antibodies stain PHF in tangles and in neuritic elements of the AD brain, with little 
or no staining of normal brain tissue. These antibodies recognize independent 
phospho-epitopes in PHF, and show pronounced immunoreactivity with cultured 
cells in mitotic metaphase with no discernible reactivity of interphase cells. 
Treatment of cultures with the metaphase arresting agent nocodazole markedly 
increases the immunoreactivity with these antibodies in ELISA, and their staining 
of specific phosphoproteins on immunoblots. These metaphase-associated increases 
in reactivity with PHF antibodies correlate with the optimal activity of the cdc2 
mitotic protein kinase, but not with the activity of the related non-mitotic kinase, 
cdk5. It was therefore hypothesized that PHF phospho-epitopes may be produced in 
AD brain as a result of increased mitotic kinase activity. This idea has been 
substantiated by two lines of evidence: MPM-2, an antibody specific for mitotic 
phospho-proteins in all dividing eukaryotic cells, displays intense reactivity with 
NFT, neuritic plaques, and with neurons in AD, but shows no reactivity with 
normal brain; Histone H 1 mitotic kinase activity is far greater in hippocampal and 
temporal cortical tissues from AD brain than from normal brain. Furthermore, a 
fraction of PHF protein in AD brain is tightly associated with mitotic kinases, but 
not with the cdk5 kinase, and becomes phosphorylated by the mitotic kinases in 
vitro. These data argue for an involvement of mitotic kinases in AD pathology.

2 9 6 .2

DOES MAP KINASE IMMUNOREACTIVITY CO-LOCALIZE WITH 
MARKERS OF PAIRED HELICAL FILAMENTS IN ALZHEIMER'S 
DISEASE? A.K. Utal, T.A. Bieck, S Y. Felten*, S.L. Pelech1 and P.D. 
Coleman. Dept. of Neurobiology and Anatomy, University of Rochester, 
Rochester, NY 14642 and 1K inetek Biotechnology Corporation, 
V ancouver, British Colum bia, Canada, V 5Z 1A1.

Region-specific neurons in Alzheimer's Disease are characterized by 
the presence of paired helical filaments (PHFs) or neurofibrillary tangles. 
The primary component of PHFs is tau, a neuron-specific microtubule-
binding protein. PHF-tau is abnormally hyperphosphorylated, an 
observation that has focused considerable attention towards the role of 
protein kinases/phosphatases involved in the net balance of 
phosphorylation/ dephosphorylation reactions in neurons.

MAP kinase, in addition to several other kinases, can phosphorylate tau 
in vitro  at some of the same sites as in PHFs. However, MAP kinase can 
also phosphorylate several substrates other than tau, and appears to be a 
protein kinase that is activated in several types of signal transduction 
pathways. We are investigating the relationship of MAP kinase to 
PHF/neurofibrillary tangle-containing neurons. Preliminary results from 
double immunocytochemistry studies, using MAP kinase antibodies and 
phospho-tau antibodies (PHF-1 and AT8) indicate an inverse relationship 
between MAP kinase and PHF and AT8 immunoreactivity.
(Sponsored by grants from the NIA: LEAD 5R35 AG09016, TG 5T32 
AG00107-12, ROl 5R01 AGOl 121-14, 5 P30 AG08665).
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2 9 6 .3
PAIRED HELICAL FILAMENT ASSOCIATED PROTEIN KINASE 
PHOSPHORYLATES RECOMBINANT TAU ONLY AFTER PRIOR 
PHOSPHORYLATION. G.A. Jicha*. I.J. Vincent and P. Davies. Department of 
Pathology, Albert Einstein College of Medicine, Bronx, NY 10461.

Neurofibrillary tangles (NFT), a major manifestation of neuronal pathology in 
Alzheimer's disease (AD), have been shown to be partially comprised of hyper- 
phosphorylated tau forming paired helical filaments (PHF). Immunoaffinity isolated 
PHFs from Alzheimer brain tissue have an associated protein kinase activity that 
phosphorylates PHFs in vitro suggesting that the kinase may participate in the hyper-
phosphorylation of tau seen in AD. To test this possibility, a series of recombinant 
tau fragments were subcloned in E. Coli and purified. Kinase assays using these tau 
proteins as substrates were negative suggesting that the PHF kinase does not 
recognize the primary structure of tau. Recent evidence has suggested that multiple 
kinases acting in concert are required to produce the characteristic features of hyper- 
phosphorylated tau seen in AD. A variety of cellular kinases have been shown to 
phosphorylate tau in vitro including protein kinase C (PKC), protein kinase A 
(PKA), casein kinase II (CKII), and MAP kinase. These kinases were used to 
phosphorylate the recombinant tau fragments prior to assay with the PHF kinase. 
PKA pretreatment, but not PKC, CKII, or MAP kinase pretreatments produced 
alterations in tau that allowed the PHF kinase to further phosphorylate the tau 
fragments. Analysis of the sequentially phosphorylated tau fragments has shown that 
the addition of phosphates to tau by the PHF kinase occurs in the C-terminal 
microtubule binding domains. This work is the first to show that a kinase copurifying 
with PHFs is capable of leading to the pathologic alterations in tau seen in AD.

2 9 6 .5
TAU IS PHOSPHORYLATED BY cAMP-DEPENDENT PROTEIN KINASE AND 
CALCIUM/CALMODULIN-DEPENDENT PROTEIN KINASE II WITHIN THE 
MICROTUBULE-BINDING DOMAINS AT SER 262 AND SER 356. J.M . 
Litersky*1, P. Scubert2. M. Lee2. R. Jakes3  M. Goedert3, and G.V.W. Johnson1. 
1Dept. of Psychiatry, Univ. of Alabama at Birmingham, Birmingham, AL 35294, 
2 Athena Neurosciences, Inc., So. San Francisco, CA 94080 and 3MRC Laboratory of 
Molecular Biology, Cambridge CB2 2QH, U.K.

Phosphorylation of tau at Ser 262 has been shown previously to decrease binding to 
taxol-stabilized microtubules. Ser 262 has been shown to be phosphorylated in PHF- 
tau, and to a lesser extent in biopsy-derived normal human tau. However, specific 
protein kinases which are able to phosphorylate this site have not been identified. In 
this study, the phosphorylation of tau at Ser 262, as well as Ser 356 by cAMP- 
dependent protein kinase (cAMP-PK) and calcium/calmodulin-dependent protein kinase 
II (CaMKII) was demonstrated by use of a monoclonal antibody (12E8) which 
recognizes tau when these sites are phosphorylated. Phosphorylation of bovine, rat or 
human tau with cAMP-PK greatly increased 12E8 immunoreactivity. Cleavage of 
cAMP-PK-phosphorylated tau at cysteine residues by NTCB which divides the protein 
and separates Ser 262 from Ser 356, revealed that cAMP-PK phosphorylates both Ser 
262 and Ser 356. Further evidence for the phosphorylation of tau by cAMP-PK at Ser 
262 was obtained using a peptide containing amino acids 257 through 273 of tau. 
Phosphorylation by cAMP-PK to a stoichiometry of 1.15 ± 0.17 mol 32P/mol peptide 
was observed. Phosphorylation with cAMP-PK or CaMKII of recombinant tau in 
which Ser 262, Ser 356 or both had been mutated to alanines, clearly demonstrated that 
cAMP-PK and CaMKII were able to phosphorylate both sites. To determine the 
potential physiological relevance of the phosphorylation of Ser 262 and Ser 356, tau 
was extracted from control and okadaic acid-treated human mixed brain cells and cleaved 
with NTCB. These studies revealed that under basal conditions Ser 262 is 
phosphorylated, and treatment with okadaic acid significantly increases the extent to 
which both Ser 262 and Ser 356 are phosphorylated.

(Supported by NIH grants NS27538 and AG 12396.)

2 9 6 .7

N O N L IN E A R  R E L A T IO N S H IP  B E T W E E N  P H O S P H O E P IT O P E S  O F  T A U  
A N D  P H O S P H O R Y L A T IO N  A T S IT E S  W H IC H  T H E Y  D E P E N D  O N . H .M . 
Roder*. R .P , Fracasso. and F.J. H offm an. Institute for D em e n tia  R esearch, 
Bayer Corp., W est H aven , C T  0 6 5 1 5 .

P H F-tau , the pathologically hyperphosphorylated form  of tau proteins of 
Alzheim er's d isease (A D ), is characterized by the  presence of ab se n ce of 
im m unoreactivity with several phosphorylation d ep e n d en t m onoclonal 
antibodies (m Ab), like T au -1 , P H F -1 , S M I 31, 33, 34. D eletion of cand idate  
phosphorylation sites by site-d irected m utag enesis  has identified specific S er  
and Th r residues which a re  critical for epitope form ation dep e n d en t on their 
phosphorylation state. H ow ever, these results w ere  obtain ed by com paring  
immunoreactivities of w ild-type and m utant tau proteins carrying n and n-1 
phosphates, respectively. Th is  type of analyses only dem o nstrates  that a  
particular phosphorylation is necessary for epitope form ation (deletion), but 
does not indicate w heth er it is also sufficient.

W e  have correlated the im m unoreactivities of recom binant tau proteins at 
various levels of phosphorylation by the E R K 2 derived brain kinase P K 40  and  
in various gel mobility states with the phosphorylation of S er/T h r-P ro  sites as  
determ ined by tw o-dim ensional phosphopeptide m apping. T h e  analysis  
indicated that S e r2 3 5 , S e r19 9 /2 0 2  (T a u -1 epitope), and  T h r2 0 5  w ere  
preferred sites for P K 40erk2. H ow ever, while phosphorylation at a  single site 
m ay be necessary for epitope form ation (deletion), w e  found that no single  
phosphorylation is sufficient. S im ilarly, none of th e  various gel mobility states  
of tau could be correlated with phosphorylation at any single site. Thus, the  
immunochemical as well as the gel mobility state do not reliably indicate the  
phosphorylation state of tau at any given site.

As an exam ple, only about 3 0 %  of the E R K 2 accessib le S er/T h r-P ro  sites of 
fetal rat tau a re  in fact phosphorylated, although with respect to its gel mobility 
shift and its Tau-1 and PHF-1 immunoreactivity fetal tau is very similar, but not 
identical to P K 40erk2 hyperphosphorylated tau  and P H F -ta u .

2 9 6 .4
PROTEIN KINASE P110(M ARK) PHOSPHORYLATES TAU PROTEIN AT THE 
"ALZHEIMER" SITE SERINE 262: PURIFICATION AND EFFECTS ON 
TAU-M ICRO TUBULE INTERACTIONS AND DYNAM IC INSTABILITY.
G. Drewes. B. Trinczek. S. Illenberqer. J. Biernat. G. Schm idt-Ulm s,
H . E. M e ye r+  E.-M . M andelkow, e . M andelkow *.
M ax-Planck-Unit for Structural Molecular Biology, Notkestrasse 85,
D-22603 Hamburg, Germany.
+H nstitu t für physiol. Chem ie, Ruhr-Universitat, Universitütsstr. 150, 
D-44780 Bochum , Germany.

Aberrant phosphorylation of the m icrotubule-associated protein tau 
is one of the pathological features of neuronal degeneration in 
Alzheim er’s disease. The phosphorylation of Ser262 within the 
microtubule binding region of tau is of particular interest because it 
is observed only in A lzheim er’s disease (Hasegawa et al., JBC  
26:17047, 1992) and because phosphorylation of this site alone  
dram atically reduces the affinity for microtubules in vitro (Biernat 
et al., Neuron 11:153, 1993). Here we describe the purification from  
brain tissue and characterization of a protein serine kinase with an 
apparent m olecular weight of 110 kD on SDS gels. This kinase  
incorporates 3-4 phosphates into the tau m olecule and specifically  
phosphorylates the KIGS or KCGS motifs in the repeat dom ain (serines  
262, 293, 324, 356). The phosphorylation of Ser262 in the first repeat 
nearly elim inates tau ’s binding to microtubules and m akes them  
dynam ically unstable, while the other sites combined have only a 20%  
effect (Drewes et al., JBC 270:7679, 1995). The data suggest a role 
for p 110(mark) in cellular events involving rearrangem ent of the  
M APs/m icrotubule arrays and their pathological degeneration in 
A lzheim er’s disease. - Supported by DFG.

2 9 6 .6
FUNCTIONAL STUDIES OF THE PHOSPHORYLATION SITES OF TAU IN 
TRANSFECTED CHO CELLS. M. Mawal-Dewan*1. P. Marciano1. G. T, 
Bramblett1. J. O. Troianowski1. M. Goedert2 and V.M.-Y. Lee2 ’Dept, of Path. 
Lab. Med., Univ. of Penn. Sch. Med., Philadelphia, PA 19104., 2Med. Res. 
Council, Lab. Mol. Biol., Cambridge CB2 2QH, England.

Tau protein is the major microtubule (MT) associated protein expressed in 
axons. One of the major functions of tau is to stabilize MTs, but the mechanism 
whereby tau does this remains unknown. To address this question, we generated 
stably transfected CHO cell lines that express each of the seven tau isoforms, and 
we demonstrated an increase in the expression of the more stable forms of tubulin 
(Glu-tub) in all tau transfectants compared to non-transfected wild type CHO cells. 
Since previous studies demonstrated that phosphorylation regulates the binding of 
tau to MTs and that tau in Alzheimer’s disease paired helical filaments does not 
bind to MTs because it is hyperphosphorylated, we investigated the functional 
significance of the site specific phosphorylation of tau in these transfected CHO 
cells. First, we assessed the extent of tau phosphorylation at Thr181, S e r202/Thr205, 
Ser231, Ser262, Ser396 and Ser396/Ser404 in stably transfected CHO cells expressing 
each of the seven tau isoforms. Our data showed that these sites are differentially 
phosphorylated with Ser396 and Ser404 being the most phosphorylated, followed by 
Thr181 and Ser231 which are moderately phosphorylated and Ser202/Ser205, Ser262 
which are almost nonphosphorylated. Second, we demonstrated that the 
dephosphorylation of tau at these different sites is differentially regulated by 
phosphatases since the time course of the inhibition of dephosphorylation by 
phosphatase inhibitors (e g. calyculin A) results in a differential increase in tau 
phosphorylation at the different sites. Based on these data, we conclude that CHO 
cells transfected with each of the seven tau isoforms are a useful system to study 
the regulation and the functional significance of the dynamically changing 
phosphorylation state of tau in cultured cells

2 9 6 .8

ACCUMULATION OF HYPERPHOSPHORYLATED TAU IN 
KNOCK-OUT MICE LACKING CALCINEURIN. U.S.

Departments o f Neurobiology†, G enetics5, and Howard Hughes 
Medical Research Institute§, Harvard Medical School, Boston, MA 
02115.
Hyperphosphorylated tau, which accumulates in Alzheimer's 
disease (AD), was elevated in the brains o f mice in which the a  
isoform o f the catalytic subunit o f calcineurin was disrupted 
(CNAct-/-). The elevation occurred primarily in the hippocampal 
mossy fibers (MF) o f the CN A α-/- mice. In addition, the MF axons 
of the C N A a-/- mice contained less neurofilament protein than the 
wild type. Ultrastructurally, MF o f  the C NA α-/- mice contained a 
lower neurofilament/microtubule ratio than the wild type. These 
findings indicate that hyperphosphorylated tau can accumulate in 
vivo as a result o f reduced calcineurin, and is accompanied by a 
major change in the cytoskeleton o f  affected neurons, which is likely 
to have functional consequences that might be relevant to AD and 
other neurodegenerative disorders.
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2 9 6 .9

TISSUE TRANSGLUTAMINASE CATALYZES THE IN  VITRO 
FORMATION OF INSOLUBLE STRUCTURES FROM HUMAN 
RECOMBINANT TAU. D. M. Appelt*1, G.C. Kopen2, L.J. Boyne1,.B.J. 
Balin2. Dept. of Anatomy and Neurobiology1 and Dept. of Pathology and 
Laboratory Medicine2, Medical College of Pennsylvania and Hahnemann 
University, Philadelphia, Pa. 19129.

Alzheimer's disease is a progressive neurodegenerative disease in 
the aging mammalian CNS that is associated directly with the atrophy and 
death of nerve cells in affected brain regions. One characteristic pathology 
of AD is the accumulation of intraneuronal inclusions of an abnormal 
protein structure, the paired helical filament (PHF) into neurofibrillary 
tangles (NFTs) and neuropil threads in the Alzheimer brain. A reaction 
catalyzed by transglutaminases(s) (TGase) may play a major role in the 
formation of the insoluble PHFs and NFTs from normal soluble proteins 
within CNS neurons. Tranglutaminases are found in all tissues, both 
intracellular or extracellular, and are Ca2+ activated. In aging neurons, 
abnormal elevation of calcium may lead to the activation of TGase, 
stimulating the cross linking of cytoskeletal proteins into insoluble 
PHFs/NFTs. At certain Ca2+ concentrations and times of incubation, TGase 
appears to catalyze the formation of insoluble macromolecular structures 
from the microtubule associated protein tau derived from human 
recombinant cDNA constructs as revealed by biochemical immunological, 
and ultrastructural anaylses. Therefore TGase could be a potential player in 
the conversion of neuronal cytoskeletal proteins into insoluble 
macromolecular complexes found in Alzheimer's disease.
Sponsored by PHS/NIH AG10160 grant to B.J.B.

2 9 6 .1 1
C H A R A C T E R IZ A T IO N  O F P E R IP H E R A L  A X O N A L  TA U
IN  T H E  R AT § Xiaoyan Sun*, § Tomoko Tashiro, Shunsaku 
Hirai, § Yoshiaki Komiya, § Department o f Molecular and Cellular 
Neurobiology, Institute o f Neurology and Rehabilitation, Gunma 
University School o f Medicine, Maebashi, Japan 371

Tau is one o f the major microtubule-associated proteins mainly 
localized in axon. It is subject to developmental regulation. 
Pathologically, it is a primary component o f paired helical filaments 
(PHF). To investigate the developmental changes of tau in the 
peripheral nerve, ventral roots o f sciatic nerves and brains of 7-week- 
old Wistar male rats were used to perform the experiments. Tau was 
fractionated by its solubility in Triton and partially purified according 
to its properties o f heat stability and perchloric acid solubility. Western 
blot was carried out to demonstrate immunoreactive tau using 6 
independent anti-tau antibodies. Furthermore, non-equilibrium pH 
gradient electrophoresis (NEPHGE) system was used to characterize 
the peripheral tau. The results revealed that in addition to high 
molecular weight tau, low molecular weight tau was present in the 
peripheral nerve o f rat even after maturation. Low molecular weight tau 
consisted o f isoforms with apparent molecular weights o f 67kDa, 
62kDa, and 58kDa, and was in a highly phosphorylated state. 
Developmental regulation o f these peripheral isoforms and their 
phosphorylation states were analyzed.

2 9 6 .1 3

A MITOSIS SPECIFIC ANTIBODY RECOGNIZES HYPERPHOSPHORYLATED 
PROTEINS WITHIN NEUROFIBRILLARY TANGLE-LIKE STRUCTURES IN 
ALZHEIMER'S DISEASE BRAIN. C. K. Combs*. P. D. Coleman. M. K. 
O'Banion. Departments of Neurobiology and Anatomy and of Neurology, 
University of Rochester School of Medicine, Rochester, NY 14642

Tau protein from autopsied Alzheimer's Disease (AD) brain is phosphorylated at 
multiple sites (Hasegawa et al., J. Biol. Chem. 267:17047-17054. 1992). When 
compared to control brain tau, these phosphorylations appear aberrant and have 
helped give rise to the idea that tau protein is "hyperphosphorylated” in AD. 
Hypotheses indicate that increased kinase activity or decreased phosphatase activity 
may be responsible for this. Candidate kinases and phosphatases demonstrate an in 
vitro ability to regulate tau phosphorylation. Since the identified kinases and 
phosphatases are broad specificity enzymes, dysfunctional activity should lead to the 
hyperphosphorylation of proteins other than tau.

We have used the "mitosis specific" antibody, MPM-2, to identify other proteins 
that may be aberrantly phosphorylated in AD brains. MPM-2 recognizes the specific 
phosphorylated epitope LTPLK on a number of different proteins from various cell 
types as they begin to enter M-phase (Westendorf et al., PNAS USA. 91:714-718. 
1994). During the initiation of M-phase, MPM-2 immunoreactivity follows a burst 
of increased kinase activities, including those of cdc2 kinase and MAP kinase 
(Kuang and Ashom, J. Cell Biol. 123:859-868, 1993).

In the regions of AD brains examined, MPM-2 strongly stains apparent 
neurofibrillary tangles. From western blot analysis, the antibody recognizes an 
increased intensity of two bands in AD brains compared to controls. These bands 
have apparent molecular weights of approximately 46 and 42 kDa. We are currently 
trying to identify these proteins. The use of the MPM-2 antibody may help 
characterize proteins other than tau that are hyperphosphorylated and localized to 
neurofibrillary tangles in Alzheimer's Disease. [Supported by training grant T32 
AG 107, LEAD award AG09016, and R01 AG1121].

2 9 6 .1 0
TAU IN ALUM INUM -INDUCED NEUROFIBRILLARY TANGLES.
S.M, Singer*. G.A. New fry and N.A. Muma. Dept, o f  Pharmacology,
Loyola Univ. Chicago Stritch Sch. o f Med., M aywood, IL. 60153 

Tau is the major constituent o f  straight and paired helical filaments which are 
found in dystrophic neurites surrounding senile plaques, in neuropil threads 
and in neurofibrillary tangles in Alzheimer's disease (AD) brain. The assertion 
that aluminum plays a role in AD continues to stir controversy and debate. 
Aluminum is neurotoxic and in susceptible species produces neurofibrillary 
tangles in the neurons o f the brain and spinal cord. These aluminum-induced 
neurofibrillary tangles have been reported to contain phosphorylated 
neurofilaments. In this study, we demonstrate the presence o f tau in aluminum- 
induced neurofibrillary tangles in the rabbit. Double-label immunocyto- 
chemistry experiments demonstrate colocalization o f tau (using antibodies AT- 
8, tau-5, tau-1, PHF-1) and phosphorylated neurofilam ent (using SMI-31) in 
perikaryal tangles. The patterns o f aluminum-induced neurofibrillary tangle 
immunoreactivity are consistent among the various tau antibodies used. 
Furthermore, there are no differences in tau imm unoreactivity in the cytoplasm 
of non-tangle-bearing neurons compared to  the cytoplasm  o f tangle-bearing 
neurons. W estern blotting experiments demonstrate the specificity o f  tau 
antibody labeling (using PHF-1, tau-1, tau-5) and verify an absence o f cross
reactivity between tau-5 and the middle m olecular weight neurofilament 
protein (NF-M). These observations begin to elucidate the in-vivo interactions 
between aluminum, tau and neurofilaments. Further exploration o f these 
relationships may assist our understanding o f a putative interaction between 
aluminum and tau in AD. (Supported by NIH grant NS30460)

2 9 6 .1 2
ACCUMULATION OF PHOSPHORYLATED TAU W ITHIN AXOTOMIZED 
NEURONAL CELL BODIES O F TH E RAT FA CIAL NUCLEUS. W £ . 
Lyons* and L.A. Mamounas. ABL-Basic Research Program, NCI-FCRDC, 
Frederick, MD 21702 and National Institute on Aging, GRC, Baltimore, MD 21224.

Hyperphosphorylated tau protein is a major component of the cytoskeletal 
neurofibrillary pathology found in Alzheimer’s disease (AD). More recent studies 
have shown that, in the developing nervous system, fetal tau is likewise highly 
phosphorylated at multiple residues relative to normal adult tau. Thus it has been 
proposed that the neuronal degeneration and subsequent regenerative responses 
occuring in Alzheimer's disease may reactivate the tau phosphorylation states seen 
during development. In the present study, we have used the rat facial nerve axotomy 
model to examine the expression and phosphorylation state o f tau in the motor 
neuron cell bodies of the facial nucleus during the response to axonal injury. We 
found, by immunocytochemical staining using antibodies which are either 
phosphorylation state dependent (PHF-1, tau-1, and AT-8) or independent (tau-5, 
tau-46 and Alz50), low to moderate levels of tau protein in the soma o f  control 
motor neurons which is mostly present in a dephosporylated state. In situ 
hybridization with antisense tau oligonucleotides also revealed moderate levels of 
tau mRNA in the facial nuclei of control animals. Axotomy o f the facial nerve 
caused a marked elevation of tau mRNA and phosphorylated tau protein within the 
soma of facial neurons which was maximal at one week after lesion. In crush 
lesions of the facial nerve, the levels of phosporylated tau protein returned to control 
levels at 3-4 weeks after crush, consistent with the time course for functional 
regeneration of the facial nerve. In contrast, if the facial nerve was resected to 
impede successful regeneration, then the levels of phosphorylated tau remained 
elevated for up to 4 months after lesion. These results lend support to the hypothesis 
that paired helical filament formation in AD might be triggered by mechanisms 
related to neuronal degeneration and subsequent regenerative attempts after injury.

2 9 6 .1 4

P H O S P H O R Y LA TIO N  O F H U M A N  B R A IN  B IO P S Y  D E R IV E D  T A U  D U R IN G  
IN C U B A T IO N  IN  P B S . J . S o n g , C . C o m b s , W . H . P ilch er , A. K. U ta l, L. 
Y. S o n g * P . D. C o lem an. D e p a rtm e n t of N e u ro b io lo g y  and A n a to m y , 
School of M e d ic in e , U n iv e rs ity  of R o c h e s te r , R o c h e s te r, N Y  1 4 6 4 2 ;  
‘ D e p a rtm e n t of S u rg e ry , U n iv e rs ity  of R o c h e s te r , S c h o o l o f M e d ic in e , 
R o c h e s te r , N Y  1 4 6 4 2

T a u  p ro te in  fro m  p o s tm o rte m  A lz h e im e r 's  D ise ase  b ra in  has been  
though t to b e  ph o sp h o ry la ted  at n u m e ro u s  ep ito p e s  to a  d e g re e  not seen  
in age m atched  c o n tro l p o s tm o rte m  b ra in s . T h es e data  have  
co n trib u te d  to  th e  h y p o th es is  th a t a b n o rm a l p h o s p h o ry la tio n  of ta u  
p ro te in  is an im p o rta n t c o m p o n en t of th e  p a th o g en es is  of th e  d isease. 
H o w e v e r, it has been  re c e n tly  re p o rte d  th a t tau  is s ig n i f ic a n t ly  
p h o s p h o ry la te d  at a  n u m b e r of "d isease asso ciated" s ites  in b io p s ied  
co n tro l b ra in s  in a  m a n n e r w h ic h  d ecreases w ith  p o s tm o rte m  d e la y  
(M a s tu o , e t al, 1 9 9 4 ). T h is  su g g e s ts  th a t tau  p h o s p h o ry la tio n  m a y  be 
n o rm a l, no t p a th o lo g ica l. H e re  w e  rep o rt o u r in v e s tig a tio n  of d y n a m ic  
c h a n g e s  of p hosp hory latio n  of th e  tau  P H F -1 e p ito p e  (S e r  3  9 6 / 4 0 4 )  
in b iops ied  h u m a n  te m p o ra l lobe c o rtic a l tis s u e  as th e  tis s u e  w as  
m a in ta in e d  in P B S . D u rin g  th e  f irs t 3 0  m in u te s  of P B S  in c u b a tio n  
th e re  w a s  a  in c re a s e  in P H F -1  im m u n o re a c t iv ity  as o b se rved  v ia  
W e s te rn  b lot a n a ly s is . T h is  in c re a s e d  p h o s p h o ry la tio n  of tau  w as  
m a in ta in e d  fo r less th a n  3 0  m in u te s  and w a s  fo llo w e d  by a  g ra d u a l 
d e p h o s p h o ry la tio n  (a s  seen by d e c re a s in g  im m u n o re a c t iv ity )  b ack to  
in itia l leve ls  a f te r  2  ho u rs  o f P B S  in c u b a tio n . T h es e e v e n ts  m a y  be 
asso c ia te d  w ith  th e  p ro g re s s io n  to w a rd  n e u ro n a l d eath . S u p p o rte d  b y  
G ra n ts  (L E A D  # 5 R 3 5 A G 0 9 0 1 6 ,  T ra in in g  G ra n t # 5 T 3 2 A G 0 0 1 0 7 -  
1 2 , R 01 # 5 R 0 1 A G 0 1 1 2 1 - 1 4 ,  A H A F , AD C  # 5 P 3 0 A G 0 8 6 6 5 ,  B ad e r  
F o u n d a tio n ).
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296.15

OXIDATIVE STRESS AND NEURONAL INSULT:
TAU DEPHOSPHORYLATION IS AN EARLY EVENT.
Z. Pang*, V . Bondada and I.W . G eddes. Sanders-Brow n C enter on 
Aging and D epartm ent o f A natom y and N eurob io lo gy, U niversity  
of K entucky, Lexington, KY 4 0 5 1 4 .

Tau dephosphorylation , particu larly  at the tau-1 ep itope, is an 
early  m arker o f neuronal insult fo llo w in g  ischem ia, exc ito tox ic  
insu lt, and c o lc h ic in e - in d u c e d  m ic ro tu b u le  d is ru p tio n . To  
in ves tig a te  th e  p o s s ib le  ro le  o f o x id a t iv e  stress in tau  
d ep h o sp h o ry la tio n , m e n a d io n e  (2 -m e th y l-1 ,4 -n a p th o q u in o n e ,  
vitam in K3) and H 2O2 w ere  adm inistered to prim ary cultures o f rat 
h ip p o ca m p a l neurons. M e n a d io n e  m etab o lis m  results in the  
form ation and recycling of sem iquinone free radicals.

Tau d e p h o sp h o ry la tio n  w as e v id e n t w ith in  o n e  hour o f 
m enad ione (5 -5 0  μM ) or H 2O2 (1 0 0 μM ) ad m in is tra tion , several 
hours prior to the onset of neuronal death. This was ev idenced  by 
increased tau-1 im m u n o rea c tiv ity  and a lte red  tau m ig ratio n  in 
SDS-PAGE. In contrast, im m unosta in ing at the PHF-1 ep itope was  
largely unaffected . M e n a d io n e -in d u c e d  tau d ep h o sp h o ry la tio n  
occurred in the absence o f an e levation  in in trace llu la r ca lc ium  
and w as not b locked  by cyc losporin  A  (in h ib ito r  o f p ro te in  
phosphatase 2B). It was ab o lish ed  by 5 0  n M  o k a d a ic  ac id , 
suggesting the in vo lvem en t o f P P 2A  or possib ly PP1. Taken  
together, the results ind ica te  that tau dep h o sp h o ry la tio n  is an 
early m arker o f neuronal insult resulting from  o x idative  stress and  
occurs through the activation o f PP2A.

296.17

REGIONAL BRAIN PROTEIN PHOSPHATASE 2A (PP2A) ACTIVITY 
AND ALZHEIMER’S DISEASE (AD) NEUROPATHOLOGY.
S .G .S p ec ia le *+=. C .A .W h ite  111+=, E .H .B ig io ,= . M .C .M u m b y* &  E .S o n tag*. 
D epts. of Psychiatry+, P a th o lo g y + &  P h arm aco lo g y*, and A lzheim er’s 
Dis. C tr.(A D C )•, U T  S outh w estern  M e d . C tr., D allas , T X  7 52 3 5 -9 0 7 0 .

Brain neurofibrillary tan g les  (N FT) are  h a llm ark  neurop a th o lo g ica l A D  
m arkers  a n d  increasing evidence suggests that their formation could be 
a fun d am en ta l process in n euronal d ea th . N F T s  are  c o m p o se d  of 
ab norm al pa ired  helical filam en ts  co ntain ing  th e  m ic ro tubu le  associated  
protein tau , w hich norm ally  partic ipates  in m ic ro tu b u le  assem b ly  and  
stabilization. H o w ever, N FTs contain  hyperp h o sp h o rylated  tau, 
suggesting a ltered pho sp h o ry la tio n -d ep h o sp h o ry la tio n  m echanism s  
m ight underlie  neuronal dysfun ctio n, ie. ab n o rm a l cytoske le ton  could  
c o m p ro m ise  intracellu lar tran sp o rt o f critical su b s tan ces, such as growth  
factors. W e  exam in ed  p o s t-m o rtem  P P 2A  activity, w h ich  has been  
reported to  b e  red u ced  in A D  (G on g et a l„  J . N e u ro c h e m . 6 1  921 -7 , 
1993 ). W e  m easu red  P P2A  activity in reg io ns o f p ro m in en t (frontal [Fc] 
& tem p o ra l [Tc] cortices) an d  low  (cereb e llu m  [C er] &  occipital cortex  
[O cc ]) A D  neu ro p a th o lo g y  fro m  a g e -m a tc h e d  contro ls  and  
neurologically  affected  cases , as w ell as A D  patien ts  from  our A D C . 
P P2A  activity w as significantly low er in A D  Fc (34 -46% ) a n d  Tc (49-54% ) 
from  control, w hile  u n c h a n g e d  in th e  C e r or O cc . T h ese  findings are  
specific to  A D , as P P2A  activity in a  d e m e n te d  b ut n o n -A D  case  w as not 
reduced . O ur results su p p o rt p revious findings of d ec re as e d  PP2A  
activity in A D  an d  exten d  th e m  to  d e m o n stra te  th a t th e se  reductions are 
associa ted  w ith specific  reg io nal A D  neu ro p a th o lo g y.

296.16
EFFICIENT IMMUNOAFFINITY PURIFICATION OF SOLUBLE PAIRED 
HELICAL FILAMENTS FROM ALZHEIMER’S DISEASE BRAIN TISSUE. P, 
Davies*, G. Jicha, C. Bevona, G. Orr and I.J. Vincent. Pathology and Neuroscience, 
Albert Einstein College of Medicine, Bronx, NY 10461.

We have developed a new method for the purification of paired helical filaments 
(PHF) horn gray matter from cases of Alzheimer's Disease (AD), similar in principle 
to that reported previously (Vincent and Davies, PNAS 89, 2878-2882, 1992). We 
have now isolated a new IgGl antibody, M CI, which is very similar to Alz-50 in 
immunocytochemistry, immunoblotting, and ELISA assays. Several lines of evidence 
suggested that M C1 had considerably higher affinity for PHF proteins than Alz-50, 
protein A-purified M C1 was coupled to Affi-gel 10 (Biorad Lab.). Extracts of normal 
and AD gray matter were applied to M C1 columns, which were washed and eluted 
with 3M KSCN. There was no evidence for binding of normal brain proteins to these 
columns: tau concentrations appeared identical in extracts before and after the column, 
while l-2mg of protein was eluted from the columns after loading with 3-4g of 
protein from AD brain tissue. ELISA results suggest that 60-70% of PHF proteins in 
low speed supernatants of AD brain bind to the column, while there is no detectable 
binding of normal tau. Recovery calculations indicate that PHF proteins average 
0.17% of the protein in low speed supernatants from AD brain tissue. Electron 
microscopy revealed the presence of abundant PHF’s, with dimensions typical of 
those found in the AD brain. The eluted fraction contained protein kinase activity 
capable of phosphorylation of the major proteins present. SDS/PAGE analyses show 
the presence of 4 major proteins, three in the 60-68Kda molecular weight range, and 
one at about 120Kda. All of the protein entered the running gel, suggesting that all 
the eluted protein was soluble in SDS. All four bands are reactive with Alz-50, M C1 
and PHF1. Reduction and pyridinylation, followed by HPLC on C8 reverse phase 
columns revealed 4 major and several minor peaks. All 4 major peaks contained the 
three immunoreactive protein bands of 60-68Kda.

296.18
PH O SPH A TA SE A C TIV ITY  T O W A R D S A BNO RM ALLY  

PHOSPHORYLATED TAU IS DECREASED IN ALZHEIMER DISEASE 
BRAIN. C.-X. Gong*. S. Shaikh. J.-Z. Wang. T. Zaidi. I. Grundke-Iqbal 
and K. Iqbal. New York State Institute for Basic Research in 
Developmental Disabilities, Staten Island, NY 10314.

Microtubule-associated protein tau is abnormally hyperphosphoiylated 
and aggregated in affected  neurons o f  Alzheimer disease (AD) brain. This 
hyperphosphorylated tau can be dephosphorylated at some of the 
abnormally phosphorylated sites by purified protein phosphatase-1, -2A and 
-2B. In the present study, the role o f protein phosphatase activity in the 
hyperphosphorylation o f tau in AD was investigated. The abnormally 
phosphorylated tau (AD P-tau) was isolated from AD brain as described 
previously (J.B.C. 268:24374-24384; 1993). The levels of phosphatase 
activity towards AD P-tau were measured by a radioimmuno-dot-blot assay 
using phosphorylation-dependent anti-tau antibody, Tau-1, as primary 
antibody. Protein phosphatase-2 A, -2B, and to a lesser extent -1 in normal 
brain were found to dephosphorylate AD P-tau. The Km values of 
dephosphorylation of AD P-tau by isolated protein phosphatase-2A and -2B 
were similar. The levels of the total phosphatase activity towards AD P- 
tau in AD brain extracts were approximately 30% lower than in normal 
control extracts. These findings suggest that a decrease of protein 
phosphatase could be the cause of the abnormal hyperphosphorylation of 
tau in AD. (Supported in part by NYS Office o f Mental Retardation and 
Developmental Disabilities, NIH grants AG05892, AG08076, N S18105 and 
Zenith Award to K.I. from Alzheimer's Association, Chicago, IL).

MENTAL ILLNESS—SCHIZOPHRENIA II

297.1

THE PATHOPHYSIOLOGY OF SCHIZOPHRENIA. R .S . 
G reenberg*. 69 -2 3  223 S t . , B a y s id e , NY 11364 .

A new th e o ry  d e s c r ib in g  b ra in  d y s fu n c t io n s  
u n d e r ly in g  th e  d e lu s io n s ,  h a l lu c in a t io n s ,  and 
d iso r d e r e d  th in k in g  o f  sc h iz o p h r e n ia  i s  d e r iv e d  
from d a ta  a lr e a d y  in  the  l i t e r a t u r e  on thermo-  
r e g u la t io n ,  p in e a l  fu n c t io n in g ,  w a k e /s le e p /-  
dream ing, and t h e ir  c h r o n o b io lo g ic a l  in t e r a c 
t io n s .

P e r s i s t e n t ly  ir r e g u la r  s e l f - s e l e c t e d  tim e 
cu es are  seen  as le a d in g  to a sy n c h r o n iz a t io n  o f  
the c ir c a d ia n  rhythm s o f  s le e p /w a k e  and body/ 
b ra in  tem perature and to  a f l a t t e n e d  am plitu d e  
o f  th e  tem perature rhythm w hich r e f l e c t s  a 
narrowed v a r ia t io n  o f  th e  h yp oth a lam ic  s e t -  
p o in t .  The sm a lle r  drop o f  b ra in  and body 
tem perature a t  s le e p  o n se t  i s  v iew ed as c a u s in g  
d im in ish e d  se r o to n in  ( 5 -H T )r e le a se  from th e  
p in e a l  and l e s s  nonREM s le e p .  In fu r th e r  s le e p  
the h ig h e r  h yp oth a lam ic  tem p eratu re s e t - p o in t  
c a u se s  l e s s  p in e a l  c o n v e r s io n  o f  5-HT to  m ela
to n in  and l e s s  REM s le e p .  D uring w a k e fu ln e ss  
the low er h yp oth a lam ic  s e t - p o in t  p e r m its  more 
p in e a l  co n v ers io n  o f  5-HT to  m e la to n in ,  
p rod u cin g  REM s le e p  d u rin g  w a k e fu ln e s s . Dreams 
d u rin g  w a k e fu ln e ss  a re  then ex p e r ie n c e d  a s  
r e a l i t y .

297.2

PSYCHOPATHOLOGIES OF CONSCIOUSNESS: A NEURAL 
MODEL. B. Turner* and M. Knapp. Dept. Anatomy, Howard 
Univ. Coll, of Med., D.C. 20059.

Consciousness can be defined as either mental a) respon- 
sivity or b) images, whether actual, remembered or dreamed 
(Turner and Knapp, IPBS 1995). In the latter sense, 
information obtained from awake patients during brain 
stimulation shows that conscious phenomena can only be 
elicited from the structures of the anterior temporal lobe, 
particularly the amygdala and hippocampus. These 
structures are part of a neural system for object perception 
and recognition, the basis of mental imagery. Both structures 
project to nuclei of the ventral forebrain and hypothalamus, 
all of which then project heavily to the serotoninergic dorsal 
raphe cells and to the A8, A9, and A10 dopaminergic neurons 
of the midbrain. At this limbic-monaminergic interface, we 
hypothesize a neural mechanism which controls the flow of 
image information from limbic structures to the entire 
striatum and its output pathways (Turner & Wilson, NA 
1993). Malfunction in this system can result in an 
uncontrolled flow of information to the striatum, the neural 
basis for the ha'lucinations of schizophrenics, neuro- 
psychiatrically impaired "criminals", drug abusers, and 
Parkinson's patients on high doses of L-dopa.
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297.3
DO PATIENTS WITH LATE-ONSET SCHIZOPHRENIA  
DEVELOP DEMENTIA? D .V . Jeste*. M .C . Haloain. B. 
Nemiroff. M .J. Harris and R.K. Heaton. Geriatric Psychiatry 
Clinical Research Center, Department o f Psychiatry, University o f  
California, San D iego and San D iego V A  Medical Center, San 
D iego, CA 92161

Some investigators have proposed that late-onset schizophrenia is 
a neurodegenerative disorder, and may lead to dementia. We 
prospectively followed 22 outpatients (12 men, 10 women) who met 
DSM-III-R criteria for late-onset schizophrenia (n = 2 0 ) or delusional 
disorder (n = 2 ) (with onset o f prodromal symptoms after age 45) for 
an average o f five years (range 2 to 9 years). At the initial visit, the 
patients’ mean age was 62 years, age o f  onset o f  illness 57 years, 
Mini-Mental State Exam score 27, Brief Psychiatric Rating Scale 
score 35, and Hamilton Depression Scale score was 7. Patients 
were assessed at least annually. Most patients were treated with 
neuroleptics. At the time o f the last follow-up, two patients had 
committed suicide, three had died o f natural causes, while the other 
17 had generally remained stable although the severity o f  
psychopathology tended to fluctuate to some extent. None o f  the 
patients had developed dementia or been chronically institutionalized 
at the last follow-up. Our results suggest that late-onset 
schizophrenia is not a dementing disorder. On the other hand, the 
higher-than-expected mortality makes this a serious condition.

297.4
A UNIQUE PATIENT POPULATION WITH PSYCHOTIC THOUGHT DISORDERS 
IN LATE ADOLESCENCE HAVE REDUCED HIPPOCAMAL VOLUMES BY MRI. 
R.M. Pico1,3*. E. Keene1. J.J. Campbell1. S.E. McManis1. D. Carrier2. J.Lancaster3. 
P.T.Fox3. Depts. of Psychiatry1 and Neuroradiology2, Wilford Hall Medical Center; 
Research Imaging Center3, UT Health Science Center, San Antonio, TX, 78236.

The human phenomena of hallucinations and delusions, when persistent and 
debilitating, may result in the diagnosis of a psychotic thought disorder (PTD). 
Elucidating relevant neurobiological perturbations is hampered by many confounding 
factors in patients currently available for research. The strictly controlled environment 
of Air Force basic training identifies very young subjects with heretofore undiagnosed 
PTDs. Thus, a more consistent biological ‘signal’ for PTDs may be present in this 
population. Trainees diagnosed as schizophreniform (DSMIII-R) underwent MRI, as 
did nonpsychotic cohorts. Contiguous, 3-D MRIs (T-l, coronal, 0.98x0.98x1.0mm

PSYCHOTIC NONPSYCHOTIC
AGE* 19 117-231 (n=13 male) 19 118-21] (n=10 male)
Right HF† 2612 (196) 12280-29501 3148 (204) [2890-35601
Left HF 2382 (179) 12066-26601 2778 (244) 12573-32801
total HF 4995 (297) [4350-5400] 5923 (429) 15530-68301
CSP‡ 6 (46%) 1 (10%)

≥5mm length. All within-group and between-group volumetric comparisons reached 
statistical significance. HF volume may serve as a quantitative morphologic measure 
which reliably identifies young males with PTDs as they emerge from our ‘treadmill’ 
(stress) test for psychosis. This finding supports neurodevelopmental hypotheses of 
PTDs. We are currently in the process of continued patient enrollment, quantifying 
additional brain regions in MRIs, and analyzing CNS function with PET imaging.

297.5
A P O L IP O P R O T E IN  E ( A P O E )  G E N O T Y P E  IN  
S C H IZ O P H R E N IC  P A T IE N T S  W IT H  A N D  W IT H O U T  
D E M E N T IA . M .G . M a r t in o l i1* .  S .E . A rn o r ld 2 . and  J .O . 
T ro ia n o w s k i3 . 1: D ep t, o f  C h em istry  and Biology, UQTR, T ro is -  
R iv id re s , Q ué bec, C an ad a. 2: D e p a rtm e n t o f  P sy c h ia try , 3: 
D e p a rtm e n t o f P ath o lo g y , U niv. o f  P en n sy lvan ia  S cho ol o f  
M edicine, Philadelphia, USA.

A polipoprotein  E (A PO E) is a lipoprotein  expressed in th e  
hum an population as one o f th ree  allelic form s, nam ely APOE ɛ2 ,  
APOE ɛ3 and APOE ɛ4. The APOE ɛ4 is a risk fa c to r fo r  A lzh e im er's  
disease. Recent studies have d em on stra ted  the  association o f APOE 
ɛ4 and neuropatho log ic  findings in various groups o f d e m e n te d  
patients. E lderly p a tie n ts  w ith  chronic sch izoph ren ia fre q u e n tly  
e x h ib it  s e v e re  d e m e n tia  w ith o u t n e u ro p a th o lo g ic  find ings a t  
autopsy. W e have now in ves tig a ted  th e  freq u en cy  o f th e  APOE 
alleles in a group o f 32 sch izophren ic p a tie n ts  w ith  and w ith o u t  
dem entia  b ut no d istintive histopathologic features .
Genomic DNA was e x tra c te d  fro m  5 0 0  m g o f fro ze n  c ereb ella r  
cortex  and PCR techno logy was used to  am plify  a fra g m e n t o f th e  
APOE gene carrying th e  polym orphism .
Our results show no change in th e  frequency o f APOE ɛ4 and ɛ2 in 
p a tie n ts  w ith  s ch izo p h ren ia  w ith  or w ith o u t d e m e n tia . These  
resu lts  fu r th e r  su p p o rt th e  hypothesis  th a t  APOE g en o typ e  is 
co rre la ted  w ith  th e  presence o f  specific  neurod eg en era tive  brain  
lesions such as n eu ro fib rilla ry  tan g les , senile plaques and Lew y  
bodies in e lderly  patien ts.

297.6
S A C C A D IC  E Y E  M O V E M E N T S  IN  P A R E N T S  O F  P R O B A N D S  W IT H  
S C H IZ O P H R E N IA : A N  O B L IG A T E  C A R R IE R  A P P R O A C H . R .G . Ross*, 
J.GL Harris. A, O lincy, A.D. Radant, L E . Adler, and R.F. Freedman. 
S chizophrenia R esearch  C enter, Univ. o f C olorado H ealth  Sci. Center, 
D enver, C olorado, 8 0 2 6 2 .

P atients with schizophrenia h ave abnorm al saccad ic e y e  m ovem ents  
during delayed oculom otor and antisaccadic tasks. N onschizophrenic  
relatives o f schizophrenic patients h ave also b een  noted to h ave these  
s am e kind o f saccadic e ye  m ovem ent abnorm alities , suggesting that 
saccadic abnorm alities m ay be an inherited m ark er o f a biologic risk for 
schizophrenia. By using an "obligate carrier approach," this study  
attem pted to m ore closely assess th e  relationship betw een  schizophrenic  
genetic risk and saccadic eye  m ovem ents.

This study used infrared oculography and com puterized pattern  
recognition softw are to study saccadic e ye  m ovem ents  during visually 
guided, m em ory guided, and antisaccade e y e  m ovem ent tasks. Subjects  
w e re  fam ilies with (a) schizophrenic probands, (b) both biological parents  
available for study, and (c) w h ere  only on e  o f the biologic parents had a 
positive fam ily history for schizophrenia (m aking that parent the "obligate  
carrier" for any inherited risk for schizophrenia).

In the  delayed oculom otor resp onse task, parents o f schizophrenic  
probands h ave increased anticipation and are  less accu rate  in moving g aze  
to a rem em bered  targe t location. H ow ever, obligate carrier parents are  no 
m ore likely than nonobligate parents to be abnorm al on any delayed  
oculom otor response dependent m easure . A bnorm al perform ance on som e  
saccadic tasks m ay be a nonspecific inherited contributor to deve lopm ent of 
schizophrenia; how ever, abnorm al saccadic perform ance does not seem  to 
be a m arker o f a specific genetic risk factor for schizophrenia .

297.7

M O DU LA TIO N  O F A U D ITO R Y  G A TIN G  BY  5HT-2  
R ECEPTORS. R. G. Johnson1*. K. E . Stevens2, and G.M. R ose1,2,3. 
Departments o f  Pharmacology1, Psychiatry2, and Neuroscience3; Univ 
o f  Colorado Health Sciences Center, Denver

Deficits in auditory processing are a hallmark of schizophrenia. These 
deficits can be evaluated by surface recording of auditory evoked 
potentials elicited in response to closely paired click stimuli. In most 
rodents and non-schizophrenic humans the amplitude of the response to 
the second click is reduced (gated) compared to the first. Conversely, 
schizophrenics and amphetamine-treated rodents do not gate. Objective. 
The aim of these studies was to determine the role of 5HT-2 receptors in 
auditory gating. M ethods. Male Sprague Dawley rats were implanted 
with a screw electrode for chronic recording from the surface o f brains at 
the vertex of the skull. During the recording sessions, pairs o f clicks (a 
conditioning click followed by a test click) are presented 0.5 seconds 
apart. Recorded waveform variables (condition amplitude, test amplitude, 
and test/condition amplitude ratios) were examined to determine changes 
in gating due to 5HT-2 receptor agonists and antagonists. Results; 
Administration of (±)-2,5-Dimethoxy-4-iodoamphetamine (DOI) 
(2.5mg/kg, i.p.), a selective 5HT-2 agonist, normalized amphetamine- 
induced disruption of gating. The same dose of DOI restored gating in 
unmedicated non-gating rats and improved gating in normal gating rats. 
Furthermore, the administration of ketanserm, a 5HT-2 antagonist, 
(2.5mg/kg, i.p.) disrupted gating in normal animals.

297.8
LOW DOSES OF THE 5-HT2A ANTAGONIST MDL 100,907 
COUNTERACT NMDA ANTAGONIST-INDUCED, BUT NOT 
D-AMPHETAMINE-INDUCED, HYPERACTIVITY IN MICE. M L  
Carlsson*, P. Martin and A. Carlsson. Dept. of Pharmacol., Univ. of 
Goteborg, Medicinareg. 7, S-413 90 Goteborg, Sweden.

Since the non-competitive N-methy1-D-aspartate (NMDA) receptor 
antagonist phencyclidine, in contrast to d-amphetamine, mimics both 
positive and negative symptoms of schizophrenia, NMDA antagonist- 
induced behavioral aberrations in rodents may represent a better 
model of schizophrenia than the d-amphetamine model.

The aim of the present investigation was to compare the ability of 
the 5-HT2A receptor antagonist MDL 100,907 to influence NMDA 
antagonist- and d-amphetamine-induced hyperactivity in mice.

MDL 100,907 (0.001, 0.01, 0.1 mg/kg) was found to effectively 
and dose-dependently reduce the locomotor stimulation produced by 
the NMDA antagonists MK-801 (0.3 mg/kg; non-competitive), CGS 
19755 and D-CPPene (32 mg/kg and 20 mg/kg; competitive). In 
contrast, in this dose range, MDL 100,907 did not influence the 
hyperactivity induced by d-amphetamine (6 mg/kg).

Likewise, we observed that the atypical neuroleptic clozapine (2.5, 
5, 10, 20 mg/kg) effectively blocked the hyperactivity induced by 
MK-801 and CGS 19755, while lacking effect on d-amphetamine- 
induced locomotor stimulation.

The results will be discussed in relation to 1) the clinical profile of 
clozapine 2) the search for animal models reflecting different facets 
and subtypes of schizophrenia and 3) previous results indicating a 
powerful interaction between central glutamatergic and serotonergic 
systems.

Society for Neuroscience, Volume 2 1 , 1 995
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2 9 7 .9

THE COLOR WORD TEST (STROOP) IN SCHIZOPHRENICS 
R. HESS*. W. SCHWEITZER. R. SCHUTTLER: Dept, o f  Psychiatry 
II,Univ. o f  Ulm, BKH Giinzburg, 89301 Giinzburg, FRG.

It has previously been reported that schizophrenics showed a marked deficit in 
the Stroop test when put under time pressure by consecutively presenting the 
stimuli without an interval in between. Two drawbacks due to restrictions of the 
apparatus used were apparent from the results. Firstly, control subjects reached 
ceiling performance mainly in reading the color and (control) nonsense words, 
and secondly it seemed that schizophrenic patients were also distracted by 
nonsense words so that this was not an adequate control condition for the 
patients. In the present study these problems were overcome by presenting the 
Stroop test on a PC and by introducing two additional control conditions, 
namely reading color words in black ink and naming the colors of spots.

20 DSM III R schizophrenics and 20 normal control subjects matched for age 
and education participated in the study. Stimuli were the color words red, green, 
blue, and yellow written in black ink or in incongruent colors. The control 
conditions consisted of circular colored spots or the nonsense words res, jul, has, 
dor, and ken written in the same colors. Stimuli were presented consecutively 
without intervals. The rate of presentation was adjusted such that subjects made 
about 10% errors.

The results indicate that schizophrenics already had difficulties in naming the 
colors of the spots. There was only a tendency for schizophrenics to be 
distracted by nonsense words (difference of medians 100 ms) which was not 
significant. The genuine Stroop effect (the time needed to name the color spots 
subtracted from the time needed to name the colors of color words) was 100 ms 
in controls and 250 ms in patients and thus about 2.5 times longer in patients 
compared to controls.

2 9 7 .1 1
DIMINISHED PREPULSE INHIBITION FOLLOWING KAINIC ACID- 
INDUCED HIPPOCAMPAL DAMAGE TO MODEL SCHIZOPHRENIC 
NEUROPATHOLOGY. K.S. Se.vbold*. K. Smith. J. Wrigley. 
and R.L. Port. Dept. of Psychology, Grove City 
College, Grove City, PA 16127 and Slippery Rock 
University, Slippery Rock, PA 16057.

Previous research has indicated that modest insult 
to the hippocampal pyramidal cell populations with 
kainic acid (KA) can produce neuroanatomic and 
behavioral changes associated with schizophrenia. The 
present experiment examined the effects of KA induced 
damage on prepulse inhibition (PPI) of the startle 
response; it has been well documented that 
schizophrenics show significant impairment in PPI.

Young adult male SD rats were equally divided into 
control, low dosage KA (4mg/kg sc) or high dosage 
(8mg/kg sc) groups. Behavioral testing included 
pseudorandom presentation of a total of 63 trials of 
startle-alone, prepulse-startle, or no stimulation 
trials. Results showed that PPI was affected in a 
dose-dependent fashion. Mean PPI values for control 
animals was 68*. Low dosage of KA decreased PPI to 
52%; high dosage of KA decreased average PPI values to 
44%. These data indicate that KA-induced hippocampal 
damage yields behavioral changes described in 
schizophrenic patients and may serve as an acceptable 
model for further anatomical, physiological, and 
biochemical investigation.

2 9 7 .1 3
CHRONIC DIZOCILPIINE (MK 801) CAUSES SENSITIZATION TO 
ACOUSTIC STARTLE FOLLOWING WITHDRAWAL BUT FAILS TO ALTER 
THE BASAL ACTIVITY OF TYPE I CAUDATE NEURONS. M.D. 
Kelland*. Department of Psychology, St. Anselm College, 
Manchester, NH 03102.

Reduced activity of glutamatergic pathways from the 
prefrontal cortex to the striatum is a likely causative 
factor in the development of schizophrenia. Support for 
this contention comes from the psychopharmacological 
effects of non-competitive N-methyl-D-aspartate (NMDA) 
antagonists (e.g., phencyclidine) in humans. In the 
present study rats were treated with the NMDA antagonist 
MK 801 at a dose of 1 mg/kg/day for 7 days. Following 
withdrawal periods of 1, 4 and 7 days the rats were tested 
in an animal model of schizophrenia: prepulse inhibition 
of acoustic startle reflex (Geyer et al., BRB 25, 485,
1990). Control rats habituated to the acoustic startle 
pulse, whereas MK 801-treated rats showed more robust 
startle responses over time. Standard, extracellular 
single-unit recording techniques were also used to assess 
the basal activity of Type I caudate neurons 7 days after 
treatment with MK 801. As compared to controls, 
preliminary data were not significant with regard to 
firing rate or pattern for this cell type. These data 
confirm and extend an earlier report (Kelland et al., 4th 
IBNS Conference, Spain, 1995) that chronic MK 801 results 
in enduring changes in the responsiveness of rats to 
sensory stimuli. Although changes' were not apparent from 
initial studies on the activity of striatal neurons, the 
sensitivity of these cells to pharmacological agents 
remains to be tested.
(MDK is supported by PHS Grant MH51706)

2 9 7 .1 0
M ID L A T E N C Y  A U D IT O R Y  E V O K E D  P O T E N T IA L S  A N D  N E U R O 
P S Y C H O L O G IC A L  M E A S U R E S  IN S C H IZ O P H R E N IA . R.J.E rw in*. B. 
Turetsky, P . M oberg . R .C . Gur. and R .E . G u r. D ept, o f Psychiatry, Univ. of 
Penn., Philadelphia., PA  1 910 4 .

W hile  the recovery cycle o f the P1 com p onent (5 0 -6 0  m sec latency) of the 
auditory evoked potential has been reported as abnorm al in schizophrenia, 
little is known about the relationship betw een this abnorm ality and  
neuropsychological deficits in these patients. As an initial exam ination of this 
relationship, m idlatency auditory evoked potentials w ere  recorded at the C Z  
recording site of 31 patients with schizophrenia in response to binaural clicks 
presented at three stimulus rates: 1/sec, 5 /sec and 10 /sec. T h es e patients 
w ere also assessed with a battery of neuropsychological tests that covered 
attention, abstraction, verbal intelligence, spatial organization, sem antic  
m em ory, visual m em ory, verbal learn ing, langu age, visual-m otor processing, 
motor, and sensory functions . Patients w ere  then divided into high (n=16) 
and low recovery groups (n =15) based on the P1 am plitude at the 10/sec rate 
(g rea ter am plitude at this rate suggest grea ter abnorm ality in recovery). 
Multivariate analysis of variance of 11 neuropsychological function profile 
scores (Saykin et al. Arch. G en . Psychiatry, 1 991 ) show ed a significant group 
x global score interaction (Hotelling t= 3 .97 , p < .0 0 5 ). T h e  high recovery 
group had relatively grea ter deficits for an attention m easure  than for the 
rem aining neuropsychological m easures. W h en  patients w ere  similarly 
divided using baseline P1 am plitude (1 /se c rate) no significant differences in 
neuropsychological profile scores w ere  obtained. T h es e  findings suggest that 
abnorm alities in P1 recovery m ay be linked to deficits in attention processes 
in schizophrenia. This research w as supported by the following grants from  
the National Institute for M enta l H ealth: M H 4 3 8 8 0 , M H 4 5 1 13 and M H 50 344 .

2 9 7 .1 2
LATERAUZED DIFFERENCES IN SENSORIMOTOR GATING OF STARTLE FOR 
VARIABLES OF SEX AND PSYCHOSIS-PRONENESS. N.R. Swerdlow*, P.L. 
Hartman and P.P. Auerbach. UCSD Dept Psychiat., La Jolla, CA 92093 

Inhibition of the startle reflex by a weak prepulse (prepulse inhibi
tion: PPI) is a measure of sensorimotor gating. In preclinical studies, 
PPI is regulated by the forebrain via sequential connections between 
limbic cortex, striatum, pallidum, and pontine tegmentum, intersect
ing the primary startle circuit at the n. reticularis pontis caudalis 
(NRPC). This circuitry is lateralized, remaining ipsilateral until the 
NRPC, then crossing to innervate the contralateral motor n. of the tri
geminal nerve. Thus, forebrain activity regulates PPI of the contra
lateral orbicularis oculi (OO). Group differences in PPI (schizo
phrenia < controls, psychosis-prone < non-psychosis-prone controls, 
and normal women < men), all measured from the right OO, thus likely 
reflect differences in left forebrain activity that regulates PPI.

We recorded acoustic startle from both right and left OO in carefully 
screened controls. Subjects were characterized as psychosis-prone vs 
non-psychosis-prone, based on previously published MMPI criteria. 
Consistent with past reports, when startle was recorded from the right 
OO, PPI was reduced in psychosis-prone vs non-psychosis-prone con
trols, and also in normal women vs men. These differences were blunted 
or absent when startle was recorded from the left OO. PPI in men was 
greater in the right OO compared to the left, while PPI in women was 
symmetrical across eyes. Analyses verified that MMPI group effects re
sulted from differences in a single variable, the Goldberg Index. Again, 
this effect was lateralized to the right OO. Reduced PPI in psychosis- 
prone vs non-psychosis-prone controls, and in normal women vs men, 
primarily reflect differences in brain activity in the left hemisphere.

2 9 7 .1 4
AUDITORY WORKING MEMORY AND THE WISCONSIN CARD SORTING 
TEST. J.M. Gold. C. Carpenter. C. Randolph. T. Goldberg. T. Blaxton*. D. 
Weinberger. NIMH Neuroscience Center at St. Elizabeths Washington, DC. 
20032

Impaired Wisconsin Card Sorting Test ( WCST) performance has been one 
critical piece o f evidence o f frontal lobe dysfunction in schizophrenia. However, 
the specific cognitive processes underlying impaired performance have not been 
identified due to the cognitive complexity of the WCST. We hypothesized that 
the WCST impairment in schizophrenia reflects a fundamental working memory 
deficit, likely attributable , at least in part, to prefrontal dysfunction.

Method: We examined the performance of 30 normal controls and 36 
schizophrenic patients on a neuropsychological battery including a novel measure 
of working memory, letter-number span. The task involves the auditory 
presentation of a mixed series of letters and numbers ( such as” j4b2”) which must 
be sequenced in numeric and alphabetical order. The correct response for this item 
would be “24bj”.

Results: Schizophrenic patients were impaired on letter-number span. Letter- 
number span was highly correlated with WCST categories achieved in patients 
(r=.74). Between group WCST differences were eliminated when letter-number 
span performance was co-varied. Regression analyses suggested that letter- 
number span was highly predictive of WCST categories achieved whereas 
measures o f set shifting, verbal fluency, and sustained attention were predictive o f  
perseveration.

Conclusions: The data suggest that working memory is a critical determinant of 
WCST performance in schizophrenia.

Society for Neuroscience, Volume 2 1 , 19 9 5
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2 9 7 .1 5
PATTERNS OF CEREBRAL BLOOD FLOW DURING FACE AND WORD 
RECOGNITION IN SCHIZOPHRENICS, WELL SIBLINGS OF SCHIZO-
PHRENICS, AND HEALTHY VOLUNTEERS: A POSITRON EMISSION 
TOMOGRAPHY 15O STUDY. L. T. Eyler Zorrilla*, T. D. Cannon. L. H. Mozley. 
J. D. Ragland. R. E. Gur. and R. C. Gur. Departments of Psychology and Psych
iatry, Univ. of Pennsylvania, Philadelphia, PA 19104.

Verbal memory deficits and lateralized temporal lobe dysfunction have been 
demonstrated repeatedly in schizophrenia. To explore the relation of schizo
phrenia and familial risk for the disorder to changes in cerebral blood flow (CBF) 
during memory activation, we studied DSM-3R schizophrenics (SZ), well siblings 
of schizophrenics (SB), and healthy volunteers (NC). Subjects' region/whole 
brain CBF was recorded using 15O PET during recognition of previously studied 
words, previously studied faces, and a baseline condition. During word recog
nition, SZ showed underactivation in the posterior cingulate and overactivation in 
the insula relative to NC. SZ also evidenced hyperperfusion of the superior par
ietal region relative to NC. SB perfusion fell between that of NC and SZ in the 
insula and posterior cingulate, and was significantly less than both NC and SZ in 
the inferior frontal region and less than SZ in cerebellum. During face recog
nition, SZ showed no changes in CBF topography and less perfusion than NC in 
the inferior temporal region. SB evidenced decreases in CBF in the lenticular 
region, caudate, and cerebellum, and underactivation relative to NC in the inferior 
frontal region, caudate, and cerebellum. Both NC and SB showed appropriate 
laterality of activation (L>R for words and R>L for faces) in the midtemporal 
region, whereas SZ did not show appropriate laterality. Thus, memory activation 
effects on CBF appear to provide regionally-specific disease and vulnerability 
markers for schizophrenia as well as markers of protection against disease in the 
face of familial risk.

2 9 7 .1 7
THE ROLE OF DOPAM INE D , A N D  D2 RECEPTORS IN THE  
M EDIAL PREFRONTAL CORTEX IN PREPULSE INHIBITION.
B .A . Ellenbroek*. S. Budde and A .R . C ools. Dep. Psychoneurophar
m acology, U niv o f  Nijmegen, P .O . Box 9101, 6500 HB Nijmegen, 
the Netherlands.

Patients suffering from schizophrenia are known to have 
deficits in prepulse inhibition o f  the startle response. In the past, this 
deficit has been linked to disturbances in the dopaminergic transmis
sion in the nucleus accumbens. Since it was recently shown that 6- 
OHDA lesions o f  the prefrontal cortex also disrupt prepulse inhibiti
on (Bubser & Koch, Psychopharmacol. 113,(1994),487), it became 
o f  interest to investigate the nature o f  the dopaminergic receptors 
involved in this phenomenon. For this purpose, rats were bilaterally 
injected with saline, the selective dopamine D 1/5 antagonist SCH  
39166 (250 - 1000 ng/0 .5  µ l) or the selective dopamine D2/3/4 antago
nist sulpiride (12.5 - 100 n g/0 .5  µµ) into the medial prefrontal cortex 
and immediately placed in a startle chamber. Although neither drug 
affected the basal startle reactivity, both produced a dose-dependent 
diminution o f  the prepulse inhibition, suggesting that a reduction o f  
the dopaminergic transmission in the medial prefrontal cortex blocks 
prepulse inhibition. Whether this is due to an enhancement o f  subcor
tical dopaminergic processes is currently under investigation.

2 9 7 .1 9

SCHIZOPHRENIC PERFORMANCE ON TESTS SENSITIVE 
TO LEFT AND RIGHT MEDIAL TEMPORAL DAMAGE.
C.G. Wible*. M.O. Kimble. J.E. Allard. S .E. Law, and R.W. 
M cC arley . Lab. of Neuroscience, Psychiatry 116A, Harvard 
Medical School, Brockton VAMC, Brockton, MA 02401.

Unilateral temporal lobe resection for the treatment of 
epilepsy often results in anterograde amnesia for verbal 
information (left resection) or spatial information (right 
resection); prefrontal damage does not produce these 
deficits. MRI studies in our laboratory showed that 
schizophrenics (SZ) had left-lateralized volume reductions 
in several medial temporal areas, w ithout concomitant 
volumetric abnormalities in prefrontal areas. Verbal 
memory and object location tasks used in studies of 
unilateral temporal lobectomy were given, both within the 
same day, to chronic SZ, and matched controls (CN). Task 
order was counterbalanced. Immediate and 30 minute 
recall delays were used. SZ were predicted to show  
disproportionate d efic its  in performance o f  the verbal 
memory task. No significant d ifferences between groups 
were found in performance o f the object location memory 
task at any o f the delays, or in performance of the verbal 
recognition memory task. S ignificant d ifferences were 
found between groups in performance o f the verbal free 
recall memory task, with SZ performing poorly at all 
delays. Left medial temporal lobe damage in SZ subjects has 
fu n c t io n a l c o n s e q u e n c e s  c o n s is t e n t  w ith  the 
n europsychological literature.

2 9 7 .1 6
D IF F E R E N T  P A T H O P H Y S IO L O G IC A L  M E C H A N IS M S  O F  A L T E R E D  
W IS C O N S IN  C A R D  S O R T  P E R F O R M A N C E  IN  S C H IZ O P H R E N IC S  A N D  
E L D E R L Y  N O R M A L  S U B J E C T S . G . Esposito*. B .S . Kirkby . J .D . V an  Horn.
D  R. W e in b e rger. K .F . B e rm a n . P E T  Unit, C B D B / N IM H /N IH , Bid 1 0 /4 N -3 1 7 , 
9 0 0 0  Rockville Pike, B ethesda, M D .

Both elderly healthy subjects and schizophrenics show  im paired  
perform ance on the W isconsin  C ard  Sort (W C S ), a  test of prefrontal function. 
T o  investigate w h eth er th e  pathophysiological m echan ism s underlying this 
cognitive disability differ in th e  tw o groups, w e  studied with th e  o xyg en-15  
w ate r P E T  m ethod 16  elderly an d  16  schizophrenic subjects specifically  
chosen to  b e  individually m atched  acro ss groups for W C S  percent 
perseverative  error score and  sex. R egional cerebra l blood flow  (rC B F ) w as  
m ea su red  during the perform ance o f th e  W C S T  an d  its sensorim otor control 
task  (W C S T c ). M e a n  a g e s  and  percent p ers everativ e  errors for the  elderly 
group w ere  6 3 .5 ±7 .5  years  (ran g e 5 1 -7 3 ) an d  2 3 .9 %  (± 1 4 .2 ) and for the  
schizophrenics 3 5 .1 ± 8 .9  (range 2 1 -5 0 ) and  2 3 .7 %  (± 1 5 .3 ). Individual R O Is  
w e re  draw n on co-registered M R I scan for each  subject. rC B F  valu es w ere  
norm alized to the  global m ea n . M e a n  global C B F  did not differ betw een  the  
tw o groups. Activations (W C S - W C S c ) com m on to  both elderly and  
schizophrenic subjects w ere  observed  in th e  left inferior (p< .01 an d  p< .05 , 
respectively; BA 4 4 -4 6 ) and right m iddle (p < .0 5  and p < .0 1 ; BA 4 6 ) frontal gyri. 
Additionally, e lderly subjects activated  the right inferior frontal gyrus (p < .0 1 ; 
BA 4 6 ), right superior frontal gyrus (p < .05; BA 10), and  right inferior parietal 
lobule (p < .05 ; BA 4 0 ), w hile schizophrenic subjects show ed activation in the  
left occipital lobe (p < 0 .05 ; BA 1 8 /1 9 ). A  significant d ifference b etw e en  the  
groups w as  seen  in several frontal regions, w h ere  elderly subjects had higher 
norm alized rC B F  during both tasks (p < .0 5 ). T h e  o lder group had higher 
activation in th e  right inferior frontal gyrus (p = < .05 ; BA 46 ). T h es e  data  
suggest that distinct pathophysiological m echan ism s involving differential right 
dorso lateral prefrontal function m ay b e  responsib le for im paired W C S  
perform ance in the elderly and  in patients with schizophrenia .

2 9 7 .1 8
AFFECT AND SKIN CONDUCTANCE RESPONSES IN LANG’S “LOOK
ING AT PICTU RES” TASK ARE ABNORMAL IN SCHIZOPHRENICS.
E.J. Neafsey*, J.W , Crayton, L.M. Konopka, S. Delisi, J. Mohan, E. Massey, 
and S. Neafsey. Neuroscience Program  and Departm ents of Cell Biology, Neu
robiology & Anatomy, Pharmacology, and Psychiatry, Loyola University Medi
cal Center and Hines VA Hospital, Maywood, IL 60153.

Schizophrenia is associated with reduced frontal blood flow or metabolism, 
reduced skin conductance responses (SCR), and “flat” affect. Our overall hy
pothesis is these symptoms are related in the same way as in Dam asio’s pa
tient EVR, who lost both normal affect and SCRs following orbitofrontal dam
age (B B R  41:81,1990). Our first question: are affect and SCRs related in 
schizophrenia? In Lang’s Looking a t Pictures task the subject (S) views 21 
slides from The International Affective Picture System (Psychophys. 30:261,1993). 
Each picture is viewed for 6 sec, after which S rates it for valence (pleasant— 
unpleasant) and arousal (exciting—calming) using the Self-Assessment Manikin. 
SCRs during each picture are also recorded. Control and schizophrenic subjects 
were studied with this task. For both groups the table compares the m e a n  o r 
m e d ia n  c o rr e la t io n  co effic ien ts  r._____________________________________

Group H V:N r A:N r SCR:N r A:SCR r Sum of rs
Control (10) 0.91 0.65 0.33 0.33 2.09
Schizo (5) 0.49 0.16 -0 .1 2 -0 .1 9 0.38
p value: Sch<Con 0.02 0.0007 0.01 0.0004 | 0.0003 |
Control Ss correlated well with Lang’s Normals for valence (V:N), arousal 

(A:N), and SCR (SCR:N) and within themselves for arousal vs. SCR (A:SCR). 
Their composite sum of all four rs averaged about 2 out of a  possible 4. In 
contrast, m ost (4/5) schizophrenic S8 showed smaller positive or even nega
tive correlations with Normals and between A:SCR. Thus, the normal relation 
between SCRs and affect, especially arousal, is absent in some schizophrenics.

2 9 7 .2 0

SMOOTH PURSUIT EYE MOVEMENTS AND CIGARETTE SMOKING IN 
SCHIZOPHRENIA. A. Olincy, R.G.Ross, M.Roath, and R. Freedman*. 
Schizophrenia Research Center, Univ. of Colorado Health Sci. Center, 
Denver, Colorado, 80262.

Smooth pursuit eye movement (SPEM) abnormalities have been 
found in patients with schizophrenia. Schizophrenics tend to 
anticipate target movement which causes an "anticipatory" saccade to 
intrude upon accurate tracking. Schizophrenics have an increase in 
the number and amplitude of these anticipatory saccades when 
compared to controls. As at least 75% of schizophrenics smoke 
cigarettes, this study examined the effect of smoking on anticipatory 
saccades.

Using infrared oculography and computerized pattern recognition 
software, a 16.7 degree/second constant velocity SPEM task was 
analyzed. Subjects abstained from smoking for a minimum of 9 hours. 
Baseline SPEM was recorded, then the subjects smoked as much as 
they desired in 10 minutes (from 1-3 cigarettes). SPEM was again 
recorded immediately, at 10 minutes and at 20 minutes post nicotine 
exposure. One week later, the same subjects returned to repeat the 
study with a ten minute waiting period, without smoking. Subjects 
included both male and female smoking schizophrenics and smoking 
controls.

Analysis by ANOVAshowed a trend toward group by time effects for 
amplitude per second of anticipatory saccades. Examination of short-
term effects of nicotine on anticipatory saccades may elucidate the 
differences between schizophrenics and controls on this measure of 
smooth pursuit error and demonstrate a role for nicotinic receptors in 
eye movements.
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2 9 7 .2 1
THE PATTERN OF NEUROPSYCHOLOGICAL DEFICITS IN 
SCHIZOPHRENIC PATIENTS WITH TARDIVE DYSKINESIA. S. Nawroz. 
T.M. Hyde. M.F. Egan. M.L.Gourovitch. C ,J. Carpenter. J.M. Gold. T.E. 
Goldberg and J.E, Kleinman*. CBDB, NIMH, St. Elizabeths Hospital, 
Washington, D C. 20032.

Tardive dyskinesia (TD) and dystonia are neuroleptic induced movement 
disorders thought to be associated with cognitive deficits in schizophrenia. TD in 
patients with schizophrenia is usually oral-buccal, while dystonias frequently 
involve the trunk-limb area. We hypothesized that these topographic differences 
might be secondary to abnormal cortical-striatal connections that could be 
demonstrated with neuropsychological testing. This hypothesis was tested by 
administrating a battery of neuropsychological tests and the Abnormal Involuntary 
Movement Scale to three groups of DSM III-R patients. (1) schizophrenics 
without TD (n=32); (2) schizophrenics with predominantly oral-buccal TD (n=21); 
and (3) patients with trunk-limb dystonias and dyskinesias with and without oral- 
buccal involvement (n=14; 8 with schizophrenia and 6 with other psychiatric 
illness). The three groups were similar on WRAT-R reading, a measure of 
premorbid IQ. The oral-buccal TD group did worse on FSIQ and the dementia 
rating scale relative to schizophrenics without TD and the trunk-limb dystonia 
group. The most striking difference was a 60% reduction in categories on the 
Wisconsin Card Sort Test (WCST) in oral-buccal TD patients relative to the 
schizophrenics without TD and the dystonia group regardless of diagnosis. 
Moreover, the trunk-limb dystonia group did worse on Boston Naming Test 
relative to schizophrenics with or without oral buccal dyskinesia. In so far as the 
WCST and Boston Naming test are thought to reflect frontal and temporoparietal 
function, respectively, these results are consistent with the hypothesis that specific 
cortical abnormalities may effect the anatomic localization of neuroleptic induced 
movement disorders.

2 9 7 .2 3
CSF GLUTAMATE INVERSELY CORRELATES WITH POSITIVE 
SYMPTOM SEVERITY IN UNMEDICATED SCHIZOPHRENIC /  
SCHIZOAFFECTIVE PATIENTS. W.O. Faustman*. M. Bardeett. 
K.F. Faull. A. Pfefferbaum. J,G. Csemansky. Stanford University /  VA 
Mental Health Clinical Research Center, Unit 4B2, V.A. Medical 
Center, 3801 Miranda Ave., Palo Alto, CA 94304.

Recent work (e.g., Carlsson & Carlsson, Schiz. Bull.. 1990) suggests 
that diminished glutamatergic activity may be important in the 
neurochemical basis of schizophrenia. Little clinical research has 
directly addressed this hypothesis. We assayed previously frozen CSF 
for 18 male inpatients who had given written consent for lumbar 
puncture (LP) studies. Thirteen of the patients met Research Diagnostic 
Criteria for schizophrenia, 5 met criteria for schizoaffective disorder 
(typically mainly schizophrenic subtype). All patients were 14 or more 
days free of psychiatric treatment medications (except PRN chloral 
hydrate) at LP. We found that an index o f positive symptom severity 
derived from the BPRS was inversely correlated (rs = -0.47, P < 0.05) 
with CSF glutamate concentrations. Hallucinatory behavior severity was 
strongly inversely correlated (rs = -0.61, P < 0.02) with glutamate. CSF 
homovanillic acid was not correlated to either positive symptoms or 
glutamate. Eleven of the 18 patients were treated with haloperidol for 2- 
4 weeks and then consented to a second LP. Glutamate was not 
significantly changed by haloperidol treatment. No correlations were 
noted between symptoms and glutamate in these medicated patients. 
The results provide initial support for relationships between positive 
symptom severity and glutamate in medication free patients. Further 
replication in independent samples is needed.

Supported by the Dept, of Veterans Affairs & MH-30854.

2 9 7 .2 5

BORNA DISEASE VIRUS CORRELATES IN A SCHIZOPHRENIA - 
MONOZYGOTIC TWIN STUDY COHORT.
1.2Waltrip RW*. 3Torrev EF. l 2King LR. 3Weinbereer DR. 3Rickler KC. 
2Rubin SA. 2Carbone KM.
’Maryland Psychiatric Research Center, P.O. Box 21247, Baltimore, MD 
21228; 2Viral Immunopathogenesis Laboratory, Johns Hopkins University, 
Dept, of Medicine; 3Clinical Brain Disorders Branch, Intramural Research 
Program, National Institute of Mental Health.

Boma disease virus (BDV) is a neurotropic and nonlytic agent that causes 
an immunopathological meningoencephalitis in natural hosts (horses, sheep, 
ostriches, and domestic cats). BDV infects experimental hosts ranging from 
avians to primates. BDV, or a BDV-like agent is hypothesized to infect 
humans and to cause neuropsychiatric disease. Using a criterion of 
antibodies to 2 or more BDV proteins for seropositivity (S + ), we assayed 
anti-BDV antibodies in groups of monozygotic twin pairs who were either 
concordant (C) or discordant (D) for psychiatric disease. Preliminary 
analysis indicates that S +  was associated with: the twin group D for mental 
illness (Partial X2 =7.7 , d f= l , p=.005), the schizophrenia (Sz) twin group 
(Partial X2 =9.1 , d f= l, p=.003), and higher soft neurological signs 
(F=8.26, d f= l, p=0.005). S +  rates were: 1/26 C for Sz (13 pairs); 0/2 
C for other psychosis (1 pair); 0/8 affected and 0/8 unaffected discordant 
(D) for Bipolar disorder (8 pairs); 0/16 normal (8 twin pairs); 9/25 
affected and 5/25 unaffected discordant for schizophrenia (25 pairs). All of 
the 5 S+ unaffected subjects had S +  Sz affected cotwins. Clinical, 
quantitative MRI and neurological data will be presented.

2 9 7 .2 2
VERBAL WORKING MEMORY IMPAIRMENT IN SCHIZOPHRENIA. M. Stone. J.D.E. 
Gabneli. E.V. Sullivan. G. T. Stebbins*, & & S. Inaemanson. Depts. of Psychology and 
of Psychiatry and Behavioral Sciences, Stanford University, Stanford, CA 94305, DVA 
Medical Center, Palo Alto, CA 94304, and Rush Presbyterian St. Luke's Medical 
Center, Chicago, IL 60612.

Working memory is a multi-component psychological system that supports 
temporary storage of information during performance of cognitively complex tasks. It 
is thought to comprise several immediate memory slave systems overseen by the 
central executive. Dorsolateral prefrontal cortex (DPFC) has been implicated as an 
important neural substrate of the executive component of working memory in monkey 
lesion studies, human brain lesion studies, and human PET activation studies. DPFC 
has also been identified as a critical area of dysfunction in schizophrenia. 
Schizophrenics show deficits on tests of spatial working memory. The present study 
assessed verbal working memory in schizophrenia patients and its contribution to 
patients' performance on a variety of strategic memory tests. Eighteen schizophrenics 
and age-matched control subjects were administered memory tests including two 
versions of the working memory tests developed by Salthouse & Babcock (1991), 
recall and recognition tests, self-ordered pointing and temporal order tests, and tests 
of digit spans forward and backward. The working memory test (sentences version) 
required subjects to answer a simple question about an orally presented sentence, 
while simultaneously trying to remember the last word of each sentence. In the 
computation version, simple arithmetic problems were used, and subjects solved the 
problems while simultaneously trying to remember the last number in each of the 
problems. Schizophrenics had intact immediate memory (digit span forward), but 
impaired working and strategic memoiy. Thus, working memory impairment in 
schizophrenia extends into verbal domain. We propose that the central executive 
component of the working memory is damaged in schizophrenia, while the 
immediate memory slave systems (e.g., phonological loop) remain relatively intact. 
Working memory impairment may be central to tne profile of spared and impaired 
cognitive performance in schizophrenia, and would be consistent with the 
hypothesized frontal lobe dysfunction. Supported by ONR, NIA, MH30854, and DVA.

2 9 7 .2 4
INFLUENCE OF OSMOTIC STIMULATION ON CORTISOL 
SECRETION IN SCHIZOPHRENIA . Morris B. Goldman*. Psychiatric 
Institute, Univ. of Chicago Pritzker Sch. of Medicine, Chicago, IL 60637.

Hyponatremic polydipsic schizophrenics (HPS) exhibit unexplained enhanced 
activity of both the stress hormone, cortisol (CORT), and the anti-diuretic hormone, 
vasopressin (AVP). Pathways regulating one hormone appear to influence the other, 
at least in certain pathologic states, and some of these pathways originate in limbic 
areas implicated in the pathophysiology of psychosis.

In a preliminary effort to determine if CORT secretion is abnormally influenced by 
vasopressinergic stimuli in these patients, we measured the A VP and CORT response 
to hypertonic saline in male HPS (n = 5), normonatremic polydipsic schizophrenics 
(NPS) (n = 4), normonatremic nonpolydipsic schizophrenics (NNS)(n = 6), and 
normals (n = 11). 3% saline (0.1 ml/min/kg) was administered for 105 minutes at 2 
pm, and samples were determined at 15 minute intervals. Plasma osmolality 
increased from 288-300 mOsm/kg in the three normonatremic groups, and from 278- 
290 in HPS. A VP was lower at baseline in HPS and NPS, and increased less in HPS 
(0.6 pg/ml) than in the other three groups (NPS: 2.8; NNS: 4.3; normals: 4.0 
(P<0.02). At baseline, CORT did not differ across groups (HPS = 14.1 ug/dl; NPS = 
11.3; NNS = 11.4; normals= 14.3), and decreased linearly to a similar extent in HPS 
(105” = 9.4 ug/dl; Time P<0.02) and normals (10.6,P<0.001), but did not change in 
NPS (13.2) or NNS (11.6)(TG interact: HPS vs NPS: P<0.005; HPS vs NNS: P<0.01; 
HPS vs normals: P<0.35). Interpretation is complicated by multiple issues, but data 
suggest that CORT showed normal (or slightly blunted) diurnal fall in normals and 
HPS. The failure of CORT to diminish in NPS and NNS is consistent with an 
enhanced CORT response to osmotic stimulation in schizophrenia. The apparent 
normal fall of CORT in HPS could be related to their diminished AVP response, but 
in any event suggests altered osmoregulatory influences do not contribute to their 
enhanced CORT activity.

2 9 7 .2 6
S C H IZ O P H R E N IA  A N D  P S Y C H O S T IM U L A N T  A B U S E : R E -A N A L Y S IS  OF  
C L IN IC A L  E V ID E N C E . P .A . L e D u c * and G . M it t le m a n . D e p t, o f 
Psychology, T h e  U n ive rs ity  o f M em p h is , M e m p h is , T N  3 8 1 5 2 .

A rtic les  published b e tw e e n  1 9 7 5  and 1 9 9 4  th a t  spec ifica lly  
d o c u m en ted  psyc h o stim u la n t abuse in p a tie n ts  d e te rm in e d  to  be 
sch izophrenic acco rding to  rece n t and re la tive ly  un ifo rm  d iagn ostic  
criteria w e re  exam in ed . T h es e artic les in d ic a ted  th a t  th e  inc id ence o f 
p syc h o stim u la n t abuse in schizophren ics  is 2 -5  tim es  h igher th a n  th a t  o f 
th e  general public . A d d itio n a lly , unlike th e  decline  in s tim u la n t use seen  
in older adults in th e  general popu la tio n , high rates  o f abuse appeared  
to  be m ain ta in ed  in schizophren ics . A lth o u g h  th e  in c id en ce o f abuse in 
th is group w a s  high, com p arisons o f abuse rates  g en e ra te d  by se lf- 
report w ith  th o se obta in ed  by urinalysis in d ic a ted  th a t  th e  fre q u e n c y  o f 
abuse is being un d eres tim ate d  by 1 5 -2 1 % . P o ten tia l fac to rs  
contrib u tin g  to  s tim u lan t abuse in sch izophren ics , including th e  disease  
process, and th e  in flu e n ce o f chron ic  n e u ro lep tic  m ed ic a tio n  w e re  
ev a lu a te d . Results ind icated  th a t th e  in c id en ce o f p s y c h o stim u la n t 
abuse w a s  neither a com m on pro p e rty  o f p syc h ia tric  p a tie n ts , nor 
exclusive  to  schizophren ics , bu t ap pe ared  to  be re la ted  to  chron ic  
tre a tm e n t w ith  neuro leptic  drugs. S y m p to m  s e v e rity  w a s  g enera lly  
sim ilar in sch izophrenic abusers and n o n-a busers , w h ic h  also suggested  
a degree o f in dep endence from  th e  d isease process. In a m a jo rity  o f th e  
studies surv eyed , abuse o f s tim u lan ts  fo llo w e d  d isease on se t. It w a s  
also fou n d  th a t s tim u lan t abuse w a s  asso ciated  w ith  m ark ed  increases  
in hosp ita lization  in th is  p a tie n t g roup , including th o se  k n o w n  to  be 
neuro leptic  m e d ica tio n  c o m p lian t. Possible e x p lan atio n s  fo r  th e  in itia tion  
and m ain ten an ce  o f p syc h o stim u la n t abuse in sch izophren ics  are  
discussed in re lation to  clinical and prec lin ica l e v id en ce  on drug  
add ic tion .
S uppo rted  by N ID A  G ran t N o . D A 0 7 5 1 7
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297.27
S T R IA T A L  M U S C A R IN IC  R E C E P T O R S  IN  R A T  M O D E L  O F  T A R D IV E  
D Y S K IN E S IA . M ichael F. E g an *. Th o m as M . H vde . A ngela M urray. 
Richard J. W v a tt and Joel E . K le in m a n . Neuropsychiatry and Clinical Brain  
D isorders Branches, N IM H  N euro science C en te r at St. E lizabeths, 
W ashington, D  C. 2 0 0 3 2 .

T h e  syndrom e of vacu ous chew ing m o ve m en ts  (V C M ) is a rodent 
m odel of tard ive  dyskinesia (T D ). It has been used to investigate the  
pathophysiology o f dyskinesias. S eve ra l lines of ev id ence suggest that 
the cholinergic system  m ay  be involved in T D . To  explore this possibility, 
w e assayed m uscarin ic M1 receptors in the striatum  of rats with and  
w ithout vacuous chew ing m ove m en ts  (+  and -V C M s , respectively) using 
quantita tive  autoradiography. Rats w ere  treated  every  th ree w eeks for 36  
w eeks with haloperidol deca n o ate  or vehicle and then w ithdrawn for 28  
weeks. O f those treated  with haloperidol, one group d eve loped  persistent 
V C M s  w hile a second group did not. Brains w ere  rem o ved  following 
in tracardiac perfusion with chilled saline. S tria tal m uscarin ic M1 receptors 
w ere labelled with 3 nM  [3H ]p irenzep ine in 20  m M  Tris buffer and 1 m M  
M n C I2. N onspecific  binding w as determ ined  using 1 m M  Q N B . O ptical 
density w as m easured  using a com p uterized  im ag e analysis program . 
M uscarin ic receptor density w as increased in both haloperidol-treated  
groups above control leve ls. No d ifferences w ere  seen, how ever, between  
+ V C M  and -V C M  groups. T h es e  results do not support the  hypothesis that 
changes in striatal cholinergic neurotransm ission underlies the behavioral 
differences betw een + V C M  and -V C M  rats.

297.28
EVALUATION OF DRUG EFFECTS IN A MULTIVARIATE ANIMAL 
MODEL OF SCHIZOPHRENIA
N. Waters*. A. Carlsson and  L. Q. Hansson
D ept, of P h a rm aco lo g y , G o teb o rg  U niv ers ity , M ed ic in areg a tan  7, 413 90 
Goteborg, Sw eden

M ost anim al m odels of schizophrenia rely on m easurem ents of one or two 
variables (locom otor activity, startle response etc.) although d ru g  effects are 
m ultid im ensional. M easurem ents of m onoam inergic b rain  b iochem istry are 
m ultidim ensional, and should be treated as such. Recently it was show n that 
sch izo p h ren ics  d iffer from  contro ls in p ost m ortem  b rain  m onoam inerg ic  
pa tte rns , u sing  m u ltiv aria te  an a ly sis1  In add ition , trea tm en t w ith  MK-801 
produces a sim ilar m onoam inergic pattern  in the rat brain as that show ing up  
in p a ran o id  sch izophren ics 2. This f ind ing  p ro m p ted  us to investigate  the 
e ffe c ts  o f k n o w n  a n ti  p s y c h o tic  d ru g s  a n d  c o m p o u n d s  in  d i f f e re n t  
d eve lopm enta l phases on the com plex biochem ical p e rtu rb atio n  caused  by 
MK-801. Global effects of these drugs are illustrated, both  in relation to MK- 
801 treatm ent and controls, by principal com ponent analysis (PCA) score plots 
. Thus, using this m ethod it m ay be possible to find "antipsychotic" vectors as 
well as d irections indicating serious side effect liability. These directions do 
n o t necessarily  coincide. F inancial su p p o rt from  the Stanley F oundation  is 
gratefully acknow ledged

1H a n s s o n  LO e t.a l.(1 9 9 4 )  E v id e n ce  fo r b io c h e m ic a l  h e te ro g e n e i ty  in 
schizophrenia: a m ultivariate study of m onoam inergic indices in hum an  post-
m ortal brain tissue. J N eural Transm  [GenSect] 98: 217-235 
2W a te rs  N e t.a l.(1 9 9 4 )  A n  a n im a l m o d e l  of s c h iz o p h re n ia  b a s e d  on  
m u ltiv a ria te  analysis  of m onoam inerg ic  b iochem istry  and  behav iour. Soc. 
Neurosci. Abstr., Vol. 20, Part 1, p. 825,1994

NEUROTOXINS II

298.1
PRENATAL EXPOSURE TO MILD CONCENTRATIONS OF CARBON 
MONOXIDE INDUCES PERMANENT COGNITIVE ALTERATIONS IN RATS.
M.A. De Salvia. R. Caeiano. M.R. Carratu*. V. Di Giovanni, L.Trabace and V, 
Cuomo. Inst, of Pharmacology, Sch. of Med., Univ. of Bari, 70124 Bari, Italy.

Recent findings (Giustino et al., Pharmacol. Toxicol. 73: 274, 1993: Carratù et al.. 
Arch. Toxicol. 67: 297, 1993; Di Giovanni et al., Brain Res. 616: 126, 1993) have 
shown that immunological, electrophysiological and neurobehavioral alterations can 
be induced by developmental exposure to carbon monoxide (CO), one of the 
constituents of cigarette smoke and a product of incomplete combustion which can 
be found in elevated concentrations in many urban areas.

In order to evaluate whether learning deficits previously observed in young adult 
rats (3-month old) would dissipate at later age, the effects of gestational exposure to 
CO (0, 75 and 150 ppm from day 0 to day 20 of pregnancy) on the acquisition and 
reacquisition of an active avoidance task in 18-month old rats were investigated.

The results show that reproduction parameters, such as dam weight gain, number 
of dams giving birth, pregnancy length, litter size at birth, pup weight gain and 
postnatal mortality were not affected by in utero exposure to CO (75 - 150 ppm).

Behavioral studies indicate that both acquisition and reacquisition of a two-way 
active avoidance task in 18-month old animals subjected to 6 daily 20-trial sessions 
were significantly impaired by prenatal exposure to CO (150 ppm). Intertrial 
activity and escape response latencies were not changed in CO-exposed animals, 
suggesting that cognitive deficits do not seem to be due to alterations of a 
nonassociative nature.

Present findings indicate that deleterious and irreversible behavioral effects can be 
produced by prenatal CO exposure in rats. These data confirm that functional 
alterations can be documented following moderate carboxyhemoglobin levels during 
fetal development, and that the fetal brain is extremely sensitive to the toxic effects 
of this gas. Supported by CNR-ENEL Project

298.3
EFFECTS OF BOTULINUM NEUROTOXIN TYPE A ON ABDUCENS 
MOTONEURONS: ULTRASTRUCTURAL AND SYNAPTIC ALTERATIONS. A  
M. Pastor*. B. Moreno-López, R .R. de la Cruz and J. M. Delgado-Garcia Lab. de 
Neurociencia, Fac. de Biologia, Univ. de Sevilla, 41012-Spain.

We have shown that botulinum neurotoxin type A (BoNT) injected into the lateral 
rectus muscle at a dose of 3 ng/Kg produces severe effects on the discharge pattern 
of their innervating motoneurons in cats (Moreno-L6pez et al., this vol.). To ascertain 
whether this changes are due to modifications in the efficacy and/or coverage of 
synaptic inputs, cats were prepared for the intracellular recording or the ultrastructural 
analysis of abducens motoneurons. In acute experiments, deeply anesthetized and 
artificially ventilated animals were implanted with bipolar stimulating electrodes in 
the ampullae of both horizontal semicircular canals and with hook bipolar electrodes 
inserted into the lateral rectus muscle. Three days after BoNT administration, the 
inhibitory synaptic potentials were not observed in antidromically identified 
motoneurons, however excitatory synaptic potentials were of normal amplitude with 
respect to the control side. At longer times and up to 2 weeks both excitatory and 
inhibitory synaptic potentials were absent in the affected side. At 40 days, signs of 
recovery were seen in the excitatory -but not the inhibitory- vestibular input to 
motoneurons. Ultrastructural examination of HRP-labeled motoneurons revealed a 
process of synaptic loss that lagged, however, the physiological observations. Thus, 
the number of impinging boutons was significantly reduced by 35 days but at 4 and 
14 days stayed normal. However, at 4 and 14 days signs of stripping were observed 
such as a reduction in the perimeter of apposed axosomatic boutons and an increase 
in the number of coated vesicles in both the somata and the attached boutons. The 
present results indicate that high doses of BoNT initiates a sequence of events that 
reduces the overall synaptic coverage and the efficacy of synaptic inputs. These 
changes are consistent with the reduced excitability seen in the firing pattern of 
abducens motoneurons in the alert cat.

298.2
EFFECTS OF BOTULINUM NEUROTOXIN TYPE A ON ABDUCENS 
MOTONEURONS IN THE ALERT CAT ALTERATIONS OF THE DISCHARGE 
PATTERN. B. Moreno-López. R. R. de la Cruz. A. M. Pastor and J. M. Delgado- 
Garcia* Lab. de Neurociencia, Fac. de Biologia, Univ. de Sevilla, 41012-Spain.

Botulinum neurotoxin type A (BoNT) injected into a muscle produces a functional 
disconnection of the motoneuron with its target by presynaptic blockade of 
acetylcholine release. Does this functional impairment resemble the effects produced 
by the peripheral axotomy of the motoneuron? To address this question cats were 
prepared for the chronic recording of eye movements and extracellular single-units in 
the abducens nucleus. A single dose ranging 10-3 to 3 ng/kg of BoNT (lethal dose in 
rat: 4 ng/Kg) was injected into the lateral rectus muscle under general anesthesia. 
Doses ≥ 10-2 produced a total abolition of the orthodromic field potential recorded in 
the muscle after Vlth nerve stimulation. However, only the higher dose produced 
alterations in the discharge profile of abducens motoneurons. During the first week 
motoneuronal firing resembled the effects of axotomy due to a substantial loss of eye 
position and velocity signals, and abnormal features for on-directed saccades such as 
small and delayed bursts. From the first week onwards, motoneurons showed a tonic 
discharge, ranging 15-60 spikes/s that was unaltered for off-directed saccades and little 
for on-directed saccades. This pattern was also present for optokinetic and 
vestibularly-induced eye movements. Thus, the normal sensitivities to both eye 
position (k=8.2±2 sp/s/deg) and velocity (r=0.92±0.3 sp/s/deg/s) were significantly 
reduced one month later (k=0.7±0.8 sp/s/deg, r=0.04±0.03 sp/s/deg/s). Two months 
after BoNT injection, signs of recovery were seen since bursts for saccades and tonic 
modulation for different positions of fixation appeared. By contrast, a dose of 0.3 
ng/Kg did not modify significantly the populational neuronal gains to eye movement 
parameters. The present results indicate that effects produced by high doses of BoNT 
might be due to a direct effect on the motoneuron and not only to the functional 
disconnection caused by the neurotransmitter release blockade.

298.4
PHO SPHO LIPA SE A2 (PLA 2) PRODUCES DIFFERENTIAL 
NEUROTOXIC EFFECTS IN PRIMARY NEURONAL CULTURES 
OBTAINED FROM DIFFERENT REGIONS OF FETAL RAT BRAIN. 
J.R. Dave*, A, Stankicwicz. _ A .  H. Hogan, L.. Clapp, J .  Ray, F.C. Tprteilla,
B.P. Doctor and H.S. Ved. Divisions of Medical Neurosciences and 
Biochemistry, Walter Reed Army Institute of Research, Washington, DC 
20307-5100.

We recently reported that PLA2 or melittin (a potent activator of 
endogenous PLA2) in vivo produced nonconvulsive EEG seizures and 
lethality and in vitro produced potent neurotoxic effects involving 
intracellular calcium flux in primary cortical neurons (DeCoster et al. 
Soc. Neurosci. Abst. 20 :930, 1994). The objective of the present study 
was to determine if PLA2 or melittin exhibited differential neurotoxic 
effects in cultures obtained from distinct brain regions. Primary 
cultures enriched in neurons dissociated from embryonic rat cerebral 
cortex, hippocampus and cerebellum were treated in a serum-free media 
with either vehicle, PLA2 (1.5 x 10-6 - 1.5 x 10 -4 I.U.) or melittin (5- 
500 nM) for 45 min. M orphological and biochemical [lactate 
dehydrogenase (LDH) released in the culture media] assessments were 
made 24 hr later. PLA2 or melittin treatment resulted in a potent 
neurotoxicity which was dose-dependent. Morphologically, injured 
neurons lost most of their neuronal processes while maximal increase in 
LDH release reached 250% of control. A maximal neurotoxicity was 
evident in neuronal cultures obtained from cerebellum and a minimal 
effect was observed in cells from cerebellar cortex. These data suggest 
that PLA2 or melittin mediated neurotoxicity is different in neurons 
obtained from different regions of the brain, an effect possibly related 
to the differences in their phospholipid contents and/or composition.
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2 9 8 .5
SPECIFICITY OF PHOSPHOROTHIOLATES HYDROLYSIS BY 

VARIOUS OPA-HYDROLASES. I. Rabinovitz. R. Adani. A. Balan 
and G. Amitai*. Chem. Div. IIBR, P.O. Box 19 Ness Ziona 74100, Israel.

O rganophosphorus (OP) inhib itors o f  A C hE  and alky lating  agents such as 
sulfur m ustard  (HD ) could  be degraded  b iocataly tically . HD is first 
converted  into an O P -H D  chim er that cou ld  then be hydrolyzed  by OPA- 
hydrolase. The follow ing O P -H D  d ialky lphosphoro th io late  ch im ers were 
prepared: D M PT, DMPT-C1 (R =m ethyl) and D B PT  (R =butyl). These 
com pounds inhibit FB S-A C hE  w ith b im olecu lar rate constan ts o f  3.5x104 , 
2 .6 x l0 5 and 2 .3 x l0 4 M -1m in-1, respectively . The level o f  A C hE  inhibition 
serves for the analysis o f  residual O P ’s during  hydrolysis by OPA- 
hydrolase. K inetics o f  hydrolysis o f  O P -H D  chim ers, paraoxon and dem eton 
w ere m easured  in p lasm a and in Rhodococcus ruber  bacteria . The ranking 
order for D M PT hydrolysis rate in p lasm a o f various species is: 
dog> rat> hum an> rabbit> m onkey> guinea pig. The rate constan t (kh. min-1 ) 
obtained  in bovine p lasm a for D M PT (0 .002) was 15 fold less than for 
paraoxon (0.03) and only 60%  o f D M PT  was hydrolyzed . In contrast, 
R hodococcus ruber  O PA -hydrolase decom posed  D M PT  com pletely  and at a 
faster rate (kh=0.013). The bacterial hydrolase activ ity  w as enhanced  in 
carbonate buffer (pH =8) in the presence o f e ither C o +2 or Z n+2 ions using 
glycerol as a surfactant. DMPT-C1 and dem eton  w ere a lso hydrolyzed  by the 
bacterial O P A -hydrolase faster than in p lasm a, w hereas D B PT was not 
hydrolyzed. Thus, R hodococcus ruber  O P A -hydrolase  d isp lays h igher 
specificity  tow ards O P com pounds w ith a P-S bond and short alkyl chains. 
Enhanced hydrolysis in carbonate  m ay stem  from  a d im in ished  positive 
charge on a lysine residue located  at the active site.

2 9 8 .6
ACUTE EFFECTS OF TRIMETHYLTIN ON HYPOTHALAMUS-PITUITARY- 
ADRENOCORTICAL FUNCTION IN RATS: AN EXAMINATION WITH 
CORTICOSTERONE RESPONSE TO TAIL-PAIN STRESS.Hideki Imai1,
Michinori Kabuto1, Yoshika Kurokawa1 and Nobumasa K ato2. 1Natl. Inst. Environ. 
Studies, 16-2 Onogawa, Tsukuba City, Ibaraki, 305 JAPAN, Shiga Univ. Med. 
Sci., Seta-Tsukinowa, Ohtsu City, Shiga, 520-01 JAPAN.

Plasma corticosterone (CORT) level in rats (male Sprague-Dawly, aged 
6wks) administered orally with trimethyltin (TMT, 8mg/kg) showed a temporal 
increase on day_4 or day_3 after the treatment in our previous studies. Both of 
the pituitary-adrenal functions examined with CORT response to corticotropin
releasing-factor (CRF) loading and the CORT receptor functions tested with CORT 
response to dexamethasone and aldosterone administrations were shown to be 
normal on day_4, although in an observation by others for a period of 35 or more 
days after the administration of TMT the CORT response to forced-swim stress 
was exaggerated and its recovery was delayed, raising a possibility that the 
exaggerated CORT response might be related to a possible hypersensitivity to stress 
and/or possible dysfunctions of the CORT receptors in the brain especially during 
a chronic phase after TMT administration when the histological hippocampal lesion 
becomes obvious. In the present study, therefore, effect of TMT intoxication 
during acute phase on the CORT response to tail-pain stress as well as on the 
baseline urinary catecolamines excretions. On day 4 and day 11, a 5-min tail- 
pinch stress was loaded and blood was drawn before and 0, 30, 60, 90 and 120 
min after the cessation of the stress. Although a significant enhancement of 
baseline CORT level was confirmed on Day_4, no significant difference in 
CORT response to the stress between TMT treated rats(n= 5) and controls (n=5) 
were observed either on day_4 or day_ll. On the other hand, examinations on 
the baseline urinary catecholamine excretions showed a tendency that epinephrine 
excretion is increased in the TMT rats than in the controls only on day_5, which 
may be related to the baseline CORT level increase on day 4, whereas no such 
change was found for norepinephrine. Thus, it was concluded that at least during 
the acute phase after TMT administration, there is no exaggerated CORT response 
to stress, which may, in turn, be attributed to a possible hypersensitivity to stress 
and/or CORT receptor damage. It is also suggested again that the baseline CORT 
level increase on day_4 (eventually on day_3) may be associated with an acute 
inflammatory reaction of the brain to TM T, which could also possibly be related 
to gliosis indicated by an increase of GFAP during the corresponding period as 
shown by others. The data on the CORT response to tail-pain stress during a 
chronic phase, which are currently collected, will also be presented.

2 9 8 .7
RAPID METHOTREXATE EFFECTS ON SYNAPTOSOMAL CALCIUM AND 
cGMP CONTENT, S.R. Snodgrass*, Dept of Pediatrics (Neurology) Childrens 
Hospital Los Angeles and University of Mississippi Medical Center, Jackson, 
MS 39216.

Methotrexate (MTX) is widely used in cancer chemotherapy. It inhibits the 
enzyme dihydrofolate reductase and therefore DNA synthesis. Its human neu
rotoxicity has never been explained, and continues to be a clinical problem. If 
its only CNS effects stem from DNA synthesis inhibition, it should have no ef
fects on synaptosomes, which lack nuclear DNA.

Rat cerebellar and forebrain synaptosomes were prepared by the method of 
Nagy and Delgado-Escueta. They were preincubated with MTX in concentra
tions from 0.1 to 100 uM and loaded with Rhod-2AM, to estimate intrasynapto- 
somal free calcium content from Rhod-2 fluorescence.

MTX was studied in control synaptosomes and in others incubated in high 
potassium (HK) buffers of 15 and 40 mM, in which NaCl was proportionately 
reduced. Fluorescence was measured at 30 sec intervals for 5 min. Other exper
iments studied MTX effects on synaptosomal cAMP mid cGMP content.

Results: 15 min preincubation with MTX ≥ 10 uM significantly increased the 
effects of both HK media to increase the Rhod-2 fluorescence signal. This ef
fect was greater with 40 than 15 mM KC1 and was greater in cerebellar than 
forebrain or cortical synaptosomes. MTX had no significant effect in control 
media, except at maximal concentrations of 100 uM. This effect was antago
nized by folic acid, 5-methyltetrahydrofolate, adenosine, MK-801, and the 
NOS inhibitor L-MMA. MTX markedly increased cGMP, more so in cerebellar 
than forebrain synaptosomes; this was inhibited by folic acid, adenosine and 
L-MMA.

Conclusion: MTX has short term effects on synaptosomal calcium homeostasis 
related to nitric oxide and possibly relevant to its human neurotoxicity.

2 9 8 .9

THAPSIGARGIN INDUCES APOPTOSIS IN SH-SY5Y  
NEUROBLASTOMA CELLS A ND FETAL RAT 
CEREBROCORTICAL CULTURES. R. Nath*, N. A. Amin, K. 
Raser, I. Hajimohammadreza and K. K. W. Wang. Department of  
Neuroscience Therapeutics, Parke-Davis Pharmaceutical Research, 
Division o f Warner Lambert Co., 2800 Plymouth Road Ann Arbor, 
MI 48105.

Thapsigargin, a highly specific inhibitor of the endoplasmic reticular 
Ca2+-ATPase, has been used previously to mobilize calcium release 
from intracellular calcium stores. We have shown that thapsigargin (1- 
10 µM) induces apoptosis in neuroblastoma cell line (SH-SY5Y) and 
in rat fetal cerebrocortical cultures. Cell death (measured by either 
lactate dehydrogenase release or propidium iodide fluorescence) was 
observed 24-48 hours after treatment with thapsigargin. In both cases, 
DNA extracts from thapsigargin treated cells showed laddering, typical 
of endonuclease-mediated intemucleosomal cleavage. The presence of  
DNA fragments was also confirmed by an ELISA designed for 
detecting nucleosomes in apoptotic cells. Cycloheximide reduced the 
extent o f DNA fragmentation and injury in thapsigargin-treated cells. 
Thus, thapsigargin-induced apoptosis in cultured neuronal cells maybe 
a useful system to study the molecular and genetic events involved in 
apoptosis.

2 9 8 .8
POLYCHLORINATED BIPHENYLS, ETHER STRESS AND/OR MORRIS WATER 
MAZE TRIALS RESULT IN CHOLINE ACETYLTRANSFERASE ALTERATIONS 
IN 15-25 DAY OLD RATS. B. B. Pritts. J. M. Knight. L. M. Juárez de Ku. and L. A. 
Mescrve.* Biological Sciences, Bowling Green State University, Bowling Green, OH 
43403.

Choline acetyltransferase (ChAT), which catalyzes the synthesis of the acetylcholine 
and is depressed in Alzheimer's Disease patients, is associated with learning and 
memory. Polychlorinated biphenyls (PCBs), an environmental pollutant, depresses 
thyroid hormone levels in rats. Previous work in our lab demonstrated depressed levels 
of ChAT in the hippocampus (H) and basal forebrain (BF) of PCB-exposed, 
hypothyroid, Sprague-Dawley rat pups at 15 d, but not 60 d. The present study sought 
to determine at what age ChAT begins to approach control levels and also employed 
the Morris water maze to assess learning and memory deficits. Rat pups were made 
hypothyroid by the administration of 125 ppm PCBs to the food of dams from 
conception. PCB and control (C) pups were divided into two groups, swimmers (S) 
and non-swimmers (NS), with some from each of group exposed to a 1 min ether stress 
and 14 min recovery prior to rapid decapitation.

ChAT activity in both H and BF was increased at 20 and 25 d in PCB as compared to
C. Ether stress increased BF ChAT activity at all ages in both C and PCB animals and 
in H of 25 d C and PCB animals. Fifteen d animals were too young to participate in 
water maze trials. The 20 and 25 d PCB animals had an increased latency to the water 
maze platform of >24 s compared to C, as well as increased average time per trial. 
ChAT activity in BF of 20 and 25 d PCB S was higher than 20 and 25 d C S. ChAT in 
H of 25 d PCB S was higher than that of C S. ChAT activity was depressed in both 
PCB and C 20 d S as compared to NS, but elevated in 25 d PCB and C S as compared 
to NS. Twenty but not 25 d PCB and C S responded to ether stress with increase in 
ChAT activity in BF and H. In summary, increased ChAT titers do not always 
correlate directly with enhanced performance in the Morris water maze in 20 and 25 d 
rats, while ether stress appears to increase ChAT in the BF of all age groups. These 
results support the hypothesis that the processes of learning and memory are 
multifactorial. (Supported by Research Challenge Grant, Graduate College, BGSU.)

2 9 8 .1 0
T R IM E T H Y L T IN -IN D U C E D  C Y T O K IN E  P R O D U C T IO N  BY 
CU LTU RED GLIA L CELLS. W  E. M aier. H. A. T ilson . and G. .J ,  
H a r r y * . E n v iro n m e n ta l  Im m u n o lo g y  an d  N e u ro b io lo g y /  
LBRA, NIEHS, PO Box 12233, RTP, NC 27709.

W ith in  the cen tra l n ervous system , cy tok ines are thought 
to p lay  an ac tiv e  ro le  in p a th o p h y s io lo g ica l changes seen in 
v a rio u s  n e u ro d e g e n e ra t iv e  d ise a se s  and  tra u m a. P rev io u s  
s tu d ie s  in  o u r la b o ra to ry  d e m o n s tra te d  th a t  sy s te m ic  
a d m in is t r a t io n  o f  the  n e u ro to x ic a n t  t r im e th y lt in  (T M T ) 
p ro d u c e d  a r a p id  an d  s u s ta in e d  e le v a t io n  o f p ro - 
in fla m m a to ry  c y to k in e  m R N A  lev e ls  in ra t h ip p o cam p u s . 
T his e ffe c t w as seen  p r io r  to  m o rp h o lo g ic a l a lte ra tio n s  in 
CA 3-4 h ippocam pal neurons. In o rd er to  exam ine  the d irect 
e ffe c ts  u p o n  g lia l c e lls  in  th e  a b se n c e  o f a n eu ro n a l 
com ponen t, p rim ary  cu ltu res  w ere exp o sed  to TM T (10 µ M ) 
a nd  ev a lu a ted  fo r a lte ra tio n s  in  m o rp h o lo g y , c y to k in e  and 
g lia l f ib r i l la ry  a c id ic  p ro te in  (G F A P ) m R N A  e x p re ss io n . 
Im m u n o h is to c h e m is try  in d ic a te d  m o rp h o lo g ic a l  a lte ra t io n s  
w ith in  6 hrs in  bo th  a s tro cy te s  and m ic ro g lia . C om petitive  
R T -P C R  in d ic a te d  th a t m R N A s fo r tu m o r n e c ro s is  fac to r 
a lp h a , in te rle u k in -1  ( I L - l α ) and IL -6  w ere e levated  w ithin 6 
h rs, w h ile  N o rth ern  b lo t h y b r id iz a tio n  sh o w ed  an e lev a tio n  
o f G FA P at 3 hrs. The elev a tio n  in cy tok ine  m RNA resulted 
in  in c re a se d  t ra n s la t io n  to  f u n c t io n a l  p ro te in  p ro d u c ts  
w ith in  24 h o u rs. T h is  s tu d y  s u g g e st th a t TM T d irec tly  
s tim u la te s  g lia l c e lls , su p p o rtin g  our in vivo  c o n c l u s i o n s  
th a t cy to k in e  p ro d u c tio n  by g lia l c e lls  p lay  a m o d u la to ry  
ro le  in the early  stages o f T M T -induced  neu ro to x icity . (W EM  
Supported by UN C-CH  and USEPA #C T 901915)
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298.11
ACRYLAM IDE-INDUCED CHANGES IN THE 
EXPRESSION OF PROTEIN KINASE C ISOZYMES IN 
PC12 CELLS. D. S., Atkins, N. , Zawia* and  E. S. Q naiv i. D ept of 
P harm acology, M eharry  M edical College, N ashville, TN. 37208.

S tu d ie s  h a v e  s h o w n  th a t  a c ry la m id e  is a p o te n t  
neurotoxicant in hu m an s and  laborato ry  an im als. W e have u tilized 
cu ltu red  PC12 cells capable of expressing  n eurona l function to s tudy 
the effects of acry lam id e  on  the signal t ra n sd u c tio n  m echanism s 
associated  w ith  P ro tein  k inase C isozym es. PKC plays a role in a 
num ber of cellular and neuronal functions and  it has been im plicated 
in the p h osphory la tion  of regu lato ry  p ro te ins. In this s tu d y  PC 12 
cells w ere incubated  w ith  doses of acry lam ide (0.05 - 50mM) for 6 
days. The m edium  w as changed once d u ring  the incubation period and 
the trea tm en t of the cells w ith  acry lam ide w as repeated . The cells 
w ere extracted and prepared  for im m unoblo tting  and  determ ination  of 
PKC activity  in acry lam ide treated  and  u n trea ted  cells. A crylam ide 
resu lted  in an ap p aren t increase at the low er doses and  a decrease at 
the h ig h er doses in the  ex p ress io n  of PKC a ,  δ , ɛ an d  ζ  w hich  
corresponded to the dose d ep en d en t reduction  in PKC activity  w hen 
com pared  to the u n treated  cells. These data  suggest that som e PKC 
isozym es are  involved in the action of acry lam ide in the PC12 cells. 
We are  c o n tin u in g  these s tu d ies  to exam ine  the n eu ro b eh av io ra l 
correla tes of the acry lam ide-induced  changes in the expression  of 
PKC isoform s in the rodent m odel. S upported  by NSF-MRCE # HRD- 
9255157 and RCMI grant # NIH 5G12RR0303208. DSA acknow ledges 
support.from  the EPA-MAI traineeship  program .

298.13
CYCLOSPORIN-A AND OKADAIC ACID INDUCE APOPTOSIS OF 
CULTURED CORTICAL NEURONS. J.W. McDonald*. M.P. Goldberg. B.J. 
Gwag. and D.W. Choi. Dept, of Neurology and Center for the Study of Nervous 
System Injury, Washington Univ. School o f Medicine, St. Louis, MO 63110.

The ser/thr phosphatase 2B inhibitor, cyclosporin-A, is clinically used as an 
immunosuppressant, but carries a risk of CNS toxicity due to undefined 
mechanisms. Murine cortical cell cultures (DIV 8-12) continuously exposed to 1-20 
pM cyclosporin for 48 hrs exhibited concentration-dependent neuronal death with 
about 75% death induced by 20 pM cyclosporin. Similar neurotoxicity was seen 
with the ser/thr phosphatase 1A/2C inhibitor, okadaic acid (1-10 nM). Neuronal 
death induced by either drug was accompanied by cell body shrinkage, cellular 
blebbing, chromatin condensation, and intemucleosomal DNA fragmentation (DNA 
laddering), consistent with apoptosis, and in both cases, neuronal death was reduced 
by addition of cycloheximide (0.5 µg/ml), BDNF (100 ng/ml), or IGF-1 (100 ng/ml). 
Neuronal death was not attenuated by NMDA or AMPA antagonists. Okadaic acid 
neurotoxicity, but not cyclosporin-A neurotoxicity, was reduced by cell permeable 
cyclic AMP analogues. Concentrations of cyclosporin-A or okadaic acid greater 
that 20 pM and 60 nM, respectively, induced astrocyte death in addition to neuronal 
death; this astrocyte death was insensitive to glutamate antagonists or to 
cycloheximide. Interestingly, oligodendrocytes exhibited heightened vulnerability 
(even greater than that of cortical neurons) to death induced by cyclosporin-A but 
not by okadaic acid. Present observations raise the possibility that the CNS toxicity 
associated with cyclosporin-A use in man may reflect drug-induced injury of 
oligodendrocytes and neurons, perhaps reflecting a vital role for ser/thr phosphatase 
activity in maintaining the survival of these cells.

Supported by NIH NINDS grant NS 30337 (DWC).

298.15
PATTERNS OF DAMAGE IN RAT BRAIN PRODUCED BY CHRONIC 
SODIUM AZIDE AND CORTICOSTERONE TREATMENTS.
M .C . B E N N E T T * . N IA -L N S , N IH , B eth esda, M D  2 08 9 2 .

Chronic sodium  azid e  and corticosterone (C O R T ) treatm en ts  produce  
synergistic im pairm ent of learning and inhibition o f cytochrom e oxidase  
activity [B ennett et al., Neurosci. Abst. 1993 ], In the present study, the 
neuropathological effects o f th ese  two treatm en ts  w ere  exam ined. In a 
3 X 3  exp erim ental design, adult m ale  S -D  rats w ere  treated  chronically 
with sodium  azid e  in 0 .9 %  saline: 0, 3 0 0  µg/hour or 4 0 0  µg/hour (A lzet 
2 M L 4  osm otic pum p) and  C O R T : 0, 100  mg or 5 00  mg in 3 -w eek  
constant re lease  pellets (Innovative R esearch  o f A m erica). Neither 
dose o f C O R T  a lone produced detectab le  degeneration in any brain 
structure. T h e  sodium  azide  alone produced low -grade d am ag e in a 
minority of cases  in the following brain regions: dorsal/lateral striatum, 
sen sory/m otor cortex and brainstem  auditory nuclei. In contrast, the 
com bination o f treatm en ts  induced a potent synergy of dam age, with 
primary sensory afferents, especially auditory, and the cortico-striato- 
pallido-thalam ic sen sory/m otor areas  being m ost vulnerable. The  
dorsal/lateral striatum  w as  the m ost severe ly  dam ag ed  region, being 
com pletely necrotic in m any cases. T h e  limbic system  w as  
conspicuously spared, even  w hen w id espread  d am ag e  occurred. Thus, 
the effect of this chronic, low -level m itochondrial dysfunction differs 
qualitatively from  an acu te , m assive  insult such as global ischem ia. A  
clinical im plication of the synergistic neurotoxicity is that glucocorticoids  
should be adm inistered cautiously w hen m itochondrial function might be 
com prom ised.

298.12
DIFFERENTIAL SENSITIVITY TO CYANIDE CYTOTOXICITY 
DURING PC12 CELL DIFFERENTIATION: CORRELATION WITH 
ALTERED BCL-2 EXPRESSION. E. M. MILLS. J. P. VANDEN 
HEUVEL. and G. E. ISOM*. Dept. of Pharmacology and Toxicology, 
Purdue University School of Pharmacy and Pharmacal Sciences, West 
Lafayette, IN 47907

The primary target for cyanide intoxication is the central nervous system. 
Cyanide causes DNA fragmentation patterns and morphologic changes 
associated with apoptosis in differentiated PCD cells. Both nerve growth 
factor and overexpression of the protooncogene bcl-2 have been shown to 
inhibit apoptosis in PCD cells resulting from serum deprivation. We 
hypothesize that the modulation of cellular bcl-2 levels by NGF during P1 2
cell differentiation plays a role in the differential sensitivity of P1 2  cells to 
cyanide. Based upon quantitative RT-PCR, NGF modulates bcl-2 mRNA 
levels in differentiating PCD cells. Undifferentiated cells contain 
approximately 1 x 10s molecules bcl-2 mRNA / 0.1 µg total RNA. Treatment 
of cells with 100 ng / ml NGF for 24 hr. caused a tenfold increase in bcl-2 
mRNA . Bcl-2 levels continued to rise until day 4. By day 12 bcl-2 levels 
were zero. Trypan blue and LDH cytotoxicity data show that cyanide is 
marginally toxic to PCD cells during those phases of differentiation 
associated with expression of bcl-2. 24 hr. treatment with doses up to 2 mM 
KCN produces no increase in cell death compared with controls in 
undifferentiated and 24 hr. differentiated PC12 cells. By day 12 the cells are 
quite sensitive to cyanide. 0.10 mM KCN produces 43 % cell death based 
upon trypan blue and LDH assays. The modulation of bcl-2 levels by NGF 
may also explain the previously reported increase in spontaneous PC12 cell 
death after several days in NGF-containing media. (supported in part by 
NIEHS grant no. 04140).

298.14
INCREASED EXPRESSION OF MUSCARINIC RECEPTOR SUBTYPE 
m4 mRNA IN MICE EXPOSED NEONATALLY TO DDT AND 
RECEIVING BIOALLETHRIN AS ADULTS. U. Johansson . T. Ebendal* 
and P. Eriksson. Department of Environmental Toxicology and ’Department of 
Developmental Neuroscience, Uppsala University, Sweden.

Exposure of neonatal mice to a single low dose of DDT leads to increased 
susceptibility in the adult mouse to the pyrethroid bioallethrin. This neonatal 
and adult exposure causes permanent increases in muscarinic cholinergic 
receptor (MAChR) density in the cerebral cortex and behavioural disturbances 
that aggravates over time, whereas bioallethrin exposure of mice exposed 
neonatally to the vehicle leads to behavioural disturbances that declines with 
time, accompanied by changes in high- and low-affinity binding sites. To 
determine if these changes in MAChR were due to changes in mRNA 
expression and if one or more of the receptor subtypes were involved we 
administered an oral dose of DDT (0.5 mg/kg bw.) to 10-day-old mice. At the 
age of 5 months the mice received bioallethrin orally (0.7 mg/kg bw./day; 
7days). Controls received the vehicle. The animals were investigated at the age 
of 7 months. Total RNA from the cerebral cortex was prepared, Northern 
blotting was performed and filters were hybridized to probes for the 
muscarinic receptor subtypes ml-m5. We saw an increase in m4 mRNA 
expression in mice exposed neonatally to DDT receiving bioallethrin as adults. 
In contrast subtypes m 1 and m3 revealed no differences. Receptor subtypes m2 
and m5 were present at almost undedectable amounts. In conclusion these 
results indicate that the increase in MAChR density seen, mainly seems to be 
due to an increase in subtype m4.

298.16
TH E NEUROTO XlCOLOGICAL EVALUATION O F TH E CHRONIC  
ADM INISTRATION OF ALUMINUM-FLUORIDE AND SODIUM-FLUORIDE. J.A. 
Varner * 1  K. JensenH W. Horvath^. and R .L  Is a a c s o n l 1 Psych. Dept., 
Binghamton Univ., NY; 2 EPA, RTP, N C ;3 Chem. Dept., Binghamton U n iv .,
NY.

This study examined the neurotoxic consequences ot the chronic ingestion ot 
AIF3 and the equivalent fluoride concentration given as low doses ot NaF in 
drinking water. Twenty seven male LE rats, 3.5 - 4.5 months ot age, were 
studied. The animals were divided into 3 groups based on the contents ot the 
drinking water, control, NaF, or AIF3. Water was available ad libitum for 52  
weeks. Significantly more rats died in the AIF3 group than the control group 
during the study. Histological examinations involved the following stains.
Cresyl Violet, Bielschowsky silver, H & E, Morin Aluminum fluorescence, Beta 
Amyloid, Amyloid A, and IgM. Overall, neuronal loss was more prominent in the 
AIF3 group than the NaF and control groups in the left hemisphere and in the 
dentate gyrus of both hemispheres. Toxin-induced abnormalities in the AIF3 
group were more apparent in the left hemisphere cortex but changes were 
found in the right hemisphere hippocampus. Hippocampal argentophilic 
reactions were common in both treated groups. Beta amyloid reaction product 
was enhanced in the thalamus in both toxin groups. More IgM antibody reaction 
product was found in the right hemisphere cortices of rats in both treated 
groups. Overall brain and kidney Al content w as higher in both toxin groups 
relative to controls. Indications of glomerular disease were found in both treated 
groups. The reduction and/or abnormal appearance of cells, the presence of 
beta-amyloid, IgM, and Al indicate that AIF3 is neurotoxic when chronically 
administered in the drinking water of rats. The abnormal appearance of cells and 
the presence of beta-amyloid, IgM, and Al suggest that NaF also induces 
neurotoxicity, although somewhat different than that found after AIF3.
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TRANSLOCATION OF TETANUS TOXIN IS FACILITATED BY ACIDIFICATION 
AND ACCOMPANIED BY THE FORMATION OF TRANSIENT PORES. 
T. Binscheck. F. Bartels, and H. Bigalke*. Inst, of Toxicology, Medical School of 
Hannover, D-30623 Hannover

Tetanus toxin (TeTx) cleaves synaptobrevin 11 which is a constituent of the 
docking-fusion complex in the membrane of the vesicles of secretory cells and inhibits 
secretion. Chromaffin cells lack toxin acceptors and consecutively fail to incorporate 
the toxin in physiological conditions. At pH 5, however, release of catecholamines 
from chromaffin cells is inhibited in the presence of TeTx (EC50: 1.87 nM), indicating 
translocation of toxin through the plasma membrane.

Patch-clamp studies were performed to demonstrate that TeTx (50 nM) forms pores 
(unitary conductance 28.5 pS) in inside-out-patches. These pores occurred only at pH 5 
and in the presence of a voltage gradient across the membrane patch. Patch 
conductance increased within 15-20 min until the patch ruptured. The conductance 
increase of individual pores was transient (mean open time 15.7 msec). Acidification 
increases the hydrophobicity of tetanus toxin and the toxin molecule becomes nega
tively charged. Reclosure of pores occurs probably when toxin molecules disssociate 
from the cytoplasmic side of the membrane. To detect the translocation of toxin 
molecules through the membrane, a patch pipette was filled with TeTx (50 nM, at 
pH 5) and membrane vesicles were produced based on the cell-attached configuration. 
The inner membrane of the vesicle was exposed to tetanus toxin. After 20-30 min 
transient pores were forming in the outer membrane, indicating that toxin molecules 
had crossed the inner vesicular membrane. When the vesicle was preloaded with 
polyclonal anti-Tetx antibodies, pore formation was delayed. This experimental set-up 
mimicks conditions similar to those found at endosomal membranes.

We conclude that, following receptor-mediated endocytosis in neurons, tetanus 
toxin is capable of being integrating into the membrane of acid endosomes, which is 
accompanied by pore formation. Then the molecule dissociates into the cytosol, driven 
by the voltage- and pH-gradients.

2 9 8 .1 9

E FFE C TS  O F M A L O N IC  A C ID  ON S T R IA T A L  A N D  C O R T IC A L  
C U L T U R E S . B .A . M c L a u g h lin * a n d  M -F  C h e s s e le t .  In s titu te  of 
N euro log ica l S c ie n ce  and  D e p a rtm e n t of P h arm aco lo g y , U n ivers ity  of 
Pennsylvania. Philadelphia, PA 1 9 1 0 4  

Recent in vivo studies suggest that m etabolic im pairm ent m ay contribute  
to th e  se le c tive  cell d ea th  o b s e rv e d  in n e u ro d e g e n e ra tiv e  d is e a s e s  
including Huntington's D isease (H D ). Inhibitors of m itochondrial functioning 
like 3 -n itro p ro p rio n ic  ac id  a n d  m alo n ic  a c id s  m im ic  m a n y  of th e  
neurochem ical and m orphological ch an ges observed in H D  w hen  injected  
in vivo. H ow ever, the m echanism s responsible for th e  high susceptibility of 
the striatum to m etabolic poisons in vivo are unknown. In order to determ ine  
w hether im m ature striatal neurons exhibit h igher vulnerability  to m etabolic  
im pa irm ent, w e  co m p ared  the  e ffec ts  of an  an a lo g  of m alo n ic  acid , 
m ethylm alonic acid, on cortical and striatal cultures. C ells  w ere  d issected  
from E 17 rat fetuses and m ain tained in 10 %  serum  for 4  days before being  
placed in seru m -free conditions (N euro basal m ed ia  with B 27  supplem ent, a  
cocktail of growth factors and free radical scavengers , G ib c o /B R L ). Cells  
w ere counted on D IV  6 -8 . All m ed ia  w as then rem o ved from  cells and they  
w ere exposed to various concentrations of m ethy lm alonate  in N euro basal 
m edia (w ithout B 27) for 2 4  hours. C ells  w ere  then  w as h ed , expo sed  to 
trypan blue, fixed and counted. M ethy lm alona te  killed striatal and cortical 
cells in a dose d ependent m ann er with > 9 5 %  cell death  at 10  m M  in both 
striatal and cortical cultures and < 2 0 %  cell death  in control cultures. T h e  
LD 50 for striatal and cortical cultures w ere  approxim ately 5 0 0 µM  and 50  µM  
respectively (n > 4), indicating that im m ature striatal cells are less vulnerable  
to m etabolic im pa irm ent by m eth y lm alo n a te  than  cortical neuro ns. This  
suggests that e ith e r intrinsic p roperties  of m atu re  s tria ta l n euro ns or 
elem ents of striatal circuitry a re  responsible for the increased vulnerability of 
striatal neurons to mitochondrial poisons in vivo. S upp by N S -2 9 2 3 0 .

2 9 8 .2 1

DISTRIBUTION OF CATECHOL-ISOQUINOLINE IN THE HUMAN 
BRAIN; THE EFFECTS OF AGING. W. Maruyama*1 and M . N ani2 
1Dept. Neurol. N agoya U niv. S ch .M ed ., N agoya , Japan, 2Dept. 
Biosciences, Nagoya Inst. Technol., Nagoya, Japan 

Recently administration of.naturally-occurring dopamine-derived 
isoquinolines were reported to elicit parkinsonism in the primate. 1(R)- 
M ethyl-6,7-dihydroxy-l,2,3,4-tetrahydroisoquinoline [(R)salsolinol, 
(R)Sal] was proved to be synthesized by enzymatic condensation of 
dopamine with pyruvic acid which was followed by decarboxylation and 
reduction. (R)Sal was methylated in the brain by an N-methyltransferase 
into N-methyl-(R)Sal [NM(R)Sal], which is further oxidized into 1,2- 
d im eth y l-6 ,7 -d ih y d ro x y  iso q u in o l in ium  ion  (1,2-DiMeDHIQ+) . 
NM(R)Sal was selectively taken up into the dopaminergic neurons and 
l,2-DiMeDHIQ+ was accumulated in the brain and be cytotoxic. (R)Sal, 
NM (R)Sal, and l,2-D iM eD H IQ + i n the hum an brain w ith out  
neuropsychiatric disorders were analyzed by high-performance liquid 
chromatography with electrochemical detentions using the chiral column. 
(R)Sal was w idely distributed in the 4 brain regions, frontal lobe, 
caudate, putamen, and the substantia nigra. Larger amount of NM(R)Sal 
was found in the nigro-striatum (caudate, putamen, and the substantia 
nigra) where dopaminergic neurons exist. On the other hand the amount 
of l,2-DiMeDHIQ+ was the most in the substantia nigra. The amount of 
(R)Sal decreased by the age, whereas DiMeDHIQ+ w as stab le  or 
increased by the age. These results indicate that (R)Sal synthesized in the 
brain is N-methylated and oxidized in the nigro-striatal dopaminergic 
neurons and l,2-DiMeDHIQ+ w as accumulated in the substantia nigra. 
Dopamine-derived isoquinolines might relate dopaminergic neuronal loss 
in the aging or in some pathological process such as Parkinson's disease.

2 9 8 .1 8
CHANGES IN CENTRAL BIOGENIC AMINE PRODUCTION IN 
RESPONSE TO INCREASED AMMONIA IN Pim ephales prom elas. 
Patrick L Ronan, Mark Gaikowski, John M. Matter, David O. Norris* 
and C liff H. Summers. Dept. of Biology, University of South Dakota, 
Vermillion, SD 57069; National Biological Survey, La Crosse, WI; 
Dept. EPO Biology, University of Colorado, Boulder, CO 80309.

Ammonia is a neurotoxin. Exogenous ammonia in concentrations 
over 20 µM is lethal for adult fathead minnows. Unionized ammonia 
passes freely across the gills and it is also created intracellulary via 
protein deamination. The purpose o f  this study was to discern the 
mechanism o f  ammonia toxicity on central neural systems. Adult (N 
= 120) fatheads were placed in water with 6 different concentrations 
o f  ammonia from 0.13 µM (similar to ammonia concentration in an 
unpolluted stream or pond) to 18 pM (near 96h LC50). Brains were 
dissected rapidly on ice and then frozen at -80°C. Whole brains were 
analyzed by electrochemical HPLC. NE, Epi, DA, and 5-HT levels 
were depleted by increasing ammonia treatment. At higher 
concentrations, serotonin precursor (5-HTP) production was lower.. 
Metabolite levels for all systems appear to be unchanged. Ammonia 
may effect neurotransmitter systems by affecting production o f  
transmitters rather than affecting release and metabolism. Two 
mechanisms are possible, decreasing precursor due to inhibited 
tryptophan and tyrosine hydroxylase, and/or depletion o f  ATP 
dependent amino acid uptake.

2 9 8 .2 0
ON THE MECHANISM OF SODIUM CYANATE 
NEUROTOXICITY: DEPLETION OF GLUTATHIONE LEVELS IN 
THE MOUSE BRAIN. J. Tor-Agbidye. M.I. Sabri*B. Lvstrup. and 
Spencer. Center for Research on Occupational and Environmental 
Toxicology, Oregon Health Sciences University, Portland OR 97201.

Sodium cyanate, an antisickling drug in the treatment of sickle cell 
disease, is discontinued due to its neurotoxic properties. Cyanate is also 
etiologically implicated in neurological disease in protein- deficient subjects 
who consume a cyanophoric plant, cassava, as a staple food. Studies from 
our laboratory have shown that a single intraperitoneal injection of a high 
dose of sodium cyanate (NaCNO) into mice induces, within 5 min, 
neurobehavioral changes characterized by lethargy, drowsiness, palpebral 
closure and intense convulsive seizures punctuated by noise (Tor-Agbidye 
et al., J.Neurochemistry 64, S96,1995). Prolonged treatment with sodium 
cyanate induces neuronal damage in cerebral cortex, basal ganglia, spinal 
cord and peripheral nerves of macaques (high doses), and a sensorimotor 
neuropathy in humans and rats (low doses). The mechanism of sodium 
cyanate-induced neurotoxicity is unknown. This study investigates whether 
brain reduced glutathione ( GSH ), which plays an important role in the 
detoxification of xenobiotics and prevention of free-radical generation, is 
reduced in animals treated with neurotoxic doses of NaCNO. Female CD-1 
mice (25-35g) were treated with graded doses of sodium cyanate and brain 
GSH levels determined. GSH levels were reduced to 19.5, 16.4 and 13.5 
nmoles/mg protein in animals dosed with 100, 200 and 300 mg/kg NaCNO, 
respectively. GSH level in the control was 24.5 nmole/mg protein. A time- 
course study showed maximum depletion of GSH at 30 min after NaCNO 
administration. Assay of GSH levels in different brain regions of control 
and NaCNO treated (300mg/kg) mice revealed significant depletion in 
hypothalamus, cerebellum and striatum. These results show that NaCNO 
depletes the levels of GSH that may play an important role in the expression 
of sodium cyanate neurotoxicity. Supported by NIH grant NS 19611.

2 9 8 .2 2

STEREO-SPECIFIC BIOSYNTHESIS OF (R)SALSOUNOL, l(R )- 
METHYL-6,7-DIHYDROXY -1,2,3,4-TETRAHYDROISOQU INC
LINE, IN HUMAN BR AIN  M. N ao i*1r W. Maruyama2 l Dept. 
Biosciences, Nagoya Inst. Technol., 2 Dept. Neurol. Nagoya Univ. 
Sch. Med., Nagoya, Japan

Recently we found that N-methylated derivatives of dopamine-derived 
l(R)-methyl-6,7-dihydroxy-l,2,3,4-tetrahydroisoquinolines [(R)-sal- 
solin o l, (R)Sal] induce parkinsonism in rats and are cytotoxic to 
dopamine neurons in the substantia nigra. In  v ivo  an d  in vitro  
experiments indicate that the cytotoxicity is stereo-specific to the (R)- 
enantiomers. By use of achiral column and HPLC only the (R)- 
enantiomer of Sal and N-methylated salsolinol [NM Sal] could be 
detected in human brain. These results suggest that the synthesis of Sal 
may be enzymatic in the human brain, while in vitro  the synthesis is 
non-enzymatic Pictet-Spengler reaction to produce racemic Sals. To 
onfirm the steeo-specific biosynthesis o f Sals, the initial reaction of 
dopamine with pyruvic acid or acetaldehyde were examined. The 
condensation of dopamine and pyruvic acid into 1-caboxysalsolinol was 
proved to be enzymatic and to produce only the (R)-enantiomer. From 
human brain gray matter, an enzyme was purified by extraction, 
ammonium sulfate-fractionation, HPLC-DEAE colum n and gel 
filtration. Finally the enzym e was purified by 1200-fo lds with a 
m olecu la r  w eig h t o f  2 8 0 0 0 . l-C a r b o x y -(R )S a l is further 
decarboxylated and reduced to produce (R)Sal. The reaction may be 
also enzymatic, but the enzyme remains to be characterized at present. 
This enzymatic condensation of dopamine and pyruvic acid my be 
involved to cytotoxicity of Sals to dopamine neurons and to perturbation 
o f m onoamine m etabolism  in the brain under some pathological 
conditions.
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298.23
EFFECTS OF SA LSO LIN O L A N D  RELATED  C O M PO U N D S ON 
MONOAMINE OXIDASE M. Ota1, K. Yoshida*2. M. N aoj3. l Dept. of 
Psychiatry, Gifu Prefecture Tajim i H osp ita l, T ajim i 5 0 7 ,  2D ept. of 
P sy c h o lo g y , Fukui M ed ica l S c h o o l, Fukui 9 1 0 - 1 1 ,  3D ep t. of  
Biosciences, Nagoya Inst. Technol., Nagoya 466, Japan

D o p a m in e -d er iv ed  6,7-dihydroxy-l,2,3,4-tetrahydroisoquinoline 
(DHTIQ), such as salsolinol (1-methyl-DHTIQ, Sal), has been known to 
increase in the brains o f alcoholics and o f  parkinsonian patients treated 
with L-DOPA. Recently, the biosynthesis o f Sal in the brain was found to 
be en zym atic through 1 -carb oxy- and l-m ethyl-6,7-dihydroxy-3,4- 
dehydroisoquinoline (3,4-DHIQ). So, we examined the effects o f Sal, its 
biosynthesis intermediates and the related derivatives on the activity of 
monoamine oxidase (MAO) to verify a hypothesis that they intervene the 
psychoneurotic sym ptom s observed in these d iseases by affecting the 
monoaminergic neurotransmitter system. Among (R )-  and (S )-Sal, 3,4- 
DHIQ, 1-ethyl-DHTIQ, 1-carboxy-(R)- and - (S ) -S a l and 1-carboxyl- 
2(/V)-methyl-Sal were examined on their effects on both type A  and B 
MAO, using synaptosomal mitochondria isolated from human brain as an 
enzyme sample. Their structure-activity relationship was investigated. 
The first four agents inhibited type A  com p etitively  to the substrate, 
whereas type B MAO was not affected by all these com pounds up to 1 
mM. The presence o f a methyl or ethyl group at the 1 position o f DHTIQ 
increased the inhibition, while the presence o f  a carboxy group at the 1 
position negated the inhibition by a methyl group. The inhibition by the 
biosyn th esis  interm ediates o f  Sal w ere not so  profound as the end  
products [(R)-Sal]. These results might support our prediction that these 
DHTIQs have some roles in mediating the clinical symptoms characteristic 
of some psychoneurotic diseases through the inhibition of type A  MAO.

298.24
TYROSINE PHOSPHORYLATION SERVES A PROTEIN ANTIOXIDANT 
r o l e . Greg Carlson*. Jeannean Carvsr, Madeigh Erickson,Stephen L. Eacchina
and Aiay Verma, Depts. of Neurology and Anesthesiology, Uniformed Services 
Univ. of the Health Sciences Bethesda, Maryland 20814

Tyrosine phosphorylation is an important event in the cell signalling pathways 
of growth factors. Tyrosine is also oxidatively active with its phenolic hydrogen 
being easily abstracted by reactive oxygen species such as hydroxyl radicals. The 
resulting tyrosyl radicals can serve a catalytic electron transfer role in some enzymes 
while tyrosyl radicals generated on other protein side chains can cross-link via 
carbon-carbon bonds to form dityrosine bridges. Due to its extreme stability and 
fluorescence, dityrosine serves as a selective marker for protein oxidation. 
Peroxynitrite, a recently appreciated oxidant known to nitrate tyrosine groups, can 
also generate hydroxyl radicallike species and thus may also produce dityrosine 
crosslinks in proteins. We evaluated the effect of tyrosine phosphorylation on the 
oxidative susceptibility of tyrosine groups by exposing solutions o f L-tyrosine, 
tyrosine containing peptides, o-phosphotyrosine and o-phosphotyrosine containing 
rat brain proteins to hydroxyl radicals generated by H2O2 and peroxidase or freshly 
prepared peroxynitrite. Exposure of L-tyrosine or tyrosine containing peptides such 
as angiotensin II, enkephalins or a SRC peptide containing the autophoshporylation 
tyrosine site to either oxidant system resulted in rapid and prominent formation of 
dityrosine as monitored by its specific fluorescence. O-phosphotyrosine or 0- 
phosphotyrosine containing proteins enriched from rat brain using anti- 
phosphotyrosine immunoaffmity chromatography showed an absence of dityrosine 
formation with the oxidants. Dephosphorylation with alkaline phosphatase 
treatment restored the susceptibility o f tyrosine groups to free radical catalyzed 
cross-linking by both oxidants. Protein phosphorylation thus protects tyrosine 
groups from being oxidized and may represent one mechanism of growth factor 
mediated protection of cells from oxidants.

MONDAY PM SYMPOSIA

299
SYM POSIUM . GAP JUN CTION S IN T H E  NO RM AL AND 
PATHOLOGICAL NERVOUS SYSTEM. DC Spray, A Einstein Coll Med 
(Chairperson); R Dermietzel. Univ Regensburg; BR Ransom. Yale Univ Sch 
Med; MVL Bennett. A Einstein Coll Med; S Scherer. Univ. Penn. Coll. Med.

Recent evidence indicates that gap junctions are formed of multiple 
gene products (connexins) that show tissue-specific distributions and 
characteristic physiological properties and affinities for one another. Spray will 
introduce the characteristics of the nervous system connexins. Dermietzel will 
illustrate which connexins are found where in central and peripheral nervous 
systems in adulthood and during development and will also provide data on 
trafficking and plasticity of connexins under normal and pathological conditions. 
Ransom will present studies on coupling among different types of glia, spread 
of Ca2+ waves through brain via these connections, and will discuss how glial 
coupling might participate in the control of neural excitability. Bennett will 
provide an overview of the impact of coupling via gap junctions on neuronal 
excitability and will discuss how hyper- and hypoexcitability may be consequent 
to changes in gap junction expression or function. Scherer will discuss the X- 
linked type of Charcot-M arie Tooth disease due to coding region mutations in 
connexin32 and will also discuss changes in connexin32 expression patterns in 
myelinating cells of the central and peripheral nervous systems and during nerve 
regeneration.

300
Symposium. New Vistas in the Control of Arm Movement Trajectories. J.R. 
Lackner. Brandeis Univ. (Chairperson); A.B. Schwartz. Neurosciences Inst., San 
Diego; J.A.S. Kelso. Florida Atlantic Univ.; D.M. Wolpert, Inst, of Neurology, 
London; A.M. Smith. Univ. of Montreal.

This symposium will review recent physiological and theoretical progress in 
understanding the formation, implementation, and updating of arm movement 
trajectories. Andrew Schwartz will discuss broad tuning of motor cortical cell 
discharge to movement direction, how a population algorithm can encode the 
arm's trajectory in the population response, and will show that cortical discharge 
is representative of arm movement direction even when the visual and actual 
paths of the arm differ. Scott Kelso will describe how concepts of self-organized 
pattern formation and mathematical tools of non-linear dynamical systems can 
be applied to understanding the voluntary control of coordinated limb 
movements, including supporting brain activities. Daniel Wolpert will review the 
potential use of a forward model by the central nervous system in motor 
planning, control and learning and will present recent psychophysical evidence 
that supports the existence of such an internal model. Allan Smith will describe 
neurons with cutaneous receptive fields in the motor cortex of monkeys trained 
to use a precision grip to lift and hold objects of different textures, weights, and 
frictions; and how information about texture and friction may be relayed from 
somatosensory to motor cortex for use in grip force control. James Lackner will 
discuss proprioceptive contributions to adaptive control of limb movement 
trajectories in rotating environments and how limb trajectory and endpoint are 
independently represented. Together these presentations will show the 
complex, distributed nature of the CNS mechanisms underlying movement 
control, emphasize the important role of ongoing sensory feedback in trajectory 
formation and recalibration, and provide new theoretical concepts allowing a 
richer appreciation and explanation of movement control.

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS II

303.1
E F F E C T  O F  P R A C T IC E  ON R E T E N T IO N  O F  N E W L Y  A C Q U IR E D  
M O T O R  M E M O R IE S O F  AR M  M O V E M E N T S . R  Shadm ehr* , T  
B rash ers-K ru g . D e p t. o f B ra in  and  C ognitive Sciences, M IT , C am bridge , 
MA 02139, and  D ep t. B iom edical E ng ., Jo h n s H opkins U niv., B a ltim ore , 
M D 21205.

We have recently  developed a  psychophysical p arad ig m  in which hu 
m an  su b jec ts  lea rn  to  m ake reach ing  m ovem ents in a  h a p tic  env ironm ent 
defined by a  force field (S h ad m eh r and  M ussa-Ivald i, J. N eurosci. 1994). 
W ith  p rac tice , su b jec ts  acquire  a  long-te rm  m em ory specific to  th e  field 
(S h ad m eh r e t al., N eur. In for. Process. S yst. 1995). H ow ever, th is  m em 
ory  is not re ta in ed  when su b jec ts  p rac tice  in tw o a n ti-co rre la te d  fields 
in succession (B rash e rs-K ru g  et a l., N eur. In for. Process. S ys t.  1995). 
T h is has been term ed  re tro g ra d e  in te rfe rence  (R I), an d  suggests th a t  th e  
m o to r m em ory is initia lly  fragile. Here we asked w h e th e r RI depended  
on th e  am o u n t o f tra in in g  th a t  su b jec ts  received in field 1 before being 
exposed to  field 2. 45 su b jec ts  p a rtic ip a te d  in th is  study . 25 and  20 
su b jec ts  were assigned to  con tro l an d  exp. g ro u p s, respectively. In th e  
exp. g ro u p , su b jec ts  perfo rm ed  e ith e r 384 o r 576 m ovem ents in field 1, 
th en  were given 5 -1 0  m in. o f re s t, an d  th en  perfo rm ed  384 m ovem ents 
in field 2 (a  field an ti-co rre la ted  to  field 1). In  com parison  to  m atched  
contro ls w ho only p rac ticed  in field 1, su b jec ts  w ith  equal tra in in g  in 
fields 1 and  2 showed significant RI on recall o f field 1 (as  tes te d  24 
hours a fte r  exposure  to  field 1). H ow ever, su b je c ts  w ho received m ore 
tra in in g  in field 1 before exposure  to  field 2, show ed no significant RI. 
T h is suggests th a t  v u lnerab ility  of newly learned  m o to r  m em ories m ay 
be reduced w ith  increased  in itia l exposure  to  th e  task . Supported by NIH: 
AR26710, ONR: N00014/K/0372.

303.2
NEUROPSYCHOLOGICAL DISSOCIATION BETWEEN PERCEPTUAL FLUENCY AND 
RECOGNITION FLUENCY IN LONG-TERM MEMORY. J.D.E. Gabrieli*. A.D. Wagner. G T. 
Stebbins. K.W. Burton, and D.A. Fleischman. Dept, of Psychology, Stanford University, 
Stanford, CA 94305 and Dept, of Neurological Sciences, Rush-Presbyterian-St. Luke's 
Medical Center, Chicago, IL 60612.

Studies with amnesic patients and normal sqbjects have provided evidence for 
functional and anatomic dissociations between the memory systems that mediate 
performance on explicit memory tasks (recall, recognition) and implicit memory tasks 
(repetition priming). It is unknown, however, to what extent shared memory processes 
may contribute to performance on both explicit and implicit memory tasks. It has been 
proposed that a single fluency process may contribute both to perceptual repetition 
priming and to recognition memory judgments. In addition, recollection processes are 
thought to contribute to recognition memory judgments. If a shared fluency process 
mediates both perceptual repetition priming and a component of recognition memory, 
then damage to the brain basis of that process ought to impair both kinds of memory. We 
examined this possibility in patient M.S., who has a right occipital-lobe resection for 
treatment of epilepsy. He exhibits a unique pattern of memory for words: Impaired 
perceptual implicit memory as measured by priming on a perceptual identification task 
and intact explicit memory. M.S.'s impaired perceptual identification priming indicates a 
perceptual fluency deficit. Although his overall recognition memory appears intact, it was 
unknown whether his recognition memory is influenced normally by fluency processes. In 
order to examine the status of recognition fluency in M.S., we used two experimental 
procedures that provide putative measures of fluency in recognition: Jacoby's process 
dissociation (inclusion/exclusion) procedure and Gardiner's remember/know procedure. 
M.S. showed normal influences of fluency on recognition memory by all measures. Thus, 
he provides evidence for the separability of fluency processes underlying perceptual- 
identification priming and recognition memory judgments. Convergent evidence from 
additional experiments with normal subjects supports the conclusion that fluency is not a 
unitary process, and that functionally and anatomically distinct forms of fluency participate 
in perceptual repetition priming (as measured by perceptual identification) and 
recognition memory (as measured by inclusion/exclusion and remember/know 
procedures). Supported by grants from the NIA.
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3 0 3 .3
EVIDENCE FOR M ULTIPLE PERCEPTUAL IMPLICIT MEMORY 
PROCESSES. B. Ryorna, C.J. Vaidya. K. Lange  J.E. Desmond, D.A, 
Fleischman* and J.D.E. Gabrieli. Dept, of Psychology, Stanford Univ., 
Stanford, CA 94305; Dept, of Neurological Sciences, Rush Med Center, 
Chicago, IL 60612.
Recent PET and divided visual-field studies indicate that the right hemisphere 
plays a special role in priming on perceptual implicit memory tasks. The 
specific nature of this role, however, is not yet known. M.S., a 29 year-old male 
with a right occipital lobectomy (areas 17, 18 and portions of 19) has 
demonstrated intact priming on a picture naming task, but impaired priming on a 
perceptual identification task. This result suggests a right occipital locus for the 
processes that underlie priming on tasks that use degraded stimuli. To test this 
hypothesis, we examined priming in M.S., amnesic and control subjects on other 
tasks that require processing of degraded stimuli, namely, picture- and word- 
fragment completion. On these tasks, subjects studied intact pictures or words 
and then identified fragments of studied and non-studied stimuli in decreasing 
levels of fragmentation. Priming was measured by identification at more 
fragmented (i.e., less complete) levels of studied than non-studied items. 
Amnesic patients showed intact picture-fragment priming. Thus, priming on 
this task may not be mediated by explicit retrieval. M.S. also demonstrated 
intact picture- and word-fragment completion priming. These results suggest 
that fragment completion and picture naming tasks may depend on perceptual 
processes that are independent of right occipital regions. Perceptual 
identification priming, on the other hand, may be mediated by perceptual 
processes that depend on right occipital regions.
This research was supported by grants from the NIA.

3 0 3 .5
DEFICIT IN RELATIONAL (DECLARATIVE) MEMORY IN AMNESIA. S.D. 
Whitlow. R.R, Althoff. & N.J. Cohen*. Beckman Institute, Dept of Psychology, & 
Neuroscience Program, University of Illinois, Urbana-Champaign, IL, 61801.

Using eye movements as an indirect measure of memory, we found an 
impairment in relational memory in amnesia. Stimuli were 72 pairs of real-world 
scenes consisting of an original scene and a manipulated version, in which the relations 
among objects in the scene were changed. The task involved answering a question to 
each scene that required examination of the relevant object relations. Subjects viewed 
each of the scenes in their original (unmanipulated) version, and then either viewed 
them unchanged for a third time or viewed them in their manipulated versions. In Exp 
1, reaction times for control subjects distinguished between repeated old, manipulated 
old, and new items; but, reaction times for the 2 amnesic patients tested were no 
different for repeated old vs manipulated old items. Recognition memory judgments 
taken during a fourth presentation showed the amnesic patients’ performance to be 
markedly impaired compared to that of controls. In Exp 2, we measured number of 
fixations across the entire scene and time spent in the region of the relational 
manipulation. For controls, eye movement behavior differed significantly between old 
and new items, showing a repetition effect, and between repeated and manipulated old 
items, showing a relational manipulation effect. For the amnesic patients, however, 
eye movement behavior showed the repetition effect but not the relational manipulation 
effect. Exp 3 assessed explicit memory of manipulated scenes, in order to rule out 
possible contributions to these eye-movement measures of explicit remembering. 
Recognition memory performance (d’) fell to zero in control subjects with a 1-week 
delay. Exp 4 replicated the previous eye movement results at a week delay, showing 
both the repetition effect and the relational manipulation effect, despite the absence of 
explicit memory for the manipulations. These findings conform with the claim of 
Cohen and Eichenbaum (1993) that declarative memory supports memory for the 
relations among perceptually distinct objects, even when assessed with indirect tests.

3 0 3 .7
IM M E D IA T E  V ISU A L R E C O G N IT IO N  IS IM P A IR E D  AFTER 
LEFT OR R IG H T TEM PO R A L-L O B E EX CISIO N. J. D. Mendola*, E. 
Bricolo. A.J. Cole. G.R. Cosgrove. H.H. Bulthoff, & S. Gorkin. Dept, of Brain 
and Cognitive Sciences and the Clinical Research Center, MIT, Cambridge, MA 
02139; Dcpts. of Neurology and Neurosurgery, Mass. General Hospital, Boston, 
MA 02114.

Right anterior temporal lobectomy results in impaired memory for nonverbal 
stimuli, such as abstract designs. However, the impairment typically is seen only 
when there is a delay between study and test phases o f the experiment (Smith, 
1989). It is possible that an immediate recognition impairment would emerge if 
the stimuli were made more difficult perceptually. We studied visual recognition of 
2D and 3D depictions of abstract shapes in 5 patients who underwent anterior tem
poral lobectomy for epilepsy (1 left, 4 right) and 2 patients in whom left temporal- 
lobe aneurysms were clipped. Experim ent 1 was based on a study by Rock 
(1972) demonstrating that normal subjects show better recognition memory for 
subtle changes in the contour of an open-line segment than for the same contour 
when it is part of a closed figure. We administered a 2-altemative, forced-choice, 
immediate match-to-sample recognition test. The patients with temporal-lobe ex
cisions were impaired relative to 13 control subjects, particularly with the open-
line stimuli (p=.02). In Experim ent 2, subjects studied a wire-like object pre
sented stereoscopically, and then made four sequential same/different judgments, in 
each of 40 blocks (Bricolo & Bulthoff, 1994). Subjects discriminated target ob
jects from distracters that were created by adding a displacement to the x, y, or z 
coordinates of the object joints. The patients with temporal-lobe excisions were 
significantly less accurate than control subjects when the difference between targets 
and distracters was small (p=.001). The memory impairment, which may be due to 
imprecise positional encoding of the stimulus attributes, stands in contrast to the 
patients' normal performance on perceptual tests, such as contrast sensitivity. 
These preliminary results suggest that both temporal lobes are critical for immedi
ate visual recognition memory when the target and distracter shapes are similar.

3 0 3 .4
INTACT SPECIFICITY OF PERCEPTUAL PRIM ING IN GLOBAL 
AMNESIA C.J. Vaidva*. N. Askari, and J. D. E. Gabrieli. Department of 
Psychology, Stanford University, Stanford, CA 94305

Global amnesic patients show intact priming on many implicit retrieval 
tasks, despite severe memory deficits on explicit retrieval tasks. Normative 
studies indicate that priming on both auditory and visual perceptual-implicit tasks 
is greater when study and test stimuli appear in the same perceptual form than in 
a different perceptual form (e.g., voice, typefont). Findings from some recent 
studies indicate that amnesic patients may not demonstrate such perceptual 
specificity in priming. Amnesic patients failed to show more priming when study 
and test words were presented in the same relative to different voices on an 
auditory perceptual identification task (Schacter & Church, in press), and in the 
same relative to different typefonts on a fragment completion task (Kinoshita & 
Wayland, 1993). Amnesic patients' inability to show perceptual specificity in 
priming suggests that it is mediated by declarative memory processes that depend 
on limbic-diencephalic structures which are impaired in amnesia. In the present 
study, amnesic and control subjects rated study-words for readability and then 
completed word-stems corresponding to studied and non-studied words that 
appeared in either the same or different typefont as study-words. Similar to 
control subjects, amnesic patients showed more priming for words in same- 
typefont than different-typefont conditions. Thus, amnesic patients can 
demonstrate perceptual specificity in word-stem completion priming. Therefore, 
conditions that yield intact or impaired perceptual specificity in priming in 
amnesia remain to be fully elucidated.
This research was supported by grants from the NIA.

3 0 3 .6
BLOCKING EFFECTS IN IMPLICIT AND EXPLICIT 
MEMORY FOR CATEGORIZED LISTS IN AMNESIA. F.B. 
Gershberg*. M, Verfaellie. and L S , Cermak. Memory Disorders 
Research Center, Boston University/VAMC, Boston, MA 02130.

The aim of this study was to test the hypothesis that the 
memory deficits exhibited by patients with amnesia are due to 
impaired storage o f new associations such that the components of 
an episode cannot be bound into a unique, retrievable unit. We 
tested amnesic patients and matched control subjects on explicit 
category-cued recall and implicit category production under two 
study conditions, random and blocked. In the random study 
condition, lists comprising 5 items from each of 4 categories were 
presented in random order, with no two items from the same 
category presented adjacently. In the blocked study condition, 
lists were presented blocked by category. Control subjects 
produced more studied items after blocked study than after random 
study in both explicit and implicit test conditions. Amnesic 
patients showed no such effects o f blocking on memory 
performance. This finding is consistent with our hypothesis.
That is, if the blocking effect results from facilitated storage of 
new associations between the items in each category, then the 
effect is absent in amnesia because of a deficit in storing such 
associations. Inclusion and exclusion conditions will be 
administered to control subjects, and the process dissociation 
procedure will be applied in order to assess the degree to which 
recollection and conceptual fluency contribute to the blocking 
effect. These additional results and their implications will be 
discussed.

3 0 3 .8
SELECTIVE INVOLVEMENT OF HIPPOCAMPAL 
NOREPINEPHRINE IN MUSICAL PERCEPTION AND  
ACQUISITION-RECOGNITION TASKS IN THE HUM AN BRAIN: 
A MICRODIALYSIS STUDY.
P. Leone* and M.J. During. Neurogenetics Laboratory, Yale University 
Sch. o f Med., N ew  Haven, CT 06510.

Locus coeruleus noradrenergic projections to the hippocampus are 
involved in emotional and cognitive processes. Our group has previously 
reported a direct involvement of hippocampal norephinephrine in 
learning and memory in the human brain. Exposure to specific musical 
themes has been shown to improve spatial performance and I.Q. test 
performance in human subjects. In this communication we report a 
selective activation of hippocampal norepinephrine in the conscious 
human brain during auditory perception of specific musical genres and 
melodies as well as during the acquisition and the recognition o f memory 
tasks. Epiletic patients were implanted with bilateral microdialysis probes 
in the hippocampus and they were exposed to cognitive and musical tests 
5 to 7 days post neurosurgery. The learning and memory tasks consisted 
of an acquisition phase, a distractive phase, and a recognition phase. The 
musical perception task consisted in the exposure of three musical genres: 
classical (W.A. Mozart), rock (Led Zeppelin) and relaxation music. 
Preliminary results of the cognitive experiment showed an activation of 
norepinephrine release selectively during the acquisition and recognition 
phase of the cognitive tasks. Preliminary results of the musical experiment 
demonstrated a selective activation of norepinephrine during the 
perception of classical and rock music. In both experiments dopamine and 
various aminoacids remained unchanged. In summary hippocampal 
norepinephrine appears to act as a neuromodulator o f cognitive processes.

Society for Neuroscience, Volume 2 1 , 19 9 5
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3 0 3 .9
RECALL AND AFFECT FOLLOWING UNILATERAL TEMPORAL 
LOBECTOMY. E. A. Phelps*, O. Ziv. and K.S. Labar. Department of 
Psychology, Yale University, New Haven, CT 06511.

We recently reported that patients who had received unilateral temporal 
lobectomy showed a deficit in fear conditioning that could not be attributed 
to a deficit in declarative knowledge (see Labar et al., in press). Two 
studies were conducted to determine if this deficit in emotional memory 
seen in fear conditioning could be extended to other types of memory tasks, 
particularly recall of affective words and recall for neutral words embedded 
in affective sentences.

Twenty-three patients who had received unilateral temporal lobectomy 
(11 left and 12 right) and 23 matched controls participated in both studies. 
In Experiment 1, subject were presented a list of 27 affective words: 9 each 
of three categories - positive, negative, and neutral. The subjects were 
presented the words al a rate of 1 every 12 seconds and GSR was measured 
during word presentation. After a short delay, subjects were asked to recall 
the words. In Experiment 2, subjects were given a list of 30 neutral words. 
For each word, they were instructed to incorporate the word in a 
hypothetical, self referent sentence that was positive, negative, or neutral in 
affective tone. Recall was assessed for the neutral words.

The results for both studies were similar. The left temporal lobectomy 
subjects showed marginally worse overall levels of recall. In Experiment 1, 
all subject groups (right TL, left TL and normal control) recalled more of 
the affective words than neutral words. In Experiment 2, all subject groups 
recalled more of the words embedded in affective sentences than neutral 
sentences. There were no affect by group interactions in either study. 
These results suggest that the emotional memory deficit seen following 
unilateral temporal lobectomy does not extend to all memory tasks. These 
subjects show normal patterns of performance when recall of words is 
influenced by affective valence.

3 0 3 .1 1
EFFECTS OF PROACTIVE INTERFERENCE IN PATIENTS WITH 
PARKINSON’S DISEASE. W.J. Lombardi*, L.J. Cotd and Y. Stem. Department of 
Neurology, Columbia University, P&S Box 16, 630 W. 168th St., New York, NY 
10032.

To characterize the memory deficit in Parkinson’s disease (PD), performance in the 
proactive interference paradigm was compared in patients and age-matched controls.
In three experiments, subjects studied a target A-C list of word pairs (e.g., Bee- 

Honey). The target list was preceded by a list containing either an interfering A-B 
pair (e.g., Bee-Wasp) or an unrelated control D-E pair (e.g., King-Queen) for each 
target pair. Normal subjects recalled more target C words to A word cues in the 
control condition than in the interference condition, the usual proactive interference 
effect. In contrast to normals, PD patients recalled approximately equal numbers of 
word pairs in the interference and control conditions. The performance of patients 
in both conditions was equivalent to performance of normals in the interference 
condition, suggesting that a 'spread' of interference occurred in the patient group. 
However, when given a chance to produce both the B and C words for each A cue, 
the patients' performance was equal to that of normals. Subsequent experiments 
demonstrated that blocking the interference and control items at study improved the 
patients' performance on control word pairs, while having no effect on performance 
on interference word pairs. Blocking interference and control items at test had no 
effect on performance. The poor performance of PD patients on the control pairs 
appeared to be the result of studying these items in the context of the interference 
pairs. PD patients may have devoted more processing resources during study to pairs 
which included a repeated word (interference condition), to the detriment of pairs 
that did not (control condition). The results are interpreted as demonstrating that 
perseveration is a significant component of poor memory performance in PD.

This research was supported by NINDS NRSA F32NS09755.

3 0 3 .1 0
SELECTIVE SPATIAL MEMORY DEFICITS AFTER UNILATERAL 
TEMPORAL LOBECTOMY IN HUMANS.
JA Nunn*, CE Polkey1 and RG Morris, Department of 
Psychology, Institute of Psychiatry, London, UK. 
1Maudsley Hospital, London, UK.
O'Keefe and Nadel's theory of hippocampal function 
states that the right hippocampus in humans is 
specialised for spatial memory, a claim that is still 
hotly disputed. To assess this theory we have studied 
patients following unilateral temporal lobectomy (TL), 
an operation involving removal of the hippocampus, 
amygdala and surrounding structures. The extent of the 
operation was verified by structural magnetic resonance 
imaging. Spatial and nonspatial (visual) memory 
performance was compared in age and IQ-matched controls 
(n=18), left TL (n=18) and right TL (n=18) patients. 
The problem of differential sensitivities of the tasks 
to overall memory impairment was avoided by matching 
the performance of normal and memory-impaired patients 
on the visual task by testing normal subjects at longer 
delays. One-way analyses of variance showed that all 
three groups were matched on both recall and 
recognition of 8 abstract designs (visual memory), at 
sub-ceiling levels. However recall of the position of 
the designs (spatial memory) showed a selective deficit 
in right TL patients, compared to both controls 
(p<0.05) and left TL patients (p<0.05). These data 
provide support for O'Keefe and Nadel's theory in 
humans, by indicating that the right hippocampus is 
specialised for spatial memory.

3 0 3 .1 2
S E L E C T IV E  V U L N E R A B IL IT Y  O F  S P A T IA L  D E LA Y ED  
RESPON SE IN EARLY PA RK IN SO N 'S DISEASE. B.R. Postlc*1,
J. Jonides2 . E. Smith2 . S. Corkin1. J.H. Growdon3. 1 Department of Brain and 

Cognitive Sciences and the Clinical Research Center, Massachusetts Institute of 
Technology, Cambridge, MA 02139; 2Department of Psychology, University of 
Michigan, Ann Arbor, MI 48109; 3Department of Neurology, Massachusetts 
General Hospital, Boston, MA 02114.

Studies in monkeys (Wilson et al., 1993) and humans (Smith et al., in press) 
provide evidence that discrete neural circuits support independent, material specific 
modules of visual working memory. Parkinson’s disease (PD) provides a good 
model for isolating the brain regions and neurotransmitter systems that may 
underlie visual working memory because dopaminergic systems are predominantly 
affected in the early stages of illness. Disruption of working memory functions 
may explain the f in in g  of Postle et al. (1993) that patients with PD are selectively 
impaired on a spatial conditional associative learning task, but not on an analogous 
test using objects. In the present study, 10 patients with mild PD (Hoehn & Yahr 
stages I - II) and 9 normal control subjects (NCS) performed a delayed-response 
task. In an object recognition condition, subjects viewed two abstract stimuli 
("targets") on a computer screen, then a blank screen for 3 sec., and then judged 
whether a "probe" stimulus was the same as or different from either of the targets. 
In the spatial condition, subjects viewed the same types of stimuli in the same 
presentation sequence, but judged whether the location of the probe was the same as 
or different from either of the targets. PD patients were impaired relative to NCS 
on the spatial condition (PD mean errors = 22.2%; NCS mean errors = 14.4%; p < 
.05) but not the object condition (PD mean errors = 21.3%; NCS mean errors = 
20.2%; p  > .7). These results indicate a selective vulnerability of spatial working 
memory in PD, which may be due to differential patterns of degeneration in the 
nigrostriatal pathway, and of dopamine depletion in the head of the caudate nucleus.

NEUROPEPTIDES AND BEHAVIOR I

3 0 4 .1

A GENDER-SPECIFIC MECHANISM FOR PAIR BONDING. 
OXYTOCIN, VASOPRESSIN, AND PARTNER PREFERENCE 
FORMATION IN MONOGAMOUS VOLES. T.R. Insel* and T.J. 
Hulihan. Dept, o f Psychiatry and Beh. Sci., Emory Univ. Sch. o f 
Med., Atlanta, GA 30322.

Brain pathways for the neurohypophyseal peptides, oxytocin and 
vasopressin, have been implicated in the mediation o f socio-sexual 
behaviors. Studies in the monogamous prairie vole have previously 
demonstrated that central administration o f vasopressin but not 
oxytocin facilitates male behaviors critical to pair bonding (Winslow  
et al., Nature, 1993). In this study, female prairie voles were studied 
to investigate the role o f vasopressin or oxytocin in the formation o f 
the female's preference for a particular male partner. Initial studies 
showed that in monogamous female prairie voles (but not in non- 
monogamous congeners), mating was followed by a partner 
preference that endured for at least two weeks. Non-mating prairie 
vole females developed a partner preference following oxytocin 
infusions (0.5ng/hr,icv), but not after vasopressin or cerebrospinal 
fluid infusions. Females given a selective oxytocin antagonist (OTA, 
5.0ng iev) showed normal mating behavior, yet failed to develop a 
partner preference. An equivalent dose o f the vasopressin antagonist, 
d(CH2)5[Tyr(Me)]AVP, that previously blocked partner preference 
formation in male prairie voles was without effects in mated females. 
These results suggest that oxytocin, released with mating, may be 
critical to formation o f a partner preference in the female prairie vole; 
in contrast to vasopressin, which appears to be more important for 
pair bonding in the male o f this species.

3 0 4 .2

THE TIM E C O URSE OF O T B INDING  C H ANG ES IN THE MPOA AND  
VTA DURING LATE PREG NANCY, P A R TU R ITIO N  AND POSTPARTUM . 
C.A. Pedersen*. J. M. Johns. C. W alker, and G.A. Mason. Department of 
Psychiatry, UNC School of Medicine, Chapel Hill, NC 27599.

W e previously found 1) that oxytocin (OT) activity in the medial preoptic 
area (MPOA) and the ventral tegmental area (VTA) is critical for the 
postpartum onset of maternal behavior in the rat and 2) that the Bmax for 
binding of the iodinated O T antagonist, OTA, in those brain areas was 
significantly higher at parturition when maternal behavior begins, 
compared to Days 15-17 of pregnancy or Days 5-7 postpartum. In order 
to examine the time course of change in more detail, binding was 
measured at a saturating concentration of 125 |_o t a  (1.3 nM) on Days 15, 
18, 20, 22. 23 (during or not during parturition) and Days 1, 3, 5, and 7 of 
lactation. Binding rose significantly by Day 20 of pregnancy in the MPOA  
and by Day 23 of pregnancy in the VTA, peaked at parturition and then 
dropped significantly postpartum. The greatest increase in 125 |_O t a  
binding was associated with the rise in 17 β -estradiol levels between Days 
15 and 20 of pregnancy and not the sharp drop in progesterone between 
Days 20 and 23 of pregnancy. Daily im doses of progesterone (4 mg) 
beginning on Day 18 of pregnancy had no infuence on OTA binding on 
Day 23 of pregnancy. Most of the rise in OTA binding occurred several 
days before the appearance of maternal responsivity toward pups. 
Supported by HD25255.
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3 0 4 .3
CENTRAL OXYTOCIN ANTAGONISM BLOCKS PREWEANLING RAT 
PUPS’ ACQUISITION OF PREFERENCE FOR MATERNALLY ASSOCIATED 
ODOR. Eric Nelson * & Jaak Panksepp. Department of Psychology, Bowling 
Green State University, Bowling Green OH. 43403.

Several recent studies have implicated central oxytocincrgic neurons in the 
regulation of adult mammalian prosocial behavior. Oxytocin appears to be 
functional in mammalian neonates, and therefore may play an important role in 
regulating infant-mother interaction in preweanling mammals. The present series of 
experiments were carried out to assess this possibility.

Fifteen day old rat pups that were exposed to three odor-mother pairings on the 
previous day had a significantly faster odor approach latency and spent more time in 
contact with odorized bedding than control rats that received three yoked odor 
exposures. This increased odor affinity was not apparent however, if pups were 
subjected to central injection of OTA - the oxytocin antagonist 
d(CH2)5[Tyr(Me)2,Thr4,Tyr-(NH9)2] OVT, prior to odor-mother pairing. OTA 
did not disrupt pup interaction with their anesthetized mother, nor did it disrupt 
single trial odor-aversion learning. These findings indicate that OTA specifically 
blocked preweanling rat pups acquired preference for a maternally associated odor.

On the other hand, central administration of oxytocin (0.5µg) prior to odor 
exposure, or odor-mother pairing did not alter odor affinity for either group, 
indicating that although oxytocin is necessary for the acquisition of maternally 
associated odor preferences, in the absence of the mother, exogenous application of 
oxytocin does not appear to be sufficient. Oxytocin did significantly reduce time in 
physical contact with the anesthetized mother however, suggesting that exogenously 
administered oxytocin may disrupt social motivation in young rat pups.

In general, these results are consistent with studies which have found that 
oxytocin plays an important role in the regulation of prosocial behavior in adult 
mammals, and suggest some similarity in the ncurobiological controls o f infant - 
mother interaction and other prosocial behaviors.

3 0 4 .5
SERTRA1.1NE EFFECTS ON NEUROPEPTIDES IN ANIMAL MODELS OF 
DEPRESSION. G. Bisscttc * and V. Bernard. Dept. Psychiatry and Human 
Behavior, Univ. Miss. Med. Ctr, Jackson, MS 39216 

Sertraline (Zoloft) is a selective serotonin re-uptake inhibitor with anti
depressant effects. Previous studies have demonstrated that the neuropeptides,
CRF and TRH exhibit increased cerebrospinal fluid concentrations in patients 
with major depressive disorder and somatostatin levels are decreased. All 
three neuropeptides arc increased in concentration irelative to controls in the 
anterior septum of two separate animal models of depression, the chronic, mild 
stressed rat and the olfactory bulbcctomizcd(OBX) rat. The OBX rat exhibits 
increased locomotor activity that is attenuated by chronic, but not acute, 
antidepressant drug treatment. To evaluate whether these behavioral changes 
arc correlated with neuropeptide alterations. Sertraline (10 mg/kg) was injected 
daily to groups of OBX and sham operated rats (Zivic Miller, Zcllinople, PA) 
for five weeks before euthanasia and brain dissection. Relative to vehicle treated 
OBX rats, the Sertraline treated OBX rats show ed a decrease in their previously 
high levels of locomotor activity in a weekly thirty minute trial after three weeks 
of drug treatment. The locomotor activity of the sham operated controls was not 
affected by drug treatment. Radioimmunoassay of 21 brain regions for TRH, CRF 
and somatostatin revealed concentration changes in several regions between OBX 
and sham control rats. Sertraline also induced several regional changes in 
neuropeptide concentrations, however previous findings of elevatlcd concentrations 
of all three of these peptides in the anterior septum were not replicated in this group 
of rats. (Supported by NIH grant MH-45975)

3 0 4 .7

ANTAGONISM OF THE ANXIOGENIC EFFECTS OF PRENATAL 
STRESS BY THE CRF ANTAGONIST, D-phe-CRF12-41 H E Ward. 
E. A. Johnson, A. J. Azzaro*, D. L. Birkle Department o f  Behavioral 
Medicine and Psychiatry, Department o f  Pharmacology and Toxicology, 
West Virginia University School o f  Medicine, Morgantown, WV 26506  

We have previously reported that adult rats which have undergone mild 
prenatal stress during the last week o f  gestation have an increase in 
corticotropin releasing factor (CRF) neurotransmission in the amygdala 
Levels o f CRF, CRF mRNA, CRF receptors, and CRF release are all 
elevated in amygdala from these animals. Prenatally stressed rats were 
tested in a defensive withdrawal paradigm These animals spent more time 
in the defensive withdrawal chamber than controls (n=10, p<0.01). 
Prenatally stressed rats were more sensitive to the anxiogenic effect o f  
restraint stress (2hr), which increased time spent in the defensive with
drawal chamber and latency to make the first exit from the chamber (n=6, 
p<0.01). Treatment with the CRF antagonist, D-phe-CRF12-41 (15 0 µg icv 
in 3 divided doses) during the restraint period reduced the anxiogenic 
effects o f restraint (n=5, p <0.01) and abolished the behavioral differences 
between control and prenatally stressed rats These behavioral findings 
lend further support for the hypothesis that the anxiogenic effects o f  
prenatal stress are mediated by alterations in central CRF systems This 
work was supported in part by UHA.

3 0 4 .4
EFFECTS OF NUCLEUS ACCUMBENS INJECTIONS OF NEUROTENSIN 
ON SENSORIMOTOR GATING. D. Feifel*. S. Dulawa, N. Taaid and N.R, 
Swcrdlow. Dept, of Psychiatry, University’ of California, San Diego, CA 92093

Prepulse inhibition (PPI), a measure of sensorimotor gating, occurs when 
the startle reflex to an intense acoustic stimulus is inhibited by a preceded (30 
- 500 msecs) weaker acoustic stimulus. PPI is regulated by mesolimbic 
dopamine and is deficient in conditions of excess dopamine such as occur in 
schizophrenia and in rats treated with dopamine agonists such as 
amphetamine (AMP). Neuroleptic drugs tend to enhance PPI.

Neurotensin (NT) is a tridecapcptide colocalized with mesolimbic 
dopamine. Studies in rats suggest that NT has a neuroleptic-like profile. For 
example, injections of NT into the nucleus accumbens (NAC) block AMP- 
induced hyperlocomotion. This has raised interest in the possibility that NT 
may have therapeutic, antipsychotic potential. To further test this possibility, 
we examined the effects of intra-NAC injections of NT on intact and AMP- 
inhibited PPI.

In a series of experiments, male rats were given bilateral intra-NAC 
injections of NT (() - 5 µg) combined with systemic injections of either saline 
(SAL) or AMP (2 mg/kg). Photocell cages and startle chambers were used to 
measure locomotor activity and PPI, respectively.

Our locomotor results replicate previous work which showed that NT, 
across a wide dose range, inhibits the hypcrlocomotion induced by AMP, but 
has no effect on locomotion in SAL-treated rats. Startle results revealed a 
more complex effect. Low doses of NT (0.25 µg) facilitated both intact (SAL- 
treated) and AMP-inhibited PPI (neuroleptic-like effect). Higher doses of NT 
(5pg) had no effect on intact PPI and actually potentiated the inhibition of PPI 
by AMP. These results suggest that NT has effects on sensorimotor gating 
which are dependent on dose and the degree of dopaminergic activation.

3 0 4 .6
THE BEHAVIORAL EFFECT OF CENTRAL ADMINISTRATION OF 
THE NOVEL CRF ANTAGONIST ASTRESSIN. M. Spina, F. Menzaghi, V. 
Risborough, K.T. Britton2*, E. Merlo-Pich, J. Rivier1  W. Vale1 and G.F, 
Koob. The Scripps Research Institute, Dept. of Neuropharmacology,1 Clayton 
Foundation Laboratories for Peptide Biology, The Salk Institute and 2Dept. of 
Psychiatry, V.A.M.C. and the UCSD School of Medicine, La Jolla . CA 
92037.

Several CRF receptors have been recently identified, yet their function is not 
clear for lack of specific ligands. There is strong evidence that antagonists of 
CRF such as alpha helical CRF(9-41) and [D-Phe12,Nlc21,38.Cα MeLeu37) 
CRF(12-41) have different relative potencies with respect to their ability to 
inhibit the HPA axis, the cardiovascular system and the stress-induced 
behavioral changes in rats. A novel family of structurally constrained and long 
acting CRF antagonists has been identified a member of which (Astressin) is 
particularly potent at inhibiting the HPA axis. The aim of the present study 
was to determinate in vivo the relative potency of Astressin to block the 
locomotor activity induced by CRF and to attenuate the social stress-induced 
emotionality measured with the elavated plus maze. Astressin administered 
intracerebroventricularly blocked the CRF-induced locomotor activity in a dose 
dependent way. Preliminary data suggest that the increased emotionality 
produced by the social stress was also reversed by administrassion of Astressin. 
Compared to our previous study (JPET 269: 564-572, 1994) Astressin had a 
similar potency to that of [D-Phe12,Nle21,38,Cα MeLeu37] CRF(12-41). 
These results suggest that Astressin may have a unique anti-CRF profile 
compared to previous antagonists.

3 0 4 .8

FASTING ACTIVATES RAPID  HYPOTHALAMIC NPY GENE 
EXPRESSION AND HPA AXIS HORMONES. E S. Hanson*. M.F. 
Dallman, and N. Levin. Dept. of Physiology, Univ. of Calif., San Francisco, CA 
94143-0444. sGenentech Inc., SoSF CA 94080.

Overnight fasting increases nocturnal plasma corticosterone (B) 3 fold over the ad 
lib circadian peak. Fasting for 48h or more also increases hypothalamic NPY content 
and gene expression. Because NPY stimulates the HPA axis, and the dynamics of an 
overnight fast on hypothalamic NPY levels have not been investigated, we examined 
whether the fasting-induced rise in NPY is concordant with the rise in B observed 
during an overnight fast. We removed food from rats in the late afternoon 1.5 h prior 
to lights out when ad lib feeding begins. Rats were killed before and 3, 14 and 48 h 
after food removal for determination of circulating hormones and hypothalamic NPY 
peptide by RJA. NPY mRNA was measured in a medial basal hypothalamic (MBH) 
dissection containing the arcuate nuclei by RNase protection assay. Fasting increased 
plasma ACTH and B at all times tested. 3h after food deprivation NPY peptide was 
significantly decreased in the MBH. No fasting-induced changes in NPY peptide were 
observed in a dorsal medial hypothalamic dissection which contains the 
paraventricular nuclei. NPY mRNA in the MBH was significantly elevated above 
controls at 14 and 48h after food removal but was not different from controls at 3h 
(the time of greatest elevation in plasma B). The present results are the earliest 
reported increases in fasting induced NPY gene expression. The decreases in NPY 
peptide within 3h after food removal suggest that this increased gene expression is in 
response to a rapid secretion of NPY which accompanies PM food removal. The 
immediate changes in hypothalamic NPY and HPA axis activity may be causally 
related. (Supported, in part, by NIH DK 28172)
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A N  A S S E S S M E N T  O F  T H E  B E H A V I O R A L  E F F E C T S  O F  
T H Y R O T R O P IN -R E L E A S IN G  H O R M O N E . S. S m u rth w a ite ,  J .B . 
R o sen , S .R .B . W e iss , an d  R .M . P ost. B io lo g ic a l P sy c h ia try  B ran ch , 
N IM H , B e th esd a , M d 20892 .

T R H  h a s  b een  sh o w n  to  h av e  a n u m b er  o f  b e h a v io ra l e ffe c ts  w hen 
a d m in is te re d  i .c .v . as w ell as p e rip h e ra l ly  in bo th  a n im a ls  and  m an 
(e .g ., Y a rb o u g h ; 1979 ; N e m e ro f f  e t a l . ,  1 984 ; W in o k u r , 1993). 
R e c e n tly , o u r  c l in ic a l  g ro u p  fo u n d  th a t  T R H  c a n  h a v e  m ark e d  
a n tid e p re ssa n t e ffe c ts  in p a tie n ts  w hen  a d m in is te re d  e ith e r  in tra th eca lly  
o r  s u b c u ta n e o u s ly  (M a ra n g e ll  e t a l, in p re s s ) . F o r  th is  rea so n  w e 
c o n d u c te d  a se rie s  o f  b e h a v io ra l  s tu d ie s  a s se s s in g  th e  e ff e c ts  o f  
p e rip h e ra l ly -a d m in is te re d  T R H  in n o rm a l an d  th y ro id e c to m iz e d  rats . 
W e m ea su red  a co u stic  s ta rtle  re sp o n se , c o c a in e -in d u c e d  h y p e rac tiv ity , 
and  rev e rsa l o f  p e n to b a rb ita l- in d u c e d  s leep  an d  fo u n d  th a t T R H  (10  
m g /k g , i.p .) d e c re a se d  s ta rtle , p o ten tia te d  c o c a in e 's  a c tiv a tin g  e ffec ts , 
e sp e c ia lly  at h igh  d o se s  o f  c o c a in e  (2 0  an d  4 0  m g /k g ) , an d  red u c e d  
p e n to b a rb ita l- in d u ce d  s leep  tim e. T h e se  ac tio n s  o f  T R H  w ere  b lo ck ed  
in th y ro id e c to m iz e d  a n im a ls  in d ic a tin g  th a t th e  e ffe c ts  o f  p e rip h e ra lly  
a d m in is te re d  T R H  re q u ir e d  in ta c t  th y ro id  fu n c t io n .  H o w e v e r, 
ad m in is tra tio n  o f  th y ro id  h o rm o n e  (T 3 -2 0  and  2 0 0  µ g /kg , i.p .) by itse lf  
d id  n o t p o ten tia te  c o c a in e -in d u c e d  h y p e ra c t iv i ty , s u g g e s tin g  th a t th is  
e ffe c t o f  T R H  w as n o t m ed ia te d  so le ly  by in c re a sin g  th y ro id  h o rm o n e  
levels. F u rth e r w o rk  is req u ired  to  d e te rm in e  the cen tra l and  periphera l 
su b s tra te s  o f  T R H ’s b e h a v io ra l e ffe c ts  an d  ca u tio n  is rec o m m e n d e d  in 
in te rp re t in g  the  m ed ia tio n  o f  the  b e h a v io ra l e f fe c ts  o f  p e rip h e ra lly -  
ad m in is te re d  T R H .

3 0 4 .1 1
STRESS-INDUCED RELEASE OF CHOLECYSTOKININ (CCK)-LIKE 
MATERIAL FROM THE FRONTAL CORTEX IN AWAKE, FREELY MOVING 
RATS. J.J. Benoliel, I. Nevo. C. Becker. L. Lanfumey* and M. Hamon. INSERM U 
288, 91, Boulevard de l'Hôpital, 75013 Paris, France.

Numerous data have been reported supporting the hypothesis that cholecystokinin 
(CCK) plays a role in stress- and anxiety-related phenomena. CCK or CCK agonists 
have been shown to possess anxiogenic properties, whereas CCK antagonists induce 
anxiolytic effects. We presently examined whether stress and/or anxiety-related 
behaviours can be associated with changes in the activity of central CCK-ergic 
neurons. To this end, we employed the microdialysis technique in an attempt to 
measure the cortical release of CCK in the awake freely moving rat. A microdialysis 
probe (CMA/12) was introduced into the frontal cortex through a guide cannula which 
was implanted 5-7 days earlier (Ant., bregma+2.7 mm; Lat., bregma-1.7 mm). The 
probe was continuously perfused at a flow rate of 3.0 µl/min with an artificial 
cerebrospinal fluid (ACSF) supplemented with bovine serum albumin and peptidase 
inhibitors. Fractions (90 µl, corresponding to 30 min of perfusion) were collected at 
4°C and then stored at -30°C until the determination for their CCK content by a highly 
sensitive radioimmunoassay. Following an initial 1 h washout period, the 
spontaneous release of CCK was stable (1 .2 ± 0 . 1 pg/fraction) throughout the 
remainder of the experiment (7 h). The two paradigms employed to trigger stressful 
reactions in the rat were the discontinous application of ether for 2 min, and a 30 min 
restraint stress. In addition, anxiety-like behavior was induced by yohimbine (5 mg/kg 
i.p.). All three conditions produced a significant increase in CCK release (+95%, 
+60% and +105% respectively) which could be prevented by a pretreatment with 
diazepam (5 mg/kg i.p.) 5 min prior to each condition. In contrast, prior injection (100 
pg/kg i.p.) or local application through the microdialysis probe (100 pM) of the 5- 
HT3 antagonist, ondansetron, did not affect the increase of CCK release due to stress or 
yohimbine treatment. These results are congruent with the idea that CCK is involved 
in stress and/or anxiety. The blockade by diazepam of the activation of cortical CCK- 
ergic systems in response to stressful or anxiety-like conditions might participate in 
the anxiolytic action of this drug.

3 0 4 .1 0
C C K -R E C E P T O R  A G O N IS T S  IN D U C E D  E F F E C T S  O N  C O R T IC A L  5-H T  
R E L E A S E  IN  G U IN E A -P IG S  U N D E R  R E S T IN G  C O N D IT IO N S  A N D  O N  
E X P O S U R E  T O  T H E  X -M A Z E . A .R ex *. C .A .M a rs d e n 1) and H .F in k . Institute 
of Pharm acology and Toxicology, M ed ica l Faculty, H um boldt University, 
1009 8  Berlin, G erm any, 1) D epartm ent of Physiology and Pharm acology, 
University of Nottingham  M edical School, Q u ee n 's  M ed ica l Centre, 
Nottingham , N G 7  2 U H , UK.

Exposure of guinea-pigs to the e levated  plus m a ze  (X -m a ze ) increases  
cortical serotonin (5 -H T ) release. In the present study the effects of the  
C C K -B  receptor agonist B O C -C C K -4 , the C C K -A + B  receptor agonist 
C C K -8s and the C C K -A  receptor agonist A -7 1 3 7 8  on behaviour and cortical 
5 -H T  release w ere  monitored. N either B O C -C C K -4 , nor A -7 1 3 7 8 , nor 
C C K -8s affected the behaviour of the guinea-p igs and cortical 5 -H T  release  
under resting conditions in the fam iliar hom e cage. O n exposure to the 
X -m a ze  B O C -C C K -4  induced 'anxious' behaviour and potentiated the rise in 
5 -H T  seen on exposure to the X -m a ze  C C K -8s potentiated the aversion  
induced increase in cortical 5 -H T  re lease, but to a lesser extend than 
B O C -C C K -4  and did not affect the behaviour. A -7 1 3 7 8  no effect on the 
behaviour on exposure to the X -M a z e , but inhibited the rise in 5 -H T . The  
results indicate that 'anxious' behaviour induced by C C K  is associated with 
selective C C K -B  receptor stim ulation, since stim ulation of both C C K -B  and 
C C K -A  receptors by C C K -8 s, or selective C C K -A  receptor activation by 
A -7 1 3 7 8  did not induce anxiety-like behaviour. C C K -B  receptors seem s to 
be mediating 5 -H T  release under aversive conditions, but not in a resting 
state in the fam iliar hom e cage. Th e  results suggest a com plex interaction 
betw een C C K -A +B  m echanism s and 5 -H T  m echan ism s in anxiety related  
behaviour. T h is  w o rk  is s u p p o rte d  by th e  B M F T  (G ra n t  0 1 Z Z 9 1 0 1 )  
a n d  th e  D A A D /A R C .

3 0 4 .1 2
ENHANCED SENSITIVITY TO CCK-4 IN WOMEN WITH SEVERE 
PREMENSTRUAL SYMPTOMS (PDD). J.M. Le Mellѐdo1. J. Bradwein*2. D. 
Koszycki2, F. Bellavance1, D. Bichet3. 'McGill University, Montreal, Canada M3T 
1M5,2Clarke Institute of Psychiatry, Toronto, Canada, M5T 1R8 and 3Universite de 
Montreal, Montreal, Canada.

Overlooked in psychobiological studies of panic and anxiety is the influence of the 
menstrual cycle (MC) and of its related disorder, premenstrual dysphoric disorder 
(PDD), on sensitivity to panigogenic agents. Thus, we have studied the behavioral and 
physiologic effects of cholecystokinin-tetrapeptidc (CCK-4) in women with PDD 
(n=18) and controls (n=21). CCK-4 is a neurotransmitter\hormone and a well validated 
panicogenic agent. A randomized placebo-controlled thrce-period design was used. 
Placebo was administered in the first study period which coincided with the luteal 
phase (LP) of the MC. CCK-4 (35 ug i.v.) was administered in periods two and three 
which coincided with the LP or follicular phase (FP), in a crossover design. Subjects 
were blind to the study substance and raters to the phase to MC. Behavioral responses, 
evaluated with the DSM-III-R derived Panic Symptom Scale (PSS), and blood pressure 
and pulse were measured after CCK-4. Women with PDD showed higher panic rates 
than controls during FP (61.11% vs 23.81%, p=0.018) and during LP (66.6% and 
38.1% , p=0.075). Also, women with PDD showed more sensitivity to CCK-4 during 
LP than FP on sum intensity scores (25.44 ± 1.0 vs 21.56 ± 0.9, p=O.057), on 
maximum increases in pulse rate (p=0.05) and on area under the curve (AUC) for 
pulse measurements (p=0.033). These data indicate that women with PDD show an 
enhanced sensitivity to CCK-4 on both phases of their MC and more so on the LP. The 
relationship between enhanced sensitivity to CCK-4 and the expression of symptoms 
during the LP in women with PDD needs to be investigated. Supported by St Mary’s 
Hospital Psychopharmacology Fund and Fonds de Recherche en Santѐ du Quebec.

BEHAVIORAL PHARMACOLOGY: PSYCHOSTIMULANTS
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HIGHLY POTENT COCAINE ANALOGS CAUSE LONG-LASTING 
INCREASES IN LOCOMOTOR ACTIVITY. M.J. Kuhar*. T.A. Kopaitic. F.I. 
Carroll, J.W. Boia and A.E. Fleckenstein. NIH-NIDA Intramural Research 
Program, P.O. Box 5180, Baltimore, MD 21224.

Numerous potent and structurally dissimilar cocaine analogs have 
been developed which may be of value in treatment of cocaine addiction. In 
this study, three were examined and compared with cocaine for the capacity 
to affect: 1) dopamine transporter binding/function and 2) locomotor activity 
in male rats or mice. RTI-55 (3-β-(4-iodophenyl)tropan-2β carboxylic acid 
methyl ester tartrate), RTI-121 (3-β-3-(4-iodophenyl)tropan-20-carboxylic acid 
isopropyl ester hydrochloride), and RTI-130 (3-β -(4-chlorophenyl)-2-β-( 1,2,4- 
oxadiazol-3-phenyl-5-yl) tropane hydrochloride) competed for 3H WIN-35428 
binding in rat striatum in vitro, with IC50 values that were far less than that of 
cocaine. The ED50 for inhibition of [3H] WIN-35428 binding in mice in vivo 
for these compounds has been shown similarly to be less than that of cocaine. 
RTI-55, RTI-121 and RTI-130 inhibited transport of [3H]dopamine into rat 
striatal synaptosomes, with KiS that were less than the Ki of cocaine. 
Intravenous administration of RTI-55, RTI-121 and RTI-130 effected dose- 
related increases in locomotor activity in mice, with estimated relative 
potencies that were at least 10-fold greater than that of cocaine. These 
increases were long-lasting; whereas increased activity had ceased within 2 h 
after cocaine administration, increased locomotion was observed 10 h after 
RTI-55 or RTI-121, and 15 h after RTI-130 administration. Parallel line 
analysis indicated that the slopes of the dose-response curves for RTI-121 and 
RTI-130 were different than that of cocaine, suggesting that these compounds 
may increase locomotor activity via mechanisms different from that of cocaine.

3 0 5 .2
COCAINE WITHDRAWAL REDUCES DOPAMINE TRANSPORTER 
BINDING IN THE SHELL OF THE NUCLEUS ACCUMBENS
N.S. Pilotte*, L.G. Sharpe, S.D. Rountree and M.J .  K uhar, NIDA-NIH, 
Addiction Research Center, Baltimore, MD 21224.

We have previously shown that withdrawal from repeated, 
intermittent infusions of cocaine in Lewis rats results in a long lasting 
reduction in dopamine transporter levels in the nucleus accumbens. The 
reduction is dose-dependent, requires multiple injections as well as about a 
ten day withdrawal period (JPET, 269:963,1994). In this investigation, we 
have examined the reduction of transporter binding in various subdivisions of 
the nucleus accumbens using film autoradiography. [I25I]RTI-121 was used as 
a ligand because of its selectivity for the transporter and high specific activity. 
Blanks were generated by utilizing 50 µM cocaine. Receptor binding densities 
in sections of rat brain were determined utilizing computer assisted image 
analysis. Areas examined included the anterior and posterior caudate- 
putamen, the dorsal and ventral core and the anterior and posterior shell of 
the nucleus accumbens, the olfactory tubercle, and the ventral tegmental area. 
Withdrawal from cocaine produced changes only in the anterior and posterior 
shell of the nucleus accumbens. These results indicate that limbic portions of 
the nucleus accumbens are involved in neurochemical adaptations during 
withdrawal from cocaine and support the notion that there are a variety of 
persistent changes in mesolimbic dopaminergic neurons during cocaine 
withdrawal.
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EXTINCTION OF COCAINE SENSITISATION BY DIZOCILPINE IS DEPENDENT ON 
CONCOMITANT DAILY COCAINE ADMINISTRATION 
De Montis M.G*., Gambarana C,. Ghiglieri O,. Tagliamonte A.
Institute of Pharmacology, University of Siena, Italy

The study of prevention and reversal by dizocilpine or other NMDA receptor inhibitors of 
leaming processes has been always induced in animals concomitantly receiving the repetitive 
stimulus that causes and maintains the neuronal modifications under observation. In the 
present research, we studied the effect of dizocilpine on cocaine sensitisation, a well 
structured phenomenon which remains unmodified several weeks after cocaine interruption. 
Rats were injected with 40 mg/kg i.p. of cocaine on day 1 , 2 and 3, and with 20 mg/kg i.p. on 
day 6 ,  9, and 14; selected on the basis of their increased response to 10 mg/kg of cocaine on 
motility, and divided into 4 experimental groups treated for 7 days as follows; group 1 
received a daily i.p. injection of saline; group 2 was infused with dizocilpine through a 
subcutaneous osmotic mini-pump (0.1 mg/kg/day); group 3 was treated with 10 mg/kg of 
cocaine daily; finally, group 4 received dizocilpine infusion plus daily cocaine. Animals 
treated with saline alone completely retained the sensitised state to cocaine. Dizocilpine 
infusion did not modify the responsiveness of saline treated rats. Daily cocaine injection 
further increased the sensitisation state. Animals receiving the association of the two 
compounds, at the end of the infusion showed a response to the central stimulant 
significantly reduced in respect to the desensitised state scored at the screening test on 
day 15. The present results seem to support the hypothesis that the state dependent 
memory retrieved by each repeated stimulus is crxial in inducing the neuronal response that 
makes the process sensitive to NMDA receptor inhibition. Moreover, they suggest that the 
action of dizocilpine may become selective in extinguishing a specific consolidated 
behavioural paradigm. A possible field of clinical application of selectively aimed NMDA 
receptor inhibition could be the treatment of drug addiction.

3 0 5 .5

EFFECTS OF BENZAM IDE DER IVA TIVE S ON R ESPO N D IN G  
M AINTAINED BY FO O D  O R C O CAINE SELF-A D M IN ISTR A TIO N  IN 
THE RAT. S.l. Dworkin* and R.H. M ach. Depts. of Phys. & Pharm. and 
Radiol., Bowman Gray Sch. Med., W ake Forest Univ., W inston-Salem, 
NC 27157.

The benzamide derivatives 2,3-dimethoxy-N-(p-flurobenzyl)piperidine- 
4-y l (BMP), and 2,3-dim ethoxy-N-(9-p-fluorobenzyl)-9- 
azabicyclo[3.3.1]nonan-3-3-yl benzamide (MABN) are structurally-related 
compounds that possess a high affinity for dopamine D2 and D3 
receptors (Mach et a l., 1993). Since it has been suggested that 
compounds with affinity to the D2 and or D3 dopamine receptor sites 
may have selective effects on cocaine reinforcement (Caine and Koob, 
1993), the effects of BMP and MABN on food and cocaine maintained 
responding were evaluated. Four rats were trained under a fixed-ratio 
schedule (FR) of cocaine reinforcement. The terminal schedule was an 
FR 10 with a 20 sec timeout period (TO) following the delivery of each 
cocaine infusion (0.33 mg/inf). Four additional rats were trained under an 
FR schedule of food reinforcement. The terminal schedule for these 
subjects was an FR 10 with a 6 min timeout period (TO). This food- 
reinforcement schedule generated patterns of responding that were 
similar to responding maintained by cocaine. Both MBP (0.01-1.0 mg/inf, 
IP) and MABN (0.1-3.0 mg/kg, IP) resulted in a bitonic dose-response 
curve for cocaine self-administration, while food-maintained responding 
showed dose-related decreases. A doses of both compounds increased 
cocaine self-administration without affecting food-maintained responding. 
(Supported by DA03628 and DA 06634).

3 0 5 .7

T H E  U SE O F D R U G  E F F E C T  A S A M E T H O D  TO  
COM PARE FOOD- A ND  D R U G -M A IN TA IN ED  BEH A V IO R
J R. Glowa*. LMC/NIDDK/NIH, Bethesda, MD 20892.

Previous studies have described the effects o f a wide range of 
drugs on food- and cocaine-maintained behavior in rhesus monkeys. 
Lever-pressing was maintained under multiple FR 30-response 
schedules of food ( 1-gram banana pellets) and intravenous cocaine 
delivery. Low unit doses of cocaine (5.6-30 g/kg/inj) maintained 
high rates o f responding in the drug delivery com ponents, 
comparable to those maintained by food presentation, throughout a 
2 hr daily session. Initial studies with GBR 12909, a dopamine 
uptake inhibitor, showed that this drug could eliminate responding 
maintained by low doses o f cocaine (5 .6-10 µ g/kg/inj), without 
affecting food-maintained responding. Similar effects were obtained 
when the magnitude of food reinforcement was lowered (300 mg), 
and the unit dose o f cocaine raised (30 µg/kg/inj). However, when 
even higher unit doses ( 1 ( ) () µ g/kg/inj) o f cocaine were used to 
maintain responding, behavioral selectivity was lost. In contrast, 
phentermine, but not chlorphentermine, se lective ly  abolished  
cocaine-seeking behavior, even when high unit doses were used. A 
series o f drugs with varying levels of dopaminergic activity were 
studied, that exhibited varying degrees o f selectivity for decreasing 
cocaine-maintained responding. In addition, the peptidergic appetite 
suppressant, CCK.-8, exhibited se lective  effec ts on cocaine- 
maintained responding only when intermediate unit doses were 
used to maintain responding. These results suggest that the effects 
of a variety of drugs on food- and cocaine-maintained responding 
depend on the magnitude of each maintaining event.

3 0 5 .4
CHANGES IN THE TUR N O VER  OF DA AND 5-H T DUR IN G  THE SELF-
A D M IN ISTR A TIO N  AND R E S P O N S E -IN D E P E N D E N T D ELIVER Y OF 
COCAINE. J.E. Smith*, C. Co and S.l. Dworkin. Dept. Physiol. & Pharm. 
Bowman Gray Sch. Med., W ake Forest Univ., W inston-Salem, NC 
27157.

DA and 5-HT are involved in the reinforcing effects of cocaine. 
Furthermore, investigations of the direct (pharmacologic) and indirect 
(conditioned) effects of cocaine have determined that these two types of 
effects can be dissociated using a yoked-drug procedure. The present 
study determined differences in the turnover of several neurotransmitters 
in 28 discrete brain regions. Each member of 18 adult male, Fisher triad 
groups was exposed to one of three conditions. O ne rat was allowed to 
self-administer cocaine (SA) under an FR 2 schedule of reinforcement. 
The second and third members of each triad received simulations 
(yoked) infusions of cocaine (YC) and saline (YS), respectively. After 
approximately, one month of stable drug intake, the triads were pulsed- 
labeled with radioactive precursors for the DA and 5-HT. These rats were 
sacrificed following either 60 and 90 min additional exposures to the 
session. There were several differences in DA and 5-H T turnover related 
to the three different treatments. DA turnover in the nucleus accumbens 
was highest in the SA, moderate in the YC and lowest in the YS rats. 
Both DA turnover in the motor cortex and 5-H T turnover in the caudate 
putamen was highest in the YS and lowest in the YC rats. This study 
demonstrates that the context of drug administration can alter the 
neurochemical effects of cocaine received during a self-administration 
session. (Supported by D A03628 and DA 06634).

3 0 5 .6
PRIOR R ESTRAINT-STRESS PRO VIDES PRO TECTIO N AGAINST  
COCAINE TOXICITY. M.D. Schechter*, S.M. Meehan and J.W. Boja . 
Dept. Of Pharmacology, NEOUCOM, Rootstown, OH 44272.

Restraint-stress has been suggested as a possible animal model for 
the cocaine-induced excited-delirium deaths observed in humans. In 
order to test this model, male and female mice were divided into four 
groups. The first group consisted of mice restrained for 10 min, then 
injected with 95 mg/kg cocaine and released in their home cage. The 
second group was similarly restrained, injected with the same dose of 
cocaine and restraint was continued. The third group was allowed 
freedom of movement until injected with cocaine, and they were 
immediately placed into a restraining device. The fourth group was 
allowed freedom of movement both prior to and after injection of the 
95 mg/kg cocaine. This dose of cocaine produced a 60%  mortality in 
control animals (no prior- or post-injection restraint), similar mortality 
was observed in animals with restraint both prior to and following 
injection. A slight but non-significant increase in mortality (80% ) was 
observed in animals restrained immediately following cocaine 
injection. However there was a significant reduction in cocaine 
mortality if the animal was restraint prior to cocaine injection and then 
released. This effect was observed in both male and female mice. It 
can be postulated that restraint-stress causes release of 
catecholamines that are enabled to protect the animal from cocaine- 
toxicity by decreased cocaine binding. Further work will help to 
elucidate the exact mechanism of protection

3 0 5 .8
SEROTONERGIC MODULATION OF GBR 12909 SELF-ADMINISTRATION IN 
RATS. L.H. Parsons* and G.F. Koob. Department of Neuropharmacology, The 
Scripps Research Institute, La Jolla, CA 92037.

GBR 12909 is a selective dopamine (DA) uptake blocker that is readily self- 
administered by rats and thus allows for independent manipulation of serotonin 
neuropharmacology in the context of DA mediated reinforcement. Rats were trained to 
self-administer GBR 12909 (83 µg/infusion) under a fixed-ratio 5 schedule and then 
tested for their self-administration of various doses of GBR 12909 (10.4 - 166.0 
µg/inf) in separate test sessions. GBR 12909 produced an inverted “U” shaped dose 
effect function. The addition of the serotonin uptake blocker fluoxetine (FLX; 42.0 
and 249.0 pg/inf) to the self-administered GBR 12909 solution dose-dependently 
suppressed the self-administration dose-effect function, without a shift of the curve to 
the left or right. A similar suppression of the dose effect function was observed with 
subcutaneous FLX pretreatment (2.5-10.0 mg/kg). To elucidate which serotonin 
receptor(s) may contribute to the FLX-induced suppression of GBR 12909 self-
administration, the ability of various serotonin receptor antagonists to block the effects 
of FLX (42.0 pg/inf) on GBR 12909 (83 pg/inf) self-administration were investigated. 
Neither the putative 5-HT1a antagonist NAN-190 (0.5 - 4.0 mg/kg, s.c.) nor the 5- 
HT2 antagonist ketanserin (1.6 - 6.4 mg/kg, i.p.) had any effect on the FLX-induced 
suppression of GBR 12909 self-administration. However, the 5-HT3 antagonist MDL 
72222 (60 - 480 pg/kg, s.c.) dose-dependently blocked the FLX-induced suppression of 
GBR 1909 self-administration, while having no effect on GBR 12909 self-
administration alone. Pretreatment with the 5-HT3 agonist 1-phenylbiguanide (3 - 10 
mg/kg, i.p.) dose-dependently suppressed the self-administration of GBR 12909. 
Finally, preliminary findings indicate that the 5-HTlb receptor agonist CGS 12066A 
(3 mg/kg, i.p.) shifts the entire dose-effect function for GBR 12909 self-administration 
to the left, suggesting an enhancement of the reinforcing efficacy of GBR 12909. 
These findings correlate with reports which suggest that 5-HT3 and 5-HTlb receptor 
activation stimulates DA release.
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3 0 5 .9
M O D U L A T IO N  O F  A M P H E T A M IN E -IN D U C E D  S TE R E O T Y P Y  IN  
P R E W E A N LIN G  RAT PU P S  BY 2 -D E O X Y -D -G L U C O S E . S. Kennedy, J, 
W illiam s. E. G eim an and  A.P. L ecc ese.*  Denison Univ., Granville, O H  
43023.

A substantial literature suggests that am ph etam ine-induced  stereotypy  
m ay be exacerbated  by exposure to  stressors, including rotational stress or 
electric shock. The propo sed  m echanism  for this effect is that both stress 
and am ph etam ine m ay have sim ilar effects on central catecholam in e  
systems. M ost of this w ork , how ever, has focused on adult anim als, with  
little data  on stress-am phetam ine effects in th e  developing organism . The  
present study exam ined th e  effects of 2 -deoxy-D -g lucose, a potent 
m etabolic stressor, on am ph etam ine-induced  m otor responses in eight- and  
16-day old rat pups. In adult anim als, 2 -D G  is im m unosuppressive, and  
produces activation o f the H PA  and sym pathoadrenalm edullary  systems, 
thereby possessing m any characteristics of m ore "classic" stressors (Lysle, 
Cunnick & Rabin, 1991).

Animals w ere  injected w ith 2 -D G  (200 or 400  m g /k g ) and with either 
am ph etam ine or vehicle (appropriate contro ls w ere  included). Pups w ere  
returned to  the litter until tim e of testing. Activity w as m onitored by an  
O m nitech Activity M onitor (Colum bus, O H ) fo r 30  minutes.

In the  eight-day old group of anim als, 2 -D G  given in conjunction with  
am ph etam ine produced significantly m ore vertical activity, m ore horizonal 
activity, and grea ter num bers of stereotypy counts relative to  am ph etam ine  
alone, or to  other control conditions. In the  16-day old group , how ever, 2- 
DG  did not result in augm entation  of the am ph etam ine response. These  
results indicate ag e-d ep en d en t effects of 2 -D G  and am ph etam ine, and are  
discussed in term s of general responsivity to  stress during ontogeny, and  
to  th e  deve lopm ent of central neuro transm itter system s.

3 0 5 .1 1
INTERACTION OF STEREOTYPIC MOTOR ACTIVITIES AND TEMPERATURE 
REGULATION IN MALE RATS GIVEN METH AM PHETAM INE. 
R.A.Mohagheeh*, R.H, Kennedy, M.E. Soulsby. University of Arkansas for Medical 
Sciences, Little Rock, AR, 72205.

Intraperitoneal (i.p.) injection of methamphetamine (MAMPH) dose dependently 
induces a spectrum of thermic and motor activities. The objective o f this study was 
to determine the relationship between the thermic and motor effects of 5.0 mg/kg 
MAMPH. Male rat (Sprague-Dawley) core body temperatures were recorded via 
thermistor rectal probes at room temperature (21°C ± 1) or in the cold room (7°C ±
0.5) every five minutes for four hours. Locomotion, sterotypic head movement, 
sniffing, and licking were also observed and recorded. In the first experiment, animals 
received an i.p. injection of indomethacin (5.0 and 7.5 at 21°C ± 1, 5.0 and 10.0 
mg/kg at 7°C ± 0.5), haloperidol (0.5 and 1.0 at 21°C ± 1, and 1.0 mg/kg at 7°C ± 
0.5), or metergoline (1.0 mg/kg at both temperatures) one hour before MAMPH (5.0 
mg/kg). Control animals received an equivolume of saline one hour before MAMPH. 
In the second experiment, the animals were bilaterally lesioned at the nucleus 
accumbens (NAc) and caudate nucleus (CDn) (AP: 10.7, LAT: 1.6, and HOR: 3.2 
mm) via Teflon-coated stainless steel electrodes. After one week recovery, these 
animals received 5 mg/kg MAMPH at either temperature. Statistical analysis of the 
data suggests that the thermic and motor effects of MAMPH are separable. 
Haloperidol (D1/D2 dopamine blocker), but not metergoline (serotonergic blocker), 
blocked the motor and hyperthermic but not the hypothermic effect of MAMPH; 
small lesions of the NAc and CDn did not block the thermic effect of MAMPH, but 
did block the motor activities. The cyclo-oxygenase inhibitor indomethacin blocked 
the hyperthermic but not the hypothermic or motor effects of MAMPH; the motor 
activities related to MAMPH lasted longer than the thermic effects. These results 
suggest that the thermic and motor effects o f 5.0 mg/kg o f MAMPH are distinct, but 
may be related through dopaminergic neurons. (This research supported in part by 
UAMS-GSRF 117-317-1010)

3 0 5 .1 0
AMPHETAMINE-VEHICLE-HALOPERIDOL DRUG- 
DISCRIMINATION; EFFECTS OF CHRONIC DRUG  
TREATMENT. J. R. Stadler*, W , F. Caul, and R. J. Barrett. 
Department o f  Psychology and V .A . Medical Center, Vanderbilt 
University, Nashville, TN 37240.

Rats were trained to discriminate among 0 .5  mg/kg amphetamine 
(AM PH), distilled water (D W ), and 0 .03  haloperidol (HAL) in a 
three-lever drug-discrimination task. Chronic treatment groups were 
given either AMPH (10 mg/kg) or HAL (1 .0  mg/kg) for 10 days. 
Subjects were tested prior to and after chronic treatment. At 24 h 
post-treatment, animals injected with AMPH responded as though 
administered an acute dose o f HAL; subjects injected with HAL  
responded as though administered an acute dose o f  AMPH. Return to 
baseline choice responding was not observed. In a second study, 
chronic AMPH produced rebound HAL responding, but chronic HAL 
produced predominately DW responding. A final study compared 
responding during an initial test that was run at either 24 or 48 h 
following chronic HAL treatment. Animals tested at 24 h following  
chronic HAL responded on the DW lever, but animals tested at 48 h 
responded significantly more on the AMPH lever.

In all studies, chronic AMPH treatment resulted in rebound HAL 
lever responding. The effects o f chronic HAL treatment did not 
always conform to predictions derived from the results o f previous 
studies using a two-lever, AMPH vs. HAL, drug discrimination.

3 0 5 .1 2
A TIME COURSE ANALYSIS OF THE DISCRIMINATIVE STIMULUS EFFECTS OF 
THE 3,4-METHYLENEDIOXYMETHAMPHETAMINE (MDMA) STEREOISOMERS. 
L.E. Baker*, M.E. Miller and C.L. Sullivan. Department of Psychology, Western Michigan 
University, Kalamazoo, MI, 49008.

The ring-substituted phenylisopropylamine 3,4-Methylenedioxymethamphetamine 
(MDMA) is structurally related to the amphetamines. While MDMA is known to facilitate 
both serotonin (5-HT) and dopamine (DA) release, its effects on DA release are less potent 
compared to d-amphetamine. However, the MDMA stereoisomers have been noted to have 
differential dopaminergic effects; the S-(+) isomer is a more potent DA releaser than the 
R-(-) isomer and only the S-(+) isomer inhibits [3H]DA uptake. The discriminative stimulus 
properties of MDMA appear to be mediated primarily by serotonergic mechanisms, although 
dopamine mediated effects may play a weak but significant role, particularly during longer 
post-injection intervals. The present study examined the discriminative stimulus effects of 
the MDMA stereoisomers at two different time intervals. Male Sprague-Dawley rats (n=32) 
were trained in a two-lever, food reinforced operant procedure to discriminate either 
(+)-MDMA (1.25 mg/kg) or (-)-MDMA (3.50 mg/kg) at one of two post-injection intervals 
(20 or 90 min). Animals administered (+)-MDMA at 90 min failed to attain the 
discrimination criteria after 73 training sessions. The post-injection interval was 
subsequently decreased until criteria were met at 30 min. The other training groups attained 
criteria within a mean of 72 sessions. Amphetamine did not substitute for either isomer, 
although approximately 50% drug-appropriate responding was observed in animals trained to 
discriminate (+)-MDMA at 20 min and animals trained to discriminate (-)-MDMA at 90 
min. The D1 antagonist, SCH 39166 partially antagonized the discriminative stimulus 
effects of (+)-MDMA-20 min and (-)-MDMA-90 min, but had no effect on animals trained 
to discriminate (-)-MDMA-20 min. The D2 antagonist, haloperidol only slightly attenuated 
drug-appropriate responding in (+)-MDMA-20 min, (-)-MDMA-20 min and (-)-MDMA-90 
min trained animals. The 5-HT releaser substituted completely for (+)-MDMA-20 min and 
(-)-MDMA-90 min, and partially for (-1MDMA-20 min. While the effects of selective 5-HT 
antagonists are currently under investigation, the present data suggest that dopaminergic 
mechanisms play a minor role in mediating the discriminative stimulus effects of either 
MDMA isomer.

3 0 5 .1 3
SEX DIFFERENCES IN THRESHOLD OF REINFORCEMENT USING 
INTRACRANIAL SELF-STIMULATION. J. A. Stratmann and R. 
M. Craft*. Dept. of Psychology, Washington State 
Univ., Pullman, WA, 99164-4820.

Sex differences exist in rates of human drug abuse, 
with men being more likely than women to abuse alcoholl, 
marijuana, cocaine, and crack cocaine. These gender 
differences may reflect biological differences in 
reinforcement processes. Using a rate-independent 
paradigm of intracranial self-stimulation (ICSS), 
baseline levels of reinforcement threshold were 
compared in male and female Sprague-Dawley rats. 
Preliminary data suggest that female rats have lower 
thresholds of reinforcement (61.8 ± 8.66 pA) than male 
rats (86.9 ± 7.50 pA) in the absence of drugs. 
Previously, drugs which humans abuse consistently lower 
ICSS threshold in male rats. The threshold-lowering 
effects of morphine (0.56, 1.00, 1.80, 3.00, and 5.60 
mg/kg, s.c.) and d-amphetamine (0.10, 0.18, 0.30, 0.56, 
and 1.00 mg/kg, i.p.) were examined in both male and 
female rats to determine the existence of a sex 
difference in magnitude of drug effect.

Society for Neuroscience, Volume 21, 1995



760 NEUROTRANSMITTER CHARACTERIZATION AND DEGRADATION MONDAY PM

3 0 6 .1
CHARACTERIZATION OF A NOVEL NEUROPEPTIDE IN RAT BRAIN 
RELATED TO CRF. J. Vaughan. C. Donaldson. J. Bittencourt, K. Lewis. D. 
Loveiov. J. Black. J. Rivier. P. Sawchenko and W. Vale*. The Salk Institute, 
10010 N. Torrey Pines Rd, La Jolla CA 92037.
Sauvagine (Svg) and urotensin I (Uro I) are peptides originally isolated from frog 
skin and fish nervous tissue which are structurally related to mammalian 
corticotropin releasing factor (CRF). The findings that both frog and fish brain 
also have peptides more closely related to mammalian CRF’s, the high potency 
of Svg and Uro I in mammals, the high affinity of Uro I for mammalian CRF 
Binding Proteins and the recent characterization of two forms of a second CRF 
receptor gene with higher affinity for Svg and Uro I than for CRF suggested the 
existence of Svg and/or Uro I related peptides in mammals. To identify 
molecules immunologically related to Svg or Uro I, we developed specific RIAs 
for Svg, Uro I and rat CRF by utilizing either antisera provided by K. Lederis or 
antisera we raised against the structurally divergent middle and C-terminal 
portions of these peptides. Multiple doses of acid extracted and octadecyl silica 
purified rat CNS tissues displaced 125I-labelled Svg or Uro I and competed 
similarly to the synthetic peptide standards in the RIA’s. Svg and Uro I related 
substances in partially purified rat CNS (whole brain, hypothalamus, spinal cord) 
and peripheral (testes) tissues eluted by HPLC chromatography in positions other 
than that found for authentic CRF. Immunohistochemical surveys of rat brain 
using Svg and Uro I antisera revealed localization of a novel immunoligand in 
discrete areas, in a pattern distinct from that found for CRF. A cDNA library was 
constructed from a region with large numbers of cells immuno-positive for this 
CRF-related molecule. Screening of this library using several techniques resulted 
in the cloning of a cDNA encoding a putative 40 aa C-terminally amidated novel 
peptide related to the known members of the CRF family which may be an 
endogenous ligand for the second CRF receptor.

3 0 6 .2
S C R E E N IN G  F O R  N O V E L  B O M B E S IN -L IK E  P E P T ID E S . R obert P. S earles*  
and Eliot R . Spindel. Division of N euroscience, O reg o n  R eg io nal Prim ate  
R esearch  Center, Beaverton O R  9 7 0 0 6

A multiplicity of ligands exist for the fam ily of bom b esin-like peptide  
receptors. Specific receptors for gastrin-releasing peptide and for neurom edin  
B have been characterized. O th er receptors, such as the bom b esin -receptor 
subtype 3  (B R S -3 ), have been isolated, but the endogenous ligands for these  
receptors h ave not been  identified. E vid ence also suggests the ex is tence of 
multiple m am m alian bom besin-related peptides (B R P ) that h ave not yet been  
identified.

O ne approach to identifying ligands for these receptors is to exam ine cellular 
response to ligand binding. Standard second m es sen g er analysis is 
com plicated, but a simplified m ethod, involving C R E -m e d ia te d  regulation of 
bacterial β-galactosidase, has been developed (C h en  et al. Anal. Biochem., in 
press). This m ethod allows colorimetric analysis of G s and G q activation using 
96-w ell plates. W e  have m odified this protocol for use in a  m ulti-sam ple  
lum in om eter and have introduced a cyclic A M P  responsive prom o ter into a 
luciferase vector to enhance the protocol's sensitivity. Frog skin has historically 
been  a  rich source of bom besin-like peptides. M ouse kidney 2 9 3  cells w ere  
stably transfected with either the G R P -R  or B R S -3  receptor (generously  
provided by J. Battey), then transiently transfected with the  C R E -re sp o n siv e  
reporter gene. Trea tm ent of the cells expressing the m ouse G R P  receptor with 
extracts from  the skin of the frog Bombina bombina cau s e  up to a  10-fold  
increase in expression of the reporter gene. Th is  indicates this will be a  rapid 
and sensitive method of screening bom besin receptor ligands. Using extracts  
from  the skin of various frog species, w e a re  exam ining the induced reporter 
gen e  expression in cells transfected with the G R P  or B R S -3  receptor. Th is  
appro ach  should allow identification of new  bom besin-like peptides and m ay  
help identify the B R S -3  ligand.

3 0 6 .3
CLONIN G OF THE NEUROPEPTIDE NPFF A N D  N PA F PRECURSOR 
FROM BOVINE, RAT, MOUSE A N D  H U M A N . F.S. Vilim* and E. Z iff. 
D ept. of Biochem. HH M I NYU M ed. Ctr. NY, NY 10016.

NPFF (8-mer) and  NPAF (18-mer) are m am m alian  n eu ro p ep tid es  related 
to the inverteb rate  n eu ro p ep tid e  FM RFam ide w hich  m ay  be invo lved  in 
pain  sensitivity , op iate to lerance and  opiate  add ic tion  in m am m als. The 
am ino acid sequence of these neu ro p ep tid es  w as p ub lished  in 1985, b u t the 
precursor has not been identified until now . We have used degenerate  oligo 
based  PCR of bovine b rain stem  cDN A to iden tify  the  exact sequence 
encoding the 18-mer bovine NPAF. This sequence was then used in PCR from 
a bovine b rainstem  cDN A lib rary  to  iden tify  400 bp  of co d in g  an d  3' 
untranslated  sequence. The in fram e upstream  am ino acid sequence extended 
to a hydrophobic signal pep tide sequence, b u t ended  there w ith o u t revealing 
the in itia to r m eth ion ine o r the 5' u n tran s la ted  reg ion . Both pep tid es  are 
p resen t as single copies on the precursor, have  C term inal glycines (which 
act as the am ide donors) and  are flanked by favorable sites for enzym atic 
cleavage. H ow ever, the location  of p u ta tiv e  N  te rm in a l cleavage sites 
suggest that the initial form s both  p ep tides are som ew hat longer (NPFF = 
l lm e r , and  NPAF = 22mer), or are subject to  fu rth e r enzym atic  cleavage. 
The 3' u n translated  region is short (86 bp  to the poly A tail) an d  contains a 
po lyadeny lation  signal. W e used  cod ing  sequence to NPFF in PCR of a 
brainstem  lib rary  to iden tify  the  ra t N P F F /A F  clone, an d  in  5' RACE of 
b rainstem  cDNA to iden tify  the m ouse  clone. W e then  u sed  conserved  
regions betw een bovine and  rat in PCR of h u m an  genom ic D N A  to identify 
the hum an  precursor. The data  suggests th at NPFF and NPAF are conserved 
betw een these species, w ith  h ighest hom ology near the  N -term in i of b o th  
peptides. We p lan  to generate null m utan ts in m ice and  investigate the role 
of these peptides in p a in  sensitivity, opiate tolerance, and  opiate  addiction.

3 0 6 .4
ISOLATION AND CHARACTERIZATION OF A NEUROPEPTIDE FF-LIKE 
PEPTIDE FROM BRAIN AND SPINAL CORD OF RAT. H.-Y.T. Yang* an d  
B.M. M artin . Lab. o f  Biochem . G enetics, NIMH, N euroscience C en ter a t 
St. E lizabeths, W ash ing ton  DC 2 0 0 3 2 , C linical N eurosc ience  B ranch, 
NIMH, Bethesda, MD 2089 2 -0 0 0 1 .

N e u r o p e p t id e  FF (F L F Q P Q R F -N H 2) is a n  e n d o g e n o u s  
n e u ro p e p tid e  c ap ab le  o f  in d u c in g  m an y  bio logical ac tio n s  in clud ing  
m o d u la tio n  o f op io id  resp o n ses . Using a n tis e ru m  ra ised  ag a in s t this 
p e p tid e , n e u ro p e p tid e  FF (NPFF) im m u n o re a c tiv ity  was fo u n d  to be 
w idely  a n d  u n ev en ly  d is tr ib u te d  in th e  ra t  CNS. H ow ever, u sing  an  
a n tis e ru m  w his is sp ecific  o n ly  to th e  COOH te rm in a l p o r tio n  o f 
NPFF, the  NPFF im m u n o re a c tiv ity  in  the  r a t  CNS was fo u n d  to be 
c o m p o s e d  o f  m a n y  m o le c u la r  fo rm s . In  th is  s tu d y ,  NPFF 
im m u n o re a c tiv e  m a te ria l was iso la te d  f ro m  r a t  b ra in s  a n d  sp in a l 
co rd s  by an  NPFF an tise ru m . The NPFF im m u n o rec tiv e  p ep tid es  w ere 
th en  p u rif ied  to h o m o g en eity  by successive co lu m n  ch ro m ato g rap h ic  
sy stem s in c lu d in g  gel f il tr a tio n  a n d  HPLC. O ne  o f  th e  p u r if ie d  
p e p tid e s  w as c h a ra c te r iz e d  as SLAAPQRF-NH2. T h e  p e p t id e  
se q u en c e  w as d e te rm in e d  b y  s e q u en c in g , e x c ep t fo r  th e  COOH- 
te rm in a l F-NH2. T h e  C O O H -term inal was a ssig n ed  on  th e  basis o f  
th e  NPFF a n tise ru m  w hich  is h ig h ly  specific to RF-NH2. T h e  p e p tid e  
seq u en ce  was fu r th e r  co n firm ed  by d e m o n s tra tin g  th a t  HPLC Rf value 
o f s y n th e tic  SLAAPQRF-NH2 was id en tica l to o n e  o f th e  en d o g en o u s 
NPFF im m u n o reac tiv e  p e p tid e s . U sing a r e c e p to r  b in d in g  assay , the  
s y n th e tic  p e p tid e  SLAAPQRF-NH2 w as fo u n d  to  b in d  to the  NPFF 
rec e p to rs  w ith  a v e ry  s im ila r  a ff in ity  as NPFF. W h e th e r  SLAAPQRF- 
NH2 is b io logicaly s im ila r to  NPFF still rem a in s  to be stu d ied .

3 0 6 .5 3 0 6 .6
EVIDENCE FOR A BOMBESIN RECEPTOR SUBFAMILY (BB4) DISTINCT FROM THE 
GASTRIN-RELEASING PEPTIDE RECEPTOR IN MAMMALS. S.R.Nagalla, B.J.Banvand 
E.R.Spindel*. Div. Neuroscience, Oregon Regional Primate Res. Ctr, Beaverton, OR, 97006.

Bombesin is a tetradecapeptide originally isolated from frog skin and demonstrated to have 
a wide range of actions in mammals. Because of structural homology and similar biological 
activities, gastrin-releasing peptide (GRP) a 27 aminoacid peptide has been considered the 
mammalian homolog of amphibian bombesin. Based on our demonstration that fogs have 
both GRP and bombesin it is now accepted that they are distinct peptides. Further 
supporting that they have distinct biological roles, we have recently isolated and 
characterized a bombesin ( Phe13-bombesin) preferring receptor (BB4) distinct from the GRP 
receptor from the frog Bombina orientalis (Nagalla et al, PNAS, in press). The presence of 
bombesin (BB4) receptor in frogs raises the possibility a similar receptor may also exist in 
mammals.

To investigate the presence of a BB4 receptor distinct from the GRP receptor in mammals, 
we used similar methods used for the isolation of the amphibian BB4. Degenerate 
oligonucleotides corresponding to the amphibian BB4 receptor were used for reverse 
transcription and polymerase chain reaction (RT-PCR). Partial genomic and cDNA receptor 
fragments were isolated from mouse and rat. The partial receptor cDNA isolated from 
mouse showed highest homology to frog BB4 - 88% at the aminoacid level. The homology 
with human GRP, human neuromedin B (NMB) and human bombesin receptor subtype 3 
(BRS-3) is 58%, 50% and 69% respectively. Preliminary distribution analysis reveals that 
the new receptor subtype is expressed in brain, pancreas, lung, kidney, gut and heart.

In frogs the receptors for bombesin-related peptides (BRP), bombesin, ranatensin and 
phylloJitorin, are highly homologous and form a branch distinct from GRP, NMB and BRS-3 
receptors. The new mammalian receptor isolated clearly belongs to the BRP receptor 
branch. This data establishes that mammals have a BRP receptor subfamily which may 
potentially mediate some of the physiologic functions attributed to bombesin-related peptides 
in mammals.

DIRECT MASS ANALYSIS OF NEUROPEPTIDE PROFILES IN SINGLE MELANOTROPE 
CELLS AND NEUROINTERMEDIATE LOBE OF THE RAT PITUITARY C. R. Jiménez1, K.

M. Geraerts1* 1Research Institute Neurosciences Vrije Universiteit, Faculty of 
Biology, De Boelelaan 1087, 1081 HV Amsterdam, The Netherlands; 2Institut fur 
Medizinische Physik und Biophysik, Robert Koch Strasse 31, 48149 Munster, 
Germany; 3Rudolf Magnus Institute, University of Utrecht, The Netherlands.

The usefulness of matrix-assisted laser desorption ionization (MALDI) in mass 
analysis of vertebrate neuroendocrine tissue and single cells in conjunction with data 
from cDNA and peptide chemical studies was explored. Mass spectrometric analysis 
was performed directly on small pieces and extracts of neurointermediate lobe and on 
single melanotrope cells of the rat pituitary gland. Using this fast procedure, in the 
neurointermediate lobe we readily identified 21 peptides, including peptides that are 
posttranslationally modified, e.g., N-terminal acetylated, C-terminal amidated and 
phosphorylated. In toto, the identified peptides account for nearly the entire lengths of 
proopiomelanocortin, propressophysin and prooxyphysin. In single melanotrope 
cells, we could detect all major peptides (including posttranslational modifications) 
derived from proopiomelanocortin. Moreover, semi-quantitative information was 
obtained from the spectra with regard to the ratios in which closely related species 
such as isoforms of α-MSH, CLIP or β-endorphin exist.

The data demonstrate that MALDI mass spectrometry is a powerful tool to 
investigate peptide prohormone processing and to predict the presence of novel forms 
of peptides.

Fig.: Mass spectrum of 
a pieces of neurointer
mediate lobe. 1, vaso- 
pressin; 2, oxytocin; 3, 
α -MSH isoforms; 4, 
joining peptide; 5,
CLIP isoforms; 6, β- 
endorphin isoforms; 7,
γ-LPH; 8, N-terminal 
POMC; 9, glycopep- 
tide; 10, neurophysins
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306.7
Effect of Three Ectopeptidases on Corticotropin-Releasing Factor: 
M etabolism and Functional Aspects. J .C . R itchie* and C.B. N em eroff. 
Depts. of Pathology and Psychiatry, Emory Univ., A tlanta, GA 3 0 3 2 2 .

Corticotropin-Releasing Factor (CRF) is the primary chemical messenger 
used by the central nervous system to control the pituitary-adrenal axis 
and there is now  considerable evidence th a t CRF is also synthesized 
w ithin neurons, at several extrahypothalamic sites, and in the periphery.

Little is known about the termination of action of this 41 amino acid 
peptide at its receptor. Endocytosis of the CRF-receptor complex is 
known to occur in the rat anterior pituitary but the actions of the 
ectopeptidases on this important peptide have not previously been 
characterized. This study explored the action of angiotensin converting 
enzyme (ACE, E.C. 3 .4 .1 5 .1 ) , aminopeptidase N (APN, E .C .3 .4 .1 1 .2 ), 
and endopeptidase 24.11  (NEP, E.C. 3 .4 .2 4 .1 1 )  on CRF. W e also 
evaluated the effects of specific inhibition of these enzymes on CRF 
function in rat anterior pituitary cultures. Additionally, the role these 
ectopeptidases in the regional brain metabolism of CRF w as evaluated 
using specific inhibitors. Km's were determined for each enzyme, as well 
as, the characterization of the CRF metabolite profile for each. In rat 
anterior pituitary cultures, inhibition of both NEP and APN were effective  
in potentiating CRF stimulated A CTH release whereas ACE inhibition was 
effective only w ith prolonged incubation. Inhibition of these enzymes in 
membrane preparations, derived from rat pituitary, hypothalamus, and 
cerebral cortex indicated that both NEP and APN were involved in CRF 
hydrolysis in the pituitary and hypothalamus. In cerebral cortex however, 
inhibition of the three peptidases was w ithout effect on CRF digestion. 
These data taken together, support w ith the hypothesis that the 
ectopeptidases play a major role in CRF metabolism and function.

306.9

ROLE OF THE CHROMAFFIN GRANULE ASPARTIC PROTEINASE 
IN PROENKEPHALIN PROCESSING. A .V . A z a r v a n * # . M . S c h ille r# .
L. M e n d e -M u e lle r * +. an d  V .Y .H . H o o k . D e p t, of M e d ic in e , U n iv . of C a lif., 
S a n  D ie g o , # D e p t. of B io c h e m ., U n ifo rm e d  S e rv ic e s  U n iv ., B e th e s d a , 
M D ., an d  + D ep t. of B io ch em ., M e d ic a l C o lle g e  of W isc o n s in , W l.

P ro e n k e p h a lin  p ro c e s s in g  in c h ro m a ffin  g ra n u le s  (C G )  in v o lv e s  
p ro te a s e s  o f c y s te in e  ( 'p ro h o rm o n e  th io l p ro te a s e ') , su b tilis in  (P C 1 /3  
a n d  P C 2 ) ,  a n d  a s p a rt ic  fa m il ie s . C h a r a c te r iz a t io n  o f th e  p u r if ie d  
a s p a rtic  p ro te in a s e  fro m  C G  re v e a le d  th a t it p o s s e s s e s  th e  ab ility  to  
c le a v e  re c o m b in a n t p ro e n k e p h a lin  (P E )  a t  a  L y s -A rg  p a ire d  b a s ic  
re s id u e  s ite . P u r if ic a tio n  o f 3 5 S -e n k e p h a l in  p r e c u r s o r  c le a v in g  
a c tiv ity  fro m  c h ro m a ffin  g ra n u le s  u tiliz e d  c o n c a n a v a lin  A -S e p h a ro s e ,  
S e p h a c ry l S - 2 0 0 ,  a n d  p e p s ta t in  A -a g a r o s e  s te p s . T h e  7 0  k D a  
g ly c o p ro te in  C G  a s p a rtic  p ro te in a s e  w a s  o p tim a lly  a c tiv e  a t p H  5 .5 , h a d  
a  p l o f ~ 4 .9 ,  w a s  p o te n tly  in h ib ite d  by p e p s ta t in  A  (a  s e le c t iv e  
inh ib ito r of a s p a rtic  p ro te in a s e s ), a n d  w a s  not a ffe c te d  by inh ib ito rs  of 
s e r in e , c y s te in e , o r m e ta llo p ro te a s e s . L a c k  o f in h ib itio n  b y  V a l-D -  
L e u - P r o -P h e -V a l-D -L e u  d is t in g u is h e s  th e  C G  a s p a r t ic  p ro te in a s e  
fro m  c la s s ic a l a s p a rtic  p ro te in a s e s  su ch  a s  p e p s in , a n d  c a th e p s in s  D  
a n d  E . R e c o m b in a n t P E  w a s  c le a v e d  b e tw e e n  th e  L y s 1 7 2 -A r g - j  7 3  
lo c a te d  a t th e  C O O H -te rm in u s  of (M e t)e n k e p h a lin -A rg -G ly -L e u  w ith in  
P E , a s  a s s e s s e d  by p e p tid e  m ic ro s e q u e n c in g . T h e  im p o rta n c e  of fu ll- 
length  p ro h o rm o n e  as  s u b s tra te  w a s  in d ic a ted  by C G  a s p a rtic  p ro te in a s e  
hydro lys is  of 3 5 S -P E  a n d  3 5 s - P O M C , a n d  no c le a v a g e  o f p e p tid e -M C A  
s u b s tra te s  co n ta in in g  p a ire d - o r s in g le -b a s ic  c le a v a g e  s ites . D is c o v e ry  
of th e  C G  a s p a rtic  p ro te in a s e  p ro v id e s  fu rth e r e v id e n c e  fo r a  ro le  o f an  
asp a rtic  p ro te in ase  in p ro h o rm o n e  pro ce ssin g .

306.11

GENE EXPRESSION OF APLYSIA CALIFORNICA PRO-
HORM ONE CONVERTASES aPC2 AND aPCIB. T. Ouimet* and V. 
F. Castellucci. Lab. de Neurobiologie, IRCM et Dept. de Physiologie, 
Universitѐ de Montréal, Montréal, Quéébec H2W 1R7 CANADA.

Neuropeptides are synthesized as precursor proteins which must undergo 
post-translational processing in order to release their bioactive moity. 
Furin, PC 1/3 and PC2 where among the first members o f a new class of  
enzymes to be characterized. They are now well known members o f the 
convertase family, which are calcium dependent subtilisin-like serine 
proteases responsible for the cleavage o f  pro-proteins at pairs o f  basic 
residues. Members o f this family o f enzymes differ in their intracellular 
pathways, their cleavage specificity and their localization. Thus, while 
furin displays a ubiquitous distribution, PC 1/3 and PC2 are mainly 
expressed in mammalian neural and endocrine cells. We have recently 
cloned the cDNA encoding a PC2 enzyme homolog from the nervous 
system o f the mollusc Aplysia californica (Ouimet et al., 1993). Northern 
blot analysis revealed aPC2 expression in the nervous system, the atrial 
gland and gill muscle. We investigated the cellular expression o f  aPC2 in 
these tissues by in-situ hybridization. Our results demonstrate the exclusive 
expression o f aPC2 in neuronal and endocrine cells in each o f these 
tissues, consistent with mammalian data. We will also report in-situ data 
on the expression o f aPC1B, an Aplysia homolog to PC 1/3. This data 
suggests that the factors regulating tissue specific expression o f PC2 in 
Aplysia and mammals are well conserved. Funded by MRC o f Canada 
(MT-12099).

306.8
EVIDENCE THAT A SINGLE ENZYME POST-TRANSLATIONALLY α -N-ACETYLATES - 
ENDORPHIN AND ACTH(1-13)NH2. A.B.Manning*, B.R. Umbarge r*  and W.R. Millington. 
Division of Molecular Biology and Biochemistry and Department of Anesthesiology,  
University of Missouri-Kansas City, Kansas City, MO 64108.

6-Endorphin (8-End) and ACTH(1-13)NH2 undergo N-terminal acetylation in the 
pituitary and brain, but whether this post-translational modification is catalyzed by one or 
more enzymes is uncertain. We examined this question by partially purifying ß-End and 
ACTH(1-13)NH2 α -N-acetylating activities from 350 bovine pituitary neurointermediate 
lobes. The enzyme activities were purified using DEAE Sepharose followed by affinity 
chromatography with Cibacron Blue 3GA, Coenzyme A and two dipeptide affinity resins 
consisting of the N-terminal residues of ß-End and ACTH(1-13)NH2, tyrosyl-glycine and 
seryl-tyrosine, respectively. Acetyltransferase activities were measured using 3H-acetyl 
coenzyme A and either B-End or ACTH(1-13)NH2 as substrates. We found that ß-End 
and ACTH(1-13)NH2 acetylating activities co-eluted in each chromatographic step. 
Further, ß-End acetylating activity was retained by the N-terminal ACTH resin and co
eluted with ACTH(1-13)NH2 acetylating activity. Similarly, ACTH(1-13)NH2 acetylating 
activity was retained by the tyrosyl-glycine resin; resin alone was ineffective. This post- 
translational acetylating activity was distinct from a ubiquitous, ribosomally-associated co- 
translational acetyltransferase; the enzymes were clearly separated by Cibacron Blue 3GA 
chromatography. Purification of the post-translational enzyme was 4,700-fold. Preliminary 
experiments revealed that ß-End and ACTH(1-13)NH2 α -N-acetylating activities exhibited 
Michaelis-Menten kinetics with similar kinetic parameters when analyzed separately; 
additive acetylation was observed with both peptides as substrates. ß-End α -N-acetylation 
was inhibited by N,O-diacetyl-ACTH(1-13)NH2 (Ki = 210 =µM), further indicating that a 
single enzyme is involved. These data suggest that a single enzyme post-translationally α - 
N-acetylates both peptides. (NIDA DA-04598)

306.10
ENDOPEPTIDASE 3.4.24.15 AND PROLYL ENDOPEPTIDASE ACTIVITY IN 
OVINE MEDIAN EMINENCE DURING THE ESTROUS CYCLE:
IMPLICATIONS FOR THE ROLE OF THESE ENZYMES IN THE REGULATION 
OF GONADOTROPIN-RELEASING HORMONE.
R. A. Lew. C.A. Wallace. J.J.Clarkel and A.I. Smith*. Baker Med. Res. Inst., Prahran 
Victoria, Australia 3181; 1 Prince Henry's Inst., Clayton, Victoria, Australia 3168.

Modulation of gonadotropin-releasing hormone (GnRH) degradation has been 
proposed as a possible mechanism contributing to the regulation of GnRH delivery to 
the pituitary, particularly with respect to changes during the estrous cycle. We have 
recently shown (J. Biol. Chem. 269: 12626-12632, 1994) that the two peptidases 
implicated in this process are prolyl endopeptidase (PE) and the metalloendopeptidase 
EC 3.4.24.15 (EP 24.15), which act sequentially in the cleavage of GnRH by soluble 
sheep hypothalamic extracts. To determine if the levels of these enzymes vary during 
the estrous cycle, we have used specific quenched fluorescence substrates to measure 
both EP 24.15 and PE activity in soluble extracts of individual ewe median eminence 
(ME) obtained during the luteal phase, early, mid-, or late follicular phase of the cycle 
or at the time of the LH surge (n=4-8). EP 24.15 activity was lowest during the early 
follicular phase, but only reached significance compared to the late follicular phase 
(3.49 ± 0.09 vs. 3.69 ± 0.05 µg EP 24.15/mg protein). In contrast, PE activity was 
significantly greater during the luteal phase (2.19 ± 0.06 nmoles fluorophore 
released/mg protein/30 min) than during the early follicular phase (1.93 ± 0.04) or 
around the time of the LH surge (1.99 ± 0.07), and was lower in the early follicular 
than in the late follicular phase (2.09 ± 0.04). These changes in the activity of PE and 
EP 24.15 associated with the estrous cycle provide further evidence for both enzymes 
playing a role in the regulated delivery of GnRH to the pituitary. In particular, 
reduced enzyme activity may permit protracted elevation of the levels of GnRH in the 
portal blood at the time of the preovulatory LH surge.

306.12

DISTRIBUTION AND CHARACTERIZATION OF YEAST 
ASPARTIC PROTEASE 3-LIKE IMMUNOREACTIVE PROTEINS 
IN MAMMALIAN BRAIN AND PITUITARY. N.X.Cawley1. L-P Pu1’. 
L.Shen*,2 and Y.P.Loh1. 1Lab. o f Devel. Neurobiol. and Endocrinology and 
Reproduction. Res. Branch, NICHD, NEH, Bethesda, MD 20892.

Yeast aspartic protease 3 (YAP3p) is an alternate prohormone processing 
enzyme in yeast, capable o f cleaving pro-α -mating factor in Kex2 deficient 
mutants. It is predicted that mammalian homologues of YAP3p exist, similar 
to the homology seen between Kex2p and the mammalian prohormone 
convertases (PCs). An antiserum to YAP3p was generated and used in 
indirect immunofluorescence and western blotting techniques to attempt to 
identify and characterize mammalian homologues of YAP3p. 
Immunocytochemistry of mouse brain sections indicated a specific staining 
pattern corresponding to peptide-rich regions, e.g. the hypothalamus and 
hippocampus. In the mouse and bovine anterior pituitary, a subset of cells 
typical of corticotrophs were stained. In bovine intermediate lobe, a punctate 
staining pattern was observed indicative o f secretory vesicle localization of the 
YAP3p immunoreactivity. Western blot analysis o f mouse anterior pituitary 
and hypothalamus soluble protein showed a ~90kDa protein that disappeared 
with antiserum pre-absorbed with purified YAP3p. A ~70kDa immunostained 
protein, the size of POMC converting enzyme (PCE), a previously described 
prohormone processing aspartic protease, was observed from bovine pituitary 
intermediate and neural lobe secretory vesicle extracts, implicating structural 
homology between PCE and YAP3p. In conclusion these data indicate the 
existence o f mammalian homologues o f the YAP3p enzyme.
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REAL TIME RESPONSES TO TRAUMATIC BRAIN INJURY, MONITORED 

IN VIVO BY MULTIPROBE ASSEMBLY. T. Manor. G.G. Roeatsky. N. Zarchin. 
S. Meilin and A. Mavcvsky*. Department of Life Sciences, Bar-Ilan University, 
Ramat-Gan, 52900, Israel.

In order to understand the various effects of traumatic injury on the brain (TBI), 
several animal models were developed, among which is the "Fluid Percussion" used 
in this work. The desire to monitor the metabolic, hemodynamic and electrical 
activities of rat brain exposed to different levels of injury, simultaneously in real 
time, led to the usage of a multiparametric monitoring device (MPA). The MPA 
was located and cemented to the surface of the brain under anesthesia thus, 
measuring ICP, CBF, NADH redox state, extracellular levels of K+, Ca2+ H+, DC 
potential and ECoG (Mayevsky A. et al. J. Basic and Clin. Physiol & Pharmacol. 1: 
207-220, 1990). Brain injury was induced contralateral to the MPA, 3 hours after 
the operation. In the present study 3 groups of rats were exposed to mild, moderate 
or severe TBI, after which the animals were monitored for at least 4 hours. The 
responses of the various parameters were gradual, and correlated with the intensity 
of the TBI. The main effect of severe TBI is the development of an ischemic 
depolarization event, characterized by a marked decrease in CBF. This effect is 
seen during the acute phase of TBI (initial 15min), together with a large transient 
increase of ICP and extracellular K+ concentration. Further continuos monitoring 
showed recovery of most parameters after 4 hours, except for the ICP which 
increased significantly even longer. The pathogenesis of severe TBI was also 
apparent by the recurrence of typical epileptic seizures and cortical Spreading 
Depression cycles, all recorded by the MPA. Phenomena such as Ischemia, 
Epilepsy & Spreading Depression may appear due to disturbances in CBF 
autoregulation, ionic & electrical homeostasis and elevation of ICP.
Supported by the Israel Science Foundation administered by the Israel Academy of Sciences 
and Humanities and by the Ministry of Science and the arts.

3 0 7 .3
NEUROLOGICAL DETERIORATION FOLLOWING MILD AND MODERATE 
HUMAN TRAUMATIC BRAIN INJURY: EVIDENCE OF METABOLIC 
DYSFUNCTION BASED ON POSITRON EMISSION TOMOGRAPHY. M . 
Beresneider. D.F. Kelly. E. Shalmon, J.C, Mazziotta. M.E. Phelps. D,A. Hovda.
D.P. Becker*. Brain Injury Research Center, UCLA, Los Angeles, CA 90095

Patients who initially present as a mild or moderate head injury (Glasgow coma 
scale (GCS) 9 or greater), and then subsequently deteriorate, may represent a unique 
subset of head-injured subjects. The study of these patients may offer insight into 
the pathophysiology of secondary injury with minimal confounding effects of 
primary injury.

12 patients, whom within 8 hours of presentation had a GCS >8, underwent 
[ 18F]fluorodeoxyglucose positron emission tomography (fdg-PET) relatively early 
following injury (mean 6.8 days, range 2-23). Three patients were classified as 
moderate injury (GCS 9-13), and the remainder mild (mean GCS 13.3). The mean 
patient age was 42 years (range 25-72). Local cerebral metabolic rates of glucose 
(LCMRGlc, m g/l00gm/min) were calculated using standard methods (rate constants 
and lumped constant for normal human gray matter). Area-weighted averages of 
cortical regions-of-interest were calculated to derive an estimation of "global" cortical 
CMRGlc for each patient. Five patients deteriorated following admission. The 
etiology of the deterioration was attributable to increased brain swelling around 
contusions in 2 cases, and unclear in the others.

Results indicated that mean global CMRGlc of the 5 patients that deteriorated 
(from initial GCS 14.6 ± 0.5 to 10.0 ± 1.6, mean±std) was 3.7 ± 0.9, whereas those 
who recovered or remained mild (initial GCS 12.3 ± 2.2 to 14.1 ± 1.5) had near 
normal CMRGlc values: 5.2 ± 1.8. These findings suggest that there is a strong 
linear relationship between change of neurological condition following mild and 
moderate head-injury and the global rates of glucose metabolism (r=0.59). We 
conclude that the depression of glucose metabolism may be indicative of on-going 
pathophysiologic events corresponding to secondary injury, (supported by NINDS 
#30308)

3 0 7 .5

EFFECTS OF CHOLINERGIC DRUGS ON THE CBF CHANGES  
INDUCED BY CORTICAL CO N TU SIO N . O .U .S c rem in *. M .G .Li and
D .J.Jenden. W est LA V A  Medical Center and UCLA School of M edi-
cine, Los Angeles CA, 9 0 0 7 3 .

Cortical contusion induces com plex patterns of blood flow  
(CBF) changes. These experiments tested the role of cholinergic 
mechanisms in this phenomenon. CBF w as measured w ith  lodo-14C- 
antipyrine autoradiography 2 4  hr after contusion in 12 8  regions of 
cerebral cortex on both hemispheres, distributed in 8 coronal planes. 
Four groups of rats w ere set up: controls (n =  6 , CO), traum a (drop 
w eight of 20g from 3 0  cm height on left m otor-sensory cortex 
through a 6 mm circular craniotomy, n =  7, TR), and traum a treated  
w ith  scopolamine hydrobromide i.v. pulse, 1 mg/kg (n =  6 , TS) or 
physostigmine salicylate 3 .3  µg/kg/m in i.v. infusion (n =  5, TP) 15 
and 6 0  min before CBF m easurem ents respectively. Discriminant 
analysis allowed the classification of CBF patterns into the 4  
treatm ent groups w ith  1 0 0 %  accuracy. Canonical analysis showed 
that the cortical spatial distribution of CBF m ay be described 
adequately by tw o  orthogonal variables (9 7 .6 %  of total dispersion). 
Physostigmine reversed the decrease in CBF of the traum atized  
cortex partially around the contused area and com pletely in more 
distant regions. The increase in CBF observed in regions of the right 
hemisphere symmetrical to the contused area w as com pletely  
blocked by scopolamine. These results suggest a prominent role of 
cholinergic mechanisms in the vascular adjustm ents th a t accom pany  
cerebral traum a. Supported by USAM RDLC No M M 4 5 8 7 J L M

3 0 7 .2
EFFECT OF GLUTAMATE RECEPTO R ANTAGONISTS ON TRAlAfATIC 
BRAIN DAMAGE IN NEONATAL RATS. Y. O, Oin. C  Ikonomidou*. .J. 
Labruyere, P. Bittigau and J. W. Olney: Washington Univ. Med. Sch, St. Louis, MO 

The excitatory neurotransmitter Glutamate (Glu) has neurotoxic properties when 
administered systemically to infant animals. Previously we reported that the 
neuropathological changes induced iu the infant rat brain by concussive trauma 
closely resemble lesions caused by exogenous Glu (lkonomidou et al., Soc. Neurosi. 
Abstr 1994, 1677). In the present study we subjected infant rats to concussive brain 
injury under general anesthesia and studied the time course of the expanding lesion, 
the neuroprotective potential of NMDA and non-NMDA Glu antagonists and the 
time window within which neuroprotection can be achieved. .Seven day old Sprague - 
Dawley rats were used. The contusing device consisted of a perforated stainless-steel 
tube, 40cm long, that guided a falling weight ( l 0gm) from a predetermined height 
(16.5 cm) onto a footplate resting upon the infant skull at 3 nun anterior and 2 mm 
lateral to lambda. Animals were anesthetized and transcardially perfused 30min, 1, 2, 
4 and 6 hrs after the trauma. Quantitation of traumatic damage by counting necrotic 
neurons (bull's eye profiles) at the area of maximal damage revealed that lesions 
expanded gradually from 1 to 4 hours and showed no further expansion between 4 
and 6 hrs. The NMDA receptor antagonist MK-801 (1 m gkg i.p.) significantly 
prevented expansion of traumatic lesions if given 30 min before and up to one hour 
alter the trauma. The competitive NMDA antagonist (T P  at a triple dose regimen of 
30 mg/kg/dose given at 60 min intervals was highly neuroprotective when treatment 
was initiated 30 min before but not after the trauma. Pretreatment with the NMDA 
antagonist eliprodil (10 mg/kg) resulted in neuroprotection whereas 
dextromethorphan (20mg/kg) and the AMPA-receptor antagonist NBQX (given as a 
triple dose regimen of 30mg/kg/dose at 75min intervals) was ineffective. These 
results demonstrate that concussive trauma to the infant rat brain causes a lesion that 
expands over a period of four hours, is mediated primarily by NMDA receptors and 
that the time window for therapeutic intervention with some NMDA receptor 
antagonists extends to approximately one hour after the insult. Supported by NS 
32568 and RSA MU 38894 (W O ).

3 0 7 .4
C O N C U S S IV E  BRAIN INJURY R E S U L T S  IN C H R O N IC  V U L N E R A B IL IT Y  TO  
P O S T -T R A U M A T IC  S E IZ U R E S . S .M . Lee*. M. L. Sm ith . D .A . Hovda and D .P . 
B e c k e r. Div. of Neurosurgery and Brain Injury R esearch C enter, U C LA  S chool 
of M edic ine, Los A ngeles, C A  9 0 0 2 4 .

Previous studies have indicated that a lateral fluid-percussion (F-P) brain  
injury results in a selective loss of inhibitory, G A B A ergic neurons in th e  
ipsilateral cortex near the injury site. The loss of G A B A ergic neurons ranged  
from 3 0 -7 0 %  of sham -injured values and w ere detec tab le  as early as 5 days 
following injury. In this study, w e assessed w h eth er the specific loss of 
inhibition lowers the threshold for the induction of epileptiform  activity acutely 
(< 1 month) or chronically (> 6 month) after F-P  injury.

Fourteen male S prague-D aw ley rats (3 0 0 -3 5 0  g) w ere percussed u n d er  
genera l anesthesia (enflu rane) at m oderate severity (72  - 1 8 6  s of un co n 
sciousness). After 1 -month (n = 6) or 6-m onth survival (n = 8), the th resho ld  
for the induction of EEG  seizures was d eterm in ed  by m easuring the time to  
first ictal activity during a sustained ventricular injection of kanic acid (KA; 1 
µg/µ l/m in). EEG  activity was recorded under general anesthesia  (u reth ane) 
using tungsten electrodes. KA was m icroinfused into the opposite lateral 
ventricle using a glass m icropipette co nnected  to a microinfusion pum p. ICP  
and M A B P  w ere m onitored to insure that the microinfusion did not cause  
sustained increases in the intracranial or blood pressure. Results indicated  
that the onset of the first epileptiform  activity for sham -injured animals varied  
from 8 -14  min after the infusion was started (m ean ± S E , 1 0 .7  ± 1 .6  min, n = 
4). The interictal period lasted for an average of 6.1 min (± 4 .2 ), and the ictal- 
interictal activity last for the duration of the KA infusion. In contrast, the o nset 
for the first ictal activity was markedly reduced (4 4 .4 % ) for both acute and  
chronic cases. The ictal periods w ere also closer to g eth er for the con c u ssed  
animals as the interictal periods shortened  to an average of 3 .3  min (± 2 .7 ). 
W e conclude from these findings that the loss of G A B A ergic neuro ns  
following a F-P brain injury results in a chronic susceptibility to convulsive  
insults. (Supported by N S 3 0 3 0 8  and the Lind L aw rence Foundation)

3 0 7 .6
NERVE GROWTH FACTOR (NGF) REDUCES DECREASES IN SPATIAL 
MEMORY PERFORMANCE AND CHOLINE ACETYLTRANSFERASE (ChAT) 
IMMUNOREACTIVITY IN THE MEDIAL SEPTAL AREA FOLLOWING 
TRAUMATIC BRAIN INJURY. C.E. Dixon*. P. Flinn. J. B ao.K . Yang. J. 
Whitson. G.L. Clifton, and R.L, Haves. Dept. Neurosurgery, University of Texas 
Health Science Center at Houston, Houston, Texas 77030, USA.

TBI results in chronic derangements in central cholinergic neurotransmission that 
may contribute to post-TBI memory deficits (Dixon, et al., Beh. Brain Res., in 
press). Intraventricular (IVC) NGF infusion can reduce axotomy-induced spatial 
memory deficits and morphologic changes observed in medial septal cholinergic 
neurons immunostained with choline acetyl transferase (ChAT). Thus, we examined 
the efficacy of NGF to ameliorate post-TBI motor (beam balance and beam 
walking) and spatial memory (Morris water maze) deficits. Rats were trained prior 
to moderate levels of cortical impact injury (6 m/sec, 2mm deformation) and 
retested on days J-5 (motor) and on Day 7 (memory). Immediately following 
injury, an IVC cannula and osmotic pump were implanted and NGF (192 active 
subunit, 25 µgms/ml, 0.5 µ1/hr) or vehicle was infused for 7 days. While there were 
no differences in motor performance, the NGF treated group had significantly 
(p<0.05) shorter swim times (31 ±7 .0  sec) than the vehicle treated group (60±7.3 
sec). A second study examined the effects of NGF treatment on the cross-sectional 
area of ChAT-positive neurons within the medial septal area at 7 days following 
TBI (Also see Flinn, et al., This Meeting). Injury produced a significant (p<0.05) 
reduction in cross-sectional area (µm2) between sham rats (143 ±6.5) and injured 
rats (113±9.5). NGF treatment reversed the loss of size (153±15.6). These data 
suggest that cognitive but not motor deficits following TBI are, at least partially, 
mediated by chronic deficits in cholinergic systems that can be modulated by 
neurotrophic factors such as NGF. Supported by CDC CCR303547, NIH P01 
NS31998, NIH R01 NS21458 and the Texas Higher Education Coordinating Board.
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3 0 7 .7
MAGNETIC RESONANCE MICROSCOPY OF NORMAL AND INJURED 
POSTMORTEM HUMAN, CAT, AND RAT SPINAL CORDS. E D. Wirth, III*. B.A. 
Inglis, T.H. Mareci. B. Puckett. R.P. Bunge and D.K. Anderson. Depts. of Neuroscience, 
Neurosurgery, Biochemistry, and the Center for Structural Biology, Univ. of Florida Coll, 
of Med., and VA Med. Center, Gainesville, FL 32610; Miami Project to Cure Paralysis, 
Miami, FL 33136.

Magnetic resonance imaging (MRI) is unique because the same type of MR imaging 
methods used to evaluate postmortem spinal cord specimens can be used to examine spinal 
cord injury (SCI) in living subjects. Therefore, this study attempted to determine the 
specific features of normal and injured spinal cords (SC) that can be observed with MR 
microscopy. A total of ten rat, cat, and human SC specimens were obtained at euthanasia 
(rat and cat) or autopsy (human), with intervals between SCI and time of death ranging from 
subacute (2 weeks) to chronic (6 months). Multislice spin-echo images (TR/TE=2000/24 
msec) were acquired on our Varian Unity 300 (7 Tesla) and Unity 600 (14 Tesla) 
spectrometers. Images were acquired with very high spatial resolution (up to 10 µm in-
plane, 375 pm slice thickness) and, consequently, the contrast between structures resulted 
mainly from differences in water self-diffusion rates and/or anisotropy. Excellent signal-to- 
noise and anatomical detail were achieved for images of specimens from all three species. 
Numerous structures were easily identified on MR micrographs of normal cord segments 
(e g., substantia gelatinosa and efferent fibers exiting from the ventral horns). On images 
of specimens from above or below an injury site, areas of Wallerian and retrograde 
degeneration were conspicuous due to their increased signal relative to neighboring white 
matter. At injury epicenters, thin strands of scar tissue traversing syrinxes were clearly 
visible. We conclude that MR microscopy can noninvasively provide detailed views of 
postmortem spinal cord specimens, as well as unique structural information based on water 
self-diffusion Furthermore, these high-resolution images will be crucial to the development 
of advanced imaging approaches that can be readily applied to MRI of living subjects.

3 0 7 .9
AXONAL NEURO FILAMENT SIDEARM LOSS TRIGGERED BY TRAUMATIC 
BRAIN INJURY. J.T. Povlishock* A. Marmarou and E. Pettus. Depts. of Anatomy 
and Neurological Surgery, MCV/VCU, Richmond, VA 23227

Traumatic brain injury (TBI) has long been recognized to produce delayed or 
secondary axotomy. With more severe TBI, the initiating process in this delayed 
axotomy is linked to alterations in axolemmal permeability that are spatially and 
temporally associated with neurofilament (NF) compaction purported to be related to 
NF sidearm loss [Pettus et al, J. Neurotrauma, 11,1994]. To more critically assess 
the issue of NF sidearm loss, antibodies targeted to the rod domain of the NF were 
assessed in a rat model of TBI moving on the premise that NF sidearm cleavage 
would unmask the rod domain. Rats were subjected to an impact acceleration closed 
head injury as previously described [Foda et al., J. Neuosurg., 80, 1994], with some 
rats receiving preinjury intrathecal infusions of horseradish peroxidase (HRP) to 
delineate those axons sustaining TBI-induced alterations in axolemmal permeability. 
The rats were allowed to survive for 15 min - 180 min. Brain sections were reacted 
to visualize HRP or the NF rod domains via the rod-specific antibodies RM 014 and 
RM048, graciously provided by John Trojanowski. Within minutes of TBI, axons 
within the rat brain stem demonstrated focal alterations in axolemmal permeability to 
HRP. At these same sites, the axons demonstrated dramatic immunoreactivity to the 
rod specific antibodies which showed virtually no immunoreactivity at any other 
axonal segment. EM analysis demonstrated that the immunoreactivity was associated 
with NF compaction and apparent sidearm loss. Taken together with previous 
observations, these studies provide compelling evidence that severe TBI elicits a rapid 
sequence of events involving altered axolemmal permeability which triggers NF 
sidearm loss and compaction. While the precise extracellular agents involved in this 
process remain to be identified, we believe that the present findings are intriguing and 
suggest that antibodies targeted to rod domains may be exquisitely sensitive for 
detecting ultra-early axonal injury. Supported by NS20193.

3 0 7 .8
TRAUMA INDUCED NEUROTOXICITY MEDIATED BY ARACHIDONIC 
ACID METABOLITES. K.-W. Yoon*, R.W. Brooker. Div. Neurosurgery, 
St. Louis Univ. Health Science Center, St. Louis, MO 63110-0250.

Physical injury to the dissociated rat hippocampal neurons by scratching 10 
to 14 day old cultures induce release of an unknown toxin into the extracellular 
fluid (ECF). This toxicity can be demonstrated by transferring the ECF of the 
injured culture to an uninjured culture. This toxicity is only transiently 
expressed with the maximum effect seen when the ECF is transferred within 5 
minutes following the injury while no significant toxicity can be demonstrated 
at 30 minutes. We have previously demonstrated that this toxicity is 
independent of glutamate release or glutamate receptor activation because the 
glutamate concentration in the injured ECF never exceeded 20nmol/L and 
NMDA or nonNMDA receptor antagonists alone or in combination had no 
protective effect on this injury induced neurotoxicity. Furthermore, this toxin 
seems to be stable at room temperature for several hours and withstand boiling 
temperature for 2 minutes.

The free fatty acid contents o f the traumatized fluid were measured by mass 
spectrometer. Many of the free fatty acids including arachidonic, stearic, 
palmitic, and oleic acid levels increased after injury. A selective antagonist of 
prostaglandin synthase (cyclo-oxygenase) , indomethacin (10 µ mol/L) 
significantly blocked the toxicity induced by the injured ECF when added to the 
ECF prior to traumatic injury (66.6±12.0%  reduction, n = 6 ). However, 
indomethacin had no significant effect on the toxicity when it was added to the 
injured ECF after removal from the dish prior to application to the uninjured 
culture (112.4± 12.0 % of control death, n = 8 ). This indicates that the toxicity 
induced by the traumatized hippocampal cells is mediated by a cyclooxygenase 
product(s) of arachidonic acid. Furthermore, the conversion of arachidinoc acid 
to its toxic metabolites occurs in the traumatized culture prior to the exposure 
of the untraumatized recipient culture.

3 0 7 .1 0
PRESENCE OF ETHANOL DRAMATICALLY REDUCES THE LESION SIZE AND 
FUNCTIONAL RECOVERY TIME FOLLOWING TRAUMATIC BRAIN INJURY. D.F. 
Kelly. P. P inanong. S .M . Lee. D A. Hovda* and D .P. B e c k e r. Div. of N eu ro 
surgery and Brain Injury R esearch C enter, U C LA , Los A ngeles, C A  9 002 4 .

Effects of graded levels of acute ethanol intoxication on functional and  
pathophysiological outcom e w ere assessed following a unilateral pneum atic  
piston-induced cortical contusion injury Results w ere quantified by m easur
ing perform ance on the beam -w alking task and m orphom etric lesion analysis.

Thirty-one male S prague-D aw ley rats (3 0 0 -3 5 0  g) w ere random ized to  
receive i.p. one of four ethanol doses 40  min before injury: high (3.0 m g/kg), 
m oderate (2 .5 ), low (1 .0 ) or control (vehicle only). A cortical contusion was 
produced in the left primary m otor cortex by a piston driven to a depth of 2 mm 
below pia (tip diam eter 5 mm, velocity 1 .6  m/s). Behavioral perform ance was 
evaluated on the beam  using a num erical score (unable to cross = 0 to normal 
crossing = 7). Lesion size was quantified by m easuring areas of necrosis in 
Nissl stained sections. Results indicated that animals adm inistered low and  
m oderate doses perform ed significantly better and recovered faster than  
control animals. All three doses w ere remarkably effective in reducing th e  
in jury-induced lesion size (reductions ranging from  3 4 .2 %  to 5 5 .2 % ).

• p  < 0.05
** p <  0.01

Days to 
recovery

W o rs t
Score

Lesion Size  
(m m 3)

C o n tro l (n = 7) 5.2 ± 0.6 1 .4 + 0 .2 52.1 ± 10.9
Low  d o se  (n = 10) 2.3 ±0.5** 3.4 ± 0.8** 18.0 ± 6.8**
M o d era te  d o se  (n = 10) 3.3 ±0.4** 3.5 ± 0.4** 29.0 ± 6.7**
H igh  d ose (n = 4) 4 .7 + 1 .2 1.7 ±0.3 28.8 ± 2.2**

T hese results strongly suggest that the presence of alcohol at the time of 
traum atic brain injury prevents large num ber of neurons from degenerating  in 
areas shown in previous studies to have high intracellular C a ++ transient 
hyperglycolysis and persistent reduction in C B F. (supported by N S 3 0 3 0 8  and 
the Lind Law rence foundation)

3 0 7 .1 1

PERFUSION-WEIGHTED MRI ASSESSMENT OF CEREBRAL BLOOD FLOW 
AND CO2 REACTIVITY AFTER CONTROLLED CORTICAL IMPACT IN 
RATS: M ichael L. Forbes, Kristy S. H endrich, Joanne K. Schiding, Donald S. 
W illiams, C hien Ho, Steven T. DeKosky and Patrick M. Kochanek* Safar Center 
for Resuscitation Research, The Head Injury Research Center and Depts. of 
Anesthesiol/CCM and Psychiatry, Univ. o f  Pgh & The Pittsburgh NM R Center for 
Biomedical Research, Carnegie Mellon Univ., Pgh., PA 15260 

O ptim al m anipulation of P a C 0 2 in patients after severe traum atic brain 
injury (TBI) rem ains controversial. Surprisingly, there has been lim ited study 
of CO2 responsivity in contem porary m odels of TBI. Isolfluorane-anesthetized 
Sprague-D aw ley rats (n = 4) w ere subjected to TBI using controlled cortical 
im pact (CCI, 4 m /s  velocity,2.5 m m  depth) to the left parie ta l cortex (LCtx). At 
24 h after TBI, rats w ere anesthetized w ith  N 2O /O 2 and m echanically 
ventilated. Cerebral blood flow (CBF) w as serially m easured  by perfusion- 
w eighted MRI. Coronal sections through the im pact w ere im aged before and 
during  hyperventilation (HV). Table show s CBF (m L/100 g /m in  ± SEM) in the

P aC 02  (torr) CBF, Injured Ctx CBF, Contralateral RCtx
35 ± 1 139.2 + 34.3 277.6 ± 30.6
23 ± 1* 111.9 + 12.2 146.5 ± 20.2*

N orm al CBF, ischem ia and  hyperem ia w ere defined autoradiographically  as 
154, <18.5 and  >192 m L/100 g /m in , respectively. A t norm ocarbia, 25.4 ±
11.7% of the injured LCtx w as ischemic. This w as sim ilar d u ring  HV (22.1 ±
6.0%). In contrast, 72.6 ± 8.8% of the contralateral RCtx w as hyperem ic at 
norm ocarbia, w hich decreased to 29.5 ± 9.0% d uring  HV (p < 0.05). HV 
reduces hyperem ia w ithout increasing ischemia. This suggests a loss of CO 2 
reactivity in the contusion and  a favorable overall effect of HV at 24 h 
posttraum a in the CCI model. 2P50 NS30318-04A1, L aerdal F ndt & SCCM.

3 0 7 .1 2

THE ROLE OF CA++ IN THE PATHOGENESIS OF TWO POPULATIONS OF 
TRAUMATICALLY REACTIVE AXONS. E. Pettus. C. Christman*, and J. Povlishock. 
Dept, of Anatomy, MCV/VCU, Richmond, VA 23298.

While the progression of events leading up to delayed axotomy associated with traumatic 
brain injury [TBI] has been well studied (Yaghmai and Povlishock, J Neuropathol Exp 
Neurol, 51,1992), little is known about the factors responsible for initiating this progression. 
Recent studies of reactive axonal change [RAC] leading to axotomy have shown these 
initiating events may be of multiple etiology, one involving axolemmal perturbation, the other 
occurring independent of axolemmal perturbation. Specifically, studies assessing the 
axolemmally excluded tracer horseradish peroxidase [HRP] in conjunction with moderate TBI 
revealed two populations of reactive axons: 1) those not showing intra-axonal peroxidase but 
displaying cytoskeletal misalignment within 5 mins of TBI, and 2) those displaying intra- 
axonal peroxidase in association with increased neurofilament [NF] packing and decreased 
microtubule numbers within 5 mins of TBI (Pettus et al., J Neurotrauma, 11, 1994). Despite 
our demonstration of these differential initial responses, the key question remains as to what 
precise cellular/subcellular event triggers these changes. As Ca++ flux from extracellular to 
intracellular environment and/or its mobilization from intracellular stores may be involved, 
we explored its role in TBI-induced RAC. To this end a Ca++ chelator (BAPT A-AM) was 
infused intrathecally, in cats, 2 h prior to injury, and then HRP was infused lh prior to injury. 
Next, moderate TBI was induced, and the animals were followed over a 3h post TBI-survival 
time to assess the chelator’s effect on the initiation and augmentation of RAC in the two 
reactive axonal populations described above. In the presence of BAPTA, ultrastructural 
investigation of HRP containing reactive axons showed a decrease in the degree of NF 
compaction and an increase in the number of microtubules. In contrast, non-HRP containing 
reactive axons showed the same NF misalignment, organelle accumulation and disconnection 
as observed in non-BAPTA-treated injured animals. This evidence implies that in the presence 
of a non-perturbed axolemma, Ca++ does not play a role in the progression of cytoskeletal 
misalignment, whereas Ca++ seems to play a role in the cytoskeletal compaction related to 
axolemmal perturbation. Supported by NS Grants NS20983 and NS07288.
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3 0 8 .1
H O M O C Y S T E A T E -S E N S IT IV E  A M P A  R E C E P T O R S  IN N E U R O N S  F R O M  
N M D A  R E C E P T O R  K N O C K -O U T  M IC E . M. Y u za k i*. S. C . Sun. L. M . V er- 
selis, D . Forrest.. T . Curran and J. A . C onnor. R oche Inst, o f M o lecu lar Biol. 
Nutley, NJ 0 711 0 .

H om ocysteate (H C A ) is one o f the endogenous excitatory am ino acids in 
the m am m alian  central nervous system . In h ippocam pal neurons, it is re
ported to act as a se lective N M D A  receptor (N M D A -R ) agonist at concentra
tion as high as 1 m M . H C A  is, how ever, a putative transm itter at clim bing  
fiber-P urkin je cell synapses, w here  N M D A -R  are little involved. To  better 
define responses to H C A , w e investigated the  effec t o f H C A  in Purkinje and  
hippocam pal neurons from  the m ice carrying a disrupted N M D A -R  1 allele  
and lacking functional N M D A -R  (N euron 1 3 (1 9 9 4 )3 2 5 -3 3 8 ). W e  carried out 
vo ltage-c lam p recordings using conventional w hole -cell patch -c lam p tech
nique. H ippocam pal and cere b e lla r cultures w ere  prepared from  newborn  
wild type (N R 1 + /+ ) and hom ozygous m utant (N R 1 -/- )  m ice and m ain tained in 
vitro for 8 -1 3  days and 1 6 -2 8  days, respectively . In hippocam pal neurons 
from  N R 1 + /+ , H C A  (100  µM ), applied by Y -tu b e  m ethod, induced a large 
inward current in M g-free , glyc ine-, picrotoxin-, and TTX -conta in ing  solution 
at -6 0 m V . Th e  current w as blocked by the N M D A -R  antagonist, D .L -A P V  
(200  µM ), 7 -C I-K yn (10  µM ) or Mg (1 m M ), but w as insensitive to an A M P A -R  
antagonist, N B Q X  (5 pM ), confirm ing previous reports. In the cells from  NR1 
-/-, N M D A  (1 0 0  pM ) induced no current, but H C A  (1 0 0  µM ) induced a sub
stantial current which w as blocked by N B Q X , suggesting that A M P A -R  in 
m utant m ice is sensitive to H C A . In Purkinje neurons from  N R 1 + /+  and NR1 
-/-, N M D A  induced little current, but H C A  (1 0 0  p M ) induced a large inward 
current (1 -2  nA) which w as blocked by N B Q X  but w as insensitive to A P V , 7- 
Cl-K yn , and M g. Thus, H C A  appears to activate  A M P A -R  in Purkinje neu
rons. T hese results suggest that certain type(s ) o f A M P A -R  can react with 
H C A  but they are not observed in cells expressing functional N M D A -R .

3 0 8 .3
ALTERED SPATIAL LEARNING IN TRANSGENIC MICE 
EXPRESSING GLUR2-FLIP Saumya Das *. Toshihiro Yoshizawa. 
Yasnory Sasaki, and Nohuki Nakanishi. Dept. Of Neurobiology, Harvard 
Medical School, Boston, MA .

The AMPA-gated subclass of ionotropic glutamate receptors 
(GluRl-4), exist in one of two alternatively spliced isoforms, known as 
flip and flop. The expression of these isoforms is spatially restricted: in 
particular, the ratio of flop to flip isoform is higher in the CA1 neurons of 
the hippocampus. These isoforms are also functionally different. The flip 
version of the GluRs is more effectively activated by glutamate, and gives 
rise to currents with larger amplitudes. Hence, exogenous expression of the 
flip module of these receptors would cause enhanced responses to 
glutamate and increased synaptic gain. This could alter forms of synaptic 
plasticity , such as long term potentiation (LTP), which in turn, could 
change certain forms of learning and memory.

We have generated transgenic mice expressing the flip isoform of 
GluR2 under the Cam-Kinase II promoter. The transgene is uniformly 
expressed in the brain of these mice as determined by in situ hybridization 
and northern blot analysis. Furthermore, RT-PCR reveals that the ratio of 
the flip isoform to flop isoform is now reversed in the CA1 region of the 
hippocampus. The transgenic mice do not show any gross abnormalities in 
behavior or morphology. The brains of these mice also do not show any 
developmental abnormalities, as determined by hematoxylin/eosin 
staining. We have examined the spatial learning and memory of the 
transgenic mice by testing them in the Morris water maze. Preliminary data 
reveal that these mice have distinct learning curves compared to their wild 
type litter-mates. Currently we are looking at any differences in the 
retention of spatial information. We shall also determine if neurons of the 
transgenic mice are more susceptible to cxcitotoxic damage both in vivo 
and in vitro.

3 9 8 .5
GRADIENTS OF NMDA RECEPTOR EXPRESSION IN DEVELOPING 
CEREBELLAR GRANULE CELLS. A. Bnonanno* and M. Sasner. Unit on 
Molecular Neurobiology, Natl. Inst, of H ealth, Bethesda, MD 20892-4480.

The refinem ent of synaptic in p u ts  and  neural p lasticity  during  
developm ent are partly controlled by the activation of NMDA receptors 
(NR). Since the NR2 (A-D) subunit composition influences the properties of 
these receptors, we have analyzed their regulation  in the cerebellum  
during synaptogenesis. Our analysis reveals that the expression of NR 2B 
and 2C transcripts during  developm ent differs m arkedly in the external 
and internal granule ceils layers (EGL and IGL, respectively). Expression 
of 2B transcripts is observed in pre-m igratory granule cells in the EGL and 
after migration into the IGL. In contrast, 2C expression is restricted to the 
IGL. Furtherm ore, the NR 2C gene is expressed in a g rad ien t during  
development. Begining at P7, expression progresses from the posterior to 
the anterior lobes, and w ithin a lobe transcripts accum ulate in a medial to 
lateral pattern. This gradient cannot be sim ply accounted by the migratory 
pattern of granule cells, since the expression of NR1 and 2B in the IGL 
significantly precedes 2C expression. Similar to the acetylcholine receptor γ 
to ɛ subunit switch that occurs during  skeletal m uscle developm ent, our 
results suggest that the initial NR2B expression in granule neurons is cell- 
autonomous whereas innervation m ay provide the signals that activate NR 
2C expression and repress NR 2B. In order to decipher the molecular 
mechanisms directing the 2B to 2C switch, we have generated transgenic 
mouse lines harboring different regulatory  regions of these genes. We 
found that a 1.0kb region of the NR2B gene confers brain-specific 
expression but fails to do w n -reg u la te  the gene d u rin g  cerebellar 
developm ent. H ow ever, an ad d itional 1.5kb reg ion  im p arts  proper 
regulation. M apping of elements that may m ediate the activity-dependent 
repression of this gene in cerebellum are in progress.

3 0 8 .2
TRANSGENIC ANALYSIS OF NM D A  RECEPTOR 2B EXPRESSION: 
ID E N T IFIC A T IO N  OF SEQ U EN C ES C O N F E R R IN G  NEURA L 
SPECIFICITY A N D  D E V ELO PM EN TA L REPRESSIO N  IN THE 
CEREBELLUM. M ichael Sasner* and  A ndres Buonanno U nit on Mol. 
Neurobio., LDN, NICHD, NIH, Bethesda, MD 20892-4480

NM DA receptors (NR) are  m u ltisu b u n it p ro te ins com posed  of a NR1 
subun it and at least one of four d ifferentia lly  expressed  NR2 subunits, 
w ith  the iden tity  of the  NR2 su b u n it(s) largely  resp o n sib le  for the 
properties of the receptor. The NR2B subun it is expressed in the forebrain 
throughout life. In the cerebellum , the NR2B subun it is expressed at high 
levels early  in developm ent, then  replaced by the NR2C sub u n it during  
the second week of postnatal life. W e h av e  begun  to investigate  the 
m olecular m echanism s th a t contro l NR2 ex p ress io n . C lo n in g  of the 
upstream  regions of the m ouse NR2B gene revealed  tw o 5' non-coding 
exons. M ultiple transcrip tion  in itia tion  sites sp read  o v er 1.5kb were 
id en tified  both  by RACE and  R N ase p ro tec tio n  a n a ly sis , b u t no 
developm ental or regional differential usage w as found. Using transgenic 
mice harboring  different NR2B-reporter constructs, w e have  identified a 
1.0kB region that is sufficient to direct brain-specific expression, bu t fails 
to dow n-regulate in the cerebellum . Elem ents w ith in  an additional 1.5 kb 
are  necessary to replicate the expression p a tte rn  of the  endogenous gene 
in the brain: the reporter is expressed  in the  forebrain , b u t is dow n- 
regulated  in the cerebellum  after one w eek of age. Both regions harbor 
sequence motifs that are conserved w ith  o th er n eu ra l genes. The 1.5kB 
region w ill be useful to stu d y  synap tically  reg u la ted  gene expression, 
since activity m ay dow n-regulate the NR2B gene in the cerebellum .

3 0 8 .4
PH DEPENDENCE OF NEURONAL CELL DEATH AND CA++ INFLUX 
AFTER TRAUMATIC INJURY IN RAT CORTICAL COCULTURE.
A. G. Mukhin*. A. I. Faden. Depts. of Neurology and Pharmacology, Georgetown 
Univ. Med. Ctr., Washington DC 20007

Participation of the NMDA receptor complex in neuronal cell death after traumatic 
injury is well supported by in vivo and in vitro studies. There is also evidence that 
NMDA receptor is modulated by extracellular pH. In the present studies we have 
examined the role influence of pH on trauma-induced neuronal cell death in cortical 
neuronal/glial coculture from rat brain, as well as the effect of pH on the 
neuroprotective action of the NMDA antagonist dizocilpine (MK 801).

Experiments were performed on 14-17 DIV rat cortical neuronal/glial cocultures, 
growing in 96 well plates. Traumatic injury to cells was delivered using a circular 
punch with a diameter of 4 mm. Cell death was detected 16 hours after injury by 
measuring LDH release. Ca++ influx was examined 10 min after injury by 
measuring the fluorescence of neurons preloaded by Fluo 3. In selected experiments 
3 pM of MK 801 was coincubated with cells during the period from 15 min before to 
30 min after injury.

In this injury model, cell death appears to include two components, one MK 801 
sensitive and one MK 801 insensitive. At pH 7.4 MK 801 sensitive and MK 801 
insensitive components represented as 45% and 55% of total cell death respectively. 
The MK 801 insensitive component of cell death did not vary over a wide range of 
pH (from 6.8 up to 8.0). In contrast the MK 801 sensitive component of cell death 
was strongly dependent on pH. Neuroprotection by MK 801 at pH 7.4 was reduced 
by 70% at pH 6.8 and was enhanced 1.5 fold at pH 8.0. The MK 801 EC50 in this 
model was approximately 40nM, and varies little over the pH range studied. 
Alteration of the MK 801 sensitive componentof of the Ca++ influx after trauma as a 
function of pH paralleled changes in LDH release.

These results suggest that pH levels may substantially affect the degree of tissue 
damage after brain trauma, as well as the neuroprotective actions of NMDA 
antagonists.

3 0 8 .6
CIRCUIT-SPECIFIC ALTERATIONS OF NMDA RECEPTORS IN THE 
HIPPOCAMPUS OF AGED MONKEYS. A.H. Gazzalev*1. S.J. Siegel1. J.H. 
Kordower2. E.J. Mufson2 and J.H. Morrison1. 'Fishberg Res. Ctr. for Neurobiol., Mt. 
Sinai Sch. of Med., New York, NY 10029; 2 Dept, of Neurol. Sci., Rush Presbyterian- 
St. Luke's Med. Ctr., Chicago, IL 60612
Age-related memory impairment in primates occurs frequently in the absence of overt 

Alzheimer’s disease. Based on the established importance of both the perforant path 
and A-methyl-D-aspartate (NMDA) receptors in memory formation, we investigated 
the glutamate receptor distribution and immunoreactive intensity within the dentate 
gyrus of juvenile ( 1 - 2  years old), adult (5 - 9 years old), and aged macaque monkeys 
(24 - 32 years old) with the combined use of subunit specific antibodies and 
quantitative confocal laser scanning microscopy. Here we demonstrate that aged 
monkeys, as compared to adult monkeys, exhibit a 30.6% decrease in the ratio of 
NMDA receptor subunit 1 (NMDAR1) immunofluorescence intensity within the distal 
dendrites of the dentate gyrus granule cells, which receive the perforant path input, 
relative to the proximal dendrites, which receive an intrinsic excitatory input from the 
dentate hilus. The intradendritic alteration in NMDAR1 immunofluorescence occurs 
without a similar alteration of non-NMDA receptor subunits. Further analyses 
employing synaptophysin as a reflection of total synaptic density and MAP2 as a 
dendritic structural marker, demonstrated no significant difference in staining intensity 
or area across the molecular layer in aged animals as compared to the younger animals. 
These findings suggest that, in aged monkeys, a specific alteration in the intradendritic 
concentration of NMDAR1 occurs without concomitant gross structural changes in 
dendritic morphology or a significant change in the total synaptic density across the 
molecular layer. Preliminary observations of Nissl stained layer II neuronal islands of 
the entorhinal cortex, the origin of the perforant path, demonstrated no obvious loss of 
neurons, however quantitative analyses using chemically specific markers are 
underway to determine if there is a loss of a subset of the layer II neurons. This 
alteration in the NMDA receptor-mediated input to the hippocampus from the 
entorhinal cortex may represent a molecular/cellular substrate for age-associated 
memory impairments. (Supported by The Charles A. Dana Foundation & NIHAG06647)
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3 0 8 .7
NM D A  R1 SPLICIN G IS ALTERED IN TH E RETIN AL GANGLION 
CELL LAYER AFTER OPTIC NERVE CRUSH M R Kreutz1: T.M. 
Bӧckers2: J. Bockmann2: J. Weise1: U. Schmitt1: B A Sabel1*Inst. of 1Med. 
Psych Otto-v-Guericke Univ Magdeburg. F.R.G., 2Anatomy, Westf.-Wilh. 
Univ., Munster. F.R.G.

The NMDA receptor plays a key role in excitotoxic cell death and 
neurodegeneration. At least seven isoforms of the NMDA R1 with different 
pharmacological properties are generated by alternative splicing. Since the 
NMDA receptor is involved in secondary cell death induced by neurotrauma we 
investigated whether a controlled crush of the adult rat optic nerve (ONC) affects 
NMDA R1 expression in the retinal ganglion cell layer (RGCL). Retinal cryostat 
sections obtained at different time points after ONC were processed for in situ 
hybridization. Within 48 hours after ONC. NMDA R1 RNA was reduced, but a 
transient increase of silver grains was observed in the RGCL 72 hours and 1 week 
after the lesion. During this time period a loss and subsequent recovery of visual 
discrimination behavior is observed although the number of surviving RGC is 
lower than 30%. At 2 and 4 weeks after ONC the total signal density in the RGC 
was lower than in controls. Alternative splicing of the NMDA R1 was altered 
after ONC. While the NMDA R1(X1X) variant disappeared within 48 hours, the 
C-terminal deletion Rl(XXO) decreased constantly to barely detectable levels 
within 1 week. In contrast the R l(X X l) variant was almost not affected by ONC. 
A decreased signal intensity for the other C-terminal deleted isoforms Rl(XOX) 
and those carrying an N-terminal insert R l(lX X ) was also observed immediately 
after ONC, but at 48h and 72h a transient increase of silver grains was seen. 
These data provide evidence for specific alterations of alternative NMDA R1 
splicing in response to trauma.

Supported in part by DFG Sa 433/3-1 and BMFT 07 NBL 04 TP7

3 0 8 .9
REGULATION OF m GLUR5 IN  CEREBRAL CORTICAL ASTROCYTES IN 
CU LTU RE. R. Balazs1  ,S .M iller1  , C .R om ano2 ,  A. deV ries1, P.l. V aughn 3*, 
and  C. W. C otm an1. 1 Brain A ging an d  D em entia Inst. an d  3Dept. Microbiol. 
M ol. G en., U niv. C alif., Irv ine, CA  92717 an d  2D ep t. O p h th a lm o l. 
Neurobiol., W ashington Univ. M ed. School, St.Louis, MO 63110.

From  PLC -coupled m GluRs, cerebral cortical astrocytes in cu lture  
possess p rim arily  m GluR5, the  expression  of w hich  is g rea tly  increased 
(over 10 fold) by  treatm ent w ith  FGF, EGF o r TGF-α. Regulation of mGluR5, 
in  p a rticu la r  the  effect of p ro lo n g ed  ag o n is t exposure , w as, therefore, 
exam ined in  these cells. T reatm en t w ith  ag o n is ts  elic ited  a decrease in 
m G lu R 5 -stim u lated  p h o sp h o in o s itid e  (PI) h y d ro ly s is . The d eg ree  of 
d e se n s i tiz a tio n  d e p e n d e d  o n  th e  a g o n is t (ra n k  o rd e r  of po ten cy  
Q A > D H P G > A C P D »G lu), on  the concentration  of the agonist (potency for 
d esensitization  being  consisten tly  h ig h er th an  th a t for the  s tim ulation  of 
PI hydrolysis), an d  on  the leng th  of the  exposure  (t1 /2 abou t 3h). U nder 
ap p ro p ria te  conditions, the response  w as reduced  by u p  to 80%. The effect 
w as reversible. Recovery after agonist rem oval, b u t not the  agonist-evoked 
reduction  in  the  response w as d e p en d en t on  p ro te in  biosynthesis. Both the 
ag on ist-dependen t decrease an d  the increase in  the m etabotropic response 
w ere paralle led  by  a red u c tio n  an d  an  e levation  respectively  in  mGluR5 
pro tein  levels. N o effects on  receptor dow n-regu la tion  w ere detectable as a 
resu lt of treatm en t w ith  con A or agen ts in terfering  w ith  the cytoskeleton. 
A lthough phorbol ester (TPA) activation  of PKC caused  a rap id  and  severe 
d ep ress io n  of the  m etab o tro p ic  resp o n se , s tu d ie s  w ith  p ro te in  kinase 
in h ib ito rs  a n d  e m p lo y in g  P K C -d o w n -reg u la ted  a s tro c y te s  failed  to 
p ro v id e  an y  evidence th a t p h o sp h o ry la tio n  effected by  PKC, PKA, PKG 
and  C aM kinases is invo lved  in  recep to r d o w n-regu la tion . m G luR  dow n- 
regulation  had  no  effect on  PI hydro lysis  induced  by e ither noradrenaline 
o r carbachol and  by direct stim ulation  of G proteins.

30 8 .1 1
INTRACELLULAR C-TERM IN I OF M ETA BOTROPIC G LUTA M ATE 
RECEPTORS A FFECT A G ON IST PO TENCY. T. K nӧpfel*. N. Bendali. P. 
J. F lor. J. Gom eza. J.P. Pin and R .Kuhn
CNS Research, Pharm aceuticals D ivision R & D, Ciba, CH 4002 Basle, 
Sw itzerland and UPR-9023 CNRS, 34094 M ontpellier Cedex 05, France.

The m etabotropic glutam ate receptor subtype 1 (m G luR 1) exists as 
variants (-a, -b and -c) generated by alternative splicing o f the C-term inal 
end and m ediates a rise in [Ca2+]j. Previous studies have revealed that the 
rank order of agonist potencies did not differ betw een these splice variants 
but agonists were consistently more potent at m GluR la  than at m GluR lb/-c. 
This might be due to a consistent difference in expression levels or due to a 
direct effect o f the C-term inus on pharm acological properties. W e compared 
the concentration dependency o f agonist-induced rises in [Ca2+]j in HEK 
293 cells transiently expressing m GluR la , m GluR lc  and two chim eric 
m G luR 3/l receptors where the first ( i l )  and second (i2) intracellular loops 
and the C-term inus were exchanged with the corresponding mGluR la  or 
m G luR lc sequences (Pin et al., EM BO J. 13:342-348). The rank order of 
agonist potency depended on the extracellular dom ain and was quisqualate 
>> L-CCG-I > ( l S,3R)-A CPD for m G lu R la /- lc  and L-CCG-I >>
quisqualate = (1S,3R)-ACPD for the chim eric m G luR 3/l receptor. However, 
agonists were about 8-fold more potent at receptors involving the C-term inus 
o f m G lu R la  as com pared to those involving the m G luR lc  C-term inus. These 
data give further evidence that the C-term inus o f mGluRs, indeed, affect the 
potency of agonists for inducing m GluR-m ediated functional responses.

3 0 8 .8
EFFECT OF TRANSIENT CEREBRAL ISCHEM IA ON EDITING OF 
GLU TA M A TE RECEPTO R SU BUN ITS. W. Paschen*. J. S chm itt. A.
U to . M a x -P la n c k -In s titu te  fo r N e u ro lo g ic a l R e se a rc h , K ӧ ln, 
G e r m a n y .

RN A editing  o f glu tam ate  recep to r subun its  G luR 2, G luR5 and 
G luR 6 is a reac tio n  c ritica l for the  con tro l o f  ca lc iu m  fluxes 
th ro u g h  n on-N M D A  rec e p to r  c h a n n els . S in ce  p o s tis c h em ic  d is 
tu rb an ces  in ca lc ium  h o m eo sta sis  m ay p lay  a ro le  in ischem ic  
cell dam age  we s tud ied  m RN A  e d itin g  a fte r  tra n s ie n t ischem ia. 
Rats w ere subjected  to 30 m in ischem ia  (4V O  m odel) fo llow ed  by 
4, 8, or 24h recovery. T o tal RN A was ex trac ted  from  the cortex , 
s tr ia tu m  and h ip p o ca m p u s . tra n sc rib e d  in to  cD N A  w hich  was 
used  for subu n it-sp ec ific  PC R across the ed ited  base (A in TM II) 
PCR products w ere incubated  w ith Bbv 1 and the ex ten t o f  e d i
tin g  q u a n tif ie d  a fte r  e le c tro p h o re s is  o f  the  re s tr ic tio n  d ig es t 
and im age analysis o f bands. Ed iting  o f G luR 2, G luR5 and G luR6 
was d iffe ren tly  reg u la ted  a fte r  isch em ia . G luR 2  ed itin g  w as not 
ch an g ed  by isch em ia . G luR 5 e d itin g  w as s ig n if ic a n tly  in c re a 
sed in the striatum  (from  39±6 to 57±9% , p< 0 .0 5 ), in d ica tiv e  o f 
a h ig h er sen sitiv ity  o f  n eu ro n s e x h ib itin g  la rg e  f ra c tio n  o f 
u n ed ited  G luR 5. G luR 6  m R N A  ed itin g  was s ig n ifican tly  reduced  
in all th ree  brain  s tru c tu res  (in  the h ip p o cam p u s from  90±3  to 
80±2% , p<0.05). This decrease in G luR 6 RN A  ed iting  may result 
from  a d istu rb an ce  o f the  ed itin g  reac tio n  or from  p ro life ra 
tion o f glial cells, in w hich ed iting  o f G luR 6 m RN A  is low. 
S tudy ing  m R N A  ed itin g  a fte r  isch em ia  w ill h e lp  to e lu c id a te  
the  m echan ism s o f ischem ic  c e ll dam age. S u p p o rted  by G ran t 
Pa 266/7-1 of DFG.

3 0 8 .1 0
D IFFE R EN TIA L M ODULA TION O F SY N A PTIC TRANSM ISSION 
TO PH REN IC M OTONEURONS BY M ETA B O T R O PIC  
GLUTA M ATE R E C EPTO R  SUBTY PES. X-W . Dong* & J. L. 
F eldm an. System s N eurobiology Lab., Dept of P hysiological Science, 
UCLA, Los Angeles, CA, 90095-1527

A ctivation o f m etabotropic g lutam ate receptors (m G luR s) by the 
w ide spectrum  agonist ACPD reduces phrenic m otoneuron (PM N) 
inspiratory-m odulated synaptic current and increases excitability  via a 
tonic inward current. To determ ine the associated receptors/pathw ays, 
PM N activity was recorded individually with whole cell patch-clam p or 
as a population in C4 ventral root in the brainstem -spinal cord 
preparation of neonatal rat. Drugs were applied via p ipettes over the 
PM N pool. The m GluR2 agonists (S )-4-C arboxy-3-hydroxy- 
phenylglycine [(S)-4C3H PG; 200 µM] and (2S ,3S ,4S)-α -(C arboxy- 
cyclopropyl)-glycine (L-C CG -I; 50 µ M) reversibly reduced peak 
inspiratory-m odulated synaptic current and C4 root activity  w ithout 
significant changes in steady-state m em brane current or inducing tonic 
discharges in C4 root. Sim ilar effects were induced by m GluR4 agonist 
L-AP4 (2 pM ). The m G luRl agonist (R S)-3 ,5 -d ihydroxypheny lg lycine 
(DPG; 100 pM ), however, induced a tonic inward current in PM N. To 
further distinguish the receptor subtypes, second-m essenger pathw ays 
were exam ined. In the presence o f the cyclic A M P analog 8-Brom o- 
cyclic AM P (cA M P; 0.8-1.2 mM ), the ability o f L -CC G -I and L-A P4 to 
reduce inspiratory-m odulated activity o f C4 root was greatly attenuated 
or even elim inated, suggesting that mGluR2 and m GluR4 m ediated 
suppression are cA M P-dependent. The effect o f  the m G luR  l agonist 
DPG, however, was unaffected by cA M P, indicating a different second- 
m essenger pathway. These results suggest that at least three subtypes o f 
m GluRs can m odulate PM N excitability  with actions m ediated by 
d istinct m echanism s. Supported by NIH G rant NS 24742.

30 8 .1 2
DESIGN OF CONANTOKIN G MIMETICS TO ANTAGONIZE NM DA  
ACTIONS. L. Otvos. Jr.*. K. V. Prammer, G. Bokonyi, L. M. Zhou and M. 
L. M accecchini. Symphony Pharmaceuticals, Malvern, PA 19355 and The 
Wistar Institute, Philadelphia, PA 19104.

Conantokin G (ConG), a 17 amino acid-long peptide was shown to 
inhibit N M D A responses by acting as a non-competitive inhibitor o f  
polyamine-enhanced [3H]MK801 binding. Structural analysis o f  the native 
peptide revealed a stiff helical core and two flexible end pieces. Nuclear 
magnetic resonance (NMR) conformational studies indicate that the middle 
region o f  the peptide, spanning the amino acid residues between positions 6 
and 13, appears to function only as a helical spacer between the bioactive 
domains, whereas the two termini show high levels o f  flexibility and bi-
functional binding to the receptor complex. W hile the C-terminal 
tetrapeptide fragment binds to the polyamine site, the N-terminal 
pentapeptide fragment binds to a novel ConG site. Different spectnoscopieal 
studies produce a variety o f helical geometries for the spacer. W e used 
molecular modeling to design peptides that are α -helical or 3 10-helical in 
the middle region and performed structure/activity studies to confirm the 
models. CD studies o f  the synthetic peptides verified the calculated 
secondary structures. It was found that only the peptide analogues 
containing a helical spacer and flexible termini could m im ic the NM DA  
antagonist properties o f  ConG. Further refinement o f  this approach will 
allow us to "dial in" the necessary amino acid mutations to develop more 
potent NM DA antagonists or partial agonists. Since ConG†s actions are 
specific for the NR1A/NR2B subtype o f  the NM D A receptor, these models 
w ill also help us to identify the new ConG binding site on the receptor and 
to develop drugs for specific NM DA receptor subtype associated disorders.
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3 0 8 .1 3

FLUPIRTINE: A NEUROPROTECTIVE AGENT THAT 
PREVENTS INJURY BY PRION PROTEIN FRAGMENT AND 
LEAD ACETATE. W.E.G. Müller*. G. Pergande, H. Ushijima, 
S. Perovic. Inst. Physiologische Chemie, University, 55099 
Mainz and ASTA Medica AG, 60314 Frankfurt, Germany.

Flupirtine belongs to the class of triaminopyridines and is 
successfully applied in the clinics as a non-opiate analgesic 
drug which possesses also muscle relaxant activity. Recently it 
was described that flupirtine acts as an antagonist of N-methyl- 
D-aspartate [NMDA] receptor complex in neuronal cells. Here 
we have used primary cortical cells from rat embryos to 
demonstrate that this compound acts also neuroprotective 
against the toxic effects caused by the prion agent PrPSc and 
lead acetate [Pb]. These two agents display pleiotropic effects 
on neurons, among them is an activation of the NMDA receptor 
complex. Above 30 pM the toxic peptide fragment of PrpSc 
causes neurotoxicity as a consequence of apoptotic 
fragmentation of DNA. Pb is neurotoxic at concentrations above 
10 pM. Co-administration of flupirtine [10 µM] with either one of 
the two agents resulted in a reduced neurotoxicity. These data 
indicate that the cytoprotective effect of flupirtine is measurable 
in vitro also against such noxes which show their effects 
pleiotropically, including the modulation of the NMDA receptor 
complex. Perovic et al. (1994) Eur J Pharmacol 288:27.

PSYCHOTHERAPEUTIC DRUGS

3 0 9 .1
IN  VITRO INHIBITION OF THE RAT AND HUMAN SEROTONIN AND 
NOREPINEPHRINE TRANSPORTERS BY THE ANTIDEPRESSANT 
NEFAZODONE AND ITS METABOLITES. M. J. Owens*, W. Neal Morgan, S.E 
Plott. J. Ieni and C.B. Nemeroff. Dept. Psychiatry & Behavioral Sciences. Emory 
University School o f Medicine, Atlanta GA 30322.

Nefazodone HCI (Serzone®) is a new antidepressant with a chemical structure 
unrelated to SSRI’s, tricyclics, tetracyclics. or MAO inhibitors. Nefazodone is 
metabolized to hydroxynefazodone. mCPP. and a desethyltriazoledione metabolite 
Nefazodone shows clinical efficacy in the treatment of depression with a more favorable 
side-effect profile than the structurally similar antidepressant trazodone. Previous 
studies have shown that nefazodone is a potent antagonist of 5 -HT2A receptors and 
binds to the serotonin transporter (SERT) in vivo and in vitro. In order to further 
investigate the ability of nefazodone, its metabolites, and several other antidepressants 
to inhibit the SERT and NET (norepinephrine transporter). a series of radioligand 
binding assays were performed in order to characterize the rank order o f potencies of 
these drugs at the SERT and NET using membranes obtained from rat cortex and HEK- 
293 cells stably transfected with the human SERT or NET 

Competition binding studies using [3H]-citalopram for the SERT and [3H]-nisoxetine 
for the NET were performed in triplicate using 20 concentrations o f the drug under 
study. The geometric mean K, value was calculated from at least 3 separate 
experiments. K, values (nmol/L) at the SERT and NET, respectively. were nefazodone 
(240; 554). hydroxynefazodone (668; 723). desethyltriazoledione (>10.000; ˲ ˃ .000). 
mCPP (238; 698), trazodone (259; >10.000), fluoxetine (2 1; 473), paroxetine (0.06; 
59), sertraline (0.32; 1595), venlafaxine (21; 1065). desipramine (141; 0.31), and 
amitriptyline (17; 8.5). Nefazodone also inhibited the uptake of [3H]-5-HT into 
HEK293-hSERT cells with a K1 value of 1153 nmol/L. These data provide further 
support for an action o f nefazodone at the serotonin and norepinephrine transporters 
Supported by a grant from Bristol Myers-Squibb.

3 0 9 .3
SEROTOM IN AND 5-HYDROXTIIDOLEACBTIC ACID
EXTRACELLULAR LEVELS AFTER IMTRAPERITOMEAL 
D-NORPENFLURAM IN E OR F L U O X ETIIE U8IIG 
8IMULTANEOUS BRAIN AND BLOOD MICRODIALYSIS.
X.Páez* and L.Hernández. Lab. of Behavioral Physiology, 
Universidad de los Andes, Mé rida 5101, Venezuela.

We developed a new removable dialysis probe to be 
temporally inserted into a guide tube in the jugular 
vein. It was used simultaneously with a removable brain 
probe placed in the lateral hypothalamus (LH). We 
measured by HPLC-EC, serotonin (5 H T ) and 5- 
hydroxyindoleacetic acid (5HIAA) levels in brain and 
blood dialysates after i.p administration of 5 mg/kg d- 
norfenfluramine (d-norFEN) or 10 mg/kg fluoxetine (FLU) 
in freely moving rats. In the LH, 5HT increased after 
both drugs, but the rise after d-norFEN [F(7,28)=4.0 
p<0. 05 ] was larger and faster than the rise after FLU 
[F(5,20)=5.0 p<0.01]. In venous blood, 5HT increased 
after FLU [F(5,20)=2.96 p<o.05] but not after d-norFEN. 
5HIAA decreased significantly in the LH after both drugs 
[d-norFEN F(7,28)=11.4 p<0.01; FLU F(5,20)=22.8 p<0.01]; 
but it did not change in blood. The simultaneous 
microdialysis allowed to assess differential effects of 
d-norFEN and FLU on 5HT and 5HIAA in brain and blood. 
Removable probes prevented the inflammatory reaction 
that occurs around permanently implanted probes which 
may reduce the efficiency of the dialysis and increase 
the risk of clogging.

3 0 9 .2
BLOCKADE OF THE SEROTONIN AND NOREPINEPHRINE UPTAKE 
PROCESSES BY DULOXETINE: IN VITRO AND IN VIVO STUDIES IN THE 
RAT BRAIN. K. Kasamo*, P. Blier and C. de Montigny. Neurobiological 
Psychiatry Unit, McGill University, Montréal, Quebec, Canada H3A 1A1 .

Duloxetine [LY 248686; (+)-N-m ethyl-3-(1 -naphthalenoxy)-2- 
thiophenepropanamine] is an inhibitor of both 5-HT and NE transporters. The 
present studies were aimed at defining the pharmacological profile of 
duloxetine as a dual 5-HT/NE uptake inhibitor in the rat hippocampus in vitro, 
ex vivo and in vivo.

In in vitro uptake experiments, duloxetine inhibited [3H]5-HT and [3H]NE 
uptake in hippocampus slices of naive rats with ICso’s of 28 and 46 nM, 
respectively. Ex vivo, the uptake of [3H]5-HT and of [3H]NE were equipotently 
and dose-dependently inhibited in hippocampus slices prepared from rats 
treated for two days with duloxetine (5 ,10 ,15 , 20 mg/kg/day, s.c.). In in vivo 
electrophysiological experiments, both acute intravenous injections (2-10 
mg/kg) and two-day treatments with duloxetine (10, 15, 20 mg/kg/day, s.c.) 
dose-dependentty prolonged the recovery time of the firing activity of 
hippocampus CA3 pyramidal neurons from microiontophoretic applications of 
5-HT. Whereas the recovery time from NE applications was unaffected by 
low doses of duloxetine (2 mg/kg, i.v., and 10 mg/kg/day for two days), it 
was significantly prolonged by higher doses (8 and 10 mg/kg, i.v., and 20 
mg/kg/day for two days). Acute intravenous injections of duloxetine in naive 
rats suppressed the spontaneous firing activity of dorsal raphe 5-HT and 
locus coeruleus NE neurons with ED50’s of 99 and 474 µg/kg, respectively.

The present results thus confirmed that duloxetine is a dual 5-HT/NE 
uptake inhibitor. Furthermore, data from in vivo experiments indicate that 
duloxetine has a preferential inhibitory effect on the 5-HT transporter.

3 0 9 .4
NEW MECHANISMS IN THE ACTION OF 
ANTIDEPRESSANTS: 5-HT REUPTAKE INHIBITORS 
I N C R E A S E  Ca2 +/CALMODULIN-DEPENDENT  
PHOSPHORYLATION OF PRESYNAPTIC PROTEINS.
M Popoli, C Vocaturo, L . Buffa. 1 J.Perez* and G.Racagni. Center 
of Neuropharmacology, University of Milan; 11stituto Scient. 
HSR, Dept. of Neuropsychiatry, School of Medicine, University 
of Milan (Italy).

Recent evidence point to protein phosphorylation as a key 
step in the mechanism of action of antidepressant drugs and 
possibly in the pathophysiology of affective diseases. We report 
now that chronic, but not acute, treatment with selective 
serotonin reuptake inhibitors (SSRI) elicits a large increase in 
the activity of presynaptic Ca2+/calmodulin-dependent protein 
kinase II (CaMK II) in the hippocampus. CaMK II activity 
increases between 60 and 145% (depending on the drug). This 
result may be related to the increase of 5-HT release detected in 
hippocampus and other selected areas of serotonergic 
innervation after SSRI treatment. The increase in CaMK II 
activity is accompanied by an increase in kinase 
autophosphorylation, and in the phosphorylation of major 
presynaptic substrates (synapsin I and synaptotagmin). 
Autophosphorylation increase of CaMK II is due to increased 
phosphate incorporation, and not to increased neosynthesis or 
translocation of the kinase (as measured with quantitative 
immunoblot).
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309.5
EFFECTS OF LONG-TERM TREATMENT WITH THE α2-ADRENOCEPTOR 
ANTAGONIST MIRTAZAPINE ON 5-HT NEUROTRANSMISSION.
N. Haddjeri*, P. Blier and C. de Montigny. Neurobiological Psychiatry Unit, 
McGill University, Montreal, Québec, Canada H3A 1A1.

Mirtazapine (ORG 3770, Remeron®) is an α2-antagonist and an effective 
antidepressant drug. Using an in vivo electrophysiological paradigm, the aim 
of the present study was to assess the effect of long-term treatment with 
racemic mirtazapine [(±)MIR] on pre- and postsynaptic α2-adrenoceptors and 
to determine whether it could alter 5-HT transmission in the hippocampus of 
male Sprague-Dawley rats. A 21-day treatment with (±)MIR (5 mg/kg/day, s.c., 
using minipumps) did not modify the suppressant effects of 
microiontophoretically-applied norepinephrine (NE) and of 5-HT on the firing 
activity of CA3 hippocampus pyramidal neurons. However, this (±)MIR treatment 
antagonized both the enhancing effect of a low dose (10 µg/kg, i.v.) and the 
reducing effect of a high dose (100 µg/kg, i.v.) of the α2-adrenoceptor agonist 
clonidine on the effectiveness of the electrical stimulation of the ascending 5- 
HT pathway in suppressing the firing activity of dorsal hippocampus CA3 
pyramidal neurons. The spontaneous firing activity of dorsal raphe 5-HT 
neurons was increased by 79% in (±)MIR-treated rats with minipumps in the 
rat, but it was back to normal 2 days after removal of the minipumps. The 
dose-response curve for clonidine (0.025-5 µg/kg, i.v.) on the firing activity of 
5-HT neurons was not altered but after a 2-day washout, it was markedly 
shifted to the left. The spontaneous firing activity of locus coeruleus NE 
neurons was also increased in (±)MIR-treated rats with minipumps on board 
but this treatment did not modify the dose-response curve of clonidine on the 
firing activity of NE neurons. In conclusion, 5-HT transmission is enhanced after 
a 21-day treatment with (±)MIR as a result of a sustained increase in 5-HT 
neuronal firing activity in the presence of inactivated α2-adrenergic auto- and 
heteroreceptors.

309.7
TH E A N T ID E P R E SSA N T -L IK E  A C T IV IT Y  OF ID A Z O X A N , 
Y O H IM B IN E  A N D  C L E N B U T E R O L . A .B .A . M ajeed* and I.Z. 
Is k a n d a r . Lab. o f  N euroscience, S ch ool o f  Pharm acy, U niversiti Sains  
M alaysia, 11800 Penang, M alaysia.

A m on g drugs in develop m ent as antidepressants are those w h o se  
primary action is on  noradrenergic system s (N A S ). W e therefore  
screened the α 2-adrenoceptor antagonists idazoxan  and yohim b ine, 
and the (3-agonist clenbuterol, for p ossib le  antidepressant activity. 
M ale U S M  stock m ice (20 -2 5  g ) w ere forced to sw im  during 10 m in  
into a g lass cylinder (height 27  cm  and diam eter 16.5 cm ) filled  w ith  
11 cm  water at 27°C . T his w as fo llo w ed  2 4  h later w ith  a secon d  
sw im  session  o f  6  m in. D rugs w ere adm inistered (n =10)  
intraperitoneally 0 .5 , 19 and 23 h after the first sw im  session . The  
total am ount o f  tim e spent im m obile  during the final 4  m in  o f  the 
secon d  sw im  sess io n  w as m easured and analyzed  for statistical 
differen ce against saline treated controls (n =50). Idazoxan (0 .1 , 1.0 
and 10 m g/kg), yoh im b ine (0 .1 , 1.0 and 10 m g/k g) and clenbuterol 
(1 .0  and 10 m g/kg), all decreased the im m obility  tim e (D unnett test, 
p<0.01 versus saline). The relative potency at 10 m g/k g  was: 
clenbuterol >  yohim b ine >  idazoxan. Thus, the ability  o f  drugs acting  
on  central N A S  to reverse the behavioral despair o f  m ice and reduce  
the im m obility  tim e during the forced sw im  test su g g ests  that they  
m ay have antidepressant activity.

309.9
ONTOGENY OF THE EFFECT OF ANTIPSYCHOTIC DRUG 
TREATMENT ON NEUROTENSIN/NEUROMEDIN N mRNA 
EXPRESSION IN THE RAT BRAIN. B. Kinkead*. M.J. Owens and C.B. 
Nemeroff. Lab. of Neuropsychopharmacology, Dept. Psychiat. Behav. 
Sci., Emory Univ. Sch. of Med., Atlanta, GA 30322.

Neurotensin (NT) is a tridecapeptide which has been hypothesized to be 
involved in the mechanism of action of antipsychotic drugs. In adult rats, 
treatment with "typical" antipsychotic drugs has been shown to specifically 
increase NT/Neuromedin N (NT/NN) mRNA expression followed by an 
increase in NT concentrations in the nucleus accumbens and the caudate 
nucleus. In the developing rat brain, however, it has been shown that there 
is a distinct point in time before which treatment with antipsychotic drugs 
has no effect on NT concentrations. In order to elucidate the functional 
state of the NT system during this period of development, this study 
investigated the ontogeny of the effect of antipsychotic drug treatment on 
NT/NN mRNA expression. Rat pups (10, 15 or 21 days after birth) or 
adults received a single dose of haloperidol (2.0 mg/kg, s.c.) or vehicle 
and were killed 7 hr later. NT/NN mRNA expression was examined in 7 
brain regions using an RNase protection assay. Treatment with haloperidol 
produced a 2.5 fold increase in NT/NN mRNA expression in the posterior 
caudate on postnatal day 10. By postnatal day 15, treatment with 
haloperidol significantly increased NT/NN mRNA expression from 2 to 7 
fold in the nucleus accumbens, anterior and posterior caudate. On 
postnatal day 21 and in adult rats, NT/NN mRNA expression was 
increased up to 10 fold in the nucleus accumbens and anterior and 
posterior caudate. This work provides further information about the 
functional state of the NT system during development of the rat brain. 
Supported by NIMH MH-39415.

309.6
ADINAZOLAM INCREASES SEROTONIN RELEASE IN THE CA 1 
REGION OF HIPPOCAMPUS IN THE FREELY MOVING RAT.
P .A .B r o d e r ic k * 1 , P .J ea n n o t2 and E . L in c e n 1 1 Dept.
Pharmacol., CUNY M edical School, N Y , NY  10031, 2 MBRS 
Program CCNY

A d inazolam , dem onstrated both antidepressant and anti-
an x iety  properties in the c lin ic . ( P s y c h o p h a r m a c .,1 9 :9 6  
1983). W e have show n adinazolam  to d ecrease release o f  
norepinephrine (N E ) and seroton in  (5 -H T ) in the ch loral 
hydrate anesthetized rat (Br. Res. Bull.,27:689  1991). In order 
to  fu rth er stu d y  its  m ec h a n ism  w ith o u t  a n e s th es ia ,  
sem id erivative voltam m etry w as used w ith  stearate working  
m icroelectrodes to detect hippocam pal NE and 5-H T  release in 
the freely  m ovin g  rat con cu rren tly  w ith  beh av ior studied  
by photobeam s. S p ec ific  d eta ils  for the ch aracterization  o f  
the N E and 5-H T  e le c tro c h e m ica l s ig n a ls  are pu b lish ed  
(Neurosci. Lett., 95:275 1988). The resu lts show  that after 
adinazolam  adm inistration ( l 0 m g/kg IP and 2m g/k g  IP,) the 
NE signal was sign ificantly  decreased to 92% o f  control after 
30 m ins and m axim ally decreased to 53% after 90  m ins. 
M oreover 5-H T release was sig n ifica n tly  increased to 128%  
o f  control 10 m ins after adinazolam  adm instration and was 
m axim ally  increased  to 188% after 90  m in s. Concurrent 
behavior show ed a s ig n ifica n t hyperactiv ity  in the first 1/2 
hour and then a sedative e ffect occurred in the remainder o f  
the study. Thus, the increased release o f  5-HT, can be studied  
as a proposed m echanism  for the antidepressant e ffe c ts  o f  
adinazolam.(Supp. in part: Upjohn Co.)

309.8
DIFFERENTIAL EFFECTS OF ATYPICAL ANTIPSYCHOTIC 
DRUGS ON STRIATAL MORPHOLOGY. J. Lieberm an*, M . 
C h akos. H. L ee. F. Tarazi, M . R edm ond. R. Bilder. I. Creese. Albert 
Einstein C ollege o f  M edicine, G len O aks, N Y  11004.

W e previously reported that classical antipsychotic drugs (A P D s)  
increase caudate and lenticular nuclei volu m e in hum an patients (Chakos  
et al 1994). W e hypothesized that this w as due to  the com pensatory  
response o f  striatal neurons to  sustained functional denervation from  D -2  
receptor b lockade and atypical A P D s w ou ld  not b e associated  w ith  this 
effect. W e n ow  report that the atypical A P D  clozapine d oes not produce  
volum e increases and a llow s norm alization o f  caudate volu m e in patients 
previously treated with classical APDs. 8 male scz patients age 3 1 .4  (1 0 .3 )  
years had their pharmacologic treatment switched to  c lozapine w h ile 7  scz  
patients (4  male, 3 female) age 2 6 .9  (6 .6 )  years continued to  receive their 
standard A P D . B oth  groups had M R Is perform ed at the start and after 
o n e  year o f  treatment. Paired com parisons sh ow ed  that patients w h ose  
treatm ent w as changed to  c lozapine had a 10% decrease in volum e (6 .7  
cc  to  6 .0  cc, p=0.005),w hile patients w h o remained on  classical A P D s had 
an 8% increase (5 .4  cc  to  5 .9  c c )  w ith a significant group by tim e 
interaction (p = .0 0 1 3 ) on m ultivariate A N O V A .

S tu d ies  o f  classical and atypical A P D s w ere carried out in rodents to  
determine the neurobiological substrates that are producing the measured  
volum e changes. T h ese results w ill a lso  be presented.

309.10
NEUROENDOCRINE RESPONSE TO NEUROLEPTICS: EFFECTS OF DRUG 
TYPE AND GENDER. G. Gründer*, H. Wetzel, R. Schlӧßer. A. Hillert. K. Lange. 
C. Hiemke, O. Benkert. Departm. of Psychiatry, Univ. of Mainz, Mainz, FRG

To study the influences of drug type and gender on the neuroendocrine response to 
neuroleptic treatment, we compared the endocrine actions of two neuroleptics with 
different receptor affinity profiles, a substituted benzamide, amisulpride, a selective 
D2-Iike dopamine antagonist, and a thioxanthene, flupenthixol, a mixed D1-/D2-Iike 
antagonist also blocking 5-HT2-, H 1-, and α1-receptors, on anterior pituitary and 
adrenal hormone secretion in schizophrenic patients.

27 patients suffering from an undifferentiated or paranoid type of schizophrenia 
(DSM-III-R), respectively, participated in the double-blind, parallel-group study. All 
patients were drug-free for at least 4 weeks. Investigations were conducted on two 
consecutive days before and after 4 weeks’ treatment with amisulpride (n=14) or 
flupenthixol (n=13), respectively. Blood was withdrawn from 8.45 a.m. to 12.15 
p.m. in 15 min intervals to assess basal secretion of prolactin, growth hormone 
(GH), thyroidea stimulating hormone (TSH), cortisol, and luteinizing hormone (LH). 
On the following day, 400 µg thyrotropin releasing hormone (TRH) was injected i.v. 
to investigate drug effects on TRH-stimulated secretion of prolactin, TSH, and GH. 
Statistical evaluations were based on area-under-the-curve values.

Data analysis revealed statistically significant elevations of prolactin plasma 
levels in both treatment groups (amisulpride 17-fold, flupenthixol 8-fold). Both basal 
and TRH-stimulated TSH secretion was significantly increased by both compounds, 
too. Due to high interindividual variation, neither raises of mean LH plasma levels 
by both drugs nor attenuation of TRH-induced GH secretion by amisulpride were 
statistically significant. Cortisol secretion was unaffected by both compounds. 
Elevations of prolactin levels were much more pronounced in female subjects than in 
male. Rates of complaints about side effects probably related to endocrine drug 
actions did not differ between the two treatments. Amisulpride's more pronounced - 
although not statistically significant - endocrine effects may be a reflection of its 
lower lipophilicity and its receptor affinity profile.
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30 9 .11
CLO ZA PINE IN C R E A SE S EXTRACELLULAR ACETYLCH O LINE  
P R E F E R E N T IA L L Y  IN  THE RAT PREFR O N TA L CORTEX  
( P F C ) IN  CO M PA RISO N TO ACCUMBENS ( N A C ) OR 
STRIATUM  ( S t r ) :  A T R IP L E  M IC R O D IA L Y S IS  STU D Y .
M. A. Parada* . M.Puig de Parada._L-Herná ndez and P ._
Department of Physiology, School of Medicine, Universidad 
de los Andes, Merida 5101-A, Venezuela.

Extracellular levels of ACh in the PFC, NAc and stria
tum were studied by triple microdialysis and HPLC-ED be
fore and after ip clozapine administration [0(n=6), 
5(n=5), 10(n=5), 20(n=9) and 40(n=5) mg/Kg] in rats.
Clozapine dose-responsively increased extracellular ACh 
in the areas studied [PFC:(y=142.9+7.61x; R=0.77; F=41.9; 
df = 28 ; p< 0.0001) ; NAc: (y = 122.4 + 2.03 x ; R = 0.46; F = 7.7; 
p< 0.01) ; Str: (y = l06.6 +2.55x; R=0.62; F=17.8; p<0.001)]. 
The effect was larger in the PFC than in the NAc or Str. 
For instance, 20 mg/Kg raised ACh to 330±41% of the mean 
baseline in the PFC and to 151±22% or 144±18% in the NAc 
or Str respectively. Comparisons of the slopes of the re
gression equations showed differences between the effects 
in PFC and NAc (t=4.29; df=56; p<0.001) and PFC and Str 
(t = 4.56), but not between NAc and Str (t=0.065).
Clozapine (20 mg/Kg) increased ACh levels during isolated 
microdialysis of the PFC (353±72%; n=4) or Str (168±24%; 
n=4) in the same proportion as the respective increases 
in those areas during the simultaneous triple microdialy
sis. These results suggest that the therapeutic efficacy 
of clozapine might be due to the selective blockade of D4 
receptors in the frontal cortex and its lack of ex- 
trapyramidal side effects could be explained by its low 
impact on striatal cholinergic neurons.

30 9 .1 2
11C NMSP RECEPTOR OCCUPANCY BY CLOZAPINE AND 
HALOPERIDOL IN SCHIZOPHRENIC SUBJECTS. R.R Conley*. M.
Zhao. D. Wong. C.A. Tamminga. Maryland Psychiatric Research Center, 
P.O. Box 21247, Baltimore, Maryland 21228.

The receptor binding profile of clozapine is remarkable. The drug has a 
relatively low but measurable affinity at the D2 postsynaptic receptor, lower 
by more than an order of magnitude than any other marketed 
antipsychotic. It also has almost equivalent affinity to S2, D1, A1, A2, and 
muscarinic receptors. Moreover, recent work demonstrates a high affinity 
for the D4 receptor as well. In prior work our group has shown that mean 
percent of 11C NMSP receptor occupancy in the striatum with haloperidol 
treatment was 80% in comparison with clozapine at 19%. In this 
presentation we analyzed the occupancy of NMSP receptors by clozapine 
vs. haloperidol in extra-striatal areas. Six schizophrenic subjects were 
entered into the study, all signed informed consent. They had 11C-NMSP 
PET scans done after consecutive two-week drug free, six-week 
haloperidol 30 mg/day and six-week 450 mg/day clozapine trials. Eight 
regions of interest were analyzed for differential binding using a twelve- 
minute epoch 40 to 52 minutes after spiperone injection. This time period 
was chosen to optimize the scans for detection of dopamine receptor 
binding. Clozapine showed 100% displacement of spiperone throughout 
the cortex compared to 2% to 17% displacement by haloperidol.
Thalamic displacement was equivalent for the two drugs.

30 9 .13
ADAPTATION OF NMDA RECEPTORS IN ANIMAL MODELS OF 
DEPRESSION: OLFACTORY BULBECTOMY (OB). I A Paul*1. A. 
Redmond2 M. McNamara2 and G. Nowak1. Lab. Neurobehav. Pharmacol. & 
Immunol., Depts. of Psychiatry and Pharmacology, Univ. of Miss. Med. Ctr., 
Jackson, MS 39216, USA1 and Dept. Pharmacology, Univ. College, 
Galway, Ireland2.

NMDA receptor antagonists are as efficacious as clinically active 
antidepressants (AD) in both preclinical behavioral paradigms sensitive to ADs 
and in animal models of depression. Moreover, 10-14 d. continuous 
administration of ADs is required to produce a dose-dependent adaptation of 
the NMDA receptor complex in rodents. Specifically, chronic AD 
administration results in a 2-4 fold reduction in the potency of glycine to 
displace [3H]5,7-dichlorokynurenic acid from the strychnine-insensitive glycine 
recognition site of the NMDA receptor complex. In addition, chronic AD 
treatment results in a 40-100% reduction in the proportion of high affinity, 
glycine-displaceable [3H]CGP-39653 binding to the glutamate recognition site 
of the NMDA receptor complex. These effects are not observed following 
chronic administration of structurally related non-AD treatments. A limitation of 
these earlier studies is that adaptation of the NMDA receptor complex was 
observed following AD administration in naive animals. We therefore tested 
the hypothesis that animal models of depression would result in AD-reversible 
adaptation of the NMDA receptor complex. We administered imipramine (IMI - 
20 mg/kg x 28 days) to rats pretreated with OB. As previously reported, OB 
resulted in locomotor hyperactivity. This was reversed by administration of 
IMI. Moreover, we now report that OB results in adaptation of the NMDA 
receptor complex and that this adaptation is not reversed by chronic IMI 
treatment. These data are in contrast to the results obtained using the chronic 
mild stress (CMS) model of depression and suggest that OB and CMS model 
different components of antidepressant-sensitive behaviors.

BETA-AMYLOID: PROCESSING II

31 0 .1
IMMEDIATELY E X  VIVO  HUMAN BRAIN CELLS EXPRESS SURFACE 
AMYLOID PRECURSOR PROTEIN: IMPLICATIONS FOR PROCESSING 
TO AMYLOID BETA. S. S. Jung* and N. R. Cashman Montréal Neurological 
Institute, McGill University, Montreal, Quebec, Canada H3A 2B4 

The Alzheimer’s disease amyloid precursor protein (APP) has the predicted 
structure of a type 1 intrinsic membrane protein. APP is thought to be catabolized 
in at least two ways: a "secretory” pathway, in which metalloprotease cleavage 
through the amyloid ß (Aß) domain precludes accumulation of this neurotoxic 
peptide, and an endosomal-lysosomal pathway, which allows internalized APP to be 
processed to C-terminal fragments containing the entire AB sequence. We 
hypothesized that cell surface expression of APP epitopes N-terminal to the α - 
secretase cleavage site would be a prerequisite for endosomal-lysosomal processing 
of APP to Aß, and have shown that immediately ex vivo rodent brain cells, but not 
lymphoid cells, display surface immunoreactivity for an APP N-terminal epitope 
detect e d  by the mAb 22C11 (Jung and Cashman, 1994). Using flow cytometric 
analysis of vital cells (excluding the fluorescent dye propidium iodide), we now 
report that immediately ex vivo human brain cells (obtained from surgery for 
intractable epilepsy) display surface immunoreactivity for 22C11 and 6E10 (an Aß- 
APP epitope just N-terminal of the α -secretase cleavage site). 6E10 surface 
immunoreactivity was much more abundant than that of 22C11, suggesting in vivo 
or ex vivo proteolytic cleavage of APP between the two epitopes. Our preparations 
contained a population of neurons, as shown by surface immunoreactivity for N- 
CAM, Thy-1 and prion protein, and immunoblotting for neurofilament L. Human 
lymphocytes and monocytes were not immunoreactive for surface 22C11 or 6E10 
although these cells express abundant APP. The data suggest that APP in peripheral 
mononuclear cells is cleaved prior to surface translocation, but that a subpopulation 
of human brain cells has the potential to internalize APP for endosomal-lysosomal 
processing to AB.

3 1 0 .2
INTRACELLULAR GENERATION OF β A4 FROM  pA4 HYBRID 
PROTEINS. M. Staufenbiel*. K. Andrä, H. W. Klafki P. Paganetti, Preclinical 
Research, Sandoz Pharma Ltd., CH-4002 Basel, Switzerland

Generation o f PA4 presum ably is initiated during cleavage o f β -am yloid 
precursor protein (APP) by a β -sccretase activity. The PA4 peptide is 
subsequently released from the resulting carboxy-term inal APP fragm ents by 
an unknown y-secretase An involvem ent o f  an endosom al/lysosom al 
com partm ent has been postulated based on drug experim ents and the 
localization o f  carboxy-term inal fragments. The failure to detect intracellular 
PA4, on the other hand, has led to the assum ption that PA4 is generated at the 
plasm a membrane.

To study the form ation o f  PA4 we have attempted to route PA4 containing 
polypeptides through secretory as well as endosom al/lysosom al com partm ents 
by attaching the cytoplasm atic targeting sequences o f  the lysosom al proteins 
lamp-1 and limp-2. W e show that considerable amounts o f  PA4 peptides are 
secreted from these hybrid proteins. Newly generated PA4 can be detected 
w ithin the cells in contrast to observations w ith cells expressing full-length 
APP. These findings, kinetic studies as well as experim ents using brefeldin A 
provide evidence that PA4 can be generated in different locations w ithin the 
cell.

In agreem ent with this conclusion is our observation that calpain inhibitors 
m arkedly reduce secretion o f  PA4 from APP harboring the 670/671 double 
m utation as well as from carboxy-term inal APP fragm ents. The specificity o f 
these inhibitors provides hints to the proteases involved in PA4 generation.
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3 1 0 .3
ß-AMYLOID FORMATION: DETERMINING THE PROCESSING 
INTERMEDIATE. P .A.Paganetti, H.KIafki, A.Enz*, M.Staufenbiel. 
Sandoz Research Institute, P.O.Box, CH-3001 Bern, Switzerland.

ß  (ßA4) secretion occurs upon processing of APP at two 
distinct proteolytic sites by ß-secretase activity (N-terminus) and γ- 
secretase activity (C-terminus). To determine the temporal distribution 
of these activities and the processing intermediate of BA4, several 
truncated APP molecules were expressed in human 293 cells. All 
constructs were expressed with the sam e efficiency as determined by 
pulse experiments. Immunofluorescence and biotinylation studies 
suggested for A PP.40 (truncated at amino acid 40 of BA4), APP.42  
and APP.43 an intracellular distribution. Only A PP or A P P .53 (with the 
intact transmembrane domain) appeared at the cell surface. Pulse/ 
chase experiments indicated that all C-terminally truncated APP mole
cules were not retained intracellularly but transported rapidly along the 
secretory pathway and secreted in the culture medium. APP secretion 
for A PP.40/.42 was much higher than that of full length APP. BA4 or 
P 3  were not secreted from APP.40/.42/.43. Accordingly, these latter 
were not processed along the secretory pathway. Subcellular fractiona
tion indicated that APP.40/.42 / 43 were not inserted into membranes. 
Thus, membrane association is mandatory to generate BA4. W hen  
APP was truncated at the N-terminus of BA4, high levels of BA4 were 
secreted. Thus, the membrane-associated C-terminal fragment of APP  
produced by ß-secretase appears as the processing intermediate of 
ßA4. To obtain ßA4, APP cleavage at the N-terminus proceeds that at 
the C-terminus of BA4.

3 1 0 .5
R E G U L A T E D  F O R M A T IO N  O F  S E C R E T O R Y  V E S IC L E S  
C O N TA IN IN G  A L ZH EIM ER ß -A M Y L O ID  PR EC U R SO R  PROTEIN. 
H uaxi X u 1,2 . Paul G reen g a rd 2 *. and Sam  G a n d y 1 . 1 Department of 
Neurology & Neuroscience, Cornell University Medical College, New York NY 
10021, 2Laboratory of Molecular & Cellular Neuroscience, The Rockefeller 
University, New York NY 10021.

Phorbol esters, activators o f  protein kinase C (PKC), regulate the 
relative utilization o f alternative processing pathways for the ß -amyloid 
precursor protein (ßAPP) in intact cells, increasing the production o f  
nonam yloidogenic soluble ß APP and decreasing that o f  amyloidogenic 
ß-amyloid peptide. The molecular and cellular bases o f  PKC-regulated 
ßAPP cleavage are poorly understood. PKC-dependent regulated ßAPP 
cleavage does not require changes in phosphorylation state o f  the ßAPP 
cytoplasm ic tail, suggesting that som e m olecu le(s) o f  the ß APP 
trafficking and processing apparatus may be the relevant PKC target 
m ediating regulated cleavage. O f note, ß APP resides preponderantly 
intracellularly, codistributing with TGN38, a marker o f  the trans-Golgi 
network (TGN), where no processing activities for wildtype ß APP are 
known to reside. Thus, it seem s possible that PKC might exert some or 
all o f  its actions on regulated ß APP cleavage by redistributing ßAPP out 
o f  its usual residence in the TGN and toward other post-TGN  
compartments where ß APP can undergo processing . To test this 
possibility, we have developed an in vitro TGN budding assay and 
characterized the regulation o f formation o f  ß APP-containing vesicles  
using various signalling compounds. Here w e present evidence that 
cytosol increases form ation from TG N o f  "constitutive" secretory 
vesicles containing ß APP, and that this effect can be m im icked by 
purified PKC. The results demonstrate directly that PKC is involved in 
regulation o f secretory vesicle formation and reveal a major mechanism  
by which ß APP metabolism is controlled.

3 1 0 .7

ß -S E C R E T A S E  C L E A V A G E  O F  ß -A M Y L O ID  P R E C U R S O R  
PR O T E IN  W IT H  T H E S W E D IS H  M U T A T IO N  O C C U R S W IT H IN  
T H E  S E C R E T O R Y  P A T H W A Y  A F T E R  T H E  T R A N S -G O L G I  
N E T W O R K . C. H a a ss1’2*. C .A . L em ere2, A . C ap e111, M . Citron2 , 
P. S eu b er t3. D a le  S ch en k 3 and D .J. S e lk o e 2. C e n tr a l  Institute o f  
M ental H ealth, U n iv . M annheim , G erm any; 2Harvard M ed ical School, 
B oston , M A; 3Athena N eu ro sc ien ces , Inc., South San Francisco , CA .

Several m issen se  m utations have been fou n d  in the gen e  cod in g  for 
the ßA P P. A  doub le m utation in a S w ed ish  fam ily  w ith  early-onset  
A lzheim er's d isease is  located just prior to the am yloid  ß -peptide region  
o f  ßA P P and results in an increased secretion o f  AB. W e identified  the 
cellu lar com partm ent in w h ich  the ß -secretase c leavage  creating the AB 
N -term inus occurs by taking advantage o f  an antibody that sp ecifica lly  
recogn izes the truncated form  o f  so lu ble  ßA P P  contain ing the Sw ed ish  
m utation (A P P SSW-ß ). In p u lse-ch ase  experim ents on c e lls  exp ressin g  
the m utant precursor, A P P SSW-ß  w as first detected  intracellu larly prior 
to its secretion . H o w ev er , treatm ent w ith  B refeld in  A  co m p le tely  
in h ib ited  the p roduction  o f  A P P SSW- ß , e x c lu d in g  the en d o p la sm ic  
reticulum  and early G o lg i com partm ents as cellu lar sites o f  ß -secretase  
cleavage. Incubating the c e lls  at 20°C , w h ich  cau ses the accum ulation  
o f  m em b ran e-b ou n d  p roteins w ith in  the trans G o lg i netw ork, a lso  
in h ib ited  the production  o f  A P P SSW-ß . B y  im m u n o cy to ch em istry , 
A P P SSW-ß  w as identified  in discrete cytop lasm ic v e s ic le s  o f  transfected  
c e lls  and neurons in the brain o f  a patient w ith  the S w ed ish  m utation. 
T h e punctate staining m ost lik e ly  represents secretory v e s ic le s , s in ce  
A P P SSW-ß  w as not detected  w ithin en d o so m es/ly so so m es.

3 1 0 .4
PROTEOLYTIC PR O CESSIN G  OF AMYLOID β -PRO TEIN  R. W ang1 
D. S w eenev2, S. G andy2, an d  S.S. S isod ia3* T h e  M ass Spectrom etry  
L aboratory, The Rockefeller U niversity , 2De p a rtm e n t of N eurology and  
N euroscience, Cornell M edical College, 3N europathology L aboratory , The 
Jo h n s  H opkins U niversity  School of M edicine.

A ch a rac te ristic  fea tu re  of A lzheim er’s d isease (AD) is th e  progressive 
cerebra l deposition  of th e  am yloid β -p ro te in  (Ap). The h y po thesis  th a t  Ap 
deposition  is c en tra l to  th e  path o g en esis  of AD is strong ly  sup p o rted  by 
the  observation  th a t  ce rta in  fam ilia l AD m u ta tio n s  a re  associated  w ith  
h igh  levels of Ap. How ever, the  m echanism  of Ap production  an d  its  
su b seq u en t d eg rad a tio n  rem a in  to be e lu c id a ted  in  detail. To ad d ress  th is  
issue, we have developed a  sensitive  m ethod  to  exam ine Aβ an d  its  
derivatives. M onoclonal an tibod ies 4G8 an d  6E10 w ere used  to 
im m unocollect A β pep tid e -re la ted  frag m en ts . A β -re la ted  frag m en ts  were 
iden tified  by m easu rin g  th e ir  m olecular m asses  us in g  m atrix -ass is ted  
lase r  desorp tion/ionization  m ass  spectro m etry  w ith o u t fu rth e r 
purification . The processing  of A PP an d  Ap w as cha rac te rized  in  CHO 
and  m ouse n eurob lastom a (N2a) cells, w hich  w ere s tab ly  tran sfec ted  w ith  
the  h u m an  A PP cDNA encoding e ith e r  w ild type or S w edish  APP. We 
have iden tified  severa l sh o rt form s of Aβ in  th e  m ass  ran g e  of 2000 to 
4200 Da. The k inetics of fo rm ation  of sh o rten ed  A β f rag m en ts  is also 
being stud ied . The com bination  of th e  h ig h  recovery associated  w ith  
im m unoprec ip itation  an d  th e  h igh  reso lv ing  pow er of m ass  spectrom etry  
should  allow us to d irectly  identify  Ap pep tide  frag m en ts  from  cu ltu red  
m edium  an d  o th er biological fluids. T his m ethod  should  g rea tly  facilitate  
the  s tudy  of A β p roduction  an d  d e g rad a tio n  in  vitro  an d  in  vivo.

3 1 0 .6
ß -A M Y L O ID  P R E C U R S O R  P R O T E IN  IS P R E D O M IN A N T L Y  
PH O S P H O R Y L A T E D  W IT H IN  A  PO ST -G O L G I C O M PA R T M E N T . 
D .J. S e lk o e2*and C. H a a ss1,2 . 1Lab. M olecu lar B io l., Central Institute  
o f  M ental H ealth , U n iv . H eid elb erg , G erm any; 2Ctr. N eurol. D isea ses , 
Harvard M ed. S ch ., B righam  & W o m en ’s H osp ., B o sto n , M A  02115 .

W e p rev io u sly  reported  the unu su al fin d in g  that the ß -a m y lo id  
p recu rso r  p ro tein  (ß A P P ) is  p h o sp h o ry la ted  e x c lu s iv e ly  on  its  
ectodom ain . T h is raised the question  o f  w hether the phosphorylation  
occu rs on  the c e ll surface or w ith in  a ce llu lar  v e s ic le  prior to the ce ll-  
surface. T o  address this q u estion , w e  have perform ed in vivo k inase  
a ssays in intact c e lls  tran sfected w ith  the ßA P P  c D N A  and incubated  
w ith  32P yATP. W e fou n d  phosph orylated  m ature ßA P P  and A P P S in 
very m inor am ounts, w h ich  ind icates that som e ßA P P m o lecu les  can be 
p h osh ory la ted  on  the c e ll  su rface b y  e ith er a secreted  (ex o -)  or a 
m em brane bound su rface-located  (ec to -)  k in ase. H o w ev er, because  
o n ly  very  m inor am ounts o f  ßA P P  w ere p hosph orylated  under these  
c o n d itio n s, w e  a lso  searched  for in tracellu lar p hosph orylated  ßA P P  
sp ec ie s . A s  reported by H aass et al. (abstract th is m eetin g), w e  have  
recen tly  id en tified  the ß -secreta se  c lea v ed  form  o f  A P P S (A P P SSW-ß ) 
w ithin the lysa tes o f  ce lls  transfected with a ßA P P c D N A  containing the 
"Sw edish" m utation . A P P SSW-ß w a s id en tified  as a m ajor phospho- 
protein w ithin  c e ll  lysates, indicating that ßA P P  phosphorylation occurs 
predom inan tly prior to its arrival at the c e ll  surface. Phosphorylation  
w a s a lm o st c o m p le te ly  in h ib ited  b y e ith er  treatin g  the c e lls  with  
B refeldin  A  or incubating the c e lls  at 20°C . T h ese data indicate that the 
m ajority o f  ßA P P phosphorylation occurs in a cellu lar compartm ent later 
than the tran s-G olg i netw ork; h o w ev er , a m in or portion  o f  ß A P P  
m olecu les can be phosphorylated on the c e ll surface.

3 1 0 .8
IN H IB IT IO N  O F  A M Y L O ID  ß -P R O T E IN  P R O D U C T IO N  BY  
P H O R B O L  E S T E R  O C C U R S  IN  B O T H  S E C R E T O R Y  A N D  
EN DO CY TIC PA TH W AYS. Edw ard H . K oo* . Brigham and W omen's 
Hospital and Harvard Medical School, Boston, M A 02115.

A m yloid  ß -protein (A ß ) is derived from  the am yloid precursor 
protein (ßPP) by unclear cellular mechanisms. Recent studies have shown 
that cell surface precursors processed in the endocytic pathway contribute 
to AB production. The secretory pathway also contributes to AB release, 
especially in ßPP with codons 670/671 (KM→NL) "Swedish" mutation. 
Treatment w ith agents that enhance protein phosphorylation increase 
α -secretase cleaved ßPPS while inhibiting the release o f Aß  In this study, 
the effects o f  phorbol dibutyrate (PBt2) on AB production were examined 
in Chinese hamster cells  (CHO) cells stably transfected with ßPP751. 
Within five minutes o f  the addition o f  PBt2, the amount o f full-length cell 
surface ßPP declined; decreasing to 30% o f  untreated controls by ten 
minutes. As determined by the binding o f radioiodinated ßPP monoclonal 
antibody, secretion o f cell surface ßPP was increased while internalization 
was decreased after PBt2 treatment. To confirm that this effect has direct 
consequence on AB production, selective cell surface radioiodination was 
perform ed. A s p red icted , the re lea se  o f  rad io iod in ated  AB was 
significantly reduced. Furthermore, PBt2 also affected AB production in 
the secretory pathway. In particular, there was a shift from  ß - to 
α -secretase cleaved ß PPS from ß PP with codons 670/671 mutation, as 
reported by others. This change appeared to occur within the secretory 
pathway and was accompanied by an apparent increase in the rate o f ßPPS 
secretion. Thus, protein kinase C activation by PBt2 appears to alter both 
ßPP trafficking and ß -secretase c leavage, leading to a reduction in AB 
production and release.

Society for Neuroscience, Volume 21, 1995
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3 1 0 .9
R E L A T IV E  C O N T R IB U T IO N S  O F  T H E  S E C R E T O R Y  A N D  
E N D O C Y T IC  PA TH W A Y S IN  AB P R O D U C T IO N  F R O M  ß P P  W IT H  
"S W E D IS H " M U T A T IO N . R . G . P erez*  a n d  E . H . K o o . B righam  
and W om en's Hospital and H arvard M edical School, Boston, M A 02115 

The m ech an ism  by w h ich  a m u ta tio n  at ß P P  cod o n s 670/671 
(KM →NL) "Sw edish" (SW ) with fam ilial A lzh e im er's  disease results in 
enhanced AB release is unclear. Processing  o f  cell surface ßPP via the 
e n d o c y tic  p a th w a y  is o n e  s o u rc e  o f  AB r e le a s e d  in to  m ed iu m . 
Interestingly, our recent studies suggested that in C H O  cells transfected 
with the SW  m utation, the secretory pathw ay plays a predom inant role in 
AB production. To characterize the relative contributions o f the secretory 
and endocytic pathw ays to A ß p ro d u ctio n  in SW  cells and the precise 
precursors that produce AB from  the cell surface, we have generated CHO 
cell lines e p re s s in g  SW or wild type (W T) ßPP with C-term inal alteration 
or deletion o f the -N PTY - m otif to inhibit endocytosis. Consistent with 
one p rior report (C itron e t.a l., Nature 360:372, 1992), SW cells with C- 
te rm in a l m u ta t io n s , in  c o n tr a s t  to  w ild  ty p e  ß P P  w ith  id en tica l 
m odifications, continued to produce elevated am ounts o f AB. M oreover, 
release o f Aß after cell surface rad io iodination  was m arkedly reduced in 
cells with C -term inal m utations, suggesting  that the bulk o f AB and ß- 
secretase cleavage occurred  in the secretory  pathw ay. This, despite the 
fact that deletion o f the endocytic signal resulted in two to three fold more 
full-length ßPP on the cell surface. U sing an antibody ("192" from  D. 
Schenk) that recognizes the C-term inus o f ß-secretase cleaved ßPPs from 
SW cells, the m ajority o f ßPPs derived from  the cell surface is cleaved by 
α -secretase. In sum m ary, our data are consistent with the hypothesis that 
gen era tio n  o f excess AB in SW  ce lls , hence, ß- and gam m a-secretase 
cleavages, occur predom inantly in the secretory pathw ay.

31 0 .11
TRANSCYTOSIS AND AMYLOIDOGENIC PROCESSING OF THE HUMAN 
AMYLOID PRECURSOR PROTEIN (APP) IN PRIMARY CULTURES OF RAT 
HIPPOCAMPAL NEURONS. K. Beyreuther1*, M. Simons1, E. Ikonen2,P .B . 
D eStrooper3, P.J. Tienari l , G. M ulthaup1, C.L. Masters4 and C.G.Dotti2 . 
1ZMBH, Univ. Heidelberg, Im Neuenhcimer Feld 282, D-69120 Heidelberg, 
Germany. 2EMBL. Meyerhofstr. 1, D-69012 Heidelberg, Germany. 3Center for 
Human Genetics, Herestr. 46, Leuven, Belgium. 4Dept. Pathol., Univ. Melbourne, 
Parkville, Victoria 3052, Australia.

To study the intracellular pathway followed by APP and the proteolytic processing 
of APP in polarized neurons we expressed the human APP695 with the Semliki 
Forest virus (SFV) expression system in cultured rat hippocampal neurons. Newly 
synthesized APP was first delivered from the cell body to the axon but later appeared 
also in the dendrites. An antidoby directed against an APP N-tcrminal myc tag, 
bound to APP at the time of axonal surface expression could be chased to the 
dendritic domain. This provides evidence for transcytosis of APP from the axonal to 
the dendritic plasma membrane and suggests that the APP ligands zinc(II) and 
copper(II) can be transported from presynaptic to postsynaptic membranes of a 
neuron. The latter may be critical to the initiation and spread of the amyloid 
pathology in Alzheimer's disease (AD). We found that human APP695 expressed in 
neurons via the SFV vector system secrete two forms of APP695 which differ in 
sialic acid content and in their kinetical appearance. These neurons produce 
intracellularly high amounts of ßA4 amyloid-coontaining carboxy-terminal APP 
fragments. Radiosequencing showed these fragments to be generated by α -secretase, 
ß-secretase and by a third protease termed δ-secretase. The neurons release also large 
amounts of ßA4, more than any other cell type studied so far, and very little of p3 
(BA4 residues 17-40). Important for the process of amyloid deposition in AD is our 
finding that one α -secretase fragment started exactly at BA4 residue 11 which is the 
first residue of a principal BA4 subunit of plaques. Based on our observation that 
mature hippocampal neurons release substantial amounts of BA4 and produce 
intracellularly high amounts of at least three protentially amyloidogenic fragments, 
we propose that neurons are the major source of BA4 in AD.

3 1 0 .1 0
ENDOCYTOTIC TRAFFICKING OF APP IN CENTRAL NEURONS. 
N. M arquez-Sterling1*. A.C.Y. Lo2. S.S. Sisodia2 and E.H. Koo3. 'Northwestern 
University Medical School, Chicago; 2Johns Hopkins University School of 
Medicine, Baltimore; 3Harvard Medical School, Boston.

It has recently been demonstrated that internalization of cell-surface APP 
may contribute to cerebral β-amyloid burden. We have used biochemical and 
cell biologic methods to identify APP-containing endocytotic compartments in 
central neurons. Mature, full-length APP is present in presynaptic clathrin- 
coated vesicles purified from bovine brain, together with integral membrane 
proteins of synaptic vesicles. APP, however, is not enriched in synaptic vesicle 
fractions purified from rat brain. The small GTP-binding protein rab5a is 
present in presynaptic clathrin-coated vesicles, but rab3a is absent from this 
vesicular population. Cell-surface APP is internalized principally from the 
axonal domain of cultured cerebellar macroneurons. Partial co-localization is 
seen for internalized APP and a marker for recycling synaptic vesicles in axons, 
but no co-localization is seen with internalized lectin. Our results indicate that 
full-length APP is internalized by receptor-mediated endocytosis from the 
plasma membrane of the axonal domain, together with recycling synaptic 
vesicle proteins. To our knowledge, APP is the first membrane-associated 
protein that recycles with synaptic vesicles, but is not itself either a synaptic 
vesicle protein or a protein that is part of the synaptic vesicle exocytotic fusion 
apparatus. This finding supports the cell biologic view that axonal early 
endosomes function as a requisite sorting compartment for the regeneration of 
synaptic vesicles at nerve terminals.

31 0 .1 2
SIM ILAR PROCESSING AND SU BCELLU LA R D ISTR IB U TIO N  O F APP 
AND ITS HOM OLOGUE, APLP 2. W. W asco*, T.W . Kim. A. Crowley.
R.D. Moir. K.M. Felsenstein. R.E. Tanzi. Genetics and Aging Unit, M ass. 
Gen. Hosp., H arvard M edical School, M A 02129 and Bristrol M yers 
Squibb, W allingford, CT 06492.

Senile plaques, pathological hallm arks of A lzheim er's disease (AD), are 
com posed prim arily o f  the am yloid ß-peptide (AB), which is generated 
from  the larger am yloid ß-protein precursor (APP). A PP is a m em ber o f an 
evolutionary conserved APP-like gene fam ily, which include two 
m am m alian hom ologues, am yloid ß-protein precursor-like  proteins 
(APLP1 and APLP2). Extensive identity o f am ino acid sequence and 
dom ain structure betw een APP and APLPs suggest that m em bers o f  APP- 
iike proteins may share com m on functions or undergo sim ilar processing 
by interacting with com m on cellular proteins. To test this hypothesis, we 
com pared the processing o f APP and APLP2 in neurogliom a cell lines 
stably transfected with either hum an APP or APLP2. S im ilar to APP- 
transfected cells, cells expressing APLP2 secrete APLP2 derivatives that 
lack the C-term inus and leave behind m em brane-associated 9 kD a C- 
term inal fragm ents detected by specific APLP2 antibodies (gifts from  Drs.
G. Thinakaran and S.S. Sisodia). These data indicate that A P P and APLP2 
are sim ilarly processed. Furtherm ore, W estern blot analysis using specific 
APP and APLP2 antibodies revealed that the subcellu lar d istribution o f 
APP and APLP2 is virtually identical and both proteins are associated with 
synaptosom es in hum an cerebral cortex. O ur observations raise the 
possibility that APP and APLP2 are transported to specific cellu lar 
com partm ents and may be processed by com m on processing  enzym e. 
Therefore, alterations o f APLP2 could conceivably m odify APP 
m etabolism  potentially leading to increased AB production.

VISUAL CORTEX: STRIATE IV

31 1 .1

V IS U A L  S E L E C T I V I T Y  O F  S Y N A P T IC  P O T E N T I A L S  IN  
C O O L E D  C O R T E X . D. F e rste r* . S. C h u n g  &  H .S . W h e a t  D e p art- 
m en t o f  N eu ro b io lo g y , N o rth w es te rn  U n iv e rs ity , E v an s to n , IL  60208 .

R ecen t m odels o f  the  v isual co rtex  stress the  im p o rtan ce  o f  in tracorti- 
cal c o n n e c tio n s  in  g e n e ra tin g  o r ie n ta tio n  se le c tiv ity . W h ile  th a la m ic  
in p u ts  c le a r ly  in it ia te  v isu a l r e s p o n s e s , th ey  a re  o u tn u m b e re d  by  
in tracortica l inputs, w h ich  are  th o u g h t to  be c ritica l in sh ap in g  the  recep 
tive  fie ld  p ro p ertie s  o f  co rtica l n eu ro n s. W e  h av e  e x a m in e d  th e  co rtica l 
c o n trib u tio n  to  o rie n ta tio n  se lec tiv ity  by  rec o rd in g  in tra ce llu la rly  fro m  
sim ple cells w hile  coo ling  the cortex  to  in activate  in tracortica l inputs.

W h o le -ce ll p a tch  rec o rd in g s  w e re  o b ta in e d  in v iv o  a n d  re sp o n se s  
recorded  to  d rifting  sine w ave  g ratings and  to  e lec trical s tim u la tio n  o f  the 
L G N . T h e  su rface  o f  the  co rtex  w as th en  co o le d  to  ap p ro x im a te ly  10°C 
w ith a  co p p e r p la te  a ttach ed  to  a  p e ltie r  dev ice . E ffec tiv e  co o lin g  o f  a  cell 
w as in d ica ted  by a 3- to  5 -fo ld  in crease  in  inp u t res is ta n c e  as the  ac tiv ity  
o f  s y n a p tic  an d  v o l ta g e -g a te d  c h a n n e ls  s lo w e d . In  c e l ls  la c k in g  
m o n o sy n ap tic  inp u t fro m  the  L G N , all v isu a lly -  an d  e le c tric a lly -e v o k e d  
ac tiv ity  d isap p ea red . In c e lls  w ith  m o n o sy n a p tic  in p u t fro m  th e  L G N , 
v isua lly  ev o k ed  sp ikes d isap p ea red , b u t v isu a lly -e v o k e d  P S P s rem ain ed . 
T h e s e  P S P s  w e re  re d u c e d  in  a m p l i tu d e  by  as  m u c h  a s  1 0 -fo ld . 
E lectrica lly -ev o k ed  IP S P s also  d isap p eared , leav ing  a  sm all, long-la tency  
E PS P. T h is  E P S P  w as in te rp re ted  to  re flec t m o n o sy n ap tic  inpu t fro m  the 
L G N , p resum ably  slo w ed  by the  co o lin g  o f  g en icu la te  term in a ls.

It ap p eared  th a t c o o lin g  sh if ted  the  b a la n c e  o f  in p u t in fav o r o f  the  
L G N ; m o st in p u ts  o f  co rtica l o rig in  w e re ,in a c tiv a te d  by  th e  c o o lin g  o f  
th e ir  ce ll b o d ies , w h ile  g e n ic u la te  in p u ts  w e re  m ere ly  s lo w e d  an d re 
d u ced  in am p litu d e  by the  c o o lin g  o f  th e ir  ax o n  te rm in a ls. N ev e rth e less , 
the o rien tation  se lec tiv ity  o f  v isu a lly -ev o k ed  P S P s reco rd ed  a t w arm  and 
coo l tem p era tu res  Was nearly  id en tica l. T h is  resu lt s tro n g ly  su g g ests  that 
the  ag g reg a te  g en icu la te  inp u t to  s im p le  ce lls  is by  i ts e lf  w ell tu n ed , and  
does not requ ire  fu rther sh arp en in g  by  in tracortica l c ircu itry .

3 1 1 .2
NEURONAL RESPONSES TO ORIENTATION AND MOTION 
CONTRAST IN FELINE STRIATE CORTEX.
S. Kastner *. H.-C. Nothdurft and I.N. Pigarev. Dept. of 
Neurobiology, Max-Planck-lnstitute for biophysical Chemistry, P.O. 
Box 2 8 4 1 ,3 7 0 1 8  Gottingen, Germany.

W e have studied neuronal responses to texture patterns in area 17 
of anaesthetized and paralyzed adult cats using standard 
extracellular recording techniques. The patterns w ere composed of a 
central light bar optimally oriented and centered over the excitatory 
receptive field and surrounded by an array of line elements at same 
or different orientation or direction of movement.

For both dimensions, we found neurones that responded more 
strongly to texture patterns with local feature contrast than to uniform 
textures (movement: 19 of 54 neurones=35%; orientation: 15/64=  
23% ). In general, such contrast dependent effects were more 
pronounced in the movement dimension; the mean differential 
suppression indices were 0.34 for movement and 0.22  for orientation 
(cf. Knierim & Van Essen (1992), J. Neurophysiol. 67: 961).

Our results confirm the data of Knierim & Van Essen obtained in 
the alert macaque with respect to orientation, and in addition reveal 
similar properties in the movement dimension. In conclusion, 
neurones responding to local orientation or motion contrast may 
contribute to perceptual pop-out, which is then encoded at early 
stages of the visual system. (Supported by DFG-grant No 180/8-1.)
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3 1 1 .3
M ETA BOLIC M APPING OF AN O R IENTA TION DISCRIM INA TION 
TA SK  IN T H E  M A C A Q U E U S IN G  T H E  D O U B L E -L A B E L  
DEOXYGLUCOSE TECHN IQ UE. W. Vanduffel*. R.B.H. Tootell and G.A. 
Orban. Lab. Neuro-en psychofysiologie, K.U.Leuven, Medical School, Campus 
Gasthuisberg, B-3000 Leuven; MGH-NMR Center, Charlestown, MA 02129.

Selective attention is a significant factor in visual perception. To clarify the 
anatomical localization of attention effects (incompletely known at present) we 
used a double label deoxyglucose (DG) technique to compare the metabolic activity 
during an identification task (ID) to that in a passive viewing task (PV).

In the ID task, each monkey (N=2) indicated (with a saccade left or right) 
whether a foveally presented circular squarewave grating (0.7c/deg; 12deg 
diameter) was tilted towards the left or right of the vertical axis . The mean just 
noticeable difference in orientation was 0.7 deg (84% correct). In the PV condition 
only a vertical grating was shown and the monkey had to make a saccade to a spot 
presented randomly at the left or the right side of the grating (98-100% correct).

3H-DG was used to label metabolic activity in the ID-task and subsequently, 
l 4C-DG was administered to map PV-related activity. Analysis has been completed 
in one of the two animals. In both tasks there was higher baseline DG uptake in the 
magnocellular compared to the parvocellular LGN layers. In addition, an increased 
activity in the geniculate (and relatively more in the magnocellular layers) and in 
the magno-recipient striate layer 4Cα  are found in PV compared to ID. For the ID 
condition a higher activity level was found in the anterior ventral medial thalamus 
and the anterior cingulate cortex. In one hemisphere activity was higher in a 
discrete area of the frontal cortex in the ID condition compared to the PV condition. 
Other structures in which PV was more active than ID were the medial geniculate 
nucleus and a subthalamic nucleus.

The present data show that selective attention can affect visual processing even 
at early levels in the system. Further detailed analysis of isotope distribution is 
needed to clarify whether the differential activation between ID and PV in at least a 
part of the magno-stream is due to increased PV or a decreased ID activity.

3 1 1 .5
SPATIAL FREQUENCY, OCULAR DOMINANCE, AND ORIENTATION 
MAPS AND THEIR RELATIONSHIP IN KITTEN VISUAL CORTEX. 
M. Hübener*1.D. Shoham2. A. Grinvald2 and T. Bonhoeffer1. 1Max-Planck-Institut fur 
Psychiatrie, Am Klopferspitz 18a, 82152 Martinsried, Germany and 2The Weizmann 
Institute of Science, Rehovot 76100, Israel.

We used optical imaging of intrinsic signals to simultaneously map patterns of 
activation of the visual cortex by different stimulus attributes. In order to visualize 
features of cortical maps which are difficult to see in adult animals, we took advantage of 
the higher signal to noise ratio which can be observed in 7-9 week old kittens.

Gratings of different spatial frequencies produced different activity patterns, 
suggesting the presence of spatial frequency maps in kitten visual cortex. Some spatial 
frequency domains were patch-like while others were elongated bands. The distance 
between the domains representing similar spatial frequencies was roughly equal to the 
distance between iso-orientation domains in the same piece of cortex. The spatial 
frequency maps obtained by optical imaging were confirmed by extensive targeted multi- 
unit recordings.

Due to the high signal to noise ratio we could also observe clear ocular dominance 
maps in these experiments. These often had the shape of curved bands meandering 
through the cortex. We found a consistent relationship between the ocular dominance 
and orientation maps; “iso-orientation lines” tended to cross the borders between ocular 
dominance bands at right angles, and the centers of the orientation pinwheels were 
usually located in the middle of ocular dominance domains, rather than at their borders. 
We found that some of the orientation patches were subdivided into regions preferring 
high and low spatial frequencies while others were dominated by only one frequency. 
The precise relationships between the spatial frequency maps and the other two systems 
are currently being investigated using quantitative analysis.

Supported in part by the Human Frontier Science Program and by the Israel Science 
Foundation administered by the Israel Academy of Sciences and Humanities.

31 1 .7
T H E  R O L E  O F  C O N T E X T U A L  IN F L U E N C E S  O N  S P A T IA L  
IN T E G R A T IO N  IN V I O F  T H E  A L E R T  P R IM A T E  M. I to* M.K. 
Kapadia, C.D. G ilbert and  G. W estheim er. The R ockefeller University, NY, 
NY 10021.

A nalogous to the influence o f context in the perception o f visual attributes, 
the responses of cells in V 1 are m odulated by the pattern o f lines surrounding 
their receptive fields (RFs). In hum an psychophysical experim ents, the 
contrast threshold for detection of a line is lowered by the presence o f a 
second colinear line, and this effect is dim inished by displacing the second 
line along its orientation axis or in the orthogonal direction, and by changing 
the relative orientation o f the two lines. In prim ate V 1  the response o f cells 
to a line placed within the RF is facilitated by a second line placed outside the 
RF, and this facilitation shows a sim ilar dependency on position and 
orientation (K apadia et al., Soc. Neurosci. Abstr. 20: 1477). In the current 
study, we explored the facilitatory effects o f lines presented outside the RF in 
a more com plex environm ent, as a m eans o f relating contextual effects to 
processes o f linkage, contour saliency and segm entation. The facilitatory 
effect was greatly reduced by adding a short, perpendicular line segment at 
the end o f the line flanking the RF, form ing a “T” . Surrounding the RF with 
an array o f random ly placed and oriented lines has a profound inhibitory 
influence on a ce ll’s response to a line located w ithin the RF. This inhibition 
was reduced by m atching the orientation o f one of the surrounding lines with 
that o f the RF, and placing it adjacent to and colinear with a line w ithin the 
RF. Thus the facilitation required a highly specific relationship betw een lines 
placed within and outside the RF. It is particularly im portant as a m echanism  
to enable a cell to respond to contours presented w ithin a com plex image, and 
consequently may represent a basis for contour saliency.
Supported by NIH grant EY07968 and C.H. Revson Foundation (M .I.).

3 1 1 .4
Orientation dynam ics in adult visual cortex: focal infusion o f bicuculline 
modifies optically imaged maps. D.-S. K im *. L.J. Toth. S.C. Rao. M. Sur. 
Dept. B rain and Cognitive Sciences, M .I.T., Cam bridge, M A 02139.

By using a novel preparation which combined techniques o f intrinsic signal 
imaging and iontophoresis, we have exam ined the role o f  local cortical circuits 
in generating orientation selectivity in adult cat area 18. Bicuculline, a 
GAB A-A antagonist, serves to  increase activity levels by reducing 
intracortical inhibition onto excitatory cells. W e iontophoresed bicuculline 
through a fine pipette into an im aged orientation dom ain while simultaneously 
observing the population response o f the surrounding cortex to square-wave 
grating stimuli. At the h ighest concentration studied (20mM , 93nA), the 
effect o f bicuculline was limited to the pipette region and to immediately 
adjacent orientation domains. The orientation tuning o f adjacent domains was 
system atically shifted towards the preferred orientation o f the pipette region, 
with sim ilar orientations correspondingly less affected. The orientation within 
the pipette region did not change, though the magnitude o f stimulus-specific 
response becam e much larger. These results were reversible. No effects were 
seen in iso-orientation dom ains away from the pipette. The fact that the 
m agnitude o f the orientation change in a given dom ain was dependent on the 
initial orientation o f the pipette region suggests that the effect was not merely 
due to the d iffusion o f bicuculline. However, focal infusion o f bicuculline 
leads to lateral, polysynaptic spread o f excitation; these results argue that such 
excitation plays a crucial role in the generation and maintenance o f orientation 
selectivity at a cortical region. Supported by EY07023.

3 1 1 .6
R E L A T IO N S H IP  B E T W E E N  D IS C O N T IN U IT IE S  IN V IS U O T O P IC  
AND O R IE N T A T IO N  M A PS IN C A T V 1 A. Das* R. E. Crist and C. D. 
G ilbert. The Rockefeller University, New York, NY 10021

The map o f visuotopic space over the surface o f prim ary visual cortex 
(V 1) contains localized distortions and inhom ogeneities, w hich are aligned 
with singularities and inhomogeneities in the orientation map. It had earlier 
been shown that orientation selectivity in V 1 maps into cortical regions of 
continuously changing orientation interrupted by singularities ranging from 
points ("pinw heels") to more extended "fractures". We obtained maps of 
orientation in cat V 1 by imaging the intrinsic optical signal induced by a set 
o f full-field drifting gratings. W e then m apped neuronal receptive fields 
(RFs) with electrode penetrations on a grid covering cortical regions that 
included fractures as well as areas of continuously-changing orientation. The 
rate of shift in RF position was largely proportional to the local rate of change 
in orientation. In particular, in a sequence o f electrode penetrations 
approaching a singularity through a region o f constant orientation, RFs were 
superimposed with remarkably little scatter. As the sequence crossed the 
singularity the RFs jum ped to a non-overlapping visuotopic' position and an 
orthogonal orientation preference. An extended and closely spaced sequence 
in such a cortical region thus mapped on to a pattern o f RFs that formed 
adjacent, non-overlapping domains. In contrast, in cortical regions of 
continuously changing orientation value, RF positions m oved in a steady 
progression along successive penetrations. Investigation o f these features in 
the map of retinotopic position and their interrelationship with orientation 
could provide insights into the nature o f the constraints present during the 
developm ent of visual cortex as well as suggesting possible inhomogeneities 
in visual processing in V 1.
(Supported by NSF grant IBN-9221854)

3 1 1 .8
Optical Measurement of cortical magnification factors in new and 
old WORLD PRIMATES. D arlene C am pbell, and G ary  Blasdel*, D ept. of 
Neurobiology, H arv ard  M edical School, Boston, M A 02115.

Previous w ork  has show n that optical im ages are best obtained  by 
d ifferentially  im aging  responses to complimentary stim uli (e.g., a lternate 
eyes or orthogonal orientations). W e now  extend this princip le to  spatial 
location by show ing that com plim entary parts of visual space m ay be 
stim ulated  alternately  to reveal their cortical projections. By 
differentially im aging responses to 0.15° w ide, and  0.45° w ide, band-like 
stim uli, for example, one can visualize curved  band-like responses in cortex, 
w hich curiously fail to interact w ith  pa tte rns of ocular dom inance or 
orientation. By d iv id ing  the separation  of these b ands by  the 0.6° interval 
of v isual stim uli, one can calculate cortical m agnification directly; and, by 
doing  this repeatedly , along d ifferent axes, one can determ ine axial 
asym m etries as well. W hen this is done near the 17/18 border in m acaque 
(macaca Fascicularis) striate cortex, w here ocular dom inance colum ns are 
aligned, the m agnification for ho rizon tal exceeds th at for vertical by 60%, 
in agreem ent w ith  p revious observations. In regions w here ocular dom inance 
colum ns are not aligned, how ever, m agnifications for horizontal and  vertical 
are nearly  the sam e, suggesting  that axial asym m etries arise at least in p art 
from the presence and  alignm ent of ocular dom inance columns. In o rder to 
explore this relation further w e applied  sim ilar m easures to a region of 
striate cortex near the 17/18  border in tw o squirrel m onkeys (saimiri 
Sciureus), w hich lack ocular dom inance colum ns. In so doing w e found nearly 
identical m agnification factors for h o rizon tal and  vertical, w hich  we take 
to reflect a strong correlation betw een anisotropic m agnification and  ocular 
dom inance colum ns in o ld w orld prim ates. Supported  by EY06586-08 and 
H FSPO .
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31 1 .9
OPTICAL IM AGING OF RESPON SES ELICITED BY SUBJECTIVE 
CONTOURS IN CAT VISUAL CORTEX. B .R. Sheth*, S.C. Rao, J. 
Sharma and M. Sur, D ept. o f  Brain & C ognitive Sciences, M.I.T., 
Cambridge, MA 02139.

Contours which can be perceived in the absence o f  lum inance gradients 
are termed subjective contours. We studied responses from areas 17 and 
18 in adult cats to subjective contour stim uli (Figure) using in vivo 
intrinsic signal imaging. W e compared the location o f orientation domains 
imaged with square-wave gratings, inducing lines w ithout subjective edges, 
and inducing lines offset to create subjective edges.
The orientation and spatial frequency o f  inducing — —
lines and subjective gratings was varied — —___ — —
system atically. W e found dom ains in cortex that ——  — .
signaled orientation o f the subjective contour; in 
specific instances, the response to the subjective orientation was much 
greater than the response to the orientation o f  the inducing lines. Optically 
imaged signals tended to be weaker when the inducing lines were oblique 
rather than perpendicular to the subjective edge. The location o f 
orientation dom ains imaged with subjective contours was sim ilar to that 
obtained with real contours. These data provide clear evidence that 
neuronal populations in early stages o f processing can respond to ‘higher 
order’ oriented stimuli. Supported by EY07023 (M S) and TW 05160 (JS).

31 1 .11
THE SPATIAL AND TEM PORAL RELATIONSHIP BETWEEN CORTICAL 
ELECTRICAL ACTIVITY AND RESPONSES OF THE 
MICROCIRCULATION DURING SENSORY STIMULATION. D. Malonek and 
A. Grinvald*. Dept. of Neurobiol., Weizmann Inst. of Science, Rehovot 76100, Israel.

To study the metabolic and microcirculatory responses following sensory 
stimulation we developed "optical imaging spectroscopy". This technique combines 
both optical imaging of functional architecture and multi-wavelength imaging 
spectroscopy, simultaneously. The experimental spectra were decomposed into the 
spectra of oxy and deoxy hemoglobin and a light scattering component. The amplitude 
of these individual components, as a function of time and cortical space were then 
compared to the high resolution functional maps obtained from the same cortical 
locations. We found that the initial changes (up to 2 seconds) are caused by an 
increase in deoxyhemoglobin (HBr), that is largest in electrically active cortical sites. 
This rather "localized" initial increase is matched by an increase in total hemoglobin 
concentration, suggesting that a fast increase in blood volume is regulated by 
spatiotemporally precise mechanisms - possibly capillary recruitment. After ~2 
seconds a large increase in blood flow started to dramatically raise the oxyhemoglobin 
concentration and decreased Hbr concentration in both active and non active locations 
for ~ 10 seconds. The blood flow component was regulated with a low spatial 
precision, but it did not significantly affect the gradient in Hbr between active and non 
active regions. This gradient took more than 15s to decay to zero. Previous PET 
studies have attributed the apparent decoupling between supply and consumption to 
anaerobic metabolism. Our study using a more appropriate spatial and temporal 
resolution suggests that the oxygen consumption following sensory stimulation may 
have been underestimated in previous studies. Furthermore, the present results suggest 
that improving of the spatial resolution of functional mapping using f-MRI, as well as 
the reduction of vascular artifacts. may be accomplished if the early phase of 
deoxyhemoglobin increase can be selectively imaged.

Supported by ISF/Israel Academy and Foundation Mordoh Mijan de Salonique.

3 1 1 .1 0
LARGE VARIANCE IN EVOKED CORTICAL ACTIVITY CAN BE FULLY ACCOUNTED FOR 

BY THE DYNAMICS OF ON-GOING ACTIVITY: A REAL-TIME OPTICAL IMAGING 

STUDY IN CAT VISUAL CORTEX. A. Arieli, A. Sterkin, A. Grinvald. and A. Aertsen*,
Dept. of Neurobiology, The Weizmann Institute of Science, Rehovot, Israel

We studied cortical activity at the neuronal network level, combining simultaneous 
recordings of population activity and multiple single neuron spike trains. Our 
objective was to test the hypothesis that the processing of sensory information in the 
visual cortex involves the interaction between evoked and on-going synaptic activity, 
which have approximately equal magnitudes.

We recorded from the visual cortex of anesthetized cats using simultaneous real-
time optical imaging, LFP, surface-EEG, two single units and the ECG. To overcome 
“noise” originating from cortical tissue movements and changes in light absorption 
due to heart pulsation and respiration, we developed new signal processing 
techniques, by which we can separate the neuronal signals from the other 
components. This allows us to study, for the first time, the spatio-temporal dynamics 
of cortical activity in continuous optical recordings, without signal averaging. 
Movies, computed from the corrected optical signals, show the amplitude of neuronal 
activity at each cortical site as a function of time.

Cortical evoked activity in response to repetitive electrical or visual stimulation 
exhibits the well known large variation. We found that cortical evoked activity can 
be predicted by summation of the averaged evoked activity pattern and the 
instantaneous on-going activity preceding the stimulation. This prediction gives 
excellent results for the evoked activity measured by real-time optical imaging, the 
LFP and, to a lesser degree, by the spike rate. Our findings suggest that the 
instantaneous cortical activity is the sum of a reproducible stimulus response 
component and the on-going network dynamics. One hypothesis is that these 
interactions constitute a mechanism for context-dependent information processing in 
the cortex.

Supported by ISF/Israel Academy and by the Human Frontier Science Program.

3 1 1 .1 2
SELECTIVE ACTIVATION OF STRIATE CORTEX BY LUMINANCE 
STIMULI. W. J. Logan*. K. K. K w o n g , V . S. C a v in ess . Jr. a n d  B. R. 
R osen . NMR C en ter, M a ssa c h u se tts  G en era l H osp ita l-E ast, 
C h a rlesto w n , MA 0 2 1 2 9 .

S evera l v isu a l p r o c e ss in g  strea m s a n d  co r tic a l c e n te r s  h a v e  b e e n  
id e n tif ie d  in  th e  p r im a te  b ra in  w h ic h  are s e le c t iv e ly  a c tiv a te d  b y  
d iffe r e n t  v isu a l s tim u li. F u n ctio n a l im a g in g  s tu d ie s  in  th e  h u m a n  
h a v e  a lso  d e m o n str a te d  th a t  th e r e  are  d if fe r e n t  c o r tic a l a rea s  fo r  
v is io n  (eg . V 1-V 5; T o o te ll  e t  al, S oc  N e u r o sc i. A b st. 3 5 0 .1 -3 5 0 .5 ,  
1 9 9 4 ) .  M ost im a g in g  s tu d ie s  h a v e  e m p lo y e d  p a tte r n  stim u li: th is  
p r o d u c e s  r o b u st a c tiv a t io n  o f  se v er a l v isu a l a rea s. T h e  o b je c t iv e  o f  
th e  p r e sen t  s tu d y  w a s to  e v a lu a te  th e  cere b r a l a c tiv a t io n  d e te c te d  
b y  fu n c tio n a l MRI a n d  p r o d u c e d  b y  n o n p a tte r n  lu m in a n c e  v isu a l  
s tim u li in  c o m p a r iso n  to  th a t p r o d u c e d  b y  p a tte r n  v isu a l s tim u li.

W e s tu d ie d  e ig h t  a d u lt  v o lu n te e r s  u s in g  a 1 .5  T GE MR im a g e r  
e q u ip p e d  w ith  e c h o p la n a r  fa st  im a g in g . A h e a d c o il  w a s u se d  fo r  
m o st  o f  th e  e x p e r im e n ts  for  w h o le  b ra in  sc a n n in g . L u m in a n ce  
s tim u li at 1 -4  Hz at v a r y in g  in te n s it ie s  w e r e  p r o d u c e d  w ith  a 
c lin ic a l s tr o b o sc o p ic  f la sh  s tim u la to r  b u t  o th e r  te c h n iq u e s  w ere  
e v a lu a te d . P attern  r ev ersa l s t im u li w ere  c o m p a r e d  to  th e  
lu m in a n c e  s tim u li in  th e  sa m e  su b jects .

L u m in a n ce  s tim u li a c tiv a ted  s tr ia te  c o r te x  (V 1 ) c o n s id e r a b ly  
a n te r io r  to  th e  o c c ip ita l p o le  a n d  m o st ly  in v o lv e d  a rea s  n o t  
a c tiv a ted  b y  p a tte r n  s tim u li. L u m in a n ce  p r o d u c e d  lit t le  
ex tr a str ia te  a c tiv a tio n ; n o  c o n s is te n t  a c tiv ity  w a s s e e n  in  o th e r  
b ra in  r e g io n s . C o m p a red  to  p a tte r n , lu m in a n c e  s tim u li r e q u ire d  
h ig h e r  s tim u lu s  in te n s ity  to  a c h ie v e  d e te c ta b le  a c tiv a t io n . It 
a p p ea rs  to  p r o d u c e  a d is tin c t  m o re  s e le c t iv e  s tr ia te  a c tiv a t io n .

SEROTONIN RECEPTORS II

31 2 .1
1-125 DAIZAC, A NOVEL SELECTIVE HIGH-AFFINITY LIGAND FOR 5-H T-3  
RECEPTORS. WA Hewlett*. T de Paulis. DE Schmidt. BL Trivedi, MH Ebert 
Dep't. of Psychiatry, Vanderbilt University Medical School, Nashville, TN 37232 

5-HT-3 receptors have been implicated in the pathology of 
schizophrenia, anxiety, alcohol and substance craving, and cognitive disorders. 
While 1-125 iodozacopride (Kd~3 nM) has been used to label these sites in 
limited studies, there are few high-affinity ligands which have been labeled with 
high specific activity for use in in vitro and in vivo binding studies. We have 
previously reported two compounds (1-125 MIZAC, Kd~1.5 nM, and 1-125 
LIZAC, Kd~0.30nM ) which label these CNS sites. We now report (S)-5-chloro- 
3-iodo-2-methoxy-N-(3-quinuclidinyl)-benzamide (1-125 DAIZAC) binds with 
both higher affinity (Kd~0.08 nM) and greater selectivity to rat CNS 5-HT-3 sites 
than any other reported ligand labeled with a high energy isotope. Non-specific 
binding in homogenates of rat brain was defined by 3 µM unlabeled DAIZAC, 
while the selective 5-HT-3 antagonist, bemesetron (3 µM), was used to define 
5-HT-3 binding sites. Bemesetron displaced 1-125 DAIZAC binding as 
effectively as unlabled DAIZAC suggesting high selectivity for 5-HT-3 sites. 
Regional distribution of sites in vitro and ex vivo finds highest levels of binding 
sites in limbic cortex and hippocampus and lowest in cerebellum and striatum. 
High concentrations (3 pM) of antagonists at 5-HT (-1A,B,D;-2A,C;-5A,B;-6 and 
-7)) receptors were unable to displace 1-125 DAIZAC binding. Similarly 
unlabeled DAIZAC was unable to displace the binding of the selective 5-HT-4 
ligand, H-3 GR-113808. Antagonists for monoamine reuptake sites and other 
neurotransmitter receptors also failed to displace 1-125 DAIZAC. This 
compound represents the most potent radioligand available for 
autoradiographic and SPECT imaging studies of CNS 5-HT-3 receptors.

3 1 2 .2
RATIO BETWEEN AFFINITY VALUES FOR LOW AND HIGH AFFINITY STATES OF 
5-HTlA RECEPTOR SITES IS RELATED TO DRUG RELATIVE EFFICACY.
S. Maayani*(1 ) . S. Hurt(2) and H. F. Kung(3) (l)Depts. of Anesthesiology and 
Pharmacology, Mount Sinai School of Medicine, NY, NY, (2)Dept. of 
Radiochemistry, DuPont NEN Products, Boston, MA, and (3)Depts. of Radiology 
and Pharmacology, Univ. of Pennsylvania, Philadelphia, PA.

For several G-protein coupled receptors, attempts have been made to relate drug 
relative efficacy (DRE), a functional parameter, to biochemical indexes, such 
affinity values obtained from binding studies. These studies have not been carried 
out for naturally expressed receptors in the CNS. We have carried out a study for the 
5-HTl A receptor and its binding sites using a novel new preparation, rat frozen 
slices, to determine binding site affinities. DRE was assessed in membrane 
preparations from dorsal hippocampus by the adenylyl cyclase (AC) assay. Lack of 
receptor reserve makes the intrinsic activity values an adequate measure of DRE in 
this system. In the slice preparation, conditions were identified such that the high 
affinity state of 5-HTlA binding sites was labeled by [3H]-agonists (DPAT and 
5-CT) and the low affinity state was labeled in the presence of GTP by [3H] - 
antagonists (WY 100635 and MPPF) (Hurt et al., this volume). In this preparation, 
unlike membrane preparations, GTP is able to elicit a complete conversion of 
high to low affinity sites. For 5-HT1a  ligands of five chemical groups, Ki values 
for the high affinity (KH) and the low affinity (KL) states were determined in dorsal 
hippocampus and dorsal raphe. In both regions, 5-HTlA agonists and 5-HTlA
antagonists exhibited different KL/KH ratios:

Group KL/KH
Full agonists (5-HT, DPAT): ≥ 100
Partial agonists (BMY 7378, NAN 190, pindolol) 20-30
Antagonists (MPPF, WY 100635) 1

We propose that the ratio between affinity values on 5-HTl A receptor sites- 
KL/KH - is  related to DRE as measured in the AC assay. (Supported by USPHS 
GM 34852, MH 48125 and DA 09094)
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3 1 2 .3
MULTIPLE EXCHANGES AND DOUBLE MUTATIONS PROBE MOLECULAR 
MECHANISMS OF THE SEROTONIN 5-HT2 RECEPTOR. S.C. Sealfon*. 
L. Chi. N. Almaula, V. Rodic, B.J. Ebersole, H . Weinstein, Mount 
Sinai School of Medicine. New York, NY 10029

Site directed mutagenesis has proven to be an important tool to 
study the structure/function relations of G-protein coupled 
receptors. Inferences from such studies are often limited by the 
possibility that similar disruptions of receptor function can be 
achieved by alternative mechanisms. The mutation may produce the 
same effect by altering the contact site of a ligand (or a G-protein) 
or by inducing a perturbation of receptor structure. Elucidating the 
molecular mechanisms underlying the functional effects observed 
with introduction of a particular mutation may thus be ambiguous. 
This limitation can be addressed by studying coordinated alteration of 
ligand and receptor to define ligand contact sites, and by investigating 
the combinatorial effects of mutations at multiple receptor loci to 
define spatial relationships in the receptor. For example, mutation 
of the conserved D 2.50(120)N  in transmembrane helix 2 of the 
human 5 -H T2 receptor eliminates functional coupling. A second 
mutation of N 7 .49 (376 )D  in transm em brane helix 7, which 
interchanges the residues found at the two positions, restores 
functional coupling. The restorative effect of the second mutation 
indicates that these residues interact and suggests that the mutation 
of D2.50(120)N  abolishes coupling, in part, by interfering with an 
intramolecular relationship involving N 7.49(376). Other examples 
of combined mutations and of coordinated alteration of receptor and 
ligand to define components of the binding pocket will be presented. 
Supported by NIH grants DA09088, K 05  DA00060, and DA 09083.

3 1 2 .5
NIH-3T3 CELLS ENDOGENOUSLY EXPRESS A SEROTONIN2A RECEPTOR 
THAT DOES NOT INDUCE CELL GROWTH. C.S aucier and P. R. Albert*. Dept. 
of Pharm. & Thera., McGill University, Montréal, Québ., Can., H3G 1Y6.

The serotonin2A (5-HT2A) receptor is widely distributed in vivo, it is found on 
platelets, vascular smooth muscle, fibroblasts, and neurons. NIH-3T3 cells, a non- 
transformed murine fibroblast cell line was previously found to be unresponsive to 5- 
HT and thought to lack 5-HT receptors. However, we have reported that 5-HT2A 
receptor is endogenously expressed in NIH-3T3 fibroblast cells and that chronic (24h) 
exposure to 5-HT induces homologous desensitization of 5-HT2a receptor function 
associated with a down-regulation of receptor mRNA (Saucier and Albert, 
summitted). Previous work has shown that when over-expressed in N1H-3T3 cells, 
activation of the transfected rat 5-HT2a receptor induces cellular proliferation and 
transformation (Julius et al., 1990). Unlike the endogenous 5-HT2A receptor in NIH- 
3T3 cells, the transfected 5-HT2A receptor driven by a constitutively-active promoter 
and does not undergo 5 HT-induced down-regulation (Groteweil et al., 1994). To 
determine whether activation of the endogenous 5-HT2A receptor in NIH-3T3 can 
also induces cell proliferation, the MTT colorimetric method was used to monitor cell 
growth. Daily addition of 5-HT (0.1, 1, and 10 µM) did not produce any significant 
dose- or time- dependent increase in cell growth over a period of 4 days. However, 
thrombin (lU /m l), insulin (10 µg/ml) and 10 % FBS did induce a time-dependent 
increase in cell growth. Co-addition of 1 µM 5-HT with these growth factors did not 
result in a synergistic effect on cell growth. Thus, 5-HT did not alter cell growth in 
non-transfccted cells, suggesting that chronic receptor activation is required for 
enhanced cell growth since the endogenous 5-HT2a receptor is down-regulated by 
chronic treatment of the cells with 5-HT, whereas the transfected receptor is n o t 
Cloned NIH-3T3 cells transfected with rat 5-HT2a receptor have been isolated and 
will be used to examine the relation between 5-HT2A receptor number, down- 
regulation and 5-HT-induced cell growth. These result should clarify whether 
receptor desensitization might function as a protection against abnormal cell growth.

3 1 2 .4
DYNAMIC MECHANISMS IN TH E FUNCTION OF 5-H T 2 RECEPTORS.
H. Weinstein*. D, Zhang. J. A. Ballesteros . B.J. Ebersole and S.C. 
Sealfon Mount Sinai School of Medicine, NY, NY 10029

The dynamic properties of three dimensional molecular models of 
G-protein coupled receptors (GPCRs) are explored with computational 
simulations. This dynamic modeling centers on the time-dependent 
behavior of the transmembrane portions of the wild type receptors 
and of a variety of mutant constructs, as well as their complexes with 
agonists and antagonists. The results provide new insights about the 
mechanisms of ligand recognition by GPCRs, and about the 
mechanisms of receptor activation. They reveal the dynamic nature 
of the activated state of the receptor, R*, and its relation to G-protein 
coupling. The findings explain why mutations of sites considered to 
be in the binding pocket can have different effects on the binding 
affinities of structurally similar ligands. The simulations show how 
significant differences in the structural rearrangements related to 
receptor activation for G-protein coupling can result from mutations 
and from local differences in the modes of binding of different 
ligands. Mechanisms are proposed for ligand-dependent, or mutant- 
dependent conformational changes that can  cause differences in 
coupling probabilities (measurable as differences in efficacy), or can 
change the coupling selectivities of the receptors (i.e., coupling to 
different G-proteins). The dynamic modeling approach is illustrated 
for the 5-HT2A receptor and a variety of its mutants, interacting with 
both hallucinogenic and non-hallucinogenic compounds. The 
computational modeling and simulation studies considered the 
mutant constructs D2.50(120)N, N7.49(376)D. the double mutant 
D2.50(120)N/N7.49(376)D. as well as putative binding site mutants 
including S3.36(159)A, S3.36(159)C, F5.47(243)A and F5.44(240)A. 
Supported by NIH DA-06620 , DA-09083, DA-09088 and DA-00060.

3 1 2 .6
S U B C ELLU LA R  D ISTR IB U TIO N  OF 5-H T2A R EC E P TO R S  IN A 
CLO N A L CELL LINE: E ffect o f ago n is t trea tm en t BL Roth*. N Khan, 
and SA Berry. Departments of Biochemistry and Psychiatry. Case Western 
Reserve University School of Medicine, Cleveland, OH 44106 

The mechanism(s) by which 5-HT2A receptors are desensitized and down- 
regulated is not known. Our ignorance of these processes stem, in part, from 
lack of suitable model systems in which to study them. In previous studies 
(Roth et al, submitted) we discovered that 5-HT2A receptors may be 
desensitized without, apparently, being down-regulated in a clonal cell line. It 
is possible, however, that receptors were "sequestered" without being down- 
regulated. In fact, further study of thẹḛse cells has revealed both cell surface 
and intracellular receptors as measured by immunofluorescence 
histochemistry. To more precisely identify the cellular organelles responsible 
for 5-HT2A immunoreactivity, we have performed double-label 
immunohistochemistry studies. Endosomes were labelled by two techniques: 
BODIPY-transferrin (to monitor the dynamics of intracellular trafficking) and a 
rat monoclonal antibody against the mouse transferrin receptor (to monitor 
"mature" endosomes). Surface membranes were labelled in situ with 
fluorescein-labelled wheat germ agglutinin. 5-HT2A receptors were labelled with 
a rhodamine-labelled secondary antibody. Using these tools, it was clear that 
our 5-HT2a receptor antibody clearly labels receptors in intracellular and cell 
surface compartments. In particular, intracellular receptor immunoreactivity 
appears to be associated with both mature and early endosomes Studies are 
currently in progress to monitor the effects of agonist exposure on the surface 
and intracellular distribution of receptors as measured by conventional and 
confocal laser microscopy. Supported by GM52213 to BLR.

3 1 2 .7 3 1 2 .8
Serotonergic Antagonists Differentially Inhibit Spontaneous Activity and Decrease 
Ligand Binding Capacity of the Rat 5HT2C RecePtor in Sf9 Cells.
Jean Labrecque112. Annick Fargin2. Michel Bouvier3*. Peter Chidiac3 and Michael 
Dennis 12. 1BioSignal Inc. 1744 William St., Montreal (Quebec) Canada, H3J- 
1R4. Dept. of 2Pharmacology and 3Biochemistry, University of Montreal, B.P.
6128, Succ. Centre ville, Montreal, Quebec, Canada, H3C-3J7.
The activities of serotonergic antagonists as inverse agonists at the rat 5HT2C 
serotonin receptor were compared with their potencies in promoting receptor 
"downregulation" following expression of the recombinant receptor in the 
baculovirus/Sf9 insect cell system. Baculovirus expression yielded high levels of 
5HT2C receptor (up to 106 receptors/cell) which was fimctionally coupled to 
polyphosphoinoside turnover in Sf9 cells through a pertussis toxin-insensitive 
pathway. The expressed receptor exhibited spontaneous activation of inositol 
phosphate production which was inhibited in a dose-dependent manner by 
serotonergic antagonists, consistent with inverse agonist activity . The potencies of 
antagonists as inverse agonists correlated with their respective binding affinities 
determined in competition binding studies on membrane preparations. Treatment of 
intact Sf9 cells or membranes containing the 5HT2C receptor with antagonists, 
followed by washout of residual drug, resulted in a decrease (up to 90%) in the 
number of binding sites for [3H]mesulergine and [3H]5HT, with no change in the 
affinity for [3H]mesulergine The decrease in binding was irreversible, was not due 
to the presence of residual antagonist, and was not observed following treatment 
with agonists. This effect of antagonists in membranes was dose-dependent, but the 
rank order of potency was clearly different from that for inverse agonist activity, 
indicating that two effects reflect distinct actions of antagonists on the 5HT2C 
receptor. The relative abilities of antagonists to produce loss of binding showed a 
good correlation with their reported abilities to "downregulate" 5HT2 receptors in 
vivo following chronic treatment, suggesting that these actions reflect the same 
underlying process.

DIFFERENTIAL SENSITIVITY OF THE SHORT AND LONG RAT 5-HT4 
RECEPTOR SUBTYPES TO DESENSITIZATION. N. Adham*. C. Gerald, 
P.J.-J. Vaysse, R.L. Weinshank and T.A. Branchek. Synaptic Pharmaceutical 
Corporation, Paramus, NJ 07652.

We have isolated two splice variants o f the rat 5-HT4 receptor differing in their 
carboxy terminus region, a short form (5-HT4S) with 387 aa and a long form with 
406 aa. 5-HT4L clone has 4 protein kinase C phosphorylation sites, whereas 5- 
HT4S clone has only three. We hypothesize that alternative carboxy terminal tails 
and the additional phosphorylation site could lead to differences in G protein 
coupling and/or desensitization characteristics o f these two receptors. The rat 5- 
HT4S and 5-HT4L receptors were expressed stably in HeLa cells, to investigate 
whether there is a difference in transmembrane signalling or desensitization 
characteristic of these receptors. Two cell lines expressing either receptor were 
selected with Bmax values that were not significantly different from each other 
(5-HT4S clone 1, Bmax= 85 ± 8; 5-HT4L clone 5, Bmax= 46 ± 12, n=3, p=
0.0539) as measured by [3H]G R113808 binding. Each receptor mediated a dose- 
dependent and pharmacologically specific stimulation o f cAMP accumulation. The 
cAMP signal for each receptor was sensitive to pretreatment with cholera toxin, 
but not to pertussis toxin, indicating mediation by coupling to G, protein. The two 
forms o f 5-HT4 receptor were distinguished by their desensitization characteristics. 
Prior treatment o f 5-HT4S and 5-HT4L receptor-expressing cells with 10 µ M 5-HT 
was accompanied by desensitization o f the receptor-stimulated cAMP response. 
However, the rate o f desensitization was faster for the 5-HT41 receptor. Half 
maximal desensitization occurred after 10 min for 5-HT4L receptor, whereas it 
required 90 min or longer to achieve similar degree o f desensitization for 5-HT4S 
receptor. We conclude that the difference in the desensitization properties o f 
5-HT4S and 5-HT4L receptors may be an important distinguishing feature o f these 
two closely related splice variants and may be a mechanism by which functional 
diversity is established in native tissues.
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3 1 2 .9
APPARENT DIFFERENCES IN THE EFFICACY OF 5-H T AND LSD 
AT 5-H T6 AND 5-HT7 RECEPTORS. G. M cA llister . M.R. K n ow les. 
F. M u rray . R.M. M cK ern an * . C.I. R agan  a n d  P.H. H u tso n .  
N e u r o s c ie n c e  R e s e a r c h  C e n tr e , M erck , S h a r p  & D o h m e  
R e s e a r c h  L a b o r a to r ie s ,  T e r l in g s  P ark , E a s tw ic k  R o a d ,  
H arlow, Essex CM 20 2QR, U n ited  K in gd om .

R e c e n t ly  cD N A  c lo n e s  e n c o d in g  tw o  n o v e l  s e r o t o n i n  
r e c e p to r s  ( 5 - HT 6 a n d  5 -H T 7) th a t a re  p o s i t iv e ly  c o u p le d  to  
a d e n y la te  c y c la s e  h a v e  b e e n  iso la te d  b y  se v e r a l  g r o u p s . T h e  
p h a r m a c o lo g ic a l  p r o f ile s  o f  th e se  r e c e p to r s  a n d  th e ir  m R N A  
d is tr ib u t io n  in  th e  CNS h a s  led  to  th e  s u g g e s t io n  th a t th e s e  
r e c e p t o r s  m a y  p la y  a r o le  in  s e v e r a l  n e u r o p s y c h ia tr ic  
d iso rd er s .

In th is  s tu d y  w e  h a v e  e x a m in e d  th e  fu n c t io n a l c o u p l in g  o f  
th e  rat 5 -H T 6 r e c e p to r  to  a d e n y la te  c y c la s e  a c t iv i ty  a f te r  
r e c e p to r  a c t iv a t io n  b y  5-H T o r  LSD. LSD is r e p o r te d  to  b e  a  
p a rtia l a g o n is t  a t 5-H T 7 r e c e p to r s  c o m p a r e d  to  5-HT in  th is  
a s s a y 1. In c o n tr a s t ,  w e  fo u n d  th a t 5-H T is a  p a r t ia l a g o n is t  
c o m p a r e d  to  LSD in  a c tiv a t in g  5-H T 6 r e c e p to r s . cAM P le v e ls  
in  CHO c e l l s  e x p r e s s in g  th e  rat 5 - HT 6 r e c e p t o r  w e r e  
r o u t in e ly  tw o - to  th r e e - fo ld  h ig h e r  a f te r  a c t iv a t io n  o f  th e  
r e c e p to r  b y  LSD c o m p a r e d  to  5-HT. R esu lts  w ill b e  d is c u ss e d  
a lo n g  w ith  s o m e  o f  th e  p o s s ib le  p h y s io lo g ic a l  im p lic a t io n s  
o f  th is  o b s e r v a tio n .
(1 ) M on sm a et al. ( 1 9 9 3 )  M ol. Pharm . 4 3 , 3 1 3 -3 1 9 .

312 .11
Comparison of the Promoters for the 5-HT2A and 5-HT2C Receptor Genes. S.J. 
Garlow*. J . Aimi. R.D. Ciaranello. Dept. of Psychiatry and Beh. Sci., Stanford 
Univ Med Ctr, Stanford, CA 94305.

The genes that encode the rat 5-HT2A and 5-HT2C receptors have been cloned and 
characterized. The promoters that drive the transcription of both genes have been 
identified and subject to DNA sequence analysis. There are no apparent sequence 
elements or motifs in common between the two promoters, even though the 
cDNA’s that encode these receptors share 48% homology at the sequence level. 
There are response elements for known transcription factors (AP-1, AP-2, etc.) in 
both promoters, although there appears to be no conservation of position for the 
various elements.

Direct comparison of the activity of both promoters has been made in a transient 
transfection system; utilizing promoter reporter plasmids that carry either the 5- 
HT2A or 5-HT2C promoters. In all cell types tested that support transcription of 
both genes, the promoter for the 5-HT2C gene is consistently more active than the 
promoter for the 5-HT2A gene. In some of the cells, the 5-HT2C promoter is as 
much as an order of magnitude more active than the 5-HT2A promoter..

The ability of various known transcription factors to affect both promoters is 
being tested. In particular, there are consensus response elements for the AP-1 
factor in both promoters, and this factor is being tested directly in a co-transfection 
assay. The influence of the glucocorticoid receptor on both promoters is also being 
examined.

3 1 2 .1 0
FUNCTIONAL PROMOTER CHARACTERIZATIO N OF THE RAT 
5-H T1a RECEPTOR GENE. A C. Chin*. D.L. W ong and R.D. C ia rane llo . 
Nancy P ritzker Lab, D ept. of Psychiatry, S tanford University M edical Center, 
Stanford, CA 94305-5485

The neurotransm itter serotonin (5-hydroxytryptam ine, 5-HT) p lays a major 
role in num erous behavioral and physio log ica l functions including sleep, pain 
perception, sexua l behavior, m em ory and con tro l of m ood. The evidence 
indicates that adrenal stero ids influence binding at 5-HT-1a receptors and that 
the resu lting  changes in se ro to ne rg ic  a c tiv ity  may p lay a role in the 
developm ent of depression  and anx iety d iso rders by a ffecting the ability of 
the animals to adapt to stress. Adrenalectom y (ADX) results in an increase in 
b inding at 5-HT-1a receptors in the h ippocam pus. ADX also results in a rapid 
increase in the transcrip tion  rate of the 5 -H T 1a recep tor gene and th is up- 
regulation is abo lished in the presence of g lucocortico ids. 5 -H T 1a receptor 
gene express ion  is also regu la ted by agonists , phorbo l esters and other 
fa c to rs  in vo lved  in s tress  responses. W e have  p e rfo rm e d  reverse 
transcriptase-polym erase chain reaction (rt-pcr) analyses on RNA derived from 
a varie ty  of tissues and dem onstra te  that th is recep tor subtype is w idely 
expressed. Im m unohistochem istry on adrenal tissue reveals an interesting 
pattern of receptor distribution. In order to identify the cis- and trans-elements 
that underly the regu la tion of 5 -H T 1a recep tor gene express ion, we have 
isolated the corresponding rat genom ic c lones Prim er extension, rt-pc r and 
nuclease pro tec tion  assays have been em ployed to map the transcription 
in itiation site. Sequence ana lysis of the proxim al 2 kb of 5 '-flanking region 
revealed the absence of a consensus GRE and the p resence of consensus 
sequences for several potentia lly im portant transcription factors. The results 
of s tud ies conducted w ith  5-HT-1a p rom o te r-reporte r dele tion  p lasm ids will 
address the relevance of these transcrip tion  factors. We have established 
both trans ien t and stab le  tra n s fe c tio n  sys tem s in ce ll lines that d isplay 
express ion of the endogenous 5 -H T 1a receptor gene.

31 2 .1 2
HUMAN S ER O TO N IN  5 -H T2C R EC EPTO R : FU LL-LE N G TH  
cDN A, G E N O M IC  S TR U C TU R E , AND P O S S IB IL IT Y  OF 
ALTERNATIVE SPLICING. Enzhong Xie1,2 .Henrv Bartkowskj1,*. and 
Long-Sheng Chang1. 1 Department of Pediatrics and 2Department of 
Molecular Genetics, The Ohio State University, Children's Hospital, 
Columbus, OH 43205, USA

The full-length human 5-HT2c receptor (5-H T2cR) cDNA of 4733 
nucleotides (nt) was obtained by using a combination of techniques of 
rapid amplification of cDNA ends (RACE), reverse transcription-polymerase 
chain reaction (RT-PCR), and cDNA library screening. It contains a coding 
sequence of 1377 nt, flanked by a 729-nt 5' untranslated region (UTR) and 
a 2667-nt 3' UTR. In addition, two cDNA isoforms were obtained, with the 
short isoform having 100-nt deletion in the coding region. Sequencing 
analysis suggests that these two cDNA isoforms appear to be generated by 
alternative splicing. The genomic organization of the human 5-HT2cR 
gene was also determined by characterizing genomic λ phage clones, P1 
phage clones, and clones obtained from the inverse PCR experiment. The 
gene consists of 6 exons and 5 introns, and spans more than 100 kb of 
DNA. All of the exon-intron junction sequences match well with the splice 
consensus sequence. Results from the RNase protection assay and 5' 
RACE technique revealed that transcription of the human 5-HT2cR gene 
initiates at multiple sites. Sequence analysis of the 5’ flanking region 
indicates that the human 5-HT2cR promoter lacks a typical TATA box in the 
appropriate location with respect to the major transcription initiation site. 
Preliminary result from the transfection experiment showed that the 5' 
flanking DNA of the human 5-HT2cR gene could direct the expression of a 
luciferase reporter gene in neural cells.

31 2 .13
THE 5-HT2b RECEPTOR: MOLECULAR CLONING, IDENTIFICATION OF A 
SPLICE VARIANT, AND LOCALIZATION OF mRNA IN SMOOTH MUSCLE 
AND NEURONS OF THE GUINEA PIG AND RAT INTESTINES. E. Fiorica- 
Howells and M.D. Gershon*. Dept. Anat. & Cell Biol., Columbia Univ P.&S., 630 
West 168th St., New York, NY 10032.

Serotonin (5-HT) plays a critical role in the neuronal control of intestinal motility 
and secretion. Although multiple 5-HT receptor subtypes (5-HT1A, 5-HT1p , 5-HT3, 
and 5-HT4) are expressed by enteric neurons, expression of the 5-HT2 family in the 
gut has previously been associated only with smooth muscle; moreover expression of 
the 5-HT2B receptors has been documented only in the fundus of the rat stomach. 
The current study was carried out to determine whether the 5-HT2B receptor is also 
expressed in the small intestine and colon of the rat and guinea pig and if so, whether 
it is expressed in neurons. RNA was extracted from isolated guinea pig myenteric 
ganglia and muscle-nerve preparations of rat small intestine. cDNA was prepared with 
reverse transcriptase and amplified by the polymerase chain reaction (RT-PCR) 
utilizing degenerate primers designed from sequences found: (i) in the 3rd and 6th 
transmembrane domains of 5-HT2 receptors; (ii) at the 5' and 3' ends of the rat, 
human, and mouse 5-HT2B receptors. cDNAs encoding the 5-HT2B receptor were 
obtained from both rat and guinea pig. An open reading frame corresponding to a 
splice variant lacking the second exon (coding the sequence from the end of the 2nd to 
the middle of the 4th putative transmembrane domain) was also found in the guinea 
pig, but not the rat. Riboprobes were prepared to localize mRNA encoding the 5- 
HT2B receptor by in situ hybridization. 5-HT2B mRNA was found in the smooth 
muscle of the fundus of the rat stomach and in a subset of myenteric neurons in the 
ileum and proximal colon. These observations indicate that the enteric expression of 
the 5-HT2B receptor is not limited to the rat or to the stomach fundus. Instead, it is 
expressed throughout the bowel and in neurons as well as smooth muscle. The 
significance of a 5-HT2B variant that lacks at least one putative transmembrane 
domain remains to be determined. Supported by NIH grant # NS 12969.
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3 1 3 .1
CYCLOPIAZONIC ACID AND CAFFEINE UNLOAD DIFFERENT Ca2+ STORES 
IN MOUSE CORTICAL ASTROCYTES. V.A.Golovina. and M.P.Blaustein*. Dept. 
of Physiology, Univ. of Maryland Med. Sch., Baltimore, MD 21201.

The cytosolic ([Ca2+]cyt ) and stored ([Ca2+]tl) free Ca2+ concentrations were 
determined in intact cultured mouse astrocytes by digital imaging of, respectively, 
fura-2 and furaptra fluorescence. Endoplasmic reticulum (ER) and mitochondria were 
identified with the lipophilic fluorochrome, DiOC6(3). At rest, [Ca2+]cyt was 
0.11 ±0.01 µM (n=  159 cells) and [Ca2+]„ was 98 ±16 µM (n=64). Cyclopiazonic 
acid (CPA, 5 µM), which inhibits ER Ca2+-ATPase and depletes lP3-sensitive stores, 
decreased [Ca2+]„ by 8 .2 ± 2 .2  µM (n=18) and transiently increased [Ca2+]cyt to 
0 .50±0.02  µM (n=32) in Ca2+-free media. Caffeine (CAF, 10 mM), which releases 
Ca2+ from IP3-insensitive stores, decreased [Ca2+]„ by 6 .0 ± 1 .8  µM (n= 12) and 
increased [Ca2+]eyt to 0 .2±0.01  µM (n=27). The CAF-evoked Ca2+ responses were 
not attenuated in the presence of a maximal concentration of CPA (5 µM). When CAF 
was washed out, the store refilled, even in the continued presence of CPA. 
Conversely, prior application of CAF did not inhibit the ability of CPA to induce a 
Ca2+ response. Imaging of stored Ca2+ distribution with furaptra revealed spatial 
differences in the location of the CPA- and CAF-sensitive Ca2+ stores: CPA and CAF 
promoted Ca2 depletion in some non-overlapping regions of the ER. Protonophore, 
carbonyl cyanide p-trifluoromethoxyphenylhydrazone (FCCP, 5 µM ), which inhibits 
mitochondrial Ca2+ sequestration, decreased [Ca2+]„ by 12.2±3.1 µM (n=14) and 
transiently increased [Ca2+]cyt to 0.45 ±0.03 µM (n=47). FCCP-evoked Ca2+ 
responses were unaltered when the ER Ca2+ stores were depleted by CPA and CAF. 
The Ca2+-selective ionophore, 4-bromo-A23187 reduced [Ca2+]„ to near 0 µM in 
Ca2+-free media. These findings indicate that there are at least three functionally and 
spatially distinct Ca2+ stores in astrocytes: CPA- and CAF-sensitive ER Ca2+ stores, 
and a mitochondrial Ca2+ store. Exposure of the cells to ouabain induced little change 
in resting [Ca2+]cyt but substantially augmented all three Ca2+ stores.

3 1 3 .3
GLUTAMATE AND INTRACELLULAR PHOTORELEASE OF cGMP 
ACTIVATES A Ca2+-DEPENDENT INWARD CURRENT IN  CULTURED 
NEONATAL RAT DORSAL ROOT GANGLION NEURONES.
J.H.Crawford. J.F.Wootton+. G .R .Seabrook & R.H.Scott* 
Dept. Biomedical Sciences, University of Aberdeen, 
Aberdeen AB9 1 AS UK. +Dept. Physiology, Cornell 
University, Ithaca, NY 14853-6401, USA and M erck Sharp 
& Dohme, Terlings Park, Harlow, Essex CM20 2QR, UK.

In about 68% (n=22) of cultured dorsal root ganglion 
neurones from the neonatal rat, glutamate (10µM) or 
intracellular photorelease of cGMP (20-60µM) in the 
presence of B-NAD+ (100µM) activated whole cell inward 
currents. In this study the P-1-(2-nitrophenyl)ethyl 
caged axial isomer of cGMP (200µM) was included in the 
patch pipette solution. The glutamate responses 
persisted in the presence of MK801 (10µM) and CNQX
(20µM) and were mimicked by both caffeine (5mM) and the 
metabotropic glutamate receptor agonist trans-ACPD 
(1OµM). ACPD also reversibly inhibited high voltage- 
activated Ca2* currents, but unlike G-protein mediated 
inhibition this effect was not reversed by depolarising 
prepulses. Cyclic ADP-ribose is an endogenous regulator 
of Ca2+ -induced Ca2+ release and activates C a 2+-dependent 
currents in this preparation. By intracellular 
application of both ß -NAD+ and cGMP, cyclic ADP-ribose 
may be synthesised in DRG neurones. Both the glutamate 
and cGMP activated currents were attenuated by including 
1OµM BAPTA in the patch pipette solution and reversibly 
inhibited by extracellular application of ryanodine 
(100µM) . Our results suggest that glutamate and cGMP may 
act through a common cyclic ADP-ribose pathway to 
activate Ca2+-dependent currents.
We thank the MRC for support.

3 1 3 .5
ASTROGLIAL N ITRIC OX IDE SY N TH A SE. REG U LA TIO N  BY 
NEUROTRANSMFITERS D. L. Feinstein*. E. Galea. L. Lyandvert. D.J. Reis Div. 
Neurobiol., Dept. Neurol. & Neurosci., Cornell Univ. Med. Coll., NY 10021.

Activity of the Ca2+- independent inducible Nitric Oxide Synthase (iNOS) in 
astrocytes may contribute to neuropathological damage. To avoid accumulation of 
potentially deleterious NO levels, we propose that endogenous mechanisms exist to 
restrict iNOS expression. Previously, we showed that norepinephrine (NE), acting at a 
β -AR, suppressed iNOS induction in both primary rat astrocytes and C6 glioma cells 
(Feinstein et al. (1993) J. Neurochem. 60:1945). We now extend these findings to 
determine if other transmitters can regulate astroglial iNOS induction. Cells were 
incubated with 10 or 100 µ M transmitter for 30 min, inducers (LPS or a mixture of 
TNF-α , IL1-P and LFN-γ ) added, and iNOS activity determined at 18-24 hr by 
measurement of accumulated nitrites (NO2) in the media. In both cell types, only 
dopamine (DA) (at 10 or 100 µ M) suppressed NOS induction (up to 50%) as did NE. 
In contrast, both histamine (HIST, 10 and 100 µ M) and serotonin (SER, 100 µ M) 
increased NOS activity (up to 140%), while glutamate and carbachol were without 
effect. Cytokine-induced iNOS induction was also significantly blocked by both NE 
(10 and 100 µ M), and DA (100 pM ), and increased by HIST (10 pM ). The effects of 
NE and DA were accompanied by a decrease in iNOS mRNA levels after 6 hr of 
incubation, whereas no changes in iNOS mRNA were caused by SER or HIST.

Possible post-translational effects were examined by inducing astroglial iNOS for 
24 hr with 1 µ g/ml LPS, then adding transmitters (10 pM ) directly to the media. 
NO2 production was linear over the next 8 hr, and this rate was increased by both NE 
and DA up to 60%. No effects were observed with HIST, SER, GLU, or CARB. 
These results indicate that multiple transmitters, acting at transcriptional and post- 
translational levels, can modulate both the expression and activity of astroglial iNOS, 
and therefore may be a factor in determining the extent of glial-elicited damage. 
(Supported by National Multiple Sclerosis Socieity).

3 1 3 .2
MEASUREMENT OF THE CALCIUM BUFFERING CAPACITY OF NEURONAL 
CYTOSOL USING THE PI IOTOLAB1LE CALCIUM Cl IELATOR NP-EGTA. Amanda 
Fleet. Graham C.R. Ellis-Davies#, Jack IT Kaplan# and Stephen R. Bolsover*. 
Department of Physiology, University College London, Gower Street, London WC IE 6BT 
and #Department of Bioehemistiy and Molecular Biology, Oregon I Iealth Sciences 
University, Portland, OR, 97201-3098.

UV Hashes delivered from a xenon flashgun evoked a caleium increase in N 1E-115 
neuroblastoma cells injected with a mixture of 1 part sullbrhodamine 101 (SR), 2 parts 
Fluo-3 and 1.64 parts of the photolabile ealcium chelator NP-EGTA. Cytosolic calcium 
returned to unstimulated levels over the course of a few minutes. Ryanodine at 200pM had 
no significant effect on the Hash-induced caleium increase.

I11 the population of cells in which the final NP-EGTA concentration was under 
200 µM, the caleium rise evoked by the Hash increased monolonically with NP-EGTA 
concentration. However, in the population of cells in which the final NP-EGTA 
concentration was over 200µM, the calcium rise saluiated at 7±lnM (n=25), so that cells 
injected to400µM NP-EGTA did not give larger calcium increases than cells injected to 
200µM. We hypothesise that saturation of the calcium change occurs because the 
exogenous calcium buffering capacity introduced into the cytosol by the injected Fluo-3 
and unphotolysed NP-EGTA is large compared to the endogenous cytosolic buffering. 
Thus a further increase of injection size increases proportionately both the calcium 
released by photolysis and the buffering of that calcium. When the injections are small a 
significant amount of the calcium released by photolysis is taken up by endogenous 
buffers, so that an increase in the calcium released by photolysis results in an increase in 
the free calcium change.

We have analysed the results from 58 cells injected to between 10 and 1000 
micromolar NP-EGTA. The results indicate that the ratio of calcium ions bound to 
endogenous calcium buffers to free caleium ions is of the order 500 to 1500.

3 1 3 .4
LOCALIZATION OF NITRIC OXIDE SYNTHASE AND NITRIC OXIDE- 

MEDIATED cGMP PRODUCTION IN THE ISLANDS OF CALLEJA OF 
THE RAT. H.W .M . S te inbu sc h  D.A. H opk ins@. M. M arkerink-van 
Ittprsum. 1. de  V ente. (SPON: European Neuroscience Association) 
European G raduate  School for Neuroscience 'Brain and Behavior', D ept. of 
Psychiatry and N europsychology, University of Lim burg, M aastricht, The 
N etherlands, and @Dept. of Anatom y and N eurobiology, D alhousie 
U niversity , Halifax, NS, C anada B3H 4H7.

The Islands of Calleja (ICj) are structures in the olfactory tubercle and 
septal region of the forebrain w hich contain high  levels of nitric oxide 
synthase (NOS). Previously w e d em onstrated  cG M P-im m unoreactivity  in 
the ICj in slices from  the forebrain incubated in vitro in the absence of NO- 
donor com pounds (De Vente et al. Eur. J.Neurosci 1:436-460 (1989).

cGM P-im m unoreactivity in unstim ulated  slices was strictly confined to 
the ICj. We found that cGMP production  in the ICj w as NO -m ediated as 
cG M r-im m unoreactivity  w as absent in slices incubated in the presence of 
the NOS inhibitor L-NAME. Im m uno-double-staining for cGMP and nNOS 
revealed a partial colocalization. NOS w as m ainly present in the core 
w hereas cGMP was m ostly confined to the shell of the ICj. Sodium  
nitroprusside stim ulated cGMP production outside the ICj in num erous 
varicose fibers, however, no stim ulation w as observed in the ICj.

These studies reveal for the first tim e a colocalization of NOS and  cGMP 
in the CNS. In slices incubated in the presence of hem oglobin we d id  not 
find cGM P-im m unoreactivity in the ICj. As Hb effficiently binds NO but 
does not penetrate the cell m em brane, this result suggests that both 
enzym es are not active at the same time in the sam e structures. In addition 
o ur studies indicate that the diffusion d istance for NO in the ICj is not 
m ore than 20µm.

3 1 3 .6
INDUCIBLE EXPRESSION OF NITRIC OXIDE SYNTHASE IN VIRALLY 
INFECTED NEURONS. J.P. Card*. E. Iskandar. and L.W. Enqulst1. 
Department of Neuroscience, University of Pittsburgh, Pittsburgh, PA, 
and 1Dept. of Molecular Biology, Princeton University, Princeton, NJ.

Wu and colleagues (1994) report injury induced expression of nitric 
oxide synthase (NOS) in spinal cord motor neurons after spinal root 
avulsion and suggest that this expression may contribute to death of 
injured neurons. In the present analysis we examined the expression 
of the brain specific form of NOS (bNOS) in neurons of the rat dorsal 
motor vagal nucleus (DMV) infected with pseudorabies (PRV), a 
neurotropic alpha herpesvirus. We have previously demonstrated that 
these neurons are reliably infected by injection of PRV into their 
peripheral targets and have used this model to characterize the CNS 
response to virus-induced neuropathology. Virulent or attenuated 
strains of PRV were injected into the ventral surface of the stomach 
and animals were sacrificed by transcardiac perfusion fixation 48-100 
hours post inoculation. Sections through the DMV were subjected to 
immunohistochemical analysis using antibodies generated against 
virus or bNOS (Affinity BioReagents). PRV localization revealed 
progressive cytopathic changes in infected neurons that appeared 
earlier and were most pronounced in rats infected with virulent PRV. 
Viral infection also induced neuronal expression of bNOS and the 
magnitude of expression correlated with the degree of virus-induced 
neuropathology. Virulent PRV produced robust neuronal expression of 
bNOS early in the course of infection, whereas only light bNOS 
expression was induced by attenuated virus at much longer post 
Inoculation Intervals. These data demonstrate that bNOS is induced 
in neurons by viral infection and suggest a role for NO in the 
expression of neuropathology. Availability of isogenic mutants also 
promises to provide important insights into the viral gene(s) involved 
in the rapid and persistent expression of bNOS by virulent PRV.
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31 3 .7
F U N C T IO N A L  C H A R A C T E R IZ A T IO N  O F  DROSOPHILA  
C A L C IU M /C A L M O D U L IN -D E P E N D E N T  P R O T E IN  KIN A SE II 
ISOFORMS L.C. G riffith†*, B. G up taR oy† and K. B eckingham § ‡Dept. of 
Biology and CCS, Brandeis Univ., W altham , MA 02254 and the §Departm ent 
of Biochemistry and Cell Biology, Rice Univ., H ouston, Texas 77251 
The gene for Drosophila CaM kinase II is alternatively spliced to generate up 
to 18 different proteins w hich vary only in a region analogous to the point 
w here m am m alian α , β , γ and 5 isozym es show  the greatest divergence from 
each other. To investigate  the function  of this v ariab le  region, w e have 
ch aracterized  the catalytic and  s tru c tu ra l p ro p ertie s  of the  Drosophila 
isoforms R1-R6. Two major isoform  specific differences w ere observed. First, 
the R6 isoform had a significantly lower Km for the peptide substra te  used in 
this study  indicating the variab le region m ay have an indirect function in 
substra te  selectivity. This is being investigated using  add itional substrates. 
Second, the R3A isoform  w as found to have a significantly  h igher Kact for 
calm odulin than the other isoforms. This indicates that the variable region, 
which is located distal to the calm odulin b inding  dom ain, m ay play a role in 
ac tiva tion  of the en zy m e by ca lm o d u lin . The iso fo rm s also  show ed  
differential activation by two series of m u tan t calm odulins, B1K-B4K and 
B1Q-B4Q which w ere generated by changing  a g lutam ic acid in each of the 
four calcium  b in d in g  sites to e ither g lu tam in e  o r lysine All m uta tions 
p ro d u ce d  ac tiv a tio n  d efects. A ctiv a tio n  k inetics, h o w ev er, d iffe red  
substantially betw een isoforms. These differences could not be accounted for 
by d ifferential binding , as all isoform s show ed  alm ost identical b ind ing  
patterns w ith the m utants. H igh b ind ing  affinity d id  not alw ays correlate 
w ith ability to increase enzym e activity, im plying that activation occurs in at 
least two steps. The isoform  specific differences seen in this stu d y  reflect a 
role for the C-term inal variable region in the function of CaM kinase II.

3 1 3 .9
ACTIVA TIO N OF PH O SPH O LIPA SE C IS A NECESSARY STEP FOR 
PR O PA G A TIO N  OF INTERCELLULAR CALCIUM  SIG N A LIN G  IN  
CULTURED ASTROCYTES. L-Venance. N . Stella. J .Glowinsk i and C, 
Giaume*. INSERM U114, Collèège de France, Paris, 75005, France.

The role of phospholipase C (PLC ) in  the p ropagation  of intercellular 
calcium  w aves (ICW), induced  by  m echanical stim ulation  o r local 
pressure-operated application of agonist, w as investigated in  p rim ary  
cultures of rat astrocytes loaded  w ith  IN D O -l  AM. PLC activity 
stim ulated by  endothelin-1 (lO7 M) and ionom ycin (5xl 0 6 M) w as 
inhibited, respectively by 81% and 51%, in the  presence of U-73122 (5x10- 
6M), as assessed by 3H -inositol phosphates (IPs) accum ulation. W hen 
m echanical stim ulation w as perform ed in  the  presence of this PLC 
inhibitor, no ICW  w as in itiated and  increases in [Ca++]i w ere restricted to  
the stim ulated cell. This blockage w as not attribu ted  to  an  inhibitory 
effect on  gap junctions since junctional perm eability  w as not affected by 
th is  com pound. These observations indicate that activation of PLC is 
essential for ICW  propagation  in  astrocytes. Accordingly, the  degree of 
PLC activation, and  th u s  the  am ount of resu lting  I Ps production, should  
determ ine a threshold  that triggers ICW. In agreem ent w ith  this 
hypothesis, w e observed that local application of endothelin-1 (10-7M) 
and  g lutam ate (lO4 M) w hich  induced  im portan t IPs accum ulation (660% 
and 430 % of basal) w ere able to  generate ICW, w hereas m ethoxam ine 
(lO-4M) and caibachol (10-3M) w hich  are  w eak PLC activators (170% and 
131% of basal) failed.

31 3 .11
PREFERENTIAL DO W N-R EG U LA TIO N OF SU BFA M ILIES OF 
RO LIPR AM -SEN SITIVE, LO W -Km , cAM P PH OSPHO DI
ESTERASE (PDE4) W ITH  DIM IN ISH ED  NO RADRENERG IC  
ACTIVITY. Y. Ye. M. Conti+ J. Stewart* and J. M. O'Donnell. Dept. o f  
Pharmacology, LSU Medical Center, Shreveport, LA 71130. +Dept. o f  
Gynecology and Obstetrics, Stanford Medical Center, Stanford, CA 94305.

In rat cerebral cortex, the cAMP which is formed by stimulation o f  beta 
adrenergic receptors is hydrolyzed mainly by PDE4, a family o f enzymes that 
has been suggested to be involved in the pathophysiology o f  depression and its 
pharmacological treatment. Four subfamilies o f  PDE4 have been identified. 
We have reported earlier that diminished noradrenergic stimulation decreases 
PDE4 activity in vivo, as evidenced by a decreased rate constant and an 
increased half-life o f  cAMP hydrolysis in cerebral cortical slices from rats 
with noradrenergic lesions or chronic blockade o f  beta adrenergic receptors. 
The possible mechanism underlying this change was investigated using 
Western Blot analysis. Four specific bands o f  PDE4 were observed in rat 
cerebral cortex using antibody K116. The densities o f  bands 1 and 2 were 
deceased by 15% and 50%, respectively, following chronic propranolol 
infusion. The densities o f  bands 3 and 4 were unchanged. Further studies with 
subtype-specific antibodies identified band 1 as PDE4A; the identities o f 
bands 2, 3, and 4 have not been established. Subcellular fractionation revealed 
that bands 1 ,2 , and 4 PDEs are more concentrated in the particulate fraction, 
while band 3 is relatively concentrated in the cytosolic fraction. The present 
results suggest that preferential downregulation o f  subfamilies o f  PDE4 may 
contribute to the decreased functional activity o f  PDE4 that occurs with 
diminished noradrenergic activity. (Supported by grants from NIMH).

3 1 3 .8
TA R G ET ED  D ISR U PT IO N  O F T H E 8 -A D R E N E R G IC  R E C E PTO R  
K IN A S E -1  (G R K 2 ) G E N E  IN  M IC E  D E M O N S T R A T E S  
C R IT IC A L  R O L E S  IN  C A R D IA C  F U N C T IO N , E M B R Y O N IC  
D E V E LO PM EN T A N D  C E LL G R O W T H . M. Jaber*. B. G iros. W. J. 
Koch. L. Barak. R. A. Bond. H. R ockm an: C. S u lik : S. Suter. R. Le

fkowitz and M G. Caron. HHMI labs, Duke University Medical Center, 
Durham NC 27710.

The β -adrenergic receptor kinase-1 (PA R K -1) is a member o f  the G 
protein-coupled receptor kinase (GRK) family. M embers o f  this family 
mediate the agonist-dependent phosphorylation and desensitization o f G 
protein-coupled receptors. Cellular studies suggest that pARK-1 plays a 
broad role in regulating many neurotransmitter and hormone receptors in the 
central nervous system and periphery but little is known about its overall in 
vivo role. W e have disrupted the β ARK-1 gene in m ice by substituting 4 
exons encompassing a portion o f  the catalytic domain with the neomycin  
resistance gene. The development o f  hom ozygote (-/-) embryos is halted at 
gestation day 8 (G8) and no (-/-) embryos survive after G14. β A R K -1  
mRNA and protein are not detected in (-/-) embryos whereas (+/-) embryos 
show decreased levels in com parison to (+ /+ ) liter mates. M oreover, 
extracts from (-/-) embryos exhibit a dramatic decrease in their agonist- 
dependent G protein-coupled receptor kinase activity. In isolated organ 
studies, (+/-) adult m ice show significantly elevated left atrial isometric 
tension, with a subset o f  animals showing markedly elevated values and no 
further response to β -adrenergic agonist stim ulation. In order to further 
characterize the potential effects o f  the β ARK-1 gene disruption, primary 
cultures o f  embryonic skin fibroblast were established. Growth rate o f  (-/-) 
ce lls  is 10-20% o f  those derived from (+/+) em bryos, with (+/-) cells 
displaying intermediate rates. These results demonstrate the importance o f 
βARK-1 in the control o f  cardiac function and suggest as yet poorly defined 
roles o f  pARK-1 in embryonic development and cell growth.

3 1 3 .1 0
SELECTIVE EFFECTS OF CHRONIC ETHANOL EXPOSURE ON PHOS
PHOLIPASE C ISOZYMES AND Gq PROTEIN IN PRIMARY CULTURES OF 
ASTROCYTES. S.C. Pandey*. G.N. Pandey, T.L. Smith1. Dept. of Psychiatry, 
University of Illinois at Chicago, IL 60612, and 1V.A. Medical Ctr., Tucson, AZ.

The functional phosphoinositide (PI) signal transduction system is present 
in astrocytes, which play a critical role in the development of the brain. 
Multiple forms of phospholipase C (PLC) isozymes (β , γ, δ) are known to 
exist, regulated by different mechanisms. Chronic ethanol produces increased 
Pl-turnover stimulated by NE and 5HT but not GTP in astrocytes. The goal 
of this investigation was to determine whether chronic ethanol exposure alters 
sites distal to receptors (Gq protein, PLC isozymes) in astrocytes Astrocyte 
cultures were prepared from 0-1-day-old rat pup cerebral cortices under 
aseptic conditions. In the chronic ethanol experiments, the medium from each 
well was replaced daily with fresh medium containing 100 or 200 mM ethanol 
for 4 days. Levels of PLC-β  , γ1 , δ1 isozymes and Gq/11 a  subunit protein 
were determined by Western blot analysis using specific monoclonal 
antibodies. The PLC-γ1 , δ1, isozymes and Gq  /11 a  protein migrated at 
apparent molecular masses (PLC-γ1 145 kDa; PLC-δ, 85 kDa; Gq/11 a  42 
kDa), but PLC-β1 at 41 kDa. We observed that PLC-δ1 was significantly 
increased (p < 0.004) without significant effect on PLC-β1 , PLC-γ1 and Gq/11 
a  protein after chronic ethanol exposure in astrocytes. We also observed that 
the astrocytes contain PLC-β1 of 41 kDa but not 150 kDa PLCβ  1, as present 
in the brain. Since it has been shown that PLCβ1 (41 kDa) is an inactive 
protein, it is possible that Gq protein-coupled receptors may utilize PLC-δ as 
active isozymes in astrocytes. The evidence provided suggests that an 
alteration in the PI signalling system via PLC-δ isozymes after chronic ethanol 
exposure in astrocytes may result in abnormal brain development, as 
presented clinically in the fetal alcohol syndrome.

31 3 .1 2
PA CA P-LIK E N E U R O PEPTID E T R A N SM IS SIO N  M E D IA T E D  B Y  
C O A C T I V A T I O N  O F R a s /R a f  A N D  c A M P  S I G N A L  
T R A N S D U C T IO N  P A T H W A Y S IN DRSOPHILA. Y . Z h on g* C old  
Spring Harbor Lab., C old  Spring Harbor, N Y  11724

M uch w ork  on sig n a l tran sd uction  m ech a n ism s u n d erly in g  
neurotransm ission has been directed towards stu dyin g the ro les o f  the 
cA M P  and p h osp h oin ositid e  p athw ays. U p on  ligan d  b in d in g , the  
transmitter receptors interact with heterotrim eric G  proteins, allow in g  
G α  and G β γ  subunits to d isen gage. The free G α  then m odulates the 
activity o f  adenylyl cyclase and phospholipase C. R ecent reports have 
in d ica ted  that the G β γ  c o m p le x  a c tiv a ted  v ia  m u sca r in ic  or 
neuropeptide receptors can stim ulate m itogen-activated  protein kinase  
(M A PK ) via activation o f  the sm all guanine-nucleotide-binding protein 
R as. S eq u en tia l a c tiv a tio n  o f  R a s /R a f p rotein  k in a se /M A P K  
k in a se /M A P K /tra n scr ip tio n  fa cto rs  has em e r g e d  as a central 
m ech an ism  for con tro llin g  ce ll proliferation  and d ifferen tiation  in 
yeast, w orm s, fruit f lie s  and m am m als. In the present w ork, analysis  
o f  Drosophila m utants has dem onstrated that syn ap tic  current and 
m odulation o f  K+  current, triggered by a pituitary adenyly l c y c la se -
activating polypeptide (P A C A P )-lik e  neuropeptide, are m ed iated  by  
co a c tiv a tio n  o f  the R a s/R a f and rutabaga (ru t)-a d en y ly l c y c la se  
pathways. The peptide-induced 100-fo ld  enhancem en t o f  K +  current 
w as abolished  in rut, Ras and raj m utants. M oreover, activation  o f  
neither cA M P  nor R as/R af pathw ays a lon e, but coactiv a tio n  o f  the 
both produced a P A C A P -lik e resp onse. Thus, the R as/R af pathw ay  
also appears essential for G protein-coupled neurotransm ission.
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3 1 4 .1
LATE SO DIUM  C H AN NEL O PEN IN G S U N DERLIE ICTAL  
EPILEPTIFO R M  AC TIVITY, AND ARE PR EFE REN TIAL LY  
DIM INISH ED BY TH E A N TICO NV ULSAN T PH EN YTO IN. Michael 
M. Segal*. David Zurakowski and Andrea F. Douglas, Dept. Neurology & 
Prog. Neurosci., Harvard Medical School, Children's Hospital, Boston MA

In a model system o f  solitary excitatory neurons in microcultures, en
dogenous bursts underlie the ictal epileptiform activity (Segal 1994). Since 
the bursts last seconds, and persist when Ca2+ is replaced with M g2+, they 
are likely to be driven by a persistent Na+ current. We report here that late 
Na+ channel openings are found in both cell-attached patch and outside-out 
patch recordings from neurons in rat hippocampal microcultures. The chan
nels are TTX sensitive with reversal potentials o f  ≈+50 mV. Brief late 
channel openings, as well as bursts lasting the entire 750 ms pulse and re
curring in successive pulses, are seen in both patch types, similar to channels 
in cortical slices (Alzheimer et al. 1993). Late Na+ channel openings aver
aged 0.39% o f  peak current (n=7; SEM ± 0.10%).

Phenytoin (60 µM) reduced late openings (100-750 m s) to 22.1% o f  pre + 
post control, but only reduced ensemble peak currents from early openings 
to 39.9% control. Late current in phenytoin was 55% o f  that expected from 
the effect o f  the drug on peak current (n=7; SEM ± 5%, p<0.001, mult. t- 
test). Average channel open time in phenytoin was 79% o f  control (n=4, 
p<0.05) and number o f  openings was 28% o f  control (n=4, p<0.001).

Therefore phenytoin has a preferential effect on late Na+ channel open
ings underlying ictal epileptiform activity, and less effect on early openings 
underlying normal action potentials. This suggests that preferentially reduc
ing late openings o f Na+ channels may be a good strategy for developing  
anticonvulsants minimally interfering with normal neuronal functioning.

3 1 4 .3
LAYERS II AND IV OF THE ENTORHINAL CORTEX ARE ROBUST 
INTRINSIC GENERATORS OF EPILEPTIFO RM  ACTIVITY: AN IN 
VITRO STUDY. C. T. Dickson* and A. Alonso. D ep t Neurology & 
Neurosurgery, M.N.L and M cGill University, M ontreal, PQ , C anada, H3A-2B4

It has been often assumed that the focal area for mesial temporal lobe epilepsy is 
the hippocampus. There has been limited success, however, in generating prolonged 
epileptiform discharges (ictal-like events) from hippocampal slices. Recent in vivo 
and in vitro studies have pointed to the role played by the entorhinal cortex (EC) in 
the generation of seizures. In the present study we investigated the pattern, site of 
origin and pharmacology of carbachol (CCh) induced epileptiform activity in rat EC 
slices. 10 to 30µM bath applied CCh evoked activity in EC most frequently charac
terized by ictal-like discharges consisting of trains 1-10s in length of rhythmic pop
ulation spikes at 5 to 15 Hz. These could show periodicities of 0.2-0.05 Hz. Inter- 
ictal events could also appear in combination with ictal discharges or in isolation. 
The epileptiform activity could persist CCh washout. Laminar profile and CSD 
analysis of the synchronized field activity suggested two generators: one located in 
layer IV (corresponding to neocortical layer V), the other in layer II. Horizontal cuts 
that isolated independent layers demonstrated that in both layer IV and layer II, but 
not in other layers, CCh could induce epileptiform activity. This was dependent 
upon non-NMDA glutaminergic transmission since it was abolished by CNQX and 
only modified by AP-5. During block of all glutaminergic transmission, low 
amplitude field events persisted and were blocked by GABA, antagonists. These 
data demonstrate that in contrast to other cortical areas the EC contains two layers 
(II and IV) that are robust generators of epileptiform activity. Since layers II and IV 
give rise to the major output of the EC towards the hippocampus and neocortex, 
respectively, this epileptogenic potential may be of major importance for the 
generation of seizure activity in the temporal lobe.

3 1 4 .5
ACTIVATION OF THE mGluR 2 & 3 SUBCLASS FACILITATES EPILEPTIFORM 
BURSTING IN  VITRO. Lisa R. Merlin* and Robert K.S. W ong. Depts. of 
Neurology and Pharmacology, SUNY H ealth Science Center, Brooklyn, NY 
11203

To study the role of m etabotropic glutam ate receptor (mGluR) activation in 
the production of epileptiform discharges, we exam ined the effects of agents 
active at mGluRs on epileptiform activity in the disinhibited guinea pig 
hippocampus. Picrotoxin (PTX; 5 0 µM) induced rhythm ic epileptiform bursting 
in 400 µm transverse hippocam pal slices, recorded w ith intracellular and 
extracellular electrodes in the CA3 region. (+ )-α -methyl-4 carboxyphenylglycine 
(MCPG; 700-1000 µM), an antagonist at mGluR subclasses 1 /5  and 2 /3, 
reversibly slowed the burst rhythm  by 37% (mean; n = 9 ) . In contrast, the 
broad-spectrum  mGluR agonists 1S.3R-ACPD (5 µM) and 2S,3S,4S-α- 
(carboxycyclopropyl)-glycine (L-CCG-I; 10 µM) increased the PTX burst 
frequency by 55% (n = 4 ) and 44% (n = 6 ) respectively.

We used S-4-carboxyphenylglycine (S-4CPG; 100-1000µM) and RS-4-carboxy- 
3-hydroxyphenylglycine (RS-4C3HPG; 200-250 µM) to distinguish effects 
mediated by mGluRs 1 & 5 from those m ediated by mGluRs 2 & 3. Both of 
these agents are antagonists a t mGluRs 1 & 5 b u t agonists a t mGluRs 2 & 3. 
Furthermore, S-4CPG is m uch more potent as an mGluR 1 & 5 antagonist, 
requiring m uch higher doses to elicit agonist activity a t mGluRs 2 & 3. RS- 
4C3HPG increased the PTX burst frequency by 38% (n = 4 ). S-4CPG at doses 
under 500 µM had no effect (n = 4 ), while burst frequency increased by 40% 
w hen >500  µM was used (n = 6 ).

These results indicate th at sufficient g lutam ate is released during epileptiform 
activity to activate mGluRs. The overall effect of the mGluR activation is to 
increase the frequency of synchronized discharges. This m odulation of burst 
frequency is m ost likely m ediated by activation of the mGluR 2 & 3 subclass.

3 1 4 .2
AFTER-DISCHARGES ARE REQUIRED TO DEVELOP PERSISTENT 
SYNAPTIC CHANGES IN AN ACUTE MODEL OF PARTIAL EPILEPSY. 
Matteo Fort Gerardo Biella and Marco de Curtis (*). Dept. Neurophysiology, 
1st. Nazionale Neurologico, via Celoria 11,20133 Milan,"Italy.

The exposure of cerebral tissue to epileptogenic agents induces alterations 
of the synaptic and intrinsic properties of neurons that result in transient or 
persistent changes of their excitability. The present study characterizes the 
excitability changes established during the developement of epileptiform activity 
induced by local application of the GABAa receptor blocker, bicuculline, in the 
anterior piriform cortex of the isolated guinea pig brain maintained in vitro by 
arterial perfusion (de Curtis et al., JN europhysiol. 71:2463, 1994). The 
modifications of the piriform cortex neuronal circuit at the site of bicuculline 
ejection were analyzed with extra and intracellular recordings. A single ejection of 
bicuculline (2 mM) induced a reduction of the fast IPSP in layer II pyramidal 
neurons, followed by the progressive development of a burst of action potentials 
and by an after-discharge characterized by repetitive activation of short bursts of 
spikes at circa 10 Hz. Current source density analysis (CSD) of field potential 
laminar profiles demonstrated that the early burst correlated with a current sink 
generated at the soma of pyramidal cells (layer II). The burst was abolished by 
membrane hyperpolarization and was not blocked by paired LOT stimulation with 
interstimulus intervals shorter then 100 msec. Persistent epileptic EPSPs generated 
by the reinforcement of an associative synaptic input, developed only when after-
discharges were evoked. Intracellular recordings and CSD profiles demonstrated 
that arterial perfusion with the NMDA receptor antagonist AP5 prevented the 
development of both the after-discharge and the epilepstic EPSP, but did not hinder 
the early burst induced by local application o icuculline. In these conditions no 
persistent epileptic EPSP was observed. A second application of bicuculline after 
AP5 washout restored the after-discharge and the persistent synaptic changes. We 
demonstrate that an intrinsic associative connectivity of the piriform cortex, which 
sustains after-discharges mediated by the activation of NMDA-receptors, is 
necessary for the development persistent epileptic synaptic potentials.
M.F. was supported by the Paolo Zorzi Foundation.

3 1 4 .4
FUROSEMIDE BLOCKS EPILEPTIFORM  ACTIVITY AND 
SYNAPTICALLY-EVOKED INTRINSIC OPTICAL SIGNALS IN 
HIPPOCAMPAL SLICES. D.W. Hochman*. J W.M. Owens. S. C. Baraban. P A, 
Schwartzkroin. Dept. of Neurol. Surg. Univ. of Washington, Seattle, WA 98195.

Previously it has been shown that furosemide blocks synaptically evoked 
intrinsic optical changes in hippocampal slices without inhibiting synaptic 
response to Schaffer collateral stimulation. Since the furosemide-sensitive Na-K- 
2C1 cotransporter is known to play a major role in astrocyte volume-regulation, it is 
likely that activity-evoked glial swelling underlies the intrinsic signal. We now 
show that coincident with its block of the intrinsic optical signal, furosemide also 
blocks epileptiform afterdischarges and spontaneous burst activity. In these 
experiments, the extracellular field response was monitored by an electrode in the 
CA1 pyramidal cell region, and afterdischarges were evoked (stim. 60 Hz, 2 s) 
while optical images were acquired. The afterdischarge activity and associated 
optical changes were blocked by 10 minutes perfusion with 2.5 mM furosemide 
added to the medium; dose-response studies showed that a minimum of 1.25 mM 
furosemide was required to block both the synchronous discharges and the optical 
changes. The concomitant blockade of epileptiform activity and cell volume 
changes by furosemide was not due to a suppression of synaptic excitability, since 
CA1 field recordings showed that the synaptic response to a test pulse was not 
inhibited (in fact, multiple population spikes were often evoked). Difference 
images between control and furosemide treated tissue slices suggested that the 
furosemide-induced increase in extracellular space occurred primarily in the basal 
and apical dendritic regions of CA1 while decreases in extracellular space were 
seen in the cell body layer; this result suggests that a simple change in ephaptic 
interactions may not explain the furosemide-induced blockade of synchronous 
discharge. This work was supported by NIH grants NS15317 and NS07144 and 
Optimedx Inc.

3 1 4 .6
THE CURRENT UNDERLYING THE DEPOLARIZING GABA RESPONSE IN 
CA3 HIPPOCAMPAL PYRAMIDAL CELLS. Katherine L. Perkins* and 
Robert K.S. W ong. Dept. of Pharmacology, SUNY HSCB, Brooklyn, NY 
11203.

Whole-cell voltage-clamp recordings from  the guinea-pig hippocampal 
slice were used to investigate the current underlying the depolarizing 
GABA response. 4-aminopyridine (50  µM )  triggers spontaneous giant 
postsynaptic currents (GPSC's) in CA3 pyramidal cells in the presence 
of the glutamate receptor antagonists CNQX and CPP. These GPSC's 
are composed of three components: the GABAa current, the depolarizing 
GABA (GABAD) current, and the GABAb current. W e included Q X -314  
(5 mM) and TEA (5 m M) in the recording pipette to block the GABAb 
component. The GABAa current peaked at approximately 115 ms 
following the onset of the GPSC, and the GABAD current peaked at 
approximately 50 0  ms.

In order to investigate whether the GABAD current is a mixed 
cation current, the majority of the potassium in the pipette solution was 
replaced with the impermeant cation N-methyl-o-glucamine. While this 
substitution caused EK to shift dramatically in the depolarizing direction, 
the reversal potential of the GABAD current was unaffected. These 
experiments indicate that the GABAD current is not a N a+/K + current.

On the other hand, a 95 mM bicarbonate/ pH 8 .0  intracellular 
solution led to a shift of approximately 30  mV in the reversal potential 
of the GABAD current with only a minimal effect on the reversal potential 
of the GABAa current. This suggests that the GABAD current is carried, 
at least in part, by bicarbonate ions.
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31 4 .7
EFFECTS OF PHENYLGLYCINE DERIVA TIV ES ON SPONTANEOUS 
m GluR-M EDIATED SYNAPTIC RESPO N SES IN TH E GUINEA-PIG 
HIPPOCAMPUS. R. Bianchi* and R.K.S. W ong. D ept. o f  Pharmacology, 
SUNY-HSCB, Brooklyn, NY 11203.

Recent development o f  several phenylglycine (PG) derivatives with specific 
action on metabotropic glutamate receptor (mGluR) subtypes facilitates the 
study o f  functional role o f  mGluRs in CNS activities. W e have described a 
form o f  mGluR-mediated synaptic responses lasting 12 s (mean) and 
occurring spontaneously at regular intervals o f  4.3 min in CA1 neurons o f 
hippocampal slices. These synaptic events were associated with conductance 
increase and they were driven by network bursts generated in CA3 when 
excitatory and inhibitory ionotropic responses were blocked and 4- 
aminopyridine was added. The effects o f  PG derivatives on the synaptic 
response have been examined. Agents that antagonize m G luR l/5  subtypes 
[L-AP3, 1 mM; or (+)M CPG, (S)4CGP, (S)4C 3H PG , 0.5 mM each] 
reversibly suppressed the synaptic event, despite the fact that two o f the 
compounds [(S)4CGP and (S)4C3HPG] have an agonistic action on 
m GluR2/3 subclass. All agents applied by bath also blocked the spontaneous 
network bursts in CA3. However, (S)4C G P and (S)4C 3H PG  caused a 
significant increase in the frequency o f  the network bursts before the 
blockade The results suggest that the synatic responses are mediated by 
m G luRl/5 subclass. mGluR2/3 subclass may m odulate the frequency o f the 
spontaneous activity in that activation o f  these receptors causes an increase in 
the frequency o f the network bursts.

3 1 4 .9
SIMILAR EFFECTS OF (-)-BACLOFEN AND γ-HYDROXYBUTYRIC ACID 
(GHB) ON PRFSYNAPTIC GABAB RECEPTORS. R. Bemasconi*. P. Mathivet. C. 
Marescaux. P. Waldmeier1, J.J. Feldtrauer1. P. Baumann1 and H. Bittiger1. INSERM 
U-398, Strasbourg, France, 1 Ciba, CH-4002 Basel, Switzerland.

GHB is a metabolite of GABA which can be reconverted to GABA through GHB 
dehydrogenase. Administration of GHB induces absence seizures, which are blocked by 
GABAb antagonists. To investigate whether GHB interacts with GABAb receptors, we 
determined the affinity of GHB for GABAb receptors in an agonist receptor assay using 
[3H] CGP 27492 as radioligand; the IC50 was 110 in rat cortical membranes. Using 
the antagonist radioligand pH ] CGP 54626, the IC50 was 5.5 mM in the absence and 
25 mM in the presence of 300 µM Gpp(NH)p (p< 0.05). These results indicate that 
GHB has agonistic properties at GABAb receptors. We also examined the effects of 
GHB on electrically stimulated release of pH] GABA and of endogenous glutamate from 
cortical slices. Waldmeier and Baumann have shown (Ann. N Y. Acad. Sci., 604, 136- 
151, 1990) that the Ca2+-dependent release of pH] GABA from cortical slices evoked 
by low frequency (0.125-2 Hz) electrical stimulation was inhibited by the GABAB ago-
nist (-)-baclofen. Baclofen modulates GABA and glutamate release through GABAB-type 
presynaptic auto- and hetero-receptors. GHB (0.1 -30 mM) had no significant effects on 
basal GABA and glutamate release, but it dose-dependendy decreased electrically evoked 
release of pH] GABA and endogenous glutamate from cortical slices. Thirty mM of 
GHB decreased the release of pH] GABA and of glutamate by 50% and 25%, respective-
ly. The 176% increase in pH ] GABA release induced by 0.01 µM  of the very potent 
GABAb antagonist CGP 54626 (EC i50 = 5nM) was significandy antagonized by 30 
mM GHB. By increasing the concentration of the antagonist to 3µM, the 200% increase 
of GABA release could no more be significandy reduced by GHB. These results suggest 
that GHB induced inhibition is mediated by presynaptic GABAb auto-receptors. Finally, 
the GHB dehydrogenase inhibitor valproic add at doses (0.3-3 mM ) which did not affect 
pH] GABA release, had no effect on the decrease of pH] GABA and glutamate release 
induced by GHB. Thus, the decrease of GABA and glutamate release produced by GHB 
is only due to a stimulation of presynaptic GABAb auto- and hetero-receptors by GHB.

3 1 4 .8
EFFECT O F STATUS EPILEPTICUS O N  ATP IN  C O R TIC A L SUBCELLULAR 
FRACTIONS. N . Y. W alto n * A. K. Nagy and D . M. Treim an. V A M C  and UCLA, 
Los Angeles, C A  90073.

The impact o f status epilepticus (SE) on the brain's energy stores remains 
unclear. The literature suggests that only after SE of such duration and severity 
that survival is unlikely do ATP concentrations fall significantly. in this study, we 
examined ATP levels in subcellular fractions of rat brain neocortex following a 
lengthy period of SE induced by sequential injection o f lithium and pilocarpine.

Fractions were prepared and assays conducted from samples from  one control 
and one SE rat each day (n •= 6 in each group). SE rats were decapitated following 
tw o hours continuous high-amplitude spike activity on EEG. Although SE at this 
time is refractory to  drug treatm ent, the animals w ere not in extremis and could 
have survived the episode if aggressive treatm ent and support measures had been 
taken. ATP was assayed in all fractions. FI -ATPase (ATP synthase), cytochrome- 
c-oxidase (C C O X ), succinic acid dehydrogenase (SDH) and fumarase enzyme 
activities were measured in mitochondria, while the activity o f lactic acid 
dehydrogenase was measured in synaptosomes.

W hile  ATP in the synaptosomes was not significantly different in control and SE, 
the mitochondria of SE rats had significandy low er ATP concentrations and 
elevated FI -ATPase activity, as compared to  controls. Activities of o ther 
enzymes assayed were not different in the tw o groups.

These data suggest that energy demands on the mitochondria during SE 
produce a decline in energy reserves and increase in synthesizing enzyme activity. 
The increased activity o f FI-ATPase w ithout change in C C O X  and SDH indicates 
a disruption of the normal respiratory chain in the mitochondria. W e  found no 
loss of ATP in the synaptosomes o f SE samples. Energy failure at the nerve 
terminal may occur later in the SE episode and be responsible for the dedine in 
amplitude o f electrographic activity that occurs very late in this model, o f SE.

3 1 4 .1 0
ANTICO NVULSANT A CTIVITY OF NOVEL AD EN O SIN E KINASE  
INHIBITORS. J.B. Wiesner*. B. Uoarkar. A. Castellino. J. DaRe. M. Ramirez- 
Weinhouse. S. Zimring. J. Barankiewicz. D. Bullough. S. Bayat. D. Dumas. M .D. 
Erion. H.E. Gruber. and A.C. Foster. Gensia, Inc, San Diego, CA 92121.

Adenosine (Ado) is purported to function in the CNS as an “endogenous 
anticonvulsant” based on the increase in its local concentration during 
epileptiform activity and on the anticonvulsant activity of Ado receptor agonists 
in a variety of seizure models. The side effects that occur upon systemic 
administration of Ado receptor agonists led to our effort to identify agents that 
further amplify Ado levels at the site of seizure activity and thereby show 
increased protective index. We have previously found Ado kinase (AK) 
inhibitors to be highly effective anticonvulsants in rats and mice (Zimring et al., 
Soc Neurosci Abst 1995). Further work has led to the discovery of several 
classes of pyrazolopyrimidine and pyrrolopyrimidine nucleosides that exhibit 
subnanomolar AK inhibitory potencies. Potent inhibition was observed for 
both ribofuranosyl and lyxofuranosyl nucleosides containing a variety of 5’- 
substituents. A series of potent AKIs was also discovered containing two aryl 
groups attached to the base. The AK inhibitors exemplified below inhibit the 
activity of purified AK, AK in bovine endothelial cells in vitro, and AK activity in 
vivo (not shown), as well as maximal electroshock (MES)-induced seizures in 
rats. Evaluation of effects on hemodynamics, body temperature, and motor 
activity indicate that AKIs exhibit a side effect profile superior to that of Ado 
receptor agonists.

AK IC50 (nM)
GP547

1.0
GP665
4.5

GP836
0.03

GP947
0.8

GP790
0.5

cell IC50 (nM) 20.6 3.2 13.0 0.1 1.1
MES ED50 (mg/kg) 9.7 11.7 7.1 0.2 1.6

31 4 .11
EFFECTS ON AUDITORY DISCRIMINATION OF PHENOBARBITAL 

AND NIM0DIP1NE TREATMENT FOR STATUS EPILEPTICUS. J. C. 
Neill, M. A. Mikati, Z. Liu, R. Paine, M. Sarkisian and 
G. L. Holmes.⃰  Departments of Neurology, Children's 
Hospital, Boston, and Harvard Medical School, MA 02115.

Status epilepticus (SE) may cause death, mental 
retardation, and epilepsy. Phenobarbita1 may stop SE at 
sufficiently high doses, but it may be neurotoxic in the 
presence of epileptic activity at low doses. We hypothe
sized that a low dose of phenobarbita1 plus nimodipine 
may have a beneficial combined effect. We induced SE in 
rats on postnatal day 35 with kainic acid and compared 
the effects of saline, phenobarbita1, nimodipine, or 
phenobarbital plus nimodipine on auditory quality 
discrimination. Rats were trained to press a lever for 
food reinforcement. An S+ alternated randomly with an S- 
in a discrete trial procedure. Saline animals acquired 
the discrimination in 1 to 4 sessions. SE plus pheno
barbital animals were markedly impaired. SE plus 
nimodipine animals were also impaired. Animals with SE, 
phenobarbital and nimodipine treatment were largely 
protected from long term impairment. We conclude that 
nimodipine plus phenobarbital provides neuroprotection 
from the effects of status epilepticus on performance 
of simple discrimination.
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3 1 5 .1
A MODIFIED VERSION OF XENOPUS ACHAETE-SCUTE HOMOLOG 3 
CAN INITIATE NEUROGENESIS IN THE ABSENCE OF NEURAL 
INDUCTION. D. L. Turner* and H. Weintraub. Department of Genetics,
Fred Hutchinson Cancer Research Center, Seattle, WA 98104 

Xenopus achaete-scute homolog 3 (XASH3) is a basic helix-loop-helix 
transcription factor which is expressed in a subset of CNS neural precursor 
cells beginning during gastrulation. Ectopic expression of XASH3 in frog 
embryos causes expansion of the CNS at the expense of non-neural cell 
types (Turner and Weintraub, 1994, G. & D. 8: 1434; Ferreiro et al., 1994, 
Dev. 120: 3649). However, the effects of ectopic XASH3 are restricted to 
the dorsal regions of the embryo, and XASH3 does not appear to drive 
stable neurogenesis in the absence of neural induction. One explanation 
for these observations would be the presence of inhibitors in the ventral or 
non-neural ectoderm that block XASH3 function. We reasoned that it might 
be possible to modify XASH3 so that it could bypass inhibition. The 
C-terminus of both the Drosophila achaete-scute proteins and XASH3 
contain a potential regulatory domain, as well as a potential transcriptional 
activation domain. To test whether the C-terminus of XASH3 functions as a 
regulated activation domain, we replaced it with a constitutive activation 
domain from an unrelated protein. When expressed in frog embryos, this 
modified XASH3 protein causes the formation of neural precursors (and 
subsequently differentiated neurons) throughout the ectoderm.
Expression of the modified XASH3 protein also activates expression of 
neural markers in explants of animal cap ectoderm without neural induction. 
These observations suggest that XASH3 may normally function to initiate 
neural precursor formation, but that this capability is restricted by negative 
regulation.

3 1 5 .3
O RGA NIZATIO N O F RH O M BO M ERES A N D BR A IN ST EM  EFFER EN T 
NEURONAL POPULATIONS IN LARVAL SEA LAMPREY, PETROM YZON  
MARINUS. E. Gilland and R. Baker*. Department of Physiology and Neuroscience, 
New York University Medical Center, New York, NY 10016.

Hindbrain development was studied in larvae of Petromyzon marinus using serial 
sections, SEM and microinjection of fluorescent dyes and biocytin for neuronal 
tracing. The rhombomeric (Rh) location of cranial nerve roots/motor nuclei IV-XII 
and identifiable reticulospinal neurons was documented in 9-12 mm larvae, the 
earliest ammocoete stages. Hindbrain rhombomeres, while difficult to see in cleared 
wholemount brainstems, were visible in horizontal sections. The isthmic segment, or 
Rh 0, contained both the trochlear nucleus, already located dorsally at these early 
stages, and reticulospinal cells II. Rh 1 contained reticulospinal cells 12, but no 
motoneurons. Rh 2 and 3 contained rostral/caudal subnuclei of V motoneurons and 
reticulospinal cells 13 and 14, respectively. The V nerve root was at the Rh 1/2 border. 
Rh 4 contained the 1° Mauthner cell, reticulospinal cells B1-B5, and the rostral half 
of Vll-VIIIth nerve efferent neurons. The VII-VIII nerve root was at the Rh 3/4 
border. Rh 5 contained the accessory Mauthner cell, the caudal VII and rostral VI 
motoneurons, and a medial group of large reticulospinal neurons (group 6P of Swain 
et al., JCN, 1993). Rh 6 contained the caudal VI motoneurons, but no obvious group 
of large reticulospinal cells. The IX efferent nucleus was in Rh 6 and 7, and its root 
exited at the caudal edge of this zone. The X efferent cells extended through a zone 
comprising putative Rh 7 and 8. The most rostral motoneurons and roots of the 
hypobranchial nerve (XII) were located at the rhombo-spinal border near the caudal 
edge of the X zone. Both the early neuronal configuration and visible segmentation 
of the ventricular neuroepithelium  were also found in 5-7 cm larva, thereby 
corroborating findings of preservation of segmental patterning in late embryonic 
sharks and larval/adult teleosts. Since some of the embryonic features of segmental 
o rgan iza tion  pers is t th roughou t larval and adu lt perio d s , we p ropose  that 
rhombomeres provide not merely a blueprint for connectional development, but also 
a stable neuroepithelial fram ew ork for functional circuitry. We conclude that 
lam preys share more aspects o f a basic rhom bom eric-neuronal pattern with 
osteognathostom es such as zebrafish, xenopus, ch ick  and m ouse, than with 
elasmobranchs, which exhibit a number of divergent features.

3 1 5 .5
CLONAL ALLOCATION IN TH E CEREBELLUM: A  BLASTOCYST - 
INJECTION CHIMERIC MOUSE STUDY C. Kuan*,1, R. A. Flavell2 . 
and P. Rakic1 1 Section of Neurobiology; 2Section of Immunobiology, 
Yale University School of Medicine, New Haven, CT 0 6 5 1 1  

The cerebellum is constructed through complex morphogenetic 
movements into a highly ordered structure of different cell types and 
functional domains. It is unclear to what extent this parcellation of 
cerebellum correlates with cell lineage. To address this issue, we 
produced blastocyst-injection chimeric mouse(Soc. Neurosci. Abs. 20: 
1078, 1994) to examine the distribution of clonally related cells which 
were genetically tagged with the lacZ gene. This approach allowed us 
to label progenitor cells at a much earlier stage compared to previous 
studies based on replication-defective retrovirus, and consequently 
tracked a greater number of cells. Nevertheless, lacZ- positive cells 
formed discrete clusters with distinct features. First, the vast majority 
of lacZ (+) cells in a given region were allocated either in the internal 
granule cell layer or in the molecular layer but not spanning both 
suggesting the existence of distinct cell-type specific lineages. Second, 
clusters of lacZ (+) cells were organized into rostral-caudal 
longitudinal stripes across different folia, reminiscent of the 
parasagittal bands of fiber terminal fields or zebrin-immunoreactive 
staining pattern. However, each individual stripe was restricted to 
either the anterior or the posterior portion of the cerebellum. This 
pattern of allocation supports the notion that cells abide segmental 
compartments and that the cerebellum is derived from both 
mesencephalic and metencephalic origins. Finally, clusters of lacZ (+) 
cells were distributed in symmetric positions on both sides of the 
cerebellum. This bilateral symmetry is unlikely due to transverse 
migration but rather reflects a bilaterally concerted fate of clonal 
allocation.

3 1 5 .2
INNOVATIVE RHYTHM IC HINDBRAIN PRE-M OTOR CIRCUITRY MAY 
ORIGINATE BY D IV ERG ENT PH EN O TY PIC  SPECIFICATION W ITHIN 
R H O M B O M E R E S  7 A N D  8. A. H. B a ss* . E. G il la n d  and  R. B a k e r . 
Neurobiology and Behavior, Cornell University, Ithaca, NY 14853; Physiology 
and Neuroscience, NYU Medical Center, New York, NY 10016.

Rhythmic behaviors in vertebrates are characterized by predictable temporal 
p atterns es tab lish ed  by neuronal netw orks v ariously  refe rred  to as e ither 
pacemakers, neural oscillators or central pattern generators. Comparative studies 
have dem onstrated that the em bryonic hindbrain is divided into genetically 
specified com partm ents called rhom bom eres, each of w hich gives rise to a 
distinct complement of cranial motoneurons and as yet unidentified populations 
of interneurons. W hen rhythm ic m otor behaviors are assessed  throughout 
vertebrates, including cardiac, respiratory, vocal, electromotor and oculomotor, it 
appears that an inordinate proportion of the pre-motor neurons/circuits are likely 
to be derivatives of the rhombomere 7-8 region of the hindbrain. In addition, 
rhombomeres 7-8 are the exclusive source of inferior olivary climbing fibers and 
a m ajo r so u rc e  o f m o ssy  f ib e r  p ro je c tio n s  to  the  c e re b e llu m . H ence  
rhombomeres 7-8 also specify much of the rhythmic-related cerebellar afferent- 
efferent circu its responsible for regulating  the brainstem  pre-m otor pattern 
generators. M oreover, the capab ility  for rhythm ic osc illa tio n  by neurons 
originating from rhombom eres 7-8 can be correlated to their unique intrinsic 
electroresponsive properties. Such pacem aker functions are best typified by 
inferior olivary neurons, each providing a singular input to a few Purkinje cells, 
and whose coherent activity has been suggested to establish rhythmic oscillations 
coupled to sensorimotor function throughout the vertebrate neuraxis. We now 
h y p o th es iz e  th a t rh o m b o m eres  7 and  8 becam e  s p e c ia liz e d  d u rin g  the 
protochordate-vertebrate transition for production of rhythmically active neurons 
required for the integration of newly evolved cardiac and respiratory pumps with 
the existing pre-motor locomotory circuits. Further, we suggest that the unique 
circuit-specific neuronal phenotypes underlying more recently derived rhythmic 
m otor behaviors, such as in the vocal and extraocular systems, arose through 
divergence among iterated neuroepithelial precursors expressing the overall 
conserved genetic positional code within rhombomeres 7 and 8.

3 1 5 .4
C H R O M A F F IN  C E L L S  D E V E L O P  IN T H E  A B S E N C E  O F  
G L U C O C O R T IC O ID  S IG N A L IN G : L E S S O N  F R O M  T H E  
G L U C O C O R T IC O ID  R E C E P T O R  K N O C K O U T . K. K rieglstein*. 
T.J. Colea . J.A. Blendva  A.P. M onaghana  K. U nsicker & G. Schiitza
Anat. & Cell Biol., Univ. H eidelberg, (a) D K FZ, D -69120 H eidelberg.

It is widely held that developm ent of the chrom affin cell 
phenotype involves two consecutive glucocorticoid (GC) dependent 
events, m ediated by the type II GC receptor: first, the bipotential 
sym pathoadrenal (SA) progenitor cells becom e com m ited to the 
chrom affin rather than the neuronal lineage and after additional GC  
exposure, becom e adrenergic, i.e. PNM T+. In order to investigate the 
physiological role of GC in SA developm ent with respect to the 
chromaffin cell lineage the adrenal glands o f glucocorticoid receptor 
type II knockout (GR -/-) m ice (Cole et al. 1995) were analysed. The 
adrenal gland of newborn G R -/- m ice was enlarged 2-3 fold and 
histologically disorganized. A central adrenal m edulla was absent, but a 
few scattered NAergic chrom affin cells remained (EM ). There was 
neither PNM T mRNA (ISH) nor adrenaline (HPLC). Numbers of TH+  
cells in em bryonic adrenal glands were greatly dim inished. Our data 
clearly indicate that NAergic chrom affin cells develop in the absence of 
GC signaling. Therefore, we would like to suggest a revised theory of 
chrom affin cell developm ent im plying that SA progenitors destined to 
becom e chrom affin cells form two early separate lineages, an adrenergic 
lineage that critically requires GC for survival and/or proliferation, and 
a smaller G C-independent NAergic lineage. Supported by DFG, SFB317/C8

3 1 5 .6
A DIFFUSIBLE SIGNAL WHICH REGULATES RADIAL GLIAL CELL 
DIFFERENTIATION : IDENTIFICATION AND ANALYSIS USING WILD TYPE 
AND REELER MICE K .E, Hunter* and M.E. Hatten. Laboratory of 
Developmental Neurobiology, The Rockefeller University, 1230 York 
Avenue, New York, New York 10021.

Radial glia provide a primary guidance system for neuronal migration in the 
developing CNS. However radial glia are a transient cell population, 
transforming postnatally into mature stellate astrocytes, thereby undergoing 
a dramatic change in form and function. We recently showed (Proc. Natl. 
Acad. Sci. USA, 92:2061-2065) that the eariy differentiation of radial glia in 
the murine forebrain is regulated by a diffusible signal, which is effective in 
vivo during the period in which a glial scaffold is maintained and required, but 
downregulated perinatally and absent from postnatal forebrain. However 
when reccnfronted with the embryonic signal, postnatal astrocytes will 
reassume a radial glia phenotype, suggesting that the radial glia-astrocyte 
transformation pathway is bidirectional and regulated by availability of an 
extrinsic radial glia inducing signal rather than by a progressive restriction of 
cell fate. In view of its unique effects we believe the diffusible signal, a 
protein, may be novel in identity. We have identified on SDS-PAGE a 
candidate band of around 55kD; protein eluted from the excised gel band is 
effective in converting astrocytes to a radial glia phenotype in vitro. Here we 
present the progressive purification and molecular identification of this 
protein. The mouse reeler mutant has also provided us with an interesting 
model for the study of radial glial development. Although the recently cloned 
gene product of reeler  a matrix protein which in forebrain appears to 
organize neuronal layering, previous histological studies have indicated that 
the differentiation patterns of embryonic radial glia in reeler forebrain are also 
abnormal. Our findings suggest that a consequence of the reeler mutation 
may be a defect in the signalling pathway of our diffusible radial glia inducing 
protein. (Supported by NIH Grant NS 15429 awarded to MEH.)
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31 5 .7
SHORT-RANGE CUES ARE REQUIRED FOR CORTICAL DEEP-LAYER 
SPECIFICATION IN VITRO. A. P. Bohner*. R. M. Akers and S. K. McConnell. 
Department of Biological Sciences, Stanford University, Stanford CA 94305

Transplantation studies have demonstrated that environmental cues can specify 
the laminar fates of cerebral cortical neurons. Neuronal progenitors that become 
postmitotic on embryonic day 29 (E29) in the ferret normally adopt a layer 6 fate. 
However, when transplanted into the postnatal day 1 (PI) ventricular zone, an 
environment in which layer 2/3 neurons are being produced, E29 progenitors are 
competent to produce layer 2/3 cells, as long as they are transplanted around the 
time of S-phase of the cell cycle (Science 254: 282-285,1991). To investigate 
further the environmental components necessary for deep-layer fate specification, we 
have developed several in vitro modifications of the transplantation protocol that 
allow us to control and manipulate the progenitor cells' environment as they 
undergo the specification and commitment processes. We havepreviously reported 
that 3H-thymidine-labeled neurons in cultured intact slabs of E29 dorsal cortex 
retain their normal deep-layer fates when transplanted into a P 1 ventricular zone. 
This result demonstrates that the slab environment, which preserves the normal 
radial architecture and cell-cell contacts of the cortical plate, contains the elements 
required for deep-layer specification to occur.

Unlike slabs, E29 cortical cells cultured at low density for 4 to 6 hours did not 
become specified to deep-layer fates, but migrated exclusively to the upper layers 
(55% to layers 2/3 and 45% to layer 1) after transplantation. To create a partially 
reconstituted environment, 3-H thymidine labeled E29 cells were dissociated and 
reaggregated in rotary culture for 18 hours or pelleted by centrifugation and 
cultured for 6 hours. After redissociation they were transplanted into P 1 hosts. 
65% of labeled cells from reaggregates and 50% of the cells from pellets expressed 
a deep-layer fate after transplantation. Thus, even crude cell-cell contacts confer 
partial deep-layer specification in vitro. We conclude that short-range cues 
actively specify the deep-layer fate in the developing cerebral cortex. Cells 
deprived of these cues during their final round of DNA replication fail to undergo 
deep-layer specification. Supported by NIH EY08411.

31 5 .9
THE NOTCH SIGNALING PATHWAY AND CELL DETERMINATION IN 
THE XENOPUS RETINA.
R .l  Dorsky*. D. h . Rapaport and W. A. Harris- Dept. of Biology, University 
of California, San Diego, La Jolla, CA 92093.

The neurogenic genes, including Notch, its putative ligands, and 
downstream transcription factors, have been shown to play a role in cell 
fate acquisition during development of both vertebrates and invertebrates. 
With the cloning of Xenopus homologs of several of these genes, we were 
interested in what roles they play in the generation of diverse retinal cell 
types. We first examined the expression patterns of these genes in the 
ciliary marginal zone (CMZ), where cell type specification takes place 
throughout the life of the frog. Several of these genes, including the 
Xenopus homologs of Delta and Enhancer o f Split, are expressed in the 
CMZ in patterns consistent with roles in Notch signaling, which has been 
shown to delay cell differentiation in retinal precursor cells. Misexpression 
of these genes by lipofection into neuroepithelial precursors affected cell 
fate choices. Activity of genes thought to be downstream of Notch activity 
appeared to bias precursors toward later-bom cell types, while expression 
of Delta appeared to give cells an advantage in the battle to differentiate, 
causing them to adopt earlier-generated fates. Our data support a model in 
which Muller glia are the final fate of retinal precursor cells, and their 
frequency of generation can be controlled by the Notch pathway.

(Sup ported  by NIH and NSF)

31 5 .11
ORIGIN A N D SPECIFICATION OF TYPE II SENSO RY NEURONS IN  
DROSOPHILA. R. Brewster, R. Bodmer and A.L. Nuttall* Department o f  
Biology, Univ. o f  Michigan, Ann Arbor, MI 48109-1048.

The peripheral nervous system o f Drosophila is a preferred model for 
studying the genetic basis o f  neurogenesis because its simple and 
stereotyped pattern makes it ideal for mutant analysis. Type I sensory 
organs, the external (bristle-type) sensory organs (es) and the internal 
(stretch-receptive) chordotonal organs (ch), have been postulated to derive 
from individual ectodermal precursor cells that undergo a stereotyped 
pattern o f cell division. Little is known about the origin and specification o f  
type II sensory neurons (md). Using the flp/FRT recombinase system from 
yeast, we have determined that a subset o f  md neurons derives from es 
organ lineages, another subset derives from ch organ lineages, and a third 
subset is unrelated to sensory organs. Consistent with these proposed 
lineages, we find that numb and cut, two genes required for the proper 
specification o f es organ cells, are also required for es-related md neuron 
differentiation. In numb mutants, es-related md neurons are either absent or 
transformed into es support cells. In cut mutant embryos, the identity o f  a 
subset o f  es-related md neurons changes to what seem s characteristic o f  a 
subset o f  es-unrelated md neurons. Together, these results suggest that 
different neuronal cell types share, in addition to common lineages, a 
common genetic pathway o f  development.

3 1 5 .8
RCN1: A  LOCUS ON MOUSE CHROMOSOME 11 THAT CONTROLS
N a t u r a l  V a r ia t io n  in  N e u r o n  n u m b e r  
R. W. Williams*. R. C. Strom, and D. Goldowitz. University of 
Tennessee, Dept Anatomy & Neurobiology, Memphis, TN 38163 
We are interested in genetic and cellular processes that control the size 
of neuron populations. We performed a quantiative genetic analysis to 
assess the magnitude of gene control over the retinal ganglion cell 
population in mouse. Narrow sense heritability, h2, is approximately 
0.50. We used BXD recombinant inbred (RI) strains to map quantitative 
trait loci (QTLs) that contribute to the substantial variation in numbers 
of retinal ganglion cells. Each BXD strain is a unique, but stable genetic 
mosaic of C57BL/6 and DBA/2 alleles. An average of 6 cases per strain 
were phenotyped to determine the mean population associated with 
each genotype. Optic nerves of over 158 cases were analyzed using a 
uniform quantitative electron microscopic protocol. The maternal strain 
(C57BL) has 53,900± 1,400 cells, while the paternal strain (DBA) has 
62,400± 1,100. BXD strain averages range from 50,000 in BXD23 to 
78,000 in BXD32. The distribution of strain averages is approximately 
bimodal (8 strains with a mode close to 55,000; 15 strains with a mode 
close to 65,000, the average SEM is ± 1,800). The program, Map 
Manager QTL v2.6a, was used to test for correlation between this 
quantitative trait and alleles at more than 1 ,000 loci mapped on BXD 
strains. The tightest linkage was to a micro-satellite locus (D lIM itI4) 
mapped distal to Hoxb in the AntP91a gene on chromosome 11 
(F=24.96; p=.000094; lod ~4.0, 2 recombinants of 20 mutually typed 
strains). Allelic variants at the retinal QTL, which we are provisionally 
calling retinal cell number 1 (Rcnl ), probably account for a difference 
of about 4,000 ganglion cells between strains.

3 1 5 .1 0
VIRALLY TRANSDUCED EGF RECEPTORS REVEAL DEVELOPMENTAL 
CHANGES IN RETINAL PROGENITOR CELLS . L. Lillien* and D. Wancio. 
Dept. of Anatomy and Neurobiology, Medical College of Pennsylvania, 
Philadelphia, PA 19129.

Both extracellular signals and changes in progenitor cells are thought to 
contribute to the sequential generation of specific types of cells from multipotential 
progenitor cells in the vertebrate retina. Although developmental changes in 
progenitor cells are usually thought of as progressive restrictions in potential, recent 
observations suggest that retinal progenitor cells may also acquire developmental 
potential. For example, the capacity to divide in response to TGFα  in cultures of rat 
retina emerges during late embryonic development. We have now found that this 
response to TGFα  is correlated with increased expression of EGF receptors 
between E15 and birth. To probe the competence of progenitor cells to respond to 
TGFa-mediated activation of EGF receptors at different stages of development, 
progenitor cells in retinal explants were infected with a retrovirus that co-expresses 
wild-type EGF receptors (EGF-Rs) and the marker B-gal (EGFR-IRES-GEO). 
Proliferation was enhanced after infection at E l5 and E l8 but not at P0 (newborn), 
suggesting that mitotic resposiveness to TGFα  can be conferred to younger cells by 
addition of EGF-Rs. We recently showed that TGFα  also affects cell fate: high 
concentrations promoted the differentiation of normal P0 progenitor cells into 
Muller glia instead of rods, as did low concentrations of TGFα  in cells infected 
with EGF-R virus. Premature induction of a Muller glial fate among cells over-
expressing EGF-Rs was observed after infection at E18 and P0, but not at E15. 
These observations suggest that while some of the changes in progenitor cell 
responsiveness to TGFα  observed during late embryonic development may reflect 
changes in their expression of EGF-Rs alone, additional changes in progenitor cells 
appear to occur during this period that influence the way they interpret pleiotropic 
extracellular signals like TGFα . (Supported by Basil O ’Connor Starter Scholar 
Research Award)

3 1 5 .1 2
MOUSE-MUSASHI IS A NEURAL RNA-BINDING PROTEIN 

EXPRESSED IN THE CNS STEM CELL. S. Sakakibara, M. Ogawa1, 
K. Mikoshiba2and H. Okano*. Dpt. Mol. Neurobiol., Univ. of Tsukuba, Japan. 
1 Kochi Medical School, Japan.2 Inst Med.Sci. Univ. of Tokyo, Japan. 
Asymmetric distribution of intrinsic determinants is required for 
lineage-restricted cell fate decisions, in the neural development of both 
vertebrates and invertebrates. Drosophila musashi (msi) encoding neural 
specific RNA-binding protein, is required for such asymmetric cell divisions in 
the Drosophila adult sensory organ development. Here, its mammalian 
homologue, mouse-musashi (m-mst) was identified. Based on the results of 
a single neuroepithelial cell culture experiments, m-msi expression 
appeared to be associated with multipotent cells that are capable of 
self-renewal and generating committed precursor cells of neurons and glia. 
However, the fully differentiated neuronal and glial cells lost their m-msi 
expression. The expression of m-Msi protein showed a complementary 
pattern to that of another mammalian RNA-binding protein Hu, which is 
localized in a differentiated neurons in the CNS. In vitro studies indicated 
that these two proteins have distinct target RNA sequences. Based on such 
differential expression patterns and its analogy to the Drosophila musashi, 
we propose that a combination of neural RNA-binding proteins are required 
for the asymmetric distribution of mRNA molecules as intrinsic determinants 
in the developing mammalian nervous system.
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3 1 6 .1
LOCALIZATION OF THE SER O TO N IN  TRANSPORTER TO  RO D EN T 
ADRENAL CH RO M A FFIN CELLS: SU PPORT FOR A ROLE OF 5-HT IN 
ADRENAL PHYSIOLOGY. R.D. Blakely*. K.R. W ise and S. Schroeter. 
D epartm ent of Pharm acology, V anderbilt University, N ashville, TN 37232.

A population  of neural crest-derived cells, the chrom affin cells of the 
rodent adrenal m edulla, is a site of biosynthesis, storage, and  secretion of 
circulating catecholam ines. The m onoam ine serotonin (5-HT) is also present in 
the adrenal gland b u t could be accum ulated there by resident norepinephrine 
transporters that transport the am ine w ith  low affinity. Indeed, it is unclear as 
to w hether 5-HT is locally synthesized in the adrenal g land or only 
accum ulated through uptake and then sequestered by a less specific vesicular 
am ine uptake system. In our original m app ing  of 5-HT transporter (SERT) 
m RNA expression (Blakely et al., Nature 354 ,1991), we noted particularly  high 
levels of expression in the adu lt rat adrenal glands. We have now  determ ined 
the cellular basis for this observation using  in situ hybridization, 
im m unohistochem istry, and  [ 125 1] RTI-55 autoradiography. O u r results 
dem onstrate the presence of SERT protein and m RNA in adu lt rat chrom affin 
cells. The distribution  overlaps w ith that of several catecholam inergic m arkers. 
A dditional im m unohistochem ical studies are underw ay  to determ ine w hether 
the 5-HT biosynthetic enzym e, tryptophan hydroxylase, is also present. 
Together w ith data  dem onstrating  functional activity of 5-HT in the adrenal 
gland  m ediated by specific 5-HT receptors, our data  suggest that the amine 
m ay be stored and  released by chrom affin cells to achieve local synchrony of 
function betw een chrom affin cells and  steroid secreting corticotrophs of the 
adrenal cortex. Supported  by a Pharm aceutical M anufacturers Foundation 
fellowship to S.S. and NIDA aw ard  DA-07390 to R.D.B.

3 1 6 .3
EPINEPHRINE TR A NSPORTERS IN  TH E G A T/N ET GENE FAMILY? 
M OLECULAR C LO N IN G  A N D  CH A R A CTERIZA TIO N  OF A 
SYMPATHETIC CA TECHOLAM INE TR A N SPO R TER FROM  R A N A  
C A T A S B IA N A . S.Apparsundaram*1, K.R.Mcore,2, H-CHartzell-2, and 
R.D.Blakely 1  1 D ep t. of P harm acology, V anderbilt Sch. M ed., N ashville, 
TN 37232-6600 and 2 D ep t. of A natom y and  Cell Biology, Em ory University  
Sch. M ed., A tlanta, GA 30322.

S tru c tu re /fu n c tio n  studies can benefit from  com parisons betw een 
species hom ologs that exhibit n a tu ra l sequence varia tions and  divergent 
phenotypes. In am phibians and  certain  o ther low er vertebrates, 
ep inephrine (EPI) rather than  norep inephrine  (NE) appears to be the 
n euro transm itter released by  sym pathetic neurons. In m am m als, a 
desipram ine (DM I)-sensitive NE transporte r (NET) clears released NE from 
synaptic spaces. A t frog sym pathetic synapses, ev idence suggests a sim ilar 
t ransporter clears released EPI. To identify  this tran sp o rte r and  obtain 
clues relating to catecholam ine recognition  at the N E /E P I b ind ing  pocket, 
w e have cloned a new  NET hom olog, fET, from  a bullfrog  (Rana 
catesbiana) paraverteb ra l sym pathetic  ganglia  cDN A library  and  
characterized its p roperties by expression. The cloned cDN A hybrid izes to 
a 3.1 kb m RNA in sym pathetic ganglia that is absent from  target tissues 
(heart). O ur 2.5 kb cDNA confers N a+-dependen t, [3H]NE and  [3H]EPI 
tran sp o rt on transfected HeLa cells an d  N E /E P I-induced  inw ard  currents 
on m RN A -injected Xenopus laevis oocytes, bo th  of w hich  are  blocked by 
DMI w ith  nanom olar potency. In HeLa cells, fET exhibits ~5 fold greater 
sensitivity  to both  EPI and  dopam ine relative to h u m an  NET, w ith  little or 
no change in potency of NE. Studies are  u n d erw ay  to establish the full 
substra te  and  antagonist selectivity of this new  NET hom olog, identify  
residues a t the b ind ing  pocket responsible for shifts in  ligand recognition, 
m ap its regional expression in  the frog, and  determ ine the rela tionship  of 
the cloned carrier to as yet un iden tified  m am m alian  ETs.

3 1 6 .5
ELECTRO N M ICROSCOPIC LO CA LIZA TIO N O F TH E D O PA M IN E  
TR A N SPO R T E R  IN  TH E S T R IA T U M  A N D  S U B S T A N T IA  N IG R A . 
S .M ._Hersch*. H . Y i. B .J. C ilia x . A .J. L e v e y . D e p t . o f  N eu ro lo g y , 
Em ory U niv. S ch ool o f  M edicine, Atlanta, G A  3 0 3 2 2

The dopam ine transporter (D A T ) provides the primary m eans for 
term inating dopam inergic neurotransm ission w h ich  m ay occur not only  
at d opam ine syn ap ses, but a lso  at parasynaptic s ites  through vo lu m e  
transm ission. The precise mem brane localization o f  D A T  at synaptic and 
non-synaptic sites is not yet know n. W e have used  sp ec ific  m onoclonal 
antibodies raised against the N -term inus and secon d  extracellu lar loop  
(C ilia x  et al, 1 9 9 5 ) and im m u n o e lec tro n  m ic r o sco p y  w ith  3 -3 '-  
diam inobenzid in e tetrahydrochloride (D A B , S igm a) and im m u n ogold  
(Nanoprobe) as chrom agens to study the subcellular localization  o f  D A T  
in the striatum  and substantia nigra (S N ) o f  the rat and m onkey. Large 
neurons and their sparsely  sp ined  dendrites w ere w e ll- la b e led  in the 
S N c. Im m unogold perm itted localization  o f  D A T  in rough endoplasm ic  
reticulum  w ith in  som ata; in sm ooth  ER  and v e s ic le s  w ith in  dendrites, 
and w idely  w ithin dendritic plasm a membrane. The substantial dendritic 
D A T  in  the S N  cou ld  m ed iate intranigral dopam ine release or uptake  
depending upon the direction o f  transport. In the striatum, m any labeled  
axons and axon term inals w ere identified. D A T  term inals form ed alm ost 
exc lu sive ly  sym m etrical synapses w h ich  w ere primarily w ith  spines and 
dendritic shafts. Im m u n ogold  lab elin g  w ith  both  an tib od ies indicates  
peri- and parasynaptic lo ca liza tion  for D A T  in nigrostriatal term inals. 
A lm ost no label w as v isu a lized  w ithin  the active zon es o f  synapses. A s  
predicted by to p o log ic  m od els, the n-term inus w as dem onstrated to be  
in trace llu lar  w h ile  the p red icted  se co n d  ex tr a c e llu la r  lo o p  w a s  
dem onstrated to be extracellu lar in location . Supported b y  N S 0 1 6 2 4 ,  
N S 3 1937, and A P D A .

3 1 6 .2
IDENTIFICATION OF AM INO ACIDS IMPLICATED IN THE BIND ING OF 
BIOG EN IC AM INE TRANSPORTER AN TA G O N ISTS. E.L. Barker*1, M.A. 
G ray 2, and  R.D. Blakely 1  1Dept. of P harm acology, V anderbilt U niversity  
School of M edicine, Nashville, TN 37232, 2Dept. of Biology, Emory 
University, A tlanta, GA 30322.

Functional differences in cloned rodent, hum an, and  Drosophila serotonin 
transporters (SERTs) provide opportunities to link specific SERT dom ains or 
residues w ith  ligand recognition. Previously, we have dem onstrated  that 
hum an  and rat SERTs exhibit consistent differences for some, but not all, 
antagonist potencies w hen com pared in parallel using  transfected cells. Cross-
species chim eras betw een these two SERT hom ologues localized the region 
distal to am ino acid 571 as containing a potential contact site for tricyclic 
an tidepressant binding. Site-directed m utagenesis of candidate  residues in 
this region revealed phenylalanine 586 of transm em brane dom ain  (TMD) 12 to 
be responsible for hum an  SERT-type high-affinity recognition of im ipram ine. 
The generality of this observation is presently  being exam ined by 
com plem entary m utagensis of the hom ologous hum an  norepinephrine 
transporte r which exhibits low -affinity im ipram ine recognition. C him era 
studies also im plicated TMD12 involvem ent in D -am phetam ine recognition. 
H ow ever, site-directed m utagenesis revealed that no single am ino acid could 
reproduce the phenotype associated w ith a com plete TMD12 substituion in 
ra t /h u m a n  SERT chim eras and thus D -am phetam ine, a SERT substrate, m ay 
interact w ith m ultip le  residues in this region d u rin g  translocation. Finally, 
we have used h um an  /Drosophila SERT chim eras to localize contact sites of 
two antagonists, citalopram  and m azindol, to TMD2 w hereas species- 
selective recognition of other ligands, including tricyclic an tidepressan ts and 
the cocaine analog RTI-55, appear to be m ediated  d istal to TMD2. Together, 
these data  are consistent w ith three dim ensional topological m odels that 
position d istributed TMDs in close proxim ity to each o ther for contact with 
substrates and antagonists.

3 1 6 .4
SINGLE-CHANNEL STUDIES OF THE SEROTONIN 
TRANSPORTER: (A) DIFFERENT CONDUCTING 
STATES AND (B) AN AMINO ACID IN THE 
PERMEATION PATHWAY.
Fan Lin*. Henry A. Lester, and Sela Mager.
Division of Biology 156-29, Caltech, Pasadena. CA 91125

We have combined single-channel recording techniques and site- 
directed mutagenesis to study permeation properties of the cloned rat 
5-HT transporter expressed in oocytes. As predicted previously1, the 
permeation pathway of the transporter behaves like an ionic channel. 
There are at least two distinct transporter-related single channel 
conducting states: (i) In the absence of 5-HT, the transporter 
displays an ohmic conductance of ~ 6 pS. When Na+ is replaced by 
Li+, open probability of this state increases.(ii) In the presence of 
5-HT, the transporter displays a non-ohmic conductance with a 
current of 0.5 pA at -100 mV.

A single amino acid mutation doubles the single-channel 
conductance of both states, without significantly changing the other 
kinetic parameters. Therefore, we conclude that this residue is 
located in the permeation pathway. Support: NINDS and NIDA.
1. Mager S. et. al (1994) Neuron 12:845-859

3 1 6 .6
Cell lines expressing human and ra t dopamine transporter cDNAs: Different Ligands 
Yield Different Radiolabeling Patterns
A. P. Patel*1. J-C Martel. D. J. Vandenbergh2, G. R. U h P 3 and M.J. Kuhar1,3 
Neuroscience1 and Molecular Neurobiology Branches2, National Institutes of Health, 
National Institute on Drug Abuse, Intramural Research Program, and Departments of 
Neurology and Neuroscience, Johns Hopkins University School of Medicine3, Baltimore, 
MD 21224 (USA)

Dopamine transporters (DAT) cDNAs expressed in different cell types provide 
different opportunities for nonspecific and specific interactions between ligands, 
expressed transporters and other cellular constituents. Pristupa et.al.(Mol. Pharmacol. 
45,125-135, 1994) observed robust specific binding of [3H]WIN35, 428 but only high 
levels of nonspecific binding of [3H]GBR12,935 in COS-7 cells expressing human 
DAT (hDAT). To explore these apparent differences, we have examined binding of 
[l25I] RTI-55, [125I]RTI-82, [3H]GBR12,935 and [125I]DEEP to intact CHO cells stably 
expressing hDAT (hDAT-CHO) and LLC-PK1 stably expressing rat DAT (rDAT- 
LLC-PK1). [l25I]RTI-55, a cocaine analog like WIN35,428, displays high levels of 
specific binding to hDAT-CHO and rDAT-LLC-PK1 cells, whereas [3H]GBR12,935 
binding is nearly all nonspecific. This nonspecific [3H]GBR12,935 binding is a high 
capacity low affinity site also found in non-transfected CHO and COS-7 cell lines. 
[l25I]DEEP, an analog of GBR12.935, did specifically photoaffinity label DAT 
complexes from hDAT-CHO and rDAT-LLC-PK1 cells migrated on SDS- 
polyacrylamide gel with a molecular mass of 93 ± 0.6 kDa; n = 5 and 100 ± 0.8 
kDa; n=4, respectively. Similar results were also obtained with [125I]RTI-82, a 
cocainc-based photoaffinity ligand. Taken together, the data suggest that unlike 
radiolabeled cocaine analogs, [3H]GBR12,935 failed to label DAT expressed in several 
transformed cell lines. High level of an endogenous site in these cell lines that 
recognizes [3H]GBR12,935 with low affinity may obscure binding to DAT; or that 
possible conformational difference in DAT expressed in transformed cells can be 
labeled by [I25I]DEEP and not by [3H]GBR 12,935.
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31 6 .7
D ISR U PT IO N  O F T H E D O PA M IN E  T R A N S P O R T E R  G EN E IN  
M IC E BY  H O M O L O G O U S R E C O M B IN A T IO N . B. G iros*. M . 
Jaber. S. Jones, and M. G. Caron. HHMI labs, Dept o f  Cell B iology, 
Duke University Medical Center, Durham NC 27710.

Hyperactivation o f the dopamine system is suggested to play a major role 
in the etiology o f  schizophrenia. Psychotic like state resembling paranoid 
schizophrenia is observed following consumption o f  amphetamine over a 
long period or in large doses. Psychostimulants, such as amphetamine and 
cocaine, bind preferentially to the dopamine transporter and thus increase 
the amount o f dopamine available at the synaptic level. Therefore, it was o f 
interest to produce a m ouse strain lacking the dopamine transporter using 
the hom ologous recombination method. Adult hom ozygote m ice show a 
significant decrease in their body weight between the 4th and the 7th week 
as well as a higher death rate than their littermate controls. In situ 
hybridization with oligonucleotides located at different parts o f  the 
dopamine transporter cD N A  showed no signal in the substantia nigra o f  
homozygote mice. Moreover, no difference in the D 2 autoreceptor mRNA  
levels was observed in hom ozygote substantia nigra in comparison to wild 
type. In the striatum, preliminary results suggest that the D1 and D2 
dopamine receptor m RNAs are down-regulated in hom ozygote animals 
compared to controls. Knock-out o f  the dopam ine transporter gene 
eliminates dopamine uptake in hom ozygote striatum but unexpectedly  
causes only a slight decrease in dopam ine reuptake in heterozygote 
animals. Determination o f  locomoter and behavior activity o f  these mice 
under normal conditions and follow ing various drug treatments should 
provide insights in the involvem ent o f  reuptake mechanism s in these 
physiological and pharmacological paradigms.

3 1 6 .9
COOPERATIV1TY OF BINDING TO THE HUMAN DOPAMINE TRANS
PORTER: BASIS FOR A MULTIMERIC COMPLEX. D.M. Segal1. J.W. Wells*,2.
J.K. Staley1 and D.C. Mash1,3. Departments of Neurology1 and Molecular & Cellular 
Pharmacology3, University of Miami School of Medicine, Miami, FL 33101; and Faculty 
of Pharmacy2, University of Toronto, Toronto, Canada M5S 2S2.

Cocaine mediates its powerful reinforcement by binding to recognition sites on the 
dopamine (DA) transporter and blocking the reuptake of dopamine. Ligand binding 
studies with transport inhibitors and cocaine congeners have provided evidence for 
multiple recognition sites. The present study evaluated the binding interactions between 
dopamine and the cocaine congeners [l25I]RTl-55 and [l25I]RTI-121 at the DA transporter 
in human striatum. Binding at two concentrations of [125I]RTI-55 or [125I]RT1-121 was 
measured at graded concentrations of unlabeled RT1-55 or RT1-121, respectively, or of 
unlabeled dopamine. RTI-55 and RTI-121 were strictly inhibitory, with Hill coefficients 
of 0.65 ± 0.05 and 0.78 ± 0.07, respectively. In contrast, unlabeled DA revealed a 
complex pattern with three distinct inflections: an initial inhibition (IC50 ~ 10 nM) 
followed by a bell-shaped profile in which binding first increased (EC50 ~ 1 µM) and then 
decreased to baseline (IC50 ~ 30 µM). All of the data could be described simultaneously 
by a model in which the multiple states evident in the binding patterns reflect cooperative 
interactions among three sites, each of which binds either DA or the cocaine congener 
in a mutually exclusive manner. Negative cooperativity between successive equivalents 
of the same ligand yields macroscopic dissociation constants of 0.15 nM, 3.0 nM, and 24 
nM for RTI-55; 0.26 nM, 1.0 nM, and 9.3 nM for RTI-121; and 11 nM, 2.6 pM, and 31 pM 
for DA. Positive cooperativity between DA and the radioligand accounts for the increase 
in binding at intermediate concentrations of DA. The extrapolated estimate of total 
binding capacity for both radiolabeled cocaine congeners is 235 ± 45 pmol/g of protein. 
Evidence for cooperativity suggests that the DA transporter may exist as a multimer. 
Supported by DA 06227 and NSERC OGP0138033.

31 6 .11
PLACENTAL NOREPINEPHRINE TRANSPORTER (NET): CLONING, 
SEQUENCE AND PHYSIOLOGICAL ROLE. J.F. Padbury *, L. Bzoskie. L.
Blount K. Kashiwai. J. Chan. Y.T. Tseng. Dept Pediatrics, Harbor-UCLA Med Ctr, 
Torrance, CA 90502.

The placenta is reported to express the plasma membrane transporters for 
biogenic amines. However, the separate contributions o f the fetus and the placenta 
to intrauterine catecholamine uptake are not known. To determine the role o f  the 
placental transporter in vivo, we used fetal sheep (n=9) with common umbilical vein 
(UV), arterial (A) and venous catheters. Tritium labelled norepinephrine (3H-NE, 
0.3 µCi/kg/min) was used to determine the kinetics o f  placental and fetal 
norepinephrine uptake and production. Umbilical placental blood flow was 
determined by steady state 3HzO infusion. Placental and whole body NE clearance 
rate was determined by measurement o f 3H-NE from simultaneously drawn UV and 
A samples. Total fetal/placental clearance was 99± 8 ml/kg/min. Placental clearance 
represented >50% o f  total clearance and desipramine blocked >50% o f placental 
reuptake confirming that more than 50% o f placental uptake is transporter 
dependent. To confirm the molecular basis for this uptake we made an ovine 
placental cDNA library which we screened with the human NET cDNA and with 
oligonucleotides based on the human NET sequence. Southern blotting o f  an EcoRl 
digest o f  ovine genomic DNA revealed one major band and two minor bands. We 
isolated and have partially sequenced full length clones (>4kb) for both ovine 
serotonin (o5HT) and oNET transporters. The o5HT sequence has 87% homology 
to the human 5HT transporter and the oNET 96% homology to the human NET. We 
conclude: Placental expression o f NE clearance via the NE transporter is significant 
in maintenance o f fetal homeostasis. Drugs like cocaine which block both fetal and 
placental NE clearance may have exaggerated adverse fetal consequences.

3 1 6 .8
A  D O P A M IN E  T R A N S P O R T E R  D E L E T IO N  M U T A N T  O F THE  
S E C O N D  E X T R A C E L L U L A R  L O O P  A F F E C T S  D O P A M IN E  
T R A N SPO R T  A N D  C O C A IN E  B IN D IN G  D IFF E R E N T IA L L Y . N .  
S. V rindavanam . J. X . M a. N . P. Parratto. S. A ltm an-H am am dzic. L. 
D . M id d au gh * and F. R. S a l le e . D e p t . o f  P sych ia try , M ed ica l 
University o f  South Carolina, Charleston, SC  2 9 4 2 5 .

The dopam ine transporter (D A T ) substrate reuptake function is 
sp ecifica lly  inhibited by cocaine. D A T  substrate recogn ition  is 
dependent on g lycosy la tion  presum ably located on the large secon d  
extracellular loop o f  this m em brane protein. Producing a deletion  
mutant o f  this region (A A  171-211) by site-d irected m utagenesis o f  
D A T  cD N A  elim inated the three putative g lycosy la tio n  sites and 
enabled a direct exam ination o f  its im portance. The deletion  mutant 
w as expressed in C O S-7 ce lls  and protein expression  confirm ed by 
W estern and Northern blots. C ells  expressing  w ild  type and mutant 
were com pared for binding and uptake e ffic ien c ie s  using  [3H ]D A  and 
[3H ]W IN  35 ,428.

The mutant show ed a marked decrease in the substrate uptake 
capability com pared to the w ild  type. T he binding affin ity o f  
[3H ]W IN  was decreased by 3 orders o f  m agnitude. The rank order 
potency o f  the com p etitive inhibitors w as m aintained. The results 
suggest that the secon d extracellular loop  o f  D A T  is essen tia l for 
substrate transport. It m ay a lso play a role in co ca in e  binding to the 
transporter but to a lesser degree.

3 1 6 .1 0
DOPAMINE UPTAKE BY PLATELET STORAGE GRANULES (PSG) AS A 
PERIPHERAL MARKER FOR NEUROPSYCHIATRIC DISORDERS. J.M. 
Rabey· , Z. Oberman, A. Lerner and E. Graff. Neurology and 
Chemical Pathology, Tel-Aviv Medical Center, Sackler Faculty 
of Medicine, Tel-Aviv University, Tel-Aviv, Israel.

Platelets are considered good peripheral models for 
aminergic neurons. The main controversial issue remains 
whether platelets take up dopamine (DA) by passive diffusion 
rather than by active uptake. We recently studied the 
incorporation of DA by PSG and found the uptake of DA in 
schizophrenic patients (paranoid type) during acute stages 
of the disease to be increased compared with patients in 
remission and that of controls (Life Sci. 50: 65, 1992) . In 
the following study, we measured DA uptake in 10 never- 
treated patients with Parkinson's disease (PD) (6 of them 
were also evaluated after receiving levodopa [LD] for 6 
months), 18 long-term LD-treated patients and 15 age-matched 
normal controls. Maximum velocity (Vmax) of DA uptake was 
significantly lower in the never-treated PD group compared 
to controls (p < 0.001) and long-term treated PD patients (p 
< 0.025). The apparent Michaelis constant Km of DA uptake in 
never-treated PD was also significantly different from 
controls. The uptake of DA by PSG obtained from 18 Gilles de 
la Tourette's patients was also significantly lower compared 
to controls. An alteration of DA uptake by PSG may express 
a generalized defect in those disorders in which DA has been 
implicated to be the main neurotransmitter affected in the 
CNS.

31 6 .1 2
ION COUPLING STOICHIOMETRY OF NOREPINEPHRINE 
TRANSPORTER STUDIED IN MEMBRANE VESICLES FROM STABLY  
TRANSFECTED CELLS. H. H. Gu*. S. Wall and G. Rudnick. Department of 
Pharmacology, Yale University School o f Medicine, New Haven, CT 06516  

To study the mechanism and ion coupling stoichiometry of biogenic amine 
transporters, we have constructed stable cell lines expressing serotonin (5-HT) 
transporter (SERT), gamma-aminobutyric acid (GABA) transporter (GAT), or 
norepinephrine (NE) transporter (NET) by transfection with cloned cDNAs. 
The advantage o f this system is that the mechanisms and ion coupling 
stoichiometry of GAT and SERT are known and they serve as controls and 
references in the experiments to decipher the mechanism o f NET. We 
prepared membrane vesicles from the transfected cells so that both external 
and internal ion composition could be controlled. Substrate transport into 
vesicles were stimulated by inward Na+ and Cl- gradients and outward K+ 
gradient. Na+ and Cl- were absolutely required for NET transport, therefore 
they are co-transported with the substrate by NET. However, the presence of 
K+ was not required, although a K+ gradient stimulated transport. The Na+ 
gradient dependency o f NET was more similar to that o f SERT than to that o f  
GAT, suggesting a Na+ stoichiometry o f one. Altering the pH value o f the 
transport buffer did not change the Km for transport significantly, indicating 
that the positively charged form o f catecholamine was transported. Addition 
of valinomycin to vesicles with an outward K+ gradient stimulated transport, 
suggesting that transport was an electrogenic process. Therefore, we conclude 
that norepinephrine transporter co-transports catecholamine, Na+ and Cl- with 
a stoichiometry o f (1:1:1) and that K+ stimulates by exchanging for the single 
positive charge transported with the substrate.
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3 1 6 .13
ANATOMICAL AND SUBCELLULAR DISTRIBUTION OF THE 
ENDOCRINE AND NEURONAL VESICULAR MONOAMINE  
TRANSPORTERS (VMAT1 & VM AT2) AND THE VESICULAR  
ACETYLCHOLINE TRANSPORTER (VAChT) M. K.-H. Schafer1.
.J.-H. Tao-Cheng2’ * J. D. Erickson3. E. Weihe1 and L. E. Eiden3 1Dept. 
Anatomy and Cell Biology, Philipps University, Marburg, FRG, 2NINDS and 
3 NIMH, NIH, Bethesda, MD, USA, 20892

The vesicular monoamine transporters VMAT1 and VMAT2 mediate 
vesicular uptake of dopamine, norepinephrine, epinephrine, and serotonin 
in neuronal and endocrine cells. VMAT1 is expressed in chromogranin A- 
positive SIF cells and the gut enterochromaffin system, while VMAT2 is 
expressed in both central and peripheral monoaminergic neurons (Weihe 
et al., J. Mol. Neurosci. 5:149-164, 1994). Both VMAT1 and VMAT2 are 
expressed in adrenal chromaffin cells: while VMAT1 is the predominant 
transporter in rat adrenal medulla, VMAT2 is abundantly expressed in the 
monkey and human adrenal medulla. There appears to be a single ACh 
transporter: VAChT mRNA (Schafer et al., J. Mol. Neurosci. 5:1-26,1994) 
and protein are expressed in all major groups of classically identified central 
and peripheral cholinergic neurons.

The intracellular distribution of these transporters in PC12 cells, which 
express both VMAT1 and VAChT, and in PC12 cells stably transfected with 
VMAT2, was investigated using light and electron microscopical 
immunocytochemistry. At the light level, each protein shows a distinct 
intracellular distribution in NGF-differentiated PC12 cells. At the EM level 
VMAT1 is targeted preferentially to the membranes of large dense-cored 
vesicles whileVAChT is expressed mainly on small synaptic vesicles.

Classical neurotransmitter function is determined both anatomically by the 
differential expression of the VMAT and VAChT genes, and intracellularly 
by the vesicle populations that express each of the transporters.

Supported in part by the DFG und Volkswagen-Stiftung.

GENESIS OF NEURONS AND GLIA II

3 1 7 .23 1 7 .1
TRANSIENT COUPLING AND UNCOUPLING OF NgCAM EXPRESSION TO 
NgCAM-MEDIATED CALCIUM SIGNALING BY NEW NEURONS OF THE 
ADULT AVIAN BRAIN. S W illiam s.1* K. Baram i.1 V Lem m on.2 M . 
Nedergaard3. S. A. Goldman1 Depts. of 1Neurology and Neurosci., Cornell U. Med. 
Col. NYC, 10021, 2Neuroscience, Case-Western Res. Sch. of Med., Cleveland, 
44106, and 3Cell Biology, New York Med. Col., Valhalla, NY, 10595.

The adult avian forebrain continues to produce neurons from subependymal zone 
(SZ) precursors, whose neuronal progeny migrate into the brain along ependymally- 
derived radial guide fibers. The neurons express the Ig-family adhesion molecule Ng- 
CAM, and their migration in culture is disrupted by the addition of anti-NgCAM 
Fab (Neuron 13: 567-82, 1994). Laser-activated confocal imaging of cultures of the 
adult zebra finch SZ, loaded with the calcium indicator dye fluo-3, revealed that new 
migrating neurons responded to µ g amounts of NgCAM protein with reversible 
increments in cytosolic calcium. The calcium response to NgCAM was restricted 
developmentally; it was only manifested by neurons for several days in between 5- 
11 days in vitro (DIV), and was largely limited to migrating bipolar cells. Notably, 
this period corresponds to the post-mitotic age at which new neurons leave the adult 
SZ to enter the parenchyma in vivo. The neurons exhibited a similar calcium 
response to anti-NgCAM IgG, and over the same limited time course. The calcium 
response to NgCAM was G-protein dependent and mediated through voltage-gated 
calcium channels: It was completely blocked by pertussis toxin and by the L-type 
channel inhibitor nifedipine, and incompletely blocked by the N-channel blocker ω
conotoxin. No calcium response was noted to either N-cadherin protein, rabbit IgG 
or albumin, at any time point examined. Notably, surface expression of NgCAM 
was maintained long after the calcium response to its addition had ceased. These 
findings suggest a dynamic coupling and uncoupling of calcium-dependent signal 
transduction pathways to a stably expressed surface adhesion molecule, whose 
function in a given neuron may therefore evolve with cellular maturation.

Supported by NINDS R01NS33106, R29NS29813, the Mathers Charitable and 
Lookout Foundations, and the Hirschl/Weill-Caulier Trust.

3 1 7 .3
STIMULATION OF NEUROGENESIS BY PERIPHERAL ADMINISTRATION OF 
BASIC FIBROBLAST GROWTH FACTOR (bFGF) IN THE DEVELOPING AND 
ADULT RAT BRAIN. J.P. Wagner*. J.B. Black. & E. DiCicco-Bloom. D ep 't of 
Neurosci. & Cell Biol., UMDNJ/R.W. Johnson Med. Sch., Piscataway, NJ.

While recent evidence indicates persistence of neuronal precursors beyond early 
brain development into adulthood, little is known about regulation in vivo. Our 
previous studies indicate that peripheral (subcutaneous) administration of bFGF 
stimulates DNA synthesis in multiple neurogenetic populations of postnatal day 1 
(P1) brain. To explore effects of peripheral bFGF in regulating adult neurogenesis, we 
focused attention on hippocampal dentate granule neurons, since birthdating studies in 
vivo indicate major (85%) production postnatally. We now report that peripheral 
bFGF enhances neurogenesis in multiple adult brain populations.

Animals received peripheral bFGF (5ng/g body weight), and, following injection 
of a marker for DNA synthesis, ([3H]-thymidine ([3H]dT) or bromodeoxyuridine 
(BrdU)), were sacrificed and assayed at 8 hrs. Treatment of P 1 rats with bFGF elicited 
a 70% increase in [3H]dT incorporation in hippocampal homogenates. Parallel BrdU 
immunohistochemical analysis revealed that bFGF increased mitotic cell labeling 3-5- 
fold in the dentate gyrus proliferative zone. To determine whether bFGF effects were 
dependent on an immature blood brain barrier (BBB), bFGF was administered to rats on 
P 1, P7, P14, and P21. bFGF increased DNA synthesis by 65% on day 1, and 25-30% 
at the three later ages, indicating that factor effects did not depend on BBB immaturity.

As BBB maturation did not limit bFGF effects, we examined regulation in adult 
brain. Since 100 ng/g bFGF elicited a peak 75% increase in P14 hippocampal DNA 
synthesis, this dose was assessed in adult rats (250 g, P60). bFGF increased DNA 
synthesis in olfactory bulb (58%), and subventricular zone of midbrain (85%) and 
striatum (21%), indicating that neuronal precursor populations in adult brain can be 
regulated by peripheral bFGF. BrdU histochemical analysis of adult hippocampus is 
ongoing. These observations suggest that peripheral growth factors may ultimately be 
utilized to therapeutically regulate proliferation of endogenous neuronal populations, as 
well as to enhance the survival of surgically implanted tissue grafts. (Support: 
NICHD23315; Trophix Pharm.)

C U L T U R E  M E D IU M  C O N D IT IO N  P R O M O T IN G  N E U R O N A L  
C E LL D IF F E R E N T IA T IO N  O F E G F -R E S P O N S IV E  PR O G EN IT O R  
CELLS FR O M  FE T A L  R A T  F O R E B R A IN . D .S .  Y eon. J .S . Park. 
Y .G . Park*. K .S . Paik and B .S . K an g. D ep ts. o f  P h y sio lo g y  &  o f  
N eurosurgery, Y on sei U n iv . C o l. M ed ., S eo u l, 12 0 -7 5 2 , Korea.

In D M E M  plus H am -F 12 based m edium  (D H ), EFG  responsive  
progenitor ce lls  are differentiated into neurons, astrocytes and 
oligodendrocytes. S ince H am -F 12 contains L -glutam ate (1 4 .7  mg/1) that 
is tox ic  to neurons, w e  exam ined  how  progenitor ce lls  are 
differentiated in D M E M  based m edium  w ithout H a m -F 12 (D ).

A fter 4 -6  days o f  culturing in seru m -free D H  or D , proliferating  
ce lls  form ed clusters floatin g in suspension . A ll c e lls  in clusters 
expressed antigens for neuroepithelial stem  ce lls . W hen floating  
clusters w ere replated onto p o ly -L -ly sin e  coated d ish es and w ere  
cultured in D H , ce lls  in clusters w ere observed  to m igrate. The  
majority o f  these ce lls  w as labelled with an ti-G F A P  antibody that is 
sp ec ific  to astrocytes, although the m inority w as labelled  with anti-GC  
antibody that is  sp ec ific  to o ligod en d rocytes or w ith  an ti-N S E  antibody 
that is  sp ec ific  to neuronal ce lls . W hen floatin g  clu sters w ere cultured 
in D , h ow ever, the majority o f  m igrated c e lls  w as labelled  with anti- 
N S E  antibody, w ithout sh ow in g any an ti-G F A P  antibody labelled cells.

T h e results im plicate that D M E M  b ase m ed ium  provides better 
conditions than D M E M  plus H am -F 12 based m edium  for EGF  
resp onsive progenitor c e lls  to differen tiate  in to neuronal ce lls .

3 1 7 .4
IN VIVO EGF INFUSION INDUCES ENDOGENOUS NEURAL PROGENITOR CELLS 
TO PROLIFERATE, MIGRATE AND DIFFERENTIATE INTO NEW NEURONS AND 
GLIA IN ADULT MAMMALIAN BRAIN, C.G. Craig* and D van der Kooy, Dept. of 
Anatomy, University of Toronto, Toronto, Ontario M5S 1A8.

The adult mammalian brain has been shown to contain neural stem cells which proliferate 
in response to EGF in vitro and which can clonally differentiate to form both neurons and 
glia in vitro. The in vivo source of these in vitro adult EGF-responsive stem cells is the 
subependymal layer lining the forebrain lateral ventricle. Intraventricular infusion of EGF 
for six days into adult mice results in a 17-fold increase in the number of retrovirally (RV) 
labeled subependymal cells (infected 1 day prior to EGF administration) which migrate up 
to a distance of 400 pm away from the walls of the lateral ventricle into normal brain 
parenchyma. Thirty eight percent of the RV labeled cells double label with the proliferation 
marker [3H]thymidine on day 6 of EGF infusion Furthermore, EGF induces a dramatic 
increase in the total number of cells (Nissl) and the number of proliferating (BrdU+) cells 
which also migrate radially away from the walls of the lateral ventricles. 
Immunocytochemistry indicates that greater than 90% of these BrdU+ cells double label for 
EGF-receptor and Nestin (a neuroepithelial stem cell marker). Furthermore, only 0.9% and 
0.2% of the BrdU+ cells double label for astrocyte and neuronal markers, respectively (not 
significantly different from vehicle infused controls). Seven weeks following EGF 
withdrawal, 25% of the BrdU+ cells are still detectable, of which 28% have now 
differentiated into new astrocytes and 3% into new neurons in the cortex, striatum and 
septum. Newly generated oligodendrocytes are also observed. Preliminary results suggest 
that subpopulations of the EGF induced BrdU+ neurons are GABA* or have projections into 
the globus pallidus/internal capsule seven weeks following EGF withdrawal. These results 
suggest that EGF acts directly as a proliferation, survival and migration factor on 
subependymal neural progenitor cells to expand this population which, following 
growth factor withdrawal, can differentiate into new neurons and glia in the adult brain. 
Thus, there may exist a growth factor inducible endogenous mechanism to replace 
neurons and glia lost to disease and/or trauma in the adult mammalian brain.

Society for Neuroscience, Volume 21, 1995



784 GENESIS OF NEURONS AND GLIA II MONDAY PM

3 1 7 .5
WINGED HELIX TRANSCRIPTION FACTOR BF-1 IS ESSENTIAL FOR 
CELL CYCLE PROGRESSION OF TELENCEPHALIC NEUROEPITHELIAL 
CELLS. S. Xuan. C.A. Baptista*. G. Balas, W. Tao. V.C. Soares and E. Lai. 
Cell Biology and Genetics Program, Cornell Univ. Grad. Sch. Med. Sci., Div. 
Endocrinology, Memorial Sloan-Kettering Cancer Ctr., New York, NY 10021.

BF-1 (Brain Factor-1) a member of the winged-helix family of transcription 
factors, has an expression domain in early development highly restricted to the 
telencephalic neuroepithelium or ventricular zone (VZ). Its levels of expression 
correlate well with the time of neurogenesis in the telencephalon suggesting that 
BF-1 might control cell proliferation and/or differentiation in this brain region. 
To examine its function we generated mice with a null mutation for the BF-1 
gene. While heterozygous animals appear normal, homozygous animals exhibit a 
dramatic reduction of the cerebral hemispheres and die at birth. Detailed analysis 
showed that no significant differences exist betweeen the mutant and wild type 
telencephalic vesicles before E9.5. After this age the basal telencephalic VZ failed 
entirely to proliferate, as detected by anti-BrdU immunohistochemistry, resulting 
in the complete absence of the basal ganglia. In the mutant dorsal telencephalon 
the rate of cell proliferation was variable; many regions of the VZ had 
significantly lower fractions of BrdU-labeled cells in comparison with wild-type. 
Interestingly, immunohistochemistry with antibodies to MAP-2 a marker of early 
neuronal differentiation showed a larger proportion of the mutant cerebral 
hemispheres composed of MAP-2 positive cells, either lying outside of the VZ or 
unusually among BrdU-labeled cells in the VZ. These cells were also shown to 
express the cell cycle inhibitor p27. These results suggest that in the absence of 
BF-1 telencephalic neuroepithelial cells do not progress normally through the cell 
cycle and can differentiate prematurely into neurons. In order to better understand 
the molecular mechanisms of BF-1 control of cell cycle progression we are 
currently characterizing the cell cycle parameters in the mutant VZ. These results 
will be correlated with the growth properties and differential expression of cell 
cycle regulators in an in vitro model system consisting of mutant neuroepithelial 
cells.

31 7 .7
NT-4, LIKE BDNF, SUPPORTS THE SURVIVAL OF NEW NEURONS 
ARISING FROM THE ADULT RAT SUBVENTRICULAR ZONE S. A. 
Goldman*. B. Kirschenbaum and K. Iversen Dept. of Neurology & Neuroscience, 
Cornell Univ. Medical College, NYC, 10021.

The mature brain retains subependymal precursor cells that can give rise to 
neurons in vitro. In culture, explants of the adult rat forebrain SZ produced a robust 
outgrowth of new, SZ-derived neurons. The new neurons expressed trkB, the high 
affinity receptor for BDNF, and responded to BDNF addition with markedly 
prolonged survival (PNAS 92:210-4, 1995). In contrast, neither NGF nor NT-3 had 
any effect on neuronal viability. In the present study, we asked whether another trkB 
ligand, NT-4, was capable of supporting the production, differentiation or survival 
of neurons arising from the adult rat SZ. Eight adult (3-month old) rats were 
sacrificed and their rostral SZ segments (A+1.7 to +0.2, relative to stereotactic 
bregma) placed into culture. Explants were divided into the following groups: 1) 
base medium alone (DMEM/F12/N2 and 2% FBS), 2) base medium with BDNF (20 
ng/ml), 3) with NT-4 (10 ng/ml), 4) NT-4 and BDNF together, and 5) double-dose 
BDNF (40 ng/ml). Neuronal outgrowth was assessed twice weekly thereafter, and 
media was changed, with new factor addition, also twice weekly. Cultures raised in 
base medium alone displayed a burst of neuronal outgrowth in their first 11 days in 
culture, but suffered virtually complete neuronal loss during the 2 weeks thereafter. 
Among the BDNF and NT-4 treated plates, no effect of either agent was noted upon 
neuronal mitogenesis or lineage specification. Rather, NT-4, like BDNF, prolonged 
significantly the survival of SZ-derived neurons, by an average of >2 weeks, with 
some surviving over 2 months in vitro. Neurons raised in NT-4 exhibited the same 
hypertrophic and highly neuritic morphologies as their BDNF-exposed counterparts. 
The actions of BDNF and NT-4 in these cultures did not appear to be synergistic or 
mechanistically additive at any single point in time; neurons exposed to NT-4 and 
BDNF together fared no better than those exposed to double-dose BDNF. This 
suggested that both agents operate through a common receptor, which may be trkB.

Supported by NINDS R01NS33106, R29NS29813, the Mathers and Lookout 
Foundations, and the Hirschl Trust. Our thanks to Regeneron for BDNF and NT-4.

3 1 7 .9

B I R T H  D A T E S  O F  T H E  D O R S A L  R O O T  G A N G L I O N  
N E U R O N S  I N N E R V A T I N G  D I F F E R E N T  P E R I P H E R A L  
T A R G E T S . Y .K ita o 1,2 , B. R ob ertson1 and M. K udo2 * and G. Grant1. 
1D ept.of N eurosci., K arolinska Institutet, Stockholm  S -171 77 , SW EDEN  
and 2 D ept. o f  A nat., Sch. o f  M ed., K anazawa U n iv ., K anazaw a 920, 
JAPAN.

In a recent study w e provided ev id en ce  that dorsal root ganglion  
(DRG) neurons o f  different phenotypes have different birth dates. The aim  
o f  the present study was to determine if  birth dates are related to peripheral 
targets. T w o neural tracers were used, the B -fragm ent o f  cholera toxin  
(CTB) and the isolectin B 4 from Griffonia sim plicifolia I, that recognize the 
large light and the small dark DRG neurons, respectively. Pregnant rats were 
injected i.p. with brom odeoxyuridine (BrdU) to label the neurons on one o f  
the embryonic days E 1 2 -E 1 6. W hen the progeny rats reached adulthood, a 
mixture o f  1% CTB and 1% B4, or a 5 % Fluorogold solution was injected  
into different peripheral nerves. The saphenous and sural nerves were used  
as cutaneous nerves, the gastrocnem ius nerve as a m uscle nerve and the 
greater splanchnic nerve as a visceral nerve. F ollow ing 2 days survival, the 
animals were perfused with an aldehyde fixative under deep chloral hydrate 
anesthesia. Cryostat sections o f  lumbar (L) or thoracic (Th) D R G s were 
processed for CTB, B 4 and/or BrdU im m uno-histochem istry. The results 
indicate that m ost o f  the sensory neurons o f the m uscle nerve (CTB positive  
large neurons) were generated early (E 13-E 14 at L 5-L 6), w h ile  a large 
num ber o f  the cutaneous neurons (B 4 -p o sit iv e  sm all neurons) were  
generated late ( E l5 -E l6 at L2-L6). The proliferation periods o f  the visceral 
neurons were between those o f  the m uscle and cutaneous neurons ( E l3- E l 5 
at Th8- T h l2 ). T hese preliminary results that show different birth dates for 
DRG neurons projecting to different targets add to previous know ledge that 
the large DRG  neurons are generated earlier than the small ones.

3 1 7 .6
ROLE OF SURVIVAL FACTORS ON NEURAL PRECURSOR 
CELL PROPAGATION. J. Santa-Olalla and L. Covarrubias*. Dept. de 
Genética y Fisiologia Molecular, Instituto de Biotecnologia, UNAM, 
A.P. 510-3, Cuernavaca, Mor. 62171, Mexico 

The understanding of how growth factors act on neural cells should 
allow to conceive novel therapeutic strategies involving the rational 
application of these molecules. Several reports have shown the ability 
of Epidermal Growth Factor (EGF) and basic Fibroblast Growth Factor 
(bFGF) to expand neural precursor cells, however, in some cases the 
action mechanism has not clearly been defined. We have demonstrated 
that these growth factors have different capacity to induce the formation 
of colonies from neural precursor cells of ventral and dorsal 
mesencephalon, requiring in the latter, the presence of both EGF and 
bFGF. Here we show that, in the dorsal mesencephalon, the 
application bFGF for up to 6 days did not induce the formation of 
colonies, but these pre-treatments allowed the response to the mitogenic 
activity of EGF. No colonies were formed if pre-treatment was done in 
the absence of bFGF although, interestingly, ß-mercaptoethanol was 
able to replace the bFGF effect. In the ventral mesencephalon, bFGF 
induces colony formation in primary cultures but not in subcultures of 
primary colonies. Nonetheless, bFGF was able to support the survival 
of cells from primary colonies, as demonstrated by the ability of EGF 
to stimulate proliferation after 11 day in culture in the presence of only 
bFGF. In both cases, it was possible to detect markers of neuronal 
cells. We will discuss how survival factors may participate on the 
propagation of neural precursor cells.

Supported by CONACyT and UNAM.

3 1 7 .8
NEURONAL OUTGROWTH FROM EXPLANTS OF THE ADULT RAT SUB- 
VENTRICULAR ZONE CONTINUES INTO OLD AGE, WITH NO DECLINE IN 
BDNF-RESPONSIVENESS OR SPATIAL EXTENT B. Kirschenbaum* and S. A. 
Goldman Dept. Neurology, Cornell U. Med. Col., NYC, 10021.

The adult mammalian brain continues to harbor subependymal zone (SZ) 
precursor cells, which can give rise to neurons in vitro. Explants of the adult rat SZ 
raised in 2% fetal bovine serum (FBS) and BDNF (20 ng/ml) produce a robust 
outgrowth of newly generated neurons. In adult rats, the rostral 6-7 mm of the SZ 
gives rise to neurons in vitro, and over this entire expanse, neuronal survival is 
supported specifically by BDNF (PNAS 92:210-214, 1995). In the present study, 
we asked whether either the 1) spatial distribution, 2) abundance, or 3) BDNF- 
responsiveness of the neuronal precursor population was affected by age. Seven 
Harlan Sprague-Dawley rats were devoted to this study; 3 were 3 month old young 
adults, and 4 were 19 months of age, relative senescence for this strain. From each 
rat, a total of 48 explants of the SZ were taken from 3 distinct segments sampled 
across the rostrocaudal extent of the ventricular surface; relative to stereotactic 
bregma, these included +1.7 to +0.2, -0.3 to -1.8, and -2.8 to -4.2. Explants from 
each of these regions, taken from both young and old rats, were cultured in 2% FBS- 
containing media with or without added BDNF (20 ng/ml). The extent of neuronal 
production by these explants varied with their level of derivation; although the most 
anteriorly-derived samples exhibited the most neuronal outgrowth, some was 
observed at each level tested. At each, neither the extent of neuronal outgrowth, nor 
the duration of neuronal survival, differed between the young and old rats. At both 
ages, BDNF supported the survival of these SZ-derived neurons. The extent of 
BDNF's influence was independent of either the age of the donor rat, or the 
rostrocaudal level at which the parent SZ explant was taken. Thus, the neuronal 
precursors of the rat brain persist into senescence; the size of the precursor pool does 
not appear to attenuate with age, and its spatial extent remains roughly constant. 
The neurons generated from these precursors can respond to BDNF throughout life.

Supported by NINDS R01NS33106, R29NS29813, the Mathers and Lookout 
Foundations, and Hirschl/Weill-Caulier Trust. Our thanks to Regeneron for BDNF.

3 1 7 .1 0
D IF F E R E N T IA L  E X P R E S S IO N  O F  C Y C L IN S  D  I N  T H E  
D E V E L O P IN G  R A T  B R A IN . S. Timsit. S. Rivera. M.G. Erlander* Y. 
Ben-Ari and M. K hrestchatisky. U niversité  René Descartes, ParisV, 
INSERM U -2 9 ,123, Bd Port-Royal, 75014 Paris France.

Cyclins D play a key role in the G1 phase of the cell cycle. They 
have also been involved in programmed cell death in neurons in culture. In 
order to investigate the potential role of cyclins D  in selective and delayed  
cell death associated w ith  brain ischem ia w e  have first stu d ied  the 
normal pattern of expression of cyclins D l, D2, D3 in rat brain during  
d evelop m en t, from  em bryonic d ay 13.5 (E13.5) to adult. In Situ  
H ybridization stu dies reveal that at E13.5, cyclin D 1 and cyclin  D3 
m RNAs are expressed in the germinal layer o f the neural tube, w h ile  
cyclin D2 is not detected. At E15.5, cyclins D 1, D2 and D3 are detected in 
the ventricular germinal layer. Cyclin D3 is also detected as a rim in the 
external layer o f the develop ing cortex. At this age and at E18.5, cyclin D l  
is also expressed in the retina. At later stages, cyclin D labelling faded, 
but cyclin D3 was still clearly detected at postnatal day 10 in the external 
granular layer of cerebellum and in the subventricular zone, areas where  
postnatal neural division still occurs. These preliminary results show  that 
cyclins D are expressed m ainly in neural d iv id ing cells, either pre- or 
postnatal. Cyclins D represent interesting new  tools in  the study o f cell 
division, neural precursors and the identification of proliferative zones in 
the develop ing and mature mammalian brain.
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3 1 7 .1 1

A NOVEL M ETHOD FOR THE DEM O N STRA TIO N  OF 
BIRTHDATES OF MONOAMINERGIC NEURONS IN THE RAT. 
M. Ramzan. S. Blease. G.J. Blatt*. T.L. Kemper. W.A. DeBassio and 
D.L. Rosene. Department of Anatomy and Neurobiology, Boston 
University School of Medicine, Boston, MA 02118.

Bromodeoxyuridine (BrDU) is a thymidine analog which is incorporated 
in DNA during the synthetic phase of the cell cycle and is detected 
immunocytochemically to determine the time of origin and location of 
neurons. We have combined BrDU and monoamine immunostaining to 
determine the birthdates and distribution of neurons in nucleus locus 
coeruleus and raphe nuclei. Timed pregnant rats were given two IP 
injections of BrDU on E13 and E14 @  25 µg/g body weight at a 4-hour 
interval and the pups were sacrificed at P30. Brainstem sections were 
first incubated with anti-serotonin or with anti-dopam ine beta 
hydroxylase, the enzyme which converts dopamine to norepinephrine. 
Following secondary antibody incubation, fluorescein avidin was used 
to visualize the labeled monoamine. The sections were incubated with 
avidin D, followed by biotin reagent which is a critical step to block 
cross reactivity and decrease background. Incubation with Mab anti- 
BrDU was followed by biotinylated secondary antibody and Texas red 
avidin. A dual FITC/Texas Red filter allowed visualization of both 
labels simultaneously with Texas Red labeled BrDU localized in the 
nucleus and monoaminergic FITC labeled monoamine marker localized 
to the cytoplasm. This novel method for the simultaneous demonstration 
of BrDU and monoamines permits the rapid and efficient determination 
of the birthdates of specific neurotransmitter neuronal types and is being 
used in our laboratory for the study of the effects of prenatal protein 
malnutrition on the birthdates of monoaminergic neurons.

3 1 7 .1 3

EXPRESSION AND FUNCTION OF THE HELIX-LOOP-HELIX FACTOR 
Id IN ASTROGLIAL CELLS. S.-F. Tzeng and J. d e Vellis*. Mental 
Retardation Research Center, Department of Psychiatry, UCLA School of 
Medicine, Los Angeles, CA 90095.

Id l, Id2, Id3(HLH462), and Id4 are helix-loop-helix (HLH) proteins 
without a basic domain. The Id proteins form heterodimers with bHLH 
transcription factors, inhibiting the binding of the transcription factors to 
DNA. Therefore, the Id proteins are believed to be involved in regulation of 
cell proliferation or cell differentiation. Our previous studies indicated that 
Idl, Id2, and Id3 mRNAs were differentially expressed in the developing 
central nervous system. In addition, only Id3 mRNA was shown to be 
expressed in GFAP(+) and S-100(+) astroglia. However, Id3 mRNA was not 
shown to be expressed in GPDH(+) oligodendroglia and neurofilament (+ ) 
neurons. In current cell culture studies, we find that I d l , Id2, and ld3 
mRNAs are upregulated in type-1 astroglia stimulated with fetal calf serum 
(FCS). Twenty-four hours after the addition of FCS, the levels of Id2 and Id3 
proteins are also upregulated, but Idl and Id4 proteins are not increased. 
Moreover, after FCS stimulation a very strong punctate staining for Id2 and 
Id3 is observed in astroglial nuclei. In addition, an increase in Id l, Id2 and 
Id3 mRNAs is observed in GFAP(+ ) cells derived from CG4 cells. To study 
the function of Id proteins in astroglia, antisense oligonucleotides against Id 
mRNAs were utilized. The results show that neither Idl antisense nor Id2 
antisense inhibits the proliferation of astroglia. However, Id3 antisense 
inhibits the proliferation of astroglia, suggesting that Id3 plays a role in 
positive regulation of astroglial cell growth, (supported by NIH grants HD 
06576 and NS 29220)

3 1 7 .1 5

ISOLATION OF AN OLIGODENDROCYTE PROGENITOR REGULA
TORY FACTOR (PRF). V. Janapati*. A. Willhoite. M. Edwards and J. E. Bot- 
tenstein. Dept. Human Biol. Chem. & and Genetics, Marine Biomedical 
Institute, Univ. of Texas Medical Branch, Galveston, TX 77555-1043.

We previously identified a protein in serum-free conditioned medium (CM) of 
the rat B104 neuronal cell line, which has mitogenic activity on neonatal and ma
ture rat oligodendrocyte progenitors (Hunter & Bottenstein, 1989, 1991). We 
now name this mitogen Progenitor Regulatory Factor (PRF) and describe a 2-step 
isolation method. An IgG1 monoclonal antibody (BC10) that inhibits PRF activ- 
ity in a bioassay using the rat C6 glial progenitor cell line (Frost et al., 1989) and 
exhibits an identical immunostaining pattern to that of AC3 antibodies (Yu & 
Bottenstein, 1991) was used to construct an immunoaffinity column to further 
purify the protein eluted from a heparin affinity column (Thangnipon et al., 
1989). Serum-free CM from B104 cells was concentrated, dialyzed against 
phosphate buffered saline (PBS; pH 7.4), and applied to a heparin-Sepharose 
column. Biologically active protein was eluted with 0.7-0.8M NaCl, and after di
alysis these fractions were applied to the BC10 column. Bound protein was 
eluted with citrate buffer (pH 3.0) and immediately neutralized. It was biologi
cally active at ng/ml levels. A silver-stained SDS-PAGE gel showed a band at 
about 47 kD, consistent with immunoprecipitation data using 35S-methionine la
beled conditioned medium from BI04 cells or cortical explant cytosols and with 
biological activity from gel elution data. The N-terminal region of the protein 
has been sequenced from immunoprecipitated B104 conditioned medium and 
does not have identity with any known proteins. This novel mitogen may play 
an important role in oligodendrocyte development and have potential therapeutic 
application in demyelinating conditions, e.g., multiple sclerosis. Supported by 
NIH grant NS32744.

3 1 7 .1 2
CENTRAL AND PERIPHERAL NEUROBLASTS ELABORATE NEURITES 
PRIOR TO DIVISION IN VIVO AND IN VITRO E Wolf*. IB Black and E 
DiCicco-Bloom. Dept Neurosci & Cell Biol, UMDNJ/RWJ Med Sch, Piscataway, NJ

Sequentiality of precursor proliferation and axodendritic outgrowth is a traditional 
concept in neuronal development. However, we have recently shown that mitotic 
sympathetic neuroblasts in culture elaborate neurites before cell division (“paramitotic 
neurites”). Further, the precise neuritic pattern exhibited by parental neuroblasts is 
consistently reproduced by daughter doublets through asymmetric allocation of parental 
neurites to daughter cells.

We now extend these observations to sympathetic ganglia in vivo and central 
neuroblasts in culture. To identify axon-bearing mitotic cells in normal developing 
superior cervical ganglia (SCG), visualization of retrograde tracer was combined with 
identification of cells in S-phase of the cell cycle (anti-bromodeoxyuridine (BrdU) 
immunostaining). Embryonic day 15.5 rat SCGs were removed with the rostral (efferent) 
nerve intact, which was immediately sectioned approximately 1 mm from the ganglion 
using scalpels coated with a 3kDa dextran-rhodamine retrograde tracer. Following nerve 
section, SCGs were incubated in defined medium for up to 8 hr, and exposed to BrdU for 2 
to 8 hr. Fixed SCGs were cryosectioned at 5 pm and immunostained for BrdU. Combined 
DIC and epifluorescence microscopy confirmed the co-localization of retrograde tracer 
and nuclear BrdU incorporation, indicating that neurons in vivo enter the cell cycle while 
growing toward, and potentially innervating, their targets.

To determine whether observations in the peripheral nervous system extend to the 
brain, cerebellar granule neurons cultured in defined medium for 24 hrs were processed for 
combined 3H-thymidine autoradiography (S-phase labeling) and β-tubulin immuno- 
staining. Fifty percent of granule cells in S-phase had microtubule-containing neurites, 
and this incidence of paramitotic neurites was regulated by extracellular factors.

We conclude that neuronal process elaboration may normally coincide with cell 
division. It is conceivable that presynaptic afferents and/or retrograde target-derived 
signals regulate neurogenesis. (Supported by NIH Program Project HD23315)

3 1 7 .1 4

OLIGODENDROCYTIC PRODUCTION BY EXPLANTS OF THE ADULT 
MAMMALIAN SUB VENTRICULAR ZONE K. Barami*. B. Kirschenbaum. M. 
Nedergaard1, and S. A. Goldman Depts. of Neurology & Neurosci, Cornell U. Med. 
Col., NYC, 10021, and 1Cell Biol., New York Med. Col., Valhalla, NY, 10590.

The adult forebrain subependymal zone (SZ) harbors neural precursor cells; in 
birds, rats and humans, these cells have been shown to give rise to neurons in vitro. 
We have now found that cultured explants derived from both the adult rat and human 
SZ can also give rise to oligodendrocytes. When explants of the rostral aspect of the 
rat SZ, as well as from the human temporal SZ, were raised in the presence of 2% 
FBS and 20 ng/ml BDNF (the latter in rat cultures only), neuronal outgrowth was 
noted (PNAS 92:210-4, 1995). Besides neurons, however, oligodendrocytes were 
noted in the SZ outgrowths. These cells were described by the phenotype 0 4 +/0 1 ±/ 
galactocerebroside±/GFA-, and were MAP-2-/MAP-5'/NF\ Their initial expression of 
the immature oligodendroglial antigens Gd3 and 0 4 , prior to that of the mature 
oligodendrocytic marker 01, their SZ specificity and absence from cortical explant 
outgrowths, and rapid migration as morphologically bipolar and antigenically 
primitive (N-CAM+/Gds+/ O4±/O 1-) cells, as well as their progressive oligodendro- 
cytic maturation over several weeks in vitro, all argued that these cells arose from 
progenitors residing in the SZ and/or peri-ventricular white matter, rather than from 
mature oligodendrocytes that de-differentiated in culture. When these cultures were 
exposed to 3H-thymidine, a small number of O4+ cells later displayed nuclear 
labeling, suggesting their origin from precursor mitosis in vitro. Oligodendrocyte 
progenitors have been found in cultures of adult human white matter (Armstrong et 
al. J. Neurosci. 12:1538-47, 1992), and conditions appropriate for their in vitro 
division described (Scolding et al. NeuroReport 6:441-5, 1995). Our results suggest 
that oligodendrocyte progenitor cells lie within the adult SZ. It remains unclear if 
these cells are the same as those giving rise to new neurons, or whether new 
neurons and oligodendrocytes derive from separate, lineage-restricted precursor pools.

Supported by NINDS R01NS33106, R29NS29813, the Mathers Charitable and 
Lookout Foundations, and Hirschl/Weill-Caulier Trust.

3 1 7 .1 6

DEVELOPMENT OF GLIAL PROGENITORS IN THE PO STNA TAL RAT 
CEREBELLUM. L . Zhang*  and J. E. Goldman. D e p t. o f Pathology, 
College o f P&S, Columbia Univ., NY, NY 1 0 0 3 2

W e have in v e s tig a te d  th e  m ig ratio n  and m a tu ra tio n  o f glial 
progenitors in th e  postnatal ra t cerebellum  in vivo using re trov ira l- 
m edia ted  gene trans fer. R ep lica tio n -d e fic ien t re trov irus  carrying  
th e  gene fo r ß -ga lac tos idase  (B AG ) w as in jec te d  in to  th e  deep  
cerebellar tissue o f pos tna ta l day 4 / 5  ra ts  (P 4 /5 ) .  Anim als w ere  
sacrificed and exam ined from  1 to  2 8  days post injection (dp i) using 
X -ga l h is to c h e m is try . In fe c te d  ce lls , d isp la y in g  a un ipo lar  
m orphology, w ere initially found m ostly  in w hite  m a tte r  (W M ), from  
1 to  3 dpi. Similar im m ature cells appeared in th e  internal granule  
(IG L ), Purkinje cell (P C L), and m o lecu lar (M L ) layers  o v er th e  
subsequent 3 days. From  4  to  6  dpi, th e  firs t m orphologically  
definable Bergm ann glia (BG), astro cy tes  (A S ), and oligodendrocytes  
(O L ) w ere observed, a lthough th e  m ajority  o f BAG labeled cells still 
resided in WM and appeared im m ature. By 14  dpi, m ost BAG labeled 
cells w ere BG, AS, or OL  Labeled BG and OL w ere frequently  observed  
in hom ogeneous c lus te rs . W hen in jec tions  w ere  pe rfo rm ed  a t  
P 1 3 /1 4 ,  unipolar cells w ere  firs t labeled , and o v er 1 4  days th e  
m ajority  developed in to  OL in WM. In con trast, superficial injections  
o f BAG labeled external granule cells, which eventually  developed into  
IGL granule cells. Thus, im m ature, dividing cells in th e  postnata l 
cerebellar WM give rise to  a v a r ie ty  o f glial typ es . Furtherm ore, 
progenitors m igrate  through WM and in to  IGL, PCL, and ML before  
show ing m orpholog ical signs o f  d iffe re n tia t io n . S upported  by 
N S 1 7 1 2 5 .
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317.17
PURIFICATION OF GLIA DIVISION INHIBITORS FROM BRAIN. 
J. Abad-Rodrí guez and M. Nieto-Sampedro* Neural Plasticity Group, 
Instituto Cajal, CSIC., 37 Doctor Arce Ave., 28002 Madrid, Spain. 
Inhibitors of glia division, immunologically related to the epidermal 
growth factor receptor1 and to blood group antigens2, have been purified 
to homogeneity from bovine and rodent brain. Two families of 
compounds were isolated. One group of compounds were neuraminic 
acid and myoinositol containing glycosphingolipids, of molecular weight 
about 1.5 kDalton. The other group, were small molecular weight acidic 
peptides. Both types of inhibitor were cytostatic for astrocytes, microglia 
precursors, C6 glioma cells and Neuro-2a neuroblastoma. Their ID50 
values on normal glia were 200 nM±50nM (neuraminic acid in 
glycolipid) or 290 nM±40 nM (Glu in peptide). At these concentrations, 
the inhibitors had no activity on fibroblasts or 3T3 cells. However, 
morphological changes and non-specific cytotoxicity were observed at 
peptide concentrations higher than 800 nM. Mixtures of both types of 
inhibitor had additive effects in vitro, but showed no evidence of 
synergism. Peptides retained their inhibitory properties after amino 
substitution with fluorescein-isothiocyanate. Flurescein-labelled peptides 
bound immediately to astrocyte membranes, and were internalized 
beginning after 5 min at 37°C. In adult rat brain tissue, antibodies to the 
inhibitors immunostained astrocytes and perivascular glia.
Supported by grant SAF 0212-92 from the CICYT, Spain.
1. Nieto-Sampedro (1988) Science 240, 1786. 2 .  Nieto-Sampedro & 
Broderick (1989) 7. Neurosci.Res., 22, 28.

317.19
QUANTITATIVE ABLATION OF CEREBELLAR ASTROCYTES IN 
NEONATAL TRANSGENIC MICE
Catherine L. Delaney. Michael Brenner*, and Albee Messing
Neuroscience Training Program and Dept. of Pathobiological Sciences, Univ. 
of Wisconsin-Madison, Madison, Wisconsin 53706; Stroke Branch, NINDS, 
NIH, Bethesda, Maryland 20892
To examine the role of astrocytes during development of the CNS, we have 

produced a transgenic model that allowed ablation of astrocytes at selectable 
times. The transgene used consists of the herpes simplex virus thymidine 
kinase gene under the control of the human glial fibrillary acidic protein 
promoter (GFAP-TK). We previously reported (Soc. Neurosci. Abstracts, 
1994) that treatment of neonatal GFAP-TK transgenic mice with ganciclovir 
(GCV) caused marked effects on cerebellar development, with loss of granule 
cells, ectopic Purkinje cells, and a decrease in myelination. In this study, we 
evaluated Purkinje cell morphology using immunocytochemical detection of 
calbindin, and quantified the degree of astrocyte loss using double transgenic 
mice that also express a GFAP-nuclear lacZ transgene in astrocytes. Mice 
were treated with a single IP injection of GCV (12.5mg/kg) at postnatal day 3 
(P3) and evaluated at P 19. Calbindin immunocytochemistry showed that 
Purkinje cells have an abnormal morphology that resembles a 'weeping willow' 
shape. Astrocyte counts were performed on X-gal stained vibratome sections 
of cerebellum, concentrating on two anterior folia (central lobule and culmen). 
The data revealed a marked decrease in X-gal stained astrocyte nuclei. These 
results show that there is a significant loss of astrocytes following treatment 
with GCV, with secondary effects on Purkinje cell dendritic tree morphology.

317.18
NEU DIFFERENTIATION FACTOR: A NEUROGLIAL SIGNAL THAT REGULATES 
SCHWANN CELL PRECURSOR DEVELOPMENT.

Association. Dept. of Anatomy, University College London, Gower Street, 
London, WC1E 6BT. + The Weizman Institute, Rehovot 76100, Israel.

Neu differentiation factor (NDF) belongs to a novel growth factor family that 
includes ARIA, glial growth factor and heregulin. W e show that the β isoforms of 
NDF act as potent dose-dependent suppressors of apoptotic death in rat Schwann 
cell precursors. NDFβ does not require the presence of insulin or insulin-like 
growth factors (IGFs) to promote the survival of precursors at 20hr, but addition of 
1nM insulin and 13nM IGF-1 lowers the concentration of NDFβ required to give 
half maximal survival by 5-6 fold. NDFβ is the first growth factor shown to be 
mitogenic for the Schwann cell precursor and supports long term precursor 
survival. During culture in NDFβ, these cells acquire characteristics typical of 
perinatal Schwann cells, namely S100 expression, the ability to survive in culture 
without added growth factors and to respond by cell division to the Schwann cell 
mitogen combination of FGF-2, IGF-1 and elevated cyclic AMP. W e show that this 
precursor to Schwann cell transition in vitro occurs with a similar time course to 
that seen in the nerve in vivo. In all these effects NDF mimics the action of 
protein(s) secreted by pure cultures of dorsal root ganglion (DRG) neurons. 
Furthermore, the ability of neuron conditioned medium to support precursor 
survival can be suppressed by addition of a soluble protein containing the NDF 
binding site of the erbB4 receptor. Using immunocytochemistry, NDF protein is 
shown to be present in embryonic day (E)14 DRG neurons but is absent from the 
Schwann cell precursors at this developmental age. These observations provide 
important evidence that NDF is one of the hitherto elusive neuro-glia signalling 
molecules long proposed to regulate development in the Schwann cell lineage.

317.20
BLOCKADE OF BASIC FIBROBLAST GROWTH FACTOR (bFGF) IN VIVO 
INHIBITS CEREBELLAR GRANULE CELL NEUROGENESIS Y. Tao.* I.B. 
Black and E. DiCicco-Bloom. Dept. Neuroscience & Cell Biology, Robert Wood 
Johnson Medical School-UMDNJ, Piscataway, NJ, 08854.

While the role of growth factors in neuroblast proliferation has been 
characterized in culture, regulation of neurogenesis in vivo remains undefined. 
Previously we demonstrated that subcutaneously administered bFGF promoted DNA 
synthesis in multiple neurogenetic populations in postnatal day 1 (P 1  rats, raising 
the possibility that endogenous bFGF is normally involved in neurogenesis. The 
localization of bFGF and receptors in neonatal cerebellum further supports this 
contention. We now report that neutralizing Ab to bFGF can selectively inhibit 
granule cell mitosis in vitro and in vivo.

To define activities of commercially available antibodies (UBI; 117, 118) to 
bFGF, granule cells isolated from P 1 cerebella were cultured in defined medium for 
24 hrs, and [3H]thymidine ([3H]dT) incorporation, a marker for mitotic cells, was 
assessed after a terminal 4 hr pulse. Increasing concentrations of neutralizing Ab- 
117 progressively decreased granule cell incorporation stimulated by 10 ng/ml 
bFGF. The bFGF-induced increase was completely blocked at 10 µg/ml of Ab, 
confirming neutralizing activity. In contrast, bFGF mitogenic activity was not 
altered by 10 (µ /ml of Ab-118, which detects denatured bFGF, or heat-inactivated 
Ab-117. Antibody effects were specific, as peak concentrations of Abs (117, 118) 
did not decrease EGF-induced incorporation. These results indicate that neutralizing 
Ab-117 specifically blocks bFGF stimulation of granule neuroblast mitosis.

To define regulation in vivo, rats were injected with vehicle or Abs via the cis- 
terna magnum. After 2hrs, rats received [3H]dT subcutaneously and were sacrificed at 
4hrs. Neutralizing Ab decreased DNA synthesis by 40% in cerebellar homogenates. 
To study effects on neurogenetic precursors, granule neuroblasts were isolated 
following in vivo treatment: Ab-117 reduced granule cell mitosis 50%. In contrast, 
no inhibition was observed using heat-inactivated Ab-117 or active non-neutralizing 
Ab-118. These data suggest that bFGF regulates granule neurogenesis in vivo.

CELL DIFFERENTIATION AND MIGRATION II

318.1
THE ASSOCIATION OF GPI - ANCHORED PROTEINS WITH KINASE 
ACTIVITIES IN CHICK BRAIN CAVEOLAE. R.C. Henke. K.A. Hancox. 
I.A.P. Rostas* and P.L. Jeffrey. Developmental Neurobiology Unit, 
Children’s Medical Research Institute, Westmead, NSW 2145 

Caveolae are flask - shaped plasma membrane domains that are involved 
in transcytosis, potocytosis as well as having a potential role in signal 
transduction. Caveolae purified from chicks brain, by Triton X-100 
insolubility and sucrose density gradient centrifugation are enriched in 
caveolin, the GPI-anchored proteins alkaline phosphatase, Thy-I, AvGp50 
as well as total kinase and tyrosine kinase activities and lack other 
organelle - specific marker enzymes. In particular, these caveolae were 
enriched for the Src - family tyrosine kinase members c-Src, c-Fyn and c- 
Yes as determined by Western blotting analysis. Specific monoclonal 
antibodies to Thy-1 (French, P.N. and Jeffrey, P.L., J.Neurosci. Res. 16 
(1986) 479) and AvGp50 (Hancox, K.A. et. al. Dev. Brain Res. ZQ (1992) 25) 
were used for immunoprecipitations to characterise proteins and kinase 
activities associated with these GPI-anchored proteins in purified caveolae. 
Antibodies to Thy-I and AvGp50 co-immunoprecipitated a number of 
proteins as well as a kinase activity in the absence or presence of 
crosslinking reagents. This co-immunoprecipitating kinase activity 
associated with GPI-anchored proteins may provide the second messenger 
system for GPI-anchored protein mediated transmembrane signalling 
within the nervous system.

318.2
FAR DISTANT DNA-PROTEIN INTERACTION MEDIATED BY A 
TRINUCLEOTIDE REPEAT BINDING PROTEIN DURING PHENO
TYPIC DIFFERENTIATION. K. Matsumoto. A.L. Dobi. M. Palkovits1  
D.v. Agoston*. LDN, NICHD; LCB, NIMH1; NIH, Bethesda, MD 20892.

Major cellular differentiation events such as phenotypic differentiation 
may involve sculpturing the DNA into three-dimensional genomic 
structure that through coordinated interactions between far-distant DNA 
elements and their binding proteins affects the expression of whole sets of 

enes characterizing the mature cellular phenotype. To test this model we 
ave developed a magnetic bead based assay system and screened for 

protein based interactions between the core promoter/TATA region and 
far distant DNA elements of the rat enkephalin (rENK) gene and nuclear 
proteins from regions of the developing rat brain. Using the combination 
of DNAse I footprinting and magnetic bead assay, we identified a 
trinucleotide repeat (ATT)19 located far upstream (-2450 bp) o f the rENK 
gene that binds in protein-dependent manner to the TATA region. 
Competitive binding assays demonstrated that the whole length of the 
repeat is necessary for the binding and that the protein binds with 
unusually high affinity (10-12 M) to DNA and also to (membrane) lipids. 
Screening the nuclear protein library derived from 7 ontogenetically and 
phenotypically distinct brain regions between embryonic day E14 and 
postnatal P28 indicated that the binding activity is maximal in P2 basal 
ganglia and in P8 cortex while no other regions of the developing brain, 
peripheral tissue or any adult brain regions contain binding activity, 
w ithin the basal ganglia the protein is expressed in the non- 
enkephalinergic pallidum and putamen but not in the enkephalinergic 
caudate nucleus, suggesting that this far-distant DNA-protein-DNA  
interaction may serve as development- and cell-specific repressor of the 
ENK gene. The AT rich nature of the repeat bears some resemblance to 
matrix attachment regions; however, this motif and its binding protein may 
have distinct function(s) as suggested by the high affinity protein-DNA- 
lipid interactions.
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C L O N IN G , D EV ELO PM ENTAL A N D  R EG IO N A L EX PRESSIO N  O F 
A C ID IC  C A L P O N IN  IN  R A T B R A IN ; IN T E R A C T IO N S  O F 
C A LPO N IN  W IT H  A C TIN  IN  TR A N SFEC T ED  CELLS. L. Ferhat. A. 
Represa. G. Charton. A. Bernard. H. Trabelsi-Terzidis, L. Fattoum. D. 
Kaufman*. Y. Ben-Ari. E. Per Terrossian. and M. Khrestchatisky. Université 
René Descartes Paris V1 Unité INSERM 29, 123 Bd de Port Royal, 75014 Paris 
France. *Dept. of Psychiatry & Biobehavioral Sciences, U niversity of 
California, Los Angeles CA 90024.

Calponin is an actin-, tropomyosin- and C a2+ calmodulin-binding protein 
that inhibits in vitro the actomyosin MgATPase and that has been isolated 
from several vertebrate smooth muscle tissues. Transcripts encoding acidic 
Calponin have been reported in the adult rat brain (Applegate et al., J. Biol. 
Chem. 269 pp 10683-10690, 1994) and the presence of an acidic isoform of 
Calponin in rat brain and in cultured cerebellar neurons was demonstrated 
(Trabelsi-Terzidis et al., Biochem. J . 306, 211-215, 1995). We report the 
isolation of cDNAs for the entire coding region of rat brain acidic Calponin. 
Sequence analysis reveals that brain acidic Calponin is identical to that 
previously described in rat aortic smooth muscle. RT-PCR shows that 
Calponin mRNA levels are highest in the early stages of development and 
that expression levels are low in many adult structures. In situ hybridization 
confirmed this trend and reveals in particular that Calponin is highly 
expressed during ontogenesis in cerebellar granule neurons of the external and 
internal layers. In the adult rat brain, Calponin expression in the cerebellar 
granule cells is low, but is maintained at high levels in layers of the olfactory 
bulb, and in the subventricular zone. It is suggested that during development, 
acidic Calponin is expressed in cells that terminate mitosis or that are in the 
process of migration. Transient transfections of acidic Calponin show that 
Calponin affects dramatically actin filament organization.

3 1 8 .5

DEVELOPMENT OF F1/GAP43 PROMOTER ACTIVITY IN VIVO IN 
TRANSGENIC MICE, L. Boroditsky1. J. Cantallops1. R.K. McNamara2. H. 
Yamamoto*3 and A. Routtenberg1. 1Cresap Neuroscience Laboratory, Northwestern 
University, Evanston, IL 60208; 2Department of Psychiatry, University of Florida, 
Gainesville, FL 32610; 3CINN, Columbus Hospital, Chicago, IL 60614.

We studied during early postnatal development promoter activity of a transgenic 
mouse bearing 6 kb of rat F1/GAP43 promoter and first intron (11 kb) driving a 
lacZ reporter gene (see Namgung et al., this meeting). Promoter activity monitored 
by X-gal staining of β-galactosidase in the septal hippocampus in transgenic 
animals was developmentally regulated: At postnatal day 1 (P1), the highest 
promoter activity was found in CA3, followed by CA1. No promoter activity was 
found in hilus or granule cells. As a shorthand, that is: CA3 > CA1 > H = GC. At 
P4, CA3 ≥ CA1> H  ≥ GC. A t P7, CA3 > G C > H = CA1. A t P9, C A 3 > G C > H ≥
CA1, at P12, CA3 = GC > H > CA1, and at P16, CA3 = GC > H = CA1. From P9 
to P I6, promoter activity in granule cells increased dramatically, with activity 
restricted to the outer granule cell layer (gc) at P9-P12, and to the middle gc at P I2- 
P16. At P20, GC > CA3 > H > CA1. Granule cells showed promoter activity 
localized to the inner part of the layer. At P30, CA3 ≥ GC > H > CA1. In adult, 
CA3 > H > CA1 > GC.

F1/GAP43 mRNA levels in the mouse from Pl-Adult were similar in CA1 and 
CA3. F1/GAP43 mRNA levels in hilar cells and granule cells were always lower 
than in CA1 and CA3, except for P20, when hilar cell mRNA levels were equally 
high. F 1 mRNA levels in rat more closely corresponded than mouse F1/GAP43 
mRNA to β-galactosidase levels driven by the rat promoter. (Supported by “La 
Caixa” Fellowship (Spain) to I.C. and MH25281-21 to A.R.).

3 1 8 .7

Tem poral and spatial appearance of perlneuronal nets in the rat 
n eo co rte x . E. s. Wintergerst1, d m . Vogt Weisenhorn1, B. Riederer2.
Lam bert3 . M. R. Celio*1. 1Institute of Histology and general Embryology, 
University of Fribourg, CH-1705 Fribourg; 2Institute of Anatomy, University of 
Lausanne, Lausanne; 3Howard Hughes Medical Institute and Dept. of 
Biochemistry, Duke University, North Carolina, USA.
Perineuronal nets w ere  first described in 189 3  by Cam illo  Golgi, who  
described them  as a finely reticular covering adhering intim ately to the 
surface of the cell body and proxim al dendrites. O nly recently several 
different m arkers w ere  applied to characterize  further the composition 
an d  na tu re  of th e s e  p e rin e u ro n a l nets . Lectins , e .g . V V A , and  
antibod ies  for E C M  m olecu les  such as tenasc in -R  and tenascin -C  
re v e a le d  th a t spec ific  n eurons, p re fe re n tia lly  p arva lb u m in  (P V )  
conta in ing  in te rn eu ro n s , w e re  su rro u n d ed  by th e s e  s tructures . 
Furtherm ore it w as d iscovered, that these interneurons seem  to have a  
special cytoskeleton com posed of, am ong others, ankyrinR and ß r 
spectrin. In order to e luc idate  the d eve lopm ental ap p ea ra n ce  of the  
different com ponents  of the interneurons (perineuronal net; specific  
cytoskele ton) w e  perform ed a  double im m unofluorescence staining  
study in the  cortex of the  rat. In the second  postnata l w e e k  the  
intracellu lar m arkers P V , ankyrinR and Br spectrin appear, starting out 
in the  en torh ina l and  lim bic cortices. In the  third postnata l w eek , 
ankyrinR and Br spectrin w ere  present in the  P V  positive interneurons  
all over the cortex, how ever, not exclusively. At this tim e also the used 
m arker tenascin -R  for the perineuronal net appears  in a  sim ilar spatial 
pattern as the intracellu lar m arkers. T h e  m ature pattern characterized  
by the presence of all investigated m arkers (P V , tenascin -R , ankyrinR, 
Br spectrin) is fully estab lished  upon the third postnatal w ee k . O ur 
results indicate, that cytoskeletal m aturity seem s to be a  prerequisite  
for the organization of perineuronal nets.

3 1 8 .4

DEVELOPMENTAL CNS EXPRESSION OF ACIDIC CALPONIN, AN 
INHIBITORY FACTOR OF ACTIN-MYOSIN ACTIVITY. A. Represa. H. 
Trabelsi, L. Ferhat, C. A gassandian, I. Dusart*. Y. Ben-Ari M. 
Khrestchatisky and E. Der Terrossian. Université René Descartes (Paris 
VI). INSERM U29, 123 Bd. Port Royal 75014 Paris (France).

Calponin, an actin- and Ca2+ ca lm odu lin -b ind ing  p ro te in  
characterized as an inhibitory factor of sm ooth-m uscle actomyosin 
activity, has also been shown to be present in some non-muscle cells 
(fibroblasts, adrenal gland cells, platelets). We recently demonstrated 
that an acidic, 35-36 kDa, calponin was expressed in rat brain and cultured 
cerebellar cells (Trabelsi et al. '95 Biochem. J. 306: 211-215). We have also 
cloned this brain calponin, which present the same sequence that the 
calponin described in other non-muscle cells (see Ferhat e t al. in this 
meeting).

In the present report we describe the distribution of Calponin in adult 
and immature brain. Calponin was mainly localized in cerebellar granule 
cells and olfactory bulb. Other regions including the hippocampus, dorsal 
thalamic nuclei and neocortex depicted a more moderate number of labelled 
cells. Remaining fields were calponin negative. In any case calponin was 
found to be localized in somato-dendritic compartments, including the post- 
synaptic densities. Calponin was never observed in m yelinated or 
unmyelinated axons of adult rats, neither in synaptic boutons.

In rat pups calponin levels were higher than in adults. Calponin 
antibodies and probes stained many immature and migrating cells (e.g. 
cerebellar cells in the external granule cell layer).

We suggest that calponin may contribute to the cell motility during 
the migration process in rat pups while, in adult animals, it may contribute 
to the post-synaptic stability or plasticity.

3 1 8 .6

DARPP-32/ARPP-21 GENE ELEMENTS SPECIFY A MATURE 
PHENOTYPE OF STRIATAL MEDIUM SIZE SPINY NEURONS S 
Ivkovic. N. Trapaidze. O. Polanskaia and 
M.E.Ehrlich* NYU School of Medicine. NY.NY. 10016 

DARPP-32 and ARPP-21 (dopamine and 
5':3'adenosine - monophosphate regulated 
phosphoproteins, Mr=32.000 and 21 ,000) are 
cytoplasmic proteins enriched in concentration in 
the mammalian caudate nucleus. Both likely 
function as third messengers effecting 
physiological responses following activation of 
protein kinase A-mediated signal transduction 
pathways. Their coordinate expression in 80% of 
mature striatal medium size spiny neurons defines 
a differentiated neuronal phenotype. New evidence 
based on transient transfection assays in neuronal 
and non-neuronal cell lines and analysis of l a c Z  
transgenic animals utilizing murine DARPP-32 and 
ARPP-21 genomic fragments indicate that l) both 
genes are regulated by multiple positive and 
negative elements, with different combinations 
active in regions of the CNS, and for DARPP-32, 
the periphery and 2) regulatory elements exist in 
intron(s). A complete study of the DARPP-32 and 
ARPP-21 genes may provide insights into how 
expression of a restricted class of characteristic 
molecules is initiated and maintained by a 
neuronal subtype.

3 1 8 .8

EXPRESSION OF NEUROLIN, THE FISH HOMOLOG OF CHICK 
DM-GRASP, IS INDICATIVE OF GANGLION CELL 
DIFFERENTIATION IN THE DEVELOPING ZEBRAFISH RETINA.
U. Laessing*. S. Giordano. C.A.O. Stuermer. Faculty of Biology, 
University of Konstanz, 78434 Konstanz, Germany.

The cell surface protein Neurolin is associated with growing retinal 
axons in development and regeneration. To demonstrate the first 
appearance of Neurolin mRNA and protein in the visual system of zebra- 
fish, in situ hybridization (ISH) techniques and immunohistochemistry 
were performed on wholemounted embryos. The first cells exhibiting 
Neurolin mRNA were detected 28 hours postfertilization (h pf), in the 
ventronasal retina. These cells were identified as the first differentiating 
retinal ganglion cells (RGCs), a finding consistent with Burrill and Easter 
(1995). At 32 h pf they extend Neurol in-positive axons. The ISH signal 
was next noted in dorsal (31 to 33 h pf) and then in most central retina (34 
h pf), sparing, however, temporal retina. Temporal cells differentiated at 
40 h pf, as seen by Neurolin mRNA expression. Thereafter, cells expres
sing mRNA were organized in an annulus surrounding more central 
RGCs. The latter significantly reduced the amount of mRNA by 48 h pf. 
RGC recruitment continued to progress in rings including increasingly 
peripheral cells, and encompassing older and more central cells. At 3.5 
days pf, a ring, consisting of no more than one cell diameter width was 
located at the outermost retinal periphery, where new retina continues to 
be added. Two to three hours after the appearance of mRNA signal, 
Neurolin protein was detectable on the surface of RGCs and their axons. 
Downregulation of protein on RGC somata occurred in a pattern similar to 
that seen for mRNA, but protein persisted on the axons until they reached 
their targets. Supp. by DFG, SFB 156 to CAOS.
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318 .9

CLONING AND DEVELOPMENTAL EXPRESSION OF E587 ANTIGEN, AN 
LI-LIKE MOLECULE,IN THE FISH CNS. S. Giordano*. U. Weiland. U. Laes- 
sing. and C.A.O. Stuermer. Faculty of Biology, University of Konstanz, 78434 
Konstanz, Germany.

The E587 antigen (Ag), a 200 kD glycoprotein, was originally shown to be 
associated with embryonic and regenerating retinal axons in the goldfish. Using 
RT-PCR and cDNA library screening we obtained a partial cDNA clone encoding 
5 Fn-like repeats and the last Ig-like domain of the goldfish E587 Ag. In addition, 
an 1Kb cDNA fragment encoding the C-terminus of zebrafish E587 was also 
isolated. The predicted amino acid sequence of the partial goldfish E587 cDNA 
shows structural similarites to molecules of the Ig-superfamily and has an approxi
mately equal overall identity (45%) to the cell adhesion molecules (CAM) mouse 
L 1, chick Ng-CAM and chick Nr-CAM. Northern blot analysis identifies two 
messages of 7 and 7.5 Kb in 2d old goldfish. Whole mount in situ hybridization 
in goldfish with a DIG-labeled RNA probe demonstrates that E587 mRNA is 
present at 34 hr pf in the CNS. In the eye, E587 mRNA begins to be detectable in 
retinal ganglion cells (RGC) at 38 hr pf and expression increases until 2d pf after 
which there is a significant decrease in expression. A similar developmental regu
lation is observed for the E587 protein in both goldfish and zebrafish. The expres
sion pattern of E587 Ag was examined in the zebrafish CNS using a monoclonal 
Ab. In the visual system, E587 Ag is present on the earliest axons as they leave the 
eye (32hr pf), however, E587 Ag is absent from RGC somata and from adult RGC 
axons. The protein was also detected on the early scaffold of axonal tracts with 
intense staining on axons of early forebrain commissures, hindbrain commissural 
axons and longitudinal tracts. Therefore, E587 mRNA and protein expression ap
pears to be correlated with axonal growth in zebrafish and goldfish CNS. Supp. by 
DFG SFB 156 to CAOS.

3 1 8 .10
EX PRESSIO N  A ND FU N CTIO N  O F m CD 24 IN R O D EN T BRAIN 
D E V E L O P M E N T . E F F E C T  O F  E C T O P IC  E X P R E S S IO N  
M ED IATED  BY RETRO V IRA L G EN E TRA N SFER. G. C hazal1*.
V. C alaora1. H. M oreau1. D. Shew an2. J. P rice3 and G. R ougo n 1. 
1LG PD , Lum iny M arseille, F rance; 2U M D S, London and 3SKB, 
Harlow Essex CM 195AD, England.
m CD 24 is a m em brane glycoprotein w hose expression  is regulated 
during developm ent. W e first studied its pattern  o f  expression  in 
developing and adult m ouse CNS. Although absent from proliferating 
neuroepithelia, im m unoreactivity for m CD 24 was expressed by stage- 
specific population o f differentiating neurons from  E l 0.5 to  P20. In 
the young adu lt, m C D 24 w as found  in reg ions  o f  secondary  
neurogenesis such as the dentate gyrus and the subventricular zones. 
P ositive  ce lls  w ere found  in the m ig ra tio n  path  o f  o lfacto ry  
in terneuron precursors. Thus, m C D 24 expression  in the CNS was 
restricted to differentiating and m igrating neurons. To investigate its 
function , re trov irus-m edia ted  gene tran sfe r technic w as used  to 
produce an ectopic expression  o f  m C D 24 in em bryos CN S. The 
retrovirus was obta ined  by introducing  the m C D 24 cD N A  and an 
IRES sequence in  a vec to r (g ift from  J. M ajor) w hich  already 
contained the LacZ gene. Retroviruses w ere injected in rats (E l 6) and 
m ice ( E l4) em bryos. The fate o f  in fected  cells was exam ined at 
selected times after the injection (P0 to adult). A t early  ages, cells of 
neuronal phenotype w ere observed throughout the cortex w hereas at 
o lder ages the ir num ber decreased  considerab ly . Thus, an early  
ectopic expression o f m CD 24 may induce neuroblasts to leave the cell 
cycle division, w hereas a prolonged expression may induce cell death.

CELL DIFFERENTIATION AND MIGRATION III

319 .1

Development and Mitotic Activity of Spinal Cord Cells 
Transplanted Into the Neural Crest Migratory Pathway.
Ž. Korade* and E. Frank. Department of Neurobiology, University of 
Pittsburgh, PA 15261.

After neural crest migration is complete, there is a second major 
exodus of neuroepithelial cells away from the spinal cord into 
developing dorsal root ganglia. These late-migrating cells ultimately 
differentiate into sensory neurons and satellite cells. Cells from the 
dorsal half o f these later stage cords transplanted into younger embryos 
just outside the neural tube follow the same neural crest migratory 
pathways that normal crest cells do. In contrast, ventral cord cells survive 
the transplantation but fail to migrate. Because many more dorsal than 
ventral cord cells are still dividing at the time of transplantation, we 
wondered if the ability to migrate and differentiate as neural crest cells 
was causally related to this difference in mitotic activity.

Dissociated quail spinal cord cells (st 26-28) were transplanted into 
the crest migratory pathway of st 17-20 host chick embryos. BrdU was 
injected 1, 2 or 3 days after transplantation to label dividing cells and 
the host embryos were fixed 2-10 days later. Dividing transplanted cells 
were identified using double labeling with antibodies to BrdU and quail.

The percentage of spinal cord cells that continued to divide after 
transplantation was between 20-25%, independent of the time of BrdU 
injection. Curiously, the BrdU labeling index was the same for dorsal 
and ventral cord cells, suggesting that the ability to migrate is not simply 
a consequence of continued cell division. The ultimate phenotype of 
these transplanted dorsal and ventral cells is currently being studied. 
Supported by NIH and McKnight Foundation grants to EF.

319 .3

TH E  E X P R E S S IO N  O F  N E U R E X IN  1a  IN E M B R Y O N IC  C H IC K  
SYM PATHETIC GANGLIA. U. Ernsberger*, T. Laux and H. Patzke. 
M ax-P lanck-lnst. f. Hirnforschung, 6 0 4 9 6  Frankfurt, G erm any;

Cell lineage analysis has produced a considerable amount of 
knowledge about the differentiation of postganglionic neurons in 
sympathetic ganglia. This approach has focused to a large extent on 
the establishm ent of the neurotransm itter phenotype and the  
acquisition of the neurotrophin response. However, the developm ent 
of other functionally im portant characters and its relation to the  
established differentiation events has been neglected. W e began to 
study the expression of neurexins, m olecules that have been  
implicated in transmitter re lease and, due to extensive alternative  
splicing, may m ediate  specific adhesive  interactions with the  
environment at the neurite tip.

Neurexin fragm ents w ere  generated  by P C R  with chick 
embryo cDNA using degenerate oligonucleotide primers derived from 
m ammalian sequences. Clones spanning a large part of the coding 
sequence were obtained from a cDNA library m ade from polyA+ RNA  
of E8 chick sympathetic ganglia. The sequences of the clones analyzed  
showed highest homology with mamm alian neurexin 1a. PCR results 
and sequences from cDNA clones indicate that splice sites are  
conserved between chick and m ammals. The developm ental stage of 
the tissue used to generate the cDNA library as well as results from 
in situ hybridization indicate that neurexin  1a  is expressed in 
postganglionic sym pathetic neurons of the chick em bryo before  
their fibers reach the final targets.

319 .2
ISOLATION AND EXPRESSION OF BRN-3 CLASS POU- 
HOM EODOM AIN GENES IN THE CHICK EMBRYO: AN EARLY 
MARKER FOR SENSORY NEURONAL LINEAGE. K.B. A rtinger*1. A.S. 
G leiberm an2, N.G. Fedtsova2, E.E. T urner2 , and  M. B ronner-Fraserl . 1 Dev 
Biol Ctr, Univ of Calif, Irvine, CA 92717; 2D ept of P sychiatry, Univ of 
Calif, San Diego, CA, 92093

Using PCR-homology cloning, we have isolated three m em bers of the Bm-3 
(POU-IV) class of PO U -hom eodom ain transcrip tion  factors from  the chick 
embryo. All m em bers show high sequence hom ology to the m ouse and  rat 
sequences with sim ilar patterns of expression to the m am m alian  genes, as 
determ ined  by RNase protection and  in situ hybrid ization  analyses. In the 
peripheral nervous system , the earliest expression of this class of genes is at 
stage 12-13, at which tim e only one Bm-3 hom olog is expressed. It is 
localized to m igrating neural crest cells as they leave the neural tube en 
route to the trigem inal and aud ito ry  ganglia. This expression rem ains strong 
d u ring  ganglia condensation at stage 20. Later expression is seen in the trunk 
in condensing cells of the dorsal root ganglia. Based on the specific tem poral 
pattern  of expression in a subpopulation of m igrating  precursor cells and  in 
sensory ganglia, these genes m ay be involved in specifying the sensory 
neuronal lineage in the developing peripheral nervous system . Supported  
by USPHS HD-25138 to MBF.

3 1 9 .4

LAMININ-1 STIMULATES A CELL SURFACE RECEPTOR (LBP110) TO PROMOTE THE 
DIFFERENTIATION OF ENTERIC NEURONS IN VITRO INDEPENDENTLY OF ITS ROLE 
AS AN ADHESION MOLECULE. V.M. Tennyson*. A. Chalazonitis. M.C. Kibbey†  
and M.D. Gershon. Dept. Anat. & Cell Biol., Columbia Univ., P&S, New York, 
NY 10032, and †Lab. of Dev. Biol. NIDR, NIH, Bethesda, MD 20892.

The enteric microenvironment contains signals that promote the development of 
neurons from the pluripotent crest-derived cells that colonize the bowel. One such 
signal may be laminin-1. We have previously shown that crest-derived cells can be 
isolated from the fetal murine bowel with an antibody (α -110) to a non-integrin cell 
surface laminin receptor (LBP110). Neuronal development in vitro is enhanced when 
α - 110-immunoselectcd cells are grown on laminin-1. The present study was carried 
out to determine whether laminin-1 promotes the development of crest-derived cells as 
neurons, or is a substrate to which cells that are already committed to become neurons 
preferentially adhere. Crest-derived cells were immunoselected from the E14 mouse 
gut and allowed to attach to polylysine for 24 hrs. The effects of soluble laminin-1 
on the expression of c-fos and the development of neurons were then determined. 
Process formation and neurofilament immunoreactivity served as neuronal markers. 
Addition of soluble laminin-1 (20 µg/ml) to the adherent cells transiently induced c- 
fos expression and promoted neuronal differentiation. The effects of laminin-1, both 
on c-fos expression and neuronal development, were blocked by a synthetic peptide 
(116 µg/ml) that contained the IKVAV amino acids sequence of the α l chain, which 
is known to bind to LBP110. Control peptides were without effect. The total 
number of cells was not affected by the addition of laminin-1, nor by either the 
IKVAV-pcptide or control peptides. These data suggest that laminin-1 promotes the 
differentiation of enteric neurons by an IKVAV-dependent action that is independent of 
its effect on adhesion. It is likely that this action is due to the interaction between the 
IKVAV domain of the a l  subunit of laminin-1 an d  LBP l l 0. This effect of laminin-1 
is consistent with the hypothesis that it is an important signaling molecule in the 
formation of the ENS. Supported by grants HD17736 and NS 15547.
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319 .5

INCREASED TRANSCRIPTION OF LAM ININ-1 SUBUNITS IN THE FETAL 
BOWEL IS ASSOCIATED WITH THE DEVELOPMENT OF AGANGLIONOSIS. 
T.P. R o th m an * . J . Chen. F. C o sta n tin i and M.D. Gershon. Depts. Anat. & 
Cell Biol. and Genetics & Devel., Columbia Univ. P & S. New York, NY 10032.

Aganglionosis arises in the terminal colon of lethal spotted (ls/ls) 
mutant mice. We have previously reported that laminin is 
overabundant in the aganglionic region. The current studies were 
carried out to determine whether this excess of laminin is secondary to 
the absence of neurons or is a primary lesion that might contribute to 
the development of the aganglionosis. Laminin expression in the colon 
of ls/ls mice, which has been shown by Yanagisawa and colleagues to 
be due to a defect in the synthesis of endothelin-3, was compared with 
that in the bowel of mice with a targeted mutation in c-ret. The gut of 
c-ret -/- mice is entirely aganglionic, because enteric neurogenesis fails 
for reasons unrelated to the ls/ls abnormality. Expression of mRNA 
encoding the α l subunit of laminin was found by using reverse 
transcriptase with competitive PCR to be increased in the ls/ls colon, 
but not in the c-ret -/- bowel. Similarly, an accumulation of laminin 
was found in the colon by immunocytochemistry in the ls/ls, but not the 
c-ret -/- mice. Quantitative Northern analysis indicated that mRNA 
encoding the β 1 and γ l subunits of laminin are also increased in the 
ls/ls colon. These data suggest that transcription of the laminin-1 
isoform (α l ,β1,γl) is specifically increased in the aganglionic bowel of 
ls/ls mice and is not secondary to the occurrence of aganglionosis. It is 
probable that the upregulation of laminin-1 is a result of the genetic 
defect in the synthesis of endothelin-3 in ls/ls mice, and may contribute 
to their colonic aganglionosis. Supported by grants HD21032 and NS15547.

319 .7
ORGANS OF ZUCKERKANDL: EXTRAADRENAL CHROMAFFIN TISSUE 
IN DOGS. J.A. Mascorro and J.T. Weber*. Department of Anatomy, Tulane 
University School of Medicine, New Orleans, LA 70112.

Chromaffin bodies around the inferior mesenteric artery (IMA) are known as 
the Organs of Zuckerkandl (OZ) and represent the largest accumulation of 
catecholamine-rich tissue in the human fetus and adolescent child. These organs 
reportedly function as endocrine tissue until the adrenal medulla matures, at 
which time they disappear. This work utilized glutaraldehyde perfusion followed 
by immersion of the retroperitoneal tissue block in glutaraldehyde/potassium 
dichromate solution in order to map and preserve the morphological character of 
chromaffin tissue in nineteen fetal through adult-age mongrel dogs. The largest 
amount of chromaffin tissue, or Para-Aortic Chromaffin Organs, occurred ventral 
to the abdominal aorta in the mid-retroperitoneum of all animals studied. 
Extensions of this tissue often reached the adrenal glands, but continuity between 
intra- and extra-adrenal chromaffin tissues was not observed. Smaller organs, 
probably corresponding to the OZ in humans, occurred inconsistently around the 
level of the IMA, i.e., 7 of 19 dogs did not posses chromaffin tissue in the 
classical form of the OZ. When present, the OZ were one single body (in 3 
dogs), paired bodies (in 6 dogs), or several bodies (in 3 dogs). Histological 
examination showed a parenchyma rich in epithelial cells with many cytoplasmic 
vesicles and prominent nuclei and nucleoli. Connective tissue and numerous 
blood vessels delineated the chromaffin cells into groups. Electron microscopy 
revealed details characteristic of chromaffin cells and confirmed the presence of 
typical catecholamine granules with mostly dense cores. This study offers 
anatomical data that Para-Aortic Chromaffin Organs in dogs are voluminous and 
persisting. However, the OZ occurred inconsistently and were not the largest 
mass of extraadrenal chromaffin tissue as appears to be the case in humans.

319 .9

IDENTIFICATIO N OF IM MATURE O LIGO DEND RO CYTES IN HUMAN  
FETAL SPINAL CORD. K.M. Weidenheim*. M. Danishevskaya. W.K. 
Rashbaum and W .D . Lyman. Departments of Pathology and Obstetrics 
and Gynecology, Albert Einstein College of Medicine, Bronx, NY 10461.

During differentiation, preoligodendrocytes express sulfatide and 
seminolipid epitopes recognized by the 0 4  antibody. Immature 
oligodendrocytes, the next step in the oligodendrocyte lineage, express 
galactocerebroside, an epitope recognized by the 01  antibody. W e have 
employed immunohistochemistry using 0 4  and 01  antibodies to describe 
the temporal and spatial distribution of oligodendrocyte precursors in frozen 
sections of 20 human fetal spinal cords (HFSC) ranging in age from 9 to 21 
gestational weeks (G W ). Sections were analyzed by light microscopy and 
the extent of antigen expression graded on a scale from 0 (none), +1 (few 
cells and processes), +2 (moderate expression) to +3 (marked expression). 
At 9 G W , there were small numbers (+1) of process-bearing cells 
expressing 0 4  and 01  adjacent to the central canal. By 12-13 GW , small 
numbers (+1) of 0 4  positive cells were present in the anterior and dorsal 
funiculi, and a few positive radially-arranged processes were found in the 
anterior ependyma and the dorsal funiculi. 0 1  staining (+1) showed radially 
arranged processes in the anterior and dorsal funiculi. By 16-17 G W , 0 4  
was expressed (+2) in cells throughout the white matter except for the 
lateral corticospinal tract and rostral gracile tract. 01  was expressed in 
similar regions in cells and radially-arranged processes. At 19-21 GW, 
expression was similar, but more intense (+3). These results suggest that 
two populations of immature oligodendrocytes may be present in HFSC at 
these ages, one localized in the subependymal region and white matter and 
another derived from radial glia.

(Supported by, in part, USPHS grants M H47667 and MH 46815)

3 1 9 .6
D e v e l o p m f n t  o f  e n t e r ic  s e r o t o n e r g ic  n e u r o n s : r o l e  o f
EX TR A G A N G L IO N1C 5-HT T R A N S P O R T  IN PH E N O T Y P IC  
DETERMINATION. M .  Eiki*T.P. Rothman and M.D. Gershon., Dept. 
Anat & Cell Biol., Columbia Univ. P & S. New York, NY 10032.

Developing avian enteric ganglia are transiently surrounded by non-
neuronal cells that specifically take up 5-HT (TES cells). Because 
enteric serotonergic neurons develop in close proximity to these cells, it 
has been proposed that TES cells interact with crest-derived neural 
precursors. The current study was carried out to test the hypothesis that 
uptake of 5-HT by TES cells is required for serotonergic neuronal 
differentiation. TES cells were found to express a 5-HT transporter of 
the neuronal type and could be labeled with an uptake antagonist, 3H- 
paroxetine. Administration of the 5-HT uptake blocker, zimelidine, to 
developing chick embryos prevented the development of serotonergic 
neurons, but other types of neuron developed normally. Days E6-9 
were .a critical time window for this effect. Populations enriched or 
depleted (non-neuronal) of crest-derived cells were isolated from the 
developing chick gut by immunoselection with HNK-1 antibodies and 
cultured. TES cells developed in cultures of non-neuronal cells. 
Serotonergic neurons did not develop in cultures of isolated crest- 
derived cells, but did so when these cells were recombined with non-
neuronal cells. Serotonergic neurons developed in greater abundance 
in explant cultures. The injection of 5-HT in ovo or inclusion of 5-HT 
in media did not prevent the development of serotonergic neurons. 
These observations support the idea that uptake of 5-HT by TES cells is 
required for expression of a serotonergic neuronal phenotype, although 
the mechanism of the effect remains to be demonstrated. Supported by 
NIH grants #HD20470 and NS 15547.

3 1 9 .8
ENDOGENOUS EXPRESSION OF PLEIOTROPHIN (PTN) ACCELERATES 
DIFFERENTIATION OF OLIGODENDROCYTE PROGENITORS IN VITRO 
• H.-J. Yeh*. I. Silos-Santiago. M. Gurrieri. W. Zhang. T.F. Deuel • Division 
of Hematology, Washington Univ. Sch. of Med., St. Louis, MO 63110.

The pleiotrophin (Ptn) gene encodes a heparin binding, ~18 Kd secretory 
protein (PTN) that induces mitogenesis, angiogenesis, and transformation in 
vitro. In vivo, the Ptn gene is most highly expressed in both neurons and glia 
of the central nervous system at different times during development. Previously, 
exogenous addition of PTN to primary cultures of oligodendrocyte progenitors 
was shown to markedly accelerate their differentiation. Because cultured 
oligodendrocyte progenitors differentiate spontaneously, we tested the 
contribution of the endogenously expressed Ptn gene to spontaneous 
differentiation. We analyzed primary cultures of oligodendrocyte progenitors 
plated at densities of 2X104/ml and at 4X 105/ml at days 1, 3, and 6. A time 
dependent increase in process number, length of processes, and number of 
process branches characteristic of spontaneous differentiation was observed. 
Furthermore, a striking acceleration of process formation was found in high 
density cultures, suggesting that secreted defusible factors accelerate spontaneous 
differentiation. We demonstrated that oligodendrocyte progenitors express strong 
immunoreactivity with anti-PTN antibodies. We then determined if anti-PTN 
antibodies block spontaneous differentiation. Separate cultures were treated with 
anti-PTN for 3, 6, and 9 days. In the anti-PTN treated cultures, a highly 
significant decrease in each parameter of differentiation was observed in 
comparison to control cultures at each time point examined. The results 
establish that oligodendrocyte progenitor cells endogenously express the Ptn 
gene product and strongly suggest that endogenous expression of PTN accelerates 
and perhaps is required for oligodendrocyte differentiation.

3 1 9 .1 0

MYELIN BASIC PROTEIN GENE PRODUCTS SEG REG ATE TO DIFFERENT  
SUBCELLULAR DOMAINS IN NEURONS W ITH IN  DIFFERENT REGIONS OF 
THE POSTNATAL MOUSE BRAIN
Landry, C .F.*. Ellison. J.A .. Pribyl. T .M ., and Campagnoni. A .T ., MRRC, UCLA 
School of Medicine, Los Angeles, California, 90024.

We have identified a novel transcription start site within the transcription unit 
containing the MBP gene that produces MBP peptides with unique amino acid 
sequences (called Golli-mbp). Using cRNA probes to these unique regions, we 
localized Golli-mbp mRNA to specific neuronal populations within the mouse 
brain as early as embryonic day 11. Interestingly, the developmental profile of 
Golli-mbp expression differed within different neuronal populations. For example, 
within some neurons, such as the external granule cell layer of the cerebellum, 
expression persisted as these cells migrated and continued after the cells 
reached functional maturity. In other neuronal populations, such as neurons 
within caudate putamen and neurons within layer V of neocortex, Golli-mbp 
expression was gone by postnatal day 20. Antibodies generated against the 
non-MBP portions of the Golli-mbp protein allowed us to further characterize this 
unique pattern of expression. We found that Golli-mbp protein could be localized 
to different subcellular domains within specific neuronal populations. For 
example, Golli-mbp protein was confined to the nucleus of neurons within the 
olfactory tubercle and caudate putamen. In contrast, strong staining of axonal 
fibers was apparent in the olfactory bulb and in specific areas of the 
hippocampus. To clarify the subcellular distribution of Golli-mbp, we used 
confocal microscopy on cultured cells and found that Golli-mbp could be clearly 
identified within both the nucleus and cytoplasm. These results indicate (a) that 
the developmental regulation of the Golli-mbp gene is complex and varies with 
neurons within different regions and (b) that the targeting of the protein within 
the cell is influenced by neuronal subtype. (Supported by NIH grants NS23022, 
NS23322, NS33091 and NMSS grant RG2233-A-1.)

Society for N euroscience, V olume 21, 1995



790 CELL DIFFERENTIATION AND MIGRATION III MONDAY PM

319.11
NEURONAL EXPRESSION OF THE MYELIN BASIC PROTEIN GENE 
IN THE MOUSE EMBRYO: AN IN SITU HYBRIDIZATION AND 
IMMUNOCYTOCHEMICAL STUDY J.A. Ellison*. T.M. Pribyl, C.W. 
Campagnoni and A.T. Campagnoni. Mental Retardation Research 
Center, UCLA, Los Angeles, CA 90024.

The MBP gene is part of a larger genetic complex called the Golli- 
mbp gene. Transcripts from this gene complex encode MBP as well as 
Golli proteins that contain MBP peptide sequences and unique Golli 
sequences. The expression of Golli-mbp during embryonic development 
was determined using in situ hybridization (ISH) and immunocyto- 
chemistry (ICC). The cDNA used to generate antisense riboprobe was 
specific to the Golli portion of the gene; the antibody was specific to 
the Golli portion of the proteins. We analyzed embryos from E1 1 -E1 9. 
ISH and ICC patterns of expression coincided in essentially all tissues 
examined over this period. ISH revealed that Golli-mbp mRNA was 
expressed in the CNS at the earliest age studied. By ICC neurons in 
the brain, spinal cord, sensory ganglia, enteric nervous system, and 
paraneurons in the APUD group expressed Golli-mbp protein. Sensory 
ganglia and motor neurons appear to express Golli-mbp at an early 
point in development during axon elongation and target selection. 
Neuroendocrine cells express the MBP gene once they have reached 
their respective target organs. These and other data to be presented 
suggest that products of the MBP gene might be associated with axon 
elongation during development. The data also indicate that expression 
of the MBP gene is not confined to myelin forming cells. (Supported by 
NIH grants NS23022,NS23322,NS33091; NMSS grant RG2233-A-1)

319.12
EXPRESSION OF THE MYELIN BASIC PROTEIN GENE IN NEURONS 
AND OLIGODENDROCYTES OF THE DEVELOPING HUMAN CNS
T.M,Pribyl1. C.W, Campagnoni1. K. Kampf1. J A. Ellison1. C F Landry1. J 
McMahor2. and A T. Campagnoni1*. 1UCLA School of Medicine, MRRC, Los 
Angeles, CA., 90024, and 2Eve Surgical Center, Los Angeles, CA

We have analyzed the expression of the Golli-mbp gene in the human CNS 
by in situ hybridization (ISH), with cRNA probes, and by immunocylochcmistry 
(ICC), using a polyclonal antibody raised against the Golli-specific epitopes. In 
18-26 week old human fetal spinal cord, Golli-mbp mRNA and proteins were 
detected in both neurons and oligodendrocytes. ISH revealed Golli mRNA in: 
a) neuronal cell bodies in the dorsal and ventral grey horns, b) in neurons in the 
anterior and lateral spinothalamic tracts, and c) oligodendrocytes in the posterior 
and lateral funiculi. Golli-mbp protein was detected by ICC both in the nucleus 
and cell bodies of the motor neurons, whereas afferent neurons had Golli-mbp 
protein in the nucleus. Oligodendrocytes expressed Golli-mbp protein in cell 
bodies and processes Analysis of Golli-mbp expression in the 18-weck old 
human fetal cerebral cortex revealed Golli-mbp mRNA in neurons (neuroblasts) 
in the upper one-third of the cortical plate By 20-wecks, Golli mRNA was 
detected across the entire width of the cortical plate. Analysis of a section of 
cerebral cortex from a 14-month old post-natal brain indicated that Golli-mbp 
mRNA expression was dramatically decreased by this time. These results 
demonstrate that: a) neurons and oligodendrocytes express the MBP gene, b) 
some cortical neurons express the MBP gene transiently during development, 
and, c) suggest that expression of the Golli-mbp gene may be required during 
the final stages of maturation of neurons and oligodendrocytes (Supported by 
NIH grants NS23022. NS23322, NS33091. and NMSS grant R62233-A-1).

319.13
GLIOGENESIS (SOURCE, MIGRATION, DIFFERENTIATION) OF 

PROTOPLASMIC (GRAY MATTER) ASTROCYTES IN THE 
HUMAN NEOCORTEX: A GOLGI STUDY. M. Marm-Padilla*. 
Departament of Pathology, Dartmouth Medical School, Hanover, NH 
03755.

The prenatal gliogenesis (source, migration, differentiation) of gray 
matter protoplasmic astrocytes has been studied in the human neocortex. 
The developing neocortex of 17 prematurely bom infants (aged between 
8 and 35 week gestation) have been studied with the rapid Golgi method. 
The developmental history of protoplasmic astrocytes is a late 
developmental event interdependent with that of the special astrocytes of 
layer I, the Ranke's subpial granular layer (SGL), and the ascending 
neuronal, fibrillar, and vascular maturation of the gray matter. Following 
the completion of neuronal migration (15th wg), the paraventricular 
(matrix) zone continue to be the source of a late ependymal-to-pial 
migration of glial, precursors. These late glial precursors progressively 
reach layer I and become its special astrocytes replacing the disappearing 
radial glial endfeet in the maintenance of the external-glial-limiting- 
membrane (EGLM), form Ranke's SGL, and become the source of 
protoplasmic astrocytes. The transformation of layer I astrocytes into 
protoplasmic astrocytes is characterized by three phases which are 
simultaneously recognized from the 15th to the 35th wg: 1) layer I 
astrocytes while still EGLM-attached by endfeet develop descending 
processes that reach and establish contacts with the gray matter growing 
blood vessels; 2) subsequently, they lose their last EGLM attachment and 
migrate inwardly (nuclear displacement) toward the contacted blood 
vessels; and 3) they differentiate locally into protoplasmic astrocytes. 
Supported by NINDS Grant, NS-22897.

PATTERN FORMATION, COMPARTMENTS AND BOUNDARIES II

320.1
NEURAL TUBE ROTATION DOES NOT ALTER THE PATTERN OF 
SYMPATHETIC PREGANGLIONIC PROJECTIONS INTO THE 
SYMPATHETIC CHAIN. C.J. Forehand* and E.B. Cornbrooks. Department 
of Anatomy and Neurobiology, University of Vermont College of Medicine, 
Burlington, Vermont 05405.

Preganglionic neurons of the spinal cord reach their postganglionic 
targets by projecting either rostrally or caudally in the sympathetic chain. 
There is an intrasegmental pattern to the position of preganglionic cell bodies; 
cells that project rostrally in the sympathetic chain lie in the rostral portion of 
the segment, and cells that project caudally in the chain lie more caudally 
within the segment. Previous results indicate that rostral and caudal progenitors 
may be two separate cell populations responsive to different cues. In an effort 
to determine how the intrasegmental pattern originates, we asked whether the 
neural tube is intrinsically patterned prior to the time of preganglionic cell birth. 
The neural tube was surgically rotated in the anterior-posterior axis in stage 15- 
lb  chicken embryos. At embryonic day 10, the pattern of axonal outgrowth 
from the fourth thoracic (T4) spinal segment was determined by retrograde 
labeling from the sympathetic chain. The pattern of T4 preganglionic axonal 
projections was similar to control embryos: rostrally-projecting neurons were 
grouped rostrally and caudally-projecting neurons were grouped caudally within 
the segment. The neural tube is thus not inherently specified at the onset of 
preganglionic cell birth. This result is consistent with the hypothesis that two 
populations of preganglionic progenitor cells are differentially influenced by 
factors extrinsic to the neural tube which alter patterns of neuronal proliferation 
or differentiation. Ongoing studies rotating the neural tube at later times in 
development will determine when projection fates are specified within the 
preganglionic cell column.

320.2
DEVELOPMENT O F SYM PATHETIC PREGANGLIONIC NEURONS IN 
THE MOUSE EMBRYO. E.B. Ezerman* and C.J. Forehand. Dept. of 
Anatomy & Neurobiology, Univ. of Vermont Col. of Med., Burlington, VT  
05405.

Sympathetic preganglionic neurons exhibit segment-specific projections. 
The mechanisms that underlie segment-specific projections are unknown, 
but it is likely that interaction of the preganglionic axons with somitic tissue 
during development plays a role in specifying axon trajectory. In order to 
utilize transgenic animals to dissect these mechanisms at the molecular 
level, we have begun to explore the development of the sympathetic 
preganglionic cell column and its projections in CD1 mouse embryos.

Migration of preganglionic neurons within the spinal cord was examined 
by acetylcholinesterase (ACHE) histochemistry. Axonal projections along 
the sympathetic chain were assessed by retrograde labeling with dextrans 
in vitro and development of preganglionic neuronal dendrites was 
examined by retrograde labeling with Dil in fixed preparations. ACHE  
staining was not present prior to embryonic day 12 (E12, date bred=E0), at 
which time the lateral motor column (LMC) was already established and 
preganglionic neurons had begun to migrate dorsally out of the LMC. By 
E14, preganglionic neurons had completed their migration into the 
intermediolateral cell column (IML) and some neurons had begun to 
migrate back towards the central canal. Mediolateral dendritic arbors were 
extensive by E13; rostrocaudal dendritic arbors began to grow at E16. 
Preganglionic neurons projected rostrally and caudally along the 
sympathetic chain by E15. Projections from thoracic segment 4 (T4) were 
almost entirely rostral and those from T9 were largely caudal; T7 neurons 
projected either rostrally or caudally.

Supported by the Vermont Affiliate of the American Heart Association.
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3 2 0 .3
INTRACORTICAL SUPPRESSION OF HINDLIMB INPUT TO THE 
ALTERED CORTICAL FORELIMB REPRESENTATION IN ADULT RATS 
THAT SUSTAINED NEONATAL FORELIMB REMOVAL. R.D. Lane,* C.A. 
Bennett-Clarke. N.L. Chiaia. H.P. Killackey, R.W. Rhoades. Dept. of Anatomy 
and Neurobiology, Medical College of Ohio, Toledo OH 43699 and Dept. of 
Psychobiology, Univ. of California, Irvine CA 92717

Neonatal forelimb removal results in innervation of the cuneate nucleus (CN) by 
sciatic nerve primary afferents and development of cuneothalamic neurons with 
receptive fields that include both the hindlimb and the forelimb stump. However, 
this brainstem reorganization is almost completely unexpressed in the primary 
somatosensory cortex. In this study, we evaluated two mechanisms by which 
hindlimb information might be suppressed in cortex. The role of the remaining 
brachial plexus input to CN and indirectly to cortex was examined by first mapping 
the cortical stump representation and then remapping it after application of a 1.5% 
lidocaine solution to the brachial plexus. Peripheral anesthesia produced only a 
slight increase in sites within the cortical stump representation activated by hindlimb 
stimulation (5.6 ± 2.6% versus 2.4 ± 1.4% before anesthesia). The role of 
intracortical GABAergic inhibition in suppressing hindlimb input to the cortical 
stump representation was evaluated by applying 100 µM bicuculline methiodide and 
100 µM phaclofen to the cortical surface after the cortical area including the stump 
representation was mapped. Remapping of the stump representation after this 
treatment demonstrated a large increase in hindlimb-responsive sites (72.8 ± 13.9% 
versus 0% before treatment with the GABA inhibitors). These results suggest that 
GABAergic intracortical inhibition plays a significant role in suppression of 
hindlimb inputs within the altered cortical forelimb representation.

Supported by NS 28888 and DE 07734.

3 2 0 .5

PHENOTYPIC AND GENETIC CHARACTERIZATION OF 
CEREBUM, A ZEBRAFISH MUTATION DISRUPTING BRAIN 
MORPHOGENESIS. Shannon Fisher*. Tammy Wu. and Mamie E. 
Halpern. The Carnegie Institution of Washington, 115 W. University 
Pkwy., Baltimore, MD 21210

A zebrafish mutant, cerebum (crb) has been isolated based on its 
dramatically reduced brain and eyes and enlarged tail bud. We 
hypothesize that the primary defect in crb is in convergent cell 
movements during gastrulation; hence, cells destined for anterior 
neural structures are found in the posterior region. We have analyzed 
by in situ hybridization the expression of marker genes for mesoderm 
and ectoderm in mutant embryos. Analysis of neural markers indicates 
that some appropriate patterning is present in the mutant nervous 
system at the 4 -6  somite stage. However, by the end of 
somitogenesis, at least one specific population of dorsal, anterior cells 
is absent. In contrast, the floorplate and ventral forebrain appear 
relatively normal. The somites also appear deficient in mutant 
embryos, so crb function may affect convergence in mesodermal cell 
populations as well. As initial steps toward molecular identification of 
the crb gene, we have begun genetic analysis of the lesions in three γ-  
ray induced alleles of crb. We have localized crb to linkage group 
XV, using the analysis of random amplified polymorphic DNA 
(RAPD) markers in haploid embryos (Postlethwait et a l., 1994). We 
have begun to identify markers that are absent in the mutant alleles, 
which will facilitate identification of crb by positional cloning or by an 
approach based on subtractive hybridization of genomic DNA.

3 2 0 .7

EXPRESSION PATTERN OF COLLAGEN TYPE DC PROTEOGLYCAN 
AND POTENTIAL ROLE IN THE SEGMENTATION OF THE CHICK 
NERVOUS SYSTEM. C. Ring* and W, Halfter. Univ. of Pittsburgh 
School of Medicine, Dept. of Neurobiology, 15261.

In the trunk region of developing vertebrates, the mesodermal somites 
dictate the segmental arrangement of dorsal root ganlia and motor neuron 
axons. Transplantation experiments suggest that it is inhibitory cues 
derived from the posterior sclerotome of each somite which cause the 
metameric patterning of the trunk nervous system.

We have characterized developmentally the expression pattern of 
collagen type DC proteoglycan using the monoclonal antibody 2B9.
Collagen type DC proteoglycan is expressed in the posterior sclerotome of 
the somites at a time when motor axons project, and neural crest cells 
migrate through the anterior sclerotome.

In addition, we have purified collagen type DC proteoglycan and used it 
as a substrate in outgrowth assays. Neural tube explants from stage 15-17 
quail embryos were cultured in vitro on the following substrates: 
fibronectin, collagen type DC proteoglycan, and various combinations of 
these two molecules. After 24 hours in culture, the explants grown on 
fibronectin sent out a broad halo of neural crest cells surrounding the 
explant. Explants grown on collagen type DC proteoglycan sent out very 
few, if any, neural crest cells. The explants which were grown on 
combinations of fibronectin and collagen type DC proteoglycan had 
moderate to little outgrowth of neural crest cells, depending on the 
paradigm. This study suggests that the presence of collagen type DC 
proteoglycan in the posterior sclerotome may be involved in the avoidance 
of this tissue by migrating neural crest cells and motor neuron axons.

320 .4
ORGANIZATION OF THE CUNEATE NUCLEUS AFTER FORELIMB 
REMOVAL IN THE ADULT RAT. T.H.Bowlus.* R.D. Lane. C.A. Bennett- 
Clarke. N.L. Chiaia. H.P. Killackey. R.W. Rhoades. Dept. of Anatomy and 
Neurobiology, Medical College of Ohio, Toledo OH 43699 and Dept. of 
Psychobiology, Univ. of California, Irvine CA 92717.

Afferents from the hindlimb invade the cuneate nucleus (CN) after neonatal 
forelimb removal and make functional contacts with neurons in this nucleus. In 
this study, we asked whether this was also the case after amputations carried 
out in adulthood. Labelling of sciatic nerve afferents to the brainstem >60 
days post-lesion demonstrated dense innervation of the gracile nucleus, but little 
or no extension of sciatic nerve afferents into CN. Single unit recordings 
(N=70 units from 12 rats) demonstrated marked differences between the 
functional organization of CN in the rats that sustained adult forelimb removals 
versus both normal adult rats and adults that sustained neonatal forelimb 
amputations. First, 31.4% of the neurons were unresponsive to mechanical 
stimulation as compared to 2% in normal animals and 10.2% in the rats that 
sustained neonatal forelimb removals. Of the remaining neurons, 30% were 
responsive to stimulation of the forelimb stump, 35.7% were responsive to 
stimulation of non-stump sites, and 2.9% had split receptive fields that included 
the stump and the hindlimb. The percentages of neurons in each of these 
classes in the rats that sustained neonatal forelimb removals were 18.4%, 
30.6%, and 40.8%, respectively. These results indicate deafferentation of the 
CN in adulthood, unlike neonatal deafferentation, produces a long-term loss of 
sensory input with very limited reinnervation by afferents from other body 
regions.

Supported by NS 28888 and DE 07734

3 2 0 .6
DEVELOPMENT OF THE ZEBRAFISH BRAIN: A NEUROA NA T0M IC AL  
COMPARISON OF EMBRYONIC AND ADULT BRAIN STRUCTURES. 
Barbara  Ru p p . M ario  F. W u llim ann *. and H e in rich  R e ich ert. 
Laborato ry  o f Neurobiology, In s titu te  o f Zoology, Un ivers ity  o f 
Basel, Rheinsprung 9 , C H -4 0 5 1  Basel, and  Brain R esearch  
Institu te , University  o f Brem en, D -2 8 3 3 4  Brem en.

The  zebrafish is becom ing a m ajor ge n etic  m odel system  for 
studies o f brain developm ent. A lthough m uch is known about the  
em bryonic developm ent o f the  CNS in this animal, inform ation about 
the  structural organization o f the  adult brain and the  transform ation  
of em bryonic structures into the  m ature brain is lacking.

We have previously  s tu d ied  th e  a d u lt ze b ra fis h  brain and  
identified its m ajor tra c ts  and nuclei. Here w e present an overview  
o f em bryonic brain de ve lo p m en t and com pare  subdivisions and 
tracts  o f the  embryonic brain to  those o f the  adult brain.

In th e  early  em bryonic  brain, prim ary neurons establish the  
firs t nerve  pathw ays and form  a simple scaffo ld  upon which later 
axons navigate (W ilson e t al., 1 9 9 0 ; Chitnis & Kuwada, 1 9 9 0 ) . As a 
resu lt, th e  fo rebra in  and m idbrain  a t  day  1 consis t o f four 
com m issures and th e ir associa ted  tra c ts , th re e  noncom m issural 
tracts, and the  o lfactory nerve.

A com parison o f em bryonic  and adu lt brain ind icates  th a t  
extensive  postem bryonic processes occur. Th e  caracteriza tion  of 
these processes, which include th e  d iffe ren tia tio n  o f m ore neurons 
and th e  fo rm ation  o f additional brain tra c ts , is essential fo r a 
c o m ple te  understanding o f brain d eve lo p m en t in th e  zebrafish. 
(Supported by the  SNSF, DFG, FAG)

3 2 0 .8

MUTUALLY EXCLUSIVE EXPRESSION OF LIM-HOMEODOMAIN GENE 
FAMILY DEMARCATES EMBRYONIC BRAIN BOUNDARIES.
K. Matsumoto. T. Furuyama. Y. Kashihara. S. Shiosaka*. M.

D ept. of Anatomy & Neuroscience, Osaka University Medical 
School, Suita-shi, Osaka 565, Japan

Homeobox-containing genes are associated with the processes 
of axial patterning in vertebrate embryos. In addition to the 
Hox family that is expressed in the developing hindbrain and 
the branchial arches, several homeobox genes, such as Emx, 
Otx, Dlx, and Gbx , show very restricted expressions in the 
em bryonic forebrain and craniofacial tissues, suggesting they 
play im portant roles in regionalization of rostral head region. 
By means of RT-PCR method, we isolated 5 clones that all belong 
to the LIM -homeodomain gene family, one of which was a 
novel one (designated as L3) from em bryonic-day-14 (E14) 
mouse brain. In situ hybridization experim ents revealed that 
the L3 mRNA expression in the E l2 mouse embryos was 
restricted to the medial ganglionic eminence of the basal 
te lencephalon  and the m esenchym e surrounding oral cavity. 
When compared the expression domain of L3 with those of the 
murine hom ologues of known LIM -homeodomain genes (LH-2, 
Xlim-1) identified in the present study, they shared sharp 
boundaries in the em bryonic brain. Some of these boundaries 
corresponded to the recently-proposed prosom eric boundaries 
in the forebrain. The rem aining ones were novel, suggesting 
that this gene family could define additional compartments of 
the em bryonic brain.

Society for N euroscience, V olume 21, 1995
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320.9
COMPARTMENTAL EXPRESSION PATTERNS OF THE CD15 EPITOPE 
AND OF THE EPIDERMAL GROWTH FACTOR RECEPTOR (EGFr) 
WITHIN THE HUMAN GANGLIONIC EMINENCE. J. K. Mai* and S. Lensing- 
H5hn. Dept of Neuroanat. H.-Heine-University, Moorenstr. 5, D 40001 -Düsseldorf.

The carbohydrate epitope 3-fucosyl-N-acetyl-lactosamine (CD 15) and the EGFr are 
precisely regulated and exhibit sharply restricted spatiotemporal expression patterns in 
the ganglionic eminence (GE), basal ganglia and extended amygdala. We studied their 
relationship in the GE of 24 human fetal brains of different gestational ages ranging 
from 10 weeks of gestation (w.g.) up to 1 year postnatally with antibodies directed 
against the CD 15 epitope (with supernatant from a hybridoma cell line ATCC HB78) 
and the EGFr (clone E30).

CD 15 expression within the basal ganglia system started at 11 w.g. with positive 
radial glia cells located in the lateral part of the ganglionic eminence. At 13 w.g. 
intensely labelled processes of the radial glia cells could be traced from the GE to the 
shell region of the striatum and 1 week later to the patch compartment of the dorsal 
striatum. CD15 positive radial glial cells and fibers derived all from the lateral 
eminence, which was separated from the remainder by a CD15 positive glial 
boundary. EGFr on the other hand was - in brains from 15 weeks tup to 25 weeks of 
fetal life - highly concentrated in the medial part of the ganglionic eminence, which is 
spared by CD15. This part exhibited a lamellated organization where EGFr positive 
fibers are typically organized in bundles. Only few EGFr positive radial glial cells are 
located in the lateral GE. This separation between the two neurochemically distinct 
compartments of the GE in humans is maintained throughout the extent of the 
ganglionic eminence into the inferior horn of the lateral ventricle. Since radial glial 
cells serve as a substratum for migrating neurons from the germinal layer to the 
settling and differentiation areas of neurons, it is suggested that both, CD 15 and 
EGFr, characterize distinct sets of radial glial cells which contribute differently to the 
chemical organization of the basal ganglia system.

320.11
Molecules Involved In Region-Specific Adhesion Of Telencephalic 

Precursor Cells

SmithKIine Beecham, Harlow, Great Britain, ^ UMDS, Guy's Hospital, 
London, Great Britain, ° Scuola Normale Superiore, Pisa, Italy

Precursor cells from different telencephalic regions segregate in a short 
term aggregation assay suggesting a region-specific variation of adhesive 
properties (Gö tz et al., 1995). Here, we address the molecular basis of this 
phenomenon. First, we assessed the contribution of Ca-independent (CIDS) 
or Ca-dependent (CADS) adhesion molecules by their selective removal 
using varying trypsin and Ca-concentrations (Takeichi, 1977). When only 
CIDS were removed prior to aggregation of E14 rat cortical and striatal cells, 
less aggregates formed, but region-specific segregation remained 
unchanged. In contrast, the removal of CADS did not influence the number 
of aggregates, but reduced region-specific segregation to control levels. 
Similar results were obtained with cells from E7 chick telencephalon. Thus, 
CADS are both necessary and sufficient for the segregation of cortical and 
striatal precursor cells of the avian and mammalian telencephalon. W e  
further pursue these findings in two ways. LewisX antigen (antibody kindly 
provided by S.Reinhardt-Maelicke), a ligand for selectins (one group of Ca- 
dependent adhesion molecules), was found to be localized selectively on 
cortical but not striatal cells. Addition of sialyl-Lewis to the aggregation assay 
should reveal its functional role.The transcription factors PAX6, EMX1 and 
EMX2 are differentially expressed by cortex and striatum, the two tissues for 
which we have shown selective adhesion. W e are interested therefore in 
whether these proteins are upstream regulators of adhesive mechanisms. 
Initial experiments with cells from a Pax 6 mutant (sey) show an alteration in 
the region-specific adhesion of precursor cells.

320.13

THE HOMEOBOX GENES OTD AND EMS CONTROL BRAIN 
REGIONALIZATION IN DROSOPHILA MELANOGASTER.
F. Hirth. S. Therianos. T. Loop. W. J. Gehring. K. Furukubo- 
Tokunaga. and H. Reichert*. Dept. of Zoology and Dept. of Cell 
Biology, University of Basel, CH-4051 Basel, Switzerland 

To investigate the molecular mechanisms involved in building a 
complex brain, we are using the powerful genetic and molecular 
genetic techniques available for the study of neurogenesis in 
Drosophila. Using molecular probes for segmentation genes we find 
that the embryonic brain is composed of three segmental units which 
give rise to the protocerebrum, deutocerebrum and tritocerebrum. 
Formation of the first, most anterior brain segment is under the 
control of the otd  homeobox gene. Mutational inactivation of the otd 
gene results in an embryonic brain in which the forebrain segment 
including the brain commissure is totally missing, but the second and 
third brain segments are present. Formation of the second brain 
segment is under the control of the ems homeobox gene. Mutational 
inactivation of the ems gene results in an embryonic brain in which 
the midbrain segment is absent, but the first brain segment including 
the brain commissure is present. These results imply that the otd and 
ems homeobox genes are master regulatory genes which control the 
development of specific segments of the Drosophila  brain. The 
brain-specific expression pattern of the homologs of these genes (otx, 
emx) in vertebrates, suggests that these findings may be of general 
significance for brain development. (Supported by the Swiss NSF).

320.10
EXPRESSION OF THE NOVEL DSD-1-PROTEOGLYCAN DURING BRAIN 
DEVELOPMENT AND in j u r y . E.D, Laywell.D. A  Steindler. T.F.O'Brien* and A. 
Faissner. Depts. of Anat  and Neurobiol., Univ, of Tenn., and Univ, of Heidelberg.

DSD-1-PG is a chondroitin sulfate proteoglycan (CSPG) which has recently 
been purified from postnatal mouse brain using mAb 473HD. This mAb 
specifically recognizes the chondroitin/dermatan sulfate hybrid epitope DSD-1 
that is required for the neurite outgrowth-promoting properties of the CSPG 
(Faissner, et al., J. Cell Biol. 126,1994). We used mAb 473HD to describe the 
developmental and injury-induced expression patterns of DSD-1PG in the mouse 
brain. During development, DSD-1-PG is conspicuous in boundaries around 
emerging functional units (e.g. somatosensory cortical barrels, neostriatal 
striosomes, and brainstem nuclei) where it appears extracellular, in white matter 
tracts where it appears cellular and labels astrocyte profiles, and in all layers of 
the cerebellar cortex where it appears in both cellular and extracellular forms. In 
the adult this distribution is greatly reduced in gray matter; however, there is 
persistent cellular expression in white matter and in the subependymal zone of 
the lateral ventricle. Following stab lesions of adult mouse cerebral cortex, 
striatum, and cerebellum, there is a substantial, primarily cellular, upregulation 
of DSD-1-PG in a restricted area around the wound site. Lesion-induced 
expression of DSD-1-PG begins between 24 and 48 hours post injury, peaks 
around 3 days, and gradually returns to pre-injury levels over 3-4 weeks. As 
expected, pretreatment of tissue sections with chondroitinase ABC, and 
incubation with chondroitin sulfate C both abolish all mAb 473HD 
immunostaining. Double immunofluoresence and morphological criteria suggest 
a close relationship between the CSPG and both fibrous and protoplasmic 
astrocytes. Even though DSD-1-PG and other “boundary molecules” such as 
tenascin-C colocalize in boundaries and wounds, there are differences in the 
times of appearance as well as distribution between these ECM molecules. 
Supported by NIH/NINDS grant NS29225 and DFG grant Fa 159/5-1,2.

320.12
NEUROCHEMICAL DETERMINANTS OF A BOUNDARY IN 
OLFACTORY TELENCEPHALON Ana Maria Babiac, and Sally 
Hoskins*. City College of the City University of New York, New York 
NY 10031.

We are interested in the mechanisms by which the caudal 
border of the olfactory telencephalon is established during development. 
We are studying patterns of staining for glial fibrillary acidic protein 
(GFAP) and for chondroitin sulfate (CS) in the olfactory bulb of 
developing X. laevis tadpoles.

GFAP and CS immunoreactivity were analyzed in cryostat 
sections of brains at tadpole stage 55 through two weeks 
postmetamorphosis. Brains were sectioned in the sagittal plane and 
processed with HRP-conjugated secondary antibodies and 
diaminobenzidene. GFAP staining in older animals defines a line of 
large cells running dorso-ventrally in telencephalon. In younger 
tadpoles the line is less apparent and more immunoreactive cells are 
present. The line of GFAP+ cells appears to define the same border that 
is delineated by grol and ipsl, two monoclonal antibodies generated in 
our lab. This border appears to mark the caudal boundary of the 
olfactory bulb in the telencephalon. The distribution of CS 
immunoreactivity also appears related to the border, with CS dense 
caudal to the GFAP+ line of cells and sparse or absent rostrally. We 
are examining the relationship between developing olfactory axons and 
the molecules that define the apparent boundary.

Supported by the NSF and the Diamond Foundation.

320.14

CLO N IN G  O F R E G IO N -S PE C IF IC  GENES EX PRESSED  
IN TH E EM BRYONIC RAT FOREBRAIN.
Y.Hatanaka*. Lab. for Neural Systems, Frontier Research Program, 
The Institute of Physical and Chemical Research (RIKEN), 2-1 
Hirosawa, Wako, Saitama 351-01, Japan.

For addressing molecular events included in patterning of the 
forebrain, a search was made for genes which are expressed in the 
embryonic rat forebrain in a region-specific manner. Coronal sections, 
taken from the middle portion of the telencephalon on embryonic day 
(E)13, were dissected into lateral and dorso-medial neuroepithelia. 
Expressed genes in each neuroepithelium were compared by a 
differential display method using improved conditions in the step of 
reverse transcription. Trial of 80 combinations of primer sets in both 
samples gave very similar gel electrophoresis patterns, indicating the 
majority of expressed genes are the same, but 4 apparently unique DNA 
fragments were found only after amplification of cDNA derived from the 
dorso-medial regions. In situ hybridization analysis of the longest one 
(401 bp) demonstrated that its expression is restricted to the dorsal 
telencephalic-diencephalic fissure including a portion of the hippocampal 
neuroepithelium, superior sublobules and epithalamic neuroepithelium, 
and that the signal increased in intensity from E l 3.5 (youngest age 
analyzed) to E15 and disappeared by postnatal day 1. When the 
fragment was used as a probe in Northern blot analysis, an 
approximately 2.0 kb mRNA were identified in E15 forebrain. Sequence 
analysis of the fragment and its upstream region, which was obtained by 
5' rapid amplification of cDNA ends, showed that this is a novel DNA. 
The temporally and spatially restricted expression suggests an early role 
of the gene in patterning of this part of the forebrain.

So ciety  f o r  N e u r o s c ie n c e , V o l u m e  21, 1995
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320.15

THE ROLE OF HOMEOBOX-CONTAINING GENES IN FOREBRAIN 
DEVELOPMENT. D.Caric*. N. Warren. R. E. Hill and D.J. Price. Dept. of 
Physiology, Univ. Med. Sch., Teviot Place, Edinburgh, EH8 9AG, U. K. and MRC 
Human Genetics Unit, Western General Hospital, Crewe Road, Edinburgh, EH4 
2XU.

We are studying the development of structures and their neural connections in the 
mammalian forebrain. Recently it has been shown that at early embryological ages, a 
set of regulatory genes (that includes the homeobox-containing genes Dlx-2, Gbx-2 
and Pax-6), are expressed in discrete domains in the mammalian forebrain. It has 
been suggested that cues generated around the borders between these domains of 
gene expression may guide developing axons to their correct targets. We are 
interested in the development of the visual pathway in the mammalian forebrain We 
have labelled this pathway, from the retina to the cortex, using the fluorescent 
neuronal tracer 1,1’-dioctadecyl-3,3,3 ’, 3 ’-tetramethylindocarbocyanine (Dil), and 
have studied the expression patterns of Dlx-2 and Gbx-2 genes in the forebrain using 
whole-mount in situ hybridization (ISH). Our results show that the pathways taken 
by the retinothalamic and thalamocortical axons appear to have a striking correlation 
with the expression pattern of Dlx-2 in the forebrain. We hypothesize that these 
axons grow along the borders between the domains of expression of Dlx-2 and Gbx- 
2; if so, these genes may regulate the axonal growth.

We are also interested in the role of Pax-6 in the development of the cerebral 
cortex. We have studied cell migration using bromodeoxyuridine in Pax-6 mutant 
mice (Small eye). In Small eye very few cells migrate from the ventricular zone to 
presumptive cortex. This defect is more pronounced rostrally than caudally. We 
hypothesize that Pax-6 is involved in the regionalization of the cerebral cortex.

Overall, these experiments further support the role of homeobox-containing genes 
in forebrain development.

3 2 0 .1 7
EMX-1 M UTANT MICE EXHIBIT ABNORMAL CORTICAL 
DEVELOPMENT M-S. Qiu*. S. Anderson. J. Meneses. R. Pedersen and 
J.L.R. Rubenstein. Nina Ireland Lab of Dev. Neurobiol., Dept. of 
Psychiatry and Dept of anatomy, UCSF, San Francisco, CA94143 

The early patterning and differentiation of 
nervous system are controlled by a hierarchy of 
transcription factors, particularly those encoded by the 
homeobox-containing genes. While the Hox genes are 
known to control the regional patterning and identities 
of the hindbrain and spinal cord, forebrain 
development appears to be regulated by a distinct set of 
homeobox genes including the Otx, Emx, Nkx and Dlx 
genes, all of which have restricted patterns of 
expression in mouse embryonic forebrain. The 
expression of Emx-1 is particularly intriguing, since it 
occurs exclusively in dorsal telecephalon region 
including paleocortex, neocortex and archicortex. To 
study the function of the Emx-1 gene in mouse 
telecephalon development, we introduced a null 
m utation into the Emx-1 gene using the gene targeting 
method. Our preliminary results have showed that the 
Emx-1 m utant mice survive long after birth, and 
exhibit abnormal cortical developm ent com pared to 
their norm al littermates.

320.19

GENETIC STUDIES INTO THE ORGANIZATION OF 
THE EMBRYONIC FOREBRAIN. EXPRESSION OF 
NKX-2.1. L. Sussel*. K. Shimamura, S. Martinez". L. 
Puelles". and J.L.R. Rubenstein. Nina Ireland Lab of 
Developmental Neurobiology, 401 Parnassus Ave, UCSF, 
San Francisco, CA 94143-0984;" Department of Anatomy, 
U. of Murcia, Murcia, Spain.

Studies of the expression patterns of candidate regulatory 
genes have provided a fruitful approach towards 
understanding the organization of the embryonic forebrain, 
and have contributed to the Prosomeric Model. Efforts to test 
this model will be described. In addition, studies of Nkx-2.1 
will be emphasized. Nkx-2.1 is expressed in the embryonic 
hypothalamus and basal telencephalon. We have begun to 
mutate this homeobox gene in vivo, to study its function. In 
parallel, we found that Nkx-2.1 is expressed postnatally, 
which has allowed us to derive an approximate fate map for 
the embryonic tissues where it is expressed. For instance, 
the data suggest that the medial ganglionic eminence gives 
rise to the globus pallidus. In addition, we are studying the 
expression of Nkx-2.1 in the chick, to determine the 
homologous structures in the mouse.

320.16
THE ROLE OF RETINOIDS AND PAX-6 IN MAMMALIAN FOREBRAIN 
DEVELOPMENT. R. M. Anchan* and A-S. LaM antia. D ept. of 
Neurobiology, Duke University Medical Center, Durham, NC 27712.

In both retinoic acid (RA)-teratogenized mouse embryos and PAX- 
6 mutant mice the olfactory system fails to develop normally. PAX-6, 
however, is not expressed in domains of RA-mediated gene expression in 
forebrain that are thought to prefigure the olfactory bulb and epithelium. 
In situ hybridization for PAX-6 mRNA following exposure to excess RA, 
suggests that RA influences PAX-6 gene expression as well as regulating 
expression of various retinoid receptors such as RARα , RARβ and RXRγ. 
However the forebrain anomalies associated with RA-teratogenesis are not 
all coincident with those seen in PAX-6 mutant mice. Thus several RA 
effects may be independent of the action of PAX-6. Morphogenetic defects 
in the forebrain of PAX-6 mutant mice are restricted to the olfactory bulb, 
and initial morphogenesis of other forebrain subdivisions is normal as 
determined from histological analysis of Nissl stained sections. A larger 
number of forebrain subdivisions are compromised by RA teratogenesis. 
The olfactory bulb is absent, the neocortex is severely altered, the 
hippocampus is displaced or absent and the brains are hydrocephalic. 
Apparently PAX-6 selectively influences regional differentiation of the 
olfactory bulb and placode while RA teratogenesis alters PAX-6 gene 
expression as well as morphogenesis in most of the forebrain. We therefore 
suggest that retinoid regulation of forebrain morphogenesis involves 
mechanisms independent of PAX-6, some of which may involve the 
ectopic activation of retinoid receptors and other down stream genes. 
Support provided by NIH grant HD29178 to A-S.L. R.M.A. is supported 

by an NIH training grant.

320.18
FUNCTIONAL ANALYSIS OF DLX-1 AND DLX-2 USING GENE  
REPLACEMENT. S. A. Anderson*. M-S Qiu. A. Bulfone. J. 
Meneses. R. Pederson and J. L. R Rubenstein. Nina Ireland 
Laboratory of Developmental Biology, Center for Neuroscience 
and Psychiatry, 401 Parnassus Ave., San Francisco, CA, 94143  

We have generated mice containing null mutations in the Dlx 
family of homeobox genes. These genes produce putative 
transcriptional regulators that have restricted patterns of 
expression within the embryonic forebrain, where they are 
thought to contribute to the regulation of forebrain 
development. To analyze the function of two members of the Dlx 
family, null mutants lacking Dlx-1, Dlx-2, or both Dlx-1 and Dlx-2 
(Dlx-1 & 2), have been generated. Phenotypic analysis, although 
limited by the death at PO of homozygous Dlx-2 and Dlx-1 & 2 
mutants, has revealed alterations in forebrain development. For 
example, in the Dlx-2 mutants, the number of tyrosine 
hydroxylase (TH) immunoreactive neurons in the glomerular layer 
of the olfactory bulb is greatly reduced. Glutamate decarboxylase 
(GAD) immunoreactivity in the glomerular layer of these animals, 
however, is normal. In contrast, the Dlx-1 & 2 homozygous 
mutants display a remarkable decrease or absence of both TH  
and GAD immunoreactivity in the olfactory bulb, despite the 
presence of grossly normal laminar structure. The double-
mutant animals also have histological abnormalities in other 
forebrain regions, including the striatum, hippocampus, and 
neocortex. Comparison of the brain phenotypes of the Dlx-1, 
Dlx-2, and Dlx-1 & 2 mutants demonstrates the partial 
redundancy of these genes in regulating forebrain 
development.

320.20
COOPERATIVE RESPONSES TO RETINOID-MEDIATED INDUCTIVE 
SIGNALS DURING SPINAL CORD DEVELOPMENT. W. W. Rubin*. J. 
Tseng, and A.-S. LaM antia. D epartm ent of Neurobiology, Duke 
University Medical Center, Durham, NC 27710.

Inductive singaling may contribute to the generation of cellular diversity 
in the nervous system. We have investigated how cells in the developing 
mouse spinal cord respond to an inductive signal, retinoic acid (RA). At 
embryonic day 12.5 (El2.5), cells in the cervical and lumbar spinal cord 
express an RA-sensitive β-galactosidase (β-gal) reporter transgene, while 
cells in the thoracic and sacral regions do not. Within these domains, 
bands of P-gal positive cells are interspersed with bands of negative cells. 
Cells in the alar plate of the E l2.5 thoracic and sacral cord express the 
transgene in response to exogenous RA; this ectopic response also exhibits 
the interdigitated pattern. The banded mosaic of RA responsiveness 
suggests that the sensitivity of a given cell may depend on interactions 
with its immediate neighbors, as opposed to a cell-autonomous response. 
Accordingly, we evaluated the ability of single, dissociated spinal cord 
cells to respond to RA. Cells from the alar plates of the mid-thoracic cords 
were cultured at low density and exposed for 18 or 24 hours to 100 nM all- 
trans RA. These cultures were fixed, reacted for P-gal, then scored blind. 
In control cultures, 6% of alar thoracic cells are p-gal positive, while 247c 
respond to RA. This increase, although significant, is not as large as that 
in the intact cord. Thus, RA-sensitivity may be further modulated by cell-
cell contact or additional factors provided by neighbors in the intact cord. 
Consequently, inductive signals may contribute to cellular diversity in the 
developing cord either by activating autonomously responsive cells or 
cells whose sensitivity is m odulated by their environm ent in vivo. 
(Supported by NIH grant HD29178)
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321 .1

SUBSTRATES FOR PROTEIN PALMITOYLATION IN AXON 
TERMINALS ALTER W ITH GROW TH STATE. S.I. 
Patterson* and J.H.P. Skene. D epartm ent of Neurobiology, 
Duke University Medical Center, Durham  NC 27710.

Ongoing cycles of posttranslational protein palmitoylation in 
grow th cones are necessary for norm al neuritic extension (J. 
Cell Biol. 124: 521). Incorporation of 3H-palmitate by isolated 
axon terminals shows that the protein substrates available for 
palmitoylation change profoundly as developing growth cones 
m ature into synaptic terminals. Among the developmentally 
regulated changes are increased GAP-43 and decreased SNAP- 
25. Both of these proteins have been im plicated in some 
forms of neurite extension. Patterns of protein palmitoylation 
also differ among cultured neuronal cells that exhibit distinct 
modes of neurite growth. In NGF treated PC12 cells , and in 
DRG neurons acutely cultured from naive adult rats, SNAP-25 
is a prom inent identified palm itoylated substrate, while GAP- 
43 is a minor substrate. N eurite outgrow th from both of these 
cell types is lim ited  in ra te  and  extent com pared to 
regenerative axon growth. U pon induction of regenerative 
outgrowth from DRG neurons, there is a selective increase in 
GAP-43 palm itoylation. Thus d istinct targets for protein 
palm itoylation  characterize axon term inals tha t support 
different modes of neurite growth. [Supported by NIH grant 
NS20178 and the American Paralysis Association.]

321 .3

NEW LY CLO NED N -C A M -SP E C IF IC  A ND G A N G LIO S ID E -S P E C IF IC  
P O LYSIALYLTRAN SFERASES FAC ILITATE N E U R IT E  O U TG R O W TH . 
J. Nakayam a. B. Fredette*. B. Ranscht. M. N. Fukuda and M. Fukuda. 
La Jolla Cancer Research Foundation, La Jolla, CA  92037 .

In the central nervous system, expression of polysialic acid is 
de ve lo p m en ta lly  reg u la te d . R e ce n tly  w e h a ve  c lo n ed  two  
polysialyltransferases that belong to the sialyltransferase gene family 
and that have homology with each other. O ne of these, PST, 
specifically catalyzes  polysia ly lation of N -C A M , and the other, 
G D 3/G T3S T , solely catalyzes polysialylation of glycolipids. In order 
to determ ine the roles of polysialic acid in neural developm ent, we 
tested how expression of polysialic acid on the surface of substratum  
cells influences neurite outgrowth. H eLa cells transfected to express  
N-CAM  alone, or N -CAM  and polysialic acid, w ere used as culture 
substrates for embryonic chicken neurons from either the dorsal root 
ganglia or the ventral spinal cord. Both neuron types exhibited longer 
neurites and more branching on HeLa cells expressing polysialic acid 
and N-CAM than on HeLa cells expressing N -CAM  alone. These results 
indicate that the cloned PST forms polysialylated, embryonic N -CAM , 
which is critical for the p lastic ity  of neural ce lls . P relim inary  
studies indicate that polysialylation of glycolipids expressed on HeLa  
cells also facilitates neurite outgrowth. The cloned P ST and possibly 
G D 3/G T3S T are thus powerful tools to dissect the com plex processes  
of cell-cell interaction during developm ent. (Supported by C A 33895, 
D K 37016, H D 25938  and N S 0 92 22 ).

321 .5

FISH E587 GLYCOPROTEIN, A MEMBER OF THE L 1 FAMILY OF CELL 
ADHESION MOLECULES, PARTICIPATES IN AXONAL FASCICULATION 
AND THE AGE-RELATED ORDER OF GANGLION CELL AXONS IN THE 
GOLDFISH RETINA. M. Bastmeyer *. H, Qtt. C.A. Leppert and C.A.O. Stuermer. 
Faculty of Biology, University of Konstanz, 78434 Konstanz, Germany.

The goldfish retina grows throughout life by adding neurons at the retinal margin. 
Axons derived from new retinal ganglion cells (RGC) are known to fasciculate with 
one another and their immediate forerunners on their path to the optic disc and 
beyond, thus creating the typical age-related axon, order in the retinotectal pathway 
(Scholes (1979), Nature 278: 620-624). Young axons express the E587 antigen, a 200 
kD cell surface glycoprotein. E587 antigen belongs to the L1 family of cell adhesion 
molecules as indicated by the 40% homology of the partial sequence obtained so far 
(Giordano et al., this issue). In the present study, we have investigated the function of 
this protein using in vitro and in vivo assays.
1. The immunopunfied E587 antigen serves as a substrate for the in vitro growth of 
retinal axons.
2. Monoclonal antibody E587 disturbs axonal fasciculation moderately, when retinal 
axons are grown on a polylysine substrate, but leads to a 30 % reduction in growth 
velocities when axons track other axons.
3. Fab fragments of polyclonal sera against the E587 antigen (E587 Fabs), however, 
cause almost complete defasciculation of retinal axons growing in vitro.
4. Repeated injections of E587 Fabs into eyes of rapidly growing goldfish disrupt the 
orderly age-related fascicle pattern of young RGC axons in the retina. Instead of 
bundling tightly, RGC axons cross one another, grow between fascicles and arrive at 
the optic disk in a broadened front.

We therefore conclude that E587 antigen mediates axonal recognition, selective 
fasciculation and contributes to the creation of the age-related axon order in the 
goldfish retina. Supported by DFG, SFB 156 to CAOS

32 1 .2
P E T R IN , A N O V E L  N E U R O N A L L Y  E X P R E S S E D  G E N E  IN V O L V E D  
IN T H E  R E G U L A T IO N  O F  N E U R IT E  G R O W T H . M .G . Labes*, N. 
Arneson, and A .H . R oach . Sam uel Lunenfeld R esearch  Inst., Mount 
Sinai Hospital, Toronto, C anada, M 5G  1X5

W e  report the sequence, predicted protein structure, and  
expression of P E T R IN , a  novel C N S -expressed  gene that m ay have  
a role in neurite growth regulation. Northern analysis revealed  that two 
distinct m essenger RNA s of approxim ately  7kb and 4 .5kb  hybridized  
with petrin probes, and that expression of the gene in em bryonic rat 
brain w as detectable at E15, increased with age until birth and  
rem ained high in the adult. Expression could not be detected in 
fibroblasts, liver and spleen. S equence analysis of 4 .5kb  identified an 
open reading fram e of 1923bp which m ay be extended by further 
sequence data. The m ost closely related sequence for the predicted  
protein is protein phosphatase 2C , with the highest similarity being 
3 7%  am ino acid identity over a  stretch of 81 residues.Tw o putative  
sites for tyrosine phosphorylation are located close to the C -term inus  
of the predicted gene product, and the tripeptide Arg-G ly-A sp (R G D ), 
found in som e m olecules im portant for cell attachm ent, is also found  
in the sequence. Highly related genes are detected in m ouse, ham ster 
and hum an genom es. N G 1 0 8 -1 5  cells, w hen transfected with sense  
and antisense constructs of partial petrin sequences, show m odified  
neurite growth behaviour on a substrate of C N S  m yelin which has 
been shown to be inhibitory for neurite growth. Further data  will be 
presented on the expression pattern of the gene product in rat brain 
and the function of the gene in neurons.

3 2 1 .4
Target-Dependent Regulation of Polysialic Acid in Developing 
Motoneurons Juan L. Brusé s*. Shogo Oka, and Urs Rutishauser. 
Departments of Genetics and Neurosciences, Case W estern Reserve  
University, Cleveland OH 44106.

Reciprocal interactions between neuronal inputs and their synaptic targets 
are known to be fundamental parameters in the development and 
maintenance of the nervous system. Recent studies on the innervation of 
limb muscle by spinal cord motoneurons in the chick embryo have shown 
that the expression of NCAM in its high polysialic acid (PSA) form decreases 
at the time neurons make contact with the muscle, and that administration of 
curare increases PSA expression which in turn promotes changes in the 
bundling and sprouting behavior of the axons. In the present study, this 
phenomenon is examined in detail, using the simpler and better-defined 
system of the chick ciliary ganglion (CG) motoneuron. The study begins with 
a description of the developmental regulation of PSA in the CG  and its 
relationship to muscle innervation, and demonstrates that the changes in 
PSA expression are reflected in levels of specific polysialyltransferase (PST) 
activity in the CG. The next step was to use co-cultures of CG neurons with 
myotubes to establish that direct contact of the neurons with muscle causes 
a specific down-regulation of PSA expression on the neurons, and that this 
effect is again reflected in changes in P S T  activity. Finally, using limb 
ablation surgery, it is directly documented in the spinal cord system that the 
expression of PSA on limb motoneurons is also regulated by the presence of 
and contact with target muscle. Together these findings suggest that a 
common, target contact-dependent pathway is used by different systems to 
regulate PSA and that the mechanism of regulation involves alteration of 
PSA biosynthesis by changing levels of P S T  activity.

3 2 1 .6

The cytoplasmic domain of the cell adhesion molecule L1 is not required 
for homophilic adhesion. G. Cheng. H. R. Payne*-. E. V. Wong, and V. 
Lemmon. Case Western Reseve University, Cleveland, OH 44106 
The neural cell adhesion molecule, L1, is a member of the 
immunoglobulin superfamily of cell adhesion molecules (CAMs). L1
binds both homophl ically to other molecules of L1 and heterophilically 
to other CAMs. L1 is conserved across species from insects to 
mammals, with particularly high conservation of the cytoplasmic domain. 
Since the cytoplasmic domains of other Ig superfamily adhesion 
molecules such as CCAM, P0, and CD31 have been shown to affect 
adhesion, we are investigating the effects of deletion of the cytoplasmic 
domain of L1 on homophilic binding. Human L1 cDNA and a truncated 
human L1 cDNA lacking the cytoplasmic domain were cloned into an 
expression vector, pJanusin, under an Ig Vk promoter and Ig K enhancer, 
and transfected into the myeloma cell line J558L. Stable transfectants 
expressing native L1 or truncated L1 were screened for expression level 
by FACS. Cell lines with three different levels of expression were chosen 
for cell aggregation assays. Myelomas expressing L1 lacking the 
cytoplasmic domain were able to form cell aggregates as well as the 
myelomas expressing full-length L1. Cell aggregate formation was 
correlated with the level of L1 expression, and the aggregation could be 
blocked by anti-Ll Fabs. Similar results were obtained in adhesion 
assays of the myeloma cells to substrate-bound L1  These results indicate 
that the cytoplasmic domain of L1 is not required for homophilic 
interactions. This is in contrast to some other Ig superfamily CAMs, such 
asPO, where the cytoplasmic domain is required for adhesion. This 
research was supported by the National Eye Institute (EY05285).
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CEREBROGLYCAN AND GLYPICAN ARE CELL SURFACE HEPARAN 
SULFATE PROTEOGLYCANS EXPRESSED ON AXONS AND GROWTH 
CONES IN THE DEVELOPING RAT NERVOUS SYSTEM. JK Ivins*. ED 
Litwack. A Kumbasar. CS Stipp. A Yang and AD Lander. Departments of Biology 
and Brain & Cognitive Science, MIT, Cambridge, MA 01239 

Cell surface heparan sulfate proteoglycans (HSPGs) act as receptors or co-receptors 
for proteins of the extracellular matrix, growth factors, cytokines, proteases, protease 
inhibitors and cell adhesion molecules and may contribute to such diverse processes 
as neuronal differentiation, migration, axon guidance and synaptogenesis. Two 
glycosylphosphatidylinositol (gpi)-anchored HSPGs have recently been cloned from 
rat brain. By in situ hybridization, cerebroglycan (CBG) is transiently expressed by 
newly post-mitotic neurons (Stipp et al, J. Cell Biol. 124: 149-160, 1994). In 
contrast, glypican (GPN) mRNA is expressed by projection neurons throughout adult 
life (Litwack e t al, J. Neurosci. 14: 3713-3724, 1994). Using polyclonal anti-peptide 
antibodies, we now show that these proteoglycans are localized primarily in axon 
tracts and bundles in the developing rat brain. In embryos, prominent CBG staining 
is seen in the olfactory nerve layer and olfactory bulb, on retinal ganglion cell axons, 
on axons of dorsal root gangion neurons, and on commissural and motor axons in the 
spinal cord. CBG is strongly expressed within the dentate gyrus of the hippocampus 
and, at postnatal day 21, appears polarized to axons. GPN staining is often 
associated with terminal fields. In the adult, strong GPN staining is seen in layer IV 
of the cortex and the granule cell layer of the cerebellum, both regions devoid of GPN 
mRNA. Embryonically, GPN is seen in the ventricular zone of the E14 rat brain. 
CBG staining is notably absent from this region, consistent with the post-mitotic 
expression pattern of the CBG mRNA. In growth cone particles isolated from 
neonatal rat brain, PGs are highly abundant and comprise greater than 1.2% of total 
protein, compared to 0.13% of total membrane protein from whole brain. CBG, 
GPN and syndecan 3 (formerly HSPG M7) are the 3 major HSPGs present, 
consistent with a neuronal origin for each of these HSPGs. By adulthood, GPN is 
the most prominent HSPG seen in synaptosomal proteoglycan preparations. 
Supported by NIH grant R01 NS26862.

3 2 1 .9

CHARACTERIZATION OF REGGIE-1 AND ISOLATION OF REGGIE-2, 
—CELL SURFACE PROTEINS OF THE GOLDFISH CNS
T. Schulte#. F. Lottspeich+. and C.A.O. Stuermer#*. Faculty of Biology# 
University of Konstanz, 78434 Konstanz, and MPI for Biochemistry+, 82152 
Martinsried, Germany

Reggie, a 48 kD cell surface protein of the goldfish retinotectal system, is induced 
in retinal ganglion cells (RGCs) upon optic nerve transection (ONS) and is 
associated with regenerating RGC axons. Using monoclonal antibody M802, Reggie 
was immunopurified (Schulte et al., Soc. Neurosci. Abstr., 1994).

A full length cDNA clone of Reggie was isolated from an embryonic goldfish 
cDNA library which was called Reggie-1. The deduced amino acid sequence 
indicates that Reggie-1 does not belong to a presently known family of growth 
associated cell surface proteins in the vertebrate nervous system. The protein 
sequence also rules out the existence of membrane-spanning α-helices and glycosyl 
phosphatidyl inositol (GPI) anchorage. Instead, Reggie-1 seems to be associated 
with the plasma membrane by ionic interactions. In situ hybridization demonstrates 
the marked increase of Reggie-1 mRNA in RGCs upon ONS. While non-lesioned 
RGCs did not exhibit detectable signal. The expression of Reggie-1 by axotomized 
RGCs indicates a function of this novel cell surface protein for axonal regeneration.

In addition, a population of neurons in the goldfish brainstem was discovered, 
which constitutively expresses Reggie-1 mRNA.

A partial cDNA of a second Reggie transcript (Reggie-2) was isolated which is 
70% identical to Reggie-1 on DNA level. This together with results of 2D gel- 
electrophoretic analysis indicates the existence of two or more isoforms of Reggie. 
The cell specific expression pattern of Reggie-1/2 is currently being analyzed.

This work is supported by the DFG (Stu 112/14-1)

3 2 1 .11

ROLE OF gp47 IN NEURITE OUTGROWTH IN PC 12 CELLS. C.S.K. 
Mayanil*, R. Castellon. and P.A. Knepper. Laboratory for Oculo- 
Cerebrospinal Investigation, Northwestern University Med School, Chicago,
IL 60614.

Glycoproteins play a critical role during the process of neurite outgrowth and 
synaptogenesis. Growth cone behaviour and neurite generation are influenced 
by trophic factors including neurotransmitters, growth factors and hormones via 
their glycoprotein receptors and well characterized growth associated proteins 
like GAP-43. In this study, lectin overlays of Western blots and immunoblots 
using polyclonal antibody generated against purified gp47 were used to study 
the developmental expression of gp47 in mouse brain and spinal cord. To study 
the role of gp47 during neuritogenesis, PC 12 cells were grown in the presence 
or absence of anti-gp47 antibody and the cell morphology including neurite 
outgrowth was observed under inverted microscope. NGF-induced neurite 
outgrowth was used as a positive and preimmune serum as a negative control. 
The results of the lectin overlays and immunoblot studies show that the 
glycosylation and protein expression of gp47 was maximal on postnatal day 1 
which is coincident with active synaptogenesis. Anti-gp47 antiserum not only 
induced differentiation but also caused potentiation of NGF induced neurite 
outgrowth in PC 12 cells. These results suggest that gp47 alters the trophic 
influence of NGF during neurite extension. It is quite plausible that gp47 
antibody could be acting as a "gp47 ligand mimetic antibody" thereby resulting 
in stimulation of GAP-43 similar to that of NGF, which causes neuritogenesis 
via the GAP-43 pathway, or gp47 has a pathway independent of GAP-43. Thus 
gp47, a novel synaptosomal glycoprotein, is developmentally regulated in vivo 
and influences neurite outgrowth in PC 12 cells. (Supported by Kiwanis 
International and NIH S07-RR05475.)

3 2 1 .8
NEURAL CELL RECOGNITION MOLECULE F3 INVOLVED IN NEURITE 

OUTGROWTH AND FASCICULATION. : ITS FUNCTIONS ARE MEDIATED 
BY MEMBRANE UNDERCOATED PROTEINS. K.Takeuchi * 1. H.Hosoya1. 
K.Shimazaki2 and K.Watanabe1. (1)Dept. of Experimental Biology,
Tokyo Metropolitan Institute of Gerontology, Itabashi-ku, Tokyo 173, JAPAN. 
(2)Dept. of Physiol., Jichi Medical School, Tochigi, 329-04, JAPAN

Glycoprotein F3 is a neural cell recognition molecule which belongs to 
immunoglobulin superfamily and is anchored to the membrane through a GPI- 
moiety. To elucidate the molecular mechanism of neurite outgrowth and axonal 
fasciculation mediated by F3, we have examined the possibility that F3 is coupled 
with actin-based cytoskeletons. The ERM family members, ezrin, radixin and 
moesin, localizing just beneath the plasma membranes, were shown to play crucial 
roles in the regulation of actin filament-plasma membrane interactions. Here we 
studied phenotypic changes of rat dorsal root ganglia (DRG) cells and PC12dfh, 
which is derived from PC 12 cell line and highly expressing F3, by inhibiting the 
expression of F3 and ERM family proteins with antisense oligonucleotides. 
Addition of antisense oligonucleotides against F3 for 48 hours to these cells reduced 
the length of neurites and perturbed the fasciculation of axons in DRG cells. Thus, 
antisense oligonucleotides effectively inhibited the expression of F3. We confirmed 
that F3 is involved in axonal growth and fasciculation using antisense 
oligonucleotides. In addition, inhibition of the expression of ERM family members 
perturbed the distribution and function of F3. Hence, we concluded that ERM 
family members work as molecular linkers between F3 (GPI-anchor protein) and 
actin-based cytoskeletons, and that the antisense methods are very effective in 
analysis of the function of neural cell molecules.

32 1 .1 0
CATENINS ARE EXPRESSED IN THE DEVELOPING RETINAL PATHWAY. 
R. Riehl* and C. E. Holt, Dept. of Biology, UCSD, La Jolla, CA 92093.

The catenins are a group of three proteins, a , β, and γ , which are found in a 
complex with the cytoplasmic tail of the cadherin adhesion molecules. The presence 
of a  and (β is required for cadherin mediated adhesion, and part of their role is thought 
to be to link cadherins to the actin cytoskeleton. Recent evidence suggests that 
cadherins may play a role in signaling as well as adhesion. β catenin is a good 
candidate for a molecule to mediate such a signal, as it has been shown to be 
involved in the signaling events that establish the dorso-ventral axis in early 
development. Much of what is known about the catenins comes from studies of 
nonneuronal cells, although the catenins are also found in neural tissues. Cadherins, 
N- and R-cadherin in particular, have been shown to play a role in promoting neurite 
outgrowth. To begin to address what role the catenins may play in axon growth, we 
have examined the expression pattern of these molecules in the retina and brain of 
Xenopus embryos.

Antibodies to Xenopus α and β catenin were used to label sections from stage 39 
embryos. The staining pattern of the two antibodies is identical in all areas examined 
thus far. In the retina, α and β catenin are expressed in all layers, and the staining is 
localized to cell surfaces. The plexiform layers are strongly positive, including the 
ganglion cell fiber layer and the optic nerve head, where retinal ganglion cell axons 
collect before exiting the eye. The optic axons were traced outside the eye by 
anterograde labeling with HRP and double immunostaining for HRP and the 
catenins. The optic nerve is catenin positive as is the optic tract in the brain. To 
characterize catenin expression in retinal growth cones, cultured retinal ganglion cell 
(RGC) axons were immunolabeled with the same antibodies. RGC growth cones 
show punctate staining for a  and β catenin over their entire surfaces, including the 
filopodia. These results suggest that catenins may play an role in axon growth and/or 
guidance. Supported by NIH #NS23780 and a Pew Scholars Award.

3 2 1 .12

MODULATION OF SPHINGOLIPID METABOLISM ALTERS 
AXONAL GROWTH IN RAT SYMPATHETIC NEURONS. 
M. Bussière*. E.I. Posse de Chaves. R.B. Campenot. D.E. Vance and 
J.E. Vance. University of Alberta, Edmonton, Alberta, Canada, T6G 
2S2.

Sphingolipids, particu larily  gangliosides, are major 
components of neuronal membranes where sphingolipids have been 
postulated to play a role in a number of important cellular processes 
such as adhesion, differentiation and growth. The effect of adding 
exogenous sphingolipids to prim ary neuronal cultures and 
neuroblastoma cell lines has been extensively studied. We have 
examined the role of sphingolipids in neuronal growth by modification 
of endogenous sphingolipid levels using the inhibitor of 
glucosylceramide synthesis D,L-th reo-l-pheny l-2 -hexadecy l-3 - 
morpholino-1-propanol (PPMP). Treatment of cultured rat sympathetic 
neurons with 5 µM PPMP resulted in a greater than 50% decrease in 
the incorporation of [3H]palmitate into gangliosides without affecting 
the incorporation into sphingomyelin. The effect of PPMP on axonal 
elongation was investigated in compartmented cultures of rat 
sympathetic neurons. In cultures that were treated with 5 µM  PPMP in 
the distal axon-containing compartment, neurite extension was 40 to 
50% less than in controls. Decreased neurite growth was due to 
inhibition of glucosylceramide synthase since erythro-PPMP, which 
does not inhibit this enzyme, did not impair neurite extension. 
Unexpectedly, treatment of the cell body-containing compartment alone 
with threo-PPMP had no effect on axonal growth. These results 
suggest that the perturbation of sphingolipid metabolism in distal axons 
impairs axonal growth.
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321.13

DOCOSAHEXAENOIC ACID UPTAKE AND METABOLISM IN THE PC12 
CELL SOMA AND NERVE GROWTH CONE Rex E Martin* and Ae-Son Om 
Dep. Anat S c i. Univ Oklahoma College of Med Oklahoma City. OK 73106 

During perinatal development, deficiencies of the essential fatty acid metabolite, 
docosahexaenoic acid (DHA). are correlated with visual impairment and cognitive 
deficits In brain. DHA accumulates in nerve endings (NE) during development and 
is avidly retained Before synaptogenesis. intraperitoneally injected [3H]DHA. appears 
more rapidly in nerve growth cones of mice than in mature synaptosomes Testing 
the hypothesis that DHA is taken up directly by nerve growth cones and incorporated 
into phospholipid without being first metabolized in the cell soma, we incubated 
PC12 cell cultures bearing actively growing neurites with 33nM [3H ]DHA (60 
Ci/mmole) These experiments were contrasted with incubations using equimolar 
 [3H]glycerol because its incorporation into lipid occurs by de novo synthesis in the 
cell soma Incubations were carried out at 37''C for 1. 10. 30. 60 and 180min and 
cells were fractionated to separate somas and NE Extremely rapid DHA uptake was 
evident in cell somas and NE The fastest uptake was during the first minute of 
incubation and [3H]DHA uptake and appearance in cellular lipids was more rapid in 
the soma than the NE In the NE. significant [3H]DHA was seen in mono- and 
diacylglycerols after only lmin incubation [3H]DHA labeling of phosphatidic acid 
was similar in the soma and NE within 3hrs incubation [3H]glycerol was not present 
in lipid extracts except after incubations ≥ 10min After 3hr incubation, 60% of the 
[3H]glycerol was present in phosphatidylcholine (PC) and 5% in phosphatidyl- 
cthanolamine (PE), this distribution was seen in both soma and NE The DHA 
labeling of PC and PE were different in soma and NE In somas. [3H]DHA labeling of 
PC was greater than PE and this was reversed in the NE The results indicate uptake 
and metabolism of free DHA in PC 12 cells with growing neurites is not restricted to 
the cell soma This also suggests in vivo DHA accumulation in the NE is probably 
not dependent upon NE-specific uptake of the free fatty acid (PHF Grant #888)

321.14
CHOLESTEROL SUPPLY AND LIPOPROTEIN UPTAKE BY RAT 
SYMPATHETIC NEURONS IN THE ABSENCE OF APO E. E. I. Posse de 
Chaves*. A. Rusinol, R.B.Campenot.D.E.Vance and J.E. Vance. University of 
Alberta, Edm onton, Alberta, Canada, T6G 2S2.

O ur understanding of neuronal lipid m etabolism  has been m odified due to 
the discoveries th at axons of rat sym pathetic  neurons have the capacity to 
synthesize the m ajor m em brane lipids and th a t axonal p hosphatidy lcho line 
synthesis is required for axonal elongation. H ow ever o u r  data indicate th at 
cholesterol synthesis docs not occur in axons. P revious data has suggested 
that during  peripheral nerve regeneration cholesterol synthesis is dow n 
regulated and that apo  E-containing lipopro teins are involved in the re 
utilization  of cholesterol by grow ing axons. How ever, nerve regeneration 
also occurs in apo E deficient mice. We therefore  investigated  the require
m ent of cholesterol for neurite elongation in com partm ented  cultures of rat 
sym pathetic neurons. We treated  the neurons in e ither the cell body-con
taining com partm ent or the distal axon containing com partm ent with 
m evalotin  (50 µM), which inh ib its  3-hydroxy-3 m ethylg lu tary l-C oA  reduc
tase. In cultures that were treated  in the cell body-containing com partm ent 
w ith  m evalo tin ,neurite  extension w as 30 to 50% less than in controls. The ef
fect on axonal extension w as reversed by addition  of m evalonic acid (100 µM) 
or cholesterol (100 µg /m l). Addition of m evalo tin  to d istal axons alone had 
no effect on axonal grow th. W hen h um an  lipoproteins (either low density  or 
high density  lipoproteins, both of each lack apo  E.) w ere added to distal 
axon of m evalotin-treated neurons, the neurites elongate  norm aly. In 
contrast, only low density  but not high density  lipoproteins restored normal 
axonal extension w hen added  to  the cell body-containing com partm ent alone. 
These data  imply that cholesterol required for axonal elongation can be 
supplied  either by synthesis in cell bodies or via delivery from  the m icro-
environm ent. How ever, apo  E is not required for this process at least in vitro.

AXON GUIDANCE MECHANISMS AND PATHWAYS IV

322.1

CNS NEURONES FROM FROG AND RAT GROW ORTHOGONALLY ON 
THE SAME MICROPATTERNED SUBSTRATES. A.M. Rainicek. M.N. 
Wallace*, S. Britland & C.D. McCaig, Department of Biomedical Sciences, 
University of Aberdeen, Aberdeen AB9 IAS, Scotland.
Contact guidance of neurites is evident on a micropattemed substrate. Most 

neurites on grooved substrata extend their long axis parallel to a repeat array of 
grooves and ridges. We have compared the directional growth responses on such a 
patterned substrate of two types of neurites, which differ in their response to the 
guidance properties of a small applied DC electric field. Neurites from the neural 
tube of Xenopus laevis turn to grow parallel to the lines of force of an applied 
electric field; after 12 h , embryonic rat hippocampal neurites have oriented 
themselves perpendicular to an applied electric field. We report that Xenopus 
neurites aligned themselves parallel to grooved substrata, whilst rat hippocampal 
neurites grew perpendicular to the same micropatterned guidance cues; thus 
mimicking their respective responses to an applied electric field.

Neurites were grown on glass or quartz substrata coated with poly-L-lysine and 
previously etched (using photolithographic techniques) with a pattern of parallel, 
evenly spaced, repeated ridges and grooves. Neurite orientation was determined by 
measuring the angle (relative to the grooves) made by a line connecting the neurite 
emergence point at the cell body with the growth cone. 0 - 30° angles were 
categorised as "parallel", 60 - 90° angles as "perpendicular". Every neurite was 
assessed on Xenopus neurones, but only the longest neurite on hippocampal 
neurones. Xenopus neurites grew parallel to grooves 0.5 or 1µm deep.
Hippocampal neurites grew across shallow grooves (0.04, 0.07 or 0.5 pm) but 
parallel to deep grooves (1 µm). The perpendicular response of hippocampal 
neurites was enhanced by closer spacing of grooves. Perhaps hippocampal neurites 
require this type of responsiveness to negotiate their way across preformed 
fasciculated axon bundles in vivo. Supported by The Wellcome Trust

322.3

THE NEUROTROPHIN NT3 ENHANCES ELECTRIC FIELD- 
STIMULATED NERVE GROWTH AND GUIDANCE. C.D. McCai2.*R 
Zeitlow, R. Stewart. & L. Sangster . Department of Biomedical Sciences, 
University of Aberdeen, Aberdeen AB9 IAS, Scotland.

There are interactions between electric fields as a guidance cue and other 
extracellular guidance cues: neurotransmitters and proteoglycans, for 
example. Neurotransmitter antagonists and selected proteoglycans can 
modulate field-stimulated nerve growth and guidance. Electric fields and 
neurotrophins co-exist in embryos and each alone may influence nerve 
growth profoundly. We have asked whether there are interactions between 
these two cues, which alter the guidance properties of an applied electric field.

Disaggregated cells from the neural tube of Xenopus laevis cultured in a 
steady dc electric field (25 - 200mV/mm) for 5h showed three types of 
reponses. 1. Neurites turned cathodally; 2. neurites grew faster cathodally 
than anodally and 3. neurites grew faster in the applied field, than in control 
cultures. Exposure of neurites to NT 3 (50 or l 00mg/ml) increased the rate and 
extent of cathodal turning. NT 3 exposure also markedly reduced the 
threshold field strength required to induce all three field-stimulated growth 
responses outlined above.

Xenopus growth cones release acetylcholine (ACh) spontaneously; this is 
enhanced by NT 3. Nicotinic ACh receptor antagonists abolish Held-induced 
cathodal turning, thus ACh release may be crucial in inducing cathodal 
reorientation. Perhaps NT 3 enhances cathodal turning, because it enhances 
ACh release.

If such an interaction occurs in vivo where these stimuli co-exist, this 
would increase the efficacy of endogenous electric Helds as modulators of 
nerve growth. Suppoterd by The Wellcome Trust

322.2
CANNABINOEDS INHIBIT NERVE GROWTH AND NERVE GUIDANCE 
IN AN APPLIED ELECTRIC FIELD. F.Tait, H.W. Kosterlitz.* R.G. Pertwee 
& C.D. McCaig. Department of Biomedical Sciences, University of Aberdeen, 
Aberdeen AB9 IAS, Scotland.

Cultured nerves respond to a small dc electric field of physiological 
magnitude. Neurites from Stage 20 Xenopus laevis, grown on tissue culture 
plastic in a dc field (150mV/mm), 1. grow faster than in the absence of the 
field; 2. grow faster cathodally than anodally; and 3. turn to grow cathodally. 
Calcium entry and the release of neurotranmitter at the growth cone are 
implicated in an autosignalling, feedback mechanism which controls these 
events. We have studied the effects on these parameters of 
tetrahydrocannabinol (THC), the major psychotropic substance present in 
cannabis. We report 1. that faster growth in an applied electric field was lost 
in the presence of THC ( l00nM) and 2. that cathodal turning was virtually 
abolished, by THC ( l00nM). Neither effect could be accounted for by Tween 
80, the vehicle in which THC was dissolved. Moreover, using the active and 
inactive stereoisomer cannabinoid receptor ligands (HU210 and HU211 
respectively), the active compound HU210 (1nM) mimicked the effects of 
THC, whilst the inactive compound HU211 ( l00nM) did not. THC inhibits 
voltage dependent calcium entry and suppresses neurotransmitter release. If 
our findings represent cannabinoid receptor mediated events, one explanation 
would be that the inhibitory effects of THC are due to suppression of calcium 
entry and neurotransmitter release at the growth cone. Given the crucial 
importance of nerve guidance developmentally, we speculate that the 
inhibition of one form of nerve guidance by THC may underly some of the 
perinatal deficits associated with cannabinoid exposure at developmentally 
sensitive stages. We thank The Wellcome Trust for support and Professor R. 
Mechoulam for HU210 and HU211.

322.4

NEW RECOMBINANT INBRED STRAINS EXPRESSING 100% TOTAL 
ABSENCE OF THE CORPUS CALLOSUM. D. Wahlsten* and V. Sparks. 
Dept. of Psychology, Univ. of Alberta, Edmonton, AB, Canada T6G 
2E9.

The inbred mouse strains BALB/cWah1 and 129/ReJ both have 
about 20% of mice with total absence of the corpus callosum (CC) and 
another 30 to 40%  with substantially reduced CC, but their F1 hybrid is 
normal. Recombinant inbred strains formed from their F2 hybrid express 
a wide range of phenotypes, including four strains that are consistently 
normal and four that are 100% acallosal and have greatly reduced size 
of the hippocampal commissure (HC), as well as several strains that 
are intermediate and highly variable in developmental outcome.
Crosses between the 100% acallosal strains yield 100% acallosal 
offspring that also suffer from reduced HC, which supports a two locus 
recessive model of inheritance and contradicts a polygenic threshold 
model. Occurrence of 100% CC absence only in strains with reduced 
HC supports the contention that CC agenesis is secondary to a defect 
in the tissue bridge in the dorsal septal region where the HC first 
crosses between the hemispheres. These new strains will be valuable 
for studies of embryonic causes and behavioral consequences of 
callosal agenesis, and they should also facilitate microsatellite mapping 
of major loci that lead to the defect. Other phenotypes have emerged 
that are clearly polygenic. One strain often has a collision between the 
fornix and the anterior commissure, whereas another expresses 
extreme asymmetry of eye development. [Supported by MRC and 
NSERC.)
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3 2 2 .5
AN INCREASE IN ANTERIOR COMMISSURE AXON NUMBERS IN 
ACALLOSAL MICE. D.J. Livy*1. Melike Schalomon2. and Douglas Wahlsten2. 
Dept. of Biological Sciences1 and Dept. of Psychology2, Univ. of Alberta,
Edmonton, Alberta, Canada, T6G 2E9.

If callosal axons reroute through the anterior commissure (AC) when the corpus 
callosum (CC) is absent, AC size and axon number should be greater. Electron 
microscopy was used to compare AC area, axon number, and axon diameter between 
normal adult mice and mice with total callosal absence. C129F2 mice, an F2 hybrid 
cross between BALB/cWahl and 129/J inbred strains, and two recombinant inbred 
lines derived from C129F2 pairings, were used. After perfusion fixation, the brains 
were extracted and 50µ sections from the midsagittal plane were embedded in gelatin, 
postfixed, and re-embedded in Epon 812. Semithin sections stained with Toluidine 
Blue O provided an accurate measure of AC size. Ultrathin sections were mounted on 
1000 mesh copper grids; fifteen grid areas from the anterior AC (AAC) and 10 areas 
from the posterior AC (PAC) were photographed at 1800x from each brain. Axon 
counts and diameters were measured from the photographs.

Normal and acallosal mice did not differ in midsagittal AC area. Acallosal mice 
displayed a greater total number of axons than normals (529,073 vs. 457,381; 
p=0.005). This difference was found in both the AAC and PAC. However this 
difference in number was specific for unmyelinated axons - no differences were found 
in number of myelinated axons. The mean diameter of unmyelinated axons in 
acallosal mice was smaller than in normals (0.2370µ vs. 0.2630µ, p=0.014). Axon 
origin in normal brain was primarily from posterior piriform cortex and anterior 
olfactory nucleus (R. Lent, pers. comm.). Although suggestive of rerouting, these 
findings more likely indicate an increase in the production or a decrease in the death 
of those axons which normally traverse through the anterior commissure in mice 
with callosal agenesis.
Supported by NSERC grants to S.K. Malhotra and D. Wahlsten.

3 22 .7
STEREOTYPED AXONAL PATHFINDING IN THE MEDICINAL LEECH INVOLVES 
MULTIPLE LEVELS OF CENTRAL AND PERIPHERAL CUES AND SECONDARY 
MORPHOGENETIC STRATEGIES. J. Jellies*. D.M. Kopp*. K.M. Johansen † & J. 
Johansen†. *Dept. of Biol. Sci., Western Michigan Univ., Kalamazoo, MI 49008, 
* Dept, of Physiol, and Biophysics, Univ. of Alabama, Birmingham, AL 35294 & †Dept. 
of Zool. and Genetics, Iowa State Univ., Ames, IA 50011.

Stereotyped patterns of nerves and connections may result from multiple developmental 
mechanisms acting in concert, not necessarily by virtue of an immutable phenotype 
specified by a particular lineage. We have examined the sequence of events involved in the 
formation of some peripheral nerves in leech embryos by employing anti-acetylated tubulin 
mAb (ACT) to label CNS neurons, the Lan3-2 mAb which labels a specific population of 
peripheral neurons growing into the CNS, and intracellular dye-filling of single cells. The 
mature peripheral nerves are characterized by a pair of large nerve roots that each branch into 
two major peripheral nerve tracts. The earliest axonal projections do not, however, establish 
this pattern. Each of the four nerves initially form as discrete, parallel tracts followed by 
secondary condensation of their most proximal portions, giving rise to an apparent 
bifurcation. The 4 nerves are pioneered by different neurons. One is established by central 
neurons growing peripherally (dorsal P cells), another by peripheral neurons growing 
centrally (Lan3-2-positive sensillar axons). However, additional cell-specific cues must be 
present as well. Late developing sensory afferents bypass one of the 4 major nerves (AA) to 
grow toward the CNS as a fasciculated group in a more medial nerve (MA), even when they 
arise directly adjacent to the established AA. Likewise, a late growing efferent, the heart 
excitor (HE) motor neuron, exhibits similar behavior, but in an opposite order. Double 
staining using ACT and LY-fills revealed that HE growth cones initially exit the CNS 
along common pathways but then forsake the common path to establish two second-order 
nerves oriented about 90° to the common pathway. They leave a common pathway to 
pioneer these peripheral nerve branches, even one that will later retract in response to other 
cues. These results suggest that the formation of common nerves, neuronal pathfinding and 
cell-specific pathway choices in leech involve multiple sets of growth cone guidance 
strategies and morphogenetic mechanisms that belie its stereotyped organization and 
apparent simplicity. Supported by NSF 9209237 and a Sloan Foundation Fellowship (JJe) 
and NIH 28857 (JJo).

3 2 2 .9

DISTRIBUTION OF SYMPATHETIC NERVE FIBERS IN THE RAT 
MAJOR PETROSAL AND ABDUCENT NERVE; A PROPOSITION 
OF A RULE IN FIBER FASCICULATION Y.Shibamori*a. N. 
Tamamakib, H. Saitoa, Y. Nojyob Dept. of Otorhiologya and Dept. of 
Anatomyb, Fukui Med. Sch., Fukui 91011 Japan.

Sympathetic nerve fibers from the superior cervical ganglion join the 
major petrosal nerve(MPN) and abducent nerve on the way to their 
target organs in the neuro- and visceral cranium (Brain Res. 437: 387- 
392, 646: 223-229). Using anterograde tracing technique (WGA-HRP 
injection followed by a TMB reaction) and under light microscopic 
level, these sympathetic nerve fibers were found to be distributed in 
different ways in nerve fasciculus. Those which are running to the 
pterygopalatine seemed to be localized in the peripheral part of the 
MPN, while those to the geniculate ganglion seemed to be in the central 
part. In the abducent nerve, sympathetic nerve fibers seemed to be 
restricted in one side.

In this study, we reinvestigated the way of mixing the sympathetic 
nerve fibers with other kind of fibers on electron microscopical level 
and examined if the patterns described above are so strict. As the result, 
TMB reaction product was also distributed in the central part of the 
abducent nerve and MPN sparsely. The result implies that the 
sympathetic nerve fibers are not necessarily fasciculated with only 
autonomic nerve fibers but also mixed with motor nerve fibers. We 
postulated that sympathetic nerve fibers joined earlier run in the central 
part of nerve fasciculus, while those joined later run in the peripheral 
part. As to support this postulation, sympathetic nerve fibers to the 
intraocular structures run in the central part of the abducent nerve.

3 2 2 .6
INTER-HEMISPHERIC CONNECTIONS OF THE OCCIPITAL CORTEX OF 
IRRADIATED MICE LACKING THE CAUDAL PORTION OF THE CORPUS 
CALLOSUM. E M. Caparelli-Dáquer*. A S. Fonseca, S.L. Schmidt. Dep. Fisiologia, 
Univ. Estado Rio de Janeiro, Brazil, RJ 20551-030 & Dep. Psychology Univ. of 
Alberta, Canada.

Mice exposed to gamma radiation on embryonic day 17 (E l7) with 2 or 3 Gy 
display a dose dependent reduction of the posterior part of the corpus callosum 
(C.C.). Our goal was to study the inter-hemispheric connections of prenatally 
irradiated mice. Here we reported part of our findings concerning only the occipital 
cortex. Mice were mated for 8 hours and the day of conception (El) was considered 
to begin at the end of the 4th hour of the mating period. At El 7 the pregnant females 
were irradiated with a gamma source with 2Gy or 3Gy At adulthood, normal mice 
(n=6) as well as the irradiated progeny (2Gy n=5; 3Gy n=5) received a pellet of gel- 
foam soaked in 20% HRP in a longitudinal groove aspirated parasagitally in one 
cerebral hemisphere. Forty-eight hours later, the animals were perfused with saline 
followed by Kamovsky’s fixative. The brains were coronally sectioned at 30µm, and 
1 out of each 3 sections was collected, revealed by the TMB method and 
counterstained with neutral red. In the irradiated groups the caudal portion of the 
C.C. was absent and the cortical thickness was reduced specially in the supra-granular 
layers (II+III). Both effects were greater in animals of the 3 Gy group. As in normal 
mice, in the 2Gy group labeled neurons and terminals exhibited the same pattern at 
the borders of area 17 with 18a and 18b. Although the cytoarchitectonic definition of 
visual areas was not clear in the 3 Gy animals, the topographic distribution of the 
labeled neurons and terminals did not seem to be different from that of the other 2 
groups. These results suggest that fibers from the occipital cortex cross the midplane 
at markedly abnormal antero-posterior levels in adult mice irradiated at E l7 with 2 or 
3 Gy

3 2 2 .8
THE DEVELOPMENT OF THE MESENCEPHALIC TRIGEMINAL SYSTEM IN 
MOUSE. S. S. Easter, Jr.*, G. S. Mastick, C. Malinoski, and J. L. Sarantos. 
Department of Biology, U. Michigan, Ann Arbor, MI 48109-1048.

The neurons in the adult mesencephalic nucleus of the descending tract of the 
trigeminal nerve (nuc dtmesV) are bom on embryonic day 9 (E9). On this same 
day, neurons in dorsal mesencephalon (mes) emit axons that form a compact 
dorsolateral tract that extends through the hindbrain past the level of the trigeminal 
ganglion (gV). This tract was inferred to be the precursor of dtmesV, but 
applications of dil to gV as late as E l2.5 did not label any neurons in dorsal mes 
(Easter et al., J. Neurosci. 13:285-299, 1993). Now we have labeled older embryos 
to learn when dtmesV axons enter gV, and if all those in dorsal mes do so.

Dil was applied to gV in paraformaldehyde-fixed embryos (outbred CD-I, E14.5- 
E17.5,n = ll) , which were kept in fix at 38°C for days to weeks and examined as 
either whole-mounts or sections. The labeled somata formed a longi-tudinal column 
that extended rostrally from the level of the gV root. The rostral limit of the 
column moved from the mes/hindbrain border at E14.5 to the middle of mes by 
E l7.5. Application of dil to the masseter muscle, a target of dtmesV, labeled this 
same column of cells, so it is properly identified as nuc dtmesV. We conclude that 
the mesencephalic neurons that sent axons into gV must have done so late in 
development, the more rostral neurons latest. Most likely, the branches into gV 
were produced interstitially by axons that originally projected past gV.

At E9-E10, most of the somata with axons in dtmesV were dorsal to the tract by 
as much as 250 µm, but at E17.5, nearly all the labeled somata were in or adjacent 
to dtmesV. What had become of the more dorsal somata over the intervening days? 
Applications of dil to medial dorsal mes at E14.5-E17.5 (n=8) labeled many cells 
with axons in dtmesV that descended to the level of gV and beyond, but did not send 
a process into gV. Apparently the majority of the cells produced early in dorsal 
mes did not send axons into gV, and their fate in the adult is unknown.

32 2 .1 0

REARRANGEMENT OF DEVELOPING CORTICOFUGAL AXONS IN THE 
CEREBRAL PEDUNCLE OF THE RAT. G.E. Baker*, N.C. Adams and EJ. 
Ramcharan. University of Oxford, Department of Human Anatomy, South Parks Rd., 
Oxford OX1 3QX, U.K.

We have studied the course of long descending axons as they pass from the internal 
capsule to enter the cerebral peduncle and have found evidence for a reorganization of 
the axons where they emerge from the region of the perireticular and entopeduncular 
nuclei.

Corticofugal axons were labelled by WGA-HRP injections into caudal regions of 
the neocortex of rats aged between P0 and P5. The distribution of cells and processes 
along the course taken by descending axons was examined using MAP-2 and vimentin 
immunohistochemistry and Nissl stained sections, and semithin and thin EM sections 
were used to examine fine structure.

Labelled axons were arranged in distinct fascicles within the internal capsule 
immediately caudal to their divergence from corticothalamic axons and this fascicular 
organization was maintained caudally into the rostral level of the cerebral peduncle. 
This corresponds to the region occupied by the perireticular and entopeduncular nuclei, 
where the cells and their processes appeared to occupy interfascicular spaces. Further 
caudally in the peduncle the fascicles gradually broke down, the labelled axons 
dispe r ing towards the superficial border and ultimately taking a position close to the 
pial surface. MAP-2 and vimentin positive profiles at this level passed radially, 
transverse to the course of the axons. Consistent with these findings, semithin and 
EM analysis showed axons arranged in bundles in the rostral peduncle and in a non- 
fascicular organization caudally.
We suggest that corticospinal/bulbar axons are reordered in the cerebral peduncle, 

probably resulting in most recently arriving axons coursing close to the pial surface, 
and that radially aligned cell processes may form the substrate for this reorganization.
Supported by the Wellcome Trust
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322 .11

DECUSSATION OF DEVELOPING CORTICOSPINAL AXONS IN THE  
MOUSE. N.R. Cohen. J.S.H. Taylor and R.W. Guillery *. Dept. Human 
Anatomy, Oxford University, South Parks Rd, Oxford, 0X1 3QX, UK.

The cellular relationships of the developing corticospinal decussation 
have been studied by axon tracing and immunohistochemistry. W GA-HRP  
was injected into the mid-cortex of post-natal mice of 1 -7 days of age, and 
after 17 hours survival, coronal sections through the brainstem were cut 
and reacted with TMB.

After injections of P2, labelled corticospinal axons form a well defined 
bundle in the pyramid. The axons turn abruptly from the pyramid, dorsally 
into the deep part of the brainstem, arcing towards a point in the midiine 
that lies ventral to the central canal. The axons cross the midline in the 
dorsal part of the midline glial raphe, derived from the floor plate. In their 
further course, these axons pass laterally around the nucleus of the 
hypoglossal nerve, to a dorsal position in the ventral part of the dorsal 
columns. As the axons leave the pyramid they break into a series of 
smaller fascicles, but reform a coherent bundle within the dorsal column. 
Collaterals leave the tract to innervate the dorsal column nuclei.

Immunohistochemistry reveals that within the pyramids and amongst the 
axons heading for the midline, there is a prominent GFAP positive glial 
lattice, that is distinct from the surrounding glial array within the medulla.
The midline raphe shows no specific architectural modification at the 
decussation, but there is an associated region of SSEA-1 antigenicity at this 
point. The hypoglossal nucleus appears to determine the arcing course of 
the crossed axons as they grow towards the dorsal columns. The role 
played by these cellular structures in corticospinal axon guidance remains 
to be defined.

This work was supported by grants from the Wellcome Trust.

322 .13

A COMPARISON OF ED-1 POSITIVE CELLS AND PYKNOTIC CELLS IN 
THE PERIRETICULAR NUCLEUS IN RELATION TO CORTICOFUGAL 
FIBRES. NC Adams*. GE Baker and EJ Ramcharan. Dept. Human Anatomy, 
Oxford University, South Parks Road, Oxford, 0X1 3QX, UK

The perireticular nucleus is a transient group of neurons that lies among the 
fibres connecting thalamus and cortex (Mitrofanis, J J. Comp. Neurol. 320, 161- 
181 (1992)). These cells are present when the connections are being formed in 
the rat Postnatally, these neurons disappear from the internal capsule, leaving 
very few profiles in the adult rat. Within this region of the internal capsule an 
extensive reorganisation of developing corticothalamic fibres occurs (Adams, N.C. 
& Guillery , R.W Soc. Neurosci. Abs. 20, pl685 (1994))

The monoclonal antibody ED-1 recognises a cytoplasmic antigen in rat 
macrophages and monocytes. Previously ED-1 positive cells have been found in 
the internal capsule in postnatal rats (Milligan, C. E. et al. J. Comp. Neurol.
314(1), 125-135 (1991)). We have used ED-1 to look for macrophages in prenatal 
rats and found that there are clusters of macrophages in the internal capsule from 
E18 to P5. From E18 there are also macrophages at the lateral edge of caudate- 
putamen At earlier stages there are ED-1 reactive cells between cortex and 
thalamus, but in much lower numbers. However, we found pyknotic profiles in 
the postnatal internal capsule only postnatally. By P 15 few neuronal profiles 
remain in Nissl stained material.

In this study we have found that before birth there are macrophages in the 
internal capsule, which will later be a site of extensive cell death. However, at 
the prenatal ages we studied, there is no evidence of pyknotic profiles. Further, 
the mam concentrations of macrophages are at points where corticofugal fibres 
alter direction towards their appropriate targets. Thus the macrophages we have 
observed might have some role other than that of scavenging dying cells.

This work was supported by the Wellcome Trust.
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AXONS FROM THE VENTROBASAL THALAMIC NUCLEUS 
PIONEER THE THALAMOCORTICAL PATHWAY TO RAT 
NEOCORTEX. J.E. Braisted* and D.D.M. O 'Leary. The Salk 
Institute, La Jolla CA.

It has been previously shown that subplate axons and thalamic 
axons copioneer the internal capsule, the major axonal pathway to 
and from the cortex. In rats, these cortical efferent and afferent 
axons meet about midway through the internal capsule around E l5 
and pass each other. Here we sought to identify the pioneering 
population of afferent axons in rats. E15 and E 16 rat embryos were 
aldehyde-fixed and the junction between the cortex and the internal 
capsule was filled with Dil. Later, brains were sectioned and 
examined to determine the distribution of retrogradely labeled cells 
in the diencephalon. Nine of 10  E 15 brains and 10  o f  l 0  E 16  brains 
contained labeled cells. Ninety-six percent of all labeled 
diencephalic cells in the E l5 animals (average = 30 labeled cells per 
brain, range = 0 to 141) were located in the ventrobasal (VB) 
thalamic nucleus; 4% of the labeled cells were located adjacent to 
VB, with most of these located just ventral to the external medullary 
lamina. In 2 of the E 15 cases, all of the labeled cells were located in 
VB. By E l6, many more cells were labeled; the great majority of 
these were VB neurons, but some labeled cells were located in the 
dorsal lateral geniculate nucleus, and a few elsewhere. These 
findings suggest that in rats VB thalamic axons are the pioneering 
population of thalamocortical axons.
(Supported by R01 NS31558 and F32 EY06525.)

322 .12
A STUDY OF SPECIALISED MEMBRANE CONTACTS IN THE 
DEVELOPING RAT PERIRETICULAR NUCLEUS (PRN) E.J. Ramcharan*.
N.C. Adams and R. W. Guillery . Dept. Human Anatomy, University of Oxford, 
South Parks Road, Oxford 0X1 3QX UK.

The PRN lies among the fibres of the internal capsule (IC) and is relatively 
large at birth, but like the cortical subplate is dramatically reduced in the adult. At 
E17 PRN cells project to neocortex and at birth to dorsal thalamus1,3. When 
corticofugal fibres encounter the lateral edge of the PRN they defasciculate2.

We found cells of the PRN labelled at E 17 with an antibody to neurofilament 
protein, 3A10, extend neurites mediolaterally across the path of corticofugal fibres. 
We looked for membrane specialisations that might form as axonal pathways are 
being defined. The first clear evidence of synapses was seen at P 1  The synapses 
showed typical postsynaptic densities, clustering of vesicles in the presynaptic 
terminal, and were most common between membranes of cell soma and adjacent 
profiles. Earlier (E17-E20), there were no synapses and only a few puncta 
adhaerentia in the PRN and the IC. Some omega (Ω) formations were found 
between adjacent profiles in the PRN and throughout the IC at these stages. These 
profiles contained vesicles which might be the result of active uptake mechanisms. 
These membrane specialisations first occur before synapse formation. 
Synaptophysin immunohistochemistry at E17 labelled regions of the PRN, fibres 
in the IC and subplate. By P3 synaptophysin labelling was more diffuse and 
evenly distributed throughout the IC and cortical plate.

We suggest that the early membrane contacts may represent transient 
organisational influences while synapses form relatively more permanent 
communication sites. 1. N.C. Adams, N.C. & Baker, G.E. J. Comp. Neurol., in 
press (1995). 2. Adams, N.C. & Guillery, R.W. Soc. Neurosci. Abs. 20, pl685 
(1994). 3. Mitrofanis, J. & Baker, G.E. J. Comp. Neurol. 338, 575-587 (1993). 
Supported by the Wellcome Trust.

322 .14

LAYER-SPECIFIC PROGRAMS OF DEVELOPMENT IN 
FERRET CORTICOTHALAMIC NEURONS.
F.C Iasca*. A. Angelucci and  M . S u r . D e p t. of Brain & Cognitive Sci., 
M .l.T , Cam bridge, M A  0 21 39 , USA.
W e  have  an a ly zed  the d eve lopm ent of neocortical projections to a 
num ber of thalam ic nuclei in fetal and  postnatal ferrets. W e  im planted  
Dil crystals  in fixed  brains, o r in jec ted  F a s t B lue or C holeratoxin  
subunit B in living brains. W e  report that the  various populations of 
cortical neurons converging into the tha lam us follow radically different, 
cell-specific program s of developm ent. Axons from  cells in the deepest 
layers of the cerebral cortex (layer 6  and superficial subplate neurons) 
grow very slowly, becom ing de layed  for severa l w eeks in the cerebral 
white m atter, and reach the thalam us over a  protracted period. Neurons  
of layer 5 , on the o ther hand, deve lop  the ir projections m uch faster. 
Thus, despite  being bom  a fte r the  neurons of d e e p e r layers, layer 5  
neurons are the first to extend their axons out of the cortical hem isphere  
and innervate the thalam us. Layer 5  projections are m assive in the first 
postnatal w eeks, but becom e partly e lim inated  la ter in developm ent, 
being overtaken  in num ber by layer 6  cells w hich constitute the m ajor 
corticothalam ic projection by adulthood. Layer 5  projections are a rea- 
specific from  the  outset, and arise  as  co lla te ral branches  of axons  
directed to the brainstem  and spinal cord.
T h e se  findings show  that the  tim ing of deve lo p m en t of corticofugal 
co n n ec tio n s  is no t d e te rm in e d  by th e  s e q u e n c e  of co rtica l 
neurogenesis, but results from  program s specified a t the  cellular level. 
In addition, they dem onstra te  that, in m ost tha lam ic  nuclei, layer 5 
neurons, and not subplate or layer 6  neurons, are  likely to form the first 
cortical projection to the developing thalam us.
Support: NIH (MS) and Fogarty 1F05 TWO -4881(FC).
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TIME-LAPSE CONFOCAL MICROSCOPY OF DEVELOPING 
THALAMOCORTICAL AXONS IN MOUSE BARREL CORTEX.
A. Agmon*. Department of Anatomy and Neurobiology, University of 
California, Irvine, California 92717-1280.

The thalamocortical pathway exhibits precise topological order 
and terminates with a high degree of laminar specificity; however the 
molecular and cellular cues which guide developing thalamocortical 
axons during the perinatal period are still poorly understood. 
Deciphering these cues will require visualization of dynamic 
phenomena such as filopodial extension and retraction, growth rate 
modulation, and course correction, in intact, growing axons in situ. 
Using time-lapse confocal microscopy, I visualized intact 
thalamocortical axons growing in thalamocortical slices from early 
postnatal mice. Dil was microinjected into the ventrobasal complex of 
the thalamus (VB), the slices incubated at 37° in oxygenated culture 
medium for 4-8 hrs, transferred to an inverted microscope stage, 
superfused with heated, oxygenated medium, and selected labeled 
growth cones in the cortex imaged with an MRC-600 confocal system. 
Axons extending within the deep layers or in layer I grew at a rate of 
10-40 µm/hr. Growth cones within incipient layer IV or at its lower 
border exhibited extensive filopodial extension and retraction. The 
living thalamocortical slice can be used to study the effects of 
neurotransmitters, neuromodulators and electrical activity on navigation 
and target selection by thalamocortical axons. Supported by NS30109.
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TIM E-LAPSE RECORDINGS OF GROW ING AXONS IN THE 
DEVELOPING THALAMOCORTICAL PATHWAY. I. Skaliora*. R. 
Adams and C. Blakemore. University Laboratory of Physiology, Parks 
Road, Oxford 0X1 3PT, UK.

During development, axons from the specific nuclei of the thalamus 
must navigate over considerable distances in order to reach the appropriate 
cortical area, accumulate in the subplate, invade the cortical plate and 
terminate in the correct layer. To gain insight into the mechanisms involved 
in axon extension and target identification as well as the subsequent 
refinements of the terminal arbors, we have used time-lapse microscopy of 
fluorescently labelled axons in living slices from embryonic rat brains. 
Slices are cut so as to include corresponding thalamic nuclei and cortical 
regions as well as the entire pathway in between (Agmon et al., 1991). 
Small populations of thalamic and cortical axons and their growth cones are 
labelled in vitro with the lipophilic dyes Dil and/or DiO and imaged with a 
confocal microscope (Leica).

Time-lapse recordings reveal several patterns of axonal growth, ranging 
from a relatively slow and uninterrupted mode to a frenzied extension of 
collaterals and short side branches. In the region of the internal capsule, the 
growth cones of thalamic axons display faster net extension, despite periods 
of 'hesitation' and even temporary retractions. Near the subplate and cortical 
plate however, growth cones have more complex morphologies, branches 
are more transient and there are periods of overall net retraction, possibly 
indicating reorganization of terminal arbors. We are currently investigating 
the nature of interactions between ingrowing fibers and the cellular 
elements that they encounter at different stages, in order to better 
understand the environmental factors that might regulate the different 
modes of axonal growth and guide fibers in the choice of routes and targets.

(Supported by the MRC and the Oxford McDonnell-Pew Centre for Cognitive 
Neuroscience)

3 2 2 .1 8

VIDEO  M ICROSCO PY O F G RO W TH CO NES EXTENDING IN THE  
POSTERIO R LATERAL LINE O F THE ZEBRAFISH. M .C . Halloran*.
A. Chandrasekhar, and J.Y . Kuwada. Dept. of Biology, Univ. ot Michigan, 
Ann Arbor, Ml 48109.

W e have used time-lapse video microscopy to analyze growth cone behavior 
of posteriϴr lateral line sensory neurons in the developing zebrafish. The 
posterior lateral line (PLL) consists of several sensory organs, neuromasts, 
distributed along the trunk of the embryo and innervated by sensory neurons 
from the ganglion of the PLL (PLLg). During development of the lateral line, a 
migrating primordium (M P) moves caudally along the length of the embryo, 
depositing cells that develop into the neuromasts (Metcalfe (1985) J.Comp. 
Nϴurol. 238:218). The growth cones of the first axons to extend from the 
PLLg grow within but never beyond the MP as it extends caudally. We  
studied the dynamic behavior of lateral line growth cones by injecting the 
lipophilic dye Dil into the PLLg and observing labeled growth cones with time- 
lapse fluorescence microscopy. We identified two classes of growth cones. 
One class contains large growth cones, typically 30-50 µm long, which 
advance slowly, possess numerous filopodia and periodically encircle round 
profiles, as if they were enveloping unlabeled cells in their environment.
Other growth cones are smaller (10-20 µ m long), advance rapidly and possess 
few surface features. The former growth cones are located at the MP, and 
thus pioneer the PLL nerve, while the latter trail the MP by 2-3 somite lengths. 
Preliminary experiments suggest that the pioneer growth cones originate from 
cell bodies located in the anterior portion of the PLLg. A zebrafish homolog of 
collapsin, a putative inhibitory growth cone guidance molecule, is expressed 
by cells at the leading edge of the MP (C .Yee et al. Soc. Neurosci. Abstr., 21) 
and thus may be involved in preventing the pioneer growth cones from 
extending beyond the MP. W e are currently analyzing the relationship 
between growth cone behavior and the expression of collapsin in other 
regions of the zebrafish embryo. Supported by NINDS and APA.
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SYNAPTIC VESICLE PROTEINS INCREASE AFTER 
SYN APS IN-TRANSFECTION IN NG108-15 CELLS. G. Fried* 
& H .-Q Han. Dept. Molecular & Cellular Neuroscience, 
Rockefeller University, New York, NY 10021 and *Dept. 
Physiology & Pharmacology, Karolinska Institute, S- 171 77, 
Stockholm, Sweden.

We have examined the subcellular distribution of the 
synaptic vesicle proteins synapsins (synapsin Ia, Ib, IIa, IIb) and 
synaptophysin in NG108-15 cells that have been transfected with 
synapsin. Synapsin- and vector-transfected cells were grown in 
monolayer cultures and differentiated with prostaglandin El and 
IBMX for 3 days. Cells were then homogenized and fractionated 
using sucrose density gradient centrifugation. Cells and subcellular 
fractions were analyzed by immunoblotting, immunocytochemistry 
and electron microscopy. We found an increase in synapsins and 
synaptophysin in the transfected cells that was maximal in the 
region of the gradient that contained small synaptic vesicles. The 
transferrin receptor, a marker for early endosomes, did not increase 
in the synapsin-containing fractions in the transfected cells. 
Secretogranin I, a soluble protein stored in and secreted from large 
dense cored vesicles, showed a pronounced increase in the dense 
regions of gradients from transfected cells. Our results suggest a 
possible role for the synapsins in the regulation of synaptic vesicle 
function.
Supported by MH-39327. 14X-7164, Sweden-America Foundation.
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THE SYNAPTIC CLEFT PROTEIN S-LAMININ/LAMININ β2 PROMOTES 
SYNAPTIC RESPONSES BY MOTONEURONS, MUSCLE CELLS, AND 
SCHWANN c e l l s  i n  VITRO. B.L. .Patton*, J . Liu., .and J.R- Sanes- 
Department of Anatomy and Neurobiology, Washington University School of 
Medicine, St. Louis, MO 63110.

At the vertebrate neuromuscular junction, pre- and postsynaptic differentiation 
are both promoted by components of the synaptic basal lamina. Mice lacking 
one such molecule, the synaptically concentrated s-laminin/laminin β2 chain 
develop neuromuscular junctions in which all three synaptic cells are perturbed. 
Defects include poorly differentiated nerve terminals, postsynaptic membranes 
with few secondary folds, and Schwann cell processes that intrude into the 
synaptic cleft (Nature 374:258, 1995). Here, we have used cell culture methods 
to ask which effects of β2 are direct. 1) Ciliary motomeurons cultured on 
patterned substrates extended neurites on laminin-1 (LN1) which stopped 
growing upon contact with recombinant (r) β2 (Neuron 14:549,1995). Neurites 
that remained in contact with r02 differentiated into nerve terminals by 
morphological, immunocytochemical, and functional (depolarization-dependent 
dye uptake) criteria. 2) β2-deficient myotubes (formed by fusion of myoblasts 
cultured from 02 mutant mice) formed -50% fewer acetylcholine receptor-rich 
plaques in response to bath-applied recombinant agrin than did myotubes 
formed from wild-type myoblasts. 3) Cultured Schwann cells adhered to both 
rβ2 and LN1; however, migration on LN1 was inhibited by r02. Thus, laminin 
02 may have independent and direct effects on all three cells of the 
neuromuscular junction in vivo. (Supported by NIH and MDA.)

3 2 3 .2

FAST AND SLOW MUSCLES EXPRESS A COMMON BASIC 
PATTERN OF ACETYLCHOLINESTERASE MOLECULAR FORMS. 
C. Boudreau-Larivière*1. V. Gisiger2. D. A. Hubatsch1 a n d  B.J. Jasmin1. 
1Dept. of Physiology, Univ. of Ottawa, Ottawa, Ontario; and 2Dép. 
d'Anatomie, Univ. de Montreal, Montreal, Quebec, Canada.

We tested the hypothesis that mature inactive, although still innervated 
fast muscles should be devoid of their characteristic G4 pool and only 
contain a minimal amount of tetramer similar to active slow muscles. To 
this end, we determined the impact of muscle paralysis induced by chronic 
superfusion o f tetrodotoxin (TTX) onto the sciatic nerve on the content of 
AChE molecular forms in rat fast and slow muscles. Ten days of TTX- 
generated paralysis resulted in a severe decrease in total AChE activity in 
fast EDL and plantaris muscles as well as in the slow soleus. Sedimentation 
analysis revealed a marked convergence of AChE molecular form profiles 
in fast and slow muscles. The patterns of AChE molecular forms of both 
EDL and plantaris were transformed into ones resembling the slow soleus; 
the latter showing no significant modification in its profile. In addition, we 
examined the AChE content in cultures o f satellite cells isolated from fast 
and slow muscles. These two cell populations produced AChE molecular 
form patterns of the slow type indicating that satellite cells from fast and 
slow muscles are not intrinsically different in this respect. Together, these 
results are coherent with the proposal that muscles constitutively express a 
basic pattern of AChE molecular forms of the type displayed by slow 
muscles onto which varying levels of G4 are added according to the amount 
of dynamic activity performed by fast muscles.

Supported by grants from MRC and Ontario Thoracic Society to BJJ.

3 2 3 .4

SYNAPTIC INTEGRINS: α 1 AND a l  INTEGRIN CHAINS ARE EXPRESSED 
AT THE NEUROMUSCULAR JUNCTION. Paul T. Martin, Stephen J. 
Kaufman#, Randall H. Kramer+, and Joshua R. Sanes*. Dept. Anatomy & 
Neurobiology, Washington Univ. Med. Sch., St. Louis, MO 63110. #Dept. Cell 
& Structural Biology, Univ. Illinois, Urbana, IL 61801. +Dept. Stomatology & 
Anatomy, Univ. California, San Francisco, CA 94143.

The basal lamina of the neuromuscular junction (NMJ) contains specialized 
components that affect pre- and postsynaptic differentiation. Nerve and muscle 
membranes presumably bear receptors that localize and respond to these 
components, but few have been identified. Integrins, which are α0 heterodimers, 
are prominent receptors for many BL components, and 01 is present in adult 
muscle. We therefore screened adult muscle with antibodies to the integrin 
α 1-9, and αv subunits (which can dimerize with β1) to determine if any of these 
molecules were concentrated synaptically. α l was present presynaptically, while 
a l  was present at low levels throughout the muscle fiber membrane and at much 
higher levels in the postsynaptic membrane. Based on these results, a l  
expression was analyzed further by staining with antibodies specific for three 
alternatively spliced products of the a l  gene (A, B and C), all of which were 
expressed in muscle. Of these, α7A  and a7B were confined to the NMJ in the 
adult, while α7C was present both at the NMJ and extrasynaptically. Moreover, 
the three forms were differentially regulated during development: α7 A  appeared 
postnatally and was always confined to the NMJ; a7B was present throughout 
the muscle fiber perinatally, becoming confined to the NMJ in the second 
postnatal week; and 7C was present extrasynaptically both early and late. 
Together, these studies demonstrate the existence of synaptic integrins at the 
NMJ and provide candidate receptors for matrix components concentrated in the 
synaptic cleft. (Supported by NIH.)
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SYNAPSE-ASSOCIATED EXPRESSION OF ARIA/HEREGULIN, AND ITS 
PUTATIVE RECEPTORS, ERBB2 AND ERBB3, IN DEVELOPING 
MAMMALIAN MUSCLE. L.M. Mqscoso. G.C. Chu. J.P. Merlie* and J.R. 
Sanes. Depts. of Anatomy & Neurobiology and M olecular Biology & 
Pharmacology, Washington University School o f Medicine, St. Louis, MO 63110.

Developing motor axons induce postsynaptic specializations in muscle fibers, 
including preferential transcription of acetylcholine receptor (AChR) subunit 
genes by subsynaptic nuclei. One candidate nerve-derived inducer of AChR 
expression is ARIA/heregulin, a ligand of the erbB family o f transmembrane 
tyrosine kinases: ARIA mRNA is present in motoneurons, and recombinant 
ARIA can induce AChR expression in cultured muscle cells. Here, we asked 
whether ARIA and any of the erbB kinases are expressed in patterns compatible 
with their proposed role in synaptic signaling. In developing muscle, ARIA 
immunoreactivity was present not only at synaptic sites, but also in perisynaptic 
regions of the muscle fiber. ARIA was synthesized, rather than merely taken up, 
by muscle cells, as shown by the presence of ARIA mRNA in muscle, and of 
ARIA protein in a clonal muscle cell line. Developing muscle and cultured 
muscle cells also expressed both erbB2 and erbB3, but little erbB 1 or erbB4. In 
adults, erbB2 and erbB3 immunoreactivity were concentrated at synaptic sites on 
the muscle membrane. Perinatally, erbB3 became restricted to the postsynaptic 
membrane, by a 43K/rapsyn-dependent mechanism, at a time when ARIA is still 
broadly distributed perisynaptically. Thus, our data are consistent with a model 
in which ARIA interacts with erbB kinases on the muscle cell surface to provide 
a local signal that induces synaptic expression of AChR genes. However, the 
spatially restricted response may result from the localization of erbB2 and erbB3 
as well as of ARIA. Moreover, much of the ARIA is produced by muscle, not 
nerve. (Supported by NIH).

3 2 3 .6

REGULATORY ELEMENTS AND TRANSCRIPTION OF THE 
ACETYLCHOLINESTERASE GENE IN ADULT RAT SKELETAL 
MUSCLE FIBERS. R.Y.Y. Chan and B .J. Jasmin*. Department of 
Physiology, University of Ottawa, Ottawa, Ontario, Canada K1H 8M5.

Acetylcholinesterase (AChE) is preferentially localized at the vertebrate 
neuromuscular synapse where it hydrolyzes acetylcholine released from 
motor nerve terminals. Recently, we showed that AChE mRNAs selectively 
accumulate within the specialized postsynaptic sarcoplasm o f adult rat 
muscle fibers and that transcript levels are regulated by the functional 
demands placed upon the muscle. In order to explore the molecular 
mechanisms regulating AChE expression in vivo, we sought to clone and 
identify the cis-regulatory elements of the AChE gene that may be involved 
in synapse-specific expression and nerve-dependent regulation. We have 
isolated a 10 kb rat genomic fragment that contains the AChE gene. A 1 kb 
fragment located in the 5' flanking region o f the gene was further subcloned 
and sequenced. This DNA fragment shows homology to the previously 
reported mouse and human AChE promoters and thus, we refer to it as the 
rat AChE promoter (RAP). Within this promoter, we found several 
consensus motifs including 3 E-boxes and numerous Spl, AP2 and EGR-1 
sites. Using direct gene transfer of RAP-lacZ and RAP-green fluorescent 
protein constructs in rat diaphragm muscle fibers, we show expression 
within the postsynaptic sarcoplasm. Interestingly, we also noted, albeit at 
lower levels, expression of these constructs in extrasynaptic regions thereby 
suggesting that expression of the AChE gene may be less stringently 
regulated than that of AChR genes in diaphragm muscle fibers.

Supported by a grant from MRC to BJJ.
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A PHOSPHORYLATION STATE-DEPENDENT ANTIBODY DEFINES 
ISOFORMS OF MAP2 WITH DISTINCTIVE SUBCELLULAR LOCALIZATION 
AND DEVELOPMENTAL EXPRESSION. S. Halpain and G. Withers*. 
Department of Neuroscience and Center for Cell Signaling, University of Virginia 
Health Sciences Center, Charlottesville, VA 22908 

The microtubule-associated protein MAP2 may play a role in neuritogenesis and 
synapse formation. Three isoforms, termed MAP2A, B, and C, have been identified 
in neural tissue. In mature neurons MAP2 is observed as a high molecular weight 
doublet comprised o f MAP2A and MAP2B, which are derived from a single mRNA 
transcript. MAP2C is derived from an alternatively-spliced mRNA in which the 
extreme amino- and carboxy-termini are spliced together, thereby excising over 
two-thirds of the full-length molecule, but retaining the C-terminal tubulin binding 
domain. All three isoforms of MAP2 are phosphorylated by multiple protein 
kinases in vitro. We have characterized the developmental expression and 
subcellular distribution of MAP2 using two monoclonal antibodies which recognize 
all three isoforms.' Antibody V2-4 binds in the carboxy-terminal region of MAP2 in 
a phosphorylation-independent manner; antibody AP18 recognizes MAP2 only 
when it is phosphorylated in the amino terminus on Ser-136. Phosphorylation of 
recombinant MAP2C in vitro with the proline-directed kinase erk-1 induces AP18 
immunoreactivity. Immunoblots perfonned using V2-4 to detect MAP2C confirm 
that this isoform of MAP2 is expressed highly during the perinatal period but is 
reduced to 5% of P5 levels in the adult. In contrast, a pool of MAP2C recognized 
by AP18 is reduced by only 50% in adults compared to P5, indicating that a portion 
of AP18-positive MAP2C persists into adulthood. Immunoreactivity for AP18 in 
cultured hippocampal neurons revealed a punctate distribution. In contrast, V2-4 
immunoreactivity exhibited the typical filamentous staining in cell bodies and 
dendrites expected for MAP2. These studies suggest a specialized role for a subset 
of MAP2 phosphorylated on Ser-136. Supported by grants NS23094 &MH50861.

3 2 3 .8
EV ID EN C E FO R C E L L  SU RFA CE L O C A L IZ A T IO N  O F M AP1B 
AND ITS P H O S P H O R Y L A T IO N  BY E C T O -P R O T E IN  K IN A SE 
D U RIN G  SY N A P T O G E N E S IS . K. M uram oto1,2)*. M. K aw ahara1 ). K . 
Kobavashi1), H. Taniguchi3) & Y. Kuroda1  1>Department o f Molecular & Cellular 
Neurobiology, Tokyo Metropolitan Institute for Neuroscience, Fuchu-shi, Tokyo 183, 
Japan., 2)Reseach Fellow of the Japan Society for the Promotion o f Science and 3)Division 
of Biomedical Polymer Science, Institute for Comprehensive Medical Science, Fujita Health 
University, Toyoake-shi, Aichi 470-11, Japan.

Synapse formation between cultured rat cortical neurons is regulated by ecto-protein 
kinase which phosphorylates the extracellular domains of cell surface proteins. 
Microtubule associated protein IB (MAP1B) was identified as one of such substrates 
and its amino acid sequence is homologous to a proteoglycan-core protein, with one 
transmembrane region (Muramoto,K. et al., Biochem.Biophys.Res.Commun., 205, 
1467, 1994). In order to clarify the nature of the extracellular domain, we prepared 
antibodies against synthetic peptides that correspond to various regions of the MAP IB 
sequence. One of these antibodies, whose antigen peptide was in the possible 
extracellular region (Fig., Al), stained the surface of the cortical cells without making 
the cell membrane leaky. In contrast, another antibody raised against an intracellular 
region (Fig., A2) produced staining only after the cells were made leaky. Moreover, the 
extracellular region of MAP1B extracted from the culture after ATP treatment was 
phosphorylated at 4 sites (Fig, P3-P6), when the isolated protein was subjected to 
Edman degradation and mass spectrometric analyses. These results suggest that the 
extracellular domain of synaptic MAP1B molecule (We propose to call the protein 
"synaptophoscan" that is more appropriate for its localization and/or physiological
f u n c t io n s )  is  ■ intracellular space I extracellular space I
phosphorylated when I------------— "— I I----------------------- 1
ATP is released into 
the synaptic cleft in 
an activity-dependent 
m a n n e r  d u r in g  
synaptogenesis.

M AP1B

extracellular phosphorylated sites (Identified)
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E X P R E S S IO N  O F  P R O TE A S E  N E X IN  I IN M O U S E  SKELETA L M U S C L E  
D U R IN G  D E V E LO P M E N T. M. A kaaboune , D . H a n ta i*. I. Sm irnova and  

B.W . Festoff. IN S E R M  U .153 , 17 rue du Fer-à -M oulin, F -75005  Paris.
Serine proteases and their inhibitors play im portant roles in the  

developm ent and stabilization of synapses. W e  found that one such 
inhibitor, the serpin protease  nexin I (P N I), w as localized at the  
neurom uscular junction (N M J). Using an anti-PN I m onospecific  
polyclonal antibody, w e  studied the  developm ental kinetics of PNI 
expression in m ouse skeletal m uscle to  de term ine  if changes m ight 
correlate with the  developm ental m ilestone in postnatal m uscle of 
poly neuronal synapse elim ination. W e  here report, using W estern  
blotting, that at em bryonic day 16 (E 1 6) and at birth, a  4 7  kD a  
im m unoreactive PNI band, w as de tected  in leg m uscle extracts. This 
band b ecam e m ore prom inen t in leg m uscle extracts at day 15 post-
natal (P15) and m ore so in adult extracts. In contrast, a  h igher Mr 
band, corresponding to  a  S D S -res istant throm bin:PN I com plex, 
appeared  at E16, be ca m e  prom inen t at birth, but then decreased  at 
P15, i.e., after the  period of polyneuronal synapse elim ination had  
occurred. Using im m unocytochem istry, w e  found N M J accum ulation  
of PNI by P5 which rem ained  m ore  concentra ted  at this synapse by 
P15, rem aining localized there  in the  adult m ouse. These results 
support a  role for this serpin in th e  form ation and stabilization of the  
m ature NM J. They correlate  with published studies that show  throm bin  
is the  responsible p ro tease  for N M J de-stabilization and elim ination.

This w ork  w as supported  by th e  Association Frangaise contre  
les M yopathies, Incyte P harm aceuticals  and  the  M edical Research  
Service of the D epartm ent of V eterans Affairs.

3 2 3 .1 0

TIME COURSE OF EXPRESSION OF VESICLE PROTEINS 
DURING POSTNATAL DEVELOPMENT OF RAT SUPERIOR 
CERVICAL GANGLION. S. Narayan and K.F. Greif* Dept. of 
Biology, Bryn Mawr College, Bryn Mawr, PA 19010 

This study investigates the time course and pattern of expression of 
three synaptic vesicle proteins, synaptotagmin (p65), synaptophysin 
(p38) and SV2 in the rat superior cervical ganglion (SCG) in vivo. 
Sections of SCG from Sprague-Dawley rats aged pO, 4, 7, 10, 14, 
21 days and adult are incubated with monoclonal antibodies directed 
against the vesicle proteins. Sections are processed for HRP 
immuno- histochemistry using a biotin-avidin system. The pattern 
for p65 confirms previous results; it is detected in the principal 
neuron cell cytoplasm at pO. Punctate terminal staining appears at 
p l0-14. In the adult, p65 is detected in the terminals and as patches 
in the cell cytoplasm with intense perinuclear staining. In contrast, at 
pO, SV2 immuno- reactivity is intense and patchy in the cytoplasm of 
most neurons. Over time, fewer cells are labeled, suggesting that 
SV2 may be redistributed to target terminals during postnatal 
development. Punctate terminal staining is detected at p7 and 
intensifies with age. Surprisingly, p38 immuno-reactivity first 
appears as weak cytoplasmic labeling at p7-10, and peaks at pl4.

These studies demonstrate that vesicle proteins can exhibit 
strikingly different patterns of expression during postnatal 
development of the SCG. Such observations may have important 
implications for the establishment of functional synaptic transmission 
in developing systems.

Supported by AREA Grant R15 NS31732.
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323 .11
SUBCELLUL AR LOCALISATION OF ß-D YSTROGLYC AN IN RAT BRAIN: 
IDENTIFICATION OF A POST SYNAPTIC DENSITY-ENRICHED 164 kD 
PROTEIN IMMUNOLOGICALLY RELATED TO ß-DYSTROGLYCAN.
P. W. Beesley. A. K. Sesay1. R. Mummery. M. C. Thomdyke* and F. A. Lai1. 
School of Biological Sciences, Royal Holloway, University of London, Egham, 
Surrey TW20 OEX, U. K. 1National Institute for Medical Research, The 
Ridgeway, Mill Hill, London NW7 1AA, U. K.

Dystrophin, the 427 kD protein which is absent in Duchenne Muscular 
Dystrophy is also expressed in brain where it is associated with the post synaptic 
density (PSD) of many types of neurone. Localisation of dystrophin at specific 
membrane sites occurs in association with a transmembrane protein complex which, 
in skeletal muscle, mediates binding to extracellular matrix components via two 
glycoproteins, a -  and ß-dystroglycan. In the present study a polyclonal B- 
dystroglycan antiserum (raised against a C-terminal 25-mer peptide conjugate) has 
been used to establish the subcellular distribution of ß-dystroglycan in adult rat 
brain.

Immunodevelopment of Western blots of a range of subcellular fractions 
including synaptic membranes (SM) and PSDs confirm that the antiserum 
recognises a 43 kD ß-dystroglycan band. Unlike dystrophin, fi-dystroglycan is 
enriched in several membrane fractions, particularly SM, but is not detectable in 
PSDs. The ß-dystroglycan antiserum also recognises a 164 kD protein which is 
highly enriched in the PSD fraction compared to SM. The enrichment is consistent 
with this protein being PSD specific. Pre-absorption of the antiserum with the 
peptide immunogen abolishes immunoreactivity against both ß-dystroglycan and the 
164 kD protein thus confirming that this molecule is immunologically related to ß- 
dystroglycan. However, enzymatic deglycosylation studies show that unlike ß- 
dystroglycan, the 164 kD protein does not contain N-linked oligosaccharide.

323 .13

REGULATION OF THE ACTIVITY OF PTP1D, A CYTOPLASMIC 
PROTEIN TYROSINE PHOSPHATASE CONTAINING TWO SRC 
HOMOLOGY DOMAINS. Jutong Si and L. M ei.* Dept. of Pharmacol., 
Univ. of Virginia Sch. of Med., Charlottesville, VA 22908.

PTP1D, a cytoplasmic protein tyrosine phosphatase (PTP) containing two 
src homology (SH2) domains, is highly expressed in the brain and skeletal 
muscle. Interestingly, RNA splicing down-regulates the activity of PTP1D 
by insertion of four amino acid residues (ALLQ) in the catalytic domain. 
These characteristics, in addition to the SH2 domains which are known to 
interact with tyrosine-phosphorylated proteins, make it an extremely 
interesting candidate for the PTP(s) in the regulation of synapse formation 
and synaptic plasticity at the neuromuscular junction. We have studied 
possible mechanisms of the regulation of PTP1D activity. A series of 
mutants of PTP 1C, another SH2 domain-containing PTP, were made. 
P T P lC i4 , P T P lC i l  2 and P T P IC i18 are PTP 1C mutants engineered to 
contain 4, 8, and 18 amino acid residue inserts, respectively, in the 
corresponding region of PTP1C. The inserts of PTPlC il2 and PTPlC il8 
had two copies of ALLQ. PTPlCi4 demonstrated only 20 % of the 
phosphatase activity of PTP1C. Compared to that of PTPlCi4, no further 
decrease in the activity of PTPlCil2 or PTPlCil8 was observed. Therefore 
the four amino acid insert may contain intrinsic activity to down-regulate 
the phosphatase activity. In addition, we found protein kinase C (PKC) 
phosphorylated PTP1D-GST fusion proteins in vitro on serine residues. 
However, the backbone GST protein was not phosphorylated by PKC. 
Kinetic analysis demonstrated that PTP 1D had a Km of 120 nM and a 
Vmax of 20 nmol/mg/min whereas PTPIDi had a Km of 71 nM and a 
Vmax of 9 nmol/mg/min. Experiements are under way to study whether 
PTP1D and PTP1Di are physiological substrates of PKC in vivo and to 
study effects of serine-phosphorylation on functions of PTP1D. 
(Supported by NIH grant NS34062)

323 .15

RAPSYN-LIKE TRANSCRIPTS ARE EXPRESSED IN CHICK MUSCLE 
AND NEURONAL TISSUES. J.F . M arg io tta*  and  A .L . B u rn s  
D epartment of Physiology & Biophysics and Fishberg Center for 
Neurobiology, Mount Sinai School of Medicine, NY, NY 10029.

Skeletal muscle fibers express a nicotinic acetylcholine receptor 
(AChR) associated protein at synapses (RAPsyn) of ≈43kDa that is 
important for clustering AChRs. Synaptic AChRs, distinct from those on 
muscle fibers, are also expressed on neurons (e.g. chick ciliary ganglion 
neurons) but little is known about the molecular mechanisms responsible 
for their aggregation. To identify possible RAPsyn-like transcripts in 
chick muscle and neuronal tissues, we first constructed an E17 chick 
muscle cDNA library and screened it with a mouse muscle RAPsyn cDNA 
(M43K.1; from Dr. S. Froehner). Two overlapping partial clones were 
isolated, and used to prepare a full-length cDNA construct (Ch43K.l). 
Ch43K.l has an open reading frame of 1.2 kbp, encoding a chicken 
protein having 89% homology to rodent RAPsyn. Since M43K.1 
hybridized with chick muscle and brain (but not liver) mRNA on 
Northern blots, oligonucleotide primers homologous to conserved 
regions of Ch43K.l and M43K.1 were designed for amplifications using 
reverse transcription (RT) PCR. One pair of 3' primers specifically 
amplified cDNAs of ≈440 bp following RT of chick muscle, brain, or 
ciliary ganglion (but not liver) RNA. A set of nested primers, spanning 
nearly the entire coding region of Ch43K .l, generated products of 1.0-
1.4 kbp from muscle, brain, and ciliary ganglion cDNAs, suggesting the 
presence of multiple transcripts. Cloning and sequencing the major 
ganglionic PCR product reveals high homology to Ch43K .l, except for a 
≈200 bp deletion near the 5' end. The presence of RAPsyn-like 
transcripts in chick muscle and neuronal tissues suggests that homologous 
molecules may be involved in aggregating muscle and neuronal AChRs. 
Supported by NIH # NS24417.

3 2 3 .12

Plexin; a novel neuronal cell surface protein family.
T. K am eyam a,  Y. M urakam i, A. K aw akam i an d  H . Fujisaw a. 
D ep t. of M olecu lar Biology, School of Science, N agoya 
U niversity , N agoya 464-01, Japan

Cell to cell in te rac tions m ed ia ted  by ad h esio n  m o lecu les  
p lay  m a jo r ro les in the  fo rm ation  of the  n e u ro n  circuits. 
P lexin  (ren am ed  from  B2) is a novel n eu ro n a l cell su rface  
p ro te in  th a t is o rig inally  iden tified  as an an tigen  o f the 
m onoclonal an tib o d y  n am ed  B2 (M AbB2) in the  n e rv o u s  
tissues of Xenopus laevis. Plexin m ed ia tes  Ca++-d ep en d en t 
cell ad h es io n  v ia a h o m o p h ilic  b in d in g  m ech an ism .

H ere, w e rep o rt cD NA  c lon ing  of m ouse p lex in  
hom o lo g u es . W e h av e  iden tified  th ree  p lexin sub types 
(P lex in -1,-2, and  -3) in the  m o u se  n e rv o u s  system . T heir 
p rim ary  s tru c tu re s  a re  not iden tical, b u t s im ila r to each  o ther. 
In s itu  h y b rid iza tio n  analysis  reveal th a t each  p lexin  
m olecule  is exp ressed  in d iffe ren t reg ions o f the  n e rv o u s  
system  d u rin g  d ev elo p m en t as follow s. Plexin-1 is expressed 
in the nuclei co n stitu tin g  the accessory olfactory  and  aud ito ry  
system s; Plexin-2 is in the  nuclei of the  gen era l som atic  
sensory system ; and  Plexin-3 is in c ran ial and  sp inal ganglia. 
T hese resu lts  suggest th a t th ree  p lex in  m olecu les p lay  som e 
ro les in  th e  fo rm atio n  of d is tin c t n e u ro n  circuits.

3 2 3 .1 4
SPECTRIN AT SYNAPSES IN DEVELOPING HIPPOCAMPAL NEURONS. 
R.J. Bloch*. B.E. Alger and L.A. Martin. Department of Physiology, 
University of Maryland School of Medicine, Baltimore, MD 21201 

The cytoskeletal protein, spectrin, is involved in the genesis and 
organization of postsynaptic clusters of nicotinic acetylcholine receptors in 
muscle. We have been studying hippocampal cells in tissue culture to learn 
if members of the spectrin family are involved in synaptogenesis in the central 
nervous system. We prepared subunit-specific polyclonal antibodies to ß- 
spectrin (ßI), ß - f drin (ßII), and α -fodrin (αII) and used them to analyze 
extracts of rat hippocampi, to determine when during postnatal development 
the three subunits were expressed. Both fodrin subunits (αII and ßII) were 
expressed at all ages, whereas ßI expression increased substantially early in 
postnatal life, when synaptogenesis occurs. Immunoblots of cerebral neurons 
and astrocytes showed ßI primarily in neurons, and αII and ßII in both neurons 
and astrocytes. Expression of ßI did not change when astrocytes differentiated 
in the presence of dibutyryl cyclic AMP. Immunofluorescence studies of 
spectrin in cultured hippocampal cells confirmed the presence of ßI primarily 
in neurons and αII and ßII in both neurons and astrocytes. Within neurons, 
ßI was found in neuronal cell bodies and dendrites, whereas fill and αII were 
localized in axons, cell bodies and dendrites. Preliminary studies suggested 
that ßII and αII, but not ßII, was present in spines. The subcellular 
localization and developmental regulation of Bi-spectrin is consistent with the 
hypothesis that ßI participates in postsynaptic differentiation in the CNS. 
Supported by grants from the NIH (NS 17282, NS 22010, NS 30219 and 
HD 16596) and by training grant GM 08181.

3 2 3 .1 6

SYNAPSIN II IS REQUIRED FOR THE FORMATION AND THE 
MAINTENANCE OF SYNAPSES IN CULTURED 
HIPPOCAMPAL NEURONS. A. Ferreira. H.O. Han. P. Greengard 
and K.S. Kosik*. Center for Neurologic Diseases, Brigham and 
Women's Hospital, Harvard Medical School, Boston, MA 02115, 
and Laboratory of Molecular and Cellular Neuroscience, The 
Rockefeller University, New York, NY 10021.

Synapsin II, a neuron-specific phosphoprotein, has been implicated 
in axogenesis, in the differentiation of synaptic terminals and in the 
clustering of synaptic vesicles. To examine the role of synapsin II in 
the formation and the maintenance of synapses we used antisense 
oligonucleotides to suppress its expression in hippocampal neurons. 
The oligonucleotides were administered to dissociated cultures just 
before or one week after the onset of synaptogenesis. In both cases 
synapsin II was no longer detectable by immunocytochemistry or 
Western blot analysis after 48 hours of antisense treatment. After 5 
days of antisense treatment, synapses were analyzed by 
synaptophysin staining and by electron microscopy. Cultures in which 
synapsin II was suppressed before synapse formation did not develop 
synapses; cultures in which synapsin II was suppressed after 
synaptogenesis lost most of their synapses. These decreases in 
synaptic density were accompanied by neuritic fasciculation and 
clustering of cell bodies. The removal of the antisense 
oligonucleotides resulted in the full recovery of the neurons.
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LOCALIZRTION OF DREBRIN, SYNRPTOPHYSIN and 
NCRM-H IN RAT HIPPOCAMPUS. T. Shirao1, Y. Sekino2 4, 
S.C.Fujita*4 and K.Obata', 1Dept. of Neurobiol. and Behav.Gunma 
Univ. Sch. of Med., Maebashi 371, "PRESTO, Res. Develop. Corp. 
of Japan, Lab. of Neurochem. Natl. Inst. for Physiol. Sci., Okazaki 
444, 1Mitsubishi Kasei Inst. of Life Sci. Tokyo 194, Japan.

Drebrin is an actin-binding protein that is concentrated at the 
postsynaptic site of dendrites in adult brain, and is thought to play roles 
in synaptic plasticity. To elucidated the roles of drebrin in synaptic 
plasticity, we first clarified the localization of drebrin, SVP38 
(synaptophysin) and NCAM-H in the young adult rat hippocampus, 
and analyzed changes of localizations of these proteins in hippocampus 
in vivo and in vitro. In the hippocampus of control rats the 
immunostaining patterns of drebrin and SVP38 were similar although 
the staining intensity of drebrin was low in the stratum radiatum and 
that of SVP38 was low in the stratum lacunosum-moleculare. Some of 
mossy fibers were immunostained with NCAM-H antibody. In 
hippocampal slices after 5 hours incubation, drebrin immunopositive 
fibers appeared in the stratum radiatum of CA3 region. On the other 
hand the immunostaining of NCAM-H disappeared. The distribution 
pattern of SVP38 in the slice was not different from that in the 
hippocampus of control rats. (Supported by the Uehara Foundation and 
by the Ministry of Education, Science and Culture of Japan)
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324 .1

ACTIVITY DEPENDENT APPEARANCE OF FUNCTIONAL 
SYNAPSES IN CULTURED VISUAL CORTICAL NEURONS. 
Kimura. F.*, Otsu, Y. and Tsumoto. T . Dept. Neurophysiol.,
Biomedical Res. Center, Osaka University Medical School, Suita 565 
Japan

We carried out a series of experiments to test whether 
responsiveness of postsynaptic cells has any effect on functional 
maturation of synapses. Experiments were performed on autapses 
formed by solitary neurons grown on islands. To control the 
responsiveness of postsynaptic cells, one group of neurons was raised 
with a chronic exposure to kynurenate added to culture medium at a 
concentration of 1 mM which barely leaves excitatory synaptic 
responses, while the other group was raised with reduced concentration 
(0.1 mM) of kynurenate or with its complete omission. Then, a whole-
cell patch electrode was applied to test whether presynaptic excitation 
induces excitatory postsynaptic responses or not.

Twenty two solitary neurons raised with 1 mM kynurenate 
hardly exhibited excitatory postsynaptic currents after a voltage step 
from a holding potential of -60 or -70 mV to 0 mV applied to the soma. 
The amplitudes of evoked responses were evaluated by mean value 
from 5 ms to 15 ms following the voltage shift back to the previous 
holding potentials, which was in a range of 11.5 pA to -85.3 pA (-19.3 ± 
25.0, mean ± S.D.). When kynurenate was reduced to 0.1 mM after the 
chronic exposure to 1 mM for 28 days, the amplitude of evoked 
response became larger and was in a range of 25.1 pA to -1108.0 pA (-
179.5 ± 329.6). These results suggest that formation of functional 
synapses is dependent on the responsiveness of postsynaptic cells.

324 .3

INTERFERON-GAMMA INDUCED NITRIC OXIDE PRODUCTION 
IN DEVELOPING NEUROMUSCULAR JUNCTION IN  VITRO 
S.Kelić* and K.Kristensson, Division of Neurodegenerative Disease Research, 
Dpt of Neuroscience, S-171 77 Karolinska Institutet , Stockholm, Sweden.

Interferon-gamma (IFN-γ), a cytokine produced by activated lymphocytes 
during virus infections, has besides its key role in immunomodulation also 
effects on cell proliferation and differentiation. It is also known to be the most 
potent inducer of release of the gaseous neuroactive molecule nitric oxide (NO) 
from macrophages and microglial cells in the nervous system. We have recently 
reported the influence of IFN-γ on synapse formation between rat neurons and 
muscle cells in culture. When myotubes were exposed to IFN-γ and 
subsequently co-cultivated with spinal cord cells, there was a significant 
decrease in the formation of neuromuscular synapses.

Here, we report the effect of IFN-γ on NO production in developing 
neuromuscular junctions in vitro. Spinal cord neurons cultured alone, or co
cultivated with rat myotubes pre-exposed to IFN-γ , were treated with IFN-γ 
(100 U/ml) with or without LPS (100 ng/ml). Estimation of NO production 
was done by use of microplate nitrite assay, 48 h after the last addition of 
cytokine. Both types of cultures showed a significant increase of NO secretion 
into the cell culture media, when exposed to IFN-γ . Current experiments with 
a specific nitric oxide synthase inhibitor (L-N°-monomethylarginine), and with 
the addition of a generator of NO into the culture media (nitroprusside), are 
aimed at determining the role of nitric oxide in the IFN-γ induced change of 
neuromuscular synapse formation.

324 .2
THE EFFECT OF CYTOCHALASIN D AND OKADAIC ACID ON 
PRESYNAPTIC DEVELOPMENT Zhengshan Dai* and H.B. Peng Dept. of Cell 
Biol. and Anat. and Curr. in Neurobiol., UNC, Chapel Hill, NC 27599

In cultured Xenopus spinal cord neurons that have not come into contact with 
targets, synaptic vesicles (SVs) are often organized into packets along the neurites 
and these packets are quite mobile. With fluorescent vesicular marker FM 1-43, we 
have observed that these SV packets undergo activity-dependent exocytosis and 
endocytosis, suggesting that they are already functional in transmitter release even in 
naive neurites. Contact with synaptic targets such as cultured muscle cells or beads 
coated with basic fibroblast growth factor (bFGF) results in the localization and 
immobilization of SVs at the contact site. An actin-based cytoskeletal specialization 
may be involved in the formation of SV clusters since we found that F-actin is 
concentrated at SV clusters induced by bFGF-coated beads. To study the mechanisms 
of SV clustering, we treated cultured neurons with cytochalasin D (CD) which 
inhibits the polymerization of actin and investigated its effect on the movement of 
SV clusters. After treating neurons with 20µM CD for 1 hr, the average speed of SV 
movement decreased from 0.14pm/sec to 0.09µm/sec (p<0.05). In nerve-muscle (N- 
M) cocultures, 10 µM CD inhibited SV clustering at the N-M contact site, while 
acetylcholine receptor (AChR) clustering in postsynaptic membrane remained 
unaffected. When N-M cocultures were treated with 0.2 µM okadaic acid (OA), a 
phosphatase inhibitor, SV clusters became blurred and failed to be localized at N-M 
contact sites. OA treatment did not block the induction of AChR clustering at the 
postsynaptic membrane. The SV clustering induced by bFGF-coated beads were also 
blocked by CD or OA treatment. These results suggest that the movement of SV 
packets in naive neurites may depend on an actin-based cytoskeleton and that SVs 
interact with this structure in a phosphorylation-dependent manner. Thus SV 
movement and their interaction with actin are important for the assembly of the 
presynaptic specialization. (Supported by NIH grant NS-23583 and MDA)

3 2 4 .4

CALCIUM ELEVATIONS INDUCED BY NEURITE-MUSCLE CONTACT 
REQUIRE NORMAL GLYCOSAMINOGLYCAN BIOSYNTHESIS. R. A. 
Graf* 1. S. B. Katcr1. and H. Gordon2 1Dept. of Anatomy & Neurobiology, 
Colorado State University, Ft. Collins, CO 80523; 2Dcpt. of Cell Biology & 
Anatomy, University of Arizona, Tucson, AZ 85724 

Motor neuron growth cones have been shown recently to undergo long-lasting 
elevations in intracellular calcium [Ca2+]i in response to contact with target 
muscle. The muscle surface signal giving rise to the calcium elevation is not 
known. Here we examine whether defects in muscle glycosaminoglycan (GAG) 
biosynthesis can disrupt the signaling that gives rise to the elevation in neurite 
[Ca2+ ]i. Chick ciliary ganglion neurons were plated onto substrates containing low 
densities of fixed C2 or S27 muscle cells. This preparation offers possibilities for 
studying the prolonged elevation of presynaptic [Ca2+]i in response to neurite 
contact with the muscle surface while prohibiting the influence of diffusible factors 
and reciprocal signaling processes. [Ca2+]i in control growth cones and neurites of 
neurons not contacting other cells averaged 90 nM (s.d. 31; n=9) and never exceeded 
175 nM. By contrast, thirty-five percent of growth cones and neurites contacting 
external C2 surfaces had [Ca2+]i ovcr 175 nM (avg. 295 nM in the 30 of 84 growth 
cones above 175 nM). A quite different result was obtained when growth cones 
were assayed in contact with the S27 muscle variant, deficient in glycosaminoglycan 
biosynthesis, namely, [Ca2+]i elevations exceeded 175 nM only 2 of 37 times. 
Taken together, our results provide evidence for involvement of target proteoglycans 
in signaling prolonged [Ca2+]i elevations and suggest a potential role in presynaptic 
differentiation. Supported by NRSA F32 NS09393 to RAG, NSF IBN-9207052 to 
HG, and in part by NS-28323 to SBK.
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324.5

MULTIPLE INNERVATION OF CEREBELLAR PURKINJE CELLS 
BY CLIMBING FIBERS IN PKCγ MUTANT MICE. M. Kano1*. K. 
Hashimotol . A. Abeliovich2. A. Aiba2 and S. Tonegawa2  1Dept. of 
Physiology, Jichi Med. Sch., Minamikawachi-machi, Tochigi 329-04, 
Japan and 2Center for Cancer Research, MIT, Cambridge, MA02139.

Climbing Fibers (CFs) originate from the inferior olive and supply 
strong excitatory synapses on cerebellar Purkinje cells (PCs). Each PC 
is innervated by a single CF in adult mice. This one-to-one relationship 
is preceded, at early developmental stages, by a multiple innervation of 
PCs by CFs. Massive elimination of supernumerary CF synapses 
occurs during the second postnatal week, and the adult-type 
innervation pattern by CFs is attained on around postnatal day (PN) 
14. Previous studies indicate that this developmental change requires 
the presence of excitatory synapses from parallel fibers, the other major 
inputs to PCs. However, molecules responsible for this change are 
largely unknown. Mice defective in PKCγ, which were generated by 
gene targeting technique, show mild cerebellar symptoms. We found 
that excitatory postsynaptic currents elicited by stimulating CFs (CF- 
EPSCs) had multiple steps in 38% (39/103) of PCs that were sampled 
in mature cerebellar slices from PK Cγ mutant mice (PN 23-70). By 
contrast, CF-EPSCs in the wild type mice at comparable ages (PN 24- 
56) showed multiple steps in only 3% (2/68) of PCs. These results 
indicate that substantial number of PCs in adult mutant mice remain 
multiply-innervated by CFs. Nevertheless, paired pulse depression of 
CF-EPSCs appears normal in the mutant mice. These results strongly 
suggest that PKCγ is a key molecule for elimination of supernumerary 
CF synapses on PCs which occurs during normal development.

324.7

INTERACTIONS BETWEEN TERMINALS IN REINNERVATED 
FROG NEUROMUSCULAR JUNCTIONS. V. Pitaeyski* and A.A. 
Herrera. Dept. of Biological Sciences, University of Southern California, 
L.A., 90089-2520.

To study competitive interactions between different motor nerve 
terminals at the same neuromuscular junction in living frogs, we 
exposed selected terminal branches to a damaging combination of 
fluorescent staining and intense illumination. We monitored the long-
term reactions o f intact branches to this photodynamic lesion using 
repeated in vivo observation. Our results indicate that 4 weeks after 
p h o to d y n a m ic  le s io n , d am aged  te rm in a ls  re t r a c t and 
undamaged terminals grow. By 8 weeks, terminals returned to their 
original size. Undamaged terminals appeared to grow simultaneously 
with the retraction of damaged terminals. Absolute values of growth and 
retraction are approximately the same for each period of time.

To further investigate properties and mechanism s of this 
interaction we are continuing our study in several directions:
1) Electrophysiological investigation of the mutual effects of synaptic 
activity in different terminals at the same junction. To be able to 
separately stimulate the terminals of different motor axons, we perform 
nerve redirection surgery to artificially create innervation by 2 spinal 
nerves in sartorius muscle of adult frogs. 2) Blocking synaptic 
transmission in selected terminals by focal application of neurotoxins. 
3) Producing more extended photodynamic lesion using more potent 
photosensitizer dyes.
[Supported by NIH grant NS24805.]

324.9

INITIALLY SELECTIVE TERMINATION PATTERNS EXHIBITED BY 
VESTIBULO-OCULAR PROJECTIONS IN THE CHICKEN EMBRYO.
J. C. Glover* and A. R inde. D ept. of Physiology, U niversity of Oslo, 
0317 Oslo, Norway.

We have previously show n that vestibulo-ocular projections in the 
chicken em bryo derive from segregated, functionally discrim inable 
clusters of vestibulo-ocular neurons. H ere w e describe the 
developm ent of the term ination patterns m ade by som e o f these 
clusters (the ipsilateral and contralateral caudal clusters, or iC and cC) 
am ong the m otoneurons of the oculom otor com plex. In in vitro  
preparations of the brain stem , different fluorescent dextran-am ines 
w ere applied selectively to  central axon tracts and the oculom otor 
nerve to differentially label the m otoneurons and  the ingrow ing 
vestibulo-ocular axons, w hose spatial relationship was exam ined in 
transverse sections. O ur results em brace 2 different yet contem po
raneous phenom ena: 1) the m igration and segregation of 
oculom otor neurons into discrete, identifiable pools, and  2) the 
pattern  of ingrow th and  term ination of the vestibulo-ocular axons. 
We find that iC and cC axons reach the oculom otor com plex on day 5 
but do  not elaborate term inal collaterals until day  7; that the 
oculom otor complex attains its definitive pool com partm entalization 
gradually between days 6 and 10; and tha t the iC and cC collaterals 
extend selectively into discrete regions of the oculom otor complex 
that eventually  resolve into specific m otoneuron pools. O ur results 
suggest that vestibulo-ocular connectivity is established to a large 
extent through an  initially appropriate  selection o f m otoneuron 
targets.

324.6

MUTATIONS IN SHAKING-B(NEURAL) UNCOUPLE ELECTRICAL 
SYNAPSES IN THE DROSOPHILA GIANT FIBRE SYSTEM.
P. Phelan. M. Nakagawa. M.B. Wilkin. K. Moffat †. J.A. Davies. J.P. Bacon*.
Sussex Centre for Neuroscience, University of Sussex, Brighton BN1 9QG and 
†Biology Dept, University of Warick, Coventry, CV4 7AL, U.K.

The establishment of the highly specific synaptic connections between neurons 
must require the expression of particular genes. One candidate is the Drosophila 
shaking-B locus. shaking-B was discovered by screening for mutations that abolish 
the fly’s escape response, a behaviour mediated by a network of identifiable neurons 
known as the giant fibre system (GFS) (Thomas & Wyman 1984 J Neurosci 4: 530- 
538). Several transcripts are produced from the locus (Crompton et al. 1995 Dev Biol 
(in press); Krishnan et al. 1993 Cell 73: 967-977). Neural alleles of shak-B disrupt 
transmission at some of the GFS electrical synapses. We are examining the role of 
the shak-B protein in synapse formation.

We used an enhancer trap line to follow the development of the GF, the major 
descending neuron of the pathway, and intracellular injection of Lucifer Yellow to 
describe, and to map the development of, the electrical synapses it forms. The axon 
and dendrites are elaborated during the first 30 hours of metamorphosis. From about 
40 hours, the neuron establishes functional electrical connections with known and 
previously unidentified cells in the brain and thoracic ganglion. 
Immunocytochemistry with shak-B peptide antisera demonstrates that the protein is 
first localized to the region of the GF synapses at about the time of synaptogenesis. 
We see no corresponding expression in shak-B (neural) mutants in which we show, by 
Lucifer Yellow injection, that all of the electrical synapses in the GFS are dye 
uncoupled.

Shak-B function is clearly required for the establishment of electrical 
connections. The protein may itself be a structural component of synaptic gap 
junctions or play a role in the assembly and/or stabilization of the junctional complex.

324.8

ABSENCE OF SYNAPTIC OVERPRODUCTION IN THE RAT 
SOMATOSENSORY BARREL CORTEX DURING POSTNATAL 
DEVELOPMENT. K. Micheva*, C. Crevier and C. Beaulieu. Dept 
Pathology and C.R.S.N., Université de Montréal, (Qué) CANADA.

The phenomenon of overproduction and subsequent pruning of 
synaptic contacts represents one mechanism for the formation of highly 
specific neuronal connections. To estimate its significance for the 
development of the rat neocortex we have stereologically quantified the 
postnatal changes in the number of all synaptic contacts and of those 
formed by GABA terminals in the somatosensory barrel field of rats.

At P5 the total number of GABA synapses in the barrel cortex 
represents only 6.0 % of the adult value (47 million compared to 784 
million), and that of the overall population of synapses is 3.7 % of the 
adult value (210 million compared to 5566 million). Between P5 and 
P I5 the numbers of the overall and the GABA synaptic populations 
show a dramatic increase to about 50 % of their adult values. 
Subsequently, the number of all synaptic contacts stabilizes around 
P30, while that of the GABA synapses continues to increase up to 
P60.

Thus, our results show that no synaptic overproduction takes place 
in the rat barrel cortex but, on the contrary, the number of synapses 
gradually increases during development. We suggest that the addition 
of new synaptic contacts is a developmental mechanism operating 
together with synaptic pruning for the specification of neuronal 
connections. Depending on the species, one or the other mechanism 
predominates which determines the net result of a gradual increase in 
synaptic number in the case of rat, or synaptic overproduction in the 
case of cat or monkey. (Supported by MRC, FCAR and FRSQ.)

324.10
TARGET-DEPENDENT INDUCTION OF NEURONAL SECRETION INVOLVES 
ACTIVITY-DEPENDENT MECHANISMS AND NEW PROTEIN SYNTHESIS.
J. C. Poyer*. M. B. Turner, and M. J. Zoran. Department of Biology, Texas A&M 
University, College Station, TX 77843.

Synapse formation, between Helisoma neuron B19 and appropriate muscle targets 
in culture, requires target-dependent induction of presynaptic secretory properties. 
Acquisition of excitation-secretion function is localized to neuron-muscle contact 
sites. Retrograde induction is blocked by exposure of these cultures to tetrodotoxin 
(TTX). In contrast, B5, a neuron less selective in synapse formation, requires no 
target-dependent induction and gains secretory competence in the presence of TTX.

To further access the role of postsynaptic activity in this synaptic induction, B 19- 
muscle preparations were established in the presence of 10µM curare, a cholinergic 
antagonist that reversibly blocks B19 neuromuscular transmission. Retrograde 
induction of action potential-evoked ACh release was abolished by the disruption of 
cholinergic communication between B 19-muscle partners. Preparations (n=15) 
exhibiting evoked synaptic potentials (ESPs), as detected in ACh-sensitive assay 
cells, were not significantly greater than control preparations of neurons lacking 
muscle contact (n=6). Interestingly, the spontaneous release rate near sites of muscle 
contact was 1.5 SSP/min (n=20), while spontaneous secretion rates were 
significantly lower, 0.6 SSP/min (n=12), along control neurites without contact.

Activity-dependent mechanisms underlying many forms of neural plasticity often 
involve new protein synthesis. We tested whether target-dependent induction of B19 
secretion involves new gene expression and protein synthesis. B 19-muscle contacts 
were formed in the presence of a transcriptional inhibitor, actinomycin D, or a 
translational inhibitor, anisomycin (50µg/ml). These inhibitors both significantly 
decreased secretory efficacy of B19, but had no effect on promiscuous neuron B5.

These results indicate that target-dependent induction of functional secretion in 
B19 may involve initial activity-independent mechanisms that elevate spontaneous 
release at sites of direct neuron-muscle interactions. Subsequent activity-dependent 
mechanisms involving new gene expression and protein synthesis permit the 
establishment of functional (action potential-evoked) synaptic transmission.
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324 .11

SEROTONIN AND DOPAMINE MODULATE THE FORMATION OF 
ELECTRICAL CONNECTIONS AT GIANT SOMATIC SYNAPSES IN CELL 
CULTURE. T.M. Szabo and M. J. Zoran*. Department of Biology, Texas A&M 
University, College Station, TX 77843.

Neuronal plasticity, induced by neurotransmitters, can involve changes in 
membrane conductance, enzyme activation, gene expression, or synaptic 
transmission. In addition, neuromodulators may also regulate developmental and 
regenerative forms of neuronal plasticity, such as synapse formation. We have 
determined the effects of serotonin (5-HT) and dopamine (DA) on the formation and 
modulation of electrical connections between pairs of Helisoma motoneurons.

Paired neurons B19, located in the buccal ganglia, are electrically coupled and 
possess coupling coefficients of 0.22±0.01. 5-HT has been shown to elicit excitatory 
effects in B19 and inhibit its neurite outgrowth. We have studied electrical 
connections formed between pairs of neuronal somata cultured in nonadhesive 
conditions. These somata, which lack neuritic outgrowth, were maintained in isolated 
cell culture for 48h in conditioned medium (CM). Somata were then paired and 
cultured for 24h of synapse formation in CM containing 50µM 5-HT. Soma-soma 
pairs were transferred into recording dishes, penetrated by intracellular recording 
electrodes, and assayed for electrical coupling under isopotential conditions. 
Electrical connections, formed in the presence of 5-HT (n=18), possessed a 55% 
increase in coupling coefficient as compared to control pairs cultured in CM (n=16; 
p<0.005). This serotonin-induced modulation of electrical synapse formation was 
mimicked by Sp-cAMP, an activator of cAMP-dependent protein kinase A.

Interestingly, bath application of 5-HT caused a reversible reduction in B19-B19 
electrical coupling. Short-term effects of 5-HT included an 18% reduction in 
coupling between paired B19s in buccal ganglia preparations (n=30) and a 35% 
reduction in coupling at electrical connections formed in cell culture (n=14). In 
addition, the effects of dopamine on B19 electrical coupling closely approximated 
those elicited by 5-HT. These results indicate that the mechanisms mediating amine- 
induced enhancement of B 19 electrical synapse formation differ from those 
mediating short-term reductions in electrical coupling at the same connections.

324 .13

POSTSYNAPSE-DEPENDENT SYNAPTOGENESIS IN 
DISSOCIATED CELL CULTURE OF CHICK CEREBRAL 
NEURONS. K. Kiyosue*. M. Kasai. T. Taguchit, D ept. of Biophys. 
Engineer., Fac., of Engneer.Sci., Osaka Univ., Toyonaka 560, Japan, 
†O saka N at'l. Res. Inst., Ikeda 563, Japan

Synaptogenesis between chick cerebral neurons in primary cell 
culture has been studied using conventional patch clamp technique. 
Our previous report showed that the development of synaptogenesis 
is dependent on embryonic equivalent days (E.E.Days: days of 
embryo plus days in vitro), but not days in vitro. The excitatory and 
inhibitory spontaneous synaptic currents (S.S.C..) started to be 
observed at E.E.Days 13. Amplitude and frequency of S.S.C.s 
increased until E.E.Days 17. This suggested that neurons acquired 
some competence to form synapses during that time. To determine 
whether the acquisition of a potential for synaptogenesis is 
presynaptic or postsynaptic cell event in that time, we have used 
mixed cultures consisted of neurons different E.E.Days, for example 
E.E.Days 13 and 17. The larger amplitude and higher frequency of 
glutamatergic S.S.C. were recorded in E.E.Days 17 cells than in 
E.E.Days 13 cells, even though the dendrites of E.E.Days 13 neurons 
were found to morphologically contacted to neurites(axons) and 
both neurons seemed to be active as presynaptic neurons. This 
suggests that E.E.Days 13 neurons have much less competence as 
postsynaptic cells, that neurons get the competence during E.E.Days 
13 to 17.

324 .15

DEVELOPMENTAL REGULATION OF THE 
RESPONSIVENESS OF PONTINE MOSSY FIBER 
NEURITES TO THE STOP-GROWING SIGNAL 
POSED BY TARGET GRANULE CELLS o  Zhang* and C. A. 
Mason. Dept. Pathology, Coll. Phys. Surg., Columbia Univ., NY. NY 10032.

Pontine mossy fibers stop growing when they meet their target cells, 
granule neurons (Baird et al., 1992, J. Neurosci. 12:619). This stop-growing 
signal is both afferent-specific (Baird et al., 1992, J. Neurobiol. 23:579) and 
devclopmentally regulated (Zhang et al., 1994, Soc. Neurosci. Abstr. 20:1087 ). 
In this study, we examined the developmental onset of the ability of pontine 
neurites to respond to stop-growing signal in two culture systems.

In slice cocultures in which pontine explants were placed between two 
strips of P4 cerebellar cortex, neurites from E l8 pontine explants grew 
extensively throughout the cortex, whereas P0 explants only grew short 
neurites, suggesting that the younger pontine neurites were not responsive to 
the stop-growing signal.

To test the stage-specific response of pontine mossy fiber afferents to 
the stop-growing signal from granule cells, pontine explants were grown on a 
monolayer of granule cells purified from P4 cerebella at a density of 12,500 
cells/mm2. In such circumstances, a fringe of neurites extending less than 
200µm from the explant is considered a stop-growing response. While 89% of 
P0 explants had neurites less than 200µm, less than half of E18 explants (46%) 
displayed neurites shorter than 200µm.

The facts that a dramatic change in the responsiveness of pontine 
mossy fibers occurred within one day between E18 and birth, and that pontine 
mossy fibers have just entered the cerebellum at E18, suggest that a factor(s) 
from the cerebellum render the pontine mossy fibers competent to respond to the 
stop-growing signal. (Supported by NS 16951 to C.A.M.)

324 .12
SPONTANEOUS NEURAL ACTIVITY REGULATES THE NUMBER AND 
MATURATION OF DENDRITIC SPINES AT DIFFERENT DEVELOPMENTAL 
STAGES IN CULTURE. T. Wu*. H.W. Zimmerman. Jr.. M.J. Maguire. F.F. 
Ebner. Institute for Developmental Neuroscience, John F. Kennedy Center, 
Vanderbilt University, Nashville, TN 37203

During the early postnatal period, the number of dendritic spines has been shown 
to be strongly influenced by neural activity. Spine generation is followed quickly 
by maturation of spine morphology. We have investigated whether the 
morphological differentiation of dendritic spines is regulated by activity in vitro. 
Neurons from the newborn rat somatosensory cortex were removed and grown in 
primary cultures. After 21 or 28 days in vitro (DIV), pyramidal neurons were 
injected with Lucifer yellow and dendritic spines of labeled neurons were imaged 
with a confocal microscope. Mushroom, stubby, and thin dendritic spines were 
clearly discernible in the confocal images in which spine neck length and head 
diameter can be measured. We found that blocking spontaneous neural activity in 
the cultures with tetrodotoxin ( l µM, TTX) during the period when spines begin to 
form mainly affected the expected increase of spine numbers. TTX exposure only 
during 8-14 DIV led to a 70% (p<0.001) decrease of spine density on 21 DIV, but 
the spine number rebounded to normal levels by 28 DIV. Small but significant 
increases in the average length of spines occurred on both 21- and 28-day old 
neurons ranging from 2.6% to 20.5% longer depending on the type of spine, with 
an overall average of 9%. In contrast, blocking activity during a late stage in spine 
formation mainly affected spine maturation, with much less effect on spine number. 
TTX exposure only during 15-21 DIV caused a 30% (p<0.05) decrease in spine 
density on 21 DIV and 11% (NS) on 28 DIV. Significant increases in spine length 
were seen in all types of spines at both 21- and 28- day time points, ranging from 
9.9% to 46.9%, with an average of 24%. These findings suggest that spontaneous 
neural activity regulates different features of spine development at different ages: 
spine number during initial genesis, and spine morphology after they have formed. 
(Supported by NS-13031)

3 2 4 .14
INHIBITORS OF NITRIC OXIDE SY NTH ESIS BLOCK REFIN EM ENT IN 
THE TO POG RAPHY OF TH E RETIN OTECTA L PROJECTIO N IN THE 
DEVELO PING CHICK. H.H. W u* and S.C. M cLoon. U niv . o f M innesota, 
M inneapolis, MN 55455.

The adult pattern of axonal connections from  the eye to the brain arises 
during developm ent by refinem ent o f a roughly ordered pattern. Previous 
studies o f the developing chick visual system suggested that nitric oxide (NO) 
plays a role in the process of refinem ent. N itric oxide synthase was expressed 
in the tectum  during the period in which the retinotectal projection is refined, 
and inhibition o f NO synthesis partially prevented the loss o f a transient 
ipsilateral projection. The present study exam ined whether inhibition of NO 
synthesis also affects refinem ent of inappropriate contralateral projections. 
NO synthesis inhibitors, L-NOARG (3 µmol) or L-NA M E (10 µmol), were 
applied to the vascularized chorioallantoic m em brane o f chick em bryos daily 
from  E9 through E l 6, the period during which the projection is normally 
refined. Control embryos received D-NAM E, an inactive enantiom er of L- 
NAM E, or saline alone. On E l 6, an age by which the process o f refinem ent is 
norm ally com pleted, fluorescently labeled latex m icropheres were injected 
into the posterior region of a tectum  in each em bryo. A fter 24hrs, retinas from 
these em bryos were fixed, whole m ounted and exam ined for the presence of 
m icrosphere-labeled ganglion cells indicating axons projecting to the tectal 
injection site. Labeled ganglion cells were concentrated in the nasal retina 
contralateral to the injected tectum  in both control and drug treated embryos. 
However, labeled ganglion cells also were found in other regions of the 
contralateral retina in L-NOARG or L-NA M E treated embryos. This 
projection pattern was sim ilar to that seen in normal em bryos prior to 
refinem ent. These results suggest that NO is involved in refinem ent of the 
topography of the retinotectal projection. (Supported by NIH grant EY05371.)

324 .16
TARGET CELL SELECTION BY LYMNAEA NEURONS IN VITRO: 
POSSIBLE ROLE OF G-PROTEINS. G.E . Spencer*. K. Lukowiak, J.
Klumperman and N.l. Syed. Departments of Anatomy and Medical 
Physiology, University of Calgary, Calgary, Alberta, Canada. T2N  4N 1.

Our research is aimed at determining the role of neurotransmitters in 
neurite outgrowth, target cell selection and specific synapse formation. 
An identified Lymnaea interneuron, Right Pedal Dorsal 1 (RPeD1) makes 
dopaminergic synapses both in vivo and in vitro w ith its target, but not 
non-target cells. in vitro, RPeD1 growth cones attract the target cell 
growth cones, but induce the collapse of the non-target cell growth 
cones. We have electronmicroscopic evidence that the growth cones 
and neurites of RPeD1 in vitro contain and release dopamine and 
exogenously applied dopamine exerts growth permissive and repulsive 
influences on the target and non-target cell growth cones respectively.

In the present study, we demonstrate using standard 
electrophysiological techniques, that although the dopamine receptors 
located at the cell somata of both target and non-target cells exhibit 
similar pharmacological profiles, they are coupled to different G- 
proteins. We have previously shown that the dopamine receptors of the 
target cell somata are coupled to Ga0 or Ga1 We now show that the 
dopamine receptors of the non-target cells are also G-protein coupled, 
probably to Gay. Furthermore, we provide evidence to show that the 
dopamine receptors present on the growth cones of these cells are 
pharmacologically similar to those present on the somata. We therefore 
propose that coupling of target and non-target cell dopamine receptors 
to different G-proteins underlie the different growth cone responses to 
both dopamine and RPeD1, and that experimental manipulation of these 
G-proteins may interfere with specific synapse formation by RPeD1 .
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324.17

EXPRESSION OF TYROSINE HYDROXYLASE IN TRANSGENIC MICE 
DRASTICALLY REDUCES SYMPATHETIC INNERVATION OF THE 
PINEAL GLAND S.Cho1*, J.H.Son1. D.Park01.C.Aoki2. X.Song2. H.Baker1, 
T.Joh1 Cornell Uni. Med. Coll. at Burke Med. Res.Inst. White Plains, NY 
10605 and Center for Neural Science and Biology Dept. New York Univ. New 
York, NY 10003

The signals that specify neuronal connection during development remain 
largely unknown. We hypothesized that proper formation of neural connections 
partially depends on the neurotransmitter phenotypes of target cells. To test this 
hypothesis, we produced transgenic (TG) mice that simultaneously synthesize 
serotonin and dopamine in cells of the pineal gland (PG). A 6.1 Kb fragment 
of 5’ mouse tryptophan hydroxylase (mTPH) gene, shown to direct tissue- 
specific expression in PG, was linked to tyrosine hydroxylase (TH) cDNA and 
3 TG lines were produced. Among them, mice from the TPHTH-1 line showed 
the most robust TH immunoreactivity and the highest TH enzyme activity in the 
PG. Electron microscopy revealed cytoplasmic TH immunoreactivity in the TG, 
but not in the control (C) pinealocytes. The most striking feature of the TH- 
expressing PG was profound reduction in the number of TH-immunoreactive 
sympathetic fibers, especially in the central zone of the superficial PG. To 
examine whether altered trophic influence produced the reduction of fiber 
innervation, NGF immunocytochemistry and explant co-culture of superior 
cervical ganglion (SCG, 3-day old C mouse) and PG (adult C and TG) was 
performed. No difference was observed either in the intensity of NGF 
immunoreactivity or in the ability of C and TG PGs to promote neurite 
outgrowth from SCG in vitro. These findings suggest that reduction of the fiber 
innervation cannot be explained by a decrease in NGF production in TG PG. 
The results are consistent with our view that formation of neural connections 
during development are in part neurotransmitter phenotype specific.

324.19

ASTROCYTES ENHANCE SYNAPSE FORMATION BETWEEN RAT 
RETINAL GANGLION CELLS IN VITRO.
F. W. Pfrieger*. M. R. Kaplan. B. A. Barres. Dept. of Neurobiology, Sherman 
Fairchild Science Building, Stanford University, School of Medicine, Stanford, CA
94305-5401, USA.

Most synapses in the vertebrate central nervous system (CNS) form after 
astrocytes have been generated suggesting that neuroglia may play a role in 
synapse formation. In order to test this hypothesis, we are studying synaptic 
transmission between CNS neurons in glia-free primary cultures. Retinal ganglion 
cells (RGCs) are purified from eight day old rats and are cultured in a serum-free 
medium that promotes high long-term survival. Synapse formation is monitored by 
whole-cell patch-clamp recording of postsynaptic currents (PSCs). After five days 
in vitro RGCs form excitatory synaptic contacts as indicated by spontaneous PSCs 
occurring at a frequency of 3 ± 3 per minute (mean ± SD, n = 26) with a mean 
amplitude o f -12 ± 5 pA (pooled PSCs from 26 cells).

In order to assess the effect of astrocytes on synapse formation we coculture 
RGCs with an astrocyte-enriched suspension of tectal glia. In these cocultures 
PSCs are significantly larger and more frequent compared to the glia-free cultures. 
Their mean amplitude increases three-fold (-43 ± 51 pA, n = 25) and their 
frequency is fifteen-fold higher (46 ± 69 per minute, n = 25). Generally, PSCs tend 
to occur in action potential-evoked bursts, which are not observed in pure neuronal 
cultures.

Our findings suggest that RGCs form few functional synapses in the absence of 
astrocytes. The higher frequencies and the larger amplitudes of PSCs in cocultures 
indicate that glial cells promote synaptogenesis by increasing the number of 
presynaptic terminals per neuron or by enhancing the efficacy of individual 
synaptic contacts.

324.18

HOXC-8 REGULATES NEURITE ELONGATION BY SPINAL CORD 
TH ORA CIC CULTURES ENRICHED IN M OTONEURONS
P. Mailleux. 1. Le Roux. M. Volovitch and A. Prochiantz*
CNRS URA1414, Ecole Normale Superieure, Paris, France

Specific recognition models during neuronal development are based 
on the existence at the cell surface of position-coded key-lock structures. An 
alternative model is that specificity is primarily coded in the nucleus and 
translated at the cell surface through quantitative modifications in the 
concentration of ubiquitous 'adhesion' molecules (1). To test the latter 
hypothesis we have focused on the relation between the intranuclear 
concentration of homeoprotein Hoxc-8 and neurite elongation. The choice of 
Hoxc-8 is based on its ability to regulate the expression of the Amyloid 
Precursor Protein (APP) for which a role in neurite growth has been reported 
(2,3). The level of Hoxc-8 in mouse thoracic spinal cord neurons was reduced 
by an antisense strategy based on the use of phosphorothioate 
oligonucleotides or of phosphodiester oligonucleotides internalized by 
linkage to a vector peptide that addresses oligonucleotides to the 
cytoplasmic and nuclear compartments. We demonstrate that Hoxc-8 down 
regulation is accompanied by a dramatic increase in the rate of neurite 
elongation. This effect is specific since it is not observed in cells that do not 
express Hoxc-8 or upon incubation of the spinal cord neurons with sense 
oligonucleotides. Furthermore, internalization of the sense oligonucleotide 
abolishes the neurite-promoting effect of the antisense as well as its 
capacity to down-regulate Hoxc-8 expression. We are now investigating the 
dose response effects of Hoxc-8 down regulation or of Hoxc-8 internalization 
by nerve cells on APP synthesis and neurite growth.
1. Prochiantz and Theodore, BioEssays (1995) 17, 39-45.
2. Violette et al, Proc. Natl. Acad. Sci. USA (1992) 89, 3805-3809.
3. Allinquant et al, J. Cell Biol. (1995) 128, 919-927.

324.20
W ILL SYNAPSES FORM IN THE ABSENCE OF GLIAL CELLS? M. R. 
Kaplan*. F. W. Pfrieger. B. A. Barres. Dept. of Neurobiology, Sherman 
Fairchild Science Building, Stanford University School of Medicine, Stanford, 
CA 94305-5401

Although synapses throughout the brain are ensheathed by glial cells, the 
possible role of glia in the development and function of synapses has 
received remarkably little attention. There are at least two methodological 
reasons why the possible synaptic functions of glia have received so little 
attention. First and foremost, traditional methods for preparing "purified" 
neurons result in cultures that still contain some glial cells. Second, as the 
percentage of contaminating glial cells in neuronal cultures is decreased, 
neuronal survival decreases because glial cells secrete neuronal survival 
factors. Using recently identified neurotrophic factors, we have defined 
serum-free conditions that promote the long-term survival of highly purified 
retinal ganglion cell (RGC) neurons from postnatal rats (Meyer-Franke et al., in 
preparation). Usng these conditions, which promote the survival of both 
RGCs and optic nerve glial cells, we have been able to ask: Will synapses form 
in culture in the absence of glial cells?

RGCs were cultured either alone or over a conditioning layer of optic nerve 
glial cells. After three weeks of culture, we immunostained the RGCs with anti- 
synaptophysin antibodies to detect clusters of synaptic vesicles in pre
synaptic specializations. We quantified synapse formation by counting the 
average number of synaptic bouton-like structures per RGC. In the presence 
of a glial conditioning layer, about 10-50 boutons formed per RGC, whereas 
few boutons, if any, formed in the absence of glia. These results suggest that 
glial cells may play a crucial role in synapse formation.

NEUROTROPHIC FACTORS: RECEPTORS AND CELLULAR MECHANISMS I

325.1

NGF-STIMULATED NUCLEAR S6 KINASE IN 
PC12 CELLS. T. Tang. Y. Hirata*a. M. Whalin and 
G. Guroff. Section on Growth Factors, NICHD, 
NIH, Bethesda, MD 20892.

Previous work has shown that nerve growth 
factor (NGF) stimulates cytoplasmic S6 kinases in 
PC 12 cells. In this report we show that S6 kinase 
activity is also present in the nucleus of PC 12 cells 
and this activity is increased by treatment with 
NGF and, to a lesser extent, with epidermal growth 
factor. Either rapamycin or wortmannin abolishs 
NGF-stimulated nuclear S6 kinase activity. 
Immunoprecipitation data confirm that this kinase 
activity is due to p70/85s6k. Further, we present 
evidence to show that PC 12 cell nuclear slow- 
migrating protein (SMP), found in this laboratory 
some years ago, is indeed S6.
(a Present address: Bio-Mimetic Control Research Center, 
RIKEN, Japan.)

325.2

THE ROLE OF PROTEIN KINHSE C IN NERUE GROWTH FACTOR- 
INDUCED RRRCHID0NIC RC ID RELEASE BY PC12 CELLS
W.-H. Zheng*. G. Guroff. Section on Growth Factors, 
NICHD, NIH , Bethesda , MD 20892.

Nerve growth factor (NGF) increases arachidonic acid 
(AA) release by pheochromocytoma (PC12) cells. To 
explore the role of protein kinase C (PKC) in this 
action of NGF, PMA downregulation of PG12 cells was 
undertaken. Prolonged treatment of PC12 cells with PMA 
(luM) resulted in inhibition of NGF-induced AA release. 
Moreover, pretreatment of PC12 cells with the protein 
kinase inhibitor staurosporin or with calphostin C, a 
specific inhibitor of PKC, also blocks the increase of 
AA release induced by NGF. These data and the fact that 
PMA alone can induce AA release in PC12 cells suggests 
that PKC is necessary for NGF-induced AA release. 
Immunoblot analysis of whole cell lysates using 
antibodies against various PKC isoforms revealed that 
our PC12 cells contained PKC-alpha, delta, epsilon and 
zeta. PMA downregulation depleted PKC-alpha, delta, 
epsilon and partially depleted zeta in this cell line. 
To see which isoform was involved in NGF-induced AA 
release in PC12 cells, a PKC isoform-specific 
inhibitor was used. G06976, a compound that 
specifically inhibits PKC-alpha and -beta, blocked the 
NGF-induced AA release. Taken together, these data 
suggest that PKC-alpha may play a role in NGF-induced 
signal transduction.
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325 .3
NGF INDUCED RETROGRADE SIGNALING IN RAT SYMPATHETIC NEURONS. 
Donna L. Senger*. and Robert B. Campenot. Department of Anatomy and Cell 
Biology, University of Alberta. Edmonton T6G 2H7

The mechanism(s) by which nerve growth factor (NGF) produces signals that 
travel from the nerve terminals back to the cell body/nucleus are not understood. 
It is believed that one of the initial steps is intracellular signaling via the activation 
of the tyrosine kinase receptor trkA . Binding of NGF to its receptor causes rapid 
activation and phosphorylation of trkA and subsequent phosphorylation of 
second messenger proteins. W e have shown that in compartment cultures of rat 
sympathetic neurons trkA can be activated locally in the distal neurites 
accompanied by tyrosine phosphorylation of other proteins in the distal neurites. 
W e have also shown that tyrosine phosphorylation of proteins is not confined to 
the distal neurites but that within ten minutes of distal NGF treatment there is an 
increase of tyrosine phosphorylated proteins also in the cell body/ proximal 
neurite compartment. This retrograde phosphorylation of proteins can be blocked 
by 500 nM K252a (shown by others in PC12 cells to block trkA activation) in the 
cell body/proximal neurite compartment but did not appear to inhibit the 
phosphorylations produced in the distal compartment. These data suggest that a 
retrograde phosphorylation signal initiated at the nerve terminal propagates back 
to the cell body/nucleus.

To elucidate the specific signaling molecules involved in the retrograde 
intracellular signal cascade initiated by NGF, we have begun to investigate the 
identity and localization of other second m essenger proteins known to be 
phosphorylated in response to NGF. Supported by the AHFM R, M RC, and 
Canadian NeuroScience Network.

325 .5

A N A LY SIS O F ES S E N T IA L  H IST ID IN E  A N D  A R O M A T IC  
RESID UES IN 6-N ERV E G RO W TH  F A C T O R  (N G F) S ang  B. 
W o o 3, M eih u a  G u o a,  S herri L.  M ey e r b. and K en n e th  E . N e e ta* . 
aDept. of Biological Chem istry, FUH S/The Chicago M edical School, 
N. Chicago, IL 60064; bCephalon, Inc., W est Chester, PA 19380.

The role of histidine residues in binding and activity o f m ouse 
NGF was investigated by site-d irected  m utagenesis and chem ical 
modification with diethyl pyrocarbonate (DEP). The H75A mutant had 
a 3- fold increased affinity for the low affinity receptor (LANR), a 5- 
fold decreased affinity for TrkA , and a 4-fold decreased biological 
activity. M utagenesis o f H84 w ith different residues caused larger 
effects on the binding to TrkA  but not LANR; H84A  had only 10% 
activity. Chem ical modification o f H4 and H8 with DEP abolished the 
binding o f the H 75A /H 84Q  m utant to both receptors, significantly  
reduced neurite prom otion, and reduced activation of TrkA  phospho
rylation. No change in circular dichroism  (CD) spectra o f  H75A or 
H 75A/H84Q was observed, suggesting no large change occurred in 
secondary structure after modification. CD of D EP-m odified NGF was 
similar to native NGF. All four histidine residues may contribute to a 
functional site(s) that has an essential role in receptor binding and 
activity of NGF. Functional cooperation between the histidine residues 
in the N-terminus and the spatially-distinct H75 and H84 is proposed.

M utations in the hydrophobic core, Y 52-F53-F54, o f hum an 
NGF indicated complex effects on NGF conform ation or dim erization. 
Y52A retained full biological activity. F53A had a 20- and 70- fold 
reduction  in PC 12 ce ll b ioactiv ity  and T rkA  phospho ry la tion , 
respectively, w ith a less effec t on TrkA  binding and no effec t on 
LA N R b ind ing . F 54A  had d ec reased  b io a c tiv ity  and  T rkA  
phosphorylation. This hydrophobic core may play a structural role in 
TrkA receptor activation. (Supported by NIH grant NS24380)
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A CONFORMATIONALLY CONSTRAINED PEPTIDE ANTAGONIST 
MODELLED FROM TWO NON-CONTIGUOUS DOMAINS OF NERVE 
GROWTH FACTOR. G.M. Ross*. M.I. Dory. D.F. Weaver and R.J. 
Riopelle. Departments of Medicine and Chemistry, Queen’s University, 
Kingston, Ontario.

Nerve Growth Factor (NGF) acts as a survival and differentiation factor 
for a variety of target neurons in both peripheral and central nervous 
systems. For neurological disorders where excessive neuritic sprouting is 
implicated in pathogenesis (e.g. Alzheimer’s disease, epilepsy, pathological 
pain syndromes), neurotrophin antagonists may have therapeutic utility. We 
have utilized the 2.3A crystal structure atomic coordinates of NGF to design 
a conformationally constrained peptide incorporating two non-contiguous 
domains of NGF. The peptide (designated R l  l) included amino acids 
which corresponded to NGF residues 58-68 and 108-110. We have 
previously reported that R11 inhibited the growth promoting effects of NGF 
in dorsal root ganglion neurons, prevented binding of NGF to its receptors 
p75 and trkA, and blocked ligand induced phosphorylation of the trkA 
receptor. We have recently examined the effects of R11 on NGF quaternary 
structure as a possible mechanism of antagonist action. Cross-linking 
studies have revealed that the peptide disrupted the dimer structure of NGF, 
offering a novel non-receptor mediated mechanism for the observed 
biological and biochemical effects of R l  l. The observations emphasize a 
requirement for dimeric structure of the neurotrophins for receptor 
recognition and activation.

These studies are supported by the Canadian NeuroScience Network and 
Allelix Biopharmaceuticals.

3 2 5 .4
NGF-MEDIATED ACTIVATION OF THE MAPK CASCADE INVOLVES A 
SIGNALING COMPLEX CONTAINING B-RAF.
G. Landreth* and R. Jaiswal. Alzheimer Laboratory, Dept. of Neurology and 
Neurosciences, Case Western Reserve Univ. School of Medicine, Cleveland, OH 
44106.

NGF stimulation results in the morphological and biochemical differentiation of 
PC 12 cells. The activation of the MAP kinase cascade has been shown to be an 
obligatory step in the morphological differentiation of these cells. Signal 
transduction through the MAP kinase cascade is dependent upon activation of p21ras 
which directly binds to raf family protein kinases and mediates the translocation to 
the membrane which is essential for their activation. The raf kinases then 
phosphorylate and activate MEK, which in turn activates the MAP kinases. PC 12 
cells express two raf isoforms, c-raf and B-raf. We have previously demonstrated 
that the activation of the MAP kinase cascade in response to NGF is due solely to 
the action of B-raf (MCB 14:6944, 94). It is unclear how the cells selectively 
employ B-raf to drive the MAP kinase cascade. NGF treatment of PC 12 cells 
results in the enhanced phosphoryation of both B-raf and c-raf and both exhibit 
reduced electrophoretic mobilities following stimulation of the cells. The NGF- 
stimulated alteration of B-raf is correlated with the enzymatic activation of this 
species. Curiously, c-raf is not activated by NGF and exhibits only basal levels of 
activity, despite its enhanced phosphorylation. Control studies have demonstrated 
that c-raf remains capable of interacting with p21ras.

We have discovered that B-raf is present in PC 12 cells as a component of a high 
molecular weight (>300kDa) complex which includes the heat shock protein 
HSP90. Importantly, c-raf does not participate in the formation of such complexes. 
The B-raf containing complexes are normally present in PC 12 cells and their 
assembly is not dependent upon NGF treatment of the cells. These findings support 
the view that pathway signaling specificity may be in part be due to formation of 
signaling modules which are translocated from the cytoplasm to the membrane.

3 2 5 .6
CHARACTERIZATION OF MONOCLONAL ANTIBODIES AGAINST HUMAN 
NERVE GROWTH FACTOR AND ITS HIGH AFFINITY RECEPTOR, TRKA. 
J. Hongo, J. Winslow, G. Laramee, D. Shelton, L. O ’Connell 
R. Urfer, L. Presta, D. Harrison and B. Fendly. Depts. of 
BioAnalytical Technology, Neuroscience and Protein 
Engineering, Genentech, Inc., S. San Francisco, CA

Biologically active NGF exists as a 118 amino acid 
homodimer that is responsible for the survival, differen
tiation and maintenance of certain sensory, sympathetic 
and central nervous system neurons. NGF is recognized as 
the prototypical neurotrophin, belonging to a family of 
growth factors that support neuronal maintenance through 
retrograde transport mechanisms. The neurotrophins are 
believed to transduce intracellular signalling through the 
ligand-dependent activation of a class of tyrosine kinase 
containing receptors collectively known as the trks.

A panel of 17 monoclonal antibodies (MAbs) specific to 
NGF and 5 MAbs specific to the trkA receptor have been 
developed and characterized. Five MAbs bind specifically 
to the N-terminal of NGF, a region shown to be critical 
for trkA binding and biological activity. Thirteen of the 
anti-NGF MAbs and 2 of the anti-trkA MAbs demonstrate, to 
varying degrees, the ability to inhibit binding of hNGF to 
trkA. Novel, specific MAbs with varying epitope 
specificities and functional characteristics should be 
valuable for both in vivo and in vitro characterization of 
NGF and its relationship to the trkA receptor.

3 2 5 .8

Signal Transduction by Trk Receptors. David R. Kaplan 1*. 
Neil Michaud 1, David Rasouly 1,Xing Peng 2, Lloyd Greene 2, 
Robert M. Stephens l . l ABL-Basic Research Program, 
NCI-FCRDC, Frederick, MD 21702; 2Department of Pathology, 
Columbia University.

The Trk receptor tyrosine kinase mediates the differentiation, 
survival, and loss of proliferative capacity of subpopulations of 
neuronal cells. We have used several approaches to investigate the 
signal transduction pathways used by Trk to induce these events. 
Studies with Trk mutants indicate that the sites on the receptor that 
mediate the tyrosine phosphorylation of SHC, PLC-γ l, and MAP 
kinase are necessary for the complete differentiation and survival of 
PC12-derived cells and maintanance of the differentiated phenotype. 
Trk also induces the tyrosine phosphorylation of SNT, a novel 
specific nuclear-localized substrate of neurotrophic factor activity in 
neuronal cells. Studies with Trk mutants indicate that the signal 
transduction pathway that includes SNT and not MAP kinase is 
required for the initiation of neurite outgrowth and the cessation of 
cell growth induced by NGF. A second determinant of whether NGF 
induces proliferative or neurotrophic actions is the strength and 
duration of the Trk signal. Attenuation of the NGF signal with the 
Trk inhibitor K252a transforms NGF from a differentiatiative to a 
proliferative agent for PC 12 cells. A second NGF receptor, p75NGFR, 
plays an important role in modifying NGF signals. p75NGFR is 
capable of both enhancing and suppressing Trk activity, thereby 
altering the cell’s response to NGF. This research was sponsored in 
part by the NCI, DHHS, under contract NO 1-CO-4600.
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EVIDENCE THAT TRKA SIGNALS IN ENDOCYTIC 
VESICLES. J. Zhou*. J. Sabry. E. Beattie. M. Grimes and W. C. 
Mobley. Dept. of Neurology, UCSF, San Francisco, CA94143.

NGF is a target-derived neurotrophic factor for neurons in the 
PNS and CNS. Thus, the NGF signal must be retrogradely 
transported from axons of responsive neurons to their cell bodies. 
The mechanism of retrograde signalling is unknown. We tested the 
hypothesis that endocytosis of activated trkA receptors is a 
retrograde signal. We devised a cell fractionation scheme to isolate 
endocytic vesicles and examined them for evidence of activated 
trkA. After NGF treatment, tyrosine phosphorylated trkA was 
found in membrane fractions P1 ( l000xg pellet; cell ghosts with 
plasma membrane), P2 (8000xg pellet of S 1; large endocytic 
vesicles including endosomes) and P3 (100,000xg pellet of S2; 
small endocytic vesicles). By confocal microscopy, HRP-a fluid- 
phase marker of endocytosis-was colocalized with trkA; this 
indicated that trkA was in endocytic vesicles. Pointing to continued 
association of NGF and trkA, radiolabelled NGF could be 
crosslinked to trkA in P2 and P3. The amount of trkA in endocytic 
vesicles increased over time, peaking 15 min after NGF addition. 
We saw a dramatic increase in tyrosine phosphorylated PLCγ l and 
She in both P2 and P3 following NGF. Significantly, 
phosphorylated trkA was associated with PLCγ l and She in these 
fractions. Our data give evidence that signalling proteins are 
associated with activated trkA receptors in endocytic vesicles and 
suggest that signal transduction could be initiated from these 
vesicles. Experiments underway will test whether these vesicles are 
sufficient to initiate signal transduction in PC 12 cells in vivo.

3 2 5 .11

K252a CAN EITHER INHIBIT OR MIMIC THE ACTIONS OF NGF ON ADULT 
CULTURED DRG NEURONS. J. Winter* and H. Buck. Sandoz Institute for 
Medical Research, London WC1E 6BN UK.

Although DRG sensory neurons cultured from adult rats survive independently 
of neurotrophins, NGF regulates aspects of their neurochemistry eg neuropeptides 
substance P and CGRP, the enzyme TMP, their capsaicin sensitivity and several 
other membrane properties. This regulatory effect of NGF on sensory neurones may 
partially account for NGF’s important role in inflammatory hyperalgesia. NGF 
production increases during Freund’s complete adjuvant induced hyperalgesia, and 
antibodies that neutralize NGF can prevent or reverse this hyperalgesia.

The staurosporine analogue K252a has been reported to antagonise NGF. It 
blocks autophosphorylation and presumably signal transduction of the trk family of  
receptors. There have been conflicting reports in the literature, however, of its 
effects on cultured sensory and other neurones, where it can either mimic or inhibit 
NGF's survival promoting activity.

We examined the effects of K252a on capsaicin sensitivity of cultured adult 
DRG neurons and found that at low concentrations it blocked development of NGF 
dependent capsaicin-sensitivity (10-100nm), whereas at higher concentrations it 
elevated capsaicin sensitivity in the absence of NGF (~ lµM). We are also examining 
K252a's effects on other NGF regulated sensory neurone properties. Micromolar 
concentrations of K252a have been reported to block trk receptor 
autophosphorylation so the NGF mimetic effects are likely to be via actions of 
K252a on a different kinase.

3 2 5 .13

NORMAL AND NGF-INDUCED SUBCELLULAR DISTRIBUTIONS OF 
TRKA IMMUNOREACTIVITY IN FOREBRAIN CHOLINERGIC NEURONS 
Linsen Hu*, Alfredo Ribeiro-da-Silva .and .A, . Claudio Cuello. Dept. 
Pharmacology & Therapeutics, McGill University, Montréal, Québec, Canada 
H3G 1Y6

Although it is well documented that the high-affinity receptor TrkA mediates 
NGF actions, little is known about its subcellular localization and the correlation 
of the subcellular distribution to signal transduction in vivo. To address the above 
issue, we investigated the ultrastructural localization of TrkA immunoreactivity 
(TrkA-IR) in the cholinergic neurons of the nucleus basalis magnocellularis, 
which are known to be NGF-responsive. In normal mature rats, TrkA-IR was 
detected in association with the rough endoplasmic reticulum, Golgi apparatus, 
nuclear membrane, and cell body membrane. TrkA-IR also occurred in patches 
and multivesicular bodies in the cytoplasm. Some naive animals received NGF in 
the lateral ventricle via implanted cannulae connected to Alzet minipumps. In 
NGF-treated rats (2.5S NGF, l µg/hr, 24 hrs), a striking redistribution of TrkA-IR 
was observed. Some TrkA-IR disappeared from the membrane of the cell body, 
Golgi apparatus and rough endoplasmic reticulum, while abundant TrkA-IR 
deposits appeared in the cytoplasm and most of these profiles located close to the 
nuclear membrane. Present results suggest that (1) TrkA receptors are normally 
present on the membrane of the cell body and proximal processes, (2) TrkA 
localized in the rough endoplasmic reticulum and Golgi apparatus decreases after 
NGF-treatment, (3) internalized NGF- TrkA complexes may mediate intracellular 
signalling before they are degraded by lysosomal enzymes, (4) it is possible that 
NGF-TrkA complexes require a perinuclear localization to activate gene 
expression.
(Research supported by the Canadian MRC)
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LOCALIZATION OF TRK RECEPTOR IMMUNOREACTIVITY IN 
THE VISUAL SYSTEM OF THE ADULT CAT. H.E. Pearson*. E.C. 
Foley and M.F. Barbe. Department o f Anatomy and Cell Biology, School 
of Medicine and Department of Physical Therapy, College of Allied 
Health, Temple University, Philadelphia, PA 19140.

To examine the location of neurotrophin receptors in the mammalian 
visual system, adult cats were perfused with 4% paraform aldehyde and 
the brains sectioned frozen at 40 um. Sections were incubated with 
antibodies to TrkA or TrkB (Santa Cruz Biotech; D. Kaplan), and to 
either GFAP (Chemicon) or neurofilament (NF) (P. Levitt). In the distal 
optic tract, TrkA labelling colocalizes w ith G FA P, suggesting TrkA is 
present in glia. In dLGN, TrkA labelling is predom inantly located in the 
N F-positive neuropil, while TrkB labelling is predom inant in the 
cytoplasm of GFA P-negative cells. In superior colliculus (SC), both 
TrkA and TrkB staining is found in the N F-positive neuropil of the 
superficial layers. In the deep layers, scattered G FA P-negative cells 
show cytoplasmic labelling for TrkA , whereas many more show TrkB 
staining. In visual cortex, TrkA labelling is located in the N F-positive 
neuropil of layers II-IV  and in some G FA P-negative cells in the deep 
layers. There is cell surface TrkB labelling in the superficial cortical 
layers and cytoplasmic labelling of G FA P-negative cells of the deep 
cortical layers. Processes double-labelled for TrkB and NF were present 
in all cortical layers. Some G FA P-positive cells that are also T rkA - or 
TrkB-positive were observed in the white matter. These results suggest 
that dLGN afferent terminals contain mainly TrkA , whereas afferents to 
SC and visual cortex contain both TrkA and TrkB. Many neurons of the 
dLGN and deep layers of SC and visual cortex produce TrkB and some 
produce TrkA. Whether TrkA and TrkB are colocalized within 
individual neurons or terminals is unknown at this time.

325 .12
TRK A IMMUNOREACTIVE NEURONES IN THE RAT SPINAL CORD. G.J . 
Michael1*, E. Kava1. S. Averill1, D.O. Clary2 and J.V. Priestley1. 1Departments 
of Physiology & Biochemistry, U.M.D.S. St. Thomas's Hospital Medical School 
Campus, London and 2Sugen Inc., Redwood City, CA 94063, USA

Trk A is the high affinity receptor for NGF and is thought to be the main 
receptor responsible for biological activity. The distribution of trkA in the brain 
and peripheral nervous system are well documented, but it is not known whether 
trkA is expressed by cells within the spinal cord. We have therefore examined 
this question using immunocytochemistry and a well characterised polyclonal 
antiserum against the extracellular domain of recombinant rat trkA receptor.

The most abundant immunostaining was present in fibres and terminals in the 
superfical layers of the dorsal horn. Scattered immunoreactive fibres were also 
observed in the grey and white matter, together with prominant longitudinally 
orientated fibre bundles located ventral to the central canal and at the boundary 
of the gracile and cuneate fasciculi. In addition, immunoreactive cells were 
present at all spinal levels (cervical - sacral) in the vicinity of the central canal 
(lamina X) and extending laterally into laminae V, VI and VII. These trkA cells 
did not form a homogeneous group and included a population with small round 
cell bodies and another that were large and multipolar. In order to characterise 
them further, double labelling was carried out with choline acetyltransferase 
(ChAT) immunofluorescence or NADPH diaphorase histochemistry. In lamina 
X and lateral to the central canal, many small trkA immunoreactive cells were 
also ChAT immunoreactive and numbers of large multipolar trkA cells were 
lightly stained for NADPH diaphorase. However cells single labelled for ChAT 
or for NADPH diaphorase outnumbered double labelled cells.

Our data is consistent with previous results showing that peptide containing 
primary afferents express trkA, but trkA immunoreactive cells in the spinal cord 
have not been reported. It is likely that they form part of a cholinergic 
propriospinal system, but the role of trkA and source of their NGF is unkown.

3 2 5 .14

THEORETICAL STUDIES ON A CONFORMATIONALLY CONSTRAINED 
PEPTIDE (R-l l) ANTAGONIST OF NGF : MOLECULAR DYNAMICS 
SIMULATIONS. M. I. Dory. G. M. Ross’ R. J. Riopelle. and D, F. Weaver* 
Departments of Chemistry and Medicine, Queen's University, Kingston, 
Ontario, K7L 3N

Recently a new conformationally constrained peptide with primary sequence 
identity including regions of β-NGF residues 58-68 and 108-110, called R -l l, 
was synthesized by our group and tested in a variety of biological and 
biochemical assay systems . The results showed that R -l l effectively blocked 
binding of NGF to both p75 and trkA receptors and also inhibited both seizure 
and mossy fiber sprouting in an animal model of epilepsy whereby repeated 
subconvulsive electrical stimulation of the forebrain leads to a progressive and 
permanent amplification of seizure activity (kindling) . In order to understand 
structure activity relationships of R-l 1 in the absence of ciystal data for this 
bicyclopeptide, molecular dynamics simulations were initiated. From these 
results, we have selected ten relative lowest energy conformers and analyzed 
their structures. The results show that the lowest energy conformers for R -l l 
locate the two disulfide bridges and Val 109 in a conformation which mimics 
their disposition in the cysteine knot region of the NGF crystal structure at the 
dimer interface. These observations which are consit ent with biochemical data 
indicating that R -l l disrupts NGF dimer integrity ’ provide novel strategies 
for neurotrophin antagonist design and optimization.
Supported by Allelix Biopharmaceuticals and the Canadian Networks of 
Centres of Excellence Program in Neuroscience.

[1] G.M. Ross, M. Dory, D.F. Weaver, and R.J. Riopelle, submitted for 
publication; [2] K. Rashid, C.E.E.M. Van der Zee, G.M. Ross, C.A. Chapman, 
R.J. Racine, R.J. Riopelle, and M. Fahnestock, submitted for publication.
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PKC- AND CAMP-DEPENDENT PATHWAYS ARE INVOLVED IN CELL 
PROLIFERATION AND NGF SECRETION INDUCED BY THROMBIN 
RECEPTOR ACTIVATION IN CULTURES OF ASTROCYTES. Th. DEBEIR. J. 
GUEUGNON, X. VIGE AND J. BENAVIDES'. Synthé labo Recherche, CNS 
Research Department, BP 110, 92225 Bagneux Cedex, France.

It has been demonstrated that activation of thrombin (PART) receptors, induces 
ceil proliferation and NGF secretion in cultured astrocytes. In this work we have 
attempted to identify the transduction mechanisms involved in these two 
responses in primary cultures of astrocytes. Cell proliferation was evaluated by 
[3H]thymidine incorporation and NGF secretion by enzyme immunoassay. 
Thrombin and TRAP-14, a 14 amino acid agonist of thrombin leceptor, 
significantly increased astrocyte proliferation (EC50=I nM, +600% at 10 nM for 
thrombin ; EC50=3 µM, +600% at 10 pM for TRAP-14) and NGF secretion (∞ 2-fold 
increase at 10 nM thrombin or 10 pM TRAP-14). Staurosporine and a 24 h pre-
treatment with the biologically active phorbol ester PMA, prevented thrombin- and 
TRAP-14-induced astrocyte proliferation. Thrombin-induced NGF secretion was 
fully inhibited by staurosporine. The PMA-induced increase in NGF secretion was 
not enhanced by thrombin. These data suggest that an activation of PKC is 
involved in both responses. Thrombin and TRAP-14 inhibited, in a pertussis toxin- 
sensitive manner, the increase in cAMP levels induced by forskolin. This toxin 
prevented the effect of thrombin receptor activation on astrocyte proliferation but 
enhanced thrombin receptor-mediated NGF production. Addition to the culture 
medium of the cell permeant dibutyryl-cAMP mimicked the effects of pertussis 
toxin activation on cel! proliferation and NGF production. These results suggest 
that a pertussis toxin-sensitive inhibition of cAMP production is involved in the 
transduction of the PART receptor.

These results show that several pathways play a part in the transduction 
mechanisms of G-protein coupled thrombin receptors in astrocytes.

3 2 5 .1 7

THE ROLE OF DUAL SPECIFICITY PH OSPH ATA SE HVH-3 ON ERK 
REGULATION DURING NEURONAL DIFFERENTIATION. S.P. Kwak*, 
J.E. Dixon D ep t. of Biol. Chem . U niversity  of M ichigan, Ann Arbor, MI 
48109

ERK and ERK-related kinases are  activated d u ring  cell division and 
differentiation by dual phosphorylation  of closely situated  tyrosine and 
threonine residues. W e and others have recently identified several protein 
phosphatases that appear capable of dephosphorylating  ERK at both 
residues. These dual specificity phosphatases (DSP's) are  transcriptionally 
regulated and localize to the nucleus, thus perm itting  regulation of nuclear 
ERK activity on transcription factors d u rin g  cell differentiation.

There is evidence to suggest that the duration  of ERK activation is 
critical in determ ining w hether pheochrom ocytom a cells (PC12) undergo  cell 
division or differentiation. In o rder to address w hether or not DSP's play a 
key role in  regulating ERK activity d u rin g  these conditions, we exam ined 
the expression of a variety  of DSP's d u rin g  NGF or insulin  stim ulation. O ur 
results indicate that 1) several DSPs are  expressed in response to NGF 
stim ulation, albeit at different time courses, 2) the duration  of DSP 
expression paralleled that of ERK activation, w ith NGF stim ulation 
consistently resulting in longer period of ERK activation. The observation 
that DSPs co-regulate w ith ERK, i.e. peak at the sam e time, indicates that 
DSPs m odulate ERK activity, bu t m ay not necessarily function as the final 
term ination signal. W e are currently  establishing a stable cell line that 
expresses a catalytically inactive m utan t of DSP hVH3 to ascertain its effects 
during  PC12 cell differentiation.

3 2 5 .1 9

CHARACTERIZATION O F THE BINDING REG IO N OF THE p75 LO W - 
AFFIN ITY  NEURO TRO PHIN RECEPTOR INVOLVED IN INTERACTIO N  
W ITH MAP KINASES. F.-J. Klinz. C. Goemans and R. Heum ann*. 
Department of Molecular Neurobiochemistry, Ruhr-Universitä t Bochum, 
Universitä tsstr. 150, D-44780 Bochum, Germany.

The precise role of the p75 low-affinity neurotrophin receptor in neuronal 
survival and differentiation is still unresolved. As was previously shown, 
MAP kinases ERK1 and to a lesser extent ERK2 associate with p75 in PC12  
cells, independently of stimulation with NGF (Volonte et al., J. Biol. Chem. 
268, 21410(1993)).

In order to define the binding domain of the p75 receptor involved in 
constitutive binding of MAP kinases we have expressed a G ST fusion 
protein comprising amino acids 198-396 of rat p75 (including 25 amino 
acids of the extracellular domain, the transmembrane region and the 
intracellular domain). The immobilized recombinant p75 (198-396) was 
incubated with homogenates prepared from rat brain. Bound proteins were 
eluted and characterized by immunoblot analysis using an antiserum 
directed against ERK1/ERK2 proteins. W e were able to demonstrate binding 
of ERK1 (p44) to recombinant p75 (198-396), whereas binding of ERK2  
(p42) was hardly detectable. Deletion of the transmembrane region from 
p75 (198-396) resulted in a strong reduction in binding of MAP kinases. 
W e furthermore tested the effect of C-terminal truncation mutants of p75 on 
binding of MAP kinases from rat brain homogenates. Removal of the 
C-terminal 68 amino acids from p75 (198-396), comprising the putative 
apoptosis domain homologous to FAS and TNFR-I, did not impair binding of 
MAP kinases to the transmembrane region of the p75 receptor.

W e conclude that the transmembrane region of the p75 low-affinity 
neurotrophin receptor is involved in the ligand-independent binding of 
MAP kinases.

3 2 5 .1 6

EFFECTS OF OVARIECTOMY AND ESTROGEN REPLACEMENT ON trkA 
AND CHOLINE ACETYLTRANSFERASE mRNA EXPRESSION IN THE RAT 
BASAL FOREBRAIN. P.J. McMillan*. C.A. Singer and D.M. Dorsa. Dept. of 
Pharmacology, Univ. of Washington, Seattle, WA 98195.

Recent clinical reports have demonstrated a correlation between estrogen replacement 
therapy and a decreased incidence of Alzheimer's Disease (AD) in post-menopausal 
women. The mechanisms by which estrogen might alter the expression of AD are 
unknown, however, it is likely that estrogen exerts its affects by either protecting 
neurons from pathological changes associated with the AD genotype or exerting 
trophic effects that alter these changes. The cognitive deficits associated with AD may 
be attributed to degeneration of cholinergic neurons o f the basal forebrain. It has been 
previously reported that estrogen can increase choline acetyltransferase (ChAT) activity 
and ChAT mRNA levels in cholinergic neurons. Since these neurons require the 
actions of neurotrophic growth factors for their survival, it is possible that the trophic 
effects of estrogen on basal forebrain systems is due to enhanced expression of 
neurotrophins or their receptors. To begin to examine this hypothesis, we utilized in 
situ hybridization analyses to determine the effects of ovariectomy (ovx) and estrogen 
replacement on trkA and ChAT mRNA levels in the rat basal forebrain. Studies were 
performed on intact female rats or rats ovariectomized for I week followed by treatment 
with vehicle or estrogen (10 (µg/day) for 3 days. Removal of estrogen by ovx resulted 
in significant decreases in the levels of trkA and ChAT mRNAs in the horizontal limb 
of the diagonal band of Broca and nucleus basalis of Meynert. Following acute 
treatment with estrogen in ovx animals, trkA and ChAT mRNA levels were observed 
to increase in both of these regions. These studies suggest that the trophic effects of 
estrogen on basal forebrain cholinergic systems may be mediated in part, through the 
signaling of neurotrophic growth factors through their receptors.
This work was supported by USPHS AG05136 and NS2311.
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TRANSCRIPTION FACTOR NGFI-B IS PHOSPHORYLATED BY 
MAP KINASE. R. E. Paulsen1*. A.-C. ø stvold2 and I. Walaas2. 
1 DRE-TOX, N-2007 Kjeller, and 2Neurochem Lab, University of 
Oslo, N-0317 Oslo, Norway.

NGFI-B, also called nur77, is an immediate early gene originally 
identified by virtue of its rapid induction by NGF in PC 12 cells and by 
serum in fibroblasts. NGFI-B is a phosphoprotein, and the pattern of 
phosphorylation depends on the signal which induces its synthesis.

We wanted to investigate if NGFI-B is phosphorylated by the 
extracellular signal-regulated kinase ERK1. ERK1 belongs to the ERK 
subgroup of mitogen-activated protein kinases (MAPs). Immuno- 
precipitates were prepared from the fibroblast cell line CV1 transfected 
with an NGFI-B expressor plasmid and phosphorylated in vitro by the 
purified kinase. Both wild type NGFI-B and the chimera GAL4(1-147)- 
NGFI-B(136-196) were substrates for the kinase, suggesting that the 
site of phosphorylation resided in the amino-terminal amino acids 136- 
196 of NGFI-B. Phosphopeptide mapping using thermolysin and 
mutational analysis showed the presence of a specific site serving as 
substrate for the kinase. The physiological significance of this 
phosphorylation was verified by phosphopeptide mapping following 
labeling of transfected CV1 cells with 32Pi (125 µCi/ml).

The results suggest that the activity of the ERK subgroup of MAP 
kinases may influence the function of NGFI-B.

3 2 5 .2 0

LOW AFFINITY NGF RECEPTOR (p75NGFR) - ASSOCIATED 
PROTEIN KINASE ACTIVITY.
M.Canossa* J.L.Twiss. A .N .Venty and E .M.Shooter. Dept. 
Neurobiology, Stanford University, Stanford CA 94025.

To explore possible signal transduction pathways of the low affinity 
nerve growth factor receptor (p75NGFR), NGF-dependent activation of 
p75N(GFR-associated protein kinases has been investigated in PC 12 cells 
using myelin basic protein (MBP) as a phosphoacceptor substrate. 
Proteins of approximately 120/104, 56 and 44 kDa co-
immunoprecipitated with p75NGFR and demonstrated NGF-dependent 
kinase activity by in gel kinase assays. The 102/104 kDa protein(s) 
constitutes the majority of MBP kinase activity associated with p75NGFR 
while the remaining 44 and 56 kDa proteins, on the base of their 
molecular size, may represent ERK 1/2 and 3 isoforms respectively. 
Both NGF receptors were demonstrated to participate in mediating the 
above protein kinase activity; the high affinity NGF receptor (TrkA) 
activation was required to induce p75NGFR-associated kinase activity in 
the absence of ligand binding to p75NGFR However, at low NGF 
concentration (5ng/ml) the binding to p75NCFR results in an accelerated 
activation of the 120/104 kDa protein kinase(s). Disruption of the 
p75NGFR:TrkA ratio also prevented the rapid induction of this kinase 
activity. These findings indicate that NGF binding to p75NGFR regulates 
the rapid, TrkA mediated, activation of a previously undescribed 
p75N(iFR-assOCiated protein kinase(s). Our data provides further evidence 
that p75NGFR and TrkA functionally interact both extra- and 
intracellularly and support the view that p75NGFR may mediate some 
aspects of NGF intracellular signaling.
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325 .21

S ustained  A ctivation  o f a R as/M A P  K inase C ascade  in PC12  
C ells  M ediated by v -C rk  in R esponse to  EGF and NG F. K enneth 
K. Tena1* Raymond B. Birge2. and BarbaraL, Hempstead1. Division of 
Hematology1, Department of Medicine, Cornell University Medical College, 
and Department of Molecular Oncology2 , The Rockefeller University, New 
York, NY 10021.

Nerve growth factor (NGF) and epidermal growth factor (EGF) elicit 
contrasting actions on the pheochromocytoma PC12 cells: The former 
causes neuronal differentiation while the latter induces proliferation. W e have 
shown previously that ectopic expression of the oncogenic adaptor protein v- 
Crk alters PC12 cells in ways that mimic neuronal differentiation. To define the 
molecular mechanism that underlies this phenomenon, we have compare a 
number of growth factor-induced signaling events between the native PC12 
cells and cells that express v-Crk (v-CrkPC12). Western immunoblotting 
analysis reveals sustained tyrosine phosphorylation of several distinct protein 
species that include the 42 and 44 kDa MAP kinases in NGF- or EGF-treated 
PC12 cells (relative to comparably treated native PC12 cells). In addition, v-Crk 
expression in PC12 cells leads to a more prolonged NGF- or EGF-dependent 
activation of Ras and MAP kinase. In contrast, PC12 cells expressing the SH2 
domain point mutants no longer respond to NGF or EGF in a neurite outgrowth 
assay. This correlates with the observation that v-Crk mutant proteins fail to 
coprecipitate with various protein tyrosine-phosphorylated species including 
the activated EGF receptor, paxillin and the p130 Crk-associated substrate 
(Cas). Finally, in a transient transfection assay, we show that oncogenic v-Ras 
induces spontaneous neurite outgrowth from native PC12 cells as well as cells 
expressing the wild-type or mutant v-Crk with comparable efficiency; indicating 
that v-Crk lies upstream of Ras in differentiative signaling. Taken together, our 
data suggest that the v-Crk adaptor protein, via its SH2 domain, interacts with 
distinct signal transducing components to modulate the ultimate cellular 
responses to specific growth factors.

325 .22
EXCHANGE OF JUXTAMEMBRANE OR TAIL DOMAIN IN THE EGF 
RECEPTOR WITH TRK NGF RECEPTOR CAUSES AN ALTERATION 
IN ITS MITOGENIC POTENTIAL. S. O. Yoon* and M. V. Chao. 
Department of Cell Biology and Anatomy, Cornell University Medical 
College, New York, NY 10021.

The NGF receptor, Trk A, belongs to a family of receptor tyrosine kinases 
which include a variety of mitogenic receptors, such as the EGF receptor.
Both Trk A and the EGF receptor are known to signal through a ras-dependent 
pathway, but activation of Trk A causes PC 12 cells to stop dividing and 
differentiate while EGF causes an increase in mitogenesis. In order to discern 
the functional differences between the two receptors which are responsible for 
their opposite actions on cells despite their structural similarities, we generated 
chimeric EGF receptors whose transmembrane, juxtamembrane, or tail domain 
is swapped with the corresponding domain of Trk A. In constructing these 
chimeras, no mutations or new amino acids were introduced at the swap 
junction. The chimeric receptors were then expressed in the 3T3-2.2 line 
which lacks the endogenous EGF receptor. Surprisingly, juxtamembrane and 
tail chimeras failed to be autophosphorylated at tyrosine residues upon EGF 
induction compared to the wild type EGF receptor. In line with the lack of 
autophosphorylation, both the juxtamembrane and tail chimeras fail to cause 
an increase in 3H-thymidine incorporation and in total cell numbers. The 
significant reduction in mitogenic potential of the juxtamembrane and tail 
chimeras, however, was not due to the lack of their signalling capacity, since 
they induced tyrosine phosphorylation of MAP kinase ERK 1 & 2 and 
concomitant increase in the activity of the ERK 1 & 2 upon EGF treatment.
We are currently investigating the differentiative potential of these chimeras in 
PC 12 cells.

NEURONAL DEATH IV

3 2 6 .1

SODIUM OVERLOAD INDUCES NEURONAL APOPTOSIS: 
ITS POTENTIATION BY NEUROTROPHIC FACTORS
S. Tanaka* and T.Koike Graduate Program in Biological Sciences, 
Hokkaido Univ., Faculty of Science, Sapporo 060 and Department of 
Natural Science, Saga Medical School, Saga 849, Japan

There is ample evidence showing that Ca2+ overload is a key step 
leading to massive cell death in animal brains subject to ischemia or 
anoxia. However, it remains to be shown that Na+ overload plays a role 
in cell death as well. We have previously shown that voltage-dependent 
Na+ channel activator, veratridine (0.25-0.75µM), suppresses the death 
of rat superior cervical ganglion (SCG) cells after NGF deprivation. In 
contrast, veratndine at greater than 1µM induced, in a dose-dependent 
manner, the death of SCG neurons that had been exposed to NGF for 7 
days; its neurotoxicity (less than 25µM) was abolished by the presence of 
1 µM TTX. Veratidine was likely to induce apoptosis in that SCG cell 
bodies underwent shnnkage followed by fragmentation of chromatin as 
visualized by fluorescent staining with bis-benzimide. Moreover, 
veratndine neurotoxicity was due to influx of Na+, since Na+-frce 
medium (replaced with N-methylglucaminc) completely abolished its 
neurotoxicity, w hile a low Ca2+ medium did not impair its toxicity. 
Replacement of normal medium with a high K+ medium (>l00mM) 
blocked shrinkage suggesting the involvement of regulatory volume 
decrease (RDV) as a mechanism leading to Na+ mediated apoptosis. 
Veratndine was not toxici to SCG neurons freshly dissexnated from 
newborn rats, and thus, exposure to NGF in vitro greatly enhanced its 
toxicity. Similar experiments were conducted using cerebellar granule 
neurons maintained in the presence of BDNF, showing that sensitivity to 
veratndne neurotoxicity w as altered dunng development.

3 2 6 .3

TRA NSNEURO NAL DEG ENERATION IN SUBSTANTIA NIGRA PARS  
RETICULA TA FO LLO W ING  STRIATAL EXC ITO TO XIC  INJURY: T IM E  
CO URSE AND M O R PHO LO G Y O F NEURO NAL DEATH. L Stefanis*. RE 
Burke. Dept. of Neurology, Columbia University, NYC, NY, 10032.
Prior studies have demonstrated a delayed, transneuronal loss of neurons in 
the substantia nigra pars reticulata (SNpr) following either excitotoxic or 
hypoxic-ischemic injury to the striatum of adult rats. However, the time 
course and morphology of cell death are unknown. Our previous studies 
have shown that both types of injury to the striatum of neonatal rats result in 
loss of SN neurons due to an induction of developmental apoptotic cell 
death. Therefore, we sought to identify the morphologic and biochemical 
features of cell death in adult animals following striatal excitotoxic injury. 
Ibotenic acid (0.4 µg in 3 sites) was injected into the striatum, animals were 
sacrificed at 0, 3, 7, 14, 21, 28 post lesion days (PLDs), and processed for 
histological analysis by Nissl, silver staining, 3' end-labeling, and tyrosine 
hydroxylase (TH) immunostaining. Silver stained degenerating cells were 
counted in 4 planes of the SN. Many degenerating cells were observed in 
SNpr at PLD 3 (73.5±23; N=5), and PLD 7 (25.7±8; N=5). Apoptotic cell 
death was not observed. Degenerating cells appeared neuronal, with diffuse 
staining of the nucleus, cytoplasm and processes. Counting of Nissl-stained 
neurons in the SNpr at PLD 28 in a single plane (3.7, Paxinos-Watson) 
confirmed neuronal loss (Ipsilaterai: 194±25; Contralateral: 247±16; N=5; 
p=0.03). There was no degeneration in globus pallidus, SNpc, or 
entopeduncular nucleus. In situ 3' end-labeling at PLD 3 was negative for 
apoptotic cell death. Combined silver staining and TH immunostaining 
revealed degenerating cells within the TH-positive ventral tier of the SNpr. 
In conclusion, we have demonstrated that transneuronal degeneration 
occurs uniquely in the SNpr following excitoxic striatal injury, and in adults, 
unlike neonates, the ceil death is not apoptotic. NS26836, PDF.

3 2 6 .2

EFFECT OF INHIBITING CALCIUM-ACTIVATED NEUTRAL 
PROTEINASE (CALPAIN) ON MULTIPLE IN VITRO MODELS OF 
NEURONAL CELL DEATH
M.D. Linnik*. P.J. Mason. M.M. Racke, A.M. Ogden, C.E. Thomas. 
Marion Merrell Dow Research Institute, Cincinnati, OH 45215-6300 

Calcium activated neutral proteinase (calpain) is a cysteine proteinase 
that requires calcium for activation, is inactive in resting neurons, and is 
activated by calcium levels attained during extreme excitation. Preferred 
substrates for calpain include structural and regulatory proteins, and 
calpain-mediated proteolysis has been implicated in apoptosis, stroke, and 
Alzheimer's disease. The present experiments examined the effect of 
three calpain inhibitors, MDL-28,170, leupeptin, and calpain inhibitor I 
on several in vitro models of neuronal cell death. F-l 1 cells (rat dorsal 
root ganglia x mouse neuroblastoma) undergo apoptosis when the culture 
media is deprived of serum. MDL-28,170 and leupeptin did not protect 
F - ll  cells from apoptosis as determined by trypan blue exclusion and 
DNA fragmentation. Apoptosis can also be induced in rat cerebellar 
granule neurons by reducing extracellular potassium from 25 mM to 5 
mM. Leupeptin and MDL 28,170 did not alter the viability of granule 
neurons in low potassium media as assessed by measuring mitochondrial 
function (MTT assay). Rat cortical neurons can be killed by exposure to 
kainic acid (100 µM , 24 hr) or the calcium ionophore, ionomycin (10 
µM, 2 hr). MDL-28,170 and calpain inhibitor I did not protect against 
kainate induced toxicity as determined by LDH release. However, MDL- 
28,170 attenuated cell death caused by ionomycin in a dose dependent 
manner. Thus, the calpain inhibitors are not generally effective against 
multiple noxious stimuli in vitro, but are protective against direct calcium- 
mediated toxicity.

3 2 6 .4

APOPTOTIC CELL DEATH OF A HYBRID M OTONEURON CELL LINE 
INDUCED BY β -N-OXALYLAM INO-L-ALANINE. M .E .Alexianu1*, V. 
LaBelJa1,2. L.V. Colom1. A.H.Mohamed1. S.H.Appel1 1Dept of Neurology,
Baylor College of Medicine, Houston,TX, 77030; 2Institute of Neuropsychiatry,
Palermo, Italy, 90129

It has been suggested that β-N-oxalylamino-L-alanine (BOAA), a non protein 
amino acid present in the Lathyrus Sativus seeds, may play a role in the 
etiopathogenesis o f neurolathyrism, a toxic form o f motor neuron disease clinically 
characterized by a severe spastic paraparesis. In order to investigate the mechanism 
o f BOAA-mediated cell death, we studied the effect o f this neurotoxin as well of 
other excitatory amino acids agonists (EAAs) on motoneuron-neuroblastoma 
hybrid (VSC 4.1) cells.

BOAA was toxic to VSC 4.1 cells in a concentration-dependent fashion (0.5-10 
mM). Among the EAAs tested, only glutamate (1-10 mM), quisqualate (1 mM) and, 
with less extent, BMAA (lOmM) induced a significant reduction o f cell survival. 
The effect o f BOAA was a slow process, becoming apparent only after 24-48 hours 
o f  incubation. A mathematical analysis applied to the time course and dose curve 
o f BOAA toxicity suggested that even for very low concentrations o f this amino 
acid, it is theoretically possible to predict a time-dependent effect. The cell death, 
which followed an apoptotic pathway, was not blocked by antagonists of NMDA 
or non-NMDA receptors; aurintricarboxylic acid and α -tocopherol gave a partial 
protection; cysteine (1 mM) prevented the toxic effect o f both the Lathyrus Sativus 
neurotoxin as well as that o f glutamate and quisqualate.

It is suggested that in the VSC 4.1 hybrid motoneurons, in the absence of 
functional synaptic EAAs receptors, BOAA induces cell degeneration through an 
apoptotic mechanism, possibly mediated by a block o f the cystine/glutamate Xc 
antiporter.
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326 .5
DISTINCT PATHWAYS OF CELL DEATH ELICITED BY KAINIC ACID. 
OXYGEN FREE RADICALS, AND SERUM DEPRIVATION IN 
MESENCEPHALIC PRIMARY CULTURES OF E 14 RAT EMBRYOS. M , 
Scortegagna. ^K.R. Isaacs. ^D.M. Jacobowitz and I. Hanbauer* NHLBI and 
^NIMH, NIH. Bcthesda, MD 20892-1674 

Various processes, such as oxidative stress, increased reactive iron content, or

generation of cytotoxic radicals and molecules, have been implicated to cause 

selective vulnerability of dopamine neurons in substantia nigra of Parkinson’s 

Disease patients. We examined in 6-8 day old mesencephalic primary cultures 

(MES) whether exposure to kainic acid, H2O2 or serum deprivation elicits 

necrosis or apoptosis. Necrosis was detected with propidium iodide (PI) and 

apoptosis with Hoechst 33342 or in situ DNA 3’-OH end extension with ApopTag 

(Oncor). A 24 h exposure to 500 µM kainic acid which reduced the number of 

tyrosine hydroxylase-immunoreactive (TH-IR) cells by 65 % without changing 

that of calretinin-immunoreactive (CR-IR) neurons, increased by 16 fold the 

number of Pl-labelcd cells but failed to cause apoptosis. Similarly, exposure of 

MES to 100 µM H2O2 for 1 h caused necrosis after 6 h or 24 h without eliciting 

apoptosis. In contrast, when serum was omitted from the culture media on the 5th 

day, an increased number of ApopTag-labeled cells was noticed after 2 or 3 days of 

serum deprivation. In 3 day serum-deprived MES, apoptotic nuclei were seen in a 

low number of TH-IR but were not detected in CR-IR neurons.

326 .7

K-252a PROTECTS PC 12 CELLS FROM OKADAIC ACID-INDUCED 
LETHALITY. P.W. Scales and H .L. White*. Div. of Pharmacology, Wellcome 
Research Laboratories. Research Triangle Park, NC 27709.

The serine / threonine phosphatase inhibitor, okadaic acid, caused a loss of 
viability in PC 12 cells which was dependent on both time of exposure and 
concentration of okadaic acid, as determined by trypan blue exclusion, 
measurements of lactate dehydrogenase in extracellular media, and by MTT 
cy totoxicity assay s. Okadaic acid at 10 nM, a concentration which completely 
inhibits protein phosphatase 2 A and may partially inhibit protein phosphatase 1. 
caused a significant loss of viability after 2 days incubation and an almost complete 
loss by 4 days. Cell death occurred within 6 hr at 100 nM. The lethal effect of 
okadaic acid was not prevented by nerve growth factor (NGF), either when added at 
the same time or 24 hr prior to okadaic acid. However. K-252a, an inhibitor of 
TRK kinases as well as other kinases, did protect against okadaic-induced lethality 
over a 2 day period, with an EC50 of approximately 30 nM A wide variety of 
agents did not block lethality, including several other protein kinase inhibitors, 
calcium blockers (verapamil, nimodipine, conotoxins), agents reported to stimulate 
phosphatases, glutamate receptor antagonists, ion channel blockers, and agents that 
affect adenosine receptors or c-AMP levels. Others [Dupont-Wallois, et al. (1995) 
FEBS Letts.357, 197] have shown that okadaic acid in vitro can produce 
hyperphosphorylated tau that is indistinguishable from that found in brains of 
Alzheimer patients, suggesting that an endogenous inhibition of certain serine / 
threonine phosphatases may underlie some neurodegenerative conditions.
Therefore, the unique action of K-252a against okadaic acid-induced lethality 
offers a lead to potential neuroprotective therapies, and the PC 12 cell system may 
provide a simple model for screening of such agents.

326 .9

(-)-DEPRENYL ENHANCES FUNCTIONAL RECOVERY FOLLOW ING  
KAINIC ACID-INDUCED NEURONAL DEATH. D. L. Gelowitz & I. A 
Paterson* Neuropsychiatry Research Unit, 103 Wiggins Road, University of 
Saskatchewan, Saskatoon, SK., Canada, S7N 5E4.

Kainic acid, an analog of the excitatory amino acid glutamate acting 
primarly at the inotropic non-NMDA glutamate receptors, is a potent 
convulsant and neurotoxin leading to both necrotic and apoptotic forms of 
cellular death. In contrast, (-)-deprenyl, a selective momoamine oxidase 
type B inhibitor (MAO-B), used in the treatment of Parkinson’s Disease, 
appears to hold neuroprotective and/or neurorescue potential. In support of 
this notion, (-)-deprenyl has been found to increase the number of surviving 
neurons 21 days after facial nerve axotomy in rats, with doses of (-)-deprenyl 
too small to inhibit MAO-B. More recently, it has also been demonstrated 
that (-)-deprenyl reduced apoptotic neuronal death associated with ischemic 
or kainic acid insult. A question which arises from the later, however, is 
whether the sparing of neurons is of functional value to the organism. The 
purpose of this study, therefore, was to determine whether (-)-deprenyl 
could reduce excitotoxin-induced hyperactivity normally associated with 
cellular loss following kainic acid insult in rodents. Animals were initially 
treated with kainic acid (10 mg/kg i.p.) and were subsequently treated with 
(-)-deprenyl (0.25 mg/kg s.c.) or saline (0 .09% ) 2.5 hours after kainic acid 
administration, continuing for the next 12 days. During days 8-12, animal’s 
locomotor activity was observed for 20 min./day in an open field paradigm. 
Saline-treated animals maintained a  high degree of hyperactivity over all 5 
test days, while (-)-deprenyl-treated animals displayed the same initial 
hyperactivity, but significantly reduced activity over the test period. These 
findings indicated that neuronal resuce by (-)deprenyl is functionally 
significant.

3 2 6 .6
MECHANISMS INVOLVED IN IRRADIATION INDUCED APOPTOSIS OF 
RAT HIPPOCAMPAL PYRAMIDAL NEURONS. 1 Jordán*. M. F. Galindo, 
J. M. H, Prclin , G. D. Ghadge. R. P. Roos. R. W eichselbaum, Richard J. 
M iller. Departments of Pharmacol, and Physiol. Sci. ; Neurology and 
Radiation and Cellular Oncology. Univ. of Chicago, Chicago, Illinois, 60637.

Many cells die by apoptosis when exposed to ionizing radiation although 
little is known about its effects on neurons. In this project we studied the 
mechanism of death induced by radiationdoses of 200 or 500 cGy (dose rate 
of 114.29 cGy/min.) on rat pyramidal hippocampal neuron in culture ( 11 
days in vitro (D.I.V.). E-17). Double stranded DNA breaks were analyzed 
with the TUNEL technique showing that the neurons died by apoptosis. Cell 
death was determined using a fluorescein/propidium iodide double staining 
procedure. Irradiation caused a time/dose-dependent decrease in the cell 
survival. Ovcrexpression of Cu,Zn-superoxide dismutase, by means of 
adenovirus-mediated gene transfer, was able to protect neurons (24h later) 
against both doses of radiation. However, cultures infected with adenovirus 
containing calb indin D28k -cDNA were resistant at 200 cGy, but not at 500 
cGy. Pretreatment (1 h) with 2-mercaptoethanol (10µM), an lipophilic 
antioxidant, did not prevent cell death from ionizing irradiation. However, 
when the cultures were pretreated (lh) with several chelators of Cu and Fe 
(i.c. neocupreine and ferrozine) we observed complete protection at 200 cGy 
and partial protection at 500 cGy. The presence of either MDL 28,170 (10 
µM). a synthetic calpian inhibitor, or nimodipine (1 µM), an L-type Ca2+ 
channel blocker, did not protect neurons. Pretreatment (4h) with TGF-B1, (1 
ng/mL), a cytokine able to increase levels of both Bcl-2 and Bcl-xL proto-
oncogenes (Galindo et al. This meeting), had a significant protective effect 
at both doses of radiation.

3 2 6 .8

COMPARATIVE ANALYSIS OF GAB A AND NMDA IN THE PREVENTION OF 
APOPTOTIC-LIKE CELL DEATH OF' CEREBELLAR GRANULE CELLS IN 
VITRO. S. Ikonomovic*. E. Kharkunov. M. D. Ikonomovic. H. Manev. and D. R. 
Grayson. Allegheny-Singer Research Institute, Medical College of Pennsylvania and 
Hahnemann University, Allegheny Campus, Pittsburgh. PA 15212 

During early development, large numbers of cells die by a nonpathological process 
referred to as programmed cell death, or apoptosis. Apoptosis is relevant to a range 
of biological processes, including differentiation, development, and cell maturation. 
Cerebellar granule neurons require depolarizing concentrations of KCl to enhance 
their survival and maturation. When maintained in lower KCl concentrations in vitro. 
these cultures differentiate slowly and begin to degenerate early after plating through 
an apoptosis-like process. To study the effect of GABA and NMDA in the prevention 
of apoptotic-like cell death in cultures grown under non-depolarizing (12.5 Mm KCl) 
conditions, we have measured cell viability with FDA/PI, and trypan blue exclusion 
tests, and DNA fragmentation quantitatively using an in situ terminal deoxynucle- 
itidyl transferase assay (single-cell apoptosis). Cultures were treated daily with non-
toxic concentrations of either GABA, NMDA, MK-801 or bicuculline methiodide. In 
vitro, cell death was higher in cultures maintained in lower depolarizing conditions, 
but the higher rate of cell death occurred before day 5. Treatment with NMDA and 
with NMDA + bicuculline decreased cell death to the level which occurred in the 25 
mM KCl controls. Cultures treated with GABA and MK-801 had higher percentage 
of dead cells. In the 25 mM KCl cultures DNA fragmentation did not change during 
neuronal maturation,while in the 12.5 mM KCl cultures the major increase in DNA 
fragmentation occurred between days 4 and 5 and was higher than in the 25 mM KCl 
control. Treatment with NMDA + bicuculline reduced the DNA fragmentation to 
control levels, while GABA and MK-801 DNA increased fragmentation. Our results 
demonstrate that the chronic treatment of cerebellar granule cell cultures grown 
under non-depolarizing conditions with non-toxic doses of NMDA and bicuculline 
methiodide can protect against cell death and reduce DNA fragmentation. In contrast, 
GABA fails to protect neurons from KCl deprivation induced neuronal cell death. 
This suggests that the trophic actions of GABA are distinct from the neuroprotecting 
effects observed with NMDA. Supported by a grant from NINDS (R01-NS30537 to 
D.R.G.)

3 2 6 .10

D ifferen ces in C a lre tin in -express io n  in o rg an o typ ic  cu ltu res  
incubated in the presence and ab sen ce of s e ru m . d .m . Vogt 
Weisenhorn*. E. Weruaga Prieto. E.S. Wintergerst. M.R. Celio. Institute of 
Histology, University of Fribourg, Pé rolles, CH-1705 Fribourg 
Calretin in  (C R ), a  C a 2+-binding protein  (C a B P ), is exp re ss e d  in a  
specific set of interneurons in the adult rat cortex. A transient expres
sion in d ifferent cell populations w as  observed  during developm ent. 
H ow ever, its functional role in deve lopm ent has rem ained  elusive, a l
though evidence for a  neuroprotective role of C aB P 's  has been found. 
In order to test this hypothesis for C R , w e  applied  the technique of 
organotypic cultures and subm itted them  to nutritive stress by depriv- 
iation of serum . Coronal slices from brains of 4 -6  days-old  rats w ere  
cultured for 1 to 2  w eeks applying the interphase technique. After one  
w e e k  in culture, serum -free  m edium  w as  added  for 2 w eeks. Cultures  
w ere  im m unolabelled with an antiserum  against C R  and to reveal the  
neuronal cell num ber with antibodies for M A P 2 . In control cultures in
cubated  in the  p resence  of serum  C R -p o s itiv e  structures  develop  
sim ilarly to in vivo. Layer- and  cell type  specifity  w as  p reserved . 
H ow ever, m aturation seem ed  to be retarded about 1 w eek . In cultures  
grown in serum  free m edium  necrotic foci and a  m arked  d ecrease  in 
neuronal cell num ber w as observed, indicating that a  pronounced cell 
death occured. Furtherm ore, in addition to interneurons, CR-positive  
pyram idal cells w ere  found. In vivo C R -pos itive  pyram idal cells are  
only present during the first two postnatal w eeks. Therefo re , w e con
clude, that cultures incubated in serum  free m edium  do not develop  
organotypically on schedule. Furtherm ore, w e  observed, that the ratio 
of CR-containing neurons versus total neuronal cell num ber raised from  
5 %  to 11% . This indicates, that C R -express ing  neurons preferentially  
survive w ithin these  s tressed cultures, a  contention w hich supports  
the hypothesis that C R  has a  neuroprotective function.
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326 .11
ALTERNATIVE SPLICING OF BCL-X UNDER CONDITIONS 
OF NEURONAL APOPTOSIS AND ßA4-NEUROTOXICITY
B. Drache1. P. Graham 1. S. Reuter1. K. Bevreuther2. and G. König1*. Bayer 
Corp., West Haven, CT 065161; ZMBH, University Heidelberg, Germany.

Apoptosis, or programmed cell death plays a major role in the development 
and homeostasis of many animal tissues and is especially important in the 
developing nervous system where at least half of the neurons produced during 
embryogenesis are eliminated through an apoptotic mechanism. There is also 
evidence that apoptosis plays a role in neurodegenerative diseases such as 
Alzheimer's and Parkinson's disease which are characterized by a gradual loss of 
neurons. Recent findings (N. Motoyama et al., 1995, Science 267:1506) 
suggest that one of the genes involved in neuronal survival is bcl-x, which can 
be alternatively spliced to produce two protein isoforms (Bcl-xl and Bcl-xs). 
Whereas Bcl-xl inhibits apoptosis and is found in cells with long postmitotic 
cell viability, Bcl-xs promotes apoptosis and is highly expressed in cells with 
high turnover (L.H. Boise et al., 1993, Cell 74:597).

We examined alternative splicing of bcl-x during neuronal apoptosis. Human 
neuroblastoma SH-SY5Y cells were chosen as a model system since they show 
high levels of bcl-x expression and their differentiation into neuron-like cells 
can be easily induced. Differentiated and non-differentiated cells were treated 
with various agents known to induce programmed cell death as well as BA4 
amyloid peptides, which have been shown to cause apoptosis in neurons. Cells 
were analyzed for changes in bcl-xl/xs at the RNA level (Northern Blot, RT- 
PCR) and protein level (Western Blot). Our data indicates that RNA splicing is 
an important regulator of programmed cell death.

32 6 .1 3

INDUCTION OF APOPTOTIC PROGRAMMED CELL DEATH IN 
NEURONS BY CAMPTOTHECIN, AN INHIBITOR OF DNA 
TOPOISOMERASE I. E. J. Morris* and H. M. Geller. Dept. of Pharmacology, 
UMDNJ-Robert Wood Johnson Medical School, Piscataway, NJ 08854

DNA topoisomerase I (topo-I) is an enzyme used in the relaxation of DNA 
supercoiling during replication, transcription, and DNA repair. Camptothecin 
and its analogs inhibit the activity o f topo-I and are thought to be toxic only to 
cells in the S-phase of the cell cycle. These agents possess significant blood- 
brain barrier permeabilities and are potential candidates for the treatment of 
tumors of the central nervous system. We have previously demonstrated that 
camptothecin induces a dose-dependent cytotoxicity to rat cerebral cortical 
neurons and astrocytes, and normal and NGF-treated, growth-arrested PC 12 
cells (Soc. Neurosci. Abs. (1994) 20:246). We now report that camptothecin 
treatment of cultured neurons results in an apoptotic programmed cell death 
that is mediated by topo-I. Camptothecin-induced neurotoxicity was 
accompanied by rapid chromatin condensation, cytoplasmic shrinking, and 
plasma membrane blebbing as measured by nuclear chromatin staining and time 
lapse video microscopy. Additionally, camptothecin-induced neuronal death 
could be inhibited by RNA and protein synthesis inhibitors. The S (active) and 
R (inactive) stereoisomers of the camptothecin analog, 10,11- 
methylenedeoxycamptothecin (MDCPT), were utilized to determine if 
camptothecin-induced neuronal cell death was mediated by topo-I. S-MDCPT 
treatment produced a significant, dose-dependent cell death in vitro, while R- 
MDCPT did not. These data demonstrate that camptothecin can induce 
apoptotic programmed cell death in neurons via topo-I. Identification of the 
biochemical mediators o f camptothecin-induced neuronal apoptosis may identify 
important regulators of neuronal programmed cell death.

326 .15

REMOVAL OF SERUM FROM PRIMARY CULTURES OF CERE-
BELLAR GRANULE NEURONS INDUCES OXIDATIVE STRESS 
AND APOPTOSIS. C. Atabay*. C.M. Cagnoli. E. Kharlamov. M.D. 
Ikonomovie and H. Manev. ASRI, Medical College of Pennsylvania and 
Hahnemann University, Allegheny Campus, Pittsburgh, PA 15212.

Primary cultures of rat cerebellar granule neurons undergo apoptosis 
when deprived of chronic depolarization. Serum deprivation is another 
procedure known to induce apoptosis, however, it has not been considered 
as a trigger of apoptosis in cerebellar granule neurons. Here we report that 
in this culture, serum removal triggers cell injury which is characterized 
by signs of apoptosis. Actual cell death (trypan blue permeability) 
occurred 24 and 48 h after serum removal. At earlier times (6 and 8 h after 
serum removal) we found significant impairment of mitochondrial func
tioning (MTT assay) and an increase in the percentage of neurons show
ing signs of DNA fragmentation (detected in-situ by the TUNEL tech
nique). Protection was obtained by inhibiting RNA synthesis with actino- 
mycin D and by antioxidants [1 mM: l,4-diazobicyclo(2.2.2)octane, his
tidine, mannitol; 1% dimethyl sulfoxide; 0.01-1 µM ascorbic acid]. We 
also measured neuronal oxidation utilizing the oxidation-sensitive fluo
rescent dye 2´,7’-dichlorofluorescin diacetate, and found a significant 
increase in the rate of neuronal oxidation as early as 15 min after serum 
deprivation. The blockade of glutamate receptors by (+)-5-methyl-10,l 1- 
dihydroxy-5H-dibenzo(a,d)cyclohepten-5,10-imine (MK-801) and 6- 
cyano-7-nitroquinoxaline-2,3-dione also provided neuroprotection. 
However, oxidative stress appears to precede glutamate receptor activa
tion: within the eight-hour period of serum deprivation, mannitol was pro
tective when present either during only the first or last 4 h; MK-801 was 
protective only when present for the entire 8 h period or in the last, but not 
first 4 h of serum deprivation. Serum deprivation of mature cerebellar 
granule neurons can be used to study mechanisms of oxidative stress- 
induced apoptosis.

326 .12
ELECTROCONVULSIVE SHOCK PREVENTS APOPTOTIC AND 
EXCITOTOXIC CELL DEATH. D. Masco*, N. Sahibzada and K. 
Gale Georgetown University Medical Center, Washington , D C., 20007 

A selective apoptotic cell death restricted to  the dentate granule cell 
layer of the hippocampus, is known to occur in adrenalectomized (ADX) 
rats. In addition, adrenalectom y causes significant decreases in 
expression of bFGF and NGF, trophic factors thought to play a seminal 
role in cell survival. mRNAs for these trophic factors can be induced 
severalfold in the hippocampus and other limbic regions by exposure to 
low intensity electroconvulsive shock (LECS), and this increase is also 
seen in ADX rats. This prompted us to determine whether LECS could 
protect dentate granule cells from degeneration. Sham and ADX 
animals were given daily LECS via corneal electrodes (30mA; 200 msec) 
during a 7 day survival period. Silver impregnation and Nissl staining 
were used to evaluate cell death. In ADX rats, numerous degenerating 
cells were observed in the dentate granule cell layer throughout the 
rostrocaudal extent of the hippocampus. In contrast, no degenerating 
cells were found in tissues from LECS treated ADX animals. Daily 
restraint stress did not prevent the neural degeneration in ADX rats, 
indicating that the effect of seizures was not due to stress alone. To 
determine whether LECS treatment could also protect against excitotoxic 
cell damage, we evaluated neuronal cell loss associated with systemic 
kainic acid-induced status epilepticus (SE). Rats were given 3 daily 
LECS sessions prior to kainic acid (15 mg/kg i.p.) evoked SE. Marked 
protection against neuronal damage in hippocampus, amygdala, septum, 
piriform and rhinal cortices was observed in all LECS-treated rats. Thus, 
exposure to repeated brief, noninjurious seizure activity in limbic circuits 
appears to protect against both apoptotic and excitotoxic damage in 
those circuits. We are exploring the hypothesis that this remarkable 
effect of seizure activity may be mediated via the induction of expression 
of trophic factors. Supported by NIH grant #28130

326 .1 4
THE P53 TUMOR SUPPRESSOR GENE MODULATES NEURONAL 
VIABILITY FOLLOWING KAINATE-INDUCED INJURY. R.S. Morrison* 
J, WenzeL.C.A, Robbins, L.A. Donehower. P.A. Schwartzkroin. University 
of Washington, Seattle, WA and Baylor College of Medicine. Houston, TX.

The tumor suppressor gene, p53, has been associated with programmed cell 
death, or apoptosis. A possible role for p53-related modulation of neuronal 
viability has been suggested by the finding that p53 expression is increased in 
damaged neurons in models of ischemia and epilepsy. Further, in transgenic 
mice with p53 null genes, ischemia-induced cell damage is reduced compared to 
the wild type. In the present study we evaluated the possibility that reduced p53 
expression (in "knockout" mice) reduces cell damage in models of seizure 
activity normally associated with well-defined patterns of cell loss.

Subcutaneous injection of kainic acid (35 mg/kg), a potent excitotoxin, 
induced comparable seizures in both mice deficient in p53 (-/-) and in the 
corresponding wild-type mice (+/+). Using a silver stain for neurodegeneration, 
in animals sacrificed 7 days after kainate injection, we found that the majority 
(>60%) of wild-type mice (+/+) exhibited well-defined patterns of cell loss in 
the hippocampus, which ranged from mild to severe. The extensive cell loss 
observed in (+/+) mice involved many cell areas of the hippocampus, including 
CA1, CA3, the hilus and the subiculum. In marked contrast, fifty percent of 
the p53 -/- mice displayed no signs of cell damage; in the remaining p53 -/- 
mice, damage was mild or moderate, but never severe. The cells most 
consistently affected in (-/-) mice were in CA3b of the dorsal hippocampus, 
where a small region of pyknotic neurons were seen. Damaged neurons were 
also observed in the cerebral cortex of (+/+) mice following kainate treatment, 
but were never seen in -/- mice, suggesting that p53 may influence viability in 
multiple neuronal subtypes and brain regions following excitotoxic insult. 
These data are consistent with the hypothesis that p53 may play a critical role 
in the modulation of irreversible neuronal damage.
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EXCITOTOXIN-INDUCED NEURONAL DEGENERATION AND 
SEIZURE ARE MEDIATED BY TISSUE PLASMINOGEN  
ACTIVATOR. S.E. Tsirka1, A. Gualandris1. D.G. Amaral2, N. 
Schechter3* and S. Strickland1. 1Department of Pharmacology, 
University Medical Center at Stony Brook, Stony Brook, NY 11794- 
8 6 5 1 .2Centerfor Behavioral Neuroscience, University at Stony 
Brook, Stony Brook, NY 11794-2575.3Department of Psychiatry, 
University Medical Center at Stony Brook, Stony Brook, NY 11794.

Neuronal cell death occurs during normal development of the 
nervous system, as well as in various pathological conditions. The 
molecular mechanisms by which this degeneration occurs are not 
well understood yet. W e have used intracerebral injection of the 
excitotoxin kainic acid as an experimental model to study 
hippocampal neuron destruction. These experiments demonstrate 
that mice lacking the serine protease tissue plasminogen activator 
(tPA), which is normally produced in the hippocampus primarily by a 
subset of microglial cells that surround neurons, are refractory to 
neuronal degeneration. The lack of neuronal degeneration is partially 
due to attenuated activation of the microglial cells. In addition, the 
tPA-deficient mice have a higher threshold of metrazol-induced 
seizure. These results identify the first functional role for tPA in the 
brain and provide evidence for the involvement of a moleculariy 
defined locus in neuronal degeneration and remodeling in the 
hippocampus.
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DEOXYNUCLEOSIDE DOES NOT ENTER VIA CLASSICAL 
NUCLEOSIDE TRANSPORTER IN CHICK SYMPATHETIC NEURONS. 
J.S.Kulkarni*. T.D.Wakade. D.A.Przywara and A.R.Wakade. Dept. of 
Pharmacology, Wayne State University, Sch. of Medicine, Detroit, MI 
48201

Adenosine and 2’-deoxyadenosine (dAdo) induces apoptosis in embryonic 
chick sympathetic neurons supported in culture by NGF, excess K+, Phorbol 
12-13-dibutyrate or forskolin. Our previous results confirmed the 
intracellular site of action of these nucleosides. Here we demonstrate the 
unique differences in the transport of dAdo and adenosine in sympathetic 
neurons. When freshly plated sympathetic neurons were incubated with 
[3H]dAdo, retention of label increased to a maximum by 10 min and 
remained near that level over the next 5 hrs, whereas with [3H]adenosine, 
retention of label increased progressively over 5 hrs. Inhibitors of the 
nucleoside transporter, nitrobenzyl thioinosine or dilazep, blocked 
[3H]adenosine uptake by 87±4 %, but had little or no effect on [3H]dAdo 
uptake. [3H]adenosine uptake was inhibited (~ 90%) by 100 pM unlabelled 
adenosine but not by unlabelled dAdo, whereas [3H]dAdo uptake was only 
partially inhibited by unlabelled dAdo or adenosine. [3H]adenosine uptake 
was sensitive to temperature but [3H]dAdo uptake was not. The above 
uptake characteristics of each nucleoside were observed in freshly plated 
neurons and those grown in culture for several days. These results suggest 
that dAdo enters by a passive process whereas adenosine enters via the 
nucleoside transporter to exert lethal effects on neurons.

3 2 6 .18
EXOCYTOSIS AND Ca2+ MOBILIZATION DURING APOPTOSIS IN RAT 
CHROMAFFIN CELLS. A.R. Wakade*, X. Guo, K.C. Palmer. T.D..Wakade, 
J.S. Kulkarni and D.A. Przywara. Departments of Pharmacology & Pathology, 
Wayne State University School of Medicine, Detroit, MI 48201.

Adenosine (Ado) and 2’-deoxyadenosine (dAdo) produce apoptotic death 
of cultured sympathetic neurons in the presence of NGF and other growth 
factors (Wakade et al., J.Physiol.1995 in press). To determine the functional 
status of cells committed to die we used primary cultures of rat chromaffin 
cells (CC), which allow measurement of exocytosis and [Ca2+]j in indicvidual 
cells. Ado up to 500 pM had no adverse effect on survival of CC, but dAdo 
(30-300 pM) produced concentration dependent death. The lethal effect was 
potentiated when Ado deaminase was blocked by deoxycoformycin (DCF, 3 
pM). Cell damage began within hours after addition of dAdo + DCF and was 
complete within 3 days. Adrenaline and noradrenaline cells were equally 
sensitive. The lethal effect was not prevented by nucleoside transport 
blockers or precursors of pyrimidine and NAD+ biosynthesis. However, 
inhibition of adenosine kinase by nanomolar concentrations of 5’- 
iodotubercidin (ITu) completely prevented dAdo lethality, suggesting the 
importance of phosphorylation in the action of dAdo. Bisbenzimide staining 
and TUNEL analysis showed typical punctate staining characteristic of 
apoptosis in CC treated with dAdo + DCF. CC committed to die and 
morphologically abnormal still exhibited exocytotic secretion of 
catecholamines (amperometric detection, 8pm carbon fiber) and normal [Ca2+], 
(indo-1 fluorescence) responses when stimulated by cholinergic agents. Our 
findings show that CC offer a unique model to study the mechanism of 
apoptosis as well as secretory function during such death.
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INVOLVEMENT OF P2X PURINOCEPTORS IN SERUM 
DEPRIVATION INDUCED CELL DEATH IN PC12 CELLS. H. 
Liu* and R.l. Hume. Department of Biology, University of 
Michigan, Ann Arbor, Ml 48109 

We are interested in testing the idea that P2X purinoceptors 
may play a role in triggering neuronal cell death. This 
hypothesis was suggested by the observation that some cloned 
P2X receptors share extensive sequence homology with a partial 
cDNA RP-2, whose RNA is selectively expressed by thymocytes 
that are induced to die. Our initial studies have focused on PC 
12 cells for two reasons. First, the P2x receptor cloned from 
PC12 cells appears to be pharmacologically identical to that 
expressed on some autonomic neurons. Second, PC 12 cells 
can be induced to undergo apoptotic cell death, but the 
mechanism that triggers this death is unknown. To test the role 
of P2X receptor in inducing apoptosis, Suramin, an antagonist of 
P2X purinoceptors was applied to PC12 cells after serum 
deprivation. Cell death was assessed by measuring LDH 
released into the medium 24 hours after treatment. Suramin 
(100 uM) reduced serum deprivation induced cell death by 34%. 
Our results support the hypothesis of P2X purinoceptors' 
possible involvement in programmed cell death in PC12 cells.

3 2 6 .2 0

4,4’-DIISOTHIOCYANO-2,2’-STILBENEDISULFONATE (DIDS) 
INHIBITS APOPTOSIS OF RAT CEREBELLAR GRANULE 
NEURONS IN CULTURE T. Himi*, Y. Ishizaki and S. Murota. 
Department of Physiological Chemistry .Graduate School, Tokyo 
Medical and Dental University, Tokyo 113, JAPAN.
DIDS is known as an inhibitor of the chloride-bicarbonate exchanger, 

the most important carrier protein regulating intracellular pH. As the 
change of intracellular pH has been reported to play an important role 
in apoptosis, we examined the effect of DIDS on apoptosis of rat 
cerebellar granule neurons in culture. Apoptotic cell death was induced 
by various stimuli as described below, and detected by TUNEL staining.

1) Extracellular K + concentrations. Neurons maintained in elevated 
K+ concentration undergo apoptosis when they are placed in the 
physiological K + concentration (5 mM-K condition). DIDS completely 
blocked this cell death. This effect was not abrogated by blocking the 
influx of extracellular Ca++ with EGTA, nifedipine or verapamil. 2) 
Deprivation o f trophic factors. Cells survive in 5 mM-K condition 
when they are fed with bFGF or IGF. DIDS blocked the apoptosis 
induced by deprivation of these trophic factors. 3) Glutamate (2 mM). 
4) Staurosporine (1 µM) and cyclohexymide(3 µg/ml). DIDS blocked 
the apoptotic cell death induced by these reagents. On the other hand, 
DIDS did not block the cell death caused by glutamate (5 mM) or 
H2O2(10 µM), which is not accompanied by DNA fragmentation.

These Findings suggest that DIDS blocks the process which is located 
in the death program downstream of all of the activation processes 
triggered by various stimuli we tested.

GLIA AND OTHER NON-NEURONAL CELLS IV
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MURINE AND RAT SCHWANN CELLS EXPRESS ALPHA VINTEGRINS.
B- Knoops*. S. Laduron. V. Meremans. E. Detrait. A. Baron-Van Evercooren and Ph, 
van den Bosch de Aguilar. Lab. of Cell Biology and Lab. of Neurochemistry, Catholic 
University of Louvain, 1348 Louvain-la-Neuve, Belgium. Lab. of Cell, Molecular 
and Clinical Neurobiology, INSERM U 134, HÔpital de la Salpetriire, 75651 Paris, 
France.

During nervous system development and regeneration, Schwann cells have 
to migrate and differentiate. In adult mammals, these glial cells also 
migrate and myelinate axons when transplanted in the central nervous 
system after axotomy or experimental demyelination. These developmental 
and regenerative processes require interactions between the Schwann cells 
and the extacellular matrix (ECM). Among receptors responsible for 
transducing signals from the ECM, integrins are thought to play a major role 
in Schwann cell navigation and myelination. We examined in vitro integrin 
expression in a murine Schwann cell line (MSC 80) and in primary Schwann 
cells from newborn rats in order to characterize further integrin expression of 
this cell type. By using immunoprecipitation, immunoblotting and immuno- 
cytochemistry, we show that Schwann cells express high levels of α 5βl, 
a 6 βl and at least two different α v integrins not related to the β1 class. 
Electrophoretic mobilities of (3 subunits associated to av  were very similar 
to those of β subunits expressed by oligodendrocytes. The involvement of 
integrin receptors in ECM-cell interactions was also investigated, in vitro, in 
adhesion assays on different extracellular matrix proteins. Our results show 
that adhesion is higher on laminin and fibronectin that are known ligands 
for integrins that have been detected on Schwann cells.

In conclusion, our results show that murine and rat Schwann cells express 
integrins of the β1 class but also av  integrins possibly involved in migration 
and differentiation of myelinating cells.
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A  NOVEL SCHW ANN CELL SURFACE DETERM INANT DEFINED BY A 
MONOCLONAL ANTIBODY AGAINST NEONATAL RAT SCHW ANN CELLS K .
Wewetzer. J. R. Martin* and B. Seilheimer**Anatomisches Institut, D-79104  
Freiburg, F.R.G.r*Hoffmann-La Roche Ltd.,CH-4002 Basle, Switzerland.

We have raised a monoclonal antibody against vital rat neonatal Schwann 
cells derived from the dorsal root ganglion using a two-step-immunization 
procedure as described by Matthew and Sandrock (1987). An improved live 
cell-ELISA using Schwann cells and fibroblasts grown in 96 plates was then 
used to detect Schwann cell-specific antibodies. Single cell transfer of 
hybridoma was used to establish monoclonal cultures (W ewetzer and 
Seilheimer, 1995). The antibody reacts with an epitope associated with the 
cell surface. In culture the molecule is expressed in detectable amounts only 
by Schwann cells but not by endoneural fibroblasts or sensory neurons. The 
labelling of filopodia-like structures of Schwann cells is reminiscent of 
labelling with anti-L1 antibodies. Biochemical evidence, however, shows that 
the molecule is not identical with the adhesion molecule L1. Western Blotting 
of total tissue extract revealed a major double band of approximately 76Kd 
and two minor major bands of 130 and 47Kd. Immunocytochemical evidence 
also excludes possible identity of the molecule with the low-affinity nerve 
growth factor receptor (NGFR). The expression of the molecule is not 
restricted to the nervous system. In the adult kidney for example, antibodies 
stain glomeruli exclusively. In most of the studied tissues, the molecule 
appears to be developmentally regulated, high at early postnatal stages (P1 
and P8) and low in the adult. Comparison of biochemical as well as 
immunocytochemical data of the described cell surface molecule suggests 
that it is not identical to any other previously characterized Schwann cell 
molecules. Studies aiming to reveal the molecular identity and functional 
significance of this molecule are under way. (Matthew and Sandrock (1987) 
J. Immunol. Methods 100:73-82, Wewetzer and Seilheimer (1995) J. 
Immunol. Methods 179:71-76)
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